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EXECUTIVE SUMMARY

The Spallation Neutron Source (SNS) facility at the Oak Ridge National Laboratory (ORNL) initially
included a First Target Station (FTS) with 24 instrument beamlines. The SNS Campus Master Plan
included provisions for a Second Target Station (STS) and was developed to accommodate growth and
expansion of the accelerator facilities, target facilities, instrument buildings, laboratories, offices, and
secondary supporting facilities. The STS project will fulfill the original master plan through the
construction of ten new building structures that will comprise the STS facility. Figure ES.1 highlights the
proposed new facilities within the context of the existing SNS site. Appendix A includes all drawings
describing the STS Concept Design.

Figure ES.1. STS Site Plan showing the proposed new facilities in red.

The STS will include the capability to support 22 new beamlines. The entire complex will include
367,500 gsf of new construction. Table ES.1 summarizes the STS facilities and programmed areas.
Appendix B includes the entire STS Preliminary Program.

Table ES.1. STS space program summary.

Buildings GSF
RTST Tunnel 12,000
RTST Service Building 9,000
Target Building 1l 111,000
40M Instrument Building 45,000
50M Instrument Building 42,000
90M Instrument Building 17,000
Central Lab and Office Building |1 96,000
Central Utilities Building 11 9,000
Central Exhaust Facility |1 500
Shop Building 26,000
Total (GSF) 367,500
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The Ring to Second Target (RTST) Tunnel will house the proton beamline that extends from the existing
Ring to Target Beam Transport (RTBT) Tunnel to Target Building Il. The 12,000 gsf tunnel will include
a dedicated truck access and overhead crane for the movement of beamline components. Because of
radiological levels during operation of the proton beamline, the tunnel will be shielded with a
combination of concrete and earth providing a minimum total shielding dimension of 18 ft. 6 in.,
measured from the interior tunnel surfaces to the exterior grade. Structurally, the RTST Tunnel will be
designed to minimize settlement in relationship to the RTBT Tunnel and Target Building I1.

The RTST Service Building will house utility systems, including magnet power supplies, magnet cooling
systems, controls, diagnostics, and communication systems that support the RTST Tunnel and proton
beamline. The single-story, 9,000 gsf facility will be located on the east side of the RTST Tunnel,
accessible from the service courtyard between the FTS and STS.

Target Building 11 will house the second target monolith, at which the STS proton beamline terminates
and 22 STS neutron beamlines originate. Target Building Il will also house all utility systems necessary
to support the target, space supporting long-term maintenance of the target, and numerous other functions
that are critical to operation of the target facility. The 111,000 gsf facility includes four floor levels. The
building includes extensive permanent and removable shielding. The second-floor high bay space is
served by a 50-ton overhead bridge crane and interior tractor-trailer truck bay. Access to most of Target
Building Il will be restricted to STS scientific and technical operations staff.

The STS will include three instrument buildings. The 40M Instrument Building will house 11 instruments
within 45,000 gsf; the 50M Instrument Building will house 9 instruments within 42,000 gsf; the 90M
Instrument Building will house 2 instruments within 17,000 gsf. The 40M and 50M Instrument Buildings
will include a perimeter mezzanine that provides upper-level access to individual instruments and links
the entire STS complex with existing FTS facilities through a pedestrian bridge. The 40M and 50M
Instrument Buildings will be served by 30 ton overhead cranes. The 90M Instrument Building will be
served by a 10 ton overhead crane. The ST01 and ST02 (Zeeman’s Instrument), which are included in the
40 Instrument Building, will be served by a separate 10 ton overhead crane.

The Central Laboratory and Office Building (CLO) Il will house laboratory space, STS scientific and
technical staff offices/workstations, STS user staff offices/workstations, conference/collaboration areas,
and general building support functions that will serve an increased campus population of approximately
170 people. The 4-story, 96,000 gsf building will be connected to the existing CLO in the vicinity of the
existing SNS Control Room. The programming and design for CLO Il incorporates ORNL and SNS
space planning standards supporting goals for collaborative office/conference environments and flexible
research laboratory space.

The STS will be served by a new Central Utilities Building (CUB) Il and Central Exhaust Facility
(CEF) 11. CUB Il will be a 2-story, 9,000 gsf building located along the perimeter ring road north of the
STS complex. It will house chiller, boiler, compressed air, and pump systems and include an adjacent
cooling tower. CEF Il is primarily an exterior facility including exhaust fans, stacks, and associated
utilities that will be located northwest of the STS complex within the perimeter ring road.

The Shop Building will house multiple workshop functions required to support FTS and STS operations,
including the Cryogenics Shop, Pump Shop, RF Shop, and Modulator Shop. The single-story, 26,000 gsf
building will be located along Los Alamos Drive near the west end of the SNS campus. The entire
building will be a high bay space served by a 10 ton overhead crane.

The STS project will require substantial site development at the SNS campus. In addition to the individual
building sites, the project will include underground site utilities, roadways and parking areas, stormwater
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management, and landscaping. The site design will also accommodate temporary construction staging,
trailers, parking, and access roads. Significant mass grading will be required to support construction
activities and the final site design.

The STS site and facilities are oriented using three grid systems referencing Project North, SNS Grid
North, and True North. Typically, the narrative and drawings throughout the Conceptual Design Report
reference Project North, which is an axis perpendicular to the longitudinal axis of Target Building Il. The
overall site drawings and narrative, in Section 8.1, reference SNS Grid North, which is organized relative
to the SNS linear accelerator. True north, relative to the global coordinate system, is used for alignment of
the accelerator technical systems. These orientations are illustrated in Figure ES.1, STS Site Plan.

The STS will comply with the Guiding Principles for Sustainable Federal Buildings issued by the
Council on Environmental Quality in February 2016, according to Executive Order (EO) 13693, Planning
for Federal Sustainability for the Next Decade. Although EO 13834 on May 17, 2018, superseded EO
13693, the 2016 Guiding Principles for Sustainable Federal Buildings are still in effect at the time this
Conceptual Design Report is being written.
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Conventional Facilities

8. CONVENTIONAL FACILITIES

8.1 SITE CIVIL WORKS
8.1.1 Civil Site Land Improvements
8.1.1.1 Existing STS Area Stockpile

A stockpile made up of excess materials and spoils from construction of the Spallation Neutron Source
(SNS) First Target Station (FTS) remains within the existing ring road at the proposed location for the
Second Target Station (STS). This stockpile will be removed to allow construction of the Ring to Second
Target (RTST) Tunnel and Building, Target I1, and Instrument Buildings. The estimated volume of the
existing stockpile is 194,000 CY. Much of this material will not be suitable as is for reuse as structural fill
because of moisture concerns and therefore will have to be sorted, spread in lifts, and allowed to dry
before compaction. The Construction Excavation Plan (Drawing 5.1.17) allows for this material to be
spread and dried in structural and nonstructural fill areas to the south of the FTS Front-End Accelerator
building, where the material can remain for development of the Shop Building area.

Alternatively, unsuitable structural material from the stockpile may be placed in fill areas to the east
proposed for construction laydown, trailers, and parking. Geotechnical observation and testing services
during construction will be required to manage proper placement of the unsuitable materials.

8.1.1.2 Construction Excavation Plan

The Construction Excavation Plan (Drawing 5.1.17) includes the excavation required for the RTST
Tunnel, Target Il, and Instrument buildings construction; eastern construction support area; and western
haul road and spoil area. The overall cut volume for the Construction Excavation Plan, including the
existing stockpile volume removal, is estimated at 430,000 CY (This volume excludes the Hawks Nest
volume, discussed in Section 8.1.2). The cut materials will be placed as fill, as shown on the Construction
Excavation Plan. The primary fill areas consist of the west spoil pile/shop area fill, eastern construction
support area, and STS area cover stockpile. This plan provides the open pit excavations necessary to
construct the extension of the RTST Tunnel and the Target Building 11. Section 1 on Drawing 5.1.29
shows a typical cut section for the RTST Tunnel construction.

The Construction Excavation Plan (Drawing 5.1.17) allows for a west-to-east haul route separated from
the facilities’ existing roadway system for the movement of fill onsite. This route is established by
constructing additional haul roads on the east and west ends of the site as shown on the Construction
Excavation Plan and use of the existing North Perimeter Drive. The haul roads will be maintained as
gravel roadways during construction.

The haul road connection from the extension of Spallation Drive to the temporary facility area will be
graded to maintain less than 11 ft of fill over the existing 24 in. water line to avoid the expense of
relocation or protection of the existing water line.

The Construction Excavation plan will require installation of appropriate best management practices
(BMPs) (e.g., ponds, silt fence, check dams) during construction to minimize erosion and prevent silt
from leaving the construction limits. Once final grades are achieved, topsoil, seed, and mulch will be used
as stabilization measures to support grass establishment in areas not stabilized with gravel. Slopes of 3:1
and steeper will receive erosion control matting along with top soil and seed to support stabilization.
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8.1.1.3 Finished Site Grading
Conceptual finished grades are shown on Drawings 5.1.18 through 5.1.20.

The STS area cover stockpile shown on Drawing 5.1.17 will be established to the east. It will consist of
180,000 CY of suitable cover material that is excavated and stored during construction excavation. The
stockpile material will be used as backfill and cover material to establish finished grades in the areas
excavated for the construction of the RTST Tunnel, Target 11, and Instrument Buildings. As finished
grading is completed, those areas will be seeded or paved as shown in the finished grading plan (Drawing
5.1.19).

The finished site grading areas will be protected by erosion and sedimentation control measures installed
during the mass excavation. The installed BMPs (e.g., ponds, silt fence, check dams) will have to be
maintained until site stabilization occurs. Once finished grades are achieved (in areas not stabilized by
pavement, building areas, or gravel), topsoil, seed, and mulch will be used to support grass establishment.
Slopes of 3:1 and steeper will receive erosion control matting along with top soil and seed to support
stabilization.

8.1.1.4 Site Retaining Walls

Site retaining walls will be required to complete the site improvements. The wall locations shown in
Table 8.1 are shown on Drawing 5.1.19. Typical wall sections are provided on Drawing 5.1.23.

Table 8.1. STS site wall summary.

stgﬁ Wall type Max(frglght Mln(?tt;lght Length Ag[:;’;»a:vg;m
1 Cast in place concrete 20 10 85 1445

2 Cast in place concrete 34 - 30 1080

3 Cast in place concrete 10 1 190 1425

4 Cast in place concrete 34 1 260 4897.5

5 Cast in place concrete 16 1 300 3600

6 Cast in place concrete 21 1 100 1500

7 Cast in place concrete 2 1 110 385

8 Cast in place concrete 11 1 100 800

9 Cast in place concrete 13 11 55 770

8.1.1.5 Landscape/Hardscape

The landscape for the site will be in agreement with the current character of the FTS site. Plant selections
will be in accordance with ORNL approved plant list and SNS’s commitment to the use of native plant
material to limit maintenance and water usage. Landscape focus areas shall be around building entrances,
along heavily used pedestrian pathways, and at key roadway intersections. Trees shall be incorporated
into parking lot design to reduce the heat island effect. Where possible, rain gardens and bio-swales will
be used in the landscape to reduce stormwater runoff according to the Environmental Independence and
Security Act (EISA) guidelines.

Hardscape elements will include sidewalks connecting parking areas and CLO Il entrances and plaza
spaces at key building entrances. All sidewalks shall be concrete and shall be a minimum of 4 ft wide, 6 ft
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in areas of heavier pedestrian traffic. Plaza space materials shall be a mix of concrete and concrete paver
bands. Where possible, the use of permeable concrete pavers shall be used for larger plaza spaces.

8.1.1.6 Construction Support Area

Access to the construction support area will be via the Hawks Nest roadway construction access road
discussed in Section 8.1.2.1. Because of the complex topography of the SNS site, limited area is available
to support STS construction activities. During development of the STS Technical Design Report dated
October 2014 and the STS Elevation Study dated October 20, 2016, it was determined that the area
immediately to the east of the perimeter ring road is the most plausible location to support the
construction space needs. Drawing 5.1.17 shows the 15 acres designated for construction needs, including
haul roads and the STS area cover stockpile. It is proposed that the construction support area be graveled
and designated for a trailer area, 350 construction craft parking spaces, and the construction laydown area.
The project contractor will be responsible for temporary water and electrical utilities to serve the
construction support area. During the STS Elevation Study, the team determined that 15 acres for
construction support would be adequate based on a comparison of construction support areas used during
the construction of FTS.

8.1.1.7 Karst/Sinkhole Considerations

Previous geotechnical explorations performed have identified the site as having a karst environment with
a low to moderate chance for sinkhole development. Utility excavations and trenches should be backfilled
and incomplete grading work should be maintained to adhere to recommendations of the geotechnical
engineer.

8.1.2 Road and Transportation Improvements
8.1.2.1 Construction Access

The STS project encompasses eliminating or limiting construction traffic through the existing roadway
network to avoid potential conflicts between FTS personnel, visitors, and existing facilities operations.
Therefore, an alternative access plan for construction access to the STS site is included in the conceptual
design. During previous studies, new construction access routes from Bethel Valley Road were analyzed.
The two primary routes studied were the existing Walker Branch roadway and the unimproved Hawks
Nest roadway. In the final analysis, the Hawks Nest access route was chosen to eliminate construction
impacts to the Walker Branch environmental study area.

The proposed extension of Hawks Nest roadway shown on Drawing 5.1.16, Construction Access Route,
is 1.0 mile. It will serve as the primary roadway for the construction activity because it has direct access
to the construction support area east of the STS. The route shown is based on a preliminary analysis of the
site topography. Further site studies are recommended to develop optimum road alignment.

The lower half of the proposed Hawks Nest access route alignment already exists and will be improved to
a 22 ft wide gravel roadway. The upper portion of the alignment does not exist and will require more
extensive clearing and grading to construct. The earthwork quantity for the proposed 22 ft gravel roadway
is 75,000 CY of cut and fill placement.

8.1.2.2 Roads and Access Drives

The roads and access drives for the STS are depicted on Drawing 5.1.24, Roadway and Parking
Improvement Plan.
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Several new access roadways and access will be built as part of the Finished Site Plan. These roadways
are shaded on Drawing 5.1.24 and labeled with numbers corresponding to the following list.

e Spallation Drive extension to SNS grid south, west, and north of Target II.
e Fire and Service access road between Target and Target I1.
e STS basement access drive.

e STSfirst floor access drive.

o CUB Il upper access drive.

e CUB Il lower access roadway.

e 90M access drive.

e RTST Tunnel access roadway at CEF I1.

e Truck and service access drive improvements at CLO 1.

e RTST embankment area service drive.

e CLO Il drop-off drive.

e Gravel roadway access to the construction support area and access to the existing booster pump
station.

All new roadways are planned as asphalt, except for the driveway areas within 40 ft of buildings where
concrete pavement is appropriate for loading operations. Curbing will be included when needed for traffic
control and drainage collection. The access road from the extension of Spallation Drive to the
construction support parking facility area will be graded to maintain a maximum fill height of 11 ft over
the existing 24 in. water line to avoid the expense of relocation or protection of the existing water line.
This roadway to the construction support area will be left in place at the completion of construction to
serve as a gravel access road to the booster pump station.

8.1.2.3 Parking

The permanent roads and parking for the STS are depicted on Drawing 5.1.24, Roadway and Parking
Improvement Plan.

All the additional parking for the proposed STS facilities, including the CLO II, are provided to the east
(SNS grid) of the CLO II. Lot A includes 130 additional paved spaces in the area of an existing gravel lot.
Lot B and C are east and northeast (SNS grid) of the FTS cooling towers and provide an additional 96
paved spaces. A small reduction in the existing CLO parking lot area D (29 spaces) will be required for
the construction of the CLO Il because of the realignment of the parking area for the CLO I footprint.
Lot E North of CLO (55 spaces) is also being removed. Twelve additional spaces are proposed for the
Shop Building area. All parking areas are proposed as asphalt parking with curbing for drainage and
traffic control, as required.
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A proposed layout and a summary of the parking count showing 154 additional paved parking spaces is
provided on Drawing 5.1.24.

8.1.3 Site Utilities

Site utility improvements required for the STS included stormwater, electrical, sewer, domestic and fire
water distribution, chilled water (CHW), heating water, tower water, and compressed air (CA).

8.1.3.1 Stormwater Management
Storm Drainage Collection

The stormwater runoff from the STS will be collected in the existing and new stormwater piping and
inlets and conveyed to either the Main Pond or the East Pond. Some of the existing drainage inlets and
pipe collection systems will have to be modified or relocated for the proposed development, as shown on
Drawing 5.1.21 and Drawing 5.1.22. This plan shows demolition and rerouting of stormwater to the
southeast (SNS grid) of Target Il. This allows the project to route additional stormwater to the East Pond
and remove some of the stormwater load to the Main Pond, which allows the increase in impervious
parking areas described in the following Detention Ponds section.

Detention Ponds
Pond Improvements

The existing East Pond shown on Drawing 5.1.22 has a drainage watershed of approximately 35 acres.
Currently about 5 % acres in the watershed are impervious, with an additional small amount of gravel
improvements. Based on the current site layouts, the amount of impervious area may increase to 10 acres.
Also, the watershed to the East Pond will increase by 5 acres because of the proposed rerouting of the
stormwater collection southeast (SNS grid) of Target Il.

Following new site improvements, the East Pond area will be required to maintain the existing
stormwater flow rates for various storm events (10 year through 100 year). The pond will also have to
retain the volume of the process cooling water for 24 hours and over detain the runoff from the 95th
percentile storm (1.5 in.) for compliance with section 438 of the EISA.

Based on a preliminary review of construction drawings, the existing East Pond has a volume of between
150,000 and 180,000 cubic feet below elevation 1020.57 ft (top of overflow structure). It is anticipated,
based on preliminary design model runs, that the pond outlet can be reconfigured to handle additional
loads due to the process cooling water and the EISA requirements. However, the pond will need to be
enlarged to meet these requirements and limit the peak discharges. The pond enlargement is anticipated to
the north because the existing water line runs along the eastern edge of the pond. The pond volume has
likely been impacted by silt accumulation from past construction activities. Therefore, the amount of silt
accumulation in the pond will need to be evaluated as well.

An additional area of concern for the East Pond is that the only outlet to the pond is via the piping system
and there is no emergency overflow from the pond. This situation will need to be further evaluated as
design details are prepared.

The Main Pond to the southwest (SNS grid) of the site serves most of the SNS site. The CLO II, Shop

Building, and parking improvements will all drain to the Main Pond. This pond is sufficient in size only
for a small amount (approximately % acre) of additional building development (impervious surface). The

8-5



Conventional Facilities

proposed CLO Il expansion, Shop Building area, and additional parking to the east of the current target
will exceed the % acre allowance. Therefore, to eliminate the need for improvements to the Main Pond,
the site improvements include rerouting drainage collection southeast (SNS grid) of Target Il to the East
Pond.

8.1.3.2 Electrical Systems
SNS Primary Substation Capacity

The SNS site primary substation is supplied from the Tennessee Valley Authority transmission system.
The substation has two power transformers, both rated 165/13.8 kV, 42/56/70 MV A. The substation has
an effective capacity of 70 MVA with one transformer out of service. The primary substation peak
operating load is approximately 28 MVVA when 1.4 MW of beam power is delivered to the First Target.
The Proton Power Upgrade (PPU) is estimated to add an additional 3 MVVA when 2.0 MW of beam power
is delivered to the First Target. The STS is estimated to add an additional 12 MVA of load when 0.7 MW
of beam power is delivered to the Second Target. The estimated total SNS load, summing up these loads,
is 43 MVA. Therefore, no additional capacity is needed in the 70 MVA primary substation.

Normal Power Distribution

Normal power distribution will be supplied to the STS facilities from three existing 13.8 KV substation
switchgears to unit substations near each building, as noted in Table 8.2. Specifically, the STS will be
supplied from the existing 161/13.8 KV campus substation 13.8 KV switchgear spare metal-clad breakers
2034, 2054, and 3034 at Building 8912. Final terminations at the switchgear will be by campus facilities.
Each feeder will be rated at 600 A using 3-1/C, 750 kcmil, EPR-MV-105, 3-phase, 3-wire cable plus a
600 V ground. The two feeders from bus A, 2034 and 2054, will first need to be extended overhead from
the campus substation switchgear to enter into the southern new duct bank system. This three-source
arrangement provides flexibility and reliability of service to the STS facility during outages and required
system maintenance.

The three 13.8 KV service feeders will be extended in a new 2 x2, 4-cell, 6-in., Sch 40 PVC concrete-
encased duct bank with manholes to the south around Argonne Drive. The existing north duct bank
system has limited spare conduits, and congested utilities in the area discourage adding a new duct bank
in that area.

The feeders will be extended to exterior unit substations near the STS buildings with less-flammable fluid
transformers and walk-in secondary enclosures to provide necessary secondary service voltages to service
the loads of buildings. Substation primary switchgear will be sectionalized 600 A, 25 kAIC, S&C electric
underground distribution switchgear (VISTA) type with fault interrupters serving the transformers. Bus B
feeder 3034 will service substations dedicated to science loads, and bus A feeders will service non-
science load substations. Buildings with two nonscience use substations at the Target, CLO Il, and CUB
I1 will be fed from different main feeders to further enhance the reliability of service to those buildings.
The substation transformer primary cable will be standardized at 3-1/C, #2/0 EPR-MV-105 cable.

Refer to Appendix A for the drawings Proposed STS Medium Voltage Electrical Single-Line and
Proposed Electrical Site Utilities Layout. Refer to Table 8.2 for the STS building normal power service
summary for estimated peak demand loads by building and equipment type and associated generator sizes
and capacity.
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Table 8.2. STS building normal power services summary.

Estimated Peak Demand Load (kVA) SEC SEC
XFRMR served | Building GEN | Science CUB | Total V‘g‘:s\,ﬁfﬁ/" E;ng;;d Report | WYE [LVSWGR
Buildings SF LTG| PWR | loads | Elev |Crane |HVAC|plant| build | (kVA) Size (kVA) UsS ID volts amps Notes
Target Building Il 108,421 || 152 | 108 660 50 50* 654 0 1624 2030 1@2000 TA2-SS1 480 3000
Moderator helium 2000 2000 1@2000 TA2-SS2 4160 2@200 [No growth carried
COMpressors
RTST Tunnel 12,830 18 32 0 0 125 125 0 188 234
RTST service 8,941 13 22 1375 0 0 274 0 1684 2105
30 54 1375 0 125 | 399 0 | 1871 2330 1@2500 RS2-SS1 480 4000
1000 1000 1000 1@1000 RS2-SS2 TBD Septum power supplies
920 920 1000 1@1000 RS2-SS3 TBD Dipole power supply
920 920 1000 1@1000 RS2-SS4 TBD Dipole power supply
40M Instrument 45,259 63 | 113 360 0 30* | 202 0 739 923
Zeemans Instrument 0 0 0 80 0 10 0 0 90 113
63 | 113 440 0 40 202 0 829 1036 1@1500 TA2-SS3 480 2500  |Sized for modularity
50M Instrument 42,447 59 106 360 0 30* 187 0 713 891
90M Instrument 15,993 22 40 180 0 10 50 0 302 378
81 146 540 0 40 237 0 1015 1269 1@1500 TA2-SS4 480 2500
cLon 96,784 | 135 | 242 | 774 | 200 | O | 600 | O | 1952 | 2440 |2@2000/2500 CL2-SS1/SS2| 480 | 2@4000 mfmzﬁfg ated
Manual secondary tie
CuB Il 9,234 13 23 0 0 0 0 2460 | 2496 3120
CEF Il 370 1 1 0 0 0 140 0 141 177 480 600 Exhaust for Target Building I
0 0 0 0 0 0 300 | 300 375 480 (2) 400 |Two cooling towers
14 24 0 0 0 780 |2,760| 2937 3672 2@2000 |CU2-SS1/SS2| 480 2@3000
Shop 25,518 36 0 100 0 10 181 0 327 408 N/A N/A 480 600 Feed from KG
USS KL-SS1
TOTAL: 365,797

* Indicates largest crane included when multiple.
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A separate 600 A, 480 V feeder will be extended to the new Shop Building from unit substation USS-
KLSS1 located south of the west end of the Klystron Gallery.

Temporary Electrical and Telecommunications Service Distribution

Temporary power and telecommunication for construction of the STS project will be provided via
overhead pole line distribution. The overhead pole line will be supplied from 3104-SFG1to provide a
power source located to the northwest near the construction staging area. The ORNL telecommunication
provider Black Box will provide telecommunication service to the construction contractor’s temporary
offices.

Emergency Power Supply Systems (EPSS)

Local exterior diesel standby engine-generators will be provided at the buildings as noted in Table 8.3.
Each generator will be in an exterior, weatherproof, sound-attenuated, reach-in enclosure with 24-hour
sub-base fuel tanks. Each generator will be provided with a quick-connect feature to be used for load bank
testing or portable generator back-up if the primary unit is down for maintenance.

Refer to Table 8.3 for the STS building standby power service summary for estimated peak demand loads
by building and equipment type and associated generator size and capacity.

Uninterruptible Power Supply) Systems

Local science load, information technology (IT), and data center uninterruptible power supply (UPS)
systems will be provided within each building as noted in Table 8.3. IT UPS systems will normally be
located within the emergency power distribution rooms. Other UPS systems will be located near their
loads. All UPS systems will be static (battery) type with maintenance bypass and 15-minute ride through
capacity. Refer to Table 8.4 for the STS building UPS power service summary for UPS estimated size for
each building.

Telecommunication Systems Distribution

Interconnecting fiber optic cabling between the new STS buildings and existing facilities will be provided
using a new duct bank and manhole system essentially mirroring the power distribution raceway southern
extension. A 3x3, 9-cell, 4-in., Sch 40 PVC, concrete-encased duct bank configuration is anticipated with
raceway barriers in the manholes to isolate systems requiring this configuration.

STS IT systems, also known as ORNL networks, will connect to existing SNS IT hubs located in CLO IT
rooms and will provide interconnection of the following building systems:

e VoIP, business computing, experimentation data, and so on
o Telephone (copper cables)

The new STS networking systems hardware and components will be provided to be compatible with
existing SNS network systems, such as the ORNL Facilities and Operations (F&O) building systems
distribution.
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Table 8.3. STS building standby power services summary.

Estimated Peak Demand Load (kVA) With 25% | Estimated SEC SEC
Buildings Building GEN | Science IT |CUB| Total | growth generator Report WYE SWBD
served SF |LTG|PWR/| loads |Elev |[HVAC| UPS |plant| build | (kVA) (kV\j;Zki/ ) | GENID | volts amps Notes
Target Building Il 108,421 54 54 313 50 302 65 0 898 1123
40M Instrument 45,259 23 23 0 0 0 0 0 45 57
77 77 313 50 302 65 0 944 1180 1000/1250 TA2-EG1 480 1600
gﬁ;{:;g;rze““m 0| o 150 0 0 0 | o | 150 188
50M Instrument 42,447 21 21 0 0 0 0 0 42 53
90M Instrument 15,993 0 8 0 0 0 0 0 8 10
21 29 150 0 0 0 0 200 251 300/375 TA2-EG2 480 600
RTST Tunnel 12,830 6 6 0 0 125 0 0 138 172
RTST Service 8,941 4 4 120 0 0 80 0 209 261
11 11 120 0 125 80 0 347 433 400/500 RS2-EG1 480 800
cLol 96,784 48 48 387 100 63 200 0 847 1059 800/1000 CL2-EG1 480 1600
CEF 1l 370 0 0 0 0 140 15 0 155 104
cuBll 9,234 5 5 0 0 0 15 0 24 30
5 5 0 0 140 30 0 180 225 300/375 CU2-EG1 480 600
Shop 25518 | 13 | 13 0 0 0 15 | 0o | 41 51 N/A N/A 480 60 Feed from KG
KL-2DPE1
TOTAL: 365,797
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Table 8.4. STS Building UPS power services summary.

Estimated UPS size (kVA)

IT UPS Systems

XFRMR served Building With 25% | Estimated
buildings SF IT  growth |size (kVA) Notes
RTST Tunnel 12,830 | O
RTST Service 8,941 80 100 100 Also serves science loads
Target Building 11 108,421 | 10
40M Instrument 45,259 | 10
50M Instrument 42,447 | 10
Moderator helium compressors 30
90M Instrument 15,993 5
TOTAL 65 81.25 80 Matches FTS size
CcLo1l 96,784 | 50 62.5 75
80 100 100 Dedicated to data center
CuB Il 9,234 | 15 18.75 25
CEF Il 370 15 18.75 25
Shop 25518 | O
TOTAL: 365,797

Note: All UPS systems will be static (battery) type with 15 minute backup.

Interconnecting fiber optic cabling between the new STS buildings and existing facilities will be provided

using a new duct bank and manhole system essentially mirroring the power distribution raceway

extension and ring topology. The following building systems/system owners will be interconnected with

cables and raceways by SNS CF. The system owners will perform final tie-ins.

e Public Address/F&O Instrumentation and Controls

o Fire alarm (FIREWORKS network) F&O Laboratory Protection

e Access control/F&O Laboratory Protection

o Building automation system/(F&O Facilities Management (CLO Il only—Siemens))

e Power monitoring (ION-Schneider) F&O electrical utilities (including central IT UPS systems

monitoring)

The fire alarm systems will be proprietary Edwards Systems Technologies EST-3 manufacturer/series
with communication platform links to the Building 8600 FIREWORKS fiber optic hub for compatible
reporting to the existing Laboratory Shift Superintendent (LSS) office at Building 4512 and ORNL Fire

Department at Building 2500.
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Instrumentation and Control Systems Distribution

Interconnecting cabling between the new STS buildings and existing facilities will be provided using a
new duct bank and manhole system, essentially mirroring the power distribution raceway extension and
ring topology.

STS instrumentation and control systems for accelerator timing will connect to the existing hub in the
Ring Service Building.

STS instrumentation and control systems will connect to existing SNS hubs located in the CLO Building
and will provide site interconnection of the following systems:

Machine Protection Systems (MPS)

Accelerator Timing System (ATS)

Target Protection System (TPS) (two conduits)

Experimental Physics and Industrial Control System (EPICS)

8.1.3.3 Sanitary Sewer

Sanitary sewer service will be provided to the proposed Target Building Il, RTST, CUB Il, 90M
Instrument Building, CLO Il, and Shop Building by connecting to the existing SNS sanitary sewer
collection system. See Drawings 5.1.25 through 5.1.28 as a reference. The existing SNS sanitary sewer
collection system was originally designed with enough capacity to service both FTS and STS. SNS
sanitary sewer flow measured from October 2017 through September 2018 totaled 8,711,000 gal, or
24,000 gal per day (gpd) or 17 gal per minute (gpm).

Gravity Sewers

The Target Building Il, RTST, CUB Il, and the 90M Instrument Building sanitary flow will be routed to
the gravity sewer system east of the Center for Nanophase Materials Sciences (CNMS) at manhole M850.
The sanitary sewer extensions for Target Building Il, RTST, CUB II, and the 90M Instrument Building
are shown on Drawing 5.1.27, Enlarged Sheet B-Utility Plan. Flow rates and pipe sizes will be calculated
based on drainage fixture unit values and adjusted/increased to allow for projected wastewater discharges
from various items of related equipment at the design stage. The sanitary sewer service needs to exit the
Target Building 1l near the southeast corner at approximately the 1051 ft elevation so that it can flow by
gravity into manhole M850. Wastewater flows by gravity from this manhole to lift station 8631 (LS8631).
LS8631 is shown on Sheet 5.1.25-Overall Utility Plan. Capacity upgrades will be required to LS8631;
they are discussed further in the following section, Lift Stations and Force Mains. The sanitary sewer
components required to extend gravity sanitary sewage service from manhole M850 to the Target
Building Il, RTST, CUB Il, and 90M Instrument Building consist of the following:

e 8-in. gravity sewer 1,200 linear feet
e 4-ft diameter manholes 4 each

e Sewer service lateral to RTST Building 170 linear feet

e Sewer service lateral to Target Building 11 55 linear feet

e Sewer service lateral to CUB Il 30 linear feet

e Sewer service lateral to 90M Instrument Building 130 linear feet

The CLO Il sanitary sewer can be connected to SNS manhole M808, which is just upstream of LS8601.
The sanitary sewer extension for the CLO Il is shown on Drawing 5.1.27. The CLO Il is projected to have
170 new offices/workstations and 25 guests per day, for an additional population of 195 people. At 25
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gpd per capita, the average daily wastewater flow generated will be 4,875 gpd (10 gpm, calculated for an
8-hour shift). No additional downstream sewer system improvements are required for the CLO II. The
sanitary sewer components required to extend sanitary sewage service to the CLO Il consist of the
following:

e Sewer service lateral 125 linear feet
e Connection to existing manhole M808 1 each

The Shop Building, located on the west side of the SNS campus, will connect to gravity sewer manhole
M828 via a proposed grinder lift station located east of the Shop Building and 400 linear feet of force
main. Flow rates and pipe sizes will be calculated based on drainage fixture unit values and
adjusted/increased to allow for projected wastewater discharge from various related items of equipment at
the design stage. The sanitary sewer extension for the Shop Building is shown on Drawing 5.1.26,
Enlarged Sheet A-Utility Plan. No additional downstream sewer system improvements are required for
the Shop Building. The sanitary sewer components required to extend sanitary sewage service to the Shop
Building consist of the following:

e  Grinder lift station 1 each
e Force main 400 linear feet
e Connection to existing manhole M828 1 each

Lift Stations and Force Mains

As noted previously, SNS receives an average wastewater flow of 24,000 gpd, or 17 gpm. Wastewater
leaves SNS by being pumped by one of two lift stations, LS8601 and LS8631. The lift stations are
manifolded into a 6-in. ductile iron force main that parallels Old Chestnut Ridge Road for discharge into
the ORNL sewer system.

LS8601 has a measured capacity of 300 to 350 gpm (432,000 to 504,000 gpd). Compared with the overall
SNS usage of 17 gpm, LS8601 and its 300 linear foot, 6-in. diameter force main can handle the additional
flows generated from CLO Il and the Shop Building without upgrades.

LS8631 currently handles wastewater generated by the Shull Wollan Center and the ORNL Guest House.
The lift station is connected to the 6-in. force main along Old Chestnut Ridge Road with a 1,925 linear
foot, 4-in. diameter PVC force main. LS8631 was designed for an average flow rate of 14 gpm and a peak
flow rate of 68 gpm. Adding wastewater flows from Target Building Il, RTST, CUB II, and 90M
Instrument Building to LS8631 will exceed the lift station capacity. LS8631 will require larger-capacity
pumps and properly sized electrical and control equipment to meet the additional needs, while the existing
4-in. force main size is adequate to convey the additional flow from the upgraded pumps.

System Design Criteria

The sanitary sewer system shall meet or exceed the requirements set forth in the Tennessee Department of
Environment and Conservation’s Design Criteria for Sewage Works, Chapter 2.

8.1.3.4 Water System
The water system serves several purposes. It provides (1) potable drinking water and water for sanitary

purposes for the Chestnut Ridge employees and visitors, (2) process water (e.g., cleaning, filling of
systems), (3) makeup water for the site cooling towers, and (4) water for fire suppression.
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Water Usage and Demands

This section describes the additional water usage demand placed on the system by the STS. The existing
SNS water system was designed using system demands for both FTS and STS. The existing water
distribution system piping is sized to provide the design flows (potable, process, cooling water, and fire)
at the required residual pressures. The potable, process, and cooling water demand capacity were
designed for a peak day water system demand of 640 gpm. Peak water flow demands are influenced by
operation of the accelerator and seasonal building cooling demands. Therefore, the highest water usage
occurs when the accelerator is running during the summer. The highest FTS monthly usage of 9,171,000
gal (300,000 gpd) was recorded in July 2018.

The STS fire protection requirements, potable water demands, and line sizes will be determined as the
facility buildings are further developed. Employees and visitors will contribute approximately 5,000 gpd
based on the sewer demand calculation, and cooling tower makeup water demand will be approximately
250,000 gpd for a peak summer day based on the mechanical equipment demands referenced in this
document. Therefore, STS peak day water demand is expected to be approximately 255,000 gpd.

Coupling these projected STS demands of 255,000 gpd with the FTS historical peak monthly demand of
300,000 gpd results in a peak day flow of 555,000 gpd (385 gpm). As previously noted, the potable,
process and cooling water demand capacity were designed for a peak day water system demand of 640
gpm (1,045,000 gpd). The projected FTS and STS water demand is much less than the original design
rate owing to decreased volumes of cooling tower makeup water. Therefore, the water distribution system
is adequately sized to supply potable drinking water, process water, and cooling tower makeup water to
both FTS and STS.

The design fire flow rate at SNS is based on the greatest demand for a suppression system on site. The
hydraulic demand for the 2,500 SF area of the second floor of the Target Building is 1,621 gpm, including
a 500 gpm hose stream allowance for a duration of 120 min. The required reserve using the 120-min
duration is 195,000 gal. The fire protection volume required for Target Building 11 is assumed to be the
same as for the existing Target Building | and not required during the same event. It is recommended that
Target Building 1l be set near the same elevation as the Target Building to ensure adequate fire flow
residual pressure.

Water flow tests performed by the ORNL Fire Department on an annual basis indicate the available water
flow data for fire protection. The most recent test data are included in Table 8.5 and are provided for STS
sprinkler design. The fire hydrant open outlets measured 2.5 in. in diameter, and the outlet coefficient of
discharge was 0.9.

Table 8.5. Available water flow.

Static pressure Test: Single hydrant Vest: D) yeirenss

Hydrant numbers (psig) flowing (psig and gpm) flowmgp(lqu;g and
First (static/residual)  09-419 122 N/A 116
Second 09-417 N/A 1,453
Third  09-420 N/A 1,501
Total flow: 2,954
Estimated available flow at 20 psig, according to the tests 13,641
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Based on the available water flow measured at hydrants near Target Building 11, the fire protection
requirements are met with the existing water distribution system.

Water Supply and Distribution Infrastructure

This section discusses the adequacy of the existing system to meet the project water usage. Refer to
Sheets 5.1.25 through 5.1.28 for conceptual site utility layouts.

Water to ORNL is supplied from the City of Oak Ridge via a single 24-in. cast iron water line that passes
through the Y-12 National Security Complex site. The existing SNS water system has historically
delivered all system demands with adequate flow and pressure. There have been no water system
modifications since the initial system installation which would significantly affect the capacity of the SNS
water system to deliver the design water demands to the site.

As shown on Drawing 5.1.28-Enlarged Sheet C, Utility Plan, the water booster pump station draws water
from a 24-in. water line on the east side of the SNS site and pumps that water to an elevated water storage
tank through a 12-in. dedicated transfer line connecting the pump station and storage tank. The multi-leg
elevated storage tank has a storage capacity of 300,000 gal and is shown on Drawing 5.1.25. The storage
tank feeds the site water distribution piping and fire protection system from existing 12-in. water line
loops, which distribute water by gravity to all buildings on the site at the required flow and pressure.

The water booster pump station has three pumps of the same size. The pump station has a firm capacity
(capacity with one pump out of service) of 1,100 gpm. The water booster station controls are configured
to let only two pumps run at any time, as operating three pumps would cause cavitation damage due to
low suction pressure. The original booster station capacity was calculated as the sum of (1) the normal
peak day flow, (2) the flow rate calculated to refill the storage tank to the required fire storage volume in
8 h, and (3) a 100 gpm design contingency. Adjusting for a lower peak day flow of 385 gpm, and 410
gpm to fill the 195,000-gal fire storage reserve in 8 h (195,000 g/ (8 h - 60 min/h), the booster pump
station contingency has increased to 305 gpm (1,100-385-410 gpm). Therefore, the water booster pump
station is currently able to meet the needs of FTS and STS.

As FTS and STS are dependent on the water booster station, its reliability and resiliency should be
addressed. “Reliability” means that since pumps will require maintenance and down time, a dedicated
backup of the same size as the largest pump shall always be installed and operational. “Resiliency” is a
measure of how quickly the water booster station can be brought back to full operation after an event that
causes a pump failure. With a third pump installed and operational, the water booster station reliability is
met for both FTS and STS. The Utilities Division maintains a fourth pump in inventory in case one of the
three pumps must be removed from service. The new pump could be brought in quickly and installed to
meet the resiliency needs for both FTS and STS. Having the pump in a separate but nearby location is
advisable.

The 300,000 gal storage tank capacity is derived from the sum of the following volumes: (1) tank
operating volume, which provides for adequate starting and stopping of booster pump station pumps; (2)
a fire suppression volume, which is equal to the highest fire flow rate (1,621 gpm for a 120 min duration);
and (3) an emergency operational storage volume, which provides the potable, cooling tower, and process
flows for an original design period of 3 h. The fire protection volume is not required for multiple
simultaneous events. Therefore, the elevated storage tank has adequate operational volume and fire
protection volume to serve the addition of STS.

The emergency operational storage volume, which must be maintained in addition to the fire protection
volume, is a minimum of 4 h for both FTS and STS when recalculating for the projected cooling demand.
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This minimum of 4 h of operational storage is a vulnerability that needs to be addressed. Should an
extended disruption to the SNS water supply occur, makeup water to the cooling towers would be
impacted most, as it is the largest user, especially during summer months when demand is greatest.

Note that the existing booster pump station can provide the required operating pressures with the elevated
storage tank out of service. Operating the system with the elevated tank out of service is currently a
manual exercise and not desired by Utilities and Fire Protection staff.

Water service and fire protection lines will need to be extended to the STS buildings. Flow rates and pipe
sizes will be calculated based on drainage fixture unit values and adjusted/increased to allow for projected
water usage from various related equipment at the design stage. The following buildings require service:

Shop Building

RTST Building

CLO I

Target Building Il

CuB I

90M Instrument Building
Construction support area

When grading operations interfere with existing water lines, new water lines should be relocated and
operational before existing lines are taken out of service. As shown on Drawing 5.1.27, the grading and
retaining wall 5 around the CUB 1l will require replacement of the following:

e 12-in. ductile iron water lines 725 linear feet
e Connections to pressurized lines 4 each
e 12-in. valves 3 each
e Fire hydrant 1 each

The site grading considers the 24-in. ORNL supply line as noted in Section 8.1.1.1, Construction
Excavation. Depth of cover on the 24-in. waterline currently cannot exceed 11 ft, and proposed grading
operations consider this requirement. Should the fill exceed 11 ft, or additional protection be desired
because of construction traffic, special pipe bedding and/or encasement can be provided on the affected
section to prevent disruption of water service on this vital line.

System Design Criteria

The water system shall meet or exceed the requirements set forth in the Tennessee Department of
Environment and Conservation Community Public Water Systems Design Criteria.

8.1.3.5 Site Chilled Water

Site CHW will be generated at CUB Il and distributed in an underground loop around the site to serve air
handling units (AHUSs) and for generating technical/sensible CHW as described in each of the building
narratives. CHW will be provided to the following buildings:

e RTST Service Building 6-in. service

e Target Building Il 12-in. service (east side) and 3-in. service (west side) (serving
40M and 50M Instrument Buildings)

e 90M Instrument Building 4-in. service

8-15



Conventional Facilities

e CLO Il Building 8-in. service (from existing CUB generated site loop)
e CNMS Building 8-in. service (transfer connection from existing to new mains)

Underground CHW piping will be distributed in factory-fabricated coated steel piping or insulated HDPE.
8.1.3.6 Site Heating Water
Site heating water will be generated at the CUB 11 and distributed in an underground loop around the site,

to serve AHUSs as described in each of the building narratives. Heating water will be provided to the
following buildings:

e RTST Service Building 4-in. service

e Target Building Il 6-in. service (east side) (also serving 40M and 50M Instrument
Buildings)

e 90M Instrument Building 2-in. service

e Shop Building 4-in. service (from the existing CUB generated site loop)

Underground heating water piping will be distributed in a pre-insulated, factory-fabricated coated steel
piping system.

8.1.3.7 Site Tower Water
Site tower water will be generated at the CUB 1l and distributed in an underground loop around the site,

to provide technical cooling heat rejection as described in each of the building narratives. Tower water
will be provided to the following buildings:

e RTST Service Building 8-in. service

e Target Building Il 6-in. service (east side) and 4-in. service (west side) (also
serving 40M and 50M Instrument Buildings)

e 40M Instrument Building 3-in. service (separate service for Zeeman’s helium
Compressors)

Underground tower water piping will be distributed in a factory-fabricated coating piping system or
HDPE.

8.1.3.8 Site Compressed Air

Site CA will be generated by a pair of redundant air compressors at the CUB 11 and distributed
underground throughout the site at a minimum of 110 psig. The system will be routed from the CUB Il to
the Target and Instrument Buildings and CLO Il and interconnected to the existing site distribution CA
mains just outside the CNMS building. The distribution piping serving each building will be sized for the
current building program with an additional 20% load provided to accommodate for renovation
flexibility.

e RTST Service Building 2in.

e Target Building Il 4-in. service (east side) (also serving 40M and 50M Instrument
Buildings)

e CLO Il Building 3-in. service (from existing CUB generated site loop)

e Shop Building 3-in. service (from existing CUB generated site loop)
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8.2 RTST TUNNEL AND SERVICE BUILDING
8.2.1 RTST Tunnel

8.2.1.1 Programming

Building Function

The RTST Tunnel will house the proton beamline that extends from the existing Ring to Target Beam
Transport (RTBT) to Target Building I1. Utility systems that support beam operation will be distributed
throughout the length of the RTST Tunnel. The RTST Tunnel will also provide service access for regular
maintenance to beam components and an 8 ft, 0 in. clear pedestrian/equipment passage along the entire
length of the tunnel. During beam operation, the RTST Tunnel will be inaccessible for human activities
because of elevated radiological levels. During periods of nonoperation, access to the tunnel is generally
limited to scientific and technical staff.

Program Summary

The RTST Tunnel includes 9,920 nsf and has an estimated planning efficiency factor of 81%. This factor
is based on analysis of the existing FTS tunnels and preliminary test-fit planning for the RTST Tunnel.
The estimated gross area of the RTST Tunnel is 12,258 gsf. Table 8.6 summarizes the RTST Tunnel
space program requirements. Detailed room data sheets and test-fit plans are included in Appendix B of
the STS CF Conceptual Design Report.

Table 8.6. RTST Tunnel space program summary.

No. Rooms Qty. Net SF Total net ftt
5211  Tunnel 1 8,570 8,570
5.2.1.2 Egress stair labyrinth 1 260 260
5.2.1.3 Access tunnel labyrinth 1 300 300
52.1.4 Access tunnel 1 790 790
Total nsf 9,920
Total gsf 12,258
Total efficiency 81%

8.2.1.2 Site Planning
Location and Floor Elevations

The RTST Tunnel planning will be precisely coordinated with the layout of the proton beam components
and location of the overall STS complex within the project site. The tunnel will be approximately 520 ft
long. The RTST Tunnel does not include the RTBT Stub, which will be constructed as part of the PPU
project. (See RTBT Stub Conceptual Design Study Revision 2, February 28, 2017.) The RTST Tunnel
will link to the end of the RTBT Stub and terminate at Target Building I1. The tunnel floor will be located
at elevation 1076 ft. This corresponds to the proton beam centerline at elevation 1080 ft, which aligns
with the existing proton beam elevation throughout the SNS complex. This elevation drives the vertical
location of all technical equipment and conventional facilities (CF) throughout the STS complex. Figure
8.2 highlights the RTST Tunnel and the associated RTST Access Tunnel within the overall STS Site Plan.
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Figure 8.1. RTST Tunnel location within the STS Site Plan.

Truck Access

The primary tractor trailer truck access for the RTST Tunnel will be located where the tunnel bends by
90° to approach Target Building Il. This will be an uncovered, flat dock condition, requiring the use of
forklifts for movement of materials between the exterior and the tunnel. The exterior paved surface will
be sized to accommodate truck maneuvering and storage of temporary shielding blocks that will placed at
the end of the tunnel during normal accelerator operation. The loading dock will be connected to the
RTST Tunnel by the RTST Access Tunnel, which is approximately 56 ft long. The access tunnel does not
include an overhead crane. The RTST Tunnel will also be accessible by tractor trailer through the existing
RTBT Access Tunnel. Use of this access point will be limited to time periods when the FTS proton beam
iS not in operation.

Pedestrian Access

Pedestrian access to the RTST Tunnel will be available from the RTST Access Tunnel and the RTBT
Access Tunnel. Secondary pedestrian access will also be available through an egress stairwell located
adjacent to Target Building Il. All of these locations will include pedestrian radiological shielding
labyrinths and restricted access controls.

8.2.1.3 Building Planning

Building Organization/Floor Planning

The RTST Tunnel will be a single-story, below-grade structure with a floor plan driven by the geometry
and dimensions of the proton beamline components. Tunnel egress paths will be provided through the
RTBT Stub, at the RTST Access Tunnel and into an egress stair with vertical discharge. This stair will be
located adjacent to Target Building II.

Tunnel Cross Section

The RTST Tunnel will be comparable in size and construction to the existing RTBT Tunnel. The interior

clear space of the tunnel will be approximately 17 ft wide and 13 ft high. The beam centerline will be
located asymmetrically in the tunnel to allow for maintenance access and continuous passage along one
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side of the proton beam by scientific staff and technicians. The proton beam and magnets will be
supported on steel lattice structures, provided as part of the technical equipment scope, that are anchored
to the tunnel floor.

Utility Distribution

Utility systems supporting the proton beam will be distributed within the RTST Tunnel. Most utility
systems, including power, technical cooling water, CA, fire protection water, and ventilation will be
routed to the RTST Tunnel through underground chases linked to the RTST Service Building. These
utilities will also be extended into the RTBT Stub. The RTST Tunnel process drain will be connected to
the existing process drain in the RTBT Tunnel so it can be intercepted at the existing process waste

diversion tanks located in Building 8918. It is anticipated that no utilities will be extended from the
existing RTBT Tunnel into the RTST Tunnel.

8.2.1.4 Key Features and Requirements

Radiological Shielding

During normal operation, the RTST Tunnel will be exposed to elevated radiological levels. The RTST
Tunnel will be shielded with a combination of concrete and earth providing a minimum total shielding
dimension of 18 ft, 6 in. measured from the interior tunnel surfaces to exterior grade. Concrete shielding
labyrinths will be installed at controlled access/egress locations.

Structural Requirements

The tunnel foundation and floor stability are critical for the alignment and operation of the proton beam.
Geotechnical and structural design that limits settlement and vibration will be a critical consideration.

Materials Handling

A 12.5-ton overhead crane will be required throughout the entire RTST Tunnel. This crane will also be
extended into the RTBT Stub. The RTST Access Tunnel will not include an overhead crane.

8.2.1.5 Life Safety/Code

Primary Occupancy Type

The primary occupancy type for the RTST Tunnel is Group F-2, Low Hazard Factory Industrial,
according to the 2015 International Building Code (IBC), and Special-Purpose Industrial, according to
National Fire Protection Association (NFPA) 101, 2018 edition.

Accessory Occupancies

The RTST Tunnel will not have any accessory occupancies.

Fire Protection Systems

The RTST Tunnel will be protected throughout by an automatic fire sprinkler system designed to protect
an Ordinary Hazard—Group 2 occupancy in accordance with NFPA 13, Standard for the Installation of

Sprinkler Systems. The RTST Tunnel will also be equipped with auxiliary 1.5-in. hose outlets fed from
the sprinkler mains.
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Portable fire extinguishers will be provided in the tunnel in accordance with the IBC and NFPA 10,
Standard for Portable Fire Extinguishers.

The RTST Tunnel will be equipped with an addressable fire detection/alarm system consisting of the
following:

e Manual fire alarm pull stations at all building exits
o Very Early Smoke Detection Apparatus (VESDA) system throughout the tunnel

e Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

e Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

The RTST Tunnel will be a single-level, underground structure approximately 500 ft in length and having
an area of approximately 12,800 SF. The proposed area for the tunnel is within the limit established in
IBC Section 506.

Travel Distances

The maximum travel distance within the RTST Tunnel will not exceed 400 ft as required by IBC Section
1016.2 and NFPA 101, Section 40.2.6.1. The maximum common path of travel distance will not exceed
100 ft as required by IBC Section 1014.3 and NFPA 101, Section 40.2.5.1. The maximum dead-end
corridor will not exceed 50 ft as required by IBC Section 1018.4 and NFPA 101, Section 40.6.4.

Construction Type

The RTST Tunnel will be of Type II1B construction in accordance with IBC Section 602, except where
modified in the Special Code Consideration section below.

Wall/Floor Ratings

The walls, floor, and roof of the RTST Tunnel will be of noncombustible construction. Fire resistance
ratings are not required for buildings of Type 1B construction.
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Special Code Considerations

Underground Building: If any portion of the RTST Tunnel is located more than 30 ft below the level of
exit discharge, the provisions of the IBC, Sections 405.2 through 405.10, shall apply. These requirements
include the provision of a smoke control system and smokeproof enclosures for the exit stairways.

8.2.1.6  Civil/Site Development

The RTST Tunnel will be constructed in the open cut excavation as described under Site Civil Works
Section 8.1.1.2. The open cut for the RTST will extend from the proposed target excavation to the end of
the RTBT Stub installed previously. The open cut is proposed to elevation 1072.75 ft with the bottom 2 ft
vertically cut and the remainder of the cut sloped at 2 horizontals to 1 vertical back to existing grades.
Typical section 1 on Drawing 5.1.29 shows a typical cut section for the RTST Tunnel construction. The
contractor must incorporate all the protective measures required by OSHA 29 CFR Part 1926, Subpart P,
for any worker access in the open cut during construction.

Infiltration into the existing structure will need to be controlled during construction. As part of the open
excavation, a 6-in. diameter perforated foundation drain will be required to handle stormwater during
construction and post-construction. The foundation drain will be extended to a new storm drain line
extending from the existing storm drainage system off the southeast corner of the existing target (see
Drawing 5.1.22 showing the storm drain extension to the south). The bedding material under the proposed
stub will consist of 8 in. of compacted washed stone and 4 in. of roadway base stone. The washed stone
provides a leveling base that is free-draining, allowing movement of any water during or after
construction to the proposed foundation system. The roadway base stone is a well-graded material that
provides a good working surface for equipment and personnel during construction. During construction,
special care by the contractor to direct stormwater to the proposed drainage system will be critical to
avoid any complications from stormwater runoff entering the existing base mat for the RTBT Stub area.

After completion of the structure, the RTST Tunnel will be backfilled to the finished grades on Drawing
5.1.19 and according to the typical section 2 on Drawing 5.1.29. An embankment liner will be installed
according to the limits shown on Drawing 5.1.22 to prevent water from infiltrating to the tunnel area. The
tunnel embankment liner is intended to act as an additional barrier to prevent site surface water from
infiltrating into that area around the tunnels. The Typical Construction Fill Section on Drawing 5.1.29
shows the typical location of the tunnel embankment liner, which resides 1.5 ft” below the top of the
tunnel embankment. The upper layer of liner includes a drainage layer that discharges to the embankment
slopes via a header and discharge pipe system.

The foundation drainage consists of small-diameter perforated piping below the floor elevations of the
below-grade facilities installed during construction. See Section 2 on Drawing 5.1.29 for a typical section
and Drawing 5.1.22 for the plan view layout of the foundation drainage pipes. The foundation drains are
discharged by gravity flow via solid pipes to manholes designated as sampling points (not included in
conceptual plans). The sampling points should be installed to test for radioactivity due to activation prior
to discharge into the on-site piping system. From the sampling manholes, the discharge will be connected
via piping to the on-site stormwater collection system that discharges into the site detention ponds.

8.2.1.7 Architecture
Exterior Wall

The RTST Tunnel will be constructed of reinforced concrete with waterproofing. The waterproofing
membrane will be a hot-fluid-applied, two-layer 215 mil, polyester fabric—reinforced membrane, on all
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four sides. Drainage tile will be placed along the perimeter of the tunnel structure and gravity drained to
the site stormwater system. Exterior walls below grade will be required to achieve R-7.5 ci. (continuous
insulation) as according to 2012 International Energy Conservation Code.

Exterior Doors

Main exterior access doors will be 16-gauge, insulated-core, painted hollow metal doors with fully
welded, 14-gauge metal frames and a U value of 0.61. An insulated-core overhead 14 ft, 0 in. by 4 ft, O in.
door will be provided to bring large magnets into the tunnel. All exterior doors will be provided with
proximity card reader hardware.

Thermal and Moisture Protection

Flashing and sheet metal will be provided as a positive water stop around all openings (e.g., head, jamb,
and sill) in walls, such as windows, doors, and louvers.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer 215 mil, polyester fabric-reinforced membrane.

Exterior sealants will be a two-part composition with a 50% movement capacity.

Glazing

No glazing is anticipated for the RTST Tunnel.

Roof Construction

As stated previously, a waterproofing membrane will be provided around the tunnel with additional R7.5
ci to conform with energy code requirements.

Interior construction

Walls

Interior partitions are not anticipated for the RTST Tunnel.
Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread < 25, a
fuel contribution of < 25, and smoke development of < 450.

Typical interior concrete will receive a paint finish consisting of one primer coat and two finish coats.
Epoxy paint will be applied to all wall and ceiling surfaces of the tunnel. All paints, including top coats
and primers, will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.

Floor Finishes

Flooring in the tunnel and support areas will receive epoxy coating over the new concrete. No vinyl wall
base will be used in these areas.
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Ceiling Finishes

The structure will be left exposed in the tunnel spaces. All exposed structure will receive epoxy paint
finish consisting of one primer coat and two finish coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal doors with 14-gauge fully
welded metal frames.

Furnishings

Laboratory Casework

No requirements

Vertical circulation

Stairs

A 2-story enclosed egress stair will be located adjacent to the Target Building. The stair will be composed
of a reinforced concrete structure with metal handrails mounted to the stair enclosure walls. Rubber
treads, nosings, and landings will serve as the walking surface in the stair. Stairs will be designed in
accordance with NFPA 100, Chapter 7. The stair enclosure will meet requirements for a 1-h fire barrier,
including door(s).

Elevators

Not applicable

Specialty Equipment

Crane

A 12.5 ton overhead beam crane with hoists and wire ropes will be provided to facilitate the moving of
large equipment within the RTST Tunnel and Access Tunnel.

8.2.1.8 Structure

Applicable Codes and Standards

See Sheets x—xii for complete list of applicable codes and standards
Design Loading

Superimposed Floor Loads

e Live loads:

- Uniform loads: 1000 Ib per square foot (psf)
- Forklift loads: 10 ton
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Superimposed Roof Loads

o Dead load: earth shielding weight
e Live load: 12.5-ton beam crane

Seismic Loading

o Risk category IV
e Importance factor le = 1.5

Crane Requirement

o Refer to the Crane section of Section 8.2.1.7 for information.
Building Structural System

Foundation System

The RTST Tunnel is a buried concrete structure 17 ft wide by 13 ft tall. Attached to the RTST Tunnel will
be a truck access tunnel that is a buried concrete structure 14 ft wide by 12 ft tall. Typically, a minimum
dimension of 18 ft, 6 in. measured from the inside face of the tunnel walls to the exterior grade is required
in all directions to satisfy shielding requirements. It is anticipated that the tunnels will be supported on a
12 in. compacted gravel mat over undisturbed soils. It will be supported on 9 3/4-in. diameter micropile
foundations in the vicinity of Target Building Il to avoid post-construction settlement. The settlement
criterion for the RTST Tunnel is 1 mm over 10 m.

Crane Support

Steel framing with embedded steel plate to the tunnel ceiling slab will be provided to support the crane
runway.

Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus (Law 2000).
The proposed tunnel structure should be supported on a combination of shallow foundations and
micropiles. The stiff or better upper crust of residual soil should be sufficient to support the majority of
the tunnel structure. Based on the current subsurface data on the site, we anticipate as much as 3,000 psf
allowable bearing pressure will be available. However, at the transition from the soil-bearing support of
the tunnel to the attachment to the target structure, special attention will be needed to prevent differential
settlement between the tunnel and target structure. The tunnel should either attach to the target using a
lintel, or bear on deep foundations such as micropiles. Additional micropiles may be installed beyond the
area of excavation for the target structure footprint to support the tunnel. The micropiles should be
capable of supporting 200 tons/pile when designed using a 9 % in. steel casing. The axial capacity should
be confirmed using a pile load test. If possible, the tunnel should be designed to be stiff enough to span
between these sets of micropiles. Additional options may include using friction piles after grading of the
area around the STS is completed, to help transition from the target to the shallow foundation supported
section.
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A review of geophysical data and shear wave velocities from the Law report (Law 2000) indicates that the
tunnel structure would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7.
This is confirmed by the average shear wave velocities for multiple soil profiles tested during the original
development.

A supplemental geotechnical report would be advisable once the final tunnel location and footprint have
been determined. The density and pattern of the soil test borings should be selected to optimize the quality
of geotechnical data. Additional geophysical testing is not anticipated for the design of the structure.

Vibration/Acoustics

The tunnel will support the ongoing maintenance of the beam components. In the interest of worker
communications and comfort, the background noise design level should not exceed Noise Criteria (NC)
45 of ANSI/ASA S12.2-2008. The NC curves are based on the average frequency response of human
hearing. Calculated or measured octave band sound pressure levels can then be compared with those
curves, allowing for the data as a function of frequency to be expressed as a single number. The NC level
is determined by the highest of these curves that is reached by any of the eight octave band levels between
63 and 8000 Hz.

8.2.1.9 Mechanical
Air Handling/Ventilation

The AHU serving the RTST Tunnel will be located on the roof of the RTST Service Building. Supply air
from the unit will be ducted underground into the tunnel, incorporating an ‘S’ bend, where it will cross
over the crane in an elevated section of the tunnel and be distributed via ductwork along the west wall of
the tunnel to provide cooling and ventilation. Return air will be gathered at a central point along the east
wall of the tunnel and will be ducted back underground to the AHU in similar fashion.

The AHU will be sized for 10 air changes per hour (ACH), designed as heating-cooling, single zone,
constant-air-volume (CAV) type to provide from minimum outside air supply to 100% for emergency
purge mode. The unit will operate 24 h/day, 365 days/year. Supply fans and return fans will be plenum
type, arranged in a multi-fan array. AHU supply air temperature will be modulated as required to suit the
tunnel load.

Exhaust

As part of the heating, ventilation, and air-conditioning (HVAC) system, a grade-mounted exhaust fan
will be provided to exhaust/ventilate the tunnel. The exhaust fan will connect to the return duct of the
HVAC system, and control dampers will be provided to direct the air return to the RTST Tunnel AHU
and/or direct the tunnel air flow to the exhaust fan. A control damper in the HVAC system will also allow
the RTST Tunnel AHU to go to 100% outside air operation.

Emergency exhaust for the RTST Tunnel will be provided via a pair of new exhaust fans located at the
Central Exhaust Facility 11 (CEF II). The tunnel emergency exhaust system will be ducted from an
opening in the west side of the tunnel underground to the CEF Il fans. The system will be manually
activated if emergency ventilation of the tunnel is required. The RTST makeup AHU will be

! American National Standards Institute Criteria for Evaluating Room Noise, ANSI /ASA S12.2-2008. Note that this more recent
standard extends the curves down to the 16 Hz band.
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interconnected with the emergency exhaust fans and controlled to provide 100% outside air when the
emergency exhaust fan is activated.

Technical Cooling Water

The magnet cooling water for the RTST Tunnel magnets will be supplied from the new RTST Service
Building. Magnet cooling water supply and return pipe headers will be routed along the east wall of the
tunnel. Valved connections will be provided at regular intervals for extension to the magnets in the tunnel.
Fifty to sixty magnets are anticipated.

Controls

The RTST Tunnel shall be provided with controls through the EPICS. The building will be connected to
an expansion of the existing EPICS. Instrumentation and wiring shall be connected to a new EPICS PLC
in the building, and controls interfaces for the building will be provided. Programming and connection of
the PLC to EPICS shall be completed and the control system commissioned to ensure proper operation.

Electric/pneumatic actuation will be used for all control valves and dampers for which instrument air is
required. All control systems will be on UPS and emergency power. System software and firmware will
provide the following functions:

o Control sequences to support the operation of the technical equipment

o Proportional, integral, and derivative (PID) control to allow faster, closer control to system set points

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions

¢ Monitoring to read the value of measured variables; to read control loop set points, to monitor control
signals to actuators; and to indicate status of equipment, alarms and overrides

e Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on

e Data management, including continuous database updating, alarm reporting, trend logging, and report
generation

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on

e System software to allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans,
and individual system graphics.

Equipment

Table 8.7 provides a listing of mechanical equipment servicing the RTST Tunnel and RTST Service
Building.
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Table 8.7. RTST Tunnel and Service Building mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks
Tunnel
conditioning CAV AHU 25,000 cfm 1 Y - On grade
Tunnel smoke
exhaust Exhaust fan 25,000 cfm 1 Y - On grade
Service Bldg. CAV packaged Service Bldg.
AHU AHU 45,000 cfm 1 N - roof
Pump room Service pump
ventilation Exhaust fan 2,000 cfm 1 N - room
Pump room 100% outside air Service pump
ventilation intake 2,000 cfm 1 N - room
Power supplies Pumps,
Wer supp Tech DI cooling 320 gpm @ Service pump polisher, heat
deionized (DI) . 1 N -
water skid 185 ft room exchanger
(HX)
Tunnel magnet  Tech DI cooling 600 gpm @ 1 N 3 Service pump Pumps,
DI water skid 250 ft room polisher, HX
Serv_lce Bldg. Electric unit 15 kw 4 N _ Service pump
heating heaters room
General

System Design Criteria

Outside Design Temperatures

Materials

Duct Distribution Systems

Summer: 92.8°F DB (dry bulb), 73.8°F MCWB (mean coincident wet bulb) (0.4% ASHRAE)
Winter: 17.1°F (99.6% ASHRAE)
Interior design donditions
Conditioned spaces 75°F + 4°F, 60% or lower RH (relative humidity)
Ventilated spaces 60-100°F, no humidity control

o Supply ductwork construction will be based on SMACNA (Sheet Metal and Air Conditioning
Contractors National Association) 4 in. pressure class. All ductwork seams and joints shall be sealed,
regardless of pressure rating.

e Return and general exhaust ductwork construction shall be based on SMACNA 2 in. pressure class.

e Above grade/interior air distribution ductwork will be G90 galvanized sheet metal.

e Underground supply ductwork and underground return ductwork shall be Schedule (Sch) 10 mild
steel piping with external coal tar waterproofing or HDPE.
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o Exterior (roof- or grade-mounted) supply or return ductwork shall be solid double-wall ductwork with
a minimum of 2 in. thick insulation or single-wall duct with 2 in. duct board, vapor barrier, and
aluminum jacket.

¢ Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

o Lined ductwork shall not be used in any location.

e Ductwork shall be sized as shown in Table 8.9.

e Smoke detection will be provided in accordance with NFPA 90A and IMC (International Mechanical
Code) requirements.

Table 8.8. RTST Tunnel ductwork sizing.

Air distribution device neck
velocity (ft/min)

Max P.D. 0.1in./100 ft 0.08in./100 ft 0.08 in./100 ft 450 ft/min

Risers Submains Branches

Piping
Technical Cooling Water (Deionized [DI] Water for Magnet Cooling)

e Forsizes 2 in. and smaller, ASTM 312 Sch 10S, seamless, 304L stainless steel, plain ends (Victaulic
Vic-Press system or butt-welded, as specified)

o Forsizes 2% in. and larger: ASTM 312 or ASTM 358, Sch 10 electric resistance—welded (ERW)
304L stainless steel, class 4. (Victaulic Vic-Groove system or butt-welded, as specified)

o Forsizes ¥ to % in. outside diameter (OD) tubing, ANSI type 304L stainless steel, ASTM A213,
grade TP304L, seamless, annealed, minimum 0.065 in. wall thickness

e Vents and drains: For sizes %2 to ¥ in. NPT, ANSI type 304L Sch 40 SST pipe
e Fittings:
- Welded fittings: ASTM A403, Grade WP-S304L or WP-W304L, elbows: standard 1.5x radius.
Full penetration butt weld

- Welded flanges: ASTM A 182, Grade WP-S304L, raised face weld neck

- Vic-Press or Vic-Groove 10S system, ASTM-312 304L SST
0 Plain end or grooved ends shall be ASTM A-312 304L SST

o0 Vic-press flanges shall be ANSI class 150, 304L SST, Van Stone type, carbon steel raised
face slip-on backing flange, Victaulic style 565
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0 Grooved couplings: galvanized coated ductile iron conforming to ASTM A-536, galvanized,

stainless bolts, Victaulic style 89.
0 Threaded outlets shall be ASTM A-312 or ASTM A-276 304L SST
0 Seals shall be Grade H NBR, temperature range —20 to 210°F
- Flange gaskets: Garlock Blue-Gard style 3000 gaskets (1/8 in. thick)

o Based on anticipated water temperatures, technical cooling water piping will not be insulated
Mechanical Calculations
Mechanical calculations are provided in Appendix C for both air side and cooling water side.
Sustainable Design Strategies
The following energy conservation measures will be incorporated into the HVAC design:

e Direct digital control (DDC) building automatic system for optimization of major HVAC equipment
operation.

e Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.

e Variable-speed drives installed on all variable-air-volume (VAV) AHU supply and return fans to
reduce fan horsepower requirements of non-peak conditions.

e Variable-speed drives installed on all pumps to reduce pump horsepower requirements at non-peak
conditions.

8.2.1.10 Electrical
Site Power Distribution

The RTST Tunnel, Service Building, and makeup air structure will be considered one building with one
electrical power supply servicing these structures.

Four exterior unit substations will be provided to service the buildings:

e Unit Substation RS2-SS1—2500 kVA serving
- RTST Tunnel and Service Building
- Make up air structure

e Unit substation RS2-SS2—1000 kVA serving
- Septum power supplies

e  Unit substation RS2-SS3—1000 kVA serving
- Dipole power supply

e Unit substation RS2-SS4—1000 kVA serving
- Dipole power supply
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Building Power Distribution

The buildings will be provided with 480 Y/277 V secondary services from feeder duct banks from the
outdoor substations to the RTST Electrical Room.

The RTST Tunnel makeup air structure will be provided with 480 Y/277 V secondary service from a
400A feeder duct bank from outdoor substation RS2-SS1 to a panelboard in the mechanical room.

4000 A, 480 Y/277 V low-voltage switchgear fed from RS2-SS1 in the RTST Electrical Service Room
will distribute power to CF loads and instrument loads. The instrument loads will include magnet power
supplies in the tunnel.

Service to a 12.5-ton crane will be provided.

All distribution and branch circuit panelboards will be located in the Service Building and makeup air
structure with branch circuits extended to the tunnel. Empty duct banks will be provided between the
service building and the tunnel. Cable trays, provided under another contract, will be located in the tunnel
for extension of power conductors both east and west to the magnet power supplies, including west into
the shelled RTBT Stub. Chases between are approximated at (56) 6-in. and (128) 3-in. conduits for
transfer of power and controls to the tunnel. The northern chase D will extend to the north and swing in
halfway up the north tunnel to alleviate cable congestion. These interconnecting conduits will be
physically configured horizontally in an “S” shape to prevent tunnel beam exposure to the service
building occupants.

Secondary Distribution

Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will provide

service to CF lighting, receptacles, and HVAC loads as well as building instrumentation loads. Further

transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for general use
receptacles and other low-voltage equipment as necessary.

All conventional buildings use dry type transformers DOE 2016 rated for efficiency, 115° C rise, 220° C

insulation class with six 2.5% taps. Consideration will be given to harmonic or K-rated transformers and

oversized neutrals to handle the heating effects of the harmonic loading.

Circuit protection will be as follows.

o Where 480-V distribution is provided, the exterior unit substation secondary will be of low-voltage
switchgear UL 1558 construction with electrically operated draw-out power circuit breakers with
solid state adjustable trips.

o Generally molded case circuit breakers. Solid state adjustable trip units will be provided above 250 A.

¢ Bolt-in type molded case circuit breakers for branch circuit panelboards.

e 100% rated for service entrance main circuit breakers, 80% rated otherwise.

Devices will be fully rated. Series ratings of protective devices will not be acceptable.

Two levels of ground fault protective devices will be provided at the main and feeder breakers at service
switchgear assemblies.
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Every 100 ft, 60 A, 208 V welding receptacles will be provided in the tunnels, including the RTBT stub.
Emergency Power Supply System
EPSS Power Generation Plant

The RTST Tunnel, RTST Service Building, and makeup air structure will be provided with building and
instrument standby power service from an exterior 400 kW/500 kVA, 480 Y/277 V diesel engine-
generator RS2-EGL1. It will provide emergency power for life safety systems, including egress lighting,
and critical instrumentation and HVAC systems loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-hour sub-base fuel tanks. The generator will be provided with a
quick-connect feature to be used for load bank testing or portable generator backup if the primary unit is
down for maintenance.

EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code:

e Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each automatic transfer switch (ATS).

e Emergency (National Electrical Code [NEC] Article 700): This branch provides continuous (normal

or generator) source power for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

- Fire detection and alarm systems

_Public address communication systems (when used for issuing emergency instructions)

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

~  Fire protection systems

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

e Combined legally required and optional standby branch, designate as “optional branch” (NEC Atrticle
701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or
property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the process
or damage to the equipment

- Ventilation and smoke removal systems

- Access control systems

- Telecommunication room lighting, equipment, and data processing systems

- Electric and mechanical room lighting and selected receptacles

- Mechanical equipment including boilers, condensate return pumps, hot water heating, and glycol
circulating pumps

- Plumbing equipment, including sewage ejectors and pumps
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Generator distribution feeders will extend from the EPSS power generation plant to 480 Y/277 V, 4-pole
isolation-bypass transfer ATSs with associated distribution panelboards located in the RTST Service
Building Electrical Room. The following transfer switches are anticipated:

o 260 A: Life safety (sized large to meet required withstand ratings)
e 600 A: Optional branch—RTST Service Building and RTST Tunnel

An associated duct bank will be required for the makeup air structure for life safety systems.
Power Quality Systems

Uninterruptible Power Supply Systems

The tunnel UPS loads will be fed from the RTST Service Building’s IT and science UPS system.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, used to monitor and alarm, will be provided
in the RTST Service Building for service to the RTST tunnel.

Grounding Systems

Ground Grid

All tunnel grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Tunnel Grounding

Building steel, foundation rebar (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.

Electrical Power System Grounding
Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid

with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding
All non-current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on, will be bonded and connected to electrical room

ground buses where the associated system neutral is grounded. This allows for a safe ground path in an
electrical fault condition.
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Instrumentation Signal Reference Grounding

The bonding of instruments and instrument cabling pathways, as a low impedance signal reference system
to a common equipment area bus and then to the ground grid, will be provided to minimize noise-induced
voltages and reduce equipment malfunctions.

Lighting Systems

Interior Lighting

Tunnel lighting will be LED radiation-resistant, similar to Lithonia Type CLX.

LED interior lighting will be provided in compliance with Illuminating Engineering Society of North
America (IESNA) lighting standards and ASHRAE 90.1 energy budgets.

Lighting Controls
The tunnel lighting will be provided 24/7 with breaker switching.
Facilities and Operations Building Systems

The Building Automation System (BAS) to monitor HVAC building systems will be site interconnected
to SNS campus systems as described in Section 8.1.3 of this report, Site Utilities.

Fire Alarm System

The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (fire alarm control unit), annunciator units,
and peripheral detection and alarm devices.

The tunnel system will

Include smoke, heat, and smoke aspiration detection devices to suit environmental conditions
e Include audible horns and visual strobe notification devices

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment

e Report fire, supervisory, and trouble alarms to the ORNL Fire Department in Building 2500 and LSS
office in Building 4512 over a fiber optic network

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.
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Public Address System

A public address system will be provided with amplification as an extension to the campus-wide Valcom
mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

Tunnel telecommunications systems will be extended to the Service Building.
ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS Network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

BAS/(F&O Facilities Management [CLO Il only—Siemens])

Power monitoring (ION-Schneider)/F&O Electrical Utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems:

Personnel Protection Systems (PPS)
MPS

ATS

TPS (two conduits)

EPICS

Pathway Systems
Ladder-type cable trays will be provided to support telecommunications and instruments and control

systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.
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Cabling from wall box-type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.

8.2.1.11 Plumbing

Drainage/Waste

Foundation Drainage

A perimeter foundation drainage system will be provided around the exterior of the tunnel. Groundwater
collected by the foundation drainage system will be drained by gravity into the site storm sewer. A
sampling manhole will be provided to allow for monitoring of the storm sewer flow for radioactivity.
Tunnel Interior Drainage System

The interior of the tunnel will be provided with a concrete trench along the west wall to collect interior
water from leakage or condensation. This trench will serve as the collection point for pumping to the
process waste system with portable pumps (as described below). Any water collected will be sampled and
then manually pumped to a process waste discharge header.

Process Waste

A process waste header will be provided along the length of the tunnel routed to the existing process
waste system in the RTBT. The 2-in., Sch 10 304 SS process waste header will be routed on the west wall
of the tunnel and process waste connections will be provided on 100-ft centers along the length of the
tunnel to allow for pumping of any process waste that might be required. Portable pumps will be used for
this purpose. The header will connect to the existing process waste header in the RTBT Tunnel. Header
will be installed with a positive slope so that it drains when not in use.

Storm Drainage

The RTST Tunnel is a below-grade structure that does not require exterior storm drainage (other than
foundation drainage). See Section 1.2.7 Architecture — Thermal and moisture protection

Compressed Air

CA will be distributed throughout the RTST Tunnel along the west wall. Compressed air outlets on 100-ft
centers will be provided. CA will be fed by the site CA system routed from the RTST Service Building.
CA will enter the RTST Tunnel through the east wall and pass above the crane to the west wall.

System Design Criteria

Compressed Air

e Design CA pressure on incoming service—105 psi.
e Dew point of —40°F

Materials
Process Waste System

Process waste header: Sch 10 type 304 SS with pressfit couplings
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Compressed Air System.

o Type K copper with brazed joints

8.2.1.12 Fire Protection

Sprinkler

The RTST Tunnel will be fully sprinkled, with exposed sprinkler piping feeding upright sprinklers. The
sprinkler feed will enter the tunnel from the RTST Service Building, where a double check backflow
preventer will be provided. The tunnel will be a single sprinkler zone, with a control valve located at in
the RTST Service Building. The control valve will be provided with a tamper switch and a flow switch
connected to the fire alarm system.

Standpipe

Interior 1%%-in. hose connections fed from the fire sprinkler system will also be provided in the RTST
Tunnel.

System Design Criteria

Fire sprinkler systems for the RTST Tunnel will be hydraulically designed to provide water densities that
meet the requirements for Ordinary Hazard—Group 2 protection throughout the facilities.

The velocity shall not exceed 20 fps.

All calculations will assume a minimum of 10 psi deterioration in static and residual pressures in the
hydrant flow test results.

The 1%-in. hose connections shall be provided so that all areas of the tunnels can be reached with 100 ft
of hose.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.

o Sprinkler piping installed above ground and sized 2% in. and larger shall be Sch 40 black steel with
roll or cut groove type connections and fittings. Pressure rating shall be 175 psig minimum.

o Fittings for grooved end steel pipe shall be cast of ductile iron conforming to ASTM A-536,
malleable iron conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr.
B), with grooved or shouldered ends for direct connection into grooved piping systems with steel
pipe. They shall be UL-listed and FM-approved, rated for a minimum 300 psi maximum working
pressure (MWP).
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8.2.2 RTST Service Building
8.2.2.1 Programming
Building Function

The RTST Service Building will house utility systems that support the RTST Tunnel and proton beamline
that extends from the existing RTBT Tunnel to Target Building Il. The primary systems include magnet
power supplies, magnet and power supply cooling systems, controls, diagnostics, and communication
systems. The RTST Service Building also houses electrical infrastructure equipment associated with these
systems. Access to the RTST Service Building will be limited to STS technical and facility operations
staff.

Program Summary

The RTST Service Building includes 7,380 nsf and has an estimated planning efficiency factor of 88%.
This factor is based on preliminary test-fit planning for the RTST Service Building. The estimated gross
area of the RTST Service Building is 8,428 gsf. Table 8.9 summarizes the RTST Service Building space
program requirements. Detailed room data sheets and test-fit plans are included in Appendix B of the STS
CF Conceptual Design Report.

Table 8.9. RTST Service Building space program summary.

No. Rooms Qty. NSF Total NSF
5.2.2.1  Power Supply Room 1 3,050 3,050
5.2.2.2  Water Pump Room 1 2,040 2,040
5.2.2.3  Communications Room 1 330 330
5.2.24  Electrical Room 1 1,800 1,800
5.2.25  UPS Room 1 160 160
Total nsf 7,380
Total gsf 8,428
Total efficiency 88%

8.2.2.2 Site Planning
Location and Floor Elevations

The RTST Service Building will be located east of the RTST Tunnel and adjacent to the service courtyard
between the FTS and STS facilities. The RTST Service Building is located near the center of the RTST
Tunnel to minimize the length of the utility distribution runs within the tunnel. The RTST Service
Building floor will be located at elevation 1074 ft. Figure 8.2 highlights the RTST Service Building
within the overall STS Site Plan.
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Figure 8.2. RTST Service Building location within the STS Site Plan.

Truck Access

Tractor-trailer truck access to the RTST Service Building is not required. Smaller 30 ft box trucks will
approach the building from the service courtyard between the FTS and STS facilities. A loading dock is
not required. Forklifts will be used to convey materials and equipment between the building and trucks
through overhead service doors.

Pedestrian Access

Pedestrian access to the RTST Service Building will be available from the service courtyard located
between the FTS and STS facilities. Pedestrian access to the RTST Service Building will not be restricted
during beamline operation.

8.2.2.3 Building Planning
Building Organization and Floor Planning

The RTST Service Building will be a single-story utilitarian structure with a linear organization. The west
side of the building will be entirely below grade and will be used to connect the utility chases that link the
RTST Service Building and RTST Tunnel. The west wall of the building will be extended vertically
above the roof elevation to hold back the grade associated with earth shielding above the RTST Tunnel.
Air-handling systems serving the RTST Service Building and RTST Tunnel will be located on the roof.
The east side of the building will be above grade with all access and egress doors located on this side of
the building. The north and south sides of the building will also be below grade.

8.2.2.4 Key Features and Requirements

Radiological Shielding

The RTST Service Building will be shielded from the RTST Tunnel with a combination of concrete and
earth fill construction equaling a minimum dimension of 18 ft, 6 in. This shielding will allow access to
the RTST Service Building during beamline operation. The RTST Service Building utilities will be

connected to the RTST Tunnel through underground chases, some of which may require an offset “S”
configuration to prevent radiological “shine” between the RTST Tunnel and RTST Service Building. Four
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chases, each approximately 2 by 9 ft, are anticipated to be required. The final chase sizes and
configurations will be based on detailed utility system design and neutronic calculations.

Roof Top Air Handling System

Two air-handling systems serving the RTST Service Building and Tunnel will be located on the roof of
the building. These will be located at the south end of the building on a lower roof level above the Water
Pump Room.

Ground Mounted Electrical Equipment

Exterior electrical equipment serving the RTST Service Building will be located adjacent to the east side
of the building. This equipment will be located to coordinate with interior electrical equipment planning
and intermittent access doors to be located along the east exterior wall of the building.

8.2.2.5 Life Safety/Code

Primary Occupancy Type

The primary occupancy type for the RTST Service Building is Group F-2, Low Hazard Factory Industrial,
according to the 2015 IBC and Special-Purpose Industrial according to NFPA 101, 2018 edition.

Accessory Occupancies

The RTST Service Building will not have any accessory occupancies.

Fire Protection Systems

The RTST Service Building will be protected throughout by an automatic fire sprinkler system designed
to protect an Ordinary Hazard—Group 2 occupancy in accordance with NFPA 13, Standard for the

Installation of Sprinkler Systems.

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

The RTST Service Building will be equipped with an addressable fire detection/alarm system consisting
of the following:

e Manual fire alarm pull stations at all building exits
e Area smoke detection throughout the building

¢ Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

e Audible/visual notification appliances installed throughout the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.
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All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

The RTST Service Building will be a single-story, 7,658 SF building constructed of Type 11B
construction. The proposed height and area for the building are within the limits established in IBC
Sections 504 and 506.

Travel Distances

The maximum travel distance within the RTST Service Building will not exceed 400 ft, as required by
IBC Section 1016.2 and NFPA 101, Section 40.2.6.1. The maximum common path of travel distance will
not exceed 100 ft, as required by IBC Section 1014.3 and NFPA 101, Section 40.2.5.1. The maximum
dead-end corridor distance will not exceed 50 ft, as required by IBC Section 1018.4 and NFPA 101,
Section 40.6.4.

Construction Type
The RTST Service Building will be of Type 1B construction in accordance with IBC Section 602.
Wall/Floor Ratings

The walls, floor, and roof of the RTST Service Building will be of noncombustible construction. Fire
resistance ratings are not required for buildings of Type IIB construction.

Special Code Considerations
There are no special code considerations associated with the RTST Service Building.
8.2.2.6  Civil/Site Development

The construction excavation described under the Site Civil Works section will be performed before
construction of the RTST Service Building. The western wall of the Service Building will act as a
retaining wall for the RTST Tunnel embankment backfill. The embankment liner will be attached to the
western wall, and site grades will surface-drain water to the east away from the proposed RTST wall.
Finished grading is shown on Drawing 5.1.19. Vehicular and pedestrian access will be provided to the
west from the proposed roadway traveling between the existing target and the STS. Drawing 5.1.22
shows the site drainage concept. Roof drainage will be piped to the proposed storm sewer system. A
foundation drainage system will be provided on the eastern, northern, and southern sides of the building
to prevent standing water behind the proposed building walls. Sewer, fire and domestic water services to
the building are shown on Drawing 5.1.27.
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8.2.2.7 Architecture
Building Envelope
Exterior Wall

A striated face, 36-in.-wide insulated-core metal panel system, with a custom color to match the existing
context, will be used as a major material component for the envelope of the RTST Building in keeping
with the existing texture and materials used on the SNS campus. The metal panel cladding support backup
system will consist of hanger rods and metal channel framing supported from the building structure.

Metal window sills and wall caps will be used. Continuous through-wall flashing will be provided at the
bottoms of all wall cavities, over all wall openings and metal copings. The metal panel wall systems will
have an R-13 and R-13ci minimum requirement. Below-grade exterior walls will be constructed of
reinforced concrete with a waterproof membrane, below-grade insulation board, and metal channel
furring with a painted drywall finish on the interior side. Exterior walls below grade will be required to
achieve R-7.5 ci according to the 2012 International Energy Conservation Code.

Exterior Doors

Exterior entrance doors and egress doors will be 16-gauge, insulated core painted hollow metal doors with
fully welded 14-gauge frames, and a U value of 0.61. Overhead insulated coiling doors, 8 ft, 0 in. high by
8 ft, 0 in. wide, at the east side of the building will include factory-painted galvanized steel curtains with
integral insulation achieving the required minimum R-value of 4.75. All exterior doors will be provided
with proximity card reader hardware.

Thermal and Moisture Protection

Flashing and sheet metal will be provided as a positive water stop around all wall openings (e.g., head,
jamb, and sill), such as windows, doors, and louvers. All copings and gravel stops will be ES-1 compliant
as required by I1BC.

Damp-proofing will be provided on all walls, floors, and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer 215-mil, polyester fabric-reinforced membrane.

Because of the inherent moisture resistant properties of the insulated metal panel system, an air/vapor
barrier will not be required where the system is installed.

Exterior sealants will be nonstaining, with a two-part composition and a 50% movement capacity, and
will be compatible with the surfaces on which they are applied.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing

The RTST Service Building will not include glazed openings.
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Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations will comply with the
guidelines established by the National Roofing Contractors Association (NRCA). Roof traffic pads will
be adhered to the membrane along all roof maintenance traffic paths. All roofs with serviceable
components beyond roof drains will be surrounded by a 42-in.-high parapet or provided with a fall
protection system

Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3-year aged
thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will be
Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408. The roof
system shall have a minimum thermal resistance value of R-30.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift according to ASTM 1592.

Interior construction

Walls

Interior walls will be constructed of concrete masonry units (CMUSs) for durability and will extend to the
structural deck above. All fire-rated walls will be constructed in accordance with the IBC code
requirements and UL-listed assemblies.

Wall Finishes

All finish materials for walls, ceilings, and floors will have a Class A rating, with a flame spread of <25, a
fuel contribution of <25, and smoke development of <450.

Typical interior CMU partitions will receive a paint finish consisting of one primer coat and two finish
coats. Epoxy paint will be applied to all lab demising walls.

Floor Finishes

Flooring in the mechanical and support areas will receive concrete sealer over the new concrete. No vinyl
wall base will be used in these areas.

Ceiling Finishes

The structure will be left exposed in some support spaces and all mechanical and utility areas. All
exposed structures will receive a paint finish consisting of one primer coat and two finish coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal doors with 14-gauge fully
welded metal frames.
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Furnishings

Laboratory Casework

Not applicable

Vertical Circulation

Stairs

Not applicable

Elevators

Not applicable

Specialty Equipment

Crane

Not applicable

8.2.2.8  Structure

Applicable Codes and Standards
See Sheets x—xii for complete list of applicable codes and standards
Design Loading

Slab-on-Grade Floor Loads

e Live loads: 500 psf
e Forklift load: 5000 Ib

Superimposed Roof Loads
e Roof snow load:
- Ground snow load: Pg = 10 psf
- Snow exposure factor: Ce = 1.0
- Snow importance factor: Is = 1.0
e  Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads
e Risk category Il

e Basic wind speed: V = 115 mph
e Exposure category B
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Seismic Loading

o Risk category Il
e Importance factor: le = 1.0

Building Structural System
Slab on Grade

The slab construction is anticipated to consist of an 8-in.-thick reinforced normal weight concrete slab.
All construction joints between pours require smooth dowels across the joint. The floor slab will be
placed over a vapor barrier, a compacted drainage base course, and a compacted subgrade.

Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
RTST Service Building foundations are anticipated to consist of shallow spread footings bearing on soil
with a minimum net allowable bearing capacity of 3,000 psf. Footings shall extend to the frost depth
elevation at a minimum. Below-grade walls are anticipated to be constructed with reinforced normal
weight concrete. It is anticipated that the north, west, and south below-grade walls will consist of
counterfort retaining walls supported on battered micropiles. Water stops will be provided in construction
joints to safeguard against water intrusion.

Superstructure

The RTST Service Building is anticipated to be a single-story conventional steel-frame structure. The
building will support the exterior wall system with steel girts as required. The roof structural system is
anticipated to consist of wide flange framing with roof deck meeting galvanizing G90 requirements.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building is anticipated to be
provided by concentrically braced steel frames.

Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus (Law 2000).
The proposed RTST should be supported on shallow foundations. The structure will be located at a
sufficient distance beyond the STS excavation that additional support with deep foundations should not
be necessary. The stiff or better upper crust of residual soil should be sufficient to support the RTST
Service Building. Based on the current subsurface data available, as much as 3,000 psf of allowable
bearing pressure is expected to be available.

A review of geophysical data and shear wave velocities from the Law report indicates that the RTST
structure footprint would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7
(Law 2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested
during the original campus development.
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A supplemental geotechnical report would be advisable once the final tunnel and RTST location and
footprint have been determined. The density and pattern of the soil test borings should be selected to
optimize the quality of geotechnical data. Additional geophysical testing is not anticipated for design of
the structure.

Vibration/Acoustics

The design will target the following average noise levels. These noise levels do not include noise from
owner-furnished equipment or personnel located within these spaces. Actual noise levels may exceed the
design noise levels as a result of the actual type of equipment purchased, installation compromises,
workmanship, and so on.

e Room type NC
o Computer/server rooms 55
e Mechanical equipment rooms 65
e Electrical equipment rooms 60

8.2.2.9 Mechanical
Air Handling/Ventilation

The support areas of the RTST Service Building will include a utility space to house technical equipment
control racks and power supplies, an electrical gear and UPS room, and a pump room housing mechanical
equipment. The equipment and electrical spaces will be served by a roof-mounted constant air volume
(CAV) AHU. The supply air to these areas will be recirculated to the units. The AHU serving the RTST
Service Building will be located on the roof of the building above the pump room, along with the AHU
serving the RTST Tunnel.

The AHU will be designed as a 4 cfm per square foot heating-cooling, single-zone, constant-volume type
providing from minimum outside air supply to 100% outside air in economizer mode. The unit will
operate 24 h/day, 365 days/year. Supply and return fans will be plenum type, arranged in a multi-fan
array. AHU supply air temperature will be modulated as required to suit building loads.

Conditioning of the pump room/utility space housing the technical cooling water systems will be
accomplished using a heating and ventilation approach. Ventilation will be achieved through the use of a
single roof-mounted exhaust fan and associated wall-mounted intake louvers with motorized dampers.
Heating for these spaces will be accomplished through the use of an electric unit heater located within the
spaces.

Chilled Water

The CHW system for the RTST Service Building will be supplied from the new CUB Il. CHW will enter
the building from below grade at the utility room and will be routed to the cooling coil in the AHUs.
Based on an estimated flow of 450 gpm to this building, the CHW branch line size to this building is
expected to be 6 in.

Tower Water
The tower water system for the RTST Service Building will be supplied from the new CUB Il. Tower

water will enter the building from below grade at the utility room and will be routed to the heat
exchangers for the technical cooling water systems. Based on an estimated flow of 700 gpm to this
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building, the tower water piping supplied to the building from the site distribution system is estimated to
be 8 in.

Technical Cooling Water

Technical cooling water systems will be required to support technical equipment to be included in the
RTST Service Building, as well as the RTST Tunnel. The technical cooling water system will provide DI
water with a resistivity in the range of 1 to 3 megohm/cm, and a slip stream polishing loop. The pumps,
heat exchanger (HX), conditioners, sterilizers, and filter components will be located in the pump room.
One technical cooling water system will support the power supplies, and a second separate system will
provide water to cool the magnets in the tunnel. Both systems will have heat rejected to the tower water
system. The power supply cooling loop will be routed through the equipment and electrical rooms of the
Service Building and will support a 300 KW load using 320 gpm of cooling tower water. Valved
connections will be provided along the length of the loop to connect equipment cooling hose connections.
The magnet cooling loop will be routed through the tunnel as described previously and will support a
1300 KW load using 600 gpm of cooling tower water. Pipe sizes for the power supply and magnet
cooling loops are estimated at 5 in. and 6 in., respectively, and incoming service is anticipated to be 8 in.
based on the flow.

Heating Water

The heating water system for the building will be supplied from the new CUB Il. Based on an estimated
flow of 150 gpm to this building, the heating water branch line size to this building is expected to be 4 in.
The building’s heating water distribution system will serve the AHU heating water heating coils.

Controls

The RTST Service Building shall be controlled by a new freestanding PLC processor that is interfaced
with an extension of the EPICS. The building will be connected to an expansion of the existing EPICS.
Instrumentation and wiring shall be connected to a new PLC in the building, and a controls interface for
the building will be provided. Programming and connection of the PLC to EPICS shall be completed and
the control system commissioned to ensure proper operation.

Electric actuation will be used for all control valves and dampers so that instrument air is not required. All
control systems will be on UPS and emergency power. System software and firmware will provide the
following functions:

o Control sequence development to support the operations of the technical equipment.

o PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables; to read control loop set points, to monitor control
signals to actuators; and to indicate status of equipment, alarms and overrides.

e Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,

supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.
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Data management, including continuous database updating, alarm reporting, trend logging, and report
generation.

System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

System software to allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.

Equipment

Air Handler

General

All AHUs will be packaged, factory-fabricated and constructed with 4-in.-thick double walls,
constructed of galvanized steel.

Maximum allowable nominal face velocities:

- Air intake louvers (through free area): 350 ft/min (fpm)
- Heating water coils: 500 fpm

- Cooling coils: 400 fpm

- Filters: 400 fpm

AHU—Modular, Packaged, 4-in. Double-wall Construction Configured as Follows:

Mixed air plenum

Intake isolation damper

Return/exhaust damper

Relief fans (4- to 6-fan array)

Variable-frequency drives (VFDs)

Economizer section

Merv 8 (30%) prefilter section

Pipe vestibules

Hot water preheat coil

CHW caoil

Hot water reheat coil

Supply fans (4- to 6-fan array)

VFDs

Merv 14 (95%) final filter section

Supply plenum

Isolation/smoke damper

Access sections

Doors: safety glass windows and quarter turn handles
Marine light in each access section

Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration Control
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General

System Design Criteria

Outside Design Temperatures

Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)

Winter: 17.1°F (99.6% ASHRAE)

Interior Design Conditions

Conditioned spaces 72°F £2°F, 60% or lower RH

Ventilated spaces 60-100°F, no humidity control

Materials

Duct Distribution Systems

Supply ductwork construction will be based on SMACNA 4 in. pressure class. All ductwork seams
and joints shall be sealed, regardless of pressure rating.

All supply ductwork shall be insulated with 2-in. foil-faced batts or foil-faced duct board with similar
R-value.

Return and general exhaust ductwork construction shall be based on SMACNA 2 in. pressure class.
Return air duct shall be insulated with 1%2-in. foil-faced batts or duct board.
Above-grade/interior air distribution ductwork will be G90 galvanized sheet metal.

Exterior supply or return ductwork shall be solid double-wall ductwork with a minimum 2-in.-thick
insulation or single-wall duct with 2-in. duct board, vapor barrier, and aluminum jacket.

Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

Lined ductwork shall not be used in any location.

Ductwork shall be sized as shown in Table 8.10.

Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

Table 8.10. RTST Service Building ductwork sizing.

Air distribution device neck
velocity (ft/min)

Max P.D. 0.1in./100 ft 0.08 in./100 ft 0.08 in./100 ft 450 ft/min

Risers Submains Branches
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Chilled Water/Tower Water

Interior piping sizes 2 in. and smaller shall be Type L copper with brazed fittings.

Interior piping 2.5 in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

Underground CHW piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system or HDPE.

Underground tower water piping serving the building will be distributed in a factory-fabricated coated
piping system or HDPE.

All piping will be tested at 1.5 times the design system pressure.

All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.

All piping in mechanical rooms and piping exposed below 8 ft above finished floor (AFF) shall have
a PVC jacketing.

All piping exposed to the exterior shall have an aluminum jacket.

CHW and tower water services will be provided with a BTU meter at the building entry.

Heating Water

Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

Interior piping 2.5 in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

Underground hot water piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system.

Interior heating water piping shall be insulated with rigid glass fiber insulation.

Piping exposed to the interior shall have a PVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

Hot water service will be provided with a BTU meter at the building entry.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.

Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

DDC building automatic system for optimization of major HVAC equipment operation.
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Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.

e Variable-speed drives installed on all VAV AHU supply and return fans to reduce fan horsepower
requirements at non-peak conditions.

e Variable-speed drives installed on all pumps to reduce pump horsepower requirements at non-peak
conditions.

e Full economizer control on all mixed AHUSs to reduce consumption while maintaining appropriate
indoor humidity levels.

8.2.2.10 Electrical
Site Power Distribution

The RTST Service Building, Tunnel, and makeup air structure will be considered one building with one
electrical power supply servicing these structures.

Four exterior unit substations will be provided to service the buildings as follows:

e Unit substation RS2-SS1—2500 kVA serving
- RTST Service Building and Tunnel
_ Makeup air structure

e Unit substation RS2-SS2—1000 kVA serving
- Septum power supplies

e Unit substation RS2-SS3—1000 kVA serving
- Dipole power supply

e  Unit substation RS2-SS4—1000 kVA serving
- Dipole power supply

Building Power Distribution

The buildings will be provided with 480 Y/277 V secondary services from feeder duct banks from the
outdoor substations to the RTST Electrical Room.

The RTST Tunnel makeup air structure will be provided with 480 Y/277 V secondary service from a
400A feeder duct bank from outdoor substation RS2-SS1 to a panelboard in the mechanical room.

The 4000 A, 480 Y/277 V low-voltage switchgear fed from RS2-SS1 in the RTST Electrical Service
Room will distribute power to CF loads and instrument loads. The instrument loads will include magnet
power supplies in the tunnel.

All distribution and branch circuit panelboards will be located in the Service Building and makeup air
structure with branch circuits extended to the tunnel and west shelled RTBT Stub. Distribution raceways
for science cabling extension to initial beam entry magnets into the RTBT Stub will require routing
through a trench cut in the existing tunnel floor. Empty duct banks will be provided between the Service
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Building and the tunnel with cable trays located in the tunnel for extension of power conductors to the
magnet power supplies under another contract.

Secondary Distribution

Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will provide
service to CF lighting, receptacles, and HVAC loads as well as building instrumentation loads. Further
transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for general use
receptacles and other low-voltage equipment as necessary. Distribution panelboards fed from the 4000 A
low-voltage switchgear located in the RTST Electrical Service Room will provide power to other than
building septum and dipole power supply loads, which are fed directly from exterior substations RS2-
SS2, RS2-SS3, and RS2-SS4 through individual 1600 A switchboards.

All conventional building use dry-type transformers will be DOE 2016 rated for efficiency, 115° rise,
220°C insulation class with six 2.5% taps. Consideration will be given to harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

Circuit protection will be

o Where 480 V distribution is provided, the exterior unit substation secondary will be of low-voltage
switchgear UL 1558 construction with electrically operated drawout power circuit breakers with solid
state adjustable trips.

e Generally molded case circuit breakers. Solid state adjustable trip units will be provided above 250 A.

¢ Bolt-in type molded case circuit breakers for branch circuit panelboards.

e 100% rated for service entrance main circuit breakers, 80% rated otherwise.

Devices will be fully rated. Series ratings of protective devices will not be acceptable.

Two levels of ground fault protective devices will be provided at the main and feeder breakers at service
switchgear assemblies.

Emergency Power Supply System
EPSS Power Generation Plant

The RTST Service Building, Tunnel, and makeup air structure will be provided with building and
instrument standby power service from an exterior 400 kW/500 kVA, 480 Y/277 V diesel engine-
generator RS2-EG1. It will provide emergency power for life safety systems including egress lighting and
critical instrumentation and HVAC system loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound
attenuated, reach-in enclosure with 24-hour sub-base fuel tanks. The generator will be provided with a
quick-connect feature to be used for load bank testing or portable generator backup if the primary unit is
down for maintenance.
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EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code.

Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each ATS.

Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power

for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

- Fire detection and alarm systems

~Public address communication systems (when used for issuing emergency instructions)

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

- Fire protection system.

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

Combined legally required and optional standby branch, designate as “optional branch” (NEC Acrticle

701 and 702): This branch provides continuous (normal or generator) source power for the following

equipment that, when stopped during any interruption of the normal electrical supply, could cause

hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or

property where life safety is not dependent on system performance:

_ Control and alarm systems of major apparatus.

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment.

- Ventilation and smoke removal systems.

- Access control systems.

- Telecommunication room lighting, equipment, and data processing systems.

- Electric and mechanical room lighting and selected receptacles.

- Selected mechanical and plumbing equipment. Generator distribution feeders will extend from
the EPSS power generation plant to 480 Y/277 V, 4-pole isolation bypass transfer ATSs with
associated distribution panelboards located in the RTST Electrical Room.

- The following transfer switches are anticipated:
260 A: Life safety (sized large to meet required withstand rating)

600 A: Optional branch—RTST Service Building and Tunnel

An associated duct bank will be required for the makeup air structure for life safety systems and to
maintain tunnel air.

Power Quality Systems

Uninterruptible Power Supply Systems

A 100 kVA UPS system will be provided for the building and tunnel IT and science load distribution.
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e The UPS system will be static (battery) type with maintenance bypass and 15-minute ride-through
capacity.

Surge Protection Devices

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.

Surge protection device (SPD) filtering devices will be installed on main low-voltage switchgear,
distribution panelboards, and branch panelboards serving major electronic equipment and all emergency
branch panelboards in compliance with current code requirements. Sensitive equipment may require
multiple levels of protection to protect equipment not only from utility disturbances but also from other
equipment.

Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm the RTST
Service Building and RTST Tunnel:

e Electrical loading, harmonic loading, and protective device positions. Rail-mounted power quality
PM 8214 DIN meters will be required at the unit substation building main service breakers.

e Service low-voltage switchgear mains and feeders.

o Medium-voltage interrupter switches, positions, and transformer status.
e Distribution panelboards on the load side of ATSs.

¢ Standby engine-generator plant and associated distribution equipment.
e ATS positions.

The system will be networked to the ORNL Power Operations supervisory control and data acquisition
(SCADA) “SNO” network.

Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Building Grounding

Building steel, foundation rebar (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.
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Building Lightning Protection

An NFPA 780 Faraday cage-type lightning protection system will be provided, to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid
with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Instrumentation Signal Reference Grounding

The bonding of instruments and instrument cabling pathways, as a low impedance signal reference system
to a common equipment area bus and then to the ground grid, will be provided to minimize noise-induced
voltages and reduce equipment malfunctions.

Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway
grounding conductors and bond to the electrical service entrance room ground bus in compliance with
Electronic Industries Alliance/Telecommunications Industry Association (EIA/TIA) and NEC
requirements.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.

Interior Lighting
Tunnel lighting will be LED radiation-resistant similar to Lithonia Type CLX.

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.
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Lighting Controls

Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with local automatic lighting sensor controls.

Facilities and Operations Building Systems

The building electrical metering system and BAS to monitor electrical and HVAC building systems will
be site interconnected to SNS campus systems as described in Site Utilities, Section 8.1.3 of this report,
and will also include the following systems.

Fire Alarm System

The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72 National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (fire alarm control unit [FACU]),
annunciator units, and peripheral detection and alarm devices.

The tunnel system will

¢ Include smoke, heat, and smoke aspiration detection devices to suit environmental conditions.

e Include audible horns and visual strobe notification devices.

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment.

e Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network.

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.

Public Address System

A public address system will be provided with amplification as an extension to the campus-wide Valcom
mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.
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Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with a separate telecommunications service from the existing site
telecommunications distribution system at the CLO to a building main distribution room. Design for the
incoming POTS (plain old telephone service) and/or VoIP (voice over IP) telephone service, LAN (local
area network), and wireless networking shall be coordinated with DOE’s prime subcontractor, Black Box.
The STS project will provide the interconnecting fiber optic cabling. For more information, refer to
Section 1.1.3.2 Electrical Systems—Telecommunication System Distribution, which outlines
telecommunication service to the STS buildings.

Building IT systems for system networking hardware, including switches, routers, and patch panels, will
be provided.

Building IT horizontal Category 6A cabling will be provided from telecommunication rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

Building automation system/F&O Facilities Management (CLO Il only—Siemens))

Power monitoring (ION-Schneider)/F&O Electrical Utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems:

PPS

MPS

ATS

TPS (two conduits)
EPICS

Pathway Systems

Ladder-type cable trays will be provided to support telecommunications and instruments and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.

Cabling from wall box type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.
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8.2.2.11 Plumbing

Drainage/Waste

Process Waste

The RTST Service Building will be provided with a process waste system to collect drainage from floor
drains and equipment. Waste will be collected from floor drains and routed below the floor and conveyed
by a gravity system to the underground sanitary waste drainage system outside the building. Flow rates
and pipe sizes will be calculated based on drainage fixture unit values and adjusted/increased to allow for
projected wastewater discharge from various related equipment at the design stage.

Floor drains will be provided at mechanical equipment spaces and other areas requiring drainage.
Complete accessibility will be provided to all cleanouts. Floor drains that do not receive regular use will
be provided with trap primers. Primers will consist of an automatic trap primer system that automatically
discharges water at regular timed intervals.

Potable/Process Water

Potable water will enter the RTST Service Building from below grade shall be provided with a water
meter and shall connect to the BAS. A branch from the incoming potable water service shall be converted
to a process water stream through a Foundation for Cross-Connection Control and Hydraulic Research—
approved duplex backflow prevention device. Water makeup for any mechanical equipment, for technical
cooling water, and at hose bibs at the Service Building and Tunnel will be supplied through process
water.

Storm Drainage

The primary storm drainage system for the Service Building will consist of gutters and exterior
downspouts for any areas collecting water, routed to spill at grade.

Compressed Air

CA shall be provided to the RTST Service Building and distributed to the RTST Tunnel. CA will be used
in the RTST Service Building for controls applications.

Equipment

System Design Criteria

Potable/Process water

o Potable water system is designed to provide a minimum of 40 psi at the furthest outlet.
e Process water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.

o Hose outlets will be provided at all mechanical rooms and equipment spaces.
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Process Waste

e The process waste system shall connect to each drain and will be provided with water seal traps. A
vent system shall be provided for fixtures as required to ventilate the waste system and to prevent
siphonage of fixture traps.

o Floor drains will be provided at all mechanical rooms and equipment spaces.

Storm Drainage

e Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-minute duration.

Compressed Air

e Design CA pressure on incoming service—105 psi
e Design CA pressure at laboratory outlets—100 psi
e Dew point —40°F

Materials

Potable Water System

Above-ground potable water systems

Tubing is to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and ASME
B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder. The entire potable/process
water distribution system will be fully insulated using closed-cell elastomeric foam insulation.

Process Water Systems

Above-ground process water systems

e Tubing is to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

e Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% to 6 in. only.
Tubing is to be Type L hard temper with wrought grooved end fittings conforming to ASTM B88 and
ASTM B75.

e The entire process water distribution system will be fully insulated using closed-cell elastomeric foam
insulation.

Process Waste

Polypropylene pipe (fire retardant above grade) is to be Sch 40; drain-waste-vent (DWV) hub and spigot
fittings; heat fusion joints above and below ground.

Compressed Air System

o Type K copper with brazed joints.
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8.2.2.12 Fire Protection

Sprinkler

The RTST Service Building will be fully sprinkled, with exposed sprinkler piping feeding upright
sprinklers. Sprinkler feed will enter the building from below grade into the pump room from the site
potable/fire water main, and a double check backflow preventer will be provided. The Service Building
will be a single sprinkler zone, with a control valve located at incoming service. The control valve will be
provided with a tamper switch and a flow switch connected to fire alarm system.

General

System Design Criteria

Fire sprinkler systems for the RTST Service Building will be hydraulically designed to provide water
densities that meet the requirements for Ordinary Hazard—Group 2 protection throughout the facilities.

Velocity shall not exceed 20 fps.

All calculations assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant
flow test results.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.

e Sprinkler piping installed above ground and sized 2% in. and larger shall be Sch 40 black steel with
roll or cut groove type connections and fittings. Pressure rating shall be 175 psig minimum.

e Fittings for grooved end steel pipe shall be cast of ductile iron conforming to ASTM A-536 or
malleable iron conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr.
B), with grooved or shouldered ends for direct connection into grooved piping systems with steel
pipe. They shall be UL listed and FM approved, rated for a minimum 300 psi MWP.
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8.3 TARGET BUILDING

8.3.1 Target Building II

8.3.1.1 Programming

Building Function

Target Building 11 will be the center and the most complex structure of the STS facility. Major functions
will include the second target monolith, neutron beamline bunker, service bay and high bay space. The
target monolith will house the STS target and associated shielding. The neutron beam bunker will house
the initial sections of the 22 STS neutron beamlines. The service bay will support removal, containment,
and short-term storage of spent targets before off-site disposal. The Target Building Il high bay will serve
as a staging space for the initial construction and long-term maintenance of the target monolith and radial
neutron beamlines that are located within the building. Alterations and maintenance to the monolith and
beamlines will be an ongoing process for the life of Target Building II. Target Building 11 will also house
all utility systems necessary to support the target, additional space supporting long-term maintenance of
the target, and numerous other functions that are critical to operation of the target facility. Target Building
I1 will be a restricted-access facility operated by STS scientists and technical staff. It will generally not be

accessible by instrument users.

Program Summary

Target Building 1l includes 67,205 nsf and has an estimated planning efficiency factor of 60%. This factor

is based on analysis of the existing FTS Target Building and preliminary test-fit planning for Target

Building Il. The estimated gross area of Target Building Il 111,178 gsf. Table 8.11 summarizes Target

Building Il space program requirements. Detailed room data sheets and test-fit plans are included in
Appendix B of the STS CF Conceptual Design Report.

Table 8.11. Target Building Il space program summary.

No. Rooms Qty. NSF Total NSF
53.1.1 Communications Room 2 250 500
53.1.2 Instrument Maintenance 1 810 810
5.3.1.3 Instrument Maintenance Storage 1 610 610
53.14 Break Room/User Lounge 1 620 620
53.15 Computer Room 1 200 200
5.3.1.6 Controls Network 1 240 240
5.3.1.7 On-Shift Support 1 740 740
5.3.1.8 Neutron beamline bunker 1 2,600 2,600
5.3.1.9 Monolith 2 650 1,300
5.3.1.10  Truck Bay 1 2,100 2,100
5.3.1.11  Confinement Ventilation and Filtration Room 1 2,380 2,380
5.3.1.12  Receiving/Staging 1 335 335
5.3.1.13  Hot Process Vault 1 6,850 6,850
5.3.1.14  Bunker Electronics Room 1 0 0
5.3.1.15 UPS/Emergency Power Room 1 370 370
5.3.1.16  Target Maintenance Shop 1 1,100 1,100
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Table 8.11. Target Building Il Space program summary (continued)

No. Rooms Qty. NSF Total NSF
5.3.1.17  Hot Shop (Radiological) 1 470 470
5.3.1.18  Electrical (Research Mechanics) 1 1,030 1,030
5.3.1.19  Vacuum Workshop 1 1,110 1,110
5.3.1.20 Radiological Support Count Area 1 360 360
5.3.1.21  Activated Sample Lab 1 800 800
5.3.1.22  Activated Sample Storage 1 670 670
5.3.1.23  Survey and Alignment Storage 1 210 210
5.3.1.24  Active Storage Cages 1 790 790
5.3.1.25 Sample Environment Long Term Storage Cages 1 750 750
5.3.1.26  Target Control Room 1 800 800
5.3.1.27  Hydrogen Utility Room 1 600 600
5.3.1.28 CMS Control Room 1 400 400
5.3.1.29  Helium Compressor Room 1 2,080 2,080
5.3.1.30  Helium Refrigerator Room 1 1,000 1,000
5.3.1.31  Target Building Second Floor 1 15,100 15,100
5.3.1.32  Target Maintenance Storage 1 650 650
5.3.1.33  Service Cell 1 2,450 2,450
5.3.1.34  Storage Pit 1 75 75
5.3.1.35 Cask Loading Room 1 475 475
5.3.1.36 Mechanical Room 1 1,330 1,330
5.3.1.37 Toilets 2 550 1,100
5.3.1.38  Recycling/Trash 1 300 300
5.3.1.39 AHU Space 1 11,600 11,600
5.3.1.40 Instrument Vacuum Pump 1 400 400
5.3.1.41  Filter and Delay Tank Cavity 1 1,300 1,300
5.3.1.42  Gas Liquid Separator Cavity 1 650 650
5.3.1.43  Mockup room 1 500 500
Total nsf 67,205
Total gsf 111,178
Total efficiency 60%

8.3.1.2 Site Planning
Location and Floor Elevations

Target Building 11 and the attached 40M, 50M, and 90M Instrument Buildings are located within the SNS
campus adjacent to the existing Target Building. In the north/south direction, the complex is located to
allow placement of the 90M Instrument Building within the perimeter ring road, while maximizing the
spacing between the FTS and STS facilities. This allows maximum future planning flexibility within the
service courtyard. In the east/west direction, the Target Building Il is located as far west as possible to
reduce the length of the RTST Tunnel and to reserve the maximum area between Target Building Il and
the CLO/CNMS for future development.
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The vertical elevation of the STS was evaluated extensively in previous design studies (see STS Elevation
Study, page 5-346). Based on that analysis, the proton beam vertical centerline was set at elevation 1080
ft. This elevation drives the vertical location of all technical equipment and CF floor elevations of the STS
complex located within the elliptical ring road. Correspondingly, the basement, first floor, and second
floor elevations in Target Building 11 will be at elevations 1054 ft, 1074 ft, and 1094 ft, respectively. The
second floor aligns with the mezzanine and pedestrian bridge levels that link the FTS and STS facilities.
Figure 8.3 highlights Target Building Il within the overall STS Site Plan.

Figure 8.3. Target Building Il within the STS Site Plan.

Truck Access

Tractor-trailer truck access for Target Building 11 will be located at the east end of the facility, within the
building enclosure, at the first-floor level, elevation 1074 ft. Trucks will enter Target Building 11 from
either the north through the 50M Building or the south through the 40M Building. The interior truck lane
will allow single vehicle passage in either the north or south direction. Additional truck access to Target
Building Il will be provided at the east end of the building, basement floor level, elevation 1054 ft. This
location will include a covered exterior dock. The pavement at this location will be depressed 4 ft from
the loading dock elevation. Smaller trucks will be able to approach this dock through either forward or
backing maneuvers. Larger trucks will be able to approach only through backing maneuvers.

Pedestrian Access

Pedestrian access to Target Building Il will be provided at the first and second floor levels through
adjacent facilities. The primary access will be provided through the mezzanine walkway system that will
link Target Building 1l with the 40M, 50M and 90M Instrument Buildings. This mezzanine walkway will
also link the STS complex with the existing FTS complex through an enclosed pedestrian bridge. First
floor access will be provided through the adjacent 40M and 50M Buildings and at controlled exterior
grade level access doors. Secondary exterior access to Target Building Il will be possible at controlled
pedestrian doors located at the egress stairs on the east and west sides of the building.
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8.3.1.3 Building Planning
Building Organization/Floor Planning

Target Building 11 will be a four-level structure. The first floor, elevation 1074 ft, houses the target
monolith and neutron beam bunker around which the STS complex is organized. All 22 STS neutron
beamlines radiate from the center of the monolith. Horizontally, all beamlines are located approximately
at elevation 1080 ft. The monolith and bunker areas are heavily shielded with permanent concrete
construction and high-density shielding blocks, which can be removed to provide access to the target and
beamlines. The outer diameter of the neutron beam bunker, which is approximately 86 ft, drives the width
of Target Building II.

In addition to the monolith and bunker areas, the remainder of the first floor houses a service gallery,
truck bay, and various target operation support functions. The monolith, bunker and service gallery are
accessible through removable shielding and hatches from the second floor of the building, which is a high
bay space with an overhead crane that extends over the entire footprint of Target Building Il. The truck
bay is open to the second floor and overhead crane above. The service gallery is also linked to spaces
located on the basement floor through hatches that open through the first and second floors, which allow
the overhead crane in the high bay to reach the basement floor. The basement floor primarily houses
utility systems that serve the target and overall building. Minor space at the basement floor is dedicated to
several labs and workshops. The third floor of the building is a mechanical room that houses air handling
systems for Target Building 11, 40M and 50M Instrument Buildings.

Vertical Circulation

Target Building 11 will include one freight elevator and two egress stairs, which will connect all four floor
levels of the building. These vertical circulation elements will also serve the 40M and 50M Instrument
Buildings. From a building code standpoint, Target Building Il and the 40M, 50M, and 90M Instrument
Buildings will make up one building. The freight elevator and one egress stair will be located in the
southeast corner of the building directly adjacent to the truck bay and the mezzanine walkway. The other
egress stair will be located in the northwest corner of the building. In addition to providing direct exterior
egress from all four floor levels of Target Building I, this stair will provide egress from the RTST Tunnel.

Restricted Access

Access to Target Building Il will be restricted to STS scientific and technical operations staff except in
limited areas. Instrument users will have access to the first floor, east of the service bay and to the second-
floor mezzanine walkway that connects the 40M and 50M Instrument Buildings. All other areas of Target
Building Il will be restricted to STS staff.

8.3.1.4 Features and Requirements
Radiological Shielding

Target Building Il has multiple shielding requirements related to the spaces and components housed in the
facility. The proton beam tunnel located within Target Building Il requires permanent concrete and steel
shielding on both sides, the top, and the bottom of the tunnel. The monolith and bunker each require
permanent shielding on the sides and below the elements. Shielding above the monolith and bunker will
be removable high-density concrete and steel blocks. The service bay and surrounding service gallery will
require permanent shielding above, below, and on all sides of the spaces. The hot vault and hot vault
mezzanine will require shielding between the vault and any occupied areas. The locations, materials, and
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preliminary sizes of the radiological shielding are shown in Target Building Il floor plan and section
drawings. Table 8.12 summarizes the shielding thickness requirements in Target Building II.

Table 8.12. Shielding thickness summary.

Description Thl((,}ﬁ?ess Material Information source Reference number
Bunker
Wall 60 High-density Beamline shielding analyses for STS STS04-41-
(HD) concrete  instruments TR0003-R0O1
Ceiling 50 HD concrete
Floor 50 HD concrete
Hot process vault Target Building basement shielding SNS 106100200-
(HPV) TRO050-R00
All 30 Reg concrete Approximated based on pipe chase
shielding
Cold process vault ~ Needs Target Building basement shielding SNS 106100200-
(CPV) (Mechanical details TRO0050-R00
Equipment Room)
All 16 Approximated based on pipe chase
shielding
Proton beam
entrance tunnel
Side 100 Steel (could be  RTBT shielding report SNS-106100200-
Duratek) DAO0009-R00
18 Reg. concrete
Top 75 Steel (could be  RTBT shielding report SNS-106100200-
Duratek) DA0009-R00
24 Reg. concrete
Bottom 100 Steel (could be  Copied side thickness
Duratek)
18 Reg. concrete  Copied side thickness
Service cell
Floor 45 HD concrete STS neutronics calculation, no formal
document at present
Walls/ceilings 40 HD concrete STS neutronics calculation, no formal

document at present
Target drive room

Walls 60 HD concrete PPU reevaluation of FTS monolith
biological shielding
Ceiling 60 HD concrete PPU reevaluation of FTS monolith

biological shielding

Filter and delay
tanks vault

All 45 HD concrete PPU delay tank shielding reevaluation
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Table 8.12. Shielding thickness summary (continued).

Description Thlé:iﬁ;less Material Information source Reference number
GLS tanks vault
All 25 HD concrete PPU delay tank shielding reevaluation =~ PPUP-502-
DA0001-R00
Pipe chase—
horizontal
All 60 Reg concrete Process water shielding requirements ~ SNS 106100200-
above the target monolith TR0047-R00
Pipe chase—vertical
All 30 Reg concrete Process water shielding requirements ~ SNS 106100200-
above the target monolith TR0047-R00
Target water loop Unknown  unknown
(equipment
protection in target
drive room)
Monolith
Steel R172.00 Steel (could be  PPU reevaluation of FTS monolith SNS -106100200-
Duratek) biological shielding TR0219-R00
Concrete 45.00 HD concrete
Neutron
beamlines—outside
bunker
All 40 HD concrete Beamline shielding analyses for STS STS04-41-
instruments TRO0003-R01
50 Reg concrete
Bunker electronics
room
Walls adjacent to 12 HD concrete Estimate
bunkers

Materials Handling

The second floor high bay will include a 50-ton bridge crane providing complete coverage of the Target
Building Il footprint. The crane will access the truck bay at the first floor and limited first and basement
floor areas through removable floor hatches.

Technical Equipment

Extensive technical equipment will be integrated into Target Building 1. This equipment is not included
in the CF scope of work. Coordination of the technical equipment requirements with the CF will be
necessary during subsequent design phases. A preliminary list of some technical equipment is provided in
the Room Data Sheets and Test-Fit Plans included in Appendix B.

8-65



Conventional Facilities

8.3.1.5 Life Safety/Code
Primary Occupancy Type

Target Building 11 and the 40M, 50M, and 90M Instrument Buildings will be constructed as a single
building. The primary occupancy type for Target Building Il and Instrument Buildings is Group F-2, Low
Hazard Factory Industrial according to the 2015 IBC, and Special-Purpose Industrial according to NFPA
101, 2018 edition.

Accessory Occupancies

Accessory occupancies will include lab support rooms (Group B) and storage rooms (Group S-1). The lab
support rooms and storage rooms can be considered accessory occupancies if the aggregate area of each
use does not exceed 10% of the floor area of the story in which they are located. Otherwise, IBC Table
508.4 requires a 1-h fire-rated separation between the F-2 occupancy and the B and S-1 occupancies.
Laboratory spaces with be separated by 1-h fire-resistive partitions, where practical, to allow for increased
storage and use of hazardous materials.

The Hydrogen Utility Room will be an accessory occupancy (Group H-2) and will be enclosed by 2-h
fire-rated construction as required by IBC Table 508.4.

Fire Protection Systems

Target Building 11 and the Instrument Buildings will be protected throughout by an automatic fire
sprinkler system designed to protect an Extra Hazard—Group 1 occupancy for the main level and an
Ordinary Hazard—-Group 2 occupancy for the basement level in accordance with NFPA 13, Standard for
the Installation of Sprinkler Systems.

Target Building Il and the Instrument Buildings will be provided with a Class | standpipe system in
accordance with NFPA 14, Standard for the Installation of Standpipe and Hose Systems. Two and one-
half inch fire department hose valves will be provided at each floor landing in each exit stairway.

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

Target Building 11 and the Instrument Buildings will be equipped with an addressable fire detection/alarm
system consisting of the following:

e Manual fire alarm stations at all building exits
e Beam type smoke detectors in large, open high-bay areas
e Area smoke detectors in elevator lobbies and elevator machine rooms

e Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

e Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

8-66



Conventional Facilities

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

Target Building 11 and the Instrument Buildings will be a 4-story, 214,800 SF building of Type 1A
construction. The first floor will have the largest floor area at 113,294 SF. The maximum floor area
permitted for any floor by IBC Table 506.2 for a fully sprinklered, multi-story, F-2 building of Type I1A
construction, with the area increase for frontage, is 119,787 SF. The proposed height and area for the
building are within the limits established in IBC Sections 504 and 506.

Travel Distances

The maximum travel distance within Target Building Il and the Instrument Buildings will not exceed
400 ft, as required by IBC Section 1016.2 and NFPA 101, Section 40.2.6.1. The maximum common path
of travel distance will not exceed 100 ft, as required by IBC Section 1014.3 and NFPA 101, Section
40.2.5.1. The maximum dead-end corridor will not exceed 50 ft, as required by IBC Section 1018.4 and
NFPA 101, Section 40.6.4.

Construction Type

Target Building Il and the Instrument Buildings will be of Type I1A construction in accordance with IBC
Section 602.

Wall/Floor Ratings

The primary structural frame, floors, bearing walls, and roof will have a 1-h fire resistance rating as
required for Type 1A construction. Interior non-bearing walls and partitions will be of noncombustible
construction.

Special Code Considerations

The largest floor of Target Building 11 and the Instrument Buildings is the first floor, currently having an
area of 113,294 SF. The maximum area permitted by IBC Table 506.2 for any story in a fully sprinklered,
multi-story, F-2 building of Type Il1A construction, without an increase for frontage, is 112,500 SF.
Currently, the perimeter of the facility is 1,805 ft in length. The length of the perimeter that fronts on an
open space at least 30 ft wide is 802 ft. This results in an area increase for frontage of 7,287 SF.
Therefore, the maximum area permitted for any story would be increased to 119,787 SF. Should the area
of any floor of Target Building Il and the Instrument Buildings exceed 119,787 SF, the construction
classification for the building will need to be upgraded to Type IB to permit an unlimited area building.

Hydrogen Utility Room: Target Building 11 will include a 600 SF Hydrogen Utility Room. This room will
be equipped with a hydrogen gas detection system monitored by the building fire alarm system. All
electrical equipment in this room will be classified for Class I, Division I locations in accordance with
NFPA 70. The installation, storage, piping and use of hydrogen should comply with the International
Fire Code, Chapter 58 and NFPA 2, Hydrogen Technologies Code.
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Hazardous materials: The use and storage of hazardous materials shall be limited to the maximum
allowable quantities indicated in IBC Tables 307.1(1) and 307.1(2). Where these quantities are exceeded,
control areas shall be provided in accordance with IBC Section 414.2. The number of control areas per
floor and their required fire resistance ratings shall be in accordance with IBC Table 414.2.2. Note that
the floors of control areas are required to have a 2-h fire resistance rating for buildings over three stories
in height.

8.3.1.6  Civil/Site Development

The construction excavation described under the Site Civil Works section will be performed before
construction of Target Building Il. The lower basement will be backfilled to the first-floor elevation
except at the northeast corner, where vehicular access to the basement is shown. A site retaining wall will
extend north from the northeastern corner to allow an upper drive access to the first floor and lower drive
access to the basement. Finished grading is shown on Drawing 5.1.19. Drawing 5.1.22 shows the site
drainage concept. Roof drainage will be piped to the proposed storm sewer system. A foundation drainage
system will be provided around the entire basement area. The existing storm drainage to the east is deep
enough to allow the foundation drainage system to discharge to gravity flow. Sewer, fire and domestic
water services to the building are shown on Drawing 5.1.27.

8.3.1.7 Architecture
Building Envelope
Exterior Wall

A deep ribbed corrugated metal panel with exposed fasteners and a 2-in.-thick insulated liner panel will
be used as the major facade material for Target Building Il. The color will be custom to match the
existing SNS campus. The metal panel cladding support backup system will consist of hanger rods and
metal channel framing supported from the building structure. Metal window sills and wall caps will be
used. Continuous through-wall flashing will be provided at the bottoms of all wall cavities, over all wall
openings and metal copings. The metal panel wall systems will have an R-13 and R-13 ci minimum
requirement. Below-grade exterior walls will be constructed of reinforced concrete with a waterproof
membrane and below-grade insulation board. The interior side of the exterior below-grade walls will have
metal channel furring with a painted drywall finish. Exterior walls below grade will be required to
achieve R-7.5 ci according to the 2012 International Energy Conservation Code.

Exterior Doors

Exterior entrance doors and egress doors will consist of 16-gauge, insulated-core, painted hollow metal
doors with 14-gauge, fully welded frames with a U value of 0.61. Overhead insulated coiling doors, 20 ft,
0 in. high by 14 ft, 0 in. wide will include factory-painted galvanized steel curtains with integral
insulation achieving an energy code—required minimum R-value of 4.75. All exterior doors will be
provided with proximity card reader hardware.

Thermal and Moisture Protection
Flashing and sheet metal will be provided as a positive water stop around all wall openings (head, jamb,

and sill), such as windows, doors, and louvers. All copings and gravel stops will be ES-1 compliant as
required by IBC.
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Damp-proofing will be provided on all walls, floors, and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer, 215 mil polyester fabric-reinforced membrane.

Because of the inherent moisture-resistant properties of the insulated metal panel system, an air/vapor
barrier will not be required where the system is installed.

Exterior sealants will be nonstaining, with a two-part composition and50% movement capacity and will
be compatible with the surfaces on which they are applied.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing

Windows will be limited to windows at the upper portion of the exterior wall. Typical vision glass will
consist of 1-in.-thick, low U-value, insulated, low-E, argon fill glass units on a thermally broken frame.
The windows/glazing systems are anticipated to have a U value of 0.38.

Glazing materials and methods will comply with the Flat Glass Marketing Association’s Sealant and
Glazing Manuals. Glass will comply with ASTM C1036-01.

Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations must comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42-in.-high parapet or provided with a fall protection system.

Low -slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3- year
aged thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will
be Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift according to ASTM 1592. The system will provide a minimum thermal
resistance value of R-30.

Interior Construction

Walls

Interior walls at the Target Building will be constructed of CMUs for durability. The tunnel building

entrance, bunker, monolith and hot process vault (HPV) spaces will be enclosed with concrete shielding
walls. The height of the demising walls will be constructed to the underside of the structural deck. Sample
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environmental cages will be constructed of wire mesh fencing. All fire-rated walls will be constructed in
accordance with the IBC code requirements and UL listed assemblies.

Painted metal guardrails and handrails will surround all floor openings and egress stairs.

Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread of <25,
a fuel contribution of <25, and smoke development of <450.

Typical interior gypsum board and CMU partitions will receive a paint finish consisting of one primer
coat and two finish coats. Epoxy paint will be applied to all lab demising walls. All paints, including top
coats and primers, will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.

Ceramic tile will be installed for the full height of all walls inside toilet rooms. Tile will be 12x24 in. in a
brickwork pattern with a 1/3 offset. In areas where moisture is present, tile will be installed over a
cementitious backer board.

Floor Finishes

The basement and the first-floor mezzanine levels in the HPV will receive a 1/8-in.-thick shielding, fully
welded 304L stainless steel sheet liner, embedded within the concrete floor with all welds being vacuum
box tested. Shielding will extend 1 ft up on surrounding walls.

Floors throughout the rest of the Target Building Il will receive concrete sealer over new concrete. No
vinyl wall base will be used in these areas.

Ceramic tile will be installed in toilet room floor areas. Tile will be 12x24 in. in a brickwork pattern with
a 1/3 offset.

Ceiling Finishes

A suspended lay-in 2x4 ft acoustical tile ceiling will be provided at toilet rooms, control rooms, and
break/lounge rooms that require ceilings. Acoustic and aesthetic requirements will be assessed for spaces
requiring ceilings when selecting tile products, with consideration given to ceiling tile that contains
recycled content. Vibration isolation requirements will be evaluated in determining whether isolation
hangers will be used in any given space.

Structural elements will be left exposed in all other occupied spaces as well as all mechanical and utility
areas. All exposed structure will receive an epoxy paint finish consisting of one primer coat and two finish
coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal, with 14-gauge fully welded
metal frames. Doors serving the HPV will be radiation shielded and lead lined. Metal interior rolling
doors and floor hatches will be provided at locations indicated in the drawings.

Tempered glass vision lights will be provided at all laboratory doors to facilitate safe egress. All
laboratory access doors will be provided with proximity card reader hardware.
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Furnishings

Laboratory Casework

Lab casework will be a modular system and include prefinished painted metal bases, wall cabinets, and
shelving units with epoxy resin countertops. The modular system will be adaptable and flexible to
accommodate the changing needs of lab research requirements.

Vertical Circulation

Stairs

Egress stairs will be metal pan concrete filled, with painted metal handrails, and will include rubber
treads, nosings, and landings. Stair construction will comply with NFPA 101, Chapter 7. The stair
enclosures, including the doors, will meet IBC requirements for fire barriers.

Elevators

A 50,000-Ib capacity, hydraulic passenger/freight elevator will be provided.

Specialty Equipment

Fume hoods will be provided in the active sample lab and will be designed in accordance with the
International Mechanical Code (IMC), the American Industrial Hygiene Association guidelines, and

applicable DOE directives.

Combination emergency showers/eye wash units will be provided according to ANSI Z358.1 at lab areas
where chemicals are being used or stored.

Crane

A 50-ton bridge crane with two 5-ton auxiliary hoists will serve the high bay area of the Target Building
I1, with a hook height of 434 ft at elevation 1094. A 10-ton crane will be required at the Helium
Compressor Room. A 5-ton and a 10-ton bridge crane will be provided in the Target Maintenance Shop
and Hot Shop (radiological) spaces, respectively. The Target Maintenance Shop and Hot Shop cranes will
not be required if these spaces remain under the high bay crane coverage area.

8.3.1.8  Structure

Applicable Codes and Standards

See Sheets x — xii for complete list of Applicable Codes and Standards

Design Loading

Superimposed Floor and Roof Loads

e Figure 8.4 shows the basement floor loads.
o Figure 8.5 shows the first-floor loads.
e Figure 8.6 shows the second-floor loads.
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e Figure 8.7 shows the truss level and moderator support floor loads.
o For elevated slabs, 20 psf collateral load, typical.

Wind Loads

e Risk Category IV

e Basic Wind Speed: V = 120 mph
e Exposure Category B

Seismic Loading

e Risk Category IV
e Importance Factor: le = 1.5

Crane Requirement

e Refer to the Crane section of Section 8.3.1.7 for information.

LL: 500 psf

LL: 4000 psf

Figure 8.4. STS basement floor loading diagram.
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SEE SECOND
FLOOR PLAN

NOTE 1: 1MM DEFLECTION DEAD LOAD +
1MM DEFLECTION TRANSIENT LOAD

DL.: 1500 psf
NOTE 1

LL: 500 psf |F——»

......

LL: 500 psf +—»

DL: 1500 psf
NOTE 1

LL: 500 psf

LL: 100 psf

SERVICE CELL

LL: 500 psf | 4

LL: 4000 psf

TRUCK ACCESS BAY
LL: 4000 psf

LL: 500 psf

DL: 3500 psf, NOTE 1

DL:6000 psf, NOTE 1

DL: 1500 psf, NOTE 1

Figure 8.5. STS first floor loading diagram.
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TOP OF VAULTS [\

NOTE 2

NOTE 1

LL: 4000 psf

LL: 500 psf

LL: 4000 psf

TOP OF RTST
LL: 500 psf

LL: 150 psf

OPEN TO
TRUCK BAY
BELOW

LL: 150 psf

LL: 4,000 psf

NOTE 1: DL:
16,500 psf LL:
500 psf
NOTE 2: DL:
1,200 psf LL:
500 psf

ROOF LL: 20 psf + 20 psf
COLLATERAL

SERVICE CELL
LL: 4000 psf
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NOTE 1: ALL ROOF ABOVE MECH
FLOOR SHOULD BE DESIGNED
FOR: LL: 20 psf + 20 psf
COLLATERAL

ROOF LL: 20 psf + 20 psf

COLLATERAL
LL: 150 psf
NOTE 1
OPEN BELOW LL: 150 psf
NOTE 1 NOTE 1

ROOF LL: 20 psf + 20 psf
COLLATERAL

Figure 8.7. STS truss level and moderator support floor loading diagram.
Building Structural System
Slab on Grade

The slab construction is anticipated to consist of a structural reinforced normal weight concrete slab. The
structural slab on grade is anticipated to be supported on 9%:-in. diameter micropile foundations,
approximately 115 ft long, with a 200-ton capacity. The floor slab will be placed over a vapor barrier, a
compacted drainage base course, and a compacted subgrade.

Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
Target Building is anticipated to be supported on 9%-in. diameter micropile foundations, approximately
115-ft long, with a 200-ton capacity. Below-grade walls are anticipated to be constructed with reinforced
normal weight concrete. Water stops will be provided in construction joints to safeguard against water
intrusion.

For Target Building Il and the adjacent Instrument Buildings, there are three main components considered
related to deflection and settlement concerns. The deflection component is slab deflection between pile
supports. The settlement components are pile shortening and soil consolidation, differential settlement
between Target Building 11 and the Instrument Buildings, and differential settlement between beamlines
in the Instrument Buildings. A study was conducted to explore the implications of slab deflection between
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foundation supports. The results of this study show that the slab deflection levels out and is no longer a
concern with a 36-in. slab thickness and a pile spacing of 10x10 ft; therefore the thickness of the slab can
be reasonably designed to mitigate the impact of deflection. Another study was conducted to investigate
the effect of load sequence on the 1-mm settlement criterion. This study showed that there will be
minimal impact to the center of the beamline installed, but there could be roughly 1/3 mm of settlement at
the boundaries of the adjacent beamline. If the loading sequence potentially causing up to 1/3 mm of
settlement is a concern, the instrument floors should be pre-loaded to prevent settlement issues arising
from the load being applied in sequences. Finally, differential settlement due to micropile shortening and
soil consolidation shall be evaluated by the geotechnical engineer in the next phase of the project. On-site
load testing for long-term settlement of micropiles and subgrade is recommended.

Superstructure

The Target Building is anticipated to be a 3-story structure and a basement. The superstructure for the
third floor and roof will be a conventional steel frame structure. The building will support the exterior
wall system with steel girts as required. The typical slab forming the instrument level above the basement
is anticipated to be a 5-ft-thick reinforced normal weight concrete slab, supported by concrete columns in
the basement. Figures 8.8 and 8.9 show the various slab and wall thicknesses on the basement floor and
first floor, as well as the criteria governing the element design thickness.

The target monolith bulk shielding is a 45-in.-thick heavyweight concrete wall, and the bunker shielding
is a 60-in.-thick heavyweight concrete wall. Figure 8.10 shows the various wall and slab thicknesses and
governing design criteria for the second floor of Target Building Il. Where wide column spacing is
required for beamline clearance, a turnup deep transfer beam/truss will be used.

Figures 8.8 to 8.10 show the concrete type for each of the slabs and walls throughout Target Building I1.
“NWC” means normal weight concrete with a minimum density of 145 Ib per cubic foot. “HWC” means
heavyweight concrete with a minimum density of 245 Ib per cubic foot.

The third floor is anticipated to be constructed using reinforced normal weight concrete on a galvanized
composite metal deck. The third floor will be supported on the bottom chord of a deep steel truss. The
truss will be supported by steel columns extending from the instrument floor to the roof.

The roof structural system is anticipated to consist of metal truss framing with a roof deck meeting
galvanizing G90 requirements. The AHUs for the Target Building Il and the Instrument Buildings will be
located on the third floor of Target Building 1. Concrete pads will be provided for each AHU. Target
Building Il will share a column line with both the 40M and the 50M Buildings.
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NOTE 1: THICKNESS IS SHIELDING REQUIREMENT NOTE 2:
THICKNESS IS STRUCTURAL DESIGN REQUIREMENT

30” THICK NWC

SOLID NW
CONCRETE

WALL, NOTE 1

50” THICK NWC
WALL, NOTE 2

40” THICK HWC
WALL, NOTE 1

Figure 8.8. STS basement slab and wall thickness diagram.

BUNKER WALL 40” HWC.

NOTE 1: THICKNESS IS SHIELDING REQUIREMENT NOTE 2: THICKNESS
IS STRUCTURAL DESIGN REQUIREMENT NOTE 3: WALL THICKNESS
SHALL BE 66” HWC AT BEAM TO WALL INTERSECTION NOTE 4: AT
RTST BEAM ENTRANCE TUNNEL, STEEL SHIELDING ON TUNNEL INSIDE
FACE, CONCRETE ON OUTSIDE FACE NOTE 5: BEAMLINE OUTSIDE

4' 45” HWC WALL. NOTE 1 |

4' 60” HWC WAL 1 _.NOTFS1 & 3 |

SEE SECOND
FLOOR

36" NWC
SLAB ON
GRADE. NOTE

SLAB 100” STEEL

—| 60” HWC SLAB. NOTE 1 |

—} 40” HWC WALL, NOTE 1 |

& 18”7 NWC, NOTE 1

WALL 100” STEEL &

SERVICE BAY
60" HWC
SLAB NOTE 2

18" NWC, NOTE 1

36” NWC SLAB ON
GRADE, NOTE 2

12” NWC SLAB, NOTE

50” NWC SLAB, NOTE

8” NWC SLAB ON
GRADE. NOTE 2

60” NWC SLAB, NOTE

60" HWC WALL, NOTE

60” HWC SLAB, NOTE

Figure 8.9. STS first floor slab and wall thickness diagram.
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NOTE 1: THICKNESS IS SHIELDING REQUIREMENT NOTE 2:
THICKNESS IS STRUCTURAL DESIGN REQUIREMENT

50” HWC REMOVABLE
SLAB, NOTE 1

NOTE 1

25" HWCWALL & |\
25" HWC LID SLAB ———

TOP OF RTST: 75~
STEEL & 24” NW
CONCRETE NOTE 1

NOTE 1

45” HWC WALL &
45” HWC LID SLAB

A A
r)\
\\_\

/

/ \'\

Lateral System

60" HWC WALL,
NOTE 1

48” NWC SLAB,
NOTE 2
= g OPEN TO
OPEN TRUCK BAY
BN % BELOW
,/ \.

SERVICE BAY:
48” HWC SLAB,

NOTE 1

R172 MONOLITH
STEEL AT LEVEL 2
60" HWC CEILING AT
TARGET DRIVE

Figure 8.10. STS second floor slab and wall thickness diagram.

Resistance to lateral loads resulting from wind and seismic forces on the building are anticipated to be
provided by concentrically braced steel frames and concrete shear walls.

Crane Supports

Steel framing will be provided to support the crane runways.
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Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration performed by Law
Engineering, dated June 30, 2000, addresses the original development of the campus (Law 2000). Two
borings were drilled in the footprint of the proposed STS location and one boring in the vicinity of the
possible STS location. The depth of soil in these borings ranged from 87.5 to 119.5 ft and indicated
similar subsurface conditions as well as rock conditions to the FTS. It is anticipated that similar or greater
loading conditions would be in service for the STS. The same deep foundation system used in the FTS, a
micropile system, should support the STS. The potential for using drilled piers was considered; however,
the average depth to rock as well as depth to competent rock would most likely exceed the capabilities of
drilled pier rigs. Therefore, micropiles are the most suitable foundation system. The micropiles should be
capable of supporting 200 tons/pile when designed using a 9% in. steel casing. The axial capacity should
be confirmed using a pile load test.

A review of geophysical data and shear wave velocities from the Law report indicates that the target
structure footprint would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7
(Law 2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested
during the original campus development.

A supplemental geotechnical report would be advisable once the final target building location and
footprint have been determined. The density and pattern of the soil test borings should be selected to
optimize the quality of geotechnical data. Additional geophysical testing is not anticipated for the design
of the structure.

Vibration Acoustics

The acoustical design will be consistent with achieving the following average noise levels. These noise
levels do not include noise from owner-furnished equipment or personnel located within these spaces.
Actual noise levels may exceed the design noise levels because of the actual type of equipment
purchased, installation compromises, workmanship, and so on.

Room Type

e Break Room 40
e Controls 40
e Sample Lab 45
e Computer Room 50
e Maintenance Shop 55
e Computer/Server Rooms 55
e Mechanical Equipment Rooms 65

8.3.1.9 Mechanical
Air Handling/Ventilation
STS target and support spaces will be designated as building ventilation (tertiary), secondary

confinement, or primary confinement, based upon usage with different ventilation strategies for each.
Table 8.13 lists the ventilation criteria that apply to these areas.
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Table 8.13. Target Building confinement space definitions and ventilation rates.

Space designation Areas included ACH Notes

Assume virtual/actual ceiling
height of 10 ft for occupied spaces

Building ventilation All areas except as designated below? 8.0

Hot process vault
Neutron beamline bunker
Bunker Electronics Room

GLS tank cavity
Secondary Delay tank/full flow filter cavity ) All spaces negative to building
. 2.5(all) e
confinement Hot shop ventilation spaces
Activated sample lab hood
Liquid low-level waste system
Manipulator/service/charging areas
High bay®
Segmenting Area Crane Maintenance 40
Bay ' All spaces negative to building
. . . 4.0 -
Primary confinement Segmenting Bay 25 ventilation and secondary
Cask Loading Room 2'5 confinement exhaust spaces

Target Drive Room

aSee body of system description below for areas where conditions may vary.

bHigh bay area is primarily recirculated (at a rate of 2.5 ACH) through dedicated units with uncredited 99.9% filters, minimal
exhaust of 0.25 ACH provided over entire space (exhausted through credited HEPA filters with balance of secondary
confinement exhaust).

Pressure Relationships

All building areas containing potentially activated fluids will be exhausted using the primary or secondary
exhaust systems and will be maintained at a negative pressure relative to the adjacent spaces.

Conditioned areas of building will be designed to be positive to ambient pressure. Pressure relationships
within the buildings will be positive, negative or neutral to suit the functional requirement.

Unconditioned (ventilated only) areas of building that are conditioned using unit heaters and ventilation
exhaust fans as described below will be negative to ambient pressure.

Indoor Air Quality Control Methods

There will be minimum filtration of outdoor/recirculated air: MERV 8 (30-35%) pre-filters and MERV
14 (90-95%) final filters at the building AHUs or as otherwise described below.

No fibrous media exposed to the airstream will be allowed in the ductwork downstream of any AHU's
final filter bank.

Sound-attenuating flexible ducts at any office and support area diffusers will have woven nylon fabric
type linings.

Outdoor air intakes for all AHUs will be located on opposite sides of the Target Building from the
exhaust to minimize cross-contamination between intakes and exhaust air streams, and on the east side of
the building to be downwind of the CEF Il stack. A wind tunnel computer simulation is recommended for
this project to corroborate the locations.
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Target Building Central Air Handling Systems

The STS Target Building will be served by multiple CAV AHUSs serving various portions of the facility.
All units will be located in the truss space of the STS building, either within an enclosed mechanical room
or on an open platform, as further described below.

High Bay Secondary Confinement Area

As shown in Table 8.13), the entire high bay space at the second level of the Target Building is a
secondary confinement area. This space will be provided with a reduced ventilation rate, as described
under the “Exhaust” subsection later in this section but will otherwise be conditioned through the use of
two recirculating AHUSs located on an open equipment platform within the truss space. The units will be
manifolded together to provide partial redundancy (66% of the supply system design capacity through a
single AHU) in the event of planned maintenance or unit failure, and will supply conditioned air through
the truss space to the west end of the Target Building. The supply distribution system will consist of low-
pressure ductwork to diffusers, and supply will be routed to the east and west ends of the building and
introduced at the lowest levels of the high bay space. Sound attenuators at the air terminal devices will not
be provided. Return air will be gathered at the center of the Target Building in a common return plenum
located at the AHUs on the equipment platform and recirculated through return HEPA filters back to the
units.

The recirculating AHUs will incorporate cooling coils and will contain a reheat coil for use in a
dehumidification control cycle. Units are intended to operate 24 h/day, 365 days/year. Supply fans will be
configured in a multi-fan array, plenum fan design. VFDs will be provided for setback control capability
of the supply fan volume. The system will be designed for energy conservation adjustment with the
potential to reduce ACHSs (unoccupied setback change) controlled by the BAS. The recirculated air
filtration system will consist of a 30% pre-filter rack and final 95% HEPA filter rack on the return side of
the unit.

Primary and Secondary Support Area Makeup Air Handling System

The makeup air for primary and secondary support areas of the building on all floors will be served by
two pairs of CAV 100% outside AHUs. Each of the AHU pairs will be housed independently, one in the
enclosed mechanical equipment space located in the truss space at the east side of the Target Building
(serving the east half of the high bay and east areas at the basement and first floors) and one on an open
equipment platform within the truss space (serving the west half of the high bay and west areas at the
basement and first floors). AHUs will be sized to be completely redundant; If one of the units should fail
or have to be taken out of service for maintenance, the remaining unit will be able to provide 100% of the
supply system design capacity.

All air supplied to these spaces will be exhausted using the primary or secondary confinement exhaust
systems. The makeup AHUs will be designed as heating-cooling, single duct, reheat type. The units will
operate 24 h/day, 365 days/year. Supply fans will be configured in a multi-fan array, plenum fan design.
VFDs will provide the capability of simplified manual control of the supply fan volume for ease of
balancing.

Ductwork will be routed at the sides and/or ends of the building to avoid conflict with the high bay crane.
The supply distribution system will consist of low-pressure ductwork with pressure-independent
electrically actuated supply CAV air terminal devices, reheat coils, and low-pressure ductwork
downstream of air terminals to diffusers. Sound attenuators at the air terminal devices will not be
provided.
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Tertiary/Target Support Area Central Air Handling System (Building Ventilation)

The tertiary/target support portions of the building on all levels will be served by two CAV AHUs. The
units will be manifolded together and will share a common discharge plenum to provide partial
redundancy (66% of the supply system design capacity through a single AHU) in the event of planned
service or a complete unit failure. The AHUSs will be designed as heating-cooling, single duct, reheat type.
The units will operate 24 h/day, 365 days/year. Supply fans will be configured in a multi-fan array,
plenum fan design. VFDs will provide supply fan volume control in response to a signal from duct-
mounted static pressure sensors and will allow for setback control capability of the supply fan volume.
VFEDs will also provide return fan volume control in response to a signal from air flow measuring stations
used to establish volumetric offset between the return air and the supply air quantities. The system will be
designed for energy conservation adjustment with the potential to reduce ACHSs (unoccupied setback
change) controlled by the BAS. The system will be designed to maintain minimum outside air quantities
in order to maintain positive pressure in tertiary spaces but will also be capable of full economizer mode.

The AHUs will be housed in the enclosed mechanical equipment space located in the truss space at the
east side of the Target Building. Ductwork will be routed at the east end of the building to avoid conflict
with the high bay crane. The HVAC distribution system shall be pressure-independent, CAV control for
all spaces. All terminal boxes and reheat coil valves shall be serviced from within the spaces they serve.
All terminal units will be positioned for easy access with a minimum of 36-in. of service space on the
panel/actuator side. All terminal reheat control valves serving the target support spaces shall fail closed.

Relief air from the tertiary areas will be routed through the mechanical equipment room in the truss space
to provide a tempered environment within this space. Excess air in the penthouse will be relieved through
wall-mounted louvers and associated barometric relief dampers.

The supply distribution system will consist of low-pressure ductwork with pressure-independent
electrically actuated supply CAV air terminal devices, reheat coils, and low-pressure externally insulated
ductwork downstream of air terminals and diffusers. Sound attenuators at the air terminal devices will not
be provided. Sound-attenuating flexible duct used at diffusers will be limited to 6 ft in total length to
minimize duct static pressure losses.

Hydrogen Utility Room HVAC System

The Hydrogen Utility Room will be designed with a 100% outside air, single pass, HVAC concept.
Outside air will be drawn in through a roof-mounted intake hood. Hot water heating and CHW cooling
coils will be provided in the intake ductwork to control space temperature while still maintaining an
explosion-proof environment. All ventilation/purge air will be drawn through the space using roof-
mounted exhaust fans as described under the “Exhaust” subsection later in this section.

Helium Compressor and Refrigeration Spaces
The Helium Compressor and refrigeration rooms will be ventilated only, with unit heaters provided for
freeze protection. Ventilation will be achieved through the use of roof-mounted exhaust fans and

associated wall-mounted intake air louvers with motorized dampers. Heating for these spaces will be
accomplished using electric unit heaters located within the space.
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Exhaust
Primary and Secondary Confinement Area Exhaust Systems

All building areas containing potentially activated fluids will be exhausted using the primary or secondary
confinement exhaust systems and will be maintained at a negative pressure relative to the adjacent spaces.
All air supplied to these spaces will be single pass (with the exception of the second floor high bay
recirculation as noted earlier). Each space will be exhausted using the primary confinement or secondary
confinement exhaust system, depending on designation (see Table 8.13). A hot-off gas exhaust system
will also be provided for activated exhaust from equipment. These systems within the building will be
constructed of welded type 304L stainless steel thin wall (Sch 10) piping. All exhaust air will be collected
and routed through multistage nuclear-grade type HEPA filter banks located at the basement level. The
exhaust discharge stream will be routed from the filter banks along the north side of the Target Building
basement and underground to the CEF Il. HDPE will be used for underground ducts.

The primary confinement exhaust filtration system is expected to consist of two 304L stainless steel, two-
wide filter banks (eight filters total). Each filter bank will have butterfly isolation valves, two stacked pre-
filters, test sections, two HEPA filter sections, test sections, two HEPA filter sections, a test section, and
final butterfly isolation valves. Each of the two trains will also have a fire screen.

The secondary confinement exhaust filtration system is expected to consist of 4 304L stainless steel, 4-
high filter banks (16 filters total). Each filter bank will have a butterfly isolation valve, pre-filter, test
section, HEPA filter section, test section, and final butterfly isolation valve. The hot off-gas filtration
system is expected to consist of two 304L stainless steel, two-high filter banks (eight filters total). Each
filter bank will have a butterfly isolation valve, charcoal iodine adsorber, pre-filter, test section, HEPA
filter section, test section, HEPA filter section, test section, and final butterfly isolation valve.

Primary and secondary confinement exhaust and hot off-gases will be gathered from all areas of the
facility as indicated and routed through the HEPA filter banks at the basement-level filter room, and along
an exhaust rack at the north side of the target building basement out to the CEF. Main duct headers will
be 14-in. diameter for primary and 30-in. diameter for secondary confinement exhaust and 10-in. diameter
for hot off-gases.

Hydrogen Utility Room Exhaust System

The exhaust system for the Hydrogen Utility Room will consist of a single ventilation exhaust fan with an
estimated capacity of approximately 700 cfm (1 cfm/sf), as well as two roof-mounted purge exhaust fans
with an estimated capacity of 10,000 cfm each (1 cfm/ft). The ventilation exhaust fan shall operate
continuously. Purge exhaust fans shall operate if activated by hydrogen detection system. Purge fans will
be completely redundant, with one purge fan operating as lead and the other as standby. All exhaust fans
shall be of spark-free construction and provided with explosion proof motors.

Target Support Area General Exhaust System

Target support spaces requiring exhaust will be served by one combined exhaust system serving general
exhaust requirements. General exhaust duct risers will be provided from each floor and will connect at a
penthouse level to a roof-mounted common plenum exhausted by two vertical radial dilution fans. The
general exhaust terminals served by the exhaust system will be constant-volume devices; therefore, the
exhaust system will operate at constant volume. The system shall incorporate outside air bypass control
technologies to maintain a stack discharge velocity of approximately 3500 fpm. The general exhaust fans
will discharge at a minimum of 10 ft above the roof or as determined by wind tunnel testing. The exhaust
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system will operate 24 h/day, 365 days/year. A system is provided for connection of lab and instrument
hoods.

Two fans will be provided to serve the common exhaust plenum, each sized at 100% of the load. If one of
the fans fails, the remaining fan will be able to provide 100% of the common exhaust system design
capacity. All the fans in the common exhaust plenum should be on emergency power to ensure
continuous hazardous material containment but would be controlled to run at a reduced speed during a
power outage to limit the negative pressure impact to the building.

General utility set exhaust fans will be provided to exhaust toilet rooms, janitor closets, and other rooms
requiring ventilation at a minimum rate according to their code requirements. A total of ten fans will be
distributed across the facility at the high bay roof to connect exhaust loads from throughout the Target
Building.

Space Conditioning
Primary and Secondary Support Area Supplemental Cooling System

All primary and secondary confinement areas of the building (other than the second-floor high bay) will
be provided with localized supplemental cooling to reduce the volume of air supplied to those spaces for
ventilation requirements only. Supplemental cooling will be provided through local fan-coil units located
within the spaces. To eliminate the need for treatment of potentially activated cooling coil condensate, the
fan-coil units will be supplied with sensible cooling CHW that will be controlled to above the dew-point
temperature of the spaces.

Fan coils will be provided at a maximum 1,500 SF spacing and a minimum of two per room in each
primary/secondary confinement exhaust area to support sensible cooling.

Cryogenic Moderator System (CMS) Control Room

Supplemental cooling will be provided for the CMS Control Room through local fan-coil units located
within the space. The fan-coil units will be supplied with CHW. Two fan coils will be provided for
redundancy.

Chilled Water

The CHW system for the building will be supplied from CUB I1. Based on an estimated flow of 3050
gpm to serve the Target Building, which includes CHW flow to air handlers (including Target Building-
I1, 40M, and 50M), sensible cooling HXs, hot off-gas condensing HXs, and the associated instrument
areas except 90M, the CHW branch line size to this building is expected to be 12 in. CHW will be routed
to cooling coils in all AHUs and HXs throughout the building from a point of entry at the east end of the
lower level in the mechanical and maintenance storage area.

Tower Water

The tower water system for the building will be supplied from CUB Il. Based on an estimated flow of 615
gpm to serve the Target Building, which includes tower water flow to technical cooling HXs, the tower
water branch line size to this building is expected to be 6 in. Tower water will be routed to HXs
throughout the building from a point of entry at the east end of the lower level in the mechanical and
maintenance storage area, and a separate 4-in. service line will be routed separately to the Helium
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Compressor Room as a second point of entry at the northwest side of the building. Tower water will be
filtered before use in compressor cooling.

Technical Cooling Water
Secondary Technical Cooling Water Systems

Two secondary technical cooling water systems will be required to support the three primary technical
equipment cooling water systems. These systems will be located in the target secondary containment
support area (HPV) and will serve the target, proton beam window, inner reflector plug, and reflectors,
moderators and core vessel inserts. The secondary technical cooling water systems will provide DI water
with a resistivity in the range of 1 to 3 megohm/cm, using a slip stream polishing loop. The pumps, HX,
conditioners, sterilizers, and filter components will be located in the basement level mechanical area. A
higher-temperature technical cooling water system will provide secondary DI water using tower water,
and a second system will provide lower-temperature secondary DI water using CHW. The higher-
temperature cooling loop will support a 900 KW load using 800 gpm of cooling tower water for the
target, target shroud, and beam stop. The lower-temperature cooling loop will support a 70 KW load
using 18 gpm of CHW and will serve the moderators. Pipe sizes for the 800 gpm higher-temperature and
18 gpm lower-temperature cooling loops are estimated at 8 in. and 1% in., respectively.

Two additional CHW cooling water systems will be provided to support space cooling in the instrument

buildings. These CHW cooling systems will consist of independent loops distributing the building CHW.
The loops will originate in the basement-level target support mechanical area and will be routed through

each of the instrument buildings, with separate valved connections provided at each of the beamlines (22
total).

Sensible Cooling Water System

A sensible cooling water system will be provided to support fan-coil equipment in areas where
condensate is to be avoided because of the potential for radiological activation. The sensible CHW
cooling system will consist of an independent pumped loop that rejects heat to the building CHW through
a plate-and-frame HX. The system will be designed to operate at a supply temperature of 55-60°F to
reduce the potential for condensation. The tank, pumps, HX, filters, and chemical treatment components
will be located in the basement-level target support mechanical area. Two variable-speed process cooling
water pumps will be sized to provide 100% of the design flow rate each. If one of the booster pumps were
to fail, the other remaining pump would provide 100% redundancy.

Two additional sensible cooling water systems will be provided to support instrument cooling in the
instrument buildings. These sensible CHW cooling systems will consist of independent pumped loops
that reject heat to the building CHW through plate-and-frame HXs. The system will be designed to
operate at a supply temperature of 55-60°F to reduce the potential for condensation. The tank, pumps,
HX, side stream filters, and chemical treatment components will be located in the basement-level target
support mechanical area. Two variable-speed process cooling water pumps at each system will each be
sized to provide 100% of the design flow rate. If one of the booster pumps were to fail, the other
remaining pump would provide 100% redundancy.

Heating Water
The heating water system for the building will be supplied from the CUB Il. Based on an estimated flow

of 400 gpm to this building, the heating water branch line size to the building is expected to be 6 in. The
building heating water distribution system will serve pre-heat and reheat heating water coils within the
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building. Hot water will be routed to heating coils in all AHUs and for pre-heat and reheat applications
throughout the building from a point of entry at the east end of the lower level in the mechanical and
maintenance storage area.

Controls

The STS Target Building shall be controlled by the EPICS. The building will be connected to an
expansion of the existing EPICS. Instrumentation and wiring shall be connected to a new EPICS PLC in
the building, and controls interface for the building will be provided at the target control room and on

each floor. Programming and connection of the PLC to EPICS shall be completed and the control system
commissioned to ensure proper operation.

Electric/pneumatic actuation will be used for all control valves and dampers on both systems so that
instrument air is required. All control systems will be on UPS and emergency power. System software
and firmware will provide the following functions:

e Control sequences shall be developed to support the operation of the technical equipment.

o PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that the control system response remains
accurate and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables, read control loop set points, monitor control
signals to actuators, and indicate status of equipment, alarms and overrides.

e Energy management including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

¢ Data management, including continuous database updating, alarm reporting, trend logging, and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.

Equipment

Table 8.14 provides a listing of air side mechanical equipment servicing the Target Building.

Table 8.14. Target Building mechanical equipment air side.

Use Equipment Size Qty Empwr Redund Location Remarks
Truss mech
Tertiary support CAV AHU 28,000 cfm 2 N 33% rm
High bay recirc Truss
air CAV AHU 30,000 cfm 2 N 33% platform HEPA filtered
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Table 8.14. Target Building mechanical equipment air side (continued).

Use Equipment Size Qty Empwr Redund Location Remarks
Primary/ second
confinement
exhaust support ~ CAV makeup air Truss
area (MUA) 16,000 cfm 2 33% platform MUA unit
Primary/ second
confinement
exhaust support Truss mech
area CAV MUA 13,000 cfm 2 33% rm MUA unit
Hydrogen Utility  100% outside air Hydrogen CC/HC
Rm vent (OA) intake hood 10,000 cfm 1 - utility roof included

Ventilation
Hydrogen Utility Hydrogen only (1
Rm vent Exhaust fan 700 cfm 1 - utility roof cfm/SF)
Hydrogen Utility Hydrogen  Purge fans (1
Rm purge Exhaust fan 10,000 cfm 2 N+1 utility roof CFV/ftd)
Helium
Helium 100% OA intake compressor
compressor vent  hood 4,000 cfm 1 - roof
Helium

Helium compressor  Ventilation
compressor vent  Exhaust fan 2,000 cfm 2 - roof only
Helium 100% OA intake Helium ref.
refrigerator vent  hood 2,000 cfm 1 - roof
Helium Helium ref. Ventilation
refrigerator vent  Exhaust fan 1,000 cfm 2 - roof only
Target Building Il General exhaust
gen. exhaust fan 1,000 cfm 10 - STS roof
Target Building 1l Lab fume
fume exhaust Radial exhaust fans 2,500 cfm 2 N+1 STS roof hood exhaust
Primary Primary
confinement confinement 2 HEPA/
support area exhaust filter train 4 - Filter train rm
Secondary
confinement Secondary
exhaust support  confinement 1 HEPA/
area exhaust filter train 16 - Filter train rm
Instrument Hot off-gas exhaust 2 HEPA/
exhaust filter train 3 N+1  Filter train rm
Air Handlers
General

o All AHUs will be semi-custom, factory-fabricated, and constructed with 2-in.-thick double walls,

constructed of galvanized steel.

e Maximum allowable nominal face velocities:
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- Air intake louvers (through free area): 350 fpm
- Heating water coils: 500 fpm

- Cooling coils: 400 fpm

- Filters: 400 fpm

AHUs

AHUs in mixed-use spaces where recirculation is allowed, modular, semi-custom, 2-in. double-wall
construction configured as follows:

Mixed air plenum

Intake isolation damper

Return/exhaust damper

Supply fans (4 to 6 fan array)

Relief fans (4 to 6 fan array)

VFDs

Economizer section

Merv 8 (30%) prefilter section

Hot water preheat coil

CHW coil

Hot water reheat coil

Supply fans (4 to 6 fan array)

VFDs

Merv 14 (95%) final filter section

Supply plenum

Isolation/smoke damper

Access sections

Doors: safety glass windows and quarter turn handles
Marine light in each access section

Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration Control

AHU

Makeup air units, 100% outside air, modular, semi-custom, 2-in. double-wall construction configured as
follows:

100% outside air

Intake isolation damper
Outside air plenum

Merv 8 (30%) prefilter section
Energy recovery coil section
Hot water preheat coil

CHW caoil

Hot water reheat coil

Supply fans (4 to 6 fan array)
VFDs

Merv 14 (95%) final filter section
Supply plenum
Isolation/smoke damper
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Access sections

Doors: safety glass windows and quarter turn handles

Marine light in each access section

Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration Control

100% recirculating AHUs, modular, semi-custom, 2-in. double-wall construction configured as follows:

Return air plenum

Return fans (4 to 6 fan array)

VFDs

Merv 8 (30%) prefilter section

CHW caoil

Hot water reheat coil

Supply fans (4 to 6 fan array)

VFDs

Merv 19 (99.9%) final filter section

Supply plenum

Isolation/smoke damper

Access sections

Doors: safety glass windows and quarter turn handles
Marine light in each access section

Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration Control

Exhaust Fans
General/Lab Exhaust Fans

General/lab fans will be vertical, radial dilution exhaust fans with spark-proof construction with bearings
and motors out of the airstream. Fans will have a baked epoxy air side chemical-resistant coating. The
common plenum and outside air intake dampers will be of galvanized steel construction with a chemical-
resistant coating. The system will consist of the following components:

Common exhaust plenum

Isolation damper at each fan inlet
Vertical exhaust fans

Exhaust stacks

Bypass air inlet and bypass damper
VFDs

Utility Set Exhaust

These will be backward-inclined, belt-driven centrifugal fans with spark-proof construction and bearings
and motors out of the airstream. Fans will be single width, single inlet with a galvanized steel housing and
wheel construction. The fan motor will be totally enclosed and fan cooled. The system will consist of the
following components:

e Steel mounting rails with vibration isolators

e Isolation damper at the fan inlet
¢ Discharge ductwork with bird screen
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e \Weather cover

e VFDs

Water-Based Systems

Table 8.15 provides a listing of water side mechanical equipment servicing the Target Building.

Table 8.15. Target Building mechanical equipment water side.

Use Equipment Size Qty Empwr Redund Location Remarks
Secondary Higher-temp
Target equipment technical cooling 800 gpm @ instrument
cooling water pumps 100 ft 2 N+1 Mech rm  cooling loop
Secondary Lower-temp
Moderator technical cooling 20 gpm @ Basement  instrument
building cooling  water pumps 100 ft 2 N+1 mech room  cooling loop
Sensible
instrument Sensible CHW 500 gpm @
cooling pumps 100 ft 2 N+1 Mech rm
Chilled water
(CHW) to Plate-frame HX
sensible CHW with filtration skid 500 gpm 2 - Mech rm
Higher-temp
instrument
Technical DI water cooling loop
Target equipment cooling skid with (tower water
cooling slip stream polisher 800 gpm 1 - Mech rm  cooled)
Lower-temp
Technical DI water instrument
Moderator cooling skid with cooling loop
building cooling  slip stream polisher 20 gpm 1 - Mech rm  (chw cooled)
Control rm/
Stand-alone 2-3-ton elec/HVAC
cooling Fan coil units units 16 - Varies rms
Target Building 1l Electric unit Building
heating heaters 15 kw 6 - Varies heating

Sensible Cooling Water Systems

Sensible CHW cooling systems will consist of an independent pumped loop that rejects heat to the
building CHW through a plate-and-frame HX. The tank, pumps, HX, filters, and chemical treatment
components will be located in the basement-level target support mechanical area. The system will include
the following equipment:

Base-mounted, end suction, centrifugal pumps
Pump VFDs

CHW plate-and-frame HX
Water filtration
Automated chemical treatment system
Makeup water assembly
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Appropriate valving and piping specialties
CHW supply to HX

Technical Cooling Water Systems

Secondary technical cooling water systems will provide DI water with a resistivity in the range of 1 to 3
megohm/cm, using a slip stream polishing loop. All piping, valves, HX, expansion tanks, and equipment
on the DI cooling water pump skids will be stainless steel. Each system will include the following
equipment:

Base-mounted, end suction, centrifugal pumps

Pump VFDs

Plate-and-frame HX

Mixed bed deionizers

Resin trap filtration

Ultraviolet sterilizer

Air separator and expansion tank

Makeup water assembly

Appropriate valving and piping specialties

Tower or CHW supply to HX (see description for each building)

Motors

All motors shall be premium-efficiency type and built to National Electrical Manufacturers Association
(NEMA) standards.

Variable-speed motors shall be rated as inverter duty motors. All motors operating with VVFDs shall
be equipped with shaft grounding rings or insulated bearings to prevent the accumulated pulse width
modulation (PWM) frequencies in the shaft from arcing across the bearing, causing pitting and
premature bearing and motor failure.

All VFDs shall be provided with power filters to improve the building power quality from the
occurrence of multiple VFD installations.

General

System Design Criteria

Outside Design Temperatures

Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)
Winter: 17.1°F (99.6% ASHRAE)

8-91



Conventional Facilities

Interior Design Conditions: Preliminary Load and Ventilation Assumptions
Table 8.16 provides a listing of Target Building preliminary load and ventilation assumptions.

Table 8.16. Target Building preliminary load and ventilation assumptions.

Cooling: Heating: Airflow: cfm/SF

Space Design set points BTU/SE BTU/ SE or ACH Ventilation
Mechanical/ 60-85°F 80 40 2 Code-required
electrical
Second-level 72-76°F, 60% 40 40 0.25 Code-required
high bay >RH
Office/office 72-76°F, 60% 40 40 1.25 Code-required
support/control ~ >RH
areas
Laboratory 72-76°F, 30— 80 60 8 ACH 100% OA

60% RH
Loading/service  60-85°F - 40 2 Code-required
areas
Toilets/shower 72-76°F, 60% 40 40 10 Code-required
>RH

Notes:

Cfm/SF and values are schematic design-level assumptions. The final values of the project will be calculated based on
code requirements or heating and cooling demand, whichever is greater.

Supply air rate in all laboratories will be a minimum of 8 ACH or as required for makeup of fume hood exhaust air.
Additional cooling shall be provided by fan coil units if required to meet heat loads generated in the laboratories.

HEPA filtration will be provided as necessary for laboratory supply and exhaust systems to support individual space
use.

Active humidity control will not be provided for any building. Therefore, HVAC units will not have a humidification
capability. The maximum relative humidity should not exceed 60% because of moisture removal at the cooling coils.

Chilled Water

42°F (to buildings), 44°F (to AHUSs)
56-58°F

e Supply
e Return

Sensible Technical Cooling Water (Chilled)

55-60°F
5°F above supply

e Supply
e Return

Technical Cooling Water (Tower Fed)

87°F
Dependent on mixed water temperature from equipment (generally 130°F maximum)

e Supply
e Return

Tower Water

o Supply 80°F
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Return 100°F

Materials

Duct Distribution Systems

Ductwork Materials and Construction

Supply ductwork construction will be based on SMACNA 4-in. pressure class and 2-in. pressure
class. Four-inch pressure duct construction will be used upstream of VAV boxes on variable-volume
units; 2 in. pressure class duct construction will be used downstream of VAV boxes on variable-
volume units and for all ductwork on constant-volume units. All ductwork seams and joints shall be
sealed, regardless of pressure rating. Maximum permissible leakage = 2%.

All supply ductwork routed through unconditioned spaces shall be insulated with 2-in. foil-faced batts
or foil-faced duct board with similar R-value.

Return and general exhaust ductwork construction shall be based on SMACNA 2-in. pressure class.
General laboratory exhaust ductwork shall be constructed to a 6-in. SMACNA pressure class.
HEPA filtered laboratory exhaust ductwork shall be constructed to a 10-in. SMACNA pressure class.

Return air duct shall be insulated with 1%-in. foil-faced batts or duct board. Laboratory exhaust ducts
shall not have fire dampers.

General air distribution ductwork will be G90 galvanized sheet metal.
Wet laboratory and chemical storage exhaust will be welded 316L stainless steel.

Primary and secondary confinement exhaust/hot off-gas shall be welded 304L stainless steel thin wall
tube (Sch 10 or less) within building, HDPE underground.

Exterior supply or return ductwork shall be solid double-wall ductwork with a minimum 2-in.-thick
insulation or single-wall duct with 2-in. duct board, vapor barrier, and aluminum jacket.

Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

Sound attenuation will be provided to meet the project requirements or in accordance with the
direction of the project acoustician. Sound attenuation shall be by appropriate application of
attenuators or duct design.

Lined ductwork shall not be used, except for plenum return air-transfer boots for noise control. VAV
air terminals shall be double-wall or have foil-faced inner surfaces.

Flexible ductwork is limited to 5 ft and shall be used only downstream of VAV terminals. Flexible
ductwork shall be limited to supply air systems only.
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e Plenum return may be used for return air in all non-laboratory portions of buildings.
e Ductwork shall be sized as shown in Table 8.17.

e Spaces on VAV systems shall have conventional supply terminal boxes with hot water reheat coils
and integral sound-attenuating characteristics.

e Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

Table 8.17. Target Building ductwork sizing.

Air distribution device neck

Risers Submains Branches .
velocity (fpm)

Max P.D. 0.1in./100 ft 0.08in./100ft 0.08in./100 ft 450 fpm

Piping

Tower Water/Chilled Water/Sensible Chilled Water

Interior piping, sizes 2 in. and smaller Type L copper with brazed fittings.

e Interior piping, 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

e Underground CHW piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system or HDPE.

e Underground tower water piping serving the building will be distributed in a factory-fabricated coated

piping steel system or HDPE.
e All piping will be tested at 1.5 times the design system pressure.

e All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.

e All piping in mechanical rooms and piping exposed below 8 ft AFF shall have a PVC jacketing.
e All piping exposed to the exterior shall have an aluminum jacket.
e CHW and tower water services shall be provided with a BTU meter at building entry.

Technical Cooling Water (DI Water for Instrument Cooling Downstream of HXs)

e Forsizes 2 in. and smaller, ASTM 312 Sch 10S, seamless, 304L stainless steel, plain ends. (Victaulic

Vic-Press system or butt-welded, as specified)

o Forsizes 2% in. and larger: ASTM 312 or ASTM 358, Sch 10 ERW 304L stainless steel, Class 4.
(Victaulic Vic-Groove system or butt-welded, as specified)
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For sizes %2 to %, in. OD tubing, ANSI Type 304L stainless steel, ASTM A213, Grade TP304L,
seamless, annealed, minimum 0.065 in. wall thickness.

Vents and drains: For sizes Y2 to % in. NPT, ANSI Type 304L Sch 40 SST pipe

Fittings:
- Welded fittings: ASTM A403, Grade WP-S304L or WP-W304L, elbows: standard 1.5x radius.
Full penetration butt weld
- Welded flanges: ASTM A 182, Grade WP-S304L, raised face weld neck
- Vic-Press or Vic-Groove 10S system, ASTM-312 304L SST
0 Plain end or grooved ends shall be ASTM A-312 304L SST
o0 Vic-press flanges shall be ANSI Class 150, 304L SST, Van Stone type, carbon steel raised
face slip-on backing flange, Victaulic style 565
0 Grooved couplings: galvanized coated ductile iron conforming to ASTM A-536, galvanized,
stainless bolts, Victaulic style 89.
0 Threaded outlets shall be ASTM A-312 or ASTM A-276 304L SST
0 Seals shall be Grade H NBR, temperature range —20 to 210°F

- Flange gaskets: Garlock Blue-Gard style 3000 gaskets (1/8 in. thick)

Based on anticipated water temperatures, technical cooling water piping will not be insulated.

Heating Water

Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

Underground hot water piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system.

Interior heating water piping shall be insulated with rigid glass fiber insulation.

Piping exposed to the interior shall have a PVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

Heating water will be provided with BTU meter at building entry.

Seismic Criteria

Referenced Standards and Design Criteria:

Seismic bracing shall be in compliance with ASCE 7-10.

Equipment mounted on isolators will be seismically braced using loose cables, telescoping pipes, or
box sections, angles or flat plates used as limit stops or snubbers, either integral to or separate from
the isolators.

Nonrotating, fixed equipment will be bolted directly to the floor or structure.
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Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.

Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

o DDC BAS for optimization of major HVAC equipment operation.

e Variable-volume supply and exhaust system in combination with stand-alone controllers to provide
maximum flexibility in occupied/unoccupied space control scheduling, thus minimizing supply and

exhaust air volumes.

e Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.

e  Supply air volume from AHUSs will be reduced to minimum levels without compromising safety.
During occupied hours, room supply air volume is set at the maximum air flow required to provide
exhaust makeup air, minimum required ventilation, or space cooling. This will be accomplished using
the VAV air systems and DDC volumetric offset controls.

e Variable-speed drives (VSDs) installed on all VAV AHU supply and return fans to reduce fan
horsepower requirements of non-peak conditions.

e VSDs installed on all pumps to reduce pump horsepower requirements at non-peak conditions.

e Full economizer control on all mixed AHUSs to reduce consumption while maintaining appropriate
indoor humidity levels.

8.3.1.10 Electrical
Site Power Distribution

Target Building Il will be provided with 480 Y/277 V secondary service from a 3000 A feeder duct bank
from 2000 kVA outdoor substation TA2-SS1 to the Electrical Service Room.

Building Power Distribution
The 3000 A, 480 Y/277 V low-voltage switchgear in the Target Building Il outdoor substation will
distribute power to CF loads and instrument loads. Two 800 A distribution panels located in both north

and south science areas are anticipated for separation of services to instrument and CF building loads.

Two 200 A, 4160 V medium voltage feeders from the 4160 V substation will service the two helium
COMpressors.

Separate transformers will be provided where possible to service instrument loads.
Service to the following cranes will be provided:

e 50-ton: second floor (high bay)
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e 5-ton: maintenance shop
e 10-ton: hot shop

e 10-ton: helium compressor
o (2) 5-ton: Javelins

Equipment and raceways in the Hydrogen Utility Room will be rated Class 1, Division 2.
Secondary Distribution

e Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will
provide service to CF lighting, receptacles, and HVAC loads as well as building instrumentation
loads. Further transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for
general use receptacles and other low-voltage equipment as necessary.

e All conventional building use dry type transformers will be DOE 2016 rated for efficiency, 115°C
rise, 220°C insulation class with six 2.5% taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

e Circuit protection will be

- Where 480-V distribution is provided, the exterior unit substation secondary will be of low-
voltage switchgear UL 1558 construction with electrically operated drawout power circuit
breakers with solid state adjustable trips.

- Generally molded case circuit breakers. Solid state adjustable trip units will be provided above
250 A.

- Bolt-in type molded case circuit breakers for branch circuit panelboards.

- 100% rated for service entrance main circuit breakers, 80% rated otherwise.

e Devices will be fully rated. Series ratings of protective devices will not be acceptable.

e Two levels of ground fault protective devices will be provided at the main and feeder breakers at
service switchgear assemblies.

e A contactor arrangement will be provided in main elevator feeders to comply with elevator shaft
sprinkler code requirements.

Emergency Power Supply System
EPSS Power Generation Plants

The Target Building Il and 40M Building will be provided with building and instrument standby power
from an exterior 1000 kW/1250 kVA, 480 Y/277 V diesel engine-generator TA2-EGL1. It will provide
emergency power for life safety systems, including egress lighting, and critical instrumentation and
HVAC systems loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-h sub-base fuel tanks. The generator will be provided with a quick-
connect feature to be used for load bank testing or portable generator backup if the primary unit is down
for maintenance.
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EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by

code:

e Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each ATS.

o Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power
for the following equipment essential for safety to human life:

Interior building means of egress lighting and illuminated exit signs.

Exterior building means of egress immediately adjacent to exit discharge doorways.

Fire detection and alarm systems.

Public address communication systems (when used for issuing emergency instructions).
Elevator machine room lighting and receptacles; elevator cab lighting, control, signal, and
communication systems.

Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles.

Fire protection systems.

Experimental processes where interruption would produce serious life safety health hazards, and
similar functions.

e Combined legally required and optional standby branch, designate as “optional branch” (NEC Atrticle
701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or
property where life safety is not dependent on system performance:

Control and alarm systems of major apparatus

Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

Ventilation and smoke removal systems

Access control systems

Telecommunication room lighting, equipment, and data processing systems

Elevators (one at a time in each bank)

Electric and mechanical room lighting and selected receptacles

Mechanical equipment including boilers, condensate return pumps, hot water heating and glycol
circulating pumps

Plumbing equipment including sewage ejectors and pumps

Generator distribution feeders will extend from the EPSS power generation plant to a 2000 A emergency
distribution switchboard located in the Target Building Il Emergency Electrical Service Room. This
switchboard would serve 480 Y/277 V, 4-pole isolation-bypass transfer ATSs with associated distribution
panelboards also located in the room. The following transfer switches are anticipated:

260 A: life safety branch (sized large to meet required withstand rating)
800 A: optional branch 1
800 A: optional branch 2
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Power Quality Systems
Uninterruptible Power Supply Systems

An 80 kVA UPS system will be provided in the Target Building Il for the STS target and Instrument
Building IT distribution.

The UPS system will be static (battery) type with maintenance bypass and 15-minute ride through
capacity.

Surge Protection Device

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.

SPD filtering devices will be installed on main low-voltage switchgear, distribution panelboards, and
branch panelboards serving major electronic equipment and all emergency branch panelboards in
compliance with current code requirements. Sensitive equipment may require multiple levels of
protection to protect equipment not only from utility disturbances but also from one another.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm:

o Electrical loading, harmonic loading, and protective device positions. Rail-mounted power quality
PM 8214 DIN meters will be required at the unit substation building main service breakers.

e Service low-voltage switchgear mains and feeders.

e Medium voltage interrupter switches, positions, and transformer status.

e Distribution panelboards on the load side of ATSs.

e Standby engine generator plant and associated distribution equipment.

e ATS positions.

The system will be networked to the ORNL Power Operations SCADA “SNO” network.

Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the

building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.
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Building Grounding

Building steel, foundation rebars (Ufer ground), exterior liquid and gaseous tanks, and metallic water
supply piping will be bonded to the ground grid.

Building Lightning Protection

An NFPA 780 Faraday cage type lightning protection system will be provided to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid

with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Instrumentation Signal Reference Grounding

The bonding of instruments and instrument cabling pathways, as a low-impedance-signal reference
system to a common equipment area bus and then to the ground grid, will be provided to minimize noise-
induced voltages and reduce equipment malfunctions.

Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway
grounding conductors and bond to the electrical service entrance room ground bus in compliance with
EIA/TIA and NEC requirements.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.
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Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls
Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with automatic lighting controls in compliance with ASHRAE 90.1
energy budgets. High bay 24/7 areas will be breaker controlled.

Facilities and Operations Building Systems
The building Electrical Metering System and BAS to monitor electrical and HVAC building systems will
be site interconnected to SNS campus systems as described in Site Utilities, Section 8.1.2.1 of this report
and will also include the following systems.
Fire Alarm System
The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.
The system will
¢ Include smoke, heat, and smoke aspiration detection devices to suit environmental conditions.

- High bay areas will be provided with beam smoke detection.

- The Hydrogen Utility Room will include a hydrogen detection system, provided by others,

monitored by the fire alarm system.

- Both smoke and heat detection will be provided to the monolith area.

¢ Include audible horns and visual strobe notification devices.

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment.

e Override elevator functions in an alarm condition to ensure safe passenger egress.

e Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network.

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.
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Public Address System

A public address system will be provided with building amplification as an extension to the campus wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with separate telecommunication service from the existing site
telecommunication distribution system at the CLO to a building main distribution room. Design for the
incoming POTS and/or VVolIP telephone service, LAN, and wireless networking shall be coordinated with
DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunication service to the STS buildings.

Building IT systems for systems networking hardware, including switches, routers, patch panels,
distributed antenna systems (DAS), and wireless local area network (WLAN) components will be
provided.

Building IT horizontal Category 6A cabling will be provided from telecommunication rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

BAS/F&O Facilities Management (CLO Il only—Siemens))

Power monitoring (ION-Schneider)/F&O Electrical Utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems:
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PPS

MPS

ATS

TPS (two conduits)
EPICS

Pathway Systems

Ladder-type cable trays will be provided to support telecommunication and instruments and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.

Cabling from wall box type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.

One 36-in. cable tray is anticipated for area coverage for each of the following systems:

e Instruments and control
e ORNL Networks Building IT

8.3.1.11 Plumbing
Drainage/Waste
Foundation Drainage

A perimeter foundation drainage system will be provided around the exterior of the Target Building 1l and
the Instrument Buildings. Groundwater collected by the foundation drainage system will be drained by
gravity into the site storm sewer. A sampling manhole will be provided to allow for monitoring of the
storm sewer flow for radioactivity.

Target Interior Drainage System

The interior of Target Building Il will be provided with a process waste drainage system to collect interior
water from system leakage in potentially activated areas (HPV and other areas within the monolith). The
drainage will be piped to a stainless steel process waste holding tank located at the lower level of the
Target Building. The 8-ft diameter 5,000-gal tank will be located in a pit at the northwest side of the
basement. Pump discharge will be via a manually activated pumping system discharging to the truck bay
at the northeast corner of the lower level, for offsite disposal as needed. Any water collected will be
sampled and then manually pumped to either the site sanitary sewer system or a transport vehicle for
offsite treatment, as appropriate. A sump pump will be provided to collect any water that might collect in
the recessed tank pit; discharge from the sump pump will be to the process waste holding tank.

Low-Level Liquid Waste and Other Tanks within HPV
There will be a total of five recessed tanks located in pits within the HPV. These include the two low-
level liquid waste tanks and three tanks associated with the three activated water loops. These tanks are

part of the technical equipment but will be located in recessed pits in the HPV.

The GLS loops incorporate two sets of off-gas delay/decay tanks that will be buried underground west of
the Target Building. The main delay/decay tanks include six interconnected tanks, constructed of 24-in.
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diameter Sch 10 stainless steel 78 ft long. The recombiner delay/decay tanks consist of three
interconnected tanks, constructed of 24-in. diameter Sch 10 stainless steel 18 ft long. All of these tanks
will be interconnected, with inlet/outlet piping routed to the west side of the HPV. A positively sloped
drainage pipe will collect any liquid waste that might occur in the tanks and route that to the process
waste holding tank.

These tanks will be installed as part of the CF scope, and piping to/from the tanks will be routed to the
HPV for connection with the technical equipment installation.

Laboratory Waste

Laboratory waste from laboratory sinks, cup sinks, and laboratory-related equipment, will be collected
separately below the lower level and conveyed by a gravity system to the underground sanitary waste
drainage system outside the building. Any hazardous waste will not be discharged to the drains but will
be bottled to be transported for processing; consequently, a lab waste treatment system will not be
provided.

Lab waste from floor drains within lab spaces will be treated as process waste and routed to the process
waste holding tank.

Unless required for specific equipment, floor drains will not be provided in laboratory rooms.

Complete accessibility will be provided to all cleanouts. Wall type cleanouts will be used within the
laboratory spaces. Floor drains that do not receive regular use will be provided with trap primers. Primers
will consist of an automatic trap primer system that automatically discharges water at regular timed
intervals.

Sanitary Waste

Sanitary waste from pantry/break room sinks, lavatories, toilets, urinals, showers, mop sinks, and non-
activated spaces will be collected below the lower level and conveyed by a gravity system to the
underground sanitary waste drainage system outside the building. Flow rates and pipe sizes will be
calculated based on drainage fixture unit values and adjusted/increased to allow for projected wastewater
discharge from various laboratory related equipment at the design stage.

Floor drains will be provided at all toilet rooms, mechanical equipment spaces and other areas requiring
drainage. Complete accessibility will be provided to all cleanouts. Wall type cleanouts will be used at the
lower level. Floor drains that do not receive regular use will be provided with trap primers. Primers will
consist of an automatic trap primer system that automatically discharges water at regular timed intervals.

Elevator pits shall be provided with an elevator sump pump that discharges to the sanitary drainage
system through an open site waste connection. The elevator sump pump shall have an oil monitoring
system that prevents the pump from operating when hydraulic oil is present and sends an alarm to the
BAS.

Potable Water
Potable water will enter the building at the east end of the lower level in the mechanical and maintenance
storage area, shall be provided with a water meter, and shall connect to the BAS. The incoming service

shall split at the lower level into potable and process water streams through a Foundation for Cross-
Connection Control and Hydraulic Research—approved duplex backflow prevention device. Potable hot
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and cold water will be distributed throughout the building to all fixtures and equipment requiring water.
Water makeup to any mechanical equipment will be supplied through the process water system.

Potable use hot water will be generated by local point of use electric water heaters located adjacent to the
areas where required.

Potable hot and cold water shall be distributed throughout the building to toilet rooms and break rooms.

A separate recirculating tempered water distribution system will include risers through the building to
supply emergency safety equipment (eyewashes and showers). This water will originate from a
centralized electric storage water heater located in the lower-level mechanical room. A thermostatic
mixing valve will be provided to achieve 100°F distribution temperatures. Tempered water will be
distributed through a separate recirculating system.

Water velocity in distribution piping shall not exceed 8 ft/second for cold water, and 5 ft/second for hot
water. Shock arrestors will be provided and shall comply with PDI-WH201 or ASSE-1010.

Process Water
Non-potable Water Service (Instrument Use)

A separate process water system will be provided for instrument water use. Process water shall emanate
from the backflow preventer provided at the incoming potable water service and shall be routed around
the perimeter of the Target Building and into the Instrument Buildings. Connections will be provided for
instrument use and for makeup to technical cooling water and sensible cooling water systems.

Design of process water will be based on anticipated use and adjusted/increased to allow for projected
water demand for instrument-related equipment at the design stage. Piping will be sized to maintain a
minimum of 30 psi at the most remote laboratory equipment connection.

Water velocity in distribution piping shall not exceed 6 ft/second. Provisions shall be made to arrest
waterhammer. Shock arrestors when installed shall comply with PDI-WH201 or ASSE-1010.

Storm Drainage

The primary storm drainage system will consist of roof drains for any areas collecting water, routed to
downspouts that will collect below grade at the lower level and run to the site storm sewer.

A separate overflow storm drainage system will be provided, engineered to perform as a siphonic roof
drainage system with the piping running level through the building and discharging through an above-
grade connection to a velocity reduction tank located on the site. Velocities in the vertical piping shall be
limited to 10 fps and in the horizontal piping the velocity shall be designed to 3.5 fps.

Compressed Air

CA shall be distributed throughout the Target Building and in the Instrument Buildings to supply
instrument-related equipment and will be provided with local pressure reducing valves to permit each
piece of equipment to use air of various pressures. CA will be fed by the site CA system routed from the
air compressors in the CUB- Il. CA will enter the Target Building at the east end of the lower level in the
mechanical and maintenance storage area. The CA system shall be provided with a receiver tank located
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in the main mechanical room. Distribution will be routed around all perimeters of Instrument Building

high bay spaces, with outlets provided for each beamline.

Specialty Gases

Nitrogen

A 6,000-gal vertical liquid nitrogen storage tank will be provided outside of the moderator area at the

west side of Target Building Il. Gaseous nitrogen will be distributed from an adjacent evaporator into the

Target Building and around the Target Building basement and high bay spaces. Gaseous nitrogen will

additionally be routed to the Instrument Buildings to supply nitrogen to instrument-related equipment.

Helium

A space will be allocated outside of the moderator area at the west side of the Target Building 1l for a

helium tube trailer. The trailer will serve as the source for the helium used to cool the moderator hydrogen

and will be connected to the helium compressor in the compressor room. Gaseous helium will be

distributed from an adjacent evaporator into the Target Building and through the Target Building

basement to the helium control panel located in the corridor north of the HPV.

Vacuum

Vacuum for the instrument beamlines will originate from the vacuum room at the Target Building Il

basement, where a vacuum pump will be installed as part of the technical equipment scope. A vacuum

distribution manifold will be installed as part of the CF scope, providing a connection to the vacuum

pump and 22 valved vacuum lines for future extension along the beamlines. Header will be located in the

vacuum room with future connections routed through the bunker area.

Equipment

General

System Design Criteria

Potable/Process Water

e Potable water system is designed to provide a minimum of 40 psi at the furthest outlet.

e  Process water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Water piping shall be sized based on the number of water fixture units connected, and the minimum
flow pressure required at each fixture or piece of equipment. Pipe velocities shall be maintained

between 4 and 8 ft/second and shall not exceed 8 ft/second.

e Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.

e Wall hydrants shall be placed on the exterior of the building a maximum of 150 ft on center.

e Hose outlets will be provided at all mechanical rooms and equipment spaces.
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Sanitary/Lab Waste

e The waste system shall connect to each fixture requiring connection and where required will be
provided with water seal traps. A vent system shall be provided for fixtures as required to ventilate
the waste system and to prevent siphonage of fixture traps.

o Floor drains will be provided at all mechanical rooms and equipment spaces.

o Waste and vent piping shall be sized based on the number of fixture units connected. Pipe shall be
routed by gravity to maintain a positive slope with a maximum velocity of two ft/second.

Storm Drainage
e Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-min duration.

o Roof drains will be provided for all roofs and areas receiving rainwater; maximum area per drains
shall be 3,000 sf.

Compressed Air

e Design CA pressure on incoming service—105 psi.
e Design CA pressure at laboratory outlets—100 psi.
e Design flow at outlets—1.0 cfm.

e Dew point —40 °F

Materials

Potable Water System

e Above-ground Potable Water Systems:

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in.
only. Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM
B88 and ASTM B75.

- The entire potable hot and cold water distribution system will be fully insulated using closed-cell
elastomeric foam insulation.

Process Water Systems

e Above-ground Process Water Systems

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in.
only. Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM
B88 and ASTM B75.

- The entire process water distribution system will be fully insulated using closed-cell elastomeric
foam insulation.
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Sanitary/Storm System
e Above-ground Soil, Waste, Vent and Rainwater Piping:
- Hubless cast iron soil pipe: no-hub pipe with Husky SD-4000 soil pipe coupling manufactured by
Anaheim Foundry, 4-band clamp or Clamp-All Hi Torq 125 2-band clamp. Sealing gasket shall
be neoprene in accordance with ASTM C564, CISPI 301-75.
- Horizontal storm drainage piping will be fully insulated using closed-cell elastomeric foam
insulation.
e Below-ground Soil, Waste, Vent and Rainwater Piping:
- Asphaltum-coated, service weight, cast iron pipe and fittings with resilient neoprene push-on
joints, ASTM A72, ASTM C564-70.
Process Waste

e Polypropylene pipe, (fire retardant above grade) (PP); Sch 40; PP DWYV hub and spigot fittings; heat
fusion joints above and below ground.

Compressed Air System

e Type K copper with brazed joints.

Plumbing Fixtures and Specialties

e All plumbing fixtures will be institutional grade, vitreous china or stainless steel as required.

e Floor sinks and floor drains in laboratory areas (if required) will be stainless steel, flush with finished
floor, minimum 3-in. outlets.

e Hub drains and similar unsanitary fixtures will not be provided in lab spaces.

e Water closets: wall-hung, siphon jet type, high-efficiency 1.28 gal per flush maximum with hard-
wired infrared sensor operation.

e Urinals: wall-hung siphon jet type, high-efficiency 0.125 gal per flush maximum with hard-wired
infrared sensor operation.

e Lavatories: wall-hung or countertop type, 0.5 gal/min maximum with hard-wired infrared sensor
operated faucets.

e Showers: high-efficiency 1.5 gal/min maximum.
o Safety showers, eyewashes and combination units: 30 psi minimum.
e Electric water coolers: recessed, self-contained.

¢ Interior hose bibbs: Chrome plated in finished areas, rough brass in mechanical rooms, wall mounted,
furnished with vacuum breaker, %-in. hose threaded outlet.

e Wall hydrant: freeze-resistant type in recessed box, 3/4-in. hose threaded outlet.
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8.3.1.12 Fire Protection
Sprinkler

The Target Building Il will be provided with complete automatic fire protection systems as required by
the IBC and/or DOE Order 420.1C, Facility Safety. The design, installation, and acceptance testing of
automatic sprinkler protection will be in accordance with NFPA 13, Standard for the Installation of
Sprinkler Systems and DOE-STD-1066-2012, Fire Protection. Building will be fully sprinkled, with
exposed sprinkler piping feeding upright sprinklers for the majority of spaces or recessed pendent
sprinklers in areas where ceilings are provided. Fire protection water will enter at the east end of the
lower level in the mechanical and maintenance storage area from the site potable/fire water main, and a
double check backflow preventer will be provided. Target Building fire protection water will incorporate
a fire main routed to the exit stairs of the building, with separate sprinkler and standpipe risers feeding up
through the stairs. Sprinkler zone control valves will be provided for each floor area, with control valves
located in the exit stairwells. Control valves will be provided with a tamper switch and a flow switch
connected to fire alarm system.

Incoming service will be hydraulically calculated and be sized for the maximum calculated flow at the
design stage.

Standpipe

A full standpipe system will be provided for the Target Building. Standpipe risers with hose valves will
be provided in all exit stairwells and elsewhere as required by IBC and/or DOE Order 420.1C, Facility

Safety. The design, installation, and acceptance testing of standpipe systems will be in accordance with
NFPA 14, Standard for the Installation of Standpipe and Hose Systems and DOE-STD-1066-2012, Fire
Protection.

General

o Portable fire extinguishers will be provided throughout the Target Building in accordance with the
IBC and NFPA 10, Portable Fire Extinguishers.

System Design Criteria

Sprinkler systems will be hydraulically designed to provide water densities that meet the requirements for
Extra Hazard, Group 1 protection in all areas.

Fire sprinkler systems will be hydraulically designed. Velocity shall not exceed 20 fps. All calculations
assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant flow test results.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.
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Sprinkler and standpipe piping installed above ground and sized 2% in. and larger shall be Sch 40
black steel with roll or cut groove type connections and fittings. Pressure rating shall be 175 psig
minimum.

Fittings for grooved end shall be cast of ductile iron conforming to ASTM A-536 or malleable iron
conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr. B), with
grooved or shouldered ends for direct connection into grooved piping systems with steel pipe and
shall be UL listed and FM approved, rated for a minimum 300 psi MWP.

8-110



Conventional Facilities

8.4 INSTRUMENT BUILDINGS
8.4.1 40M Instrument Building
8.4.1.1 Programming

Building Function

The 40M Instrument Building will house beamlines 01-11, associated instruments, and user lab space.
The maximum beamline length for an instrument located on STO6 in this building will be 40 M. The 40M
Building will also serve as staging space for the construction of the beamlines, instrument hutches, and
related lab support spaces. Instrument construction will occur progressively over successive years.
Alterations and maintenance to existing instruments will be an ongoing process for the life of the 40M
Instrument Building. Each instrument beamline is unique in terms of planning geometry, space
requirements, and access. The design and coordination associated with the beamlines, instruments, and
related shielding is generally not included in the CF scope. The instruments and beamlines will be
accessible from the Instrument Building first floor and from a second-floor mezzanine. High bay space
with full overhead crane coverage is a basic requirement of the 40M Instrument Building.

Program Summary

The 40M Instrument Building will include 33,890 nsf and have an estimated planning efficiency factor of
76%. This factor is based on analysis of the existing FTS Instrument Buildings and preliminary test-fit
planning for the 40M Instrument Building. The estimated gross area of the 40M Instrument Building is
44,689 gsf. Table 8.18 summarizes the 40M Instrument Building space program requirements. Detailed
room data sheets and test-fit plans are included in Appendix B, STS CF Conceptual Design Report.

Table 8.18. 40M Instrument Building space program summary.

No. Rooms Qty. NSF Total NSF
54.1.1 User support lab 2 620 1,240
54.1.2 Instrument/beamline space 1 21,100 21,100
54.1.3 Truck unloading set-down area 1 2,800 2,800
54.14 Sample environment cages 1 1,350 1,350
54.15 Bridge to 40M Instrument Building 1 2,800 2,800

(exterior)
54.1.6 ZEEMANS—magnet utilities 1 2,200 2,200
54.1.7 ZEEMANS—beamline/chopper/optics 1 2,000 2,000
crane access area
54.1.8 ZEEMANS—control room 1 300 300
54.1.9 ZEEMANS—computer room 1 100 100
Total nsf 33,890
Total gsf 44,689
Total efficiency 76%
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8.4.1.2 Site Planning
Location and Floor Elevations

The 40M Instrument Building will adjoin the south side of Target Building I1. The first floor will be
located at elevation 1074 ft. Figure 8.11 highlights the 40M Instrument Building within the overall STS
Site Plan.

Figure 8.11. 40M Instrument Building location within the STS Site Plan.

Truck Access

Tractor-trailer truck access for the 40M Instrument Building will be located at the east end of the facility,
within the building enclosure, at the first-floor level, elevation 1074 ft. Trucks will enter from the south
side directly into the 40M Instrument Building or from the north side through the 50M Instrument
Building and Target Building Il. The interior truck lane will allow single vehicle passage in either the
north or south direction.

Pedestrian Access

Pedestrian access to the 40M Instrument Building will be provided at the first and second floor levels of
the facility. The primary access will be provided through the pedestrian bridge that will link the STS
complex with the existing FTS complex. First-floor access will be provided from the adjacent Target Il
Building and at controlled exterior grade-level doors.

8.4.1.3 Building Planning
Building Organization/Floor Planning

The 40M Instrument Building will be a two-level structure. The first floor, elevation 1074 ft, will house
the instruments associated with 11 beamlines and additional space for staging and sample environment
preparation. This floor level will be open to a high bay space above. The entire floor area will be served
by an overhead crane. The beamlines will radiate from the moderators located a few inches above and
below the tungsten target located at elevation 1080 ft, which is 6 ft above the 40M Instrument Building
first floor. Beamlines 01, 06, 11, 12, 17, and 22 will view the lower moderator, while the rest view the
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upper moderator. Nominally, the lower moderator neutron beams will be 8 in. closer to the 40M
Instrument Building first floor (at elevation 1079 ft, 8 in.) than the upper moderator neutron beams (at
elevation 1080 ft, 4 in.).

The second-floor mezzanine will provide access to the upper level of the instruments and general
circulation throughout the 40M Building and STS complex. The mezzanine will be located at the
perimeter of the 40M Instrument Building along the three exterior walls. The mezzanine level will link to
Target Building Il and the 50M Instrument Building. It will also link to the FTS and CLO through the
pedestrian bridge.

Vertical Circulation

The 40M Instrument Building will be served by a freight elevator and two egress stairs located in Target
Building I1. These vertical circulation elements will serve the first floor and second floor mezzanine in the
40M Instrument Building. Two open, interior convenience stairs, connecting the first and second floor
levels will be located near the southeast and southwest corners of the building. Additional open
convenience stairs are anticipated to be constructed in support of individual instrument stations.

Utility Distribution

Instruments located within the 40M Instrument Building will be served by multiple utilities, including
power, CHW, CA, potable water and nitrogen. These utilities will be distributed at the building perimeter
above and below the second-floor mezzanine. The primary utility distribution is included in the CF scope.
Extension of the utilities to the individual instruments is not included in the CF scope.

Zeemans Instrument

The Zeemans Instrument, which will be located on beamline ST02, will extend beyond the perimeter of
the primary 40M Instrument Building. The Zeemans Instrument requires supporting spaces and utilities
exceeding those of other instruments in the facility. As a result, the Zeemans Instrument will be located in
an appendage structure constructed directly adjacent to the southwest corner of the primary 40M
Instrument Building. The space housing the Zeemans Instrument is considered to be a part of the 40M
Instrument Building. This space may also house a future instrument associated with beamline ST01. The
high bay space will include mezzanine level access, a 10-ton overhead bridge crane and an exterior
overhead access door.

8.4.1.4 Key Features and Requirements

Radiological Shielding

The beamlines will be shielded with removable high-density concrete blocks. The shielding at each
beamline will be approximately 8 ft wide, centered on the beamline, and 10 ft high. Shielding
configurations at each instrument will vary based on the instrument design and function. During
construction or maintenance of the beamlines and instruments, shielding blocks will be staged within
unassigned areas of the 40M Building first floor that will be located adjacent to the truck bay.

Structural Requirements

Optimum performance of the instruments requires a high degree of structural stability, including minimal
deflection, vibration and settlement in the floor slab design. Maximized overhead crane coverage of the
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40M Instrument Building will require a clear span roof structure and related structural design to support a
30-ton overhead bridge crane. See Structural Section 8.4.1.8 for additional information.

Instrument Pits

Individual instruments in the 40M Instrument Building may require depressed pits in the first-floor level.
If required, the pits will be constructed as part of the CF scope.

8.4.1.5 Life Safety/Code
Primary Occupancy Type

The Target 11 Building and the 40M, 50M, and 90M Instrument Buildings will be constructed as a single
building. The primary occupancy type for the Target Il and Instrument Buildings is Group F-2, Low
Hazard Factory Industrial, according to the 2015 IBC and Special-Purpose Industrial according to NFPA
101, 2018 edition.

Accessory Occupancies

Accessory occupancies will include lab support rooms (Group B) and storage rooms (Group S-1). The lab
support rooms and storage rooms can be considered accessory occupancies if the aggregate area of each
use does not exceed 10% of the floor area of the story in which they are located. Otherwise, IBC Table
508.4 requires a 1-h fire-rated separation between the F-2 occupancy and the B and S-1 occupancies.
Laboratory spaces will be separated by 1-h fire partitions, where practical, to allow for increased storage
and use of hazardous materials.

Fire Protection Systems

The Target Building Il and Instrument Buildings will be protected throughout by an automatic fire
sprinkler system designed to protect an Extra Hazard—Group 1 occupancy for the main level and an
Ordinary Hazard—-Group 2 occupancy for the basement level in accordance with NFPA 13, Standard for
the Installation of Sprinkler Systems.

The Target Building Il and Instrument Buildings will be provided with a Class | standpipe system in
accordance with NFPA 14, Standard for the Installation of Standpipe and Hose Systems. Two and one
half-inch fire department hose valves will be provided at each floor landing in each exit stairway.

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

The Target Building Il and Instrument Buildings will be equipped with an addressable fire
detection/alarm system consisting of the following:

Manual fire alarm pulls stations at all building exits

Beam-type smoke detectors in large, open high-bay areas

Area smoke detectors in elevator lobbies and elevator machine rooms

Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

e Audible/visual notification appliances installed through the building
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All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

The Target Building Il and Instrument Buildings will be a 4-story, 214,800 SF building constructed of
Type 1A construction. The first floor will have the largest floor area at 113, 294 SF. The maximum floor
area permitted for any floor by IBC Table 506.2 for a fully sprinklered, multi-story, F-2 building of Type
I1A construction, with the area increase for frontage, is 119,787 SF. The proposed height and area for the
building are within the limits established in IBC Sections 504 and 506.

Travel Distances

The maximum travel distance within the Target Building Il and Instrument Buildings will not exceed
400 ft as required by IBC Section 1016.2 and NFPA 101, Section 40.2.6.1. The maximum common path
of travel distance will not exceed 100 ft as required by IBC Section 1014.3 and NFPA 101, Section
40.2.5.1. The maximum dead-end corridor will not exceed 50 ft as required by IBC Section 1018.4 and
NFPA 101, Section 40.6.4.

Construction Type

The Target Building Il and Instrument Buildings will be of Type 1A construction in accordance with IBC
Section 602.

Wall/Floor Ratings

The primary structural frame, floors, bearing walls, and roof will have a 1-h fire resistance rating as
required for Type I1A construction. Interior nonbearing walls and partitions will be of noncombustible
construction. Interior walls, where applicable/needed, will be constructed to provide 1-h fire barrier
separation to support chemical quantity allowances.

Special Code Considerations

The largest floor area for the Target Building Il and Instrument Buildings is the first floor, currently
having an area of 113,294 SF. The maximum area permitted by IBC Table 506.2 for any story in a fully
sprinklered, multi-story, F-2 building of Type IIA construction, without an increase for frontage is
112,500 SF. Currently, the perimeter of the facility is 1,805 ft in length. The length of the perimeter that
fronts on an open space at least 30 ft wide is 802 ft. This results in an area increase for frontage of
7,287 SF. Therefore, the maximum area permitted for any story would be increased to 119,787 SF.
Should the area of the Target Building Il and Instrument Buildings exceed 119,787 SF on any level, the
construction classification for the building will need to be upgraded to Type IB to permit an unlimited
area building.

Hazardous materials: The use and storage of hazardous materials shall be limited to the maximum
allowable quantities indicated in IBC Tables 307.1(1) and 307.1(2). Where these quantities are exceeded,
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control areas shall be provided in accordance with IBC Section 414.2. The number of control areas per
floor and their required fire resistance ratings shall be in accordance with IBC Table 414.2.2. It should be
noted that the floors of control areas are required to have a 2-h fire resistance rating for buildings over

3 stories in height.

Bridge: The new pedestrian bridge connecting the 40M Instrument Building to the existing pedestrian
bridge will comply with IBC Section 3104 and the following:

e The pedestrian bridge will be constructed of noncombustible construction.
e The pedestrian bridge will have automatic fire sprinkler system protection.
e The walls separating the pedestrian bridge from the buildings will be smoke-resistant.

8.4.1.6 Civil/Site Development

The construction excavation described under the Site Civil Works Section will be performed before
construction of the Instrument Buildings. The lower basement of the target will be backfilled to the first-
floor elevation to establish the grades for construction of the instrument buildings. Finished grading is
shown on Drawing 5.1.19. Drawing 5.1.22 shows the site drainage concept. Roof drainage will be piped
to the proposed storm sewer system. Sewer, fire and domestic water services to the building are shown on
Drawing 5.1.27.

8.4.1.7 Architecture
Building Envelope
Exterior Wall

A striated-face, 36-in.-wide insulated-core metal panel system, with a custom color to match the existing
context, will be used as a major material component for the envelopes of the 40M, 50M and 90M
Instrument Buildings in keeping with the existing texture and materials used on the SNS campus. The
metal panel cladding support backup system will consist of hanger rods and metal channel framing
supported from the building structure. Metal window sills and wall caps will be used. Continuous
through-wall flashing will be provided at the bottoms of all wall cavities, over all wall openings and metal
copings. The metal panel wall systems will have an R-13 and R-13ci minimum requirement. Below-grade
exterior walls will be constructed of reinforced concrete with a waterproof membrane and below-grade
insulation board. The interior walls will have metal channel furring with a painted drywall finish. Exterior
walls below grade will be required to achieve R-7.5 ci according to the 2012 International Energy Code.

The elevated pedestrian bridge connecting the existing Target Building with the new 40M Building will
be designed similarly to the existing bridges on the SNS campus.

Exterior Doors

Exterior entrance doors and egress doors will be 16-gauge, insulated-core painted hollow metal doors
with 14-gauge, fully welded frames with a U value of 0.61. Overhead insulated coiling doors, 20 ft O in.
high by 14 ft 0 in. wide will include factory-painted galvanized steel curtains with integral insulation
achieving a minimum R-value of 4.75 requirement. All exterior doors will be provided with proximity
card reader hardware.
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Thermal and Moisture Protection

Flashing and sheet metal will be provided as a positive water stop around all wall openings (head, jamb,
and sill) such as windows, doors, louvers, and so on. All copings and gravel stops will be ES-1 compliant
as required by IBC.

Damp-proofing will be provided on all walls, floors and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied two-layer 215-mil, polyester fabric-reinforced membrane.

Because of the inherent moisture-resistant properties of the insulated metal panel system, an air/vapor
barrier will not be required where the system is installed.

Exterior sealants will be nonstaining with a two-part composition and a 50% movement capacity and will
be compatible with the surfaces on which they are applied.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing

Windows will be limited to the upper portions of the exterior walls. Typical vision glass will consist of a
1-in.-thick, low U-value insulated, low-E, argon-filled glass units on a thermally broken frame. The
windows/glazing systems are anticipated to have a U value of 0.38.

Glazing materials and methods will comply with the Flat Glass Marketing Association’s Sealant and
Glazing Manuals. Glass will comply with ASTM C1036-01.

Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations will comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42 in. high parapet or provided with a fall protection system

Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3- year
aged thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will
be Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM

Class 1-90 for wind uplift according to ASTM 1592. It will provide a minimum thermal resistance value
of R-30.
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Interior Construction

Walls

Interior walls at the 40M Instrument will be constructed of CMUs for durability. The height of the
demising walls will be constructed to the underside of the structural deck. All fire-rated walls will be

constructed in accordance with the IBC code requirements and UL listed assemblies.

Painted metal guardrails and handrails will surround all floor openings and egress stairs. Painted metal
guardrails and handrails will surround all floor openings and egress stairs.

Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread of < 25,
a fuel contribution of < 25, and smoke development of < 450.

Typical interior gypsum board and CMU partitions will receive a paint finish consisting of one primer
coat and two finish coats. Epoxy paint will be applied to all lab demising walls. All paints, including top
coats and primers, will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.

Floor Finishes

The floor throughout the 40M Instrument Building will receive concrete sealer over the new concrete. No
vinyl wall base will be used in these areas.

Ceiling Finishes

Structural elements will be left exposed in all regularly occupied spaces as well as all mechanical and
utility areas. All exposed structure will receive an epoxy paint finish consisting of one primer coat and
two finish coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal doors with 14-gauge fully
welded metal frames. In addition to passage doors, metal interior rolling doors and floor hatches will be

provided in spaces as indicated in the drawings.

Tempered glass vision lights will be provided at all laboratory doors to facilitate safe egress. All
laboratory access doors will be provided with proximity card reader hardware.

Furnishings
Laboratory Casework
Laboratory casework will be a modular system, with prefinished painted metal bases, wall cabinets, and

shelving units with epoxy resin countertops. The modular system will be adaptable and flexible to
accommaodate the changing needs of lab research requirements.
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Vertical Circulation
Stairs

Metal (painted steel) framed industrial stairs allowing convenience access from the first floor to the
mezzanine level, will consist of steel grating treads, open risers, and painted metal handrails.

Elevators
Not applicable
Specialty Equipment

Combination emergency showers/eye wash units will be provided according to ANSI Z358.1, at lab areas
where chemicals will be used or stored

Crane
A 10-ton bridge crane will be provided for the Zeeman’s instrument with a hook height of 30 ft above the
instrument floor. A 30-ton bridge crane will be provided for the 40M Instrument Building proper with a
hook height of 40 ft above the instrument floor.
A 5-ton javelin crane will also be provided.
8.4.1.8 Structure
Applicable Codes and Standards
See Sheets x — xii for complete list of Applicable Codes and Standards
Design Loading
Superimposed Floor Loads on Instrument Floor
e Dead loads
- Within 36 ft radius of target center: 1500 psf
- 36-53 ft radius of target center: 6000 psf
- 53-65 ft radius of target center: 3500 psf
- Beyond 65 ft radius of target center: 1500 psf
- Atelevated deck: 20 psf collateral load, typical
- See also Figures 8.6 through 8.8 in Section 8.3.1.8

e Live loads: 500 psf or HS20-44 truck loading
- See also Figures 8.6 through 8.8 in Section 8.3.1.8

Superimposed Floor Loads on Mezzanine Floor

e Dead loads: 35 psf
e Live loads: 150 psf
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Superimposed Roof Loads

e Roof snow load
- Ground snow load: Pg = 10 psf
- Snow exposure factor: Ce = 1.0
- Snow importance factor: Is = 1.2

e  Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads

e Risk category IV
e Basic wind speed: V = 120 mph
e EXposure category B

Seismic Loading

e Risk category IV
e Importance factor: le = 1.5

Crane Requirement

e Refer to the Crane section of Section 8.4.1.7 for information.
Building Structural System

Slab on Grade

The slab construction is anticipated to consist of a structurally reinforced normal weight concrete slab.
The structural slab on grade is anticipated to be supported on 9%-in. diameter micropile foundations,
approximately 135 ft long, with a 200-ton capacity. The floor slab will be placed over a vapor barrier, a
compacted drainage base course, and a compacted subgrade.

Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
40M instrument building is anticipated to be supported on 9%:-in. diameter micropile foundations,
approximately 135 ft long, with a 200-ton capacity. Below-grade walls are anticipated to be constructed
with reinforced normal weight concrete. It is anticipated that the west below-grade wall will consist of
counterfort retaining walls. Water stops will be provided in construction joints to safeguard against water
intrusion.

For the 40M Instrument Building and the adjacent Target Building I, there are three main components
considered related to deflection and settlement concerns. Refer to the Foundation System section of
Section 8.3.1.8 for further discussion and information.

Superstructure

The 40M Instrument Building is anticipated to be a single-story conventional steel frame structure with a
partial mezzanine level. The building will support the exterior wall system with steel girts as required.
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The mezzanine floor is anticipated to be constructed using reinforced normal weight concrete on
galvanized composite metal deck. The roof structural system is anticipated to consist of metal truss
framing with roof deck meeting galvanizing G90 requirements. The 40M Instrument Building will share a
column line with the Target Station Building. The 40M building will also include the Zeeman’s
instrument, which will require stainless steel reinforcing in areas near the magnet.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building is anticipated to be
provided by concentrically braced steel frames.

Crane Support
Steel framing will be provided to support the crane runway.
Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus (Law 2000).
No borings were drilled near the footprint of the proposed 40M Instrument Building (40M) location.
Considering the consistency of the upper crust of soils at the site, we would anticipate similar subsurface
conditions as well as rock conditions. The necessity to reduce and control differential settlement between
the STS and the 40M will require a micropile system. The micropiles should be capable of supporting 200
tons/pile when designed using a 9% in. steel casing. The axial capacity should be confirmed using a pile
load test.

A review of geophysical data and shear wave velocities from the Law report indicates that the 40M
Building would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7 (Law
2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested during the
original campus development.

A supplemental geotechnical report would be advisable once the final 40M location and footprint have
been determined. The density and pattern of the soil test borings should be selected to optimize the quality
of geotechnical data. Additional geophysical testing is not anticipated for design of the structure.

Vibration/Acoustics

The instrument floor and its foundations will be constructed so that beamline vibrations do not exceed a
peak-to-peak value of 0.008 in. (£0.004 in. or £0.1mm). Based on the current preliminary instrument
floor design, which is driven by the instrument floor loading and settlement criteria, this vibration
performance is considered to be readily achievable.

This building is located adjacent to the Target Building and will be designed for the following
background noise levels:

e Room type NC
e User support labs 50
e Electrical equipment rooms 60
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8.4.1.9 Mechanical

The 40M Instrument Building will be served by two CAV AHUs. The units will be manifolded together
and will share a common discharge plenum to provide partial redundancy (66% of the supply system
design capacity through a single AHU) in the event of planned service or a complete unit failure. The
AHUs will be designed as heating-cooling, single duct, reheat type. The units will operate 24 h/day, 365
days/year. Supply fans will be configured in a multi-fan array, plenum fan design. VFDs will provide
supply fan volume control in response to a signal from duct-mounted static pressure sensors and will
allow for setback control capability of the supply fan volume. VFDs will also provide return fan volume
control in response to a signal from air flow measuring stations used to establish volumetric offset
between the return air and the supply air quantities. The system will be designed for energy conservation
adjustment with the potential to reduce ACHSs (unoccupied setback change) controlled by the BAS. The
system will be designed to maintain minimum outside air quantities to maintain positive pressure in the
40M building but will also be capable of full economizer mode.

The AHUs will be housed in the enclosed mechanical equipment space located in the truss space at the
east side of the Target Building. Ductwork will be routed out over the roof of the 40M Building and enter
the truss space above the 40M Building crane. Supply ductwork will be routed to the sides of the building
to avoid the crane travel path and drop along the walls to introduce air at the lowest levels of the high bay
space. Sound attenuators at the air terminal devices will not be provided. Return air will be gathered at the
center of the 40M building truss space and will be recirculated through return ductwork back to the units.
The HVAC distribution system shall be pressure-independent, CAV control for all spaces.

The supply distribution system will consist of low-pressure ductwork with pressure-independent
electrically actuated supply CAV air terminal devices, reheat coils, low-pressure externally insulated
ductwork downstream of air terminals, and diffusers. Sound attenuators at the air terminal devices will
not be provided. The use of sound attenuating flexible duct at diffusers will be limited to 6 ft in total
length to minimize duct static pressure losses.

Exhaust

The 40M Instrument Building will be provided with a general exhaust system for exhaust from lab hoods
and similar areas. The general exhaust system will be located on the roof of the Instrument Area. The
exhaust system will use duplex (one standby) vertical, radial dilution exhaust fans of spark-proof
construction with bearings and motors out of the airstream. Two fans will be provided to serve the
common exhaust plenum, each sized at 100% of the load. If one of the fans fails, the remaining fan will
be able to provide 100% of the common exhaust system’s design capacity. All of the fans in the common
exhaust plenum will be on emergency power to ensure continuous hazardous material containment but
will be controlled to run at a reduced speed during a power outage to limit the negative pressure impact to
the building. Ducts will be routed through the truss space of the facility for future connection of
instrument exhaust.

The 40M Instrument Building will also be provided with a separate exhaust system for the instrument
bunkers. The bunker exhaust fans will be located on the roof of the Instrument Area. The exhaust system
will use duplex (one standby) vertical, radial dilution exhaust fans of spark-proof construction with
bearings and motors out of the airstream. Two fans will be provided to serve the common exhaust
plenum, each sized at 100% of the load. If one of the fans fails, the remaining fan will be able to provide
100% of the common exhaust system’s design capacity. All of the fans in the common exhaust plenum
will be on emergency power to ensure continuous hazardous material containment but will be controlled
to run at a reduced speed during a power outage to limit the negative pressure impact to the building.
Ducts will be routed through the truss space of the facility for future connection of instrument exhaust.
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Connections will be provided along each of the beamlines for future connection of instrument exhaust. A
separate capped inlet will be provided at each beamline (11 total).

General utility set exhaust fans will be provided to exhaust toilet rooms, janitor closets, and other rooms
requiring ventilation at a minimum rate according to their code requirements.

Space Conditioning
Bridge Air-Conditioning Systems

Heating and cooling for the bridges connecting to the FTS will be accomplished through the use of hot
water, CHW fan-coil units located above the ceiling of the bridge. The fan-coil unit will supply
conditioned air into a duct that will extend down the length of the bridge. Supply air diffusers along the
length of the bridge will distribute conditioned air throughout the bridge. The air will then return through
the bridge to a return air grille at the fan coil unit. Heating water and CHW will be routed to the fan-coil
units from distribution in the 40M building.

Technical Cooling Water
Chilled Water System

A CHW cooling loop will be provided to support space cooling in the 40M Instrument Building. The
CHW cooling system will consist of an independent loop of campus CHW originating in the Target
Building lower level. CHW for future cooling use will be routed around the exterior of the 40M Building,
with valved connections provided along each beamline (11 total).

Sensible Chilled Water System

A sensible CHW cooling loop will be provided to support equipment cooling in the 40M Instrument
Building. The sensible CHW cooling system will consist of an independent pumped loop that will reject
heat into the Target Building CHW through a plate-and-frame HX. The system will be designed to
operate at a supply temperature of 55-60°F to reduce the potential for condensation. The tank, pumps,
HX, filters and chemical treatment components will be located in the mechanical equipment room at the
Target Building lower level. Sensible CHW for future instrument use will be routed around the exterior of
the 40M building, with valved connections provided along each beamline (11 total).

Tower Water

An independent tower water service entry for the Zeeman’s Instrument Helium Compressors will be
supplied from the new CUB-II. A separate 3-in. service will be routed to the Helium compressor room at
the southwest side of the building. Tower water will be filtered prior to use in compressor cooling.

Heating Water

Heating water for AHUs will be extended from the target building lower level to the truss level
mechanical room at the target building.

Controls

The 40M Building shall be controlled by the EPICS. The building will be connected to an expansion of
the existing EPICS. Instrumentation and wiring shall be connected to a new EPICS PLC in the building,
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and controls interface for the building will be provided at the target control room and on the instrument
floor. Programming and connection of the PLC to EPICS shall be completed and the control system
commissioned to ensure proper operation.

Electric/pneumatic actuation will be used for all control valves and dampers on both systems so that
instrument air is required. All control systems will be on UPS and emergency power. System software
and firmware will provide the following functions:

o Control sequences shall be developed to support the operations of the technical equipment.

e PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables; to read control loop set points, to monitor control
signals to actuators; and to indicate status of equipment, alarms and overrides.

¢ Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

e Data management, including continuous database updating, alarm reporting, trend logging and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.

Equipment

Table 8.19 provides a listing of mechanical equipment servicing the 40M Instrument Building.

Table 8.19. 40M Instrument Building mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks

40M AHU VAV AHU 25,000 cfm 2 N 33% Target bldg.

Truss mech

rm
40M exhaust Radial exhaust fans 2,500 cfm 2 N N+1 40M roof Lab fume
hoods

40M instrument  Radial exhaust fans 7,500 cfm 2 Y N+1 40M roof
bunker exhaust
40M Exhaust Utility exhaust fan ~ Varies 10 N - 40M roof
Instrument Sensible CHW 220 gpm @ 2 N N+1 Target mech
cooling pumps 100 ft rm
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Table 8.19. 40M Instrument Building mechanical equipment (continued).

Use Equipment Size Qty Empwr Redund Location
CHW to sensible  Plate-frame HX 220 gpm 1 N - Target mech
CHW rm
Zeeman's Tech cooling water 15 gpm @ 2 N N+1 Target mech
Instrument pumps 100 Ft rm
cooling
Zeeman's Tech Di water 20 Gpm 1 N - Target mech
Instrument cooling skid w/ slip rm
cooling stream polisher
Sensible Fan coil units 2-3 tons 11 N - Varies
instrument
cooling
40M bridge 4-pipe fan coil 1-2 tons 12 N - 40M bridge

cooling/heating  units

Air Handlers

General

o All AHUs will be semi-custom, factory-fabricated, and constructed with 2-in.-thick double walls,

constructed of galvanized steel.

e Maximum allowable nominal face velocities:

Air intake louvers (through free area): 350 fpm
Heating water coils: 500 fpm

Cooling coils: 400 fpm

Filters: 400 fpm

e AHU: modular, semi-custom, 2-in. double-wall construction configured as follows:

Mixed air plenum

Intake isolation damper
Return/exhaust damper

Supply fans (4 to 6 fan array)
Relief fans (4 to 6 fan array)

VFDs

Economizer section

Merv 8 (30%) prefilter section

Hot water preheat coil

CHW coil

Hot water reheat coil

Supply fans (4 to 6 fan array)
VFDs

Merv 14 (95%) final filter section
Supply plenum

Isolation/smoke damper

Access sections

Doors: safety glass windows and quarter turn handles.
Marine light in each access section.
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- Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration
Control

Exhaust Fans
General/Lab Exhaust Fans

Vertical, radial dilution exhaust fan with spark-proof construction with bearings and motors out of the
airstream. Fans will have a baked epoxy airside chemical-resistant coating. The common plenum and
outside air intake dampers will be of galvanized steel construction with a chemical-resistant coating. The
system will consist of the following components:

Common exhaust plenum

Isolation damper at each fan inlet
Vertical exhaust fans

Exhaust stacks

Bypass air inlet and bypass damper
VFDs

Utility Set Exhaust

The exhaust system will consist of backward-inclined, belt-driven centrifugal fans with spark-proof
construction and bearings and motors out of the airstream. Fans will be single width, single inlet with a
galvanized steel housing and wheel construction. The fan motor will be totally enclosed and fan cooled.
The system will consist of the following components:

Steel mounting rails with vibration isolators
Isolation damper at the fan inlet

Discharge ductwork with bird screen
Weather cover

VFDs

Water-Based Systems
Technical Cooling Water Systems

Secondary technical cooling water systems will provide DI water with a resistivity in the range of 1to 3
megohm/cm, using a slip stream polishing loop. All piping, valves, HX, expansion tanks, and equipment
on the DI cooling water pump skids will be stainless steel. Each system will include the following
equipment:

Base mounted, end suction, centrifugal pumps
Pump VFDs

Plate-and-frame HX

Mixed bed de-ionizers

Resin trap filtration

UV sterilizer

Air separator and expansion tank

Makeup water assembly

Appropriate valving and piping specialties
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o CHW supply to HX (using Target Building CHW)

Motors

o All motors shall be premium efficiency type and built to NEMA standards.

e Variable-speed motors shall be rated as inverter duty motors. All motors operating with VFDs shall
be equipped with shaft grounding rings or insulated bearings to prevent the accumulation of PWM
frequencies in the shaft, which could arc across the bearing, causing pitting and premature bearing

and motor failure.

e All VFDs shall be provided with power filters to improve the building power quality from the
occurrence of multiple VFD installations.

General
System Design Criteria
Outside Design Temperatures

e Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)
e Winter: 17.1°F (99.6% ASHRAE)

Interior Design Conditions: Preliminary Load and Ventilation Assumptions
Table 8.20 provides a listing of preliminary load and ventilation assumptions for the 40M Building.

Table 8.20. 40M Instrument Building preliminary load and ventilation assumptions.

Cooling:  Heating: Airflow: cfm/

Space Design Set Points BTU/sf BTU/sf sf or ACH Ventilation
Mechanical/electrical 60-85°F 80 40 2 Code required
High bay 72-76°F, 60% >RH 40 40 8 ACH Code required
Loading 60-85°F - 40 2 Code required
Ventilated spaces 60-100°F, no humidity

control

Notes:
Cfm/sf and values are schematic design level assumptions. The final values of the project will be calculated based on code
requirements or heating and cooling demand, whichever is greater.

Active humidity control will not be provided for any building. Therefore, HVAC units will not have a humidification
capability. The maximum relative humidity should not exceed 60% due to moisture removal at the cooling coils.

Sensible Technical Cooling Water (Chilled)

e Supply 55-60°F
e Return 5°F above supply
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Materials

Duct Distribution Systems

Supply ductwork construction will be based on SMACNA 4-in. pressure class and 2-in. pressure
class. Four-in. pressure duct construction will be used upstream of VAV boxes on variable-volume
units; 2 in. pressure class duct construction will be used downstream of VAV boxes on variable-
volume units and for all ductwork on constant-volume units. All ductwork seams and joints shall be
sealed, regardless of pressure rating. Maximum permissible leakage = 2%.

All supply ductwork routed through unconditioned spaces shall be insulated with 2-in. foil-faced batts
or foil-faced duct board with similar R-value.

Return and general exhaust ductwork construction shall be based on SMACNA 2-in. pressure class.

Return air duct shall be insulated with 1Y%-in. foil-faced batts or duct board. Laboratory exhaust ducts
shall not have fire dampers.

General air distribution ductwork will be G90 galvanized sheet metal.
General exhaust will be welded 316L stainless steel.

Secondary confinement exhaust/hot off-gas shall be welded 304L stainless steel duct/thinwall tube
(Sch 10 or less).

Exterior supply or return ductwork shall be solid double-wall ductwork with a minimum 2-in.-thick
insulation or single-wall duct with 2-in. duct board, vapor barrier, and aluminum jacket.

Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

Provide sound attenuation to meet the project requirements or in accordance with the direction of the
project acoustician. Sound attenuation shall be by appropriate application of attenuators or duct
design.

Lined ductwork shall not be used, except for plenum return air-transfer boots for noise control. VAV
air terminals shall be double-wall or have foil-faced inner surface.

Flexible ductwork is limited to 5 ft and shall be used only downstream of VAV terminals. Flexible
ductwork shall be limited to supply air systems only.

Plenum return may be used for return air in all non-laboratory portions of buildings.
Ductwork shall be sized as shown in Table 8.21.

Spaces on VAV systems shall have conventional supply terminal boxes with hot water reheat coils
and integral sound-attenuating characteristics.

Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

8-128



Conventional Facilities

Table 8.21. 40M Building ductwork sizing.

Air distribution device neck
velocity (fpm)
Max P.D. 0.1in./100 ft 0.08in./100ft 0.08in./100ft 450 fpm

Risers Submains Branches

Piping

Chilled Water

Interior piping sizes 2 in. and smaller Type L copper with brazed fittings.

Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

All piping will be tested at 1.5 times the design system pressure.

All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.

All piping in mechanical rooms and piping exposed below 8 ft AFF shall have a PVC jacketing.

All piping exposed to the exterior shall have an aluminum jacket.

Technical Cooling Water (DI Water for Instrument Cooling Downstream of HXs)

For sizes 2 in. and smaller, ASTM 312 10S, seamless, 304L stainless steel, plain ends. (Victaulic Vic-
Press system or butt-welded, as specified)

For sizes 2% in. and larger: ASTM 312 or ASTM 358, Sch 10 ERW 304L stainless steel, Class 4.
(Victaulic Vic-Groove system or butt-welded, as specified)

For sizes %2 in. to % in. OD tubing, ANSI Type 304L stainless steel, ASTM A213, Grade TP304L,
seamless, annealed, minimum 0.065 in. wall thickness.

Vents and drains: For sizes %2 to % in.es NPT, ANSI Type 304L Sch 40 SST pipe

Fittings:
- Welded fittings: ASTM A403, Grade WP-S304L or WP-W304L, elbows: standard 1.5x radius.
Full penetration butt weld.
- Welded flanges: ASTM A 182, Grade WP-S304L, raised face weld neck
- Vic-Press or Vic-Groove 10S system, ASTM-312 304L SST
o Plain end or grooved ends shall be ASTM A-312 304L SST
o0 Vic-press flanges shall be ANSI Class 150, 304L SST, Van Stone type, carbon steel raised
face slip-on backing flange, Victaulic style 565
0 Grooved couplings: galvanized coated ductile iron conforming to ASTM A-536, galvanized,
stainless bolts, Victaulic style 89.
0 Threaded outlets shall be ASTM A-312 or ASTM A-276 304L SST
0 Seals shall be Grade “H” NBR, temperature range —20 to 210°F
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- Flange gaskets: Garlock Blue-Gard style 3000 gaskets (1/8 in. thick)
o Based on anticipated water temperatures, technical cooling water piping will not be insulated.
Heating Water
e Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

e Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

e Interior heating water piping shall be insulated with rigid glass fiber insulation.

e Piping exposed to the interior shall have a PVVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

Seismic Criteria

Referenced Standards and Design Criteria:

e Seismic bracing shall be in compliance with ASCE 7-10.

e Equipment mounted on isolators will be seismically braced using loose cables, telescoping pipes, or
box sections, angles or flat plates used as limit stops or snubbers, either integral to or separate from
the isolators.

e Nonrotating, fixed equipment will be bolted directly to the floor or structure.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.

Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

e DDC BAS for optimization of major HVAC equipment operation.

e Variable-volume supply and exhaust system in combination with stand-alone controllers to provide
maximum flexibility in occupied/unoccupied space control scheduling, thus minimizing supply and

exhaust air volumes.

e Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.

e Supply air volume from AHUs will be reduced to minimum levels without compromising safety.
During occupied hours, room supply air volume is set at the maximum air flow required to provide
makeup air, minimum required ventilation, or space cooling. This will be accomplished using the
VAV air systems and DDCs.
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o VSDs installed on all VAV AHU supply and return fans to reduce fan horsepower requirements of
non-peak conditions.

e VSDs installed on all pumps to reduce pump horsepower requirements at non-peak conditions.

o Full economizer control on all mixed AHUSs to reduce consumption while maintaining appropriate
indoor humidity levels.

8.4.1.10 Electrical
Site Power Distribution
The 40M Instrument Building will be supplied from outdoor unit substation TA2-SS3.

The 40M Instrument Building will be provided with 480 Y/277 V secondary service from duct bank
feeders from 1500 kVA outdoor substation TA2-SS3 to interior distribution equipment in the science
areas. The building’s interior distribution will also service the adjacent new pedestrian bridge that
connects to the existing pedestrian bridge.

The Zeeman’s instruments will be provided with 480 Y/277 V secondary service from an 225 A feeder
duct bank from outdoor substation TA2-SS3 to the building main distribution panel.

New Pedestrian Bridge

Systems for the new pedestrian bridge connection from the 40M Instrument Building to the existing
pedestrian bridge will be extended from the 40M Instrument Building.

Building Power Distribution

2500 A, 480 Y/277 V low-voltage switchgear located at exterior substation TA2-SS3 will distribute
power to CF loads and instrument loads. Two 400 A distribution panels located in both north and south
science areas are anticipated for separation of services to instrument and CF building loads.

An 800 A, 480 Y/277 V distribution panel in the 40M Building will distribute power to CF loads and
instrument loads.

Service to a 30-ton high bay crane and 5-ton javelin crane in the 40M Building and a 10-ton crane in the
Zeeman’s instrument area will be provided.

Separate transformers will be provided where possible to service instrument loads.

Secondary Distribution

e Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will
provide service to CF lighting, receptacles, and HVAC loads as well as building instrumentation
loads. Further transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for
general use receptacles and other low-voltage equipment as necessary.

e All conventional building dry-type transformers will be DOE 2016 rated for efficiency, 115°C rise,

220°C insulation class with six 2.5% taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.
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e Circuit protection will be

- Where 480-V distribution is provided, the exterior unit substation secondary will be of low-
voltage switchgear UL 1558 construction with electrically operated drawout power circuit
breakers with solid state adjustable trips.

- Generally molded case circuit breakers. Solid state adjustable trip units will be provided above
250 A.

- Bolt-in type molded case circuit breakers for branch circuit panelboards.

_100% rated for service entrance main circuit breakers, 80% rated otherwise.

o Devices will be fully rated. Series ratings of protective devices will not be acceptable.

e Two levels of ground fault protective devices will be provided at the main and feeder breakers at
service switchgear assemblies.

Emergency Power Supply System
EPSS Power Generation Plants

The 40M Building and Target Building 11 will be provided with building and instrument standby power
from an exterior 1000 kW/1250 kVA, 480 Y/277 V diesel engine-generator TA2-EGL1. It will provide
emergency power for life safety systems, including egress lighting, and critical instrumentation and
HVAC systems loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-h sub-base fuel tanks. The generator will be provided with a quick-
connect feature to be used for load bank testing or portable generator backup if the primary unit is down
for maintenance.

EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code:

e Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each ATS.

o Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power

for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

- Fire detection and alarm systems

_Public address communication systems (when used for issuing emergency instructions)

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

_  Fire protection systems

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

e Combined legally required and optional standby branch, designate as “optional branch” (NEC Atrticle

701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
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hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or

property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

- Ventilation and smoke removal systems

- Access control systems

- Telecommunication room lighting, equipment, and data processing systems

- Electric and mechanical room lighting and selected receptacles

- Mechanical equipment including boilers, condensate return pumps, hot water heating and glycol
circulating pumps

— Plumbing equipment including sewage ejectors and pumps

Generator distribution feeders will extend from the EPSS power generation plant to 480 Y/277 V, 4-pole
isolation-bypass transfer ATSs with associated distribution panelboards located in the Target Building
Electrical Service Room. The following transfer switches are anticipated at that location:

e 260 A: Life safety branch (sized large to meet required withstand rating)
e 800A: Optional branch 1
e 800 A: Optional branch 2

Associated branch feeders will extend to the 40M Building.
Power Quality Systems
Uninterruptible Power Supply Systems

An 80 kVA UPS system will be provided in Target Building Il which will also serve the 40M Building IT
distribution.

Surge Protection Devices

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.

SPD filtering devices will be installed on main low-voltage switchgear, distribution panelboards, and
branch panelboards serving major electronic equipment and all emergency branch panelboards in
compliance with current code requirements. Sensitive equipment may require multiple levels of
protection to protect items of equipment not only from utility disturbances but also from one another.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm

e Electrical loading, harmonic loading, and protective device positions. Rail-mounted power quality
PM 8214 DIN meters will be required at the unit substation building main service breakers.

e Service low-voltage switchgear mains and feeders.
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o Medium-voltage interrupter switches, positions, and transformer status.

o Distribution panelboards on the load side of ATSs.

o Standby engine generator plant and associated distribution equipment.

e ATS positions.

The system will be networked to the ORNL Power Operations SCADA “SNO” network.

Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Building Grounding

Building steel, foundation rebars (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.

Building Lightning Protection

An NFPA 780 Faraday cage type lightning protection system will be provided to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid

with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Instrumentation Signal Reference Grounding

The bonding of instruments and instrument cabling pathways, as a low-impedance-signal reference

system to a common equipment area bus and then to the ground grid, will be provided to minimize noise
induced voltages and reduce equipment malfunctions.
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Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway
grounding conductors and bond to the electrical service entrance room ground bus in compliance with
EIA/TIA and NEC requirements.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.

Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy-duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls
Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with automatic lighting controls in compliance with ASHRAE 90.1
energy budgets. High bay 24/7 areas will be breaker controlled.

Facilities & Operations Building Systems
The building electrical metering system and BAS to monitor electrical and HVAC building systems will
be site interconnected to the SNS campus systems as described in Site Utilities, Section 8.1.3 of this
report and will also include the following systems.
Fire Alarm System
The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.
The system will
e Include smoke, heat, and beam smoke detection devices to suit environmental conditions

- High bay areas will be provided with beam smoke detection.

- Both smoke and heat detection will be provided to other areas.

¢ Include audible horns and visual strobe notification devices
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e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment

o Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.

Public Address System

A public address system will be provided with building amplification as an extension to the campus-wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with separate telecommunications service from the existing site
telecommunications distribution system at the CLO to a building main distribution room. Design for the
incoming POTS and/or VolP telephone service, LAN, and wireless networking shall be coordinated with
DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunications service to the STS buildings.

Building IT systems for systems networking hardware, including switches, routers, patch panels, DAS,
and WLAN components, will be provided.

Building IT horizontal Category 6A cabling will be provided from telecommunications rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

e Public address/F&O Instrumentation and Controls
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Fire alarm (FIREWORKS Network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

BAS/(F&O Facilities Management (CLO Il only—Siemens))

Power monitoring (ION-Schneider)/F&O electrical utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems:

PPS

MPS

ATS

TPS (two conduits)
EPICS

Pathway Systems

Ladder-type cable trays will be provided to support telecommunications and instruments and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.

Cabling from wall box-type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.

One 36-in. cable tray is anticipated for area coverages for each of the following:

Instruments and control
480-V instrument power
120-V instrument power
ORNL Networks Building IT

8.4.1.11 Plumbing

Drainage/Waste

High Bay Interior Drainage System

The interior of the 40M building high bay will be provided with a process drainage system to collect
interior water from system leakage. The drainage will be piped to a duplex sewage ejector with pit located
below grade. Any water collected will be pumped to the process waste holding tank in the basement of
the Target Building Il. Drains will be provided for each of the beamlines (11 total).

Laboratory Waste

Laboratory waste from laboratory sinks, cup sinks, and laboratory-related equipment will be collected
separately below the lower level and conveyed by a gravity system to the underground sanitary waste

drainage system outside the building. Any hazardous waste will be bottled to be transported for
processing, consequently a lab waste treatment system will not be provided.
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Lab waste from floor drains within lab spaces will be treated as process waste.
Unless required for specific equipment, floor drains will not be provided in laboratory rooms.

Complete accessibility will be provided to all cleanouts. Wall-type cleanouts will be used within the
laboratory spaces. Floor drains that do not receive regular use will be provided with trap primers. Primers
will consist of an automatic trap primer system that automatically discharges water at regular timed
intervals.

Process Water
Non-potable Water Service (Instrument Use)

A separate process water system will be provided for instrument use water. Process water shall emanate
from the backflow preventer provided at the incoming potable water service at the Target Building and
shall be routed around the perimeter of the Target Building and into the Instrument Buildings.
Connections will be provided for instrument use and for makeup to technical cooling water and sensible
cooling water systems.

Design of process water will be based on anticipated use and adjusted/increased to allow for projected
water demand for instrument-related equipment at the design stage. Piping will be sized to maintain a
minimum of 30 psi at the most remote laboratory equipment connection.

Water velocity in distribution piping shall not exceed 6 ft/second. Provisions shall be made to arrest
waterhammer. Shock arrestors when installed shall comply with PDI-WH201 or ASSE-1010.

Storm Drainage

The primary storm drainage system will consist of roof drains for any areas collecting water, routed to
downspouts that will collect below grade at the lower level and run to the site storm sewer.

A separate overflow storm drainage system will be provided; it will be engineered to perform as a
siphonic roof drainage system with the piping running level through the building and discharging to a
velocity reduction tank located on the site. Velocities in the vertical piping shall be limited to 10 fps, and
in the horizontal piping, the velocity shall be designed to 3.5 fps.

Compressed Air

CA shall be distributed from incoming service at the Target Building and around the Instrument Buildings
to supply CA to instrument-related equipment and will be provided with local pressure-reducing valves to
permit each piece of equipment to use air of various pressures. CA will be fed by a site CA system routed
from the air compressors in the CUB. CA will enter the Target Building at the lower-level mechanical
room. Distribution will be routed around all perimeters of Instrument Building high bay spaces, with
outlets provided for each beamline (11 total).

Specialty Gases
Nitrogen shall be distributed from incoming service at the Target Building and around the Instrument

Buildings to supply nitrogen to instrument-related equipment. Nitrogen will be fed by the liquid nitrogen
tank located west side of Target Building I1. Nitrogen will enter the Target Building at the lower level.
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Distribution will be routed around all perimeters of Instrument Building high bay spaces, with outlets

provided for each beamline (11 total).

Equipment

General

System Design Criteria

Process Water

e Process water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Water piping shall be sized based on the minimum flow pressure required at each fixture or piece of
equipment. Pipe velocities shall be maintained between 4 and 8 ft/second and shall not exceed 8

ft/second.

e Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.

o Hose outlets will be provided at all mechanical rooms and equipment spaces.

Lab Waste

e The waste system shall connect to each fixture requiring connection and where required will be
provided with water seal traps. A vent system shall be provided for fixtures as required to ventilate
the waste system and to prevent siphonage of fixture traps.

o Floor drains will be provided at all mechanical rooms and equipment spaces.

o Pipe shall be routed by gravity to maintain a positive slope with a maximum velocity of 2 ft/second.

Storm Drainage

e Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-min duration.

¢ Roof drains will be provided for all roofs and areas receiving rainwater; maximum area per drains
shall be 3,000 sf.

Compressed Air

e Design CA pressure on incoming service—105 psi
e Design CA pressure at laboratory outlets—100 psi
¢ Design flow at outlets—1.0 cfm

e Dew point —40 °F

Materials

Process Water Systems

e Above-ground process water systems

8-139



Conventional Facilities

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in.
only. Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM
B88 and ASTM B75.

- The entire process water distribution system will be fully insulated using closed-cell elastomeric
foam insulation.

Storm System

e Above-ground rainwater piping
- Hubless cast iron soil pipe: no-hub pipe with Husky SD-4000 soil pipe coupling manufactured by
Anaheim Foundry, 4-band clamp or Clamp-All Hi Torq 125 2-band clamp. Sealing gasket shall
be neoprene in accordance with ASTM C564, CISPI 301-75.
- Horizontal storm drainage piping will be fully insulated using closed-cell elastomeric foam
insulation.

e Below-ground rainwater piping
- Asphaltum-coated, service weight, cast iron pipe and fittings with resilient neoprene push-on
joints, ASTM A72, ASTM C564-70.

Process Waste

e Polypropylene pipe, (fire retardant above grade) (PP); Sch 40; PP DWYV hub and spigot fittings; heat
fusion joints above and below ground.

Compressed Air/Nitrogen Systems

e Type K copper with brazed joints
8.4.1.12 Fire Protection

Sprinkler

The 40M Instrument Building will be provided with complete automatic fire protection systems as
required by the IBC and/or DOE Order 420.1C, Facility Safety. The design, installation, and acceptance
testing of automatic sprinkler protection will be in accordance with NFPA 13, Standard for the
Installation of Sprinkler Systems and DOE-STD-1066-2012, Fire Protection. Building will be fully
sprinkled, with exposed sprinkler piping feeding upright sprinklers, or recessed pendent sprinklers where
ceilings are provided. Sprinkler feed will enter at the east side of the Target Building in the lower-level
mechanical and maintenance storage room from the site potable/fire water main, and a double check
backflow preventer will be provided. The 40M Building will have multiple sprinkler zones limited to
30,000 sf maximum, with control valves located in exit stairwell at the east end of the building. Control
valves will be provided with a tamper switch and a flow switch connected to the fire alarm system.

Incoming service will be hydraulically calculated and will be sized for the maximum calculated flow at
the design stage.
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General

e Portable fire extinguishers will be provided throughout the 40M building in accordance with the IBC
and NFPA 10, Portable Fire Extinguishers.

System Design Criteria

Sprinkler systems will be hydraulically designed to provide water densities that meet the requirements for
Extra Hazard, Group 1 protection and will be provided throughout the building.

Fire sprinkler systems will be hydraulically designed. Velocity shall not exceed 20 fps. All calculations
assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant flow test results.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.

e Sprinkler piping installed above ground and sized 2% in. and larger shall be Sch 40 black steel with
roll or cut groove type connections and fittings. Pressure rating shall be 175 psig minimum.

e Fittings for grooved end shall be cast of ductile iron conforming to ASTM A-536 or malleable iron
conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr. B), with
grooved or shouldered ends for direct connection into grooved piping systems with steel pipe and
shall be UL listed and FM approved, rated for a minimum 300 psi MWP.

8.4.2 50M Instrument Building
8.4.2.1 Programming
Building Function

The 50M Instrument Building will house beamlines 1222, associated instruments, and user lab space,
except for instruments to be located on beamlines 20 and 21, which are located in the 90M Instrument
Building. The maximum beamline length for an instrument located on ST17 in this building will be 50 M.
The 50M Building will also serve as a staging space for the construction of the beamlines, instrument
hutches, and related lab support spaces. Instrument construction will occur progressively over successive
years. Alterations and maintenance to existing instruments will be an ongoing process for the life of the
50M Instrument Building. Each instrument beamline will be unique in terms of planning geometry, space
requirements and access. The design and coordination associated with the beamlines, instruments and
related shielding is generally not included in the CF scope. The instruments and beamlines will be
accessible from the Instrument Building main floor and from an upper-level mezzanine. High bay space
with full overhead materials handling is a basic requirement of the 50M Instrument Building.

Program Summary

The 50M Instrument Building will includes 27,540 nsf and will have an estimated planning efficiency
factor of 65%. This factor is based on analysis of the existing FTS instrument buildings and preliminary
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test-fit planning for the 50M Instrument Building. The estimated gross area of the 50M Instrument
Building is 42,150 gsf. Table 8.22 summarizes the 50M Instrument Building space program requirements.
Detailed room data sheets and test-fit plans are included in Appendix B.

Table 8.22. 50M Instrument Building space program summary.

No. Rooms Qty. NSF Total NSF
54.2.1 Instrument/beamline space 1 20,000 20,000
5.4.2.2 User support lab 2 620 1,240
5.4.2.3 Truck unloading set-down area 1 4,250 4,250
54.24 Sample environment cages 1 1,350 1,350
5.4.25 Staging and prep area 1 400 400
5.4.2.6 Emergency electrical room 1 300 300
Total nsf 27,540
Total gsf 42,150
Total efficiency 65%

8.4.2.2 Site Planning
Location and Floor Elevations

The 50M Instrument Building will adjoin the north side of Target Building Il. The first floor will be
located at elevation 1074 ft. Figure 8.12 highlights the 50M Instrument Building within the overall STS
Site Plan.

e T

JD -

Figure 8.12. 50M Instrument Building location within the STS Site Plan.

Truck Access

Tractor-trailer truck access for the 50M Instrument Building will be located at the east end of the facility,
within the building enclosure, at the first-floor level, elevation 1074 ft. Trucks will enter from the north
directly into the 50M Building or from the south through the 40M Building and Target Building Il. The
interior truck lane will allow single vehicle passage in either the north or south direction.
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Pedestrian Access

Pedestrian access to the 50M Instrument Building will be provided at the first and second floor levels of
the facility. The primary access will be provided through the second-floor mezzanine walkway system
that will link the STS complex with the existing FTS complex. First floor access will be provided from
the adjacent Target Building Il and at controlled exterior-grade level doors.

8.4.2.3 Building Planning
Building Organization/Floor Planning

The 50M Instrument Building will be a two-level structure. The first floor, elevation 1074 ft, will house
the instruments associated with up to nine beamlines and additional space for staging and sample
environment preparation. This floor level will be open to a high bay space above. The entire floor area
will be served by an overhead crane. The beamlines will radiate from the moderators slightly above and
below the tungsten target at elevation 1080 ft, which will be 6 ft above the 50M Instrument Building first
floor.

The second-floor mezzanine will provide access to the upper level of the instruments and general
circulation throughout the 50M Building and STS complex. The mezzanine will be located at the
perimeter of the 50M Instrument Building along the three exterior walls. The mezzanine level will link to
Target Building 11 and the 40M Instrument Building. It will also link to the FTS and CLO through the
pedestrian bridge.

Vertical Circulation

The 50M Instrument Building will be served by a freight elevator and two egress stairs located in Target
Building I1. These vertical circulation elements will serve the first-floor and second-floor mezzanine in
the 50M Instrument Building. Two open, interior convenience stairs, connecting the first- and second-
floor levels will be located near the northeast and northwest corners of the building. Additional open
convenience stairs are anticipated to be constructed in support of individual instrument stations.

Utility Distribution

Instruments located within the 50M Instrument Building will be served by multiple utilities, including
power, CHW, CA, potable water, and nitrogen. These utilities will be distributed at the building perimeter
above and below the second-floor mezzanine. The primary utility distribution is included in the CF scope.
Extension of the utilities to the individual instruments is not included in the CF scope.

8.4.2.4 Key Features and Requirements

Radiological Shielding

The beamlines will be shielded with removable high-density concrete, regular weight concrete, or steel
blocks. The shielding at each beamline will be approximately 8 ft wide, centered on the beamline, and
10 ft high. Shielding configurations at each instrument will vary based on the instrument design and

function. During construction or maintenance of the beamlines and instruments, shielding blocks will be
staged within unassigned areas of the 50M Building first floor that is located adjacent to the truck bay.
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Structural Requirements

Optimum performance of the instruments requires a high degree of structural stability, including minimal
deflection, vibration, and settlement in the floor slab design. Maximized overhead crane coverage of the
50M Instrument Building will require a clear span roof structure and related structural design to support a
30-ton overhead bridge crane. See Structural section, Section 8.4.2.8, for additional information.

Instrument Pits

Individual instruments in the 50M Instrument Building may require depressed pits in the first-floor level.
If required, the pits will be constructed as part of the CF scope.

8.4.25 Life Safety/Code
Primary Occupancy Type

Target Building Il and the 40M, 50M, and 90M Instrument Buildings will be constructed as a single
building. The primary occupancy type for the Target Building Il and Instrument Buildings is Group F-2,
Low Hazard Factory Industrial, according to the 2015 IBC, and Special-Purpose Industrial according to
NFPA 101, 2018 edition.

Accessory Occupancies

Accessory occupancies will include lab support rooms (Group B) and storage rooms (Group S-1). The lab
support rooms and storage rooms can be considered accessory occupancies if the aggregate area of each
use does not exceed 10% of the floor area of the story in which they are located. Otherwise, IBC

Table 508.4 requires a 1-h fire-rated separation between the F-2 occupancy and the B and S-1
occupancies. Laboratory spaces will be separated by 1-h fire-resistive partitions, where practical, to allow
for increased storage and use of hazardous materials.

Fire Protection Systems

The Target Building Il and Instrument Buildings will be protected throughout by an automatic fire
sprinkler system designed to protect an Extra Hazard — Group 1 occupancy for the main level and an
Ordinary Hazard—-Group 2 occupancy for the basement level in accordance with NFPA 13, Standard for
the Installation of Sprinkler Systems.

The Target Building Il and Instrument Buildings will be provided with a Class | standpipe system in
accordance with NFPA 14, Standard for the Installation of Standpipe and Hose Systems. Two and one
half-in. fire department hose valves will be provided at each floor landing in each exit stairway.

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

The Target Building Il and Instrument Buildings will be equipped with an addressable fire
detection/alarm system consisting of the following:

e Manual fire alarm pull stations at all building exits

o Beam-type smoke detectors in large, open high-bay areas
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e Area smoke detectors in elevator lobbies and elevator machine rooms

o Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

o Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

Target Building 11 and the Instrument Buildings will constitute a 4-story, 214,800 SF building of Type
I1A construction. The first floor will have the largest floor area at 113,294 SF. The maximum floor area
permitted for any floor by IBC Table 506.2 for a fully sprinklered, multi-story, F-2 building of Type I1A
construction, with the area increase for frontage, is 119,787 SF. The proposed height and area for the
building are within the limits established in IBC Sections 504 and 506.

Travel Distances

The maximum travel distance within Target Building Il and the Instrument Buildings will not exceed
400 ft, as required by IBC Section 1016.2 and NFPA 101, Section 40.2.6.1. The maximum common path
of travel distance will not exceed 100 ft, as required by IBC Section 1014.3 and NFPA 101, Section
40.2.5.1. The maximum dead-end corridor will not exceed 50 ft, as required by IBC Section 1018.4 and
NFPA 101, Section 40.6.4.

Construction Type

Target Building 11 and the Instrument Buildings will be constructed of Type 1A construction in
accordance with IBC Section 602.

Wall/Floor Ratings

The primary structural frame, floors, bearing walls, and roof will have a 1-hour fire resistance rating as
required for Type 1A construction. Interior non-bearing walls and partitions will be of noncombustible
construction. Interior walls, where applicable/needed, will be constructed to provide a 1-hour fire
separation to support chemical quantity allowances.

Special Code Considerations

The largest floor area for the Target Building Il and Instrument Buildings is the first floor, currently
planned to have an area of 113,294 SF. The maximum area permitted by IBC Table 506.2 for any story in
a fully sprinklered, multi-story, F-2 building of Type Il1A construction, without an increase for frontage is
112,500 SF. Currently, the perimeter of the facility is 1,805 ft in length. The length of the perimeter that
fronts on an open space at least 30 ft wide is 802 ft. This results in an area increase for frontage of
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7,287 SF. Therefore, the maximum area permitted for any story would be increased to 119,787 SF.
Should the area of the Target Building 11 and Instrument Buildings exceed 119,787 SFon any level, the
construction classification for the building will need to be upgraded to Type IB to permit an Unlimited
Area building.

Hazardous materials: The use and storage of hazardous materials shall be limited to the maximum
allowable quantities indicated in IBC Tables 307.1(1) and 307.1(2). Where these quantities are exceeded,
control areas shall be provided in accordance with IBC Section 414.2. The number of control areas per
floor and their required fire resistance ratings shall be in accordance with IBC Table 414.2.2. Note that
the floors of control areas are required to have a 2-h fire resistance rating for buildings over 3 stories in
height.

8.4.2.6 Civil/Site Development

The construction excavation described under the Site Civil Works Section will be performed before
construction of the Instrument Buildings. The lower basement of the target will be backfilled to the first-
floor elevation to establish the grades for construction of the instrument buildings. Finished grading is
shown on Drawing 5.1.19. Drawing 5.1.22 shows the site drainage concept. Roof drainage will be piped
to the proposed storm sewer system. Sewer, fire and domestic water services to the building are shown on
Drawing 5.1.27.

8.4.2.7 Architecture
Building Envelope
Exterior Wall

A striated-face, 36 in. wide insulated-core metal panel system, with a custom color to match the existing
context, will be used as a major material component for the envelope of the 40M, 50M, and 90M
Instrument Buildings in keeping with the existing texture and materials used on the SNS campus. The
metal panel cladding support backup system will consist of a hanger rods and metal channel framing
supported from the building structure. Metal window sills and wall caps will be used. Continuous
through-wall flashing will be provided at the bottoms of all wall cavities, over all wall openings and metal
copings. The metal panel wall systems will have an R-13 and R-13ci minimum requirement. Below-grade
exterior walls will be constructed of reinforced concrete with a waterproof membrane and below-grade
insulation board. The interior walls will have metal channel furring with a painted drywall finish. Exterior
walls below grade will be required to achieve R-7.5 ci according to the 2012 International Energy Code.

Exterior Doors

Exterior entrance doors and egress doors will be 16-gauge, insulated-core painted hollow metal doors
with 14-gauge, fully welded frames with a U value of 0.61. Overhead insulated coiling doors, 20 ft, 0 in.
high by 14 ft, 0 in. wide will include factory-painted galvanized steel curtains with integral insulation
achieving a minimum R-value of 4.75 requirement. All exterior doors will be provided with proximity
card reader hardware.

Thermal and Moisture Protection
Flashing and sheet metal will be provided as a positive water stop around all openings (head, jamb, and

sill) in walls such as windows, doors, louvers, and so on. All copings and gravel stops will be ES-1
compliant as required by I1BC.
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Damp-proofing will be provided on all walls, floors and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer 215-mil, polyester fabric-reinforced membrane.

Because of the inherent moisture-resistant properties of the insulated metal panel system, an air/vapor
barrier will not be required where the system is installed.

Exterior sealants will be nonstaining with a two-part composition and 50% movement capacity and will
be compatible with the surfaces on which they are being applied.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing

Windows will be limited to the upper portion of the exterior walls. Typical vision glass will consist of
1-in.-thick, low U-value insulated, low-E, argon-filled glass units on a thermally broken frame. The
windows/glazing system are anticipated to have a U value of 0.38.

Glazing materials and methods will comply with the Flat Glass Marketing Association’s Sealant and
Glazing Manuals. Glass will comply with ASTM C1036-01.

Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations must comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42-in.-high parapet or provided with fall protection system.

Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3-year aged
thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will be
Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift per ASTM 1592. It will provide a minimum thermal resistance value of R-30

Interior Construction

Walls

Interior walls at the 50M Instrument Building will be constructed of CMUs for durability. The height of
the demising walls will be constructed to the underside of the structural deck. All fire-rated walls will be

constructed in accordance with the IBC code requirements and UL-listed assemblies.

All metal guard railing and handrails at all openings and egress stairs will have a painted metal finish.
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Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread < 25, a
fuel contribution of < 25, and smoke development < 450.

Typical interior gypsum board and CMU partitions will receive a paint finish consisting of one primer
coat and two finish coats. Epoxy paint will be applied to all lab demising walls. All paints, including top
coats and primers, will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.

Floor Finishes

The floor throughout the 50M Instrument Building will receive concrete sealer over the new concrete. No
vinyl wall base will be used in these areas.

Ceiling Finishes

The structural elements will be left exposed in all spaces and all mechanical and utility areas. All exposed
structures will receive an epoxy paint finish consisting of one primer coat and two finish coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal doors with 14-gauge fully
welded metal frames. Metal interior rolling doors and floor hatches will be provided.

Tempered glass vision lights will be provided at all laboratory doors for safe egress. All laboratory access
doors will be provided with proximity card reader hardware.

Furnishings

Laboratory Casework

Lab casework will be a modular system, prefinished painted metal base, wall cabinets, and shelving units
with an epoxy resin countertop. The modular system will be adaptable and flexible to accommodate the
changing needs of lab research.

Vertical Circulation

Stairs

Metal (painted steel) framed industrial stairs, allowing convenience access from the first floor to the
mezzanine level, will include steel grating treads, open risers, and painted metal handrails

Elevators
Not applicable
Specialty Equipment

Combination emergency showers/eye wash units will be provided according to ANSI Z358.1 at lab areas
where chemicals will be used or stored.
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Crane
A 30-ton bridge crane will be provided with a hook height of 40 ft above the instrument floor.
A5 -ton javelin crane will be provided.
8.4.2.8 Structure
Applicable Codes and Standards
See Sheets x — xii for a complete list of Applicable Codes and Standards
Design Loading
Superimposed Floor Loads on Instrument Floor
e Dead loads
- Within 36 ft radius of target center: 1500 psf
- 36-53 ft radius of target center: 6000 psf
- 53-65 ft radius of target center: 3500 psf
- Beyond 65 ft radius of target center: 1500 psf
- Atelevated deck: 20 psf collateral load, typical
- See also Figures 8.6 through 8.8 in Section 8.3.1.8

e Live loads: 500 psf or HS20-44 truck loading
- See also Figures 8.6 through 8.8 in Section 8.3.1.8

Superimposed Floor Loads on Mezzanine Floor

e Dead loads: 15 psf + 20 psf collateral load
e Live loads: 150 psf

Superimposed Roof Loads
e Roof snow load
- Ground snow load: Pg = 10 psf
- Snow exposure factor: Ce = 1.0
- Snow importance factor: Is=1.2
e  Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads
e Risk category IV
e Basic wind speed: V = 120 mph
e Exposure category B

Seismic Loading

e Risk category IV
e Importance factor: le = 1.5
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Crane Requirement

e Refer to the Crane section of Section 8.4.2.7 for information.
Building Structural System

Slab on Grade

The slab construction is anticipated to consist of a structurally reinforced normal weight concrete slab.
The structural slab on grade is anticipated to be supported on 9%-in. diameter micropile foundations,
approximately 135 ft long, with a 200-ton capacity. The floor slab will be placed over a vapor barrier, a
compacted drainage base course, and a compacted subgrade. In the CHESS Instrument space, stainless
steel rebar will be provided within 6 ft of the sample position.

Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
50M instrument building is anticipated to be supported on 9%-in. diameter micropile foundations,
approximately 120 ft long, with a 200-ton capacity. Below-grade walls are anticipated to be constructed
with reinforced normal weight concrete. It is anticipated that the east below-grade wall will consist of
counterfort retaining walls supported on battered micropiles. Water stops will be provided in construction
joints to safeguard against water intrusion.

For the 50M Instrument Building and the adjacent 90M Instrument Building and Target Building 11, there
are three main components considered related to deflection and settlement concerns. Refer to the
Foundation System section of Section 8.3.1.8 for further discussion and information.

Superstructure

The 50M Instrument Building is anticipated to be a single-story conventional steel-frame structure with a
partial mezzanine level. The building will support the exterior wall system with steel girts as required.
The mezzanine floor is anticipated to be constructed using reinforced normal weight concrete on
galvanized composite metal deck. The roof structural system is anticipated to consist of metal truss
framing with roof deck meeting galvanizing G90 requirements. The 50M Instrument Building will share a
column line with the Target Station Building.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building are anticipated to be
provided by concentrically braced steel frames.

Crane Support

Steel framing will be provided to support the crane runway.

Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original

campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus (Law 2000).

8-150



Conventional Facilities

No borings were drilled near the footprint of the proposed 50M Instrument Building location. Considering
the consistency of the upper crust of soils at the site, we would anticipate similar subsurface conditions as
well as rock conditions. The necessity to reduce and control differential settlement between the STS and
the 50M will require a micropile system. The micropiles should be capable of supporting 200 tons/pile
when designed using a 9%-in. steel casing. The axial capacity should be confirmed using a pile load test.

A review of geophysical data and shear wave velocities from the Law report indicates that the 50M
Building footprint would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7
(Law 2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested
during the original campus development.

A supplemental geotechnical report would be advisable once the final 50M Building location and
footprint have been determined. The density and pattern of the soil test borings should be selected to
optimize the quality of geotechnical data. Additional geophysical testing is not anticipated for design of
the structure.

Vibration/Acoustics

The instrument floor and its foundations will be constructed so that beamline vibrations do not exceed a
peak-to-peak value of 0.008 in. (= 0.004 in. or £0.1mm). Based on the current preliminary instrument
floor design, which is driven by the instrument floor loading and settlement criteria, this vibration
performance is considered to be readily achievable.

The available information does not indicate any spaces that will require acoustical criteria.
8.4.2.9 Mechanical
Air Handling/Ventilation

The 50M Instrument Building will be served by two CAV AHUs. The units will be manifolded together
and will share a common discharge plenum to provide partial redundancy (66% of the supply system
design capacity through a single AHU) in the event of planned service or a complete unit failure. The
AHUs will be designed as heating-cooling, single duct, reheat type. The units will operate 24 h/day, 365
days/year. Supply fans will be configured in a multi-fan array, plenum fan design. VFDs will provide
supply fan volume control in response to a signal from duct-mounted static pressure sensors and will
allow for setback control capability of the supply fan volume. VFDs will also provide return fan volume
control in response to a signal from air flow measuring stations used to establish volumetric offset
between the return air and the supply air quantities. The system will be designed for energy conservation
adjustment with the potential to reduce ACHs (unoccupied setback change) controlled by the BAS. The
system will be designed to maintain minimum outside air quantities to maintain positive pressure in
tertiary spaces but will also be capable of full economizer mode.

The AHUSs will be housed in the enclosed mechanical equipment space located in the truss space at the
east side of the Target Building. Ductwork will be routed out over the roof of the 50M building and enter
the truss space above the 50M Building crane. Supply ductwork will be routed to the sides of the building
to avoid the crane travel path and drop along the walls to introduce air at the lowest levels of the high bay
space. Sound attenuators at the air terminal devices will not be provided. Return air will be gathered at the
center of the 50M Building truss space and will be recirculated through return ductwork back to the units.
The HVAC distribution system shall be pressure-independent, CAV control for all spaces.
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The supply distribution system will consist of low-pressure ductwork with pressure-independent
electrically actuated supply CAV air terminal devices, reheat coils, low-pressure externally insulated
ductwork downstream of air terminals, and diffusers. Sound attenuators at the air terminal devices will
not be provided. The use of sound attenuating flexible duct at diffusers will be limited to 6 ft in total
length to minimize duct static pressure losses.

Exhaust

The 50M Instrument Building will be provided with a general exhaust system for lab hoods and similar
uses. The general exhaust system will be located on the roof of the instrument area. The exhaust system
will use duplex (one standby) vertical, radial dilution exhaust fans of spark-proof construction with
bearings and motors out of the airstream. Two fans will be provided to serve the common exhaust
plenum, each sized at 100% of the load. If one of the fans fails, the remaining fan will be able to provide
100% of the common exhaust system’s design capacity. All of the fans in the common exhaust plenum
will be on emergency power to ensure continuous hazardous material containment but will be controlled
to run at a reduced speed during a power outage to limit the negative pressure impact to the building.
Ducts will be routed through the truss space of the facility for future connection of instrument exhaust.

The 50M Instrument Building will also be provided with a separate exhaust system for the instrument
bunkers. The bunker exhaust fans will be located on the roof of the Instrument Area. The exhaust system
will use duplex (one standby) vertical, radial dilution exhaust fans of spark-proof construction with
bearings and motors out of the airstream. Two fans will be provided to serve the common exhaust
plenum, each sized at 100% of the load. If one of the fans fails, the remaining fan will be able to provide
100% of the common exhaust system’s design capacity. All of the fans in the common exhaust plenum
will be on emergency power to ensure continuous hazardous material containment but will be controlled
to run at a reduced speed during a power outage to limit the negative pressure impact to the building.
Ducts will be routed through the truss space of the facility for future connection of instrument exhaust.
Connections will be provided along each of the beamlines for future connection of instrument exhaust. A
separate capped inlet will be provided at each beamline (nine total).

General utility set exhaust fans will be provided to exhaust toilet rooms, janitor closets, and other rooms
requiring ventilation at a minimum rate according to their code requirements.

Technical Cooling Water
Chilled Water System

A CHW cooling loop will be provided to support space cooling in the 50M Instrument Building. The
CHW cooling system will consist of an independent loop of campus CHW originating in the Target
Building lower level. CHW for future cooling use will be routed around the exterior of the 50M building,
with valved connections provided along each beamline (nine total).

Sensible Chilled Water System

A sensible CHW cooling loop will be provided to support equipment cooling in the 50M Instrument
Building (and extended to the 90M Building). The sensible CHW cooling system will consist of an
independent pumped loop that will reject heat into the Target Building CHW through a plate-and-frame
HX. The system will be designed to operate at a supply temperature of 55-60°F to reduce the potential for
condensation. The tank, pumps, HX, filters, and chemical treatment components will be located in the
mechanical support area of the Target Building lower level. Sensible CHW for future instrument use will
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be routed around the exterior of the 50M building (and 90M building), with valved connections provided
along each beamline (11 total).

Heating Water

Heating water for AHUs will be extended from the Target Building lower level to the truss mechanical
room where the AHUs are located.

Controls

The 50M Building shall be controlled by the EPICS. The building will be connected to an expansion of
the existing EPICS. Instrumentation and wiring shall be connected to a new EPICS PLC in the building,
and controls interface for the building will be provided at the target control room and on the instrument
floor. Programming and connection of PLC to EPICS shall be completed and the control system
commissioned to ensure proper operation.

Electric/pneumatic actuation will be used for all control valves and dampers on both systems so that
instrument air is required. All control systems will be on UPS and emergency power. System software
and firmware will provide the following functions:

e Control sequences shall be developed to support the operations of the technical equipment.

e PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables, to read control loop set points, to monitor control
signals to actuators, and to indicate status of equipment, alarms and overrides.

e Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

e Data management, including continuous database updating, alarm reporting, trend logging and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.

Equipment

Table 8.23 provides a listing of the mechanical equipment specifications for the 50M Building.
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Table 8.23. 50M Instrument Building mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks
50M AHU CAV AHU 25,000 cfm 2 N 33% Target Bldg.
truss mech rm
50M exhaust Radial exhaust fans 2,500 cfm 2 N N+1 50M roof Lab fume
hood exhaust
50M instrument  Radial exhaust fans 7,500 cfm 2 Y N+1 50M roof
bunker exhaust
50M exhaust Utility exhaust fan ~ Varies 10 N - 50M roof
Instrument Sensible CHW 220 gpm @ 2 N N+1 Target mech Includes 90M
cooling pumps 100 Ft rm sensible CHW
CHW To Plate-frame HX w/ 220 gpm 1 N - Target mech
Sensible CHW filtration skid rm
Sensible Fan coil units 2-3 tons 9 N - Varies
instrument
cooling
Air Handlers
General

o All AHUs will be semi-custom, factory-fabricated, and constructed with 2-in.-thick double walls,
constructed of galvanized steel.

e Maximum allowable nominal face velocities:

- Air intake louvers (through free area): 350 fpm

- Heating water coils: 500 fpm
- Cooling coils: 400 fpm
- Filters: 400 fpm

e AHUs: modular, semi-custom, 2-in. double-wall construction configured as follows:
- Mixed air plenum
_ Intake isolation damper
- Return/exhaust damper
_ Supply fans (4 to 6 fan array)
- Relief fans (4 to 6 fan array)

- VFDs

- Economizer section

- Merv 8 (30%) prefilter section
- Hot water preheat coil

- CHW cail

- Hot water reheat coil

- Supply fans (4 to 6 fan array)

- VFDs

Merv 14 (95%) final filter section
Supply plenum
Isolation/smoke damper
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- Access sections

- Doors: safety glass windows and quarter turn handles

- Marine light in each access section

- Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration
Control

Exhaust Fans
General/ Lab Exhaust Fans

Vertical, radial dilution exhaust fan with spark-proof construction with bearings and motors out of the
airstream. Fans will have a baked epoxy airside chemical-resistant coating. The common plenum and
outside air intake dampers will be of galvanized steel construction with a chemical-resistant coating. The
system will consist of the following components:

Common exhaust plenum

Isolation damper at each fan inlet
Vertical exhaust fans

Exhaust stacks

Bypass air inlet and bypass damper
VFDs

Utility Set Exhaust

Exhaust fans will be backward-inclined, belt-driven centrifugal fans with spark-proof construction and
bearings and motors out of the airstream. Fans will be single width, single inlet with a galvanized steel
housing and wheel construction. The fan motor will be totally enclosed and fan cooled. The system will
consist of the following components:

Steel mounting rails with vibration isolators
Isolation damper at the fan inlet

Discharge ductwork with bird screen
Weather cover

VFDs

Water-Based Systems
Technical Cooling Water Systems

Secondary technical cooling water systems will provide DI water with a resistivity in the range of 1 to
3 megohm/cm, using a slip stream polishing loop. All piping, valves, HXs, expansion tanks, and
equipment on the DI cooling water pump skids will be stainless steel. Each system will include the
following equipment:

Base-mounted, end suction, centrifugal pumps
Pump VFDs

Plate-and-frame HX

Mixed bed deionizers

Resin trap filtration

UV sterilizer
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e Air separator and expansion tank

o Makeup water assembly

e Appropriate valving and piping specialties

e CHW supply to HX (using Target Building CHW)
Motors

e All motors shall be premium efficiency type and built to NEMA standards.

e Variable-speed motors shall be rated as inverter duty motors. All motors operating with VVFDs shall
be equipped with shaft grounding rings or insulated bearings to prevent the accumulation of PWM
frequencies in the shaft, which could arc across the bearing, causing pitting and premature bearing
and motor failure.

e All VFDs shall be provided with power filters to improve the building power quality from the
occurrence of multiple VFD installations.

General
System Design Criteria
Outside Design Temperatures

e Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)
e Winter: 17.1°F (99.6% ASHRAE)

Interior Design Conditions: Preliminary Load and Ventilation Assumptions
Table 8.24 provides a listing of the preliminary load and ventilation assumptions for the 5M Building.

Table 8.24. 50M Instrument Building preliminary load and ventilation assumptions.

Airflow: cfm/sf

Space Design set points Cooling: BTU/sf Heating: BTU/sf or ACH Ventilation
Mechanical/ 60-85°F 80 40 2 Code required
electrical
High bay 72-76°F, 60% 40 40 8 Ach Code required

>Rh
Loading 60-85°F - 40 2 Code required

Ventilated spaces  60-100°F, no
humidity control

Notes:
Cfm/sf and values are schematic design level assumptions. The final values of the project will be calculated based on code
requirements or heating and cooling demand, whichever is greater.

Active humidity control will not be provided for any building. Therefore, HVAC units will not have a humidification
capability. The maximum relative humidity should not exceed 60% as a result of moisture removal at the cooling coils.

Sensible Technical Cooling Water (Chilled)

e Supply  55-60°F
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Return 5°F above supply

Materials

Duct Distribution Systems

Supply ductwork construction will be based on SMACNA 4-in. pressure class and 2-in. pressure
class. Four-in. pressure duct construction will be used upstream of VAV boxes on variable-volume
units; 2-in. pressure class duct construction will be used downstream of VAV boxes on variable-
volume units and for all ductwork on constant-volume units. All ductwork seams and joints shall be
sealed, regardless of pressure rating. Maximum permissible leakage = 2%.

All supply ductwork routed through unconditioned spaces shall be insulated with 2-in. foil-faced batts
or foil-faced duct board with similar R-value.

Return and general exhaust ductwork construction shall be based on SMACNA 2-in. pressure class.

Return air duct shall be insulated with 1%%-in. foil-faced batts or duct board. Laboratory exhaust ducts
shall not have fire dampers.

General air distribution ductwork will be G90 galvanized sheet metal.
General exhaust will be welded 316L stainless steel.

Secondary confinement exhaust/hot off-gas shall be welded 304L stainless steel duct/thin wall tube
(Sch 10 or less).

Exterior supply or return ductwork shall be solid double-wall ductwork with a minimum 2-in.-thick
insulation or single wall duct with 2-in. duct board, vapor barrier, and aluminum jacket.

Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used on laboratory exhaust systems or other systems that may be exposed to water
intrusion.

Provide sound attenuation to meet the project requirements or in accordance with the direction of the
project acoustician. Sound attenuation shall be by appropriate application of attenuators or duct
design.

Lined ductwork shall not be used, except for plenum return air-transfer boots for noise control. VAV
air terminals shall be double-wall or have foil-faced inner surface.

Flexible ductwork is limited to 5 ft and shall be used only downstream of VAV terminals. Flexible
ductwork shall be limited to supply air systems only.

Plenum return may be used for return air in all non-laboratory portions of buildings.
Ductwork shall be sized as shown Table 8.25

Spaces on VAV systems shall have conventional supply terminal boxes with hot water reheat coils
and integral sound-attenuating characteristics.
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Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

Table 8.25. 50M Instrument Building ductwork sizing.

Air distribution device neck
velocity (fpm)
Max P.D. 0.1in./100ft 0.08in./100 ft 0.08 in./100 ft 450 fpm

Risers Submains Branches

Piping

Chilled Water

Interior piping sizes 2 in. and smaller, Type L copper with brazed fittings.

Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

All piping will be tested at 1.5 times the design system pressure.

All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.

All piping in mechanical rooms and piping exposed below 8 ft AFF shall have a PVC jacketing.
All piping exposed to the exterior shall have an aluminum jacket.
Technical cooling water (DI water for instrument cooling downstream of HXs)

For sizes 2 in. and smaller, ASTM 312 Sch 10S, seamless, 304L stainless steel, plain ends. (Victaulic
Vic-Press system or butt-welded, as specified)

For sizes 2% in. and larger, ASTM 312 or ASTM 358, Sch 10 electric ERW 304L stainless steel,
Class 4. (Victaulic Vic-Groove system or butt-welded, as specified)

For sizes ¥ in. to % in. OD tubing, ANSI Type 304L stainless steel, ASTM A213, Grade TP304L,
seamless, annealed, minimum 0.065 in. wall thickness.

Vents and drains: For sizes Y2 to %2 in. NPT, ANSI Type 304L Sch 40 SST pipe

Fittings:
- Welded fittings: ASTM A403, Grade WP-S304L or WP-W304L, elbows: standard 1.5x radius.
Full penetration butt weld.
- Welded flanges: ASTM A 182, Grade WP-S304L, raised face weld neck
- Vic-Press or Vic-Groove 10S system, ASTM-312 304L SST
0 Plain end or grooved ends shall be ASTM A-312 304L SST
o0 Vic-press flanges shall be ANSI Class 150, 304L SST, Van Stone type, carbon steel raised
face slip-on backing flange, Victaulic style 565
0 Grooved couplings: galvanized coated ductile iron conforming to ASTM A-536, galvanized,
stainless bolts, Victaulic style 89.
0 Threaded outlets shall be ASTM A-312 or ASTM A-276 304L SST
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0 Seals shall be Grade H NBR, temperature range —20 to 210°F
- Flange gaskets: Garlock Blue-Gard style 3000 gaskets (1/8 in. thick)

Based on anticipated water temperatures, technical cooling water piping will not be insulated.

Heating Water

Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

Interior piping 2.5 in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

Interior heating water piping shall be insulated with rigid glass fiber insulation.

Piping exposed to the interior shall have a PVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

Seismic Criteria

Referenced Standards and Design Criteria:

Seismic bracing shall be in compliance with ASCE 7-10.

Equipment mounted on isolators will be seismically braced using loose cables, telescoping pipes, or
box sections, angles or flat plates used as limit stops or snubbers, either integral to or separate from
the isolators.

Nonrotating, fixed equipment will be bolted directly to the floor or structure.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.

Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

DDC building automatic system for optimization of major HVAC equipment operation.

Variable-volume supply and exhaust system in combination with stand-alone controllers to provide
maximum flexibility in occupied/unoccupied space control scheduling, thus minimizing supply and
exhaust air volumes.

Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.

Supply air volume from AHUs will be reduced to minimum levels without compromising safety.
During occupied hours, room supply air volume will be set at the maximum air flow required to
provide makeup air, minimum required ventilation, or space cooling. This will be accomplished using
VAV air systems and DDCs.
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o VSDs installed on all VAV AHU supply and return fans to reduce fan horsepower requirements of
non-peak conditions.

e VSDs installed on all pumps to reduce pump horsepower requirements at non-peak conditions.

o Full economizer control on all mixed AHUSs to reduce consumption while maintaining appropriate
indoor humidity levels.

8.4.2.10 Electrical
Site Power Distribution

The 50M Instrument Building, helium compressor area, and 90M Instrument Building will be supplied
from the same outdoor substation TA2-SS4.

The 50M Instrument Building will be provided with 480 Y/277 V secondary service from a duct bank
from 1500 kVA outdoor substation TA2-SS4 providing two 400 A distribution panels located in both
north and south science areas for separation of services to instrument and CF building loads.

The 50M Instrument Building will also be provided with two secondary services from 2000 kVA unit
substation TA-SS2 to service N+1 helium compressors.

Building Power Distribution

Service to a 30-ton high bay crane and 5-ton javelin crane will be provided.
Separate transformers will be provided where possible to service instrument loads.
Secondary Distribution

o Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will
provide service to CF lighting, receptacles, and HVAC loads as well as building instrumentation
loads. Further transformation down to 208 Y/120 Vs, 3-phase, 4-wire, plus ground will be provided
for general use receptacles and other low-voltage equipment as necessary.

e All conventional building use dry-type transformers will be DOE 2016 rated for efficiency, 115°C
rise, 220°C insulation class with six 2.5% taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

e  Circuit protection will be

- Where 480-V distribution is provided, the exterior unit substation secondary will be of low-
voltage switchgear UL 1558 construction with electrically operated drawout power circuit
breakers with solid state adjustable trips.

- Generally molded case circuit breakers. Solid state adjustable trip units will be provided above
250 A.

- Bolt-in type molded case circuit breakers for branch circuit panelboards.

_100% rated for service entrance main circuit breakers, 80% rated otherwise.

e Devices will be fully rated. Series ratings of protective devices will not be acceptable.
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e Two levels of ground fault protective devices will be provided at the main and feeder breakers at
service switchgear assemblies.

Emergency Power Supply System
EPSS Power Generation Plants

The 50M Instrument Building, 90M Instrument/tunnels, and helium compressor area buildings will be
provided with building and instrument standby power from an exterior 300 kW/375 kVA, 480 Y/277 V
diesel engine-generator TA2-EG2. It will provide emergency power for life safety systems, including
egress lighting, and critical instrumentation and HVAC system loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-h sub-base fuel tanks. The generator will be provided with a quick-
connect feature to be used for load bank testing or portable generator backup if the primary unit is down
for maintenance.

EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code:

e Generator: This branch provides alternate source power from the generator set main circuit breaker(s)
and associated distribution to the line side of each ATS.

e Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power

for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

- Fire detection and alarm systems

_Public address communication systems (when used for issuing emergency instructions)

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

_  Fire protection systems

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

e Combined legally required and optional standby branch, designate as “optional branch” (NEC Atrticle
701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or
property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

- Ventilation and smoke removal systems

- Access control systems

- Telecommunication room lighting, equipment, and data processing systems

- Electric and mechanical room lighting and selected receptacles

- Mechanical equipment including boilers, condensate return pumps, hot water heating and glycol
circulating pumps

8-161



Conventional Facilities

- Plumbing equipment including sewage ejectors and pumps
Generator distribution feeders will extend from the EPSS power generation plant to 480 Y/277 V, 4-pole
isolation-bypass transfer ATSs with associated distribution panelboards located in the 50M Instrument
Building Electrical Service Room. The following transfer switches are anticipated at that location:

o 260 A: Life safety branch (sized large to meet required withstand rating)

e 600 A: Optional branch

e Associated branch circuits and feeders will extend to the 90M Instrument/tunnels, helium compressor
area, CEF Il, and CUB Il buildings.

Power Quality Systems
Uninterruptible Power Supply Systems

An 80 kVA UPS system will be provided in Target Building Il which will also serve the 50M Building IT
distribution.

Surge Protection Devices

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.

SPD filtering devices will be installed on main low-voltage switchgear, distribution panelboards, and
branch panelboards serving major electronic equipment and all emergency branch panelboards in
compliance with current code requirements. Sensitive equipment may require multiple levels of
protection to protect items of equipment not only from utility disturbances but also from one another.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm

e Electrical loading, harmonic loading, and protective device positions. Rail-mounted power quality
PM 8214 DIN meters will be required at the unit substation building main service breakers.

e Service low-voltage switchgear mains and feeders.

e Medium-voltage interrupter switches, positions, and transformer status.
e Distribution panelboards on the load side of ATSs.

e Standby engine generator plant and associated distribution equipment.
e ATS positions.

The system will be networked to the ORNL Power Operations SCADA “SNO” network.
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Grounding Systems
Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Building Grounding

Building steel, foundation rebars (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.

Building Lightning Protection

An NFPA 780 Faraday cage-type lightning protection system will be provided to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid

with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Instrumentation Signal Reference Grounding

The bonding of instruments and instrument cabling pathways, as a low-impedance-signal reference
system to a common equipment area bus and then to the ground grid, will be provided to minimize noise
induced voltages and reduce equipment malfunctions.

Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway

grounding conductors and bond to the electrical service entrance room ground bus in compliance with
EIA/TIA and NEC requirements.
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Lighting Systems
Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.

Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy-duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls
Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with automatic lighting controls in compliance with ASHRAE 90.1
energy budgets. High bay 24/7 areas will be breaker controlled.

Facilities & Operations Building Systems
The building electrical metering system and BAS to monitor electrical and HVAC building systems will
be site interconnected to SNS campus systems as described in Site Utilities, Section 8.1.3 of this report
and will also include the following systems:
Fire Alarm System
The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.
The system will
e Include smoke, heat, and beam detection devices to suit environmental conditions

- High bay areas will be provided with beam smoke detection.

- Both smoke and heat detection will be provided to other areas.

¢ Include audible horns and visual strobe notification devices

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment

o Override elevator functions in an alarm condition to ensure safe passenger egress
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e Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.

Public Address System

A public address system will be provided with building amplification as an extension to the campus wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with separate telecommunications service from the existing site
telecommunications distribution system at the CLO to a building main distribution room. Design for the
incoming POTS and/or VVolP telephone service, LAN, and wireless networking shall be coordinated with
DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunications service to the STS buildings.

Building IT systems for systems networking hardware, including switches, routers, patch panels, DAS,
and WLAN components, will be provided.

Building IT horizontal Category 6A cabling will be provided from telecommunications rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS Network)/F&O Laboratory Protection
Access control/F&O Laboratory Protection

BAS/(F&O Facilities Management [CLO Il only—Siemens])
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e Power monitoring (ION-Schneider)/F&O electrical utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems:

PPS

MPS

ATS

TPS (two conduits)
EPICS

Pathway Systems

Ladder-type cable trays will be provided to support telecommunications and instruments and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.

Cabling from wall box-type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.

One 36-in. cable tray is anticipated for area coverages for each of the following:

Instruments and control
480-V instrument power
120-V instrument power
ORNL Networks Building IT

8.4.2.11 Plumbing

Drainage/Waste

High Bay Interior Drainage System

The interior of the 50M Building high bay will be provided with a process waste drainage system to
collect interior water from system leakage. The drainage will be piped to a duplex sewage ejector in
recessed pit located below grade. Any water collected will be pumped to the process waste holding tank
in the basement of the Target Building II.

Laboratory Waste

Laboratory waste from laboratory sinks, cup sinks, and laboratory-related equipment will be collected
separately below the lower level and conveyed by a gravity system to the underground sanitary waste
drainage system outside the building. Any hazardous waste will be bottled to be transported for
processing; consequently, a lab waste treatment system will not be provided.

Lab waste from floor drains within lab spaces will be treated as process waste.

Unless required for specific equipment, floor drains will not be provided in laboratory rooms.
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Complete accessibility will be provided to all cleanouts. Wall-type cleanouts will be used within the
laboratory spaces. Floor drains that do not receive regular use will be provided with trap primers. Primers
will consist of an automatic trap primer system that automatically discharges water at regular timed
intervals.

Process Water
Non-potable Water Service (Instrument Use)

A separate process water system will be provided for instrument use water. Process water shall emanate
from the backflow preventer provided at the incoming potable water service at the Target Building and
shall be routed around the perimeter of the Target Building and into the Instrument Buildings.
Connections will be provided for instrument use and for makeup to technical cooling water and sensible
cooling water systems.

Design of process water will be based on anticipated use and adjusted/increased to allow for projected
water demand for instrument-related equipment at the design stage. Piping will be sized to maintain a
minimum of 30 psi at the most remote laboratory equipment connection.

Water velocity in distribution piping shall not exceed 6 ft/second. Provisions shall be made to arrest
waterhammer. Shock arrestors when installed shall comply with PDI-WH201 or ASSE-1010.

Storm Drainage

The primary storm drainage system will consist of roof drains for any areas collecting water, routed to
downspouts that will collect below grade at the lower level and run to the site storm sewer.

A separate overflow storm drainage system will be provided; it will be engineered to perform as a
siphonic roof drainage system with the piping running level through the building and discharging to a
velocity reduction tank located on the site. Velocities in the vertical piping shall be limited to 10 fps, and
in the horizontal piping, the velocity shall be designed to 3.5 fps.

Compressed Air

CA shall be distributed from incoming service at the Target Building around the 50 M Instrument
Building perimeter and into the 90M Instrument Building to supply CA to instrument-related equipment
and will be provided with local pressure-reducing valves to permit each piece of equipment to use air of
various pressures. CA will be fed by the site CA system routed from the air compressors in the CUB 11
building. CA will enter the Target Building at the lower-level mechanical room. Distribution will be
routed around all perimeters of Instrument Building high bay spaces, with outlets provided for each
beamline (11 total).

Specialty Gases

Nitrogen shall be distributed from incoming service at the Target Building around the Instrument
Buildings to supply nitrogen to instrument-related equipment. Nitrogen will be fed by the liquid nitrogen
tank located west side of the Target Building Il. Nitrogen will enter the Target Building at the lower level.
Distribution will be routed around all perimeters of the 50M Instrument Building and into the 90M
Instrument Building high bay spaces, with outlets provided for each beamline (11 total).
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Equipment

System Design Criteria

Process water

e Process water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Water piping shall be sized based on the minimum flow pressure required at each fixture or piece of
equipment. Pipe velocities shall be maintained between 4 and 8 ft/second and shall not exceed 8

ft/second.

e Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.

e Hose outlets will be provided at all mechanical rooms and equipment spaces.

Lab Waste

e The waste system shall connect to each fixture requiring connection and where required will be
provided with water seal traps. A vent system shall be provided for fixtures as required to ventilate
the waste system and to prevent siphonage of fixture traps.

o Floor drains will be provided at all mechanical rooms and equipment spaces.

o Pipe shall be routed by gravity to maintain a positive slope with a maximum velocity of 2 ft/second.

Storm Drainage

e Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-min duration.

e Roof drains will be provided for all roofs and areas receiving rainwater; maximum area per drains
shall be 3,000 sf.

Compressed Air

e Design CA pressure on incoming service—105 psi.
e Design CA pressure at laboratory outlets—100 psi.
¢ Design flow at outlets—1.0 cfm.

e Dew point —40°F

Materials

Process Water Systems
e Above-ground process water systems

e Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and ASME
B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.
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o Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in. only.
Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM B88 and
ASTM B75.

e The entire process water distribution system will be fully insulated using closed-cell elastomeric foam
insulation.

Storm System

e Above-ground rainwater piping
- Hubless cast iron soil pipe: no-hub pipe with Husky SD-4000 soil pipe coupling manufactured by
Anaheim Foundry, 4-band clamp or Clamp-All Hi Torq 125 2-band clamp. Sealing gasket shall
be neoprene in accordance with ASTM C564, CISPI 301-75.
- Horizontal storm drainage piping will be fully insulated using closed-cell elastomeric foam
insulation.

e Below-ground rainwater piping
- Asphaltum-coated, service weight, cast iron pipe and fittings with resilient neoprene push-on
joints, ASTM A72, ASTM C564-70

Process Waste

e Polypropylene pipe, (fire retardant above grade) (PP); Sch 40; PP DWYV hub and spigot fittings; heat
fusion joints above and below ground.

Compressed Air/Nitrogen Systems

e Type K copper with brazed joints
8.4.2.12 Fire Protection

Sprinkler

The 50M Instrument Building will be provided with complete automatic fire protection systems as
required by the IBC and/or DOE Order 420.1C, Facility Safety. The design, installation, and acceptance
testing of automatic sprinkler protection will be in accordance with NFPA 13, Standard for the
Installation of Sprinkler Systems and DOE-STD-1066-2012, Fire Protection. Building will be fully
sprinkled, with exposed sprinkler piping feeding upright sprinklers, or recessed pendent sprinklers where
ceilings are provided. Sprinkler feed will enter at the east side of the lower level of the Target Building in
the mechanical and maintenance storage room from the site potable/fire water main, and a double check
backflow preventer will be provided. The 50M building will have sprinkler zones limited to 30,000 sf
maximum, with control valves located in the exit stairwell at the east end of the building. Control valves
will be provided with a tamper switch and a flow switch connected to the fire alarm system.

Incoming service will be hydraulically calculated and be sized for the maximum calculated flow at the
design stage.

General

o Portable fire extinguishers will be provided throughout the 50M Building in accordance with the IBC
and NFPA 10, Portable Fire Extinguishers.
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System Design Criteria

o Sprinkler systems will be hydraulically designed to provide water densities that meet the requirements
for

e Extra Hazard, Group 1 protection will be provided throughout.

o Fire sprinkler systems will be hydraulically designed. Velocity shall not exceed 20 fps. All
calculations assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant
flow test results.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.

e Sprinkler piping installed above ground and sized 2% in. and larger shall be Sch 40 black steel with
roll or cut groove type connections and fittings. Pressure rating shall be 175 psig minimum.

e Fittings for grooved end shall be cast of ductile iron conforming to ASTM A-536 or malleable iron
conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr. B), with
grooved or shouldered ends for direct connection into grooved piping systems with steel pipe and
shall be UL listed and FM approved, rated for a minimum 300 psi MWP.

8.4.3 90M Instrument Building
8.4.3.1 Programming
Building Function

The 90M Instrument Building will house beamlines ST20 and ST21, associated instruments, and user lab
space. The maximum beamline length for instruments in this building will be 90 M. The 90M Building
will also serve as staging space for the construction of the beamlines, instrument hutches, and related lab
support spaces. Alterations and maintenance to existing instruments will be an ongoing process for the
life of the 90M Instrument Building. Each instrument beamline is unique in terms of planning geometry,
space requirements, and access. The design and coordination associated with the beamlines, instruments,
and related shielding is generally not included in the CF scope. The instruments and beamlines will be
accessible from the Instrument Building main floor. The 90M Instrument Building does not require a
mezzanine. High bay space with full overhead crane coverage is a basic requirement of the 90M
Instrument Building.

Program Summary

The 90M Instrument Building includes 12,800 nsf and has an estimated planning efficiency factor of
76%. This factor is based on analysis of the existing FTS Instrument Buildings and preliminary test-fit
planning for the 90M Instrument Building. The estimated gross area of the 90M Instrument Building is
16,856 gsf. Table 8.26 summarizes the 90M Instrument Building space program requirements. Detailed
room data sheets and test-fit plans are included in Appendix B, STS CF Conceptual Design Report.
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Table 8.26. 90M Instrument Building space program summary.

No. Rooms Qty. NSF Total NSF
54.3.1 EWALD/MENUS— 1 11,850 11,850
instrument/beamline space
5432 Electrical room 1 400 400
5.4.3.3 Sample prep 2 130 260
5.4.3.4 Control cabin 2 145 290
Total nsf 12,800
Total gsf 16,856
Total efficiency 76%

8.4.3.2 Site Planning
Location and Floor Elevations

The 90M Instrument Building will adjoin the northwest side of the 50M Instrument Building to provide
interior space for long instruments located on beamlines ST20 and ST21. The 90M Instrument Building
first floor will be located at elevation 1074 ft. Figure 8.13 highlights the 90M Instrument Building within
the overall STS Site Plan.
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Figure 8.13. 90M Instrument Building location within the STS Site Plan.

Truck Access

Tractor-trailer truck access for the 90M Instrument Building will be located on the northeast side of the
facility at the first-floor level, elevation 1074 ft. This location will include a covered, flat exterior dock.
Forklifts will be used to convey materials and equipment between the building and trucks through
overhead service doors.
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Pedestrian Access

Pedestrian access to the 90M Instrument Building will be provided at the first floor from the adjacent
50M Instrument Building and at controlled exterior-grade level doors.

8.4.3.3 Building Planning
Building Organization/Floor Planning

The 90M Instrument Building will be a single-level structure. The first floor, elevation 1074 ft, will house
the instruments associated with beamlines 20/21 and additional space for staging and lab support. The
first-floor level will be open to a high bay space above. The entire floor area will be served by an
overhead crane. The beamlines will radiate from the tungsten target at elevation 1080 ft, which is 6 ft
above the 90M Instrument Building first floor.

Vertical Circulation

The 90M Instrument Building will be indirectly served by a freight elevator located in Target Building Il,
which will provide access to the mezzanine level, pedestrian bridge, and all floor levels of Target
Building I1.

Utility Distribution

Instruments located within the 90M Instrument Building will be served by multiple utilities, including
power, CHW, CA, potable water, and nitrogen. These utilities will be distributed at the building
perimeter. The primary utility distribution is included in the CF scope. Extension of the utilities to the
individual instruments is not included in the CF scope.

8.4.3.4 Key Features and Requirements

Radiological Shielding

The beamlines will be shielded with removable high-density concrete blocks. The shielding at each
beamline will be approximately 8 ft wide, centered on the beamline, and 10 ft high. Shielding
configurations at each instrument will vary based on the instrument design and function. During
construction or maintenance of the beamlines and instruments, shielding blocks will be staged within
unassigned areas of the 90M Instrument Building floor.

Structural Requirements

Optimum performance of the instruments requires a high degree of structural stability, including minimal
deflection, vibration, and settlement in the floor slab design. Maximized overhead crane coverage of the
90M Instrument Building will require a clear span roof structure and related structural design to support a
10-ton overhead bridge crane. See the Structural section of Section 8.4.3.8 for additional information.
Instrument Pits

Individual instruments in the 90M Instrument Building may require depressed pits in the first-floor level.
If required, the pits will be constructed as part of the CF scope.
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8.4.3.5 Life Safety/Code
Primary Occupancy Type

Target Building 11 and the 40M, 50M, and 90M Instrument Buildings will be constructed as a single
building. The primary occupancy type for Target Building Il and the Instrument Buildings is Group F-2,
Low Hazard Factory Industrial, according to the 2015 IBC, and Special-Purpose Industrial according to
NFPA 101, 2018 edition.

Accessory Occupancies

Accessory occupancies will include lab support rooms (Group B) and storage rooms (Group S-1). The lab
support rooms and storage rooms can be considered accessory occupancies if the aggregate area of each
use does not exceed 10% of the floor area of the story in which they are located. Otherwise, IBC Table
508.4 requires a 1-h fire-rated separation between the F-2 occupancy and the B and S-1 occupancies.
Laboratory spaces will be separated by 1-h fire-resistive partitions, where practical, to allow for increased
storage and use of hazardous materials.

Fire Protection Systems

Target Building 11 and the Instrument Buildings will be protected throughout by an automatic fire
sprinkler system designed to protect an Extra Hazard—Group 1 occupancy for the main level and an
Ordinary Hazard—-Group 2 occupancy for the basement level in accordance with NFPA 13, Standard for
the Installation of Sprinkler Systems.

Target Building 1l and the Instrument Buildings will be provided with a Class | standpipe system in
accordance with NFPA 14, Standard for the Installation of Standpipe and Hose Systems. Two and one
half-inch fire department hose valves will be provided at each floor landing in each exit stairway.

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

Target Building Il and the Instrument Buildings will be equipped with an addressable fire detection/alarm
system consisting of the following:

e Manual fire alarm pull stations at all building exits
o Beam type smoke detectors in large, open high-bay areas
o Area smoke detectors in elevator lobbies and elevator machine rooms

o Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

e Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.
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The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

Target Building 11 and the Instrument Buildings will constitute a 4-story, 214,800 SF building of Type
I1A construction. The first floor will have the largest floor area at 113,294 SF. The maximum floor area
permitted for any floor by IBC Table 506.2 for a fully sprinklered, multi-story, F-2 building of Type I1A
construction, with the area increase for frontage, is 119,787 SF. The proposed height and area for the
building are within the limits established in IBC Sections 504 and 506.

Travel Distances

The maximum travel distance within Target Building Il and the Instrument Buildings will not exceed
400 ft, as required by IBC Section 1016.2 and NFPA 101, Section 40.2.6.1. The maximum common path
of travel distance will not exceed 100 ft, as required by IBC Section 1014.3 and NFPA 101, Section
40.2.5.1. The maximum dead-end corridor will not exceed 50 ft, as required by IBC Section 1018.4 and
NFPA 101, Section 40.6.4.

Construction Type

Target Building 11 and the Instrument Buildings will be of Type IIA construction in accordance with IBC
Section 602.

Wall/Floor Ratings

The primary structural frame, floors, bearing walls, and roof will have a 1-h fire resistance rating as
required for Type IIA construction. Interior non-bearing walls and partitions will be of noncombustible
construction. Interior walls, where applicable/needed, will be constructed to provide a 1-h fire separation
to support chemical quantity allowances.

Special Code Considerations

The largest floor area for Target Building Il and the Instrument Buildings will be the first floor, currently
planned to have an area of 113,294 SF. The maximum area permitted by IBC Table 506.2 for any story in
a fully sprinklered, multi-story, F-2 building of Type Il1A construction, without an increase for frontage, is
112,500 SF. Currently, the perimeter of the facility is 1,805 ft in length. The length of the perimeter that
fronts on an open space at least 30 ft wide is 802 ft. This results in an area increase for frontage of 7,287
SF. Therefore, the maximum area permitted for any story would be increased to 119,787 SF. Should the
area of Target Building 11 and the Instrument Buildings exceed 119,787 SFon any level, the construction
classification for the building will need to be upgraded to Type IB to permit an unlimited area building.

Hazardous materials: The use and storage of hazardous materials shall be limited to the maximum
allowable quantities indicated in IBC Tables 307.1(1) and 307.1(2). Where these quantities are exceeded,
control areas shall be provided in accordance with IBC Section 414.2. The number of control areas per
floor and their required fire resistance ratings shall be in accordance with IBC Table 414.2.2. Note that
the floors of control areas are required to have a 2-h fire resistance rating for buildings over 3 stories in
height.
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8.4.3.6  Civil/Site Development

The construction excavation described under the Site Civil Works Section will be performed before
construction of the Instrument Buildings. The lower basement of the target will be backfilled to the first-
floor elevation to establish the grades for construction of the instrument buildings. Vehicular access will
be provided from the ring road to the Instrument Building. Finished grading is shown on Drawing 5.1.19.
Drawing 5.1.22 shows the site drainage concept. Roof drainage will be piped to the proposed storm sewer
system. Sewer, fire, and domestic water services to the building are shown on Drawing 5.1.27.

8.4.3.7 Architecture
Building Envelope
Exterior Wall

A striated-face, 36 in. wide insulated core metal panel system, with a custom color to match the existing
context, will be used as a major material component for the envelope of the 40M, 50M, and 90M
Instrument Buildings in keeping with the existing texture and materials used on the SNS campus. The
metal panel cladding support backup system will consist of hanger rods and metal channel framing
supported from the building structure. Metal window sills and wall caps will be used. Continuous
through-wall flashing will be provided at the bottoms of all wall cavities, over all wall openings and metal
copings. The metal panel wall systems will have an R-13 and R-13ci minimum requirement. Below-grade
exterior walls will be constructed of reinforced concrete with a waterproof membrane and below-grade
insulation board. The interior walls at below-grade locations will have metal channel furring with a
painted drywall finish. Exterior walls below grade will be required to achieve R-7.5 ci according to the
2012 International Energy Code.

Exterior Doors

Exterior entrance doors and egress doors will be 16-gauge, insulated-core painted hollow metal doors
with 14-gauge, fully welded frames with a U value of 0.61. Overhead insulated coiling doors, 20 ft, 0 in.
high by 14 ft, 0 in. wide will include factory-painted galvanized steel curtains with integral insulation
achieving a minimum R-value of 4.75 requirement. All exterior doors will be provided with proximity
card reader hardware.

Thermal and Moisture Protection
Flashing and sheet metal will be provided as a positive water stop around all openings (head, jamb, and
sill) in walls such as windows, doors, louvers, and so on. All copings and gravel stops will be ES-1

compliant as required by IBC.

Damp-proofing will be provided on all walls, floors and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer 215-mil, polyester fabric—reinforced membrane.

Because of the inherent moisture-resistant properties of the insulated metal panel system, an air/vapor
barrier will not be required where the system is installed.
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Exterior sealants will be two-part composition with a 50% movement capacity. Sealants will be
compatible with the surfaces on which they are being applied and nonstaining.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing

Windows will be limited to windows at the upper portion of the exterior wall. Typical vision glass will
consist of 1-in.-thick, low U-value insulated, low-E, argon fill glass units on a thermally broken frame.
The windows/glazing system are anticipated to have a U value of 0.38.

Glazing materials and methods will comply with the Flat Glass Marketing Association’s Sealant and
Glazing Manuals. Glass will comply with ASTM C1036-01.

Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations must comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42-in.-high parapet or provided with a fall protection system.

Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3- year
aged thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will
be Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift according to ASTM 1592. It will provide a minimum thermal resistance value
of R-30.

Interior Construction

Walls

Interior walls at the 90M Instrument Building will be constructed of CMUs for durability. The height of
the demising walls will be constructed to the underside of the structural deck. All fire-rated walls will be
constructed in accordance with the IBC code requirements and UL listed assemblies.

All metal guard railing and handrails at all openings and egress stairs will have a painted metal finish.

Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread < 25, a
fuel contribution of < 25, and a smoke development of < 450.

Typical interior gypsum board and CMU partitions will receive a paint finish consisting of one primer

coat and two finish coats. Epoxy paint is to be applied to all lab demising walls. All paints, including top
coats and primers, will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.
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Floor Finishes
Floor will receive concrete sealer over the new concrete. No vinyl wall base will be used in these areas.
Ceiling Finishes

The structural elements will be left exposed in all spaces and all mechanical and utility areas. All exposed
structure will receive an epoxy paint finish consisting of one primer coat and two finish coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal doors with 14-gauge fully
welded metal frames. Metal interior rolling doors and floor hatches will be provided.

Tempered glass vision lights will be provided at all laboratory doors for safe egress. All laboratory access
doors will be provided with proximity card reader hardware.

Furnishings

Laboratory Casework

Lab casework will be a modular system, prefinished painted metal base, wall cabinets, and shelving units
with an epoxy resin countertop. The modular system will be adaptable and flexible to accommodate the
changing needs of the lab research.

Vertical Circulation

Stairs

Not applicable

Elevators

Not applicable

Specialty Equipment

Crane

A 10-ton bridge crane will be provided with a hook height of 40 ft above the instrument floor.

MENUS Instrument Pit

Instrument ST21(MENUS) will require an 8-ft-deep pit for locating hydraulic hoses and power units
along with a removable precast reinforced concrete cap above the pit. An additional 10-ton crane will be

required in the instrument’s shield cave surrounding the pit. This 10-ton crane will be provided by the
instrument and is not part of CF scope.
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8.4.3.8 Structure
Applicable Codes and Standards
See Sheets x — xii for complete list of Applicable Codes and Standards.
Design Loading
Superimposed Floor Loads on Instrument Floor
o Dead loads: 1500 psf
- Atelevated deck: 20 psf collateral load, typical
- See also Figures 8.6 through 8.8 in Section 8.3.1.8

o Live loads: 500 psf typical, 1500 psf at MENUS pit
- See also Figures 8.6 through 8.8 in Section 8.3.1.8

Superimposed Roof Loads
¢ Roof snow load
~ Ground snow load: Pg = 10 psf
- Snow exposure factor: Ce = 1.0
- Snow importance factor: Is = 1.2
e  Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads
e Risk category IV
e Basic wind speed: V =120 mph
e EXxposure category B

Seismic Loading

e Risk category IV
e Importance factor: le = 1.5

Crane Requirement

o Refer to the Crane section of Section 8.4.3.7 for information.

Building Structural System

Slab on Grade

The slab construction is anticipated to consist of a structural reinforced normal weight concrete slab. The
structural slab on grade is anticipated to be supported on 9%-in. diameter micropile foundations,
approximately 135 ft long, with a 200-ton capacity. The floor slab will be placed over a vapor barrier, a

compacted drainage base course, and a compacted subgrade. In the VERDI Instrument Building and
EWALD Instrument Building, stainless steel rebar will be provided within 6 ft of the sample position.
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Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
90M Instrument Building is anticipated to be supported on 9%:-in. diameter micropile foundations,
approximately 135 ft long, with a 200-ton capacity. Below-grade walls are anticipated to be constructed
with reinforced normal weight concrete. It is anticipated that the diagonal south—-west below-grade wall
will consist of counterfort retaining walls. Water stops will be provided in construction joints to safeguard
against water intrusion.

For the 90M Instrument Building and the adjacent 50M Instrument Building and Target Building 11, there
are three main components considered related to deflection and settlement concerns. Refer to the
Foundation System section of Section 8.3.1.8 for further discussion and information.

Superstructure

The 90M Instrument Building is anticipated to be a single-story conventional steel-frame structure. The
building will support the exterior wall system with steel girts as required. The roof structural system is
anticipated to consist of metal truss framing with a roof deck meeting galvanizing G90 requirements. The
90M Instrument Building will share a wall with the 50M Instrument Building.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building are anticipated to be
provided by concentrically braced steel frames.

Crane Support
Steel framing will be provided to support the crane runway.
Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus (Law 2000).
No borings were drilled near the footprint of the proposed 90M Instrument Building location. Considering
the consistency of the upper crust of soils at the site, we would anticipate similar subsurface conditions as
well as rock conditions. The necessity to reduce and control differential settlement between the STS and
the 90M Building will require a micropile system. The micropiles should be capable of supporting

200 tons/pile when designed using a 9%-in. steel casing. The axial capacity should be confirmed using a
pile load test.

A review of geophysical data and shear wave velocities from the Law report indicates that the 90M
Building footprint would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7
(Law 2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested
during the original campus development.

A supplemental geotechnical report would be advisable once the final 90M location and footprint have

been determined. The density and pattern of the soil test borings should be selected to optimize the quality
of geotechnical data. Additional geophysical testing is not anticipated for design of the structure.
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Vibration/Acoustics

The instrument floor and its foundations will be constructed so that beamline vibrations do not exceed a
peak-to-peak value of 0.008 in. (+0.004 in. or £0.1mm). Based on the current preliminary instrument
floor design, which is driven by the instrument floor loading and settlement criteria, this vibration
performance is considered to be readily achievable.

The available information does not indicate any spaces that will require acoustical criteria.
8.4.3.9 Mechanical
Air Handling/Ventilation

The 90M Instrument Building will be served by two CAV roof-mounted AHUs. The units will be
manifolded together and will share a common discharge plenum to provide partial redundancy (66% of
the supply system design capacity through a single AHU) in the event of planned service or a complete
unit failure. The AHUs will be designed as heating-cooling, single duct, reheat type. The units will
operate 24 h/day, 365 days/year. Supply fans will be configured in a multi-fan array, plenum fan design.
VFDs will provide supply fan volume control in response to a signal from duct-mounted static pressure
sensors and will allow for setback control capability of the supply fan volume. VFDs will also provide
return fan volume control in response to a signal from air flow measuring stations used to establish
volumetric offset between the return air and the supply air quantities. The system will be designed for
energy conservation adjustment with the potential to reduce ACHs (unoccupied setback change)
controlled by the BAS. The system will be designed to maintain minimum outside air quantities to
maintain positive pressure in tertiary spaces but will also be capable of full economizer mode.

The AHUSs will be on the lower roof of the 90M Building above the beamlines. Ductwork will be routed
into the 90M building truss space above the 90M building crane. Supply ductwork will be routed to the
sides of the building to avoid the crane travel path and drop along the walls to introduce air at the lowest
levels of the high bay space. Sound attenuators at the air terminal devices will not be provided. Return air
will be gathered at the high ceiling area of the 90M building truss space and will be recirculated through
return ductwork back to the units on the roof. The HVAC distribution system shall be pressure-
independent, CAV control for all spaces.

The supply distribution system will consist of low-pressure ductwork with pressure-independent
electrically actuated supply CAV air terminal devices, reheat coils, low-pressure externally insulated
ductwork downstream of air terminals, and diffusers. Sound attenuators at the air terminal devices will
not be provided. The use of sound-attenuating flexible duct at diffusers will be limited to 6 ft in total
length to minimize duct static pressure losses.

Exhaust

The 90M Instrument Building will be provided with a general exhaust system for lab hoods and similar
uses. The general exhaust system will be located on the lower roof of the beamline area. The exhaust
system will use duplex (one standby fan) vertical, radial dilution exhaust fans of spark-proof construction
with bearings and motors out of the airstream. Two fans will be provided to serve the common exhaust
plenum, each sized at 100% of the load. If one of the fans fails, the remaining fan will be able to provide
100% of the common exhaust system design capacity. All of the fans in the common exhaust plenum will
be on emergency power to ensure continuous hazardous material containment but will be controlled to
run at a reduced speed during a power outage to limit the negative pressure impact to the building. Ducts
will be routed through the truss space of the facility for future connection of instrument exhaust.
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The 90M Instrument Building will also be provided with a separate exhaust system for the instrument
bunkers. The bunker exhaust fans will be located on the roof of the instrument area. The exhaust system
will use duplex (one standby fan) vertical, radial dilution exhaust fans of spark-proof construction with
bearings and motors out of the airstream. Two fans will be provided to serve the common exhaust
plenum, each sized at 100% of the load. If one of the fans fails, the remaining fan will be able to provide
100% of the common exhaust system design capacity. All of the fans in the common exhaust plenum will
be on emergency power to ensure continuous hazardous material containment but will be controlled to
run at reduced speed during a power outage to limit the negative pressure impact to the building. Ducts
will be routed through the truss space of the facility for future connection of instrument exhaust.
Connections provided along each of the beamlines for future connection of instrument exhaust. A
separate capped inlet will be provided at each beamline (2 total).

Chilled Water

The CHW system for the 90M building will be supplied from the CUB Il. CHW will enter the building
from below grade at the utility room and will be routed to the cooling coil in the AHU. Based on an
estimated flow of 170 gpm to this building, the CHW branch line size to this building is expected to be
4in.

Heating Water

The heating water system for the building will be supplied from the CUB I1. Based on an estimated flow
of 20 gpm to this building, the heating water branch line size to this building is expected to be 2 in.. Hot
water supply and return will enter the building from below grade. The heating water distribution system

will serve heating and preheat coils at the air handler.

Technical Cooling Water
Chilled Water System

A CHW cooling loop will be provided to support space cooling in the 90M Instrument Building. The
CHW cooling system will consist of an independent loop of campus CHW. CHW for future cooling use
will be routed around the exterior of the 90M Building, with valved connections provided along each
beamline (2 total).

Sensible Chilled Water System

A sensible CHW cooling loop will be provided to support equipment cooling in the 90M Instrument
Building (extended through the 50M Building). The sensible CHW cooling system will consist of an
independent pumped loop that will reject heat into the Target Building CHW through a plate-and-frame
HX. The system will be designed to operate at a supply temperature of 55-60°F to reduce the potential for
condensation. The tank, pumps, HX, filters, and chemical treatment components will be located in the
mechanical support area of the Target Building lower level. Sensible CHW for future instrument use will
be routed around the exterior of the 90M Building (and 50M Building), with connections provided along
each beamline (2 total).

Controls
The 90M Building shall be controlled by the EPICS. The building will be connected to an expansion of

the existing EPICS. Instrumentation and wiring shall be connected to a new EPICS PLC in the building,
and controls interface for the building will be provided at the target control room and on the instrument
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floor. Programming and connection of the PLC to EPICS shall be completed and the control system
commissioned to ensure proper operation.

Electric actuation will be used for all control valves and dampers (with the exception of larger valves
which may be pneumatic) on both systems so that instrument air is generally not required. All control
systems will be on UPS and emergency power. System software and firmware will provide the following
functions:

o Control sequences shall be developed to support the operations of the technical equipment.

e PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables, to read control loop set points, to monitor control
signals to actuators, and to indicate the status of equipment, alarms and overrides.

¢ Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

o Data management, including continuous database updating, alarm reporting, trend logging, and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.

Equipment

Table 8.27 provides a listing of mechanical equipment servicing the 90M Building.

Table 8.27. 90M Instrument Building mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks

90M AHU CAV AHU 9,000 cfm 2 N 33% 90M roof
Lab fume

90M exhaust Radial exhaust fans 1,500 cfm 2 N N+1 90M roof  hood exhaust
90M instrument
bunker exhaust Radial exhaust fans 3,500 cfm 2 Y N+1 90M roof
90M exhaust Utility exhaust fan ~ Varies 2 N - 90M roof
Sensible
instrument Fan coil units 2-3 tons 2
cooling N - Varies
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Air Handlers
General

o All AHUs will be semi-custom, factory-fabricated, and constructed with 2-in.-thick double walls,
constructed of galvanized steel.

e Maximum allowable nominal face velocities:
- Air intake louvers (through free area): 350 fpm
- Heating water coils: 500 fpm
- Cooling coils: 400 fpm
- Filters: 400 fpm

¢ AHUs: modular, 4-in. double-wall construction configured as follows:
- Mixed air plenum
- Intake isolation damper
- Return/exhaust damper
_  Supply fans (4 to 6 fan array)
- Relief fans (4 to 6 fan array)
- VFDs
- Economizer section
- Merv 8 (30%) prefilter section
- Hot water preheat coil
- CHW coil
- Hot water reheat coil
- Pipe vestibules
- Supply fans (4 to 6 fan array)
- VFDs
- Merv 14 (95%) final filter section
- Supply plenum
- Isolation/smoke damper
- Access sections
- Doors: safety glass windows and quarter turn handles.
- Marine light in each access section.
- Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration
Control

Exhaust Fans
General/Lab Exhaust Fans

Exhaust fans will be vertical, radial dilution exhaust fans with spark-proof construction with bearings and
motors out of the airstream. Fans will have a baked epoxy airside chemical-resistant coating. The
common plenum and outside air intake dampers will be of galvanized steel construction with a chemical-
resistant coating. The system will consist of the following components:

Common exhaust plenum

Isolation damper at each fan inlet
Vertical exhaust fans

Exhaust stacks

Bypass air inlet and bypass damper
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e VFDs
Utility Set Exhaust

Exhaust fans will be backward-inclined, belt-driven centrifugal fans with spark-proof construction and
bearings and motors out of the airstream. Fans will be single width, single inlet with a galvanized steel
housing and wheel construction. The fan motor will be totally enclosed and fan cooled. The system will
consist of the following components:

Steel mounting rails with vibration isolators
Isolation damper at the fan inlet

Discharge ductwork with bird screen
Weather cover

VFDs

Motors

e All motors shall be premium efficiency type and built to NEMA standards.

e Variable-speed motors shall be rated as inverter duty motors. All motors operating with VFDs shall
be equipped with shaft grounding rings or insulated bearings to prevent the accumulation of PWM
frequencies in the shaft, which could arc across the bearing, causing pitting and premature bearing
and motor failure.

e All VFDs shall be provided with power filters to improve the building power quality from the
occurrence of multiple VFD installations.

General
System Design Criteria
Outside Design Temperatures

e Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)
e Winter: 17.1°F (99.6% ASHRAE)

Interior Design Conditions: Preliminary Load and Ventilation Assumptions

Table 8.28 provides a listing of the preliminary load and ventilation assumptions for the 90M Building.
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Table 8.28. 90M Instrument Building preliminary load and ventilation assumptions.

Airflow: cfm/sf

Space Design set points Cooling: BTU/sf Heating: BTU/sf or ACH Ventilation
Mechanical/electr o
ical 60-85°F 80 40 2 Code required
72-76°F, 60%
High bay >RH 40 40 8 ACH Code required
Loading 60-85°F - 40 2 Code required
60-100°F, no

Ventilated spaces humidity control

Notes:

Cfm/sf and values are schematic design-level assumptions. The final values of the project will be calculated based on code
requirements or heating and cooling demand, whichever is greater.

Active humidity control will not be provided for any building. Therefore, HVAC units will not have a humidification
capability. The maximum relative humidity should not exceed 60% because of moisture removal at the cooling coils.

Sensible Technical Cooling Water (Chilled)

o Supply 55-60°F
e Return 5°F above supply

Materials

Duct Distribution Systems

e  Supply ductwork construction will be based on SMACNA 4-in. pressure class and 2-in. pressure
class. Four-in. pressure duct construction will be used upstream of VAV boxes on variable-volume
units; 2-in. pressure class duct construction will be used downstream of VAV boxes on variable-
volume units and for all ductwork on constant-volume units. All ductwork seams and joints shall be
sealed, regardless of pressure rating. Maximum permissible leakage = 2%.

e All supply ductwork routed through unconditioned spaces shall be insulated with 2-in. foil-faced batts
or foil-faced duct board with similar R-value.

e Return and general exhaust ductwork construction shall be based on SMACNA 2 in. pressure class.

o Return air duct shall be insulated with 1% in. foil-faced batts or duct board. Laboratory exhaust ducts
shall not have fire dampers.

e General air distribution ductwork will be G90 galvanized sheet metal.
e General exhaust will be welded 316L stainless steel.
e Secondary confinement exhaust/hot off-gas shall be welded 304L stainless steel duct/thinwall tube.

e Exterior supply or return ductwork shall be solid double-wall ductwork with a minimum 2-in.-thick
insulation or single-wall duct with 2-in. duct board, vapor barrier, and aluminum jacket.
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e Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

e Sound attenuation will be provided to meet the project requirements or in accordance with the
direction of the project acoustician. Sound attenuation shall be by appropriate application of
attenuators or duct design.

o Lined ductwork shall not be used, except for plenum return air-transfer boots for noise control. VAV
air terminals shall be double-wall or have foil-faced inner surface.

e Flexible ductwork is limited to 5 ft and shall be used only downstream of VAV terminals. Flexible
ductwork shall be limited to supply air systems only.

e Plenum return may be used for return air in all non-laboratory portions of buildings.
e Ductwork shall be sized as shown in Table 8.29.

e Spaces on VAV systems shall have conventional supply terminal boxes with hot water reheat coils
and integral sound-attenuating characteristics.

e Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

Table 8.29. 90M Instrument Building ductwork sizing.

Air distribution device neck

Risers Submains Branches :
velocity (fpm)

Max P.D. 0.1in/100ft 0.08in./100ft 0.08in./100 ft 450 fpm

Piping
Chilled Water
e Interior piping sizes 2 in. and smaller Type L copper with brazed fittings.

e Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

e Underground CHW piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system or HDPE.

o All piping will be tested at 1.5 times the design system pressure.

e All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.

e All piping in mechanical rooms and piping exposed below 8 ft AFF shall have a PVC jacketing.

e All piping exposed to the exterior shall have an aluminum jacket.
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CHW will be provided with a BTU meter at the service entry.

Technical Cooling Water (DI Water for Instrument Cooling Downstream of HXs)

For sizes 2 in. and smaller: ASTM 312 Sch 10S, seamless, 304L stainless steel, plain ends. (Victaulic
Vic-Press system or butt-welded, as specified)

For sizes 2% in. and larger: ASTM 312 or ASTM 358, Sch 10 ERW 304L stainless steel, Class 4.
(Victaulic Vic-Groove system or butt-welded, as specified)

For sizes 1/2 in. to % in. OD tubing: ANSI Type 304L stainless steel, ASTM A213, Grade TP304L,
seamless, annealed, minimum 0.065 in. wall thickness.

Vents and drains: for sizes %2 to % in.es NPT, ANSI Type 304L Sch 40 SST pipe

Fittings:
- Welded fittings: ASTM A403, Grade WP-S304L or WP-W304L, elbows: standard 1.5x radius.
Full penetration butt weld
- Welded flanges: ASTM A 182, Grade WP-S304L, raised face weld neck
- Vic-Press or Vic-Groove 10S system, ASTM-312 304L SST
0 Plain end or grooved ends shall be ASTM A-312 304L SST
0 Vic-press flanges shall be ANSI Class 150, 304L SST, Van Stone type, carbon steel raised
face slip-on backing flange, Victaulic style 565
0 Grooved couplings: galvanized coated ductile iron conforming to ASTM A-536, galvanized,
stainless bolts, Victaulic style 89.
0 Threaded outlets shall be ASTM A-312 or ASTM A-276 304L SST
0 Seals shall be Grade H NBR, temperature range —20 to 210°F

- Flange gaskets: Garlock Blue-Gard style 3000 gaskets (1/8 in. thick)

Based on anticipated water temperatures, technical cooling water piping will not be insulated.

Heating Water

Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

Interior piping 2.5 in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

Underground hot water piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system.

Interior heating water piping shall be insulated with rigid glass fiber insulation.

Piping exposed to the interior shall have a PVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

Heating water will be provided with a BTU meter at the service entry.
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Seismic Criteria

Referenced Standards and Design Criteria:

e Seismic bracing shall be in compliance with ASCE 7-10.

¢ Equipment mounted on isolators will be seismically braced using loose cables, telescoping pipes, or
box sections, angles or flat plates used as limit stops or snubbers, either integral to or separate from
the isolators.

o Nonrotating, fixed equipment will be bolted directly to the floor or structure.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.

Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

o DDC BAS for optimization of major HVAC equipment operation.

e Variable-volume supply and exhaust system in combination with stand-alone controllers to provide
maximum flexibility in occupied/unoccupied space control scheduling, thus minimizing supply and

exhaust air volumes.

e Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.

e Supply air volume from AHUs will be reduced to minimum levels without compromising safety.
During occupied hours, room supply air volume will be set at the maximum air flow required to
provide fume hood makeup air, minimum required ventilation, or space cooling. This will be
accomplished using the VAV air systems and DDCs.

e VSDs installed on all VAV AHU supply and return fans to reduce fan horsepower requirements of
non-peak conditions.

e VSDs installed on all pumps to reduce pump horsepower requirements at non-peak conditions.

e Full economizer control on all mixed AHUSs to reduce consumption while maintaining appropriate
indoor humidity levels.

8.4.3.10 Electrical
Site Power Distribution

The 50M Instrument Building, helium compressor area, and 90M Instrument Building will be supplied
from the same outdoor substation TA2-SS4.

8-188



Conventional Facilities

The 90M Instrument Building will be provided with 480 Y/277 V secondary service from 1500 kVA
outdoor substation TA-SS4. Two 400 A service to distribution panels is anticipated to provide separation
of services to instrument and CF building loads.

Building Power Distribution

Service to a 10-ton crane will be provided.

Separate transformers will be provided where possible to service instrument loads.
Secondary Distribution

o Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will
provide service to CF lighting, receptacles, and HVAC loads as well as building instrumentation
loads. Further transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for
general use receptacles and other low-voltage equipment as necessary.

e All conventional building use dry-type transformers will be DOE 2016 rated for efficiency, 115°C
rise, 220°C insulation class with six 2.5% taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

e Circuit protection will be

- Where 480-V distribution is provided, the exterior unit substation secondary will be of low-
voltage switchgear UL 1558 construction with electrically operated drawout power circuit
breakers with solid state adjustable trips.

- Generally molded case circuit breakers. Solid state adjustable trip units will be provided above
250 A.

- Bolt-in type molded case circuit breakers for branch circuit panelboards.

- 100% rated for service entrance main circuit breakers, 80% rated otherwise.

o Devices will be fully rated. Series ratings of protective devices will not be acceptable.

e Two levels of ground fault protective devices will be provided at the main and feeder breakers at
service switchgear assemblies.

Emergency Power Supply System
EPSS Power Generation Plants

The 90M Instrument, 50M Instrument, and helium compressor area buildings will be provided with
building and instrument standby power from an exterior 300 kW/375 kVA, 480 Y/277 V diesel engine-
generator TA2-EG2. It will provide emergency power for life safety systems, including egress lighting,
and critical instrumentation and HVAC systems loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-h sub-base fuel tanks. The generator will be provided with a quick-
connect feature to be used for load bank testing or portable generator backup if the primary unit is down
for maintenance.
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EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code:

e Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each ATS.

o Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power

for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

_ Fire detection and alarm systems

~Public address communication systems (when used for issuing emergency instructions)

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

- Fire protection systems

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

e Combined legally required and optional standby branch, designate as “optional branch” (NEC Atrticle
701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or
property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

- Ventilation and smoke removal systems

- Access control systems

- Telecommunication room lighting, equipment, and data processing systems

- Electric and mechanical room lighting and selected receptacles

- Mechanical equipment including boilers, condensate return pumps, hot water heating and glycol
circulating pumps

- Plumbing equipment including sewage ejectors and pumps

Generator distribution feeders will extend from the EPSS power generation plant to 480 Y/277 V, 4-pole
isolation-bypass transfer ATSs with associated distribution panelboards located in the 50M Instrument
Building Electrical Service Room. The following transfer switches are anticipated at that location:

e 260 A: Life safety branch (sized large to meet required withstand rating)

e 600A: Optional branch

e Associated branch circuits and feeders will extend to the 90M Instrument, helium compressor area,
CEF Il, and CUB Il buildings.

8-190



Conventional Facilities

Power Quality Systems
Uninterruptible Power Supply Systems

An 80 kVA UPS system will be provided in Target Building I, which will also serve the 90M Building
IT distribution.

Surge Protection Devices

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.

SPD filtering devices will be installed on main low-voltage switchgear, distribution panelboards, and
branch panelboards serving major electronic equipment and all emergency branch panelboards in
compliance with current code requirements. Sensitive equipment may require multiple levels of
protection to protect items of equipment not only from utility disturbances but also from one another.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm:

o Electrical loading, harmonic loading, and protective device positions. Rail-mounted power quality
PM 8214 DIN meters will be required at the unit substation building main service breakers.

e Service low-voltage switchgear mains and feeders.

¢ Medium voltage interrupter switches, positions, and transformer status.

¢ Distribution panelboards on the load side of ATSs.

e Standby engine generator plant and associated distribution equipment.

e ATS positions.

The system will be networked to the ORNL Power Operations SCADA “SNO” network.

Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the

building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.
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Building Grounding

Building steel, foundation rebars (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.

Building Lightning Protection

An NFPA 780 Faraday cage type lightning protection system will be provided to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid

with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Instrumentation Signal Reference Grounding

The bonding of instruments and instrument cabling pathways, as a low-impedance-signal reference
system to a common equipment area bus and then to the ground grid, will be provided to minimize noise
induced voltages and reduce equipment malfunctions.

Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway
grounding conductors and bond to the electrical service entrance room ground bus in compliance with
EIA/TIA and NEC requirements.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.
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Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy-duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls
Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with automatic lighting controls in compliance with ASHRAE 90.1
energy budgets. High bay 24/7 areas will be breaker controlled.

Facilities & Operations Building Systems
The building electrical metering system and BAS to monitor electrical and HVAC building systems will
be site interconnected to SNS campus systems as described in Site Utilities, Section 8.1.2.1, of this report
and will also include the following systems.
Fire Alarm System
The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.
The system will
¢ Include smoke, heat, and beam smoke detection devices to suit environmental conditions

- High bay areas will be provided with beam smoke detection.

- Both smoke and heat detection will be provided to other areas.

e Include audible horns and visual strobe notification devices

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment

o Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.
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Public Address System

A public address system will be provided with building amplification as an extension to the campus-wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with separate telecommunications service from the existing site
telecommunications distribution system at the CLO to a building main distribution room. Design for the
incoming POTS and/or VVoIP telephone service, LAN, and wireless networking shall be coordinated with
DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunications service to the STS buildings.

Building IT systems for systems networking hardware, including switches, routers, patch panels, DAS,
and WLAN components will be provided.

Building IT horizontal Category 6A cabling will be provided from telecommunications rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS Network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

BAS/(F&O Facilities Management (CLO Il only—Siemens))

Power monitoring (ION-Schneider)/F&O electrical utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems:

e PPS
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e MPS

e ATS

e TPS (two conduits)
e EPICS

Pathway Systems

Ladder-type cable trays will be provided to support telecommunications and instruments and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.

Cabling from wall box-type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.

One 36-in. cable tray is anticipated for area coverages for each of the following:

e Instruments and Control
e ORNL Networks Building IT

8.4.3.11 Plumbing

Drainage/Waste

High Bay Interior Drainage System

The interior of the 90M Building high bay will be provided with a process waste drainage system to
collect interior water from system leakage. The drainage will be piped to a duplex sewage ejector in a pit
located below grade. Any water collected will be pumped to the process waste holding tank in the
basement of Target Building II.

Laboratory Waste

Laboratory waste from laboratory sinks, cup sinks, and laboratory-related equipment will be collected
separately below the lower level and conveyed by a gravity system to the underground sanitary waste
drainage system outside the building. Any hazardous waste will be bottled to be transported for
processing; consequently, a lab waste treatment system will not be provided.

Lab waste from floor drains within lab spaces will be treated as process waste.

Unless required for specific equipment, floor drains will not be provided in laboratory rooms.

Complete accessibility will be provided to all cleanouts. Wall-type cleanouts will be used within the
laboratory spaces. Floor drains that do not receive regular use will be provided with trap primers. Primers

will consist of an automatic trap primer system that automatically discharges water at regular timed
intervals.
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Process Water
Non-potable Water Service (Instrument Use)

A separate process water system will be provided for instrument use water. Process water shall emanate
from the backflow preventer provided at the incoming potable water service at the Target Building and
shall be routed around the perimeter of the Target Building and into the Instrument Buildings.
Connections will be provided for instrument use and for makeup to technical cooling water and sensible
cooling water systems.

Design of process water will be based on anticipated use and adjusted/increased to allow for projected
water demand for instrument-related equipment at the design stage. Piping will be sized to maintain a
minimum of 30 psi at the most remote laboratory equipment connection.

Water velocity in distribution piping shall not exceed 6 ft/second. Provisions shall be made to arrest
waterhammer. Shock arrestors when installed shall comply with PDI-WH201 or ASSE-1010.

Storm Drainage

The primary storm drainage system will consist of roof drains for any areas collecting water, routed to
downspouts that will collect below grade at the lower level and run to the site storm sewer.

A separate overflow storm drainage system will be provided; it will be engineered to perform as a
siphonic roof drainage system with the piping running level through the building and discharging above
grade to a velocity reduction tank located on the site. Velocities in the vertical piping shall be limited to
10 fps, and in the horizontal piping, the velocity shall be designed to 3.5 fps.

Compressed Air

CA shall be distributed from incoming service at the Target Building and around the Instrument Buildings
to supply CA to instrument-related equipment and will be provided with local pressure-reducing valves to
permit each piece of equipment to use air of various pressures. CA will be fed by a site CA system routed
from the air compressors in the CUB. CA will enter the Target Building at the lower-level mechanical
room. Distribution will be routed around all perimeters of Instrument Building high bay spaces, with
outlets provided for each beamline.

Specialty Gases

Nitrogen shall be distributed from incoming service at the Target Building and around the Instrument
Buildings to supply nitrogen to instrument-related equipment. Nitrogen will be fed by the liquid nitrogen
tank located west side of the Target Building 1. Nitrogen will enter the Target Building at the lower level.
Distribution will be routed around all perimeters of the 50M building and into the 90M Instrument
Building high bay spaces, with outlets provided for each beamline (11 total).
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Equipment

General

System Design Criteria

Process Water

Process water system is designed to provide a minimum of 40 psi at the furthest outlet.

Water piping shall be sized based on the minimum flow pressure required at each fixture or piece of
equipment. Pipe velocities shall be maintained between 4 and 8 ft/second and shall not exceed 8 ft/
second.

Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.

Hose outlets will be provided at all mechanical rooms and equipment spaces.

Lab Waste

The waste system shall connect to each fixture requiring connection and where required will be
provided with water seal traps. A vent system shall be provided for fixtures as required to ventilate
the waste system and to prevent siphonage of fixture traps.

Floor drains will be provided at all mechanical rooms and equipment spaces.

Pipe shall be routed by gravity to maintain a positive slope with a maximum velocity of 2 ft/second.

Storm Drainage

Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-min duration.

Roof drains will be provided for all roofs and areas receiving rainwater; maximum area per drain
shall be 3,000 sf.

Compressed Air

e Design CA pressure on incoming service—105 psi.
e Design CA pressure at laboratory outlets—100 psi.
e Design flow at outlets—1.0 cfm.

e Dew point —40°F

Materials

Process Water Systems

Above-ground process water systems
- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.
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- Copper tubing with grooved ends and mechanical joints is acceptable for sizes ¥ in. to 6 in. only.
Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM B88
and ASTM B75.

- The entire process water distribution system will be fully insulated using closed-cell elastomeric
foam insulation.

Storm System

e Above-ground rainwater piping
- Hubless cast iron soil pipe: no-hub pipe with Husky SD-4000 soil pipe coupling manufactured by
Anaheim Foundry, 4-band clamp or Clamp-All Hi Torq 125 2-band clamp. Sealing gasket shall
be neoprene in accordance with ASTM C564, CISPI 301-75.
- Horizontal storm drainage piping will be fully insulated using closed-cell elastomeric foam
insulation.

e Below-ground rainwater piping:
- Asphaltum-coated, service weight, cast iron pipe and fittings with resilient neoprene push-on
joints, ASTM A72, ASTM C564-70.

Process Waste

e Polypropylene pipe, (fire retardant above grade) (PP); Sch 40; PP DWYV hub and spigot fittings; heat
fusion joints above and below ground.

Compressed Air/Nitrogen Systems

e Type K copper with brazed joints
8.4.3.12 Fire Protection

Sprinkler

The 90M Instrument Building will be provided with complete automatic fire protection systems as
required by the IBC and/or DOE Order 420.1C, Facility Safety. The design, installation, and acceptance
testing of automatic sprinkler protection will be in accordance with NFPA 13, Standard for the
Installation of Sprinkler Systems and DOE-STD-1066-2012, Fire Protection. The building will be fully
sprinkled, with exposed sprinkler piping feeding upright sprinklers, or recessed pendent sprinklers where
ceilings are provided. Sprinkler feed will enter the at the east end of the lower level of the Target Building
from the site potable/fire water main, and a double-check backflow preventer will be provided. The 90M
Building will have a single sprinkler zones, with control valves located at the incoming service. Control
valve will be provided with a tamper switch and a flow switch connected to fire alarm system.

Incoming service will be hydraulically calculated and be sized for the maximum calculated flow at the
design stage.

Portable fire extinguishers will be provided throughout the 90M building in accordance with the IBC and
NFPA 10, Portable Fire Extinguishers.

8-198



Conventional Facilities

System Design Criteria

Sprinkler systems will be hydraulically designed to provide water densities that meet the requirements for
Extra Hazard, Group 1 protection throughout.

Fire sprinkler systems will be hydraulically designed. Velocity shall not exceed 20 fps. All calculations
assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant flow test results.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.

o Sprinkler piping installed above ground and sized 2% in. and larger shall be Sch 40 black steel with
roll or cut groove type connections and fittings. Pressure rating shall be 175 psig minimum.

o Fittings for grooved end shall be cast of ductile iron conforming to ASTM A-536 or malleable iron
conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr. B), with
grooved or shouldered ends for direct connection into grooved piping systems with steel pipe and
shall be UL listed and FM approved, rated for a minimum 300 psi MWP.

8-199



Conventional Facilities

8.5 CENTRAL LAB AND OFFICE BUILDING
8.5.1 Central Lab and Office Building Il

8.5.1.1 Programming

Building Function

The CLO Il will house laboratory space, STS scientific and technical staff offices/workstations, STS user
staff offices/workstations, conference/collaboration areas, and general building support functions that will
serve an added campus population of approximately 170 people. Effectively, the CLO Il will expand the
office and laboratory activities of the existing CLO. The existing CLO food service and auditorium
functions will serve CLO Il and will not be expanded. The CLO Il will be generally accessible to all STS
scientific staff, technical staff and users.

Program Summary

The CLO Il includes 63,671 nsf and has an estimated planning efficiency factor of 66%. This factor is
based on analysis of the existing CLO and preliminary test-fit planning for the CLO Il. The program
requirements for the CLO Il were defined during a series of programming workshops attended by FTS
and STS research program leaders and scientists. The original workshops were held in 2016. The
programming was supported by a review of existing space concluding that the existing CLO and CNMS
office and lab spaces were fully utilized. Office and laboratory space needs for CLO Il were established
based on information provided by the program leaders and scientists regarding projected increases in
research, administrative, and operations staff, plus additional user requirements. The space needs
developed in 2016 were reviewed again in 2018, incorporating minor revisions. The estimated gross area
of the CLO Il is 96,060 gsf. Table 8.30 summarizes the CLO Il space program requirements. Detailed
room data sheets and test-fit plans are included in Appendix B, STS CF Conceptual Design Report.

Table 8.30. CLO Il space program summary.

No. Rooms Qty. NSF Total NSF
Office Space 14,030
55.1.1 Private office—single occupancy 66 110 7,260
55.1.2 Private office—double occupancy 17 110 1,870
55.1.3 Workstation 70 70 4,900
Shared Space 7,620
55.14 Unassigned office/conference 10 120 1,200
55.1.5 Small conference 6 250 1,500
5.5.1.6 Medium conference 2 500 1,000
55.1.7 Large conference 1 1,400 1,400
55.1.8 Coffee/kitchen/vending 5 100 500
55.1.9 Common space/café 1 1,000 1,000
55.1.10 Printing room 6 120 720
55.1.11 Catering kitchen 1 300 300
Laboratory space 20,410
55.1.12 Synthesis Lab | 2 730 1,460
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Table 8.30. CLO Il space program summary (continued).

No. Rooms Qty. NSF Total NSF
55.1.13 Synthesis Lab Il 3 730 2,190
55.1.14 Synthesis Lab 111 3 730 2,190
5.5.1.15 Characterization Lab 3 730 2,190
5.5.1.16 BSL-2 2 730 1,460
5.5.1.17 Lab support 2 730 1,460
5.5.1.18 Sample receiving 1 480 480
5.5.1.19 Data acquisition lab and storage 3 730 2,190
5.5.1.20 Detector lab 2 970 1,940
55.1.21 Detector storage 2 730 1,460
5.5.1.22 Light mechanical instrument support 1 970 970
5.5.1.23 Blast lab 1 480 480
5.5.1.24 Metrology guide alignment 2 970 1,940

Building Support 20,130
5.5.1.25 General building storage 1 2,000 2,000
5.5.1.26 Lobby 1 870 870
5.5.1.27 Janitor closet 4 80 320
5.5.1.28 Server room 1 500 500
5.5.1.29 Electrical distribution room 4 120 480
5.5.1.30 IT communications room 4 120 480
55.1.31 Switchgear 1 1,200 1,200
5.5.1.32 Fire riser room 1 450 450
5.5.1.33 Mechanical room 1 500 500
5.5.1.34 Mechanical penthouse 1 10,431 10,431
5.5.1.35 Toilets 8 250 2,000
5.5.1.36 Recycling/trash 1 150 150
5.5.1.37 Entrance vestibule 1 130 130
5.5.1.38 Electrical normal distribution room 1 1,200 1,200
5.5.1.39 Boiler room 1 500 500
5.5.1.40 Electrical gen/UPS distribution room 1 400 400
Total nsf 63,671
Total gsf 96,060
Total efficiency 66%0

8.5.1.2 Site Planning
Location and Floor Elevations
The CLO Il will adjoin the southwest corner of the existing CLO adjacent to the existing SNS control

room. All floor levels of CLO Il will align with the existing floor levels of the CLO. Figure 8.14
highlights the CLO Il Building within the overall STS Site Plan.
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Figure 8.14. CLO Il Building location within the STS Site Plan.

Truck Access

The CLO 11 will use the existing CLO loading dock facilities for primary deliveries requiring tractor-
trailer truck access. This will require modifying existing CLO shop areas to establish an access aisle or
corridor between the CLO and CLO Il at the ground floor level, elevation 1057 ft. A secondary receiving
door will also be included at the northwest corner of the CLO Il ground floor, which will allow deliveries
involving smaller truck types. At this location, handcarts will be used to convey materials and equipment
between the building and trucks through double-wide service doors.

Pedestrian Access

The primary exterior access will be the main entrance located at the south end of the first floor. The
building will be accessible directly from the existing CLO at all four existing floor levels. The facility will
also be accessible through controlled exterior grade-level doors located adjacent to the loading area at the
ground floor.

8.5.1.3 Building Planning
Building Organization/Floor Planning

The CLO Il will be a four-level structure with an enclosed penthouse housing mechanical air handling
equipment. All floor levels of CLO II will align with the floor levels of the existing CLO. Because of the
narrow site, the building will be organized in a linear manner with central laboratories flanked by
perimeter office and support areas. The first, second and third floors will be entirely above grade. The
ground floor, at elevation 1057 ft, will be below grade along the southeast side and above grade on the
northwest side, adjacent to the service ring road. The CLO Il will be constructed adjacent to the existing
SNS control room, which must remain in full operation throughout construction activities. From a
building code standpoint, the CLO I1 will be considered a separate building from the existing CLO.

The CLO II plan will be anchored by two building cores located near the north and south ends of the

building. These cores will include stairs, elevators, toilets, vertical shafts, and utility distribution closets.
The central laboratory areas are planned on a nominal 10 ft, 6 in. by 10 ft, 6 in. two-directional grid.
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Laboratories will be planned to maximize future flexibility, collaboration, and visual openness. Vibration-
sensitive characterization labs will be located at the ground floor level.

Vertical Circulation

The CLO Il will include one freight elevator and two egress stairs which will connect all five floor levels
of the building, including the mechanical penthouse. Two passenger elevators will serve the four occupied
floors of the building, but not the mechanical penthouse. Stairs, stair enclosures, and exit discharge shall
be designed in accordance with NFPA 101.

8.5.1.4 Key Features and Requirements
Laboratory Casework and Fume Hoods

Mobile laboratory casework will be provided throughout the laboratory space employing a 5 ft or 6 ft
bench module based on the specific lab planning. Overhead service carriers or flexible, ceiling-mounted
utility drops will provide power, CA, vacuum, and nitrogen to bench tops. Other gases will be locally
supplied. To the extent possible, sink basins and fume hoods will be located in fixed, permanent
locations. All casework and hoods will be provided as part of the CF scope.

Office and Workstation Furnishings

Private office, shared office, workstation, conference room and other public area furnishings will be
provided as part of the CF scope.

8.5.1.5 Life Safety/Code
Primary Occupancy Type

The primary occupancy type for the CLO Il is Group B, Business, according to the 2015 IBC, and New
Business according to NFPA 101, 2018 edition.

Accessory Occupancies

Accessory occupancies will include shops (Group F-1) and storage rooms (Group S-1). The shops and
storage rooms can be considered accessory occupancies if the aggregate area of each use does not exceed
10% of the floor area of the story in which they are located. IBC Table 508.4 does not require a fire-rated
occupancy separation between Groups B, F-1, and S-1 occupancies.

Fire Protection Systems

The CLO |1 will be protected throughout by automatic fire sprinkler systems designed and installed in
accordance with NFPA 13, Standard for the Installation of Sprinkler Systems. The fire sprinkler systems
protecting office areas, conference rooms, corridors, and lobbies will be designed to protect an Ordinary
Hazard—-Group 1 occupancy. Sprinkler systems protecting laboratories, shops, and storage rooms will be
designed to protect an Ordinary Hazard—Group 2 occupancy.

The building will be provided with a Class | standpipe system with a fire standpipe located within each of
the two exit stairways in accordance with NFPA 14, Standard for the Installation of Standpipe and Hose
Systems. Two and one half-in. fire department hose valves will be provided at each floor landing in each
exit stairway.
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Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

The CLO 11 will be equipped with an addressable fire detection/alarm system consisting of the following:
e Manual fire alarm pull stations at all building exits

e Area smoke detectors in elevator lobbies and elevator machine rooms

e Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

o Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

The CLO Il will be a 5-story building of Type 1A construction. IBC Table 503 limits the height of a fully
sprinklered, Group B building of Type Il1A construction to a maximum of 65 ft and 6 stories.

The CLO Il will have a gross area of approximately 93,736 SF. IBC Table 503 and Section 506 limit the
area of a fully sprinklered, Group B building of Type I1A construction to 112,250 SF per story up to a
maximum of 4 stories (or 450,000 SF). The proposed height and area for the building are within the limits
established in IBC Sections 503, 504, and 506.

Travel Distances

The CLO 11 will have two exit stairways enclosed by 2-h fire-rated construction. The maximum travel
distance to an exit will not exceed 300 ft, as required by IBC Section 1016.2 and NFPA 101, Section
38.2.6.3. The maximum common path of travel distance will not exceed 100 ft, as required by IBC
Section 1014.3 and NFPA 101, Section 38.2.5.3.1. The maximum dead-end corridor will not exceed 50 ft,
as required by IBC Section 1018.4 and NFPA 101, Section 38.2.5.2.1.

Construction Type

The CLO 11 will be of Type I1A construction in accordance with IBC Section 602.

Wall/Floor Ratings

The primary structural frame, floors, bearing walls, and roof of the CLO Il will have a 1-h fire resistance

rating as required for Type I1A construction. Interior non-bearing walls and partitions will be of
noncombustible construction.
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Special Code Considerations

The CLO Il should be separated from any new or existing building by a 3-h fire wall constructed in
accordance with IBC Section 706.

Hazardous materials: The use and storage of hazardous materials shall be limited to the maximum
allowable quantities indicated in IBC Tables 307.1(1) and 307.1(2). Where chemicals are used or stored,
hazardous material control areas shall be provided in accordance with IBC Section 414.2. The number of
control areas per floor and their required fire resistance ratings shall be in accordance with IBC Table
414.2.3. Note that the floors of control areas are required to have a 2-h fire resistance rating for buildings
over 3 stories in height.

8.5.1.6 Civil/Site Development

The CLO |1 will extend off the southwest wing of the existing CLO. The development of this area
involves realignment of the southern CLO parking facility and removal of the existing control room
parking. Walkways will be provided from the additional parking installed to the south and east for the
CLO Il area. Finished grading is shown on Drawing 5.1.19. Drawing 5.1.22 shows the site drainage
concept. Roof drainage will be piped to the proposed storm sewer system. Sewer, fire, and domestic water
services to the building are shown on Drawing 5.1.27.

8.5.1.7 Architecture
Building Envelope
Exterior Wall

The exterior enclosure will incorporate basic concepts; a solid expression that will enclose the majority of
the lab areas of the building; and a glazed expression that will surround the office, conference,
collaboration and commons space, providing views to the exterior and welcoming in ample daylight. A
striated-face, 24-in.-wide insulated-core metal panel system, with a custom color to match existing
context, will be used as major material component for the envelope of the CLO I building that will be
compatible with the existing texture and materials used on the SNS campus. Consistent with the project’s
sustainable goals, the preferred solid wall construction will function as a rain screen. The metal panel
cladding support backup system will be a light gauge metal framing wall with glass mat gypsum board
sheathing, fluid-applied air barrier, and mineral wool insulation with a gypsum board interior finish.
Metal window sills and wall caps will be used. Continuous through-wall flashing will be provided at the
bottoms of all wall cavities, over all wall openings and metal copings. Below-grade exterior walls will be
constructed of reinforced concrete with a waterproof membrane and below-grade insulation board. The
interior side of the below-grade walls will have metal channel furring with a painted drywall finish.
Exterior walls below grade will have a requirement of R-7.5 ci.

A deep-ribbed, corrugated metal panel with exposed fasteners with a 2-in.-thick insulated liner panel will
be used at the penthouse enclosure. The metal panel backup system will be a light-gauge metal framing
wall with glass mat gypsum board sheathing, air barrier, and rigid insulation with a gypsum board interior
finish. The metal panel wall systems will have an R-13 and R-13 ci minimum requirement. Exterior walls
below grade will have a requirement of R-7.5 ci.
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Exterior Doors

Main exterior entrance doors will be pre-finished, wide-style aluminum doors with low-E, insulated, and
tempered glazing with a U value of 0.77. They will be provided with egress/entry hardware. Egress doors
at loading dock areas will be 16-gauge, insulated-core painted hollow metal doors with fully welded, 14-
gauge frames with a U value of 0.61. All exterior doors will be provided with proximity card reader
hardware.

Thermal and Moisture Protection

Flashing and sheet metal will be provided as a positive water stop around all openings (head, jamb, and
sill) in walls such as windows, doors, louvers, and so on. All copings and gravel stops will be ES-1
compliant as required by IBC.

Damp-proofing will be provided on all walls, floors, and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer 215-mil polyester fabric-reinforced membrane.

Exterior sealants will be nonstaining with two-part composition and a 50% movement capacity, and will
be compatible with the surfaces on which they are being applied.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing

Owing to the building orientation and environmental and daylighting needs, the exterior glazing will use
several types of window systems. A standard vision glass will consist of a thermally broken frame with
1-in.-thick, low e-coated insulated units. Fixed horizontal shading devices will be used at all glazing
locations. The aluminum curtain wall and storefront systems will be high-performance, 1-in.-thick, low
U-value insulated, low-E, argon-filled glass units on a thermally broken frame to the north of the building
to provide optimal thermal protection while allowing the highest transfer of visible light. The
windows/glazing systems are anticipated to have a U value of 0.38.

Glazing materials and methods will comply with the Flat Glass Marketing Association’s Sealant and
Glazing Manuals. Glass will comply with ASTM C1036-01.

Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations must comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42-in.-high parapet or provided with a fall protection system.
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Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3- year
aged thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will
be Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift according to ASTM 1592. It will provide a minimum thermal resistance value
of R-30.

Interior Construction
Walls

Interior partitions will be constructed of metal studs with 5/8 in. gypsum board on each side. The height
of the new walls will vary as needed to accommodate sound attenuation requirements, HVAC
compartmentation requirements, and required laboratory control areas. All walls defining chemical
control areas are to be 1-HR rated. Walls constructed at office and conference areas will be constructed to
the underside of the ceiling grid to allow for future flexibility. The enclosing and demising walls at the
laboratories and toilet rooms are to be constructed to the underside of the structural deck. Sound mineral
wool batts will be installed in the walls enclosing mechanical rooms, offices, conference rooms, toilet
rooms, and laboratories. All fire-rated walls will be constructed in accordance with the IBC code
requirements and UL-listed assemblies.

Interior storefront systems with 3 5/8-in. frame and Yz-in.-thick tempered glazing system will be provided
at huddle room and conference room areas.

All metal guardrails and handrails at openings and egress stairs will be painted metal.
Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread < 25, a
fuel contribution of < 25, and a smoke development of < 450.

Typical interior gypsum board partitions will receive a paint finish consisting of one primer coat and two
finish coats. Epoxy paint is to be applied to all lab demising walls. All paints, including top coats and
primers, will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.

Ceramic tile will be installed for the full height of all walls in toilet rooms. Tile will be 1 x 24 in. ina
brickwork pattern with a 1/3 offset. In areas where moisture is present, tile will be installed over a
cementitious backer board.

Floor Finishes

Commercial-grade carpet tile and 4-in.-high vinyl wall base is to be installed in the enclosed offices, open
offices, and conference areas. Carpet systems must meet or exceed the Carpet and Rug Institutes Green
Label Plus Program, and all carpet adhesives will not exceed the volatile organic compounds limits of
LEED Gold v4 or will meet the 2016 Guiding Principles for Sustainable Federal Buildings.

Commercial-grade vinyl composition tile with a 4-in.-high vinyl wall base is to be installed at all lab
support areas and main corridors. Seamless chemical-resistant sheet vinyl with integral coved base is to
be installed in all laboratories. An epoxy floor with an integral coved base will be provided at the
synthesis labs, characterization labs, detector labs, blast lab, and H occupancy rooms for durability.
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The main corridor and lobby areas on the first floor will receive a thin-set epoxy terrazzo finish.

Ceramic tile will be installed in toilet room floor areas. Tile will be 12x24 in. in a brickwork pattern with
a 1/3 offset.

Porcelain tile will be provided at the café/kitchen area, and quarry tile will be provided at the food
preparation areas.

Static-dissipative floor tile will be provided in the server room.

Flooring in the mechanical areas is to receive concrete sealer over the new concrete. No vinyl wall base
will be used in these areas.

Ceiling Finishes

The main lobby ceiling will have a metal ceiling panel system. A suspended lay-in 2x4 ft ceiling will be
provided in laboratories that require ceilings. A 2x4 ft suspended acoustical ceiling system with lay-in
panels will be installed in office and conference areas with a noise reduction coefficient rating greater
than 0.9. All ceiling tile products will contain recycled content. A gypsum board ceiling on a suspended
drywall system is to be installed in the toilet rooms.

The structure will be left exposed in some laboratory spaces and all mechanical and utility areas. All
exposed structure will receive paint finish consisting of one primer coat and two finish coats.

Interior Doors

All interior doors, except stairwell doors, will be solid-core wood, natural finish, with fully welded hollow
metal frames. Stairwell, mechanical rooms, and other support areas will be hollow metal doors with fully
welded metal frames.

Tempered glass vision lights will be provided at all laboratory and office doors. Labeled doors will also
be provided at rated walls and stairwells in accordance with NFPA 101. Glass lights will be provided at
labeled doors for safe egress. Doors to laboratories requiring light control will be equipped with light-
tight blackout shades.

All laboratory access doors will be provided with proximity card reader hardware.

Furnishings

Roller shade window coverings will be provided to control sun intake in normally occupied areas.
Electrically operated shades will be provided for conference rooms.

Millwork will conform to the Architectural Woodwork Institute Quality Standards, Guide Specifications,
and Quality Certification Program, latest edition.

A janitor closet will be provided on each floor of the building, easily accessible for cleaning, and near the

elevator. Closet will include mop sink, faucet with bucket hook, storage for supplies, storage for vacuum
and mop bucket trolley, and a hanging apparatus for mops and brooms.
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Laboratory Casework

Laboratory casework will be a modular system with prefinished painted metal bases, wall cabinets, and
shelving units, with epoxy resin countertops. The modular system will be adaptable and flexible to
accommodate the changing needs of the lab research. The casework will be provided with flammable/acid
storage base cabinets, full height storage cabinets, and full height storage racks as required for the lab
functions.

Mobile base cabinets with epoxy resin tops will be provided in limited areas with overhead service
carriers.

Vertical Circulation
Stairs

Stairs will be constructed of concrete-filled metal pans and metal handrails, with rubber treads, nosings,
and landings. The stair will extend to the roof for maintenance access and egress.

Elevators

Elevators will comply with the requirements of ASME A17.1, NFPA 70, Safety Code for Elevators and
Escalators, and the requirements of the State of Tennessee Elevator Code.

There will be one 2500-1b capacity passenger and a 4500-1b capacity passenger/freight elevator. All
elevators will be hydraulic. Elevator machine rooms will be in the first floor adjacent to or near the
elevator shaft.

The final sizes of the elevators will be determined during preliminary design to support any large
equipment that may need to be transported through the building vertically.

Specialty Equipment

Combination emergency showers/eye wash units will be provided, according to ANSI Z358.1, at lab areas
where chemicals will be used or stored.

8.5.1.8 Structure
Applicable Codes and Standards
See Sheets x — xii for complete list of Applicable Codes and Standards
Design Loading
Superimposed Floor Loads
e Dead loads:
- Ceilings: 5 psf
- Mechanical and lighting: 10 psf
e Live loads:

- Typical floor load: 100 psf
- Office floor load: 50 psf + 20 psf partition load
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- Laboratory floor load: 150 psf

- Mechanical/equipment room floor load: 150 psf or actual equipment load
- Auditorium stage floor load: 125 psf

- Auditorium seating floor load: 50 psf + 20 psf partition load

_  Library stack floor load: 125 psf

- Library reading floor load: 60 psf + 20 psf partition load

- Ground floor load: 500 psf or 6000 Ib forklift

Superimposed Roof Loads

e Roof snow load:
- Ground snow load: Pg = 10 psf
_ Snow exposure factor: Ce = 1.0
- Snow importance factor: Is = 1.0

e  Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads

e Risk category Il
e Basic wind speed: V = 115 mph
e EXxposure category B

Seismic Loading

e Risk category Il
e Importance factor: le = 1.0

Building Structural System
Slab on Grade

The slab construction is anticipated to consist of an 8-in.-thick reinforced normal weight concrete slab.
All construction joints between pours will require smooth dowels across the joint. The floor slab will be
placed over a vapor barrier, a compacted drainage base course, and a compacted subgrade.

Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
CLO Il is anticipated to be supported on shallow foundation with a 3,000 psf allowable bearing pressure.
Some site preparation to remove unsuitable soils will be required. Below-grade walls are anticipated to be
constructed with reinforced normal weight concrete. There will be a walk-out ground level as one of the
four stories, requiring retaining walls. Water stops will be provided in construction joints to safeguard
against water intrusion.

Superstructure
The CLO Il is anticipated to be a 4-story conventional steel-frame structure. The building will support the

exterior wall system with steel girts as required. The elevated floors are anticipated to be constructed
using reinforced normal weight concrete on galvanized composite metal deck. The roof structural system
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is anticipated to consist of wide flange framing with roof deck meeting galvanizing G90 requirements.
There will be a walk-out ground level as one of the four stories.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building are anticipated to be
provided by concentrically braced steel frames.

Floor Vibration Design

The floor structure will meet VC-A, 2000 pin/sec velocity, under a moderate walking speed of 75
steps/minute.

Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus. A detailed
geotechnical report was performed by Shield Engineering Inc. dated November 4, 2010, for the proposed
Chestnut Ridge Office Building, which was not constructed. The proposed office building was to be
located in the footprint of the proposed CLO II. The proposed CLO Il may be supported on shallow
foundations. According to the recommendations of the 2010 Shield report, the footprint area of the
proposed CLO Il addition will require some site preparation to remove unsuitable soils (Shield 2010).
Once the site is prepared according to the 2010 Shield report, a 3,000 psf allowable bearing pressure will
be available.

A review of geophysical data and shear wave velocities from the Law report indicates that the CLO 11
footprint would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7 (Law
2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested during the
original campus development.

A supplemental geotechnical report may be needed in the area between the east edge of the unbuilt office
building footprint and the existing CLO. The density and pattern of the soil test borings should be
selected to optimize the quality of geotechnical data. Additional geophysical testing is not anticipated for
design of the structure.

Vibration/Acoustics

The acoustical design will be consistent with achieving the following average noise levels. These noise
levels do not include noise from owner-furnished equipment or personnel located within these spaces.
Actual noise levels may exceed the design noise levels because of the actual type of equipment
purchased, installation compromises, workmanship, and so on.

e Room type NC
e Mechanical rooms 65
o Electrical rooms 60
o Computer/server rooms 55
e Maintenance shops 55
e Corridors and public circulation areas 45
o Lab support spaces 45
o Laboratories with fume hoods 45
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e Laboratories without fume hoods 40
e Open-plan offices 40
e Private offices 35
e Conference rooms 25

Sound attenuators at the air terminal devices will not be provided. Instead, sound-attenuating flexible
ductwork with woven nylon fabric type lining will be provided at the supply diffusers to control noise.
The use of sound-attenuating flexible duct at diffusers and grilles will be limited to 6 ft in total length to
minimize duct static pressure losses.

The design will target a vibration criterion of VC-A (50 pum/s or 2000 pin/s RMS amplitude in 1/3 octave
bands) in laboratory areas. This will govern structural design of floors and the level of vibration isolation
hardware provided for rotating mechanical equipment.

8.5.1.9 Mechanical

Air Handling/Ventilation

CLO spaces shall be designated as laboratory, office, or support based upon usage, with different
requirements for each. The ventilation criteria in Table 8.31 apply to these areas.

Table 8.31. CLO Il space definitions and ventilation rates.

ACH
S_pace_ Areas included Notes
designation Occ Unocc®

Wet laboratory Assume virtual/actual ceiling
Laboratory ® Dry/instrumentation laboratory 8.0 3.0 height of 10 ft

Laboratory support all spaces negative to

Laboratory prep surroundings

Offices

Open office

Corridors All spaces positive to
Office Conference rooms 4.0 0.0 P P

. laboratory

Break rooms/amenity spaces

Copy rooms

Lobby

Shop areas 4.0 .
Support® Maintenance rooms 4.0 2.0 lerlrzrl);(ijeiinsgatlve 0

Toilets/janitor closets 10.0 g

@ Designed as 100% outside air.
b Unoccupied mode ACH dependent on temperature stability requirements.
¢ Designed as 100% outside air or recirculation depending on hazardous material use.

Laboratory ACH rates will be at a minimum as listed in Table 8.31 but otherwise dependent on
temperature stability requirements of the installed equipment and exhaust flow rates above and beyond
general exhaust. The following criteria have been used to size exhaust systems:
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Fume Hoods
All hoods will be of VAV type for energy reduction and improved safety. Hood exhaust system will be

sized based on an average 100 fpm face velocity (measured over the entire face) at an 18 in. sash height at
the chemical fume hoods. These criteria correspond to the following exhaust rates at the listed fume hood

types:

o 6 ft chemical fume hood (18 in. sash height) 900 cfm
e 8 ft chemical fume hood (18 in. sash height) 1200 cfm
e Any hoods in nano labs will be provided with a local HEPA filtration system.

The current design assumes a maximum of two 6 ft chemical hoods per designated lab space.
Other Laboratory Exhaust Devices

Other exhaust devices in the building will include the following:

e Canopy hoods: 100 cfm/SF( two assumed in the building at 6x4 ft).

e Downdraft surfaces: 100 cfm/SF downdraft velocity at table surface for 100% smoke capture 12 in.
above the table. (Two assumed in the building at 3x5 ft).

e Snorkel (6 in. +) 150 cfm (three per designated lab space)

o Equipment vent (4 in. +) 50 c¢fm (two per designated lab space)

Biosafety Cabinets

o Biosafety cabinets classifications are as follows for the project:

o Class I, Type B2 biological safety cabinets (100% exhaust) will require dedicated exhaust system
because of high static pressure of 1.4-2.0 in. WC for 6 ft unit or 1.0-1.4 in. WC for 4 ft unit. Two 6 ft

11/B2 biological safety cabinets assumed in the building.

e Class Il, Type A2 biological safety cabinets (30% exhaust) shall be canopy connected to the exhaust
system. Two 6 ft 11/A2 biological safety cabinets assumed in the building.

Pressure Relationships
The following typical pressure relationships are assumed for the similar facilities.

Building: Positive to ambient

Wet laboratories and shops: negative to adjacent spaces
Corridors: positive to laboratories and shops

Offices: neutral or positive to adjacent spaces

Toilet rooms: negative to adjacent spaces

Pressure relationships will be maintained by volumetric offsets between supply and exhaust/return air
flow rates.
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Outdoor Air Quality Control Methods

Minimum filtration of outdoor/recirculated air—MERV 8 (30-35%) pre-filters and MERV 14 (90-95%)
final filters at the building AHUSs or as otherwise described below.

No fibrous media exposed to the airstream will be allowed in the ductwork downstream of any AHU’s
final filter bank.

Ventilation for all laboratory spaces and lower-level shops will be 100% exhausted using separate
laboratory ventilation AHUs and exhaust fans. Office ventilation will be recirculated, with a minimum of
15% outside air provided during occupied mode. Additional outside air will be provided as required to
offset exhaust and maintain pressure relationships between spaces.

Outdoor air intakes for all AHUs will be located on opposite sides of the mechanical penthouse from
exhaust and lab exhaust to minimize cross-contamination between intakes and exhaust air streams, and on
the east side of the penthouse to be downwind of the CEF Il and other buildings. A wind tunnel
simulation is recommended for this project to corroborate the locations and determine minimum exhaust
stack height for lab exhaust equipment. Fume exhaust stacks will be a minimum of 10 ft above the roof.
Fume exhaust fans will be designed to be capable of exhausting a constant volume of air at a stack
discharge velocity of approximately 3500 fpm. If wind analysis shows a lower stack velocity is
acceptable, VFDs provided for the exhaust fans can be adjusted using the control system to allow the
stack velocity to be lowered as an energy savings measure.

Supply/Ventilation Air

The CLO Il building will be served by multiple VAV AHUSs serving various portions of the facility. All
units will be located in the enclosed mechanical penthouse.

Wet Laboratory/Support Central Air Handling System

The wet laboratory and some shop support portions of the building will be served by three VAV AHUSs.
The units will be manifolded together and will share a common discharge plenum to provide full
redundancy in the event of a complete unit failure. If one of the units should fail or be required to be taken
out of service for maintenance, the remaining two units will be able to provide 100% of the maximum
supply system design capacity. The AHUs will be designed as heating, cooling, single-duct, reheat type.
The units will operate 24 h/day, 365 days/year. Supply fans will be configured in a multi-fan array,
plenum fan design. VFDs will provide supply fan volume control in response to a signal from duct-
mounted static pressure sensors. The HVAC distribution system shall be pressure-independent, VAV with
minimum and maximum ACHs established for laboratory spaces. Setback adjustments will maintain
minimum outside air quantities to meet exhaust air requirements but will also include an air side
economizer control scheme (ambient enthalpy driven).

The system will be designed for energy conservation/pressurization adjustment. The potential to reduce
ACHSs, go to an unoccupied setback in a particular room (or rooms), or change pressurization shall be
accommaodated. ACH reduction, unoccupied setback, or pressurization change shall be controlled by the
BAS based on a time-clock adjustment and overridden by an air quality monitoring system.

An energy recovery system will be provided between the lab and general exhaust streams and the

laboratory ventilation air handlers, using a piped run-around loop extending between the exhaust air
stream and the incoming outside air stream. Energy recovery/reheat section will be provided with an
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upstream filter and by-pass damper to minimize fan static pressure when not in use during shoulder
seasons/economizer mode operation.

The supply distribution system will consist of medium-pressure laboratory supply air distribution risers
located in shafts on either end of the central laboratory bay and interconnected across this bay at each
floor to provide redundancy of supply and minimize horizontal duct sizing. Terminal boxes and reheat
coil valves shall be located within the laboratory space. Terminal devices shall be pressure-independent
venturi-actuated supply air valves, with reheat coils, feeding low-pressure externally insulated ductwork
downstream. Sound attenuators at the air terminal devices will be provided based on determination of
sound levels. All terminal units will be positioned for easy access with a minimum of 36 in. of service
space on the panel/actuator side. All terminal reheat control valves serving the laboratory spaces shall fail
closed.

Controls to maintain pressure gradients shall be accomplished by an active volumetric offset (tracking)
control concept, with supply air valves interconnected with exhaust air valves for tracking.

Spaces within the shop and support areas that are using hazardous materials will be fed by the laboratory
air supply systems and exhausted.

Office/Support Area Central Air Handling System

The office and some portions of the shop support areas of the building will be served by a single VAV
AHU. Air delivered to these areas will be recirculated to the unit, with a minimum of 15% outside air
provided during occupied mode. The AHU will be designed as heating-cooling, single-duct, reheat type to
provide from minimum outside air to 100% outside air economizer on a VAV basis. The unit will operate
only during occupied periods of the day, or cycle on as required to maintain night setback temperature
settings. Supply fans will be configured in a multi-fan array, plenum fan design. VFDs will provide
supply fan volume control in response to a signal from a duct-mounted static pressure sensor. VFDs will
provide return fan volume control in response to a signal from air flow measuring stations used to
establish volumetric offset between the return air and the supply air quantities. AHU supply fan speed
will be modulated as required by building load.

The supply distribution system will consist of medium-pressure supply air distribution risers located in
shafts on the north end of the central laboratory bay and a medium-pressure loop in the main circulation
corridor at each floor. Terminal boxes and reheat coil valves shall be located within the spaces they serve
or immediately adjacent. Terminal devices shall be pressure-independent electrically actuated supply
VAV boxes with reheat coils, feeding low-pressure externally insulated ductwork downstream. Sound
attenuators at the air terminal devices will not be provided. Instead, sound-attenuating flexible ductwork
with woven nylon fabric type lining will be provided at the supply diffusers to control noise. The use of
sound-attenuating flexible duct at diffusers and grilles will be limited to 6 ft in total length.

All terminal units will be positioned for easy access with a minimum of 36 in. of service space on the
panel/actuator side.

The control system for this AHU will include local thermostats for all VAV boxes and CO, sensors
located in high-occupancy spaces, such as conference or meeting rooms, to achieve demand-based
ventilation control.

Spaces within the shop and support areas that are not using hazardous materials will be served from this
fan system.
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Return from each floor shall be through and above a ceiling return air plenum routed to a return air inlet at
the duct shaft. The return air duct riser will connect at a penthouse return/relief fan. VFDs will provide
return fan volume control in response to a signal from duct-mounted static pressure sensors. The return air
system will have the capability to either return the air from the spaces for recirculation or relieve the air
from the building to allow for ventilation or as part of the air side economizer operation.

Exhaust
Laboratory and Shop Area Central Exhaust System

The wet laboratory and areas containing hazardous material in the shop spaces will be served by one
combined central exhaust system serving fume hood exhaust, snorkel exhaust, and general exhaust
requirements. Combined fume and general exhaust duct risers from each floor will connect at a penthouse
level to a roof-mounted common plenum exhausted by three vertical radial dilution fans. The general
exhaust and fume hood/snorkel exhaust terminals served by the central exhaust system will be variable-
volume devices; therefore, the central exhaust system will operate at variable-volume. To achieve
operational flexibility, the system shall incorporate both VFD and outside air bypass control technologies.
Under outside air bypass operation, the system shall have the ability to maintain a stack discharge
velocity of approximately 3500 ft/min (fpm). Under favorable wind conditions the system will have the
capability to close the outside air bypass damper and operate the fans under VFD fan speed control,
allowing the stack discharge velocity to drop. Minimum stack velocity will need to be confirmed by the
wind tunnel test. A static pressure sensor in the exhaust ductwork will provide a control signal to adjust
the speed of the exhaust fans, or to control an outside air bypass damper that allows makeup air into the
fume exhaust plenum. The control system will interface with a building wind sensing (direction and
speed) system to produce higher stack discharge velocities during times of unfavorable wind speed or
wind direction.

Three fans will be provided to serve the common exhaust plenum, each sized at 50% of the load. If one of
the fans fails, the remaining fans will be able to provide 100% of the common exhaust system’s design
capacity. All of the three fans in the common exhaust plenum should be on emergency power to ensure
continuous hazardous material containment, but they would be controlled to run at a reduced speed during
a power outage to limit the negative pressure impact to the building. Fans will be located exterior to the
mechanical penthouse in a screened area on the roof. The fume exhaust fan stacks for the combined fume
and general exhaust fans will discharge at a minimum of 10 ft above the roof or as determined by wind
tunnel testing. The exhaust system will operate 24 h/day, 365 days/year.

Pressure-independent venturi exhaust air valves will be provided to serve general exhaust grilles, each
fume hood, and all snorkels with a single lab space. Low-pressure/low-velocity exhaust ductwork will be
used between the exhaust air terminal devices and the laboratory exhaust risers located in shafts on either
end of the central laboratory bay, interconnecting across this bay at each floor to provide redundancy of
exhaust and minimize horizontal duct sizing. Exhaust systems will not be provided with smoke/fire
dampers but will use a sub-duct concept for protection at the fire-rated shaft penetrations. Terminal boxes
and reheat coil valves shall be located within the laboratory space. Exhaust fan duct construction shall be
304 stainless steel with fully welded seams and joints. Sound attenuators at the air terminals may be
provided, pending acoustical review.

Biosafety Cabinet Exhaust System
A system of independent exhaust risers and fans will be provided to serve the biological safety cabinet lab

loads. The design for this system shall be similar to that described for the lab general exhaust but will
incorporate two 100% capacity exhaust fans in lieu of three 50% capacity fans, and fans will be equipped
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with HEPA filtration. Fans will be located exterior to the mechanical penthouse in a screened area on the
roof. Ductwork associated with this system shall be all welded 304 stainless steel construction.

Exhaust risers for the biological safety cabinet exhaust will be provided adjacent to the lab general
exhaust risers at either and of the lab bays, and at four intermediate points adjacent to columns within the
lab bays.

General Exhaust System

General exhaust fans will be provided to exhaust toilet rooms, janitor closets, and other rooms requiring
ventilation at a minimum rate according to their code requirements.

Atrium Smoke Exhaust System

The central atrium, extending between the first and third floors, will be served by a mechanical smoke
exhaust system. The smoke exhaust system will be designed to remove smoke from the atrium and the
associated floor levels in the event of a fire to maintain a safe means of egress for the building occupants.
The design for this system will consist of two 50% capacity exhaust fans that will be located exterior to
the mechanical penthouse.

Exhaust risers for the smoke exhaust will be located around the perimeter of the atrium with combination
fire/smoke dampers. Ductwork associated with this system will be galvanized steel construction designed
to withstand the increased air temperatures.

This exhaust system will be activated by the fire alarm control panel and will be interlocked with the
building air handling systems to maintain a negative pressurization.

Space Conditioning
Telecommunications Room and Electrical Equipment Room

All telecommunications rooms and electrical equipment rooms will be served by CHW-cooled, fan-coil
units located within the spaces. Units shall normally operate 24 h/day, 365 days/year. Local humidifiers
shall be provided. Provisions will be made to provide some conditioned air from one of the constantly
running AHUs as backup to the space should a fan-coil unit fail.

Data Center Equipment Room

The data center equipment room will be served by CHW, computer room AHUs (CRAH) located on the

floor within the space. The space will be served by two units each designed to meet 70% of the full load.
Units shall operate 24 h/day, 365 days/year and shall be supplied with emergency power. Airflow will be
designed for under-floor distribution. Humidifiers will be provided with each CRAH.

Chilled Water
The CHW system for the building will be supplied from the existing CUB. Based on an estimated flow of
875 gpm to this building, the CHW branch line size to this building is expected to be in the range of 8 in.

CHW will be distributed to the CLO Building from the CUB from the underground CHW loop. CHW
supply and return will enter the building at the lower level.
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Within the building, CHW will be routed to cooling coils in all AHUS, to the data center CRAHs and
telecommunications room fan coils, and to the HX of the process CHW system. As a means of addressing
high heat rejection potential from laboratory equipment power usage beyond the capacity provided by the
AHUs, CHW lines risers with connections at each laboratory floor will be provided for extension to fan
coil units that would be installed in the future to provide additional in-room cooling if required.

Technical Cooling Water
Process Cooling Water System

A process cooling water system will be provided to support any equipment that might be water cooled
included in the CLO Il building. A piped process cooling water system will be extended throughout the
laboratory floors, with risers located along columns at four points within the lab bays. Equipment to be
cooled will include such items as process and instrumentation equipment. The process cooling water
system will consist of an independent pumped loop that rejects heat to the building CHW through a plate-
and-frame HX. The system will be designed to operate at a supply temperature of 55-60°F to reduce the
potential for condensation (temperature to be coordinated with any night setback supply air temperature
reset). The tank, pumps, HX, filters, and chemical treatment components will be located in the lower-level
mechanical area.

Three variable-speed process cooling water pumps will be sized at 50% of the design flow rate each. If
one of the booster pumps were to fail, the other remaining pumps would provide 100% redundancy. If
determined to be necessary for minimizing backpressure at the equipment, the system will be designed to
incorporate an atmospheric tank and low-pressure loss return pipe system. The process cooling water
pumping system will be on emergency power, since it must provide continuous service to critical
laboratory equipment.

Heating Water

The heating water system for the building will be supplied from three condensing boilers located at the
lower-level mechanical room. Boilers will be designed to be 100% redundant, with any single boiler
capable of handling 50% of the entire load. Hot water supply and return will distribute from the lower
level through redundant hot water pumps, up through risers to the penthouse. The hot water distribution
system will serve heating and preheat coils at the air handlers and reheat heating water coils at the
terminal units. A variable primary heating water pumping scheme will be used, incorporating three hot
water distribution pumps each sized to handle 50% of the design load.

Natural Gas

Natural gas piping will be routed to the CLO Il from the existing site gas service. Medium-pressure gas
will enter the building at the lower level and will be distributed to the water heaters and boilers located at
the lower level. Separate pressure regulators will be provided for the water heaters and boilers.

Controls

The mechanical and process support systems in the CLO will be controlled and monitored through a
DDC-based BAS with distributed processing at the local level. The DDC system will be designed around

an open protocol BACnet communication network. The basis of design is expected to a JCI Metasys
system.
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Electric actuation will be used for all control valves and dampers on both systems so that instrument air is
generally not required. Pneumatic actuation will be provided for the largest valves only. All control
systems will be on UPS and emergency power. System software and firmware will provide the following
functions:

o Control sequences shall be developed to support the operations of the technical equipment.
e PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

¢ Monitoring to read the value of measured variables, to read control loop set points, to monitor control
signals to actuators, and to indicate status of equipment, alarms and overrides.

e Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

o Data management, including continuous database updating, alarm reporting, trend logging, and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.

Laboratory Fume Hood Airflow Control Systems

Fume hood type: variable-volume types with horizontal sash. Each fume hood shall be provided with a

low-airflow alarm (audible and visual) by the fume hood manufacturer. Each fume hood shall be provided

with a variable-volume exhaust air valve and face velocity control system to achieve constant face
velocity into the hoods. Fume hood controls will be monitored by the BAS and will interface with the
supply and exhaust air terminals for the lab where they are located.

Equipment

Table 8.32 provides a listing of mechanical equipment servicing the CLO II.

Table 8.32. CLO Il mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks
Wet lab and shop 100% outside air 20,000 cfm 3 N N+1 Penthouse
areas VAV AHU
Office and admin VAV AHU 45,000 cfm 1 N - Penthouse
areas
Wet lab and shop Lab exhaust fan 17,000 cfm 3 Y N+1 Penthouse
areas
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Table 8.32. CLO Il mechanical equipment (continued).

Use Equipment Size Qty Empwr Redund Location Remarks

Wet lab Lab exhaust fan 4,000 cfm 2 Y N+1 Penthouse  HEPA filtered

biological safety

cabinets

Toilet/jan closet ~ General exhaust 3,500 cfm 1 N - Penthouse

exhaust fan

Atrium smoke Utility set exhaust 50,000 cfm 2 Y - Penthouse

exhaust fan

Instrument Sensible chilled 30 gpm @ 3 N N+1 Mech room

sensible chilled  water pumps 100 ft

water

Sensible chilled  Storage tank 500 gal 1 N - Mech room

water storage

CHW to process  Plate-frame HX w/ 60 gpm 1 N - Mech room

CHW filtration skid

Elec/telecom Fan coil units 2-3tons 8 N - Varies

cooling

CLO Il data CRAH units 5 tons 2 Y 70% IT rooms

center cooling

CLO Il heating  Gas-fired 1.5 MMBH 3 N N+1 Boiler room STS heating

water condensing boilers hot water
(LWT = 140-
18°F; A=
40°F)

CLO Il heating  Primary heating 75 gpm @ 3 N N+1 Boiler room Vari-prime

water pumps 60 ft system

CLO I heating Electric unit Varies 8 N - Mech room

heaters
Air Handlers
General

o All AHUs will be semi-custom, factory-fabricated and constructed with 2-in.-thick double walls,

constructed of galvanized steel.

Maximum allowable nominal face velocities:

- Air intake louvers (through free area): 350 fpm
- Heating water coils: 500 fpm

- Cooling coils: 400 fpm

- Filters: 400 fpm

AHU (mixed-use spaces where recirculation is allowed): modular, semi-custom, 2-in. double-wall
construction configured as follows:

- Mixed air plenum

_ Intake isolation damper

- Return/exhaust damper

- Supply fans (4 to 6 fan array)

- Relief fans (4 to 6 fan array)
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VFDs

Economizer section

MERYV 8 (30%) prefilter section

Hot water preheat coil

CHW coil

Hot water reheat coil

Supply fans (4 to 6 fan array)

VFDs

MERYV 14 (95%) final filter section

Supply plenum

Isolation/smoke damper

Access sections

Doors: safety glass windows and quarter turn handles.
Marine light in each access section.

Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration
Control

AHU (laboratory spaces—100% outside air): modular, semi-custom, 2-in. double-wall construction
configured as follows:

100% outside air

Intake isolation damper

Outside air plenum

MERYV 8 (30%) prefilter section

Energy recovery/pre-heat coil section

CHW caoil

Hot water reheat coil

Supply fans (4 to 6 fan array)

VFDs

MERYV 14 (95%) final filter section

Supply plenum

Humidifier section

Isolation/smoke damper

Access sections

Doors: safety glass windows and quarter turn handles.
Marine light in each access section.

Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration
Control

Energy Recovery Systems Description:

A glycol/water energy recovery loop will be provided to transfer sensible heat between the major
laboratory supply and exhaust systems.

The energy recovery loop will include two pumps (one active, one standby) operating at constant
volume, and an exhaust coil frost prevention bypass valve.

Supplemental heat will be added to the heat recovery loop as necessary to meet the preheat
requirements of the supply AHUs (combined energy recovery/preheat system). The supplemental
preheat system will consist of three HXs, each sized for 50% of the anticipated peak load (assuming
no heat recovery).
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o Energy recovery system sizing criteria:
- Energy recovery system temperatures and flow rates will be sized to optimize sensible heat
transfer between laboratory/vivarium supply and exhaust air flows.
- Energy recovery system will be 40% propylene glycol/water solution by weight.
- Energy recovery coils will be sized for maximum face velocity of 600 fpm and maximum 6 rows
and 10 fins/in.

Exhaust Fans
General/Lab Exhaust Fans

The fans will be vertical, radial dilution exhaust fans with spark-proof construction with bearings and
motors out of the airstream. Fans will have a baked epoxy airside chemical-resistant coating. The
common plenum and outside air intake dampers will be of galvanized steel construction with a chemical-
resistant coating. The system will consist of the following components:

Common exhaust plenum

Isolation damper at each fan inlet
Vertical exhaust fans

HEPA filters (where indicated)
Exhaust stacks

Bypass air inlet and bypass damper
VFDs

Utility Exhaust Fans

Exhaust fans will be backward-inclined, belt-driven centrifugal fans with spark-proof construction and
bearings and motors out of the airstream. Fans will be single width, single inlet with a galvanized steel
housing and wheel construction. The fan motor will be totally enclosed and fan cooled. The system will
consist of the following components:

Steel mounting rails with vibration isolators
Isolation damper at the fan inlet

Discharge ductwork with bird screen
Weather cover

VFDs

Water-Based Systems
Process Cooling Water Systems

Process CHW cooling systems will consist of an independent pumped loop that rejects heat to the
building CHW through a plate-and-frame HX. The tank, pumps, HX, filters, and chemical treatment
components will be located in the ground floor level mechanical area. The system will include the
following equipment:

Base-mounted, end-suction, centrifugal pumps
Pump VFDs

CHW plate-and-frame HX

Water filtration
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e Automated chemical treatment system

o Makeup water assembly

e Appropriate valving and piping specialties
o CHW supply to HX

Boilers

Packaged gas-fired, condensing boilers will be provided for generating the campus hot water. The boilers
will be factory-fabricated with Type 316L stainless steel HX, flue gas vent, combustion air intake, water
pipe connections, and controls. The system will include the following equipment:

e Stand-alone, microprocessor-based control panel
e Condensate neutralizer

e Centrifugal blower

e Intake and exhaust mufflers

Pumps

Pumps will be separately coupled, base-mounted, end-suction centrifugal pumps. The system will include
the following equipment:

VSD and motor

Rated for 175 psig (1204 kPa) minimum working pressure and a continuous water temperature of
225°F (107°C)

Horizontally split, cast iron casing
stainless steel shaft

Mechanical seal

Motors

All motors shall be premium efficiency type and built to NEMA standards.

Variable-speed motors shall be rated as inverter duty motors. All motors operating with VVFDs shall
be equipped with shaft grounding rings or insulated bearings to prevent the accumulation of PWM
frequencies in the shaft, which could arc across the bearing, causing pitting and premature bearing
and motor failure.

All VFDs shall be provided with power quality filters to improve the building power quality from the
occurrence of multiple VFD installations.

General

System Design Criteria

Outside Design Temperatures

Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)

8-223



Conventional Facilities

e Winter: 17.1°F (99.6% ASHRAE)
Interior Design Conditions: Preliminary Load and Ventilation Assumptions
Table 8.33 provides a listing of the preliminary load and ventilation assumptions for the CLO Il Building.

Table 8.33. CLO Il Building preliminary load and ventilation assumptions.

Airflow: cfm/sf

Space Design set points Cooling: BTU/sf Heating: BTU/sf or ACH Ventilation
Mechanical/electr o
ical 60-85°F 80 40 2 Code required
Office/office 72-76°F, 60%
support >Rh 40 40 1.25 Code required

72-76°F, 30—

Laboratory 60% RH 80 60 8 ACH 100% OA
Loading 60-85°F - 40 2 Code required

Notes:

Cfm/sf and values are schematic design-level assumptions. The final values of the project will be calculated based on code
requirements or heating and cooling demand, whichever is greater.

Supply air rate in all laboratories will be a minimum of 6-8 ACH or as required for makeup of fume hood exhaust air.
Additional cooling shall be provided by fan coil units if required to meet heat loads generated in the laboratories. HEPA
filtration will be provided as necessary for laboratory supply and exhaust systems to support individual space use.

Active humidity control will not be provided for any building. Therefore, HVAC units will not have a humidification
capability. The maximum relative humidity should not exceed 60% due to moisture removal at the cooling coils.

Noise Criteria

The design will target the following average noise levels. Actual noise levels may exceed the design noise
levels because of the actual type of equipment purchased, installation compromises, workmanship, and so
on.

Laboratory areas with fume hoods: NC = 50-55
Laboratory areas without fume hoods: NC = 45-50
Laboratory support areas: NC = 50-55

Open offices: NC = 40-45

Private offices: NC = 30-35

Conference rooms: NC = 30 — 35

Circulation space, lobby: NC = 40

Water Systems
Chilled Water

e Supply 42°F (to buildings), 44°F (to AHUs)
e Return 56-58°F

Process Cooling Water (Chilled)

e Supply 55-60°F
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e Return 5°F above supply
Hot Water

e Supply 180°F
e Return 100°F

Materials

Duct Distribution Systems

Ductwork Materials and Construction

e  Supply ductwork construction will be based on SMACNA 4-in. pressure class and 2-in. pressure
class. Four-in. pressure duct construction will be used upstream of VAV boxes on variable-volume
units; 2-in. pressure class duct construction will be used downstream of VAV boxes on variable-
volume units and for all ductwork on constant-volume units. All ductwork seams and joints shall be

sealed, regardless of pressure rating. Maximum permissible leakage = 2%.

e All supply ductwork routed through unconditioned spaces shall be insulated with 2-in. foil-faced batts
or foil-faced duct board with similar R-value.

e Return and general exhaust ductwork construction shall be based on SMACNA 2-in. pressure class.
e General laboratory exhaust ductwork shall be constructed to a 6-in. SMACNA pressure class.
e HEPA filtered laboratory exhaust ductwork shall be constructed to a 10-in. SMACNA pressure class.

o Return air duct shall be insulated with 1v2-in. foil-faced batts or duct board. Laboratory exhaust ducts
shall not have fire dampers.

e General air distribution ductwork will be G90 galvanized sheet metal.
e Wet laboratory and chemical storage exhaust will be welded 316L stainless steel.

e Exterior supply or return ductwork shall be solid double wall ductwork with a minimum 2-in.-thick
insulation or single-wall duct with 2-in. duct board, vapor barrier, and aluminum jacket.

e Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

e Provide sound attenuation to meet the project requirements or in accordance with the direction of the
project acoustician. Sound attenuation shall be by appropriate application of attenuators or duct
design.

e Lined ductwork shall not be used, except for plenum return air-transfer boots for noise control. VAV
air terminals shall be double-wall or have foil-faced inner surface.
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o Flexible ductwork is limited to 5 ft and shall be used only downstream of VAV terminals. Flexible
ductwork shall be limited to supply air systems only.

e Plenum return may be used for return air in all non-laboratory portions of buildings.

e Ductwork shall be sized as shown in Table 8.34.

e Laboratory supply and exhaust control air devices shall be with laboratory-style, high-speed
actuation, constant-volume supply valves with downstream sound attenuators and hot water reheat

coils.

o Non-laboratory spaces on VAV systems shall have conventional supply terminal boxes with hot water
reheat coils and integral sound-attenuating characteristics.

e Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

Table 8.34. CLO Il Building ductwork sizing.

Air distribution device neck

Risers Submains Branches .
velocity (fpm)

Max P.D. 0.1in./100ft 0.08in./100 ft 0.08in./100 ft 450 fpm

Piping
Tower Water/ Chilled Water/ Process Chilled Water
e Interior piping sizes 2 in. and smaller, Type L copper with brazed fittings.

e Interior piping 2.5 in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

e Underground CHW piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system or HDPE.

e Underground tower water piping serving the building will be distributed in a factory-fabricated coated
steel piping system or HDPE.

o All piping will be tested at 1.5 times the design system pressure.

e All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.

e All piping in mechanical rooms and piping exposed below 8 ft AFF shall have a PVC jacketing.
e All piping exposed to the exterior shall have an aluminum jacket.

e CHW will be provided with a BTU meter at the service entry.
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Heating Water

Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

Interior piping 2.5 in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

Underground hot water piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system.

Interior heating water piping shall be insulated with rigid glass fiber insulation.

Piping exposed to the interior shall have a PVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

Heating water will be provided with a BTU meter at the service entry.

Natural Gas

Interior Sch 40 steel pipe with welded and flanged joints.
Underground piping HDPE with heat fused joints.
Meter will be provided on the natural gas at the incoming service.

Seismic Criteria

Referenced Standards and Design Criteria:

Seismic bracing shall be in compliance with ASCE 7-10.

Equipment mounted on isolators will be seismically braced using loose cables, telescoping pipes, or
box sections, angles or flat plates used as limit stops or snubbers, either integral to or separate from
the isolators.

Nonrotating, fixed equipment will be bolted directly to the floor or structure.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.

Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

DDC BAS for optimization of major HVAC equipment operation.

Variable-volume supply and exhaust system in combination with stand-alone controllers to provide
maximum flexibility in occupied/unoccupied space control scheduling, thus minimizing supply and
exhaust air volumes.

Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.
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o VAV fume hood controls, where applicable, will be applied to reduce exhaust flow to fume hoods
when not required.

e  Supply air volume from AHUs will be reduced to minimum levels without compromising safety.
During occupied hours, room supply air volume will be set at the maximum air flow required to
provide fume hood makeup air, minimum required ventilation, or space cooling. This will be
accomplished using the VAV air systems and DDC volumetric off-set controls.

e Glycol run-around energy recovery loops for the laboratory systems will be installed. Heating and
cooling energy expended to condition supply air will be recovered from the building exhaust air.
An added benefit of energy recovery is the reduction of peak heating and cooling design
requirements for the HVAC system. This allows major HVAC equipment to be downsized.

e VSDs will be installed on all VAV AHU supply and return fans to reduce fan horsepower
requirements of non-peak conditions.

e VSDs will be installed on all pumps to reduce pump horsepower requirements at non-peak conditions.

e Full economizer control will be used on all mixed AHUs to reduce consumption while maintaining
appropriate indoor humidity levels.

8.5.1.10 Electrical
Site Power Distribution

The CLO Il Building will be provided with 480 Y/277 V secondary service from two 4000 A feeder duct
banks, each from 2000/2500 KNAN/KNAF kVA outdoor substations CL2-SS1 AND CL2-SS2 to the
Electrical Service Room.

The medium-voltage transformers will have integral fans providing 33.3% spare capacity to handle the
entire building load should there be an outage or should one need to be taken down for maintenance.

Building Power Distribution

Two 4000 A, 480 Y/277 V low-voltage switchgears in the CLO Il Building Electrical Service Room will
distribute power to CF loads and instrument loads. The switchgears will have a main tie-main breaker
arrangement with key interlock so only two may be closed at the same time. 1200 A, 480 Y/277 V
distribution panels at the bases of vertical north and south electrical rooms will service lighting
panelboards and 208 Y/120 V transformers and panelboards located on each floor.

Separate transformers will be provided where possible to service instrument loads.

Secondary Distribution

e Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will
provide service to CF lighting, receptacles, and HVAC loads as well as building instrumentation

loads. Further transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for
general use receptacles and other low-voltage equipment as necessary.
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o All conventional building use dry-type transformers will be DOE 2016 rated for efficiency, 115°C
rise, 220°C insulation class with six 2.5%t taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

e Circuit protection will be

- Where 480-V distribution is provided, the exterior unit substation secondary will be of low-
voltage switchgear UL 1558 construction with electrically operated drawout power circuit
breakers with solid state adjustable trips.

- Generally molded case circuit breakers. Solid state adjustable trip units will be provided above
250 A.

- Bolt-in type molded case circuit breakers for branch circuit panelboards.

_100% rated for service entrance main circuit breakers, 80% rated otherwise.

e Devices will be fully rated. Series ratings of protective devices will not be acceptable.
e Two levels of ground fault protective devices will be provided at the main and feeder breakers at
service switchgear assemblies.

e A contactor arrangement will be provided in main elevator feeders to comply with elevator shaft
sprinkler code requirements.

e A 208 Y/120-V panelboard will be dedicated to each laboratory.
Emergency Power Supply System
EPSS Power Generation Plant

The CLO Il Building will be provided with building and instrument standby power from an exterior
800 kW/1000 kVA, 480 Y/277 V diesel engine-generator CL2-EGL. It will provide emergency power for
life safety systems, including egress lighting, and critical instrumentation and HVAC systems loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-h sub-base fuel tanks. The generator will be provided with a quick-
connect feature to be used for load bank testing or portable generator backup if the primary unit is down
for maintenance.

EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code:

e Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each ATS.

e Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power
for the following equipment essential for safety to human life:
- Interior building means of egress lighting and illuminated exit signs
- Exterior building means of egress immediately adjacent to exit discharge doorways
- Fire detection and alarm systems
_ Public address communication systems (when used for issuing emergency instructions)
- Elevator machine room lighting and receptacles; elevator cab lighting, control, signal, and
communication systems

8-229



Conventional Facilities

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

- Fire protection systems

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

o Combined legally required and optional standby branch, designate as “optional branch” (NEC Article
701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or
property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

- Ventilation and smoke removal systems

- Access control systems

- Telecommunication room lighting, equipment, and data processing systems

- Elevators (one at a time in each bank)

_ Electric and mechanical room lighting and selected receptacles

- Mechanical equipment, including data center cooling, boilers; condensate return pumps; hot
water heating and glycol circulating pumps

- Plumbing equipment including sewage ejectors and pumps

Generator distribution feeders will extend from the EPSS power generation plant to 480 Y/277 V, 4-pole
isolation-bypass transfer ATSs with associated distribution panelboards located in the CLO Il Building
Electrical Service Room. The following transfer switches are anticipated:

o 260A: Life safety branch (sized large to meet required withstand rating)
e 600A: Optional branch 1
e 600A: Optional branch 2

Power Quality Systems

Uninterruptible Power Supply Systems

e A 75kVA UPS systems will be provided for the building IT distribution.
e A 100 kVA UPS system will be provided for the data center loads.

e The UPS systems will both be static (battery) type with maintenance bypass and 15-minute ride
through capacity.

Surge Protection Devices

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.
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SPD filtering devices will be installed on main low-voltage switchgear, distribution panelboards, and
branch panelboards serving major electronic equipment and all emergency branch panelboards in
compliance with current code requirements. Sensitive equipment may require multiple levels of
protection to protect items of equipment not only from utility disturbances, but also from one another.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm

o Electrical loading, harmonic loading, and protective device positions. Rail-mounted power quality
PM 8214 DIN meters will be required at the unit substation building main service breakers.

e Service low-voltage switchgear mains and feeders.

e Medium-voltage interrupter switches, positions, and transformer status.

e Distribution panelboards on the load side of ATSs.

e Standby engine generator plant and associated distribution equipment.

e ATS positions.

The system will be networked to the ORNL Power Operations SCADA “SNO” network.

Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Building Grounding

Building steel, foundation rebars (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.

Building Lightning Protection

An NFPA 780 Faraday cage type lightning protection system will be provided, to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an

intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid
with grounding electrode conductors from the distribution system neutral source.
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Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Laboratory Equipment Reference Grounding

A ground bus will be provided in electronics laboratories as an equipment and cable pathway common
ground point.

Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway
grounding conductors and bond to the electrical service entrance room ground bus in compliance with
EIA/TIA and NEC requirements.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.

Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy-duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls

Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with automatic addressable lighting controls in compliance with
ASHRAE 90.1 energy budgets. Wireless type room sensors and controls with a wired backbone will be
used. The system will be an extension to the CLO N-Light system.

Facilities & Operations Building Systems

The building electrical metering system and BAS to monitor electrical and HVAC building systems will

be site interconnected to SNS campus systems as described in Site Utilities, Section 8.1.2.1 of this report,
and will also include the following systems.
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Fire Alarm System

The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.

The system will

e Include campus backbone communications link to the adjacent CLO fire alarm system.

e Include smoke, heat, and beam detection devices to suit environmental conditions.
- High ceiling areas will be provided with beam detection.

e Include audible horns and visual strobe notification devices.

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment.

o Override elevator functions in an alarm condition to ensure safe passenger egress.

e Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network.

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.

Public Address System

A public address system will be provided with building amplification as an extension to the campus-wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with a separate telecommunications service from the existing site
telecommunications distribution system at CLO to a building main distribution room. Design for the
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incoming POTS and/or VolP telephone service, LAN, and wireless networking shall be coordinated with
DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunications service to the STS buildings.

Building IT systems for systems networking hardware, including switches, routers, patch panels, DAS,
and WLAN components, will be provided.

Building IT horizontal Category 6A cabling will be provided from telecommunications rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

Audio Visual Systems

The building will be provided with audio/visual (AV) systems consisting of conference room presentation
systems for control and distribution of several forms of sources and media. These systems will be tied to
central source CLO AV systems with rooms consisting of projection, whiteboards, and LCD or LED
displays; audio amplifiers, touch screen controllers, source equipment with DVD player, camera inputs,
inputs from equipment such as laptops, and interconnecting cables.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O instrumentation and controls

e Fire alarm (FIREWORKS Network)/F&O Laboratory Protection
e Access control/F&O Laboratory Protection
e BAS/(F&O Facilities Management (CLO Il only—Siemens))

e Power monitoring (ION—Schneider)/F&O electrical utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems through the building from the site duct bank system to associated CLO central
equipment hubs:

PPS

MPS

ATS

TPS (two conduits)
EPICS
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Pathway Systems

Ladder-type cable trays will be provided to support telecommunications and instrument and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.

Cabling from wall box-type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.

8.5.1.11 Plumbing
Laboratory Waste

Laboratory waste from laboratory sinks, cup sinks, and laboratory-related equipment will be collected
separately below the lower level and conveyed by a gravity system to the underground sanitary waste
drainage system outside the building. Any hazardous waste will be bottled to be transported for
processing; consequently, a lab waste treatment system will not be provided.

Six lab waste and vent stacks will be provided at columns on either side of the designated lab bays. Flow
rates and pipe sizes will be calculated based on drainage fixture unit values and adjusted/increased to
allow for projected wastewater discharge from various laboratory-related equipment at the design stage.

Unless required for specific equipment, floor drains will not be provided in laboratory rooms.

Complete accessibility will be provided to all cleanouts. Wall-type cleanouts will be used within the
laboratory spaces. Floor drains that do not receive regular use will be provided with trap primers. Primers
will consist of an automatic trap primer system that automatically discharges water at regular timed
intervals.

Sanitary Waste

Sanitary waste from pantry/break room sinks, lavatories, toilets, urinals, mop sinks, and non-laboratory-
related equipment will be collected below the lower level and conveyed by a gravity system to the
underground sanitary waste drainage system outside the building. Flow rates and pipe sizes will be
calculated based on drainage fixture unit values and adjusted/increased to allow for projected wastewater
discharge from various laboratory related equipment at the design stage.

Floor drains will be provided at all toilet rooms, mechanical equipment spaces, and other areas requiring
drainage. Complete accessibility will be provided to all cleanouts. Wall-type cleanouts will be used at the
lower level. Floor drains that do not receive regular use will be provided with trap primers. Primers will
consist of an automatic trap primer system that automatically discharges water at regular timed intervals.

Elevator pits shall be provided with an elevator sump pump that discharges to the sanitary drainage
system through an open site waste connection. Elevator sump pump shall have an oil monitoring system
that prevents the pump from operating when hydraulic oil is present and sends an alarm to the BAS.
Potable Water

Potable water will enter the building at the lower level and shall be provided with a water meter that shall
connect to the BAS. The incoming service shall split at the lower level into potable and process water
streams through a Foundation for Cross-Connection Control and Hydraulic Research—approved backflow
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preventer. Potable hot and cold water will be distributed throughout the building to all fixtures and
equipment requiring water. Water makeup and mechanical equipment will be supplied through local
backflow preventers.

Potable use hot water will be generated at 140°F by a gas-fired water heater located at the mechanical
penthouse. A thermostatic mixing valve will be provided to achieve 120°F distribution temperatures. Hot
water will be distributed through a separate recirculating system designed to provide hot water to the
points of use.

Potable hot and cold water shall be distributed throughout the building above the ceiling to risers located
adjacent to toilet rooms and break rooms.

A separate recirculating tempered water distribution system, including risers through the designated lab
bays, will be provided to supply emergency safety equipment (eyewashes and showers).

Water velocity in distribution piping shall not exceed 8 ft/second for cold water, and 5 ft/second for hot
water. Shock arrestors will be provided and shall comply with PDI-WH201 or ASSE-1010.

Process Water
Non-potable Water Service (Laboratory Use)
A separate process water system will be provided for laboratory use water.

Process water shall emanate from the backflow preventer provided at the incoming potable water service
and shall be routed to all laboratory sinks, cup sinks, fume hoods, glass-washing equipment, and other
laboratory-related equipment in lab areas. Six process water risers (hot and cold) will be provided at
columns on either side of the designated lab bays.

Laboratory hot water will be generated at 140°F by a natural gas—fired water heater located in the
mechanical penthouse. Each heater will be sized for 75% of the laboratory hot water demand. A
thermostatic mixing valve will be provided to achieve 120°F distribution temperature. Laboratory hot
water will be distributed through a separate recirculating system designed to provide hot water to the
points of use.

Design of laboratory-use cold and hot water will be based on fixture unit values and adjusted/increased to
allow for projected water demand for laboratory-related equipment at the design stage. Piping will be
sized to maintain a minimum of 30 psi at the most remote laboratory equipment connection.

Water velocity in distribution piping shall not exceed 6 ft/second. Provisions shall be made to arrest water
hammer. Shock arrestors when installed shall comply with PDI-WH201 or ASSE-1010.

Storm Drainage

The primary storm drainage system will consist of roof drains for any areas collecting water, routed to
downspouts that will collect below grade at the lower level and run to the site storm sewer.

A separate overflow storm drainage system will be provided; it will be engineered to perform as a
siphonic roof drainage system with the piping running level through the building and discharging above
grade into a velocity reduction tank located on the site. Velocities in the vertical piping shall be limited to
10 fps and in the horizontal piping the velocity shall be designed to 3.5 fps.
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Compressed Air

CA shall be distributed throughout the building to supply CA to laboratory-related equipment and will be

provided with local pressure-reducing valves to permit each piece of equipment to use air of various

pressures. CA will be fed by the site CA system routed from the air compressors in the existing CUB. CA

will enter the building at the lower level. The CA system shall be provided with a buffer tank located in

the main mechanical room with dual filtration of the air prior to distribution to the laboratory air system.

Distribution will be routed to all lab spaces via six CA risers that will be provided at columns on either

side of the designated lab bays.

Specialty Gases

Most specialty gases (e.g., gaseous oxygen, helium, argon) will be supplied from local cylinders and

manifolds provided by the local gas supply company. Nitrogen will be centralized, with gas cylinder

manifolds installed at the lower level. Centralized nitrogen risers will be distributed up through the

building at every other column around the lab bays, with valved connections provided for extension as

needed by lab users. Manifolds will be duplex six-tank variety.

Pressure in distribution system will be as required by program.

Piping material will be brazed Type K copper.

Equipment

System Design Criteria

Potable/Process water

o Potable water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Process water system is designed to provide a minimum of 40 psi at the furthest outlet.

o Water piping shall be sized based on the number of water fixture units connected and the minimum
flow pressure required at each fixture or piece of equipment. Pipe velocities shall be maintained
between 4 and 8 ft/second and shall not exceed 8 ft/second.

e Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.

e Wall hydrants shall be placed on the exterior of the building a maximum of 150 ft on center.

o Hose outlets will be provided at all mechanical rooms and equipment spaces.

Sanitary/Lab Waste

e The waste system shall connect to each fixture requiring connection and, where required, will be
provided with water seal traps. A vent system shall be provided for fixtures as required to ventilate

the waste system and to prevent siphonage of fixture traps.

o Floor drains will be provided at all mechanical rooms and equipment spaces.
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e Waste and vent piping shall be sized based on the number of fixture units connected. Pipe shall be
routed by gravity to maintain a positive slope with a maximum velocity of 2 ft/second.

Storm Drainage

e Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-minute duration.

o Roof drains will be provided for all roofs and areas receiving rainwater; maximum area per drain
shall be 3,000 sf.

Compressed Air

o Design CA pressure on incoming service—105 psi.
e Design CA pressure at laboratory outlets—100 psi.
e Design flow at outlets—1.0 cfm.

e Dew point —40°F

Vacuum

e Design vacuum level at vacuum skid—24 in. Hg.
e Design vacuum level at laboratory inlets—19 in. Hg.
e Design flow at inlets—0.5 cfm.

Piping mains will be sized for the maximum calculated flow at the design stage and limit velocities to
5,000 fpm with a maximum pressure drop to the farthest inlet of not more than 5 in. Hg at estimated peak
flow conditions.

Materials
Potable Water System

e Above-ground potable water systems:

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in.
only. Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM
B88 and ASTM B75.

_  The entire potable hot and cold water distribution system will be fully insulated using closed-cell
elastomeric foam insulation.

Process Water Systems

e Above-ground process water systems

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in.
only. Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM
B88 and ASTM B75.

- The entire process hot and cold water distribution system will be fully insulated using closed-cell
elastomeric foam insulation.
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Sanitary/Storm System
e Above-ground soil, waste, vent and rainwater piping:
- Hubless cast iron soil pipe: no-hub pipe with Husky SD-4000 soil pipe coupling manufactured by
Anaheim Foundry, 4-band clamp or Clamp-All Hi Torq 125 2-band clamp. Sealing gasket shall
be neoprene in accordance with ASTM C564, CISPI 301-75.
- Horizontal storm drainage piping will be fully insulated using closed-cell elastomeric foam
insulation.
e Below-ground soil, waste, vent and rainwater piping:
- Asphaltum-coated, service-weight, cast iron pipe and fittings with resilient neoprene push-on
joints, ASTM A72, ASTM C564-70.

Process Waste

e Polypropylene pipe, (fire retardant above grade) (PP); Sch 40; PP DWYV hub and spigot fittings; heat
fusion joints above and below ground.

Compressed Air/Specialty Gas System

e Type K copper with brazed joints.

Plumbing Fixtures and Specialties

e All plumbing fixtures will be institutional-grade, vitreous china or stainless steel as required.

e Floor sinks and floor drains in laboratory areas (if required) will be stainless steel, flush with finished
floor, minimum of three 3-in. outlets.

e Hub drains and similar unsanitary fixtures will not be provided in lab spaces.

e Water closets: wall-hung, siphon jet type, high-efficiency 1.28 gal per flush maximum with hard-
wired infrared sensor operation.

e Urinals: wall-hung siphon jet type, high-efficiency 0.125 gal per flush maximum with hard-wired
infrared sensor operation.

e Lavatories: wall-hung or countertop type, 0.5 gal per minute maximum with hard-wired infrared
sensor operated faucets.

e Showers: high-efficiency 1.5 gal/min maximum.
o Safety showers, eyewashes and combination units: 30 psi minimum.
e Electric water coolers: recessed, self-contained.

o Interior hose bibbs: chrome plated in finished areas, rough brass in mechanical rooms, wall mounted,
furnished with vacuum breaker, %-in. hose threaded outlet.

e Wall hydrant: freeze resistant type in recessed box, %-in. hose threaded outlet.
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8.5.1.12 Fire Protection
Sprinkler

The CLO building will be provided with complete automatic fire protection systems as required by the
IBC and/or DOE Order 420.1C, Facility Safety. The design, installation, and acceptance testing of
automatic sprinkler protection will be in accordance with NFPA 13, Standard for the Installation of
Sprinkler Systems and DOE-STD-1066-2012, Fire Protection. Building will be fully sprinkled, with
exposed sprinkler piping feeding upright sprinklers, or recessed pendent sprinklers where ceilings are
provided. Sprinkler feed will enter at the lower level from the site potable/fire water main, and a double
check backflow preventer will be provided. The CLO building will have a separate sprinkler zone for
each floor, with control valves located in the exit stairwell at the north end of the building. Control valves
will be provided with a tamper switch and a flow switch connected to fire alarm system.

Incoming service will be hydraulically calculated and be sized for the maximum calculated flow at the
design stage.

Standpipe

A full standpipe system will be provided for the CLO Building. Standpipe risers with hose valves will be
provided in all exit stairwells and elsewhere as required by IBC and/or DOE Order 420.1C, Facility
Safety. The design, installation, and acceptance testing of standpipe systems will be in accordance with
NFPA 14, Standard for the Installation of Standpipe and Hose Systems and DOE-STD-1066-2012, Fire
Protection.

General

Portable fire extinguishers will be provided throughout the CLO building in accordance with the IBC and
NFPA 10, Portable Fire Extinguishers.

System Design Criteria

Sprinkler systems will be hydraulically designed to provide water densities that meet the requirements for
Ordinary Hazard-Group 1 protection in office areas and general corridors.

Ordinary Hazard—-Group 2 protection will be provided in laboratories, shop areas, supporting tunnels, and
utility structures.

Fire sprinkler systems will be hydraulically designed. Velocity shall not exceed 20 fps. All calculations
assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant flow test results.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller, and all standpipe piping, shall be
Sch 40 black steel with threaded joints and fittings.
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Sprinkler and standpipe piping installed above ground and sized 2% in. and larger shall be Sch 40
black steel with roll or cut groove type connections and fittings. Pressure rating shall be 175 psig
minimum.

Fittings for grooved end shall be cast of ductile iron conforming to ASTM A-536 or malleable iron
conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr. B), with
grooved or shouldered ends for direct connection into grooved piping systems with steel pipe and
shall be UL listed and FM approved, rated for a minimum 300 psi MWP.
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8.6 CENTRAL UTILITIES BUILDING

8.6.1 Central Utilities Building 11

8.6.1.1 Programming

Building Function

The CUB Il will house the primary mechanical utility systems supporting the STS facility. The primary
systems include CHW, heating water, tower water, and CA. The facility will include an associated
exterior cooling tower. Ancillary functions supporting the primary systems and facility staff are also
included. The CUB Il is functionally independent of the existing CUB. Access to CUB Il will be limited
to STS technical and facility operations staff.

Program Summary

The CUB Il includes 7,850 nsf and has an estimated planning efficiency factor of 85%. This factor is
based on analysis of the existing CUB and preliminary test-fit planning for CUB Il. The estimated gross
area of the CUB Il is 9,244 gsf. Table 8.35 summarizes the CUB 1l space program requirements. Detailed
room data sheets and test-fit plans are included in Appendix B, STS CF Conceptual Design Report.

Table 8.35. CUB |1 space program summary.

No. Rooms Qty. NSF Total NSF
5.6.1.1 Boiler systems 1 1,050 1,050
5.6.1.2 Pump room/chem treatment 1 1,700 1,700
5.6.1.3 Chiller room 1 1,700 1,700
5.6.1.4 Compressed air system 1 1,050 1,050
5.6.1.5 Control room 1 300 300
5.6.1.6 Communications room 1 200 200
5.6.1.7 Break room 1 150 150
5.6.1.8 Workshop 1 1,250 1,250
5.6.1.9 Technician work area 1 150 150
5.6.1.10 UPS/emergency electrical room 1 300 300
Total nsf 7,850
Total gsf 9,244
Total efficiency 85%

8.6.1.2 Site Planning

Location and Floor Elevations

The CUB Il will be located on the outer perimeter of the ring road directly north of the STS complex. The
CUB Il first floor will be located at elevation 1074 ft and the basement floor level will be located at

elevation 1056 ft. The sloped grade at the building site will allow grade level access to both the first and
basement floor levels. Figure 8.15 highlights the CUB Il within the overall STS Site Plan.
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Figure 8.15. CUB Il location within the STS Site Plan.
Truck Access

Tractor-trailer and smaller truck access for the CUB Il will be located on the south side of the facility at
the first-floor level, elevation 1075 ft. Additional truck access will be available on the north side of the
building at the basement floor level from a secondary service road. A loading dock is not required at these
locations. Forklifts will be used to convey materials and equipment between the building and trucks
through overhead service doors.

Pedestrian Access

Pedestrian access to the CUB |1 will be provided at the first and basement floor levels of the facility. First
floor access will be from the ring road on the south side of the building. Additional pedestrian access will
be provided at the basement floor level on the north side of the building. All access locations will be at
controlled grade-level exterior doors.

8.6.1.3 Building Planning

The CUB Il will be a 2-story utilitarian structure, planned in a relatively narrow configuration to conform
to the steeply sloped site. The south side of the building will be one story above the grade of the ring road.
The north side of the building will be two stories above grade, as a result of the site slope. The first floor
will house boiler and CA systems. Chillers, pump systems, and chemical treatment will be located at the
basement floor. Secondary spaces for supporting activities are located at the east end of the building on
both floor levels. Multiple cooling towers will be located on the east side of CUB II. They will be
mounted on an integrated foundation/common sump assembly to be partially embedded in the sloped
topography.

Vertical Circulation

A single open, interior stair will serves both floor levels of the building. Building egress will be provided
separately at each floor level.
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8.6.1.4 Key Features and Requirements
None

8.6.1.5 Life Safety/Code

Primary Occupancy Type

The primary occupancy type for the CUB Il is Group F-1, Moderate Hazard Factory Industrial, according
to the 2015 IBC, and Special-Purpose Industrial, according to NFPA 101, 2018 edition.

Accessory Occupancies

The CUB Il will not have any accessory occupancies.

Fire Protection Systems

The CUB Il will be protected throughout by an automatic fire sprinkler system designed to protect an
Ordinary Hazard-Group 2 occupancy in accordance with NFPA 13, Standard for the Installation of

Sprinkler Systems.

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

The CUB Il will be equipped with an addressable fire detection/alarm system consisting of the following:
e Manual fire alarm pull stations at all building exits

o Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

e Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

The CUB Il will be a 2-story, 9,283 SF building of Type I1B construction. The proposed height and area
for the building are within the limits established in IBC Sections 504 and 506.

Travel Distances

The maximum travel distance within the CUB Il will not exceed 250 ft, as required by IBC Section
1016.2. The maximum common path of travel distance will not exceed 100 ft, as required by IBC Section
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1014.3. The maximum dead-end corridor will not exceed 50 ft, as required by IBC Section 1018.4 and
NFPA 101, Section 40.6.4.

Construction Type
The CUB Il will be of Type IIB construction in accordance with IBC Section 602.
Wall/Floor Ratings

The walls, floor, and roof of the CUB 11 will be of noncombustible construction. Fire resistance ratings
are not required for buildings of Type 11B construction.

Special Code Considerations

A refrigerant detection system will be provided for the chiller refrigeration room in accordance with the
International Mechanical Code. Upon detection, the refrigerant detection system will active a purge fan
ducted to the low-level intakes in the refrigeration room. The refrigerant detection system will be
connected to the EPICS.

8.6.1.6  Civil/Site Development

The CUB Il is proposed to the north of the STS facility on the outside edge of the ring road. The
development of this area will require excavation for the first-floor level. This excavation will be done as
part of the building construction and is not proposed as part of the initial construction excavation. Vehicle
access to the second floor will be provided from ring road and an access to the lower elevation will be
developed as shown on Drawing 5.1.19. The lower drive will require a retaining wall to protect site
grades from impacting the existing booster pump station. Drawing 5.1.22 shows the site drainage concept.
Roof drainage will be piped to the proposed storm sewer system. Sewer, fire, and domestic water services
to the building are shown on Drawing 5.1.27. A significant relocation of the utilities extending from the
booster pump station will be required to develop this area.

8.6.1.7 Architecture
Building Envelope
Exterior Wall

A-striated face, 36 in. wide insulated-core metal panel system, with a custom color to match the existing
context, will be used as a major material component for the envelope of the CUB in keeping with the
existing texture and materials used on the SNS campus. The metal panel cladding support backup system
will consist of hanger rods and metal channel framing supported from the building structure. Metal
window sills and wall caps will be used. Continuous through-wall flashing will be provided at the
bottoms of all wall cavities, over all wall openings and metal copings. The metal panel wall systems will
have an R-13 and R-13ci minimum requirement. Below-grade exterior walls will be constructed of
reinforced concrete with a waterproof membrane and below-grade insulation board. The interior walls
will have metal channel furring with a painted drywall finish. Exterior walls below grade will be required
to achieve an R-7.5 ci as according to 2012 International Energy Code.

Exterior Doors

Exterior entrance doors and egress doors will be 16-gauge, insulated-core painted hollow metal doors
with fully welded 14-gauge frames and a U value of 0.61. Overhead insulated coiling doors, 14 ft, 0 in.
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high by 14 ft, 0 in. wide, at the east side of the building and 10 ft, O in. high by 14 ft, 0 in. wide at the
west side of the building, will include factory-painted galvanized steel curtains with integral insulation
achieving a minimum R-value of 4.75 requirement. All exterior doors will be provided with proximity
card reader hardware.

Thermal and Moisture Protection

Flashing and sheet metal will be provided as a positive water stop around all openings (head, jamb, and
sill) in walls such as windows, doors, louvers, and so on. All copings and gravel stops will be ES-1
compliant as required by IBC.

Damp-proofing will be provided on all walls, floors, and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer 215-mil, polyester fabric-reinforced membrane.

Because of the inherent moisture-resistant properties of the insulated metal panel system, an air/vapor
barrier will not be required where the system is installed.

Exterior sealants will be non-staining with a two-part composition and a 50% movement capacity, and
will be compatible with the surfaces on which they are applied.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing

Windows will be limited to the control room to allow views to the exterior. Typical vision glass will
consist of 1-in.-thick, low U-value insulated, low-E, argon-filled glass units on a thermally broken frame.
The windows/glazing system is anticipated to have a U value of 0.38.

Glazing materials and methods will comply with the Flat Glass Marketing Association’s Sealant and
Glazing Manuals. Glass will comply with ASTM C1036-01.

Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations must comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42-in.-high parapet or provided with a fall protection system.

Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3- year

aged thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will
be Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.
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The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift according to ASTM 1592. It will provide a minimum thermal resistance value
of R-30.

Interior construction

Walls

Interior walls will be constructed of CMUs for durability and will extend up to structure deck above. All
fire-rated walls will be constructed in accordance with the IBC code requirements and UL-listed
assemblies.

Painted metal guardrails and handrails will surround all floor openings and egress stairs.

Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread < 25, a
fuel contribution of < 25, and a smoke development of < 450.

Typical interior CMU partitions will receive a paint finish consisting of one primer coat and two finish
coats. Epoxy paint is to be applied to all lab demising walls. All paints, including top coats and primers,
will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.

Floor Finishes

Flooring in the mechanical and support areas is to receive concrete sealer over the new concrete. No vinyl
wall base will be used in these areas.

Ceiling Finishes

The structure will be left exposed in some support spaces and all mechanical and utility areas. All
exposed structure will receive paint finish consisting of one primer coat and two finish coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal doors with 14-gauge fully
welded metal frames.

Furnishings
Laboratory Casework
Not applicable

Vertical circulation
Stairs

Stairs will be constructed of concrete-filled metal pans and metal handrails, with rubber treads, nosings,
and landings.
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Elevators
Not applicable
Specialty Equipment
A trolley beam assembly will be provided over each chiller for equipment maintenance purposes.
Combination emergency showers/eye wash units will be provided, according to ANSI Z358.1, at areas
where chemicals will be used or stored.
8.6.1.8  Structure
Applicable Codes and Standards
See Sheets x—xii for a complete list of Applicable Codes and Standards
Design Loading
Superimposed Floor Loads
o Dead loads:
- Ceilings: 5 psf
- Mechanical and lighting: 10 psf
e Live loads: 500 psf or equipment weight
Superimposed Roof Loads
e Roof snow load:
- Ground snow load: Pg = 10 psf
- Snow exposure factor: Ce = 1.0
- Snow importance factor: Is=1.0
e  Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads
e Risk category Il
e Basic wind speed: V = 115 mph
e Exposure category B

Seismic Loading

e Risk category Il
e Importance factor: le = 1.0

Building Structural System
Slab on Grade

The slab construction is anticipated to consist of an 8-in.-thick reinforced normal weight concrete slab. At
pumps with a motor larger than 10 HP, the foundation/housekeeping pad will be sized for five times the
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mass of the pump. All construction joints between pours will require smooth dowels across the joint. The
floor slab will be placed over a vapor barrier, a compacted drainage base course, and a compacted
subgrade.

Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
CUB Il foundations are anticipated to consist of shallow spread footings bearing on soil with a minimum
net allowable bearing capacity of 3,000 psf. Footings shall extend to the frost depth elevation at a
minimum. Below-grade walls are anticipated to be constructed with reinforced normal weight concrete. It
is anticipated that the south below-grade wall will consist of counterfort retaining walls. Water stops will
be provided in construction joints to safeguard against water intrusion.

Superstructure

The CUB Il is anticipated to be a 2-story conventional steel-frame structure. The building will support the
exterior wall system with steel girts as required. The elevated floors are anticipated to be constructed
using reinforced normal weight concrete on a galvanized composite metal deck. The roof structural
system is anticipated to consist of wide flange framing with a roof deck meeting galvanizing G90
requirements.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building are anticipated to be
provided by concentrically braced steel frames.

Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus (Law 2000).
The proposed CUB |1 should be supported on shallow foundations. The structure will be located at a
sufficient distance beyond the STS excavation that additional support with deep foundations should not
be necessary. The stiff or better upper crust of residual soil should be sufficient to support the CUB 11
Building. Based on the current subsurface data on the site, as much as 3,000 psf allowable bearing
pressure will be available.

A review of geophysical data and shear wave velocities from the Law report indicates that the CUB I
would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7 (Law 2000). This
is confirmed by the average shear wave velocities for multiple soil profiles tested during the original
campus development.

A supplemental geotechnical report would be advisable once the final CUB Il location and footprint have
been determined. The density and pattern of the soil test borings should be selected to optimize the quality
of geotechnical data. Additional geophysical testing is not anticipated for design of the structure.
Vibration/Acoustics

It is recommended that spaces within the CUB |1 that will be occupied for extended time periods (such as
an office) be designed for a background noise criterion of NC 40.
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8.6.1.9 Mechanical
Air Handling/Ventilation

At the CUB II, only the occupied control room, electrical, communications, and instrument spaces will be
conditioned. Heating and cooling for conditioned spaces will be accomplished using a packaged roof-
mounted VAV AHU. The AHU will be designed as a 4 ACH, heating-cooling, single-zone, constant-
volume type providing from minimum outside air to 100% outside airside in economizer mode. The unit
will operate only during occupied periods of the day, or cycle on as required to maintain night setback
temperature settings. Supply and return fans will be plenum type, arranged in a multi-fan array. AHU
supply air temperature will be modulated as required to suit building load.

Mechanical, pump room, and utility spaces housing plant equipment treated using a heating and
ventilation approach. Ventilation will be achieved through the use of four roof-mounted exhaust fans for
the upper level and two wall-mounted exhaust fans for the lower level, with associated wall-mounted
intake louvers with motorized dampers. Heating for these spaces will be accomplished through the use of
electric unit heaters located within the space.

Exhaust

General utility set exhaust fans will be provided for ventilation of the equipment spaces as indicated
above, and a separate fan to exhaust toilet room and janitor closet.

A purge fan ducted to low-level intakes will be provided in the chiller refrigeration machinery room,
connected to a refrigerant detection system.

Space Conditioning
Telecommunications Room and Electrical Equipment Room

The telecommunications room and electrical equipment room will be served by CHW-cooled, fan-coil
units located within the spaces. Units shall normally operate 24 h/day, 365 days/year. Local humidifiers
shall be provided. Provisions will be made to provide some conditioned air from one of the constantly
running AHUS, as backup to the space should a fan-coil unit fail.

Chilled Water

The CHW system and all associated pumps would be located at the lower level of the CUB II. A
dedicated refrigeration machinery room will be provided for the chillers, and a separate room for the
pumps. A refrigerant detection and exhaust system will be provided for the chiller room. The CHW plant
will incorporate four water-cooled centrifugal chiller units and four variable primary CHW pumps. The
entire CHW plant will be designed in an N+1 configuration, with one chiller and one CHW primary
pump, one condenser water pump, and one cooling tower cell being a standby unit. A variable primary
pumping distribution scheme will be used for the CHW campus distribution. Multiple pressure
differential sensors in the CHW loop at each major building will vary the VFD pump speed of the CHW
pumps to maintain the required pressure differential across the CHW system.

CHW system will include appropriate valving and piping specialties, expansion tank and air separator,
makeup water assembly, and automated chemical treatment systems. A trolley beam will be provided
above each chiller to facilitate maintenance. CHW from the plant will be distributed at 42°F and delivered
to the building air-handling units at 44°F; return water temperature will be optimized but is expected to be
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operated with a 12 to 16°F temperature rise. Based on the minimum temperature differential stated above,
the CHW piping mains would be 16-in.in diameter.

System sizing will be such that three chillers and three cooling tower cells will incorporate capacity to
meet the total estimated building load and 20% allowance for future growth. Three primary pumps and
three condenser water pumps will be sized to provide 100% of the design flow rate, with the fourth pumps
acting as a standby.

Condenser/Tower Water

Condenser water will be supplied from four cooling tower cells dedicated to the CHW plant. Cooling
towers will be located west of the CUB I, mounted on a field fabricated concrete sump. The sump will
incorporate two separate compartments to facilitate maintenance and reduced winter flow operation. The
entire sump will be recessed below grade to allow for underground routing of piping to the plant while
still maintaining an outlet level that provides positive suction head at the condenser water pumps. Four
FM-approved factory-fabricated cross flow cells will be provided. A tower sump will be piped to the
lower level of the CUB I, where associated four condenser water pumps will be located to supply the
chiller units. Four base-mounted condenser water pumps, with one pump as a standby, will draw the
condenser water from the sump and deliver it to the chillers in the CUB Il. To regulate the condenser
water temperature, each tower will be provided with variable-speed operation. Additionally, each cell
shall be provided with a 3-way diverting valve to send the return water directly back to the sump. A low-
temperature cooling tower bypass valve will be provided in the mechanical room.

A separate cooling tower water system will be provided as the source of heat rejection for the technical
equipment DI water cooling loops. Tower water will be supplied from two cooling tower cells dedicated
to the tower water system. Towers will be located west of the CUB 11, with a sump assembly fabricated in
similar fashion to the condenser water sump. Two FM-approved factory-fabricated cross flow cells will
be provided. The tower sump will be piped to the lower level of the CUB Il where associated two tower
water pumps will be located to supply the tower water loop (one standby). To regulate the tower water
temperature, each tower will be provided with variable-speed operation. Additionally, each cell shall be
provided with a 3-way diverting valve to send the return water directly back to the sump. A low-
temperature cooling tower bypass valve will be provided in the mechanical room.

Condenser and tower water systems will include appropriate valving and piping specialties, automated
water fill assembly, and automated chemical treatment systems.

Heating Water

Heating water for preheat and reheat at the buildings will be generated using a boiler plant located in the
upper level of CUB II. The plant will consist of four condensing boilers and heating water distribution
pumps. Boiler plant capacity will be in the range of 12 MMBH. Four boilers at 4 MMBH input will
provide N+1 redundancy for the system. Heating water supply temperature will be 180°F with a 40°F
delta between supply and return temperatures. The heating water supply temperature will be reset lower
based on outside air temperature in the summer months. Total heating water flow is estimated at 600 gpm,
provided by four 200 gpm pumps configured in an N+1 arrangement.

Heating water system will include appropriate valving and piping specialties, expansion tank and air
separator, makeup water assembly, and automated chemical treatment systems. Heating water distribution
will use a variable primary pumping scheme to distribute the heating water to buildings. Base-mounted
variable-volume pumps will be used for the circulation loop, with a VFD provided for each pump.
Distribution pumps will be sized at 100% of the design flow rate of each boiler, in an N+1configuration.
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If one pump fails, the remaining pumps will be able to provide 100% of the design capacity of the piped
loop.

Natural Gas

Natural gas piping will be routed to the CUB Il from the existing site gas service. Medium-pressure gas
will enter the building at the upper level and be distributed to the boilers. A separate pressure regulator
will be provided for each boiler. A gas meter will be provided for each boiler.

Controls

The CUB Il shall be controlled by the EPICS. The building will be connected to an expansion of the
existing EPICS. Instrumentation and wiring shall be connected to a new EPICS PLC in the building, and
controls interface for the building will be provided. Programming and connection of the PLC to EPICS
shall be completed and the control system commissioned to ensure proper operation.

Electric actuation will be used for most control valves and dampers so that instrument air is generally not
required. Larger valves will be provided with pneumatic actuation. All control systems will be on UPS
and emergency power. System software and firmware will provide the following functions:

e Control sequences shall be developed to support the operations of the technical equipment.

e PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables, to read control loop set points, to monitor control
signals to actuators, and to indicate status of equipment, alarms and overrides.

e Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

e Data management, including continuous database updating, alarm reporting, trend logging, and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.

The refrigerant detection system provided for the refrigeration room in accordance with the requirements
of the IMC will be connected to the EPICS.

Equipment

Table 8.36 provides a listing of the mechanical equipment servicing the CUB II.
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Table 8.36. CUB Il mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks
CUB Il AC Packaged AHU 5 ton 1 N - Roof Occupied
space
conditioning
CUB Il Vent General exhaust 1,500 cfm 5 N - Roof Building
fan ventilation
Site CHW Water cooled 900 ton (20% 4 N N+1 Chiller room STS CHW (4
chiller growth) =12f)
Site CHW Primary CHW 1,800 gpm @ 4 N N+1 Chiller room CHW Vari-
pumps 135 ft Prime
Chiller Condenser water 2,700 gpm @ 4 N N+1 Pump room  Chiller
Condenser Water pumps 70 ft condenser
pumps (4 =
10f)
Tower Water Cooling tower 2,000 gpm @ 2 N N+1 Pump room Technical DI
Tech Cooling water pumps 150 ft cooling water
loop
Chiller condenser Cross flow 1,100ton (20% 4 N N+1 Outside Chiller
water cooling tower growth) condenser
(condenser water
water)
Tower water tech  Cross flow 1,650 ton (20% 2 N N+1 Outside  Technical DI
cooling cooling tower growth) cooling water
(tower water) loop
Site heating water Gas-fired 4 MMBH 4 N N+1 Boiler room STS heating
condensing hot water
boilers (LWT = 140-
180°F; A=
40°F)
Site heating water Primary heating 200 gpm @95 4 N N+1 Boiler room Vari-Prime
pumps ft system
CUB Il heating  Electric unit 15 kw 8 N - Boiler room General
heaters building
heating
Air Handler
General

o All AHU will be packaged, factory-fabricated, and constructed with 4-in.-thick double walls,
constructed of galvanized steel.

e Maximum allowable nominal face velocities:

- Air intake louvers (through free area): 350 fpm
- Heating water coils: 500 fpm
- Cooling coils: 400 fpm
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- Filters: 400 fpm
AHU: Modular, Packaged, 4-in. Double-wall Construction Configured as Follows:

Mixed air plenum

Intake isolation damper
Return/exhaust damper

Relief fans

VFDs

Economizer section

MERYV 8 (30%) prefilter section
Pipe vestibules

Hot water preheat coil

CHW caoil

Hot water reheat coil

Supply fans

VFDs

MERYV 14 (95%) final filter section
Supply plenum

Isolation/smoke damper

Access sections

Doors: safety glass windows and quarter turn handles.
Marine light in each access section.
Vibration isolation in accordance with ASHRAE HVAC Application—Noise and Vibration Control
- Exhaust fans

- Utility set fans

Fans will be backward-inclined, belt-driven centrifugal fans with spark-proof construction and bearings
and motors out of the airstream. Fans will be single width, single inlet with a galvanized steel housing and
wheel construction. The fan motor will be totally enclosed and fan cooled. The system will consist of the
following components:

Steel mounting rails with vibration isolators
Isolation damper at the fan inlet

Discharge ductwork with bird screen
Weather cover

VFDs

Water-Based Systems
Chillers

Packaged centrifugal, water-cooled chillers with microprocessor-based controls will be provided. The
compressors will be variable displacement with direct-drive, hermetically sealed motors. Evaporator and
condenser will be of the shell-and-tube design consisting of carbon steel shells and copper tube
construction. The system will include the following equipment:

e Pressure relief valve
¢ Stand-alone, microprocessor-based control panel
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e Unit mounted VFDs
o Closed-cell, flexible elastomeric thermal insulation
e Appropriate valving and piping specialties

Boilers

Packaged gas-fired, condensing boilers will be provided for generating the campus hot water. The boilers
will be factory-fabricated with Type 316L stainless steel HX, flue gas vent, combustion air intake, water
pipe connections and controls. The system will include the following equipment:

Stand-alone, microprocessor-based control panel
Condensate neutralizer

Centrifugal blower

Intake and exhaust mufflers

Factory-fabricated, open-circuit, induced-draft, crossflow cooling towers will be provided for the
condenser and tower water systems. The system will include the following equipment:

e Fan assembly including fan, VSD, and motor
e Vibration switch for the fan drive

e PVC fill material

e Drift eliminator

e Air intake louvers

¢ Integral, microprocessor-based controller

e Field-fabricated collection basin

Pumps

Pumps will be separately coupled, base-mounted, double-suction centrifugal pumps. The system will
include the following equipment:

e VSD and motor

e Rated for 175-psig (1204-kPa) minimum working pressure and a continuous water temperature of
225° F (10°C)

e Horizontally split, cast iron casing
e Stainless steel shaft

Mechanical seal

Motors

o All motors shall be premium efficiency type and built to NEMA standards.

e Variable-speed motors shall be rated as inverter duty motors. All motors operating with VFDs shall
be equipped with shaft grounding rings or insulated bearings to prevent the accumulation of PWM

frequencies in the shaft, which could arc across the bearing, causing pitting and premature bearing
and motor failure.
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All VFDs shall be provided with power filters to improve the building power quality from the occurrence
of multiple VFD installations.

General

System Design Criteria

Outside Design Temperatures

Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)
Winter: 17.1°F (99.6% ASHRAE)

Interior Design Conditions: Preliminary Load and Ventilation Assumptions

Conditioned spaces 72°F £2°F, 60%>RH
Ventilated spaces 60-100°F, no humidity control

Chilled Water

Supply 42°F (to buildings), 44°F (to AHUs)
Return 56-58°F

Tower Water

Supply 80°F
Return 100°F

Materials

Duct Distribution Systems

Ductwork Materials and Construction

Supply ductwork construction will be based on SMACNA 4-in. pressure class and 2-in. pressure
class. Four-in. pressure duct construction will be used upstream of VAV boxes on variable-volume
units; 2-in. pressure class duct construction will be used downstream of VAV boxes on variable-
volume units and for all ductwork on constant-volume units. All ductwork seams and joints shall be
sealed, regardless of pressure rating. Maximum permissible leakage = 2%.

All supply ductwork routed through unconditioned spaces shall be insulated with 2-in. foil-faced batts
or foil-faced duct board with similar R-value.

Return and general exhaust ductwork construction shall be based on SMACNA 2-in. pressure class.
Refrigerant exhaust ductwork shall be constructed to a 6-in. SMACNA pressure class.

Return air duct shall be insulated with 1% in. foil-faced batts or duct board. Laboratory exhaust ducts
shall not have fire dampers.

General air distribution ductwork will be G90 galvanized sheet metal.
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e Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

e Provide sound attenuation to meet the project requirements or in accordance with the direction of the
project acoustician. Sound attenuation shall be by appropriate application of attenuators or duct
design.

o Lined ductwork shall not be used, except for plenum return air-transfer boots for noise control. VAV
air terminals shall be double-wall or have foil-faced inner surface.

e Flexible ductwork is limited to 5 ft and shall be used only downstream of VAV terminals. Flexible
ductwork shall be limited to supply air systems only.

e Plenum return may be used for return air in all non-laboratory portions of buildings.
e Ductwork shall be sized as shown in Table 8.37.

¢ Non-laboratory spaces on VAV systems shall have conventional supply terminal boxes with hot water
reheat coils and integral sound-attenuating characteristics.

e Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

Table 8.37. CUB 11 Building ductwork sizing.

Air distribution device neck

Risers Submains Branches :
velocity (fpm)

Max P.D. 0.1in/100ft 0.08in./100ft 0.08in./100ft 450 fpm

Piping
Tower Water/ Chilled Water/ Condenser Water
e Interior piping sizes 2 in. and smaller Type L copper with brazed fittings.

e Interior piping 2.5 in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

e Underground CHW piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system or HDPE.

e Underground tower water piping serving the building will be distributed in a factory-fabricated coated
steel piping system or HDPE.

e All piping will be tested at 1.5 times the design system pressure.

e All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.
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e All piping in mechanical rooms and piping exposed below 8 ft AFF shall have a PVC jacketing.
o All piping exposed to the exterior shall have an aluminum jacket.

Heating Water

e Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

e Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

e Underground hot water piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system.

e Interior heating water piping shall be insulated with rigid glass fiber insulation.

e Piping exposed to the interior shall have a PVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

Natural Gas

e Interior Sch 40 steel pipe with welded and flanged joints
e Underground piping HDPE with heat fused joints
e Gas will be metered at incoming service and individually at each boiler

Seismic Criteria

Referenced Standards and Design Criteria:

e Seismic bracing shall be in compliance with ASCE 7-10.

e Equipment mounted on isolators will be seismically braced using loose cables, telescoping pipes, or
box sections, angles or flat plates used as limit stops or snubbers, either integral to or separate from
the isolators.

e Nonrotating, fixed equipment will be bolted directly to the floor or structure.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.

Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

e DDC BAS for optimization of major HVAC equipment operation.

¢ Variable-volume supply and exhaust system in combination with stand-alone controllers to provide

maximum flexibility in occupied/unoccupied space control scheduling, thus minimizing supply and
exhaust air volumes.
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Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating
of conditioned air.

Supply air volume from AHUs will be reduced to minimum levels without compromising safety.
During occupied hours, room supply air volume will be set at the maximum air flow required to
provide fume hood makeup air, minimum required ventilation, or space cooling. This will be
accomplished using the VAV air systems and DDCs.

Heating water temperature is to reset during summer to reduced temperature suitable for reheat.

VSDs installed on all VAV AHU supply and return fans to reduce fan horsepower requirements of
non-peak conditions.

VSDs installed on all pumps to reduce pump horsepower requirements at non-peak conditions.

Full economizer control on all mixed AHUSs to reduce consumption while maintaining appropriate
indoor humidity levels.

8.6.1.10 Electrical

Site Power Distribution

The CUB Il Building and CEF 11 will be provided with 480 Y/277 V secondary service from 2000 kVA
outdoor substations CU2-SS1 and CU2-SS2.

Building Power Distribution

Two 3000 A, 480 Y/277 V low-voltage switchgears in the CUB Il outdoor substations will distribute
power to CF loads and cooling towers. Similar loads will be split and serviced from the two exterior
substations to provide a level of redundancy (i.e., two 800-ton chillers will be fed from each of the
substations, each with a 1000 A breaker).

Secondary Distribution

Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will
provide service to CF lighting, receptacles, and HVAC loads as well as building instrumentation
loads. Further transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for
general use receptacles and other low-voltage equipment as necessary.

All conventional building use dry-type transformers will be DOE 2016 rated for efficiency, 115°C
rise, 220°C insulation class with six 2.5% taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

Circuit protection will be as follows:

- Where 480-V distribution is provided, the exterior unit substation secondary will be of low-
voltage switchgear UL 1558 construction with electrically operated drawout power circuit
breakers with solid state adjustable trips.

- Generally molded case circuit breakers. Solid state adjustable trip units will be provided above
250 A.

- Bolt-in type molded case circuit breakers for branch circuit panelboards.

- 100% rated for service entrance main circuit breakers, 80% rated otherwise.
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Devices will be fully rated. Series ratings of protective devices will not be acceptable.

Two levels of ground fault protective devices will be provided at the main and feeder breakers at service
switchgear assemblies.

Emergency Power Supply System
EPSS Power Generation Plant

The CUB Il and CEF |1 buildings will be provided with building and instrument standby power from an
exterior 300 kW/375 kVA, 480 Y/277 V diesel engine-generator CU2-EG1 located at the CUB I
building. It will provide emergency power for life safety systems, including egress lighting, and critical
instrumentation and HVAC systems loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-h sub-base fuel tanks. The generator will be provided with a quick-
connect feature to be used for load bank testing or portable generator backup if the primary unit is down
for maintenance.

EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code.

e Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each ATS.

¢ Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power

for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

- Fire detection and alarm systems

- Public address communication systems (when used for issuing emergency instructions)

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

- Fire protection systems

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

e Combined legally required and optional standby branch, designate as “optional branch” (NEC Atrticle
701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or
property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

- Ventilation and smoke removal systems

- Access control systems

- Telecommunication room lighting, equipment, and data processing systems

- Electric and mechanical room lighting and selected receptacles
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- Mechanical equipment including boilers, condensate return pumps, hot water heating and glycol
circulating pumps

- Plumbing equipment including sewage ejectors and pumps

e Generator distribution feeders will extend from the EPSS power generation plant to 480 Y/277 V, 4-
pole isolation-bypass transfer ATSs with associated distribution panelboards located in the CUB
UPS/generator distribution room. The following transfer switches are anticipated:
- 260 A: Life safety branch (sized large to meet required withstand rating)
- 600 A: Optional branch

e Associated feeders will extend in a separate duct bank to the CEF Il Building.

Power Quality Systems

Uninterruptible Power Supply Systems

A 25 kVA UPS system will be provided for the building IT distribution.

The UPS system will be static (battery) type with maintenance bypass and 15-minute ride through
capacity.

Surge Protection Devices

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.

SPD filtering devices will be installed on main low-voltage switchgear, distribution panelboards, and
branch panelboards serving major electronic equipment and all emergency branch panelboards in
compliance with current code requirements. Sensitive equipment may require multiple levels of
protection to not only protect equipment from utility disturbances, but also from one another.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm CUB |l and
CEF II:

e Electrical loading, harmonic loading, and protective device positions. Rail-mounted power quality
PM 8214 DIN meters will be required at the unit substation building main service breakers.

e Service low-voltage switchgear mains and feeders

e Medium-voltage interrupter switches, positions, and transformer status
e Distribution panelboards on the load side of ATSs

e Standby engine generator plant and associated distribution equipment

e ATS positions
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The system will be networked to the ORNL Power Operations SCADA “SNO” network.

Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Building Grounding

Building steel, foundation rebars (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.

Building Lightning Protection

An NFPA 780 Faraday cage type lightning protection system will be provided to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid

with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway
grounding conductors and bond to the electrical service entrance room ground bus in compliance with
EIA/TIA and NEC requirements.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.
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Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.

Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy-duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls

Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with local automatic lighting sensor controls.

Facilities and Operations Building Systems

The building electrical metering system and BAS to monitor electrical and HVAC building systems will
be site interconnected to SNS campus systems as described in Site Utilities, Section 8.1.2.1 of this report,
and will also include the following systems:

Fire Alarm System

The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.

The system will

¢ Include smoke, heat, and beam detection devices to suit environmental conditions.
- High bay areas will be provided with beam smoke detection.

e Include audible horns and visual strobe notification devices.

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment.

o Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network.

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.
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Public Address System

A public address system will be provided with building amplification as an extension to the campus-wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with separate telecommunications service from the existing site
telecommunications distribution system at CLO to a building main distribution room. Design for the
incoming POTS and/or VVoIP telephone service, LAN, and wireless networking shall be coordinated with
DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunications service to the STS buildings.

Building IT systems for systems networking hardware, including switches, routers, patch panels, DAS,
and WLAN components, will be provided.

Building IT horizontal Category 6A cabling will be provided from telecommunications rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS Network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

BAS/(F&O facilities management (CLO Il only—Siemens))

Power monitoring (ION—Schneider)/F&O electrical utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building Instrumentation and Control systems cabling for interconnection of the
following systems:

e PPS
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e MPS

e ATS

e PS) (two conduits)
e EPICS

Pathway Systems

Ladder type cable tray will be provided to support telecommunications and instruments and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,
and wire management components.

Cabling from wall box type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.

8.6.1.11 Plumbing
Drainage/Waste

Sanitary waste from pantry/break room sinks, lavatories, toilets, urinals, mop sinks, and equipment on the
upper level will be collected at the lower level ceiling and routed by gravity to the site sewer. All waste
from floor drains at the lower level will be collected below the lower level and conveyed by a gravity
system to a duplex ejector in fiberglass pit. Ejector will pump drainage to the underground sanitary waste
drainage system outside the building. Flow rates and pipe sizes will be calculated based on drainage
fixture unit values and adjusted/increased to allow for projected wastewater discharge from various
equipment at the design stage.

Floor drains will be provided at all toilet rooms, mechanical equipment spaces and other areas requiring
drainage. Complete accessibility will be provided to all cleanouts. Wall type cleanouts will be used at the
lower level. Floor drains that do not receive regular use will be provided with trap primers. Primers will
consist of an automatic trap primer system that automatically discharges water at regular timed intervals.

Potable Water

Potable water will enter the building at the lower level and shall be provided with a water meter and. shall
connect to the BAS. The incoming service shall split at the lower level into potable and process water
streams through a foundation for cross-connection control and hydraulic research approved duplex
backflow prevention device. Potable hot and cold water will be distributed throughout the building to all
fixtures and equipment requiring water. Water make-up any mechanical equipment will be supplied
through the process water system. Cooling tower make-up water will be separately metered.

Potable use hot water will be generated at 140°F by a gas fired water heater located at the boiler room. A
thermostatic mixing valve will be provided to achieve 120°F distribution temperatures. Hot water will be
distributed through a separate recirculating system designed to provide hot water to the points of use.

Potable hot and cold water shall be distributed throughout the building to toilet rooms and break rooms.

A separate tempered water connection through a thermostatic mixing valve will be provided to supply
emergency safety equipment (eyewashes and showers).

Water velocity in distribution piping shall not exceed 8 ft/second for cold water, and 5 ft/second for hot
water. Shock arrestors will be provided and shall comply with PDI-WH201 or ASSE-1010.
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Process Water
Non-potable Water Service (Mechanical System Makeup)

A separate process water system will be provided for mechanical makeup to CHW system, heating water
system and cooling towers. Process water shall emanate from the backflow preventer provided at the
incoming potable water service and shall be routed to equipment.

Storm Drainage

The primary storm drainage system will consist of gutters and exterior downspouts for any areas
collecting water, routed to spill at grade.

Compressed Air

The central CA system for the STS buildings will be located within the CUB Il. The new CA system will
have a capacity of 700 SCFM at 150 psig. The system will be located within a separate heated and
ventilated space in the CUB and will consist of two 420 SCFM water-cooled oil free rotary screw
compressors. Cooling water for the units will be provided from the tower water system. The system will
also be provided with duplex, dual tower desiccant dryers designed to handle the capacity of each
compressor and dry the air stream to a -40 °F pressure dew-point (minimum). The system will be
furnished with a series of moisture separators, prefilters, after filters and final filters. An ASME rated and
stamped receiver tank with a capacity of 4,000 Gal will be co-located near the compressor room. A
pressure regulating valve will be installed in the CA main supply line to control the site-wide distribution
pressure. A control panel with interface to the site EPICS will provide status and alarm conditions. The
system controls for the compressors and dryers will operate to alternate each compressor for even wear on
the system.

The CA will be distributed throughout the site at a minimum of 100 psig. The new CA piping system will

be looped and interconnected to the existing system in the existing Target Building and Tunnels. Each of

the compressors will be sized to handle two-thirds of the load. Each compressor will serve as a partial

backup in case of failure of a single compressor. The distribution piping serving each building will be

sized for the current building program with an additional 20% load provided to accommodate for

renovation flexibility.

Equipment

System Design Criteria

Potable/Process water

e Potable water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Process water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Water piping shall be sized based on the number of water fixture units connected, and the minimum
flow pressure required at each fixture or piece of equipment. Pipe velocities shall be maintained

between 4 and 8 ft/second and shall not exceed 8 ft/second.

e Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.
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e Wall hydrants shall be placed on the exterior of the building a maximum of 150 ft on center.

e Hose outlets will be provided at all mechanical rooms and equipment spaces.

Sanitary/Waste

e The waste system shall connect to each fixture requiring connection and where required will be
provided with water seal traps. A vent system shall be provided for fixtures as required to ventilate
the waste system and to prevent siphonage of fixture traps.

o Floor drains will be provided at all mechanical rooms and equipment spaces.

e Waste and vent piping shall be sized based on the number of fixture units connected. Pipe shall be
routed by gravity to maintain a positive slope with a maximum velocity of 2 ft/second.

Storm Drainage
e Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-min duration.

Compressed Air

e Design CA pressure on outgoing service—110 psi

e Design CA pressure at point of delivery to outlets—100 psi
e Design flow at outlets—1.0 cfm

e Dew point —40°F

Materials

Potable Water System

e Above-ground potable water systems

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in.
only. Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM
B88 and ASTM B75.

- The entire potable hot and cold-water distribution system will be fully insulated using closed-cell
elastomeric foam insulation.

Process Water Systems

e Above-ground process water systems

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% in. to 6 in.
only. Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM
B88 and ASTM B75.

- The entire process water distribution system will be fully insulated using closed-cell elastomeric
foam insulation.
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Sanitary System
e Above-ground soil, waste, vent piping
- Hubless cast iron soil pipe: no-hub pipe with Husky SD-4000 soil pipe coupling manufactured by
Anaheim Foundry, 4-band clamp or Clamp-All Hi Torq 125 2-band clamp. Sealing gasket shall
be neoprene in accordance with ASTM C564, CISPI 301-75.
- Horizontal storm drainage piping will be fully insulated using closed-cell elastomeric foam
insulation.
o Below-ground soil, waste, vent piping
- Asphaltum-coated, service-weight, cast iron pipe and fittings with resilient neoprene push-on
joints, ASTM A72, ASTM C564-70.
Compressed Air

e Below-ground factory-coated steel pipe
e Above-ground Type K copper with brazed joints.

Plumbing Fixtures and Specialties
¢ All plumbing fixtures will be institutional grade, vitreous china or stainless steel as required.

¢ Floor sinks and floor drains in laboratory areas (if required) will be stainless steel, flush with finished
floor, minimum of three 3-in. outlets.

e Hub drains and similar unsanitary fixtures will not be provided in lab spaces.

e Water closets: wall-hung, siphon jet type, high-efficiency 1.28 gal per flush maximum with hard-
wired infrared sensor operation.

e Urinals: wall-hung siphon jet type, high-efficiency 0.125 gal per flush maximum with hard-wired
infrared sensor operation.

e Lavatories: wall-hung or countertop type, 0.5 gal per minute maximum with hard-wired infrared
sensor operated faucets.

e Showers: high-efficiency 1.5 gal/min maximum.
e Safety showers, eyewashes and combination units: 30 psi minimum.
e Electric water coolers: recessed, self-contained.

e Interior hose bibbs: chrome plated in finished areas, rough brass in mechanical rooms, wall-mounted,
furnished with vacuum breaker, %-in. hose threaded outlet.

e Wall hydrant: freeze-resistant type in recessed box, %-in. hose threaded outlet.
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8.6.1.12 Fire Protection

Sprinkler

CUB 11 will be fully sprinkled, with exposed sprinkler piping feeding upright sprinklers. Sprinkler feed
will enter the building from below grade into the lower level from the site potable/fire water main, and a
double check backflow preventer will be provided. Service building will be a single sprinkler zone, with
control valve located at incoming service. Control valve will be provided with tamper switch and flow
switch connected to fire alarm system.

General

System Design Criteria

Fire sprinkler systems for the CUB will be hydraulically designed to provide water densities that meet the
requirements for Ordinary Hazard—Group 1 protection throughout the facilities.

Velocity shall not exceed 20 fps.

All calculations assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant
flow test results.

Materials

e Pipe and fittings installed underground shall be Class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.

e Sprinkler piping installed above ground and sized 2% in. and larger shall be Sch 40 black steel with
roll or cut groove type connections and fittings. Pressure rating shall be 175 psig minimum.

e Fittings for grooved end shall be cast of ductile iron conforming to ASTM A-536 or malleable iron
conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr. B), with
grooved or shouldered ends for direct connection into grooved piping systems with steel pipe and
shall be UL listed and FM approved, rated for a minimum 300 psi MWP.

8.6.2 Central Exhaust Facility 11

8.6.2.1 Programming

Building Function

The CEF 11 will consist primarily of non-enclosed exterior space that includes exhaust fans and a central
exhaust stack that serve Target Building Il, the 40M, 50M and 90M Instrument Buildings, and the RTST
Tunnel. The CEF Il will not serve the CLO Il or CUB I, which will have independent exhaust systems.

The facility also will include a small building that houses electrical and control systems associated with
the CEF 11. Access to the CEF Il will be limited to STS technical and facility operations staff.

8-269



Conventional Facilities

Program Summary

The CEF Il includes primarily exterior equipment which is not programmed as net area. The CEF Il
includes one small, 300 nsf, Control Building. It has an estimated planning efficiency factor of 79%. The
estimated gross area of the building is 380 gsf. Table 8.38 summarizes the CEF Il space program
requirements. Detailed room data sheets and test-fit plans are included in Appendix B.

Table 8.38. CEF Il space program summary.

No. Rooms Qty. NSF Total NSF
5.6.2.1  Central Exhaust Fan Control 1 300 300
Building
Total nsf 300
Total gsf 380
Total efficiency 79%

8.6.2.2 Site Planning
Location and Floor Elevations
The CEF Il will be located within the perimeter of the ring road northeast of the STS complex. The

CEF 11 exterior service court area will be located at elevation 1078 ft. Figure 8.16 highlights the CEF II
within the overall STS Site Plan.

Figure 8.16. CEF 11 location within the STS Site Plan.

Truck Access
Tractor-trailer and smaller truck access for the CEF 1l will be located on the northwest side of the facility

at elevation 1078 ft. A loading dock is not required. Forklifts will be used to convey materials and
equipment between the facility and trucks.
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Pedestrian Access

Pedestrian access to the CEF Il will be at grade through a perimeter-controlled security fence and at the
first floor of the Control Building through a controlled access door.

8.6.2.3 Building Planning

Building Organization/Floor Planning

The CEF Il planning will be integrated with planning for the RTST Access Tunnel. Both functions will
share an exterior service court for vehicular access. The service court will be partially enclosed by
retaining walls. The retaining walls will allow a grade transition between the service court and other
exterior service access area into the west end of Target Building I, approximately 25 ft above. Large
exhaust ducts, serving Target Building Il and the RTST Tunnel, will be located below the elevated grade
and terminate at the CEF Il exterior service court area. Eight exhaust fans serving four separate exhaust

systems will be located adjacent to the vehicular area and will manifold together to exhaust through a
single stack.

8.6.2.4 Key Features and Requirements

Central Exhaust Stack

The grade-supported exhaust stack is estimated to be approximately 100 ft tall to allow the discharge
elevation to sufficiently clear surrounding structures. Analysis of the stack height and exhaust system
performance will require air dispersion modeling during future design phases.

8.6.2.5 Life Safety/Code

Primary Occupancy Type

The primary occupancy type for the CEF 1l is Group F-2, Low Hazard Factory Industrial, according to the
2015 IBC, and Special-Purpose Industrial according to NFPA 101, 2018 edition.

Accessory Occupancies
The CEF Il will not have any accessory occupancies.
Fire Protection Systems

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

The CEF Il will be equipped with an addressable fire detection/alarm system consisting of the following:

e Manual fire alarm pull station at the building exit,
e Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.
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The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

The CEF Il will be a single-story, 432 SF building constructed of Type 1IB construction. The proposed
height and area for the building are within the limits established in IBC Sections 504 and 506.

Travel Distances

The CEF Il will have a single exit with travel distances in accordance with the IBC and NFPA 101.
Construction Type

The CEF Il will be constructed of Type I1B construction in accordance with IBC Section 602.
Wall/Floor Ratings

The walls, floor, and roof of the CEF Il will be of noncombustible construction. Fire resistance ratings are
not required for buildings of Type 11B construction.

Special Code Considerations
There are no special code considerations associated with the CEF II.
8.6.2.6 Civil/Site Development

The CEF Il is proposed to the west of STS facility near the RTST Tunnel entrance. Vehicle access to this
area can be accomplished from the ring road. Finished grading is shown on Drawing 5.1.19. Drawing
5.1.22 shows the site drainage concept. It is assumed that any required sewer, fire, or domestic water
services to this building will be served from the target or RTST Tunnel.

8.6.2.7 Architecture
Building Envelope
Exterior Wall

The majority of the walls surrounding CEF Il will be concrete counterfort retaining walls with a parge-
coated finish. A striated-face, 36 in. wide insulated-core metal panel system, with a custom color to match
existing context, will be used as for the envelope of the CEF Il Fan Control Room in keeping with the
existing texture and materials used on the SNS campus. The metal panel cladding support backup system
will consist of a hanger rod and metal channel framing supported from the building structure. Continuous
through-wall flashing will be provided at the bottoms of all wall cavities, over all wall openings and metal
copings. The metal panel wall systems will have an R-13 and R-13ci minimum requirement.

Exterior Doors
Exterior entrance doors and egress doors will be 16-gauge, insulated-core painted hollow metal doors

with fully welded 14-gauge frames and a U value of 0.61. All exterior doors will be provided with
proximity card reader hardware.
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Thermal and Moisture Protection

Flashing and sheet metal will be provided as a positive water stop around all openings (head, jamb, and
sill) in walls such as windows, doors, louvers, and so on. All copings and gravel stops will be ES-1
compliant as required by IBC.

Damp-proofing will be provided on all walls, floors, and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer, 215-mil, polyester fabric-reinforced membrane.

Because of the inherent moisture-resistant properties of the insulated metal panel system, an air/vapor
barrier will not be required where the system is installed.

Exterior sealants will be nonstaining, with a two-part composition and 50% movement capacity, and will
be compatible with the surfaces on which they are applied.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing
Not applicable
Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations must comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42-in.-high parapet or provided with a fall protection system.

Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3- year
aged thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will
be Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift according to ASTM 1592. It will provide a minimum thermal resistance value
of R-30

Interior Construction

Walls

Not applicable
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Wall Finishes

Not applicable

Floor Finishes

The flooring will receive concrete sealer over the new concrete with no vinyl wall base required.
Ceiling Finishes

The structure will be left exposed in the CEF Il and will receive a paint finish consisting of one primer
coat and two finish coats.

Interior Doors

Not applicable

Furnishings

Laboratory Casework

Not applicable

Vertical Circulation

Stairs

Not applicable

Elevators

Not applicable

Specialty Equipment

Not applicable

8.6.2.8  Structure

Applicable Codes and Standards
See Sheets x — xii for complete list of Applicable Codes and Standards
Design Loading

Slab on Grade Floor Loads

e Live loads: 500 psf
Superimposed Roof Loads

e Roof snow load:
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- Ground snow load: Pg = 10 psf
- Snow exposure factor: Ce = 1.0
- Snow importance factor: Is = 1.0
e Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads
e Risk category Il
e Basic wind speed: V =115 mph
e Exposure category B

Seismic Loading

e Risk category Il
e Importance factor: le = 1.0

Building Structural System

Slab on Grade

The slab construction is anticipated to consist of an 8-in.-thick reinforced normal weight concrete slab.
All construction joints between pours will require smooth dowels across the joint. The floor slab will be
placed over a vapor barrier, a compacted drainage base course, and a compacted subgrade.

It is anticipated that there will be an exterior grade-level slab for support of equipment. The slab will be

used as the foundation for the equipment.

Foundation System

A geotechnical investigation has not been performed. Until a geotechnical investigation and report have
been completed, an accurate description of the building’s foundation system cannot be provided. The
CEF Il foundations are anticipated to consist of shallow spread footings bearing on soil with a minimum
net allowable bearing capacity of 3,000 psf. Footings shall extend to the frost depth elevation at a
minimum. Below-grade walls are anticipated to be constructed with reinforced normal weight concrete.
Water stops will be provided in construction joints to safeguard against water intrusion.

Superstructure

The CEF Il is anticipated to be a single-story conventional steel-frame structure. The building will
support the exterior wall system with steel girts as required. The roof structural system is anticipated to
consist of wide flange framing with roof deck meeting galvanizing G90 requirements.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building are anticipated to be

provided by concentrically braced steel frames.
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Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering dated June 30, 2000, addressing the original development of the campus (Law 2000).
The proposed CEF 11 should be supported on shallow foundations. The structure will be located at a
sufficient distance beyond the STS excavation that additional support with deep foundations should not
be necessary. The stiffer or better upper crust of residual soil should be sufficient to support CEF
Building. Based on the current subsurface data on the site, we anticipate as much as 3,000 psf allowable
bearing pressure will be available.

A review of geophysical data and shear wave velocities from the Law report indicates that the target
structure footprint would be located in a seismic site classification C as defined in IBC 2015 and ASCE 7
(Law 2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested
during the original campus development.

A supplemental geotechnical report would be advisable once the final CEF location and footprint have
been determined. The density and pattern of the soil test borings should be selected to optimize the quality
of geotechnical data. Additional geophysical testing is not anticipated for design of the structure.

Vibration/Acoustics

This building has no acoustical or vibration criteria.
8.6.2.9 Mechanical

Exhaust

The project technical exhaust air streams handled by the CEF 11 will consist of Target Building primary
confinement exhaust, Target Building secondary confinement exhaust, Target Building hot off-gas
exhaust and RTST Tunnel emergency exhaust. The CEF Il will house separate fans for each of these
systems on an equipment pad located to the west of the STS building. Fan systems will be arranged in a
duplex configuration, with one fan in each set a full standby. Each fan will be provided with a shutoff
damper on the suction side and a motorized shutoff damper on the fan discharge. All above-round
ductwork will be 304 SS. All underground ductwork will be HDPE.

The Target Building primary confinement exhaust will collect exhaust from the potentially highly
activated areas of the Target Building. System capacity is expected to be 4,000 cfm. Ductwork size is
estimated to be 14-in. diameter.

The Target Building secondary confinement exhaust will collect exhaust from the potentially activated
areas of the Target Building. System capacity is expected to be 16,000 cfm. Ductwork size is estimated to
be 30-in. diameter.

The Target Building hot off-gas exhaust will collect exhaust from highly activated areas of the target
system. System capacity is expected to be 2,000 cfm. Ductwork size is estimated to be 10-in. diameter.

The RTST Tunnel emergency exhaust will collect exhaust from the tunnel in the event that the tunnel

requires emergency ventilation as a result of contamination. System capacity is expected to be 3,000 cfm.
Ductwork size is estimated to be 12-in. diameter.

8-276



Conventional Facilities

An exhaust header manifold will be used to combine the exhaust streams of the three fan systems. The
manifold is expected to be 36 in. The manifold will extend into a vertical stack that will also be mounted
on the equipment pad. The stack will be 40 in. or less, as required to achieve a 3,000 fpm stack discharge
velocity. The height of the stack is anticipated to be approximately 100 ft. Final stack height will be based
on input from the ORNL Environment, Safety, and Health Directorate and as verified by wind tunnel
testing.

Space Conditioning

An instrument and control building will be provided for the CEF Il. Conditioning in this building will be
provided through two localized heat pumps. Heat pumps will be sized for 100% of the anticipated load,
N+1 configuration, with supplemental electric heating coil for sub-freezing conditions.

Controls

The CEF Il shall be controlled by the EPICS. The facility will be connected to an expansion of the
existing EPICS. Instrumentation and wiring shall be connected to a new EPICS PLC in the central
exhaust building, and controls interface for the building will be provided at the target control room.
Programming and connection of the PLC to EPICS shall be completed and the control system
commissioned to ensure proper operation.

Electric actuation will be used for all dampers on both systems so that instrument air is not required. All
control systems will be on UPS and emergency power. System software and firmware will provide the
following functions:

o Control sequences shall be developed to support the operations of the technical equipment.

o PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables, to read control loop set points, to monitor control
signals to actuators, and to indicate status of equipment, alarms and overrides.

e Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

e Data management, including continuous database updating, alarm reporting, trend logging and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations

and provide the functions listed. Graphics will include site plans, overall building plans, floor plans
and individual system graphics.
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Equipment

Table 8.39 provides a listing of the mechanical equipment servicing the CEF II.

Table 8.39. CEF Il mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks
Primary Exhaust fan 4,000 cfm @ 2 Y N+1 Outside  Target primary
confinement 25in. Wg confinement
exhaust exhaust
Secondary Exhaust fan 16,000 cfm 2 Y N+1 Outside  Target/Inst. Bldg
confinement @ 15in. wg secondary
exhaust confinement

exhaust

Hot off-fas Exhaust fan 2,000 cfm @ 2 Y N+1 Outside  Target/Inst. Bldg
exhaust 40in.wg hot off-gas
RTST exhaust Exhaust fan 3,000 cfm @ 2 Y N+1 Outside  RTST emergency

5in. wg exhaust
CEF Il air Heat pumps 5 ton 2 Y N+1 Fan VFD/
conditioning with electric elec

heat

Two primary confinement exhaust fans with VFDs
Two secondary confinement exhaust fans with VFDs
Two hot off-gas exhaust fans with VFDs

Two RTST Tunnel exhaust fans with VFDs
Ductwork manifold (40-in. 304L SS).

Vertical stack (100 ft high)

Fan isolation dampers

Controls and instrumentation

- Exhaust fans

- Scroll blowers

Fans will be centrifugal, direct-drive scroll blowers with spark-proof construction and bearings and
motors out of the airstream. Fans will be constructed with 304 stainless steel welded housing and wheel
construction. The fan motor will be totally enclosed and fan cooled. The system will consist of the

following components:

o VFDs
e Mounting base

General
System Design Criteria
Outside Design Temperatures

e Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)
e Winter: 17.1°F (99.6% ASHRAE)
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Interior Design Conditions (Central Exhaust Building)

e 72°F +2°F, 60% >RH
e Stack discharge velocity 3,000 fpm minimum

Each exhaust fan system will be designed in an N+1 configuration with two full-capacity fans. Should
one fan fail or be shut down for maintenance, the second fan will be capable of meeting the full airflow
requirement. All exhaust fans will be served by emergency power.

Materials

Primary and second confinement, hot off-gas, and RTST Tunnel exhaust shall be welded 304L stainless
steel thinwall tube within the building, HDPE underground.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.
8.6.2.10 Electrical

Site Power Distribution

The CEF Il Building and CUB 11 will be provided with 480 Y/277 V secondary services from 2000 kVA
outdoor substation CU2-SS1 and CU2-SS2.

The CEF Il will be provided with 480 Y/277 V secondary normal service from a duct bank to the building
from CUB Il distribution.

Building Power Distribution

Secondary Distribution

Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will provide
service to CF lighting, receptacles, and HVAC loads as well as building instrumentation loads. Further
transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for general use

receptacles and other low-voltage equipment as necessary.

All conventional building use dry-type transformers will be DOE 2016 rated for efficiency, 115°C rise,
220°C insulation class with six 2.5% taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

Circuit protection will be as follows:

o Where 480-V distribution is provided, the exterior unit substation secondary will be of low-voltage
switchgear UL 1558 construction with electrically operated drawout power circuit breakers with solid
state adjustable trips.

e Generally molded case circuit breakers. Solid state adjustable trip units will be provided above 250 A.

e Bolt-in type molded case circuit breakers for branch circuit panelboards.
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e 100% rated for service entrance main circuit breakers, 80% rated otherwise.
Devices will be fully rated. Series ratings of protective devices will not be acceptable.

Two levels of ground fault protective devices will be provided at the main and feeder breakers at service
switchgear assemblies.

Emergency Power Supply System
EPSS Power Generation Plants

The CUB Il and CEF Il Buildings will be provided with building and instrument standby power from an
exterior 300 kW/375 kVA, 480 Y/277 V diesel engine-generator CU2-EG1 located at the CUB I
Building. It will provide emergency power for life safety systems, including egress lighting, and critical
instrumentation and HVAC systems loads.

The exterior diesel standby engine-generator will be provided in an exterior, weatherproof, sound-
attenuated, reach-in enclosure with 24-h sub-base fuel tanks. The generator will be provided with a quick-
connect feature to be used for load bank testing or portable generator backup if the primary unit is down
for maintenance.

EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code.

e Generator: This branch provides alternate source power from the generator set main circuits
breaker(s) and associated distribution to the line side of each ATS.

¢ Emergency (NEC Article 700): This branch provides continuous (normal or generator) source power

for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

- Fire detection and alarm systems

- Public address communication systems (when used for issuing emergency instructions)

- Generator set location, task illumination, battery charger, emergency battery-powered lighting
unit(s), and selected receptacles

- Fire protection systems

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

e Combined legally required and optional standby branch, designate as “optional branch” (NEC Atrticle
701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or
property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

- Ventilation and smoke removal systems

- Access control systems
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- Telecommunication room lighting, equipment, and data processing systems

- Electric and mechanical room lighting and selected receptacles

- Mechanical equipment including boilers, condensate return pumps, hot water heating, and glycol
circulating pumps

- Plumbing equipment including sewage ejectors and pumps

Generator distribution feeders will extend from the EPSS power generation plant to 480 Y/277 V, 4-pole
isolation-bypass transfer ATSs with associated distribution panelboards located in the CUB Il Building
UPS/generator distribution room. The following transfer switches are anticipated at that location:

e 260 A: Life safety branch (sized large to meet required withstand rating)
e 600 A: Optional branch

Associated feeders will extend in a separate duct bank to the CEF Il Building.
Power Quality Systems

Uninterruptible Power Supply Systems

A 25 kVA UPS system will be provided for the building IT distribution.

The UPS system will be static (battery) type with maintenance bypass and 15-minute ride through
capacity.

Surge Protection

Surge arrestors labeled for use with NFPA 780 lightning protection systems will be provided at all unit
substation transformer primaries.

Transients (surges, lightning, switching events) can introduce harmful voltage or current spikes to
electronic equipment.

SPD filtering devices will be installed on main low-voltage switchgear, distribution panelboards, and
branch panelboards serving major electronic equipment and all emergency branch panelboards in
compliance with current code requirements. Sensitive equipment may require multiple levels of
protection to protect items of equipment not only from utility disturbances but also from one another.
Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Building Grounding

Building steel, foundation rebars (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.
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Building Lightning Protection

An NFPA 780 Faraday cage type lightning protection system will be provided to protect the
building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVVC from the rooftop to the ground grid.
Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid
with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This will allow for a safe ground path in an
electrical fault condition.

Telecommunications Signal Reference Grounding

Interconnected bus bars in telecommunication rooms will collect STS IT equipment and pathway
grounding conductors and bond to the electrical service entrance room ground bus in compliance with
EIA/TIA and NEC requirements.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.

Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy-duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls
Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with local automatic lighting sensor controls.
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Communication and Signaling Systems

Fire Alarm System

The fire alarm system will be a microprocessor-based detection and notification control system installed

and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will
include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.

The system will

o Include smoke and heat detection devices to suit environmental conditions

e Include audible horns and visual strobe notification devices

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment

o Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series according to ORNL requirements to
match the existing campus systems.

Public Address System

A public address system will be provided with building amplification as an extension to the campus-wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.

Telecommunication Systems

The building will be provided with a separate telecommunications service from the existing site
telecommunications distribution system at CLO to a building main distribution room. Design for the

incoming POTS and/or VolP telephone service, LAN, and wireless networking shall be coordinated with
DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
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cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunications service to the STS buildings.

Building IT systems for systems networking hardware and cabling, including switches, routers, patch
panels, backbone cabling, and components will be provided.

Building IT horizontal Category 6A cabling will be provided from telecommunications rooms located on
each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.

ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS Network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

BAS/(F&O Facilities Management (CLO Il only—Siemens))

Power monitoring (ION—Schneider)/F&O Electrical Utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of
EPICS.

Pathway Systems
Ladder-type cable trays will be provided to support telecommunications and instruments and control
systems cabling requirements with proper wire dropout devices, conduit sleeves, firestopping, grounding,

and wire management components.

Cabling from wall box-type IT jacks will be in bushed conduits extended and grounded to the local cable
tray system.
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8.7 SHOP BUILDING
8.7.1  Shop Building

8.7.1.1 Programming
Building Function

The Shop Building will house multiple workshop functions required to support FTS and STS operations
including a cryogenics, pump, radio frequency, and modulator shops. The Shop Building will replace
functions that were removed from the Klystron Gallery to allow construction of the PPU Klystron Galley
Upgrade project. The Shop Building will include a flexible, open plan that is readily adaptable to variable
technical needs and operational requirements. Access to this facility will be limited to STS technical and
facility operations staff.

Program Summary

The Shop Building will include 21,090 NSF and has an estimated planning efficiency factor of 83%. This
factor is based on preliminary test-fit planning for the Shop Building. The estimated gross area of the
Shop Building is 25,518 gsf. Table 8.40 summarizes the Shop Building space program requirements.
Detailed room data sheets and test-fit plans are included in Appendix B, STS CF Conceptual Design
Report.

Table 8.40. Shop Building space program summary.

No. Rooms Qty. NSF Total NSF
57.11 Cryogenics shop 1 6,000 6,000
5.7.1.2 Pump shop 1 2,400 2,400
57.1.3 RF shop 1 6,000 6,000
5.7.14 Modular shop 1 6,300 6,300
5.7.15 Electrical room 1 130 130
5.7.1.6 Telecom room 1 130 130
5.7.1.7 Single-user toilets 2 65 130
5.7.1.8 Mechanical room 1 520 520
Total nsf 21,090
Total gsf 25,518
Total efficiency 83%

8.7.1.2  Site Planning
Location and Floor Elevations
The Shop Building will be located west of the existing Central Helium Liquification Plant along Los

Alamos Drive. The Shop Building first floor will be located at elevation 1084 ft. Figure 8.17 highlights
the Shop Building within the overall STS Site Plan.
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Figure 8.17. Shop Building location within the STS Site Plan.
Truck Access
Tractor-trailer and smaller truck access for the Shop Building will be located on the west side of the
facility at the first-floor level, elevation 1079 ft. A loading dock is not required. Forklifts will be used to
convey materials and equipment between the building and trucks through overhead service doors.

Pedestrian Access

Pedestrian access to the Shop Building will be provided at the first-floor level from the adjacent service
road. Multiple controlled grade-level doors will be provided along the length of the facility.

8.7.1.3 Building Planning

Building Organization/Floor Planning

The Shop Building will be a single-story structure with an elongated linear floor plan. Four primary shop
areas will be organized along an internal circulation aisle located adjacent to the west exterior wall of the
facility. All access and egress doors will be located on this side of the building. Separations between shop
areas will be wire or low-height solid partitions. An overhead crane will travel above these partitions and
provide coverage to the entire open shop area.

8.7.1.4 Key Features and Requirements

Structural Requirements

The Shop Building will require a clear span roof structure and related structural design to support a 10-ton
overhead crane.

8.7.1.5 Life Safety/Code
Primary Occupancy Type

The primary occupancy type for the Shop Building is Group F-1, Moderate Hazard Factory Industrial,
according to the 2015 IBC, and General Industrial according to NFPA 101, 2018 edition.
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Accessory Occupancies

The Shop Building will not have any accessory occupancies.

Fire Protection Systems

The Shop Building will be protected throughout by an automatic fire sprinkler system designed to protect
an Ordinary Hazard—-Group 2 occupancy in accordance with NFPA 13, Standard for the Installation of

Sprinkler Systems.

Portable fire extinguishers will be provided throughout the building in accordance with the IBC and
NFPA 10, Standard for Portable Fire Extinguishers.

The Shop Building will be equipped with an addressable fire detection/alarm system consisting of the
following:

e Manual fire alarm pull stations at all building exits

e Duct smoke detectors on the supply and return sides of all AHUs having a design capacity greater
than 2,000 cfm

e Audible/visual notification appliances installed through the building

All fire alarm, supervisory alarm, and trouble signals will be automatically transmitted to the ORNL Fire
Department via the LSS fiber optics network.

All new fire alarm system equipment will be manufactured by Edwards Systems Technology to be
compatible with the existing site-wide campus system.

The fire detection/alarm system will be designed and installed in accordance with the IBC and NFPA 72,
National Fire Alarm Code.

Maximum Floor Area and Stories

The Shop Building will be a single-story, 25,518 SF building of Type 1B construction. The proposed
height and area for the building are within the limits established in IBC Sections 504 and 506.

Travel Distances

The maximum travel distance within the Shop Building will not exceed 250 ft, as required by IBC
Section 1016.2 and NFPA 101, Section 40.2.6.1. The maximum common path of travel distance will not
exceed 100 ft, as required by IBC Section 1014.3 and NFPA 101, Section 40.2.5.1. The maximum dead-
end corridor will not exceed 50 ft, as required by IBC Section 1018.4 and NFPA 101, Section 40.6.4.
Construction Type

The Shop Building will be of Type I1B construction in accordance with IBC Section 602.

Wall/Floor Ratings

The walls, floor, and roof of the Shop Building will be of noncombustible construction. Fire resistance

ratings are not required for buildings of Type 1B construction.
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Special Code Considerations
There are no special code considerations associated with the Shop Building.
8.7.1.6  Civil/Site Development

The construction excavation described under the Site Civil Works Section will be performed before
construction of the Shop Building. Vehicular access will be provided from Los Alamos Drive. Finished
grading is shown on Drawing 5.1.18. Drawing 5.1.21 shows the site drainage concept. Roof drainage will
be piped to the proposed storm sewer system. Sewer, fire, and domestic water service to the building are
shown on Drawing 5.1.26.

8.7.1.7 Architecture
Building Envelope
Exterior Wall

A deep-ribbed corrugated metal panel with exposed fasteners and a 2-in.-thick insulated liner panel will
be used as the major facade material for the Shop Building. The color will be custom to match the
existing SNS campus. The metal panel cladding support backup system will consist of hanger rods and
metal channel framing supported from the building structure. Metal window sills and wall caps will be
used. Continuous through-wall flashing will be provided at the bottoms of all wall cavities, over all wall
openings and metal copings. The metal panel wall systems will have an R-13 and R-13ci minimum
requirement.

Exterior Doors

Exterior entrance doors and egress doors will be 16-gauge, insulated-core painted hollow metal doors
with 14-gauge, fully welded frames with a U value of 0.61. Overhead insulated coiling doors, 14 ft, 0 in.
high by 14 ft, 0 in. wide will include factory-painted galvanized steel curtains with integral insulation
achieving a minimum R-value of 4.75 requirement. All exterior doors will be provided with proximity
card reader hardware.

Thermal and Moisture Protection
Flashing and sheet metal will be provided as a positive water stop around all openings (head, jamb, and
sill) in walls such as windows, doors, louvers, and so on. All copings and gravel stops will be ES-1

compliant as required by IBC.

Damp-proofing will be provided on all walls, floors and other building components that are subject to
high humidity, dampness, or frequent direct water contact.

Waterproofing will be provided at walls, floors, and other building elements that are subject to hydrostatic
pressure, are liable to be immersed in water, or are below the water table. The waterproofing membrane
will be a hot-fluid-applied, two-layer, 215-mil, polyester fabric-reinforced membrane.

Because of the inherent moisture-resistant properties of the insulated metal panel system, an air/vapor
barrier will be required where the system is installed.
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Exterior sealants will be of two-part composition with a 50% movement capacity. Sealants will have low
VOCs within the LEED Gold v4 limits or will meet the 2016 Guiding Principles for Sustainable Federal
Buildings. Sealants will be compatible with the surfaces on which they are being applied and will be
nonstaining.

Insulation combustibility, including wrappings, inside the building skin will be limited to a flame spread
of 25 and smoke development of less than 50.

Glazing
Not applicable
Roof Construction

The roofing system will be a 30-year, 80 mil minimum thickness, white thermoplastic (PVC) single-ply
sheet with an integral fiberglass mat reinforcement roofing membrane over polyisocyanurate insulation on
a sloping roof structure. Tapered insulation saddles will be used to provide drainage to roof drains and at
roof equipment locations. All roof construction details and roof penetrations must comply with the
guidelines established by the NRCA. Roof traffic pads will be adhered to the membrane along all roof
maintenance traffic paths. All roofs with serviceable components beyond roof drains will be surrounded
by a 42-in.-high parapet or provided with a fall protection system.

Low-slope roofing will have a minimum 3-year aged solar reflectance of 0.55 and a minimum 3-year aged
thermal emittance of 0.75 in accordance with the Cool Roof Rating Council Program. Roofing will be
Energy Star rated with emissivity of at least 0.9 when tested in accordance with ASTM 408.

The roofing system will meet or exceed UL class A fire exposure requirements and comply with FM
Class 1-90 for wind uplift, according to ASTM 1592. It will provide a minimum thermal resistance value
of R-30

Interior Construction
Walls

Interior walls will be constructed of CMUs for durability and will extend up to the structure deck above.
All fire-rated walls will be constructed in accordance with the IBC code requirements and UL-listed
assemblies.

Wall Finishes

All finish materials for walls, ceilings, and floors, will have a Class A rating, with a flame spread of < 25,
a fuel contribution of < 25, and smoke development of < 450.

Typical interior CMU partitions will receive a paint finish consisting of one primer coat and two finish
coats. Epoxy paint is to be applied to all lab demising walls. All paints, including top coats and primers,
will comply with the 2016 Guiding Principles for Sustainable Federal Buildings.

Ceramic tile will be installed for the full height of all walls in toilet rooms. Tile will be a 12x24 in.

brickwork pattern with a 1/3 offset. In areas where moisture is present, tile will be installed over a
cementitious backer board.
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Floor Finishes

Flooring in the mechanical and support areas is to receive concrete sealer over the new concrete. No vinyl
wall base will be used in these areas.

Ceramic tile will be installed in toilet room floor areas. Tile will be a 12x24 in. brickwork pattern with
1/3 offset.

Ceiling Finishes

The structure will be left exposed in some support spaces and all mechanical and utility areas. All
exposed structures will receive paint finish consisting of one primer coat and two finish coats.

Interior Doors

All interior doors will be shop-primed, field-painted, 16-gauge hollow metal doors with 14-gauge fully
welded metal frames

Furnishings
Laboratory Casework
No requirements
Vertical Circulation
Stairs

No requirements
Elevators

No requirements
Specialty Equipment

Combination emergency showers/eye wash units will be provided according to ANSI Z358.1 at lab areas
where chemicals will be used or stored.

Bridge Crane

A 10-ton bridge crane will be provided with a hook height of 20 ft above the finish floor.
8.7.1.8 Structure

Applicable Codes and Standards

See Sheets x — xii for complete list of Applicable Codes and Standards
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Design Loading
Slab on Grade Floor Loads

e Live loads: 500 psf
e Fork lift load: 8000 Ib

Superimposed Roof Loads

e Roof snow load
- Ground snow load: Pg = 10 psf
- Snow exposure factor: Ce = 1.0
- Snow importance factor: Is = 1.0

e  Minimum roof live load = 20 psf + 20 psf collateral load
Wind Loads

e Risk category Il
e Basic wind speed: V = 115 mph
e EXxposure category B

Seismic Loading

e Risk category Il
e Importance factor: le = 1.0

Crane Requirement

e Refer to the Crane section of Section 8.7.1.7 for information.
Building Structural System

Slab on Grade

A geotechnical investigation was previously performed by Shield Engineering Inc. for a
warehouse/maintenance building in the area of the proposed Shop Building. The results of that report,
dated December 11, 2009, indicated a layer of unsuitable soils and uncompacted fill (Shield 2009). The
recommendations of the report were to perform an undercut and replace the soils. Once the site has been
remediated or a foundation option selected to address the unsuitable soils, the slab construction will be
anticipated to consist of an 8-in.-thick reinforced normal weight concrete slab. All construction joints
between pours will require smooth dowels across the joints. The floor slab will be placed over a vapor
barrier, a compacted drainage base course, and a compacted subgrade.

Foundation System

A geotechnical investigation was previously performed for a warehouse/maintenance building in the area
of the proposed Shop Building. The results of that report indicated a layer of unsuitable soils and
uncompacted fill. As a result, it is anticipated that the Shop Building foundations will consist of shallow
spread footings bearing on remediated soil with a minimum net allowable bearing capacity of 2,500 psf.
Footings shall extend to the frost depth elevation at a minimum. Below-grade walls are anticipated to be
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constructed with reinforced normal weight concrete. Water stops will be provided in construction joints to
safeguard against water intrusion.

Superstructure

The Shop Building is anticipated to be a single-story conventional steel-frame structure. The building will
support the exterior wall system with steel girts as required. The roof structural system is anticipated to
consist of wide flange framing with roof deck meeting galvanizing G90 requirements.

Lateral System

Resistance to lateral loads resulting from wind and seismic forces on the building is anticipated to be
provided by concentrically braced steel frames.

Crane Support
Steel framing will be provided to support the crane runways.
Geotechnical Analysis

A review of historical geotechnical and geophysical surveys was performed that included the original
campus development and additional structures. A detailed geotechnical exploration was performed by
Law Engineering, dated June 30, 2000, addressing the original development of the campus (Law 2000).
An additional geotechnical investigation was previously performed by Shield Engineering Inc., dated
October 26, 2009, for a warehouse/maintenance building in the area of the proposed Shop Building,
which was not constructed (Shield 2009). The results of that report indicated a layer of unsuitable soils
and uncompacted fill located in the footprint of the proposed Shop Building location. The
recommendations of the report were to perform an undercut and to replace the soils (Shield 2009). If the
recommendations of the report are followed, the Shop Building foundations can consist of shallow spread
footings bearing on soil with a minimum net allowable bearing capacity of 2,500 psf. Other options may
include deep foundations (e.g., micropiles) or compacted stone columns (i.e., vibropiers or Geopiers) that
have been treated to reduce collection of water to reduce the risk of sinkhole development.

A review of geophysical data and shear wave velocities from the Law report indicates that the Shop
Building would be located in seismic site classification C, as defined in IBC 2015 and ASCE 7 (Law
2000). This is confirmed by the average shear wave velocities for multiple soil profiles tested during the
original campus development.

A supplemental geotechnical report would be advisable once the final Shop Building location and
footprint have been determined. The density and pattern of the soil test borings should be selected to
optimize the quality of geotechnical data. Additional geophysical testing is not anticipated for design of
the structure.

Vibration/Acoustics
The design will target the following average noise levels. These noise levels do not include noise from
equipment or personnel located within these spaces. Actual noise levels may exceed the design noise

levels due to the actual type of equipment purchased, installation compromises, workmanship, and so on.

e Room type NC
e Enclosed office spaces 40
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e Light maintenance shops 55
e Corridors and public circulation areas 45

The building has no vibration criterion.
8.7.1.9 Mechanical
Air Handling/Ventilation

At the Shop Building, the shops, break room, electrical, communications, and instrument spaces will be
conditioned. Heating and cooling for conditioned spaces will be accomplished using a packaged roof-
mounted VAV direct expansion AHU. The AHU will be designed as an eight-ACH, heating-cooling,
variable-volume type providing from minimum outside air to 100% outside airside in economizer mode.
The unit will operate only during occupied periods of the day, or cycle on as required to maintain night
setback temperature settings. Supply and return fans will be plenum type, arranged in a multi-fan array.
AHU supply air temperature will be modulated as required to suit building occupancy status.

Mechanical and equipment rooms will be treated using a heating and ventilation approach. Ventilation
will be achieved through the use of roof-mounted exhaust fans, with associated wall-mounted intake
louvers with motorized dampers. Heating for these spaces will be accomplished through the use of
electric unit heaters located within the space.

Exhaust

General utility set exhaust fans will be provided for ventilation of the equipment spaces as indicated
above, and a separate fan to exhaust the toilet room and janitor closet.

Provisions will be made for shop area exhaust systems to accommodate welding fumes, duct collection,
and spot exhaust of fumes from painting or other applications.

Tower Water

The tower water system for the Shop Building will be supplied from the existing CUB. Tower water will
enter the building from below grade and will be routed to the technical cooling water skid. Based on an
estimated flow of 50 gpm to this building, the tower water piping supplied to the building from the site
distribution system is estimated to be 2.5 in.

Technical Cooling Water

Technical cooling water systems will be required to support technical equipment maintenance to be
performed in the Shop Building. The technical cooling water system will provide DI water with a
resistivity in the range of 1 to 3 megohm/cm, and a slip stream polishing loop. The pumps, HX,
conditioners, sterilizers, and filter components will be located in the mechanical room.

Heating Water
The heating water system for the building will be supplied from the existing CUB loop. Based on an
estimated flow of 50 gpm to this building, the heating water branch line size to this building is expected

to be 2.5 in. Hot water supply and return will enter the building from below grade. The heating water
distribution system will serve heating and preheat coils at the air handler.
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Controls

The CUB shall be controlled by an extension of the existing DDC-based BAS at the Klystron Gallery
with distributed processing at the local level. The DDC system will be designed around an open protocol
BACnet communication network. The basis of design is expected to be a JCI Metasys system. The
building will be connected to an expansion of the existing BAS system. Instrumentation and wiring shall
be connected to a new BAS system PLC in the building, and controls interface for the building will be
provided. Programming and connection of the PLC to the existing system shall be completed and the
control system commissioned to ensure proper operation.

Electric actuation will be used for all control valves and dampers so that instrument air is not required. All
control systems will be on UPS and emergency power. System software and firmware will provide the
following functions:

o Control sequences shall be developed to support the operations of the technical equipment.

e PID control to allow faster and closer control to system set points.

e Adaptive tuning to adjust PID loop constants to ensure that control system response remains accurate
and reliable over a wide range of dynamic operating conditions.

e Monitoring to read the value of measured variables, to read control loop set points, to monitor control
signals to actuators, and to indicate status of equipment, alarms, and overrides.

e Energy management, including optimum start/stop, variable ACH rates in laboratories, duty cycling,
supply air temperature reset, supply air static pressure reset, demand limiting, time totalization, and so
on.

o Data management including continuous database updating, alarm reporting, trend logging and report
generation.

e System programming to add, delete, or change points, set points, schedules, control algorithms, report
formats, and so on.

e System software will allow building operators to graphically monitor and control building operations
and provide the functions listed. Graphics will include site plans, overall building plans, floor plans,
and individual system graphics.

Equipment

Table 8.41 provides a listing of the mechanical equipment servicing the Shop Building.
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Table 8.41. Shop Building mechanical equipment.

Use Equipment Size Qty Empwr Redund Location Remarks
Direct
Shop building Packaged AHU expansion
AHU (VAV) 30,000 cfm 1 N - Roof heat/cool
Mech/elec rms
vent Exhaust fans Varies 3 N - Roof
Mech/elec rms
heat Unit heaters Varies 4 N - Varies
Air Handler
General

o All AHUs will be packaged, factory-fabricated, and constructed with 4-in.-thick double walls of
galvanized steel.

e Maximum allowable nominal face velocities:
- Air intake louvers (through free area): 350 fpm
- Heating water coils: 500 fpm
- Cooling coils: 400 fpm
~ Filters: 400 fpm

e AHU—modular, packaged, 4 in. double-wall construction configured as follows:
- Mixed air plenum
~ Intake isolation damper
- Return/exhaust damper
- Relief fans (4 to 6 fan array)
- VFDs
- Economizer section
- MERYV 8 (30%) prefilter section
- Pipe vestibules
- Hot water preheat coil
- Direct expansion cooling coil (air cooled)
- Supply fans (4 to 6 fan array)
- VFDs
- MERV 14 (95%) final filter section
- Supply plenum
- Isolation/smoke damper
- Access sections
- Doors: safety glass windows and quarter turn handles
- Marine light in each access section
- Vibration isolation in accordance with ASHRAE HVAC Applications—Noise and Vibration
Control
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Exhaust Fans
Utility Set Exhaust

Exhaust fans will be backward-inclined, belt-driven centrifugal fans with spark-proof construction and
bearings and motors out of the airstream. Fans will be single width, single inlet with a galvanized steel
housing and wheel construction. The fan motor will be totally enclosed and fan cooled. The system will
consist of the following components:

Steel mounting rails with vibration isolators
Isolation damper at the fan inlet

Discharge ductwork with bird screen
Weather cover

VFDs

General
System Design Criteria
Outside Design Temperatures

e Summer: 92.8°F DB, 73.8°F MCWB (0.4% ASHRAE)
e Winter: 17.1°F (99.6% ASHRAE)

Interior Design Conditions: Preliminary Load and Ventilation Assumptions

e Conditioned spaces 72°F + 2°F, 60%>RH
e Ventilated spaces 60-100°F, no humidity control

Materials

Duct Distribution Systems

Ductwork Materials and Construction

e  Supply ductwork construction will be based on SMACNA 4-in. pressure class and 2-in. pressure
class. Four-in. pressure duct construction will be used upstream of VAV boxes on variable-volume
units; 2-in. pressure class duct construction will be used downstream of VAV boxes on variable-
volume units and for all ductwork on constant-volume units. All ductwork seams and joints shall be

sealed, regardless of pressure rating. Maximum permissible leakage = 2%.

o All supply ductwork routed through unconditioned spaces shall be insulated with 2-in. foil-faced batts
or foil-faced duct board with a similar R-value.

¢ Return and general exhaust ductwork construction shall be based on SMACNA 2-in. pressure class.
o Refrigerant exhaust ductwork shall be constructed to a 6-in. SMACNA pressure class.

e Return air duct shall be insulated with 1%-in. foil-faced batts or duct board. Laboratory exhaust ducts
shall not have fire dampers.
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e General air distribution ductwork will be G90 galvanized sheet metal.

o Rectangular and round ductwork shall be fabricated in accordance with SMACNA standards. Spiral-
wound ductwork shall be a prefabricated system with factory certifications. Spiral-wound ductwork
shall not be used for laboratory exhaust systems or other systems that may be exposed to water
intrusion.

e Sound attenuation will be provided to meet the project requirements or in accordance with the
direction of the project acoustician. Sound attenuation shall be by appropriate application of
attenuators or duct design.

o Lined ductwork shall not be used, except for plenum return air-transfer boots for noise control. VAV
air terminals shall be double-wall or have foil-faced inner surface.

e Flexible ductwork is limited to 5 ft and shall only be used downstream of VAV terminals. Flexible
ductwork shall be limited to supply air systems only.

e Plenum return may be used for return air in all non-laboratory portions of buildings.
e Ductwork shall be sized as shown in Table 8.42.

e VAV systems shall have conventional supply terminal boxes with hot water reheat coils and integral
sound-attenuating characteristics.

e Smoke detection will be provided in accordance with NFPA 90A and IMC requirements.

Table 8.42. Shop Building ductwork sizing.

Air distribution device neck

Risers Submains Branches .
velocity (fpm)

Max P.D. 0.1in./100 ft 0.08in./100ft 0.08in./100 ft 450 fpm

Piping
Tower Water
e Interior piping sizes 2 in. and smaller Type L copper with brazed fittings.

e Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with either welded and flanged joints or mechanical grooved fittings.

e Underground tower water piping serving the building will be distributed in a factory-fabricated coated
steel piping system or HDPE.

o All piping will be tested at 1.5 times the design system pressure.

e All interior CHW piping shall be insulated with closed-cell elastomeric insulation. Properties shall
meet or exceed the minimum energy code requirements.

e All piping in mechanical rooms and piping exposed below 8 ft AFF shall have PVC jacketing.
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o All piping exposed to the exterior shall have an aluminum jacket.

o BTU meter will be provided on tower water at incoming service.

Heating Water

e Interior piping 2 in. and smaller shall be Type L copper with brazed fittings.

e Interior piping 2% in. and larger shall be either Type L copper with brazed fittings or Sch 40 steel
pipe with welded and flanged joints.

e Underground hot water piping serving the building will be distributed in a pre-insulated, factory-
fabricated coated steel piping system.

e Interior heating water piping shall be insulated with rigid glass fiber insulation.

e Piping exposed to the interior shall have a PVC or aluminum jacket. Piping exposed to the exterior
shall have an aluminum jacket.

e BTU meter will be provided on heating water at incoming service.

Mechanical Calculations

Mechanical calculations are provided in Appendix C for both air side and cooling water side.
Sustainable Design Strategies

The following energy conservation measures will be incorporated into the HVAC design:

o DDC BAS for optimization of major HVAC equipment operation.

e Supply air temperature is to reset to minimize air conditioning of outside air and subsequent reheating

of conditioned air.

e VSDs will be installed on all VAV AHU supply and return fans to reduce fan horsepower
requirements of non-peak conditions.

e VSDs will be installed on all pumps to reduce pump horsepower requirements at non-peak conditions.

e Full economizer control will be provided on all mixed AHUs to reduce consumption while
maintaining appropriate indoor humidity levels.

8.7.1.10 Electrical
Site Power Distribution

The Shop Building will be provided with 600 A, 480 Y/277 V secondary service from a new duct bank
extended to existing unit substation KL-SS1.
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Building Power Distribution

Secondary Distribution

Building secondary distribution will generally be 480 V, 3-phase, 4-wire, plus ground. This will
provide service to CF lighting, receptacles, and HVAC loads as well as building instrumentation
loads. Further transformation down to 208 Y/120 V, 3-phase, 4-wire, plus ground will be provided for
general use receptacles and other low-voltage equipment as necessary.

All conventional building use dry type transformers will be DOE 2016 rated for efficiency, 115°C
rise, 220°C insulation class with six 2.5% taps. Consideration will be given for harmonic or K-rated
transformers and oversized neutrals to handle the heating effects of the harmonic loading.

Service to a 10-ton crane will be provided.

Circuit protection will be

- Generally molded case circuit breakers. Solid state adjustable trip units will be provided above
250 A.

- Bolt-in type molded case circuit breakers for branch circuit panelboards.

- 100% rated for service entrance main circuit breakers, 80% rated otherwise.

Devices will be fully rated. Series ratings of protective devices will not be acceptable.

Two levels of ground fault protective devices will be provided at the main and feeder breakers at
service switchgear assemblies.

Emergency Power Supply System

The Shop Building will be provided with a standby power feeder from a new duct bank extended to
existing emergency panel KL-2DPEL1 in the Klystron Gallery.

EPSS Power Distribution

The EPSS secondary distribution system will be separated into the following branches as required by
code.

Generator: This branch provides alternate source power from the generator set main circuit breaker(s)
and associated distribution to the line side of each ATS.

Emergency (NEC Article 700): This branch provides continuous (hormal or generator) source power

for the following equipment essential for safety to human life:

- Interior building means of egress lighting and illuminated exit signs

- Exterior building means of egress immediately adjacent to exit discharge doorways

- Fire detection and alarm systems

_Public address communication systems (when used for issuing emergency instructions)

- Experimental processes where interruption would produce serious life safety health hazards, and
similar functions

Combined legally required and optional standby branch, designate as “optional branch” (NEC Article

701 and 702): This branch provides continuous (normal or generator) source power for the following
equipment that, when stopped during any interruption of the normal electrical supply, could cause
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hazards or hamper rescue or firefighting operations; or (optional branch) to protect facilities or

property where life safety is not dependent on system performance:

- Control and alarm systems of major apparatus

- Experimental processes where any power outage could cause serious interruption of the processor
damage to the equipment

- Ventilation and smoke removal systems

- Access control systems

- Telecommunication room lighting, equipment, and data processing systems

- Electric and mechanical room lighting and selected receptacles

- Mechanical equipment including boilers, condensate return pumps, hot water heating and glycol
circulating pumps

—Plumbing equipment including sewage ejectors and pumps

Power Quality Systems

Uninterruptible Power Supply Systems

Required UPS circuits will be extended to the Klystron Gallery for the building IT distribution.
Electric Metering Systems

Electrical metering systems, according to ORNL standards, will be used to monitor and alarm

e Electrical loading and harmonic loading. Rail-mounted power quality PM 8214 DIN meters will be
required at the unit substation building main service breakers.

The system will be networked to the ORNL Power Operations SCADA “SNO” network.

Grounding Systems

Ground Grid

All building grounding systems must be bonded to a common earth ground in compliance with the NEC.
Each building will be provided with a #4/0 direct buried copper ring encircling the perimeter of the
building, which will provide a convenient means of connecting all metallic systems and equipment into a
single equipotential grid that has a low resistance to ground.

Building Grounding

Building steel, foundation rebar (Ufer ground), and metallic water supply piping will be bonded to the
ground grid.

Building Lightning Protection
An NFPA 780 Faraday cage type lightning protection system will be provided to protect the

building/structure and its occupants and contents from the electrical effects of a lightning strike to ground.
The system will include independent down conductors in PVC from the rooftop to the ground grid.
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Electrical Power System Grounding

Separate green grounding conductors will be provided with all feeders and branch circuits to provide an
intended grounding of the neutrals of the electrical power systems. Each will be bonded to the ground grid
with grounding electrode conductors from the distribution system neutral source.

Interconnected bus bars in electrical rooms will collect electrical and electrical equipment grounding
conductors to tie the ground ring at the electrical service entrance room.

Electrical Equipment Grounding

All non—current carrying metal parts of electrical equipment enclosures, raceways, boxes, cabinets,
housings, frames of motors, luminaires, and so on will be bonded and connected to electrical room ground
buses where the associated system neutral is grounded. This allows for a safe ground path in an electrical
fault condition.

Lighting Systems

Exterior Lighting

Pole-mounted LED light standards with concrete bases will be provided along roadways and within
parking lots.

Building-mounted perimeter LED luminaires will be provided at building exits, walkways, and vehicular
circulation areas.

Interior Lighting

LED interior lighting will be provided in compliance with IESNA lighting standards and ASHRAE 90.1
energy budgets.

Energy-efficient, heavy-duty, specification-grade, high bay and industrial LED luminaires are generally
anticipated in STS instrumentation areas.

Lighting Controls

Exterior lighting will be provided with photocell and time clock controls.

Interior spaces will be provided with local automatic sensor lighting controls.

Facilities & Operations Building Systems

The building electrical metering system and BAS to monitor electrical and HVAC building systems will
be site interconnected to SNS campus systems as described in Site Utilities in Section 8.1.2.1 of this
report and will also include the following systems:

Fire Alarm System

The fire alarm system will be a microprocessor-based detection and notification control system installed
and acceptance tested in compliance with NFPA 72, National Fire Alarm Code. The building system will

include multiplex wiring techniques, a central processing unit (FACU), annunciator units, and peripheral
detection and alarm devices.
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The system will

¢ Include smoke, heat, and beam smoke detection devices to suit environmental conditions
- High bay areas will be provided with beam smoke detection.

e Include audible horns and visual strobe notification devices

e Monitor building fire suppression systems and override HVAC functions in an alarm condition for
fire and smoke containment

o Report fire, supervisory, and trouble alarms to the ORNL Fire Department and LSS office in Building
4512 over a fiber optic network

Wiring will be supervised Class B installed in conduit. Multimode fiber optic cabling will be extended in
conduit between the fire alarm control unit and the telecommunication room in each building.

The system will be Edwards/EST Fireworks manufacturer/series, according to ORNL requirements, to
match the existing campus systems.

Public Address System

A public address system will be provided with building amplification as an extension to the campus-wide
Valcom mass notification system.

Wiring will be installed in conduit.
Access Control System

The building will be provided with an access control system with central equipment located in the main
telecommunications room.

Alarm and supervisory conditions will be reported to the ORNL campus security monitoring location
over a fiber optic network.

Components will match existing ORNL equipment for system compatibility.
Telecommunication Systems

The building will be provided with separate telecommunications service from the existing site
telecommunications distribution system at the CLO to a building main distribution room. The design for
the incoming POTS and/or VolIP telephone service, LAN, and wireless networking shall be coordinated
with DOE’s prime subcontractor, Black Box. The STS project will provide the interconnecting fiber optic
cabling. Refer to the site utilities telecommunication distribution paragraphs, which outline
telecommunications service to the STS buildings.

Building IT systems for systems networking hardware and cabling, including switches, routers, patch
panels, backbone cabling, components, will be provided.

Building IT horizontal category 6A cabling will be provided from telecommunications rooms located on

each floor, stacked where possible. Building IT systems will be installed in compliance with EIA/TIA
standards.
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ORNL F&O Building Systems Distribution

The following building systems/system owners will be interconnected with cables and raceways by SNS
CF. The system owners will perform final tie-ins.

Public address/F&O Instrumentation and Controls

Fire alarm (FIREWORKS Network)/F&O Laboratory Protection

Access control/F&O Laboratory Protection

BAS/F&O Facilities Management (CLO Il only—Siemens)

Power monitoring (ION-Schneider)/F&O electrical utilities (including central IT UPS systems
monitoring)

Instrument and Control Systems

ORNL STS will provide building instrumentation and control systems cabling for interconnection of the
following systems:

e EPICS
Pathway Systems

Cabling from wall box-type ORNL Networks Building IT jacks and instrument and control systems will
be in bushed conduits extended and grounded to the Comm Room.

8.7.1.11 Plumbing
Drainage/Waste

Sanitary waste from pantry/break room sinks, lavatories, toilets, urinals, mop sinks, and equipment will
be collected below the floor and conveyed by a gravity system to the underground sanitary waste drainage
system outside the building. Flow rates and pipe sizes will be calculated based on drainage fixture unit
values and adjusted/increased to allow for projected wastewater discharge from various equipment at the
design stage.

Floor drains will be provided at all toilet rooms, mechanical equipment spaces, and other areas requiring
drainage. Complete accessibility will be provided to all cleanouts. Wall type cleanouts will be used at the
lower level. Floor drains that do not receive regular use will be provided with trap primers. Primers will
consist of an automatic trap primer system that automatically discharges water at regular timed intervals.

Potable Water

Potable water will enter the building at the lower level and shall be provided with a water meter and shall
connect to the BAS. The incoming service shall split at the lower level into potable and process water
streams through a Foundation for Cross Connection Control and Hydraulic Research approved duplex
backflow prevention device. Potable hot and cold water will be distributed throughout the building to all
fixtures and equipment requiring water. Water makeup to any mechanical equipment will be supplied
through local backflow preventers.

Potable hot water will be generated at 140°F by an electric water heater located in the utility room. A
thermostatic mixing valve will be provided to achieve 120°F distribution temperatures. Hot water will be
distributed through a separate recirculating system designed to provide hot water to the points of use.
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Potable hot and cold water shall be distributed throughout the building above the ceiling to risers located
adjacent to toilet rooms and break rooms.

A separate tempered water connection through a thermostatic mixing valve will be provided to supply
emergency safety equipment (eyewashes and showers).

Water velocity in distribution piping shall not exceed 8 ft/second for cold water, and 5 ft/second for hot
water. Shock arrestors will be provided and shall comply with PDI-WH201 or ASSE-1010.

Process Water

Non-potable Water Service (Mechanical System Makeup)

A separate process water system will be provided for mechanical equipment flushing and hose outlets.
Process water shall emanate from the backflow preventer provided at the incoming potable water service
and shall be routed to equipment.

Storm Drainage

The primary storm drainage system will consist of gutters and exterior downspouts for any areas
collecting water, routed to spill at grade.

Compressed Air

CA shall be distributed throughout building to supply CA to service outlets and will be provided with

local pressure-reducing valves to permit each outlet to use air of various pressures. CA will be fed by a

site CA system routed from the air compressors in the CUB. CA will enter the building from below grade.

Equipment

System Design Criteria

Potable/Process water

e The potable water system is designed to provide a minimum of 40 psi at the furthest outlet.

e The process water system is designed to provide a minimum of 40 psi at the furthest outlet.

e Water piping shall be sized based on the number of water fixture units connected and the minimum
flow pressure required at each fixture or piece of equipment. Pipe velocities shall be maintained

between 4 and 8 ft/second and shall not exceed 8 ft/second.

e Valves shall be placed to isolate individual fixtures within one room or a battery of fixtures within
any one room.

e Wall hydrants shall be placed on the exterior of the building a maximum of 150 ft on center.

e Hose outlets will be provided at all mechanical rooms and equipment spaces.
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Sanitary/Waste

e The waste system shall connect to each fixture requiring connection and where required will be
provided with water seal traps. A vent system shall be provided for fixtures as required to ventilate
the waste system and to prevent siphonage of fixture traps.

o Floor drains will be provided at all mechanical rooms and equipment spaces.

o Waste and vent piping shall be sized based on the number of fixture units connected. Pipe shall be
routed by gravity to maintain a positive slope with a maximum velocity of 2 ft/second.

Storm Drainage
e Storm piping shall be sized based on a 100-year occurrence rainfall rate with a 60-min duration.

Compressed Air

e Design CA pressure on incoming service—105 psi
e Design CA pressure at laboratory outlets—100 psi
¢ Design flow at outlets—1.0 cfm

e Dew point —40 °F

Materials

Potable Water System

e Above-ground potable water systems

- Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% to 6 in. only.
Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM B88
and ASTM B75.

- The entire potable hot and cold water distribution system will be fully insulated using closed-cell
elastomeric foam insulation.

Process Water Systems

e Above-ground process water systems

_ Tubing to be Type L hard temper with wrought copper fittings conforming to ASTM B88-and
ASME B16.22. All joints shall be soldered with ASME AWS/A5.8 lead-free solder.

- Copper tubing with grooved ends and mechanical joints is acceptable for sizes 2% to 6 in. only.
Tubing to be Type L hard temper with wrought grooved end fittings conforming to ASTM B88
and ASTM B75.

- The entire process water distribution system will be fully insulated using closed-cell elastomeric
foam insulation.

Sanitary System

e Above-ground soil, waste, vent piping
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- Hubless cast iron soil pipe: no-hub pipe with Husky SD-4000 soil pipe coupling manufactured by
Anaheim Foundry, 4-band clamp or Clamp-All Hi Torq 125 two-band clamp. Sealing gasket shall
be neoprene in accordance with ASTM C564, CISPI 301-75.
- Horizontal storm drainage piping will be fully insulated using closed-cell elastomeric foam
insulation.
e Below-ground soil, waste, vent piping
- Asphaltum-coated, service weight, cast iron pipe and fittings with resilient neoprene push-on
joints, ASTM A72, ASTM C564-70
Compressed Air

e Below-ground factory-coated steel pipe
e Above-ground Type K copper with brazed joints

Plumbing Fixtures and Specialties
e All plumbing fixtures will be institutional-grade, vitreous china or stainless steel as required.

e Floor sinks and floor drains in laboratory areas (if required) will be stainless steel, flush with finished
floor, minimum of three 3-in. outlets.

¢ Hub drains and similar unsanitary fixtures will not be provided in lab spaces.

e Water closets: wall-hung, siphon jet type, high-efficiency 1.28 gal per flush maximum with hard-
wired infrared sensor operation.

e Urinals: wall-hung siphon jet type, high-efficiency 0.125 gal per flush maximum with hard-wired
infrared sensor operation.

e Lavatories: wall-hung or countertop type, 0.5 gal per minute maximum with hard-wired infrared
sensor operated faucets.

e Showers: high-efficiency 1.5 gal per minute maximum.
o Safety showers, eyewashes and combination units: 30 psi minimum.
e Electric water coolers: recessed, self-contained.

e Interior hose bibbs: Chrome plated in finished areas, rough brass in mechanical rooms, wall mounted,
furnished with vacuum breaker, ¥-in. hose threaded outlet.

e Wall hydrant: freeze-resistant type in recessed box, %-in. hose threaded outlet.

8.7.1.12 Fire Protection

Sprinkler

The Shop Building will be fully sprinkled with exposed sprinkler piping feeding upright sprinklers.

Sprinkler feed will enter the building from below grade into the utility room from the site potable/fire
water main, and a double check backflow preventer will be provided. The shop building will be a single
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sprinkler zone, with a control valve located at incoming service. The control valve will be provided with a
tamper switch and a flow switch connected to the fire alarm system.

General

System Design Criteria

Fire sprinkler systems for the Shop Building will be hydraulically designed to provide water densities that
meet the requirements for Ordinary Hazard—Group 2 protection throughout the facilities.

Velocity shall not exceed 20 fps.

All calculations assume a minimum of 10 psi deterioration in static and residual pressures in the hydrant
flow test results.

Materials

e Pipe and fittings installed underground shall be class 52 ductile iron cement lined with mechanical
joints with a working pressure rating of 350 psig.

e Sprinkler piping installed above ground and sized 2 in. and smaller and all standpipe piping shall be
Sch 40 black steel with threaded joints and fittings.

e Sprinkler piping installed above ground and sized 2% in. and larger shall be Sch 10 black steel with
roll groove type connections and fittings. Pressure rating shall be 175 psig minimum.

e Fittings for grooved end steel pipe shall be cast of ductile iron conforming to ASTM A-536 or
malleable iron conforming to ASTM A-47, or forged steel conforming to ASTM A-234 (A-106, Gr.
B), with grooved or shouldered ends for direct connection into grooved piping systems with steel
pipe. They shall be UL listed and FM approved, rated for a minimum 300 psi MWP.
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8.8 CONVENTIONAL FACILITIES MAJOR PROJECT RISKS
8.8.1 Risk Summary

8.8.1.1 If the micro-piles do not perform according to the design basis, then an alternate
foundation system would have to be designed, increasing cost and schedule.

Micro-piles have historically been used at SNS to support high-load critical foundations and equipment,
and they are the design basis in the conceptual design. If the piles do not perform according to their
design basis, then associated foundations would be unable to meet their specifications. That situation
would result in a redesign effort, which would increase CF costs and negatively impact the construction
schedule. To mitigate this risk, CF will perform verification of the pile design supported by site
geotechnical analysis during the preliminary design phase, and the design will be validated by load testing
piles in the field as early as is feasible.

8.8.1.2 If the CF systems requirement documents were not agreed upon and approved by the CF
preliminary design (e.g., neutronics calculation, drain tanks, central exhaust facility), then
CD-3a could not proceed and design would be extended, resulting in additional cost and
time.

If there were significant changes to, or a lack of, verified facility requirements after the start of final
design then the CF final design would be extended in time, resulting in increased costs and potential
delays to the construction schedule. To mitigate this risk, CF will establish interface control documents
with the technical systems teams before the start of final design.

8.8.1.3 If local major projects were delayed beyond our project CD-3, then CF (craft) estimate
assumptions would be wrong, resulting in increased costs and schedule delays.

Craft labor rates and associated construction cost estimates have been developed based upon assumptions
of local availability. If other major construction projects in the region were delayed beyond the start of
STS construction, the delays may create local labor shortages, which could drive up construction
manager/general contractor construction costs. To mitigate this risk, CF will perform national market
outreach to increase competition during bidding by prospective construction managers/general
contractors.

8.8.1.4 If the global market for hematite should be impacted by a significant event, then the
project would have to pay additional costs or carry out redesign, resulting in cost and
scheduling impacts.

Hematite has historically been used as the aggregate in high-density cast-in-place concrete at SNS. Any
market events that impact the global availability and price stability for this aggregate may significantly
impact the design of associated structures, which in turn would pose risks to the construction cost and
schedule. To mitigate this risk, CF will investigate the feasibility of using alternate similar materials
during preliminary design, as well as determine if alternate sources for the aggregate are available.

8-308



Conventional Facilities

REFERENCES

Shield 2010. Final Report of Geotechnical Exploration Rev. 1, Chestnut Ridge Office Building, Oak
Ridge, Tennessee, Shield Engineering, Inc, November 4.

Shield 2009. Report of Geotechnical Exploration, SNS Shop/Maintenance Facility Building, Spallation
Neutron Source Campus, Oak Ridge, Tennessee, Shield Engineering Inc, December 11.

Law 2000. Report of Phase Il Geotechnical Study, Spallation Neutron Source, Oak Ridge, Tennessee,
LAW Engineering and Environmental Services Inc, June 28.

WORKS CONSULTED

Spallation Neutron Source, RTBT Stub Conceptual Design Study Revision 2, PPU-P06-TD0001, R02,
Oak Ridge National Laboratory, February 28, 2017

Spallation Neutron Source, Second Target Station, Elevation Study, STS05-51-TD0002, R00, Oak Ridge
National Laboratory, October 20, 2016

Spallation Neutron Source, Second Target Station, Programming Study, STS05-51-TD0001, R00, Oak
Ridge National Laboratory, October 20, 2016

Technical Design Report, Second Target Station, ORNL/TM-2015/24, Oak Ridge National Laboratory,
January 2015

Spallation Neutron Source, Second Target Station, Conventional Facilities, Technical Design Report,
Oak Ridge National Laboratory, October 2014

JR DeVore, STS Ventilation Systems [PowerPoint presentation], Oak Ridge National Laboratory, Oak
Ridge, Tennessee, October 2018.

JR DeVore, Hot Offgas System [PowerPoint presentation], Oak Ridge National Laboratory, Oak Ridge,
Tennessee, November 2018.

FY 2018 SNS Water Use Data, Oak Ridge National Laboratory, Oak Ridge, Tennessee, September 2018.

8-309



APPENDIX A. DRAWINGS






@S r
U
<

A

SPALLATION NEUTRON SOURCE
SECOND TARGET STATION CONVENTION FACILITIES

CONCEPTUAL DESIGN REPORT
100% SUBMISSION

FEBRUARY 8, 2019

,
%

NS Grid N
e
1
) Q"‘"
B J“{ a
'|1, .
g sl ]

e
Sl ca ) R

Ceomd vy RIF |
S, e . b L - )

> 0k
~ BETHEL VALLEY
CAMPUS

b 7000
AREA

~ MELTON

~ VALLEY »

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

© 2019 The Cannon Cor

poration




5.0 RENDERINGS

NORTHEAST AERIAL VIEW
NORTHWEST AERIAL VIEW
SOUTHEAST AERIAL VIEW
SOUTHWEST AERIAL VIEW

5.1 SITE & CIVIL DEVELOPMENT

SPALLATION NEUTRON SOURCE - EXISTING SITE PLAN
SECOND TARGET STATION - PROPOSED SITE PLAN

SITE FLOOR PLAN LEVEL 1054

SITE FLOOR PLAN LEVEL 1074

SITE FLOOR PLAN LEVEL 1094

SITE FLOOR PLAN LEVELS 1120 & 1138

SITE SECTIONS

TARGET/INSTRUMENT STS BASEMENT PLAN
TARGET/INSTRUMENT STS FIRST FLOOR PLAN
TARGET/INSTRUMENT STS SECOND FLOOR PLAN
TARGET/INSTRUMENT STS TRUSS LEVEL & MODERATOR SUPPORT
FLOOR PLANS

TARGET/INSTRUMENT STS BASEMENT AXONOMETRIC
TARGET/INSTRUMENT STS FIRST FLOOR AXONOMETRIC
TARGET/INSTRUMENT STS SECOND FLOOR AXONOMETRIC
METAL PANEL DETAILS & ESTIMATED EXTERIOR MATERIAL AREA TAKEOFFS
CONSTRUCTION ACCESS ROUTE

CONSTRUCTION EXCAVATION & SUPPORT AREA PLAN
ENLARGED SHOP BLDG AREA FINISH GRADING

ENLARGED TARGET Il AREA FINISH GRADING

ENLARGED SUPPORT AREA FINISH GRADING
CONCEPTUAL DRAINAGE PLAN

CONCEPTUAL DRAINAGE PLAN

CONCEPTUAL SITE RETAINING WALL SECTIONS

ROADWAY & PARKING IMPROVEMENT PLAN

OVERALL UTILITY PLAN

ENLARGED SHEET A UTILITY PLAN

ENLARGED SHEET B UTILITY PLAN

ENLARGED SHEET C UTILITY PLAN

TYPICAL RTST EXCAVATION AND FILL SECTION

PROPOSED STS MEDIUM VOLTAGE ELECTRICAL SINGLE LINE
PROPOSED ELECTRICAL SITE UTILITIES LAYOUT

5.2 RTST TUNNEL & RTST SERVICE BUILDING
5.2.1 RTST TUNNEL

RTST TUNNEL PLAN

RTST TUNNEL SECTIONS

5.2.2 RTST SERVICE BUILDING
RTST SERVICE BUILDING PLAN, SECTIONS, ELEVATION

5.3 TARGET BUILDING

5.3.1 TARGET BUILDING

TARGET BUILDING - SOUTHEAST VIEW

TARGET BUILDING BASEMENT PLAN

TARGET BUILDING FIRST FLOOR PLAN

TARGET BUILDING SECOND FLOOR PLAN

TARGET BUILDING TRUSS LEVEL AND MODERATOR SUPPORT
TARGET BUILDING SECTION A

TARGET BUILDING SECTION B

5.0.1
502
503
504

5.1.1

5.1.2

513

514

5.1.5

5.1.6

5.1.7

5.1.8

519

5.1.10
5.1.11
5.1.12
5.1.13
5.1.14
5.1.15
5.1.16
5.1.17
5.1.18
5.1.19
5.1.20
5.1.21
5.1.22
5.1.23
5.1.24
5.1.25
5.1.26
5.1.27
5.1.28
5.1.29
5.1.30
5.1.31

5.2.1.1
5212

5.2.21

5.3.1.1
5.3.1.2
53.13
5.3.1.4
5.3.1.5
53.16
5.3.1.7

TARGET BUILDING SECTION C

TARGET BUILDING SECTION D

TARGET BUILDING EAST ELEVATION

TARGET BUILDING WEST ELEVATION

TARGET BUILDING - HIGH BAY - INTERIOR VIEW

5.4 INSTRUMENT BUILDINGS

5.4.1 40M INSTRUMENT BUILDING

40M INSTRUMENT BUILDING FIRST FLOOR PLAN

40M INSTRUMENT BUILDING MEZZANINE PLAN

40M INSTRUMENT BUILDING SECTION A

40M INSTRUMENT BUILDING EXTERIOR ELEVATION

40M INSTRUMENT BUILDING - MEZZANINE - INTERIOR VIEW

5.4.2 50M INSTRUMENT BUILDING

50M INSTRUMENT BUILDING FIRST FLOOR PLAN

50M INSTRUMENT BUILDING MEZZANINE PLAN

50M INSTRUMENT BUILDING SECTION A

50M INSTRUMENT BUILDING EXTERIOR ELEVATION

50M INSTRUMENT BUILDING - MEZZANINE - INTERIOR VIEW

5.4.3 90M INSTRUMENT BUILDING

90M INSTRUMENT BUILDING FIRST FLOOR PLAN
90M INSTRUMENT BUILDING SECTIONS

90M INSTRUMENT BUILDING EXTERIOR ELEVATIONS

5.5 CENTRAL LABORATORY AND OFFICE BUILDING II
5.5.1 CENTRAL LABORATORY AND OFFICE BUILDING II
CLO Il - SOUTHWEST VIEW

CLO Il GROUND FLOOR PLAN

CLO Il FIRST FLOOR PLAN

CLO I SECOND FLOOR PLAN

CLO Il THIRD FLOOR PLAN

CLO IIFOURTH FLOOR PLAN

CLO II SECTIONS

CLO IEXTERIOR ELEVATIONS

CLO IIEXTERIOR ELEVATIONS

CLO Il - INTERIOR VIEWS

5.6 CENTRAL UTILITIES BUILDING II
5.6.1 CENTRAL UTILITIES BUILDING Il
CUB Il FLOOR PLANS

CUB I SECTIONS, ELEVATIONS

5.7 CENTRAL EXHAUST FACILITY Il
5.7.1 CENTRAL EXHAUST FACILITY II
CEF Il FLOOR PLAN, SECTIONS, ELEVATIONS

5.8 SHOP BUILDING

5.8.1 SHOP BUILDING

SHOP BUILDING FLOOR PLAN & SECTIONS
SHOP BUILDING EXTERIOR ELEVATIONS

53.1.8
53.19
5.3.1.10
5.3.1.11
5.3.1.12

54.1.1
5412
5413
54.1.4
54.15

54.21
54.22
54.23
54.24
54.25

5.4.3.1
54.3.2
5433

5.5.1.1
55.12
55.1.3
55.1.4
55.15
55.1.6
55.1.7
55.1.8
55.1.9
5.5.1.10

5.6.1.1
56.1.2

5.7.1.1

5.8.1.1
5.8.1.2

REV. NO.

DESCRIPTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

SHEET NAME

INDEX

100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation




PROJECT TITLE SHEET NAME NORTHEAST AERIAL PERSPECTIVE

— 11— 11 —1OAK RIDGE NATIONAL LABORATORY CANNONDESIGN | sSECOND TARGET STATION CONVENTIONAL FACILITIES
I I R R 225 North Michigan Avenue, Suite 1100 SHEET NUMBER 5.0.1

[ ] MANAGEDBYUTBATTELLE FORTHE US DEPARTMENT OF ENERGY Chicago, s 60501
A Y A N R T 512.332.9600
A Y A N R F: 3123329601

— 100% CONCEPTUAL DESIGN REPORT SUBMISSION

© 2019 The Cannon Corporation




SHEET NAME NORTHWEST AERIAL PERPSPECTIVE

I I R R 225 North Michigan Avenue, Suite 1100 SHEET NUMBER 5.0.2

A Y A N R
[ ] MANAGEDBYUTBATTELLE FORTHE US DEPARTMENT OF ENERGY Chicago, s 60501
A Y A N R T 512.332.9600
A Y A N R F: 3123329601

— 100% CONCEPTUAL DESIGN REPORT SUBMISSION

© 2019 The Cannon Corporation




REV. NO.

DESCRIPTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME SOUTHEAST AERIAL PERSPECTIVE
SHEET NUMBER 5.0.3
DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




I N R R PROJECT TITLE
I S N SHEET NAME SOUTHWEST AERIAL PERSPECTIVE
— CANNONDESIGN | SEcOND TARGET STATION CONVENTIONAL FACILITIES

—— 11— 11— 1OAK RIDGE NATIONAL LABORATORY
T T T 1 JANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Nongrl'\:lci;giogvar"iﬁi\g?:légégqlile 1100 SHEET NUMBER 5.0.4
] T 312 332 9600

e e e E— 100% CONCEPTUAL DESIGN REPORT SUBMISSION

© 2019 The Cannon Corporation




NS Grid N
7;2,64/
2

i
|

é S

)

%

N [ ml

Ay

SNS BUILDINGS

TARGET BUILDING

CENTRAL LABORATORY AND OFFICE BUILDING (CLO) ]
KLYSTRON GALLERY

FUTURE PROTON POWER UPGRADE PROJECT

FUTURE RTBT STUB

CENTRAL UTILITY BUILDING (CUB)

ELECTRICAL SUBSTATION

COOLING TOWER

CENTRAL EXHAUST FACILITY

RTBT SUPPORT BUILDING

CENTER FOR NANOSCALE MATERIALS SCIENCES (CNMS)
JOINT INSTITUTE FOR NETRON SCIENCE (JINS)

ORNL GUEST HOUSE

PEDESTRIAN BRIDGE

WATER PUMPING STATION

WATER TOWER

RTBT TUNNEL

PUOZEr X~ IOMMUO®>

SCALE: 1" = 300'-0"
0 150 300 600
\ I I

PROJECT TITLE

SHEET NAME SPALLATION NEUTRON SOURCE - EXISTING SITE PLAN

Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 North Michigan Avenue, Suite 1100 SHEET NUMBER 5.1.1

F:312.332.9601

100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

T: 312.332.9600
REV.NO. | DESCRIPTION BY APVD DATE
© 2019 The Cannon Corporation




NS Grid N
7,"@4/
2

}38
2
%

o, &
5 5
r_ @ @ 5 0 o
17 11}
N 11
WO
M2 J =NO -~
AN
\S \
* s WATERTANKS L

>

SNS BUILDINGS STS BUILDINGS

< >
TARGET BUILDING % @%ﬂ%%ﬂ A 5
CENTRAL LABORATORY AND OFFICE BUILDING (CLO) . RTSTTUNNEL - 8200 % @ =

A
1
B.
¢ romononlen 2 mrSSERCE SN o0 2
0. FUTURE PROTON POWER UPGRADE PROJECT 4. 40MINSTRUMENT BUILDING - 8840 Mmm/m“@
E. FUTURE RTBT STUB
5. 50M INSTRUMENT BUILDING - 8850 :
F. CENTRAL UTILITY BUILDING (CUB)
G. ELECTRICAL SUBSTATION 6. 90M INSTRUMENT BUILDING - 8890
H COOLING TOWER 7. CENTRAL LABORATORY AND OFFICE Il (CLO II) - 8601
' 8. CENTRAL UTILITY BUILDING Il (CUB 1) - 8917
l. CENTRAL EXHAUST FACILITY
9. CENTRAL EXHAUST FACILITY Il (CEF II) - 8921
J. RTBT SUPPORT BUILDING 10 SHOP BUILDING - 8960
K. CENTER FOR NANOSCALE MATERIALS SCIENCES (CNMS) 11' COOLING TOWEI-?S 8919
L. JOINT INSTITUTE FOR NETRON SCIENCE (JINS) ' i
M. ORNL GUEST HOUSE
N. PEDESTRIAN BRIDGE
0. WATER PUMPING STATION
P. WATER TOWER
Q. RTBT TUNNEL
SCALE: 1" = 300'-0"
0 150 300 600
— | I
PROJECT TITLE SHEET NAME SECOND TARGET STATION - PROPOSED SITE PLAN
Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.1.2
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




4
S
-~ o n ?‘o\
\\\\ \\\
\\
[ G
i RN
i . I T
(TN
o
; Tgfﬂm/\z%\o\ , \\\DD‘IQQ\I\Q\{? S \\
S R RGN ) ;
co s 2, o
STSBUILDINGS R - &t
o \,\“Qvimgqi
1. RTST TUNNEL - 8200 VA
2. RTST SERVICE BUILDING - 8560
3. TARGET BUILDING Il - 8800
4, 40M INSTRUMENT BUILDING - 8840 S
5. 50M INSTRUMENT BUILDING - 8890
6. 90M INSTRUMENT BUILDING - 8601
7. CENTRAL LABORATORY AND OFFICE Il (CLOIl) - 8917
8. CENTRAL UTILITY BUILDING Il (CUB II) - 8921
9. CENTRAL EXHAUST FACILITY Il (CEF 1) - 8960 |
10. SHOP BUILDING -8919 )
1. RTBT STUB |
SCALE: 1" = 300'-0" !
0 150 300 600 o
[ || ] -
PROJECT TITLE SHEET NAME SITE FLOOR PLAN LEVEL 1054
Onk RIpGE NaTionaL Lasoratory | CANNONDESIGN | sSECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 North mgugva”r‘m:légé Suito 1100 SHEET NUMBER 5.1.3
T: 312.332.9600
ros 100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




NS Grid N
}"'@4,
2

ES

2

9.
)

& |
/ - \ 9 y @g / \
e il - g \\
H Z N 6
& \
t 1 A\
f « 270 K
@ ?‘ \ / z Z Fe < ;’», b \ \ % w
. . — yZ Z N / 2
N 2 \ .
EEE \\:\\ @ /// @ ‘_ & \
NS =
i NN 5
S ; \
, 2 ®
= & \
< 5 N
3 L J
Q8
"’
7 & A N , %@\ 3
%’\‘G ééu @
= s
SN & 36\0 QD S
Q ™
) A
S
i /
LT 0
STS BUILDINGS 55 ; )
1. RTST TUNNEL - 8200 ) P % ] - T—NA
2. RTST SERVICE BUILDING - 8560 A 2 -
3. TARGET BUILDING Il - 8800 o %%%%%%Lﬁ%
4. 40M INSTRUMENT BUILDING - 8840 = T ]
5. 50M INSTRUMENT BUILDING - 8890 H- 7
6. 90M INSTRUMENT BUILDING - 8601 -
7. CENTRAL LABORATORY AND OFFICE Il (CLO Il) - 8917
8. CENTRAL UTILITY BUILDING Il (CUB 1) - 8921 / o @
9. CENTRAL EXHAUST FACILITY Il (CEF II) - 8960
10. SHOP BUILDING -8919
1. RTBT STUB
SCALE: 1" = 300'-0"
0 150 300 600 J/k/
— | I
/
PROJECT TITLE SHEET NAME SITE FLOOR PLAN LEVEL 1074
Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.1.4
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




STS BUILDINGS

RTST TUNNEL - 8200

RTST SERVICE BUILDING - 8560

TARGET BUILDING I - 8800

40M INSTRUMENT BUILDING - 8840

50M INSTRUMENT BUILDING - 8890

90M INSTRUMENT BUILDING - 8601

CENTRAL LABORATORY AND OFFICE Il (CLO Il) - 8917
CENTRAL UTILITY BUILDING Il (CUB 1) - 8921
CENTRAL EXHAUST FACILITY Il (CEF II) - 8960
SHOP BUILDING -8919

RTBT STUB

o0 NoogRwNd

O

SCALE: 1" = 300'-0"
0 150 300 600
\ I I

NS Grid N
7;2,64/
2

}38
2
%

s

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

REV. NO. DESCRIPTION BY APVD DATE

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME SITE FLOOR PLAN LEVEL 1094
SHEET NUMBER 5.1.5
DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




STS BUILDINGS

RTST TUNNEL - 8200

RTST SERVICE BUILDING - 8560

TARGET BUILDING I - 8800

40M INSTRUMENT BUILDING - 8840

50M INSTRUMENT BUILDING - 8890

90M INSTRUMENT BUILDING - 8601

CENTRAL LABORATORY AND OFFICE Il (CLO Il) - 8917
CENTRAL UTILITY BUILDING Il (CUB I) - 8921
CENTRAL EXHAUST FACILITY Il (CEF II) - 8960
SHOP BUILDING -8919

RTBT STUB

S9N~ LON~

O

SCALE: 1" = 300'-0"
0 150 300 600
\ I I

[J -
9
(®
. i1y
\\\ 2
NN
AN
\
o
@)
>
\’A‘
N

5.1.7

\:)

NS Grid N

}38
2
%

s,
2

Mgy,

T NA

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

REV. NO. DESCRIPTION BY APVD DATE

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME

SITE FLOOR PLAN LEVELS 1120 & 1138

SHEET NUMBER

5.1.6

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation




Target Building
N — = _ 1162 $
RTST Service Building Beyond 40M Building / 50M Building 90M Building ans
3 S =—— = /B B B B B e it o
- T | N N NN -
)/ '”Strﬂnﬁfa’”’ti?‘{"ﬁ'f’?ﬁBeyond M SRR AR e QAW WA THRINMNONA i”“”
|=—— = ‘ 1 o _ 11075 i
i F— 4 T ] T —
| - —IE L LI £
- , | h ey N CCCCCICCC 14
“ C e — —
[ e R T o O A B
First \\\\\\\HH:::H}SeoondH:HHHH\‘\““\\
Target Station : : : : : : : : : | 1111 Target Stationy : : : : : : : : : : :
T T Y (O O T
| | | | | | T T e O A | | | | | | | | |
SITE SECTION A
Target Building 1162
] LTI 1]
| [y [ [ : _ 11445 $
- \‘ | | \“LE \‘ \‘ \‘ | | | I o] 11425 $
l [ [ l l l l [ ; ; I~
| m | | | | | | | ‘ 0l 1 _ _ 11075
S S S S S S S B S S S S s - -1
Il
i‘ — b _ _ 1074$
i R I I
B rrr e - 1054
[ T O R
CLO e T e A A
\\\\\\\\\\\\\\\\\HH\H\Second\\HHHHHHHHHHHH“‘“‘
T A A B =T~ 8 = o A A B A
T T e e e I B
e e e e B
SITE SECTION B
SCALE: 1/64" = 1'-0"
0 16 32 64 128
\ || ]
PROJECT TITLE SHEET NAME SITE SECTIONS
Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.1.7
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




\
\ HPV Mezzanine

\ Above T

340'-0"

Project N

&/1/6‘

¥
§ Q e(\)&

TA2-SS3

|
TA2-8S1
7777777777777777 . B ohilded Utity Cooridor <
‘r T‘ I || |} || | || || d
| | ] m N Mechanical Confinement Receiving
| HOG Tank o Pump Room Ventilation & Staging
\ (. N [  Fittrationgg
L gt \ ) Room
T L ey , Storage Pit_ Hatch Above
_— g Hatch HPV T ?:‘,o.:‘
/ = Above  Connecting HotShop % %
~ s Coorido (Radiological) %3 &
. T B e
— HPV Hatch haaae Comm
-~ Above r /oy Rm
- e _ ; - N =1
/ HPV Mezzanine - N N Radiological Electrical Vacuum | Activated Ag;matlzd EM
’ Above e LA NN _ Vacuum | _Support Research Workshop [Sample Lab) Stora%e
- — .
S B s | ] - ®W__ Pump Count Area Mechanics
| EIAN ]
‘ |
‘ - \
| Unassigned /flgr:;ye:t |
‘ Neutron Beamline Storage [
} Bunker Above I
|
‘ |
‘ [
‘ |
. REGULAR DENSITY CONCRETE I |
e ‘ \
B8 1161 DENsITY CoNGRETE ‘ |
e \ |
Y steeL ‘ |
7. | ‘
L
| r -
| \
SCALE: 1" = 50-0" ! }
0 25 50 100 } |
\ | | L N
PROJECT TITLE SHEET NAME TARGET/INSTRUMENT STS BASEMENT PLAN
Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.1.8
T: 312.332.9600
F:312.332.9601
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




Project N

. .
N\ \\
\\ \\\
Electrical ) :
oom J
Cc{ntrol Cabin S .
Sample Pre Electrical, A
Instrument
Pit
277'-6"
=
/ [1] [1] [t J |
77777777777777777777777777777 - I s
= | | ! /
| | | e /
] | ‘ /
/ I | P
Instrument / | | R
; Pi Lo
) 7
N e | 5 e
e | )
e | -
7
- |
- I =l
|
|
|
Sampl ‘
Egress Door at P Envi?;?%zm S
Elevation 1107.5 Cages Truck }
Access |
N1 I o - B _r
X Neutron On-Shift Instrument ~ Instrument || T%
\\ Beamline ; / Support Maintenance Maintenance]
Hatch \ Bunker / ,/ — Storage | ™ N
SRS Mﬁocku §
o
~
©
Active Target
Storage [l Control
/ Beamline ' Cages
' Bunker:
‘ ] Sample N 1
Wet Lab ~ _ Environment \
~Long Term ‘
Storage [
N Cages.. ‘
N N |
[=] N ~ N |
N N
N ~ N - | o .
- N AN ‘ K
R - N ~ | | | ©
5 i N RN [ \
S = N (NN 1 ‘
- N IS B ——— = A
. REGULAR DENSITY CONCRETE S Sl | |
ST oew L, . . L ~— J»\f\ffJ 7.777_‘. |
HIGH DENSITY CONCRETE ’ - ( NN N ‘ |
' = a0 o o 0 0 [ IR 0 0 ] ] o !
STEEL ' ra - - :}7,_“] f T
- === | |
| Magnet I | )
| Utilties } | gﬁggi‘m\le
qn = N I * o
SCALE: 1" = 50"-0 s od o
0 25 50 L ; |
|| | ‘
| ! 109'-2" \ 240-5"
PROJECT TITLE SHEET NAME TARGET/INSTRUMENT STS FIRST FLOOR PLAN
Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 25 N°"S¥l§2i3,aﬂiﬁl?§‘é§g§$"e 1100 SHEET NUMBER 5.1.9
T: 312.332.9600
F:312.332.9601
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV.NO. | DESCRIPTION BY APVD | DATE

© 2019 The Cannon Corporation




Project N

ng

¥
§ Q e(\)&

277'-6"
1
i [ [ [ [ [ [ (1] [ T 0
mer Support
[—User
= [support 5
= —Lal
= )
= ?2
=]
=
Egress Door at = Break /
Elevation 1107.5 o Lounge
Environmental
Removable Concrete Cover
I Sheilding Blocks
‘ - ar 97 r— "\m a
b= | Shielding Lay-Down Shielding Lay- Impact | | Rigging Target
! | HPV Hatch Area  Down Area | Limiter, Cage [  Maintenance JL
o ; \ [ NI el Shop .
S J‘ | Fiterand Delay [ A Hatch to Basement z
- Tank C,amy B RRRILRLLLLLLK Y. S PPN &
_ Gas Liquid < o ) f &
- Separation Cavity WosY o %9 DriveBunker Removable g
- LR XN 5 Access Area ©
,,,,,,,,,,,,,,,,,,,,,, B 355 9% Tee Beams ©
— S N
- - HPV Hatch Hatch to =M
_ /ol FirstFloor | [Tool| | Neutron
e [ - | Monolitd Monoliti ~ 1Storage | Chopper
J/ | Shielding Lay-Down /Shielding Lay- | Macuuml Vacuumd | Racks | Maintenance
- [ Area Down Area | gystems Systems L1 L m
‘ 1 i i i i i J -
|/
Removable
= Concrete
Sheilding Blecks
[=]
Open to Below
=] g &
[ 5
= [ee]
I [—User
& — Support
. REGULAR DENSITY CONCRETE - Fer Support R s
BHRS L ap L] edestrian
Swss HIGH DENSITY CONCRETE /1 . Bridge,
poosd
Y, steeL
% e 0 0 0 1} 0 0 0 0 0 0
Control ®
Computer Room z
AN — ' n Roof Below [
SCALE: 1" = 50'-0 Room _f— — 8
0 25 50 100 1] =
[ || | | *
! 109'-2" ! 240'-5"
PROJECT TITLE SHEET NAME TARGET/INSTRUMENT STS SECOND FLOOR PLAN
Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.1.10
T: 312.332.9600
F:312.332.9601
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV.NO. | DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




54'-8"

Roof Below

Roof Below

337'-3"

313-7"

6‘,1/8

¥
§ Q e(\)&

Project N

g T L L I I N I g T I 1 |g T T 1 T 1 Y
Heli i
Refrieglsgtor H H H H I 7 0 F 0 0 T 5BM w [ ﬂ I
Room E sTsAHU| ! U nstrument. U [ertiary U :
i i - - - - Recirc. - - AHU ‘Support AHU -
] ] I i i IR I J I U RN
- ; f i I I I I I I T [ :
Helium
g [ij Compressor Oé);gvso |: - - Open to Below .T r i
N Room N N N f M W ®
Roof Below H H H PCE/SCE| | I T 40M w I pces/sce!
- < - MUA Intrument MUA
[ I I I 0 0 0 J I U 0 1) I .
Hydrogen  CMS Control i i i I I I I I I -
Utility Rm Rm - - i ] HWM
! la o [ 1 1 L L I I L L L T 3T
MODERATOR SUPPORT FLOOR PLAN
N2 TANK Roof Below
BELOW —
© Roof Below
SCALE: 1" =50'-0"
0 25 50 100
[ || |
PROJECT TITLE SHEET NAME TARGET/INSTRUMENT STS TRUSS LEVEL & MODERATOR

REV. NO. DESCRIPTION

BY APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

T: 312.332.9600
F: 312.332.9601

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SUPPORT FLOOR PLANS

SHEET NUMBER

5.1.11

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation




REV. NO.

DESCRIPTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME TARGET / INSTRUMENT STS BASEMENT AXONOMETRIC

SHEET NUMBER 5.1.12

DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




REV. NO.

DESCRIPTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME TARGET / INSTRUMENT STS FIRST FLOOR AXONOMETRIC

SHEET NUMBER 5.1.13

DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




REV. NO.

DESCRIPTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME TARGET /INSTRUMENT STS SECOND FLOOR AXONOMETRIC

SHEET NUMBER 5.1.14

DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




BUILDING AREA (SF) BUILDING AREA (SF) BUILDING AREA (SF) MATERIAL AREA (SF)
40M 42,274 cLol 58,222 RTST SERVICE BLDG 12,900 Above Grade Concrete 17,332
Below Grade Concrete 3,651 Above Grade Concrete 3,892 Above Grade Concrete 6,033 Below Grade Concrete 65,077
Glazing 6,419 Below Grade Concrete 7,294 Below Grade Concrete 3,022 Glazing 39,717
Metal Panel I1A 2,778 Glazing 20,947 Metal Panel llI 3,382 Metal Panel IA 28,431
Metal Panel Il 29,426 Metal Panel 1A 25,653 Perforated Metal Screen Wall 463 Metal Panel IB 436
Metal Panel IB 436 Metal Panel Il 50,008
50M 34,788 SHOP BLDG 27,456 Metal Panel Il 94,246
Above Grade Concrete 2,376 cuBll 9,251 Metal Panel Il 27,456 Perforated Metal Screen Wall 463
Below Grade Concrete 9,10 Above Grade Concrete 2,121
Glazing 10,920 Below Grade Concrete 2,636 TARGET BLDG 53,388 GRAND TOTAL 295,710
Metal Panel Il 20,582 Glazing 112 Above Grade Concrete 810
Metal Panel lll 4,382 Below Grade Concrete 21,518
90M 31,324 Glazing 1,319
Below Grade Concrete 3,203 RTST ACCESS TUNNEL 24,943 Metal Panel Ill 29,741
Metal Panel Il 28,121 Above Grade Concrete 2,100
Below Grade Concrete 22,843 GRAND TOTAL 295,710
CEF I 1,164
Metal Panel Il 1,164
WATERPROOFING
MEMBRANE
7 5/8" THICK EXTERIOR
114" SHIMIAIR CAVITY SHEATHING
| o/
S ]
— ‘ 18 GA. METAL STUDS
MEMBRANE k w /_ AT150€
1 SHMAR R | z*
& : 58" GYP BD
i INTERIOR FINISH
/ L
EREEE : l/_ 7
FORMAWALL
e o/
H CONCEALED
FASTENER PANEL
)
V
TYPE IlI: MR3-36 EXPOSED FASTERNER PANEL WITH TYPE II; VERSAWALL 36" WIDE X 2" THICK TYPE 1B: FORMAWALL DS60 24" WIDE PANEL TYPE IA: FORMAWALL 24" WIDE PANEL
METAL WRAP BACK-UP PANEL STRIATED PANEL
TYPE Il TYPE |l TYPE 1B TYPE |IA
3/4" =1'-0" 3/4" =1'-0" 3/4" =1'-0" 3/4" =1'-0"
PROJECT TITLE SHEET NAME METAL PANEL DETAILS & ESTIMATED EXTERIOR MATERIAL
AREA TAKEOFFS
Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 N°"gr?"'ci;g'gé”f'”§i§gggé§1“"e 1100 SHEET NUMBER 5.1.15
T: 312.332.9600
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

REV. NO.

DESCRIPTION

BY

APVD

DATE

© 2019 The Cannon Corporation




2
o 2
2.
Z§ ?‘o\e
IGGS RD
AMD - LEGEND:
o
o S o |:"> PROPOSED HAWKS NEST
= s CONSTRUCTION ACCESS
O‘D” 0943
o )
/R X\ &
0,
a QR (S
@ z
(:5 ©w
o
3[%) 2
& w
o Y]
& S
> <L
| o o
< z /
= - __,____/:__
R NP2 SR L
H /
/
/O
) /
(&) /
z \ PROPOSED HAWKS y
< ) NEST CONSTRUCTION it
= | ACCESS
A //A
T g,
] \
/‘\\:
= "‘ aTURAL O preut 2
5 ’
g‘ . " " % —] 8
SCALE: 1"=800 ]
0' 400' 800’ N
PROJECT TITLE SHEET NAME CONSTRUCTION ACCESS ROUTE
CANNONDESIGN | spPALLATION NEUTRON SOURCE SECOND TARGET STATION
SHEET NUMBER 5.1.16
FEBRUARY 8, 2019

DATE

REV. NO.

DESCRIPTION BY

APVD

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

CONVENTIONAL FACILITIES
CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

DATE

© 2019 The Cannon Corporation

o



/
FINISHED
GRADlNex 7

\

w
zZ
ENLARGED \ 0
SHEET C = 8
FINISHED & [350 CRAFT \ 24 oL
GRADING PARKING \ ¢
ENLARGED 3.5 ACRES
SHEET B EXISTING 24"
NATERILDY EAST HAUL ROAD \
CONSTRUCTION > ADDITION
CUT AND EXISTING
STOCKPILE REMOVAL 7 \ Joogooy el
300,000 CY :
7 CONSTRUCTION \
-CENTRAL
FINISHED = 7 EXCeT / (s1téP5PECRFIEAS|§EA
GRADING gy - 7”7 \ : \
ENLARGED A N\ g 7
SHEET A A O 2 7
o S % /( /
/ e 5 2 K
S 4540 o
_—_—_—_—_—_—_—_——/:// y
= 8914 .
l - 0] STAGING
i~ \CJ: Lo e S 2. LAYDOWN
l 9 <5 o) 2 .1 ACRES:
— \ I\ A
ARG
| T\ < \ N STS AREA COVER
TR, 1 \ \ N STOCKPILE (180,000 CY
S I Ctly7 0 /2N S AVALLABLE
30,000 CY CUT] l TARGET \l \\ FUTURE ORNL @ )
8330 8320 / \ WATER TANKS
2\
0 \
l N a0 N@ \ HAWKS NEST
g j 2 e CONSTRUCTION
o~ i
l SUBSTATION NT—== K%\%\i: C}-} \% - ACCESS ROAD
l ) :\\ , — CLOHl WW \\ ORNLGUEST -
& \ B\ = W
iz 12\ g
& \ | 7 \\ EXISTING 24"
\rq‘o SPOIL AREA \ \ WATER LINE
& l 150,000 CY FILL M
l g;"I.RAL GA&% N \)\ w
V_STATION 4 "
CGEED GED GEED GEED GEED D GIEID CGIEID GEED G G GED GED G GED oaED  oand \\ @/
///:::::::::::.rf//// //\\ K i
= < MWM
MAIN POND
SCALE: 1" =400
(0} 200 400’
T —
PROJECT TITLE SHEET NAME CONSTRUCTION EXCAVATION & SUPPORT AREA PLAN

REV. NO.

DESCRIPTION BY APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T:312.332.9600
F:312.332.9601

SPALLATION NEUTRON SOURCE SECOND TARGET STATION
CONVENTIONAL FACILITIES

CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

SHEET NUMBER

5.1.17

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

o



Jlg
%~
5 o i

(oA

\_\w\c& T \\ !
. N—— I
SNS Grid N \\J\\ IR
\\\\\T 111111)
DO I
- |

alllaliligEligh

12 ADDITIONAL
PARKING SPACES

5.1.18
FEBRUARY 8, 2019

© 2019 The Cannon Corporation

ENLARGED SHOP BLDG AREA FINISH GRADING

SHEET NAME
SHEET NUMBER

DATE

- __
e

SUBMISSION

100%

SPALLATION NEUTRON SOURCE SECOND TARGET STATION

CONVENTIONAL FACILITIES
CONCEPTUAL DESIGN REPORT

PROJECT TITLE

w
=
| [0
[ S
[ 3
Il < -
rol z
1= ®
Al e} B
al -
| //// ~— -
_m__ e NN~ ~
& IS s
N ////\ -
AT - -
H I A S e ——
~ ~ -~
I 4 NS
I \ W= -
#H [~~~ o — ]
=1 \ NN
W NN >TSS
e =TI
S SIS
Z N NN
3 N
N
SN N Y
N N
NN 2 ////
5 = <
LN
H RSN
AT
N\ AN\
NN\
t NNV VN
\ /////// NSNS
f N SN\ /// N\ ///
// N\ ///M/ //NN QY N\ // N
U///// NN //////////// N\
AU AN AT TR RN Y
ARBRRNNNRRNS NN QAT
NI /// ///////////// /NU///// SN
NN OO ALY QAR NN S T O N RO
AN NN W\ O //// //N//// N ///////////
AN A I A A TN RN AT
NERRRRS RN NRNSNRONRNN SOl
W\ Y\ N N /////////// ///// //////
A LRRRASARMN //// //N//NN////NN/ SO0
MNACRENENENRNN //////M////NN////////N//
N NN R R R A N R NN
DRI
I AN NN ///// NN ////// NANNN NN
TN S DA RN
N R N RS R R R RN
DR RN REORNERENRN SNUVNNVNNN VY
AN \ N\ NN NN
N\ ////////////
//////w/:/‘ﬁ: VY Z:__ Il
AW AL Y //:/,,. Z:_ _i\
;://:///:/ i///i:,i,; TR
/////// \ O\ //// :: ,_.__ _: __.
L\ ﬂ;::m. :_:
_\\\I 1 Pty
11 ;0 g;:: 111

|

| / 1y

Iy :I\\\\\\ I
s

s

:\1 :\\ Ay Iyl
N L\\\\\\\\: LHifrr 1177
\\\\ | Lyl gty
10 \\\\\ \\\\\\\\\\\\\ :\\\\\\\
/

Wy S
Yy vy /)

/ 111g11117111/2

VN drsiy iy
Sl
N

Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

225 North Michigan Avenue, Suite 1100

Miipr) )/ NSy VSV Ky,

g, 1l /
/ / 1117

\:1 il , 211/ \\\\:\1:\\ |
- / /o1 v / il |
el il gt \1\\\\\\\ ::\\\:\//
IEETEEN
N

\ -

\
AN

\\\\\

[BATMARNRTAR

N Y

(RN

\

VA

)

OAK RIDGE NATIONAL LABORATORY
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

DATE

APVD

BY

DESCRIPTION

=)
o «
2 -
N
i1
~ -
VY / 1IN0 E%
EEERRES \ o AN
LA /i///// : /1 \\\\\\\\\\\\&\\\/ﬁ//ul\\\ z
AL VLV A . N Q
W AL LRRRR AR R ) L = n 5
///////// AAAARRRARERARAN i1 TS
,///////////: AV //// \ N7 2027) \\\\\\\\ ’y <\
W IR SRR o 70 San

REV. NO.




Site Wall Summary

Site Wall | wall Tvpe: Max Min | Length Approx.
07 Height (ft) | Height (ft) Wall Area
(FF)
WALL #3 1 CE:"‘C Plk: 20 10 85 1445
J"—\ e 1081.)( SERIRAL 2 | Senpe| 3 - 30 1080
" i 3 [Gmindse| g 1 190 1425
EXHAUST |_comrete |
! 10" (109151 Fers) G (1085). 1 (1081 FACILITY ¢ [Gmpmel a4 |1 | 260 | asers
( - :\; / 8'(1088) Q % 5| c,cs:.,.,‘,: G 1 300 3600
NI Y =
100 1'(1081) A = ! e 38
34' (1108 \ 8 ?; ::L 11 1 100 800
— 3 Cast In Flace 11
X RTST TUNNEL ~ L% WALL #4 9 skt 13 55 770
ﬁ !F{ 34<(1108) o0 e
¥ $
i %% % \{076.5
s RTSTBLDG q07
07 (1094)gr—t—a— o
WALII:§1 }—\(E 4 107an - 4 - 2
B o 34(1108) 11075 sl \“
LI
L] X
Sl S0 T WALL#2} |
1089.5-/ (
—J
c9)7
] b B 16' (1056)
s . /\
|
(9)0 )73 i <
N O
TQIESCE;T Q 40M 50M Rt
O TARGET N\ TOWER T |
(9) BLDG Il Nos6 \
— O |ﬁ (] N AR NI NN AN IEREY ! 1~ e [/ S VN O S - 4y han Vs y ey, . ‘r
= \ ~ %\ 1/(1068)~ - 1958 5 1]
— E ®@ IE“ 17 I 1071.5 : j '\/&y y 1069 T\
— . g = 1073,5 1074 %, ¥ |
= e o i = N, 21 075~ X % ) |
e 1 = ! WALL #6 .
= = UI —] !_ _____ v *
H : = = // l 2L 1057.5 |
| ] i 1067* = |
\ "o, i = l
N ....‘ i1 —
N & ///// st l"' g 15% : :
= B g [
i — Y |
A % = s LEGEND:
& - "' = PROPOSED CONTOURS
e@(g N L "' (1061) = EXISTING CONTOURS
S _<o® ] 5,.-~. WALL #7 R = K o oS " PROPOSED WALL
' g ;ProjectN Ry, \ 4:\ SPOT ELEVATION
QQQ;.." 1" (10 b % %1055 Q@ 670 @ TOP OF WALL HEIGHT (ELEVATION)
SCALE: 1"=100"' 1 (1076é|_0 I %..'.' B ’ (T 1053 1053 . HIGH PRECISION CONTROL MONUMENT
S S3S I
o' 50" 100" | WALL #9 ...' WALL #8 = REaN T N \ @ PROPOSED TUNNEL ALIGNMENT PORT
e s TS o e §
PROJECTTITLE SHEET NAME ENLARGED TARGET Il AREA FINISH GRADING

REV. NO. DESCRIPTION BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

SPALLATION NEUTRON SOURCE SECOND TARGET STATION

SHEET NUMBER

CONVENTIONAL FACILITIES

5.1.19

CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

o



CONSTRUCTION
SUPPORT AREA
(15.5 ACRES)

100,000 CY CUT
100,000 CY-FILL

350 CRAFT
EAST HAUL
ROAD ADDITION

PARKING
3.5 ACRES

O

LAYDOWN

STAGING@
2.YACRES

BT

11

I cuz-ss2
cuz-sst

CuB Il

EXISTING 24"
WATER LINE

EASTERN
POND

Project N

/

HAWKS NEST
ONSTRUCTION

100

SCALE: 1"=100'
50'

Ol

N

STS STOCKPILE AREA
REFORESTED AT
COMPLETION OF

TUNNEL AND TARGET

BACK FILLING

AN

[ |

ENLARGED SUPPORT AREA FINISH GRADING

SHEET NAME

5.1.20

SHEET NUMBER

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

PROJECT TITLE

CONVENTIONAL FACILITIES
CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601

T: 312.332.9600
F:312.332.9601

OAK RIDGE NATIONAL Lasor atory | CANNONDESIGN | spALLATION NEUTRON SOURCE SECOND TARGET STATION

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

DATE

APVD

BY

DESCRIPTION

REV. NO.




T T 77T T 777 T TTT 7 7 TTTT T
\__:\\::\:I\II%:Z _I;___
) FILL iD=
J i _W:__:
LTI F
IR _ﬁ_ 11
A _____
Il gt )
wun

o,

11/ % 111

:\\\\ vy
/1

i

8300

5121

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

CONCEPTUAL DRAINAGE PLAN

14
L
w | o
Z|3
Z | z
- | =
B g e
T I <
v | ©» | o
pd
W ©)
= | T
[ o
a o :, <€
—
S 5\ A =
= 1 ) (0)]
< 79 ,%, — P4
| \

g b 7o n_._w 2
1E! iie 2 ¥ ®
1al - A —
|l L] = N =
e ' T m
Il - - 2
2 — Z /7]
_R_ H Ve o O
_E_ < (=)
ﬁP_ i ®) N
T o2 | L o
_W_ _Qlu_l = | \\ \ HIT T _ P - _ %) o
\To M A - N % N\ TH ~= <= - \\ - \\ -
e _- N N i L=~ T L -

N = ISV~ T " -
H NENNSS--T S O
ol // /////"\\\\\\ R R
S~ SN~ _ _ _ _~ - U O
g </ T~ S~ T T -7 S P
5 FOAST - P OE
\ Ly AN = W w
\ JIN>T — ] n R
< ﬁ VAN IS R = =
ALY /////HHHHHHHHH\\H O“_ pd
N N ST -——-—
\ ; u///ﬂ///////»7/.|l\\ RCB
\ /////////// ///////II/ - TA )
NN NN NN - P L
ANNANN N\ ANAN N - Ll
S N N T 2
//////N///////// WD N e w- Aa
N\ N N///////// N NN N = _ NA
/ NSO /UU///////N////// /pﬂ.ﬂ. = |
/ N A N A R T RN = <
5 AR A Y A S AT SNSRI O
TN AOONINRIID™MNNN AN JINNN O o= 2
NS SN ONN NN NN N//// W% NN N NN\ =~ -
SO NN TN LN N U/Z/ ///////// —
I o SOANVINMNY SAINITN w Z 0o

_ - R N =R TT R TT)
| AN NE uv (&)
_ R i

AANNWRJAJUD g <
| NYNNANNN Y VJJ \| 3 D|O (o)
I SN -
_ :\::\\\\\,,.\\ B no o
| [ 11/, s/ ,
/7
.ﬁ :\ \\\\ \ \\\ p N
/
_ i Q
| 11 {7 2
- L) 8
|/ \ s Ml e \ ag
L i/ Jiiig L ::\:::;//\ £88s
N Ry N RNy S P §258
/7 / \\ /1] /1 v LESS
/ P Lyyr g 111 1l \\%\\ S£88
\\\\\\\\\\ \\\\\ \\\\\\\\\ 117y \: (L O 2855
SN L SRR s - -
N sy Ny S g6
Priid)yy \t\\:: e 2
Py ir, \\: sy I, 27<2 §
1Lty Sy / Vool
\\\\\ 17, 7/ \\ /! /1117 // i \ =
1 trn / I L2
\\\\\\\\\\ N N NN A C
T TR B A
1Ty /71! /| 08T T
\:\\%\\\\ /1] \\\: Vy \ w\m\\\\ 0 M 5
\\:\ 1l \\\:\ W\ 2 \\\\\\ - o g
171 T, W=l i
\ g/ \\\\ /11,1 s\ //\ Z - EH&
v — :\ gy \:\\:\\I\ AN \\\\\\\ <y
N )] I ittty == s -
A\ N \\\\\\\:\:: R NN SN E R RN R N " mM
/ AN I NNy NNy, w
N/»\“\ S i 2 2 Z o
S\ \L \\\\\\\\\:Z:II:: 1117 \\ii\__ . J 2 p _I._m
N A I N Ny NNy s g0 - @
110,000, 200 g it i1 11777010000« « £ 8z w < 5
— i ‘1)1 LN T o w = Zz u
\ YR ey / - b = s O 3 =
\ 1l T N N zZ o g E g 0o
) 11717 N\ S 0o 08 <3 &
o \\\\\\I AW — — L E zFE2 1% n e
) RN S z E 9259 F < 4
N T NN i o oo 2 o Z |
CAZZANRENENN\ St = X WL o g E
SN NN X b0 2 ww z [
//s,b/////// NN //lH]‘H!\ P4 ) O o o = I
NN ~><> NN\ = < o A o & O e
NANNSN TN NS T g = o1 @2 =
NS TN OO —==C S W ox o X &
NN TN — . — w 0o o ©o ©o uw 8
AN T TR T Nt
//////////// NN~ T — = 1
SN OO SN T L e 0
N///// N Y = !
SO OON\NNTTo =D 2 = 1
RN NS NN = g
////ﬁ//////wlll/l/ h m = "
VWS Wm0y /// - = - o
\ . //// LY W
- N \ >
s 7 PR ///////\_UI/ -
P \\ /// /T\\//N _ m
RN VN AR % SR 5
—~ N \\)V ,&\ T
\ T - \ %00 5 u__ _
//A ¢ - /N/ f//\\\/ « = o £
. a
NN\ ! X Sow — T SNSGridN 1 © £
/ AN //,x s SN —— = 8
1177 /= - NIl \ NN\ - —~ * W
7 / 117114777 /== =—_"\ \ \ NN S < o
N R A St L SN\ N2 o o
Yy sy \\\\\\\\\\\\ === /:, \ NN\e v P - S
VRS Y Y \\\\\\\\\\\\\//l////////:/ S //W/// DN o g
e N AR N N7 ) IO NN A PAES) NOON \\\ ~ N7 o
S I T AN WUN N &




~ N
—~ A\ [ LEGEND:
NN AN :
AN S
\\\\\\\i\i\\\\\\\l\i\\\ > O [ETTCCTTTT] EMBANKMENT LINER
NN C H
] ILITY, = ASRS e N :
- : o~ — Nt NN NN 2 DEMO EXISTING STORM LINE
% /N ) NN NN \\\\ 'y o)
Z - ~J/ - ~ \ \\\\ &\\\ \\\\\\\\\\\\\\ %‘{\\ DA ——— PROPOSED STORM DRAINAGE|
\ = N O
7z ) | \i‘M} \\\\\\‘\ 0 LR\ (3 6" HDPE FOUNDATION DRAIN
L2777 Wl \ AN
) 1! "
7 oM 7 ///////////], v,”\\l \ AN i 6" HDPE DISCHARGE
7 . A7y \ SA N EXISTING STORM LINE
e SRR A\ =
y/ /1 T N >N »
1 77 5%, 2
| \}\f:nr‘S)“\ - ) BN
A= RN ) : N 2 & o
VWAV 28 <\ AN ; <
______ AN VA~ NS N )
L N SN 7 N\ D N \\\\\\\ v RN
SN g7 200 S NN \\\\\\\\ A
AN VA AN N
Y s,‘gpf A }\\\\\\§\\§\\\\Q\\\\\\§\\ W\ -
<~ NN C] AN RI %\\\\\S\ §\\\\\§"\\\\ N
2 =5 N e A
1 [ 7 ~ NAN Wi
Sy PR i i lf s AR TN
NS " - = Mg NS Ve \\\\\\ W
i1 [ als = A" PIPE| | ) \ N AT AR R
y - RPN C0Z R | AT AR L
A <& N2 N STORM Lty
d { NN\ ¢ N <AV
~ N \\// AN \\\\\:‘“ /SR CTUE%E///;/JI,,“/;M//'/4‘/’//’,‘/,//
4
: : N T s 2 )
3 /ﬁ,‘!‘“” S 1 \kRE/A 8;/‘3}} /////////j///// z
| 9 N N 7,0 A S3 S,
8 Z \\\\\\\vz\\\\\“—_ ij§§§§§\§$\\ N T RéE/T Y ]\'/(//////"7////¢ 7 R j//?//%/////;/ 7%
‘\%\\\ NN NS 1\\\§\\{\i§\\}\§§\\\§\\\\:\\\ S : ’}//////////Z/%j//%/ > \\E:/;//////;//@f/ 7 7 2
el . > N ),3) AN N 1NN, - - 1 /
A ¢ A 0NN '///'/%’/ NN 27200, \ . NS 7.
A NN . \\\\ S W R e
VS \ W\ \/ VAN NS o MRS
A 714BDY. -7\, N 4 STORM \\\\\\\\\\\%\\\W\\\ W
) - \ R W \\\\\\\\\ \
S L STRUCTURE POTRRRRRNYN
N > AN N X
STORM S 0N ! 7 ERTRRVANY N
STRUCTURE 87>}\3 \\/(/ }'\A' / ) // ) \\\i\\\\ti\\\\\t\\\i\\ x\\\k\\\\\\\\\ EASTERN \\ \\\\\\\\\\\ \\\\\\\\ | | I{(/}/‘/ /‘,{\
o= N\ W \ ) W\ v
¢ = iy A\ NNy POND NSRRI i N\
CNMS / /o \ AN NRANRLY W\ WAV g ll' !
o N \ /// / Vi S\ \\\\\\\\\\-\\ \ \ (RN Py ‘|)/'“ 1l | 1Y \
; / 8610 VR AN \\\\N\\\\%\\\\\\\ YN N THIRNNN
“ \* NI 4 A Ve e . AN LN S
8700 8711 [ Sl N DY SN A N RS
| | 1070 777 X N /? 7, Y \\\\\\ \\. N\ / 7 7 I\ \/// Y // /1A ~——=
1) // L N§§\ \J&;% // Y, // / /\\\\\\ §\§\\\\\\\ // ////§ {///\7%//;// /////\ L o O
TARGET .7 b - | < 77 /) & T g ; / \\\\\\\Q\\\\\ N\ = 2T N\l //J\\i\tj/ L T = TN
e ) P 5 IEIXN /4 / , W N2 =22 A [\ === 2=
BLDG 5 EY F =) ’ LN TN = NN
Z s A 7 At Lo N S TN BT oL T
PEANGY { P / g RTINS SO \\SII‘RIUT ,Et“é///////////
a7 > AN ( I \ \\\\\“\\\\\\\\\ NN S O S STRUCTURED 7~
- WY O o - opricarion /7
\ \ ~ oW N ~— T2 /7
> \\\\\t\\\\\\\\\\\“\\ SR \\Q =
) / W\ ! il \\\\\\
I Wil \\\m\\\\\\
| ]1\\\5\‘\ | ! \\\\\\\“\
PN N4 T T IR
- I PN
& b /H“\ ! |
NI AW
NPL N (TN %\sb
N\ | \ \ \\\\\\\ _ o X ?fa
R W\ TaeEh - XN \'N 7
Y WSS Z2 7 OSTAY - \
= SASZZ= 2 s 19,
= N . - =
I~ AN ==
/5| E N sy
cLo N = T
8600 =
NN
- \\ — = ~=
X /l;lﬂ/,//‘//
/ <z WW%
X ////////
i T ThIne 2
) = Al —~
7 P4 T S N I /J/r/////%//’(\_jf /// il
V= s, W\}&Pj{:z/\\\\:‘;\\\\\\\\\ Sl 2551 N //////////( -
) 777 L \ / C— Liéiiii\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\)JI@ i w{\/ S/ Wy
S= - 0 TIRTES T mRNAN W S N = iy
TSI /_ < -~ N NNV AN | o NS /oy .
=== ———A v /// \ N SN NN Y /Z//.)()@\vf)wﬂ/’m 7N
PROJECT TITLE SHEET NAME CONCEPTUAL DRAINAGE PLAN
0ak Ripce NaTionar Lasoratory | CANNONDESIGN | sSpALLATION NEUTRON SOURCE SECOND TARGET STATION —
i ; HEET NUMBER 1.
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Nort Michigan Averie; Sue 1100 CONVENTIONAL FACILITIES S
T: 312.332.9600
F:312.332.9601
CONCEPTUAL DESIGN REPORT, 100% SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation



& TOP OF WALL

BACKFILL : LEVEL SOIL : EQUILIVENT FLUID PRESSURE 35 POUNDS PER CUBIC FOOT
s v wgm -y “or wpe g upn LW

<4'-0" 24 1-0" 3'-6" 5 AT 12" *5 AT 12" | (4) 5 5 AT 12¢ *5 AT 14"
6'-0" 24" -0 4'-0" *5 AT 12" [ =5 AT 12" | (5) =5 =5 AT 12¢ =5 AT 1"
8-0" 24" 2-0" 5-0" 5 AT 12" *5 AT 12" | (6> =5 4 AT 12¢ *5 AT 14"
10'-0" 24" 3-0" 6'-6" "6 AT 12" *6 AT 12 | (7) =5 *5 AT 12¢ *5 AT 14"
12°-0" 24 4-0" 8'-o0" "6 AT 12" =6 AT 12" | (8) "5 =5 AT 12* =5 AT 14"
14'-0" 24" 5-0" 9'-6" *7 AT 12" | =6 AT 12" | ¢10) =5 *6 AT 12" *5 AT W"

20"

WELEVATION. N
SEE_LAYOUT HY
PLAN )

24"

374 CHMFER—\

24"

24

RETANED HEIGHT "H"

‘mp OF FOOTING
ELEVATION.
b

SEE LAYOUT
PLAN

(2) *5 CONTINUOUS

e

vl

HAND RAL AS REQUIRED

LEVEL BACKFILL
1-6" TOP
SOL FLL

BACKFILL WITH
CRUSHED STONE,
ASTM D448 No. 57

HARDWARE CLOTH
AGAINST WALL.

“P" BARS

(B RETAINING WALL DETAIL FOR 2' WALL

U NTS

1" REVEAL
& TOP OF WALL \

"WELEVATION.
SEE LAYOUT
PLAN
$
i)
3
3
"
1" REVEALS.
4" DIAMETER WEEP
HOLES AT 4'-0" OC —

N

*4 AT 16" OC EF
*5 AT 10" OC
=5 AT 12" OC

I N——15 AT 14 0C
: EACH FACE.

6 AT 12 OC

7 AT 10" OC

“8 AT 10" OC
3 O
(> <
£ iogar |

P 6 AT 12 OC

TOP _OF FOOTNG 4

ELEVATION. v

SEE LAYOUT
PLAN

\ \— *7 AT 12" OC
*B AT 12 OC

10'T0 18°

/T WALLS GREATER THAN 14

=5 AT 12" OC
TOP_AND
BOTTOM

\:/ SCALE : 1/2" » 1-0"

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

REV. NO.

DESCRIPTION

BY

APVD

DATE

Chicago, llliniois 60601

T: 312.332.9600
F:312.332.9601

CANNONDESIGN

225 North Michigan Avenue, Suite 1100

PROJECT TITLE

CONVENTIONAL FACILITIES

SPALLATION NEUTRON SOURCE SECOND TARGET STATION

CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

SHEET NAME

CONCEPTUAL SITE RETAINING WALL SECTIONS

SHEET NUMBER

5.1.23

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

o



&

G,
A &
2% %W

Project N

SCALE: 1" =200'

\\ \\
SN
NN\
ANERN
AN
ANAY
Vo
I
05;(0 : :
|l
Q, | |
VAagR
— ~

?
S,
%

TARGET
BLDG

RTST TUNNEL

RTST BLDG

()‘IIIIIIIIIIIIIIIIIIIIIIIIIII
TTTTTTTTTTTTTTTTTTTTTTTTTTT

LU e g

TP TTTTTTo o

v-N ‘!lIIIIIIIIIIIIIIIIIIIIIIO

\\Wﬂ

<

CLO

o
o
%/M

KEY NOTES
PARKING TABLE
LOT DESCRIPTION PARKING ADD/DEDUCT (1) SPALLATION DRIVE EXTENSION
FORMER FIRE AND SERVICE ACCESS DRIVE
A 130 @
CONTRACTOR AREA (3) STSBASEMENT ACCESS DRIVE
5 COOLING TOWER 98 (4) STSFIRST FLOOR ACCESS DRIVE
ACCESS DRIVE (5) CUB Il UPPER ACCESS DRIVE
C NORTH OF BLDG 8910 20 (6) CUB Il LOWER ACCESS DRIVE
D SOUTHOF CLO I -29 @ 90M ACCESS DRIVE
E WEST CLO BLDG -55 RTST TUNNEL ACCESS
F SHOP AREA 12 (9) TRUCK AND SERVICE DRIVE
TOTAL ADDITION 154
RTST EMBANKMENT DRIVE
{11y CLO Il DROP OFF DRIVE
5 (12) GRAVEL ROADWAY ACCESS TO
CONSTRUCTION SUPPORT
/
10 <
CENTRAL 7
EXHAUST
FACILIY
R 1
\W
90M 5 6 7 - l. — o —
. e~ L. —"" s
] ’o— N
CUB Il i /////—‘~\\\:‘\\\\ .
/7 \\\\\ : o~ \
SN - e oL T STl T St 3 STt 5757’5%35\\\\ '
B NN
/" QLS 0 o] 13 AN
som som % f\’ | B s iR o] %ggg%% B
TARGET WS R mgooog"% cgg%g% 2 %Qg%é@g% 5 \
BLDG I COOLING |s ;é;& (%d g%od og@d‘%g@ 885%@%2%26 %%é%%g%@%o
4 TOWERIl |y, MY R BN IO HIG
Iy Sty
----------- Wl e
i B S
LY R aa?g%%% R R I B
' s éggg%%%@%% - i
R s e s e Ogo&s%gb@d %
aTals | g oé) Oé I 800 2 OQé 3355888
g | | R nggao‘b AR NSO
\ Bk o\ ﬁooggggoo 5 %%%ﬁm”ga A
| 3 1\ e
\ |1 \
\ L \
\ CNMS I ]
(96 [ h.
70 ,I \
I \
m | |
l\l \'\

o' 100’ 200’ 6630 N
~ _’—/\
2 %ﬁ ra
PROJECT TITLE SHEET NAME ROADWAY & PARKING IMPROVEMENT PLAN

REV. NO.

DESCRIPTION

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

SPALLATION NEUTRON SOURCE SECOND TARGET STATION
CONVENTIONAL FACILITIES

CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

SHEET NUMBER

5.1.24

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

o



7 \ @
7 \ 6
g &
LEGEND: Pid N i
ENLARGED P
SANITARY SEWER FORCE MAIN SHEET C P \
GRAVITY SANITARY SEWER LINE P 7 \
PROPOSED WATER LINE ENLARGED \
SHEET B \
EXISTING WATER LINE \
7
7 \ \
/ ENTRAL LIS \
/ EXHAUST N
FACILITY \\\ “
NN
\\\\
ENLARGED ELEVATED WATER SN RN /
SHEET A STORAGE TANK el NN, L7 .. 7
.= A<
-= e
- CONSTRUCTION s
= SUPPORT AREA .. 7 N
CGED GED GED GED) GED GED GED GED GIED'GED GED GED S aED D GEs Ve
o / Q‘
: L 4 /
\\- . "
y e -~ N\ /
. 8200 ’ " 'o
% 8300 ‘u = |/ \ /
‘\ m | '] [ E LOSALAMOS DRIVE ' h * ‘
i FUTURE ORNL
SHOP BLDG 8330 a0 [asso WATER TANKS
i e
= . FM TO =y
TS b EXISTING 1
T GRAVITY MH suBs lTION
l l ORNL GUEST HOUSE B
| | LIFT STATION
LS8601
| | e roexsTinG
SSMH M808
L__________________l "
NATURAL GA! '
PRV STATION
=TT —— %\j — /::::\\ S V /
== T —TT-——mme— T - = ey
_==7" -7 > LIFT
=7 e STATION
/ LS8631
MAIN POND _ P ,.-‘/,,
SCALE: 1"=300' ==
0 150" 300 Z s
e — 7
S
£ /)
- A i
S / 7 | ]
PROJECT TITLE SHEET NAME OVERALL UTILITY PLAN
OAK RIDGE NaTIoNAL Lasoratory | CANNONDESIGN | spALLATION NEUTRON SOURCE SECOND TARGET STATION
SHEET NUMBER 5.1.25

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 North Michigan Avenue, Suite 1100 CONVENTIONAL FACILITIES

Chicago, llliniois 60601
T: 312.332.9600

CONCEPTUAL DESIGN REPORT, 100% SUBMISSION pATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation

REV. NO. DESCRIPTION BY APVD DATE




PUS SNS

TIE TO EXISTING

1SSMHM82
e e

FM TO EXISTING
GRAVITY MH

BERKELEY DR.

FIRE SERVICE LINE

T el &

\/\ﬁ_ﬂ Lés ALAMOS DR|VEﬁ s : =7 / |
,; : Tas Wl ~ —— C L L Y
" 8310

LY LY )

8100
DOMESTIC WATER SERVICE LINE7

il
=l
gi
.

R

000000

8920

SHOP BLDG | ——
) A e
| 10 ][] E
FM TO EXISTING D ‘ -
GRAVITY MH A vy
GRINDER PUMP
STATION
SUBSTATION
SCALE: 1"=100'
) 50 100’
— S—
PROJECT TITLE SHEET NAME ENLARGED SHEET A UTILITY PLAN
0AK RIDGE NATIONAL Lagoratory | CANNONDESIGN | sPALLATION NEUTRON SOURCE SECOND TARGET STATION
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Nofg‘h?gg;‘é?j@gz‘)’%:ié;“i‘e 1100 CONVENT'ONAL FAC|L|T| ES SHEET NUMBER 5.1.26
CONCEPTUAL DESIGN REPORT, 100% SUBMISSION DATE FEBRUARY 8, 2019
.NO. DESCRIPTION BY APVD DATE © 2019 The Cannon Corporation




REV. NO. DESCRIPTION BY APVD DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

SPALLATION NEUTRON SOURCE SECOND TARGET STATION
CONVENTIONAL FACILITIES

CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

.@%
CENTRAL RS
EXHAUST Kt
FAC| LITY Project N
- DOMESTIC WATER
SERVICE LINE
FIRE SERVICE LINE
S RTST TUNNEL ~
L S —RELOCATE EXISTING
P WATER, ELECTRICAL,
P STORM & TELEPHONE
3 RTSTBLDG Z LINE FOR DEVELOPMENT
JI % S IN THIS AREA
{ g EXISTING WATER
i [EE 90M BOOSTER PUMP
ol J L] O ] STATION
“ 9
FIRE SERVICE C\
DOMESTIC WATER SERVICE N PROPOSED
—PROPOSED FIRE SEWER MH
S 1 HYDRANT DOMESTIC WATER
A m SERVICE LINE
S PR )
: FIRE SERVICE LINE
S> (9)73 | =
% |
TARGET O U M COOLING
95 BLDG Q 40M %0 TOWER ||
0 TARGET
8>, BLDG I PROPOSED
= AR ANY, SEWER MH
oM ILK ] | DOMESTIQ WATER
p _1 ! \ SERV|CE LINE PROPOSED
S i HH | | | FIRE SERV|CE LINE \
iy D N =
=1 | ’ :
J . Be——=== | !
PROPOSED 12" —<—} |
WATER MAIN [ |
LIFT STATION = \_\ !
LS8601 EXISTING WATER LINE PROPOSED FIRE TIE TO EXISTING |
TIE TO EXISTING =" TO BE DEMOLISHED HYDRANT SSMH M850 |
Z : = PROPOSED SEWER MH |
SSMH Mg08 v = EXISTING 24" — | |
/ = misl WATER LINE !
EXISTING CONSTﬁ CTION = \ !
WATER LINE TO BE S/ N S, CNMS |
DEMOLISHED gl 0 J
/ ,/ , ’ (T 'g '
SCALE: 1"=100' E T \ —— |
L} 1 1 L - \
0,_=50_“|’0 DOMESTIC WATER SERVICE LINE___ M r \‘
— FIRE SERVICE LINE . N\ [TTITT | l
PROJECT TITLE SHEET NAME ENLARGED SHEET B UTILITY PLAN

SHEET NUMBER

5.1.27

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

o



WATER LINE

<
N
o
P
-
)
X
L

Project N

@

mo
5,
SO KON
B

OUOé O)\JUUL/UUV
O3 0

(@]

S5

Q

otL

@

O

Q
Q

(@
Q

OO

BOOSTER PUMP
STATION

TICK

|
2
<
I
T
0
<
L

.3
%

Ny

:

ROAD ADDITION

57 = IS D R0 2 QRO 8 o ©
@) O RO Ss'®) RO
ARSI BRI
mﬁ%o@m SONST HONo KON KON

SORACBRSOS
&2 O RAA © ROE) © ok @ noay 2 0o,
S TONI L TP NS GA SO TPIU S ')
SOBROBROERO BRI
OB IRICANCR AR IGRICA ORI
BO03ROCCSRSCZNRICCREOES
QB TR ICA IR E TG Foc
OO RO BERD OO%mm%
O FONS T ON S HONIO KON ONON
LY ROLOBOOSRO00
RS 2R IR SRR SN0
2000 0000 OG0 OB YO
SRR
0RO RBICBRIOERIOTRS
O3 ON R0 HN OGS S\
T SRR
0 % ) oo 0 % ) % R % 0 %
SRR nee BB eccRres
@

oo OSSO AS TN
R RO RIS RO 229 m}
CORSCIIOBICIIORICXNORIKIORICX IR

e N e e e N e o e

e NN S a N et oo

[]@/el- el @)e)

HONo S oN D 0N Lo s S oo oNe
R OB SO OB RN SRS o0
R SORAS RENE A S e S R O
T30 SR IR0 IR @@b it
SEN G EON G SON S KON Vo KONIo KON S,
OB GINBIRONERNBR
R R s g MR e

A3

Y

L ORI amee =R

CONSTRUCTION
SUPPORT AREA

-
-
-
-
-
e
-

-
- —_
- —
- -
- —_

-
-
-
—_
-

—— o) b
e BB
ORISRV
02

R

5930

[or=S_

Oz O RO %Oooooow %Oooomo

OB 2R EROR IR

0= =2
?o%%oooo%%?o%%@oﬂm
(¢

RS
OGS
R0 TR0 RO EAR

100'

50'

SCALE: 1"=100'

Ol

AREA N

\STS STOCKPILE

ENLARGED SHEET C UTILITY PLAN

SHEET NAME

5.1.28

SHEET NUMBER

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation

PROJECT TITLE

CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

CONVENTIONAL FACILITIES

225 North Michigan Avenue, Suite 1100

Chicago, llliniois 60601
T:312.332.9600
F:312.332.9601

)

w
EXISTING 24"
WATER LINE

e

COOLING
TOWERII

\

OAK RIDGE NATIONAL Lagor atory | CANNONDESIGN | spALLATION NEUTRON SOURCE SECOND TARGET STATION

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

DATE

APVD

BY

DESCRIPTION

REV. NO.




CURRENT GROUND

FOUNDATION
DRAIN (TYP.)

8" COMPACTED STRUCTURAL
FILL - #57 STONE 19m

27' 8"

PROPOSED
CONSTRUCTION
CuT
17' 0" 1'10"
T 2I 3"
~
RTST 2
L 430"
FEE 1076 _
4" BASE STONE TDOT 2'3"
TYPE A, GRADING D
1072.75

16"

EXCAVATION SECTION

TYPICAL CONSTRUCTION

SCALE:NTS

co3

1.5' THICK SOIL LAYER

LINER SYSTEM
/ APPROXIMATE ELEV. 1107.5

w['

v ¥,

Z/,({//////////////{/////////////////(///////////,///{ﬁ
X

CXR XX XXX XX XR XX XXX XX XXX X3 >
ORI IRIRIRRIRARRARIRIAIRRAY
AR RRIRIRIARIKN]

4" TOPSOIL

TCNATIVE SOIL~

FOR BACKFILL FILTER FABRIC

6 0Z/SQ YD NONWOVEN GEOTEXTILE

DRAINAGE NET
HIGH DENSITY POLYETHYLENE GEONET

GEOMEMBRANE

CUSHION FABRIC
10 0Z/SQ YD NONWOVEN GEOTEXTILE

KRR R R R KRR X

00000‘

/ 3"\ LINER SYSTEM DETAIL

W SCALE: NTS

6"x1#2" SS CONT. PLATE
5#8" DIA SS HILTI BOLT AT 18" OC

6 0OZ/SQ YD

LINER SYSTEM HEADER
AND OUTLET PIPE [ - A ol
ol NONWOVEN e
I|Z POLYPROPYLENE T
) i GEOTEXTILE "
~ 25 GEONET L
1L~ « GEOMEMBRANE 8. -
g \ 3 \\ —— E T TS el 2
= NATIVE SOIL ~ 10 0Z/SQ YD . -
g FOR BACKFILL — NONWOVEN Ly
. - POLYPROPYLENE S
GEOTEXTILE -
ot
WATERPROOFING LAYER o
AND DRAINAGE LAYER
1 PER ARCHITECTURAL
DRAWINGS AND
SPECIFICATIONS
RTST
@ WALL CONNECTION DETAIL
c 03 SCALE: NTS
FFE 1076
4" BASE STONE TDOT
TYPE A, GRADING D
i 1072.75
8" COMPACTED STRUCTURAL
FOUNDATION FILL - #57 STONE 12—l 1 g
DRAIN (TYP.)
/ "2\ RTST EMBANKMENT FILL SECTION
w SCALE: NTS
PROJECT TITLE SHEET NAME TYPICAL RTST EXCAVATION & FILL SECTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

SPALLATION NEUTRON SOURCE SECOND TARGET STATION

CONVENTIONAL FACILITIES
CONCEPTUAL DESIGN REPORT, 100% SUBMISSION

SHEET NUMBER 5.1.29

FEBRUARY 8, 2019

DATE

© 2019 The Cannon Corporation

o

REV. NO.

DESCRIPTION



EXISTING SITE INFORMATION

b—TIE 2

- - ,——TYPICAL BASIS OF DESIGN S+ C VISTA 600A,
' ' 321 321 5321 25k AIC SWITCHGEAR MODEL NUMBER
1 1 1 1
. . L L L L
NO
NO
[} [} I I t
TYPICAL EXISTING S 150E S 100E 125E S MV CABLE: TYPE EPR-MV105 PLUS GROUND
SPARE BREAKER/ 1.D. | | | + DISTRIBUTION: 3-1/C 750KCMIL
' ' T | 2000/2500kVA T | 1500kVA 2000KVA | ¢ w + TRANSFORMER PRIMARIES: 3-1/C #2/0
KNAN/KNAF @
w
5 5 L5
' ' 4000A (Z—————__ . ( 4000A 3000A (
! 2
CL2-882 U252
. . 4000A e—-, . cLoll TA2-5S3 e
. * 40M : —TIE 1 b—TIE 3
| CL2:8s11 T + COOLING
4000A (Z——————— d TOWERS
' ' 0 CU2-581
2000/2500KVA
' ' T | KNAN/KNAF ( 3000A
T
S 150E
T |2000kVA
[} [}
S 125E
]
. . 321 321 532 321
TYPICAL INTERRUPTER
NO[E 7 swiTcH
1 1 1 1 T\ 1
' ) L L L L L LI
NO
- TYPICAL FAULT
' ' . . INTERRUPTER WITH
S 125E .L S 100E LOAD INTERRUPTER
SWITCH
T |2000kVA & T | 1500kVA
[ [ E
; 5 J
( 3000A 4000A ( —~—TYPICAL LOW VOLTAGE
' ' POWER AIR
TA2.551 TAZ.554 CIRCUIT BREAKER
431 « TARGET BEAM LOAD SWITCHGEAR 624 + 50M
' ' . 90M
+ CEFII
[} [}
NO—+————TYPICAL NORMALLY
NO OPEN DEVICE
[} [} ]
125E S ’_[ \_‘
EXISTING :
' 161:13.8KV ' T |2000kVA ? 150E i|=; 65E TQ' 65E i|=; SE/TYPICAL INTERNAL TRANSFORMER
CAMPUS ELECTRICAL FUSING AND LIGHTNING ARRESTORS
SUBSTATION J; T [2500kvA | T [1000kVA | T [1000KVA | T [1000KVA
' BLDG 8912 ' ( oy (|> ————TYPICAL LESS-FLAMMABLE
L. . . . . . A000A FLUID TRANSFORMER
( 200A ( 200A | RS2SS! RS2-552 RS2-553 RS2-554
RTST (BEAM LOADS)
HELIUM COMPRESSORS
TA2-SS2
TARGET

No

PROPOSED STS MEDIUM VOLTAGE ELECTRICAL SINGLE LINE

Issue Date:

Project No.: 000000.00

Sheet Ref No.:

© 2017 The Cannon Corporation

CANNONDESIGN

SDEO001



——OVERHEAD FEEDERS
FROMBUS A, UNDERGROUND

o FRomgg%LEr

E

CAMPUS ELECTRICAL
SUBSTATION E
BLDG. 8912
E E
cLoll
SUPPLEMENTAL LEGEND

STANDBY GENERATOR (# = ID)
SWITCHGEAR OR UNIT SUBSTATION (# = ID)

—E— ELECTRICAL DUCTBANK
—G— GENERATOR DUCTBANK
—T— TELECOMMUNICATIONS DUCTBANK
--T--— EXISTING TELECOMMUNICATIONS DUCTBANK
No

PROPOSED ELECTRICAL SITE UTILITIES LAYOUT CANNONDESIGN
Issue Date: Project No.: 000000.00
SDE002

Sheet Ref No.:

© 2017 The Cannon Corporation



Access to RTBT Tunnel

LN
/ @ »“\)a
"“ Proj ek

\\ N
\\ \ RTBT Stub ‘ RTST Tunnel /I.oading/
\ \\ \\ ‘ Receiving
N | A /
\ \ \ ‘ w
N\ S Utility Zone Shielding Lay Central
\\\\ T~ N ‘ Down Area Exh.a.ust
\\ ~ e EEEEEEE=E—E———— Facility Il
N kL
\\\\\: - S ProtonBemie 8|~ R IBIEUTGL 77777777777 e \
- RTST Service
Building Y
- i i ™
| . PN
s// \
L @/J
195'-6"
o I \
I \
I [
I \
| } \
I I
by 1
[
| "
by
| \
I |
I |
T
I [
N %
.
\
\
SCALE: 1/32" =1'-0" }
\
0o sl m RTST TUNNEL PLAN |
1/32" = 1'-0" }
|
PROJECT TITLE SHEET NAME RTST TUNNEL PLAN
Osk RIpGE NaTionaL Lasoratory | CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 2 o g e o 1 1107 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.211
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




1107.5 q;

1091.25 q;

_ 1107.5 $

RTST RTST Access Tunnel
R Tunnel &
\ ®
‘ _1076 $
110" 170" 110"
_ _1091.25 $
RTST ACCESS TUNNEL - SECTION A 21 L v o
1/16" - 1|_0|| ‘ - /"/ Crane
| ! B
R o = : 3 -~ Mat at top and sides of
: ,\ 4 i /x\\ trench tunnel
Utility Chase ! | o [ Mechanical Duct
_ / 2o T G o |
P | o sle
NI NS - ) gtility | gtility ) 2 d © |~
_ _ _1091.25 $ one | CoTTTTTTTTToTTTT T T Zome T T |
| 3 ! SN [T Concrete Shielding
s | I I a- | surrounding all sides
! | | oA f tunnel
Proton = Beam | - 8
icTCSeTSS E%?’?tl;gsmso' ' /"l : Mair}-{?g: " : e Subgrade Drainage
Tunnel ! } 12 | i T % System
_ _ 1076 $ | ‘ s
! i ‘ | | _ 1076 $
) &
L ,
i B Base Stone
RTST TUNNEL SECTION C e 1 ot
1/16" = 1'-0" | 6-3" ; 145" |
\ 1 \
RTST TUNNEL - SECTION B
3/16" = 1'-0"
PROJECT TITLE SHEET NAME RTST TUNNEL SECTIONS
Oax RinGe Nationar Lasoratory| CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
- ! 2 MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Nori Micigan Avenue, Sute 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.21.2
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




Retaining Wall Beyond —\\ /> Screen Wall
A)

Utility Zone

Proton Beamline

56'-4"

RTBT Tunnel

@ »“\)e
ﬁ @ Project N
\3z21/

—10'-0" TYP

2028

Metal Panel Type IA

¢ 1096

‘b 1074

Water Pump Room Power Supply Room

3045

262"

Comm Electrical Room
346 1744 o

i

RTST SERVICE BUILDING - EAST ELEVATION

RTST SERVICE BUILDING - FLOOR PLAN

RS2-SS1

1/32" = 1-0"

e 1096

¢ 1074

Counterfort Wall

IT Power Supply Room

RTBT Tunnel

i 1091.25 $

[
RTST SERVICE BUILDING - SECTION B

49'-0"

Hﬁﬁ

26'-2"

| _1076 q;

Proton Beamline

1/32" = 1'-0"

Gb 1107. 5 _

Counterfort Wall —

Water Pump Room

Power Supply Room Comm Electrical Room

RTST SERVICE BUILDING - SECTION A

T

1/32" = 1'-Q" 1/32" = 1'-0"
0 8 16 32 64
[ || |
PROJECT TITLE SHEET NAME RTST SERVICE BUILDING PLAN, SECTIONS, ELEVATIONS
0nk RinGe Nationar Lasoratory | CANNONDESIGN | sSEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 25 N°“Qﬂ§€§;ﬁg§§1%%§é§1““e 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.2.21
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation



PROJECT TITLE SHEET NAME TARGET BUILDING - SOUTHEAST VIEW

I —— — —
===== MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY i uite SHEET NUMBER 5-3-1 -1
I —— — — z

I s B S — DATE FEBRUARY 8, 2019

I R A B
© 2019 The Cannon Corporation




Project N

&/1/6‘

¥
§ Q e(\)&

[
N\ ‘ |
\
N
. (0 (i | ("
AN \se/ 2 ‘ e/
\
N TA2-SS3
N [ [
\
N .
N } | 40-01‘
N
N TA2-581
298'-0" Utility % Basement
Cooridor ‘ [\ Loading Area
D ﬂ*, — I | EE— I | EE— | T———7 @
|
R Mechanical Confinement Receiving /
r ‘ | Pump Room ‘ ‘ ‘ Ventilation & ‘ Staging
} Filtration
T —_—_—_—,——,,-- [ - 44— — B — —Room— | — — A
| o LR A (ve)
| LA
10 ] o Hatch Target 8
R Maintenance
e e HPV A\—r B ;:Eff‘""”;f%?:” | ~ Storage e
5 ) Hot Shop g\ e
° Cgﬂnectln (Radiolog%cal) RS Z ()
53 ooridor| D % Rals
= I | KX K [ E— | ™ ™V . W
777777 R — o r D
| HPVHach _ i?&f::i:t:t:t‘_’_‘*;i - i | B S ‘ ™
Above 377-0" Comm Rm
| | | |
IV
L | /A I o S R | _ =
| T | 8B =B o (1e)
) Elev
HPV Mezzanine Instrument Radiological Electhcal | Vaouum Activated Activated
Above Vacuum Support Workshop Sample Lab Sample Stairs
Pum}J Count Area '\’/Tee;? i;?:s Storage uP@
7777777777777777 | | | Survey & | ! e
Alignment
Storage

" Neutron Beamliine

[ [ [ [ [ [ [ [ [ [ [ [ [ [
. N e . | . .
[ [
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
| | | | | | | | | | | | | | I
. REGULAR DENSITY GONCRETE Egress Route and Travel Distance:
%% XXX
§§§§§ HIGH DENSITY CONCRETE o ’
;//A‘ STEEL
% Longest Travel Distance: 377'-0"
Max Travel Distance: 400'-0"
SCALE: 1/32"=1'-0"
0 8 16 32 64
\ I |
PROJECT TITLE SHEET NAME TARGET BUILDING BASEMENT PLAN
Oak Rince NationarL Lasorarory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.3.1.2
T: 312.332.9600
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




Project N

2
(A
%“"o,. 2
%
I | | I I I I I I I I I I I I I I
o AN ] |
\ \ W \ \ W \ | [ [ | \5318 [ [
A N | - ] | |
! | ! /y// ! | \
/// IJ/I Sample T [
N e 50M Instrument Environment
@ \ ‘Building | Cages |} Truck Access | \
gress Door at
Elevation 1107.5 N "\q ‘ ‘ 3
- ,77“7,, |
\ I On-Shift ‘ ‘
\ \\BNeealﬁrl%ne // / ' Sﬂpiolrt
g\ﬁ\BunkerJ_//f [ ‘% A B instrument
h“ ! Ly 150.0" Yl Instrument Maintenance
_ w—
ge
/// ) R ‘
Proton ‘ "'
I RTST Tunnel Beamiine S Service Cell Z
| | N ' | s
7 ! - __ |
Mg~ - m——
_ o o _ __Hatch W X /] I ‘ ‘ ‘ ‘ L‘ Active Target
R - — ) /] Neutron—. — —— 7* Storage | Control
k fo Bezl:"?:a Ensi?;‘:fent g
/' Bunker \\ ‘ " LongTerm | ‘
Storage I£
Cages e
@ JE I [ - ! !
| |
o | \\\ |
290 40M Instrument
@ Building
. REGULAR DENSITY CONCRETE Egress Route and Travel Distance:
XXX
@ HIGH DENSITY CONCRETE .—'
STEEL
Longest Travel Distance: 153'-0"
Max Travel Distance: 400-0"
SCALE: 1/32" = 1'-0"
0 8 16 32 64
[ || |
PROJECT TITLE SHEET NAME TARGET BUILDING FIRST FLOOR PLAN
Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 North Micigan Avenue, Suie 1100 SHEET NUMBER 5.31.3
T: 312.332.9600
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV.NO. | DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




\ ‘ . ‘ T arT o are Q
‘ Shielding L. y-Dow% Area Shielding Lay-*}own rea || Impact \Enwrojwental [ ‘ ‘ g ‘
[ N \ | Limiter | | Cover || Cage Target Lfea
| . ounge m
o il I al N N T I A B R | _ Maintenancel ~~ } |\ o < |
| ‘ / \ | ‘ ‘ ShOp
@ —— )
KRR
1 ’.t‘:"‘:’ Removable Hatch to P Electrical
‘ I B B s R R | TeeBeams  \  Basement I 1o L PR
PERoECooc s A R B % | | /Beo
\ Fitter and 5 \ \ Obeh t
& Gas Liquid 3o Delay Tank P B rive Bunkel 292'-0" 0
\ <] g . R pd Balow
o & Separator ¥ Cavity | ] Access Area | | i i | | Controls [
O :0‘ N %% | R K |
| | o | & Cavity 8% B i B - L | . + - 7‘ - 1 o Network
‘ ‘ " "~'~'~'~'~'~"f”"*'~'::::::::533:‘::5::?.z::::::::5#:‘:;3::::::::::# R T | | | }L =
o | 1 r r Computer
Hatch | 203-0 | | Hatchto First Floor | | | | | L.R =
R S S R - -7 I I | Room
I 1 Tool I | Neutron =
I - J_V:777 77;[% e | T T - | 74*
‘ WL || Monoith || Monolth | | | Storag¢ | omopper ! Elev
|| Vacwm | Vacum | I IRacksl I ‘ [ | S |
Systems Systems (. (. }
L [ A LJ AT ‘
IDN
I

|
|
P1 3'—6'1

Egress Door
at Elevation

. REGULAR DENSITY CONCRETE

EX XXM
pRXKA

KKK
Sossress:
Ldelede

%s

TEEL

0K
We%e%% HIGH DENSITY CONCRETE

SCALE: 1/32" =1'-0"

Roof Below

Egress Route and Travel Distance:

)

292'-0"
400'-0"

Longest Travel Distance:
Max Travel Distance:

NM Instrument Building | |

Open‘to BeIoLN /
|

|
|
|
\
|
SOILA |nstrumeriJ Building
! 4

_

w

®

<

e

;5

‘ ‘ Open *o Belov{/ ‘

21'-10"

b

Project N

6‘4/8

¥
§ Q e(\)&

0 8 16 32 64
[ | | ]
PROJECT TITLE SHEET NAME TARGET BUILDING SECOND FLOOR PLAN
Oak Rince NationarL Lasorarory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5314
s 100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




313-7"

Project N

edr]

] —

L i — — r
T
T

L
| — ‘F T

,7,,,

| T
Open ‘ 1 | Building AHU g
— Space —
I I | | A I
‘ I 1 PCE/SCE U

\
\
j——}

®
1
|

L
I — 1 L N I - r

N S%HLL B [,,
Recirc.

T ‘\ —
T
o
L
.

Target

| MUA

no| il

-
|
|

r fr‘r‘ r

SR

TARGET BUILDING TRUSS LEVEL 1138

1/32" = 1'-0"

:

RN

Helium - -

PR .

MODERATOR SUPPORT FLOOR PLAN

LEVEL 1107

Egress Route and Travel Distance:

XX-X" I

Longest Travel Distance: 284'-0"
Max Travel Distance: 400-0"

1/32" = 1'-0"
32
PROJECT TITLE SHEET NAME TARGET BUILDING TRUSS LEVEL & MODERATOR SUPPORT
0nk RipGe Nationar Lasoratory | CANNONDESIGN | sSEcOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 N°"gr?"‘c';gga”f'lmgggé§1“"e 1100 SHEET NUMBER 5.3.1.5
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




_ 1162 q;

1144.5
1142.5

TARGET BUILDING SECTION A

_ 1094 q;
_ _ 1074 q;
_ 1054 q;

5.3.1.6

FEBRUARY 8, 2019
© 2019 The Cannon Corporation

SHEET NUMBER

DATE

— 50 Ton Crane

100% CONCEPTUAL DESIGN REPORT SUBMISSION

® © © © @

Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

225 North Michigan Avenue, Suite 1100

(o)
g
S 8
o Qo
E 8
8 , : =
L
— =
z
\\\\\\\\\\\\\\\\\\\\ pz4
T
L
L
s @ | B____ _ _ _ _ _ _ _ _ _ _ _______ I
g n
W..D
@8
sty '®DN-
0-0v ()]
\\\\\\\\\\\\\\\\\\\\\ L
=
—
s | . " " " 0 00 O
(]
S | A <
E35 LL
=5 |
£5 -
=@ Bl L-————————=—————=—=—=—=—==—=—-= <
=0 z
\\\\\\\\\\\\\\\\\\\\\ =
Z
B Ll
>
(T <
- O
S z8 N _ @)
58
= - 2
\\\\\\\\\\\\\ —m
>
N [
y = 1 _ N 2
0-E Y vvmm - —
Bt E
(o))
2 NG 00 <
= K- “m“/ \\\\\\\\\\\\\\\\
2 SPeEN | <
— N o FI ou»u/ D NN — — — — — — — — - -
o B EsC M
2 B - NN\l @@ y O
c SN EZ
T .- -————————————- 5 Q
s 9 g O
Hm m L
otz B 7
|
e V.4
“““ 4 O
\\\\\\\\\\\\\\\\
HEE N e L
0-0r T - m
m I D “
g, Z
E- S <
B2 |
£3 @)
m
S | >
| S
< =
g_ <
el NN &
. Q
3 |
n D S A
Nl 3
rtL|r_ \\\\\\\\\\\\\\\\\\\\\ M
[ 5
\\\\\\\\\\\\\\\\\\\\\ o
[ D n
S SRS =
& e g
E s . - _______ M
&
= =
\\\\\\\\\\\\\\\\\\\\\ Q
a
&
4
S

128

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

DATE

APVD

64

BY

DESCRIPTION

REGULAR DENSITY CONCRETE
HIGH DENSITY CONCRETE

/ STEEL
4

PRI

s

00 2e%!

R

adotele /
. BIIIN

SCALE: 1/32"=1'-0"
16 32
I

0
[

REV. NO,




ONOROBONO

30 Ton Crane —~_|

REGULAR DENSITY CONCRETE

% .
bote
%
%%

IR
XXX

P>

:.:::' HIGH DENSITY CONCRETE
23

%%%

% STEEL

SCALE: 1/32"=1'-0"

0 16 32 64 128

HPV

HPV

e ——
— 50 Ton Crane
YT T T T rrrrrr-
I S A M A A S S S S S S S ——
T T T T T T T T T T T T T T T T
S A S S A S S S S S — — ——
I 30 Ton Crane
.
- RIS SOS -
40M Instrument Building o e 50M Instrument Building
XS] [
9 [
L] 15
X1 [
0S05s o -
5 5 5 5
o%
I 0%%% 000(.' T
c ARRHAIKCCIN XX RRIS QORIIH RIRHKICRHKRIAXLRELKS o
3 KA R <+
7777777777 9 KK 0.9 768%%% -
r g 55 r
Neutron K ) Neutron s
| : [ L oot : PO |
Beamline o Beamline 3600
Y s ST17
| - = - = Bunker X Bunker s i i
- - - — % RO
oo, XS KL
AR RIS R
QRHRRIIRRIRRIRLINHKK RRIRARIRRIRRIRRIKS ©
00 IRIRARLKS QIR T
ROCRRRKIEEIEIDEEKS REEBIKLRRKEBELERKKAKKS
XKRKKX KKHKAHKHKAK
Utility
Cooridor

j—=————Micropiles

REV. NO, DESCRIPTION BY APVD DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME

TARGET BUILDING SECTION B

SHEET NUMBER

5.3.1.7

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation




1144.5
142.5

_ 1162 $

H—— 30 Ton Crane

5.3.1.8

FEBRUARY 8, 2019
© 2019 The Cannon Corporation

SHEET NUMBER

DATE

50 Ton Crane

100% CONCEPTUAL DESIGN REPORT SUBMISSION

-

5

Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

225 North Michigan Avenue, Suite 1100

30 Ton Crane  —~_|

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

DATE

APVD

BY

DESCRIPTION

3
z
(]
-
[T)
w
7]
(O}
=
o
bW o
=]
i ¢ 3 2
2 2 < H
| | I )
14
<
iy
8
:
| | I &
g Z
| | - -
T
L
w
T T
% »
£ (9p]
sig—MN> L
@ —
\\\\\\\\\\\\\\\\\\\\\ —
2
S oo 0 W - 0
M |
a -, - - <
£ P
E 9= O
= =
2 =
= e |
3 >
\\\\\\\\\\\\\\\\\\\\\ 2
O
“““““““““““ 5
zt R----——-—-——-———-~——— - =
S <
\\\\\\\\\\\\\\\\ wn
:: N B ____ -
5 54 g 2w L
252 EE W - — — — — === == === = =
gF i EEEER N3 557 R O
Eares mmmR x
O e - T T <C
o B - - - - - -———=—-—======- —
™)
= L mmmmmn B w O
5 dbem,.— EZ
COEE D B ZEN 5 O
3 i O
> @ p— o Ll
R et NN B 7))
B89 €
N T
mm.m me mm \\\\\\\\\\\\\\\\ N
Eas T o
392 = ... - — — — — — — — — — — — — — - G
25 E 3£ —
2 <s ., - - - _ _ _ __ __ _ __ ;)
|
| s T Z
2 O
S
>3
3 %
S o
m :
=1 0@ B2 el
= Q
= [z @@ =)
g 253 =<
\\\\\\\\\\\\\\\\\\\\\ M
Z.
\\\\\\\\\\\\\\\\\\\\\ O
E
=
€3]
QO
a
&~
WY
<
o ©)
N
= =
T Q
c ¥ -
5 — 3
° m 1l
g 9 &
& Q
e 2 AR
O L@
3 z B Ll
] [©] i - ©
© I 17 A -~
o NN O
HEN .

REV. NO.



WE & ® @

W @ @ W m @O @O @ ©@

) 90

© 2019 The Cannon Corporation

(=] [} o
. =
= - o
w ™ N
m wn [s¢]
w x
() <
(O] o)
4 hd
= m
(=] w
- I
o] )| ) 0 <t <t <t o ]
© < N ~ ) ~ 8 om
= < < S S o
Ny - - - ~ -~ -~
, =i - , 5
I I I _m“
, .
U
=1 B  F--"-""-"t---—-—-———————— == — -
=
S
o W9-.€C
=
S —_ e e e e e e e e e e e e e e === = = =
2
o
g
cEvoee f 'R K - - - - - - =
I sS85 |
I =3 8] |
TEX
©
=
& c f<«9@9@ R B - - - - L - - -
: = i
=
S
= | L [as]
g0 m N e - = =
< )
z z
= |
L LUl L
\\\\\ = ol w | w K
R D I I
> 03T
a2 m %] n [m)
RN
RS tetetetatitette SO
- Sell
8 35,
20 2 S RNNNNN | DNNNNNEEEE——
E=——% — & 3&
%% n L
N B @O
RS %] ol NN\
K £
K =
WONOO“OO“O S
U000t ANNNNN T/ NN\ 0 - o . . . .
RSSIEEEEESS 3 n
<% o L _
% HEl ) PeEeEeseeeees = == = =
K o
%% S NNNNNNY—
kS £ =
%
o oo i Z
N T B -
K= PN A —_—
o C = Z
N I
— e O = © -+t - = - - — — — — — — — — —
W =30 !
[T ! S
kS a e e e e e e e = = —
%% I
R NN | NN g F S
S sesed _ —
o NN NN - - -
% ; = =
RS sET T ST TS == A
GXRHARARAIRLXRN ! B
RS i pd )
j
: ©)
S 7]
\ —
RSOOKK02%K NN -
B NNMMMNMNINY S -
JRARXRROEEEK
3
2 SN
1909 0%
S5 S O
g OSSO\ S
ER £ o
|||||| N =
=== = s N Z
oS 5 Ll
J36045) =} O
AR = NN — — — — — — - — — — — —
Do® %%
X5
JXARS
R NN - - - — — — — — — = — — — — — N
s N— zZ
L0 XX XXX X XK XK
vuoMOWQNQNQNQNQN&QNQN&QWOJ’ PNttt ., — —  — — — — — — — — — — G
B RS O
o (52
8 K oommss DS -_
[l KX
s ¥ B - - - - - - - __ _ 18}
= 9% A
=] 35 D
m o 25088
%mm&% \\\\\\\\\\\\\\\ = I
0%
S >
s ——— i n <
S —
0000000200009 209000 %69: 0.9 =
S ES s C a8 |- )
] BN e
— o%e% [=2
g3 &8 Ll
\\\\\\ =5 M pogi) N
El <] oot S5 G
| I XX g s
D e R cms
L © XX QX —
I =G e Deses E
= %% 94%
| S< B Sll— L __ <C E)
| MNW oNMN0%%00%00000000%%00 T
<] ey Z
XK 0000‘ j=2
[ % Z o g = w 0O (@)
| 30505 @ plele! Pl — — —=—======= === = w
Q% (&) R n = C
K eSooeern D soce: zZ
%% 0902000200000 062909 %40 % -
2 | o 3 uuunuom&ow‘momow‘wom&ow‘w \\\\\\\\\\\\\\\ ~
=41 B s e O <o
— S osl——dll| =————— XS - - - -—————=—=—====== 2 O o
& .S o o 0% w (=
%) | 5K o0tes )
5 XK X >[N S — O
3 | S5 &8 o Ll o
o 2% %% <3 14 S
D s XX s _ .- o «
| O 5 Bl KXX] & E
g SR ] S8
| oG s ] 38
= B A Z
TR XXX X XXX XXX KX K
! b RRRRKKIKKKKS S
—ll | E=———= o b O e - - — . . _ _ _ _ _ _ _ _ _
7 G
=]
| s —
s, . v =, - """ - S
| 3 s S
8 b=
B L :
> . M. m .- - - - - - - - - - - - — — 35S
5 35
- 228
2y
= mr . e — .. 2288
=——| | E=——= = || $oa
c88
T CE88
| [N
s I I DR NZ T 2555
- 5 20¢
| £ m [T
| “ <
I I T BN €
5
|| N 2
| &
_ = 8
—Me—J 9 8N 8B <
—ll | EF——— =
©
2o ,
S S Tl EEE T s
ON |
g T
38 ! IE D BEEENVZ - >
o= , (a2
i O ¢
—l| | E=——= = u
T m w
| FE N - . A TR
[ &
| . [ 7t
Q&
| -, .- - - - - - — ]
HH /M =
| [T =
<z
| LU -, - = - = = = = = = ] o
i}
—ll | E=——— = - o
Cmrlr  fF — =, - )
< 2
| w
\\\\\\\\\\\\\\\ Z. T
¥ O«
o o o
T = O
o n . . _ _ _ _ _ _ _ _
Q =
w x = — E O w
S5 B S O < 3
= %) oDs © =
€2 T s - - - - - - - — - — — _ _ _ _ m
S 3 = FEZR =
o=z L2 (] =
= E <
\\\\\\\\\\\\\\ P
Q5
ol
>
P O
& g
o0
< Q
5 M L
o 4
5 < <
= O =

128

DATE

APVD

64

BY

DESCRIPTION

HIGH DENSITY CONCRETE

%
%
o
%

. REGULAR DENSITY CONCRETE
SCALE: 1/32"=1'-0"
16 32
I

oS
5
V
STEEL
Z

s
[
b
%
b

REV. NO,




Metal Panel Type Il \

290000 ©

Target Bundlng

40M Instrument Building

Metal Panel Type IA \
N O 1

.

=

/ Metal Panel Type Il

50M Instrument Building T Metal Panel Type I

90M Instrument Building

Metal Panel Type Il

SCALE: 1/32" =1'-0"

Connecting
Bridge

]

W N

Pl

_ — _1144.5 q;

1074 é}

Retaining Wall

4 _ _ 1054 q;

0 16 32 64 128
[ | | ]
PROJECT TITLE SHEET NAME TARGET BUILDING EAST ELEVATION
Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.3.1.10
s 100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




i 00000 ¢

Target BuiIding Metal Panel Type Il ‘

1162

90M Instrument Building

_ g Metal Panel Type Il
Metal Panel Type 50M Instrument Building 40M Instrument Building clarand Type

v : _ _ 11445 $

_ _ 11075 $

LM _ 1094 $
L --""’
I o
SCALE: 1/32" =1'-0"

0 8 16 32 64
\ | |

PROJECT TITLE SHEET NAME TARGET BUILDING WEST ELEVATION

0ax Ripce Nationar Lasorarory| CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.3.1.11
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




APVD

DATE

PROJECT TITLE SHEET NAME TARGET BUILDING - HIGH BAY - INTERIOR VIEW

0sk RIpGE NaTionaL Lasoratory | CANNONDESIGN | sSEcOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Noty Mihigan Avenue, S 100 SHEET NUMBER 5.3.1.12
P92 32 560 DATE FEBRUARY 8, 2019

100% CONCEPTUAL DESIGN REPORT SUBMISSION

© 2019 The Cannon Corporation

REV. NO.

DESCRIPTION

BY



Project N

ORNC ) @ @ () W @

S

I
! ! Proton
RTST Tunnel Beamline

i ‘ > > Monolith 3 | |

= ,////// 7 |\ S L‘T‘ ,

L 77 7 NG o >

HPV w Y [ [ CommRm |
_ _ _ _ __Hatch ‘ Target | I ‘
S —— — o Storage Control o | o 2 ==a— 4@
ll Beamline, En?iar?n?rl\zm* z Cages Room | } Elev
h Bunker \\ | LongTerm | &H—~ 1 === ¥ =
Storage T .

875"

Y $

4QM Instrumen
‘Building

|
L ‘ ‘
|
| | .
|
‘“Jﬁﬁ?fst ‘ 2 2405 | ; } }
N | |
T 5414 ‘ ‘ }D L]
y v | : : ‘ \ |
‘ [
50-10" ‘ ‘ zlo'-s" ‘ 21'-10" | ‘
T ‘ - T T T T \' N T ‘ T T T T T T _
| L | | i | sys | | | | | | i
Egress Route and Travel Distance:
XXX '
SCALE: 1/32" =1'-0"
0 8 16 32 64 Longest Travel Distance: 306'-0"
[ || ] Max Travel Distance: 400-0"
PROJECT TITLE SHEET NAME 40M INSTRUMENT BUILDING FIRST FLOOR PLAN
Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.4.1.1
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




Removable
Concrete —

Sheilding B‘ocks

R
5%
XXX

e

vy
X
o
%
RS
XX

%
%

%

3%

s
5%

i
@

Computer
Room |

5 | |
[ 1
‘j ‘ o)
B o 777%7,;[ %‘ I Tool | 7‘% ~ Neutron| | 4‘»
I} Mondiith | | Monoth | ! \Séorakge ! Mthopper
| Vacuum | Vacuum | 1 IRacksl iy, aintenance
¢ Sheldmg Lay-Down Area; | Systems Systems | | | | (.
[ _ R é L L

|
iw ‘
401 Instrumenﬂ Building

. |
|

w
87'-8

<

Pedestrian
Bridge

29-2"

[
3455 T
Egress Route and Travel Distance:
XXX '
SCALE: 1/32" = 1'-0"

0 8 16 32 64 Longest Travel Distance: 306'-0"

[ || | Max Travel Distance: 400-0"
PROJECT TITLE SHEET NAME 40M INSTRUMENT BUILDING MEZZANINE PLAN

Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.4.1.2
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




W @®E @@ @ OO e & ©

W @ =

() ()

1144.5 q;

1107.5 q;
1094 q;

_1074 q;

0
~
=
ha
s
|
i
| |
-
[
m A
(&}
5
= 0-0¢
o
) — —
S
N S
o = =T
m w
Lo @ —
() f=
- =
s S -
o =
(=}
m 2 i
@ 3 T
CH
— ] = [
S g
[S=3
=30)
O m
e
o __
| 3w J—
o5 - - -
7 [s2]
o
=
| %)
, _
T L]
[ i
| -
, i
B — —
— H m=
| -
[ -
- ©
= o
I == =
= w
| -
| N
—T= = H =
[ EH
| Ed
, 4
=——|| HE
[ Bl
| =
- o
== o
| [ =
o n
[ & -
, -
== =] ==
| 0
| ==
7 =
: -
T H T =
[ o z
- €8
== 2o
- BN
[l =
= Ihll H =3
| L
[
=—=== = —
[
g%
| S35
[o3
| 2a
fole)
28
[ -
T i
| .
| Ll
=== Ly ==
[
c
Eo
82
EB
o

|
|—=——Micropiles

REGULAR DENSITY CONCRETE

HIGH DENSITY CONCRETE

R
3

R
e

LV

STEEL

Z

SCALE: 1/32"=1'-0"

0

128

64

32

16

40M INSTRUMENT BUILDING SECTION A

SHEET NAME

5413

SHEET NUMBER

DATE

FEBRUARY 8, 2019

PROJECT TITLE

100% CONCEPTUAL DESIGN REPORT SUBMISSION

Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

225 North Michigan Avenue, Suite 1100

Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

DATE

APVD

BY

DESCRIPTION

REV. NO,

© 2019 The Cannon Corporation


mmichilini
Rectangle

mmichilini
Text Box
10


/ Retaining Wall

/ Metal Panel Type Il

Metal Panel Type Il

SCALE: 1/32" =1'-0"

1144.5 q;

Metal Panel Type IA

Pedestrian Bridge
1107.5

_ 1094 q;

&

_ 1074 &

0 16 32 64 128
\ || I
PROJECT TITLE SHEET NAME 40M INSTRUMENT BUILDING EXTERIOR ELEVATION
0ak Ripce NaTionaL Lasorarory| CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5414
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




e : .
/] 0
o, o
| ; 1 A )
! i Vi = /
I i il . = B
i | 3 m——— R
| i =i T M
v I - == e EE e
A v ET———— = o
.\.-I = — -__
=N .
4 = =
y. P 3
; li
— . o
I N = — =
i M‘.“‘. _ r -
5 = ———— &
)

=" A="5 (R

-l

—~—
—— —— Rl i 1 l
— N | || I||| I l ﬁl | r L

] (I

7
i e
p—

OAK RIDGE NATIONAL LABORATORY CANNONDESIGN

N \ 1 |
PROJECT TITLE
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 North Michigan Avenus, Suite 1100

SHEET NAME ~ 40M INSTRUMENT BUILDING - MEZZANINE - INTERIOR VIEW
SECOND TARGET STATION CONVENTIONAL FACILITIES

SHEET NUMBER 5415
T 312.332.9600
F: 312.332.9601

100% CONCEPTUAL DESIGN REPORT SUBMISSION

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation




Project N

D

20000 09 9e% © o § of

| | | 288-4"

| | 7

| 3890 / /
T

,,A,,,,,,,,J{ ,,,,, I S B

fffffffffffffffff

7
L-
/ Mezzanine A
| Above - |
7
[ -
T e T17
7 I
e
7

‘ TA2-SS3

5423

Samiple
Environment | I
‘ Cages

| TA2-S81

gress Door at
Elevation 1107.5

o p @ w9
119'-0

T

On—?hiﬂ

\ | AN
A\ yNeutron ; 7/

\Beamline / Support ‘ I
\ Toilets W

- Ny Bunker [ " o o B ' s!
_ VL / Instrument

IMaintenance

,7,

e TN o lE —~
HeT e l Be:rrnoltigg ‘ ‘ %//////////// E% Elggtr:l;ﬁircs B é\é’;j‘ ‘ S{:vice c ‘ R ‘ ‘ ‘ Tgle*‘tng 2]
‘ ‘ | | | | Pt | |
| | I | | | ol | | | .
Egress Route and Travel Distance:
XXX '
SCALE: 1/32" = 1'-0"
T — e
PROJECT TITLE
OAK RIDGE NATIONAL LABOR ATORY CAN“ONDESIGN SECOND TARGET STATION CONVENTIONAL FACILITIES SHEET NAME 50M INSTRUMENT BUILDING FIRST FLOOR PLAN
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 25 N°"gy;g§:Fg§§zgs%§6§$ite 1100 SHEET NUMBER 5.4.21
e s S 100% CONCEPTUAL DESIGN REPORT SUBMISSION onre S

© 2019 The Cannon Corporation




AR AA

@ @ )

—®

UserSqu'oTt ‘
: Lab‘ |

\
AN
N
\

Egress Door
at Elevation

vvvvvvvvvvvvvv

%

P
5
<

— -
\

e Concrete

o

\\\’\

Support |
Llab,

=

_UserJ “

—
|
|
|
|
|
|

to BeloLv

Open

g Blocks

\
1

\
1
o
]
1
= |

\

119'-0"

——9r——1r——1]

i T | S S | — | —— | —
odl|

rea‘ || Impact | Bnviromental | Rigging |

‘ Removable ‘ Hatchto | ‘

X

o
'

X
0.:/
Y.

R

S
RS
CRRL
0’&’0
RS

s

2
<

KXY

o

R
%

R
S

X

%%

0
S

X

! | Limiter | Cover | Cage | Target |
‘7 o 9L gL 4l Mantenance, L (|
I Shop

‘ B 4’» B <’7 Pee Beams % Basement % B 7# - o 4’» B
f»% I | \ | |
| | |

3

44T‘

Project N

6‘4/8

¥
§ Q e(\)&

| [ o e Monolith e [ [ [ e
Egress Route and Travel Distance:
XX-X" '
SCALE: 1/32" =1'-0"
0 8 16 32 64 f . e
D — T2
PROJECT TITLE SHEET NAME 50M INSTRUMENT BUILDING MEZZANINE PLAN
Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.4.2.2
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




e @@ @ & @ @ O

ONORONOIONONONG

s

_1144.5

s

1=

0|
~
=)
= | |
o | | |
s
(&}
5
K
g | [ [
[
m  —-—
H
H LD
H EEN
H M- B=
H =
| =
H- )
m| Eg
| &5
0 =
[ 2=
T m
M =
A S
- 0
=] T =
H ===
H
H W
|

REGULAR DENSITY CONCRETE
HIGH DENSITY CONCRETE

<3
XY

%
e
S0%0%%
Lete%%

SCALE: 1/32"=1'-0"

-

64

32

16

8

0
[

50M INSTRUMENT BUILDING SECTION A

SHEET NAME

5.4.2.3

SHEET NUMBER

FEBRUARY 8, 2019

DATE

PROJECT TITLE

100% CONCEPTUAL DESIGN REPORT SUBMISSION

Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

225 North Michigan Avenue, Suite 1100

Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

© 2019 The Cannon Corporation

APVD DATE

DESCRIPTION BY

REV. NO,




° @ ¢ 0q

Target Building Beyond

/ Metal Panel Type Ill
/

Metal Panel Type Il

-~
T T sy

- _ _1107.5 $
_ _ 1094 $

SCALE: 1/32" =1'-0"

0 16

32

64

50M Instrument Building

128

90M Instrument Building

= ] B

_ _ _ _ _ _ 1054 q;

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

REV. NO.

DESCRIPTION

BY

APVD

DATE

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME 50M INSTRUMENT BUILDING EXTERIOR ELEVATION
SHEET NUMBER 5424
DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




al
|1

S =
________,_._--—_—-“:'_;_.'_._ — o=
PROJECT TITLE SHEET NAME 50M INSTRUMENT BUILDING - MEZZANINE - INTERIOR VIEW

Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.4.2.5
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




SCALE: 1/32" =1'-0"

e

Ve
\ /
- Instrument
Pit
\
\ P
N
- \
\

N
/\

Egress Route and Travel Distance:

XXX I

0o 8 16 32 64 Longest Travel Distance: 279-0"
[ | | ] Max Travel Distance: 400'-0"
PROJECT TITLE SHEET NAME 90M INSTRUMENT BUILDING FIRST FLOOR PLAN
0nk RipGe Nationar Lasoratory | CANNONDESIGN | sSEcoOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 North r'.\ﬂiigig,au"nﬁﬁ?;"éﬁg Suito 1100 SHEET NUMBER 5.4.3.1
romse 100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




. REGULAR DENSITY CONCRETE

L
M HIGH DENSITY CONCRETE

ORORO (o) () (o ONENO

N AW AW WA W WA WL e = 10 Ton Crane
E 1 |
il

Control Cabin

|
|—=———Micropiles

90M INSTRUMENT BUILDING SECTION A

| 11425 q;

10 Ton Crane

Beam Crane
Travel Zone

Instrument Pit

90M INSTRUMENT BUILDING SECTION B

———  Micropiles

1/32" = 1'-0" 1/32" = 1'-0"
0 8 16 32 64
\ | |
PROJECT TITLE SHEET NAME 90M INSTRUMENT BUILDING SECTIONS
0ak Ripce NationaL Lasoratrory| CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY N e aoaor 1 SHEET NUMBER 5.4.3.2
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




32

? 9

/ Metal Panel Type Il

[l

90M INSTRUMENT BUILDING NORTHEAST ELEVATION

1144.5 qD

_ 1074 qD

Metal Panel Type Il

?
”

— 1144.5 $

_ _ 1074 $

90M INSTRUMENT BUILDING NORTHWEST ELEVATION

1/32" = 1'-0"

64

1/32" = 1'-0"

REV. NO.

DESCRIPTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME 90M INSTRUMENT BUILDING EXTERIOR ELEVATIONS
SHEET NUMBER 5.4.3.3
DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




REV. NO.

DESCRIPTION

BY

APVD

DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES
SPALLATION NEUTRON SOURCE

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME CLO Il - SOUTHWEST VIEW
SHEET NUMBER 5.5.1.1
DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




SNS Grid N
7,"@4/
2

o

12 1 (10 9 8 !
A
é o 7‘ |
: — © ; Switchgear Service
| s t= R R, 1259 SF Room
Sample 1 JH It
] | Receiving
(¢ \ 895 SF ‘ 1 -
] ‘ " Characterization | | | .- UPs
E‘ cerasF b M 54!;5(;9;5
] | Blast Lab ‘ ‘\“ g—
D ) ‘ ‘ | ‘ —
i - G e
é tairs
| el
E3J
£
5
Egress Route and Travel Distance:
XXX '
SCALE: 1/32" = 1'-0"
0 8 16 32 64 Longest Travel Distance: 226'0"
\ || I Max Travel Distance: 300-0"
PROJECT TITLE SHEET NAME CLO Il - GROUND FLOOR PLAN
0k RipGE NaTionaL Lasoratory| CANNONDESIGN | sECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 2 o g e o 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.5.1.2
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




SNS Grid N
}"'@4,
2

?‘6\

(o |

Open Office

Detector |
Storage -\
1316SF |1l

= Central Control
Equipment Room

=~ \/

g
. 7 Target
‘\e\\/ ControIR}—'

P
=

Central
Control Room

//

<

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

DATE

DESCRIPTION

BY

APVD

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

100% CONCEPTUAL DESIGN REPORT SUBMISSION

Egress Route and Travel Distance:
XX-X" '
SCALE: 1/32" =1'-0"
0 8 16 32 64 Longest Travel Distance: 296'-0"
|| I Max Travel Distance: 300-0"
PROJECT TITLE SHEET NAME CLO Il - FIRST FLOOR PLAN
CANNONDESIGN | sSECOND TARGET STATION CONVENTIONAL FACILITIES

SPALLATION NEUTRON SOURCE SHEET NUMBER 3:5.1.3
DATE FEBRUARY 8, 2019
© 2019 The Cannon Corporation

REV. NO.



SNS Grid N
7;2,64/
2

?‘6\

\ , /4 6
172‘ (n) ) 9 8 7
W Control Room P
- l — Observation A <
office | Office | e | Office { 57
Office | 5T Utiity!
N \ =
Open Office il T A oo L Toilets
Space T | L || Sy[]atrl;e?’sls * 8.2 Janitors
) Synthesis ||| \
C) ] il Lab2 L Toilets
' 1258 SF | Hn [ TeRsF i |
D Elec. ‘ |
\" ‘ ‘ ﬂl/Office Offce, {-Offc, 7“ ggicr;?é" .
~ =N I Offce, !.LOffice, Office, 10 X Double- | Double |
\ E ‘_Cr)gice ‘o{fjice Unass rl?%uble - ; E]u?le ’9§u§le' 9, e . —
|
XXX '
SCALE: 1/32" =1'-0"
0 8 16 32 64 Longest Travel Distance: 293-0"
\ || | Max Travel Distance: 300-0"
PROJECT TITLE SHEET NAME CLO Il - SECOND FLOOR PLAN
Osk RIpGE NaTionaL Lasoratory | CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 2 o g e a1 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.5.1.4
T: 312.332.9600
F: 312.332.9601
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation



(1) (10)

4\ Workstations=® | \

SNS Grid N
7;2,64/
2

?‘6\

A} Al | &
| S T G S I | o | Offce | O ,
Unass | Unass fé?ﬁce O?ice O?f“ice office | |Office || oo i oo AL
( 5 )
Open Office Metrology - Labié_uppor‘f”
Space | Guide 1202SF |
- | Alignment \
5)
= Office, Office,| {~
- _,ggu'%fé,ogu'cb?e ouéle 12
E 0] | | )
Egress Route and Travel Distance:
XXX '
SCALE: 1/32"=1'-0"
0 8 16 32 64 Longest Travel Distance: 293-0"
\ I I Max Travel Distance: 300-0"
PROJECT TITLE SHEET NAME CLO Il - THIRD FLOOR PLAN
Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Nori Micigan Avenue, St 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.5.1.5
T: 312.332.9600
100% CONCEPTUAL DESIGN REPORT SUBMISSION pATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




NS Grid N
7"/@,‘/
2

}38
2
%

T
M\!}!
)

, 6’7“‘“‘\\,\'?
? * — )
é Penthouse
] _ o ‘ _ o
|
p —
- |
o
L
Egress Route and Travel Distance:
XXX '
SCALE: 1/32"=1'-0"
0 8 16 32 64 Longest Travel Distance: 2970"
\ || I Max Travel Distance: 300-0"
PROJECT TITLE SHEET NAME CLO Il - FOURTH FLOOR PLAN
0ak RipcE NaTIoNAL Lasorarory| CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Norit Michigan Avenue, St 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.5.1.6
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




I Penthouse I

_1137'-3" q ;

_1117-3" q;
| | | |

Office Office 1 T iy
i - - —1103-3" ] | :Work‘stations‘
[ I L : L=y
Office Synlth‘esis Office H !
Lab 2 Double 1089'-3" $ Opgr; a?;gme

Detecltqr Lab

Characterization
I

/

BUILDING SECTION - B

_1075'-3" $ Worl‘<stations

VESTIBULE

_1056-7" 5} E ‘ Hl ‘ T“

Service

BUILDING SECTION - D

1/32" = 1'-0" 1/32" = 1'-0"
1137-3" $ . &
I I Penthouse I
Penthouse
,1&& [ |
Office ﬁ _'I“'ele _‘Elec. . Office b Sogoon Ig)cf)fﬁe
NS W 711033& SitL_ [
= ynthesis -
Office W ﬁele Ellec  1089-3" Offce £ Sg“blé - 10
W F?Ie ?lec 1075-3" $ e
Elev_] Tele VESTIBU ‘J Switchgear
”_‘ _1056-7" $ J— | VIESTlB"UlLE e — &
BUILDING SECTION - A BUILDING SECTION - C
SCALE: 1/32" =1'-0" 1/32" = 1'-0" 1/32" = 1'-0"
0 8 16 32 64
\ || ]
PROJECT TITLE SHEET NAME CLO Il - SECTIONS
0nk RipGe Nationar Lasorarory | CANNONDESIGN | sSEcOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225N°“g:"'%€:;'£ﬁgs‘é§£$“e”"" SPALLAT|ON NEUTRON SOURCE SHEET NUMBER
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation



Metal Panel Type IIB
Metal Panel Type Il l/

_ _1137-3" $

Y I
Metal Panel Type IA 3
T -
_ ,1117'-3“&
T I I T I I T 1T —
e e ——— e
isasaiainaisanainaisas 0
—F—— | e
\ \ \ \ =
00
= ,1075'-3"$

WEST ELEVATION
1/32" = 1'-0"

Metal Panel Type 1B
11373 $
‘ Metal Panel Type Il —=—— NEW | EXISTING CLO ——s=—
Metal Panel Type 1A !\ I I
IEEEEESEEEEEEENEENENENEENESEEEENEENEEEUENEEEEEEEEE NN Lgﬁ_l_gﬁ%
|| [ | [ 1 I | T T I T [ | 1 | [T T I | |- 1 I T [T I I I || II | : | : | : | : | : | : | : | : | : | : | I | I | I | I | I | I77 o
= [ [0 [ | O T - -1 T - T T T T T T I T T T I T T T T T
iII Iil Iil I \Ii I \Iil I Il Ii || i T iH I i\I I Hi I Hil I I Ii T i 1 iI\ I iH I Hi I Hil I Il Ii L i | | : | : | : | : | : | : | : | : | : | : | : | : | : | : | : | i — e
}II II} II}II}I I\I‘ I\I‘I\I}IH}I\I }I\I I}H I}\I IH} IH}I\I}IH}IH }IH I}I\ I}H IH} IH}II\}IH}IH |||||||IlllllIlllllllllllllllll|||||||||||||||I||| 1Q89._3,.$
: : : - A B a I L S e S - I L A e I I I I I I I I I I I I I I i
My 1 I A |||||||||I|||||||Illlllllllllll,lllllll,lmi
___ 1056-7" $
SOUTH ELEVATION
1/32" = 1'-0"
SCALE: 1/32" = 1'-0"
0 8 16 32 64
\ || ]
PROJECT TITLE SHEET NAME CLO Il - EXTERIOR ELEVATIONS
0k RipGE NaTionaL Lasoratory| CANNONDESIGN | sECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225N°“gh“f§*;;§:;g§§j1;‘s%§é§1““e1“’“ SPALLATION NEUTRON SOURCE SHEET NUMBER 5.5.1.8
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




SCALE: 1/32" =1'-0"

—— EXISTING CLO |NEW ——

Metal Panel Type 1B

T Metal Panel Type IA Metal Panel Type Il
| \ Y
— HEEEEEEENEENEEREEA NN NN NN EEEEENENEENNENEENEENENNENEENERENEENEEEEERY
- | | | T TN I I I I [
— L I 1T 1T 11 |IIJI L[] T[] [L[f
RN [ T X _TU& - T4 II I I I I | | T T T || || || I || T T T T I T I T ] T || N
VI T T 111 IWII IHIENEEEEEIEEEEEEEE I (N
I— 11 I I - T I T T T T T T I T T T I T T TT 111
iE] | I l I | I | I | I H‘” |}| T }I T |} T } | }I T L T |}| } |} } | } T }I T }I T }I T } T |‘ T u} T 1 } T L |I |\||H| |}|| ||}||||}||
80 5 A M W [0
HIEIEIEIE NN S SSSas — | — ]
I I I I I I I I | | | | | | | | | | | | | | | | | | | | | | |
e e e e e e e e e I e e I LI
| I | | | | | | | | | | | | | | | | | | | | | I | | | I I I

NORTH ELEVATION

: Metal Panel Type IB l\—— Retaining Wall

1/32" = 1'-0"

0 8 16 32 64
\ || ]
PROJECT TITLE SHEET NAME CLO Il - EXTERIOR ELEVATIONS
0nk RipGe Nationar Lasoratory | CANNONDESIGN | sSEcOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 25 N°“Q¥§*§:@§gi§ﬁ%§é§$“e”°° S PALLATI ON NE UTRON SO U RCE SHEET NUMBER 5.5.1.9
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




) P ) S
S et L

I I R B
PROJECT TITLE CLO Il - INTERIOR VIEWS

e e S —— CAN\ION')ES|GN SECOND TARGET STATION CONVENTIONAL FACILITIES

__________ MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Nort Mic ue, Suite SPALLATION NEUTRON SOURCE 5.5.1.10
I R R R :
I O S S S | 100% CONCEPTUAL DESIGN REPORT SUBMISSION

I R AR R R

© 2019 The Cannon Corporation



(0%. »“\)e\A
@ Project N

|
?ﬂ o - H
"¢l ] |cuzssz| [owEo 8‘9,_0., ] |cuzssz2| |owEe
Control Room [E§tait=] Toilet Staip, 4 Tech | Elec
H e Comm g
Ao L LAY ] | cuzsst "] | cuzsst
102-0"
Workshop L | |
. L . Chiller Room  ———+ A
& Ny &
Loading/ ]
Receiving Boiler Systems
: Loading/
Counterfort Walls — Receiving
N
920"
Compressed Air
Systems
= . “
E
-
&)
M— Cooling Towers
] 260" ]
Egress Route and Travel Distance:
XXX '
GREATEST TRAVEL DISTANCE: 102-0"
MAX TRAVEL DISTANCE: 250-0"
SCALE: 1/32" = 1'-0"
08 32 64 CUB Il - UPPER LEVEL PLAN CUB Il - LOWER LEVEL PLAN
|
1/32" = 1'-0" 1/32" = 1'-0"
PROJECT TITLE SHEET NAME CUB Il FLOOR PLANS
Oak Rince NationarL Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225 Nori Micigan Avenue, Sute 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.6.1.1
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
REV. NO. DESCRIPTION BY APVD DATE

© 2019 The Cannon Corporation




Metal Panel Type IA

Metal Parrl Type IA Cooling Towers %
T T _ 1087 q;
i ] 1074 $

g | 1o gy

¢ 1087 _ _

1074 _ _

Mech. Units
1064 _

CUB Il - WEST ELEVATION
1/32" = 1'-0"

CUB Il - NORTH ELEVATION
1/32" = 1'-0"

Metal Panel Type IA

Metal Panel Type IA
Cooling Towers

R =1 _
_ 1074 q) ‘b 1074 _ :L_'::i o - -

1064
7,%

CUB Il - EAST ELEVATION

CUB Il - SOUTH ELEVATION

1/32" = 1'-0" 1/32" = 1'-0"
Cooling Towers
Counterfort Walls '5 — 1087 $ 087§ I
— ‘ J— 7
: Compressed Air
Workshop I Control Room Workshop Boiler Systems Systems

———— | —— Drainage Basin
: T 7 I 7 1064

Chiller Room

Comm —‘ N

— 1064 $ Chiller Room

— i il
\ J\ . ,10% ‘ ‘ ‘ ‘ _ _1056 1086 _
CUB Il - SECTION A

COOLING TOWER - SECTION C CUB Il - SECTION B
1/32" = 10" 1/32" = 1'-0" 1/32" = 10"

Drainage Basin
_ 1074 $ 1074
/ ]

||

SCALE: 1/32" =1'-0"

0 8 16 32 64
\ | |
PROJECT TITLE SHEET NAME CUB Il SECTIONS, ELEVATIONS
0ak RipcE NaTionaL Lasorarory | CANNONDESIGN | SECOND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 25 N°"Q¥§€§Zﬁ'§§§z;‘6%§é§1““e 1100 SPALLATION NEUTRON SOURCE SHEET NUMBER 5.6.1.2
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019
-NO. | DESCRIPTION BY APVD DATE © 2019 The Cannon Corporation




é 1176

1176 !}

— Z:; b
| 2 & &
; 0 ?‘o\
& 1107.5 $ s 1107.5 $
CEF Il - NORTH CEF Il -WEST
1/32" = 1'-0" 1/32" = 1'-0"
_ 1176 $
g
s o7/t —
% .lr
; Loading/
; . Receiving
— 1 ~L
_ 1091.25 $ = .
Fan Access
—_— H Control _ 1076 $ | H 1076 é} _ 1076 $ o |
CEF Il - SECTION A CEF Il - SECTION B CEF Il - EAST CEF Il - PLAN
1/32" = 1'-0" 1/32" = 1'-0" 1/32" = 1'-Q0" 1/32" = 1'-0"
SCALE: 1/32" =1'-0"
0 8 16 32 64
C I
PROJECT TITLE SHEET NAME CEF Il FLOOR PLAN, SECTIONS, ELEVATIONS
Oak Rince Nationar Lasor arory | CANNONDESIGN | sEcoND TARGET STATION CONVENTIONAL FACILITIES
MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY 225N°"Q¥%€:@§ﬁ;‘s§é§gw1100 SPALLAT|ON NEUTRON SOURCE SHEET NUMBER 5711
100% CONCEPTUAL DESIGN REPORT SUBMISSION DATE FEBRUARY 8, 2019

© 2019 The Cannon Corporation




311-10" | |
\
—%ﬂl h%
L —T I L I ———74F L] i
Corridor
! ! ! ]
i i i 1
| | | |
N/ i i | ,
' ' ' d 2
;/ Cryogenics Shop i Pump Shop i RF Shop i Modulator Shop 1 oy
i i i 83-0"
Mec] i i i
L : : : i
i i 128-0" i
i i —— | i
= H] IL H ol i H il H ; il H H] H
|
SHOP BUILDING - PLAN
1/32" = 1'-0"
10 Ton
Overhead
Crane - 1115 $ B 1115 $
[ [ [ [ [ [ [ [ [ I I I I i I I I I I I
N l
RF Shop o i Cryogenics Shop Pump Shop RF Shop Modylator Shop
S Tele
_ 1079 1079
. gy oy
SHOP BUILDING - SECTION B SHOP BUILDING - SECTION A
1/32" = 1'-0" 1/32" = 1'-0"
Egress Route and Travel Distance:
SCALE: 1/32" = 10" —)
0o 8 16 32 64 GREATEST TRAVEL DISTANCE: 128-0"
[ - I MAX TRAVEL DISTANCE: 250-0"
PROJECT TITLE SHEET NAME SHOP BUILDING FLOOR PLAN, SECTIONS

REV. NO. DESCRIPTION BY APVD DATE

OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F:312.332.9601

SECOND TARGET STATION CONVENTIONAL FACILITIES
SPALLATION NEUTRON SOURCE

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NUMBER

5.8.1.1

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation




Metal Panel Type |A

7,7,11145&

SHOP BUILDING - WEST

1/32" = 1'-0"

Metal Panel Type 1A

_1079 q;

_ 1115 q;

SHOP BUILDING - EAST

1/32" = 1'-0"

SCALE: 1/32" =1'-0"

0 8 16 32 64
\ I I

___ 1079 q;

Metal Panel Type |A

SHOP BUILDING - SOUTH

7,7,11%,

o ,10%,

1/32" = 1'-0"

Metal Panel Type 1A

o

-

-

SHOP BUILDING - NORTH

_ _ _ 115 $

_ _ _ 1079 $

1/32" = 1'-0"

REV. NO. DESCRIPTION BY APVD DATE

MANAGED BY UT-BATTELLE FOR THE US DEPARTMENT OF ENERGY

OAK RIDGE NATIONAL LABORATORY CANNONDESIGN

225 North Michigan Avenue, Suite 1100
Chicago, llliniois 60601
T: 312.332.9600
F: 312.332.9601

PROJECT TITLE

SECOND TARGET STATION CONVENTIONAL FACILITIES
SPALLATION NEUTRON SOURCE

100% CONCEPTUAL DESIGN REPORT SUBMISSION

SHEET NAME

SHOP BUILDING ELEVATIONS

SHEET NUMBER

5.8.1.2

DATE

FEBRUARY 8, 2019

© 2019 The Cannon Corporation






APPENDIX B. SPACE PROGRAM



% OAK RIDGE | e

National Laboratory | SOURCE

Second Target Station Conventional Facilities

Conceptual Design Program

February 08,2019

'y y
.__9,'

f:_ I

CANNONDESIGN



TABLE OF CONTENTS

Executive Summary 4
5.2.1 RTST Tunnel 6
5.2.2 RTST Service Building 13
5.3.1 Target Building Il 23
5.4.1 40M Instrument Building 83
5.4.2 50M Instrument Building 99
5.4.3 90M Instrument Building 111
5.5.1 Central Lab and Office Il 119
5.6.1 Central Utility Building Il 173
5.6.2 Central Exhaust Facility 187

5.7.1 Shop Building 191



EXECUTIVE SUMMARY

The Second Target Station Conventional Facilities Concept Design Program includes preliminary space
programming information for the proposed Second Target Station at the Oak Ridge National Laboratory
Spallation Neutron Source. This program document is part of a Conceptual Design Report, executed over a four-
month period between September of 2018 and February of 2019, and builds upon previous studies completed in
2014 and 2016.

The proposed STS complex will include approximately 251,646 NSF and 367,380 GSF of new construction in
10 primary facilities. The summary net and gross areas for each of the primary facilities are listed in the Space
Program Summary below. The planning and design images of the STS complex are shown in the Conceptual
Design Report.

STS Space Program Summary

No. Buildings NSF GSF Eff.
. 5.2.1 RTST Tunnel 9,920 12,258 81%
. 5.2.2 RTST Service Building 7,380 8,428 88%
. 5.3.1 Target Building Il 67,205 111,178 60%
. 5.4.1 40M Instrument Building 33,890 44,689 76%
. 5.4.2 50M Instrument Building 27,540 42,150 65%
. 5.4.3 90M Instrument Building 12,800 16,856 76%
5.5.1 Central Lab and Office Building Il 63,671 96,060 66%
5.6.1 Central Utilities Building Il 7,850 9,244 85%
5.6.2 Central Exhaust Facility Il 300 380 79%
Bs71 Shop Building 21,090 25,518 83%

Percentage of Building GSF to Total GSF (Per Building)

562 |°71 5;/-1 52.2
o 7% o 29
5.6.1 <1% %

AV .

2.1 30%

26%

543
5%

54.1
5.4.2 12%

12%

Chart groups individual buildings bv WBS Structure



SNS Second Target Station Conceptual Design Program

The gross areas for each of the 10 facilities is based on the preliminary building planning included in the STS
Conceptual Design Report.

This document includes a preliminary room data sheet and test fit plan for each of the specific spaces comprising
the net area of the STS. Required spaces not included in the net area are identified for each facility as Additional
Program Space Requirements and are included in the summary page for each facility. The room data sheets

also identify Key Design Requirements. In general, these requirements are significant design drivers considered
essential to facility design and performance. In most cases these requirements will require further attention
during future programming and design activities.

0 400’

Proposed STS Complex

SNS BUILDINGS STS BUILDINGS

A. Target Building 1. RTST Tunnel

B. Central Laboratory And Office Building (CLO) 2. RTST Service Building Il

C. Klystron Gallery 3. Target Building Il

D. Future Proton Power Upgrade Project 4. 40M Instrument Building

E. Future RTBT Stub 5. 50M Instrument Building

F.  Central Utility Building 6. 90M Instrument Building

G. Electrical Substation 7. Central Laboratory And Office Il (CLO Il)
H. Cooling Tower 8. Central Utility Building Il (CUB 1)
I.  Central Exhaust Facility 9. Central Exhaust Facility Il (CEF Il)
J. RTBT Support Building 10. Shop Building

K. Center For Nanoscale Materials Sciences (CNMS) 11. Cooling Towers

L. Joint Institute For Netron Science (not shown)

M. ORNL Guest House (not shown)

N. Pedestrian Bridge

0. Water Pumping Station

P.  Water Tower

CANNONDESIGN 5



5.2.1 RTST Tunnel

STS Space Program Lead: Sarah Cousineau
5.2.1 RTST Tunnel NSF 9,920

RTST Tunnel GSF 12,258
No. Rooms Qty. NSF Total NSF
5.2.1.1 Tunnel 1 8,570 8,570
5.2.1.2 Egress Stair Labyrinth 1 260 260
5.2.1.3 Access Tunnel Labyrinth 1 300 300
5.2.14 Access Tunnel 1 790 790

Additional Program Space Requirements

Egress Stairs

Loading/Receiving (Exterior)

Shielding Laydown Area (Exterior)

Air Handling Unit (On RTST Service Building Roof)



5.2.1.1 Tunnel

RTST Tunnel

SNS Second Target Station Conceptual Design Program

Lead: Sarah Cousineau

Space Number

Space Name

Net Area Requirement (NSF)
Number of spaces required
Population

Space Activities/Functional Description

Adjacency Requirements

Vehicular Access Requirements

Key Design Requirements

5.2.1.1

Tunnel

8,570

1

0 during operation

Houses Proton Beam Line

RTST Support Building, RTBT, Target Building Il
Truck access

Overhead crane, shielding. Survey access chase
located along tunnel length (number to be
determined).

Primary Equipment/Furnishings List
1 46 - 21Q40 Quadrupole magnets
2 1-26Q40 Quadrupole magnet

3 1- Septum magnets

4 16 - Using Ring Magnet design

5 Vertical kicker magnets

6 Overhead crane
7 Shielding maze

Size (LxWxH) F
40cm Long 3 in existing RTBT Tunnel L]
40cm Long Replaces RTBT QV09 in L]
existing RTB Tunnel
2m Long Estimated size. Like Ring Ext
Spt type 17ELS224
55" x 47" x 24" Number and size may n
change after redesign for
lighter-weight magnets, but
overall length will be about
the same. (Size is based on
RTBT DH13)
82cm long Size may change after design u
optimization
12.5 Ton []
17'x 13' x 24' Fits around beam line L]

components. Assumes same
size as HEBT maze.

Note: Test Fit Plan on following page

CF: Conventional Facilities
TS: Technical Systems

CANNONDESIGN 7



5.2.1.1 RTST Tunnel

RTST Tunnel Lead: Sarah Cousineau

Test-fit Plan

RTST Tunnel Key Plan - Not to Scale

A

Ductbank

RTST Service Building

40M

Preliminary space plan
Scale 1” =80’-0”

0’ 80’ 160’



SNS Second Target Station Conceptual Design Program

5.2.1.2 Egress Stair Labyrinth

RTST Tunnel Lead: Sarah Cousineau
Space Number 5.2.1.2
Space Name Egress Stair Labyrinth
Net Area Requirement (NSF) 260
Number of spaces required 1
Population 0
Space Activities/Functional Description Egress/circulation and radiation containment
Adjacency Requirements Egress stair and RTST tunnel
Vehicular Access Requirements None
Key Design Requirements Radiation shielding wall construction
1 None L O

Test-fit Plan

RTST Tunnel Key Plan - Not to Scale

A

76"

=
| g '
] _ & |4

Target Building I

Preliminary space plan
CF: Conventional Facilities

Scale 1/16” =1’-0” § 1 TS: Technical Systems

CANNONDESICN 9



5.2.1.3 Access Tunnel Labyrinth

RTST Tunnel Lead: Sarah Cousineau

Space Number 5.2.1.3

Space Name Access Tunnel Labyrinth

Net Area Requirement (NSF) 300

Number of spaces required 1

Population 0

Space Activities/Functional Description Circulation and radiation containment

Adjacency Requirements RTST Access Tunnel

Vehicular Access Requirements None

Key Design Requirements Radiation shielding wall construction

Primary Equipment/Furnishings List Size (LxWxH) Notes CF TS
1 None O O

Test-fit Plan

RTST Tunnel Key Plan - Not to Scale
< oadingRecsing
g EEmare
RN

Preliminary space plan
Scale 1/16” =1’-0" § )

CF: Conventional Facilities
TS: Technical Systems

10



SNS Second Target Station Conceptual Design Program

5.2.1.4 Access Tunnel

RTST Tunnel Lead: Sarah Cousineau

Space Number 5.2.1.4

Space Name Access Tunnel

Net Area Requirement (NSF) 790

Number of spaces required 1

Population 0

Space Activities/Functional Description Service access to RTST Tunnel

Adjacency Requirements RTST Tunnel

Vehicular Access Requirements Truck loading/receiving, Shielding laydown area
Key Design Requirements 14' Wide double door, portable gantry

Primary Equipment/Furnishings List Size (LxWxH) Notes
1 None L] L]

Test-fit Plan

RTST Tunnel Key Plan - Not to Scale

[ RTBT Stub Azcess Tunnal Labyring /6 prcsi
Tudl ——, Aczass Tuel P

Central Exhaust Facty I
Turral
TET Servon st Egress Star Latyrinin

Preliminary space plan
Scale 1/16” =1’-0" § )
(0 16’ 48’

CF: Conventional Facilities
TS: Technical Systems

CANNONDESIGN 11
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5.2.2 RTST Service Building

STS Space Program Lead: Sarah Cousineau

5.2.2 RTST Service Building NSF 7,380

RTST Service Building GSF 8,428

RTST Service Building Efficiency 88%

No. Rooms Qty. NSF Total NSF

5.2.2.1 Power Supply Room 1 3,050 3,050
5.2.2.2 Water Pump Room 1 2,040 2,040
5.2.2.3 Communications Room 1 330 330
5224 Electrical Room 1 1,800 1,800
5.2.2.5 UPS Room 1 160 160

Additional Program Space Requirements

RTST-Tunnel Piping Spacing

Air Handling Unit (On Building Roof)

RS2-5SS1, RS2-SS2, RS2-5S3, RS2-5SS4 Electrical Substations (Exterior Pad)
Smoke Exhaust Fan (Exterior Pad)

RS2-EG1 Emergency Generator (Exterior Pad)

N



SNS Second Target Station Conceptual Design Program

5.2.2.1 Power Supply Room

RTST Service Building Lead: Sarah Cousineau
Space Number 5.2.2.1

Space Name Power Supply Room

Net Area Requirement (NSF) 3,050

Number of spaces required 1

Population 0

Space Activities/Functional Description DIWS&R headers located above the power supplies but below

the cable trays to provide drops to each of the water cooled
power supplies.

Adjacency Requirements RTST Tunnel Utility Chases
Vehicular Access Requirements Truck Access, 8' Overhead rolling door
Key Design Requirements Offset power path to RTST Tunnel
Primary Equipment/Furnishings List Size (LxWxH) Notes CF TS
1 30-900A51V Quadrupole magnet power 45" x 36" x 66.5" 36" keep out area front and n
supplies back for maintenance
2 6 - 1300A125V Quadrupole magnet 45" x 56" x 66.5" 36" keep out area front and ]
power supplies back for maintenance
3 2 - Horizontal dipole power supplies 48" x 80" x 80" 36" front and 72" back keep [ ]

out area for maintenance. 24
x 535 kcmil cables from each
supply. These require large
transformers and switch gear
external to the building.

4 1 - Septum power supply 56" x 44" x 80" 36" front and back keep out H
area for maintenance. 10 x
55 kcmil cables from supply.

5 5 - Kicker power supplies 56" x 80" x 80" 36" front and back keep out N
area for maintenance.
6 40 - Standard electrical racks for 37" x 22" x88"  Racks need front and back ]
diagnostics, vacuum, controls, steering access. This is the 22"
supplies, PSl's, etc. dimension. Racks may be
placed side by side along the
37" edges.

7 9-480v =>208/110 VAC transfromers 36" x 36" x 36" These were forgotten in the []
RTBT and need to have space
allocated in the RTST.
8 3 - Transformers and switch gear 17'x 20' For dipole power supplies ]
external to building and other power supplies

Note: Continued on following page

CF: Conventional Facilitie
TS: Technical Systems

CANNONDESIGN

S
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5.2.2.1 Power Supply Room

RTST Service Building Lead: Sarah Cousineau
Primary Equipment/Furnishings List Size (LxWxH)
9 4 - Chase from RTST Service Bilding to A-18x 6" Mag. Ps: 34 pf 3", 54 pf 6" ] ]
Tunnel conduits, 24x3" Controls/ICU: 3 OF 6"
conduits. Controls/Vacuum: 4 of 3"
B- 10x 6" Beam Instrumentation: 8 of
conduits, 40x3" 3" Fire Department 10 of 3"
conduits.

C- 10x 6" conduits,
40x3" conduits.

D- 18x 6"
conduits, 24x3"
conduits

Test-fit Plan

s L[ IsT [ T 1 [4]

T I B Y

LI (2] TTTT TTITETITTTTR]

43-0"

LT

7

[2]

HEERRCERERERER

CLLLLITTR I T LI}

7
o o [

rrom— s

Preliminary space plan
»_ar A CF: Conventional Facilities
Scale 1/16” =1'-0 e e e ————————— TS: Technical Systems
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SNS Second Target Station Conceptual Design Program

5.2.2.2 Water Pump Room

RTST Service Building

Lead: Sarah Cousineau

Space Number

Space Name

Net Area Requirement (NSF)

Number of spaces required

Population

Space Activities/Functional Description

Adjacency Requirements

Vehicular Access Requirements

Key Design Requirements

Primary Equipment/Furnishings List
1 2 -Pump skids (PS-R2-01)
2 Polishing Panel/Bottle (FS-R2-01)
3 2 - Pump Skids (PS-R2-02)
4 Polishing Panel/ Bottle (FS-R2-02)
5 Makeup Water Panel/Bottle
6 MCC/VFD

7 Waste Sump
8 Waste Pump Lift
9 Storage Rack
10 Portable Hoist storage area
11 Transformer
12 2 - Distribution panels
13 DIWS-x"

14 DIWR-x"

Note: Test Fit Plan on following page

5.2.2.2

Water Pump Room

2,040

1

Oto4

Provide space for cooling systems PS-R2-01 (RTST Tunnel
Magnet Cooling System); cooling system PS-R2-02 (RTST-SB
Magnet Power Supply Cooling System); RTST Tunnel Waste
Collection System; MCC for building equipment, chase access
to RTST tunnel, storage, maintenance equipment storage,
equipment access for maintenance and equipment access
to/from outside.

Need Chase access to RTST Tunnel for piping. Can be next to
or in basement of building, but need access for equipment in
and out of the area.

Truck access. Need access for equipment installation, cylinder
access (14" Dia X 48" tall), pump assemblies, motors, etc.

Water spill area. Potentially contaminated water from the
tunnel, need to berm or floor trench to assure all water goes
to waste collection system. Provide space for wall
penetrations to connect water pump room systems to RTST
Tunnel. 8' high overhead door. Process waste pumped to
existing tunnel.

Size (LxWxH) Notes F
15'x 13' []
3'x 10' []
12'x 11" L]
3'x 10' L]
6'x3' L]
6'x3' On curbed riser to avoid L]
standing water problems
4'x 4' L]
4'x5' []
4'x8' L] L]
4'x6' L]
30" x 