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Introduction: Target Hall, Target Bunker, and the Horns

• The Target and the 3 Horns are in the Target Hall Bunker.

• The Horns are water cooled by closed loop Radioactive 

Water (RAW) systems—located in RAW room.

Source: Cory Crowley

Horn water 

tank

Shielding

Target Hall Bunker

Target Hall
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Introduction: Inside the Horn

• The water interacts with the ionizing radiation and dissociates to 

hydrogen and oxygen.

• The blue and red arrows indicate RAW water flow path.

Source: Nnamdi Agbo

Horn B RAW 
Cooling System

Spray of water 

inside the 

Horn

Spray gets collected into the Horn Tank and is sucked out 

and sent to the RAW system expansion tank
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Introduction: The RAW Room

• The Horns and their RAW systems in the RAW room are shown 

below:

C B A

Horn AHorn BHorn C Beam

Horn A, B, and C 

RAW systems in 

RAW room

Source: Dune-doc-20744
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• Since the RAW systems are closed loop, there is a potential for

H2 gas build up to explosive limits.

• The Lower Explosive Limit (LEL) of H2 in air is ~4%. This is the

lowest concentration at which H2 can become flammable in the

presence of an ignition source in air at 14.69 Psia and 25 C

(NFPA 55)—more on this later.

• The H2 build-up is not a new problem. We have dealt with this in

NuMI. In NuMI, fresh Ar gas is pumped into the Horns. It is then

collected in RAW expansion tanks and vented back into Target

Hall atmosphere.

• We cannot do this in LBNF Horn systems because higher

powers produces more 41Ar, which is radioactive.

• Hence, we need a system to control H2 and 41Ar.
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• Flammability of H2 in Argon was tested by Fauske LLC at

different pressures at 90 0F

@7.35 Psia
@14.69 Psia

@17.7 Psia

5-L spherical vessel. 
Experiment done per 
ASTM E918 standard

• The LFL is 3.13% of H2 in a background of Ar.

• As per NFPA 69, LFL is the lowest concentration 

of a combustible substance in an oxidizing 

medium that will propagate a flame.

• Full report: Dune-doc-19993.
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• General idea behind the H2 control system design:

Exhaust loop
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• General idea behind the H2 control system design:
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• Inside the Horns:

Re-circulation 

loop supply

Re-circulation 

loop return
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• Required Argon flow rates to dilute H2 :

Hydrogen gas production rate at 2.4 MW at STP

System H2 prod, Gal/Hr. H2 prod, cc/min.
Flush rate, 
cc/min1

Mass flow rate, 
g/sec

Target Shield Pile RAW 1.38 87.06 8706 0.24
Horn A RAW 1.44 90.85 9085 0.25
Horn B RAW 0.64 40.38 4038 0.11
Horn C RAW 0.14 8.83 883 0.02
Total flush rate from RAW systems-->2 14006 0.38
Notes:
1). Flush rate to keep H2 below 1%. With this, we have a SF of ~3.
2). Total flush rate if no re-combination is used.

Source: Kamran Vaziri, Dune-doc-19315
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• Horn external pressure requirement (Target Hall Bunker)=16.16 

Psia.

• Horn internal pressure shall be between 16.16 Psia and 18.16 

Psia.

• These requirements are in: 

https://fermipoint.fnal.gov/project/LBNF/Near%20Site/Beamline/

Shared%20Documents/Forms/AllItems.aspx

• The flush rates in the previous slide are also present in the 

above parameters sheet.

https://fermipoint.fnal.gov/project/LBNF/Near%20Site/Beamline/Shared%20Documents/Forms/AllItems.aspx


LBNF

System design: AFT Arrow Compressible Fluid flow 

model

12/18/2020 A. Deshpande | LBNF Target Hall H2 and Ar41 Control System Design 15

• Have a circulation mass flow through the re-circulation loop.

• Exhaust mass flow to dual tank from each system must be equal to 

values shown in slide 6.

• Operate the dual tank system between two pressures (sub-

atmospheric).

• Prevent the pressures upstream of the dual tanks from exceeding 2 

Psig.

Fresh Ar.

Exhaust pump

Re-circulation 
pump

RAW exp. tank

Horn and tank

Target Shield Pile RAW

*Can vent to TGT Hall 
air like NuMI systems

Horn A RAW

Horn B RAW

Horn C RAW

Storage tank



LBNF

System design: AFT Arrow Compressible Fluid flow model

12/18/2020 A. Deshpande | LBNF Target Hall H2 and Ar41 Control System Design 16

TGT shield pile Ar. 
loop

Horn A loop

Horn B loop

Horn C loop

Gas capture 
manifold 4” pipe 

~12 ft long

Horn and tank

Recirculation 
pump on each 

loop

Exhaust pump on 
each loop

Gas holding tank(s)
Flow orifice (ID=0.057”)

Exp. tank on 
RAW system @ 
1183 mbar

Fresh Ar.

Just keep circulating 
and exhaust directly 
to TGT hall 
atmosphere

Fresh Ar.

Fresh Ar.
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Operate this tank 

between 70 mbar 

and 780  mbar @ 

90 F

When tank 

reaches 780 

mbar, the highest 

pressure in 

piping upstream 

is ~17.89 Psia

Between 70 mbar 

and 780 mbar, the 

flow through the 

orifice is “choked,” 

meaning mass flow 

is constant ~0.38 

g/s

@ 780 mbar

@ 70 mbar

Max pressure in both conditions 

is 1185 mbar ~ 17.89 Psia
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70-780 mbar (Holding Tank Farm)

1183 mbar (RAW exp. tanks)

1186 mbar (Horn/Horn Tanks)

1231 mbar (Gas collection tank)
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Fresh 

argon gas 

regulator

Precision pilot 

operated back 

pressure 

regulator #1

Precision pilot 

operated back 

pressure 

regulator #2

• Three regulators  

sized to maintain 

pressures in the 

Horn and the RAW 

expansion tank.

• A very low-pressure 

regulator for argon 

supply.

• Two pilot operated 

back-pressure 

regulators for Ar/ H2

mixture loop
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Back pressure regulator (pilot control)
Argon supply low-pressure regulator
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All recirculation loop and Horn A 

Exhaust pumps
Horn B exhaust loop pumps
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Horn C exhaust loop pumps
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• A 4500 Gal. tank takes 

approximately 16 hours to 

operate between 70 mbar 

and 780 mbar pressure 

(2.4 MW line).

• The tank is an ASME code 

tank capable of operating 

at full vacuum, 0 Psia.

• The tank is approximately 

8500 lb. when its empty.
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• A 4500 Gal. tank will operate between above pressures for ~16 hours. 

Leybold VARODRY VD65

~40 m3/hr.(Air)

• One 4500 Gal. tank will blow-down from 780 mbar to 70 mbar in ~70 min.

~70 mins for Ar.
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• The system operation will be designed to be automatic, that is, not like the NuMI feed/bleed system where the process is 

carried out by trained personnel.

• Step-1→ Fill Tank 1 for 10 hours.

• Step-2→ Start filling Tank 2. Close Tank 1. Fill Tank 2 for 10 hours.

• Step-3→ Start filling Tank 3. Close Tank 2. Fill Tank 3 for 10 hours.

• Step-4→While Tank 3 is filling, evacuate Tank 1. Start filling Tank 1, close Tank 3.

• Step-5→Fill Tank 1 for 10-hours. While Tank 1 is filling, evacuate Tank 2. After Tank 2 is evacuated, start filling Tank 2, 

close off Tank 1.

• Step-6→ Fill Tank 2 for 10 hours. At the end of 10 hours, start evacuating Tank 3. After this is done, start filling Tank 3 and 

close off Tank 2.

• The above cycle is repeated. 

Tank 1

4500 

gal.

Tank 2

4500 

gal.

Tank 3

4500 

gal.

VP1 VP2 VP3

Vacuum 

pumpsGas mixture 

supply lines

Gas capture tank

Pump to 

outside
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Component/System Standards

H2/
41Ar gas piping system • FESHM 5031.1—Piping Systems

• ASME B31.3 Normal Fluid Systems

• FESHM 6020.3—Storage and Use of 

Flammable gases

Holding tanks • FESHM 5033—Vacuum Vessels Chapter

• ASME Section VIII BPVC (Code Stamped 

Vessel)

Mezzanine system • FESHM 5100—Structural Safety

• IBC2015

RAW cooling systems • FESHM 5031.1—Piping Systems

• ASME B31.3 Normal Fluid Systems
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FESHM 6020 System Risk Class 0

System Parameters
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• The system is sized to keep the H2 concentration at 1% by 

volume in the Horn RAW systems. The LFL of H2 in Argon is 

3.13%. This gives a factor of safety of ~3. At the same time, the 

Horns are maintained between 16.16 Psia and 18.18 Psia.

• The tanks provide enough decay time and prevent exposure of 
41Ar to personnel.
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• All the instrumentation used will be rad-hard. Like the ones used on 

the RAW system.

• The H2/
41Ar control system will be interlocked to several beam control 

systems.

• As per FESHM chapter 6020.3—Storage and Use of Flammable 

Gases, this system falls in Class 0 risk category as it has less than 0.6 

Kg of Hydrogen.

• The pressure stabilizing system could be prototyped to understand its 

operational nuances.

• The moisture element is not modeled here. This can be tackled by 

installing charcoal absorbers in the exhaust loops.

• A detailed installation procedure for the mezzanine and the holding 

tank systems needs to be developed.
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• A detailed ODH analysis will be done for the Target Hall RAW room 

and connected volumes.

• During operations, the fresh Argon bottle farm may be replaced by a 

bank of LAr dewars located outside the Target Hall Complex.
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• Precision pressure 

regulator connected to 

compressed air system

• Set to a value to be 

maintained at the inlet of 

back pressure regulator
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