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ABSTRACT

The Advanced Neutron Source (ANS) cold moderators were not an "Oak Ridge first", but 
would have been the largest both physically and in terms of cold neutron flux. Two cold moderators 
were planned each 410 mm in diameter and containing about 30L of liquid deuterium. They were to 
be completely independent of each other. A modular system design was used to provide greater 
reliability and serviceability. When the ANS was terminated, up-grading of the resident High Flux 
Isotope Reactor (HEIR) was examined and an initial study was made into the feasibility of adding a 
cold source. Because the ANS design was modular, it was possible to use many identical design 
features. Subcooled liquid at 4 bar abs was initially chosen for the HEIR design concept, but this was 
subsequently changed to 15 bar abs to operate above the critical pressure. As in the ANS, the 
hydrogen will operate at a constant pressure throughout the temperature range and a completely closed 
loop with secondary containment was adopted. The heat load of 2 kW made the heat flux comparable 
with that of the ANS. Subsequent studies into the construction of cryogenic moderators for the 
proposed new Synchrotron Neutron source indicated that again many of the same design concepts 
could be used.

By connecting the two cold sources together in series, the total heat load of 2 kW is very close 
to that of the HEIR allowing a very similar supercritical hydrogen system to be configured. The two 
hydrogen moderators of the SNS provide a comparable heat load to the HEIR moderator. It is 
subsequently planned to connect the two in series and operate from a single cold loop system, once 
again using supercritical hydrogen.

The spallation source also provided an opportunity to re-examine a cold pellet solid methane 
moderator [1,2] operating at 20K.

1. THE ADVANCED NEUTRON SOURCE

The ANS was to have two liquid deuterium cold sources each with a calculated heat load of 
30 kW - about half of which was generated in the vessel material. This presented two problems, first, 
the handling of 30 kW of heat at 20 K was a demanding requirement and second, the considerable 
challenge of achieving adequate heat transfer between the liquid and the vessel walls. It was decided 
to elevate the background pressure of the liquid deuterium to 4 bar (max) and mechanically circulate it 
at 6.5 L/s. This would generate a temperature gradient across the moderator of ~4K, which fits inside 
an envelope between freezing at 18.7 K and boiling at 29 K (Figure 1).

A double walled storage vessel, connected to the loop by a control valve, allowed the 
deuterium to expand on warming to a maximum residual pressure of 4 bar abs at ambient temperature. 
During cooling, the loop pressure would be maintained by gas drawn from the storage vessel by a 

diaphragm pump. At operating temperature the storage vessel pressure would be reduced to about 
1/2 bar abs. Emergency venting of a system of this size was considered essential, but an emergency 
could require the reactor building to be closed up. An expansion back up vessel was therefore added, 
that would normally be held under vacuum. Rupture discs and vacuum pumps would vent into this 
vessel allowing the deuterium to be subsequently recovered. The added volume would reduce the 
overall pressure to 1.2 bar abs, but if necessary,

137



Proceedings of the International Workshop on Cold Moderators for Pulsed Neutron Sources
Argonne National Laboratory, September 29-October 2, 1997

UOHT

NEUTRON 270- s :

Figure 1. ANS Cold Source.

the entire inventory could be transferred to the back up vessel at a pressure of about 2 bar abs, 
allowing the loop to be isolated and filled with helium for servicing. This procedure would have 
been carried out routinely with every replacement of the deuterium inventory: it was planned to 
replace the deuterium using portable metal hydride units. The entire system, including vacuum 
insulated components, was to be enclosed by an inert blanket segmented into helium gas or low 
vacuum regions.

2. THE HIGH FLUX ISOTOPE REACTOR COLD SOURCE

Cancellation of the ANS prompted a new initiative to expand the use of the HFIR reactor by 
the addition of a cold hydrogen moderator. This will be installed in an existing pressure vessel 
penetration called HEM which passes through the beryllium reflector, tangential to the reactor core. 
Supercritical hydrogen gas, circulating at a flowrate of 1 L/s, enters the moderator vessel at 18 K and 
leaves at approximately 21 K. Flow is maintained by a mechanical circulator which generates a 
pressure rise of 1 bar to 15 bar abs to compensate for losses through the loop. A second installed 
circulator serves as a redundant unit to be brought on line from the control center. This redundancy 
will increase cold source availability, and the design provides an option of the on line replacement of a 
failed circulator. The choice of supercritical hydrogen over sub-cooled liquid provides total freedom 
from problems associated with two phase fluids especially during cooldown, warm up, transitioning to 
a standby state or transient conditions. It further eliminates possible local boiling in the moderator 
vessel, allowing a greater flexibility of operating temperatures.

The total heat load has been calculated at slightly above 2 kW, of which about 1.4 kW 
represents heat generated in the aluminum moderator vessel walls, the remainder being generated in 
the hydrogen itself. A contingency of 200W was allowed to cover intrinsic heat loads and nuclear

138



Proceedings o f the International Workshop on Cold Moderators for Pulsed Neutron Sources
Argonne National Laboratory, September 29-October 2, 1997

heating in the feed and return lines, which pass close to the core. The relatively high flowrate of 
1 L/sec was required to generate velocities within the moderator vessel sufficient to provide adequate 
heat transfer between the fluid and the vessel walls. The circulator speed is adjustable by about ± 20% 
to allow final trimming of the system and to avoid operating the circulator in a stalled condition. A 
standby state is provided, in which hydrogen gas at about 90 K is passed through the vessel at a flow 
rate of 2.25 L/s. This is designed to protect the vessel from overheating, even with the reactor 
operating at up to full power, in the event of the loss of normal flow or primary refrigerator cooling.

3. SYSTEM CONFIGURATION

A vacuum envelope, divided into two sections, insulates all cold components of the loop. One 
section is dedicated to the cryogenic loop inside of the reactor building and the other to the remainder 
of the loop, outside of the reactor building. This would help limit the spread of contamination in the 
event of a system failure involving the release of hydrogen into the vacuum space. The entire 
hydrogen bearing system, including vacuum insulated sections and vacuum pumping systems, is 
enclosed by a continuous inert blanket. This is continuous but is segmented over different areas of the 
system. In some areas the inert medium is gaseous helium, but in others it is secondary vacuum. The 
moderator vacuum vessel is mounted into the beam tube before installation and the complete assembly 
handled as one. It is proposed that the interspace between the vacuum and beam tube could be packed 
with aluminum wool. This would provide heat conduction to the beam tube which is water cooled. 
Helium gas in the interspace monitors the vacuum vessel for leaks.

The primary objective of the inert blanket is to provide double isolation of the hydrogen from 
atmospheric air, but it also eliminates any possibility of air entering the vacuum insulation where it 
could cryopump on to cold surfaces, making its detection difficult if not impossible. In areas of high 
radiation, such frozen air would break down to form dangerously unstable free radicals.

The main hydrogen loop is protected from pressures above 19 bar abs by a rupture disc that 
exhausts into a vent stack dedicated to the cold source system. Each vacuum chamber and sector of 
the inert blanket are independently protected against internal pressures exceeding 4 bar abs by rupture 
discs. Vacuum pump exhausts are also connected to the dedicated vent system.

4. NORMAL OPERATION

The hydrogen system operates in a closed loop that is held at approximately 14.5 bar abs average over 
the operating temperature range (Figure 1). At ambient temperature, the majority of the hydrogen 
inventory is contained by the 15,800 L storage vessel which is connected to the loop by a control 
valve. Under these conditions the overall pressure is 4 bar abs, but at the start of a cooldown the loop 
pressure is raised to 14 bar abs by the gas transfer pump, which adds gas to the loop from the storage 
vessel. As the cold loop cools and the hydrogen density rises, pressure is maintained by gas from a 
smaller feed vessel, which is connected to the loop by a second control valve. The feed vessel 
pressure is maintained at 15 bar abs by the transfer pump until at operating temperature the storage 
vessel is reduced to a pressure of about 0.5 bar abs. The loop pressure is controlled in response to a 
sensor upstream of the circulator. A pressure control system opens one of the two control valves as 
required, but a dead band separates their operation to help prevent instabilities that could result from 
valve oscillation.
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Figure 2. HFIR Flow Diagram
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The circulator in use is monitored constantly for abnormal current, excess vibration, reduction 
in speed, or high motor winding temperature. Any of these, individually or collectively, could 
indicate the onset of a fault and causes the spare circulator to be brought on line followed by isolation 
and close down of the faulty one. Once off line the faulty circulator could be warmed to ambient 
temperature, evacuated and filled with helium gas ready for replacement.

5. STANDBY OPERATION

In most existing cold source systems, a problem requiring the cold source to be shut down would 
require the reactor to be also shut down. To prevent this at the HFIR, the cold source can be 
transitioned into a standby mode which keeps the moderator vessel temperature at a safe level even 
with the reactor operating at full power. This is achieved by circulating hydrogen gas cooled to about 
90 K, at the higher rate of 2.25 L/s, with a low density circulator. The hydrogen is cooled in the same 
heat exchanger by the helium refrigerant, which is operated in a bypass loop and cooled by the liquid 
nitrogen pre-cooler only. This operating mode is designed to lower the impact of cold source failure 
on other user activities at the HFIR. The low density circulator is also used during the initial 
cooldown stage when the gas density is very low. It is operated until the hydrogen temperature 
reaches about 50 K at which point the high density circulator takes over. The low density circulator is 
also used during periodic annealing of the moderator vessel, which is required to offset the worst 
effects of radiation damage.

6. OPERATIONAF FEUID AND SAFETY DATA

6.1 General Data

Total hydrogen Mass 
Equiv. gas volume at STP 
Storage Vessel Vol.

Freezing temp of hydrogen

Primary hydrogen system rupture disc setting 
Vacuum and inert blanket rupture disc setting

6.2 Normal Operation

Nuclear heat load 
Operating temperatures 
Normal operational flow 
Overall system pressure drop

6.3 Standby Operation

Total heat load (vessel walls only)
Operating temperatures 
Volumetric flowrate 
Mass flowrate

Overall system pressure drop

3.36Kg 
42,000L 
15,800 L

14.3K at 15 bar abs

19 bar abs 
4 bar abs

0.63 kW H2, 1.53 kW vessel material 
18K to vessel, 2 IK out (nominal) 
73.83 gms/L at concept 15 bar abs 
-0.8 bar at concept 15 bar abs

1.53kW
90K in, approx. 145K out 
2.25 L/sec
9.16 gms/sec gas at concept 15 bar abs 

0.8 bar for reference 15 bar abs pressure
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7. SYSTEM DESIGN

The modular design maximizes flexibility and affords easier maintenance. The ten basic 
modules are briefly described below:

7.1 Moderator Plug Assembly

7.1.1 Vacuum Vessel

The vacuum tube is hemispherical at its forward end and has a window at its outer end to 
allow cold neutrons to exit to the beam line. The wall thickness and sealing arrangements are 
designed to withstand reactor coolant water pressure within the annulus, if the beam tube failed 
(Figure 3).

7.1.2 Moderator Vessel

The moderator vessel is supported by its feed and return pipes which are cantilevered from 
their mounting brackets. This helps reduce the material in the most active region close to the core. 
This arrangement limits the mounting material required within the influence of the reactor core, but a 
fixed reference point limits movement of the moderator vessel due to thermal shrinkage. To 
compensate for shrinkage between the reference point and the outer end of the beam tube, a bellows 
arrangement is required. The design permits movement of the bellows to bending only to increase 
reliability.

Figure 4 is an illustration of the vessel. However, the design is currently undergoing a change 
to allow it to be fabricated in two pieces only. The major section will be machined from a single billet 
and the hemispherical end will be attached with a single circumferential weld. The vessel is 
optimized, within practical manufacturing limits, to provide fluid flow that ensures adequate heat 
transfer over all inner surfaces. This was aided by fluid flow analysis using the "FLOW 3-D" 
computational fluid dynamics code, which is capable of mapping flow patterns and computing wall 
temperatures. The diameter of the vessel excludes it from mandatory requirements to comply with 
ASME Section VIII, but design procedures fully comply with the intent of that code. Finite element 
stress analysis was carried out and advice regarding state of the art machining and welding actively 
sought.

7.1.3 Beam Tube

The vacuum vessel is installed into the beam tube before installation using aluminum wool 
packing to provide conduction between the two. Cold source replacement accordingly requires 
replacement of the beam tube also. A cryogenic coupling at the end of the beam tube allows the first 
connection to be made in a hands-on location.

7.1.4 Neutron Windows

Two neutron windows are required, a double one to close off the beam tube and a second to 
close off the outer section of the beam tube which is normally filled with helium gas to permit 
improved transport of the cold neutrons. Alternatively it can be filled with water to provide a 
shielding when the cold source is not operating. Both windows are designed to offer minimal 
restriction of cold neutrons, consistent with a positive pressure capability of the 4 bar abs rupture disc.

142



Proceedings o f the International Workshop on Cold Moderators for Pulsed Neutron Sources
Argonne National Laboratory, September 29-October 2, 1997

z£s2<->
s i

ocr
d y

Figure 3. HFIR Cold Source Vessel in HB-4.
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Figure 4. HFIR Moderator Vessel
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Figure 5. HFIR Pump Module Flow Diagram.
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7.2 Pump Module (see Figure 5)

7.2.1 High Density Circulators

Two high density circulators are installed, one of which is a redundant unit. In normal 
operation, the circulator on line is monitored for warnings of possible failure, such as excessive 
vibration, abnormally high motor current, falling rotational speed or abnormally high winding 
temperature.

7.2.2 Circulator Isolation Valves

Double valves in both inlet and outlet ports of each high density circulator allow double 
isolation of the circulator from the hydrogen loop, permitting on line replacement. The outer valves 
incorporate pressure relief to safely vent hydrogen that becomes trapped when all valves are closed.

7.2.3 Low Density Circulator

A single low density circulator is mounted into an appendage to the main vessel that shares 
the same vacuum insulation. Single isolation valves allow it to be replaced but only when the system 
is not operational. The intermittent duty of this circulator make on line replacement a less likely 
requirement.

7.2.4 Cold Loop Temperature Sensors

One sensor is situated downstream of the heat exchanger to provide temperature control of the 
hydrogen during normal operation. Further sensors provide temperature indication at various points 
of the loop. All sensor leads pass through seals in a vessel flange to make them replaceable without 
opening up the vacuum system.

7.2.5 Cold Loop Pressure Sensors

One sensor, located upstream of the circulators, is used to control the loop pressure.

Further sensors provide pressure indication at various parts of the loop. Small bore tubes 
transmit pressure from their take off points to the transmitter, all of which are grouped together on a 
flange mounted on the pump module vacuum vessel. This allows individual transmitters to be 
replaced without opening the vacuum system.

7.2.6 Heat Exchanger Module

The module must fulfill two distinct operational functions:

Cool hydrogen at 15 bar abs from ambient temperature to the operating temperature over a 
period of about 12 hrs. (This is considered a reasonable time period to cool all components of 
the loop).

Remove heat from the hydrogen loop flowing at 1 1/sec under normal operation leaving the 
vessel at approx. 120K under standby operation.

Components of the heat exchanger module
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7.2.7 Heat Exchanger

The heat exchanger is an aluminum core type similar to those used in the cryogenic 
refrigerators. This is a very compact design, with a correspondingly small fluid inventory of about 
0.4L. Under normal operation the helium gas refrigerant enters the heat exchanger at about 14K and 
leaves at 20K. It’s pressure is slightly above atmospheric and the flowrate about 80-90 g/s. The 
hydrogen enters the heat exchanger at about 18 K and leaves at 2 IK. Its pressure is 15 bar abs and the 
flow rate lL/s. In standby, the cooling helium temperature is nearer to 85K and the hydrogen between 
100K and 145K. The pressure remains at 14.5 bar abs average but the flowrate is increased to 
2.25L/s. A sensor at the heat exchanger controls the temperature during the earlier stages of a 
cooldown to eliminate any possibility of the hydrogen freezing while its density and specific heat are 
low.

7.2.8 Containment Vessel

The containment vessel is double walled to provide vacuum insulation for the heat exchanger 
and an outer inert blanket. The vacuum wall is designed to withstand positive pressure of up to 4 bar 
abs which is the relief pressure of the rupture disc. The vessel has bayonet connectors to match those 
of the transfer lines that connect it to the refrigerator cold box and pump module. An additional outer 
flange facilitates continuity of the inert blanket over the transfer lines.

7.3 Gas Handling System

7.3.1 General Description

The hydrogen inventory is a fixed mass of gas that, once charged into the system, is doubly 
isolated from the atmosphere. Hydrogen gas bottles are removed once the system has been charged 
and the only reasons for replacement of the gas are either service requirements, or a failed rupture disc. 
The storage vessel adds sufficient volume to the loop to allow the hydrogen inventory to expand at 

ambient temperature to a pressure of 4 bar abs. At the start of a cool down the gas handling system 
raises the loop pressure to 15 bar abs by compressing gas from the storage vessel. As cooling 
proceeds and gas density rises, further gas from the storage vessel maintains the loop pressure. The 
storage vessel is sized such that under normal operating conditions it is reduced to a partial vacuum. 
The gas handling system thereafter admits, or vents, gas to sustain the loop pressure. The primary gas 
system is protected against pressures above 19 bar abs by a rupture disc. The storage vessel is double 
walled to incorporate the inert blanket. All gas handling valves and the feed vessel, which comprise 
the remainder of the gas handling system, are contained to maintain continuity of the inert blanket. 
The gas transfer pump, which is also inert blanketed, resides outside of the building but close to the 
storage tank. The inert blanket of the gas handling system comprises a rough vacuum (~10"3torr).

7.4 Refrigerator Module

7.4.1 General Description

The refrigerator comprises five main sections, a bank of five screw compressors, a vacuum 
insulated cold box that contains all interstage heat exchangers, a second coldbox containing four two 
cylinder piston expanders, a motor control center and an inventory control system. Refrigerator power 
depends on the helium refrigerant flow that defines the number of compressors and expanders 
required, but fine operational control is provided by inline heaters in the helium circuit. All the 
refrigeration system is located outside of the reactor building adjacent to the hydrogen safe room.
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7.5 Transfer Lines Module

Three transfer lines are required to transport cryogen between discrete components of the 
system. All must be vacuum insulated and those carrying hydrogen must also incorporate an outer 
helium blanket. The vacuum systems will be continuously pumped by the respective pump station.

7.5.1 General Description

Transfer lines can be obtained in many configurations, using vacuum insulated single pipe 
runs or with flow and return pipes within a common vacuum tube. They can be made from rigid or 
flexible tube and can be coupled using proprietary cryogenic fittings. Conversely, special couplings, 
based on an acclaimed design known as the "Johnston" coupling, are frequently used. This design is 
able to effect a single cryogenic pipe joint using an ambient temperature seal. A classic development 
in transfer line design is to nest flow and return tubes inside each other with vacuum insulation 
between them with insulating spacers to prevent the cold lines making contact with the outer vacuum 
tubes. This allows a combined flow and return coupling to be configured. Although more difficult to 
build, this design offers notable benefits:

It has the smallest overall cross sectional area, allowing both flow and return ways to be 
accommodated in a diameter little larger than that of a single flow line.
Combined coupling of both flow and return ways is possible using a single ambient 
temperature seal and an internal thermal seal, which is activated at low temperature. This 
technique, which was developed for the ISIS moderator systems and published in 1985 [3], 
allows easier coupling and decoupling with greatly improved reliability.
Since the innermost tube is surrounded by the returning cold hydrogen annulus, radiation heat 
in leakage to that line is extremely small. This allows a cold source to be operated close to the 
lowest system temperature without the risk of hydrogen freezing in the heat exchanger. It also 
allows the control sensor to be situated back in the pump module (30 m from the moderator) 
and still be representative of the temperature of the hydrogen entering the moderator vessel. 
The design is very suitable for fabrication using semi-flexible tubing that allows a complete 
transfer line to be transported and installed in a single length. This greatly eases installation 
and avoids any on site fabrication or modification.
The design principles are well documented and proven, being used widely at CERN, the Joint 
European Fusion facility, the ISIS facility and some facilities in the USA.

Three main transfer lines are proposed in the HFIR conceptual design:

Transport of helium refrigerant between the refrigerator and the main heat exchanger. This is 
a relatively short transfer line that does not require to be within the inert blanket. It could be 
configured from two individual lines for flow and return using Johnston couplings, or it could 
be a concentric design as described above.
Transport of cryogenic hydrogen between the main heat exchanger and the pump module. 
This short line must be included within the inert blanket requiring an additional outer tube. It 
could use either of the designs suggested for the previous line.
Transport of cryogenic hydrogen between the pump module and the moderator plug module. 
This must be included within the inert blanket and requires an additional outer tube. It is most 
suited to the concentric tube design that has been chosen for the conceptual design.
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7.6 Insulating Vacuum Systems Module

7.6.1 General Description

The vacuum envelope is divided into two sections, one is dedicated to the region inside the 
reactor building and the other outside the reactor building, to limit the spread of contamination in the 
event of a primary containment failure. Each system is serviced by a vacuum pump station, which 
comprises a turbo pump, a roughing pump, a fast acting isolation valve and a gas analyzer sensor, all 
housed in a vessel that is integrated into the inert blanket. If necessary, a complete vacuum pump 
station is replaced as a unit: this can be done while the cold source remains in operation. The integrity 
of neither the vacuum system nor the inert blanket is challenged when a vacuum pump station is 
replaced. The vacuum is first isolated by a valve with an actuator that extends through a seal in the 
inert blanket wall. The coupling flange has seals to isolate the vacuum and the inert blanket 
independently.

7.7 Inert Blanket

7.7.1 General Requirements

The inert blanket is divided into sectors that together constitute an unbroken barrier over the 
entire hydrogen bearing system, including those sections that are vacuum jacketed. This is necessary 
because air leaked into an insulating vacuum space would cryopump on to cold surfaces making its 
detection very difficult, and in areas of high radiation, such frozen air could break down to form 
dangerously unstable free radicals. Some of the larger components are double walled to incorporate 
the inert blanket but smaller modules (such as the gas handling system) are assembled into smaller 
vessels that constitute their inert blanket. All warm hydrogen pipework is further contained by 
flexible pipework to provide continuity of the inert blanket. Where it, is not a rough vacuum, the inert 
blanket medium is slightly pressurized helium gas.

7.8 Control and Instrumentation

7.8.1 General Requirements

The main control system is PC based using Windows interfaced software. The primary 
control unit is located in the refrigerator room, but the main monitoring station will be the cold source 
support building. A further computer drop will be provided in the main reactor control room.

7.8.2 Pressure Control

The hydrogen loop pressure is controlled by two control valves one of which admits gas to the 
loop while the other vents gas from the loop. Both are controlled by a single pressure sensor located 
just upstream of the circulators. Vented gas returns to the main storage vessel and a transfer pump 
moves gas from this vessel to maintain a smaller feed vessel at a pressure above that of the loop. The 
system is consequently totally closed and under normal operating conditions the storage vessel is 
under vacuum. To prevent both feed and vent valves being open together (which could lead to 
instability) there is a dead band centered at the average operating pressure, over which both valves are 
fully closed. Gas entering or leaving the loop passes through the pressurizer (which is a vessel 
connected into the loop at its bottom end, its top end being attached to the top plate of the pump 
module vessel). Since the vessel is an appendage to the liquid flow line, it holds a static pocket of gas 
that stratifies in temperature over its height. Gas is added and vented at the top of the pressurizer 
which remains nominally at ambient temperature.
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7.8.3 Temperature Control

Control is provided by a heater in the refrigerant line upstream of the heat exchanger. This is 
powered in response to one of three sensors depending on the mode of operation:

The refrigerant temperature is limited to a minimum of 14K during the cooldown phase to 
prevent freezing of the hydrogen. Freezing is most likely when the gas is warm and its 
density and specific heats are low. The low density circulator is operated during the cooldown 
and the controlling temperature element (sensor 1) is at the heat exchanger. The same sensor 
is used when the system is operating in a standby mode at 100K. At about 5 OK the high 
density circulator takes over automatically and temperature control is switched to sensor 2. 
Temperature sensor 2 is located in the feed line just downstream of the heat exchanger. This 
location is representative of the temperature at the entrance to the moderator vessel and allows 
the moderator to run as cold as possible.
If it is required to operate the refrigerator while the loop is warmed up for service, a by-pass 
valve and isolation valves allow the refrigerator to operate in a closed loop, which includes the 
control heater. At this time, control is provided by temperature sensor 3 that is located in the 
refrigerant gas loop.

7.9 Equipment Enclosure and Safe Room

The refrigerator equipment is housed in a special building outside of the reactor building. 
Large gas vessels and gas bottles are located outside the building. The pump module and heat 
exchanger are located in a safe room which is a frangible construction alongside the refrigerator room. 
The safe room is constantly ventilated by a hydrogen qualified fan at a rate sufficient to ensure that a 

detector at the outlet is able to recognize hydrogen at its lowest combustible limit. Such a signal 
causes the extraction rate to be increased to the equivalent of one air change per minute. All electrical 
equipment within the safe room must either meet intrinsically safe requirements (maximum possible 
energy release of 0.019 ml) using purpose electronic barrier systems, or is inert gas blanketed. 
Personal grounding devices and anti-static over garments will be used by personnel entering the safe 
room whenever the cold source is operational.

7.10 Vent System

Individual rupture discs protect the main loop, each vacuum system and each inert gas blanket 
sector. All are connected into a common manifold that is piped to a dedicated vent stack. The exit of 
the stack is closed by a low pressure relief valve and nitrogen gas is passed through the vent system 
continuously maintaining a positive pressure of about 0.1 bar gauge, effectively making the vent 
system also double isolated from the atmosphere. All vacuum and purge pumps vent into the stack, 
together with any other relief systems. The stack itself will be situated in a safe area relative to 
prevailing winds and other site equipment.

7.10.1 Functional Testing

Components such as cryogenic stop valves and circulators will be tested individually on site, 
but full scale testing of the cold source loop system will be or have been performed at the Arnold 
Engineering Development Center at Tullahoma, Tennessee in three phases:

Phase 1:

A loop has been constructed in a large vacuum chamber (approx. 33' dia. 60' high) to 
represent the final system as realistically as is practical. Relative elevations of individual components
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and equivalent pipe diameters have been observed. Pipe lengths are authentic and equivalent 
refrigeration is provided. A high density circulator, a low density circulator and a dummy load heater 
(in place of the moderator vessel) are installed. This allowed the following operations to be replicated:

System cool down 
Steady state operation
Application of a thermal load programmed to imitate reactor start-up 
Programmed removal of the thermal load to imitate reactor scram 
System warm up

Phase 2:

The moderator vessel will be operated in a supercritical hydrogen loop with simulated heating 
of the vessel and inventory. The vessel surfaces will be subsequently scanned for local hot spots.

Phase 3:

The complete system including a moderator plug assembly will be assembled in its final 
situation outside of the reactor building. The flexible transfer line and plug assembly will remain 
outside and a heater will be added to simulate nuclear and gamma heating. A full range of proving 
and training operations will subsequently be carried out over a period of months.

8. SPALLATION SOURCE MODERATORS

The spallation source is presently configured with a suite of four moderators. The two 
moderators below the target are ambient temperature water and are piped in series. The upper 
moderators are supercritical hydrogen at 15 bar abs pressure. These are also connected in series and 
the inlet temperature to the first is 18K and the second 19.5K.

8.1 Ambient Moderators

Beam lines will view both sides of the upstream moderator and one side of the other. Both 
will be poisoned by an aluminum clad gadolinium layer on the vertical center line. A temperature 
stability of +/- 0.5 °C is aimed for and the total heat load of each moderator is 1.6 kW.

8.1.1 Assembly

The moderator vessels will be coupled and fed by a single dual concentric feed line. The 
vessel and line assembly will be mounted into the removable plug before it is installed. The first 
coupling will be at the top of the plug.

8.2 Cryogenic Moderators

Both moderators supply beam lines on both sides. The overall heat load for both moderators 
is 2 kW which is very comparable with that of the HFIR moderator. This permits
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Figure 6. SNS Supercritical Flydrogen Moderator Assembly

much of the HFIR system to be duplicated including the pump module and heat exchanger, the gas 
handling system, the refrigeration system, vacuum systems and control systems. The transfer lines 
will be similar but the moderator assemblies will be different.

The two moderators will be interconnected at the lower level with a single concentric transfer 
tube to the top of the target shielding plug. The plug is designed to be replaced as a unit with the 
moderators in place. The first connection for each pair of moderators will be at the top of the plug, in 
a hands-on location. Vacuum insulation for the cryogenic moderators will enclose both moderators 
and a further helium envelope will form a second enclosure creating triple barriers. The vacuum and 
helium enclosure will require water cooling which will apply to the edges and bottom only. The 
viewing faces will be cooled by conduction from the water cooled edges.

9. NEW CONCEPT COLD MODERATORS

A sold methane moderator using frozen spherical pellets has been proposed for the SNS. This follows 
two earlier papers [1,2] describing systems using liquid or superconducting hydrogen as the coolant.
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Some preliminary work was done with methane at ORNL in 1986 that will form the basis for future 
development. Once more the modular supercritical design described above could form the basis of 
such a system coupled with ORNL experience in the production and handling of solid cryogens.

REFERENCES

[1] K. D. Williamson and A. T. Lucas, “A Combined H2/CH4 Cold Moderator for a Short Pulsed 
Neutron Source,” Proceedings of ICANS X, (1988).

[2] T. Lucas, G. S. Bauer, and C. D. Sulfredge, “A Palletized Solid Methane Moderator for a 
Medium-to-High Power Neutron Source,” Proceedings of ICANS XIII (1995) and “Special 
Transfer lines for the ISIS Spallation Source,” Proceedings of ICEC 8 (1985).

153


