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LBNF

Introduction and Background

11.08.20172

• LBNF will provide Arup with the latest set of requirements and 
clearance envelope drawings. Arup needs to review all these 
requirements to assure that all are appropriately addressed by 
the final design. 

• To aid this process we have looked at all requirements that Arup 
listed in document (DUNE Docdb-136, “EXC Preliminary Design 
Report”, 100 % Preliminary Design Files) and compared it with 
current LBNF requirements. While not all inclusive we have 
noted a few areas where changes have been made.

• To provide additional background information LBNF will provide 
copies of our Interface Control Documents (ICDs) that describe 
interfaces between CF, Cryogenics, Cryostat and DUNE.

• First a summary of the LBNF requirements process
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LBNF/DUNE Requirements Structure and Trace Back Path

11.08.20173
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Requirements Template

11.08.20174

- Requirements are in spreadsheets with the following format

ID Type Parents
Object 

Heading Object Text Rationale Notes Reference Old ID
Old 

Parents
FSCF-Engr-
021

requirement cryostat-
005, 
cryostat-
041, 
Cryosys-
046

Condensation FSCF shall ensure a minimum 
of 15,000 cfm per detector 
module or one air change per 
hour per cavern for both 
detector caverns (four 
chambers) and the CUC

Analysis work indicates 
that this will prevent 
condensation formation 
along the bottom and 
sides of the cryostats

DUNE 
docdb-
519

FSCF-Engr-
15a

Reference 
documentation

Additional notes

Rationale for the 
requirement

Requirement 
text

Requirement 
heading

Parent or driving 
requirements

Type: 
Requirement/assumption/specification/
Parameter/design choice

Requirement ID
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Requirements Comparison

11.08.20175

• Comparison of older requirements with current LBNF 
requirements

S. No Heading Requirements from ARUP 
as of 100% PD August 2015

LBNF current 
requirements

Current Requirments 
ID

Notes

3 FD orientation The detector pit shall be 
aligned within +/- 6 
degrees of the Fermilab 
beam as measured in a 
horizontal plane.

FSCF shall ensure that the 
Far Detector caverns are 
aligned to within +/- 1.0 
degree of the Fermilab 
beam as measured in a 
4850L horizontal plane.  

FSCF-Engr-039

9 FSCF Parameters Parameters table, section 
3.3

Clearance envelope 
drawing in Docdb-464

15 Cryostat 
controlled 
interface 
dimensions

LBNE DD-11215, drawing 
F10043159- original version

DUNE docdb-464, drawing 
F10043159-B

FSCF-Engr-006

16 Cavern staging 
dimensions

Rock septum 15 m wide 
with bulkhead reducing 
that to 10 m

Refer to DUNE docdb-464, 
drawing F10043159-B for 
changes


Sheet1

		S. No		Heading		Requirements from ARUP as of 100% PD August 2015		LBNF current requirements		Current Requirments ID		Notes		JCW Notes		Show to ARUP		Added to requirements		Action

		1		Codes and standards		IBC 2009 is the governing building code		This was updated to IBC 2015		glo-prog-002		10/3/2017: Where should this be captured? 				Yes

		2		Design life		LBNF facility requires a 50 year life of design and the DUNE experiment may run for only 30 years		The design life of CF is 30 years and detector operation is 20 years. SURF requires all facilities to have a design life of 50 years .		fs-prog-001										Do nothing

		3		FD orientation		The detector pit shall be aligned within +/- 6 degrees of the Fermilab beam as measured in a horizontal plane.		FSCF shall ensure that the Far Detector caverns are aligned to within +/- 1.0 degree of the Fermilab beam as measured in a 4850L horizontal plane.  		FSCF-Engr-039						Yes

		4		Surface grade		The maximum grade of any surface used for transport shall be 15%		This is true only for mucking drifts		FSCF-Engr-114

		5		Primary access		Primary access  through Ross shaft, no modification to existing east or west lab access drifts		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		6		Yates shaft		Yates support science during LBNF construction. Long loads may be slung through this shaft		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		7		Drift dimensions		All new drifts accommodate 3m W X 3m H loads in addition to personnel and utilities passage		All new drifts shall be constructed as per dimensions shown in 100% Peliminary design. The dirft corners and radii as per EXC 100% PD docdb-136, sheet UG-PDR-C-310. The drift design as per docdb-1313 v2				We don't have this written down. Partially covered by #8 and #14 and #13. Height of all loads going through these drifts must be under 13' regardless of how it is being transported (including carts). 10/4/2017: Added		We need some kind of requirement for this, though this one doesn't look right to me.  I'd say cage sized (1.5m W x 4.2m H x 3.6m L) plus utilities and personnel

		8		Drift corners		accommodate 7 m long loads		??				We don't have this written down. Drift optimization study docdb-1313 v2 looked at rounding corners to allow for better movement of loads		We need something to define corner radius, should be based on the long loads (may be covered in #12 below)

		9		FSCF Parameters		Parameters table, section 3.3		Clearance envelope drawing in Docdb-464								Yes

		10		Beam line orientation		beamline azimuth (clockwise) from true North in global coordinate system, Az=287-43-10.96596 deg/min/sec		This should trace back to DUNE Far Detector requirement. The beam azimuth (clockwise) from true North in global coordinate system is Az = 287-43-10.96596 deg-min-sec.		FSCF-Engr-039										Do nothing

		11		Ross shaft load pocket and skip loader (between 4850 L and 5000 L)		Confirmation of the exact dimensions unique to the 4850L pocket, rather than a typical section is required		??				We don't have this written down		Not a requirement - design decision, not needed in requirements						Do nothing

		12		Ross shaft transportation and brow requirements		Docdb 5487		Docdb-328, 4781, 4532 has the latest dimensions and envelopes				10/4/2017: Added to requirements		Are these DocDB's all referenced in the requirements?				Add

		13		Drift transportation and dimensions		Minimum radius of curvature 30' with 40' preferred for areas of significant travel						We don't have this written down. Reference EXC 100% PD docdb-136, sheet UG-PDR-C-310		Driven by loads - probably covered in #12 above				Add

		14		current drift design		5m wide drifts, 3.9m to springline, and 6m to crown.		current drift dimensions ?? 				We don't have this written down. Docdb-1313 v2		Driven by #7 and #12				Add

		15		Cryostat controlled interface dimensions		LBNE DD-11215, drawing F10043159- original version		DUNE docdb-464, drawing F10043159-B		FSCF-Engr-006						Yes

		16		Cavern staging dimensions		Rock septum 15 m wide with bulkhead reducing that to 10 m		Refer to DUNE docdb-464, drawing F10043159-B for changes								Yes

		17		Temporary machine shop		No additional space should be included in the design		no changes		FSCF-Engr-088

		18		Surface finish		All surface finishes are unpainted shotcrete. Floor of existing south access drifts and all new drifts will be concrete, except mucking ramps. All floor concrete is to be sealed.		Sealed concrete floor only on top of Rock septum for FD clean room construction		FSCF-Engr-112, FSCF-Engr-151		10/3/2017: Added ARUP's version.				Yes. Use ARUP's version		Add ARUP's version

		19		Low-radon concrete/shotcrete		Use of low-radon concrete and shotcrete is NOT required		??				We don't have this written down. 10/3/2017: Added		This should be listed as an assumption				Add

		20		Rock mass monitoring system		LBNF excavation design scope will include design and cost estimation for installation of rock mass monitoring systems during construction through long-term operation including, but not limited to, blast vibration, piezometers, inclinometers, extensometers and convergence monitoring		??				We don't have this written down. 10/3/2017: Added		This should be included as a requirement.				Add

		21		Monorail		No specific requirement on height clearance under the monorail. Rails to extend a minimum of 5 m over the central laydown area, leaving a 5 m gap		See docdb-464 for dimensional changes.		FSCF-Engr-073 through 079, FSCF-Engr-082, FSCF-Engr-083						Yes

		22		Material delivery route		All materials can be brought in from center of the cavern		The cryostat pieces will come in from east and west and  the rest of the material through north-south drifts.		FSCF-Engr-015						Yes

		23		Peak particle velocity		CASPAR and BHUC indicated that standard civil limit of 0.5 in/s blast vibration is acceptable for this equipment		FSCF shall ensure that the peak particle velocity during blasting and air over pressure, measured at nearest surface property boundary and nearest experiment underground, comply with the limits described in docdb-1655		FSCF-Engr-129						Yes

		24		Regulatory codes		LBNF/DUNE shall be in conformance with all applicable institutional, local, state and Federal laws, regulations, codes, standards,  requirements, recommendations, guidelines and reports. 		no changes		glo-prog-002										Do nothing

		25		Redundancy		The conventional facility designs shall not include any N+1 redundancy except for any required by code.		no changes		fs-prog-005										Do nothing

		26		Excavation design codes		ACI 318-08, AISC 360-05, ASCE 7-05		??												Do nothing

		27		Access ways/Doorways		Access ways/Doorways between the Ross shaft and the septum area of the detector hall shall have dimensions and radius of curvature to accommodate transport of a 26 ft X 10 ft X 5.5 ft (7.8 m long X 3.1 m high X 1.6 m wide) shipping container		Shall be able to pass through roll doors sized 12' H X 8' 2.5" W according to docdb-136, UG-PDR-A-201, BSI underground, need to confirm with ARUP that rail paths are centered through roll doors.				10/4/2017: Added

		28		Ross shaft requirements		Equipment transported down the Ross shaft shall meet the requirements of LBNE docdb-5487		Docdb-328 (still preliminary, needs approval by SURF)		FSCF-Engr-130 through, FSCF-Engr-143,

		29		South access drift		The SURF south access dift shall be slashed to the entrance drift to the east cavern		??												Do nothing

		30		New egress connector		New egress connector drifts to both #4 Winze drift (primary ventialtion path) and south access drift (egress only) are included. The south drift will require enlargement to the new access drifts		??												Do nothing

		31		Mucking drift egress		The muck drift to the base of the septum area remains available for egress from the bottom of the detector pits. It does not need to be lit or sprinkelered 		??												Do nothing

		32		Cryostat loading		Concrete floor to support cryostat maximum load capability. Note specific gravity of LAr is 1.4		In the ICDS. Need to add to requirements also. EDMS-1531410 v.1. All loading is in metric tonnes.				10/3/2017: Added						Add as a requirement

		33		Waste rock criteria		Gilt edge has no requirements on the material size for waste rock. The requirements for waste sizing are driven by the material handling considerations		??												Do nothing

		34		Construction Water		Water may be discharged if not contaminated by unacceptable chemical release or fuels. Waste discharge may occur via the drain line loacted 165 ft into the trolley drift, connecting to the 5000 L		??												Do nothing
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		31		Mucking drift egress		The muck drift to the base of the septum area remains available for egress from the bottom of the detector pits. It does not need to be lit or sprinkelered 		??												Do nothing

		32		Cryostat loading		Concrete floor to support cryostat maximum load capability. Note specific gravity of LAr is 1.4		In the ICDS. Need to add to requirements also. EDMS-1531410 v.1. All loading is in metric tonnes.				10/3/2017: Added						Add as a requirement

		33		Waste rock criteria		Gilt edge has no requirements on the material size for waste rock. The requirements for waste sizing are driven by the material handling considerations		??												Do nothing

		34		Construction Water		Water may be discharged if not contaminated by unacceptable chemical release or fuels. Waste discharge may occur via the drain line loacted 165 ft into the trolley drift, connecting to the 5000 L		??												Do nothing






Sheet1

		S. No		Heading		Requirements from ARUP as of 100% PD August 2015		LBNF current requirements		Current Requirments ID		Notes		JCW Notes		Show to ARUP		Added to requirements		Action

		1		Codes and standards		IBC 2009 is the governing building code		This was updated to IBC 2015		glo-prog-002		10/3/2017: Where should this be captured? 				Yes

		2		Design life		LBNF facility requires a 50 year life of design and the DUNE experiment may run for only 30 years		The design life of CF is 30 years and detector operation is 20 years. SURF requires all facilities to have a design life of 50 years .		fs-prog-001										Do nothing

		3		FD orientation		The detector pit shall be aligned within +/- 6 degrees of the Fermilab beam as measured in a horizontal plane.		FSCF shall ensure that the Far Detector caverns are aligned to within +/- 1.0 degree of the Fermilab beam as measured in a 4850L horizontal plane.  		FSCF-Engr-039						Yes

		4		Surface grade		The maximum grade of any surface used for transport shall be 15%		This is true only for mucking drifts		FSCF-Engr-114

		5		Primary access		Primary access  through Ross shaft, no modification to existing east or west lab access drifts		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		6		Yates shaft		Yates support science during LBNF construction. Long loads may be slung through this shaft		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		7		Drift dimensions		All new drifts accommodate 3m W X 3m H loads in addition to personnel and utilities passage		All new drifts shall be constructed as per dimensions shown in 100% Peliminary design. The dirft corners and radii as per EXC 100% PD docdb-136, sheet UG-PDR-C-310. The drift design as per docdb-1313 v2				We don't have this written down. Partially covered by #8 and #14 and #13. Height of all loads going through these drifts must be under 13' regardless of how it is being transported (including carts). 10/4/2017: Added		We need some kind of requirement for this, though this one doesn't look right to me.  I'd say cage sized (1.5m W x 4.2m H x 3.6m L) plus utilities and personnel

		8		Drift corners		accommodate 7 m long loads		??				We don't have this written down. Drift optimization study docdb-1313 v2 looked at rounding corners to allow for better movement of loads		We need something to define corner radius, should be based on the long loads (may be covered in #12 below)

		9		FSCF Parameters		Parameters table, section 3.3		Clearance envelope drawing in Docdb-464								Yes

		10		Beam line orientation		beamline azimuth (clockwise) from true North in global coordinate system, Az=287-43-10.96596 deg/min/sec		This should trace back to DUNE Far Detector requirement. The beam azimuth (clockwise) from true North in global coordinate system is Az = 287-43-10.96596 deg-min-sec.		FSCF-Engr-039										Do nothing

		11		Ross shaft load pocket and skip loader (between 4850 L and 5000 L)		Confirmation of the exact dimensions unique to the 4850L pocket, rather than a typical section is required		??				We don't have this written down		Not a requirement - design decision, not needed in requirements						Do nothing

		12		Ross shaft transportation and brow requirements		Docdb 5487		Docdb-328, 4781, 4532 has the latest dimensions and envelopes				10/4/2017: Added to requirements		Are these DocDB's all referenced in the requirements?				Add

		13		Drift transportation and dimensions		Minimum radius of curvature 30' with 40' preferred for areas of significant travel						We don't have this written down. Reference EXC 100% PD docdb-136, sheet UG-PDR-C-310		Driven by loads - probably covered in #12 above				Add

		14		current drift design		5m wide drifts, 3.9m to springline, and 6m to crown.		current drift dimensions ?? 				We don't have this written down. Docdb-1313 v2		Driven by #7 and #12				Add

		15		Cryostat controlled interface dimensions		LBNE DD-11215, drawing F10043159- original version		DUNE docdb-464, drawing F10043159-B		FSCF-Engr-006						Yes

		16		Cavern staging dimensions		Rock septum 15 m wide with bulkhead reducing that to 10 m		Refer to DUNE docdb-464, drawing F10043159-B for changes								Yes

		17		Temporary machine shop		No additional space should be included in the design		no changes		FSCF-Engr-088

		18		Surface finish		All surface finishes are unpainted shotcrete. Floor of existing south access drifts and all new drifts will be concrete, except mucking ramps. All floor concrete is to be sealed.		Sealed concrete floor only on top of Rock septum for FD clean room construction		FSCF-Engr-112, FSCF-Engr-151		10/3/2017: Added ARUP's version.				Yes. Use ARUP's version		Add ARUP's version

		19		Low-radon concrete/shotcrete		Use of low-radon concrete and shotcrete is NOT required		??				We don't have this written down. 10/3/2017: Added		This should be listed as an assumption				Add

		20		Rock mass monitoring system		LBNF excavation design scope will include design and cost estimation for installation of rock mass monitoring systems during construction through long-term operation including, but not limited to, blast vibration, piezometers, inclinometers, extensometers and convergence monitoring		??				We don't have this written down. 10/3/2017: Added		This should be included as a requirement.				Add

		21		Monorail		No specific requirement on height clearance under the monorail. Rails to extend a minimum of 5 m over the central laydown area, leaving a 5 m gap		See docdb-464 for dimensional changes.		FSCF-Engr-073 through 079, FSCF-Engr-082, FSCF-Engr-083						Yes

		22		Material delivery route		All materials can be brought in from center of the cavern		The cryostat pieces will come in from east and west and  the rest of the material through north-south drifts.		FSCF-Engr-015						Yes

		23		Peak particle velocity		CASPAR and BHUC indicated that standard civil limit of 0.5 in/s blast vibration is acceptable for this equipment		FSCF shall ensure that the peak particle velocity during blasting and air over pressure, measured at nearest surface property boundary and nearest experiment underground, comply with the limits described in docdb-1655		FSCF-Engr-129						Yes

		24		Regulatory codes		LBNF/DUNE shall be in conformance with all applicable institutional, local, state and Federal laws, regulations, codes, standards,  requirements, recommendations, guidelines and reports. 		no changes		glo-prog-002										Do nothing

		25		Redundancy		The conventional facility designs shall not include any N+1 redundancy except for any required by code.		no changes		fs-prog-005										Do nothing

		26		Excavation design codes		ACI 318-08, AISC 360-05, ASCE 7-05		??												Do nothing

		27		Access ways/Doorways		Access ways/Doorways between the Ross shaft and the septum area of the detector hall shall have dimensions and radius of curvature to accommodate transport of a 26 ft X 10 ft X 5.5 ft (7.8 m long X 3.1 m high X 1.6 m wide) shipping container		Shall be able to pass through roll doors sized 12' H X 8' 2.5" W according to docdb-136, UG-PDR-A-201, BSI underground, need to confirm with ARUP that rail paths are centered through roll doors.				10/4/2017: Added

		28		Ross shaft requirements		Equipment transported down the Ross shaft shall meet the requirements of LBNE docdb-5487		Docdb-328 (still preliminary, needs approval by SURF)		FSCF-Engr-130 through, FSCF-Engr-143,

		29		South access drift		The SURF south access dift shall be slashed to the entrance drift to the east cavern		??												Do nothing

		30		New egress connector		New egress connector drifts to both #4 Winze drift (primary ventialtion path) and south access drift (egress only) are included. The south drift will require enlargement to the new access drifts		??												Do nothing

		31		Mucking drift egress		The muck drift to the base of the septum area remains available for egress from the bottom of the detector pits. It does not need to be lit or sprinkelered 		??												Do nothing

		32		Cryostat loading		Concrete floor to support cryostat maximum load capability. Note specific gravity of LAr is 1.4		In the ICDS. Need to add to requirements also. EDMS-1531410 v.1. All loading is in metric tonnes.				10/3/2017: Added						Add as a requirement

		33		Waste rock criteria		Gilt edge has no requirements on the material size for waste rock. The requirements for waste sizing are driven by the material handling considerations		??												Do nothing

		34		Construction Water		Water may be discharged if not contaminated by unacceptable chemical release or fuels. Waste discharge may occur via the drain line loacted 165 ft into the trolley drift, connecting to the 5000 L		??												Do nothing
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• Comparison of older requirements with current LBNF 
requirements

S. No Heading Requirements from ARUP 
as of 100% PD August 2015

LBNF current 
requirements

Current Requirments 
ID

Notes

21 Monorail No specific requirement on 
height clearance under the 
monorail. Rails to extend a 
minimum of 5 m over the 
central laydown area, 
leaving a 5 m gap

See docdb-464 for 
dimensional changes.

FSCF-Engr-073 
through 079, FSCF-
Engr-082, FSCF-Engr-
083

More details after 
conveyance workshop 
Dec 2017

22 Material delivery 
route

All materials can be 
brought in from center of 
the cavern

The cryostat pieces will 
come in from east and 
west and  the rest of the 
material through north-
south drifts.

FSCF-Engr-015

23 Peak particle 
velocity

CASPAR and BHUC 
indicated that standard civil 
limit of 0.5 in/s blast 
vibration is acceptable for 
this equipment

FSCF shall ensure that the 
peak particle velocity 
during blasting and air 
over pressure, measured 
at nearest surface 
property boundary and 
nearest experiment 
underground, comply 
with the limits described 
in docdb-1655

FSCF-Engr-129


Sheet1

		S. No		Heading		Requirements from ARUP as of 100% PD August 2015		LBNF current requirements		Current Requirments ID		Notes		JCW Notes		Show to ARUP		Added to requirements		Action

		1		Codes and standards		IBC 2009 is the governing building code		This was updated to IBC 2015		glo-prog-002		10/3/2017: Where should this be captured? 				Yes

		2		Design life		LBNF facility requires a 50 year life of design and the DUNE experiment may run for only 30 years		The design life of CF is 30 years and detector operation is 20 years. SURF requires all facilities to have a design life of 50 years .		fs-prog-001										Do nothing

		3		FD orientation		The detector pit shall be aligned within +/- 6 degrees of the Fermilab beam as measured in a horizontal plane.		FSCF shall ensure that the Far Detector caverns are aligned to within +/- 1.0 degree of the Fermilab beam as measured in a 4850L horizontal plane.  		FSCF-Engr-039						Yes

		4		Surface grade		The maximum grade of any surface used for transport shall be 15%		This is true only for mucking drifts		FSCF-Engr-114

		5		Primary access		Primary access  through Ross shaft, no modification to existing east or west lab access drifts		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		6		Yates shaft		Yates support science during LBNF construction. Long loads may be slung through this shaft		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		7		Drift dimensions		All new drifts accommodate 3m W X 3m H loads in addition to personnel and utilities passage		All new drifts shall be constructed as per dimensions shown in 100% Peliminary design. The dirft corners and radii as per EXC 100% PD docdb-136, sheet UG-PDR-C-310. The drift design as per docdb-1313 v2				We don't have this written down. Partially covered by #8 and #14 and #13. Height of all loads going through these drifts must be under 13' regardless of how it is being transported (including carts). 10/4/2017: Added		We need some kind of requirement for this, though this one doesn't look right to me.  I'd say cage sized (1.5m W x 4.2m H x 3.6m L) plus utilities and personnel

		8		Drift corners		accommodate 7 m long loads		??				We don't have this written down. Drift optimization study docdb-1313 v2 looked at rounding corners to allow for better movement of loads		We need something to define corner radius, should be based on the long loads (may be covered in #12 below)

		9		FSCF Parameters		Parameters table, section 3.3		Clearance envelope drawing in Docdb-464								Yes

		10		Beam line orientation		beamline azimuth (clockwise) from true North in global coordinate system, Az=287-43-10.96596 deg/min/sec		This should trace back to DUNE Far Detector requirement. The beam azimuth (clockwise) from true North in global coordinate system is Az = 287-43-10.96596 deg-min-sec.		FSCF-Engr-039										Do nothing

		11		Ross shaft load pocket and skip loader (between 4850 L and 5000 L)		Confirmation of the exact dimensions unique to the 4850L pocket, rather than a typical section is required		??				We don't have this written down		Not a requirement - design decision, not needed in requirements						Do nothing

		12		Ross shaft transportation and brow requirements		Docdb 5487		Docdb-328, 4781, 4532 has the latest dimensions and envelopes				10/4/2017: Added to requirements		Are these DocDB's all referenced in the requirements?				Add

		13		Drift transportation and dimensions		Minimum radius of curvature 30' with 40' preferred for areas of significant travel						We don't have this written down. Reference EXC 100% PD docdb-136, sheet UG-PDR-C-310		Driven by loads - probably covered in #12 above				Add

		14		current drift design		5m wide drifts, 3.9m to springline, and 6m to crown.		current drift dimensions ?? 				We don't have this written down. Docdb-1313 v2		Driven by #7 and #12				Add

		15		Cryostat controlled interface dimensions		LBNE DD-11215, drawing F10043159- original version		DUNE docdb-464, drawing F10043159-B		FSCF-Engr-006						Yes

		16		Cavern staging dimensions		Rock septum 15 m wide with bulkhead reducing that to 10 m		Refer to DUNE docdb-464, drawing F10043159-B for changes								Yes

		17		Temporary machine shop		No additional space should be included in the design		no changes		FSCF-Engr-088

		18		Surface finish		All surface finishes are unpainted shotcrete. Floor of existing south access drifts and all new drifts will be concrete, except mucking ramps. All floor concrete is to be sealed.		Sealed concrete floor only on top of Rock septum for FD clean room construction		FSCF-Engr-112, FSCF-Engr-151		10/3/2017: Added ARUP's version.				Yes. Use ARUP's version		Add ARUP's version

		19		Low-radon concrete/shotcrete		Use of low-radon concrete and shotcrete is NOT required		??				We don't have this written down. 10/3/2017: Added		This should be listed as an assumption				Add

		20		Rock mass monitoring system		LBNF excavation design scope will include design and cost estimation for installation of rock mass monitoring systems during construction through long-term operation including, but not limited to, blast vibration, piezometers, inclinometers, extensometers and convergence monitoring		??				We don't have this written down. 10/3/2017: Added		This should be included as a requirement.				Add

		21		Monorail		No specific requirement on height clearance under the monorail. Rails to extend a minimum of 5 m over the central laydown area, leaving a 5 m gap		See docdb-464 for dimensional changes.		FSCF-Engr-073 through 079, FSCF-Engr-082, FSCF-Engr-083						Yes

		22		Material delivery route		All materials can be brought in from center of the cavern		The cryostat pieces will come in from east and west and  the rest of the material through north-south drifts.		FSCF-Engr-015						Yes

		23		Peak particle velocity		CASPAR and BHUC indicated that standard civil limit of 0.5 in/s blast vibration is acceptable for this equipment		FSCF shall ensure that the peak particle velocity during blasting and air over pressure, measured at nearest surface property boundary and nearest experiment underground, comply with the limits described in docdb-1655		FSCF-Engr-129						Yes

		24		Regulatory codes		LBNF/DUNE shall be in conformance with all applicable institutional, local, state and Federal laws, regulations, codes, standards,  requirements, recommendations, guidelines and reports. 		no changes		glo-prog-002										Do nothing

		25		Redundancy		The conventional facility designs shall not include any N+1 redundancy except for any required by code.		no changes		fs-prog-005										Do nothing

		26		Excavation design codes		ACI 318-08, AISC 360-05, ASCE 7-05		??												Do nothing

		27		Access ways/Doorways		Access ways/Doorways between the Ross shaft and the septum area of the detector hall shall have dimensions and radius of curvature to accommodate transport of a 26 ft X 10 ft X 5.5 ft (7.8 m long X 3.1 m high X 1.6 m wide) shipping container		Shall be able to pass through roll doors sized 12' H X 8' 2.5" W according to docdb-136, UG-PDR-A-201, BSI underground, need to confirm with ARUP that rail paths are centered through roll doors.				10/4/2017: Added

		28		Ross shaft requirements		Equipment transported down the Ross shaft shall meet the requirements of LBNE docdb-5487		Docdb-328 (still preliminary, needs approval by SURF)		FSCF-Engr-130 through, FSCF-Engr-143,

		29		South access drift		The SURF south access dift shall be slashed to the entrance drift to the east cavern		??												Do nothing

		30		New egress connector		New egress connector drifts to both #4 Winze drift (primary ventialtion path) and south access drift (egress only) are included. The south drift will require enlargement to the new access drifts		??												Do nothing

		31		Mucking drift egress		The muck drift to the base of the septum area remains available for egress from the bottom of the detector pits. It does not need to be lit or sprinkelered 		??												Do nothing

		32		Cryostat loading		Concrete floor to support cryostat maximum load capability. Note specific gravity of LAr is 1.4		In the ICDS. Need to add to requirements also. EDMS-1531410 v.1. All loading is in metric tonnes.				10/3/2017: Added						Add as a requirement

		33		Waste rock criteria		Gilt edge has no requirements on the material size for waste rock. The requirements for waste sizing are driven by the material handling considerations		??												Do nothing

		34		Construction Water		Water may be discharged if not contaminated by unacceptable chemical release or fuels. Waste discharge may occur via the drain line loacted 165 ft into the trolley drift, connecting to the 5000 L		??												Do nothing
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		S. No		Heading		Requirements from ARUP as of 100% PD August 2015		LBNF current requirements		Current Requirments ID		Notes		JCW Notes		Show to ARUP		Added to requirements		Action

		1		Codes and standards		IBC 2009 is the governing building code		This was updated to IBC 2015		glo-prog-002		10/3/2017: Where should this be captured? 				Yes

		2		Design life		LBNF facility requires a 50 year life of design and the DUNE experiment may run for only 30 years		The design life of CF is 30 years and detector operation is 20 years. SURF requires all facilities to have a design life of 50 years .		fs-prog-001										Do nothing

		3		FD orientation		The detector pit shall be aligned within +/- 6 degrees of the Fermilab beam as measured in a horizontal plane.		FSCF shall ensure that the Far Detector caverns are aligned to within +/- 1.0 degree of the Fermilab beam as measured in a 4850L horizontal plane.  		FSCF-Engr-039						Yes

		4		Surface grade		The maximum grade of any surface used for transport shall be 15%		This is true only for mucking drifts		FSCF-Engr-114

		5		Primary access		Primary access  through Ross shaft, no modification to existing east or west lab access drifts		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		6		Yates shaft		Yates support science during LBNF construction. Long loads may be slung through this shaft		??				We don't have this written down. 10/3/2017: Added		This should be an assumption				Add

		7		Drift dimensions		All new drifts accommodate 3m W X 3m H loads in addition to personnel and utilities passage		All new drifts shall be constructed as per dimensions shown in 100% Peliminary design. The dirft corners and radii as per EXC 100% PD docdb-136, sheet UG-PDR-C-310. The drift design as per docdb-1313 v2				We don't have this written down. Partially covered by #8 and #14 and #13. Height of all loads going through these drifts must be under 13' regardless of how it is being transported (including carts). 10/4/2017: Added		We need some kind of requirement for this, though this one doesn't look right to me.  I'd say cage sized (1.5m W x 4.2m H x 3.6m L) plus utilities and personnel

		8		Drift corners		accommodate 7 m long loads		??				We don't have this written down. Drift optimization study docdb-1313 v2 looked at rounding corners to allow for better movement of loads		We need something to define corner radius, should be based on the long loads (may be covered in #12 below)

		9		FSCF Parameters		Parameters table, section 3.3		Clearance envelope drawing in Docdb-464								Yes

		10		Beam line orientation		beamline azimuth (clockwise) from true North in global coordinate system, Az=287-43-10.96596 deg/min/sec		This should trace back to DUNE Far Detector requirement. The beam azimuth (clockwise) from true North in global coordinate system is Az = 287-43-10.96596 deg-min-sec.		FSCF-Engr-039										Do nothing

		11		Ross shaft load pocket and skip loader (between 4850 L and 5000 L)		Confirmation of the exact dimensions unique to the 4850L pocket, rather than a typical section is required		??				We don't have this written down		Not a requirement - design decision, not needed in requirements						Do nothing

		12		Ross shaft transportation and brow requirements		Docdb 5487		Docdb-328, 4781, 4532 has the latest dimensions and envelopes				10/4/2017: Added to requirements		Are these DocDB's all referenced in the requirements?				Add

		13		Drift transportation and dimensions		Minimum radius of curvature 30' with 40' preferred for areas of significant travel						We don't have this written down. Reference EXC 100% PD docdb-136, sheet UG-PDR-C-310		Driven by loads - probably covered in #12 above				Add

		14		current drift design		5m wide drifts, 3.9m to springline, and 6m to crown.		current drift dimensions ?? 				We don't have this written down. Docdb-1313 v2		Driven by #7 and #12				Add

		15		Cryostat controlled interface dimensions		LBNE DD-11215, drawing F10043159- original version		DUNE docdb-464, drawing F10043159-B		FSCF-Engr-006						Yes

		16		Cavern staging dimensions		Rock septum 15 m wide with bulkhead reducing that to 10 m		Refer to DUNE docdb-464, drawing F10043159-B for changes								Yes

		17		Temporary machine shop		No additional space should be included in the design		no changes		FSCF-Engr-088

		18		Surface finish		All surface finishes are unpainted shotcrete. Floor of existing south access drifts and all new drifts will be concrete, except mucking ramps. All floor concrete is to be sealed.		Sealed concrete floor only on top of Rock septum for FD clean room construction		FSCF-Engr-112, FSCF-Engr-151		10/3/2017: Added ARUP's version.				Yes. Use ARUP's version		Add ARUP's version

		19		Low-radon concrete/shotcrete		Use of low-radon concrete and shotcrete is NOT required		??				We don't have this written down. 10/3/2017: Added		This should be listed as an assumption				Add

		20		Rock mass monitoring system		LBNF excavation design scope will include design and cost estimation for installation of rock mass monitoring systems during construction through long-term operation including, but not limited to, blast vibration, piezometers, inclinometers, extensometers and convergence monitoring		??				We don't have this written down. 10/3/2017: Added		This should be included as a requirement.				Add

		21		Monorail		No specific requirement on height clearance under the monorail. Rails to extend a minimum of 5 m over the central laydown area, leaving a 5 m gap		See docdb-464 for dimensional changes.		FSCF-Engr-073 through 079, FSCF-Engr-082, FSCF-Engr-083		More details after conveyance workshop Dec 2017				Yes

		22		Material delivery route		All materials can be brought in from center of the cavern		The cryostat pieces will come in from east and west and  the rest of the material through north-south drifts.		FSCF-Engr-015						Yes

		23		Peak particle velocity		CASPAR and BHUC indicated that standard civil limit of 0.5 in/s blast vibration is acceptable for this equipment		FSCF shall ensure that the peak particle velocity during blasting and air over pressure, measured at nearest surface property boundary and nearest experiment underground, comply with the limits described in docdb-1655		FSCF-Engr-129						Yes

		24		Regulatory codes		LBNF/DUNE shall be in conformance with all applicable institutional, local, state and Federal laws, regulations, codes, standards,  requirements, recommendations, guidelines and reports. 		no changes		glo-prog-002										Do nothing

		25		Redundancy		The conventional facility designs shall not include any N+1 redundancy except for any required by code.		no changes		fs-prog-005										Do nothing

		26		Excavation design codes		ACI 318-08, AISC 360-05, ASCE 7-05		??												Do nothing

		27		Access ways/Doorways		Access ways/Doorways between the Ross shaft and the septum area of the detector hall shall have dimensions and radius of curvature to accommodate transport of a 26 ft X 10 ft X 5.5 ft (7.8 m long X 3.1 m high X 1.6 m wide) shipping container		Shall be able to pass through roll doors sized 12' H X 8' 2.5" W according to docdb-136, UG-PDR-A-201, BSI underground, need to confirm with ARUP that rail paths are centered through roll doors.				10/4/2017: Added

		28		Ross shaft requirements		Equipment transported down the Ross shaft shall meet the requirements of LBNE docdb-5487		Docdb-328 (still preliminary, needs approval by SURF)		FSCF-Engr-130 through, FSCF-Engr-143,

		29		South access drift		The SURF south access dift shall be slashed to the entrance drift to the east cavern		??												Do nothing

		30		New egress connector		New egress connector drifts to both #4 Winze drift (primary ventialtion path) and south access drift (egress only) are included. The south drift will require enlargement to the new access drifts		??												Do nothing

		31		Mucking drift egress		The muck drift to the base of the septum area remains available for egress from the bottom of the detector pits. It does not need to be lit or sprinkelered 		??												Do nothing

		32		Cryostat loading		Concrete floor to support cryostat maximum load capability. Note specific gravity of LAr is 1.4		In the ICDS. Need to add to requirements also. EDMS-1531410 v.1. All loading is in metric tonnes.				10/3/2017: Added						Add as a requirement

		33		Waste rock criteria		Gilt edge has no requirements on the material size for waste rock. The requirements for waste sizing are driven by the material handling considerations		??												Do nothing

		34		Construction Water		Water may be discharged if not contaminated by unacceptable chemical release or fuels. Waste discharge may occur via the drain line loacted 165 ft into the trolley drift, connecting to the 5000 L		??												Do nothing
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Interface Drawings – Cavern 1, Chambers 1 and 2, DUNE 
Docdb-464
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Interface Drawings – Central Utility Cavern, DUNE Docdb-4070
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Summary

11.08.20179

• LBNF Requirements and Interface Drawings have been updated

• Arup needs to review all these requirements to assure that all are 
appropriately addressed by the final design

• LBNF will provide copies of ICDs for further background 
information

References:
Requirements – DUNE Docdb-112

ICDs Chart – DUNE Docdb-110
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