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1. INTRODUCTION

L.1. The EGCR

The Experimental Gas-Cooled Reactor (EGCR) is the embodiment of one
of several gas-cooled reactor designs now being developed in the United
States for the purpose of producing competitive nuclear power. To further
gas-cooled reactor technology, the EGCR has been designed to accommodate
up to four gas-cooled experimental loops plus several experimental fuel
elements in the open core. The establishment of this versatile experi-
mental facility is expected to further the development of advanced fuel
element concepts while the reactor is performing its prime function of
serving as a power-producing prototype for demonstrating the reliability
of the gas-cooled reactor.

The EGCR is being built on a bluff overlooking the Clinch River about
2 miles east of the Oak Ridge National Laboratory. The power plant is
scheduled for completion late in 1962. An artist's conception of the com-
pleted plant is presented in Fig. 1.1.1.

The reactor is fueled with U0, clad in stainless steel. The moder-
ator is graphite, and the cooling gas is helium at a pressure of 315 psia.
The reactor is designed to produce approximately 85 Mw of thermal power
at a gas inlet temperature of 510°F and an outlet temperature of 1050°F.
The reactor thermal power is transferred to water in two boilers to
generate superheated steam at 1250 psia and 900°F. This steam is then
passed through a turbogenerator to produce approximately 25 Mw of elec-
trical power. Section views of the plant are shown in Figs. 1.1.2 and
1.1.3,

The reactor core is a vertical cylinder made up of 16-in.-square
graphite columns that are 19 ft 4 in. high. Vertical channels through
the graphite columns are provided to accommodate the fuel elements, con-
trol rods, and experimental loops. The reactor core is housed inside a
cylindrical pressure vessel with an inside dlameter of 20 ft and an Iin-
side height of 46 ft.

The reactor containment vessel ig a 1l14-ft-diam cylinder with curved
top and bottom. Its cver~all height is 216 ft. Access to the contain-
ment vessel is through a perscnnel airlock and an egquipment airlock.

The EGCR is designed for fuel charging and discharging while opera-
ting at full power. A charge machine located berneath the reactor will
load and unload the Tuel assenblies. A service machine above the reactor
will te used to handle the control rods, open core experimental assemblies,
and loop experimental assembliies.
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Fig. 1.1.1. The Experimental Gas-Cooled Reactor Plant.
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1.2. Provisions for Experimental Facilities in the EGCR

Experimental facilities for the EGCR will be of two types — those
utilizing experimental loops passing vertically through the reactor core
and those using open fuel channels within the reactor core (open-core
experiments). Provisions have been made for the installation of up to
four experimental loops in the core. Two of these loops (designated as
TS-2 and TS-3) will utilize 5 1/2-in.-o0.d. stainless steel tubes passing
through the core along an axis which is about 17 in. from the central
axis of the core (coordinate positions -3, -3 for TS-2 and -3, +3 for
TS-3). The other two loops (designated as TL-1 and TL-4) will utilize
9 1/2-in.-c.d. tubes about 68 in. from the central axis (coordinate
positions +12, -12 for TL-1 and +12, +12 for TL-4).

Experimenters' Cells. Space has been provided to house the loop
equiprent required to circulate cooling gas through the reactor through-
tubes. This space is in the form of a semicircular-shaped room approxi-
mately 24 £+ wide by 15 ft deep by 291 £t in mean length located around
the periphery of the reactor containment vessel (see Fig. 1.1.3, sec.
1.1). This room is located below ground level with the top of its roof
at ground level.. The roof is constructed of ordinary concrete 3 ft thick
to provide the necessary radiation shielding. The space inside the rocm
can be divided into as many as eight equal-sized cells by removablie gas-
tight metal bulkheads that are 18 in. thick and filled with metal punch-
ings. 'These bulkheads provide sufficient radiation shielding to permit
personnel tc work in adjacent cells while the loop equipment in a given
cell is operating.

Each experimenters' cell is fully lined with a gas-tight steel liner
to provide safe containment of any gas released from the experimental
1loop equipment. The cell liner is designed to contain all loop gas re-
leased te the cell. A 32-in. rupture disk is provided from each cell to
the reactor containment vessel to relleve the cell pressure in case reac-
tor gas should also be released to the cell through a rupture in the re-
actor through-tube and the loop piping.

Personnel access to each cell is provided by a portable personnel
alrlock which can be positioconed over a special hatchway built into the
rocf of each cell. Access to the cell during major maintenance is pro-
vided by removing several roof plugs and cutting out a section of the
cell liner. The resulting opening is 11 1/2 ft wide by 26 ft long.

Pipe Chases. The experimental loop piping between the experimenters'
cells and the reactor through-tubes will run through pipe chases in the
reactor viological shield (see Figs., 1.1.2 and 1.1.3, sec. 1.1). The
inlet pipe to the through-tube willl run horizontally through the lower
biolcgical shield to the lower pressure vessel nozzle. The return piping
will run horizontally through the upper biological shield to a vertical
pipe chase near the exbternal face of the reactor blological shield., Space




is provided in the vertical chase for a loop cooler. From the bottom of
the vertical chase, the piping will run horizontally to the experimenters'
cell,

Utility Tunnel. A utility tunnel is provided next to the experimenters’
cells to accommodate electrical and instrument conduits, gas and air supply
lines, cooling water lines, and ventilation system ducts. This tunnel is
approximately 17 ft deep by 12 £t wide by 388 £t in mean length, It is
situated adjacent to the outer periphery of the experimenters’ cells. The
top of the utility tunnel roof is at ground level, DPersonnel access To
the utility tunnel is through corridors from the turbine building and the
control building. ©Sufficient shielding is provided by the outer walls of
the experimenters' cells to protect personnel in the utility tunnel.

Crane Bay. A crane bay is provided in the space directly above the
experimenters' cells and the utility tunnel. This space is enclosed by
corrugated Transite siding and a built up roof that abuts the reactor
containment vessel (see Fig. 1.1.1, sec. 1.1). The ceiling clearance is
approximately 31 ft. The bay is serviced by a 20-ton traveling-bridge
crane for removing the cell roof plugs and components from the experimenters'
cells. Two equipment and truck access doors and four personnel doors to
the crane bhay are provided.

Control Room. The experimenters are provided with a control rcom
which is located in the main reactor control building. This control room
encompasses an 'L" shaped area of approximately 4700 ft%. Approximately
40% of this area is over a basement, while the balance is located on top
of earth fill. Wiring access to the control panels in the earth fill area
is by means of an overhead cable tray and 1n the area over the htasement
oy means of floor slots.

Loop Piping. The major portion of the loop piping will not be in-
stalled until such time as a particular loop design is authorized for
congtruction. Since the construction authorizations may come after re-
actor construction is completed and the reactor has run at power, there
ar= certain piping provisions that must be made now while critical areas
arcund the reactor pressure vessel and in the pipe chases are still ac-
cessible and present no radiation hazard.

In order to make plping provisions it was necessary to complete a
fairly detailed loop design. In the case of the small through-tutes {(TS-2
and TS-3) the design was carried through in detail, as reported in Section
1.3. For the large through-tubes only an educated guess could be made as
to their future use. In order to specify materials and piping it was
decided that one of the large through-tubes (TL-1) should incorporate
design provisions which would permit it to accommodate a steam-cooled ex-
perimental ioop. The other large through-tube (TL-4) was to incorporate
provisions for accommodating a hydrogen-cooled loop or some other Type of
Loop requiring extra containment provisions. The requirements of safe
containment of hydrogen led to the selection of a double through-tube for



this loop. The lcop piping selected for the small through-tubes and
single large through-tube was 6-in. sched.-80 type 347H stainless steel.
The large double through-tube was provided with 4-in. sched.-80 type
347H stainless steel piping. All installed loop piping will be provided
with secondary containment piping.

A1l lower chase loop piping from the reactor pressure vessel to the
experimenters' cell and all upper chase piping from the reactor pressure
vessel to the vertical pipe chase is being installed during reactor con-
struction. The vertical chase piping, except for a short run of lower
chase piping attached thereto and leading to the experimenters' cell,
will be fabricated when the loop is installed.

Storage Holes. Two experimental fuel assembly storage holes are
provided for storage of irradiated fuel assemblies. These storage holes
are located in the reactor biological shield at the west end of the service
machine room. One hole is located at each end of a row of control rod
storage pits.

1.3. Small Helium~ or COp-Cooled Experimental Loops

A preliminary design and a hazards evaluation has been completed
for two small helium- or CO;-~cooled experimental loops to utilize the
two small through-tube facilities (TS-2 and TS-3). These loops will
utilize the 5 l/2-in.—o.d. through-tubes and are designed to use either
helium or CO, as the loop coolant.

In addition to designing the small loops, it was necessary to. carry
through a detailed design of the reactor pressure vessel nozzles, 1loop
piping, and storage holes mentioned in Section 1.2, plus several other
design studies. This work is also reported or referenced in this docu-
ment.

Design Conditions. The small helium- or CO,-cooled experimental
loops have been designed 1o permit experimentation at any temperature and
pressure within the bounds of the eight design points indicated in Table
1.3,1. TFor example, any pressure between 500 and 1000 psia, any experi-
ment power not exceeding 1500 kw, and any test section outlet mixed mean
gas temperature up to 1050°F can be used, as long as the combination of
these variables lies within the bounds of the design points.,

Although the loop design limits the test section mixed mean gas tem-
perature to 1050°F, higher experiment coolant gas temperatures can be
achieved by attemperation (bypassing a portion of the loop gas around the
experimental section and mixing it with the experiment gas at the experi-
mental section outlet end).

A basic assumption in the loop design is that some of the experimental
assemblies will be of a type that will release large quantities of fission



Table 1.3.1. Design Conditions for Small Helium- or COp-Coocled Experimental Loops

Design Condition Number

1 2 3 4 5 6 7 8
Coolant Gas COs CO» COo COa2 He He He He
Test section power, kw 1500 335 1500 335 1500 335 1500 335
Gas flow, 1lb/hr 41 300 41 300 41 300 41 300 9190 9190 9190 9190
Nominal operating pressure, psia 1000 1000 500 500 1000 1000 500 500
Nominal operating temperatures, °F
Test section inlet 600 950 600 950 600 950 600 950
Test section outlet 1050 1050 1050 1050 1050 1050 1050 1050
Piping, reactor to cooler 1050 1050 1050 1050 1050 1050 1050 1050
Piping, cooler to heater
Heater on maximum 550 900 550 900 550 900 550 300
Heater off 600 950 600 950 600 950 600 950
Piping, heater to reactor 600 950 600 950 600 950 600 950
- Maximum permissible test section pressure  53.0 8.9 26.2 beo e 21.2 3.5 10.6 1.8
drop, psi
Total loop plus maximum test section
pressure drop, psi
Heater on maximum 60.7 18,8 41.6 24,2 26,1 9.7 20,3 14.1
Heater off 60.9 19.0 42.0 24,77 26.2 9.8 20.6 1l4.4
In-pipe gas velocity,® ft/sec
Piping, reactor to cooler 23.7 23.7 47,2 47,2 57.8 57.8 115.5 115.5
Piping, cooler to heater
Heater on maximum 15.4 21.2 30,7 42.3 38,7 52.2 77.0 104.5
Heater off 16.3 22.0 32.2 44,0 40.5 54.2 80.5 106.8
Piping, heater to reactor 16.3 22.0 32.2 44,0 40,5 54,2 80.5 106.8

%For 6-in. sched.-80 pipe.



products (so called dirty experiments) during normal operation. Provi-
sions have been made to operate and maintain the loop even if the loop
gas is highly radioactive.

A schematic flow diagram of the experimental loop 1s shown in Fig.
1.3.1. The components through which the mainstream loop gas normally flow
are the in-pile test section (through-tube) containing the experimental
assembly, the mainstream gas cooler, the malinstream gas filter, three
loop compressors in series, and the mainstream gas heater. In addition,
there is an auxiliary blower in parallel with the loop compressors to
take care of a complete failure of the latter.

The function of the mainstream gas cooler is to remove the heat
generated by the experimental assembly. The mainstream gas filter is
provided to remove any particulate matter in the gas stream, This should
help to concentrate the loop gas activity in one region where it can be
most effectively shielded. The loop compressors provide the positive
head required to overcome the loop gas pressure-drop losses around the
loop. The mainstream gas heater is required to preheat the loop during
startup and to heat the loop during loop operation at low reactor power
or if the loop experimental asdsewbly does not contain fissionableitha-
terial.

The principal auxiliary equipment and services for the loop include
a bypass gas-cleanup system for continuous on-stream fission-product re-
moval, a gas transfer and storage system for the transfer and storage of
loop gas, and an offgas system to take care of processing loop gas for
release to the KGCR stack.

Other systems required to service the loop include a gas-sampling
system to take gas samples from various parts of the loop, a water system
to cool various loop components, an electrical system to supply power to
the loop compressors, heater and other electrical components;a gas-supply
system to supply helium and CO; to the loop, a gas~distribution system to
distribute the gas, and various leak-detection systems.

All loop equipment, except the through-tube and cooler, that con-
tains radioactive gas is located in the experimenters' cell. The required
services are provided to the loops from the experimenters' utility tunnel.
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2. TINHERENT SAFETY IN DESIGN

In all aspects of the experimental loop design, safety and continuity
of operation have been foremost considerations. The experimental loop
design complies with all generally accepted standards and codes to the
extent that these are applicable to the loops. Components which are be-
lieved to have low reliability have been avoided wherever possible, Where
such components are unavoidable, spare componeuts have been provided in
such a way that a spare can immediately perform the function of the failed
component. All loop components which normally contain radioactive loop
gas have been enclosed in at least one additional containment system.

2.1. Inherent Safety of the Primary and
Secondary Contalnment

The best known design procedures were employed to provide a more
than adequate design of the primary and secondary loop containment. As
stated in Section 6.2, methods outlined in the Navy Code were used as a
design basis for the experimental loops. It was recognized that the Navy
Code is primarily intended for pressurized-water reactors, and allowable
stresses for structural materials are given in the Navy Code only for
temperatures up to ~700°F. It was further recognized that material be-
havior at elevated temperatures has not been completely determined. How-
ever, from an engineering viewpoint, the design procedures, as outlined
in the Navy Code, are believed to be the best available at this time,

The allowable stresses at the operating temperatures of the EGCR experi-
mental loops were determined from experimental data published in the
literature. Also, the design was not considered acceptable unless it

met the requirements of the ASME or ASA Codes (and Code cases), as appli-
cable.

In addition to the design methods used, the basic design philosophy
chosen for the experimental loops led to an inherently safe facility.
For instance, adequate instrumentation with appropriate backup instruments
and two-outbt-of~three safety circultry was provided to detect all fore-
seeable loop malfunctions. Provisions were made for an alternate power
source (from Y-12) in case of a power failure, and an auxiliary blower
was provided to assure afterheat removal if the mainstream compressors
failed following loop depressurization.

A well-designed loop secondary containment system was provided to
give adequate protection in case of a primary containment failure (primary
containment is here defined as all piping and components that normally
contain loop gas during any phase of loop operations). The secondary con-
tainment of the primary loop system consists of the reactor pressure vessel
(and its appendages), the loop containment pipe, and the experimenters'
cell. It should be noted that all out-of-cell portions of the loop are



triply contained (by the reactor containment vessel) with respect to the
EGCR plant environs.

The reactor vessel provides secondary containment for all primary
containment failures inside the reactor pressure vessel. The mass of
experimental loop gas is small compared with the mass of reactor gas. If
a loop gas release into the reactor gas system should occur, the small
increase in reactor gas pressure will not lead to a failure of the reactor
oressure vessel,

Secondary containment of the out-of-cell loop piping leading to the
reactor thrcugh-tute is provided by a containment pipe which is an ap-
pendage to the reactor pressure vessel. A failure of the primary loop
pipirg at this point will cause a short-duration pressure of approximately
800 psi inside the secondary containment pipe (reactor pressure vessel
appendage) and a containment pipe temperature approaching 570°F. The re-
sulting stress in the secondary containment pipe will be about 1l& 000 psi,
which is within the ASME allowable value of 16 500 psi. The stress-rupture
strength of the containment pipe is approximately 120 00C psi for times up
to 1000 hr at 600°F. Turther, the instantaneous containment pressure of
800 psi will bleed down to the reactor operating pressure of 315 psia.

The secondary containment pipe for the mainstream loop piping lead-
ing from the reactor to the cooler and back to the experimenters' cell
is nct an appendage to the reactor pressure vessel., A failure of the
primary containment in this case may increase the secondary containment
pressure up to approximately 600 psia and the secondary containment pipe
temperature to about 570°F. However, the stresses in the secondary con-
tainment pipe even for this highest pressure will only be of the order of
13 000 psi, that is, well below the 1000-hr rupture stress of approximately
120 000 psi and within the ASME allowable value cf 16 500 psi.

For the in-cell experimental loop piping and components, a gas-tight
cell liner provides the secondary containment., The cell with its linex
is designed to withstand a pressure of 12 psig. The anticipated maximum
ell pressure following a failure of the primary containment in the cell
is 9 psig for a single cell arrangement. If two experimenters' cells are
used for each lcop, this pressure will be vreduced 50%. FEach experimenters'
cell is equipped with a rupture disk set to relieve the pressure to the
reactor containment vessel at 10 to 12 psig in the event a double failure
of the primary containment (one failure must be inside the reactor pres-
gare vessel) releases the reactor gas into the experimenters' cell.

&

K}

2.2. Inherent Safety of the Experimental Loops

As indicated in Sectiors 2.1 and 6.2, the best know procedures were
used in the design of the EGCR experimental loops. The Navy Code was
used as basis of design. Further, the design had to meet the requirements
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of the ASME and ASA Codes (and Code cases), as appropriate. From a
theoretical viewpoint, the design of the EGCR experimental loops is con-
sidered to be more than adequate in view of the nominal factor of safety
of from 3 to 4 inherent in the Codes. 1In addition, conservative calcu-
lational methods, procedures, and assumptions were observed in meeting
the code requirements, and independent checks were made wherever possible.
For example, the pipe stress calculations were performed at CORNL, using
the SHARE GS 3812 IBM 704 pipe stress program, and independently at the

M. W. Kellog Co.; the agreement of the results was within 1%.

The satisfaction of code requirements is not considered to be prima
facie evidence of loop safety or the principle criterion for endorsement
of the loop design. Numerous tests will be performed to verify all
questionable areas of the loop design. Some of the more important tests
are: (1) tests to verify performance and reliability of the cooler,
heater, filters, nozzle tee section bearings, valves, mechaniecal joints,
and other critical components or component features, (2) an extensive
determination of component leakage rates, (3) an evaluation of the reac-
tor through-tubes, including buckling tests, insulation tests, and orifice
flow tests, (4) an exhaustive testing of compressor performance and reli-
ability, and (5) the construction and operation of out-of-pile mockups of
large segments of the experimental loop complexX.

In addition, tests will be performed on auxiliary equipment as deemed
necessary, for eXample, mockup tests of the welding machine and remote-
welding procedures. As backup, the gas-cooled loop now being installed
in the ORR will give a broad base of experience with many similar com-
ponents and with gas-cooled loops in general.

Rigid specifications have been written to cover components, materials,
inspection, welding procedures, and testing procedures. These specifica-
tions are based on years of loop and reactor construction experience at
ORNL. The material specifications meet, as a minimum requirement, the ASTM
Standards.

During construction all welds will be rigidly inspected and leak
tested. After installation, piping and components will be prneumatically
or hydrostatically pressure tested, as specified by the ASME Code.



3. FACILITY DESIGN

3.1. General Arrangement

The facility required to house the EGCR experimental loops is made
up of the experimenters' cells, utility tunnel, crane bay, and control
room., As shown in Figs. 1.1.2 and 1,1.3 (see sec, 1.1), the experimenters’
cells are a series of concrete compartments located around most of the
periphery of the reactor containment vessel. The cell roofs are at ground
level. Radially outward from the experimenters' cells is the experimenters’
utility tunnel. This tunnel completely encircles the reactor containment
vessel. One portion of the tunnel is adjacent to the outer periphery of
the experimenters' cells. The remainder follows the periphery of the re-
actor ccntainment vessel. The tunnel roof is also at ground level. The
experimenters' crane bay is located directly above the experimenters!
cells and that portion of the utility tunnel which is adjacent to the
cells. The crane bay is equipped with a 20-ton traveling-bridge crane
that operates on circumferential tracks and is enclosed by a Transite-
sided structure abutting on the reactor containment vessel (see Fig. 1.1.1,
sec. 1.1).

The experimenters' control room is an L-shaped area within the re-
actor control building. About 40% of this area is located above the con-
trol huilding basement, and the remainder is located on top of earth fill.
An underground corridor comnects the contrecl room basement to the experi-
menters’ utility tunnel.

The experimenters' cells are limited acess areas and are shielded
by concrete to limit the maXimum dose rate outside the cells to approxi-
rmately 2.5 mr/hr. In order to achieve this, the roof of each cell and
the cell walls adjacent to the utility tunnel are concrete up to 3 ft
thick. The walle tetween individual cells are removable carbon steel
bulkheads filled with steel punchings.

3.2. Experimenters' Cells

The experimenters' cells are arranged arcund the periphery of the
reactor containment vessel. These cells are located below ground, with
the top of the cell roof at ground level. The general arrangement of the
experimenters' cells is shown in Figs, 1.1.2 and 1.1.3 (see sec. 1l.1).

Ad jacent cells are separated by removable tulkheads so that the cell area
can either be expanded into one large room, if all bulkheads are removed,
or divided into as many as eight identical cells, if seven ulkheads are
inserted. The cell is 24 Tt wide and 15 ft 3 in. deep. The length of
the inside wall of the undivided cell area is approximately 244 ft, while
the length of the outside wall is 388 ft. The experimenters' utility
tunnel 1s located around the periphery of the outside wall.
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The concrete roof plugs that form a part of the roof of each experi-
menters’ cell are removable. The resulting opening (11 1/2 ft wide by
26 ft in mean length) permits the removal and replacement of large 1cop
components. Another penetration in the cell roof provides for personnel
access through a portable personnel airlock (see sec. 6.15) into each
experimenters' cell.

Each cell has a number of gas-tight penetrations for piping, elec-
trical leads, etc. A 42-in. penetration is provided between the experi-
menters' cell and the reactor containment vessel for the penetration of
the main loop piping and the demineralized-water lines. Another penetra-
tion in the same wall contains a 32-in. rupture disk for cell pressure re-
iief (see sec. 6.10). The wall between the cell and the experimenters'
utility tunnel has numerous penetrations, including penetrations for the
cell ventilation system, the loop gas supply system, electrical lines,
vuilding air, etec. Each cell is provided with a 4-in. floor drain penetra-
tion. The floor drain line contains two valves in series to assure sec-
cndary containment. A detailed discussion of the cell penetrations is
presented in Section 6.9.

In order to provide adedquate radiation shielding for personnel work-
ing in the crane bay and utility tunnel, the experimenters' cell walls
are designed with a sufficient thickness of concrete to reduce the dose
rate in these adjacent areas to less than 2.5 mr/hr. In the original
design the cell roof was 2 ft 3 in. of ordinary concrete and the outer
wall was 2 ft of ordinary concrete. ©Subsequent shielding calculations
indicated that these thicknesses were insufficient, so the roof thick-
ness was increased to 3 ft of ordinary concrete, and 7 in. of Barytes
concrete was added to the outer cell wall.

Shielding is provided between adjacent experimenters' cells by a
removable bulkhead, as discussed above. This bulkhead is fabricated in
the form of a hollow steel shell 18 3/4 in. thick. It is filled with
steel punchings for shielding. This construction permits removal of the
shielding aggregate by vacuuming the plenum when it is desired to remove
the bulkhead. Remcval of the aggregate reduces the bulkhead weight so
that it can be handled by the experimenters' crane.

Each experimenters! cell is equipped with a carbon steel liner to
provide leaktight secondary containment for the primary loop piping in
the cell. The cell liner is designed to withstand a maximum internal
pressure of 12 psig. A 32-in. rupture disk protects the cell against
overpressure by relieving the overpressure to the reactor containment
vessel 1f it exceeds 10 to 12 psig. The cell liner will be fabricated,
leak tested, and patched by welding until its leakage does not exceed
1.0% of the weight of air in the cell at 12 psig over a 24-hr period.

The experimenters® cell liner is fabricated by seal-welding rec-
tangular sheets of 10-gage carbon steel (ASTM-A246) to rectangular bar
stock, which is, in turn, fastened to anchor bolts embedded in the concrete
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walls, floor, and ceiling. The anchor bolts are placed in sleeves to
allow lateral motion due to thermal expansion of the liner. The anchor
bolt nuts are seal-welded to the anchor bolts and the cell liner. The
liner on the removable roof hatch is seal-welded to the cell liner in

such a manner that the seal weld is accessible from the top of the hatch.
Removal of the hatch plugs requires that the seal be cut first. The liner
is rewelded after replacement of the hatch plugs. After fabrication all
exposed surfaces of the liner will be painted with Phenoline 300 or an
equivalent solution.

During normal loop operation, cell ventilation will not be permitted,
although the cell will be allowed to "breathe" via two small lines that
wypass the main ventilation intake and exhaust valves (see sec. 6.7).

Each of these bypass lines contains sufficient valving to provide safe
isolation of the cell if a radiocactive gas release into the cell should
occur. Ventilation is available during major maintenance work in the cell.
The ventilation is established by an induced-draft system. The ventila-
tion rate can be varied from an average of 440 cfm to a maximum of 1760 cfm
per cell. A more detailed description of the cell ventilation system is
provided in Section 6.7.

Fach experimenters' cell is cooled by two 50-kw air-to-water cell
coolers using service water, which enters the cell from the experimenters'
utility tunnel. During loop operation using COp, the cell air temperature
will pe maintained above 88°F by throttling the water flow to the cell
coolers (or turning on the electric heaters, if necessary) to prevent the
condensstion of high-pressure COp in the gas lines inside the cell. No
temperature controls on the coolers will be required during helium loop
operation. A thorough discussion of the cell coolers and cooling require-
ments 1s presented in Section 6.11,

The experimenters' cell is drained by means of a 4-in. line that goes
tc the EGCR warm waste system. The drain line is constructed of stainless
steel. Secondary containment is maintained by two stainless steel ball
valves (2 in. nominal) in series. These valves are eqQuipped with preumatic
operators and are spring-loaded to fail closed. They are controlled by a
water-level monitor upstream of the valves and are interlocked with the
cell vent valves (see sec. 6.7). A minimum water level is maintained in
the drain pipe next to the drain valves at all times to insure against
cell gas leakage through the valves. ©Should water collect on the cell

loor, the loop operator can drain the cell by opening the drain valves.
The drain valves will automatically close when the water level in the drain
pipe drops to 8 in. below the cell floor level.

Originally, it was recommended by Kaiser Engineers that a concrete
floor be poured on top of a 3-in. sand cushion over the cell liner, with
the contact surface tetween the concrete and the liner sealed with a re-~
silient caulking compound. This floor would then serve as a wear floor
and provide anchor supports for the in-cell piping. Because of the probable
difficulties of decontaminating the concrete floor it is now anticipated
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that it will not be installed. The loop piping will be anchored to the
concrete floor below the cell liner with adequate seal-~welding at the cell
liner, and a grating will be installed to provide a wear floor.

3.3. Experimenters' Utility Tunnel

The experimenters' utility tunnel is a concrete tumnel of rectangular
cross section that is approximately 17 ft deep by 12 ft wide. The main
portion of this tunnel is adjacent to the outer periphery of the experi-
menters' cells and is approximately 380 ft long. The ends of this main.
portion of the tunnel are connected by a smaller tunnel which completes
a circle around the reactor containment vessel. The utility tunnel is
located below the experimenters' crane bay, and its roof forms a part of
the crane bay floor at ground level.

At the present time, the only access to the experimenters' utility
tunnel is through a single-entrance corridor from the turbine building.
Because of the hazards associated with a single entrance to the tunnel,
it is planned to provide additional openings for emergency exit. These
will consist of hatchways through the tunnel roof into the experimenters'
crane bay. The exact location and number of these exits will be deter-
mined at a later date.

The experimenters' utility tunnel contains most of the service lines
for the experimenters' cells. Among the principle items located in the
tunnel are the cell ventilation exhaust header, instrumentation and con-
trol connections between the cells and the experimenters' control room,
electrical power cables to the cells, gas distribution lines from the gas
and air supply systems, and service water lines for cell cooling. Most of
the service lines, with the exception of the cell ventilation ducting, are
located beneath a steel-grating floor which is mounted approximately 3 ft
above the tumnel floor. Four water drains are provided along the con-
crete floor of the tunnel. These drains connect to the warm waste lines
leading to the experimenters' and auxiliary sump tank. Fach drain line
contains a 4-in. manual ball valve thal can be opened with a long-handled
wrench from the utility tunnel.

The utility tunnel is equipped with an automatic fire alarm system.
Water hoses and wall-mounted hand-operated CO, extinguishers are provided.
The tunnel is equipped with standard and emergency lighting, and several
forms of communication and alarms are provided (see sec. 5.18).

No special provisions have been made for forced ventilation of the
utility tunnel. Some ventilation will be cobtained whenever the cell
ventilation system 1s operating, since the ventilation inlet valve to
each cell is open to the utility tumnel, and a valve at the head end of
the cell ventilation exhaust duct also opens to the utility tunnel. Suf-
ficient shielding is provided between the experimenters' cells and the



18

utility tunnel to reduce the dose rate in the tunnel to less than 2.5
mr/hr during normal loop operation.

3.4. Experimenters' Crane Bay

The experimenters' crane bay consists of the space directly above
the experimenters' cells and the experimenters' utility ftunnel. It is
a horseshoe-shaped area approximately 380 ft long by 46 ft wide. It is
enclosed by corrugated Transite siding and a builtup roof that abuts the
reactor containment vessel. The ceiling clearance is approximately 31 ft.
The bay is serviced by a 20-ton crane.

Two equipment and truck access doors are provided. These are approxi-
mately 16 ft wide and 14 ft high. The rolling steel doors are motor op-
erated from inside the crane bay. Four standard personnel doors are also
provided. They are about equally spaced along the periphery of the crane-
bay enclosure.

A 20-ton traveling-bridge crane, operating on a circumferential
track having an inner radius of 61 ft and an outer radius of 101 ft (40-
ft span), serves the experimenters' crane bay. The crane has a dual hoist
system, a 20-ton hoist and a 5-ton hoist, each having a lifting height of
40 ft. The maximum 1lift clearance above the crane-bay floor is approxi-
mately 20 ft. The crane trolley is fed from a 100-amp, 460-v, 3-phase
feedrail along the perimeter of the inner wall of the crane bay. The op-
eration of the bridge, hoists, and trolley is controlled from the crane-
bay floor by means of a pendant push-button control station suspended by
a flexible cable from the trolley.

Three feet of concrete shielding is provided over all experimenters'
cells containing loops. Above unused cells and above the utility tunnel
the concrete is 2 1/4 ft thick. As a result, there is a 9-in. concrete
ledge over all experimenters' cells that are used. Personnel hatchways
to each of the eight experimenters' cells are provided (see sec. 6.15).

The experimental loop compressor motor-generator sets are mounted above

the experimenters' utility tunnel. It 1s planned to build an extension
radially from the crane-bay enclosure to house the decontamination chemical
unit (see sec. 8.3) and the helium and CO, supply systems (see sec. 5.8

and 5.9).

Artificial lighting is supplied by fifty-one 750-w fixtures located
above the crane, four exit lights (two 25-w lights over each personnel
door, with one on the direct-current emergency power system), and five
75-w wall-mounted lights on the direct-current emergency power system.
Receptacles for 120-v and 460-v power are provided in the crane-bay area.

Communications include master telephone stations, sound-power phones,
and a PA system (see sec. 5.18). No area radiation monitors are included
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within the crane bay, but evacuation alarms and fire alarms are provided.
Plant and instrument air are supplied (see sec. 5.17).

Wall-mounted water hoses and hand CO, extinguishers are included for
fire fighting. At present, there are no provisions for ventilating the
crane bay. However, structural provisions have been made for the addi-
tion of fans and louvers at a later date.

Project References

Preliminary Design Drawings (CF 61-6-2)

Floor Plan D-40137
Radial Section D-40138
Concrete Floor Slab and Hatch Plugs Floor Plan D-42709
Specifications (CF 61-6-5)

CPFF Project EGCR Crane Enclosure CPFF-3
20-Ton Bridge Crane with 5-Ton Auxiliary Hoist J5-28-106

3.5. Shielding

The experimenters' cells are considered to be limited access areas
and are shielded to give acceptable dose rates in accordance with tolerance
levels for occupational exposure as specified by the International Com-
mittee on Radiological Protection.t The cell shielding is designed to
limit the maximum dose rate outside the cell to approximately 2.5 mr/hr.
This dose rate is assumed to be due to fission products circulating in the
experimental loop gas. and deposited on the interior surfaces of the loop
equipment.

Shielding of the experimenters' cells is provided by the use of con-
crete for the roof and utility tunnel wall. The cell roof is ordinary
concrete, 3 ft thick. The utility tunnel wall is a composite of 2 ft of
ordinary concrete and 7 in. of barytes concrete (density, 210 lb/ft3).
The use of these two materials resulted from progressive design changes.
The initial 2 ft of ordinary concrete was the thickness calculated during
early design work. Further studies indicated that more shielding was
needed. The 7 in. of barytes represented an effort to provide the neces-
sary shielding, while at the same time conserving in-cell space.

The wall between adjacent cells is an aggregate-filled, carbon-steel
bulkhead, 18 in. thick. This bulkhead is designed to be removable, thus

Report of Committee II on Permissible Dose for Internal Radiation
(1959), Health Physics 3, 3 (1960).
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providing experimenters with additional cell space when required. A
weight limitation of 20 tons imposed on the bulkhead by the capacity of
the crane for servicing the cells made it necessary to specify filling
of the bulkhead with an easily removable material. Consideration of
shielding properties, cost, and mechanical properties led to the selec-
tion of easily removable steel punchings as the aggregate material.

Several component shields are needed and will be provided. At present,
the mainstream gas filter shield is specified as 4 in. of lead. This
shield is expected to give acceptable dose rates in all locations outside
the cell. Cell penetrations and the bypass purification system are other
examples of components and systems which may require additional shielding.

3.6, Experimenters' Control Room

The experimenters' control room is located in the reactor control
building and encompasses an L-shaped area of approximately 4700 ft2,
Lbout 40% of this area is serviced by the control building basement,
while the balance is located on top of earth fill. The control room is
situated in an air-conditioned open bay, with a 14-ft ceiling and a vinyl-
tile-covered concrete floor. Wiring access to the control panels in the
earth fill area is by means of overhead cable trays and in the basement
area by means of floor slots.

The instrument panels and computer equipment will be brought into
the control room through an 8- by 8-ft access door. This door is located
on the west side of the control room at ground level. Another door, 5 by
8 ft, is also located on this side at ground level. Four additional
doors provide-access to the corridor between the experimenters' control
room and the reactor control room.

The control building basement is 105 £t long by 50 £t wide with a
12-ft ceiling clearance. One corner of this room is walled-off to form
a 62-ft-long by 37-ft-wide basement for the reactor control room. The
remainder of the room forms the experimenters' control room basement. A
10- by 10-ft corridor 36 ft long connects the experimenters' control
building basement to the experimenters' utility tunnel.

The communications and alarms in this basement include an intercom
station, a P.A. system, a fire alarm, and an evacuation alarm (see sec.
5.18).
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4. PRIMARY LOOP DESIGN

4.1. Introduction

Each of the experimental loops consists basically of a reactor
through-tube, a mainstream gas cooler, a mainstream gas filter, three
gas-bearing compressors in series, and a mainstream gas heater. The re-
actor through-tube is a 5 1/2-in.-0.d., 0.218-in.-wall tube extending
straight through the reactor core between a top and bottom nozzle of the
reactor pressure vessel, The through-tube provides a primary contain-
ment barrier between the loop gas (either helium or CO,) and the reactor
gas (helium) within the reactor pressure vessel. Instrumented fuel as-
semblies are placed in the reactor by insertion inside the through-tube
as a subassembly of an experimental stringer. The experimental stringer
is inserted through the run of a tee welded to the top nozzle. The ex-
perimental loop gas flows up through the through-tube into the experi-
mental stringer, past’ the experimental fuel assembly, through the branch
of the top nozzle tee, and to the mainstream gas cooler where the experi-
mental fuel element power is transferred to a water-steam system.

The experimental stringer consists of a top nozzle breech closure
(Bridgman closure) for sealing off the loop gas from the secondary con-
tainment system (upper sniffer region), a shield plug for maintaining
the integrity of the reactor biological shield, a support structure for
an instrumented fuel assembly, an instrumented fuel assembly, insulation
for limiting heat loss to the reactor gas, and the instrumentation neces-
sary to obtain useful data. '

The mainstream gas cooler is a re-entrant tube heat exchanger with
loop gas flowing around tubes containing boiling demineralized water.
The cooled loop gas then flows to the mainstream gas filter inside the
experimenters’ cell, The entire loop gas flow passes through the filter
where most of the particulate matter in the gas is removed. The loop
gas then flows through three centrifugal gas-bearing compressors which
are connected and operated in series.

Next, the loop gas flows through the mainstream gas heater which is
a resistance-heated {high-current) U-shaped section of pipe, and returns
to the reactor through-tube inlet. During normal loop operation the
heater is used to adjust the gas inlet temperature entering the experi-
mental fuel assembly. The heater is also used for preheating during loop
startup, for experimentation without a fission heat source in the loop,
and for testing.

Four mechanical pipe joints containing double metallic seals with
a pressurized gas-buffered zone between the seals are required in each
loop. These are located at the inlet and outlet of the filter and at
the inlet and outlet of the three compressors in series. The mechanical
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joints are used to facilitate removal of the compressors and filter. The
buffer gas is used to detect seal leaskage and provide partial protection
against the leakage of radicactive loop gas into the experimenters' cell
in the event of seal leakage. All valves in the main loop are manually
operated and require entrance to the cell for operation. This prevents
the very serious hazard of inadvertent isolation valve closure during
loop operation.

Each experimental loop is provided with a dummy shield plug to be
installed in the top nozzle while the reactor is in operation but there
is no experimental assembly installed in the through-tube. A different
type of dummy shield plug is provided for use while the reactor is in
operation prior to installation of the through-tube. FEach loop is also
provided with a dummy stringer which is basically an experimental stringer
with the instrumented fuel assembly replaced by & dummy (unfueled) fuel
assembly. The dummy stringer is used for test purposes with or without
the reactor in operation.

Pro ject References

Design Criteria (CF 61-6-3)
EGCR Experimental Loop Criteria

Preliminary Design Drawings (CF 61-6-2)

Process Plowsheets

Main Loop D-RD-9422
Schematic — Main Loop E-RD-10108
Composite — Main Loop and Auxiliaries F-RD-10311

4.2, Reactor Through-Tube Assembly

4.2.1. Through-Tube Assembly

Design Philosophy. The design of the reactor through-tube assembly
is based on a welded-joint concept. ZIarlier designs by Kaiser Engineers
contemplated the use of mechanical joints, as shown in Fig. 4.2.1, to
rermit replacement of the tube. The expansion Joint was necessary to pro-
vide for differential thermal expansion between the through-tube and the
reactor pressure vessel.

Since mechanical joints were not available that met the loop leak-
tightness requirements and since the development of a double-seal mechani-
cal joint of the size required (along with the complications of shielding
the arrangement during tube removal) was not considered feasible, other
ways for installing the tube were examined. The welded-joint concept was
selected because it was considered the only way of obtaining a helium
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leaktight joint at the high operating temperatures and pressures of the
EGCR experimental loops. It also offered the advantage of permitting
the largest through-tube size for a given size hole in the EGCR core.

Since commercial bellows were not available for operating at the
maximum loop design temperature and pressure and an extensive develop-
ment program would be required to obtain satisfactory bellows, other
methods were examined to provide for differential thermal expansion. An
expansion leg of the inlet loop piping was selected as the best method
of providing for the relative expansion of the through-tube and the reac-
tor pressure vessel. Expansion loops were considered more reliable than
bellows and required very little development effort, although they did
present a more difficult design and space problem.

Description. Three types of reactor through-tube assemblies are
required for the EGCR experimental loop facilities: (1) a 5 l/2-in.-o.d.
through-tube assembly for loops TS-2 and TS-3, (2) a 9 1/2-in.-o.d.
through-tube assembly for loop TL-1l, and (3) a double through-tube as-
sembly with a 9 1/2-in.-0.d. outer through-tube and an 8 1/4-in.-o.d.
(maximum) inner through-tube for loop TL-4. Each through-tube assembly
consists of three subassemblies: (1) the through-tube (two through-
tubes for TL-4), (2) the top nozzle inner and outer tees, and (3) the
bottom nozzle inner and outer tees.

The top and bottom nozzle outer tees are welded to the reactor
pressure vessel nozzle extensions and become a permanent part of the
reactor pressure vessel. The branches of the inner and outer tees of
each top nozzle are welded to the primary and secondary contalnment
riping, respectively. This connects the primary loop piping to the
through-tube and connects the secondary containment piping to the reac-
tor pressure vessel, but the reactor gas is isolated from the secondary
containment region. In the case of the bottom nozzle, the design per-
mits the reactor gas to enter the containment region all the way back
to the experimenters' cell, The reactor pressure vessel and the con-
tainment pipe attached to the bottom nozzle serve as secondary contain-
ment for the single through-tube loops (TS-2, TS-3, and TL-l). For the
double through-tube lcoop (TL-4) the reactor gas does not extend beyond
the top and bottom nozzles, and the outer through-tube serves as secondary
eontainment,

Fach through-tube is designed as a replaceabls item. Final attach-
ment of the tube to the reactor pressure vessel is performed by remotely
welding the tube to the top and boltom inner tees. To replace the tube,
the tube-to-tee welds are removed by remotely machining away the weld
(see sec. 8.2).

Definitions. Primary containment components are defined as those
components of the through-tube assembly that contain the loop gas. Secondary
containment components are defined as those components of the through-tube
assembly that contain loop gas after failure of a primary loocp component.
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For the single through-tube loop, the secondary containment components

of the bottom nozzle contain reactor gas, and the secondary containment
components of the top nozzle contain air during normal loop operation.

For the double through-tube loop, the secondary containment components

of both nozzles contain air or some other gas.

Partial Imnstallation. The installation of the experimental loops
will not be completed when the reactor is scheduled to start operating.
However, the top and bottom nozzle tees will be fabricated and field
welded to the reactor pressure vessel, and a long section of the primary
and secondary containment piping will be field welded to the tees.
Through-tubes will not be installed in any of the loops. Therefore, re-
actor gas will be allowed to extend from the top nozzle inner tee to the
capped end of the upper primary piping. Reactor gas is normally contained
in the region between the primary and secondary piping attached to the
bottom nozzle tees; but since a through-tube is not installed, reactor
gas will be contained in both the primary and secondary piping.

Design Criteria, The Navy Code! and the ASME Unfired Pressure
Vessel Code, Section VIII, were used as s design basis for the primary
and secondary containment (see sec. 6.2). The methods outlined in the
Navy Code were used as a gulde in performing a detail stress analysis
of the components. All welding and associated 1liquid penetrant inspec-
tion performed on the through-tube assembly must meet the applicable
ORNL welding and inspection specifications or an approved equivalent
vendor's specification (see sec. 4.2.5).

The primary conbainment is fabricated of type 347H stainless steel.
The highest temperature portion of the secondary containment is also
fabricated of type 347H stainless steel. The lower temperature portion
is fabricated of carbon steel. All type 3470 stainless steel and carbon
steel parts are fabricatéd in accordance with the applicable ORNL ma-
terials specifications (see sec. 4.2.5).

All parts of the top and bottom nozzle inner tees for loop TL-1
that are subject to axial thermal gradients and may be exposed to con-
densate (if the loop is cooled with steam) are overlaid with Inconel.
The overlaid weld metel 1s in accordance with Section VIII of the ASME
Beiler and Pressure Vessel Code, part UCL. The filler metal is BP-87
or BP-85 with a Tinished thickness of 1/6 in, The finished part is
penetrant inspected in accordance with the applicable ORNL specificaticn
and radiographed in accordance with Section VIII of the ASME €ode, Part
UW-51, and ASTME-142-59T. The porosity size is limited to "medium" as
described in Section VIII of the ASME Code, Appendix A. Iz calculating
the strength of the nozzle, no credit was taken for the overlaid metal.

lTPentative Structural Design Basis for Reactor Pressure Vessels and
Directly Associated Components, PB-151987, United States Department of
Commerce.
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4.2.2. Bottom Nozzle Tees

A bottom nozzle tee section for the 5 1/2-in.-o0.d. loops (TS-2 and
T8-3) is shown in Pig. 4.2.2. A bottom nozzle tee section for the
9 l/2-in.-o.d. single through-tube is shown in Pig. 4.2.3. A bottom
nozzle tee section for the 9 1/2-in.-0.d. double through-tube is shown
in Fig. 4.2.4.

Design Temperatures and Pressures. The primary containment is
designed for 1100 psia at 975°F. The seccndary containment is designed
for 750 psia at 650°F. The bottom ball-lock assembly is designed for
750 psia at 650°F., Design provisions have been made to keep this closure
below 350°F because of its elastomer O-ring.

Bearing Surfaces. The outer surface of the inner tee has a bearing
surface that mates with an inner bearing surface on the outer tee. Since
the bottom nozzle outer tee is filled with reactor gas, this bearing must
be a sliding, dry-friction bearing which can operate in helium at tempera-
tures up to 950°F. The base material for both bearing surfaces is type
347 stainless steel with a hardened surface overlay of approximately
Rockwell C-48 hardness. This bearing acts as the through-tube and piping
guide and transmits the pipe reactions to the nozzle.

The loading of the bearings is discussed in a design analysis (see
references in sec. 4.2,5). The load imposed on the bearing surface in
the bottom nozzle tee results from the pipe reactions of the mainstream
piping (see Design Analyses, Appendix A.3.3, pp. A.3.3-1 to A.3.3-5).
The resulting lcad on the bearing surface is derived from the axial loads
and bending moments transmitted to the tee by the thermal growth of the
mainstream piping. As a result of this load there is a tendency for the
bearing to ride on its edges. This load 1s slowly applied as the piping
comes up to loop temperature. The maximum load occurs at the end of the
through-tube expansion. However, the loop piping will creep at loop
temperature and thus relieve the pipe reaction load on the tee. Since
this is a time-dependent function, no credit was taken for this load re-
duction in the bearing design.

Bearing surface tests under simulated loop conditions are in progress.
The first test conducted revealed heavy scoring -ofothehbebripgngurfaces,
but the surfaces did not appear to self-weld. These first tests were with
bearings having Stellite 6 against Stellite 6 surfaces with a Rockwell
hardness of C-34. Additional tests are scheduwled, including tests of
Linde flame plate IW-IN against IW-IN with a surface hardness of Rockwell
C-7L and Stellite 12 against Stellite 12 with a surface hardness of
Rockwell C-48. All tests are being conducted with a constant radial load
of 2000 1b on a full-scale bearing for a small through-tube, This load
is approximately 400 1b greater than the calculated load from the pipe
reactions. The actial slowly applied type of bearing loading could not
be mocked up in a bearing test; therefore, the full test load was applied
for the full length of the test stroke.
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Ball-Tock Assenmbly and Blind Flange Leak Detection. Access to the
inner tee breech plug is obtained by removing the bottom nozzle blind
flange and the ball-lock assembly and shield plug from the outer tee
using the charge machine. The ball-lock assembly has an elastomer O-ring
seal that seals the reactor gas. This seal is backed up by a double
O-ring seal in the blind flange. Two connections are provided for leak
checking the seals. One line connects to the area between the ball-lock
assembly seal and the first double O-ring. The other line counnects to
the area between the double O-rings. These leak detection lines connect
to the reactor leak-off system. The line connecting to the area between
the double O-rings has a valve that is normally closed and a pressure
indicator upstream of the valve., The line connecting to the region be-
tween the blind flange and the breech closure contains a tee connection,
The branch of the tee contains a valve that is normally closed. This
valve connects to a vacuum system. The run of the tee on the downstream
side contains a valve that is normelly open and connects to the leak-off
system. A pressure indicator is connected to the line just above the
valve. The ball-lock assenbly or blind flange seals are checked by ap-
plying pressure to one or the other seal areas and watching for a pres-
sure rise to indicate the presence of a leak., If a reactor gas leak to
the region between the ball-lock assembly and the blind flange occurs,
the reactor can be shut down and the leak fixed. However, reactor and
loop operation can continue for some time after the leak starts by clos-
ing the two valves in the leak-detection line.

Nozzle Cooling. The nozzle coolant inlet is connected above the
bottom tee assembly and is routed out through the bottom pipe chase to
the through-tube nozzle cooling system (see sec. 5.16). The coolant
enters above the tee and flows up the outside of the through-tube between
the tube and the nozzle extension and discharges into the reactor bottom
plenum. The basic function of this coolant is to maintain the carbon
steel nozzle and nozzle extension below 650°F and to minimize the thermal
growth of the through-tube. Instrumentation is included in this system
to protect the nozzle and nozzle extension if the nozzle cooling should
fail (see sec. 5.16).

Nozzle Reactions. The pipe reactions of the primary and secondary
containment pipes are transmitted to the reactor pressure vessel nozzle.
These reactions result in a bending moment at the nozzle-to-vessel junc-
tion. The maximum combined moments from these reactions are less than
the maximum allowable moments for the nozzle-to-vessel Junction, as
determined by Greenstreet.? The combined moments discussed in the design
analysis (see sec. 4.2.5) are based on a through-tube thermal growth of
5,75 in, without spring hanger supports. These moments are greater than
allowable. The through-tube growth is estimated to be less than 4.75 in.
(see Design Analyses, Fig. A.1.1-3). The moments have been determined
based on 4.75-in. growth with hanger supports. The moments will be re-
ported in a forthcoming document. The moments based on a through-tube

®Memo from B. L. Greenstreet to W. S, Chmielewski, Feb. 1, 1961.
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thermal growth of 4.75 in. are within the maximum allowable for the
nozzle-to-vessel junction.2

FPield Welding. The entire bottom nozzle tee assembly is welded to
the reactor pressure vessel nozzle extension just above the point where
the nozzle coolant enters the extension. This weld is made in the field
after the reactor pressure vessel has been erected in place but before
the Ppiological concrete shield has been poured around the nozzles, This
weld is coordinated with the field welding of the charge nczzles to the
reactor vessel. The center charging nozzle is welded first; the bottom
nozzle assemblies for the small loops are welded next; and then the addi-
tional charge nozzles and the bottom nozzle assemblies for the large
loops are welded. The work progresses radially outward from the axis
of the reactor pressure vessel. Before the biclogical concrete shield
is poured, it is also necessary to make the field welds where the inner
and outer tees join the primary loop piping and secondary containment
piping, respectively.

4.2.3. Through-Tube

Through-Tube Cooling and Insulation. The through-tube is a seamless
tube approximately 64 ft long with an adapter welded to each end for the
purpose of welding the tube to the top and bottom nozzle inner tees. The
through-tube has an orifice and gulde ring that fits inside a guide sleeve
located in the bottom grid support structure of the reactor core. This
orifice 1is installed and replaced with the through-tube. The purpose of
this orifice is to regulate the reactor gas flow up the outside of the
through-tube. The function of this reactor gas flow is to remove the
gamma and neutron heat generated in the tube and in the graphite surround-
ing the tube. The flow must be adequate to maintain the through-tube wall
temperature below 1075°F.

Since the through-tube temperature is a function of the geometry of
the experimental fuel assembly, each experimenter must examine his experi-
ment to determine the radial and axial temperature profiie of the fuel
assenbly and the axial temperature profile of the tube. Several fuel as-
sembly geometries and conditions that would appear to give the worst
through-tube temperature and reactor gas flow requirement conditions have
been examined. The fuel gecmetries reported byKorsm.eyer3 were selected
as typical. The reactor gas temperature (tube coolant temperature) vs
distarce from the bhottom of the core is shown in Fig. 4.2.5 for a 150C-kw
unattemperated fuel assem.bly4 and in Fig. 4.2.6 for a 1500-kw attemperated
assenbly.? In each case, four different reactor gas mass flow rates up

*R. BE. Xorsmeyer, W. B. Huntley, and N. Ozisik, Comparison of Fuel As~-
sembly Tests Prognosticated for the EGCR Loops, ORNL CF 60-1-1, Jan. 4, 19&0.

“L. W. Noggle, Steady State Radial and Axial Temperature Profile of an
EGCR 5 1/2 in. ¢.d. Thru-Tube for 1500 kw Operation, ORNL CF 60-11-55.

Lo W. Noggle, Steady State Radial and Axial Temperature Profile of an
EGCR 5 L/2 in. o.d. Through-Tube During 1500 kw Operation, ORNL CF €0-12-67.
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the outside of the through-tube are shown. The through-tube outside
surface temperatures vs distance from the bottom of the core are shown in
Fig. 4.2.7 for a 1500-kw unattemperated fuel assembly® and in Fig. 4.2.8
for a 1500-kw attemperated fuel assembly.? In each case the same four
reactor gas mass flow rates up the outside of the through-tube are indi-
cated.

Unattemperated fuel assemblies operating at 335 kw were also studied
in detail because they appear to give the maximum tube surface temperature
and the maximum temperature drop condition across the tube. The tube
outside surface temperature vs axial distance from the bottom of the
core and the temperature drop across the tube are shown in Figs. 4.2.9 and
4.,2,10, respectivély.

The through-tube is insulated on the inside from the hot loop gas by
using reflective insulation (see sec. 4.13). The insulation in the bottom
nozzle and the reactor bottom plenum is installed when the through-tube is
installed. The insulation in the top nozzle inner tee and the reactor
pressure vessel top nozzle and nozzle extension is installed as an integral
part of the experimental stringer (see sec. 4.3) when the stringer is in-
stalled.

Design Temperatures and Pressures., The through-tubes for the single
through-tube loops (TS-2, TS-3, and TL-1) are designed for an internal
pressure of 1100 psia at 1075°F. The inner through-tube for the double
through-tube loop (TL-4) is designed for 350 psia at 1075°F,

Stress Analysis. A design snalysis has been completed for a 5 1/2-in.=-
o0.d. through-tube for loops TS-2 and TS-3. This tube is 5.5 in. o.d., with
a 0.218-in. wall. The pressure differential across the through-tube is
normally not over 800 psi (1100 psia maximum loop pressure and 300 psia
reactor operating pressure). The stress created by a loss of pressure has
been considered in the Design Analyses (see sec. 4.2.5) for both a reactor
gas and a loop gas depressurization (see Appendix A.1.3-2 of the Design
Analyses). During a loss of loop pressure, the through-tube will ex-
perience a 300-psig external pressure (reactor gas pressure). To meet
Section VIII of the ASME Code, the calculated external pressure for a
51/2-in.-0.d. tube with a 0.218-in. wall is 300 psig at 1075°F (see Design
Anslyses Appendix A.1.3-2). Greenstreet reported6 an instantaneous external
collapsing pressure of 900 psia for a 4-in.-o0.d. type 347 stainless steel
tube with a temperature of 1200°F at one end, 1170°F at the center, and
1130°F at the other end. The mean radius-to-thickness ratio and the ovality
ratio of the tube were 15.43 and 0.9982, respectively. A similar type 347
stainless steel tube collapsed under an external pressure of 990 psia with
a temperature of 1200°F at one end and 920°F at the other end. As the mean
radius-to-thickness ratioc decreases, the allowable external pressure in-
creases. The mean radius-to-thickness ratio of the 5 1/2-in.-o0.d. through-
tube is 12.115, with an ovality of 0,9941. The maximum end temperatures

6Engineering Test Status Report for EGCR for Period December 15, 1960
to January 15, 1961, p. 12.
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are 950 and 1075°F. Comparing the proposed through-tube with the tested
tube, the through-tube design appears to be adequate, with a factor of
safety of 3 to 4.

A preliminary design analysis of a through-tube for loop TL-1 has
been completed. A 9 l/2-in°-o,d. through-tube with a 0,500-1in. wall ap-
rears to be adequate to meet the internal pressure conditions of 1100 psia
and the 300-psig external pressure.

rovisions fcr Thermal Growth. Space for through-tube thermal growth
of 5 3/4 in. has been designed into the bottom nozzle outer tee. The
maximum through-tube growth is expected to occur with a loop gas inlet
temperature ¢of 950°F and outlet temperature of 1050°F. This problem was
examined in detail for the 5 1/2-in.-o0.d. tube.

The over-all thermal growth depends on the conditions and geometry
of the five regions shown in Fig. 4.2.11. For the bottom nozzle a wide
range of results can be obtained by varying the tube 1insulation thickness
cr the nozzle coolant flow. The conditlions shown for region I of Fig.
4.2.12 are based on 100-1b/hr nozzle coolant flow and 1/4 in. of reflec-
tive insuvlation inside the through-tube.

The temperature of the through-tube in the bottom plenum region is
a Tunction of the reactor gas film coefficient and the insulation inside
the tube. The tube surface temperature, as shown on Fig. 4.2.12, is based
on 1/4 in. of reflective insulation and the film coefficient calculated
from BMI data.’ The through-tube surface temperature profile through the
core 1s hased on a 950°F inlet loop temperature with an unattemperated
fuel element operating at 335 kw and a reactor coolant flow up the outside
of thz tube of 450 lb/hr. The through-tube temperature profile for the
top plenum is based on a loop temperature of 1050°F and a reactor plenum
temperature of 1050°F,

For the top nozzle a wide range of results can be obtalned by vary-
ing the insulation thickness or the nozzle coolant flow. The conditions
shown on Fig. 4.2.12 are based on 1/2 in. of insulation inside the through-
tube and 75-1b/hr nozzle coolant flow. This condition was selected to
match the nozzle annulus coolant temperature of 461°F and thereby prevent
inducing thermal stresses in the nozzle at this position.

The temperature of the through-tube, and thereby its growth, is con-
trolled by the temperature and flow rate of the interior nozzle cocling
gas, the film coefficient between the tube wall and the bottom reactor
plenum gas, the reactor gas flow rate up the outside of the tube, the
loop gas inlet temperature, and the geometry of the experimental fuel as-
sembly.

L. J. Flanigan, G. R. Whitacre, and H. R. Hazard, Model Studies of
Flow and Mixing in the Partially Enriched Gas Cooled Power Reactor, BMI-
1397, Nev. 30, 1959,
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To control thermal growth of the through-tube, loop operation must
be coordinated with reactor operation; that is, the difference between
the average axial temperature of the reactor pressure vessel and the
average axial temperature of the through-tube must not exceed 600°F. This
problem does not appear during normal operation; however, it may occur
during loop shakedown operation with a cold reactor. 1In addition, during
reactor shutdown and cooling off the loop, the loop operator must permit
the loop to cool down with the reactor, that is, not to try to maintain
temperature with the loop heater.

The outer through-tube for the 9 1/2-in,-o.d. double tube has an
expansion joint that provides for differential thermal expansion between
this tube and the reactor pressure vessel, The design pressure for this
tube is 350 psig internal or external pressure at a maximum temperature
of 950°F. The design of this joint is within the present technology of
bellows manufacturers; however, a cycle test of the bellows assembly will
be made.

4.2.4. Top Nozzle Tees

A top nozzle tee section for the 5 1/2-in.-o.d. loops (TS-2 and
TS-3) is shown in Fig. 4.2.13. A top nozzle tee section for the 9 l/2-in.-
o.d. single through-tube loop (TS-1) is shown in Fig. 4.2.14 and the
9 1/2-in.<0.d. double through-tube loop (TL-4) in Fig. 4.2.15.

Design Temperatures and Pressures. The primary containment is de-
signed for 1100 psia at 975°F. The secondary containment is designed for
750 psia at 650°F. The Bridgman closure is designed for 1100 psia at
650°F. Design provisions have been made to keep this closure below 350°F
because of its elastomer O-ring. The top blind flange is designed for
750 psia at 650°F. The flange bolting is discussed in the design analysis
(see sec. 4.2.5). This bolting has been designed to hold the maximum
transient pressure resulting from a primary containment loop failure
(see Design Analyses Appendix A.3,3.5-10). More bolts have been added
than are required to meet the transient. The extra bolts are intended
to prevent the flange seals from "burping" at the instant of the pres-
sure release,

Bridgman Closure. The top Bridgman closure provides access to the
through-tube for insertion or removal of an experimental fuel assembly.
The Bridgman closure also provides a means for attaching and handling
the top nozzle shield plug and the rest of the experimental stringer
(see sec. 4.3)., All instrumentation inside the through-tube must pass
through the Bridgman closure electrical connector. This connector is de-
signed for 1100 pisa at 350°F. The electrical connector that penetrates
the secondary containment is designed for 750 psia at 350°F. A flexible
coupling connector is provided to electrically connect the Bridgman
closure connector to the secondary containment connector. This flexible
coupling connector must be removed by hand before the instrumented fuel
stringer can be removed by the service machine.
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Bridgman Closure and Blind Flange Leak Detection. Access to the
through-tube nozzle is obtained by removing the top blind flange by hand
and then removing the top Bridgman closure using the service machine,
The Bridgmen closure has an elastomer crush-type O-ring seal. This seal
is backed by a double O-ring seal in the blind flange. A leak detection
system similar to the one discussed for the bottom nozzle is provided.

Nozzle Cooling. The nozzle coolant inlet is located Jjust below the
outer tee. It is routed under the loop piping to the cooler chase and
connects to the through-tube nozzle cocoling system. The hazards to the
top nozzle resulting from a loss of this cooling system are described in
Section 5.16.

The concrete that surrounds the top nozzle and nozzle extension must
be maintained at 120°F. The heat flow path is from the through-tube to
the nozzle or nozzle extension and to the surrcunding concrete. Since
the nozzle cooling gas is at 125°F inlet and the loop gas is at 1050°F,

the nozzle gas becomes the heat sink for the heat lost from the through-
tube.

A separate line has been added to connect with the annulus between
the inner and outer through-tubes of the 9 1/2-in.-0.d. double-tube
nozzle. When using a double through-tube, this line can provide for
coolant to flow between the two tubes and thus reduce the differential
thermal growth between the inner tube and outer tube and the reactor pres-
sure vessel, Also, circulation of gas between the through-tubes may be
required to detect inner through-tube leaks.

Nozzle Reactions. The pipe reactions of the primery and secondary
containment pipe are transmitted to the reactor pressure vessel nozzle.
The resulting maximum combined moments are below the maximum allowable
moments as determined for the reactor nozzle by Greenstreet? (see Design
Analyses Appendix E.1.0). The maximum stress condition occurs when the
reactor is hot and the loop is cold. The tending moment is less by a
factor of approximately 20 when the reactor and loop are both hot. All
stresses in each nozzle component are well within the allowable stress
criteria (see sec. 6.2 and Design Analyses Appendix A.2.0, B.2.0, and
C.2.0).

Field Welding. The entire top nozzle assembly is field-welded to
the reactor pressure vessel nozzle. This weld is made after the reactor
pressure vessel is erected in place and before the biological concrete
shield is poured around the nozzle. Each weld is coordinated with the
field welding of the control rod nozzles and the surveillance nozzles,
all of which extend to the service machine floor. The nozzle welding
starts at the center of the reactor. The center control rod nozzle is
welded to the reactor vessel first, followed by the welding cf the nozzles

8Memo from B. L. Greenstreet to W. S. Chmielewski, Feb. 1, 1961.



47

for the small through-tubes (TS-2 and TS-3). Working radially outward,
the field welds are made for the control rod nozzles, the surveillance
nozzles, and the nozzles for the large loops (TL-1 and TL-4). Each
weld is x-rayed and tested as the work progresses radially outward. Ac-
cess to an individual nozzle field weld after the adjacent nozzles are
welded is extremely limited.

A short length of primary and secondary containment piping is first
welded to the tees at the fabricators' shop. After erection this pipe
will extend beyond the congested area around the nozzles and thus permit
access to the loop piping for field welding.

4.2.5. Project References

Design Criteria (CF 61-6-3)

Criteria for Two 5 1/2-in.o.d. Through- Code A
Tube Assemblies (Loops TS-2 and -3); A
Two 9 1/2-in.-0.d. Through-Tube As- AA.
semblies (Loops TL-1 and -4)

Design Analyses (CF 61-6-4)

The 5 1/2- and 9 1/2-in.-o0.d. Through-
Tube Assembly Title II

Shielding Aspects of Penetrations in
Bottom Shield of EGCR

Preliminary Design Drawings (CF 61-6-2)

Through-Tube and Storage Nozzle Breech E-RD-10405
Closure

5 1/2-in.-0.d. Through Tube (TS-2 and
TS-3)

Assembly F-RD-10291
Bottom Nozzle Tee Section Assembly F-RD-10128

Weldment-Insulation Can, Bottom E-RD-10243
Nozzles Tee Section

Top Nozzle Tee Section Assembly F-RD-10127

Temporary Top Shield Plug Assembly E-RD-10424
and Details

9 1/2-in.-0.d. Through-Tube (TL-1)
Assembly F-RD-10289
Bottom Nozzle Tee Section Assembly F-RD-10130
Top Nozzle Tee Section Assenmbly F-RD-10129
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9 1/2-in.0.d. Through-Tube (TL-4)
Assembly
Bottom Nozzle Tee Section Assembly
Top Nozzle Tee Section Assembly
Specifications (CF 61-6-5)

Experiment Loop Through-Tube Top Nozzle
Closures for EGCR Experimental Loops

Bottom Closures, Shield Plugs, and
Adapter

Through-Tube Welding and Machining
Equipment

Top Nozzle Tee Section Electrical Feed
Through Connector

Welding Specifications

Type 347 Stainless Steel to Type
347 Stainless Steel

Type 347 Stainless Steel to Carbon
Steel
Carbon Steel to Carbon Steel

Inconel to Type 347 Stainless Steel

Type 347H Stainless Steel Specifications

Seamless Pipe
Seamless Tubing
Welded Pipe
Plate

Forgings

Welding Fittings (caps, elbows, pipe
tees, reducers)

Carbon Steel Specifications

Seamless Pipe

Seamless Tubing

F-RD-10286
F-RD-10250
F-RD-10208

Js-128-117

JS-128-148

J5-128-136

Js-128-150

MET-RWS5-1

MET -RWS-4

MET-RWS-2
MET-RWS-4

MET-RM-A376-Mod
MET -RM~-A213-Mod
MET -RM-A358-Mod
MET -RM-A240-Mod
MET-RM-A182-Mod
MET -RM-A403-Mod

MET -RM-A106-Mod
Carbon Steel

MET-RM-A1.06-Mod
Carbon Steel

2-TP
2-TP
2-TP
2-TPp
2-TP
2-TP

lGr

1l Gr

347H
34TH
34TH
34TH
347H
347H
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4.3, Experimental Stringer

The experimental stringer (instrumented experimental assembly) con-
sists of a top Bridgman closure, a shield plug, support structure for an
instrumented fuel assembly, an instrumented fuel assembly, insulation,
and the instrumentation necessary to obtain useful data.

4.3.1. Bridgman Closure

Access to the through-tube for insertion or removal of experimental
assemblies (instrumented and uninstrumented) is by means of a breech
closure which seals off the upper end of the top nozzle inner tee. This
closure is a modified EGCR reactor nozzle breech closure assembly (AC
Dwg. 5927-EGCR-MS-219) in which the outer spline ring is shorter, the
electrical connector in the breech body is modified (see sec. 4.3.5),
the closure is provided with an elastomer peripheral O-ring rather than
a metal O-ring (metal O-ring seal may not meet the leaktightness require-
ments), ASME Code Committee approved materials are substituted for AISI
4140, and the closure is designed for 1100 psia and full vacuum instead
of 350 psia.

The shield plug is connected to the Brigman closure by means of a
bolted split ring. OSufficient space is left between the closure and the
shield plug to permit installation of a pressure transmitter and two
differential-pressure transmitters. This eliminates the need for pene-
trating the Bridgman closure with pneumatic tubing. Only electrical
leads penetrate the closure.

The Bridgman closure supports the full weight of the shield plug,
instrumented fuel assembly, and support structure only during the lifting
and lowering operations (see sec. 8.1). With the closure in position,
the weight of the instrumented fuel assembly and support structure is
supported by the top nozzle. Any differential thermal expansion between
the top nozzle inner tee and the shield plug is taken up at the split
ring. This motion will be taken into account in mounting the pressure
and differential pressure transmitters and in routing thermocouple leads.

Two position limit switch assemblies are provided for each top
Bridgman closure. These switches are used to indicate rotational align-
ment of the closure before the sealing operation is performed.

4.3.2. Shield Plug

In order to maintain the integrity of the reactor biological shield,
it is necessary to insert a shield plug into the top nozzle inner tee.
This shield plug prevents streaming of neutrons and gamma rays through
the biological shield by way of the nozzles. With the reactor in
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operation, access to the service machine room will be permitted only while
all shield plugs are in place. Even with the reactocr shut down, access

to the service machine room will not generally be permitted unless all
shield plugs are in place, If a shield plug is removed from a nozzle and
the service machine is attached to that nozzle, access will be permitted
if the reactor is shut down. During through-tube removal, access to a
limited area of the service machine room will be permitted even though

the shield plug is removed and the service machine is not attached to

that nozzle.

Unlike the dummy shield plug (see sec. 4.1l4), the shield plug in-
cluded in the experimental stringer is severely limited in length. It
must not extend below the branch of the top nozzle inner tee, since this
would obstruct loop gas flow, This requirement results in a shield plug
of approximately half the length of a standard EGCR shield plug.

Experimental data will be taken on the dummy shield plug before the
final design of the experimental stringer shield plug is completed. The
stringer shield plug material has not been established. Since the op-
erating temperature of the top Bridgman closure must be less than 350°F,
every effort will be made in the final design of the shield plug to limit
heat transfer along the plug length. Heat conduction along the plug
length will be reduced by a series of deep rectangular grooves cut around
the circumference of the plug, and convection will be minimized by the
small clearance between the plug and the top nozzle inner tee. The only
shield plug cooling will be an air flow of 400 lb/hr outside of the top
nozzle outer tee. This will not contribute greatly to cooling the shield
plug, since the heat must be transferred through both the inner and outer
tees plus numerous gas films.

A1l instrument leads and tubes penetrating the shield plug (see sec.
4.3.5) will be spiraled to minimize neutron and gamma streaming. In
routing instrument leads and tubes, allowance will be made for differential
thermal expansion between the shield plug and the leads and tubes.

4.3.3. Instrumented Puel Assembly

Is is planned to test a wide variety of fuel assemblies within the
EGCR loops. The requirements as to means of support, use of attemperation,
ete,, are highly dependent on the nature of the fuel assembly to be tested.
Therefore, it is possible only to describe in general terms that portion
of the stringer assembly containing the fuel assembly.

The service machine height limits the length of experimental stringer
that can be handled. As a result, only 10.2 ft of the active core length
of 14.5 £t can be reached by the experimental stringer to test fuel as-
semblies. The lower 4.3 £t of active core may be filled with an uninstru-
mented assembly, but it must be installed and removed from above as a
separate unit (see sec. 5.12).
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The maximum permissible loop gas inlet temperature to the reactor
through-tube is 950°F, and the maximum permissible outlet temperature is
1050°F. Where higher instrumented experimental assembly inlet gas tem-
peratures are desired, an uninstrumented experimental assembly will be
placed in the through-tube below the experimental stringer. The uninstru-
mented assembly will serve as a preheater. Where higher experimental out-
let temperatures are required, attemperation of the inlet gas will be
used.

4.3.4. Instrumented Fuel Assenbly Support Structure

The nature of the support structure extending between the shield
plug and the instrumented fuel assembly will depend on the experiment
being run. The support may take many forms, such as a tube or a series
of rods. For an attemperated instrumented fuel assembly, a tubular
section (attemperator sleeve) will extend at least from the bottom of
the fuel portion of the assembly to a point 5 pipe diameters above a
venturi (see sec. 4.3.5). The extension above the venturi is required
to maintain the accuracy of the venturi. For an attemperated experi-
ment, mixing of the attemperator stream and the test section stream may
take place at any point above this tubular section but before entering
the branch of the top nozzle inner tee. If mixing takes place near the
branch of the tee, thermal expansion of the through-tube will be les-
sened, since the flow of cooler attemperator gas will continue for a
greater length of the through-tube. If mixing takes place shortly after
leaving the venturi, thermal expansion of the through-tube will be greater
but mixing will be more complete when entering the branch of the tee and
the pressure drop of the attemperated portion of the loop will be con-
siderably smaller.

Either a mixing chamber will be provided or the through-tube insula-
tion thickness will be increased where the attemperator stream and the
very hot test section stream come together. This will prevent over-
temperature either in the through-tube or in the top nozzle inner tee.

If the support structure takes the form of a tube extending up to
the vicinity of the shield plug, provisions will be made for gas flow out
of the tube and into the branch of the tee with a minimum of pressure
drop. One of three methods may be used. First, the tube may be replaced
with a series of rods for support in the area directly beneath the shield
plug. ©Since the gas stream would be directed against the shield plug,
the end of the shield plug would be curved to direct flow toward the
branch of the tee. If such a method is used, means will be provided for
always aligning the curvature of the shield plug with the branch of the
tee. BSecond, the tube could be replaced with a series of rods for support
in the area directly beneath the shield plug, as above, but the end of the
shield plug would not be curved to direct flow and no alignment of the
shield plug would be required; however, the pressure drop would be higher.
Third, the tube could be extended to the shield plug and large openings
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could be provided around the tube. This arrangement would be essentially
the same as the second case, but there would be less flow area. No align-
ment of the shield plug would be required.

As discussed: in Section 5.12, an annular space will be provided be-
tween the support tube and top nozzle inner tee to provide a gas flow
path when first lifting the experimental assembly for removal. During
the initial 1ifting, gas will flow up past the assembly, down through the
annulus between the support tube and the inner tee, and out through the
branch of the inner tee. After further lifting of the assembly, the
shield plug will move high enough to provide a flow path through the run
of the tee into the service machine. Before lifting, the shield plug
fills the run of the tee.

4.3.5. Instrumentation Requirements

Flow Through the Experimental Assembly. In order to obtain heat
transfer data on attemperated instrumented fuel assemblies, it is neces-
sary to measure flow through the test section (total gas loop flow minus
attemperator flow; see Fig. 4.3.1). For unattemperated instrumented fuel
assemblies, the in-cell loop gas flow measurement is identical to flow
through the test section and is therefore the only flow measurement re-
duired.

For attemperated instrumented fuel assemblies a venturi is placed
downstream of (above) the test section. In order to compute the test
section flow, the following measurements are taken: differential pressure
across the venturi (upstream to throat) AP,3, venturi inlet pressure (test
section outlet pressure) P,, and venturi inlet temperature (test section
outlet temperature) Tj.

The design of the venturi will vary with the type of experiment. No
single venturi is correctly shaped for all gas temperature and flow condi-
tions, even with a given gas. 1In order to minimize pressure loss through
the venturi, it must be machined to provide an ideal cross section vs
length for the given experimental conditions. It is more than Jjust a
simple conical nozzle, cylindrical throat, and conical diffuser.

A minimum of 5 pipe diameters (preferably 10 or more pipe diameters)
of straight pipe will be provided upstream of the venturi to establish
uniform turbulent flow into the venturi. A minimum of 5 pipe diameters
of straight pipe will be provided downstream to establish the proper
exit conditions.

Calibration of the venturi will require the use of a dummy stringer
(see sec. 4.4). The dummy stringer will be an experimental stringer in
which the fuel assembly has been replaced by a dummy assembly which dupli-
cates the fuel assembly geometry and weight.
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The differential pressure and pressure transmitters for flow deter-
mination through the venturi will be located between the Bridgman closure
and the shield plug. Pneumatic tubes will be run from the venturi along
the fuel assembly support structure to the transmitters,

Pressure Drop Across the Experiment. In order to determine the flow
vs pressure drop characteristics of a particular fuel assembly, it is
necessary to measure the differential pressure across the experimental
assembly, APiz.. A differential pressure transmitter is located between
the Bridgman closure and the shield plug for this purpose. Pneumatic
tubes run from the fuel assembly to the transmitter.

A1l pneumatic tubes are 1/8-in.-o.d., 0.020- to 0.028-in.-wall type
347 stainless steel. The tubes must be small enough to minimize routing
problems and large enough to keep down delay in transmitting signals.

Temperature Measurements. Numerous thermocouples are required in
order to obtain useful data from the experiment and to provide for safe
operation of the loop. The temperature measurements required for an
attemperated assembly are: T;, test section inlet gas temperature; T,,
fuel element surface or center temperature; Ti, test section outlet gas
temperature; Ts, attemperator stream outlet gas temperature; and Ts,
outlet mixed mean gas temperature. Temperatures T3 and T, are not re-
quired for an unattemperated fuel assembly. Three operating thermocouples
plus two spares are required for the measurement of Ts, since this signal
may be used to scram the reactor. The number of thermocouples measuring
T, will depend upon the experiment being run and the capacity (number of
pins) of the electrical connector penetrating the Bridgman closure.

Connectors. As mentioned in Section 4,3.1, all pressure and tem-
perature signals from the experimental section penetrate the Bridgman
closure through an electrical connector as electrical signals. No
pneumatic signals pass through the closure. The Bridgman closure con-
nector will also accommodate the electrical power leads for the pressure
and differential pressure transmitters. The use of a 63-pin connector
is presently being investigated. At the most, 15 pins are required for
the three pressure and differential pressure transmitters (maximum of 5
leads per transmitter). The remaining 48 pins can be used for 24 tempera-
ture measurements (2 leads per measurement). The distribution of tempera-
tures measured, including the number of points measured for an attemperated
assembly, could be as follows: test section inlet gas temperature (l),
fuel element surface or center temperature (16), test section outlet gas
temperature (1), attemperator stream outlet gas temperature (1), and out-
let bulk mean gas temperature (5). Two additional fuel element surface
or center temperatures could be measured for an unattemperated assembly
because it would not be necessary to measure T3 and T,.

The electrical signals and power leads for the transmitters must
alsc pass through the top nozzle outer tee. It is planned to use four
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20-pin connectors for this purpose, that is, four relatively small con-
nectors rather than a smaller number of large connectors because of

space limitations in the area. The connectors must be small enough to
pass between the top nozzle blind flange bolt positions. 1In addition,

the distance between the top of the Bridgman closure and the bottom of

the blind flange is only slightly greater than 2 in. Since the con-
nectors cannot penetrate the blind flange itself (the service machine

room floor must be .clear) the connectors must be less than 2 in. in
diameter and penetrate around the circumference .of the top nozzle directly
beneath the top nozzle flange.

Limit Switches. ©Fach top Bridgmen closure is provided with two
limit switch assemblies. The switches are used to indicate both verti-
cal and rotational alignment of the closures before the sealing operation
is performed. In addition, the switches control a series of indicator
lights to show that all shield plugs are in place, and they actuate an
electrical interlock on the one door of the service machine room which
does not require a key to open. This prevents unsupervised entry to the
service machine room when the shield plugs are out.

4.3.6, Insulation

EBach through-tube must be lined with:reflective insulation which
extends between the top nozzle inner tee and the bottom nozzle inner tee.
The insulation required from the bottom of the experimental stringer to
the top nozzle inner tee is an integral part of the stringer assembly and
is installed and removed with the assembly. Any insulation below the
bottom of the stringer is installed separately prior to installation of
the stringer. For attemperated fuel assemblies, insulation is placed
between the attemperator flow annulus and the test section.

A1l insulation is of the reflective type (see sec. 4.13). A minimum
of 1/4 in. of insulation is required inside the through-tube. In certain
areas, such as the area of mixing of the attemperator stream and the very
hot test section gas stream, additional insulation may be required. Be-
cause of the high loop gas pressure, the minimum spacing between the sheets
of stainless steel reflective insulation is 1/8 in. Stainless steel cor-
rugated sheets are used between the flat sheets to maintain the spacing.
It is desirable to obstruct the flow of loop gas vertically between the
sheets of insulation. However, the ends cannot be sealed, since this
might result in bursting or collapsing the insulation during a rapid
change in loop pressure, The insulation required between the attempera-
tor flow annulus and the test section will be determined by the experi-
ment design.

4.3.7. Project References

Design Criteria (CF 61-6-3)

Experimental Stringer Criteria Code D.2.3
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4.4, Dummy Stringer

4.4.1, General Description

The dummy stringer is essentially an experimental stringer (see
sec. 4.3) with the experimental fuel assenbly replaced by a dummy fuel
assembly. The dummy stringer consists of a top Bridgman closure, a
shield plug, a support structure for the dummy fuel assembly, insulation,
and instrumentation. The dummy stringer will be used for test purposes
and prior to initial power operation of a given loop. The principal use of
the dummy stringer will be for testing various components at or near the
normal loop operating pressures, temperatures, and flow rates. The reac-
tor may or may not be in operation while a dummy stringer is in use.

4.4.2, Components

Bridgman Closure. The Bridgman closure for the dummy stringer is
identical to that used on an experimental stringer. Some of the thermo-
couple facilities normally used for measuring fuel element temperatures
in an experimental stringer will be used to measure temperatures in the
vicinity of the Bridgman closure. It is required that the Bridgman closure
temperature not exceed 350°F. The radistion heating of the shield plug is
not known and cannot be determined exXperimentally with a dummy stringer,
Therefore, these temperature measurements can only indicate the contri-
bution to the temperature at the Bridgman closure of heat conduction and
convection along the shield plug and out radially through the inner and
outer tee sections. '

Tests will be run to determine the suitability of the Bridgman
closure O-ring seal at temperature and pressure and to determine whether
the O-ring must be replaced each time the seal is broken. In addition,
the procedure and equipment for replacement of the O-ring will be tested.
The limit switches which are used to indicate rotational alignment of
the Bridgman closure before the sealing operation is performed will be
tested under simulated normal operating conditions. The electrical con-
nector in the closure will also be tested for operability.

Shield Plug. The shield plug is identical to that used on an experi-
mental stringer. As previously mentioned, thermocouples will be used to
determine whether the Bridgman closure temperature has been limited to
less than 350°F. Shielding data will be obtained and used to evaluate
the -adequacy of the experimental stringer shield plug.

Dummy Fuel Assembly. It is presently planned to test a wide variety
of fuel assemblies of various geometries in the EGCR loops. The dummy
fuel assembly will have the same weight and geometry as the first experi-
mental fuel assembly to be tested. The dummy fuel assembly will be neces-
sarily constructed of a very dense material and therefore subject to
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considerable gamma heating when inserted in the reactor if the reactor
is or has been at power. Therefore, some gas flow must be maintained in
the lcop during that time. The dummy fuel assembly temperatures will be
monitored, and gas flow will be adjusted to limit the temperatures. As
for the case of the experimental stringer, the maximum permissible gas
inlet temperature is 950°F and the maximum permissible gas outlet tem-
perature is 1050°F.

Dummy Fuel Assembly Support Structure. The dummy fuel assembly sup-
port structure is identical to that used on the experimental stringer
(see sec. 4.3).

Insulation. All insulation normally handled as an assembly on the
experimental stringer is included on the dummy stringer. The dummy
stringer will be used to determine whether the reflective insulation will
te damaged during installation or removal operations. As described in
Section 4.3, the insulation from the top nozzle tee to the bottom of the
experimental stringer is installed as part of the experimental stringer
assembly. Insulation below that point is installed as a part of the un-
instrumented experimental assembly. In order to test the design concept
of the joint between the stringer insulation and the uninstrumented ex-
perimental assembly insulation, a dummy uninstrumented assembly (see
sec. 4.4.4) is reqQuired. Since the through-tube and the insulation do not
have the same amount of thermal growth, a slip joint between the two sec-
tions of insulation is required. The dummy stringer will be used to prove
the adequacy of this joint design.

Instrumentation. The pressure and differential pressure transmitters
included in the exXperimental stringer are also included in the dummy
stringer. The differential pressure transmitters for the dummy fuel as-
sembly pressure drop and flow will be calibrated after the dummy stringer
has peen assembled but prior to installation in the through-tube.

Thermocouples are included as required to perform tests. Since the
design of the experimental stringer requires that some pneumatic tubing
and thermocouple leads be placed in the gas stream, the dummy stringer is
also designed with similar routing of leads and tubing in order to evaluate
the mechanical stability of the arrangement and the effect of the leads
and tubing on the total loop pressure drop.

4.4,3, Additional Tests

In addition to the previously mentioned tests of the experimental
stringer components, the dummy stringer will make it possible to obtain
data on total loop pressure drop, check insertion and removal procedures,
and see the effects of differential thermal expansion on stringer leads
and tubing. The dummy stringer will also be used to test out the loop
after major repairs are performed on the loop but before an experimental
stringer 1s inserted.
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4.4.4. Dummy Uninstrumented Assembly

As mentioned previously, a nonfueled version of the uninstrumented
experimental assembly is required. This assembly will be identical to
the uninstrumented experimental assembly except that the fuel assembly
will be replaced by a dummy fuel assembly with the same weight and geometry
as a normal fuel assembly. It will be used to establish the adequacy of
the insulation slip Jjoint design, to obtain pressure-drop data, and to
check procedures for the installation and removal of uninstrumented experi-
mental assemblies,

4.4.5, Project References

Design Criteria (CF 61-6-3)
Dumy Stringer Criteria Code D.2.2

4.5, Mainstream Gas Cooler

4.5.1. PFunction

The mainstream gas cooler utilizes an intermediate demineralized
water-steam system to transfer the energy generated by the experimental
fuel assembly to a service water heat sink. The mainstream gas enters
the cooler at 1050°F and leaves at temperatures ranging from 550 - to
950°F.

4.,5.2. Design Criteria

The mainstream gas cooler must satisfy a number of basic criteria
for proper operation of the experimental loops. The two primary criteria
are (1) the cooler must be capable of removing all experimental loop heat
from the loop gas, and (2) the cooler must provide secondary containment
of the loop gas. The cooler must be sized to remove the energy generated
in the experimental fuel assembly (1500 kw) plus the energy transferred
to the loop gas by the loop compressors (50 kw) and the loop heater (200
kw), for a total heat-removal capacity of 1750 kw. Not only must the
heat exchanger be designed to remove 1750 kw of heat from the loop gas,
but it must be designed to have a variable heat-removal rate controlled
by the condensate flow to the cooler. This condition is unique compared
with conventional evaporative cooler service requirements., When conduct-
ing high-temperature low-power experiments or when starting the loop,
little or no heat removal is required. In the event that forced circula-
tion is interrupted, the cooler must go from no cooling to maximum cooling
very rapidly to provide a natural-circulation driving head for the loop
gas.
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The cooler must provide secondary containment of the experimental
loop gas. While it is normally desirable to hold leakage to a minimum
in any gas system, the likelihood of having radioactive fission products
in the loop gas places a stringent requirement on the design and fabri-
cation of all primary and secondary containment systems for the loops.
As a result, the loop-gas side of the cooler is of all-welded construc-
tion. Although the loop coolers are located within the reactor contain-
ment vessel, secondary containment of each cooler is required to protect
personnel inside the vessel (see sec. 6.1). This secondary containment
is provided by the intermediate steam system and the contalinment vessel
that surrounds the loop gas portion of the cooler, as shown in Fig. 4.5.1.

The heat-removal capability and the secondary containment requirement
are the two most important criteria for the mainstream gas coolers, but
a number of cther requirements must be considered in the design. For
instance, the cooler dimensions must be restricted to the dimensions of
the pipe chase (3 X 14 X 60 ft). The cooler should be kept short, since
a short cooler provides a long cold gas leg to aid natural convection of
the loop gas if forced convection is lost. The steam side of the cooler
must be designed to operate by natural convection with very little super-
heat added to the steam. Since there is a good possibility that some of
the radioactive fission products, such as ilodine and bromine, might plate
out on the colder surfaces of the cooling tubes, it is highly desirable
to design a cooler which can be decontaminated on the loop-gas side.

A rather stringent design limitation is imposed by the limited head
capabilities of the loop compressors. The loop pressure-drop calculations
indicate that the compressors may be unable to meet some of the lower
power design points because of pressure-drop limitations. Consequently
the cooler must be designed to have a low loop-gas pressure drop.

There are several other design features that are desirable but not
essential. First, it is desirable to have access to the steam side of
the cooler in order to check the integrity of the system and to repair
or to plug any defective tubes. Alsc it is desirable to be able to
drain the lowest point in the steam system in order to blow down the
system occasionally to remove sludge and corrosion products that might
collect during the boiling process. This requirement is not essential
if access to the steam side of the cooler is provided to facilitate
cleaning the tubes and header.

4.5.3. Design

After the decision was made to use an evaporative type of cooler
to remove the energy from the loop gas, an extensive analysis was made
to choose the cooler design that best satisfied the criteria set forth
in section 4.5.2. The different designs considered and evaluated in-
cluded straight-through tube designs using two tube sheets, floating
head arrangements, U-tube designs, and re-entrant or bayonet tube designs.
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A1l concepts were evaluated with the loop gas on either the tube side or
the shell side of the cooler.

The concept chosen for detailed design was a re-entrant tube ex-
changer with gas flowing around tubes containing boiling water. A con-
ceptual design of the system is shown in Fig. 4.5.1. The final cooler
design may differ somewhat from that pictured, since it i1s intended to
have the vendor complete the final design and guarantee performance of
the unit. The design shown in Fig. 4.5.1 will be presented as the
suggested design, since it appears to satisfy the criteria better than
the other concepts considered.

In the design shown in Fig. 4.5.1, the gas enters the side of the
ccoler, flows up around the ocutside of the shroud tubes, enters the
annulus between the shroud tube and the boiler tube, and then passes
down the annulus where it is cooled and exhausted to the bottom of the
exchanger. The condensate enters the side of the cooler near the bottom
of the steam chest, which forms the top part of the cooler. Once the
condensate reaches a given level above the tube sheet, it enters the
downcomer tubes that project through the top section of the main steam
tubes above the tube sheet (see Fig. 4.5.2 for tube details). The con-
densate then flows down the center or downcomer tube to the bottom of
the boiler tube,

There will be no net steam generation in the downcomer tube once
steady-state conditions are reached, since the condensate-steam mixture
in the annulus between the downcomer and boiler tubes should never ex-
ceed the saturation temperature. Also, the condensate in the downcomer
is at a slightly higher pressure than the mixture between the downcomer
tube and boiler tube; this should prevent boiling the downcomer.

After condensate reaches the bottom of the downcomer tube, the flow
direction reverses and the water passes up through the annulus between
the downcomer and boiler tubes, where steam generation takes place as heat
is transferred from the loop gas toc the condensate in the annulus. The
resulting steam-water mixture continues to rise until exhausted from the
bociler tubes into the steam dome and chest at the top of the cooler.

Most of the entrained water separates in the spray shield and falls back
into the condensate above the tube sheet. The saturated steam and some
entrained water are then exhausted from the steam chest by means of a
5-in. steam line that transfers the steam to the loop condenser on the
sixth flcor. For a detailed description of the mainstream cooling system
see Section 5.6.

As was discussed earlier, the heat transfer rate from the loop gas
to the steam is regulated by controlling the rate of condensate flow to
the cooler. The cooler is designed so that increasing the condensate flow
rate increases the effective heat transfer area. This is accomplished by
staggering the downcomer tubes at various elevations in the steam chest.
For a given condensate level in the steam chest, the inlets to some down-
comer tubes will be below the condensate level and thus operating at
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their full heat-removal capacity, while other tubes, whose downcomer in-
lets are above the water level, will be dry. Consequently, increasing
the condensate flow to the cooler raises the condensate level in the
steam chest thereby bringing more tubes into operation and increasing

the loop cooling. By reversing the process (closing the condensate re-
turn valve), the cooling rate can be reduced to nearly zero. There will
be some heat transfer through the cooler tube sheet, since it 1s intended
that a finite water level will always be maintained on the tube sheet to
prevent excessive thermal stresses. The amount of heat transferred
through the tube sheet is minimized by using several inches of reflective
insulation on the gas side of the tube sheet,

The conceptual design shown in Fig. 4.5.1 utilizes 38 boiler tubes
having an effective heat transfer length of 11 ft each. The steam system
temperature will ordinarily be less than its design operating temperature
of 400°F (247 psia) at full power. The gas-side pressure drop calculations
for a 1000-psia CO, loop indicate that the pressure drop for full cooling
will be less than 1.1 psi, while the pressure drop with no cooling will be
less than 1.8 psi. Steam-side pressure drop calculations indicate that the
system will have natural recirculation with the steam-condensate mixture
leaving an operating tube with an exit quality of 5 to 10%. A stress
analysis study has not been completed, but the final design specifications
will provide that all primary stresses will meet the ASME code require-
ments and that all transient thermal stresses will be below those permit-
ted by the Naval Code (see sec. 6.2).

A number of different materials will be used in fabricating the
cooler. All materials in contact with the loop gas will be fabricated
from type 347H stainless steel, type 304 stainless steel, or INOR-8.

The system will be designed to contain the loop gas at a steady-state
condition of 1100 psia and 1075°F. All materials in contact with the
condensate and steam will be nickel-base alloys (Inconel or INOR—S), ex-
cept the spray shield at the top of the cooler, which will be fabricated
of type 304 stainless steel. The steam side of the cooler will be de-
signed to withstand an internal pressure of 1200 psia at 650°F. The
mainstream loop piping below the tube sheet will be covered with 2 in. of
mineral insulation. The secondary containment piping will be made of grade
B carbon steel.

Trhe proposed cocoler design meets all the principle design criteria
outlined in Section 4.5.2 and also satisfies one of the two secondary
criteria. The cooler provides complete secondary containment; it is

easonaply compact; 1t has a low loop gas pressure drop; and it is pos-
sible to decontaminate the loop gas side of the unit. In addition, a
blind flange, located at the top of the cooler, permits access to the
steam side of the unit.

Because of the geometrical arrangement of the boiler tubes, it is
impossible to effectively blow down the steam system. Consequently,
every precaution will be made to use materials that are noncorrosive to
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prevent corrosion-sludge accumulations in the boiler tubes. ©Since the
demineralized-water supplied to the cooler will have been previously
boiled and condensed in the reactor steam system and since the cooler
steam system is a closed cycle, the accumulation of sludge in the boiler
tubes due to carryover in the water system should not be rapid. Oc-
casionally it may be necessary to clean out some of the boiler tubes.
This will be done by opening the blind flange at the top of the cooler,
removing the top section of the boiler tube and the downcomer tube (which
is attached to the top section), and then removing the accumulated sludge
in the bottom of the tube. Again, it should be emphasized that such a
cleaning procedure will be required infrequently, since the system is non-
corrosive and the requirement for makeup water is small.

One of the troublesome aspects of the proposed design was the thermal-
shock problem. As was discussed earlier, at intermediate power levels,
some of the boiler tubes will be operating at full power, while others
will be dry. Increasing the condensate flow in this case means that some
of the boiler tubes running dry at 1050°F will be rapidly flooded with
relatively cold water that will create a thermal-shock condition. This
problem is alleviated by drilling a number of small bleed holes in the
downcomer tubes below the inlet. These holes permit a small condensate
flow to build up to each tube before the full flow conditions are reached,
thereby gradually cooling the tube and minimizing the thermal shock.

Another problem associated with this design was vibration of the
downcomer tube during the boiling process. This condition could be pre-
vented by attaching spacers along the downcomer tube. However, the
fabrication would be somewhat complicated, since the spacers would have
to be fastened inside the boiler tube to insure that possible fretting
between the boiler tube and the downcomer would not damage the boiler
tube. In order to alleviate this problem, the bottom of the downcomer
tube is held in place by a downcomer guide that is fastened to the
bottom of the boiler tube and projects into the downcomer tube. This
spacer keeps the downcomer tube centered in the boiler tube but permits
differential expansion between the tubes.

4.5.4. Project References

Design Analyses (CF 61-6-3)

Mainstream Gas Cooler
Preliminary Stress Analysis of Mainstream Gas Cooler

Preliminary Design Drawings (CF 61-6-2)

Mainstream Gas Cooler F-RD-10475
Specifications (CF 61-6-5)
Mainstream Gas Cooler Js-128-113

Condenser for Mainstream Gas Cooler Js5-128-114
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4.6, Mainstream Gas Heater

4,6.1., Tunctions

The functions of the mainstream gas heater are (1) to preheat the
experimental loop to its required preoperating temperature before fission
heat is produced in the experimental fuel assembly, (2) to maintain the
loop at a preset temperature during any experiment which does not have
its own fission heat source, and (3) to maintain the loop at permissible
operating temperatures during shakedown or test runs with the reactor
shut down or the experimental fuel assembly removed from the loop. During
normal loop operation, the heater may be used to manually shim the gas
inlet temperature to the test section of the loop.

The experimental loop design criteria (see sec. 4.6.3) specify that
the heater is to be capable of increasing the inlet gas temperature to the
test section at least 50°F for all specified loop operating conditions.

Tc do this requires a maximum of 175 kw of heater power. Detailed heat
transfer, stress, and other design calculations for the mainstream gas
heater are presented elsewhere (see sec. 4.6.3).

4.6.2. Description

The EGCR experimental loop heater is an electrically heated U-tube
consisting of two 20-ft sections of straight pipe Jjoined at one end by a
standard 180°-turn fitting. Heat is produced by passing a large electric
current (up to 20 000 amp) directly through the two straight pipe sections
of the U-tube. No electric current passes through the 180° turn or through
the welds at each end of the straight pipe sections. The entire heater
assenbly and system, including a high current transformer, is located in-
side the experimenters' cell.

Because of the variation of electrical resistivity of the pipe with
temperature, the rate at which heat can be added to the loop gas depends
on the temperature of the heated pipe sections. The maximum heat rate
for the mainstream gas heater is 210 kw. This rate can be attained when
the average gas temperature in the heater is about 500°F. At lower average
loop gas temperatures, the heat rate is limited by the current capability
of the high-current transformer that supplies electric power to the heater.
At high average loop gas temperatures the heat rate is limited by the
potential capability of the transformer. For heater pipe of nominal wall
thickness and average gas temperatures of 100 or 950°F, the maximum heat
rate is 190 kw.

The heated pipe is seamless type 347H stainless steel (6-in. sched.-
80). At the maximum heat rate of 210 kw, the differences between the
bulk gas temperature and wall temperature are about 80°F for helium and
100°F for CO,, and the temperature difference across the wall is about
15°F. The resulting thermal stress at the inner pipe surface is 5000 psi
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and at the outer surface 1900 psi. The heated pipe is externally insu-
lated with 3 in. of mineral insulation.

The high-current transformer is air cooled. It has a maximum cur-
rent capability of 20 000 amp and a maximum emf capability of 12 v. The
electrical connections to thepipe are bars of nickel welded to the pipe.
The pipe goes through a hole in the nickel bar and is welded on both
sides. In order to minimize cell cooling requirements, the bus bars are
designed for low resistance. The resistive heating of the air cooled
bus bars is about 10 kw. The entire heater system is Protected against
overtemperature. . Temperatures ‘are sensed in the transformer windings,
the bus bars, and at several points along the heated pipe. The primary
voltage to the high-current transformer is supplied from a saturable re-
actor located in the experimenters' crane bay. The voltage from this
reactor is continuously variable from that required for rated secondary
voltage of the high-current transformer to that required for 10% of
rated secondary voltage. All pipe supports that are fastened to the
heated pipe or to the 180° turn are electrically insulated.

4.6.3. Project References

Design Criteria (CF 61-6-3)

Electric Heater Criteria Code B.3.0

Criteria for Electrical Pipe Connections for EGCR Code B.3.2
Experimental Loop Heaters

Design Analyses (CF 61-6-4)
EGCR Loop Heater Assembly

Preliminary Design Drawings (CF 61-6-2)

Electric Resistance Gas Heater E-RD-11082
Specifications (CF 61-6-5)

Saturable Reactor and High Current Transformer J8-128-110

4.7. Mainstream Gas Filter

4.7.1. Description

The entire loop coolant flow passes through a mainstream filter
system where most of the particulate matter in the circulating gas is
removed. This system, shown in Fig. 4.7.1, consists of a filter vessel,
a bypass valve and piping, two isolating valves, two disconnect flanges,
and associated lead shielding. The filter vessel contains a prefilter,
an absolute filter, and a postfilter. The prefilter consists of several
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layers of stainless steel wire screen. The first layer is 100-mesh type
304 stainless steel, which will stop all particles larger than 140 p
(0.0055 in.). This is followed by a heavier screen and additional sup-
port structure.

The absolute filter is a Flanders ceramic AIRPURE filter (5F40R-d), or
equivalent, with an over-all diameter of 18 in. and a depth of 11 1/2 in.
This filter has an efficiency of 99.9% for 0.3-u particles. For the normal
operating conditions of the loop, the highest pressure drop through the
clean absolute filter is 5.5 in. Hy0 (based on the above filter design) for
9190 lb/hr of helium at 950°F and 500 psia. The pressure drops are con-
siderably smaller for all other helium and all CO, operating conditions.
The filter elements are guaranteed to withstand a pressure drop of 10 in,
Hz0, and hence the pressure drop can increase by 4.4 in. HyO before the
filter has to be removed or changes in loop operation made to reduce the
pressure drop. If the loop cooler should fail during operation with
helium at 500 psia, the inlet gas temperature to the filter will increase
toward 1050°F and the pressure drop will increase toward 6.8 in. HyO.
However, corrective action will be taken immediately by the loop safety
circuit.

The absolute filter is supported by a l/2-in.-thick frame bearing
against a flange bullt around the inner surface of the filter vessel. A
40-mil thickness of filter paper is used for the flange gasket. The frame
is made from compressed Fiberfrax, a Carborundum Company ceramic fiber
with duPont-colloidal silica as the adhesive. The filter paper and the
gasket are made from "Fiberfrax" plus asbestos fibers and a small amount
of modified starch ether as binder., Because of the adhesive and binder in
the frame and in the filter paper, gaseous products are given off by the
filter assembly upon reaching approximately 500°F. Prefiring to a high
temperature is required to drive off these gaseous products prior to
installation of the filter assembly in the filter wvessel.

The postfilter is provided to stop any large particles if the absolute
filter disintegrates. It consists of several layers of stainless steel
screen, the first being 40 mesh type 304 stainless steel, which stops all
330-p and larger particles. This is followed by a coarser screen and
additional support structure, as in the prefilter.

The filter vessel is an all-welded type 347 stainless steel pressure
vessel designed to contain the loop coolant at 1100 psia and 975°F. It
is connected to the loop by manually operated isolation valves and dis-
connect flanges (see sec. 4.11) on the inlet and outlet lines. Because
of the possible accumulation of fission products in the absolute filter,
the filter vessel is completely surrounded by 4 in. of lead. When the
absolute filter requires replacement, the filter vessel and shield will
be carried to the disposal area where the shield will be removed and de-
contaminated for reuse. The filter and filter vessel will be disposed of
as a unit by burial.
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The filter assembly is bypassed by a line containing a motor-operated
shutoff valve. This permits the loop to operate with the filter out of
service and provides a relief in case the filters become clogged. The
valve is capable of going from a fully closed to a fully open position in
20 sec.

4.7.2. Instrumentation

The instrumentation consists of two differential pressure transmitters
(PAT), a radiation element (RE), and a temperature element (TE) (see
Fig. 4.7.1). One differential pressure transmitter is connected across
the filter bypass valve to indicate gross clogging of the filter system.
This transmitter operates over a range of approximately O to 60 in. H,0
and has an accuracy of *1 in. Hy0. It operates an annunciator at the ex-
perimenters' control board when the pressure drop reaches a preset value.
The second differential pressure transmitter is across the absolute filter
only. ©Since the absolute filter is guaranteed to withstand a pressure drop
of only 10 in. Hp0, the absolute filter must be removed or bypassed when
this value is reached., The transmitter has a range of O to 15 in, H30,
with an accuracy of *0.51in. H0. When the pressure drop approaches the
filter bursting value, the transmitter opens the filter bypass valve a
sufficient amount to reduce the pressure drop to its original operating
level. This action is indicated at the experimenters' control board. The
radiation monitor located at the side of the filter gives quantitative
m7asurements of activity accumulations in the filter vessel up to 3 X 104
r/hr.

4.7.3. Project References

Design Criteria (CF 61-6-3)
Pilter System Criteria Code B.1l.0
Design Analyses (CF 61-6-4)

Mainstream Gas FPilter System

Preliminary Design Drawings (CF 61-6-2)

Mainstream Gas Filter Assembly E-RD-10150
Mainstream Gas Filter Details D-RD-10141
Mainstream Gas Filter Shield Assembly E-RD-10175
Specifications (CF 61-6-5)

Mainstream Gas Filter Flement for EGCR Experimental JS-128-108

Loop
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4.8. Loop Pressure Drop

4.8.1. General

In order to initiate procurement of the loop compressors at an early
stage in the design effort, loop pressure drop estimates were made based
on the loop piping layouts and conceptual component designs as they existed
at that time. These estimates were revised twice during the design process.
The originally specified values plus the revised valuves are given in Sec-
tion 4.8.4 for each of the eight loop design conditions.

4.8.2. Basic Assumptions

The following basic assumptions were made during the process of calcu-
lating the total loop pressure drop: (1) the pressure drop in equipment
and piping can be based on isothermal flow at the arithmetic average tem-
perature of the inlet and outlet gas, (2) the piping from the outlet of
the in-pile test section to the cooler inlet is at a uniform temperature
of 1050°F, (3) the piping from the outlet of the cooler to inlet of the
heater is at a uniform temperature of 550°F (or 900°F) with the heater
on and 600°F (or 950°F) with the heater off, (4) the piping from the out-
let of the heater to the inlet of the in-pile test section is at a uniform
temperature of 600°F (or 950°F), (5) the loop gas inside the cooler tubes
is at a uniform temperature of 800°F (or 975°F) with the heater on and
825°F (or 1000°F) with the heater off, (6) the through-tube is insulated
on the inside with reflective insulation totaling 1/3 in. on a radius
including the inside Jacket, (7) there is no compressor power input to
the system, and (8) all isolation valves are full-clearance gate valves,

4.8,3. Calculations

The mainstream gas flow path for the small helium- or COz-cooled
loop includes the following pressure decreasing components: in-pile
test section, pipe and fittings, a mainstream gas cooler, a mainstream
gas Tilter, a mainstream gas heater, and six isolation valves.

Total pressure drops were computed for helium and CO, cooling at
pressures of 500 and 1000 psia. The in-pile test section was assumed
to be generating 1500 kw of combined fission and gamma heat with a gas
inlet temperature of 600°F and an outlet temperature of 1050°F, The
case of reduced power operation (335 kw) for a gas inlet temperature of
950°F was also calculated assuming a constant mass flow rate. In all
cagses it was assumed that the exit gas from the in-pile section was at-
temperated to 1050°F.
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Tn-Pile Test Section. The loop design criteria® state that "The
design pressure drop for the in-pile section of the loop will be deter-
mined from the following formula:

W
£ -0.02 , (1)
b
where
Wp = pumping power required for in-pile section, kw,
P = total power output of in-pile section, kw."

Since pumping power is the work required per unit time to move a
given mass per unit time against a given resistive force (head), the
pumping power for the in-pile section is

Mh

T3z T (2)
where
M = mass flow rate, lb/hr,
= in-pile section head loss, ft,
J = heat equivalent of work, 778 ft-1b/Btu.

In order to satisfy the basic requirement of heat transport equal
to heat generation, it is necessary that

3413 p
M= E—?-——*———; ; (3)
t, -t
p' -2 1
where
Cp = specific heat of gas, Btu/lb-°F,
t; = inlet temperature to in-pile test section, °F,

t, = outlet temperature from in-pile test section, °F,.

The exact value of C, to be used in Eg. (3) is not known, but a
good approximation for most gases 1s to evaluate Cp at (t; + tz)/2.

°EGCR Experimental Loop Criteria (uncoded), in ORNL CF 61-6-3,
EGCR Experimental Loops Design Criteria, June 1961.
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The simultaneous solution of Egs. (1), (2), and (3) gives the maxi-
mum resistive head (h, ft) which will be encountered in the in-pile sec-
tion:

h = O.OZJCP(tg - tl) . (4)

The in-pile test section head loss can be converted to a defined
pressure drop by the following defining equation:

AP =p1h (5)
where
AP = test section pressure drop, 1lb/ft?,
o1 = inlet gas density, 1b/ft>.

Pipes and Fittings. The following equation for pressure drop was
used in all cases where the pipe and fittings could be reduced to an
equivalent length of straight pipe:

-6 2
ap - 3:36 X 10 fLe%? ) (6)
. e

wvhere

AP = pressure drop, psi,

p = arithmetic average gas density, 1b/ft?,

f = Darcy friction factor,
De = equivalent diameter, in.,

Le = eQuivalent length, ft,

W = mass flow rate, 1b/hr.

Values for the friction factor were taken from Crane Technical Paper

No. 410, p. A-25.10 The stainless steel was assumed conservatively to
have the same relative rcughness as clean commercial steel. The equiva-

lent lengths of fittings were also worked out from data given in ref. 10,
pp. A-27, A-30, and A-31.

10Flow of Fluids Through Valves, Fittings, and Pipe, Technical Paper
No. 410, Engineering Division of Crane Co., Chicago, 1957.
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In all cases the eqQuivalent diameter, DeJ was defined as

D == , (7)

where

free flow area, in.z,

=g
1

Q
I

wetted perimeter, in.

Expansion and Contraction Losses. ExXpansion and contraction losses
were calculated from loss coefficients given in ref. 10, p. A-26, and con-
verted to equivalent pipe lengths on p. A-31.

Mainstream Gas Cooler. The mainstream gas cooler pressure drop con-
sisted of a series of expansion and contraction losses plus friction
losses in the cooling tube annuli, These pressure drops were calculated
by the methods outlined for pipes and fittings and for expansions and
contractions, except that the compressibility of the gas was taken into
account in calculating the friction losses because of the large change
in gas density.

The equivalent of Eq. (6) for compressible fluid flow is

1 1\ w8  3.36 x 107 W2
AP =558%x107"|——] — 4 —— F L — , (8)
D4 € p3
P2 p1f DY P 2
where
o1 = inlet gas density, 1b/ft3,
ps = outlet gas density, 1lb/ft3;

o, AP, W, £, L, and D_ are as defined for Eq. (6).

Mainstream Gas Filter. The mainstream gas filter pressure drop
consisted of an expansion and contraction at the inlet and exit, respec-
tively, plus the pressure drop through the prefilter, absolute filter,
and postfilter.

The inlet and exit losses were determined by the techniques dis-
cussed previocusly. To determine the absolute filter pressure drop an
element manufactured by Flanders Filters, Inc,, was selected as a typical
element meeting the loop filter requirements. TFor this given filter the
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pressure drop is'?!

- K/Vu

ap = =R (9)
where
APh = pressure drop in feet of fluld flowing,
V = fluid superficial velocity,
g = fluid viscosity,
p = fluid density,
K’/ = constant depending on properties of filter medi=a.

Converting Eg. (9) to pressure drop in inches of water and using
either mass flow rate (W, 1b/hr) or volumetric flow rate (Q, ft3/hr)
gives

_ K Wu
AP = =55 (10)
or
K

where A is the superficial flow area and K is another constant.

Each filter element is rated by the volumetric flow rate of air at
standard pressure and temperature required to produce a pressure drop
of 1 in. of Hp0 across the element, Therefore, if subscript "a” is used
to designate the rated filter, the pressure drop in inches of water for
any filter of the same material and depth as that of the rated filter
will be

A
= [ 2 bd
LP = AP {\Qp. oA . (12)

llpeysonal communication from Dr. Melvin First to E. R. Schmidt.
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Using the rated values for Flanders Filter 5F40-d size F,'2? and as-
suming the mainstream gas filter will be an 18-in.-0.d., 1/2-in.-frame
filter, the absolute filter pressure drop (in. HpO) will be

AP = 0.000887 gﬁ ) (13)

The pressure drops through the prefilter and postfilter were calcu-
lated from!'?

where

AP = pressure drop, psi,
a = 0.00674,

A = fractional open area,

¢ = a function of b Ve (see ref. 13),
Dg M

b = 770 — ,
A

Dy = size of projected hole, in.,

V = velocity, ft/sec,
p = density, g/cm?,
p = viscosity, centipoise.
Isolation Valves.. The pressure drop in the isolation valves was

calculated from the manufacturers'! values for valve flow coefficients
(CV) by applying the following manufacturers' sizing formula:

PAPV 1/2
Q = 1360 Cy ,
T S

(15)

where
Q = volume flow, ft? (STP)/hr,
P = inlet pressure, psi
APV = pressure drop across valve, psi,

12planders Filter Catalog, p. C-23.

13Investigation of Metallic Filter Cloths, Multi-Metal Wire Cloth
Co., Inc., p-4.
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absolute temperature, 460 + °F,

specific gravity of gas at STP (air = 1),

Q
|

= valve flow coefficient.

For the EGCR experimental loops, Eq. (15) reduces to

T 1
AP, = 8,5 %X 107° | —| | —]| W% , (16)

v 2
PS CV

where
W = mass flow, 1b/hr;

AP,

v» T» B, 8, and C, are as defined for Eq. (15).

v

4.8,4, Results

The calculated total loop pressure drops (for the loop design as of
October 28, 1960) are given in Tables 4.8.1 and 4.8.2 for CO, and helium
cooling, respectively. Also listed are the previously calculated values
reported on June 6, 1960. The considerable increase in pipe pressure drop
given by the revised values was due to a large increase in the equivalent
length of pipe and fittings resulting from the addition of several expan-
sion loops, the addition of insulation to the inside of the through-tube
(not considered in the first estimate), and the use of 4-in. pipe for
certain sections of the through-tube entrance and exit piping. The valve

ressure drop was reduced by selecting lower pressure drop valve designs
and eliminating the need for a diverter valve. The heater pressure drop
reduction resulted from simplifying the heater design. The cooler pres-
sure drop increase resulted from an increase in the complexity of the
cooler design. The filter design remained essentially unchanged. Since
this pressure drop estimate was completed, the loop design has been stable
and further major changes are not anticipated.

A comparison of the revised pressure drop calculations and the
original compressor specifications (dated Feb. 1, 1960) is presented in
Table 4.8.3 for the heater-on case. The compressor operating problems
brought about by this increase in total loop pressure drop are discussed
in Section 4.9.

4.9. Loop Compressors

4.9.1. Description

Three centrifugal gas-bearing compressors are connected and operated
in series in each experimental loop to provide the required loop gas mass



Table 4.8.1. Comparison of Results of Previous and Revised Pressure Drop Calculations

for a Small COp-Cooled Experimental Loop
Heater-0ff Case

Pressure Drop (psi)

Operating

. Condition 2 Condition 3 Condition 4
Condition 1

. a . b . . . . . .
Previous Revised Previous Revised Previous Revised Previous Revised

In-pile experimental section
Piping and equipment

Pipe

Diverter valve

Cooler

Isolation valves

Filter

Heater
Total piping and equipment
Total system

53.6 53.0 8.9 8.9 26.2 26.2 ' bl
3.25 6.103 4,17 7.754 6.40 12.114 8.30 15.474
1.97 1.97 3.93 3.93
0.80 1.350 0.79 1.730 1.35 2.700 1.40 3.460
1.17 0.116 1.54 0.166 2.33 0.233 3.10 0.332
0.15 0.152 0.21 0.217 0.340 0.304 0.410 0.430
0.86 0.200 1.12 0.276 1.65 0.397 2.26 0.553
8.2 7.9 9.8 10.1 16.0 15.8 19.4 20.3

61.8 60.9 18.7 19.0 42.2 42.0 23.8 24.7

#June 6, 1960.
Poctober 28, 1960.

Ll



Table 4.8.2. Comparison of Results of Previous and Revised Pressure Drop Calculations

for a Small Helium-Cooled Experimental Loop

Heater-0ff Case

Pressure Drop (psi)

Operating
Condition 5

Condition 6

Condition 7

Condition 8

Previous™ Revisedb Previous Revised Previous Revised Previous Revised

In-pile experimental section 21.2 21.2 3.5 3.5 10.6 10.6 1.7 1.8
Piping and equipment

Pipe 1.80 3.716 2.25 4.681 3.60 7.399 4 .49 9.254

Diverter valve 1.06 1.06 2.13 2.13

Cooler 0.42 0.955 0.43 1.190 0.72 1.910 0.83 2.380

Isolation valves 0.63 0.064 0.83 0.091 1.24 0.127 1.65 0.181

Filter 0.13 0.141 0.17 0.206 0.24 0.282 0.34 0.408

Heater 0.46 0.124 0.6l 0.168 0.92 0.246 1.22 0.332
Total piping and equipment 4.5 5.0 5.4 6.3 8.9 10.0 10.7 12.6
Total system 25.7 26.2 8.9 9.8 19.5 20.6 12.4 14.4

#June 6, 1960.
Poctover 28, 1960.



Table 4.8.3. Comparison of Compressor Specificationa and Revisedb Pressure Drop

Estimates for Small Helium- or CO,-Cooled Experimental Loop

Heater-On Case

Operating Condition

1 2 3 4 5 6 7 8
Coolant gas CO»o CO» CO2 COs He He He He
Total system pressure drop, psi
Specifieda 59.1 20.1 37.5 19,0 25.5 9.4 19.2 11.0
Revised estimate® 60.7 18.8 41.6 24.2 26.1 9.7  20.3 14.1

aFebruary 1, 1960.

bOctober 28, 1960,

6L
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flow through the in-pile experiment. A check valve is connected in paral-
lel with each compressor. These compressors are designed for operation
with either CO, or helium. PFigure 4.9.1 is a drawing of an individual com-
pressor. Each compressor contains an electric motor rotor and impeller
mounted on a common shaft and supported on gas-film bearings, with the bear-
ings lubricated by the gas in the experimental loop. The compressor pres-
sure vessel consists of the compressor volute and the motor housing. The
motor housing is joined to the volute by a bolted and seal-welded flange
Joint.

The electric motor and bearing compartment are cooled by conduction
to a water-cooled jacket and by a small centrifugal-type impeller attached
to the compressor shaft which circulates the gas in the compartment across
the water-cooled surfaces., The motor stator windings have Class H insula-
lation, consisting of glass tape with a silicone bonding agent for maximum
radiation resistance. The electric motor leads are insulated and sealed
at the motor housing by a ceramic type of insulator, with the final closure
seal welded, One additional opening in the pressure vessel is provided for
supplying high-pressure gas from an external source for jacking the bearings,
The external connection to this opening can be seal welded.

A1l instrumentation such as thermocouples and speed-measuring devices
will be removed after the vendors' tests are completed, and the opening
will be plugged and seal welded. A shoulder is to be provided on the inner
end of all such plugs to prevent missile generation in case of failure of
the seal weld.

4.9.2. Design and Manufacture

The loop compressors are being designed and manufactured by Bristol
Siddeley Engines, Limited, of England. The design and manufacture conforms
to practices outlined in Sections IT and VIII of the ASME Boiler and Pres-
sure Vessel Code and Case Interpretations 1270N and 1273N, with the excep-
tion that the combined pressure and thermal stresses in one portion of the
vessel exceeded the values permitted by the ASME code. The combined pres-
sure and thermal stresses presented a fatigue problem, and the Navy code
was used as a basis for establishing the maximum allowable combined stress
(see sec. 6.2). The ASME code is not intended for fatigue analysis (or for
rotating machinery). The compressor pressure vessel (type 347 stainless
steel) was specified to contain all portions of the rotating assembly in
case of mechanical failure. ©No castings were permitted. Each completed
pressure vessel was subjected to a hydrostatic test and a pneumatic test
with alir at 1760 psia. These tests were conducted in accordance with the
ASME code. Each impeller was overspeed tested at 130% of normal maximum op-
erating speed. The final leakage specification was 107® cm® (STP)/sec for
the assembled compressor filled with helium to a pressure of 1200 psig. The
compressor pressure vessel design pressure is 1000 psia at 900°F.

4.9.3. Consideration of Thermal Stress

In the original design of the compressor, as shown in Fig. 4.9.1, an
excessively high thermal stress existed at the Jjunction of the cylindrical
portion of the vessel and the adjacent flanges because of the close proximity
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of a cooling-water Jacket. The water jacket was subsequently moved as
far away from the flange as was considered possible and still provide
adequate cooling of the motor and bearings. After the redesign, the
combined stresses at the flange and cylinder Jjunction still exceeded

the maximum value permitted by the Navy code for 500 cycles of operation,
even when deformation would not effect operation. One solution to the
problem would be to reduce the number of operating cycles. However,

the compressor manufacturer stated that plastic deformation would not
effect compressor performance, thus justifying an allowable stress of
twice the yield point (see sec. 6.2). The stresses with the optimized
compressor vessel design still exceed twice the yield point. Electrical
heaters have therefore been installed on the external surface of the
cylindrical portion of the pressure vessel to reduce the combined stresses
to the allowable level.

4.9.4. Normal Compressor Performance

For normal operation, all three compressors are operated to supply
the required head and mass flow. Table 4.9.1 lists Bristol Siddeley's
estimated compressor performance with all three compressors operating
at the eight operating conditions originally specified. Subsequent

Table 4.9.1. Bristol Siddeley's Estimated Compressor Performance With
Three Compressors Operating in Series®

Operating Condition Number

1 2 3 4 5 6 7 8
Gas COy COp CO2 COy He He He He
Inlet pressure,® 1000 1000 500 500 1000 1000 500 500
psi
Inlet tempera- 550 900 550 900 550 900 550 900
ture, °F
Mass flow, 1b/hr 41 000 41 000 41 000 41 000 9190 9190 9190 9190
Pressure rise per 19.7 7.0 12.5 6.3 8.5 3.1 6.4 3.7
stage, psi
Number of stages 3 3 3 3 3 3 3 3
Total pressure 59.1 21 37.5 18.9 25.5 9.3 19.2 11.1

rise, psi

Motor horsepower 41,7 16.2 36.0 29.7 29.5 13.7 40.3 33.5
per stage, hp

Speed, rpm 3960 2800°¢ 4450 4450 7260 6000 10 050 10 900

“Data submitted with Bristol Siddeley Proposal lio. 16A-32986-94, March 1960.

bInlet pressure given as nominally 500 or 1000 psia; as a result, the actual
motor horsepower will be approximately 2% higher than indicated.

“Minimum continuous speed for safe bearing operation is 2800 rpm. (requires
a 47-cps power supply).
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alterations to loop piping and refinements to loop pressure drop calcula-
tions (see sec. 4.8) have resulted in a higher required pressure rise
across the compressors than originally specified, as shown in Table 4.9.2.
With three compressors operating, the revised loop pressure drop require-
ments can still be obtained at the originally specified inlet pressure
and temperature by changing the compressor speed slightly. For example,
operating condition 8 requires that the speed be increased from 10 900

to 11 400 rpm, and condition 2 requires reducing the speed from 2800 to
2700 rpm (see sec. 4.9.6). TFor all other conditions the percentage

change in speed is somewhat less.

The compressors are suitable for continuous stable operation at any
of the head and volume flow conditions included in shaded area "X" on
Fig. 4.9.2 when operating with CO, at a mass flow of 41 000 1b/hr and at
any of the head and volume flow conditions included in shaded area "Y"
when operating with helium at a mass flow of 9190 1b/hr. The stated
mass flow rates are obtained by varying the compressor speed, inlet
temperature, and inlet pressure.

4.9.5, Operation with One and Two Compressors Inoperative

In the event one of the three series compressors fails, the re-
maining two compressors will be operated at increased speed to provide
the original mass flow. A check valve connected in parallel with each
compressor has been provided to materially reduce the added system re-
sistance due to the inoperative compressor.

In the event a second compressor fails, the specifications require
that the remaining compressor supply, without surging or stalling, at
least 15% of the original mass flow for 48 hr. It is estimated that
one compressor will actually supply over 60% of the original mass flow
when operating at the speed required for two compressors to supply 100%
flow.

4.9.6. Compressor Operating Limitations

At Operating Condition 2 with Three Compressors Operating. The
revised loop pressure-drop estimate requires reducing the compressor
speed from 2800 to 2700 rpm. This speed 1s below the specified range
for the clutch and generator; but, for the load incurred at the reduced
frequency of approximately 47 c¢ps, sufficient cooling is available for
both the clutch and generator to permit continuous operation.

The minimum continuous speed for safe bearing operation is esti-
mated by the manufacturer to be approximately 2800 rpm. If this is
substantiated by performance tests, it may be necessary to increase
the system resistance to permit an increase in operating speed for
operating condition 2 only.

At Operating Conditions 7 and 8 with Two Compressors Operating.
With one of the three compressors inoperative at conditions 7 and 8




Table 4.9.2. Comparison of Total System Pressure Drop Indicated in Compressor

Specification and Results of Revised Pressure-Drop Calculations

(Heater on Case)

Operating Condition Number

1 2 3 4 5 6 7 8
Gas 16107 6{0] CO, COyp He He He He
Inlet pressure, psia 1000 1000 500 500 1000 1000 500 500
Inlet temperature, °F 550 900 550 900 550 900 550 900
Specified® pressure drop, psi 59.1 20.1 37.5 19.0 25.5 9.4  19.2 11.0
Revised estimate of pressure drop, psi 60.7 18.8 41.6 24.2 26.1 9.7 20.3 l4.1
Change in pressure drop, % +2.8 6.5 +11 +27 +2 +3.1 +5.6 +28

“Dated February 1, 1960.
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the speed required to provide the original mass flow exceeds the maximum
safe operating speed of 11 700 rpm as determined by the stress limitations
of the motor rotor. On failure of one compressor at operating conditions

7 or 8 it is necessary to increase the compressor speed to a maximum of

11 700 rpm and to increase the loop pressure. According to the compresscr
manufacturer, increasing the loop pressure at a rate greater than 4 psi/sec
could damage the thrust bearing and result in complete selizure of the
rotary assembly. Check valves were installed in parallel with each com-
pressor to minimize the amount of pressure increase required, and design
provisions were made to limit the maximum rate of pressure rise. The
normal compressor inlet pressure at operating conditions 7 and 8 is approxi-
mately 500 psia. The required inlet pressure at conditions 7 and 8 with
two compressors operating with and without check valves is indicated in
Table 4.9.3.

Table 4.9.3. Compressor Inlet Pressure Required with and
Without a Check Valve Across Each Compressor
Operating at 11 700 rpm

Overatin Inlet Pressure Without Inlet Pressure with
Cpnditioi Check Valve Check Valve
° (psia) (psia)
7 547 505
8 612 547

Other Operating Limitations. The operational ranges and limita-
tions of each EGCR experimental loop compressor are indicated in Table 4.9.4.

4.9.7. Auxiliary Equipment Required to Protect Bearings

For gas-bearing operation, it is believed that the presence of a
thin film of oxide on the bearing surfaces serves as a lubricant to -
permit starting and stopping without galling in most atmospheres. It is
probable that in an atmosphere of helium containing less than 10 ppm of
contaminants the oxide layer may be worn away during the initial starting
and stopping and that difficulties with galling may be encountered on
subsequent starts and stops. As a solution, Bristol Siddeley recommended
that the rotating element be lifted off the bearings during starting and
stopping by supplying loop gas to the bearings from an external source
under high pressure., This is known as jacking. Although jacking is
helieved mandatory only when operating the loop on pure helium, Jjacking
will also be used to extend bearing life when operating with CO;. The
time during which bearing jacking is applied must be kept to a minimum
to prevent the introduction of excessive gas into the in-pile loop.



Table 4.9.4. Operational Ranges and Limitations of the EGCR Experimental Loop Compressors

Variable

Normal Operation

Range or Limits

Loop gas
Inlet pressure

Inlet temperature

Speed
Voltage
Frequency

Estimated continuous operation without
maintenance

Bearing Operating temperature
Operating temperature of motor winding
Ambient pressure for tvearing operation

Loop gas temperature for bearing opera-
tion

Cooling water requirements

Flow per compressor
Inlet temperature
Temperature rise
Inlet pressure
Pressure drop

Helium or CO,
500 to 1000 psia
550 to 900°F

2800 to 11 700 rpm
72 to 300 v

47 to 200 cps

10 000 nr

150°F

500 to 1000 psia
550 to 900°F

4 gpm
100°F
36°F

40 psi
<1.,0 psi

Limited by motor horsepower

Room temperature to 900°F at
1000 psi

2800% to 11 700° rpm

350°F maximum
14.7 to 1000 psia

Room temperature to 900°F

100 psi maximum

a
Speed limited by minimum safe operating speed for gas bearings.

bSpeed limited by safe motor rotor speed.

L8
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Because of the long coastdown period characteristic of the compresscrs
during stopping, & method of electrically braking the compressor motor
will be redquired.

The maximum estimated Jjacking supply flows and pressures and the
increase in loop pressure if Jacking is applied to one compressor for
1 min are indicated in Table 4.9.5. Application of jacking to all three
compressors simultaneously would raise the loop pressure at condition 6
to 111l psia after 1 min. The jacking period on stopping compressors is
to be limited to 15 sec.

4.9.8. Factors That Could Contribute to Compressor Failure

Loss of Cooling Water, With electrical power still supplied to
the compressor motor, it is estimated that the gas bearings will seize
within 10 to 30 sec following a loss of cooling water. If the electri-
cal power to the motor is interrupted at the time of the cooling-water
failure, the compressor manufacturer estimates the motor stator will
be permanently damaged in 5 min. With electrical power to the compressor
interrupted but with cooling water remaining on and gas continuing to
circulate in the loop at 900°F, the front bearing will approach a tem-
perature of 350°F with no damage to the compressor.

Excessive Loop Gas Temperature, Pressure, or Fluctuations. The
inlet gas temperature to the compresscr must not exceed 900°F if ex-
cessive stresses in the compressor flange neck are to be avoided. The
gas pressure in the loop must not exceed 1000 psia at 900°F. In order
to prevent damage to the thrust bearing and possible seizure of the
rotating assembly, the rate of change of loop gas pressure should not
exceed 4 psi/sec during a gas pressure increase or 7 psi/sec during a
decrease.

Gas Bearing Instabilities. The compressor must not operate below
a minimum speed of approximately 2800 rpm or in the compressor surge
region. Compressor surge may be attributed to high system resistance
brought about by plugging of the mainstream piping or valve maladjust-
ment. Mild surging and bearing damage may be caused ty operating at
flows less than approximately 50% of the design flow at operating condi-
tion number 1 or approximately 40% of the flow at condition 5.

Cther Factors. Excessive loop piping reaction of the compressor
casing may cause a pressure vessel failure. Bearing failure may be
brought about by a failure to maintain proper compresscr mounting atti-
tude. Any change in attitude should be limited to a 3-deg minimum and
a 5-deg maximum from shaft horizontal to maintain a positive gravity
loading on the thrust bearing. Excessive vibration of the compresscr
base due to adjacent machinery could cause intermittent rubbing of
bearing surfaces as a result of the extremely close running tolerances.

The compressor manufacturer recommends that no measurable vibraticn be
tolerated.

[}



Table 4.9.5. Compressor Gas-Bearing Jacking-Gas Requirements

Operating Condition Number

1 2 3 4 5 6 7 8
Jacking pressure, psia 1200 1200 600 600 1300 1300 700 700
Jacking flow, 1b/min 5.9 5.9 2.5 2.5 1.5 1.5 0.56 0.56
Initial loop pressure, psia 1000 1000 500 500 1000 1000 500 500

Final loop pressure, psia 1011 1014 505 506 1030 1037 511 514

68
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4.9.,9, Project References

Design Analyses (CF 61-6-4)

Impeller Burst Speed and Containment of Fragments

Specifications (CF 61-6-5)

Helium/CO, Compressors for EGCR In-Pile Loops Js-p3-88
Check Valves for EGCR Compressors JS-128-130
200 Cycle Motor-Generator with 200 hp Motor and a J5-28-104

150 kva Generator for EGCR Loops

4,10, Auxiliary Blower

The manufacturer of the loop compressors has stated that a loop
depressurization rate greater than 7 psi/sec would result in the failure
of the compressor thrust bearing.l4 A study of the loop depressuriza-
tion problem verified that a 7 psi/sec rate is credible. To take care
of this problem, it is necessary to provide an auxiliary blower which
is capable of operating during and after a rapid loop depressurization.
The auxiliary blower will substantially contribute to the removal of
stored thermal energy and decay heat in the experimental fuel assembly
following rapid loop depressurization or any other incident which makes
inoperative all three loop compressors,

An analysis of natural convection in the loop shows that this heat
removal mechanism is much more effective at high gas density than at
low gas density (see project references). Therefore, the auxiliary blower
size has been established from considerations of low-pressure operation.
The blower wheel is sized to provide 2% of normal mass flow at the lowest
anticipated gas density. The motor for the blower is sized to permit
full-speed operation for a loop pressure of 200 psia or less for both
helium and CO» at all anticipated temperatures. These considerations
result in a 20-hp motor driving an 8-in.-diam centrifugal blower wheel
at a maximum speed of 24 000 rpm. The over-all dimensions of the blower
are approximately 20 in. in length and 20 in. in diameter.

Grease-lubricated ball bearings were selected for the auxiliary
blower because they appear to give the greatest assurance of immunity
to rapid depressurization, coupled with proven reliability for the short
operating times required. The motor, bearings, and blower housing are
wvater cooled (see sec. 5.6) to reduce blower temperatures. The entire
blower assembly is housed in a vessel that 1s filled with loop gas and
pressurized to loop pressure.

The euxiliary blower is installed in a line that is in parallel
with the three series-connected loop compressors (see Fig. 1.3.1,

l4Telegram, Bristol Siddeley to W. D. Gooch, June 16, 1960.
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sec. 1.3). A check valve on the auxiliary blower intake line prevents
reverse flow, which would bypass the experimental assembly, and yet per-
mits the auxiliary blower to be at loop pressure, ready for instant use.
Another check valve upstream of the mainstream gas filter prevents the
auxiliary blower flow from bypassing the experimental assembly via the
loop compressors when the latter have failed and the auxiliary blower is

operating.

The auxiliary blower will start automatically when the loop volume
flow rate drops to 40% less than normal. Power is supplied to the blower
motor from a separate motor-generator set powered from either the X-10
or Y-12 line to the EGCR. The coupling between the motor and generator
of this set is a torque limiter that prevents overload of the blower
motor when the loop pressure is above 200 psia.

Project References

Design Analyses (CF 61-6-4)

Natural Convection in EGCR Experimental Loops

4.11. Mechanical Joints

Four mechanical pipe joints (6-in. sched-80 IPS) containing double
metallic seals with a pressurized gas-buffered zone between the seals
are provided in each primary loop piping system. These Jjoints will
facilitate the removal and replacement of the loop compressors and the
mainstream gas filter. The buffer zone between the metallic seals is
pressurized by the buffer gas system (see sec. 5.11). The buffer gas is
of the same type as that in the experimental loop and is pressurized
from 50 to 100 psi above the loop gas pressure. This feature provides
positive assurance against leakage of radioactive loop gas into the
experimenters' cell in the event of seal leakage.

Two single-seal mechanical joints (1-in. sched-40 IP3) are provided
on each head of the transfer pump to facilitate removal and replacement
of the heads. Gas buffering is omitted on these joints because (1) tests
have demonstrated that small-size joints (2 l/2-in. IPS and below) are
available that will remain extremely leaktight at operating temperatures
up to 1000°F, (2) it is difficult to incorporate double seals in small-
size (i.e., 1-in. IPS) mechanical joints, and (3) from the radiation
hazards standpoint, secondary containment is provided by the experi-
menters' cell (this also applies in the case of the 6-in. joints with
double seals), and any secondary system can be valved off in the event
of an excessive leak without endangering the experiment.
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After extensive screening tests of six commercially available all-
metal seals, the Conoseal joint manufactured by the Marman Diviesion of
the Aeroquip Corporation was selected for the buffered-seal application.
Both the Concseal type of Jjoint and the Grayloc joint, manufactured by
the Gray Tool Company, were found to be suitable for the transfer pump
application. Details of the test program leading to the selection of
these mechanical Jjoints are reported elsewhere.l?

The Conoseal Jjoint utilizes a conical type 321 stainless steel
gasket installed as shown in Fig. 4.11l.1., As the flanges are brought
together the conical gasket is flattened. This causes the inside
diameter of the gasket to decrease and the outside diameter to increase.
This action established a circumferential line-contact seal between the
edges of the gasket and the special lips on the flanges. Since the space
provided for the gasket is smaller than the width of the gasket, a very
large radial compression force is applied to the gasket when the Jjoint is
made up. The geometry is such that the gasket continues to exert a high
sealing force per unit area even though the flange faces may separate
because of relaxation of the clamping bolts. This type of sealing is
shown in Fig. 4.11.2 applied to a double-seal gas-buffered joint. Photo-
graphs of single-gasketed and double~gasketed Jjoints of this type are
presented in Figs. 4.11.3 and 4.11.4.

The Grayloc pipe Jjoint utilizes a seal ring with a T-shaped cross
section. Since the angle of the top of the "T" is slightly different
from the angle of the sealing surface of the flange, the top of the "T"
is deflected when the flanges are clamped together so that the initial
line contact progresses to surface contact. The primary sealing force
is provided by the elastic energy of the seal ring. Internal pressure
in the Joint also acts to increase the sealing force. Since the leg of
the "T" acts as a stop for the flanges, the quality of the seal is in-
dependent of the torque applied to the clamping bolts after contact is
made between the face of the flanges and the seal ring. A standard
2 1/2-in.-IPS Grayloc joint is shown disassembled in Fig. 4.11.5.

The 6-in.-IPS double-seal Conoseal joint selected for the EGCR ex-

erimental loops was designed for a maximum internal gas temperature
of 1050°F and a pressure of 1100 psig with 1200-psig pressure in the
bvuffer zone. The design, manufacture, inspection, and testing of this

Joint are carried out in accordance with applicable sections of ASTM
Standards, Part I, "Ferrous Metals,” ASME Unfired Pressure Vessel Ccde,
Section 8, and ASA Cocde for Pressure Piping B 31-1-1955, The specified
maximum acceptable inner-seal helium leakage is 1 X 10-° cm® (STP)/sec
at design temperature and pressure. The specified maximum acceptable
outer-seal leakage is 1l X 1072 cm? (STP)/Sec. The 6-in.-IPS joints are
purchased in accordance with ORNL Job Specification JS5-48-98.

157, C. Amos and R. E. MacPherson, Interim Report — Mechanical Joint
Evaluation Program, ORNL CF-60-9-77, Sept. 26, 1960.
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Fig. 4.11.1. Cross Section of Conoseal Gasket As Installed.
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Fig. 4.11.2. Cross Section of Conoseal Double-Seal Gas-Buffered

Mechanical Joint.
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Fig. 4.11.3. Standard Conoseal Joint Disassembled.
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Fig. 4.11.4. Double-Seal Gas-Buffered Conoseal Joint Disassembled.
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Fig. 4.11.5. Standard Grayloc Joint and Cross Section Showing Seal-
ing Principle.
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The reliability of 5-in.-IPS double-seal Conoseal joints was evaluated
in a bending-moment test stand. The Jjoints remained leaktight to within
the specified acceptable limits during and after thermal cycling, mechani-
cal load cycling, and pressure cycling at design temperatures and pres-
sures of 700°F and 300 psig, respectively. Although the joints under test
were not designed to meet the experimental loop operating conditions, one
of the joints was thermally cycled between 200 and 1050°F at 1000 psig
internal pressure for 50 cycles and remained leaktight to within the
specified acceptable limits throughout this test. Reusability, inter-
changeability, and remote operation of these Joints have also been demon-
strated.

Remote maintenance may be necessary at some time during the useful
life of the EGCR experimental loops. 1In view of this possibility, the
problem of remote assembly and disassembly of the Conoseal joint has been
studied to the extent of designing and operating a remotely controlled
bolt runner and manipulating tool.

Proof tests of 2 1/2-in.-IPS Conoseal joints of the single-seal de-
sign have demonstrated that joints of this size and type will remain leak-
tight to within the specified acceptable limits during and after repeated
thermal cycling, pressure cycling, and mechanical load cycling at operating
temperatures up to 1300°F and pressures up to 300 psig.

Screening tests of 10-in.-IPS single-seal Conoseal joints have dem-
onstrated the integrity of the seal for large-size Jjoints for service at
temperatures up to 1150°F. Although no problems are anticipated in the
scale-up of the 5-in.-IPS double-seal Conoseal joint to the 6-in.-IPS
size designed for EGCR loop conditions, a final proof-test of 6-in. pro-
totype Joints under all proposed operating conditions will be performed
prior to installation of these units in the loops.

Since proof tests of 1/2- and 2 l/2-in.—IPS single-seal Conoseal
and Grayloc Jjoints have demonstrated the integrity of these joints for
operating temperatures up to 1000°F, either design should be satisfactory
for the 1-in.-IPS transfer pump application where the maximum operating
temperature will not exceed 400°F. These smaller joints will be purchased
in accordance with ORNL Job Specification JS-128-112.

Project References

Specifications
Buffered Mechanical Joints for Gas-Cooled Loops JS-48-98
l-in,-IPS Mechanical Joint for Gas-Cooled Loops JS-128-112
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4.12. Valves

4,12,1., Mainstream Valves

Mainstream Isolation Valves. EFach experimental loop requires eight
hand-operated mainstream isolation valves. One set of valves, called
the cell isolation valves, isolates the in-cell portion of the mainstream
loop piping from the remaining portion inside the reactor containment
vesgel. Three other sets of valves are used to isolate the loop compres-
sors, auxiliary blower, and mainstream gas filter, respectively. All
isolation valves normally operate open.

The cell isoclation valves are used to isolate the experimenters'
cell when cell containment is not required (see sec. 6.1), when pressuri-
zation of the through-tube is desired while the in-cell portion of the
loop is depressurized (see sec. 5.13), or when decontamination of the in-
cell or out-of-cell piping is being performed. The isolation valves for
the loop compressors, auxiliary blower, and mainstream gas filter are re-
guired to prevent decontaminating solutions from entering these components
during decontamination of the in-cell piping.

All mainstream isolation valves are nominally 6 in. They are de-
signed for 1100 psia at 975°F. Their maximum normal operation condition
is 1000 psia at 950°F.

Filter Bypass Valve. The filter bypass valve is a motor-operated
valve that is provided to protect the loop against loss of coolant flow
due to a clogged mainstream gas filter (see sec. 4.7). This valve is
normally operated closed.

Mainstream Check Valves. Each experimental loop requires five
mainstream check valves, There is one 6-in. check valve bypassing each
loop compressor. The function of this valve is to bypass the mainstream
gas flow around the compressor if the compressor should fail. There is
a 6-in. check valve on the intake to the auxiliary blower. This valve
rrevents reverse flow through the auxiliary blower, which would bypass
the in-pile test secticn, and yet permits the blower to be at loop pres-
sure, on the line, and ready for instant use. A 6-in. check valve up-
stream of the mainstream gas filter prevents reverse flow through the
in-cell piping when the auxiliary blower is running. This flow would
bypass the in-pile test section. All mainstream check valves are de-
signed for cperation at 1100 psia and 975°F.

Mainstream Pressure-Relief Valves. Pressure-relief devices are in-
stalled on the mainstream lcop piping tc provide overpressure protection.
These pressure-relief devices are designed so that the loop conforms to
the ASME Boiler and Pressure Vessel Code, Section VIII and applicable
nucleaxr code cases,
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Each section of the mainstream loop piping that can be isoclated is
protected from overpressure by a direct-acting pressure-relief valve.
These valves discharge to the gas storage tanks (see sec. 5.3) and there-
fore must be back-pressure-compensated valves, Discharge to the storage
tanks permits primary containment of all loop gas which is discharged or
lesks across the valve seats. The gas storage tanks are pressure relieved
to the experimenters' cell at 750 psia.

4,12.2, Auxiliary System Valves

Because of the number of valves 1in each loop auxiliary system, each
system and its valve relationships must be examined as a composite umit.
Trherefore, the aukxiliary system valves are discussed in their respective
sections of this report.

4.,12.3. Pressure Drop Across Valves.

In order to minimize the total primary loop pressure drop, design
emphasis was placed on using full-size valves with large flow coeffi-
cients. To this end, preference was given to globe, Y-globe, and ball
valve designs. Pressure drop values for typical 6-in. valves of these
types operating at the eight design conditions for the experimental loops
are shown in Table 4.12.1. The selection of a valve for the final loop
design will hinge on the outcome of valve tests and evaluations now being
conducted.

4.,12.4. Valve Design

Leakage. All mainstream valves were specified as being capable of
satisfying the following leaktightness requirements before, during, and
after 100 pressure-temperature cycles of the valve body between O psig
at 70°F and 1000 psig at 1050°F, the valve being closed at the top of
each cycle and opened at the bottom of each cycle:

1. Helium leakage from below the seat to above the seat will not ex-
ceed 12 cm® (STP)/hr at 300-psig pressure differential with the
valve body at 1050°F and at 70°F.

2. Helium leakage from the process volume (valve open or closed) to

the atmosphere or to an intermediate volume (for double-seal valves)
will not exceed 1 X 107% cm® (STP)/sec at 1100 psig pressure dif-
ferential with the valve body at 1050°F and at 70°F (a helium leak
detector of the mass-spectrograph type will be used).

3, Helium leakage from below the seat to above the seat will be no
greater than 150 cm® (STP)/hr for the pressure-relieving valves op-
erating at 1000 psia and 80 to 120C°F.



Table 4.12.1.

Pressure Drop Across Gate, Globe, and Ball Valves for the EGCR

Experimental Loop Operating Conditions

Operating

Pressure Drop (psi)

Across Valve

Condition  Gas Pressure  Temperature Gas Density  Flow Rate
o (psia) (°F) (1b/ft3) (1v/hr) Venturi Y P-K
0. Gate .

Valv Gate Globe Ball

atve Valve Valve Valve
1 CO2 1000 600 3.9 40 700 0.022 0.108 0.324  0.217
2 CO2 1000 950 2.88 41 000 0.030 0.148 0.443 0.296
3 COy 500 600 1.97 41 300 0.045 0.222 0.665 0.443
4 CO, 500 950 1.44 41 000 0.060 0,296 0.885 0.590
5 He 1000 600 0.350 9 190 0.012 0.059 0.178 0.118
6 He 1000 950 0.264 9 190 0.0l6 0.079 0.236 0.157
7 He 500 600 0.175 9 190 0.025 0.123 0.370 0.246
g He 500 950 0.132 9 190 0.033 0.162 0.487 0.324

TOT
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Corrosion, Erosion, and Abrasion. During normal loop operation no
reactive gases will be circulated; hence, no difficulty is anticipated
from corrosion. However, slightly corrosive solutions will be circulated
through the loop piping during decontamination (see sec. 8.3). The valve
btody and trim materials are specified to be resistant to corrosion by
these solutions. The valves will be designed and mounted in the system
in such a manner that no pockets or crevices will exist wherein the de-
contaminating fluids can accumulsate,

The characteristic high accoustical velocity of helium (3300 ft/sec
at room temperature) may create problems in valves and other eguipment
because of inherent vibrations. The vibrations generated in a helium
gas stream are of high frequency and may be damaging.

The mainstream valves cannot tolerate particulate contamination in
the loop gas. At high velocities entrained particles become small mis-
siles and rapidly degrade surfaces against which they impinge. Where
possible the primary loop components are designed to minimize their
vulnerability to erosive action by removing the critical surfaces from
the flow path. The mainstream valves will be designed to have the gas
flow channeled in a manner which minimizes impingement and sudden changes
in flow direction.

Materials. Many solid substances, including some types of glass,
are permeable to pressurized helium. Consequently, special attention
will be given to the valve sealing and the valve body designs. Castings
will not be permitted for the valve bodies hecause of their porosity.

The valve body and nozzles will be made of type 347 stainless steel
conforming to the requirements of the American Standard Code for Pressure
Piping, ASA B 31-1-1955 and ASA B31.3 - 1959, Petroleum Refinery Piping.
The valve trim and other internal components will be compatible with the
service requirements, i.e., resistant to abrasion and erosion and to cor-
rosion by the decontaminant solutions.

Nozzles., The valve nozzles will conform to the dimensions for
standard 6-in. sched.-80 pipe. The nozzles will be long enough to per-
mit welding to the mainstream piping without damaging or distorting the
valve body and seat. The open end of each nozzle will be machined to
a 37 1/2-deg bevel and 1/16-in. land.

4.12.5. Valve Maintenance

Continuous reliable functioning of each valve will be essential to
the success of the experimental loop program. Therefore each valve will
be specified to be designed to operate over a continuous period of 8500
by without requiring maintenance or access to any part of the valve, in-
cluding the operator. The possible necessity of maintenance by semiremote
methods was given consideration in the experimenters' cell piping layout.
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4.12.6. Project References

Design Criteria (CF 61-6-3)

Criteria for Mainstream Pressure Relief Devices Code B.4.2

Design Analyses (CF 61-6-4)

Pressure Relief Valves
Specifications (CF 61-6-5)

Gas Valves for Nuclear Service JS-70-97

4,13, Reflective Insulation

4.,13,1. General

The design requirements of the EGCR experimental loops indicated
the need for insulating material that would give a low heat loss at high
loop pressure and high temperature. The insulation must exhibit good
structural integrity and be capable of operating in contact with the
loop or reactor gas without contaminating the loop system or the reactor
system, respectively. Metallic-foil reflective-type insulation was se-
lected for this application.

The insulation development program that was originally initiated to
develop insulation for the ORR No. 1 helium-cooled loop16 was expanded
to include the insulation problems of the EGCR loops. This program was
later further expanded by a contract with Orenda Engines, Ltd., to carry
out experiments that defined the thermal performance of the most promising
insulation geometry as a function of gas temperature, pressure, tempera-
ture gradients, and type of gas. Tests were conducted at temperatures up
to 1000°F, pressures up to 1000 psi, and temperature gradients to 900°F
using helium and carbon dioxide.17‘i9

16R, B. Knight and R. E. Helms, Determination of Suitable Insulation
for a 15/16 Helium Filled Annulus in the ORR Helium In-Pile Loop Design
No. 4, ORNL CF-59-8-57, August 17, 1959.

7R, E. MacPherson, Jr., and H. D. Stuart, The Performance of Metallic
Foil Insulation in Vertical Gas Spaces (Paper for Publication in American
Nuclear Society Journal).

18Reactor Pressure Tube Insulation Studies, Report on Gas Space In-
sulation Tests, Orenda Engines Ltd., Nuclear-15, January 1960.

19Test on Gas Space Reflective Insulation, Parts I and II, Orenda
Engines Ltd., Nuclear-30, November 1960.
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The experimental loop design requires a secondary containment pipe
around the primary loop piping (see sec. 6.1). Without insulation be-
tween the primary and secondary piping, the secondary piping will operate
at very high temperatures, Using insulation between the primary and
secondary piping lowers the temperature of the secondary piping and thus
permits the use of carbon steel rather than stainless steel pipe.

Since the loop gas inlet temperature to the reactor core may be
greater than the reactor gas inlet temperature, and since the through-
tube must pass through a bottom nozzle of the reactor pressure vessel,
insulation between the loop gas and the bottom nozzle is required to re-
duce the temperature of the nozzle and heat loss from the loop. The
bottom nozzle and the reactor pressure vessel are fabricated from carbon
steel and designed for operation at 650°F (see sec. 4.2). Reflective
insulation is also used in the lower chase piping, the through-tube, and
the mainstream gas cooler,

4.,13.,2. Design and Development

The basic geometry and method of fabricating the test insulation
used at Orenda are shown in Figs. 4.13.1 and 4.13.2, and a schematic of
the test rig is shown in PFig. 4.13.3. The results of the Orenda test
of free-convection and conduction in the open gas annulus between adja-
cent sheets of reflective insulation spaced 0.27 in. apart are presented
in Fig. 4.13.4, The tests were conducted for operation with both helium
and CO,. The gas properties included in the correlations were density
(p), viscosity (u), specific heat (Cp), and thermal conductivity (k). It
may be seen that there is excellent agreement between the experimental
results and the existing correlations of McAdams,?° Kraussold,?! and
Grigull?? as to the range of Grashof (Ngp)-Prandtl (Npp) number over which
the modified Nusselt number (Nu) [apparent conductivity (Kap )/gas con-
ductivity (k)] can be taken as equal to unity. This correlation is ex-
tremely useful in choosing foil spacing to allow approximate analytical
determination of the insulation effectiveness on the basis of radiation
and gas and metal conduction cnly. Departures from this ideal situation
can occur to a greater or lesser extent based on the particular insula-
tion geometry under consideration. Insertion of spacers between foil
layers provides a direct metal conduction path across the gas gaps and
ieads to an increase in the effective thermal conductivity. <Continuous
spiral wrapping of foil layers can lead to spiral convection paths, the
effect of which is hard to predict analytically. Vent holes in the

20y, H. McAdams, Heat Transmission, 3rd. Edition, p. 181, McGraw-
Hill, New York, 1954.

21§, Kraussold, p. 33l in High Pressure Technology by Comings,
McGraw-Hill, New York, 1959.

22y, Grigull, Die Grundgesetze der Warmeubertragun, p. 282, Springer
Verlag Berlin, 1955,
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insulation can and will act as short-circuit convection paths between
hotter and colder annuli and may result in increased effective conduc-
tivity.

The results of Orenda tests on concentric polished sleeves (con-
figuration II of Orenda's reportlg) are presented in Fig. 4.13.5. Since
radiation heat transfer can be predicted for this case with a reasonable
degree of reliability and the gas spaces were sufficiently narrow (0.050
in.) tc suppress natural-convection effects, the heat transfer by con-
duction across the individual metal sleeve and gas gaps could be examined.
The net effective conductivity of the gas gap obtained by calculating out
of the total thermal conductivity the effect of radiant heat transfer and
metal conduction is also shown in Fig. 4.13.5. This procedure should re-
sult in a determination of the thermal conductivity of the test gas for
the prevailing average operating condition. In this respect this test
served as a calibration of the test facility and test procedures. The
results presented in Fig. 4.13.5 are approximately 10% below literature
values?? for helium at the appropriate temperature levels. The CO; values
check well with the literature values®* at low pressure, but because of
the generally higher Grashof-Prandtl numbers, thermal-convection effects
are encountered as the pressure is increased.

The effects of pressure and thickness on the gross effective thermal
conductivity of the l/8—in. corrugation-spaced foil assemblies of 1/4 to
1 1/2 in. thickness (configuration IV, V, VI, and VII corresponding to
Orenda's report}9) in an atmosphere of helium or COs; are given in Figs.
4.13.6 and 4.13.7. These data are being used as the design data for the
neat transfer calculations for determining the insulation thicknesses
required for the various pipes and components that require reflective
insulation.

The test program has provided considerable insight into the per-
formance of metallic reflective insulation. It has shown that natural
convection can be suppressed by controlling the gap width for a gas when
the Grashof~-Prandtl number between adjacent foils is below 3000, as shown
on Fig. 4.13.4., Thus a particular insulation geometry can be approxi-
mated by analytical techniques.

All the test data were obtained for insulation in the vertical posi-
tion; however, vertical insulation values used in the horizontal position
would be on the conservative side. With the test data available, insula-
tion of the reflective metallic type can be designed to meet the require-
ments of the EGCR helium and CO,; experimental loops.

23J. Hilsenrath and Y. S. Touloukian, Trans. ASME, Vol. 76, pp. 967-85,
1954.

24Tgbles of Thermal Properties of Gases, National Bureau of Standards,
Circular 564, 1955.
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Project References

Preliminary Design Drawings (CF 61-6-2)

Weldment — Insulation Can, Bottom Nozzle Tee Section E-RD-10243

4,14, Top Dummy Shield Plug Assemblies

It will be necessary to insert shield plugs into the through-tube
top nozzles to maintain the integrity of the reactor biological shield.
These shield plugs will sufficiently reduce the streaming of neutrons
and gamma rays through the reactor biological shield via the nozzles to
permit access to the service machine room during loop operation.

During the period of reactor operation prior to installation of the
through-tubes, temporary dummy shield plugs will be installed in the top
nozzles., After installation of the through-tubes, another type of dummy
shield plug that will not restrict loop gas flow through the branch of
the top tee will be inserted when the experimental stringer is removed,
This plug will permit an unobstructed flow of loop gas through the branch
of the top tee for cooling the uninstrumented experimental assembly which
remains in the lower part of the loop through-tube, even though the instru-
mented experimental assembly (experimental stringer) has been removed.
Since the shielding requirements for the top plugs to be used before and
after installation of the through-tubes are not the same, two different
designs are required for the 9 l/2-in° through-tube plugs and two for the
5 1/2-in. through-tube plugs.

Prior to through-tube installation, the dummy shield plug assembly
will consist of a 10-ft-long section of high-density concrete (KE-EGCR-
Spec., SC-2) in a carbon steel container which is open at the top and is
shaped to slip inside the top nozzle. Where possible, the materials of
the shield plug container will be limited to readily obtainable pipe,
tubing, and fittings. The shield plug will be attached directly to the
Bridgman closure by a split ring. The Bridgman closure will not be re-
quired to support the weight of the shield plug. For the 5 l/2-in.
through-tube, the shield plug (ORNL-Dwg-E-RD-10424) will be supported
by adding a shoulder to the top nozzle inner tee section (ORNL-Dwg-E-RD-
10244). The shield plug will be supported off this shoulder by means of
lugs attached to the shield plug container approximately 2 ft from the
top of the container. For the 9 1/2-in. through-tube, the shield plug
(ORNL-DWg-E-RD-10284) will be supported by a shoulder in the top nozzle
ad jacent to the upper end of the through-tube. A shoulder will be in-
cluded on the shield plug container to rest on the top nozzle shoulder.
In each case, any differential thermal expansion between the shield plug
and the top nozzle will be taken up at the split ring which attaches the
shield plug to the Bridgman closure.
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After installation of the experimental loops and through-tubes, a
shorter shield plug will be reqQuired for insertion in the top nozzle
when an experimental stringer is removed. This shield plug must termi-
nate above the branch of the top nozzle tee to insure unobstructed loop
gas flow around the loop. The design of this shield plug will not be
completed until shielding data are obtained from the 10-ft-long temporary
shield plug.

Project References
Design Criteria (CF 61-6-3)

Criteria for Top Dummy Shield Plug Assemblies Code D.2.2
Design Analyses (CF 61-6-4)

Top Dummy Shield Plug Assemblies
Preliminary Design Drawings (CF 61-6-2)
Temporary Top Shield Plug Assembly and Details E-RD-10424
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5. AUXILIARY SYSTEMS AND EQUIPMENT DESIGN

5.1. Introduction

The gas required for operation of the EGCR experimental loops is
provided by the helium supply system and the COp supply system, both
of which are located within an extension to the experimenters' crane
bay. Gas from these supply systems is piped to the experimenters!
utility tunnel, where it is distributed by the gas distribution system
to the individual cells for the purposes of filling the loops, pressuriz-
ing the. through-tubes, filling the gas storage tanks, and supplying
buffer gas. The gas distribution system is connected to the buffer gas
system, the through-tube pressurizer and loop fill system, and the gas
transfer and storage system.

The through-tube pressurizer and loop fill system is used to keep
pressure in the through-tube when the loop is shut down but the reactor
is operating, to fill the loop directly from the gas supply tanks, and
to pressurize the in-cell loop piping during leak checking. The principal
function of the gas transfer and storage system is to remove the main-
stream gas from the experimental loop and store it for future use. The
buffer gas system is used during loop operation to indicate whether the
total leakage through all mechanical joints is excessive and after loop
shutdown to indicate which mechanical joint (or Jjoints) is leaking ex-
cessively.

Fach experimental loop is equipped with a gas-sampling system to
obtain information on fission-product release, deposition of activity,
and techniques for activity-level control. Each loop also has a gas
purification system consisting of a charcoal bed and U-tube cooler for
removal of a portion of the fission products released to the loop gas.
This system is capable of removing 99.9% of the radioiodine entering
the bed. A loop offgas system is provided for each loop to permit safe
discharge to the atmosphere of any portion of the loop gas. This system
consists of a liquid trap, a vacuum pump, and filters,

Leakage through either the experimental loop primary or secondary
contalnment within the reactor containment vessel is detected by means
of a sniffer gas system. This system utilizes air at a pressure slightly
greater than atmospheric in the containment volume between the primary
and secondary containment vessels. Leakage into or from this contain-
ment volume is detected by a change in the air pressure.

The main pieces of handling and storage equipment for experimental
assemblies are the service machine for installation and removal of as-
semblies, storage holes for the storage of irradiated experimental as-
semblies, a fuel carrier for shipment of fuel assemblies to the reprocess-
ing or - examination facility, and the spent fuel transfer mechanism by
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which fuel may be carried to the fuel storage basin. An experimental as-
sembly removal cooling system is required to provide cooling of the ex-
perimental assembly while it is in transit from the through-tube into the
service machine and while it is contained within the service machine.

The water systems for the experimental loops consist of a deminera-
lized water system and a service (river) water system. The service water
is used primarily to cool the demineralized water., The demineralized
water is used in all loop gas-to-water heat exchangers except the helium
supply cooler (containing nonradiocactive gas) and the storage holes
(temporary, until demineralized water becomes available).

The peak air requirement of 400 scfm of instrument air and 200 scfm
of plant air are supplied by the plant and instrument air system. Instru-
ment air is used in the experimenters' control room, the utility tunnel,
the crane bay, and inside the reactor containment vessel. Plant air is
used in the experimenters' cell, utility tunnel, and crane bay.

The experimental facilities are provided with a normal electrical
power system and an emergency power supply. Communications, including
a commercial telephone, private line stations, and a public address
system are provided, as well as fire and evacuation alarms.

5.2. Bypass Gas-Cleanup System

5.2.1. Function

The function of the bypass gas-cleanup system is to remove a frac-
tion of those fission products which are released to the mainstream gas
bty the loop experiment. The bypass gas-cleanup system consists of a gas
cooler and a charcoal trap which removes more than 99.9% of the iodine
in the bypass stream. The charcoal trap alsoc removes a large fraction of
other fission products present in the gas. One of the purposes of the
bypass gas-cleanup system is to determine what fraction of the mixed
fission products in the loop gas can be removed by the charcoal bed. No
attempt is made to remove the noble gas fission products.

Provisions are made for a number of entry points into the typass

gas-cleanup system to permit the addition of other gas purification
equipment desired by the experimenter.

5.2.2. Equipment Description

Gas Cooler. The gas cooler is a U-tube heat exchanger consisting
of two concentric pipes, as shown in Fig. 5.2.1. The inner pipe is
1-in. sched.-40 Inconel and the outer pipe is 1 1/2-in. sched.-40 carbon
steel (ASTM-A53-Grade B). The cooled length of the heat exchanger is
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approximately 25 ft. The gas cooler is designed to cool 92 1lb/hr of
helium or 420 lb/hr of COp from 900 to 200°F. The heat is removed from
the gas by a 4-gpm flow of demineralized water (1O0°F inlet and 120 to
140°F outlet). The gas bypass valve (HV-154) permits adjustment of the
exit gas temperature. The gas side of the cooler is designed for a
pressure of 1100 psia at 975°F., It will be hydrostatically tested at
3428 psia and 70 to 100°F, The water side is designed for a pressure
of 250 psig at 200°F.

Charcoal Trap. The charcoal trap consists of a lead-shielded type
347H stainless steel vessel containing metallic silver, an activated
charcoal bed, and an absolute filter., The metallic silver removes the
halogen fission products at elevated temperatures. The activated char-
coal removes the halogens and various other fission products at lower
temperatures. The absolute filter removes any particulate matter re-
leased by the charcoal bed. When the bypass gas is helium at 200°F,
this trap will remove at least 99.9% of the iodine which enters the
trap. Krypton and xenon are held in the charcoal bed for the calcu-
lated decay times shown in Table 5.2.1, which are based on work reported
by Browning, Adams, and Ackley.1 If the bypass stream is helium at
elevated temperatures (>200°F), the noble gas holdup will decrease.
When the bypass gas is COz at a given temperature, the holdup time is
less than for helium at the same temperature.

w. E. Browning, R. E. Adams, and R. D. Ackley, Removal of Fission
Product Gases from Reactor Off-Gas Streams by Adsorption, CF-59-6-47
(June 11, 1959).

Table 5.2.1. Noble Gas Retention in the
Charcoal Bed of the Bypass
Gas-Cleanup System

(Helium Case)

Nominal Conditions at Retention Times
Gas Cooler Exit (min)
Pressure Temperature
. o Krypton Xenon
(psia) (°F) P
500 200 1.3 11.5

1000 200 2.6 23
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The charcoal bed is 14 in. in diameter and 14 in. deep. The metal-
lic silver in the charcoal bed is pure silver wire (about 1/4 1b) placed
in the charcoal. The charcoal is 8 to 14 mesh PBL-activated charcoal.
Prior to installation in the trap, the charcoal is sieved to remove fines
and is outgassed by exposure to a once-through helium gas flow at 900°F
and 8 ft/min. The after-filter is an absolute type of filter that is
capable of operation at high temperatures. This filter is 99.9% effi-
cient for particle sizes greater than 0.3 p. The charcoal bed is de-
signed for a pressure of 1100 psia at 975°F. It is shielded by a lead
radiation shield whose minimum thickness is 4 in.

Piping. The bypass gas-cleanup system piping contains a number of
valves (HV-152, HV-158, and HV-162) and capped tees. These valves and
tees permit additional purification equipment to be added to the system
as required by the experimenters. The piping is designed for a pres-
sure of 1100 psia at 975°F, All piping that contains high-temperature
gas is insulated to reduce the cell heat load.

5.2.3. Operating Conditions

The nominal flow conditions and gas temperatures for the gas cooler
are shown in Table 5.2.2.

The nominal flow rate of the bypass gas-cleanup system is 1% of
the mainstream gas flow rate. The maximum flow rate through the system
is limited to 5% of the mainstream gas flow rate so that the flow rate in
the in-pile test section is not unduly reduced. The loop gas flow through
the system is controlled by a throttling valve (HV-164). Valves HV-159
and HV-161 are isolation valves which are required when the charcoal bed
is removed.

Table 5.2.2. Nominal Gas Cooler Flow and Temperature
Conditions for the Bypass Gas-Cleanup System

Gas Cooler Tem-~

Bypass Gas .
Gas P?;zizge Flow Rate peratures (°F)
(lb/hr) Inlet Outlet

He 1000 92 600 170
1000 92 900 200

500 92 600 170

500 92 900 200

COsp 1000 420 600 170
1000 420 900 200

500 420 600 170

500 420 900 200
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5.2.4. Project References

Design Criteria (CF 61-6-3)

Design Criteria for the Loop Purification System
Part I: Fission Product Removal Code B.5.0
Design Analyses (CF 61-6-4)

Loop Purification System
Preliminary Design Drawings (CF 61-6-2)
Carbon Trap Assenbly E-RD-10297

Instrument Diagram, Gas Transfer, Storage, and Q-2120-5
Purification Systems

5.3. Gas Transfer and Storage System

5.3.1. PFunction

The primary function of the gas transfer and storage system is to
remove the mainstream gas from the experimental loop and store it for
future use. The system used to accomplish this is shown in Fig. 5.3.1.
The essential elements of this system are the transfer pump, gas storage
tanks, and associated piping and valves.

5.3.2. Equipment Description

Transfer Pump. The gas-transfer pump is a positive displacement
type of pump with a metalliec-diaphragm head. It is sized to transfer
300 1b of CO, or 28 1b of helium from the gas storage tanks to the ex-
perimental loop in 5 hr, If an additional assurance of continuity of
operation is desired, a second transfer pump may be installed in parallel
in a location already provided in the experimenters' cell,

The transfer pump head is provided with triple diaphragms to assure
maximum safety: a gas-side diaphragm, a central diaphragm, and an oil-
side diaphragm. Three diaphragms are required to present a possible in-
Jection of pump oil into the loop in case of diaphragmrupture. The gas-
gide diaphragm and head are so contoured that the maximum diaphragm
stress is less than 20 000 psi. The diaphragm is seal-welded to the
head. The central diaphragm is provided with radial grooves so that any
leakage from the gas or oil side is vented to a leakage monitor and de-
tected. The gas- and oil-side diaphragms are made of type 347 stainless
steel, as are all head surfaces which come in contact with the process
gas.
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All portions of the pump that are exposed to the process gas axre
designed to withstand a static pressure of 1200 psig at 200°F. The gas
temperature at the pump suction is continuocusly monitored. An alarm at
the experimenters' control panel warns of over temperature.

A mechanical joint is installed on the inlet and discharge of each
pump head to facilitate the installation and removal of the head without
removing the prime mover. These joints (1l-in. sched.-40 pipe) are de-
signed to contain helium at a maximum temperature of 400°F and a maximum
pressure of 1200 psig (see sec. 4.,11). The helium leakage rate from each
joint is specified to be less than 1 X 107® scc/sec (see sec. 4.11).

The transfer-pump drive motor is designed and fabricated in accordance
with NEMA publication No. MG-1-1959, It 1is a squirrel-cage induction
motor that is totally enclosed and fan-cooled and is designed for opera-
tion on 480-v, 3-phase, 60-cycle power. It has halogen~free NEMA class
H insulation (115°C maximum temperature rise for ambient air at 40°C).
Across-the-line starting is used. The motor should be capable of reli-
able operation for a period of ten years in a radiation field of 20
rads/hr. The transfer-pump motor is sized to operate without exceeding
the nameplate full-load rating at all process conditions, even though
it is capable of continuous operation at 116% of the nameplate rating
without exceeding the temperature limits of the insulation.

Gas Storage Tanks. Each experimenters' cell contains six gas
storage tanks comnected by two common headers to give a combined volume
of about 200 ft3. Fach storage tank is 12 1/3 ft long and 24 in. in
outside diameter and is fabricated from 11/16-in.-wall type 304H stain-
less steel. Each tank is designed for a waximum allowable working pres-
sure of 750 psia at 900°F and will be hydrostatically tested to 1510 psi
at 100°F. A parasol-type spray nozzle is located inside the top head
of each tank for spraying with decontamination solutions.

Both the top and bottom storage tank headers are 2-in. stainless
steel pipe (sched. 40, type 304H). The bottom header contains a 2-in.
drain valve (HV-175) to permit draining the tanks during decontamina-
tion. The top header contains pressure-, temperature-, and radiation-
monitoring elements. The top header also contains a rupture disk
(XX-190) and a pressure relief valve (PSV-191) set to relieve the pres-
sure at 750 psia. The pressure relief valve is of the balanced-bellows
type that permits large variations in the back pressure with Llittle or
no change in the relieving pressure and capacity. The space between the
rupture disk and the pressure-relief valve is vented to the loop offgas
system (see sec. 5.14) by an excess-flow valve (Fev-192).

Pipe and Valves. The gas transfer and storage system piping is
shown schematically in Fig. 5.3.1. All valves other than the check and
pressure relief valves are bellows sealed. The specified maximum allow-
able leakage from each valve to the surrounding atmosphere is 1 X 10-%
sce/sec, as determined by a helium leakage test at design pressure (see
sec. 4.12).
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The EGCR experimental loops have been designed to minimize the
number of points at which high-pressure loop gas can leave the main-
stream piping. The number of such points has been limited to three.
Each of these points is double valved to reduce the probability of
rartial loop depressurization as a result of operator error. One such
point occurs at check valves XV-168 and XV-169. These valves permit gas
flow only into the mainstream loop piping. A second point at which gas
can leave the mainstream piping is at valves HV-165 and HV-166, These
two valves are spring loaded to fail in a closed position. The third
point is at valves HV-181, HV-182, and HV-183. When the loop is in op-
eration, valve HV-181 is locked and tagged in the closed position, and
valve HV-183 remains closed and is backed by valve HV-182 to check the
flow if it is accidently opened. Whenever the experimental loop is
emptied and ready for evacuation, valve HV-181 is opened so that the
system can be evacuated through a 2-in. pipe.

All system piping that is normally in contact with the mainstream
loop gas during loop operation at power is type 347H stainless steel,
This piping is designed for 1100 psia at 975°F. The remaining system
piping is type 304H stainless steel.

5.3.3. System Operation

The temperatures and pressures in the gas transfer and storage
system corresponding to the eight experimental loop design conditions
described in Section 1.3 are given in Table 5.3.1. Also given are the
temperatures and pressures during special operations such as loop blow-
down or repressurization.

Operation with Experimental Loop at Power. During normal experi-
mental loop operation at power, the functions of the gas transfer and
storage system are to provide makeup gas to the loop and to provide a
containment volume for the loop pressure relief valve discharge.

Makeup of gas which leaks from the mainstream loop piping to the

experimenters' cell or tc the gas storage tanks is provided by the gas
transfer pump. This pump compresses the gas from the gas storage tanks
to loop pressure. To provide this makeup gas flow, valves HV-170, HV-167,
BV-171, and HV-189 are opened and the transfer pump is started. Valve
BV-183 is then opened and valve HV-189 is throttled until the desired flow
of gas into the loop is obtained (as indicated by flow element FE-185).
A check valve (XV-182) prevents depressurization of the mainstream loop
piping if the transfer pump or a valve should fail. TIf needed, new gas
may be added to the gas storage tanks from the gas distribution system
{see sec. 5.10).

Loop Shutdown and Depressurization. In order to remove an experi-
mental fuel assembly, the mainstream loop piping must be cooled to less
than 150°F and the pressure decreased slowly to 300 psia or less because




Teble 5.3.1. Gas Transfer and Storage System Temperatures and Pressures During'

Normal and Special Operations

Based on loop volume of 149.9 ft?>

Operating Condition

Design Condition Number

1 2 3 4 5 6 7 g
During Normal Loop Operation
Loop conditions
Primary coolant CO; COp COy COa He He He He
Power, Mw 1.5 0.335 1.5 0.335 1.5 0.335 1.5 0.335
Pressure, psia 1000 1000 500 500 1000 1000 500 500
Average temperature, °F 628 931 628 931 643 952 643 952
Heater {on or off) on on on on on on on on
Mass of coolant in loop, 1b 567.9  438.9 286 219 50.4  39.6 25,2 19.8
Gas storage tanks
Pressure, psia 30 30 30 30 30 30 30 30
Temperature, °F 100 100 100 100 100 100 100 100
Mass of gas in tanks, 1b 43.6 43.6 43,6 43.6 4.0 4.0 4.0 4.0
During Loop Blowdown
After shutdown and loop cooling
to L50°F
Pressure, psia 561 439 280 219 553 432 276 216
After equalizing pressures in
loop and tanks
Temperature, °F 150 150 150 150 146 146 143 141
Pressure, psia 247 197 135 108 253 205 134 110
Gas remaining in loop, 1b 262 207 141 112 23.3 18.7 12.6 10.2
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Table 5.3.1 (continued)
Design Condition Number
Operating Condition
1 2 3 4 5 6 7 8
During Loop Blowdown
After pumping gas from loop
into tanks
Mass pumped, 1b 246 191 125 96.6 22.1  17.5 11.4 9.0
Final loop conditions
Pressure, psia 14.7 14.7 14.7 14.7 14.7  14.7 14.7 14.7
Temperature, °F 100 100 100 100 100 100 100 100
Remaining gas, 1b 15.9 15.9 15.9 15.9 1.2 1.2 1.2 1.2
Final storage tank conditions
Pressure, psia 406 323 222 176 bdidy 353 233 188
Temperature, °F 150 150 150 150 150 150 150 150
Gas in tanks, 1b 595.6  466.6  313.7 246.7 53.2 42.4 28.0 22.6
During Loop Repressurization
Initial storage tank conditions
Pressure, psia 373 363 204 161.5 407 324 214 173
Temperature, °F 100 100 100 100 100 100 100 100
Gas in tanks, 1b 595.6 466.6  313.7 246.7 53.2 42.4 28.0 22.6
Initial loop conditions
Pressure, psia o) 0 0 0 0 0 0 0
Temperature, °F 100 100 100 100 100 100 100 100

Get



Table 5.3.1 (continued)
Design Condition Number
Operating Condition
1 2 3 4 5 6 8
During Loop Repressurization
After equalizing pressures in
loop and tanks
Temperature, °F 100 100 100 100 100 100
Pressure, psia 219 118 93 232 185 98.9
Gas in loop, 1b 255 134.4 105.8 22.8 18.2 9.7
After pumping gas from tanks

into loop
Mass pumped, 1b 312. 151.6 113.2 27.6 2l.4 10.1
Final loop conditions

Pressure, psia 469, 244.3 188.7 508 397 198

Temperature, ° 100 100 100 100 100 100

Gas in loop, 1b 567. 286 219 50.4  39.6 19.8
Final tank conditions

Pressure, psia 19.1 19.1 19.1 21 21 21

Temperature, 100 100 100 100 100 100

Gas in tanks, 1b _27.7 27,7 _27.7 2.8 2.8 2.8

92T
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of service machine limitations. Following removal of the experimental
assembly, it may be desirable to remove all gas from the mainstream loop
piping and store it in the gas storage tanks. This shutdown and depres-
surization is accomplished in three steps.

The first step in loop shutdown and depressurization is to cool
the loop gas to less than 150°F. The second step is to decrease the
loop pressure to about 300 psia and to remove the experimental fuel as-
sembly. The mainstream loop pressure is reduced by bleeding gas into
the gas storage tanks. The gas may be bled directly into the gas storage
tanks or it may be decontaminated by passing it through the loop bypass
gas-cleanup system (purification system) prior to entering the tanks.
This is accomplished by closing valves HV-164 and HV-180 and opening
valves HV-165, HV-166, HV-167, and HV-170. Valve HV-180 is opened if
gas flow directly from the primary loop to the storage tanks is desired.
Valve HV-164 is opened if gas flow to the storage tanks via the purifi-
cation system is required. When the primary loop pressure reaches 300
psia or less, the test assembly may be removed. Depressurization is
then continued until the pressures in the loop and in the gas storage
tanks have equalized, as indicated in Table 5.3.1.

The third step in loop depressurization is to reduce the loop pres-
sure to atmospheric pressure by use of the transfer pump. To accomplish
this, valves HV-170 and HV-183 are closed, valve HV-171 is opened, and
the transfer pump is started. When the loop reaches atmospheric pressure,
valve HV-189 is closed. The remaining gas in the primary loop must be
removed by the vacuum pump in the loop offgas system by opening valves
HV-181 and HV-183.

Storage Gas Decontamination, After depressurizing the mainstream
loop piping, it may bé desirable to decontaminate the gas in the gas
storage tanks prior to loop repressurization or prior to discharging
the gas to the loop offgas system. This is accomplished by closing
valves HV-150, HV-180, HV-183, and HV-167 and opening valves HV-164,
HV-165, WV-166, HV-171, HV-189, and HV-170, The transfer pump can then
circulate the gas from the gas storage tanks, through the purification
system, through the transfer pump, and back to the gas storage tanks.
Circulation is continued until the radiation monitor on the top header
of the gas storage tanks indicates that the desired radiation level has
been reached or that no further decontamination is occurring.

Loop Fill or Repressurization. Loop fill or repressurization using
gas from the gas storage tanks is achieved by first allowing the experi-
mental loop and gas storage tank pressures to equalize and then using the
gas transfer pump to pump the remaining gas from the storage tanks to the
loop. The pressures in the mainstream loop piping and the gas storage
tanks can be equalized by closing valve HV-164 and opening valves HV-183
and HV-189. When pressure equalization has occurred, valves HV-189 and
HV-180 are closed and valves HV-167, HV-170, and HV-171 are opened, and
the remaining gas in the gas storage fanks is pumped into the primary
loop by the transfer pump.
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5.3.4. Project References
Design Criteria (CF 61-6-3)
Gas Transfer and Storage System Code B.7.0
Design Analyses (CF 61-6-4)

Gas Transfer and Storage System

Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Gas Transfer System D-RD-10109
Details, Gas Storage Tank D-RD-10080
Instrument Diagram, Gas Transfer, Storage, and Q-2120-5

Purification System
Specifications (CF 61-6-5)
Helium/CO, Transfer Pump for EGCR In-Pile Loops JS-28-103

5.4. Gas-Sampling System

5.4,1. BScope and Objectives

The design of the gas-sampling system for the EGCR experimental
loops must be closely correlated with the specified loop objectives,
Only the requirements of the sampling stations for the helium- and CO,-
cooled loops occupying the small reactor through-tubes are discussed
here. The objectives of the gas-sampling system are (1) to obtain in-
formation on the release of fission products from fuel materials, (2) to
determine deposition of activity in the system (i.e., activity in gas,
activity deposited in the system, and activity removed by filters), (3) to
develop techniques for activity level control, including evaluation of
the bypass gas-cleanup system and the mainstream gas filters, (4) to ob-
tain information on the mechanical, radiation, and thermal properties of
unclad fuel elements, (5) to obtain informastion on the decontamination
of a contaminated gas system, and (6) to obtain information as to the
presence or buildup of other gaseous contaminants that might result from
fuel element degassing, corrosion, etc.

In order to accomplish these objectives, the experimental loops
will be provided with gas-monitoring and -sampling systems that will be
capable of continuously withdrawing a small gas stream for on-line samp-
ling and will also be capable of removing small representative samples
of loop gas for subsequent analysis. The continuous sample stream will
be monitored by a wire precipitator or some other suitable in-line fission-
product detector. 1In addition to these gas-monitoring systems, the ex-
perimental loops will be provided with gamma monitors at several points
along the loop piping. These points include the hot pipe from the reactor,
the mainstream gas filter, the mainstream gas cooler, the bypass filter,
and the loocp compressors,
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5.4.2. Design Criteria

A gas-sampling station will be designed for each of the EGCR experi-
mental loops. Each station will have a facility for the extraction of a
small quantity of gas from each of several designated points in the loop
for transport to and analysis at another site. A connection will be pro-
vided at each sampling point for the attachment of one or more of the fol-
lowing types of in-line gas analyzers: gas chromatograph, mass spectrometer,
or charged-wire fission-product detector.

If a gas chromatograph or mass spectrometer type of instrument is
used as a continuous analyzer, the gas in the loop must be reduced in both
temperature and pressure, since existing equipment is not designed to with-
stand the high loop temperatures and pressures. A gas chromatograph re-
quires a continuous flow of carrier gas which must be carefully considered
from the view point of loop containment. Water vapor in the sample gas
will cause contamination of the columns.used in a gas chromatograph. Conse-
quently, a filter will be required upstream of the analyzer section to re-
move water vapor from the sample. An analysis for water vapor requires
a separate instrument.

The experimental loop gas will be sampled at each of the following
points: (1) downstream of the mainstream gas cooler, (2) downstream of
the mainstream gas filter, (3) at the outlet of the loop compressors,

(4) downstream of the mainstream gas heater, (5) downstream of the bypass
gas-cleanup system, and (6) at the outlet of the gas storage tanks. The
loop gas being sampled (He or CO,) may be at pressures of from 500 to 1000
psia and at temperatures ranging from 550 to 950°F. The gas may be radio-
active. The equilibrium loop activity may be as high as 10 900 curies (see
sec. 11.2). The sampling-station design will permit taking from 3 to 6
samples per 24 hr from each of the loop sampling points. The desirable
sample size has been estimated to be 25 to 50 cm® at STP.? The gas-sampling
system will provide at least 50-cm® (STP) samples.

The principle of double-containment of the experimental loop gas must
not be violated during extraction of a sample., Therefore, the sampling-
station containment must serve as an extension of the experimenters' cell
containment. The sampling-station containment will be operated at a pres-
sure of less than one atmosphere during the sampling process to insure
that any leakage will be inward.

Adequate shielding will be provided to reduce the gamma radiation
to acceptable levels at the surface of the sampling-station containment
vessel. A sample bomb will be designed with integral shielding, if neces-
sary, or will be withdrawn into a shielded container to insure the reduction
of operating personnel exposure to acceptable levels during the process of
extracting and transporting a sample.

®Verbal communication from J. C. White to C. L. Segaser.
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In order to obtain the best possible representative sample, the
sampling lines and equipment in and to the sampling chamber will be
maintained as near to the temperature of the loop gas being sampled as
possible. If practical, a decontamination system will be provided to
flush the sampling equipment after the sampling is completed. A vacuum
system will be provided to purge atmospheric contaminants from the system
prior to sampling. The vacuum system will also be used to dispose of
residual radioactive gas In the system prior to withdrawing the sample
‘bomb.

Instrumentation will be provided to monitor gas pressures in the
sampling station and equipment. Interlocks and protective devices will
be provided as required to render the operation of the sampler as safe
as possible., The gas-sampling station will be easily accessible to op-
erating. personnel, .

Elastomers susceptible to heat and radiation damage will not be

used in any closures, valves, or couplings which are in contact with the
hot loop gas.

5.4.3, Proposed Sampling Station

The proposed gas-sampling system for the EGCR experimental loops is
shown in Fig. 5.4.1. The principle of operation of this system is similar
to that utilized in the pneumatic-rabbit tubes which are commonly used in
research reactors. The system is designed to collect -cm® samples of
loop gas at the pressure and temperature existing at any time during loop
operation. Under the most adverse operating conditions, that is, at
lovest operating pressure (500 psia) and maximum temperature (950°F), this
e-cm? sample will be equivalent to more than 50 cm® at STP. The use of
a small sample bomb should reduce or eliminate any requirement for shield-
ing the bomb. Under the most severe operating conditions, the dose rate
from a point source of 4 cm® of loop gas has been estimated® to be approxi-
mately 10 mr/hr at a distance of 2 ft.

5.4.4, Sampling-Station Operation

In order to operate the gas-sampling system, the pneumatic lines
are purged by opening them to atmospheric pressure (cetl air) through
valve V-5 with the vacuum pump of the loop offgas system running. This
purge removes any metal chips or dust that might cause the bomb to stick
in transit. After purging, the operator loads the sample-bomb holder
containing the sample bombs into the sampling-station tube. The sampling-
station design incorporates alignment pins in the tube and sample holders
so that each sample bomb is exactly positioned opposite the correct pneu-
matic transfer line.

*Werbal commurnication from T. H. Row to A. W. Culp, April 27, 196l.
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When it is desired to take a sample, the proper sample bomb is pneu-
matically transferred by means of the transfer line through a motor-
operated ball valve (V-2) into the sampling chamber mounted directly on
the primary loop gas pipe. The sampling chamber is alternately evacuated
by the vacuum pump in the loop offgas system and then purged with clean
loop gas from the gas distribution system via the sampling-station tube
and transfer tube, The sample bomb is permitted to reach thermal equi-
1librium with the primary loop gas piping. The entire installation is
thermally insulated, so the bomb, pipe, valves, and lines should approach
the loop gas temperature at that point. This should reduce the possi-
bility of plating out some of the fission products on cold surfaces.

In order to take a sample, valve V-2 is closed and the sampling
chamber is evacuated. The motor-operated valve V-3 is then "closed"4 to
pressurize the sampling chamber and bomb with gas from the loop. Valve
V-3 is then "opened." After depressurization of the sampling chamber to
the offgas system, valve V-2 1s opened and the sampling chamber is purged
with filtered alr from the experimenters' utility tumnel via valve V-7 and
the sampling-station tube and transfer tube. The purging air is exhausted
to the cell offgas system. A small,.high-temperature, high-pressure,
check valve (V-1) is mounted inside each sample bomb to prevent the bomb
from depressurizing after it has filled with loop gas. After purging of
the sampling chamber, the sample bomb is pneumatically transferred to the
sample bomb holder where the experimenter can manually withdraw the sample
bomb by removing the low-pressure cap in the sampling-station tube and with-
drawing the sample bomb holder, After the bomb is removed, any leakage
past the check valve (V-1) will be prevented by inserting a seal plug in
the check valve.

5.4.5. Design

The gas-sampling system and bombs will be constructed of stainless
steel. The bombs will have concentric rings of some soft material on
their outside surfaces to prevent sliding contact between the two stain-
less steel surfaces. The pneumatic transfer tubes will be designed to
utilize long-radius bends and the number of vertical lines will be kept
to a minimum. The tubes have been estimated to be approximately 3/4 in,
o.d.

The differential pressure required to transfer the sample bombs can
be obtained by using the vacuum pump in the loop offgas system. For this
case, the pressure moving the bomb need never exceed atmospheric pressure.
This eliminates the possibility of overpressurizing the cell, as might oc-
cur if a positive pressure source were utilized, Actually, clean loop gas

4In referring to the position of all three-way valves, the "open"”
position as used here corresponds to the position permitting axial flow
through the valve while the "closed" position corresponds to branched
flow through the valve.
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(at 30 psia) from the gas distribution system will be used to transfer
the bomb to the sampling chamber, but this supply will be automatically
terminated whenever the cell is sealed by the cell vent valves to provide
full containment. The bomb can be transferred by using cell air pressure
if the cell is sealed. The use of clean loop gas to transfer the bomb
should reduce the probability of atmospheric contamination of the sample.
As mentioned earlier, the bomb will be sized to take a 4-cm® gas
sample, The bomb will be prepared by evacuating and filling with clean
loop gas to a pressure of 20 psia to seat the check valve and prevent air
contamination during transfer and purging. Upon heating to loop gas tem-
perature, the bomb pressure may increase to 50 psia. This means the loop
gas sample will be diluted by approximately 5 to 10%. If an absolute loop
gas sample is desired, the sample bomb can be evacuated and a rupture disk
mounted in series with the check valve to maintain a vacuum until the samp-
ling chamber is pressurized to loop pressure.

One problem that must be considered in transferring the sample bomb
to the sampling chamber is that the operator must be sure that the bomb is
in place at the sampling chamber before closing valve V-2. To accomplish
this, a carbon steel plug is attached to one end of the sample bomb. A
small coil of high-temperature wire is wrapped around the corresponding
end of the sampling chamber. Correct positioning of the sample bomb is
then determined by the change of inductance of the coil when the carbon
steel plug enters it.

The one apparent weak point in the sampling system is the check
valve used in the sample bomb. This valve is subjected to high tempera-
tures (950°F) and high pressures (1000 psia). A spring-loaded, ball check
vaive with a tungsten carbide ball and seat is commercially available that
will take these pressures and temperatures. The unknown factor assoclated
with this valve is its leak rate. This problem will be investigated. TFor
sampling gas at 550°F, there are a number of small reliable check valves
commercially avallable that have Teflon seals. 1If the leak rate of the
tungsten carbide check valve proves to be excessive, it is felt that either
the seat or ball may be replaced with a soft metal component which will im-
prove the seal. In this case, the soft metallic part will probably be re-
placed each time a sample is taken.

The sampling-station tube and the pneumatic transfer tubes will be
designed for a 50-psig internal pressure and a differential external pres-
sure of 27 psi. A pressure-relief valve (V-9) will protect the sampling
station by opening to the cell at a differential pressure of 40 psi. The
relief valve will be sized to handle the flow into the sampling chamber
from all the primary gas valves (V-3). Loop gas flow from the mainstream
loop piping through these valves (V-3) will be orificed to prevent rapid
depressurization of the loop.
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5.4.6. Containment

The principal of secondary containment is never violated during opera-
tion of the sampling station. Normally, primary containment ends at valve
V-3, except when pressurizing the sampling chamber, at which time valve V-2
provides the primary containment. The sampling-station tube and pneumatic
transfer tubes serve as secondary containment when valve V-2 is open and
when valve V-3 is closed. A number of interlocks prevent violation of
containment. When removing the low-pressure cap on the sampling-station
tube, one or more switches perform the following actions if they have not
already been done: the vacuum pump will be turned on, all valves V-2 will
be closed, all valves V-3 will be opened, and valve V-5 will be closed.
Interlocks alsoc prevent closing of valve V-3 unless (1) the pressure in
the sample tube is subatmospheric, (2) the position indicator indicates
the sample bomb is in position in the sampling chamber, and (3) valve V-2
is closed. An additional interlock prevents opening of valve V-2 as long
as valve V-3 is closed.

The purpose of valve V-4 is to provide backup of valve V-3 if valve
V-3 fails. Consequently, closing valve V-4 makes it impossible to blow
down the loop following failure of any V-3 valves. The only valve that
must be relatively leaktight (aside from valve V-1) is valve V-3, since
it seals the primary loop gas system. Valves V-2 and V-3 will be designed
for operation at maximum loop temperature and pressure. Valve V-4 will be
designed to withstand full loop pressure but can be a low-temperature
valve, Valves V-5, V-6, V-7, V-8, and V-9 will be low-pressure, low-
temperature valves.

5.4,7. Installation

It is proposed to mount the sampling-station tube in the wall between
the experimenters' cell and the experimenters’' utility tunnel. The low-
pressure cap will be open to the utility tunnel. Preferably, the sampling-
station tube will be mounted in one corner of the cell where a simple
shadow shield around one side and the end of the tube will provide satis-
factory shielding of the penetration., Since the radiation level of the
sample bombs is quite low, a shadow shield between the sampling-station
tube and the primary gas piping should be sufficient.

Installation of the sampling-station tube in the cell wall rather
than through the ceiling has a number of advantages. For instance, it
reduces the number of vertical runs for the pneumatic transfer tubes. In
addition, it permits access to the transfer tubes (through the sampling-
station tube) with a flexible tool in the event a sample bomb should stick
during transit to or from the bomb holder, and it permits installation of
a ventilation hood above each sampling-station tube, if desired. The
ventilation hood will be connected to the ventilation exhaust header of
the cell ventilation system. Since this is an induced draft system, it
should transfer any leakage of loop gas from the sample bombs directly to
the stack.
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5.4.8, Instrumentation

The instrumentation shown in Fig. 5.4.1 consists of pressure elements
at the sampling-station tube and sampling chamber and the bomb position
indicator (designated XE) at the sampling chamber. This should be suffi-
cient instrumentation to insure proper operation of the sampling system.

5.4.9. Project References

Design Criteria (ORNL CF-61-6-3)
Criteria for EGCR In-Pile Loop Sampling System Code B.10.0

Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Gas Sampling System D-RD-10113

5.5. Fuel-Handling Equipment

5.5.1, BService Machine

The principal piece of fuel-handling equipment used by the experi-
mental loop facility is the EGCR service machine. This machine is de-
signed to install experimental fuel assemblies in the loop through-tubes,
to remove them, and to transport them to and from the reactor and the
experimental fuel assembly storage holes or to transport them to the fuel
carrier or the spent-fuel transfer mechanism. The service machine is also
designed to handle open core experimental assemblies, control rods, shield
plugs, and other special equipment which can be inserted intc any of the
reactor top nozzles.

The service machine is housed in an upright cylindrical pressure vessel
approximately 52 ft high (exclusive of external shielding) and 71 in. in
inside diameter. The pressure vessel serves as a pressure-tight housing
that contains the tools and mechanisms necessary to accomplish the above
listed functions. To achieve mobility, the service machine is mounted on
the trclley of a traveling bridge crane. It can be positidéned over any
reactor vessel top nozzle or over any of the storage, access, or rehearsal
areas. (KE dwgs 5927-EGCR-A-122 and 5927-EGCR-MS-130 show the general
arrangement of the service machine and the area in which it operates.)

The service machine can be connected to the reactor pressure vessel
top nozzles or to the top nozzles of the storage facilities by an ex-
tendible nozzle and flange. A valve at the bottom of the service machine
permits evacuation and pressurization of the service machine and provides
a seal between the service machine and the reactor pressure vessel nozzle.
The service machine is manually bolted to the selected nozzle flange, and
then all operations are carried out remotely from the service machine
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control console. (A detailed description of the service machine is given
in EGCR Study No. II-460 and in Section 5.11 of Volume I of the EGCR Final
Hazards Summary Report.)

The reactor servicing tools and mechanisms are mounted on a rotary
turret inside the service machine pressure vessel to permit indexing of
tools required for any particular operation over the service machine noz-
zle. The five turret positions and the mechanisms associated with each
position are as follows:

Turret
Position
No. Tool or Mechanism
I Nozzle closure tool and new fuel storage facility
1T Experimental assembly handling tool
IIT Replacement shield plug installation tool
Iv Shield plug removal tool
v Fuel chute and instrument hoist

Positions I through IV are all used during the installation or removal of
an experimental assembly, with position IT being used during the actual
lifting of the assembly. The experimental assembly handling tool has a
total travel of approximately 55 £t & in., of which 9 ft 6 in. is Dby a
telescope drive; the remainder is by a ball lead screw drive. It takes
approximately 4 hr to complete the total travel in one direction.

Cooling of the experimental fuel assembly during removal from the
loop and during storage in the service machine is achieved by means of a
blower and cooler mounted on the service machine carriage. A detalled
discussion of the operation of the service machine during the removal of
an experiment is given in Section 5.12.

5.5.2. Experimental Fuel Assembly Storage Holes

The principal facilities for the storage of irradiated fuel assemblies
are the two special storage holes located in the reactor biological shield
at the west end of the service machine room. One hole is located at each
end of a row of conbtrol rod storage pits. ZEach storage hole facility is
an integral unit located within a 50-ft-long, 18-in.-diam pipe imbedded
in the bioclogical shield. Each facility provides storage for experiments
from either the 5 1/2-in. or 9 1/2-in., through-tubes. Each storage hole
facility consists of a primary pressure vessel with a cooling-water
Jacket, a top nozzle closure, the necessary facilities for supplying and
controlling the helium and cooling water, and the required vent and evacua-
tion system. A simplified flow diagram is given in PFig. 5.5.1.
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The fuel assemblies in the storage hole facility are cooled by the
natural convection of pressurized helium (up to 350 psia) up through the
fuel and then down along the water-cooled wall of the primary vessel.

The cooling system is designed to remove 51 Q00 Btu/hr while keeping all
portions of the fuel assembly at or below its normal in-loop operating
temperatures. The stainless steel primary vessel (LO-in. sched.-40

pipe, approximately 50 ft long) is designed for 425 psig at 1075°F. De-
tailed design calculations and descriptions appear in the Design Analyses
(see sec. 5.5.5).

The top of the storage hole facility is similar to the reactor pres-
sure vessel top nozzles in that it is equipped with a flange for connect-
ing the service machine nozzle and a breach for attaching the Bridgman
closures used in the reactor pressure vessel nozzles. The top flanged
opening i1s closed with a blind flange when the service machine is not
connected. Containment of any leakage from the primary pressure vessel
through the Bridgman closure is provided by a gecondary containment
volume formed by the blind flange closure and a cylindrical vessel that
is welded to the primary pressure vessel just below the Bridgman closure.
This containment volume is designed to hold 425 psia pressure at 500°F.
Any leakage of activity from the primary vessel to the cooling water
Jacket is carried to the gas separation tank by the water. In the gas
separation tank the gaseous activity is evolved and vented to the plant
stack through an absolute filter and an iodine trap. The water system
from the check valve in the inlet line to and including the gas separa-
tion tank is designed for 425 psig at 500°F,

Each storage hole facility is controlled from a control panel in the
service machine equipment room on the fourth floor of the reactor contain-
ment bulilding. Critical pressures and temperatures are also monitored in
the reactor control room. When not containing an experimental fuel element,
the storage hole facility will contain a dummy shield plug attached to a
Bridgman closure.

An experimental fuel assembly is inserted into the storage hole
facility from the service machine in the following manner. The blind
flange is removed from the flange connection for the service machine, the
service machine 1s moved into position, and the service machine nozzle
is connected to the flange. The volume of gas between the service
machine valve and the Bridgman closure (sniffer gas region) is then evacu-
ated and filled with helium. The pressures in the service machine, in the
sniffer gas region, and in the storage hole are equalized at about 300
psig, and the service machine valve 1s opened. The Bridgman closure is
then unlocked, and the closure and dummy shield plug are lifted into the
service machine. The experimental fuel assembly carried in Turret posi-
tion IT is then rotated over the storage hole, and the fuel assembly is
lowered into the hole. While the fuel assembly is being lowered, the
helium flow is by natural convection from the bottom of the service ma-
chine, down between the primary pressure vessel wall and the fuel assembly,
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up through the fuel assembly, and out to the top of the service machine,
Once the fuel assembly has been lowered to the point where the shield
plug at the top of the assembly cuts off flow to and from the service
machine, the heat is removed by the natural convection of pressurized
helium along the water-cooled wall of the primary pressure vessel., After
the experimental assembly has been fully inserted into the primary pres-
sure vessel, the Bridgman closure is locked and the service machine
valve is closed., The sniffer gas region is then evacuated and refilled
with air, and the service machine nozzle is disconnected. The service
machine is moved away, and the blind flange is replaced on the storage
hole. After each step that requires making a gastight seal, a leak test
of the joint is made prior to going on to the next step.

5.5.3, PFuel Carrier

A fuel carrier or cask will be provided for shipment of experimental
fuel elements to the reprocessing or examination facility. The carrier
will be designed to accommodate the 13-ft-long in-core portion of the
experimental fuel assembly after it has been separated from its support
stringer. The carrier will be a completely sealed pressure vessel con-
taining a gas atmosphere. The decay heat from the fuel elements will be
removed by natural convection and radiation to the carrier vessel wall.
The carrier vessel wall will be cooled by the natural convection of a
sealed water system which circulates through a water Jacket in the vessel
wall and out through finned tubes extending through the carrier shield
into the ambient atmosphere.

At the top of the carrier vessel will be a shear or cutoff tool for
separating the fuel from its support structure. The carrier vessel will
be closed by a Bridgman closure attached to a short shield plug. Secondary
containment, including a blind flange, will be provided around the Bridgman
closure to fully contain any leakage through the closure seals. During
insertion of the experimental fuel elements into the carrier by the ser-
vice machine, a helium supply for pressurizing the carrier and either
electricity or compressed air for operating the shear will be required.
Once the fuel is in the carrier and the carrier vessel is sealed, no
utilities will be needed.

The fuel will be inserted into the carrier in the fcllowing manner.
The carrier will be positioned in a cradle in the hatchway of the fourth
floor of the reactcor containment building, and the service machine will
be connected after the blind flange is removed. The sniffer region will
be evacuated and filled with gas, and the pressures in the service machine,
sniffer region, and the carrier vessel will be equalized, after which the
service machine valve will be opened and the Bridgman closure and shield
plug of the carrier removed. The experimental fuel assembly will be
lowered into the carrier until the proper position is reached for the
separation of the Tuel elements from their support stringer. The separa-
tion will be made by actuating the cutoff mechanism. The remaining sup-
port structure will be pulled back into the service machine. The carrier,
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Bridgman closure, and shield plug will then be reinserted and locked. After
closing the service machine valve and evacuating and refilling the sniffer
region, the service machine will be disconnected and moved away. The car-
rier will then be closed with the blind flange and lowered to a dolly on

the ground floor, after which the carrier will be turned on its side and
removed from the reactor building through the equipment airlock.

5.5.4. Spent Fuel Transfer Mechanism

The spent fuel transfer mechanism is the means by which fuel from
either the charge machine or service machine can be carried to the fuel
storage basin in the reactor service building. The mechanism is located
at the east side of the reactor contaimment building. The spent fuel
transfer mechanism, as shown in Fig. 5.5.2, consists primarily of the top
and bottom adapter nozzles, a movable transfer tube, a hoist, an inclined
discahrge tube leading to the spent fuel storage basin, a cable cutter or
shear, and guide rails for positioning of the transfer tube.

The spent fuel assembly is inserted into the transfer tube by the
service machine (which is depressurized), and the fuel elements are sepa-
rated from their support stringer by the shear. The transfer tube is then
lowered down the guide rail to an inclined position where it mates with the
discharge tube which is partially filled with water. The inlet valve to
the discharge tube 1s opened and the fuel is released to the tube. The in-
let valve is then closed, and the fuel 1is transferred to the fuel storage
basin by opening the outlet valve. Additional portions of the support
structure (exclusive of the shield plug and Bridgman closure) may be cut
off and transferred to the storage basin in a like manner. (A detailed
description of the entire mechanism is given in Section 5.9 of Volume I of
the EGCR Final Hazards Summary Report; KE dwg. 5927-EGCR-M203 shows the
general arrangement of the system.)

5.5.5. Project References

Design Criteria (CF 61-6-3)

Experimental Fuel Assembly Storage Hole Criteria Code C.7.0
Fuel Carrier, Cradle and Dolly Criteria Code D.2.5,
6, 7

Design Analyses (CF 61-6-4)

Fuel Assembly Storage Hole
Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Fuel Assembly Storage Hole D-RD-10361
Instrument Diagram, Fuel Assembly Storage Hole Q-2120-65
Fuel Assembly Storage Hole E-RD-10455
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5.6. Water Systems

5.6.1. Mainstream Gas-Cooling System

The mainstream gas-cooling system is shown in Fig. 5.6.1. This
system consists of three separate units: the steam system, the service
(river) water system, and the blowdown system.

The mainstream gas cooler is an evaporative cooler in which de-
mineralized water boils inside re-entrant tubes and the experimental
loop gas passes on the outside (shell side) of the tubes. The rate of
heat removal is regulated by controlling the condensate flow to the water
header that feeds the re-entrant tubes. A change in water level in the
header changes the number of tubes filled with water and thus effectively
changes the heat transfer surface of the cooler to obtain the desired
loop-gas exit temperature. The detailed operating characteristics of the
cooler are discussed in Section 4.5.

Steam generated from demineralized water serves as the intermediate
heat transfer fluid between the loop gas and the river cooling water.
All parts of the steam system which are not in contact with the loop gas
are designed to contain pressures up to 1200 psig at 650°F so they can
effectively provide secondary containment of the experimental loop gas.
The parts of the steam system in contact with the loop gas are designed
for 1075°F operation. The steam system is composed of three primary com-
ponents: +the evaporative cooler, in which heat is transferred from the
loop gas to demineralized water and steam; the loop condenser, in which
heat is transferred from the steam to river water; and the condensate
storage tank, which collects the loop condenser condensate and acts as a
reservoir for additional condensate to take care of required variations
in the heat removal capacity of the evaporative cooler.

Starting at the condensate storage tank, the demineralized water
passes by gravity to an automatically controlled throttling valve (V-1)
mounted above the cooler and radiation shield near the fourth floor of
the reactor containment vessel. The water passes through valve V-1 to
the evaporative cooler mounted in the vertical pipe chase of the reactor
biological shield. The water is vaporized in the cooler and the result-
ing steam is exhausted to the loop condenser where the steam transfers
its latent heat to river water flowing through the condenser tubes. The
resulting condensate drains into the condensate storage tank. There is
only one valve (V-1) in the steam system. This valve throttles the con-
densate flow and hence controls the heat-removal rate of the evaporative
cooler., Valve V-1 is automatically controlled to maintain a given loop
gas exit temperature from the cooler, as determined by the operator at
the experimenters' control board. The steam system is drained by opening
valve V-5, The drainage is to the warm waste system because the con-
densate might be radiocactive if a loop gas leak developed to the steam
system inside the evaporative cooler.



143

V-9 v-8 @—

/'t 1)
[ LOOP CONDENSER
V-13 V-2
Y.
T }LV 16
s ]
<
e
s CONDENSATE
STORAGE TANK
Lyt v-3 FROM
= | ™ DEMINERALIZED
WATER
v-4 V-2 MAKEUP SYSTEM
V-5
DRAINS FROM
OTHER STORAGE TANKS BLOWDOWN
CONDENSING TANK
EVAPORATIV
COOLER FILL FROM OTHER
CONDENSERS
v-22
v-23
TO FUEL ELEMENT g
STORAGE HOLES
FROM DEM!NERALIZED WATER
——
HEAD TANK DRAIN AND OVERFLOW | o
g TO AND FROM PIPE ~—><}—
CHASE COOLERS  — i |n]
DRAIN TO FROM SERVICE WATER PUMPS V-2
WARM
WASTE

UNCLASSIFIED
ORNL-LR—DWG 58361

VENT TO
ATMOSPHERE

TO FILTER
AND STACK

Xv-zzz

FROM
DEMINERALIZED
WATER HEAD
TANK (VENT}

FLOW ELEMENT
TEMPERATURE ELEMENT
LEVEL ELEMENT
PRESSURE ELEMENT
RADIATION ELEMENT

SPECIAL ELEMENT

ORPO®E®

TO RIVER ~———

FLOOR DRAIN
AT SIXTH FLOOR

V

T0
BASEMENT

Fig. 5.6.1. Mainstream Gas-Cooling System.



144

Occasionally it 1s necessary to provide demineralized-water makeup
to the system because of losses., These losses occur when venting non-
condensible gases, such as air initially trapped in the system, or loop
gas that might collect from small leaks in the evaporative cooler; or
losses might result from small leaks in the system itself. Demineralized-
water makeup to the steam system is provided by adding water from the
demineralized-water head tank by means of a small, high-pressure, feed-
water pump. Water is added through a line containing a motor-operated
valve (V-2) in series with a check valve (V-3). Normelly, makeup is
added to the condensate storage tank by opening valve V-2 and keeping
valve V-4 closed. Under some emergency conditions, such as a large leak
in the steam system, it is desirable to add water directly to the evapo-
rator. This is done by opening valves V-2 and V-4,

Although the gas-side portion of the evaporative cooler is designed
to safely contain loop gas at design temperature and pressure (1100 psia,
1075°F) with no water on the tube sheet, it is desirable to maintain some
water on the tube sheet at all times to prevent very high thermal stresses
from developing, For this reason, the tube sheet temperature is monitored
during loop operation and an alarm is provided to alert the loop operator
to the condition. The operator may correct the condition by adding water
to the tube sheet through valve V-4 (see sec. 4.5). This condition is
likely to occur only when the cooler is operating with no heat being
transferred, such as during loop startup.

A vent and blowdown system provides pressure relief for the steam
system and permits venting of noncondensible gases that might otherwise
collect in the system during normal operation. The vent and blowdown
system is designed to condense any steam that is vented from the steam
system and transfer the noncondensible gases to the reactor offgas system.
The vent system is necessary because the loop condenser efficiency is
drastically reduced by the presence of noncondensible gases. These gases
may be air initially trapped in the system or they may come from a loop
gas leak in the evaporative cooler. The loop condenser contains baffles
arranged so that the noncondensible gases are swept to one end of the
unit by the condensing steam. As these gases collect, the condenser ef-
ficiency decreases and causes an increase in the steam pressure and,
ultimately, an increase in the loop-gas exit temperature. When this condi-
tion is reached, the loop operator vents the condenser through one of two
pneumatically operated valves (V-7 and V-9). Helium, being lighter than
steam at the same temperature and pressure, collects at a high point in
the condenser and is preferentially removed by opening valve V-9. On the
other hand, COp and air, being heavier than steam at the same temperature
and pressure, collect at a low point in the system and are preferentially
removed by venting through valve V-7. Valves V-6 and V-8 are two manually
operated globe valves which will be used in an emergency if the automatic
valves fail in the open position.

Under certain emergency conditions, it might be necessary for the
evaporative cooler to rapidly reduce the loop-gas temperature in order to
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establish flow by natural convection. This is done automatically by
flooding the cooler through valves V-1 and V-4, The operator can also
vent the steam system to atmospheric pressure by opening valves V-7 and
V-9, This will rapidly decrease the steam, water, and cooler tempera-
ture to 212°F, thereby abruptly cooling the loop gas. It will also rid
the system of any noncondensible gases that might be present in the steam
system. After the steam system pressure reaches atmospheric, valves V-7
and V-9 are closed so that the system can operate at a vacuum as the heat
load decreases., This permits a closer approach of the loop gas tempera-
ture to that of the service water in the loop condenser.

The blowdown system provides pressure relief for the steam system
through a pressure relief valve (V-10). This valve is set to start re-
lieving the system at the system design pressure (1200 psia). All gas
in the blowdown system is vented to a blowdown condensing tank to con-
dense any steam in the mixture before venting to the reactor offgas
system. This condensing tank is simply a tank of water in which the gas
inlet line is located below the water surface. A perforated distribu-
tion tube along the bottom of the tank assures adequate mixing of the
gas and water. The noncondensible gases are vented to the reactor-gas
venting system through a 3-in. pipe which is Joined to the offgas line
connected to the demineralized-water head tank. A check valve (V-24) is
installed in the vent line from the demineralized-water head tank to
protect that tank against overpressurization. One hlowdown condensing
tank serves all loop condensers. The blowdown condensing tank is drained
through valve V-23, The drain line is connected to the warm waste system
because the condensing water may contain fission products carried over in
the vented steam-gas mixtures. Water is added to the condensing tank
through a 1/2-in. pipe containing a hand-operated valve (V-22). This
water will be added from any convenient water supply by means of a hose.
In order to prevent the possibility of flooding the tank during the filling
process, no permanent water connections to the tank will be permitted.

The portion of the service (river) water system shown in Fig. 5.6.1
consists of the service water headers and some of the associated piping
on the sixth floor of the reactor containment vessel. The service water
flow to each condenser is approximately 250 gpm at maximum loop power
conditions. Water flows from the inlet header to the icop condenser
through a line containing a manually operated valve (V-12) and a check
valve (V-13) in series. The return line contains a manually operated
valve (V-14). Valve V-12 is used to throttle the service water flow to
obtain the desired condensing rate. ©Since the steam system pressure is
strongly dependent on the service water flow rate (condensing rate) in
the condenser, the steam pressure may be varied by throttling valve V-12,
In no event will the service water flow be throttled to the point where
the exit water temperature exceeds 150°F. This precaution will be taken
to reduce the accumulation of excessive scale deposits in the condenser
tubes. Valves V-16 and V-17 are the drain and vent valves, respectively,
for the service water side of the loop condenser. Valve V-15 is a pres-
sure relief valve that protects the water side of the lcop condenser from
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the excessive hydrostatic pressure that might develop if the condensing
water were valved off at both ends while the condenser was hot.

The service water storage tank mounted above the loop condenser
provides emergency cooling water to the condenser if the normal service
water flow is interrupted. Under certain emergency conditions, when all
cooling water flow to the loop condenser is lost, water will flow by
gravity from the service water storage tank through a 2-in. line, con-
taining a check valve (V-1l), to the condenser. The water will flow
through the condenser, where the heat will be removed from the steam
system by boiling some of the service water. The water-steam mixture
will then flow back into the storage tank, where the steam will be vented
to the atmosphere via the outlet line, and most of the entrained water
will be separated and returned to the tank.

The service water storage tank is constructed of carbon steel pipe
(30 in., sched. 10) and is approximately 10 ft long. The tank contains
sufficient water to remove the heat generated during a normal reactor
shutdown, plus the heat stored in the primary loop piping and the after-
heat generated by the experimental fuel assembly over the first 24 hr
following shutdown. It should be pointed out that this cooling system
is employed only if all cooling water flow to the loop condenser is
lost. 1If the service water flow is interrupted, water will be provided
from the emergency cooling water system via the service water line at a
sufficient rate to remove the experiment afterheat without boiling taking
place in the condenser. If this supply also fails, then the service
water storage tanks will take over.

All service water return lines from the loop condensers discharge
into a common l4-in. drain header on the sixth floor of the reactor con-
tainment vessel. This header is vented to the atmosphere by a 2-in.
pipe that penetrates the reactor containment vessel above the sixth-
floor level. The drain header must be vented because the friction drop
in the return line is so low that the water in the loop condenser might
otherwise operate at a vacuum sufficient to cause boiling of the service . »
water in the condenser and result in excessive scale formation. Venting
the drain system to the atmosphere external to the containment vessel is
mandatory because the breathing action of the vent must never be allowed
to draw contaminatéd air (such as might result from reactor depressuriza-
tion) into the service water discharge.

Any accumulation of water on the sixth floor of the reactor con-
tainment vessel is considered hazardous to the reactor because it might
drain into the reactor pressure vessel through potentially open nozzles
at the fourth floor level and thereby increase the reactivity of the
core. To minimize this hazard, a floor drain line is installed at the
sixth floor to dump any water, such as might result from a broken water
line, into the first or second basements of the reactor containment
vessel, where it cannot interfere with reactor operations.
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One of the important considerations in the design of the mainstream
gas-cooling system is the location of the system components. It is pro-
posed that all major components other than the evaporative cooler and the
condensate throttling valve (V-1) be located on the sixth floor of the
reactor containment vessel. This leaves the pipe chases relatively un-
congested; it permits access to the loop condenser and associated instru-
mentation for maintenance and repair; it reduces the heat load on the
pipe-chase cooling system; and it provides a large driving head for
natural convection in the steam system. The evaporative cooler is mounted
high in the vertical pipe chase of the reactor biological shield to assist
natural convection of the loop gas. The condensate return valve is
located above the evaporative cooler at the fourth floor level so that
it is accessible for maintenance and yet is near enough to the cooler to
have a short response time. The steam, condensate return, and emergency
cooling water lines are routed from the evaporative cooler to the loop
condenser on the sixth floor.

5.6.2. Demineralized-Water System for Cooling In-Cell Components .

The principle function of the demineralized-water system is to cool
the three gas-bearing compressors inside each experimenters' cell by
cooling the loop gas inside the motor housing and carrying away the heat
energy generated by the electrical resistance of the motor windings.

The demineralized water is also used to cool the following components
located inside the experimenters' cell: the transfer pump and inter-
coolers, the vacuum pump, and the cooler in the loop bypass gas-cleanup
system. A separate demineralized-water supply line to the cell is in-
corporated to cool the auxiliary blower.

The in-cell demineralized-water system is shown in Fig. 5.6.2. The
loop compressors and other loop equipment are cooled by 100°F demineralized
water entering the experimenters' cell through a 1 l/2-in. pipe that is
connected to a 2-in. header. The demineralized-water flow rate, excluding
the flow to the auxiliary blower, is approximately 25 gpm per cell (in-
cluding 4 gpm per compressor). The flow to the auxiliary blower is esti-
mated to be less than 15 gpm. All demineralized water in the cell is
dumped into a common sump tank and is returned through a 4-in. header via
a 1 1/2-in. line. The demineralized water from the 4-in. supply header
passes through a manually operated globe valve (V-38), which is used to
adjust the gross flow rate into the experimenters' cell. A swing check
valve (V-64) is installed just inside the cell to prevent backflow into
the supply header 1if a component failure occurs that releases high-
pressure loop gas into the demineralized water system (such as a compres-
sor housing failure). After passing through the check valve, the de-
mineralized water enters a 1 1/2-in. header, which distributes the water
to various in-cell components. All feed lines from the 1 l/2-in. header
are l/2-in. pipes. Each feed line contains a manually operated globe
valve (V-67) to preadjust the flow to each component before the loop is
started.
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The demineralized-water system for cooling the auxiliary blower
consists of a separate feed 1line from the demineralized water head tank
to the experimenters' cells. This reduces the probability of a simul-
taneous loss of cooling water to the loop compressors and the auxiliary
blower. The auxiliary blower cooling water is fed from the head tank
through a 2-in. line. The flow to each cell passes through a 1l-in. line
containing a manual globe valve, V-39. A swing check valve, V-65, is
installed immediately inside the cell to prevent backflow through the
line, The flow rate to the auxiliary blower is controlled by throt-
tling valve V-39,

After the demineralized water passes through each component, it is
transferred through individual pipes to a 100-gal sump tank inside the
experimenters' cell., This tank provides a 2- to 3-min holdup of the
cooling water and thereby permits separation of entrained gases that
might result from leaks in the loop components. Employing separate dis-
charge lines and an open sump tank prevents any minor gas leakage in a
given component from disrupting the flow to the other components.

Upon leaving the sump tank, the demineralized water flows through
two flow control valves (V-68 and V-69) connected in series and paral-
leled by a second set of valves for reliability. The water leaves the
experimenters' cell through a manually operated valve (V-40) located
outside the experimenters' cell. A manually operated globe valve (V-70)
is used to drain the sump tank into the experimenters' cell, where it
can be removed through the cell drain system. The sump tanks in all
experimenters' cells are connected in parallel. The flow valves (V-68
and V-69) prevent the sump tanks from blowing dry in the event of ex-
cessive pressure in the cell and thus maintain secondary containment of
the experimenters' cell.

Pressure-relief valves are provided to protect the system from ex-
cessgive hydrostatic pressures resulting from the thermal expansion of
water in valved off sections of pipe. A pressure-relief valve (V-66)
protects the pipe between valves V-38 and V-67. The pipe between valves
V-69 and V-40 is protected by means of check valve V-71, which opens into
the top of the sump tank.

5.6.3. Demineralized-Cooling-Water Supply System

The demineralized-cooling-water supply system shown in Pig. 5.6.3
supplies cooling water to the experimenters’ cell, routine and emergency
water for the evaporative cooler steam system, and cooling water for the
experimental fuel element storage holes. The demineralized-water supply
system serving the experimenters' cells and experimental fuel element
storage holes consists of two supply lines running from the demineralized-
water head tank to the feeder lines that distribute the flow to the respec-
tive areas. The water flow to the fuel element storage holes is fed
through valve V-61. The cell cooling water to the gas-bearing compressors,
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etc., passes through valve V-38, while the cooling water for the aux-
iliary blower enters the cell via valve V-39, The water leaving the
storage holes or experimenters' cells passes through discharge isola-
tion valves (V-62 and V-40, respectively) and flows to the two deminera-
lized-water pumps connected in parallel in the second basement of the
reactor containment vessel, From here it is pumped through two de-
mineralized-water coolers (heat exchangers) connected in parallel and
back to the demineralized-water head tank. A small line containing a
manually operated globe valve (V-41) bypasses the experimenters' cells
and fuel element storage hole coolers to maintain a small flow through
the pumps. This prevents the pumps from overheating during a no flow
condition. Fach pump is connected to a separate electrical supply
system and is operated in parallel with the other pump to insure a con-
tinuous flow of demineralized water., ZEach return line feeding the pumps
contains a gate valve (V-43). The pump discharge line from each pump
contains a check valve (V-44) and a gate valve (V-45) in series., Each
pump also has a vent valve (V-47) and a drain valve (V-46).

The pipes to and from each demineralized-water cooler contain
manually operated gate valves (V-49 and V-50). The shell side of each
cooler is vented and drained through valves V-52 and V-51. The shell
side of each cooler is protected from excessive hydrostatic pressure by
a pressure-relief valve (V-53). Locating the demineralized-water coolers
upstream from the head tank means that the head tank contains water at
100°F. This reservoir of cool water affords extra system protection in
case all cooling water to one or both of the demineralized-water coolers
is lost.

If all manually operated valves in the demineralized-water system
are closed, excessive hydrostatic pressure may develop because of liquid
expansion in the pipes, In this event, the system is protected by
pressure-relief valves V-42, V-48, V-60, and V-87,

The demineralized-water makeup to the evaporative cooler steam
system consists of a line running from the demineralized-water head
tank to a small-capacity high-pressure feedwater pump on the sixth
floor. The feed and discharge lines of this pump contain manually
operated globe valves (V-57 and V-58). The pump is vented through
valve V-59. A drain valve (not shown) is also provided. The discharge
of the feedwater pump i1s transferred to the condensate storage tank
through valve V-2. It can alsgo be transferred directly to the evapora-
tive cooler by opening valves V-2 and V-4,

If a rupture of the evaporative cooler steam system or loss of
service water should occur, emergency cooling of the evaporative
cooler can be obtained with water supplied directly from the deminera-
lized-water head tank without starting the feedwater pump. This can
be done in adequate time by simply venting the evaporative cooler system
to atmospheric pressure and opening valve V-2 (or valves V-2 and V-4,
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if necessary). Demineralized water then flows from the head tank through
the 2-in. check valve V-56 directly to the evaporative cooler system.

Water is normally added to the demineralized-water head tank through
a pneumatically operated control valve (V-55) that is connected to the
condensate pump discharge of the reactor steam system. Under emergency
conditions, water from the fire-water tank can be added to the deminera-
lized-water tank through a pneumatically operated valve (V-37). The head
tank is equipped with an overflow line and a drain line containing a
manvally operated valve (Vv-54), 1In addition, the head tank is protected
from vacuum conditions by a line containing a check valve (V-63),

5.6.4. PService-Water System

Most of the experimenters' service-water system, included in Fig.
5.6.4, has been discussed in the previous section. The only part of
this system not considered previously is the part that serves the two
demineralized-water coolers. The service water flow to each of the
demineralized-water coolers 1s approximately 70 gpm. The water 1s taken
from one of the two 10-in. service-water supply pipes and is discharged
to one of the 10-in. service-water return lines. Both the feed and dis-
charge lines contain manually operated globe valves (V-25 and V-27). The
desired flow rate through each cooler is obtained by throttling the flow
through valve V-27.

The service-water side of each cooler contains vent and drain
valves (V-29 and V-30). The cooler is protected from overpressures by
a relief valve (V-28). In case the service-water system fails, emergency
cooling water can be supplied at essentiaslly the same flow rate through
manually operated gate valve V-31 and automatically operated valve V-32.
Valve V-32 is a pressure-regulating valve which opens when the service-
water system pressure drops to some preset value. Check valve V-26 is
provided to prevent backflow through the service-water supply lines,
The pressure sensor for valve V-32 is connected behind check valve V-26
s0 the pressure regulating valve will remain open as long as the service
water pressure is abnormally low.

5.6.5. ZEmergency-Cooling-Water System

The experimenters' emergency-cooling-water system, shown in Fig,
5.6.4, supplies emergency cooling water to the main loop condensers and
the demineralized-water coolers. The emergency cooling water for the
main loop condensers is added to the l4-in. service-water feed line Dby
means of a 3-in. line containing a manual gate valve (V-34) and a
pressure-regulating valve (V-35). The emergency water flow to the loop
condensers is approximately one-tenth of the normal flow. A 10-in.
check valve (V-33) is installed in the main service-water line upstream
of the emergency-cooling-water connection to prevent backflow through
the pipe.
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If a low flow of demineralized cooling water threatens the experi-
mental loop, it will be possible to feed emergency cooling water directly
into the demineralized-water system through a 2-in. line containing the
manual globe valve V-36 and the pneumatically controlled valve V-37.

This procedure will be used only in the event of an extreme emergency
where loss of demineralized cooling water is likely to result in a melt-
down of the experimental fuel assembly. If used, the emergency cooling
water is likely to deposit scale and corrode those components normally
cooled by the demineralized-water system. The operation of valve V-37
will be left to the operator's discretion.

The portion of the emergency-cooling-water system serving the de-

mineralized-water coolers was discussed previously. The portion serving
the motor-generator clutches is shown in Fig. 5.6.5.

5.6.6. Auxiliary Service-Water System

The experimenters' auxiliary service-water system is located in the
experimenters' utility tumnel. This service-water system supplies cooling
water for the in-cell space coolers, the cooler in the helium supply
system, and the motor-generator clutches. In addition, the system pro-
vides water to the cell washdown system when it is in operation. The
water for the motor-generator clutches, the helium cooler, and the cell
washdown system is piped from the utility tunnel to the experimenters!
crane bay. The maximum cooling-water requirement for the cell coolers
is approximately 40 gpm/cell or a total of 160 gpm if all cells are op-
erating. The maximum flow requirement for cooling the motor-generator
clutches is estimated to be approximastely 10 gpm/unit or a total of 120
gpm if all loops are operating. The flow to the cell washdown system,
when in use, is approximately 20 gpm. The flow to the helium cooler
is estimated to be approximately 3 gpm.

A schematic flowsheet of the auxiliary service-water system is
shown in Fig. 5.6.5. Service water is supplied to the experimenters'
utility tunnel by means of a 4-in. line, A similar 4-in. line returns
the flow to the EGCR main river water exhaust lines. The piping to the
crane-bay area consists of 3-in, supply and discharge lines. The water
flow to the jet pump in the cell washdown system passes through a manually
operated globe valve (V-80). The flow to and from the helium cooler
passes through manually operated isolation valves (V~8l and V-82). The
water to and from the motor-generator clutches also flows through manually
operated isolation valves (V-83 and V-84). Both of the 4-in. service-
water lines can be drained to the experimenters' utility tunnel via drain
valves V-85 and V-86.

The cooling water flow to the two cell coolers passes through a
manually operated globe valve (V-72) to a header pipe where the flow
branches to each cooler. During loop operation with CO, as the loop
coolant, the cooling water flows through the menually operated block
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valve V-72 to the pneumatically controlled globe valve V-74. Valve
V-74 is used to throttle the cooling water flow to the in-cell cocolers
in an attempt to maintain the cell temperature above 88°F to prevent

CO, condensation in certain high-pressure piping. After passing through
valve V-74, the flow passes through another block valve (V-75) to a
strainer at the point where the water system piping enters and leaves
the cell.

During loop operation with helium as the loop coolant, valve V-74
is bypassed by closing valve V-73 and opening valve V-76., No attempt
will be made to control the cell temperature during loop operation with
helium as the loop coolant. The return lines from the in-cell cooclers
to the exhaust header contain manually operated globe valves (V-77 and
v-78).

The water lines to and from the cell coolers are protected from
excessive hydrostatic pressures resulting from possible thermal expan-
sion of the water when the valves are closed. Check valve V-88 protects
the lines between valves V-72, V-73, and V-76. The piping inside the
cell is protected by relief valve V-79,

5.6,7. Instrumentation

The instrumentation required for proper operation of the various
cooling-water systems is shown in Figs. 5.6.1 through 5.6.5. The in-
strumentation symbols indicate what measurements will be made but not
the details of the monitoring and control systems. Unless otherwise
specified, all measurements are transmitted to the experimenters' con-
trol board.

The mainstream gas-cooling system is basically controlled by the
loop-gas temperature at the outlet of the evaporative cooler. This
temperature is corpared with the desired outlet temperature specified
by the experimental loop operator, and the resulting signal is sent to
throttling valve V-1, which adjusts the condensate flow to the cooler,

A number of measurements are made on the evaporative cooler steam system
shown in Fig. 5.6.1. These include the temperature of the tube sheet
inside the cooler, the pressure and temperature of the steam system, the
level of the condensate in the condensate storage tank, and the radiation
level of the condensate. An indication of high tube sheet temperature,
high system pressure and/or temperature, high radiation level, and high
or low condensate levels actuates audible and visible alarms to alert

the loop operator.

Two special instruments (designated XE) are shown connected to the
loop condenser and condensate storage tank. These instruments detect
the buildup or presence of noncondensible gases in these components.
Each instrument consists of a thermocouple inside a small chamber which
1s open to the steam system on the inside and is alr-cooled on the
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outside. Steam entering the chamber condenses and drains back into the
condenser or condensate storage tank while being replaced by more steam.
During this process, the thermocouples essentially read the steam satura-
tion temperature. If noncondensibles become trapped in the chamber and
thereby block off the entry of more steam, the chamber will approach

the ambient air temperature. These instruments thus provide the loop
operator with a means of detecting the presence of noncondensibles in

the system and offers a means of determining the rate of gas leakage

into the system.

The only instrumentation provided for the blowdown system is mounted
on the blowdown condensing tank. This tank is equipped with a thermo-
couple well and a water-level monitor. High water temperature and/or
high or low water level in the tank activates audible and visible alarms
at the experimenters' control board.

Measurements made on the service-water system are indicated in
Fig. 5.6.4. They include temperatures of the service water entering the
reactor containment vessel, discharge water temperature and flow rate
from each demineralized-water cooler, system pressure of service and
emergency water supplies at the headers on the sixth floor, temperatures
of the service water to and from each loop condenser, and the flow rate
from each loop condenser. Exit temperatures higher than 150°F from any
of the demineralized-water coolers or loop condensers, zero flow through
any operating component, or loss of service or emergency water pressure
at the gixth floor actuates visible and audible alarms in the experi-
menters' control room. Loss of service-water pressure initiates a normal
reactor shutdown.

The demineralized-cooling-water supply system (Fig. 5.6.2) is equip-
ped with several monitoring instruments. These include a level gage and
a radiation monitor in the demineralized-water head tank, temperature
monitors for the demineralized water entering and leaving the deminera-
lized-water coolers, a flow indicator on the inlet line to the feedwater
pump providing makeup water to the evaporative cooler steam system, a
thermocouple well in the supply line to the primary in-cell cooling
system, and flow meters on the discharge line from each circulating pump.
A low flow from either circulating pump, a high outlet temperature from
either demineralized-water cooler, or a high radiation level at the de-
mineralized-water head tank actuates visible and audible alarms at the
experimenters' control board. If the water level in the demineralized-
water head tank drops below a preset level, it initiates an alarm at the
experimenters' control board and automatically attempts to restore the
water level by opening valve V-55, thereby adding makeup from the con-
densate pump discharge of the reactor steam system., If the level con-
tinues to drop, it will initiate a reactor shutdown by a motor-driven
rod insertion. At the same time, the loop operator may at his own dis-
cretion open valve V-37 to restore the water level by adding raw water
from the emergency water supply.
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The instruments provided for the demineralized-cooling-water system
for in-cell components are indicated in Fig. 5.6.2. The discharge water
temperature and flow rate are monitored from each component in the ex-
perimenters' cell. The condition of high discharge temperature or low
flow rate from any unit activates audible and visible alarms at the
experimenters' control board. The flow rate for each unit is not trans-
mitted to the control board; the meter mounted on the equipment has a
low-flow contact switch that warns the loop operator of the low-flow
condition. Loss of cooling water flow to the auxiliary blower initiates
a reactor shutdown by a motor-driven rod insertion. The sump tank is
equipped with two level switches: one to warn the loop operator of an
abnormally high water level in the tank and a second to warn of low level.
Motion operators are mounted on each float valve to detect whether the
float is operative,

Only one instrument is indicated for the auxiliary service-water
system in the experimenters' utility tunnel., This instrument is a flow
meter that monitors the cooling water flow from the cell coolers. Since
the cooling water flow to the coolers may be throttled to zero during
loop operation with COp, no alarms are connected to the flow meter.

The instrumentation for the pipe-chase cooling system, the helium
cooler, and the cooling system for the motor-generator clutches is not

shown because the system designs have not progressed to the point where
the instrumentation requirements can be identified.

5.6.8.. Hazards

The hazards introduced by malfunction of the water systems are
covered in Section 10.5.

5.6.9. Project References

Design Criteria (CF 61-6-3)

Criteria for the Loop Cooling Water Systems Code B.2.3
and C.4.0

Preliminary Design Drawings (CF 61-6-2)

Process Flow Sheet, Demineralized-Water System D-RD-10110

Process Flow Sheet, Loop Cooling System D-RD-10230

Instrument Diagram, Demineralized-Water System Q-2120-20,
21

Instrument Diagram, Loop Cooling-Water System Q-2120-18
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5.7. Electric Power Systems

5.7.1. PFunction

The function of the electric power system for the EGCR experimental
facilities is to provide dependable electric power to a wide variety of
instrumentation, control, and power equipment associated with the opera-
tion of the experimental loops,

5.7.2., Equipment Description

Substation., The substation for the experimental facilities con-
sists of three separate sections of outdoor unit-type switch-gear, each
composed of a primary supply disconnect switch, a transformer, a trans-
former secondary air circult breaker with indicating and integrating
instruments, and several branch feeder air circuit breakers for the
various loads. The primary supply is 13.8 kv, 3 phase; and the secondary
is 480 v, 3 phase.

Motor-Generator Sets. Electric power to drive the three loop com-
pressors in each experimenters' cell is provided by individual motor-
generator sets to each compressor. These motor-generator sets have a
variable frequency output, as required to vary the compressor speed.
The generator speed (frequency) is controlled by regulating the slip
of a magnetic clutch connecting the motor to the generator. The motor-
generator sets are sized to start and continuously run the loop com-
pressors at the maximum design loading of the compressors.

High-Current Transformer and Saturable Reactor. The mainstream
gas heater (see sec. 4.6) utilizes high-current direct-resistance
heating of a section of the mainstream loop piping as a means of pre-
heating the loop and performing other heating operations. The electric
power for this heater is supplied from a high-current single-phase
transformer rated at a maximum of 20 000 amp at 12 v (240 kva). A
saturable reactor is provided ahead of the transformer to permit the
heater power input to be controlled by a signal from the experimenters'
control system or panel.

Miscellaneous Equipment. Other items of equipment for the experi-
mental facilities which are supplied by the experimenters' power supply
system include (1) a demineralized-water pump, (2) gas transfer pumps,
(3) cell ventilation system fans, (4) solenoid and motor-operated valves,
and (5) auxiliary blowers.

5.7.3. Design Philosophy

Electric Service Continuity. It is recognized that operation of
a complex nuclear experimental facility requires a continuous power
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supply for certain critical control and heat-removal systems. Therefore,
the electrical system must be designed for maximum reliability and must
be backed up with emergency power supply sources to protect equipment
and personnel in the event of a power supply failure. The EGCR elec-
trical system has been designed on the basis of these criteria.

Existing Electrical System., The Oak Ridge plent area is served
by an interconnected 154-kv distribution network fed by transmission
lines from all TVA generating stations in the Fast Tennessee area.

For maximum operating stability and reliability, the plant area
154-kv distribution network is protected by a high-speed relaying
system. This system instantly removed any faulted line or equipment
from the remainder of the network and minimizes the disturbance. A
similar, but less complicated, relaying system operates to protect the
ORNL, K-25, and Y-12 main 13.8-kv busses. The 13,8-kv line from the
EGCR to the ORNL main substation is protected at both ends by this type
of relaying system.

5.7.4. History of Power Interruptions

In order to evaluate the degree of reliability of electric service
for the EGCR Project, a history of electric service interruptions in
the Oak Ridge plant area is given in Table 5.7.1.

5.7.5. FElectrical System Improvements

A reliability improvement program on the 1l54-kv system was carried
out from 1950 through 1955, Further improvements are scheduled for the
near future. Among these will be changes in the supply to the ORNL
main substation. These changes will include building a second 154-kv
feeder from the K-25-Elza tie line switching station in Bear Creek
Valley to the ORNL main substation. The present ORNL feeder to this
switching station will be permanently connected to the K-25 line, and
the new feeder to the switching station will be permanently connected
tc the Elza line. The present feeder from the switching station will
continue to supply the present main transformer at the ORNL main sub-
station, and the new feeder line from the switching station will supply
a new transformer now being installed at the ORNL main substation. The
two lines may be tied together by means of a circuit breaker at the
ORNL main substation.

On the ORNL 13.8-kv system, a new 13.8-kv bus associated with the
new main transformer may be paralleled with the bus associdted with the
present older main transformer by means of a circuit breaker.
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Table 5.7.1. Electric Service Interruptions in the

Oak Ridge Plant Ares

Date Nature of Interruption
On the 154-kv System
7/2/50 Total outage of Oak Ridge area
11/19/ 54 A1l of Elza substation and Y-12 out
11/22/54 Elza—X-25 tie line out
4/18/55 No. 1 Y-12 feeder out
12/23/55 No. 1 Y-12 feeder out
On the ORNL and Y-12 13.8-kv Systems

7/2/50 Failure of all 154-kv service
5/10/52 ORNL bus, secondary breaker opened
7/17/53 ORNL bus, secondary breaker opened
11/11/53 Low voltage on 154 kv, some ORNL load lost
11/19/54 Accident at Elza, 154-kv bus, all Y-12 out
11/22/54 Failure of 154-kv supply, ORNL out
4/18/55 Y-12 154-kv feeder No. 1 out, buildings 9201-2, -3, -4 out
11/17/55 ORNL bus, secondary breaker opened
12/23/55 Y-12 154-kv feeder No. 1 out, buildings 9201-2, -3, -4 out
9/10/60 ORNL bus, secondary breaker opened
9/11/60 ORNL bus, secondary breaker opened

5.7.6. BGCR Power Supply

From Table 5.7.1 it will be noted that there has not been a simul-
taneous outage of both the ORNL and Y-12 systems since 1950, Therefore,
an alternate source of power for the EGCR experimental facilities origi-
nating at a Y-12 13.8-kv bus appears to offer continuous service or, at
worst, power interruptions of momentary duration.

The construction of such an alternate supply line, originating at
the Y-12 9201-4 Dbuilding 13.8-kv bus is planned. This particular source
appears advantageous because 1t may be supplied from adjacent buildings,
thus increasing service reliability. From Y-12, this line will approach
the EGCR on a route widely separated from the 13.8-kv line from EGCR to
the ORNL main substation so that both lines will not be affected by one
lightning disturbance. This new overhead line from Y-12 will terminate
at a point approximately 500 ft from the ORNL 13.8-kv line and continue
underground to the EGCR site.

At the EGCR it is planned that power for the experimental facili-
ties will be supplied partly from the EGCR bus, which connects to the
ORNL 13.8-kv line, and partly from the new Y-12 line; for instance, of
the three motor-generator sets for the loop compressors, one will be
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supplied by the EGCR bus, one by the new Y-12 line, and the third by a
remotely operated throwover arrangement that can draw power from either
source (the EGCR bus being preferred). In this way, a power interrup-
tion on either source will permanently stop only one of three motor-
generator sets. A similar arrangement is planned for the demineralized-
water pumps and the instrument and control power.

Control and overload protection for the various experimental
facility loads will be provided by circuit breakers mounted in unit-
type switchgear. The circuit breakers will have sufficient interrupting
capacity to separate any faulted feeder without affecting other loads.

As stated above, the loss of electric supply from either the EGCR
bus or from the new Y-12 line will permanently shut down one loop com-
prassor motor-generator set in each experimenters' cell. By speeding
up the remaining two generators, the experimental loop gas flow rate
will remain unchanged. A complete loss of the EGCR bus will cause a
reactor shutdown of an automatic motor-driven rod insertion.

If a rapid depressurization of an experimental loop should occur,
it is credible that the gas-lubricated compressor bearings may fail
(see sec. 4.9). Since the natural convection of the remaining loop gas
at atmospheric pressure is not adequate to cool the test fuel element,
it is necessary to start up an auxiliary blower at once to take care of
the afterheat. A reliable control and power supply system for this
plower is still under study.

5.7.7. ZEmergency Power Supply

As discussed previously, a very high degree of reliability has been
built into the power supply system for the EGCR experimental facilities
by providing two 13.8-kv power supplies to the EGCR site. The only ex-
perimental facility system backed with an additional power supply is a
part of the instrumentation and control system. This additional power
system consists of (1) arectifier normally supplied from the EGCR bus,
but with a throwover arrangement for drawing power from the new Y-12
line, (2) a dc motor, ac generator set to supply ac control power from
the rectifier, and (3) a storage battery floating on the circuit between
the rectifier and the dc motor. If the ac power from both power sources
should fail, the storage battery will continue powering the motor-genera-
tor set. This system will supply power to radiation monitors and other
critical instruments and controls requiring an uninterrupted power source.

5.7.8. Project References

Preliminary Design Drawings (CF 61-6-2)

On-Line Diagram — Experimenters' Cells D-39740
Oak Ridge Area 154-kv Electric Distributicn System D-42826
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Plan — Motor-Generator Sets D-42827
Floor Plan and Details D-42828
Specifications (CF 61-6-5)

Unit Type Electrical Substation Equipment J5-128-105
200-Cycle Motor-Generator Set with 200 hp Motor J5-128-104

and a 150 kva Generator for EGCR Loop

5.8, CO, Supply System

5.8.1. Function

The function of the CO; supply system is to provide gaseous COp to
the gas distribution system (see sec. 5.10) for use in the experimental
loops. The COp delivered to the system will be Coleman Grade, with a
purity rated at 99.99% by volume. The dew point will be —30°F or lower.
The impurity analysis will be as shown in Table 5.8.1. The CO, will be
required for filling the loop, pressurizing the through-tube, filling
the gas storage tanks, and supplying the buffer gas system.

Table 5.8.1. Impurities in
Coleman-Grade Carbon
Dioxide

Parts per Million

Tmpurity by Volume
Cco <10
02 <20
N2z <80
302 <5
HoS <5
0il <5

5.8.2. Principles of Operation

Liquid COp will be transported to the EGCR site by truck. A hose
will be run from the truck to the fill connection on the CO» bulk liquid
storage tank. Normal operation of the system may be continued while the
liquid storage tank is being filled.

A schematic diagram of the COp supply system is shown in Fig. 5.8.1.
The entire system will be housed in a shed that is a radial extension of
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the experimenters! crane-bay enclosure. To f£ill the CO, vapor storage
tank, liquid flows at O°F from the bulk liquid storage tank through a
filter to the liquid COp; supply pump. This positive-displacement
(diaphragm) pump then delivers liquid CO, to the inlet of the silica-
gel drying beds at a significantly higher temperature (since the com-
pression process is neither reversible nor adiabatic). The moisture
content of the liquid CO, 1is reduced by passing through one of the
paralled-connected silica~-gel beds. Upon leaving the silica-gel bed,
the liquid CO, is vaporized (normally without boiling taking place) in
a steam vaporizer by a constant-pressure heating process. Dry COs
vapor is then delivered to the CO, vapor storage tank from which it may
be withdrawn directly for various loop uses. The liquid COp supply
punp, the COp vaporizer, and the silica-gel drying beds are sized to
provide at least two loop filla of dry vapor in an 8-hr period of time.

It should be noted that CO, liquid, rather than vapor, is passed
through the silica-gel beds. This is done in order to arrive at the
vapor storage tank state point of 2000 psia and 200°F without using a
high-pressure gas compressor. Although CO, vapor could have been passed
through the silica-gel beds and then compressed, the vapor compression
process would have resulted in temperatures far in excess of 200°F. A
cooler would have been required, and the power requirements and size of
the compressor would greatly exceed those of the liguid pump. The com-

ressor would have to be downstream of the silica-gel beds, since silica
gel is not very effective at temperatures in excess of 80°F.

If it becomes necessary 1to drop the vapor storage tank pressure to
a value below the required buffer gas pressure (see sec. 5.11), the
buffer gas requirements will be met by connecting a gas bottle to the
emergency connection in the gas distribution system or by starting the
ligquid supply pump and bypassing the vapor storage tank.

Various lines are shown leading to the He-COp; vacuum pump. Two of
these lines come from the outlets of the silica-gel beds. After replace-
ment of the silica gel, it will be necessary to draw a vacuum on the bed
and adjacent piping to eliminate air. Dry CO, vapor must then be bled
back through the ocutlet of the CO; vapor storage tank to the drying bed.
This is necessary because the discharge of liquid directly (on pump
startup) to a region at a vacuum would otherwise result in flashing to
dry ice and possible plugging.

Additional vacuum lines are shown at the outlet of the CO, vaporizer
and at the outlet of the CO, vapor storage tank. These lines permit air
removal following maintenance on either unit. Following maintenance on
the vaporizer it may be necessary to evacuate and then refill with dried
vapor from the vapor storage tank. Following maintenance on the vapor
storage tank, it may be necessary to evacuate and then refill with vapor
(not dried) from the liguid storage tank. This vapor may then be dried
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by recirculation from the liquid storage tank through the silica-gel
beds, the vaporizer, and the vapor storage tank and back to the liquid
storage tank, This recirculation method may be used any time excessive
moisture is found in gas samples from the vapor storage tank.

The vapor storage tank is wrapped with low-pressure steam lines to
maintain a 200°F gas temperature or higher to assure that solid and/or
liquid CO, does not form when CO; vapor is throttled from high pressure
to low pressure. In addition, the lines from the vapor storage tank to
the gas distribution system are steam traced. The vapor storage tank
is insulated over the steam lines so that it is only necessary to con-
dense sufficient steam to make up for heat losses through the insulation.
Because of the low steam flow rates required, condensate will be dis-
carded rather than run back to the source.

5.8.3. Components

CO» Bulk Liquid Storage Tank. Two different units are being con-
sidered for use in this system. One unit is produced by the Cardox
Division of Chemetron Corporation; the other is produced by the ligquid
Carbonic Division of General Dynamics Corporation. Both are basically
the same as far as refrigeration, vaporizing, safety devices, instru-
mentation, and filling. Since the units are loaned rather than bought,
no changes to the unit may be made.

Both units are designed to hold the COy temperature to O°F. Each
unit includes a vaporizer and a refrigeration unit. Both units are pro-
vided with pressure indication, pressure alarm, and level indication.
Each unit has at least two pressure-relief valves and each unit has one
rupture disk set well above the relief valve settings. The CO, bulk
liquid storage tank selected will have a capacity of at least 2 tons of
liquid COz. This will be sufficient for at least seven loop fills to
1600 psia.

Liquid CO, Supply Pump. The liquid CO, supply pump is a positive
displacement pump designed to pass approximately 3 lb/min of liquid.
Suction pressure will vary from 275 to 325 psig. Discharge pressure
will vary from 275 to 1985 psig.

Silica-Gel Drying Beds. The two silica-gel drying beds are con-
nected in parallel. Only one bed will be used at a time. The other bed
may be isolated and removed for replacement of the silica gel. The
silica gel will not be revivified because the cost of the required equip-
ment cannot be Justified by the small amount of silica gel used for each
loop fill. No interference with normal system operation is required
during the silica-gel replacement.
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Preliminary estimates of the size of bed required are reported else-
where.? The silica-gel beds used in the helium supply system (see sec.
5.9) are identical and therefore interchangeable. The specified flow
rate was reduced from that indicated by Anderson® because there appears
to be no need to provide more than one loop fill of dried vapor in 4 hr.
The sizes of the pump, drying beds, and vaporizer are therefore kept
smaller.

COp, Vaporizer. The COp vaporizer is designed for a heat transfer
rate of approximately 25 000 Btu/hr. This requires a steam flow rate of
approximately 26 lb/hr. When operating above the critical pressure of
CO2, the vaporizer will take compressed liquid and deliver superheated
vapor with no discontinuity (boiling will not take place). At pressures
below the critical pressure the vaporizer acts as a COp boiler. The
vapcer storage vessel pressure will be permitted to drop below the criti-
cal pressure during loop filling.

Low-pressure steam is used as the hot fluid in the vaporizer. Tem-
perature control problems are thus minimized, since 1t is only necessary
to supply enough steam to obtain a CO, outlet temperature of 200°F with
a CO» inlet temperature of O°F. Since the positive displacement pump
is a metering type of pump, the COp flow rate (and thus the heat load)
should not vary much. If more than the required amount of steam were
supplied at 5 psig (saturation temperature of 228°F) and the heat trans-
fer temperature differential was 10°F, the highest CO, temperature leaving
the vaporizer would be 218°F. A temperature of 218°F would reduce vapor
storage capacity somewhat but would not otherwise affect system per-
formance. The system operation appears satisfactory even with no tem-
perature control.

CO, Vapor Storage Tank. The COp vapor storage tank has a capacity
of approximately 65 ft°. This will provide one loop fill to 1000 psia
with an isothermal drop in storage pressure from 2000 psia to 600 psia
at 200°F. It is not necessary, therefore, to process additional COj
while filling a loop. The operator may add CO, to the vapor storage
tank while filling the loop, if desired. The tank is wrapped with low-
pressure steam lines and covered with insulation in order to maintain
the gas at 200°F.

The highest pressure requirement for COp, vapor is for the buffer
gas system. For a 1000 psia loop, 1100 psia vapor will be required.
The COp vapor storage tank will normally Pe filled to 2000 psia.

He-COs Vacuum Pump. A vacuum pump is required for use with both
the helium supply system and the CO» supply system. This pump will be
used during initial filling of the system, during silica-gel replace-
ment, and after any maintenance operation that requires opening of the
system. After opening any section of the system to the atmosphere,

°F. A. Anderson, Use of COp as a Coolant in EGCR Test Loops, ORNL
CF 60-9-20, Sept. 9, 1960.
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that section should be evacuated and then refilled with dry gas or filled
with moist gas followed by a drying operation,

Valves., All valves will have soft seats., Valves downstream of the
liquid supply pump and valves in the vacuum lines may see a 2000-psia
differential pressure for long periods of time. Vent and drain valves
will be included as required for cleaning the system prior to initial
filling and following maintenance. Since the system supplies CO, vapor
to each experimental loop and to each buffer gas system (where tightness
of valves is imperative) cleanliness is vital,

Qverpressure Protection. Carbon dioxide poses some unusual problems
in overpressure protection. Relief of high-pressure liquid CO, to atmos-
pheric pressure results in the formation of dry ice. Where large amounts
of liquid are relieved, there exists a definite possibility of plugging
the relief-valve outlet, Liquid-relief valves are included on the dis-
charge of the liquid supply pump and at each silica-gel bed. These re-
lief valves are intended to protect against overpressure resulting from
closure of valves at each end of a line containing O°F liquid followed by
heating of the liquid. Under these conditions only a small amount of
liquid must be relieved to protect the system. The liquid supply pump is
provided with an internal relief valve to protect against overpressure
resulting from operation of the pump with the discharge line closed off.
Vapor-relief valves are provided for the vaporizer and the vapor storage
tank.

Instrumentation. The COp bulk liquid storage tank is supplied as an
assembly with its own instrumentation. Since the tank is loaned rather
than purchased, no changes to the instrumentation are permitted. The
tank is provided with a local pressure alarm, pressure indication, and
level indication.

Indicators are provided for the remainder of the system. The sup-
ply pump discharge pressure is indicated locally, and there is a local
high-pressure alarm. The silica-gel bed inlet temperature is indicated
locally, and there is a local overtemperature alarm. The moisture con-
tent of the COp at the silica-gel bed outlet and the vapor storage tank
outlet is indicated and alarmed locally, and there is also a remote alarm.
The CO, temperature from the vaporizer is indicated locally, and there is
a local overtemperature alarm. The vapor storage tank temperature is in-
dicated locally, and there are local and remote overtemperature and under-
temperature alarms. The vapor storage tank pressure is indicated locally,
and there are local and remote overpressure and underpressure alarms.

The vacuum pump is eqQuipped with a local pressure indicator,

FPilter. A filter is provided at the inlet of the liquid supply pump.
It should be noted that two additional filters are provided in series as
a part of the gas distribution system (see sec. 5.10) upstream of the
takeoff points for loop filling, through-tube pressurizing, gas storage
tank filling, and buffer gas supply.
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5.8.4. Design

All lines and equipment are designed for 2400 psia at 250°F, ex-
cept the liquid storage tank and the vacuum pump eqQuipment downstream
of the inlet stop valve. All piping other than instrument lines is 1-
in., sched.-80, ASTM AlO6B carbon steel pipe. All lines are insulated
either to minimize heat loss or to assure that moisture does not freeze
on cold lines.,

5.8.5. Hazards

Pailure of any portion of the system will not result in any hazards
to the loops. In addition, all portions of the system will be accessible
at all times for maintenance or repair. A loss of the vapor storage tank
may cause a delay in filling the loop, but no hazard. The valving ar-
rangement permits supplying COs to the gas distribution system without
passing it through the vapor storage tank. As mentioned earlier, gas
bottles will be available within the experimenters' utility tunnel for
supplying the buffer gas supply if the CO, supply system becomes inop-
erative,

A1 COs; vents, drains, and relief valves will discharge to the out-
side atmosphere to prevent asphyxiation.

5.8.6. Project References

Design Criteria (ORNL CF 61-6-3)

CO, Supply System Criteria Code C.5.0.1
Preliminary Design Drawings (ORNL CF 61-6-2)

Process Flowsheet, COp Supply System D-RD-10111
Instrument Diagram, CO, Supply System Q-2120-14

5.9, Helium Supply System

5.9.1. Function

The function of the helium supply system is to supply helium of the
correct purity, quantity, and pressure to the gas distribution system (see
sec. 5.10) for use in the experimental loops. The helium supply will be
U. S. Bureau of Mines grade A, purity rated at 99,995% by volume. This
gas will be delivered to the helium supply system by a bottle trailer from
the Y-12 Bulk Helium Station.
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The helium supply contaminants vary considerably depending upon the
location of the natural gas source from which the helium was extracted.
Normally, the total contaminants will be approximately 20 to 25 ppm by
volume. Hydorgen is analyzed only to an accuracy of 10 ppm but is probably
present in an amount less than 1 ppm. The neon content is always less than
20 ppm but is usually 10 to 15 ppm. There is probably less than 1 ppm COs.
The moisture content is normally about 10 ppm. It should be noted that
during the helium separation process the helium is passed through activated
charcoal and cooled to about —320°F. Most of the moisture is therefore
admitted during subsequent handling of the helium., With the exception of
moisture, the contaminant quantities given above are acceptable., The mois-
ture content will be reduced to less than 1 ppm by volume by passing the
gas through silica gel before it enters the gas distribution system.

The bottle trailers presently in use at ORNL for helium service have
physical volumes of approximately 264 12 per trailer and are pressurized
to approximately 2000 psia. With cold loop filling (see sec. 5.13), more
than four loop fillings of helium (for 1000-psia operation) may be obtained
from one bhottle trailer.

Helium will normally be supplied to the helium distribution header
of the supply system at pressures of 1200 to 2000 psia. This high pres-
sure is necessary to satisfy the requirements of the buffer gas system.
During cold loop fillings, the helium header pressure will be temporarily
dropped to well below 1200 psia.

5.9.2. Description

The helium supply system basically consists of a bottle trailer, a
cooler, and two silica-gel beds. The cooler and silica-gel beds and as-
sociated piping will be housed in a shed to be bullt as a radial exten-
sion of the experimenters' crane-bay enclosure (which also houses decon-
tamination equipment and the CO, supply system). The helium bottle trailer
will be parked immediately adjacent to the shed. As shown in Fig. 5.9.1,
the helium will flow from the bottle trailer through the cooler and then
through one of two parallel-connected silica-gel beds., Since the moisture
adsorption capacity of the silica gel is highly temperature dependent,
river water will be used in the cooler to maintain the helium inlet tem-
perature to the silica~-gel bed below 80°F when the ambient temperature is
high. ”
During the coupling of the bottle trailer to the permanent piping of
the helium supply system, air will be admitted between the trailer manifold
outlet isolation valve and the cooler inlet isolation valve (HV-454). Also,
the removal and replacement of silica gel will result in the admission of
air to the silica gel beds. To facilitate the removal of this source of
contamination, vacuum lines connected to a vacuum pump in the COz supply
system (see sec. 5.8) are provided.
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The helium supply system is fitted with the rupture disks and relief
valves required to provide adequate overpressure protection, plus neces-
sary pressure and temperature instrumentation and sampling equipment (for
continuous monitoring of moisture and oxygen).

5.9.3. Operation

The valve positions for normal operation of the helium supply system
are as shown in Fig, 5.9.1. Normally, only one cylinder on the bottle
trailer is open to the system. Since the flow required is highly inter-
mittent, the cylinder pressure, as indicated locally on the trailer mani-
fold, will normally be equal to the helium distribution header pressure,
as indicated in the experimenters' control room. When the cylinder pres-
sure falls to 1200 psia, the cylinder will be isolated and tagged, and a
new cylinder will be valved to the system. Those cylinders that are iso-
lated after a drop in pressure to 1200 psia can be used later for a cold
loop filling.

A need for use of the helium system cooler will depend upon the
ambient temperature. Since there are presently no provisions for heat-
ing the experimenters’ crane bay, there will be prolonged periods of cold
weather during which the river water to the cooler can be shut off.

The two silica-gel beds in the helium supply system are connected in
parallel. This permits operation of the system during the removal of a
bed for silica-gel replacement. Since the rate of saturation of the silica
gel will be low, the silica gel will be discarded after removal, rather
than revivified. After replacement of the silica gel, a combination of
evacuation to a low pressure and helium purging will be used to remove
alr and moisture from the silica-gel bed. During evacuation to a low
pressure, some of the moisture in the air will solidify on the inner
surfaces of the beds. ©Sufficient evacuation time must be allowed for
the latent heat of sublimation to be transferred through the walls of
the bed so that moisture will not be retained.

A gas-sampling connection is provided on the bottle trailer for
collecting a sample of the helium as delivered. In addition, a con-
tinuous sample can be taken from a point downstream of the silica-gel
beds and run to instruments for analyzing the oxygen and moisture con-
tent. A gas sampling connection (HV-477) is also provided at the con-
nection to the gas distribution system.

5.9.4. Components

Bottle Trailers. The bottle trailer is identical to those presently
in use at ORNL for helium service. These trailers carry 30 carbon steel
cylinders, each having a volume of approximately 8.8 ft3, for a total
volume of approximately 264 ft3., The allowable operating pressure when
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new is 2400 psia, but the allowable pressures are normally derated with
time and wear. This type of trailer is normally used for hydrogen and
nitrogen service as well. ZEach cylinder on the trailer is provided with
two rupture disks and an isolation valve. A high-pressure hose will be
provided for connecting the high pressure union on the trailer to the
permanent piping of the helium supply system.

Silica-Gel Beds. The exact size of the beds has not been established,
but preliminary estimates indicate an active bed length of 25 in. and an
active diameter of 5 in. will be required. Each bed will be housed in a
carbon steel vessel that is flanged to permit removal and replacement of
the silica gel.

Coolers. A small cooler with a heat transfer rate of up to 2500
Btu/hr will be needed. The river water flow rate required will be ap-
proximately 3 gpm. A vent and a drain will be provided on the shell
(river-water) side. This cooler should be a readily available (stock)
item.

Instrumentation. The helium temperature out of the cooler must be
measured in order to assure a sufficiently low inlet temperature to the
silica-gel bed (less than 80°F). Moisture and oxygen analyzers are in-
cluded at the outlet of each silica-gel bed. The moisture analyzer will
te used to indicate when to replace the silica gel. The analyzers are
provided with isolation valves (HV-48l and HV-482) from the outlet of
each silica-gel bed. A vacuum gage 1s included at the vacuum pump inlet
of the CO, supply system. This gage is also used for the helium supply
system. DPressure and temperature indications are provided on the bottle-
trailer manifold.

Overpressure Protection. Relief valves (PSV-466 and PSV-469) are
provided at the inlet to each silica-gel bed. Relief valves (PSV-451
amiPSV—46Q are also provided on both the shell and tube sides of the
cooler., All relief-valve discharges will be routed to a point outside
the crane-bay enclosure. Overpressure of the vacuum pump will be pre-
vented by a check valve (XV-390) discharging to the atmosphere.

Valves. All manual valves will be barstock valves.

5.9.5., Design Data

The system will be designed for a maximum working pressure of 2400
psia and a maximum working temperature of 110°F (assumed maximum ambient
temperature). All piping will be seamless carbon steel (ASTM A106, grade
B). All main helium lines and all vacuum lines will be l-in. sched.-80

pipe.
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5.9.6. Hazards

Since the helium supply system is located external to the loop sec-
ondary containment system and contains a clean (nonradioactive) gas, no
hazards other than those normally involved in the handling of high-pressure
gas should be experienced. The loss of any component within the system
will not shut down the loops because an emergency supply of helium will
be provided inside the experimenters' utility tunnel. This supply will
consist of several bottles which can be connected to an emergency con-
nection in the utility tunnel next to the experimenters' cell (see sec.
5.10). One of the bottles will be used to serve the buffer-gas require-
ments of all cells whenever the helium distribution header is inoperative.

5.9.7. Project References

Design Criteria (CF 61-6-3)

Helium Supply System Criteria Code C.5.0.2
Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Helium Supply System D-RD-10184
Instrument Diagram, Helium Supply System Q-2120-13

5.,10. Gas Distribution System

5.10.1. Description

The function of the gas distribution system is to distribute helium
and CO, from the gas supply system to the small experimental loops (TS-2
and TS-3) for the purposes of filling the loop or pressurizing the through-
tube, filling the gas storage tanks, supplying buffer gas, and purging
the gas sampling station.

The basic system, as shown in Fig. 5.10.1, consists of two gas distri-
bution headers (one for helium, one for CO,) extending the full length
of the utility tunnel and three pressure-reducing stations per each small
loop cell (TS-2 and TS-3). Each reducing station is designed to handle
either helium or COy. In addition, the large experimental loop cells
(TL-1 and TL-4) have future supply take-offs from the helium header. These
take~offs include the supply valves and terminate at the pipe Jumper flanges
which are blanked off.

The helium and CO, distribution headers receive gas from their respec-
tive supply systems in the experimenters' crane bay area (see sec. 5.9).
After a transition from the carbon steel pipe of the supply systems to
stainless steel pipe, the gas is filtered to remove particulate matter and
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distributed to the experimenters' cells through the distribution headers.
In order to minimize the possibility of mixing the gases, connection will
be made to only one header at a time by means of a pipe ;jumper (flanged
pipe section). The flange connection to the alternate header is kept
blanked off. A filter is provided downstream of the jumper. In addition
to backing up the header filters, this filter serves to trap any particles
which enter the lines during connection of the jumper. A high degree of
filtration is necessary to limit the particulate matter entering the loop,
to protect the reducing valves, and to preserve the tightness of the
spectrometer-leaktight valves in the buffer gas system.

In general, each pressure-reducing station consists of a reducing
valve, a valve vented to atmospheré to provide flow while setting the
reducing valve, a downstream pressure gage for use in setting the reducing
valve, a relief valve, and a shutoff valve. In each case where the supply
line terminates in a system with its own overpressure device, the reducing-
station relief valve is set to operate at a lower pressure than the in-
cell relief device. 1In the event of incorrect resetting of the regulator
to too high a pressure, pressure relief will take place in the tunnel
rather than in the cell. This reduces the requirement for entering the
cell for maintenance of rupture disks and relief:valves. FEach supply
line is provided with two check valves in series inside the cell. These
serve to maintain secondary containment in the event of failure of piping
or components inside the cell and also to reduce back leakage to negligible
values.

Because of the extreme tightness requirements of the buffer gas
system, the shutoff valve 1s located downstream from the relief commection
in the supply line. All other reducing-station relief valves are similarly
located for consistency. This location also serves to protect the pres-
sure gages from overpressure which could result from incorrect setting of
a regulator.

Operation of the buffer gas system depends markedly on the satis-
factory operation of a single pressure element downstream of the check
valves. A valved line is provided downstream of the buffer gas shutoff
valve. In the event of failure of the pressure element, a gage may be
hooked up to provide local indication of a drop of buffer gas pressure.

5.10.2. Operation

All the valves are shown in Fig. 5.10.1 in their normal positions
for a loop operating with helium as the coolant. Normal conditions are
identical for CO, loop operation, except for the positioning of the Jjumper
and the valves upstream of the jumper connection. The shutoff valves
downstream of the regulators are normally closed, since all flows are
intermittent. The only shutoff valve which is opened with any regularity
is the buffer gas shutoff valve., This is cycled once per shift.
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For a given experiment, no change in relief or reducing-valve setting
is required, except for the reducing valve in the fill line. B3ince the
cold loop fill pressure will be lower than 315 psia (reactor gas pressure)
for certain tests and the through-tube pressure must be greater than 315
psia, changes in setting of the reducing valve in the fill 1line may be
required occasionally.

An emergency connection is provided downstream of the jumper. If a
distribution header is out of service for any reason, gas may be added
with portable cylinders (subject to the limitations discussed in sec,
5.10.6) for supplying buffer gas and filling the gas storage tank. The
use of portable cylinders for normal loop filling or pressurization of
the through-tube i1s impractical because of the gas volume required.

The COp distribution header is normally held at a pressure of approxi-
mately 2000 psia, but during loop filling the pressure will drop. As an
example, during fill of any two 1000-psia COp loops in any 8-hr shift, the
header pressure will drop to approximately 450 psia. The header can rapidly
be returned to its normal pressure by admitting gas from the buffer gas
system. At all times, except during loop filling, the COp distribution
header is held at high pressure. The helium supply system is also designed
to maintain a high pressure in the helium distribution header at all times,
except during loop filling.

5.10.3. Components

Valves, All relief valves discharge to a common line that penetrates
from the tunnel to the crane bay area and from the tunnel to the crane bay
area to the atmosphere. This is necessary to protect personnel in the
tunnel from CO, asphyxiation. Since manual valves require definite opera-
tional action to admit COp to the tunnel, it i1s not considered necessary
to run the discharge from these valves to the atmosphere. It is assumed
that an operator will not leave a manually operated valve open to the
tunnel for a long period of time.

The CO, distribution header and the reducing stations are steam traced
and insulated to assure that liquid does not form in the lines. This is
not necessary for the helium distribution header. If an operator inadver-
tently cuts off steam flow to the steam tracing lines, CO, may condense
in the lines. If the header or the piping upstream of the reducing valves
is then closed off and the tracing steam flow is resumed, the pressure
will increase rapidly. In order to protect the piping, relief valves are
included on the COz header and downstream of each filter.

FPilters, All filters are of a porous metal type and have been selected
to remove all particles 5 p or larger.

Pipe Jumper. The pipe jumper is a short U-shaped pipe section with
O-ring-flanged end connections. A blank flange is provided to keep dirt
out of the unused connection and to provide backup against leakage from
the header.
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Instrumentation. Pressure elements (PE) are provided on the helium
and CO; distribution headers. These provide signals for indication in
the tunnel, indication in the experimenters' control room, and annuncia-
tion in the experimenters' control room on loss of pressure. Block and
bleed valves are provided for each pressure element. Local pressure in-
dicator gages (PI) are provided downstream of each regulator for use in
setting the regulator. Block and bleed valves are provided for each
pressure indicator.

5.10.4. Design Data

All piping in the gas distribution system downstream of the distribu-
tion header cutoff valves is seamless stainless steel, type 304H. The
transition from the carbon steel of the helium and COp supply systems is
made upstream of the header filters. Pipe sizes are as shown on Fig. 5.10.1.
Schedule 40 pipe is more than adequate for all temperature-pressure com-
binations encountered. The maximum normal operating and design conditions
are given in Table 5.10.1.

Table 5.10.1. Design and Operating Conditions for
Gas Distribution System

Maximum Desion Maximum Degign
Operating & Operating  Tempera-
Pressure
Pressure (psia) Temperature ture
(psia) P (°F) (°F)
Helium distribution header 2000 2400 Awbient 150
CO, distribution header and 2000 2400 <250 300
piping to all regulators
Piping downstream of buffer 1100 2400 <250 300
gas regulator
Piping downstream of gas 30 2400 <250 300
storage regulator
Piping downstream of loop 600 2400 <250 300

11l line regulator

5.10.5. Miscellaneous

The temperature will be maintained at approximately 95°F during CO;
loop operation to prevent formation of liquid CO, in the lines inside the
cell, Temperature annunciators and alarms are provided for various points
on the CO2 piping in the tunnel to assure satisfactory steam tracing op-
eration,
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No special provisions are included for bypassing a filter during
cleaning or replacement. ©Since the most frequent operation, that of
supplying buffer gas, occurs only once per shift, it is felt that the
header pressure may be lowered, the filter serviced, and the lines purged
between buffer gas additions.

Sufficient valving is provided to purge all gas distribution lines
from the supply systems. This is necessary in the event the system is
opened to the atmosphere or in the event a change in loop gas (helium to
CO, or vice versa) is made. No valving is shown for draining the lines
of liguid during initial cleaning of the system. The number and location
of these valves is subject to the final piping layout.

5.10.6. Failures and Hazards

Since all flows are intermittent and the most frequent flow require-
ment is for buffer gas (once per 8-hr shift), depressurization of the
headers due to excessive flange or valve leakage is not serious. The
tunnel is always accessible and most repairs should be possible in short
enough time that loop operation will not be hampered. In addition, port-
able cylinders may be connected to the emergency connection for most
services. Carbon dioxide is not normally supplied at high enough pressure
for buffer gas used with a 1000-psia loop. A small amount of high-pres-
sure gas may be obtained for buffer gas use.

The inclusion of two check valves (requiring positive pressure to
open) in series for each supply line should reduce leakage to the tunnel
area to negligible values and should thereby maintain secondary contain-
ment in the event of a failure of any supply line withih the cell.

A remotely operated valve is provided downstream of the reducing-
station filter. This valve closes automatically in the event the venti-
lation bypass vent valve closes (see sec. 6.7). This prevents addition
of any gas to the experimenters’ cell when the cell is isolated. The
addition of gas could result in breakage of the cell rupture disk.

5.10.7. Project References

Design Criteria (CF 61-6-3)

Gas Distribution System Criteria Code C.5.5

Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Gas Distribution and Buffer D-RD-10112
Gas System
Instrument Diagram, Gas Distribution and Buffer Q-2120-7

Gas System
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5.11, Buffer Gas System

5.11.1, PFunction

The main functions of the buffer gas system are (1) to indicate during
loop operation whether the total leakage through all mechanical joints is
excessive and (2) to indicate after loop shutdown which mechanical Joint
(or joints) is leaking excessively, The buffer gas system is also capable,
to a certain extent, of minimizing leakage and of indicating quantitatively
the severity of leakage.

5.11.2. Description

The buffer gas system requires a double-seal arrangement (see sec.
4.11) at each mechanical joint to which it is connected. Four joints are
buffered, two for the mainstream filter and two for the loop compressors,
as indicated in Fig. 5.11.1., Buffer gas is provided by the gas distribu-
tion system (see sec. 5.10) at a pressure 100 psi greater than the nominal
loop operating pressure. In order to avoid loop-gas purification problems,
the same gas is used for buffer gas as for loop gas (helium or CO,).

From the standpoint of activity release to the cell, the total amount
of leakage from all mechanical Jjoints is more important than the distribu-
tion of leakage rates among the various Jjoints. For loop operation with
helium at a pressure of 1000 psia, the permissible leakage is 0.0000208
1b/hr per joint for all four joints or a total of 0.0000832 1lb/hr. Any
combination of leakage rates resulting in a total of less than 0.0000832
lb/hr is acceptable (i.e., three joints with zero leakage, one joint with
0.0000832 1b/hr leakage).

5.11.3. Principles of Operation

The operating procedures and pressure settings for helium- and CO,-
cooled loops are essentially identical, In each case the gas used for
loop filling is also used for leak detection. For operation with COp, it
is necessary to hold the cell temperature above 87.8°F (the critical tem-
perature) to avoid liquid formation in the leak detection lines, Minor:*
changes in temperature of the liquid phase of CO, at constant volume would
produce extreme changes in pressure that would make leak detection by this
system impossible. The cell temperature will be controlled (see sec. 6.6)
to approximately 95°F by heating and/or cooling during operation with CO,.

For operation with helium it is planned to disconnect the cell heaters
and to operate at full cell cooling capacity. If cell ambient temperatures
fluctuate widely and cause leak detection difficulties, it will be necessary
to reconnect the heaters and toc control the cooling water flow.
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Normal Operation Without Access to the Cell, The following procedure
will be used for loop operation with helium at 1000 psia. For any other
loop operating pressure, buffer gas will be supplied at 100 psi above the
loop operating pressure, and the operating procedures will be otherwise
identical.

With all valves initially positioned as shown in Fig. 5.11.1, valve
v-1l will be opened and the buffer gas pressure will rise to 1100 psia.
A1l mechanical joints will have helium at a pressure of 1100 psia on the
buffer gas side of each double seal. Valve v-1 will then be closed and a
determination will be made of whether total leakage from all mechanical
Joints is excessive. Any leakage, either into the loop or into the cell,
will result in a drop in pressure, as sensed by pressure element PE-1,

Pressure element PE-1 will provide a signal for indication in the
tunnel, annunciation in the control room, and remote recording of the
buffer gas pressure. Annunciation will occur when the pressure drops
below 1050 psia (or 50 psia above loop pressure for any other loop pres-
sure),

There are three possible paths for leakage at each joint: (1) from
the buffer space to the experimental loop, (2) from the buffer space to
the experimenters' cell atmosphere, and (3) from the loop to the buffer
space to the cell atmosphere (compound leak)., Typical buffer gas pres-
sure, p, versus time curves are shown in Fig. 5.11.2.

Changes in cell temperature make interpretation of pressure changes
difficult but do not render the system inoperative. For operation with
helium at a pressure of 1000 psia, for example, a 5°F change in cell tem-
perature produces approx1mately a 10-psi change in the buffer gas pressure.

If the leakage is small, a long time is required to determine the
type of leakage path. A small, but highly radiocactive, compound leak may
possibly be distinguished from a single leak to the cell by cell radia-
tion measurements. For a clean loop (clad fuel elements), this is not ap-
plicable; however, leakage of minor amounts of clean gas is not serious.

In order to limit the opening and closing of valve v-1 to once per
8-hr shift, an enlarged pipe section is included downstream of the check
valves, This consists of an approximately 8&-in.-long piece of 2-in.-diam
pipe that is capped and connected to the system with l/4—in.-o.d. tubing.
Since this pipe section contains a large percentage of the buffer gas, it
is located so as to minimize the effect of temperature changes in the
cell.

Normal Operation with Access to the Cell. If excessive leakage is
detected, further analysis of the leakage requires access to the cell and
loop shutdown. After sufficient time has elapsed for activitiy to reach a
safe level, the direction of leakage will be determined. The loop piping
on the cell side of the loop isolation valves will be held at high pressure
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during these operations., If the entire loop has been depressurized, the
loop fill line will be used to raise the loop pressure to the setting
of the loop fill-line reducing valve.

In order to determine which Jjoint is leaking, valve v-1 and the block
valves for gages PI-2 through PI-5 will be opened and the buffer gas pres-
sure will increase to 1100 psia. Valves v-4 through v-7 will be closed
and then valve v-1, With acceptable leakage at a flange, the pressure,
as indjcated on the local gage, will drop to 1050 psia in less than 30 min.
The time reqQuired for the pressure to drop at a leaking Joint should normally
be much less than 30 nmin.

Once the leaky joint (or joints) is located, the direction of leakage
will be determined for the filter inlet flange, for example, by opening
valves v-11 and v-12. The buffer gas pressure will then fall to atmospheric
pressure. Valves v-1l1l and v-12 will then be closed, and a leak from the
loop to the buffer space will result in an increase in pressure at gage
PI-5. A leak from the buffer space to the cell will result in no change
at pressure gage PI-5.

Leak Checking of Valves. ZErroneous results can be obtained if certain
valves leak. In order to minimize this possibility all valves will be
periodically leak checked when possible (such as during a loop shutdown).
Figure 5.11,1 shows that any valve in the system can be tested by placing
an 1100-psi differential pressure across the valve to be tested and a zero
differential pressure across all other possible leakage paths. Leaky
valves may be located by closing off a volume either upstream or down-
stream of the valve to be leak tested and monitoring the pressure in the
enclosed volume,

Cycling Valve v-1 During Operation with CO,. 1In order to avoid
liquid formation upon throttling of CO,, the gas distribution system will
provide CO, at an elevated temperature {greater than 200°F). When CO, is
added at the end of each shift, the hot COp will enter the leak-detection
piping and be cooled to 95°F by heat transfer to the tubing and then to
the cell. This cooling will result in a drop in buffer gas pressure. It
will be advisable, therefore, to leave valve v-1 open a few minutes to
allow the system to come to approximate thermal equilibrium.

5.11.4. Acceptable Leakage Rates

In order to simplify leak detection procedures for an operator, it
is highly desirable to set acceptable leakage rates for each coolant and
each loop operating pressure at values which always result in a 50-psi
drop in buffer pressure during an 8-hr shift, Acceptable leakage rates
for each condition vary, but the operator needs only to note that an
alarm (annunciation) has taken place in less than 8 hr to establish that
leakage is excessive.. The results of the use of this criterion of 50-psi
pressure loss per shift are evident in Table 5,11.1.

g



Table 5.11.1. Acceptable Leakage Rates from Buffer Gas System

Cell temperature: O9O5°F

Buffer gas volume (tubing and enlarged pipe section): 0.0192 £t3
Number of buffered joints: 4

Highest anticipated average loop gas temperature: 1000°F

Loop coolant and buffer gas He He CO,»
Loop operating pressure, psia 1000 500 1000

Total acceptable leakage, all joints, 6.66 X 1074 6.45 x 1074 5.60 x 1072
in 8 hr, 1b

Acceptable leaskage rate, total for all  8.32 x 10-° 8.06 x 10-° 7.00 x 10-3
joints, 1b/hr

Acceptable leakage rate for 1 joint, 2.08 x 10-° 2.02 x 10-7 1.75 x 10-3
1b/hr
Mass of coolant in loop at‘highest 38.3 19,15 423

average temperature, 1b

Loop volume lost per day, % 0.0052 0.0101 0.0397

CO2
500
1.35 x 1072

1.69 x 10-3
4.21 x 107%
210

0.0193

G8T
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The system is only capable of detecting excessive rates of total
leakage into a loop and into a cell. The allowable leakage rates refer
to this total. Leakage introduces no danger until it passes both barriers
(loop to buffer gas to cell atmosphere). Leakage cannot pass from the
loop to the buffer space if the buffer gas pressure is maintained 50 psi
above the loop pressure. Further, no hazardous condition exists until
the cell radiation level rises. At this time the ventilation bypass
valve (see sec. 6.7) is automatically closed.

5.11.5. Components

All valves are manually operated barstock valves such as used on
compressed bottle headers. They have soft seats and are initially tested
for spectrometer leaktightness. ILocally mounted pressure gages are pro-
vided at each buffered joint. Pressure element PE-1 supplies a signal
for pressure indication in the tunnel, annunciation in the control room,
and remote recording. All leak detection tubing is 1/4-in.-o0.d., 0.065-
in.-wall, type 304H stainless steel.

5.11.6., PFailures and Hazards

Failure of gages PI-2 through PI-5 would not be serious, because
these gages are used only during operation with access to the cell., These
gages can be isolated and are accessible for repair, replacement, or test-
ing.

During operation without access to the cell, leakage at any valve-.is
not necessarily serious because each closed valve i1s backed up by a second
closed valve or fitting. Leakage past a gage block valve must also pass
through a bleed valve and the isolated backup valve to enter the cell.
Leakage past any of the buffer gas bleed valves (v-8 through v-11) is not
serious because valve v-12 is included as a backup valve. Since leakage
at any of these valves results in a decrease in buffer gas pressure until
the differential pressure across the valve reaches zero, the system will
be repressurized after receiving the first alarm at low pressure. The
outlet of the bleed valve for pressure element PE-1 is plugged to provide
a double barrier to leakage.

Failure of pressure element PE-1 would not be serious because an emer-
gency gage connection (ordinarily plugged) is provided upstream of valve v-1
in the gas distribution system. A drop in buffer gas pressure will not be
evident because of check valves v-2 and v-3, but leakage out of the buffer
zone will be evident. Back leakage of radiocactive gas to the tunnel is
prevented by the use of two check valves (v-2 and v-3) in series in the gas
distribution system,
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5.11.7. Project References

Design Criteria (CF 61-6-3)
Buffer Gas System Criteria Code B.9.0

Design Analyses (CF 61-6-4)
EGCR Loop Buffer Gas System

Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Gas Distribution and Buffer Gas D-RD-10112
System

Instrument Diagram, Gas Distribution and Buffer Gas Q-2120-7
System

5.12. Experimental Assembly Removal Cooling System

5.12.1. Function

When removing an experimental stringer from a reactor through-tube,
cooling must be provided before upward travel of the experimental assembly
begins, during upward travel of the experimental assembly into the service
machine, and while the experimental assembly is contained in the service
machine (both while the service machine is connected to the top nozzle
and while it is in motion toward a storage hole, etc.).

Each reactor through-tube must be lined with refleéctive-type insula-
tion which extends between the top nozzle inner tee and the bottom nozzle
inner tee. That part of the insulation extending from the bottom of the
experimental stringer to the bottom nozzle inner tee must be installed
prior to insertion of the experimental stringer. The Tremaining part of
the required insulation extending from the bottom of the experimental
stringer to the top nozzle inner tee will be an integral part of the ex-
perimental stringer and removed with it. No significant radial heat
transfer from the instrumented fuel assembly through the insulation can
be relied upon for cooling during stringer removal.

If a cooling method was utilized which relied upon gas flow up
through the stringer, down through the annulus between the stringer and
the top nozzle inner tee, and out through the branch of the inner tee,

a very high resistance to flow would be encountered when the stringer

was well on its way into the service machine. This high resistance could
possibly be tolerated if it was not paralleled by a path between the

bottom of the stringer and the branch of the inner tee by way of the an-
nulus between the stringer and inner tee. DBecause of this bypass path,

as the stringer bottom approaches the branch of the tee during the stringer
removal, more and more flow bypasses the stringer until eventually the

flow reduces to zero as the bottom comes in line with the branch.
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In order to use the experimental loop gas for experimental assembly
removal cooling, it is necessary to add a removal cooling system which
provides flow through the experimental stringer at all times and blocks
off all significant bypass flow. However, before this additional system
can be brought into play it is necessary to use the normal loop gas path
for afterheat removal until the afterheat level has fallen to the design
capability of the added system, In addition, it is necessary to use the
normal loop gas flow path during the first few feet of stringer removal
travel since the design of the stringer shield plug prevents flow into
the service machine until the shield plug has been lifted a few feet.

5.12.2. Description

As shown on Fig. 5.12.1, the experimental assembly removal cooling
system consists of a small blower and a small gas cooler supported from
the service machine plus associated valving and piping. The system is
designed for a heat removal rate of 15 kw (1% of 1.5 Mw). It will be
necessary to wait approximately 1.7 hr after shutdown for the decay heat
to drop to this design value.

After reactor shutdown and before appreciable upward travel of the
experimental stringer, cooling of the stringer is accomplished by forced
convection using the loop compressors (or the auxiliary blower if the
compressors are inoperative) as the driving force and the evaporative
cooler as the heat sink, After the experimental stringer shield plug
is raised sufficiently to permit loop gas flow through the top nozzle
into the service machine, the flow path is from the service machine
through the removal-cooling system cooler and blower, through a 6-in,
line extending from the service machine to the experimenters' cell,
back through the main loop piping, upward through the experimental
stringer, and into the service machine., When the experimental stringer
is fully contained within the service machine, valves V-4 and V-5 are
opened and valves V-1 and V-3 are closed.

The blower, cooler, and valves V-3, V-4, and V-5 are supported by
the service machine. The connection of these components to the service
machine is made through modified blind flanges which are bolted to the
top and bottom manholes on the service machine. With the exception of
provisions for supporting the cooler and blower, no changes to the ser-
vice machine are required. All equipment connected to the service ma-
chine is removable. The connection between the blower and the permanent
6-in. piping of the system is made by means of a 6-in. portable pipe
section and a bellows (for alignment).

The cooler, blower, and piping are being sized to permit removal
of a stringer even after complete depressurization of the loop. It is
estimated that the blower will have to supply 822 1b/hr of helium at
300 psig or 274 1b/hr at atmospheric pressure. The head, speed, wheel
size, and power requirements cannot be established until a preliminary
piping layout of the system is made.
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A though the average gas temperature within the service machine is
held to 150°F by forced circulation, the actual cooling of the experi-
mental stringer while contained in the service machine is by natural
convection. There is no internal piping to guide the removal-cooling
system blower flow through the stringer. The system merely maintains
a low average temperature in the service machine. The stringer is
cooled by natural convection up through the stringer and back down
through the service machine interior. The removal-cooling system blower
and cooler maintain the service machine interior below 150°F (during
normal operation of the system).

If the sniffer gas region is contaminated, a plastic boot is re-
quired to prevent release of the contaminated gas while the service
machine is being connected. This boot is designed to make a connection
between the top nozzle and the service machine nozzle, It is provided
with gloves and sufficient space for the blind flange, bolts, a wrench,
etc. During the operations involved, the boot will always see a pres-
sure of 1 atm. For removal, the boot will be pinthed off both at the
service machine nozzle and at the top nozzle to contain as much of the
contaminated gas as possible.

The instrumentation requirements of the system have not been es-
tablished. However, some of the important variables to be measured are
removal-cooling system blower flow, service machine temperature and
pressure, various loop temperatures, loop pressure, sniffer gas pres-
sure, removal-cooling system cooler temperatures, demineralized-water
flow, cell pressure, and radietion level at various points.

5.12.3, Uninstrumented Experimental Assembly.

As designed, the service machine is incapable of handling an experi-
mental stringer which is long enough to utilize the entire active core
length of the reactor. About 4.3 ft of active core length will lie below
the longest experimental stringer which can be handled. This region of
active core may be occupied by an uninstrumented experimental assembly
when preheating of the gas entering the instrumented experimental as-
sembly 1s desired.

An uninstrumented experimental assembly will consist of an unistru-
mented fuel assembly extending through the lower 4.3 £t of the active
core, a support spider extending from the fuel assembly to a point near
the bottom of the reactor core assembly, and some insulation which is
integral with the remainder of the uninstrumented assembly. The assembly
will be supported from a shoulder on the inside of the through-tube. The
uninstrumented experimental assembly may be removed as a unit (including
insulation and support) after the experimental stringer is removed.
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5.12.4. Operation

The steps necessary for the removal of an instrumented experimental
assembly (experimental stringer) from a through-tube into the service
machine are outlined in detail in the design criteria for the experi-
mental assembly removal cooling system (see sec. 5.12.5). Four operating
situations were considered, each covering loop operation with helium or
CO, as the loop coolant. The conditions covered were (1) the normal op-
erating case; (2) stringer removal after depressurization of the main
loop to the experimenters' cell; (3) stringer removal after partial de-
pressurization of the main loop piping to the upper sniffer gas region,
for the case in which the loop operating pressure before failure was not
high enough to burst the sniffer gas rupture disk, i.e., the combination
of a large secondary containment volume and a rapid cooling of the gas
resulted in a final pressure of less than the disk .rupture: pressure;

(4) stringer removal after complete depressurization of the main loop
piping to the upper sniffer region, for the case in which the combination
of a high initial loop operating pressure and a smaller amount of gas
cooldown resulted in a pressure exceeding the disk rupture pressure.

The steps necessary to remove both the instrumented and uninstru-
mented fuel assemblies from the same through-tube were also considered.

5.12.5. Project References

Design Criteria (CF-61-6-3)

Criteria for the Experiment Removal Cooling System Code D.4.0
Design Analyses (CF-61-6-4)

Experiment Removal Cooling System

Preliminary Design Drawings (CF-61-6-2)

Process Flowsheet, Experiment Removal Cooling System D~RD-10474

5.13. Through-Tube Pressurizer and Loop Fill System

5.13.1., Functions

The functions of the through-tube pressurizer and loop fill system
are to pressurize the through-tube when the loop is shut down but the
reactor 1s operating, to fill the experimental loop directly from the
gas supply tanks, and to pressurize the in-cell loop piping during leak
hunting.

Through-Tube Pressurization. When an experimental loop is shut down
with the experimenters' cell sealed (acting as secondary containment) and
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the reactor is operating, the loop through-tube will be isolated by the
cell isolation valves and pressurized with a dry inert gas at a pressure
greater than the reactor gas pressure. An inert gas will be used rather
than air to minimize corrosion and neutron activation. A pressure greater
than the reactor pressure will be maintained, since it eliminates the
column compressive (buckling) load on the through-tube and thus prevents
distortion of the through-tube by long-term creep at high temperature.

It shouvld be noted that the loop through-tube is designed to with-
stand the column compressive load resulting from reactor pressure (315
psia) on the outside and abtmospheric pressure on the inside. This is
necessary, since it is possible with any through-tube pressurization
system to lose the gas pressure inside the through-tube; and, as discussed
later, the through-tube must be held at low pressure when the experi-
menters’ cell is open. This system is designed to limit but not elimi-
nate the time during which this buckling load is applied to the through-
tube. The system is capable of pressurizing all loop piping from the
inlet isolation valve, through the loop through-tube, through the cooler,
to the outlet isolation valve.

Helium was selected as the pressurizing gas because it is chemically
inert and will not affect reactor operation in the event of a small leak
to the reactor gas. Since the loop must be evacuated before being opened
for maintenance, the use of helium as the pressurizing gas in a loop
ordinarily operated with CO, does not introduce additional purification
problems.

When a loop is shut down, the experiment removed, and the experi-
menters' cell opened while the reactor is in operation, the loop through-
tube becomes the primary containment for reactor gas (relative to the
open cell), and the loop piping up to and including the 6-in. isolation
valves becomes the secondary containment vessel. If this secondary con-
tainment vessel is pressurized, a close coupling will exist between the
primary and secondary containment (see sec. 6.1). A failure of the
secondary containment vessel will immediately place the primary contain-
ment vessel in its condition of maximum stress, thus increasing the
credibility of a loss of containment type of failure. For this reason,
pressurization of the through-tube will be limited to 30 psia with the
experimenters' cell open. It is not considered credible that a rapid
reduction of through-tube pressure from 30 to 15 psia could initiate a
through-tube failure. The 30 psia pressure is required as a part of a
continuous leak detection system for the secondary containment system.

Direct Loop Fill. In order to minimize the storage volumes required
in the helium and CO, supply systems, the experimental loop will be filled
while cold., By this method it is possible to use a lower supply pressure
during loop fill., In contrast, if heatup of the loop gas is allowed to
take place simultaneously with gas addition to the loop, the gas supply
pressure may have to be held well above 1000 psia. A loop fill from the
gas storage tanks inside the experimenters' cell is discussed in Section
5.3,
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Pressurization of In-Cell Loop Piping. As discussed in Section
5,11, mechanical joint leak-detection procedures require the in-cell loop
piping to be pressurized. For the purpose of leak detection, no change
in the fill-system pressure adjustment is necessary if the system has been
set for either cold loop filling or full pressurization of the through-
tube. Leakage from the buffer zone to the loop gas at any mechanical
joint will be detected, provided there is sufficient differential pres-
sure between the buffer gas and the loop gas. A compound leak (loop to
buffer zone to cell) will be detected provided loop gas pressure is high
relative to cell pressure.

5.13.2., Description

The through-tube pressurizer and direct loop fill system utilizes
existing lines in the decontamination system (see sec. 8.3) and the gas
distribution system (see sec. 5.10) to fulfill its required functions. No
new components other than a valve and a restriction orifice are required
(see sec. 5.10).

A supply of helium or CO, is received from the loop-~fill reducing
station of the gas-distribution system. The decontamination system valving
permits this gas to flow to either or both sides of the loop isclation
valves, thus pressurizing either the in-cell or the out-of-cell loop piping
or both. The decontamination system vent valve may be used to depressurize
either or both sections of the loop piping.

Three loop pressures are measured inside the experimenters' cell:

(1) the test section return-line pressure, (2) the filter inlet-line
pressure, and (3) the compressor discharge-line pressure.

5.13.3. Principles of Operation

Through-Tube Pressurization. The through-tube pressurizer system
will be used whenever an experimental loop is shut down with the experi-
menters' cell sealed and the reactor in operation, such as during ma jor
loop maintenance. During this time, access te the cell for manual valve
operation is possible.

In order to limit the oxygen and moisture content of the helium
used for thrcugh-tube pressurization, it will be necessary to either
evacuate the out-of-cell mainstream piping or reduce the air and moisture
content by a gas feed and bleed purging process, or both,

In order to pressurize the through-tube, the helium supply 1is
throttled through the direct-loop-fill reducing station of the gas-
distribution system until the through-tube pressure reaches approximately
400 psia. An orifice in the line limits the rate of through-tube pressure
rise tc protect the reflective insulation inside the reactor through-tube.
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This multilayer metal insulation, canned inside a perforated sleeve, can
be damaged by rapid pressure changes.

As previously mentioned, when an experimental loop 1s shut down and
the experimenters' cell opened while the reactor is operating, pressuri-
zation of the through-tube will be limited to 30 psia.

Direct Loop Fill. Prior to filling the loop, it will be necessary
to evacuate the mainstream piping. As in the case of through-tube pres-
surization, both the vacuum pump in the loop offgas system and purging
by feeding and bleeding gas may be used to obtain the required purity
and dryness in the piping. The fill reducing valve will be adjusted to
a pressure which results in near normal loop operating pressure when the
loop gas is heated (at constant volume) to loop operating temperature.
The gas transfer system may be used to adjust the loop operating pressure
after loop heatup.

Pressurization of In-Cell Loop Piping (for Leak Detection). The
in-cell loop piping must be pressurized during leak checks of the four
buffered flanges (two filter flanges and two compressor flanges) and
other components., It may be desirable to perform a leak check while the
reactor is down and the through-tube is depressurized, or to test the
filter flanges while the compressors are depressurized, or to test the
compressor flanges while the filter is depressurized. As shown in
Section 8.3, the necessary isolation valves are included in the main-
stream piping to pressurize these sections separately.

As was previously mentioned, there is no need to change the setting
of the direct-fill regulator if it has previously been set for either
loop fill or pressurization of the through-tube. Any reasonably high
loop-gas pressure would be satisfactory for leak detecting.

5.13.4. Components

All required components other than a block valve and an orifice
are provided as a part of the decontamination system or gas-distribution
system. The orifice size will be determined when the limitation on rate
of pressure rise has been determined for the reflective insulation.

5.13.5. Hazards

No additional hazards appear to be introduced by the addition of
this system. A relief valve downstream of the fill regulator prevents
an operator from overpressurizing the loop (sufficient to cause loop
relief devices to open on heatup of the loop), and the orifice prevents
too rapid a rate of pressurization. Back leakage of loop gas to the
utility tunnel requires leakage past three valves.
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5.13.6. Project References

Design Criteria (CF 61-6-3)

Through-Tube Pressure and Loop Fill System Criteria Code B.6.4
Design Analyses (CF 61-6-4)

Through~-Tube Pressurizer and Loop Fill System

5.14. Loop Offgas System

5.14.1. Function

The function of the loop offgas system is to safely transfer to the
cell ventilation system all gases within the experimenters' cell and
loop. The system is used during loop blowdown, decontamination, loop
evacuation, sample station operation, and eXperiment removal.

5.14.2. System Description

The loop offgas system equipment consists of a liquid trap, a vacuum
pump, a charcoal trap, filters, and shutoff valves, as shown in Fig.
5.14.1. The liquid trap is required during decontamination to trap any
liquid which enters the vent lines, The vacuum pump is used for evacua-
tion of the mainstream loop piping prior to initial loop filling and for
evacuating the sample station equipment. Downstream of the vacuum pump,
a charcoal bed and absolute filter are used to trap most of the radio-
active particulate matter that is discharged from the loop piping and
sample station. A roughing filter, which precedes the charcoal bed, is
designed to prevent oil discharged by the vacuum pump from fouling the
charcoal. The absolute filter following the charcoal trap is designed to
remove 99.9% of all activity other than the noble-gas fission products.
Although the experimental loop contains its own bypass gas-cleanup system
(see sec. 5.2), these filters and trap are required to remove as much
activity as possible during sample station operation and experiment re-
moval. The loop offgas system is isolated by a shutoff valve (HV-519),
which is closed when activity exceeding a predetermined value is released
to the cell ventilation system.

5.14.3. Equipment Description

Liquid Trap. The liquid trap consists of a type 304 stainless steel
tank that collects any liquid in the offgas. The liquid which collects
is automatically discharged to the cell drain system by a float-operated
valve (IV-509). A hand-operated valve (HV-510) is located at the low
point in the trap. The design conditions of the tank are 150 psig or
full vacuum at 250°F.
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Vacuum Pump. The vacuum pump is a standard vacuum pump with a free-
air capacity of not less than 50 scfm and is capable of producing a 0.01l-
mm-Hg vacuum. The pump oil is a nonflammable, radiation-resistant fluid.
The suction side of the pump contains an oil trap to prevent back diffusion
of the pump oil into the loop. The discharge side contains an oil separator
to prevent loss of the pump oil. During pump operation cooling water is
supplied at 1/2 gpm, 100°F, and 150 psig (see sec. 5.6).

Charcoal Trap. The charcoal trap consists of a prefilter, a char-
coal bed, and a postfilter contained in one pressure vessel. The charcoal
bed contains approximately 45 1b of 6 to 14 mesh BPL activated charcoal.
The bed has a minimum flow area through the charcoal of 1.4 ft? and a
minimum charcoal depth of 12 in. The postfilter is an absolute filter
with a minimum efficiency of 99.97% for 0.3-p particles and is rated for
30-scfm air at a pressure drop of 1 in. HpO. The absolute filter is suit-
able for operation at temperatures up to 250°F in a high-humidity atmosphere.
The charcoal-trap pressure vessel 1s designed for 150 psia at 250°F.

Alr Filter. Air entering the loop offgas system from the experi-
menters'® cell passes through an absolute filter. The minimum efficiency
of this filter is 99.97% for 0.3-u particles. The filter is rated for
30-scfm air with a pressure drop of 1 in. H»O. A prefilter is used to
remove gross particulate matter. Both filters are suitable for opera-
tion in a high-humidity atmosphere at temperatures up to 250°F.

5.14.4, System Operation

The loop offgas system is designed to discharge contaminated gas
to the EGCR stack via the experimenters! cell ventilation system (see
sec. 6.7). The cell ventilation system is used to supply the large
voiumes of air required for dilution of the contaminated offgas. Prior
to starting an off-gas discharge, an 8-in. butterfly valve at the inlet
end of the cell ventilation system exhaust header is opened and the venti-
lation system valves to and from all cells are closed. Both cell venti-
lation system exhaust fans, each having a capacity of 1760 cfm at 60°F and
a pressure drop of 4.25 in., Hp0, are turned on to maintain a high negative
pressure in the ventilation system exhaust duct.

A radiation monitor is located on the ventilation duct next to each
experimenters' cell to warn of excessive radiation in the experimenters'
tunnel. If the allowable radiation level in the experimenters' tunnel
is exceeded, the offgas discharge will be stopped by closure of valve
AV-519 (and valve HV-184, if open), and an alarm will sound in the utility
tunnel and in the experimenters' control room. During all operations
involving the loop offgas system, except initial loop evacuation, the
integrity of the experimenters' cell containment is maintained.

Operation with Loop at Power. When the experimental loop is opera-
ting at power, the offgas system is used to provide a vacuum for the gas
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sample station and, occasionally, to discharge gas from the gas storage
tanks. To discharge gas from the gas storage tanks during loop operation,
valve HV-519 is fully opened and then valve HV-184 is cracked open. A
series of pressure regulators (PV-522, PV-523, PV-524, and PV-525) reduce
the gas pressure to about 15 psia. This prevents the offgas system from
being exposed to excessively high pressure. The four regulators are ar-
ranged so that any one of the regwlators may fail in either the open or
closed position without affecting the operation of the loop offgas system.
A check valve (XV-512) permits flow past the vacuum pump and a pressure
relief valve (PSV-515) prevents overpressurization of the loop offgas
systemn,

Loop Blowdown. Loop blowdown (discharge of all gases from the main-
stream piping and auxiliary systems) is the operation which will discharge
the largest amount of activity to the cell ventilation system. Loop blow-
down will occur whenever a change of loop gas is required. To accomplish
this, valve HV-519 is fully opened and then valve HV-184 is slowly opened
(other valves remain as shown in Fig. 5.14.1). Gas flow from the experi-
mental loop is controlled by valve HV-184, The rate at which the gas is
discharged to the cell ventilation system is regulated by the radiation
level in the experimenters'! utility tunnel and the EGCR stack. In the
severe case of an unclad fuel element and with an air flow rate of 3520
scfm in the cell ventilation system, the experimental loop gas may be
discharged in 12 hr with a maximum dose rate of about 3.8 mr/hr at the
surface of the cell ventilation system exhaust header. Limited access to
the experimenters' utility tunnel may be required during this time.

Loop Evacuation. Prior to filling the experimental loop with new
gas, the entire loop must be evacuated to remove all contaminated gases.
To accomplish this,valve HV-500, which is locked and tagged in the closed
position during loop operation, is opened to permit the loop to be
evacuated through a 2-in. line instead of through the 1/2-in. line of
valve HV-184., All other valves remain as shown on Fig. 5.14.1, and the
vacuum pump is started. Loop evacuation requires a minimum time of 6 2/3
hr.

Decontamination Gas Removal. The decontamination of an experimental
loop will be accompanied by the evolution of gases. These gases, princi-
pally decomposition products of the decontamination reagents and water
vapor, will be removed from the loop piping by the loop offgas system.

To accomplish this, valves HV-503 and HV-504 are opened and valves HV-502,
HV-513, and HV-514 are closed (other valves remain as shown in Fig. 5.14.1).
Any liguid which enters the vent lines and any water vapor which condenses
in the lines is collected in the liquid trap. As the ligquid collects in
the trap, a float valve (LV-509) opens and allows the liquid to drain to
the cell drain system. After all decontamination operations are com-
pleted, valve HV-510 is opened to allow any liquid remaining in the trap

to drain. To facilitate draining liquids from experimental loop components,
the loop offgas system contains a "breather" which permits air to enter the
loop via the vent lines., The "breather" consists of a motor-operated
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isolation valve (HV-507) and a check valve (XV-508) in series. The check
valve prevents any backflow of gases into the experimenters® cell, The
absolute filter prevents any particulate matter in the cell air from
entering the experimental loop. The "breather"” is also used to remove
contaminated air from the experimenters' cell for cleanup in the offgas
system prior to release to the cell ventilation system.

5.14.5. Project References

Design Criteria (CF 61-6-3)

Loop Offgas System Code B.11.0
Cc.1.0

Design Analyses (CF 61-6-4)
Loop Offgas System

Preliminary Design Drawings (CF 61-6-2)
Process Flowsheet, Loop Offgas System D-RD-10324

Instrument Diagram, Loop Offgas System Q-2120-16

5.15. Bniffer Gas System

5.15.1. PFunction

The functions of the sniffer gas system are (1) to detect experimental
loop and reactor gas leaks into the loop-containment pipe system and (2) to
detect leaks from the loop-containment pipe system into the reactor-contain-
ment vessel and/or experimenters' cell.

5.15.2. Description

Lower Chase Piping Sniffer System. As shown in Fig. 5.15.1, the loop-
containment pipe forms a short annular enclosure around the experimental
loop piping between the reactor pressure vessel extension and the experi-
menters' cell penetration. This annular loop-containment volume is designed
to safely contain gas at 1100 psia and 975°F.

The sniffer gas system 1s designed to detect leaks into or out of this
containment volume. It consists of a pressure transmitter (PT-1) with a
block valve (V-1) and a fill and bleed valve (V-2). The system is piped
to the loop-containment volume by means of 1/4-in.-o.d. stainless steel
tubing. To place the system in operation, the containment volume is first
charged to approximately 20 psia by temporarily connecting an air-bottle
supply (1600 psia) to valve V-2, 1In order to prevent accidental over-
pressurization, a special relief-valve assenbly containing a relief valve
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and a check valve is provided for use during charging. This special as-
sembly is chained to one of the air-charging connections, but it will
reach to the other connection when needed. The relief valve is set for
27 psig. The check valve is included to prevent release of loop gas or
reactor gas into the reactor-containment vessel if a loop or reactor
Piping failure should occur while the sniffer gas system is being charged.
The check valve is placed in the removable section in order to permit de-
pressurization of the upper chase piping sniffer system prior to removal
of an experimental assembly. In order to prevent direct connection of a
gas bottle to the sniffer gas system, the upstream end of the special relief-
valve assembly has a union connector that matches the bottle connector,
but the downstream end is flanged. The relief valve is not permanently
piped into the sniffer gas system, because leakage from the system must
be held to very low values if the system is to function properly.

The experimental loop is heated after the sniffer gas system is
charged. The subsequent heating of the sniffer gas will increase its
pressure to less than 60 psig. If leakage of reactor gas into the con-
tainment volume should occur, it will result in a pressure rise of up to
315 psia. Leakage of loop gas into the contalnment volume will increase
the sniffer gas pressure until it equals the loop gas pressure. A leakage
of sniffer gas to either The experimenters' cell or the reactor-containment
vessel will result in a drop of the sniffer gas pressure fto atmospheric
pressure, Pressure transmitter PT-1 provides continuous, direct pressure
readings in the experimenters' control room and annunciation when the snif-
fer gas pressure drops to less than 20 psia or increases to greater than
100 psia.

Upper Chase Piping Sniffer System. In the case of the upper chase
piping, the loop containment pipe forms an annular enclosure around the
experimental loop piping that extends from the experimenters' cell pene-
tration back to the top nozzle tee of the reactor pressure vessel. This
containment volume is designed to safely contain gas at 675 psia and 650°F
and is provided with overpressure protection (see sec. 6.2).

The sniffer gas system for the upper chase piping is identical in
design and principal of operation to the sniffer system described above
for the lower chase piping. The main difference is that the annular
volume of the upper chase sniffer system is very large compared with the
volume of the lower chase sniffer system.

5.15.3. Project References

Design Criteria (CP 61-6-3)
Sniffer Gas System Criteria Code A.10.0

Preliminary Design Drawings (CF 61-6-2)
Process Flowsheet, Sniffer Gas System D-RD-10114
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5.16. Through-Tube Nozzle Cooling System

5.16.1. Function

The function of the through-tube nozzle cooling system is to control
the temperature of the carbon steel reactor pressure vessel nozzles and
nozzle extensions., This system connects to the top and bottom nozzles of
loops TS-2, TS-3, TL-1, and TL-4.

During the process of keeping the pressure vessel nozzles and nozzle
extensions cool, the system performs the secondary function of partially
cooling the through-tube and thereby reducing the differential thermal ex-
pansion between the through-tube and the reactor pressure vessel, This
reduction in expansion permits the use of an expansion leg at the bottom
of the through-tube instead of a bellows to take up the differential ex-
pansion.

5.16.2. System Description

The through-tube annulus and interior nozzle cooling systems are a
part of the reactor vessel cooling system that cools the charge machine,
service machine, reactor nozzles, and the reactor pressure vessel. Helium
is extracted for this system from the inlet duct of the reactor cooling
system, which is normally operating at 508°F. The helium passes through
a compressor (with one on standby) where the pressure is raised to over-
come the system resistance. (At this point helium is taken off for the
annulus cooling system,) The helium for the interior nozzle cooling system
passes on and flows through a service-water-cooled heat exchanger where
the helium temperature is reduced to 125°F. The helium then flows to a
distribution header where the flow is proportioned according to the re-
quirements of each component {charge machine, service machine, and interior
nozzle cooling system). A separate line, including valves and instru-
mentation, extends to each nozzle from the distribution header for the
interior nozzle cooling system,

A line from the annulus cooling system supplies gas to cool the an-
nulus between the reactor .pressure vessel top nozzle and a thermal sleeve
placed between the nozzle and the through-tube. The annulus cooling gas
enters the nozzle approximately two feet below the top nozzle outer tee
and discharges into the region between the reactor thermal shield and the
reactor pressure vessel, The line from the interior nozzle cooling system
supplies gas to cool the annulus between the nozzle extension and the re-
actor through-tube and between the through-tube and the thermal sleeve.
The gas enters just below the top nozzle outer tee and discharges into
the upper plenum of the reactor.

The design of the bottom reactor nozzles is such that only the in-
terior nozzle cooling system is required., The line from the interior



203

nozzle cooling system supplies gas to cool the annulus between the reactor
through-tube and a thermal sleeve which protects the reactor pressure
vessel nozzle. The interior nozzle cooling gas enters the annulus just
above the bottom nozzle outer tee and discharges into the bottom plenum

of the reactor.

5.16.3. System Design

The system feeding gas to the through-tube nozzle cooling system has
two compressors and two heat exchangers, one of each operating and one of
each on standby. Each compressor or heat exchanger i1s designed to handle
the total system peak load. Emergency power is supplied to both compres-
sors. The water seals for the compressors are cooled by the reactor blower
seal water system. If this system fails, the compressors can continue to
cperate, but the reactor is shut down by an automatic motor-driven rod
insertion. If both vessel cooling system blowers fail, the positive pres-
sure created by the reactor blowers can maintain about 20% of the normal
flow through the system.,

After leaving the cooclers the helium flows to a distribution header,
where 1t is divided according to the needs of each system. The lines
(1L 1/2-in. sched.-40) running from the distribution header to the nozzles
each contain a check valve installed in the line as near to the reactor
as possible. If a break occurs upstream of this valve, the reactor will
not be depressurized.

A flow indicator and alarm 1s installed in the line to each nozzle
to detect a flow decrease of 10% from a preset value and initiate a reactor
scram if the flow drops below 25% of a preset value. A globe valve is in-
stalled in the line at an accessible location to permit an operator to make
manual flow adjustments during initial operation. By adjusting this flow,
the nozzle temperature can be adequately controlled. This valve will also
permit correcting mindr flow fluctuations resulting from intermittent opera-
tion of the charge and service machine when they are connected to the system.
If an operator closes one of these valves by mistake, thus shutting off cool-
zuh flow to a nozzle, the flow indicator and alarm will shut down the re-
actor by a motor-driven rod insertion when the flow drops to 25% of a pre-
set value. In addition, the mainstream gas heater will be shut off and
the mainstream gas cooler will go to full cooling. The in-pile experiment
power will drop immediately, as will the gas temperature leaving the core.
The loop gas temperature will quickly drop to 650°F or less, which is well
below the design temperature of the carbon steel nozzle and nozzle exten-
sion.

Three thermocouples are installed at the carbon steel to stainless
steel weld below the top nozzle tee, and three are installed at the cor-
responding joint above the bottom nozzle tee. These thermocouples will
serve as a check of the nozzle temperature as a function of nozzle cool-
ing gas flow during initial operation of the reactor and the experimental
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loops. Three thermocouples will be installed at the field weld above the
annulus coolant inlet in the top nozzle. These thermocouples will permit

a check of the nozzle temperature when the through-tube is not installed

and the temporary shield plug is in place. The temporary shield plug must
extend below the inlet of the annulus cooling channel to prevent the flow
of reactor gas up the nozzle from the top reactor plenum in case of an in-
terior nozzle cooling system failure. The through-tube serves this function
when the tube is installed.

5.16.4. Project References

Design Criteria (CF 61-6-3)

Experimenters' Interior Nozzle Cooling System Criteria Code A.7.0
Design Analyses (CF 61-6-4)

Through-Tube Nozzle Cooling System
Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, 5 1/2-in. and 9 1/2-in. Through- D-RD-10117
Tube Reactor Nozzle Cooling System

Instrument Diagram, Nozzle Cooling System Q~2120-19

5.17. Plant and Instrument Air

5.17.1. Requirements

The peak air requirements for the EGCR experimental facilities are
400 scfm of instrument air and 200 scfm of plant air.. The instrument air
is used in the experimenters' control room, utility tunnel, and crane bsy
area and for the loop cooling water system controls located inside the
reactor containment vessel. The plant air is used in the experimenters'
cell, utility tumnel, and crane bay area.

5.17.2. Description

Air for the experimental facilities in the EGCR is supplied from the
reactor compressed air system. This system consists of three 250-scfm
carbon-ring-type compressors (one is on standby) discharging through a
500-sefm air dryer into two air receivers, one for plant air and one for
instrument air. The combined capacity of both air receivers is sufficient
to supply 300 scfm of air for 4.75 min with a drop in pressure from 100
to 60 psig. Air pressure in the receivers during normal demand will range
from 105 to 120 psig. The three compressors are sequenced to automatically
cut in at 110, 105, and 100 psig, respectively, and to cut out at 120, 115,
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and 110 psig, respectively. A check valve is provided on the instrument
air receiver inlet line to conserve the instrument air supply if excessive
demand is placed on the plant air supply. This prevents the plant air
system from lowering the instrument air receiver pressure to the point
where instruments become inoperative. In addition, a pressure control
valve is provided on the plant air receiver cutlet which closes if the
receiver pressure drops to 90 psig. This prevents abnormal usage of
plant air from depleting the plant air Supply. ~This_valve canhot be
reopened until the plant air receiver pressure increases to above 90
psig. A takeoff line is provided to permit using the plant air receiver
for instrument purposes in case the instrument air receiver must be
isclated for maintenance.

The plant air is distributed to the experimenters? utility tunnel
and crane bay area through two parallel 1 l/2-in.-IPS headers; one running
along the inside wall of the utility tunnel and the cother along the outside
wall of the crane bay area enclosure. The plant air is routed to each
experimenters' cell by means of a flexible hose with quick-disconnect
fittings at each end. A permanently mounted manual block valve with a
guick-connect fitting is mounted on the utility tunnel inside wall. The
guick-disconnect fittings are mounted so that disconnecting the flexible
hose from the plant air header closes off the air supply from the header,
and disconnecting the hose from the manual block valve closes off the
pipe penetrating the experimenters! cell wall. The air line penetration
of the experimenters!' cell is terminated by a second manual block valve
located inside the cell. This valve is equipped with a quick-disconnect
fitting for connecting an air hose for use inside the cell. This
fitting valves off the air supply whenever the air hose is removed. A
manual block valve is also provided on the air distribution header. The
plant air header in the experimenters' crane bay area is equipped with
a takeoff valve and a quick-disconnect fitting at each experimenters'
cell location. The distribution headers to the utility tunnel and crane
bay area are both equipped with isclation valves at the takeoff point
from the plant air supply line.

The instrument air is supplied to the experimenters' control room
through a 2-in.~IPS pipe and to the experimenters' utility ftunnel and
crane bay area through parallel 1 l/2-in.-IPS headers; one running along
the inside wall of the utility tunnel and the other along the outside
wall of the crane bay area enclosure. In the utility tunnel a l/2-in.
header takeoff with an isolation valve is provided for each experimenters’
cell., Takeoffs from the instrument air header in the crane bay area will
be provided later as needed. The instrument air lines to the control
room, utility tunnel, and crane bay area are equipped with isclation valves
and oil adsorbers at the tie-im .point. to the main instrument air supply.
The instrument air required for the loop cooling water controls located
inside the reactor containment vessel is provided through takeoffs from
two existing 2-in.-IPS instrument air headers located inside the vessel.
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5.17.3. Project References

Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Plant and Instrument Air Systems D-RD-10498

5.18. Communications and Alarm/Systems6

5.18.1. Commercial Telephone (Intercom)

Telephone communication service throughout the reactor plant is pro-
vided by commercial installations, one serving the plant proper and one
serving the charge machine and service machine areas. Intercommunication
between these two systems is provided.

Telephone stations for the experimenters are connected with the re-
actor plant system and are located at each of the following points: ex-
perimenter's cells (one per cell), experimenters' control room (one per
loop), experimenter's crane bay (two stations), experimenter's power sub-
station, experimenter's fabrication shop, and experimenter's utility tun-
nel (two stations). Each of these telephone stations may communicate
with any other station on the system at the EGCR site.

5.18.2. Paging System

The plant public address (PA) system utilizes cable circuits which
are separate and independent of the commercial telephone system circuits.
Major components of the PA and commercial telephone systems are in a
common telephone equipment room, which is located in the turbine bulld-
ing. The PA system employs ceiling and/or wall-type speakers and can be
operated for paging from the commercial telephone by dialing predesignated
code numbers. A separate microphone, independent of the telephone system,
may also be used. Experimenters' paging system speakers are installed in
all areas listed in paragraph 5.18.1.

5.18.3. Private-Line System

A commercial private-line system is provided in lieu of the sound-
powered telephones originally specified (see KE drawing E109). This
system may be used independently of the other plant telephone systems.
Each telephone location outside the reactor control room can initiate a
call to the reactor control room by means of a buzzer system. The
private-line system is powered from the same power supply as the commer-
cial equipment.

6letter — L. H. Jackson to P. D. Bush, dated December 23, 1960,
Subject: Communications and Alarm Systems — Hazards Summary Report.
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5.18.4. Miscellaneous

Sound -power telephones are located in the experimenters' cells,
personnel airlock, and the crane-bay area adjacent to the airlock hatch-
way so that communications may be maintained with personnel entering and
leaving the experimenters' cells through the airlock.

5.18.5., Alarm Systems

Alarm systems include fire alarm, supervisory alarm, and evacuation
alarm. Fire and supervisory alarms annunciate in the reactor control room.
Certain fire and supervisory alarms annunciate in the guardhouse.

The fire and supervisory alarm systems are connected into separate
supervisory circuits. The evacuation alarm system is connected into a
separate but nonsupervised circuit and is manually operated from the
reactor control room. Fire alarm boxes and gongs are located in the fol-
lovwing areas: experimenter's utility tunnel (north entrance), experi-
menter's utility tunnel (south entrance), experimenter's control room,
experimenter's crane bay, and experimenter's substation. Evacuation
alarm horns are located as follows: experimenter's control room, experi-
menter's utility tunnel, experimenter's cells (one per cell), and experi-
menter's crane bay.
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6. PRIMARY AND SECONDARY CONTAINMENT DESIGN

6.1. Loop Contaimment Philosophy

The general containment philosophy for the EGCR experimental loops
may be summarized as follows: radiocactive experimental loop gas will be
doubly contained with respect to the reactor contaimment vessel and the
surrounding enviromment at all times and for all normal and abnormal
loop operating conditions, except during removal of experimental fuel
assemblies. In essence, this means that any uncontrolled radiocactive
gas release from the primary loop piping will be fully contained unless
the release occurs during the removal of a fuel assembly, in which case
the loop gas may be released to the reactor containment vessel. Any
failure of the secondary containment system as a result of excessive
internal pressure must preferentially dump the radiocactive loop gas to
the reactor contaimment vessel rather than permitting uncontrolled re-
lease to the surrounding enviromment.

When the reactor is at pressure without an experimental assembly in
a given loop, the contaimment philosophy for that loop will be somewhat
altered. For this condition, the loop must provide primary containment
of the reactor gas outside of the reactor through-tube and outside of
the loop piping in the reactor pressure vessel extension from the bottom
nozzle., The release of reactor gas resulting from a failure of this
primary containment will be contained within the loop piping or released
to the main containment vessel.

The loop secondary containment system is designed to hold the entire
mass of experimental loop gas with a maximum leak rate limited to 1.0
wt % of the contained gas per 24 hr. The reactor gas system is considered
to be a part of the loop secondary containment system. During experimental
loop operation, the loop secondary containment system consists of the re-
actor gas system, the loop containment piping, the containment vessel
around the evaporative cooler, the intermediate steam system of the
evaporative cooler, and the experimenters' cell.

The containment region surrounding the primary piping in the top
nozzle tee and the primary loop piping from the top nozzle tee to the
experimenters' cell (including the containment region around the evapora-
tive cooler) is a part of the upper sniffer gas system. The lower sniffer
gas system includes the containment region around a short section of pipe
between the experimenters' cell and the pressure vessel extension. Both
sniffer gas volumes are continuously monitored for leakage into or out
of the system. The integrity of the sniffer systems (secondary contain-
ment) is monitored by pressurizing the regions with air to a pressure of
20 psig before starting the loops.

The upper sniffer region is designed to contain a steady-state in-
ternal pressure of 675 psia at 650°F. The lower sniffer region is designed
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to hold a steady-state internal pressure of 1100 psig at 975°F. Thus,
the upper sniffer region is designed to contain the reactor gas design
pressurée and the maximum possible loop gas pressure (after depressuriza-
tion into the contaimnment volume). A rupture disk (rated at 675 psia)
between the sniffer region and the experimenters' cell will protect the
upper region from overpressure (see sec. 6.4). The lower sniffer region
is designed to withstand the full reactor gas pressure (300 psig) and,
also, the maximum possible loop gas pressure.

The reactor pressure vessel extension is employed as the secondary
containment around the primary loop piping extending from the experi-
menters? cell to the reactor pressure vessel in the lower pipe chase.
The reactor gas system is used as loop secondary containment in the bot-
tom nozzle tee and around the reactor through-tube. The lower sniffer
region is interposed between the reactor pressure vessel extension and
the experimenters! cell. This intermediate region prevents depressuri-
zatlon of the reactor directly to the experimenters' cell as the result
of a single failure of the reactor pressure vessel extension.

The experimenters' cell houses most of the experimental loop equip-
ment and is designed to provide secondary containment of loop gas in the
event of a rupture of the in-cell piping or components or other loop gas
releases to the cell. In order to provide full containment of the loop
gas, each experimenters' cell is lined with welded carbon steel sheets
and is designed to withstand an internal pressure of 12 psig at a maxi-
mum temperature of 150°F. Under these conditions, the leakage is limited
by adequate design and fabrication to a maximum of 1.0 wt % of the con-
tained gas at 12 psig over a 24-hr period.

Although the experimenters' cell is designed to contain the entire
loop gas inventory under all loop operating conditions, it is not de-
signed to contain the reactor gas inventory. To prevent overpressuriza-
tion of the cell, a 32-in. rupture disk is installed between the cell
and the reactor containment vessel. This disk is designed to relieve
the cell if the pressure exceeds 10 to 12 psig. This will happen only
if the experimental loop ruptures at one point inside the cell arnd another
point inside the reactor pressure vessel or its extensions.

The relative volumes of the experimental loop and experimenters!
cell are such that complete depressurization of a 1000-psia loop into
the cell will not raise the cell pressure above 10 psig. The most re-
cent calculations indicate that the cell pressure following depressuriza-
tion of a 1000-psia CO, loop (the most severe condition) is approximately
S psig,

Since the cell rupture disk serves as a containment barrier between
a potentially radiocactive atmosphere (following loop rupture) in the ex-
perimenters' cell and operating personnel in the reactor containment
vessel, it is felt that the rupture disk should be sized for a minimum
factor of safety of 2; that is, loop operation should be predicated upon
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a maximum cell pressure of one-half the minimum rupture disk burst pres-
sure for the case of an in-cell rupture or other release of loop gas into
the cell (this would correspond to 5 psig for the current rupture disk).
Adoption of this limitation will require that (1) loop operation be
limited to a pressure slightly above 500 psia for a CO» loop occupying a
single cell or (2) the experimenters' cell be expanded to occupy two
standard cells if 1000-psia CQO, operation is desired. Since additional
cells are available, it is presently anticipated that for Title II loop
design two cells will be occupied by each loop. This will double the
expansion volume and thereby limit the cell pressure to below 5 psig.

The experimenters?® cell, like the reactor containment vessel, is
normally open to the atmosphere via a vent valve, filter, and the EGCR
stack, and consequently must depend upon the operation of various valves
to isolate the cell when secondary containment is reguired. Operation of
the cell vent valves 1is triggered by excessive airborne radiocactivity in
the cell atmosphere or exhaust duct. No attempt is made to contain the
loop gas in the cell unless the specific activity of the cell atmosphere
exceeds the maximum permissible value.

If the specific activity of the cell atmosphere initiates cell isola-
tion, a number of interlocks prevent violation of the closed secondary
containment system. It becomes impossible to open the cell drain valves
and the cell ventilation valves, and the automatic valves on all gas
supply lines to the cell will close and remain closed, thus precluding
the possibility of overpressurizing the sealed cell as a result of a
failure in some gas supply system.

In order to insure the integrity of the cell containment system,
all normally used piping into and out of the cell which could conceivably
serve as a vent to the outside environment will contain two automatic
valves in series. This will not include water lines to and from the
cell as long as the residual water pressure is greater than 12 psig.
All gas lines entering the cell will contain two check valves in series
and all gas and drain lines leaving the cell will contain two auto-
matically controlled valves in series.

In view of the containment philosophy set forth in the first two
paragraphs of this section, a number of mandatory operating procedures
will be imposed for operating the loops. In many cases maloperation
will be prevented by interlocks. The cell isolation valves between the
experimenters' cell and the reactor containment vessel will always be
closed before opening the cell other than through an airlock. The cell
ventilation valves cannot be opened or the roof hatch plugs removed as
long as radiocactive loop gas is present in the cell. This includes loop
gas contained in the loop piping and/or the gas storage tanks. Moreover,
if the mainstream piping (including the filter) contains an appreciable
amount of radioactive particulate matter, the in-cell loop piping be-
tween the cell isolation valves must be at atmospheric pressure before
the cell secondary contaimment is violated.
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When operating the reactor with no experimental assembly in the
loop, it is currently planned to pressurize the through-tube to reactor
gas pressure to prevent long-term creep of the through-tube. However,
as a safety precaution, the through-tube will be pressurized to reactor
pressure only if the cell secondary containment is intact. Consequently,
a rapid depressurization of the through-tube which conceivably could cause
a simultaneous rupture of the through-tube will not result in depressuriza-
tion of the reactor through an open cell to the surrounding environment.
The rapid depressurization might be due to a cell isolation valve failure
or an in-cell piping failure. The through-tube rupture might be caused
by the sudden application of a large buckling pressure.

When the experimenters' cell is open and the reactor is at pressure,
the through-tube will be depressurized to some nominal value in order to
provide monitoring of the integrity of the primary loop piping. The
buckling force on the through-tube will now be a constant force, irrespec-
tive of the integrity of the loop piping. Under these conditions a double
failure is not considered credible.

As pointed out earlier, the experimenters' cell is normally vented
to the atmosphere. Consequently, there is no way to ascertain whether
or not the cell contaimment is intact. To provide some measure of security,
cell leak tests will be performed at convenient intervals during loop op-
eration. In addition, a cell leakage test will be made each time major
maintenance is performed inside the cell.

Project References

Design Criteria (CF 61-6-3)

Experimental Loop Containment Criteria Code H.20

6.2. Allowable Stress

6.2.1. Design Basis

The EGCR experimental loop piping and components are subject to a
diversity of loadings that create stresses of different types and patterns
in the structural materials. These loadings include (1) internal or ex-
ternal pressure, (2) dead weight, (3) thermal expansion reactions, and
(4) transient thermal gradients or mechanical loads.

The stresses resulting from loads (3) and (4) are relatively high and
not necessarily of constant intensity. At high temperature, the thermal
expansion reaction stresses and transient thermal gradient stresses may
not be sustained because of relaxation or creep. This phenomenon of
yielding in the elastic range or flow in the plastic stage presents a
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problem different from that encountered in the analysis of structures or
machinery which operate at relatively low temperatures and therefore in
a state of steady stress.

The approach to this problem of thermal stresses at high temperatures
in the EGCR experimental loops has been to apply the methods outlined in
the Navy code! as & design basis. According to this code all thermal
gradient stresses can be conservatively considered as transients, with
three categories of operation:

© Class I. All conditions of plant operation during which the
variations of system pressure and coolant temperature
are less than *15% of the values existing at the start
of the transient.

Class II. Warm startup and other startup conditions not included
in Class I and Class 111 operation.

Class 11I. Cold startup and emergency operation.

According to the Navy code design philosophy, certain of the allow-
able stresses are such that the yield strength of the material may be
exceeded when the stress effects of transient thermal conditions are
combined with the steady-state stresses.. Justification of this philosophy
entails the comparison of the combined stresses with an allowable stress
limit based on experimentally measured cyclic strain-to-failure data. In
order to obtain the combined stresses, the transient thermal stress effects
are calculated elastically and then tombined with the steady-state stresses.
The resulting stress for an acceptable design must be below the allowable
stress based on the c¢yclic strain-to-failure data. -The allowable stress
based on these data is proportional (with a safety factor) to the measured
strain. Also, for the purposes of the EGCR experimental loop design, the
calculated steady-state stresses are not considered acceptable unless they
fall within the allowable stresses defined by the ASME and ASA codes?
(ineéluding nuclear code cases).

The Navy code design procedure has not, as yet, been accepted by
ASME, but it is used by the Bureau of Ships and engineering evidence
exists to support it. For example, stainless steel tubes with combined
stresses of the order of 43 000 psi (approximately twice the ASME code
allowable stress for steady state) are currently in use in the MTR;3
and the KAPL 3 X 3 ETR in-pile tube is designed to have stresses as high
as 68 800 psi.* 1In addition, type 347 stainless steel tubes have been
test cycled to a pressure stress of 16 750 psi (with thermal-gradient
stresses up to 98 680 psi) during eight pressure cycles and to a thermal-

lTentative Structural Design Basis for Reactor Pressure Vessel and
Directly Associated Components, PB 151987 (OTS).
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gradient stress of 98 680 psi (with pressure stresses up to 16 750
psi) during 10 020 thermal cycles with no evidence of dimensional

growth or cracking.” For this test the stress intensities for the
test specimen were of the order of 113 000 psi. According to the

ASME code, Section VIII, Code Case 1273N, the allowable stress in-
tensity would be 1.5 times the allowable value obtained from Table
UHA-23 (Section VIII), or about 25 000 psi.

Acceptance of the Navy code as a design basis for the EGCR ex-
perimental loops has included defining Class III loop operation as
a maximum of 500 cycles. This will permit, on the average, about
two complete experimental loop shutdowns per month over the expected
20-year reactor life. Class I and Class II operation have been de-
fined as 100 000 and 2500 cycles, respectively. It is recognized that
the Navy code is primarily intended for pressurized-water reactors.
It is further recognized that structural material behavior at elevated

2In the ASME code, the combined primary stresses (conventionally
calculated code stresses) and steady-state thermal stresses are limited
to 1.5 times the S values of Section VIII (Code Case 1273N). Other
stresses such as transient thermal or mechanical shock are limited only
by the requirement that "... particular consideration shall be given
to these effects with a view to obtaining the desired life of the vessel”
(Code Case 1273N-1 item 7).

The American Standard Association code for pressure piping (ASA
B31.1) recognizes the concept of "stress range" as the criterion for
the safety of piping systems; service failures are related to cyclic
rather than static conditions. The expansion stress range (in psi)
is set Dy the code at:

8, = f(l.ZBSC + O.258h) 5

S, = allowable expansion stress range,

SC = allowable stress in cold condition,

S, = allowable stress in hot conditions,

= gtress range reduction factor for cyclic conditions.

°M. H. Bartz, Performance of Metals During Six Years Service in
the Materials Testing Reactor, Second United Nations International
Conference on Peaceful Uses of Atomic Energy, P/1878, 1958.

“H. E. Barue, An Evaluation of the KAPL 3 X 3 ETR In-Pile Tube De-
sign, KAPL ~ M-HEB-1, 1957.

°S. Bigelow, Thermal Cycling Test of Type 347 Stainless Steel In-
Pile Tubes, KAPL-2009, March 17, 1959.
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temperatures is not completely determined. However, design procedures,
as outlined in the Navy code, are believed, from engineering judgment,
to be the best available at this time. Allowable stresses for elevated
temperature to be used in the EGCR experimental loops are included in
the following section.

6.2.2. Allowable Stresses

The maximum allowable stress intensities for various materials are
given in Table 5-1 of the Navy code. Since the Navy code was primarily
intended for pressurized-water and boiling-water reactors, allowable
stresses are not given for temperatures above 700°F. Estimated extensions
to the higher working temperatures of the EGCR experimental loops are in-
dicated in Table 6.2.)1 for type 347 stainless steel. The nomenclature of
Table 6.2.1 is listed below:

S = average stress or membrane stress intensity allowable by
m
ASME code,
Sp = primary plus secondary allowable stress intensity (stresses

resulting from pressure, mechanical forces, pipe reactions,
and their combinations),

S . = minimum yield strength of the material, taken as endurance
limit without a safety factor,

= minimum ultimate tensile strength of the material,
SS = allowable mean stress intensity for fatigue evaluation,
S, = limit of elastic behavior,
- all . . .
al’ SaII,SaIII allowable amplitude of alternating stress in

tensity for Class I, Class II, and Class II11 operation,
respectively.

The values of 5 were taken from the ASME code, Section VIII. The
revised Navy code values will be rounded values from the ASME code.® Values
of Sypin and Symin were obtained by multiplying Allegheny Iudlum Corp.

"blue sheet” values for Sy and Sy by the ratio of the "specified minimum
room~temperature tensile strength" to the "measured short-term room-
temperature tensile strength." The stress intensity, Sy (the limit of
elastic behavior), was extrapolated from Fig. 5.2-4 of the Navy code.
Actual test data’ are listed as S8/ for comparison. The values of the
allowable alternating stresses were estimated by applying Miner's hypothe-
sis, that is, a usage factor of 0.4, to strain-fatigue data determined by

®W. E. Copper, KAPL, private communication.

"Heat Treatment and Physical Properties of the Austenitic Chromium-
Nickel Stainless Steels, Nickel Alloy Steels, Section 7, Data Sheet A,
1947,



Table 6.2.1.

Maximum Allowable Stress Intensities for Type 347 Stainless Steel

Minimum room-temperature tensile strength = 75 000 psi

renperature (M, P omin Swam 8% %o S o S %m S
(°F) (psi)  (psi)  (psi) (psi) (psi)  (psi) (psi) (psi) (psi)
68 18 750 26 420 29 360 75 000 43 000 40 000 21 500 70 000 117 00O
400 15 800 26 500 29 440 59 170 34 000 17 000 50 000 90 000
700 14 800 22 010 24 460 56 720 33 000 16 500 47 600 78 000
800 14 550 21 480 23 870 55 900 32 000 32 000 16 000 46 800 74 000
900 14 100 20 650 22 950 53 570 30 500 15 250 46 000 70 00O
1000 13 500 19 840 22 040 51 080 28 500 32 000 14 250 39 500 61 000
1050 13 100 19 300 21 450 48 830 25 500 12 750 36 250 56 500
1100 12 500 18 770 20 860 46 570 22 000 11 000 33 000 52 000
1150 8 000 12 000 20 280 44 320 20 280 10 140
1200 5 000 7 500 19 680 42 060 19 680 30 000 9 840

¢Te
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Beldwin et al.® The strain-fatigue data were converted to a stress
amplitude versus cycles-to-fallure plot by multiplying the strain range
by E/2, where E is the modulus of elasticity. A plot of the allowable
stress amplitude versus the number of cycles 1s presented in Fig. 6.2.1.
For metal temperatures of 1150 and 1200°F, the values of S_ were taken
as 150% of Sp, although Sp is normally taken as 90% of Sm,pbecause, at
1150°F and above, S_ would be higher based on long-term Stress-rupture
characteristiés, asPshown in Fig. 6.2.2.° Since extrapolation of values
of Sy from Fig. 5.2-4 of the Navy code gave values below the yield
strength, Sb was taken as equal to Sy at 1150 and 1200°F.

Carbon steel (SA-212, grade B) is used for the containment piping
in the EGCR experimental loops. The maximum allowable stress intensities
for this material are given in Table 6.2.2. The Sy values of Table 6.2.2
were taken from Table USC-23 of the ASME Pressure Vessel Code, Section
VIII. All other data of Table 6.2.2 are from Table 5-1 of the Navy code.t
The maximum allowable stress intensities for other materials used in loops
are given in the project reference listed in Section 6.2.5.

The stress dntensities listed in the tables of the project reference
were taken as the maximum allowable stresses for the EGCR experimental
loops, as appropriate. All EGCR experimental loop stresses, except in
the compressors, will be within these Navy code allowable stresses and
within Sy and Sp values for the appropriate stresses given by the ASME
code .

Calculations were also performed which showed that no deleterious
effects would result from distortion, creep, or stress-rupture over the
expected lifetime of loop components. The methods of Miller!® were used
to examine the progressive expansion, i.e., the thermal-stress ratchet
mechanism, of the loop.

6.2.3. Design Temperature and Pressure

The purchase specification for the compressors (JS-P3-88) for the
EGCR loops states that the compressors are to be capable of operation at
several temperature and pressure conditions for given helium and CO, mass
flow rates. The maximum inlet temperature-pressure condition listed is
900°F at 991 psia. This operating condition is based on the assumption
that operation with a high compressor inlet temperature will be difficult

85, E. Baldwin et al., Cyclic Strain Fatigue Studies on AISI Type
347 Stainless Steel, ASTM Proceedings 57, 561-86 (1957).

°Timken Roller Bearing Co., Digest of Steels for High Temperature
Service, 6th Ed., 1957.

10p, R. Miller, Thermal Stress Ratchet Mechanism in Pressure Vessels,
KAPL-1955, Aug. 1958.
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Table 6.2.2.

Maximum Allowable Stress Intensities for SA-212, Grade B, Carbon Steel

Minimum room-temperature tensile strength = 70 000 psi

TeﬁZZiiture Sm Sp Symin Sumin and Ss Sb SaI SaII SaIII
(°F) (psi)  (psi) ((psi) (psi) (psi) (psi) (psi) (psi)

70 17 500 34 000 38 000 70 000 42 000 21 000 45 000 66 000

200 17 500 32 000 36 000 70 000 42°000 21 000 45 000 66 000

400 17 500 29 000 32 000 70 000 42 000 21 000 45 000 66 000

600 17 500 25 000 28 000 70 000 42 000 21 000 45 000 66 000

700 16 600 23 000 25 000 66 000 42 000 21 000 45000 66 000

61¢C
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to attain in the first model of this critical development item and will
have to be kept to a minimum by operation of the loop heater. Operation
of this heater will allow the loop cooler to lower the loop gas tempera-
ture to about 900°F ahead of the compressor. The heater will subsequently
reheat the gas to the required 950°F ahead of the in-pile experimental
section of the loop.

The 900°F—911 psia condition is being used by the compressor vendor
as the design temperature and pressure for the compressor pressure vessel.
If development experience proves the compressors to be capable of opera-
tion at a higher inlet gas temperature (at a proportionally lower pressure),
the pressure vessels for a second generation of compressors to be built
sometime in the future will be designed for higher temperature operation
at full loop design pressure.

Selection of the design temperatures and pressures for the remain-
ing components of the EGCR experimental loops was based on the assumption
that the second-generation compressors will become available and will then
permit operation at 950°F and 1000 psia (1050°F experiment outlet) without
the loop heaters. An allowance of 25°F was added to take care of instrumenta-
tion variations. The design pressure, which i1s defined as the maximum allow-
able working pressure, was set at 110% of the loop operating pressure. The
resulting design conditions are given in Table 6.2.3. It must be emphasized,
however, that the experimental loops will not be permitted to reach these
design conditions until the second-generation compressors become available.

Table 6.2.3. Design Temperatures and Pressures for
Experimental Loops Cooled with Helium or CO,

Design Design
Component Pressure Temperature

(psia) (°F)
Through-tube 1100 1075
Loop primary piping between upper 1100 1075
tee section and cooler
A1l other primary piping 1100 975
Upper tee sections 1100 1075
Lower tee sections 1100 975
Heater 1100 1150
Filter 1100 975
Cooler 1100 1075
Compressors (present) 991 900

Compressors (future) 1100 975
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The through-tubes are designed for a pressure difference of 800 psi
across the tube, based on pressures of 1100 psia internal and 300 psia ex-
ternal. However, the tube will sustain either the full 1100-psia internal
pressure or the full 300-psia external pressure at the operating tempera-
ture of 1075°F. The tube temperature follows reactor gas temperature.

The design pressures and temperatures listed in Table 4.14.3 are
consistent with the ASME and Navy code requirements. The ASME code
(Section VIII, para. UG-21) requires that the component be designed for
the most severe conditions of coincident pressure and temperature expected
during normal operation and recommends some margin for surge. The Navy
code defines the design pressure as 10—25% in excess of the normal steady-
state operating pressure.

6.2.4. Relief-Valve Settings

The RGCR experimental loop relief valves will be set in accordance
with the requirements of the ASME code (Section VIII, para. 125 and 133).
Relief-valve settings are not adequately covered in the Navy code.

For the first generation of loop compressors the relief valve adjacent
to the compresscrs will be set to start opening at 991 psia (for a maximum
compressor temperature of 900°F) and will be fully open at 1090 psia. The
loop operating pressure will have to be set somewhat below 991 psia to pre-
vent excessive valve chatter. For the second generation of loop compressors
the relief valves will be set to start opening at 1100 psia (for a maximum
compressor temperature of 975°F) and will be fully open at 1210 psia. A
loop operating pressure of 1000 psia should be possible without valve
chatter.

6.2.5. Project References

Design Criteria (ORNL CF 61-6-3)

Stress Criteria

6.3. In-Cell Piping

6.3.1. Introduction

The mainstream piping for each of the experimental loops connects
the through-tube (in-pile section) with the various mainstream loop com-
ponents, including the mainstream gas cooler, filter, and heater, and with
the loop compressors and auxiliary blower. In addition to the mainstream
piping there are several auxiliary piping systems associated with each ex-
perimental loop. Nearly all the mainstream loop compoments and auxiliary
systems are located inside the experimenters' cell.
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The in-cell mainstream piping connects to the out-of-cell mainstream
piping at a cell wall penetration located between the experimenters' cell
and the reactor containment vessel (see sec. 6.9). The in-cell piping de-
sign has progressed through a series of layouts with the latest schematic
arrangement shown in Fig. 6.3.1. This layout represents the latest con-
figuration using three bypass check valves in parallel with the compressors.

The experimental facility design for the EGCR has provisions for
eight experimenters' cells-(see sec. 3.2). Removable bulkheads are pro-
vided between adjacent cells. Since the ultimate capacity of the experi-
mental facility is now four experimental loops (small loops TS-2 and TS-3
and large loops TL-1 and TL-4), it is permissible to use two experimenters'
cells per loop. A re-evaluation of the in-cell piping and equipment ar-
rangements will be made to determine the advisability of using two cells
per loop.

Among the apparent advantages of using two cells per loop are (1) it
will reduce the pressure buildup in the cell following a loop depressuriza-
tion and thereby provide a more reasonable rupture-to-working pressure ratio
for the cell rupture disk; (2) it will permit greater flexibility in ar-
ranging the primary piping and will probably result in lower pressure drop
and reduced pipe reactions; (3) it will provide needed space for the
auxiliary blower and for additional components that may be required for
improved loop operation, maintenance, or special experiments; (4) it will
facilitate the installation of the return pipe from the experimental as-
sembly removal cooling system (see sec. 5.12) by providing an extra con-
tainment vessel penetration; (5) it will eliminate the need for a radiation
shielding wall inside the experimenters' cell; and (6) it will provide
valuable additional space for access and maintenance operations.

6.3.2. Design

The maximum normal operating temperatures and pressures of the loop
gas in the in-cell piping are, for loops TS-2, TS-3, and TL-1, 950°F at
1000 psia and, for loop TL-4, 950°F at 315 psia.

Methods outlined in the ASA, ASME, and Navy codes were used as the
design basis of the in-cell mainstream piping (see sec. 6.2). The Kellogg
Methodl! was used in calculating secondary stresses. The material of con-
struction of the mainstream piping will be type 347H stainless steel fabri-
cated according to material specification MET-RM A-376-TP 347H MOD. 2.

The design temperature is 975°F and the design pressure is 1000 psia.

Based on the piping layout shown in Fig. 6.3.1 the moments and
forces for each compressor nozzle (as tabulated in Table 6.3.1) are

llDesign of Piping Systems, M. W. Kellogg Company, 2nd ed., John
Wiley & Sons, Inc., 1956,
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Fig. 6.3.1. In-Cell Piping — Schematic Diagram.



Table 6.3.1. EGCR Compressor Nozzle Loadings
. Moments (ft-1b)°°¢ Forces (1b)<
Nozzle Point
M M M M F F F
ple y z b y z
Compressor No. 1 16 +104, T +3612, BM -—3339, BM 4920 +1327° +669  +872
suction
Compressor No. 1 25 +3034, BM =583, BM —1428, T 3410 —-86 —2232 —693°€
discharge
Compressor No. 2 37 727, T —=1735, BM +1400, BM 2350 —450° 4162 —242
suction
Compressor No. 2 47,58 +927, BM +1089 4034, T 4290  +393 —243  +211°
discharge
Compressor No. 3 50 ~421, T —1638, BM +1853, BM 2510 —344° +18 —281
suction
Compressor No. 3 37 -1288, BM -1505, BM -1182, T 2310 -199 +1688 —121
discharge
%points indicated in Fig. 6.3.1.
bx, y, and z are the coordinates shown in Fig. 6.3.1, T is torque, and BM is

bending moment.
‘oM = (M2 + M2+ MR)1/2
X v 2
d
Xy, ¥

e . . .
In axial direction.

and z are the coordinates shown

in

Fig. 6.3.1.

Y7¢ce
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within the maximum allowable values of 5000 ft-1b and #6500 1lb, re-
spectively.lz’13

The compressor nozzle loadings and pipe stresses were calculated
using the Share No. 103812, IBM 704, Pipe Stress Program, which is based
on the Kellogg Method. The design basis and allowable stresses are
given in Section 6.2. The piping design criteria are referenced in
Section 6.3.4. A Title I design analysis for a preliminary in-cell
piping layout was completed (see sec. 6.3.4). Type 347H stainless steel,
which is to be used for the mainstream piping in all four experimental
loops, is compatible with the coolants, offers adequate weldability, has
favorable high-temperature properties, and is less prone to sigma phase
formation (embrittlement) than other stainless steels.

Loop coolant pressure drop considerations call for 6-in. pipe for
the in-cell mainstream primary piping of loops TS-2, TS-3, and TL-1.
Four-inch piping is specified for loop TL~4. The in-cell mainstream
piping is insulated with mineral insulation to reduce the cell heat load.

6.3.3. BSpecifications

Specifications similar to those for the out-of-cell piping will be
prepared for the in-cell piping. Welding of the stainless steel primary
piping will be in accordance with specification MET RWS-1, and material
inspection will be made according to specifications covered in the material
and welding specifications MET RMA-376-TP 347 MOD. 2 and MET RWS-1, re-
spectively. After installation, the primary piping will be subjected to
a leakage test in accordance with that described by Metz.1% The vacuum-
testing method will be used whenever possible. All leaks of helium greater
than 10-¢ cm? (STP)/sec, as measured with a mass spectrometer leak detector,
will be repaired. After inspection and leak repairs, the total leak-up
rate for the in-cell mainstream piping (exclusive of mechanical seals and
equipment) will not be greater than 1/2 u of Hg in 24 hr. This leak-up
rate is comparable to a total helium leak rate of 0.9 X 107% em? (STP)/sec
for the piping.

6.3.4. Project References

Design Criteria (CF 61-6-3)

In-Cell Mainstream Piping Criteria Code B.4.0
Design Analyses (CF 61-6-4)

EGCR In-Cell Mainstream Piping

12Memorandum, H. C. Young to W. D. Gooch, EGCR Compressors, P.O.
94Y-3500, Mounting of Compressors, April 11, 1961.

13Memorandum, H. Pouncey (Bristol Siddeley Engines, Ltd.) to W. D.
Gooch (UCNC), Your Order 94Y-3500 Nozzle Loads, May 3, 196l.

i4H, J. Metz, Notes on Helium Leak Detection, ORNL CF 58-1-20, Jan. 10,
1958,
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Specifications (CF 61-6-5) L

Austenitic Steel Pipe for High-Temperature MET-RM-A376-Mod. 2
Nuclear Service

Austenitic Steel for High-Temperature MET-RW3-1
Nuclear Service

6.4, Out-of-Cell Piping

6.4.,1. General

Each experimental loop consists of the loop equipment located in
the experimenters' cell external to the reactor containment vessel, a
through-tube, and the loop piping inside the containment vessel between
the through-tube and the cell. PFigure 6.4.1 shows the loop inlet piping
from the experimenters' cell to the through-tube and the loop outlet
piping from the through-tube to the cell for a typical experimental loop.

In a typical loop, the out-of-cell mainstream inlet piping runs
horizontally through a bottom biologically shielded chase from the ex-
perimenters' cell wall to the bottom nozzle of the through-tube. The
outlet piping runs horizontally through a top shielded chaseway from
the top nozzle to the mainstream gas cooler located at the face of the
reactor biological shield. The outlet piping from the cooler runs down-
ward in a vertical chaseway to a bottom chaseway where it then runs
horizontally back to the experimenters' cell wall. A schematic layout
of a typical piping installation is shown in Fig. 6.4.2.

Fach experimenters' cell is lined with carbon steel sheet which
acts as secondary containment for the loop equipment and piping located
inside the cell. Secondary containment piping and biological shielding
are provided for the primary loop piping inside the reactor containment
vessel (see sec. 6.1).

Definitions. Primary or primary containment piping is the pilping
which normally contains the loop gas. Secondary or secondary containment
piping is that which surrounds the primary piping and which will contain
the loop gas if the primary piping should fail.

6.4.2. Operating Conditions

The normal maximum operating temperature and pressure of the primary
and secondary piping for each loop is given in Table 6.4.1.

6.4.3. Design

The design of the loop piping inside the reactor containment vessel
is based on using expansion loops rather than bellows expansion joints to
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Table 6.4.1. Primary and Secondary Piping Normal Maximum
Operating Conditions

For Loops TS-2, TS-3, For Loop TL-4

and TL-1
Location
Temperature Pressure Temperature Pressure
(°F) (psia) (°F) (psia)
Primary containment
piping
Lower chase inlet 950 1000 950 315
Upper chase outlet 1050 1000 1050 315
Vertical and lower 950 1000 950 315
chase outlet
Secondary containment
piping
Lower chase inlet 500 350 500 350
Upper chase outlet 500 40 500 40
Vertical and lower 500 40 500 40

chase outlet

accommodate thermal expansion. Concentric piping is used to provide
gecondary containment. The reactor pressure vessel bottom nozzle outer
tee and associated secondary containment piping are designed to allow
for vertical thermal expansion of the through-tube, thereby eliminating
a bellows expansion joint. This design permits the reactor gas to enter
the annulus space between the inlet primary and secondary piping. Metal-
lic insulation is specified for this regicn.

Type 347H stainless steel is specified for the primary piping ma-
terial for all four loops since this material is compatible with the
anticipated loop coolants, has favorable high-temperature properties,
is less prone to sigma phase formation (embrittlement) then other stain-
less steels, and has favorable welding characteristics. The primary
piping for loops TL-1, TS-2, and TS-3 is 6 in., and the piping for loop
TL-4 is 4 in. Loop pressure drop calculations were performed consider-
ing various modes of operation and using either helium or CO, as the loop
gas (see sec. 4.8). The pipe wall thickness is based on material proper-
ties in relation to operating pressures and temperatures. The secondary
pipe size 1s based on available space, primary pipe size, thickness of
primary pipe insulation, and the maximum relative thermally induced move-
ment of both the primary and secondary piping during loop operation. The
wall thickness of the secondary piping is based on pipe material properties
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in relation to the maximum temperatures and pipe pressures during normal
loop operating conditions and during primary pipe failure transients.

An IBM 610 code was used to evaluate the primary pipe failure pressure
and temperature transients for the secondary piping.

The maximum surface temperature of the concrete chaseways in which
the piping is located was specified as 120°F. C(Closed loop, forced-
convection, air-cooling systems are provided to control the chaseway
temperatures (see sec. 6.5). Both the primary and secondary piping are
insulated to reduce heat losses and to reduce the pipe chase cooling
load.

Both the primary and secondary piping are designed on the basis of
the Navy code, the ASME Boiler and Pressure Vessel Code (1959 Edition),
and the American Standard Code for Pressure Piping ASA B31.1-1955 (see
sec. 6.2). The primary out-of-cell containment piping for loops TL-1,
TS-2, T8-3, and TL-4 will be fabricated of type 347H stainless steel
according to material specification MET RM A-376-TP347H MOD. 2. The
service pressure for this piping is 1100 psia and the service tempera-
tures are the following:

Temperature
(°F)
Lower chase inlet piping 975
Upper chase outlet piping 1075
Vertical and lower chase outlet 975

piping

The secondary out-of-cell containment piping may be ASTM A 106 carbon
steel (material specification MET RM A-106 MOD 1) or type 347H stainless
steel (material specification MET RM A-376-TP347H MOD 2). Where carbon
steel is used, the service temperature will be 650°F and the pressures
will be the following:

Pressure
(psia)
Lower chase inlet piping 350
Upper chase outlet piping 675
Vertical and lower chase outlet 675

piping

Where stainless steel is used, the service conditions will be the
following:
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Temperature Pressure
(°F) (psia)
Lower chase inlet piping 975 350
Upper chase outlet piping 1075 675
Vertical and lower chase 975 675

outlet piping

The upper and lower nozzle tees are integral with the loop piping.
The loop piping weight, the loop and reactor thermal expansion, and the
loop and reactor pressure will cause reactions in the nozzles. The
nozzle loadings based on these compounded effects are discussed in
Section 4.2.

6.4.4. Stress Analysis

The experimental loop piping is subject to a diversity of loadings
that create stresses of different types and patterns in the structural
materials. These loadings include (1) internal or external pressure,
(2) dead weight, (3) thermal expansion reactions, and (4) transient
thermal gradients or mechanical loads. The design approach used in
treating these various loads is discussed in Sections 4.2 and 6.2.

In this section "primary stress" is defined as a direct or shear
stress developed by the imposed loading which is necessary to satisfy
the laws of equilibrium of external and internal forces and moments.
"Secondary stress" is defined as a direct or shear stress developed by
constraint of adjacent parts or by self-constraint of a structure (in-
cludes thermal expansion stress). The "combined stress intensity” in-
cludes the primary and secondary stresses (including discontinuity
stresses). All thermal gradient stresses are considered as transients.

Primary stresses for both the primary and secondary piping were
calculated based on Section VIII (Unfired Pressure Vessels) of the ASME
code. Thermal expansion of the primary and secondary piping results in
axial, bending, and torsional stresses. All thermal expansion or sec-
ondary stresses were calculated using the Share No. L03812, IBM 704,
Pipe Stress Program, which is based on the Kellogg method.1! Cases were
run for two conditions: (1) reactor and loop hot and (2) reactor hot
and loop cold. Complete input and output data are reported in the De-
sign Analyses (see sec. 6.4.8). As a final check, the pipe stress cal-
culations for a typical primary and secondary piping system were made
by the M. W. Kellogg Company. Agreement with the Share No. 103812 Pipe
Stress Program results were within 1%.

Thermal Stress. An IBM 704 program was used to calculate the
radial and axial temperature distribution in the primary and secondary
piping. This information was used to check the thermal stresses which
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were initially based on a preliminary heat transfer analysis. The Navy
code requires that the stress intensity of the combined primary and
secondary stresses (including discontinuity stresses) not exceed the
allowable stress values, as determined by the code. The calculated
combined stresses reported in the Design Analyses (see sec. 6.4.8) did
not exceed the allowable code values.

Transient Analyses. The method of treating the transient stresses
is discussed in Section 6.2. Transient analyses for the maximum credible
accidents associated with the primary and secondary piping were made. A
transient heat transfer analysis was required to determine the effects
of a sudden temperature excursion in the primary piping. Failure of the
mainstream gas cooling due to a blowout of a loop condenser tube could
subject the lower chase primary outlet piping to a rapid decrease in loop
gas temperature of approximately 620°F. The resultant stresses were cal-
culated on the basis of the Navy code and were found to be below the
allowable stresses.

A failure of the primary outlet piping would result in a rapid in-
crease in the pressure and temperature of the gas in the secondary con-
tainment piping. An analysis of this transient condition resulted in
calculated stress intensities which were below the allowable ASME code
values for type 347 stainless and SA-212, grade B, carbon steels and
SA-106, grade B, carbon steels.

6.4.5. Insulation

Based on experimental heat transfer data from Orenda Engines, Ltd.
of Canada, (see sec. 4.13) and calculations to convert this data to
helium service, 2 in. of reflective insulation was specified for the
primary lower chase inlet piping. Metallic reflective insulation was
specified for this section of piping because the annular space is con-
nected to the reactor vessel and contains reactor gas. A series of
compatibility tests with respect to reactor mas would have been required
to establish the feasibility of using other types of insulation. Two
inches of reflective insulation is specified to keep the carbon steel
containment piping below 500°F. Use of stainless steel for the contain-
ment pipe would permit operation at higher temperatures which would re-
duce the heat flux; however, this would only increase the problems as-
sociated with linear expansion and would increase cost considerably.

Mineral insulation was specified for use on the outlet primary
piping because the annulus around this pipe does not contact reactor
gas. Unibestos, a mineral insulation manufactured by the Union Asbestos
and Rubber Company, was specified for application on all stainless steel
piping. This material was chosen because the sodium silicate binder
used with Amosite asbestos fibers gives a mechanically strong product
which has a tendency to inhibit chloride stress corrosion of stainless
steels. Experimental work by the Mine Safety and Appliance Company is
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reported in a recent ORNL reportl5 which recommends the use of Unibestos

insulation for stainless steel piping installations (this is the material
chosen for insulating the N.S. Savannah piping). Because of space limita-
tions, approximately the first 8 ft of outlet ldop piping does not have
insulation on the primary pipe. Stainless steel is used for both primary
and secondary piping in this section, and the secondary piping is in-
sulated with mineral insulation,

The heat flux is regulated by applying mineral insulation to the ex-
terior of all containment piping. Heat loss to the pipe chases will be
removed by a closed-loop forced-convection air cooling system (see sec.
6.5). Preliminary heat transfer calculations to determine optimum in-
sulation thicknesses were checked with an IBM 7090 heat transfer program.

6.4.6. Sniffer Gas Regions

During operation of an experimental loop, the secondary containment
consists of the reactor gas system and the secondary containment piping,
the intermediate steam cooling system of the mainstream gas cooler, and
the experimenters' cell.

The secondary containment piping forms two regions. One region
surrounds the primary piping in the upper nozzle tee and the primary
piping from the upper nozzle tee to the experimenters' cell, including
a secondary containment vessel around the evaporative cooler. The other
containment region consists of a small annular pipe section in the lower
chase piping between the experimenters' cell and the loop containment
piping, which is filled with reactor gas. Both the upper and lower con-
tainment regions are continuocusly monitored by the sniffer gas system for
leakage into or out of the system.

The upper contalnment region is designed to contain the full reactor
gas pressure or 1oop gas during operation at the maximum loop pressure.
A rupture disk rated at 675 psia between the sniffer region and the ex-
perimenters' cell protects the upper sniffer region from overpressuriza-
tion. The rupture-disk outlet leads to the experimenters' cell via a
three-way valve. When cell containment is required (see sec. 6.1), this
valve 1s positioned to direct the flow from the rupture disk into the
cell., If cell contaimment is not required, this valve is positioned to
direct its flow into the reactor containment vessel. An alarm 1s provided
in the reactor control room to warn the reactor operator if this valve is
directed to the cell when cell containment is not required because the
rupture disk is providing the only secondary containment of the reactor

151, D. Schaffer and J. A. Klapper, Investigation of the Effects
of Wet Chloride Rearing Thermal Insulations on Austenitic Stainless
Steel Pipe, ORNL-3146.
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gas. An alarm is provided in the experimenters' control room to warn the
loop operator if the valve 1s directed into the reactor containment vessel
when cell containment is required. In this case the rupture disk constitutes
the only secondary containment of 1o0op gas between the loop and the reactor
containment vessel.

The secondary containment piping around the primary piping from the
cell to the reactor in the lower pipe chase contains reactor gas and is
essentially an extension of the reactor pressure vessel. A short section
of containment piping containing sniffer gas is interposed between the
reactor gas portion and the experimenters' cell. This prevents depressuri-
zation of reactor gas to the experimenters' cell as a result of a single
failure of the secondary containment piping. A complete description of the
operation of the sniffer gas system is given in Section 5.15.

6.4.7. Partial Installation

The major part of the vertical outlet piping for all loops will not
be initially installed. Loop piping within the experimenters' cells will
be deferred until loop construction is authorized. The decision to delay
installation of much of the piping requires that provisions be made for
temporary installation of the piping to be initially installed. Welded
caps for initial installation have been incorporated in the design draw-
ings and provision will be made for temporary pipe supports which will be
removed when the future piping and equipment is installed. Temporary weld-
ing caps will be attached to the primary outlet piping ends near the future
gas cooler and at the ends of the primary and secondary inlet piping at the
experimenters' cell penetrations. Pressure-tight caps will be used at the
secondary outlet piping near the future cooler and on the ends of the
horizontal outlet piping which terminates at the experimenters' cell wall.

6.4.8 Project References

Design Criteria (CF 61-6-3)

Out-of-Cell Mainstream Piping Criteria Code A.4.0
Design Analyses (CF 61-6-4)

Out-of-Cell Mainstream Piping
Preliminary Design Drawings (CF 61-6-2)

Stress Analysis of TL-1 Inlet Piping Plan E-RD-10170
Stress Analysis of TL-4 Inlet Piping Plan E-RD-lOl?l
Stress Analysis of TS-2 and TS-3 Inlet Piping Plan B-RD-10172
Stress Analysis of TL-4 Outlet Piping Plan E-RD-10341
Stress Analysis of TL-4 Outlet Piping Elevation E-RD-10342

Stress Analysis of TS-2 and TS-3 Outlet Piping E-RD-10358
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Stress Analysis of TS-2 Outlet Piping Elevation E-RD-10359
Stress Analysis of TS-3 Outlet Piping Elevation E~RD-10360
Stress Analysis of TL~-1 Outlet Piping Plan E-RD-10374
Stress Analysis of TL-1 Outlet Piping Elevation E~-RD-10375
Containment Anchor Assembly for Loop TL-4 E~RD-10381
Piping Details Sheet No. 2 for TL-1 Outlet Piping E-RD-10385
Specifications (CF 61-6-5)
Inner and Outer Chase Piping Subassemblies for EGCR J3-128-127
Bxperimental Loops
CPFF Project Nondeferred EGCR Loop Installation JS-128-131
Steel Pipe for High-Temperature Nuclear Service MET-RM-A106~
‘ MOD. 1
Austenitic Steel Pipe for High-Temperature Nuclear MET-RM-A376~
Service MOD. 2

6.5. Pipe-Chase Cooling System

The experimental loop piping inside the reactor containment vessel
is located in concrete pipe chases (see sec. 6.4). In general, these
chases are 4 ft high and 3 to 18 ft wide and are separated from inhabited
areas by 4 ft of concrete shielding. The heat loss from the loop piping
must be removed from inside the pipe chase by a cooling system. The
inner surface temperature of the concrete pipe chase will be limited to
50°F above building ambient temperature. The 50°F differential was
selected because surface cracks develop on the tension side of heated
concrete members, concrete loses compressive strength with increasing
temperature, and high moments and forces would be introduced by the
relative thermal growth of concrete members with respect to structural
members in the reactor containment vessel.

A design temperature of 120°F for the inner surface of the concrete
pipe chase was selected, based on 70°F for the ambient building tempera-
ture plus the 50°F allowable differential temperature. For this design
condition the heat removal can be adequately maintained by direct use
of the available 70°F river water in cooling coils.

The heat removal process consists of withdrawing air from the pipe
chase, passing it through a cooling coil, and returning it to the pipe
chase. A system of air ducts distributes the air throughout the chases
to provide proper air flow. The concrete surfaces that receive radiant
heat from the piping are blast-cooled with high-velocity air streams.
The upper horizontal pipe chase has a cooling system that 1s independent
of the cooling system for the lower horizontal and the vertical pipe
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chase. This is necessary to avoid space conflict with the cooling system
incorporated into the reactor design to cool the reactor nozzles that
protrude through the top and bottom biological shield. The pipe chase
cooling units are located outside and adjacent to the biological shield
near the ceiling at the ground floor elevation. The ductwork is offset
through the shield and enters the vertical pipe chase. Each cooling
unit consists of a cooling coil, dust filter, and two blowers (see

Fig. 6.5.1). The two blowers are provided as dual protection against
overheating the building concrete or the loop containment piping in

case of a blower failure. There is a pipe chase cooling system for

each experimental loop.

Project References

Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Pipe Chase Cooling System D-RD-10323

6.6. Experimenters' Cell Design

In addition to providing a suitable room for housing most of the
loop components, the experimenters' cells perform two important func-
tions: (1) they provide secondary containment of the loop gas if a
primary containment rupture into the cell occurs, and (2) they provide
adequate radiation shielding of the loop piping and components so that
personnel can work nearby, This radiation shielding requirement deter-
mined the thickness of the cell walls and roof.

The requirements for secondary containment of the loop gas dictated
most of the design criteria for the experimenters' cells. 1In order to
contain a rupture of the primary loop piping in the experimenters' cell,
the cell is lined with 10-gage sheet metal and is designed to withstand
a cell pressure of 12 psig at a maximum temperature of 150°F. The total
cell leakage under this condition is specified as not to exceed 1 wt %
of the contained air at 12 psig over a period of 24 hr. The leaktight-
ness requirements and tests are discussed in Section 6.13.

Calculations indicate that a rupture of the primary loop system in
the experimenters' cell will increase the cell pressure to approximately
9 psig for the worst case (1000-psia loop operation with CO,). There is
a possibility, however, that a subsequent rupture of the primary loop
system inside the reactor pressure vessel could release reactor gas into
the experimenters' cell via the double loop rupture, thus overpressurizing
the experimenters' cell. To take care of this contingency, a rupture
disk between the experimenters’ cell and the reactor containment vessel
is provided to relieve the cell pressure if it reaches 10 to 12 psig.
This rupture disk is reinforced by a backup grating on the experimenters'
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cell side to prevent bursting of the disk by a high pressure in the
reactor containment vessel. The rupture disk is 32 in. in diameter
and is sized so that the cell pressure will not exceed 12 psig during
the reactor gas blowdown transient (see sec. 6.12).

The cell liner design temperature of 150°F is considered to be
more than adequate. For instance, assuming a uniform loop gas tempera-
ture of 1050°F and assuming that all the loop gas latent heat is trans-
ferred instantaneously to the cell liner, the cell liner temperature
will increase only about 20°F. The cell temperature control system
normally maintains the cell air temperature at 95°F during loop opera-
tion with CO, and somewhat cooler during helium loop operation.

The experimenters' cell concrete structure is designed for a roof
live load of 500 psf and a floor live load of 1000 psf. Originally, it
was planned to pour a concrete floor in each experimenters' cell on top
of a 3-in. sand cushion and then seal the floor-to-cell liner joints
with a resilient caulking compound. The concrete floor was to provide
anchor support for the loop piping. Because of the decontamination
problem, it is now planned to delete the concrete and sand floor and
to attach the loop pipe anchors to the concrete floor beneath the cell
liner. GSeal welds will be provided at the liner penetrations.

6.7. Cell Ventilation

6.7.1. Design Considerations

The experimenters' cell ventilation system as originally designed
was to maintain a volumetric air flow of 2200 scfm to each cell. In
addition to providing sufficient ventilation for personnel working in
the cell, this system was designed to provide for removing the heat
released in the cell by the loop components and piping (see sec. 6.11).
This heat-removal requirement was the criterion for specification of
the volumetric air flow; consequently, the required flow rate of 2200
scfm was more than sufficient to ventilate the area to be occupied by
personnel.

As the loop design progressed, it was established that the heat
load in the experimenters' cells would exceed the heat-removal capacity
of the ventilation system as originally specified. 1In addition there
was the problem of cell heat removal during an accident situation in
which the ventilation system had to be closed. The solution of these
problems finally led to the specification of a separate air-to-water
heat-removal system to remove all heat liberated inside the experimenters'
cell, At the same time, a detailed analysis of the ventilation system
hazards problem led to the adoption of sealed-cell containment; i.e.,
the ventilation system is to remain valved off at all times when secondary
containment of the experimental locp is required (see sec. 6.1).
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The obvious advantage of sealed-cell containment is that it does
not require the automatic closure of large ventilation valves in the
event of loop gas release to the cell. The large 6-in. valves that
would be required would operate slowly, at best, or might even fail to
operate. The hazards associated with slow closure or failure to close
might be overcome by the development of faster and more reliable valves
and the use of two valves in series; however, the sealed-cell contain-
ment approach appeared to be a better solution, as confirmed by an in-
dependent reviewer,l®

Since the cell ventilation system is no longer required to cool
the experimenters' cells, its primary function is now that of providing
continuous air flow through the cell during periods of major in-cell
maintenance when cell containment is not required. This permitted a
reduction of the volumetric air flow rate required per cell from 2200
to 400 scfm, with a maximum demand of 1760 sctfm for the entire experi-
mental facility. This flow rate 1s considered adeguate to sweep out
undesirable vapors and gases and provide sufficient fresh air to permit
up to ten people to work in a cell at one time.

6.7.2. System Description

The experimenters! cell ventilation system is an induced draft
system. Air is taken from the experimenters' utility tunnel through
a 6-in. butterfly valve located inside the experimenters' cell. The
air leaving the cell passes through another 6-in. butterfly valve located
inside the cell and thence into a common exhaust header (8 to 16 in. o.d.,
16-gage welded steel construction) located along the ceiling of the ex-
perimenters' utility tunnel. The head end of the exhaust header contains
a 8-in. manually operated butterfly valve opening to the experimenters'
utility tunnel. The purpose of this valve is to provide adequate dilution
air in the header, particularly for the cell offgas system (see sec. 5.14).
Inside the experimenters' cell a shield wall isolates certain highly
radiocactive loop components. Provision has been made to position either
the intake or exhaust duct on each side of this shield wall so that it will
not act as a barrier to the ventilating air flow.

.Before reaching the EGCR stack the ventilation system air flow passes
through one of two parallel lines, each containing an AEC absolute filter
(99.95% efficiency at 0.3 u) and an induced draft fan which discharges to
the stack. One fan is operating while the other is held in standby.

Each exhaust filter has a differential-pressure-indicating switch that
senses the pressure differential across the filter. If this pressure
differential increases a specified amount, the indicator switch stops the

16Memorandum from O. H. Klepper to W. B. Cottrell, "EGCR Loop Hazards,"
September 21, 1960.
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operating fan motor and starts the standby fan motor. Each fan and filter
combination has a pair of isolation valves. These valves are automatically
closed and opened as required by the fan and filter combination that is
operating.

During loop operation, when the experimenters' cells must be sealed,
the pressure inside the ¢ell may slowly build up as a result of loop gas
leakage or other gas leakage. This pressurization reduces the effective
cell containment volume available to take care of a loop rupture and thus
increases the chances of the cell rupture disk bursting and contaminating
the entire reactor containment vessel during a loop depressurization ac-
cident. In order to minimize this hazard, a l-in. vent line has been pro-
vided that bypasses the cell exhaust valve. This vent line prevents ex-
cessive pressure from building up inside the experimenters' cell as long
as the radiation level of the gas creating the overpressure is within the
limits set by the total allowable radicactive effluent from the EGCR
stack. The vent line contains two remotely operated valves in series to
seal off the cell in case the activity exceeds the allowable limit. The
valves are spring loaded to fail closed.

The series vent valves bypassing the exhaust valve can be closed by
either one of two radiation monitors. The monitor located in the bypass
line closes the vent valves and sounds an alarm at the experimenters'
control panel if the activity level of the gas passing through the bypass
line is above a predetermined limit. The monitor located in the exhaust
header ahead of the filters closes the vent valves to all experimenters'
cells and sounds an alarm in the experimenters' control room if the ac-
tivity of the exhaust gas is above a predetermined limit. This monitor
acts as a backup for the individual cell exhaust monitors.

Closure of the vent valves on the exhaust valve bypass line activates
a number of interlocks and circuits for additional protection of the ex-
perimenters' cell against accidental overpressurization. All gas supply
lines, including the sample system purge gas and the gas distribution
system, contain automatic control valves which are interlocked with the
cell vent valves and close when either vent valve closes.

A 2-in. bypass line is provided around the cell ventilation inlet
valve to provide vacuum relief for the experimenters' cell during loop
operation. This line contains two check valves (similar to Grove Chexflo
valves) in series. These valves permit a slight vacuum inside the cell
but provide adequate relief to prevent collapsing of the cell liner if a
low pressure should develop inside the cell due to a malfunction of the
loop offgas system (see sec. 5.14).

6.7.3. Operation

The cell ventilation system is turned on by manually opening two
6~in. butterfly valves in the experimenters' cell. These valves are
interlocked to prevent opening of either valve if secondary containment
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of the experimental loop is necessary. Also, the valves are inter-
locked to prevent opening of the cell ventilation inlet valve until
the exhaust valve is fully open. The system will provide adequate

ventilation for personnel working inside the cell.

6.7.4. Hazards

The principal hazard associated with the ventilation system is
the possibility of explosive mixtures accumulating inside the experi-
menters' cell. A considerable effort will be made during final de-
sign to use materials inside the cell which have a low susceptibility
to volatilization and are incapable of forming flammable vapors. If
nonflammable materials cannot be obtained to effectively eliminate
this hazard, flammable vapor detectors will be located inside the
experimenters' cells to detect the formation of explosive mixtures.
In addition, the operation of those loop components that are most
likely to become a source of flammable vapors will be adequately in-
strumented to insure that the operator is aware of abnormal operating
conditions that might lead to formation of these wvapors.

6.7.5. Project References

Design Criteria (CF 61-6-3)

Criteria for the Cell Ventilation System Code C.2.0
Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Cell Services D-RD-10373
Instrument Diagram, Cell Services Q-2120-11

6.8. Cell Washdown

There is no permanent installation for remotely washing down the
interior of the experimenters' cells, but a portable spray unit is pro-
vided for this purpose. This unit, similar to the rotor-jet spray and
pump manufactured by the Sellers Injector Corporation, mixes cold water
and steam to obtain a high-velocity hot-liquid Jjet. The jet provides
hot water at temperatures ranging from 175 to 205°F at pressures of 100
to 630 psi and should prove very effective in decontaminating the cell
interior. Detergents and other solvents may be added to the spray, as
required.

The Jjet pump of the spray unit is installed in the crane-~bay area.
The unit employs river water, and a 90-1b steam supply is provided to
heat the water. In order to decontaminate a cell, the sprayer will be
installed through an access port in the ceiling of the cell. This unit
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will be connected to the Jet pump by means of a flexible hose and will
provide complete cell washdown by spinning two jets about a horizontal
axis while at the same time turning them about a vertical axis.

Once the cell has been washed down by the remotely operated sprayer
and the resultant radiocactive solution has drained through the cell floor
drain (see sec. 6.6), decontamination will be completed by entering the
cell (when radiation levels permit) and manually washing down those areas
or equipment not accessible to the sprayer. A long-handled hand nozzle
will be furnished with the hose from the jet pump for use in the manual
decontamination of the cell.

Particulate radicactive contamination resulting from minor leaks
from the experimental loop will be removed manually by entering the cell
and washing down the interior after first purging the cell with the cell
ventilation system to remove the gasecus contamination. In the event
of a major loop gas leak into the cell, the resulting radiation levels
may prohibit personnel access to the cell interior. The cell decontamina-
tion will then be accomplished by reducing the cell pressure to atmospheric
pressure by cleaning up the cell gas and discharging it to the stack
through the loop offgas system (see sec. 5.14). The cell atmosphere will
then be purged, taking precautions not to exhaust excessive activity up
the stack, and the ventilation intake valve will be closed., The result-
ing negative pressure inside the cell will permit the removal of the
concrete shield plug and flange plate in the access port without spread-
ing the contamination. After the portable rotor-jet spray unit has been
installed, the outlet ventilation valve will be closed and the cell drain
valve opened. Cell washdown will proceed then until the activity level
permits personnel access to the cell to complete the decontamination
process.

The radiocactive effluent resulting from a cell washdown will drain
from the cell through the cell floor drain to the 2000-gal experimenter
and auxiliary sump tank, F-14, The waste will then be pumped to a valve
box from which it will be directed either to the river via a holdup
basin or to the 8000-gal hot-waste=-storage tank, depending on the specific
activity of the solution.

Project References

Design Criteria (CF 61-6-3)
Criteria for the Cell Washdown System Code C.12.0

Preliminary Design Drawings (CF 61-6-2)
Process Flowsheet, Cell Services D-RD-10373

Instrument Diagram, Cell Services .Q-2120-11
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6.9. Cell Penetrations

Most of the penetrations into a typical experimenters' cell are
made through the cell wall facing the experimentérs' utility tunnel.
The penetrations through this wall include electrical supply leads,
instrumentation lines, cell cooling-water lines, ventilation ducts,
a buffer gas supply line, a loop fill supply line, the supply line to
the gas storage tanks, the loop offgas line, the sample station tube,
and the sample station purge gas line. The cell ventilation ducts
enter and leave the cell wall near the cell roof through two 16-in.
penetrations. One “penétration is provided at each end of the cell to
accommodate the inlet and outlet ventilation ducts. Most of the electri-
cal and instrumentation leads are fed into the cell via four 24-in.
penetrations located about midway up the cell wall and at one end of
the cell. Two 16-in. penetrations near the base of the cell accommodate
the cell cooling-water lines and other lines. A separate penetration
may be made to house the gas-sampling station (see sec. 5.4).

The remaining penetrations to the experimenters' cell are made
through the ceiling, floor, and reactor containment side of the cell.
The ceiling penetrations include the loop decontamination lines and
the personnel airlock hatchway. The single floor penetration is a
4-in. floor drain. The penetrations through the cell wall adjacent
to the containment vessel include the mainstream loop piping, the de-
mineralized-cooling-water lines, the sniffer gas piping, and the cell
containment relief pipe containing the cell rupture disk. The main-
stream loop piping, the demineralized-water lines, and an extension
of the sniffer gas piping enter the cell via a 42-in. penetration pipe
mounted between the reactor containment vessel and the experimenters'
cell liner. Immediately below the penetration for the mainstream
loop piping, another penetration, consisting of a 36-in.-diam pipe,
is made to provide pressure relief for the cell by exhausting cell
gas to the reactor containment vessel through a rupture disk. The
rupture disk is mounted at the end of the penetration inside the
reactor containment vessel. Both penetration pipes between the re-
actor containment vessel and the cell liner contain low-pressure ex-
pansion bellows to accommodate any differential expansion between the
containment vessel and the cell wall.

All penetrations of the experimenters' cell must satisfy two
basic criteria. First, they must be in accord with the basic con-
tainment philosophy for the experimental facility (see sec. 6.1).
Thus, each cell penetration must be designed to safely contain a
cell pressure of 12 psig at 150°F with negligible leakage, and all
gas supply lines must contain two check valves in series immediately
inside the cell liner to prevent gas flow from the experimenters'
cell if these lines are broken outside the cell. Secondly, the pene-
trations must be adequately shielded to prevent excessive radiation
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from streaming through the penetrations. Each penetration through the
ceiling and wall into the experimenters' utility tunnel and crane bay
requires a minimum shield thickness equivalent to 3 ft of ordinary con-
crete (7.6 in, of lead) for direct radiation from the loop piping.
These shields may be located either within or external to the cell.
Shadow shields may also be employed. In most cases, the details of
these penetrations and the shield requirements remain to be developed
as a part of the detailed (Title II) design work.

Design Criteria (CF 61-6-3)

Criteria for Cell Penetrations Code B.17.0
Criteria for the Cell Floor Drain Code B.14.0

6.10. Cell Pressure Relief

During normal loop operation the experimenters’' cells will be
vented through the cell ventilation system outlet bypass line (see
sec. 6.7). This venting protects the cell from pressurization during
normal operation and a resulting possible overpressurization following
a major loop gas release to the cell, If the cell were not allowed to
breathe during loop operation, the cell pressure could increase ap-
preciably over a long period of operation (because of a small gas leak,
for instance), and a subsequent failure of the loop piping could con-
ceivably overpressurize the cell., Each experimenters' cell breathes
via a 1l-in, line that bypasses the cell ventilation exhaust valve.
This line contains two pneumatically operated valves that isolate the
cell if there is excessive airborne radiocactivity in the cell atmosphere.

The experimenters' cell structure, with its liner, is designed to
withstand an internal pressure of 12 psig, which is well in excess of
the pressure created by a release of the entire mass of loop gas under
the most severe operating conditions. However, the cell pressure fol-
lowing a compound loop failure which releases reactor gas to the cell
will exceed 12 psig. In order to protect the experimenters' cell
against overpressurization, a pressure-relief device is installed be-
tween the experimenters' cell and the reactor containment vessel to
reliieve the cell overpressure to the containment vessel at a cell
pressure of 10 to 12 psig. The pressure-relief device chosen for
this application is a rupture disk. This disk is sized for a flow
rate of 35 000 cfs at a cell pressure of 12 psig. It is reinforced
by a backup grating on the experimenters' cell side to prevent disk
rupture by an excessive pressure in the reactor containment vessel.

The cell rupture disk was designed by Black, Sivalls & Bryson,
Inc., and fabricated by Pittsburgh-Des Moines Steel Company. It
was designed to meet ASME code requirements and is marked per paragraph
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UG-129 of the ASME code. The rupture disk has a free-flow diameter of
32 in. and an over-all diameter of 37 in. The honeycomb backup grating
is 1 1/2 in. thick and has rectangular holes 2 in. across by 1 3/16 in.
high. The cell rupture disk is mounted on a nozzle penetrating the ex-
perimenters' cell liner and the reactor containment vessel. The center
line of the nozzle is approximately 3 1/2 ft above the cell floor. The
rupture disk is mounted in the reactor containment vessel end of the
nozzle to reduce the probability of an in-cell generated missile pene-
trating the rupture disk.

6.11. Cell Temperature and Humidity Control

6.11.1. Temperature Control

The experimenters' cell air temperature must be maintained within
certain limits to insure proper operation of the experimental loops.
The maximum cell temperature is limited by the electrical and electronic
equipment in the cell. The life and operation of this equipment would
be seriously impaired if the cell temperature exceeded 120°F even for
relatively short periods of time. The minimum temperature is set by
operation of the loop with CO,, since the cell temperature must be main-
tained above 88°F to prevent condensation of high-pressure CO, in the
gas supply and buffer gas lines in the experimenters' cell.

A considerable amount of heat is liberated in the experimenters!
cell. The principal heat sources are the heat losses from the transfer
pump, the in-cell piping, the high-current buses, and the heater trans-
former. Other contributions include heat losses from the loop gas filter
and loop compressors, the electrical instrumentation, the vacuum pump,
and the ecell cooler blower motors. An estimate of the heat power re-
leased to the experimenters' cell atmosphere from the different loop
components and equipment is given in Table 6.11.1.

The experimenters' cell cooling system is designed to remove 100 kw
of heat from the cell at an average cell temperature of 110°F, even
though the estimated maximum heat load is 88.1 kw and it appears unlikely
that it will be imposed on the cell cooling system for any extended period.
The heat removed by the cell cooling system is transferred to river water
that enters the cooling system at an average flow rate of 40 gpm and a
maximum inlet temperature of 71°F.

The experimenters' cell cooling system includes two 50-kw air-to-
water forced-convection heat exchangers, each of which is connected to
an independent blower power supply. In order to assure continuity of
operation, the coolers aré arranged and sized so that either unit will
provide cooling throughout the cell if the other unit should fail., It
is anticipated that the experimenters' cell will contain a shield wall
around some of the highly radiocactive components. The intakes for the
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Table 6.11.1. Heat Sources Inside the Experimenters' Cell

Heat
Heat Source Contribution

(kw)

Heater transformer and high-current buses 35.0
Mainstream piping (assuming 950°F operating 27.1

temperature and 3 in. of Thermoflex in-
sulation)

Transfer pump 16.8
Mainstream filter and loop compressors 3.5
Electrical instrumentation 2.0
Vacuum pump 2.2
Cell-cooler blower motors 1.5
Total 88.1

two cell coolers are located on opposite sides of this proposed wall.
The cooled air exhausts to the side of the experimenters' cell opposite
the intake, thereby minimizing the shield walls' obstruction of air
circulation ingide the cell, One of the cell cooler intakes is mounted
directly over the heater transformer. Alr rising from the transformer
is considerably above the average cell air temperature and thus improves
the efficiency of the cell cooler.

When an experimental loop is operating with CO,;, the experimenters'
cell air temperature must be maintained above 88°F to prevent condensa-
tion of high-pressure CO, in the gas lines inside the cell. 1In order
to accomplish this, the service water line feeding each cell cooler con-
tains a flow control valve which is designed to maintain the cell air
temperature at 95°F by throttling the cooling water flow. If the ex-
perimenters' cell air temperature drops to 92°F, an electrical heating
element in one of the two cell coolers is energized until the cell air
temperature is increased to 95°F, If the air temperature should con-
tinue to drop, a heating element in the other cell cooler is energized
when the cell air temperature reaches 90°F. Each cell cooler contains
a "7-kw heating element.

When the experimental loop is operating with helium, the tempera-
ture control valves on the cooling water feed lines are bypassed and
the electrical heating units are disconnected. This permits the coolers
to operate at full cooling capacity at all times. All valves and con=-
trol instrumentation for the cell coolers, except the temperature sensors,
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are located in the experimenters' utility tunnel where they are accessible
for testing and maintenance.

The experimenters' cell air temperature on each side of the shield
wall is monitored and indicated on the experimenters' control panel.
High-low temperature audio and visual alarms are provided and set at
cell air temperatures of 110°F and 90°F, respectively. The low-level
alarm is used only for operation with CO,.

The cell-cooler blower motors are totally enclosed units and are
capable of operation in COp; or helium atmospheres at pressures up to 26
psia. A sail switch on the cooler exhaust 1s used to detect failure of
the cooler blower by indicating a loss of air flow through the cooler.
This loss of air flow actuates audio and visual alarms at the experi-
menters' control board.

Automatic cell overtemperature protection is provided if the cell
air temperature exceeds 110°F. At 115°F a control system shuts off
electrical power to the heater’ transformer and the vacuum pump as long
as the reactor is at power. Operation of the vacuum pump is permitted
if the reactor is shut down. Interrupting power to these two units
reduces the cell heat load from 88.1 to 50.9 kw. This should correct
the overtemperature condition, even if one cooler is inoperative. If
the experimenters' cell temperature should reach 120°F, the transfer
pump is automatically shut off. The reactor is manually shut down if
the cell air temperature reaches 130°F.

6.11.2. Humidity Control

Since it is doubtful that the cell coolers will have sufficient
dehumidifying capacity, a small, portable, refrigeration-type dehumidi-
fier draining to the cell drain will be mounted in each experimenters'
cell to control the humidity. This humidity control is particularly
important for protecting the radiation-detection equipment. Humidity
in the experimenters' cell will be continuously monitored during loop
operation. An indication of high humidity in the cell will actuate
audio and visual alarms at the experimenters’' control board. The loop
operator will then turn on the dehumidifier to reduce the water vapor
to acceptable levels.

6.11.3. Project References

Design Criteria (CF 61-6-3)

Criteria for Cell Temperature Control Code B.13.0
Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Cell Cooling Water System and D-RD-10115
Cell Cooler
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Instrument Diagram, Cell Temperature Control Q-2120-9
System

6.12. Flow Restrictor

One accident envisioned for the EGCR loops is a double-ended rupture
of the reactor through-tube resulting from a rapid loop depressurization
following a double-ended rupture of the in-cell mainstream loop Ppiping.

A double-ended rupture is a complete severance of the pipe or tube fol-
lowed by sufficient movement of the severed ends to permit free flow into
or out of the ends. This is a somewhat hypothetical case and not con-
sidered credible in the case of the EGCR loops but worthy of study because
it i1s clearly an upper boundary condition for this type of failure. As

a result of this accident, the experimenters' cell would rapidly fill with
reactor gas via the two failed portions of loop piping. When the cell
pressure reached 10 to 12 psig, the cell rupture disk would burst and re-
lease the cell gas to the reactor containment vessel. Subsequently, the
cell pressure would depend upon the rate at which reactor gas entered and
left the experimenters' cell. If gas entered the cell faster than it
could leave, a dangerous overpressure of the cell would occur that might
lead to a possible rupture of the cell containment.

To remedy this problem it is necessary to have or to introduce suffi-
cient flow restriction in the loop piping to limit the flow of reactor.gas
into the cell. The calculations summarized below indicate that the loop
piping leading to the top and bottom nozzles of the reactor pressure
vessel should contain flow restrictions sufficient to prevent the reactor
gas from entering the experimenters' cell at a rate greater than that
which the cell rupture disk can relieve without exceeding the cell design
pressure.

The flow of gas from the reactor to the cell is limited to sonic
flow because the ratio of cell pressure (12 psig max) to reactor pres-
sure (300 psia) is much less than the critical pressure ratio (0.486
for helium). Therefore, the rate of gas flow into the cell was calcu-
lated as that flow which would give sonic velocity through the flow re-
stricting pipes leading to the top and bottom nozzles. For the top
nozzle the restriction is a section of 5-in.-o0.d., 0.375-in.-wall tubing.
For the bottom nozzle the restriction is a section of 4-in. sched.-80
pipe. If the reactor gas is at 1050°F and 300 psia, the sonic (maximum
flow of helium through these restrictions is 74.0 lb/sec.

The maximum cell pressure required to transfer this flow of 74.0
1b of helium per second from the cell to the reactor containment vessel
was calculated to be 11.4 psig. The pressure was the calculated pres-
sure drop through the cell rupture-disk device. The rupture disk was
considered as a duct 32 in. i.d. and 6 1/2 ft long with both the entrance
and exits of the duct extending into the experimenters' cell and the
reactor containment vessel, respectively,
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The flow of 1050°F helium which this duct can pass was also calcu-
lated for a cell pressure of 12 psig, the maximum allowable cell pres-
sure. The entrance to the rupture-disk duct was assumed to be an inward-
projecting pipe. The exit was assumed to have a loss coefficient of
one. The calculated friction losses along the duct were negligibly small.
The resulting flow rate was 76.9 1b/sec.

On the basis of the above calculations, it is apparent that the ex-
perimenters' cell design pressure of 12 psig would not be exceeded by
the assumed double-ended failures. The calculations are somewhat con-
servative because certain temperature and pressure drop effects have been
neglected. The gas flow rate into and out of the cell is proportional to
the inverse square root of the gas absolute temperature. Thus, at lower
gas temperatures the flow rates are higher. As the reactor gas flowed
from the reactor, through the broken piping and into the cell, it would
be cooled. This temperature reduction would permit gas flow out of the
cell at higher than the calculated rate. Because of the large pressure
drops in the loop piping as a result of the large flow of gas through
the piping, sonic velocity would occur at the broken ends of the in-cell
piping. Consequently, the pressures at which sonic velocity occurred
would be less than the 300-psia reactor pressure. The resulting reactor
gas mass flow into the cell would be decreased by the lower gas density.

Project References

Design Analyses (CF 61-6-4)

Mass Flow Restriction Required in the EGCR Experimental Loop
System (plus Addendum).

6.13. Cell Pressure and Leak Tests

The experimenters' cells are lined with 10-gage carbon steel sheet
(ASTM-A 246), which serves as a gas-tight secondary containment for the
primary containment piping and components in the cell. The cell structure
with this liner is designed to withstand an internal pressure of 12 psig
at a maximum temperature of 150°F. In order to assure that the experi-
menters' cells are capable of containing this pressure and remaining gas
tight, a number of pressure and leak tests will be performed.

Prior to leak testing the cell as a unit, the cell liner will be
tested for weld integrity. This test will be performed by injecting
a tracer gas at a slightly positive pressure into the small void be-
tween the cell liner and the concrete support structure. The tracer
gas will be injected through a single tube in the concrete wall of each
cell. The welds will be checked by tracer gas detectors from inside
the cell. All welds found to leak will be repaired by rewelding. The
cell liner on the underside of the removable roof shield plugs will be
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tested after the plugs are in place by injecting tracer gas into each
cell through a tap hole and then probing the area around the roof
hatch seal welds.

After the weld integrity tests have been completed, the experi-
menters' cells will be pressure tested before the cell leak rate
tests are performed. All the cell penetrations and the rupture disks
will be blanked off. One cell will be pressurized for 1 hr at 12 psig
while being heated to 150°F. TFollowing this test all the experimenters'
cells will be pressurized to 15 psig for a period of 1 hr at ambient
temperature.

After satisfactory completion of the pressure test, each cell
will be tested for total air leakage. With all penetrations and the
rupture disk still blanked off, each cell will be pressurized to 12
psig and the cell leak rate will be determined by the rate of depres-
surization method. For test acceptance, the total rate must be 0.5
wt % or less of the contained air at 12 psig over a 24-hr period. The
leak rate tests will be performed using a system of sealed and leak
tested drums of such numbers and positions that the temperature balance
effected will accurately reflect the mean cell temperature. The ref-
erence drums will be interconnected to secure a uniform pressure in
the drums. The cell air will be continucusly circulated around the
cell during the tests. The effect of vapor pressure will be minimized
by pressurizing the drums in the experimenters' cells at nearly the
same time. The drums will then be sealed off and the differential
pressure between the drums in the cell will be read on a water manometer
located in the experimenters' utility tunnel.

The blanking-off fixtures will be retained for additional leak
testing of the experimenters' cells, as required. Blanking off fixtures
and blind flanges will be prepared for only one cell, since they can be
moved from cell to cell during the leak rate tests. After the cell liner
tests have been satisfactorily completed, the blanking-off fixtures will
be replaced with the cell penetrations required for loop installation.
After all the final penetrations have been completed, the cell will be
repressurized to 12 psig with the rupture disk blanked off. For test
acceptance, the total cell leak rate must be 1 wt % or less of the con-
tained air at 12 psig over a 24-hr period. If the total leak rate
exceeds the allowable percentage, the cell will be depressurized and
all welds will be rechecked for leaktightness. This procedure will
be repeated until an acceptable leak rate is obtained. Also, this
final 'cell leak test will be repeated 'at convenient intervals during
loop operation and each time major maintenance is performed in the cell
to assure continuing integrity of the cell containment.
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6.14. Missile Protection

6.14.1. General

An experimenters' cell houses most of the experimental loop equip-
ment. It is lined with a vapor-tight steel liner to provide secondary
containment of any loop gas released to the cell. Not only must the
cell liner provide adequate secondary containment of the loop gas, but
it must also be designed to remain intact following the impact of any
credible missile generated in the cell.

An experimenters' cell is lined with 10-gage sheet steel (minimum
thickness, 0.131 in.). It appears from preliminary calculations that
this thickness is more than adequate to contain any gas-propelled
missiles that might be generated. There are two kinds of missiles
that must be considered in evaluating the missile hazard. First, there
are those missiles that might be created from the failure of high-
speed rotating equipment in the cell (e.g., the loop compressors). The
second type of missile is one that 1s accelerated by the expansion of
loop gas following its creation. This section is concerned only with
the hazard associated with those missiles that are gas propelled. It
does not evaluate the credibility or hazards associated with those
missiles that may result-from the failure of high-speed rotating equip-
ment (see sec. 4.9).

In evaluating the hazards assoclated with gas-propelled missiles,
two different types of missiles must be evaluated. The first class
of missiles are those that are accelerated by a jet of gas rushing
against them. The second class includes those missiles that are
accelerated by the exhausting of gas stored inside the missile (self-
propelled missiles). In evaluating the penetration capability of gas-
propelled missiles, a number of conservative assumptions must be made
to facilitate a solution of the resulting differential equations. A
thorough analysis of the missile-penetration problem, along with the
simplifying assumptions and solutions, is presented in a design analysis
(see sec. 6.14.4). A brief summary of the assumptions and results is
presented here.

7

The following eq_uationl is used for determining the penetration

of a missile in steel:

XE
t3/2 -
K2(17,400) gd®/ 2
where
t = wall thickness required to contain a missile, in.,
KE = kinetic energy of the missile, ft2°lb/se02,

17 APPR-1 Hazards Summary Report, APAE-2, July 27, 1955.



252

Kx = a constant, depending upon the grade of steel (=1),
d = diameter of missile, in.,
g = acceleration of gravity, ft/secz.

In order to evaluate whether the cell liner is adequate to contain
any credible missile, the maximum kinetic energy of the various missiles
must be determined.

6.14.2. Jet Propelled Missiles

In evaluating the kinetic energy of missiles propelled by a jet
of loop gas, the following assumptions were made:

1. The loop gas is a perfect gas (obeys the perfect gas laws).

2. The state of the gas inside the loop piping is a stagnation
condition and does not change during the acceleration period. (A
conservative assumption; valid only for small jets.)

3. A pipe rupture has the same area as the face of the missile
originally attached at that point.

4, The velocity at the centerline of the jet (Vj) is constant
over all distances and, by assumption 2, all times '‘And is equal to
the sonic velocity (a conservative assumption).

5. Gas escaping from a rupture follows the equations of
isentropic flow.

6. The velocity of the missile is negligible compared with the
velocity of the jet.

7. An impinging jet of gas is deflected 90 deg in a coordinate
system in which the velocity of the missile is zero.

8. The gas Jet expands at an angle of 60 deg. This means that
the mass flow impinging upon the missile (w in lb/sec) may be approxi-
mated by

w.r? w.r2

J J
W = =
(r + x sin 30°)? (r + 0.5 x)?

where
W3y = mass flow through orifice, lb/sec,
r = radius of missile, ft,
x = distance from pipe, ft.
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Assumption 8 was made as a result of research done with a shock
tube and air.l® This work indicated that the advancing front of air
suddenly released from a shock tube expanded at an angle of 60 to 70
deg in going from the orifice pressure down to atmospheric pressure.

Using these assumptions, the force (F in 1b) acting on the missile
by the jet is

(r + 0.5 x)°

Since the force is equal to the mass of the missile (M_ in 1b) times
acceleration of the missile (dzx/dez), the following differential equa-
tion is obtained:

d°x W,rzv.

a6° Mm(r + 0.5 x)2

In order to obtain the velocity of the missile, the above equation is
integrated once, and proper boundary conditions are applied. The
terminal missile velocity, dx/dé {at infinite x% is found to be

ax{® 7d3kepg

a6 24R_M
P m
where
k = ratio of specific heats of the gas,
po = original loop pressure, psia,
g = acceleration of gravity, ft/secz,
R_ = k+1k/(k'l).
P p)

From the above equation, the kinetic energy is

d3kgpo

KR = ———
15,29R
P

18y, S. Department of Defense, Ballistics Research Laboratory,
Paper No. 843, AFSWP No. '768.
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Substituting this in the penetration equation yields
a3/ 2kpg

t3/2 = —
266, 000R
1Y

For a helium loop, this reduces to

d3/2p0
£3/2 = —
328,000
For a CO, loop, it reduces to
d3/2p0
t3/2 = —
375,000

It is noted from the above formulas that the maximum thickness is
required for a missile accelerated by a helium jet and is a function of
the diameter of the missile and the loop pressure. Assuming a missile
having a cross-section equal to that of a 6-in. pipe, the wall thickness
required to contain the missile for 1000-psia helium operation is found
to be 0.119 in., Since this is less than the minimum wall thickness of
0.131 in., it appears that the cell liner is adequate to contain any
credible jet-propelled missile. It should be pointed out that the choice
of a missile composed of a piece of 6-in., pipe is a very conservative
choice, since several of the assumptions are completely invalid for a
6-in. opening. Considering the assumptions made for this analysis, the
maximum missile diameter should probably be limited to 2 in. or less.

6.14.3. Self-Propelled Missiles

In evaluating the kinetic energy of missiles propelled by the ex-
hausting of loop gas contained within the missile, the first analysis
was made by assuming that all of the internal energy of the contained
gas was converted into missile kinetic energy. The resulting kinetic
energy from this simplified model was high enough to cause penetration
of the present liner. A more realistic comprehensive analysis was re-
quired. The model that was finally employed utilized the following
simplifying assumptions:?

1. The loop gas is a perfect gas (obeys the perfect gas laws).

2. The state of the gas inside the missile is a stagnation con-
dition.
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3. The area of the jet is the same as the impact area of the
missile.

4, Sonic velocity exists at the exit of the missile and this exit
is a perfect nozzle.

5. Gas escaping from the missile obeys the equation of isentropic
flow.

6. The temperature of the gas in the missile remains constant (a
conservative assumption).

7. The atmospheric pressure in the cell is negligible (a conserva-
tive assumption).

Applying the above assumptions, the thrust of the missile (7, 1b) is
found to be

Ta2pg(1 + K)e™C° M a%

T = o e— —

4R a6?
. g

)

where all the terms but C have been defined previously;

7d?pg kg \1/?2

Q
il
AV

M \RToR Ry

Mg = original mass of gas in missile, 1b,
R = gas constant, ft/°F,

To = gas temperature, °R,

R (k + 1'1/(k'1)
d 2 ’

In order to obtain the missile velocity as a function of time (6 in sec),
the thrust equation was integrated once, and the boundary conditions
were applied. The terminal missile velocity, dx/de , occurring at
infinite 6 was found to be

dx  mad®peL [2g(k + 1) 1/2

de 4M RTok
m

1
-

where

=
1]

length of missile, ft
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Using the above term for the maximum velocity of the missile, the missile
kinetic energy becomes

p5dcLg(k +1)
KE_.

1.62 KRTpB

where
B = density term for the pipe, 1b/ft-in.?2

Substituting the above expression into the penetration formula, the re-
quired wall thickness becomes

at/2p2L(k + 1)

-t3/2 =
28,200 KRT,B

For a helium loop, the above equation reduces to

3/2 pjat/ L
t =

6,800,000 TyB

For a CO, loop, the penetration equation reduces to

3/2 P8/ AL
t =

555,000 ToB

Assuming a gas temperature of 600°F and a missile composed of a
10-ft section of 6-in, sched.-80 pipe, the required wall thickness for
1000-psia helium loop operation is 0.024 in., while that required for
1000-psig CO, loop operation is 0.126 in. Since the minimum wall thick-
ness is 0.131 in., it appears that the wall will contain all credible
self-propelled missiles. It is felt that the choice of a 10-ft-long
missile 1s quite conservative, that is, any credible missile will
probably be considerably shorter.

6.14.4. Project References
Design Analyses (CF 61-6-4)

Missile Penetration
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6.15. Cell Access — Personnel and Machinery

6.15.1. General Description

Personnel access to the eight experimenters' cells is required
to perform direct maintenance and inspection of equipment located
in these cells. Sufficient shielding is provided between each gas-
tight cell to permit entry into a cell adjacent to an operating loop
(see sec. 3.5). Major maintenance operations can be performed only
when the particular loop in question is not in operation and cell con-
tainment is not required (see sec. 6.1). Access to the cell during
this time is by way of the cell roof hatch openings shown in Fig.
6.15.1.

During loop operation or when cell contaimment is required, access
to the experimenters' cells for minor repairs, maintenance, or inspection
is provided by a portable personnel air lock. A hatchway, including a
cover plate, shield plug, and a bottom closure is built into the roof
of each cell, as shown in Fig. 6.15.2. The portable air lock can be
attached to any of the eight hatchways after removing the hatchway
cover plate and shield plug. After attaching the air lock, continuity
of cell containment is provided by interlocking the hatchway bottom
closure and the portable air lock door so that one cannot be opened
unless the other is closed.

The hatchway sleeve penetrates the cell roof and the cell liner.
The cell liner, which acts as secondary containment for equipment
located in the cells, is welded to this sleeve. Gasket seals at the
hatchway cover plate and bottom closure will maintain cell containment
during normal operation.

6.15.2. Design

The portable air lock and hatchway are designed for an operating
temperature of 100°F and a maximum pressure of 12 psig. The air lock
is capable of housing two men. The air lock and hatchway doors are
operable from both sides and open against cell pressure (to minimize
the sealing problem). A hoist is provided in the air lock for handling
small components, such as a valve, and tools. Provision is also made
for interlocks, normal and emergency power and lighting, venting, de-
contamination, communication systems, and emergency indicators.

6.15.3. Installation and Operation

Instrumentation capable of continuous indication of the radiation
level within the cell during maintenance operations is provided that
is separate from and an adjunct to the radiation alarm system. A
visual check of the instrumentation will indicate whether the cell can
be entered for maintenance. If the radiation level is satisfactory
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Fig. 6.15.1. Cell Roof Hatch Opening.
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Fig. 6.15.2. Portable Air Lock and Hatchway.
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for entry, the bridge crane will be used to remove the cell hatchway
cover plate and then the concrete shield plug. The bridge crane will
then be used to set the air lock over the cell hatchway and align it.
The air lock flange will then be bolted to the upper flange of the
cell hatchway.

A Freon supply line will be attached to an external connection
on the air lock shell, and the air lock will be pressurized with Freon
to 2 psig to permit an external check with a portable gas-detection
instrument of the seals at the flange and the door. Following this
check, the Freon supply line will be disconnected and the air lock
will be depressurized by opening the pressure test valve on the ex-
terior of the air lock in the line used for pressurizing with Freon.
When depressurization has been completed, the pressure test valve will
be closed and three portable cords will be connected between the air
lock’ and wall junction receptacles for electrical power, control, and
communication circuits.

For personnel entry, the air lock door will be opened and the
air lock will be purged of Freon by using a portable blower. Two men
will then enter the air lock, lower the floor grating, install the
removable ladder support, and turn on the air lock dome light. (The
terms removable and portable as used in this description of the pro-
cedures for cell entry refer to equipment that is hung on racks with-
in the air lock or the cell when not in use.) The men in the air lock
will close the air lock door, check the sound-powered telephone, the
emergency alarm system, and the battery-powered portable lamp.

With the use of the removable T-bar operator, the bottom hatchway
will be lowered to its side travel position. A removable hand crank
will then be used to operate a gear-and-pinion drive to move the bottom
hatchway horizontally to the open position. With the use of the hoock
on the end of the T-bar operator, the movable ladder will be raised
and latched into place on the ladder support. The floor grating can
then be raised and the men can descend into the cell. After checking
the cell lights, the sound-powered telephone, and the emergency alarm
system, they will close the bottom hatchway by using the removable
T-bar operator and the removable hand crank.

When leaving the cell, the procedure will be reversed. An addi-
tional step will include a check of the integrity of the bottom hatch-
way double seal. A portable vacuum pump connected to the seal vacuum
line through an integral-check valve will be used.

6.15.4. Safety Precautions

During performance of normal maintenance operations, maintenance
personnel will be continuously present outside the air lock in case
personnel within the cell wish to communicate with them. In the event
an emergency situation arises within the cell, personnel in the cell
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will alert the reactor control room and personnel in the crane bay area
by use of the emergency signal button within the cell. 1In the event

an emergency situation arises outside the cell, personnel in the cell
will be alerted to evacuate the cell by the building emergency alarm
system or by use of the emergency system button outside the air lock.

6.15.5., Interlock System

An interlock system is provided that is designed to maintain con-
tainment at all times and under any conditions. When this system is
functioning, it is not possible to open the air lock door unless the
bottom hatchway is properly sealed. It is similarly not possible to
open the bottom hatchway unless the air lock door is properly sealed.
The interlock system is designed so that, in the event of power in-
terruption, the air lock door interlock and the bottom hatch interlock
will fail in the position held prior to power interruption. In the
event of mechanical failure (i.e., linkage) or of electrical failure
(i.e., solenoid coil burnout) of either door interlock or bottom hatch-
way interlock, a condition arises which prevents the normal exit pro-
cedure from being followed.

If failure of the limit switch on the air lock door occurs (causing
the bottom hatchway solenoids to become inoperative), it is necessary
to check the air lock door to be sure it is closed and then disconnect
the electrical power portable cord and the control circuit portable
cord. These cords are then plugged into a special portable adapter
box which is wired to bypass the failed 1limit switch and thus permit
the bottom hatchway interlock release solenoid to function. If failure
of the linkage, release solenoids, or bottom hatchway limit switch
occurs (causing the air lock door to become inoperative), the bottom
hatchway must be closed (sealed) and vacuum checked for leakage by a
portable pump in the crane bay area. The air lock i1s then unbolted
and raised (using the bridge crane) to permit the personnel to leave.

When personnel are within the cell, with the bottom hatchway closed,
the air lock door will alsc be closed. If the air lock door were opened
in this situation, it should be closed immediately. If left open in-
advertently, personnel within the cell will be informed of this condi-
tion by means of the door position indicating light and will immediately
notify the reactor control room or personnel outside the air lock by
phone.

Interlocking is provided for automatic, continuous venting of the
air lock dome to the experimenters' crane bay area while the bottom
hatchway is closed. When the bottom hatchway is opened, the venting
is stopped. To accomplish this a motor-operated valve is installed
on the outside of the air lock dome. This: motor-operated valve is
actuated through a relay controlled by the interlock on the air lock
hatchway. When the hatchway is in the closed (sealed) position, the
valve is open. When the hatchway is open (unsealed), the valve is
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closed. In the event of power failure, the motor-operated valve fails
closed.

6.15.6. Communications and Alarms

Communication between personnel within the air.lock and/or cell
and personnel in the crane bay area will be by means of fixed sound-
powered telephones (sec,5.18). These phones are equipped with a bell-
ringing device and are of the noise-cancelling type. A separate dial
phone on the plant PBX system is installed within each cell to enable
maintenance personnel to call any other PBX station in the EGCR. Inter-
com system speakers (re-entrant horn type), controlled by the master
station in the reactor control room, are installed in the crane bay
area and within each cell.

Emergency alarm buttons are installed in the cell, in the air
lock, and on the air lock outer shell and are connected to audible
alarms in the cell, in the reactor control room, and on the air lock
outer shell. Operation of any button will operate all audible alarms
simultaneously. Alarms which are operated by the building emergency
alarm system are installed in the crane bay area and within each cell.

6.15.7. Experimenters' Cell Roof Hatches

The cell roof hatches shown in Fig. 6.15.1 are opened only when
major maintenance operations are necessary. Three 2 l/2-ft-thick
carbon-steel-lined ordinary concrete shield plugs are used for each
cell hatchway opening, and each is bolted to the cell roof. Cell con-
tainment is maintained by using carbon steel sealing sheets welded to
both the cell and hatch-plug liners. Two 9-in.-thick ordinary eoncrete
shield plugs are placed over the three 2 l/4—fhﬁthick plugs to provide
a total shield thickness of 3 ft. Opening~the hatchway involves the
removal of the 9-in. plugs, cutting the seal sheet welds around the
2 1/4-ft plugs (and their respective bolting), unbolting each plug,
and then removing the 2 1/4-ft plugs with the crane.

6.15.8. Project References

Preliminary Design Drawings (CF 61-6-2)

General Assembly F-RD-9600

Power and Control — Wiring and Schematic Diagram D-RD-11009
Power and Control — Electric Details D-RD-11010
Installation and Operation Procedure C-RD-10142

Specifications (CF 61-6-5)
Portable Air Lock and Hatchway Jg8-128-111
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7. INSTRUMENTATION AND CONTROLS

7.1. Design Philosophy

The instrumentation and controls design for the EGCR experimental
loops is based on the premise that the successful performance of the
reactor and experimental loops shall be the primary objective of all
design. The safety of both the reactor personnel and experimental
facility personnel shall be the constraints under which this objective
will be achieved. In no case will instrumentation be used in lieu of
sound loop design for the protection of the experiment, facility, or
personnel,

In order to minimize unnecessary reactor power reductions or scrams
as a result of loop instrument failures, the power reduction signals
from the experimental loop will originate in a coincidence-~-redundance
type of system whereby two out of three of the signals from a given vari-
able must indicate that an unsafe condition exists before the reactor
power can be reduced by an automatic motor-driven rod insertion or a
scram.

Two completely independent continuously energized power supplies
will be provided for the loops and three independent power supplies will
be provided for the safety circuits. Critical equipment will be dupli-
cated, operated continuously, and connected to separate power supplies
in order to minimize the possibility of damage to the experiment in the
event of failure of one power supply. Independent instrumentation and
controls will be provided for the two sets of critical equipment.

In order to achieve maximum flexibility for a long-term irradiation
program, modular instrument board construction will be provided through-
out. To avoid violation of the experimenters' cell containment, electri-
cal instrument signal transmission will be used instead of pneumatic
transmission.

The instrumentation for the loops will be suitable for use with both
the carbon dioxide and helium coolants. All instrument primary elements
in the main loop will be selected and installed so that they can be re-
placed or decontaminated. The possibility of radiation damage to instru-
mentation in the experimenters' cells is assumed to be negligible and
therefore will not be a consideration in the selection of instruments.
Power supplies and amplifiers for electrical instruments in the experi-
menters' cell will be located in the utility tunnel in order to facili-
tate maintenance during loop operation. The cost of using vapor-tight
instrument housings inside the cell for instrument protection when the
cell-washdown system is in operation will be weighed against the cost of
nonweatherproof instrumentation and the probable frequency of use of the
cell-washdown system.
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A data~-collecting and -computing system will be used in association
with a medium-size digital computer for collecting, storing, and retrieving
data from the operation of each loop. The data system will not replace the
conventional instruments used in reactor safety circuits or those considered
necessary for safe loop operation., The data system will supplement the
critical instrumentation and replace, to a large extent, instrumentation
normally used to record data.

The loop instrumentation and controls design will be such that a
minimum of operator coverage will be required.

7.2. Experimenters' Control-Room Equipment

7.2.1.. PFloor Plan

A floor plan of the required control-room equipment for four experi-
mental loops is shown in Fig. 7.2.1. Each loop is provided with approxi-
mately 20 instrument cabinets (24 in. wide, 40 in., deep, 78 in. high)
mounted on a common 6-in. channel base which is used as a wireway. An-
nunciators are mounted on top of the instrument cabinets and tilted toward
the operator for improved visibility. A common equipment control board
houses all instruments and control hardware for the equipment and systems
that are common to all loops.

Each loop is provided with a computer-operating console, a type-
writer data logger, and an off-normal typewriter. These units are lo-
cated in front of, and centered on, the instrument board. The computer
units that are cormon to all loops (see sec. 7.5) are the computer proper,
the centrally located main computer operating console, the input-output
units, and the maghetic-tape units. This equipment is located as shown
in Fig. 7.2.1.

Space is provided for a future office and for a spiral staircase be-
tween the experimenters' control room and the basement directly below.

7.2.2., Experimenter's Control Board

The 20 instrument cabinets for each experimental loop make up the
experimenters' control board and are tentatively utilized as follows:
5 cabinets for radiation monitors, 2 cabinets for relays, 2 cabinets for
cross-connected terminal blocks, and 11 cabinets for miscellaneous instru-.
mentation, annunciators, and control hardware. The 11 miscellaneous
cabinets will contain the following: (1) instrumentation for the main
loop, gas transfer and storage system, bypass gas-cleanup system, buffer
gas system, cell temperature-control system, cell services, jacking the
loop compressor bearings, loop offgas system, cell ventilation system,
loop cooling-water system, demineralized-water system, nozzle cooling
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system, pipe-chase cooling system, and the sniffer gas system; (2) con-
trols for the loop compressors, mainstream gas cooler, mainstream gas
heater, remotely operated valves and valve-position indicators, the
auxiliary blower, vacuum pump, gas transfer pump, pipe-chase coolers,
cell cooler fans, and the cell dehumidifiers; and (3) miscellaneous items
including scram and motor-driven rod-insertion switches, startup-and-run
master switch, communications, elapsed-time meter, annunciator acknowl-
edge and reset pushbutton, audible alarm (different sound for each loop),
blower panels for radiation equipment, and the instrument power distribu-
tion panel,

7.2.3. Common Equipment Control Board

This control board consists of approximately six instrument cabinets
(24 in. wide, 40 in. deep, 78 in. high) mounted on a 6-in. channel base
wireway. It houses the instrumentation and controls for the equipment
which is common to all loops. Annunciators and audible alarms are mounted
on top of the cabinets in a manner similar to the experimenters' control
board. The common equipment control board contains the following: (1)
instrumentation for the gas distribution system, demineralized-water
system, service water system, emergency cooling water system, instrument
alr system, plant air system, and the ac and battery power supplies;
(2) controls for the demineralized-water pumps, cooler high-pressure
feed water pump, and the ac and battery power supply circuit breaker con-
trols and relaying; and (3) miscellaneous items including the audible alarm,
annunciator acknowledge and reset pushbuttons, communications, and the
elapsed-time meter.

7.3. Mainstream Instrumentation

7.3.1., General

This section discusses the mainstream instrumentation and its as-
sociated problems. Wherever possible, this instrumentation conforms to
the design philosophy set forth in Section 7.1. The safety functions
are discussed in Section 7.4 and will be treated only in a general way
in this section. The control functions have not been established in
sufficient detail to be described at this time. Measurement signals
which are routed to the digital data-handling and computer system (see
sec. 7.5) are described in this section as being "processed" by the
computer. Detailed computer processing functions for each measurement
may be found by reference to the Main Loop Instrument Flow Diagrams (see
sec. 7.3.8). All instrument numbers refer to the instruments shown on
the simplified mainstream instrumentation schematic diagram, Fig. 7.3.1,
and are not the instrument numbers which appear on the reference draw-
ings.
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7.3.2. Temperature Measurements

Sheathed thermocouples will be used as the primary sensing ele-
ments for all temperature measurements, All primary loop temperatures,
except fuel element temperatures, will be measured with Chromel vs Alumel
thermocouples. The fuel element temperatures will be measured with
platinum vs platinum-10% rhodium thermocouples. Tungsten vs rhenium
thermocouples have been considered as an alternate for this application.
Adequate spare thermocouples will be installed where replacement is dif-
ficult or impossible.

An attemperated fuel assembly requires the following temperature
measurements: fuel assembly inlet and outlet gas temperatures, attem- )
perator stream outlet temperature, mixed mean outlet gas temperature,
fuel assenbly differential (AT) gas temperature, and fuel element sur-
face and center temperatures. Attemperator stream outlet and fuel as- ¢
sembly outlet temperatures are not required for an unattemperated fuel
assembly.

The test section inlet temperature (TE-1) is measured for the pur-
pose of obtaining operational data only and is recorded, as well as
routed, to the digital computer for processing. The effectiveness of
attemperation is measured by the attemperator stream outlet temperature
(TE-2). It is not recorded but is processed by the computer. The fuel
element surface and central temperatures (TE-3 and TE-4) are measured
at various points along the fuel element stringers for operating in-
formation and are processed by the computer. Present plans call for 19
fuel element surface thermocouples and 3 fuel element central thermo-
couples, but these requirements will vary with different test assemblies.
The test section outlet temperature is measured by two thermocouples
(TE-5 and TE-6), one of which goes to the computer for test section mass
flow computation (and other functions) and the other is recorded and
processed by the computer for operating information. The test section
AT(T _E-7) is measured by two thermocouples, differentially connected,
and 1Is used by the computer for test section power computation.

The mixed mean outlet gas temperature is measured with three
thermocouples represented by (TE-8). This measurement is used to operate
contacts in alarm circuits, reactor safety circuits, and loop cooler and
compressor control circuits (see sec. 7.4). Provision is also made for
future use of fuel element surface temperatures or test section outlet
gas temperatues in the safety and control circuits. It should be noted
that all the leads for these thermocouples, as well as other instrument
leads, must be brought out through suitable connectors in the Bridgman
closure and through connectors in the top nozzle outer tee just bhelow
the blind flange..

Thermocouple wells (TE-9) for future use are located in the outlet
piping leading from the top nozzle. These could be used either in
lieu of or in addition to the mixed mean outlet temperature measurements
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for safety and control actions. The top nozzle temperature (TE-10) is
also measured to assure that adequate top nozzle cooling is maintained.
This measurement is processed by the computer,

The evaporative cooler tube sheet temperature (TE-1ll) is monitored
for the purpose of detecting the absence of water on the tube sheet. The
tube sheet is designed to withstand the maximum loop pressure and tempera-
ture, but very high thermal stresses may develop if the hot tube sheet is
flooded with cold water subsequent to dry operation.

Primary loop temperature control is achieved by controlling con-
densate flow to the evaporative cooler. This control loop uses a two-
out-of~three redundancy up to the control valve. Temperature measurements
are obtained from three thermocouples (TE-12) located just downstream of
the cooler. Details of how these thermocouples are to be installed through
both primary and secondary containment have not been completely worked out,
but several approaches seem to be feasible. If proposed analog studies
indicate that an additional time lag in the measurement can be tolerated,
this measurement will be made inside the experimenter's cell where only
the primary loop piping must be penetrated. In this case, sheathed
thermocouples could be welded into the main loop pipe.

The mainstream gas filter has one thermocouple (TE-13) which is
located between the thermal insulation and lead shield enclosing the
filter, This measurement is processed by the computer which provides an
alarm on high temperature. Its purpose is to protect the lead shiéld
from excessively high temperatures.

Compressor inlet temperature (TE-14) and compressor outlet tempera-
tures (TE-15 and TE-16) are measured with sheathed thermocouples welded
into the pipe. They are for operational information and are both re-
corded and transmitted to the computer for processing. The TE-16 measure-
ment 1s used by the computer for compressor outlet mass flow computation.

Temperature measurements are made at several points on the main-
stream gas heater pipe walls and on the heater lugs. These measurements
are represented by thermocouples TE-17 and TE-18, respectively. Tenta-
tively, there are eight pipe wall thermocouples and four heater lug
thermocouples plus, an equal number of spares. Thermocouples are attached
to the pipe wall by welding and to the lugs by welding or brazing as re-
quired. The temperature measurements are indicated on instruments which
contain switches with contacts in the heater cutoff and alarm circuits.
If computer processing is required, the spare thermocouples will be used.
An additional temperature measurement (TE-19) is made in the heater out-
let gas stream using a sheathed thermocouple welded into the pipe. This
measurement is also used for a high-temperature alarm and to protect the
heater against over temperature.

A thermocouple (not shown on the simplified schematic diagram) is
installed in the transformer that supplies power to the heater. Its
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signal will trip the heater circuit breaker and provide an alarm on ex-
cessive transformer temperatures.

7.3.3., Pressure Measurements

Static pressure measurements are made on the primary loop at the
test section outlet (attemperated test section only), mainstream gas
cooler outlet, loop compressor outlet, and near the test section inlet.
Differential pressure is measured across the test section, the main-
stream gas filter, the absolute filter portion of the mainstream gas
filter, each of the loop compressors, the auxiliary blower, and across
the group of loop compressors.

The test section outlet static pressure (PT-1) and test section
pressure differential (PdT-2) are measured with unbonded strain-gage-
type transducers mounted inside the primary containment between the
shield plug and the Bridgman closure. Installing these transducers
inside the primary containment ellminates: the necessity of penetrating
the Bridgman closure with pneumatic lines. The purpose of measuring
static pressure at this point is to enable a test section mass flow
computation to be made by the computer. Differential pressure across
the test section is measured to detect abnormal conditions of the type
that would cccur if a fuel element became detached from its holder.
This measurement is recorded continuously and also processed by the
computer.

A static pressure measurement (PT-3) downstream of the evaporative
cooler is used in the reactor safety circuits (see sec. 7.4) and there-
fore consists of three independent channels to provide the required two-
out-of -three redundancy. These measurements are also used in the com-
pressor speed control, heater control, and cooler control circuits. In
addition, one of the three channels is fed into an analog computer which
computes mass flow continuously. All three pressure channels are re-
corded as well as processed by the digital computer, and all three chan-
nels provide both high- and low-pressure alarms.

The compressor outlet static pressure (PT-4) is measured and re-
corded for the purpose of mass flow computation by the digital computer.
The test section inlet static pressure measurement (PT-5) is needed
when the reactor is operating with the loop shut down, since pressure
is required in the in-pile section to eliminate column compressive load-
ing of the through-tube (see sec. 5.13). This measurement also provides
high- and low-pressure alarms.

Differential pressure is measured across the mainstream gas filter
assembly (P3T-6) and across the absolute filter portion of the assembly
(PdT—7) to detect either clogging or failure of the filter element.
These measurements are not recorded or indicated but are processed by
the computer.
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Individual differential pressures across the loop compressors (PdT—8,
and PgT-9, and P4T-10) and across the auxiliary blower (PgT-11) as well
as total differential pressure across the three loop compressors (PdT-lZ)
are indicated or recorded and processed by the computer. Contacts for
alarm circuits are provided and, in the individual loop compressor AP
instruments, contacts for compressor speed control are provided.

7.3.4., Flow Measurements

Flow is measured at three points in the primary loop if an attemperated
test section is used. Venturi flow elements are used in all three measure-
ments. The test section outlet volume flow (FE-1) is recorded and also
routed to the computer where it is used in conjunction with pressure and
temperature signals to compute test section mass flow. This measurement
is not required in an unattemperated test section because mass flow would
be the same in the test section as in the loop proper. The flow trans-
mitter (FT-1) used for this measurement is of the unbonded strain-gage
type and 1is similar to the test section AP transmitter (PdT—Z). It will
also be installed inside the primary containment between the shield plug
and the Bridgman closure to avoid penetrating the closure with pneumatic
instrument lines,

The main flow-measuring device (FE-2) is installed in a line down-
stream of the mainstream gas cooler., This measurement is used for the
reactor safety circuits, loop heater and cooler control circuits, com-
pressor speed control circuits, and low flow alarm circuits (see sec.
7.4). Since the reactor safety circuits require two-out-of-three re-
dundancy, this measurement has three identical volume flow-measuring chan-
nels, The signal from one channel is also used by the analog computer
for continuous mass flow computation. Signals from all three volume flow
channels are routed to the digital computer where they are used, among
other things, for computing mass flow.

The compressor outlet volume flow (FE-3) is measured primarily to
detect Tailure of the check valves for the auxiliary blower. When the
loop compressors are running the auxiliary blower is shut down. The flow
measured at the compressor outlet should be the same as that measured at
the mainstream gas cooler outlet. Conversely, when the auxiliary blower
is operating, the loop compressors are shut down and no flow will pass
through them. Deviation from these conditions indicates failure of the
check valves at the auxiliary blower to function properly. Compressor
cutlet flow is recorded and processed by the computer. It has no tie-in
to reactor safety clrcuits or control circuits but does provide an alarm
on low flow.

7.3.5, Power Measurements

Thermal power generated in the test section is computed by digital
computer multiplication of test section mass flow and AT. Electrical
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power to heaters and compressors is measured and recorded for operational
purposes,

7.3.6. Radiation Measurements

Tonization chambers are used for all gamma-ray measurements on the
primary loop. These detectors are used for all radiation measurements
with the excepticn of one location., A delayed-neutron detector is in-
stalled at this location. The ionization chambers are installed in lead
shields. Collimators are incorporated in the shield so that the ion
chamber readings will be due to the total gamma-ray activity in a known
length of loop piping or a known volume of the loop component. Locations
of the mainstream radiation monitors are shown in Fig. 7.3.1.

Radiation element RE-1 is a delayed-neutron monitor used to detect
a release of fissionable material from the fuel assembly to the loop gas.
Radiation elements RE-2, RE-3, and RE-4 are used to measure the total
gamma-ray activity in a known section of loop piping while the loop is
in operation. After the loop is shut down and the loop gas is purged
from the loop, measurements of fission-product deposition on the loop
piping as a function of distance from the test specimen may be obtained.
The gamma activity in the top of the evaporative cooler from fission
products in the sweep gas and fission-product deposition in the cooler
is measured by radiation element RE-5. Radiation element RE-6 is used
in conjunction with RE-4 to measure the difference in loop gas activity
between the cooler inlet and outlet. Gamma activity in the mainstream
gas Tilter is monitored by radiation element RE-7. Radiation element
RE-8 is used to measure the gamma activity in the loop piping downstream
from the filter and, when used in conjunction with RE-6, the effective-
ness of the filter may be determined. Radiation elements RE-9 and RE-10
are for monitoring the gamma activity in a known length of primary loop
piping at the inlet and outlet of the loop compressors. Radiation
element RE-11 monitors the loop piping which passes through the main-
stream gas heater, and data taken with this monitor after loop shutdown
may be compared with data from other monitors on loop piping to determine
whether fission-product deposition on the pipe walls of the hotter piping
is different from deposition at other locations. The loop-gas activity
downstream from the loop heater and at the test section inlet is moni-
tered by radiation element RE-12. Radiation element RE-13 is located
on the condensate storage tank for the evaporative cooler., This monitor
is used to detect any leakage of loop gas into the steam system of the
evaporative cooler.

7.3.7. Miscellaneous Measurements

Other measurements consist of frequency, voltage, and current measure-
ments in the power circuits to the loop compressors.
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7.3.8. Project References

Preliminary Design Drawings (CF 61-6-2)

Instrument Diagrams, Main Loop Q-2120-1, 2,
3,4
Instrument Diagram, Radiation Instruments Q-2120-26

7.4, PExperiment Safety and Protective Actions

7.4.1. General

In order to prevent unnecessary reactor shutdowns as a result of
instrument failures, three independent safety channels will be provided
for each control variable that can cause an automatic reactor scram or
automatic motor-driven rod insertion (AMDRI). The signals from these
safety channels will be arranged in a coincidence-redundance system such
that two out of three of the signals must indicate that an unsafe condi-
tion exists before the reactor can be shut down by a scram or AMDRI., The
conditions that can lead to reactor shutdowns are described in this sec-
tion. It should be noted in subsequent paragraphs that full cooling of
the loop cannot precede a scram because full cooling can cause a low-
pressure scram.

7.4.2. Conditions Leading to Reactor Shutdowns

High Test Section Exit Mixed Mean Gas Temperature (Alternate — High
Fuel Element Cladding Temperature). The control actions initiated by a
high test section exit mixed mean gas temperature are the primary pro-
tection of the loop against excessive temperatures. An alarm will warn
the loop operator when the temperature reaches 1075°F. If the tempera-
ture reaches 1100°F, the loop compressor speed will automatically in-
crease to the maximum allowable, and the mainstream gas heater will turn
off. If the temperature reaches 1150°F, the reactor will automatically
scram, and the mainstream gas cooler will automatically adjust to its
maximum cooling capability.

Low Loop Pressure. An alarm will warn the loop operator when the
loop gas pressure falls to 5% below normal. The operator will turn on
the gas transfer pump and close the valves in all lines through which
gas can be removed from the loop. The transfer pump will be shut off
manually when the desired pressure is restored or automatically if ex-
cessive pressures are reached inadvertently. If the pressure falls to
30% below normal, the reactor will automatically scram, the mainstream
gas heater will automatically turn off, and the mainstream gas cooler
will automatically adjust to its maximum cooling capability.




274

High Loop Pressure. An alarm will warn the loop operator when the
loop gas pressure increases to 5% above normal. The operator will at-
tempt corrective action. If the pressure increases to 10% above normal
the mainstream gas heater and the transfer pump in the gas transfer
system will automatically turn off. If the loop pressure reaches 1000
psig, the loop relief valves should open (highest normal operating pres-
sure is 850 psig when the relief valves are set at 1000 psig). If the
pressure reaches 1100 psig, it will be evident that the relief valves
failed to open. The reactor will then be automatically scrammed, and the
mainstream gas cooler will be automatically adjusted to it maximum cool-
ing ~apability.

Low Service Water System Supply Pressure at Mainstream Gas Cooler
Condenser Elevation., An alarm will warn the loop operator when the ser-
vice water pressure drops to 20 psig. The operator will attempt correc-
tive action. If the pressure drops to 10 psig, the reactor will be shut
down by an automatic motor-driven rod insertion, the mainstream gas
heater will turn off automatically, and the mainstream gas cooler will
automatically adjust to its maximum cooling capacity.

Low Loop Gas Volume Flow Rate. An alarm will warn the loop op-
erator when the loop gas volume flow rate falls to 5% below normal.
The operator will attempt corrective action. If the flow rate falls
to 20% below normal the loop compressor speed will automatically in-
crease to the maximum allowable. If the flow rate falls to 30% below
normal, the reactor will automatically scram, the mainstream gas cooler
will automatically adjust to its maximum cooling capability, and the
mainstream gas heater will automatically turn off. If the flow rate
falls to 40% below normal, the auxiliary blower will start automatically.

Low Through-Tube Nozzle Cooling Flow Rate in Any Circuit. An
alarm will warn the loop operator when the flow rate drops 10%. The
operator will attempt corrective action. If the flow rates drops 25%,
the mainstream gas heater will automatically shut off, the mainstream
gas cooler will automatically adjust to its maximum cooling capability,
and the reactor will be shut down by an automatic motor-driven rod in-
sertion.

Low Demineralized-Water Head Tank Level. An alarm will warn the
loop operator when the level drops to 5 ft, and the valve which permits
water addition to the tank from the EGCR condensate pump discharge will
automatically open. If the level drops to 3 ft, a second alarm will
sound, the reactor will be shut down by an automatic motor-driven rod
insertion, the mainstream gas heater will automatically turn off, and
the mainstream gas cooler will automatically adjust to its maximum cool-
ing capability.

High Demineralized-Water Temperature (In Head Tank). A high tem-
perature in the demineralized-water head tank will be indication of
probable failure of the service water flow to the demineralized-water
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coolers. An alarm will warn the loop operator when the demineralized-
water temperature reaches 120°F. The operator will attempt corrective
action. If the water temperature reaches 150°F, the mainstream gas
cooler will automatically adjust to its maximum cooling capability, the
mainstream gas heater will be automatically shut off, and the reactor
will be shut down by an automatic motor-driven rod insertion.

High Cell Water Level, A dangerous condition can arise if one
of the water lines in the experimenters' cell ruptures. If attempts
to drain the cell fail, there is a possibility of water reaching the
hot loop piping and causing it to rupture, malfunctioning of electrical
valve operators, malfunctioning of instruments, and eventual rupture of
the cell rupture disk by the high water. Therefore an alarm will warn
the loop operator when the water level in the cell drain line reaches
2 in. below the cell floor. If the cell vent line is open and no radio-
active gas is present in the cell, the operator will open the cell drain
valves and attempt to cut off the source of water. If the level drops
to & in. below the cell floor level the drain valve will automatically
close. If the water level reaches 6 in. above the floor level, the
mainstream gas heater will automatically turn off, the reactor will be
shut down by an automatic motor-driven rod insertion, and the main-
stream gas cooler will automatically adjust to its maximum cooling
capability.

High Cell Temperature. The effect of high cell temperatures on
instruments located in the cell is of concern. With the cell tempera-
ture above 120°F, the instruments might fail unpredictably and could
not be relied upon for safety. Most of the safety instrument sensors
are located in the cells. An alarm will warn the loop operator when
the air flow from either cell cooler drops to 50% of normal or the cell
temperature increases to 110°F. The operator will attempt corrective
action. If the cell temperature reaches 120°F, the mainstream gas
heater, the vacuum pump, and the transfer pump will automatically turn
off. If the cell temperature reaches 130°F, the reactor will be shut down
by an automatic motor-driven rod insertion, and the mainstream gas
cooler will automatically adjust to its maximum cooling capability.

Low Cell Temperature (CO, Operaticn Only). When the loop is opera-
ting with CO, as the loop gas, the experimenters' cell temperature is
maintained above 88°F to prevent condensation of COs in the gas lines
in the cell, The cell cooling water system has an automatic flow con-
trol valve in the service water line feeding each cooler. This valve
ad justs the cooling water flow to maintain the cell air temperature at
95°F. 1If the cell air temperature drops to 92°F, a 7-kw electrical
heating element in one of the two coolers will be energized until the
air temperature is increased to 95°F. If the air temperature continues
to drop, the heating element in the other cooler will be energized when
the temperature reaches 90°F. If this control system malfunctions and
the cell air temperature drops to 85°F an alsrm will warn the loop op-
erator. The operator will turn off the cooling water supply to the
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coolers., If the temperature reaches 80°F, the loop operator will shut
the reactor down with a motor-driven rod insertion.

Low Demineralized-Water Flow from Auxiliary Blower. An alarm will
warn the loop operator when the flow drops to 12 gpm. If the flow de-
creases to 8 gpm, the mainstream gas heater will automatically turn off,
the mainstream gas cooler will automatically adjust to its maximum cool-
ing capability, and the reactor will be shut down by an automatic motor-
driven rod insertion.

Pressure Change in the Upper or Lower Sniffer Region. An alarm
will warn the loop operator when the pressure in either sniffer region
rises to 85 psig or falls to 22 psig. If the pressure rises to 135 psig
or falls to 5 psig the mainstream gas heater will automatically turn
off, the mainstream gas cooler will automatically adjust to its maximum
cooling capability, and the reactor will be shut down by an automatic
motor-driven rod insertion.

Failure to Switchover Loop Compressor. If a compressor operating
off one power supply fails, one of the two compressors operating off
the other power supply must be switched over by loop operator action.

A failure to get the two compressors running on separate power supplies
within 3 min after the failure will result in a reactor shutdown by an
automatic motor-driven rod insertion.

Fuel Assembly Rupture (Fission Break). A motor-driven rod inser-
tion may be initiated at the option of the loop operator if a serious
rupture of the fuel assembly occurs. This rupture will be detected by
a BF3 delayed-neutron detector located as close to the experimental as-
sembly as practicable,

Loss of Either the Y-12 or EGCR Power Supplies at the Main Swifch-
gear, Following the loss of power on either main bus the mainstream
gas heater will automatically turn off, the masinstream gas cooler will
automatically adjust to its maximum cooling capability, and the reactor
will be shut down by an automatic motor-driven rod insertion.

Main DC Power Supply Failure. A low dc bus voltage will cause
the reactor to be shut down by an automatic motor-driven rod insertion.
The loop operator will shut off the mainstream gas heater and adjust
the mainstream gas cooler to its maximum cooling capability,

7.4.,3. Special Operating Switches

Bxperiment Mode Selector Switch. This switch will be located in
the reactor control room and will provide a tie-in between the experi-
menters' safety circuits and the reactor. The switch will have three
positions: operate, test, and disconnect. Functional operation of this
switch will not be clear until the EGCR reactor control system design is
completed,
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Startup-Run Switch., This switch will be located in the experi-
menters? control room. In the startup position the reactor will be held
subcritical and operational interlocks will be bypassed. In the run
position operational interlocks will be activated and it will be permis-
sible to drive the reactor critical.

Reactor Operations Emergency Shutdown Switch. In the event of an
emergency condition which requires the shutdown of all experimental loops,
a switch is provided in the EGCR control room which will shut off all
mainstream gas heaters, operate all mainstream gas coolers at maximum
capacity, and scram the reactor.

Manual Reactor Scram and MDRI Switches. A manual reactor scram
switch and a switch which will initiate a motor~-driven rod insertion
(MDRI) will be located in the experimenters! control room.

7.4.4, Project References

Design Criteria (CF 61-6-3)

Criteria for EGCR Loop Safety System Code H.4.0

7.5. Digital Data-Handling and Computer System

7.5.1. General

The general data-handling operations for the EGCR experimental loops
will be facilitated by the use of a digital data-handling and computer
system. This system will reduce the amount of information which would
otherwise have to be logged during normal loop operation and will give
excellent data coverage during abnormal operation. The system will con-
tinuously scan the data points for abnormal (alarm) conditions and log
them if they occur. In order to maintain a historical record of loop
operation, the data will be stored on magnetic tapes, either continuously
or periodically.

The use of magnetic tape will permit the stored data to be coded
on a common Time basis, sorted, compiled, and used automatically in calcu-
lations by the computer. This system obviates the otherwise tedious pro-
cedure of reading a number of strip chart records simultaneously and re-
constructing the timing basis. Accurate data summaries and analyses will
be produced rapidly. If desired at some future time, the computer can
be used to produce operating information and to provide automatic loop
control.

The digital data-handling and computer system will provide flex-
ibility in both the method and sequence of data collection, recording,
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and retrieval. This will be possible because a program change in the
computer will be the only step required to change the input scanning
sequence and other operations performed upon the data by the data-hand-
ling system. Also, the system will be flexible from the standpoint of
use with other lcops or systems, since the only requirements for use
with other systems are to supply the inputs and to write the operating
program for the computer.

The use of this system will prevent unnecessary loop or reactor
shutdowns by the loop operator by providing instrument validity checks
and by indicating variable trends. The system will provide flexibility
in operation by the use of different programs for different modes of
loop operation. ©Since all modes of data handling and recording will be
automatic, the operator can focus attention on loop operation and yet
have data recorded in a useful form. The system can be set to control
the amount and method of data display and recording. For example, it
will be possible to have all the inputs on alarm scan and have no data
recorded until the alarm setpoint is reached, at which time the system
will print out the operating information on the typewriters or store it
on magnetic tape for later processing.

7.5.2, System Functions

The digital data-handling and computer system will perform three
main functions: data handling, on-line computing, and off-line data
reduction.

Data handling will consist of the collection of data from the loop
sensors, long-time storage of data relating to loop operation, logging,
and alarm scanning agsinst preset limits. Approximately 125 inputs will
be transmitted to the system from each experimental loop. During normal
loop operation, less than one-half these variables will be logged or
regularly displayed, The chief loop operator will have provisions at
his console for selecting the portion of the input data which will be
recorded on magnetic tape for use by off-line computers during final
analysis of the experimental results. The system has the capability of
recording input data at extremely fast rates for long periods of time.
Most input signals will be scanned for upper and/or lower limits, and
the system will provide alarms when these limits are exceeded. The in-
puts will be scanned at a rate of 500 points per second. Each loop
will have an operating console from which the loop operator can request
certain modes of data display, change alarm setpoints, and make other
data-handling and computer changes, so long as they do not affect the
other loops. When the other loops are affected, the changes will be
carried out by the chief loop operator at his console.

Cn-line computing will consist of the calculation, in real time,
of iInformation for the loop operators and the calculation of variable
alarm points for the loop. The system will have the ability to do such
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computations as the reduction of analog signals to digital values, scaling,
linearizing, span adjusting, etc., so that the data can be displayed in
engineering wnits., It will summarize selected data for loop operators.
The system will calculate and display operating guides for the operator,
and it will predict variable values which cannot be measured directly,
such as fuel element temperature profiles. It will also perform experi-
ment analyses during loop operations and will prepare the experimental
data for final analysis. It will perform alarm scanning on the basis of
trends of a single variable or a group of variables or on the basis of a
function of several variables, It will also calculate control signals if
automatic loop control is eventually selected.

Off-line data reduction will consist of the compilation of histori-
cal test data during experimental operation for use by an external com-
puter for final analysis. The system will store all data on magnetic
tape continuously, periodically, or upon demand for use by the system
computer or other computers for final experiment analysis. The data
storage on tape will be such that the information can be recalled for dis-
play by the loop operator. The data will be stored in a form suitable for
use by the Oracle and the IBM 7090.

7.5.3. System Design and Operation

The digital data-handling and computer system is required to be as
reliable as conventional single instruments and to have an accuracy
equal to or greater than conventional instruments. It must be compatible
with the instruments accepted by ORNL for reactor system use. Also, it
must be sufficiently flexible that changes in loop experiments or the
requirements of modified loop configurations can be easily met without
additional major data equipment.

The digital data-handling and computer system will be designed to
handle approximately 560 arnalog inputs and 54 cne-bit digital inputs
from the experimental loops. Expansion of the input capabilities to 1020
analog inputs and 108 or more digital inputs will be possible. Analog
signals will be handled in the form of millivolts dc, 10 to 50 ma dc,
and 110 and 220 v ac. Digital inputs will be handled in the form of con-
tact closures. The system will be capable of scanning approximately 125
analog signals from each loop at a rate of 500 points per second and will
handle 13 digital inputs from each loop.

The input scanning at the 500 point per second rate will be done
automatically and continuously without program control. The inputs will
be digitized at this same rate and compared against preset upper and/or
lower limits for alarms. Under certain abnormal loop operating condi-
tions, the system will scan selected critical inputs (up to 128) every
1/4 sec. This scan will be under program control. '

Any portion of the inputs can be stored on magnetic tape at the
input scan rate continuously, periodically, during alarm conditions, or
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as programed by the loop operator. The information stored on the tape
can then be read back to the computer for analysis or fed to external
computers, such as the Oracle or IBM-7090, for final data analysis.

The system will log selected data and will print-out computed
functions on the typewriters for each experimental loop, as follows:
(1) normal trend log at 1/2-, 1-, 2-, 4-, or 8-hr intervals, (2) demand
trend log at high speed, (3) trend log summary, averages, etc., every 8
and 24 hr, (4) off-normal values during transients or upsets, (5) special
demand logs, including the comprehensive log which includes all variables,
(6) special summaries, and (7) selected groups of variables at high speed.
As previously noted, the system will also compute on-line information
relating to the operation and progress of the loop and present the results
tc the loop operator.

7.5.4. System Inputs

The digital data-handling and computer system will be designed to
accept 125 analog and 13 or more digital inputs from each experimental
loop. The type and number of proposed inputs to the system from each
loop are as follows: temperature, 70 (thermocouples, including 12
spares); flow, 6; pressure, 13; radiation, 26; miscellaneous, 4 (such
as reactor power and neutron flux); digital inputs, 6 to 12 (relays,
switches, and valves); manual inputs, any number of manual inputs placed
in the machine by the loop operator via the operator's console by
switches, potentiometers, or a keyboard.

7.5.5. BSystem Description

The digital data-handling and computer system for performing the
functions and operations described above is shown schematically in
Fig. 7.5.1. This system includes an analog input-output unit (analog
to digital converter) containing amplifiers, relays, thermocouple
references, and power supplies. The input signals are first routed to
this unit in groups from each loop. In this unit they are switched,
fed to amplifiers (for low-level signals, such as thermocouples), and
then converted from analog to digital signals. When signals require
reconversion from digital to analog values for control signals or for
analog recording, they are handled in this same unit. The digital input-
output unit handles the digital or contact closure signals from relays,
paper-tape readers, etc., and transmits digital values of signals to
typewriters, printers, punches, display devices, and annunciators. The
annunciators may be included as part of the data system or they may be
the conventional annunciators on the instrument penel. The memory unit
stores signals fed from the analog input-output unit. The memory may be
a magnetic drum or magnetic core device. The programs for control of
the data system are fed into the memory. The memory also receives the

various constants and data required to linearize thermocouple signals,
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perform calculations, make alarm comparisons, and perform other computer
functions, such as storage of computed values for readout of the magnetic
tape units or readout to the arithmetic and control unit for transmission
to typewriters, punches, or alarms. The arithmetic and control unit

serves two purposes: the control of the system, including all input and
output devices, and the performance of calculations. Both these func-
tions are performed from a program stored in the memory. The magnetic

tape buffer and tape drive units store on tape the signal values originally
stored in the memory. These tapes, in addition to being data-storage de-
vices, can be used to provide additional memory for the computer.

A flow diagram for the data system, including four operating con-
soles for four loops with two output typewriters per loop is shown in
Fig. 7.5.2. Also shown is the chiéf operator's console, which is the
master control for the system. It is only through this console that
system internal programs can be changed.

Pro ject References

Specifications (CF 61-6-5)

EGCR Loops Digital Data Collecting and Computing JS-128-149
System Specifications

7.6, Auxiliary Instrument and Control Boards

A nunber of auxiliary instrument and control boards for the experi-
mental loops will be located outside of the experimenters' control room.
In general, these boards will be manned only occasionally when specific
loop operations are to be performed. The individual instrument control
boards will include the following:

Experimenters' Crane Bay

Helium supply system

CO2> supply system
Decontamination system
Motor-generator sets and clutches

Experimenter's Utility Tunnel

Sampling station

Service Machine Floor

Experiment removal cooling system
Experimental fuel assembly storage holes
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In addition to the above-listed instrument and control boards,
numerous small panels will be employed in the experimenters' crane bay,
utility tunnel, and cells and inside the reactor containment vessel for

the mounting of transmitters, power supplies, amplifiers, local annuncia-
tors, local indicators, ete.
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8. SPECIAL OPERATIONS

8.1. Instrumented Experimental Assembly Handling

The operations involved in handling an instrumented experimental
assembly can be grouped into three broad classifications or phases:
preirradiation, irradiation, and postirradiation. The preirradiation
phase includes assembly of the experimental equipment, shipment to the
EGCR, final non-nuclear testing and inspection, and positioning for
loading into the experimental loop. The irradiation phase includes
actual loading into the loop, operation at power, temporary removal from
the loop, storage in the experimental assembly storage holes, replace-
ment of the closure gasket, reinsertion into the loop, and final removal
from the loop. The postirradiation phase includes prolonged storage in
the storage facility, separation of fuel-bearing sectilons from the sup-
port structure, loading of fuel-bearing sections into the carrier,
transportation of the carrier to the hot cell, removal of the fuel-
bearing sections from the carrier and insertion of them into the hot
cell, and disassembly of the fuel-bearing section. Figure 8.1.1 is a
flow diagram showing the major steps in the handling of instrumented
experimental assemblies.

8.1.1. Preirradiation Phase

The preirradiation phase covers the period from final assembly to
initial installation in the loop. The final assembly of the various com-
ponent parts, such as fuel elements, shield plug, Bridgman closure, and
instrumentation, will be done in, the experimenters' shop at some offsite
location., Final sizing, gaging, and testing to insure proper fit,
alignment, and operation in the loop will be done at that time. Assembly
will take place on a handling carrier which will provide adequate support
for the 42-ft-long experimental assembly. With the completed assembly
fastened in the carrier and a protective covering in place, the carrier
will be loaded onto a truck by a moblle crane, or a lift truck, for ship-
ment to the EGCR site.

At the BGCR site the carrier will be removed from the truck by a
mobile crane or other means and wheeled Into the reactor building through
the equipment airlock. On the ground floor the protective covering will
be removed from the carrier and the final inspection will be completed.
After final inspection, the carrier with the attached instrumented experi-
mental assembly will be raised to the vertical position by the main hoist
of the service-machine crane. The auxiliary hoist of the service-machine
crane will then be connected to the top of the instrumented assembly, and
the assembly will be separated from the handling carrier. Next, the
assembly may be inserted into the loop either directly with the crane or
by means of the service machine. If the service machine is to be used,
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the assembly must first be lowered into either the loading and rehearsal
mechanism or into one of the sotrage holes and then picked up by the
service machine. The loading and rehearsal mechanism will accept an
instrument assembly designed for a small loop but not one designed for a
large loop.

8.1.2. Irradiation Phase

The irradiation phase will cover the period from initial loading of
the instrumented experimental assembly into the loop until the time when
the experiment is completed and no further irradiation of the assembly
is desired. After the assembly is lowered into the loop by either the
crane or the service machine, the Bridgman closure will be sealed, the
instrument leads connected, and the top blind flange bolted down. Loop
cperation will be started, and the reactor will be brought to power in
accordance with detailed checkout and startup procedures. Power opera-
tion will be continued until a routine or emergency shutdown is required.

An instrumented assembly may be removed from the loop either be-
cause the experiment is finished or because some loop component must be
repaired which necessitates assembly removal. To remove an instrumented
assembly, the reactor will be shut down, the service machine will be
connected to the loop top nozzle, and the assembly will be removed from
the loop by the service machine. During removal, the assembly will be
cooled by the experimental assembly removal cooling system (see sec. 5.12).
After the assembly is entirely in the service machine, a dummy shield plug
will be inserted into the loop, the service machine will be moved away,
and the reactor will be returned to power, if desired.

Next, the service machine will be moved to cone of the special storage
holes (see sec. 5.5), and the instrumented experimental assembly will be
lowered for storage. The assembly will stay in the storage facility until
reinsertion into the loop is possible or until the fuel portion of the
assembly can be shipped to the hot cell facility. If reinsertion into
the loop is desired, the crush-type gasket on the Bridgman closure must
be replaced. This will be done with special fixtures at the storage hole.
Immediately after gasket replacement, the assembly will be picked up by
the service machine and inserted in the loop.

8.1.3. Postirradiation Phase

The postirradiation phase of instrumented experimental assembly han-
dling starts with prolonged storage in a storage holé and continues through
the disassembly ofvthe fuel-bearing- section in a hot cell. The instru-
mented assembly will remain in the storage hole until the decay heat from
the fuel has decreased to the point where the assembly carrier can be
used to ship the fuel to a hot cell. At this time the service machine
will pick up the instrumented experimental assembly and lower it part
way into the carrier which has been positioned in a cradle in the fourth
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floor hatchway. The fueled portion of the assembly, which is about 13 ft
long, will then be separated from the remainder of the assembly by a
cut-off mechanism located at the top of the carrier. The Bridgman closure
plus the shield plug and support structure will be returned to the service
machine and the carrier will be closed.

Next, the carrier will be lowered to a dolly on the ground floor,
tipped over on its side, and removed from the reactor containment vessel
through the equipment airlock. It will then be loaded on a truck and
taken to a hot cell facility such as the Physical Examination Hot Cells-B
(previously known as the segmenting cell) located in Building 3026-D at
ORNL.. At the hot cell facility the carrier will be moved in a horizontal
position into the loading room where the fuel-bearing elements will be
removed from the carrier and inserted into the hot cell with the aid of
special cooling and handling apparatus. Once in the hot cell, the fuel-
bearing elements will be taken apart and prepared for movement to other
examination facilities.

Those portions of the instrumented experimental assembly remaining
in the service machine after it is moved away from the fuel carrier will
be removed by moving the service machine over to the spent fuel transfer
mechanism. Successive sections of the assembly will be cut off with a
shear and transferred to the fuel storage basin until only the upper
14 Tt of assembly, consisting of the Bridgman closure and shield plug,
remains. This remaining portion will be lowered from the service machine
into a carrier for transportation to a hot cell for reclamation of usable
parts.

Certain types of instrumented experimental assemblies may also be
disposed of by transferring both fuel-bearing elements and support
structure to the fuel storage basin by means of the spent fuel transfer
mechanism. The large assembly carrier would not be needed for this type
of disposal.

8.2. Through-Tube Replacement

The reactor through-tube is a loop primary containment component
extending through the recator core. Inside the EGCR core the through-
tube is subjected to..severe gamma and neutron radiation. Since the pro-
perties of the tube will change as the result of this exposure, the
through-tube is designed as a replaceable item. In order to replace
the tube, the welds which attach the through-tube to the top and bottom
nozzle tees must be removed by a remotely operated weld-cutting machine.
After replacement of the through-tube, new welds must be completed by
a remotely operated welding machine. These welds proved the seal between
the loop gas and the reactor or buffer gas.

During the entire through-tube replacement operation the reactor
will be shut down and the reactor gas removed. The reactor fuel elements
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will not be removed from the core. The reactor will be precooled to
permit an estimated 50 hr of continuous working time before the reactor
must be refilled with gas and the reactor cooling system started.

If possible, the through-tube to be replaced and the associated
nozzle inner tees will be decontaminated to reduce the radiation level
(see sec. 8.3). Steps will be taken to assure negative air pressure at
the nozzle openings at the service and charge machine floor levels to
prevent the spreading of fission product activity when either nozzle
is opened to attach the welding or weld-cutting equipment. Shielding
will be provided to protect personnel during the welding and cutting
operations and during the through-tube withdrawal operation.

8.2.1. Through-Tube Welding Machine

The through-tube welding machine includes all components required
to make the initial through-tube welds and the remote rewelds required
each time the through-tube is replaced. It is designed to operate
remotely from a control board located on the machine.

The following components are included as a part of the welding
machine assembly: (1) torch head and positioner, (2) wire feed, reels,
and controls, (3) transformer and controls, (4) varispeed drive and
controls for the torch head, (5) gas and coolant supply, including
regulators and controls, (6) viewing equipment to view position of the
weld head prior to making the weld and to view the weld and position
of the welding head after completion of the weld, (7) position tur-
ret and extension tool for insertion of the breech plug and adapter,
(8) guides, lead screws, and elevating motor drives for raising and
lowering the weld head and accessories inside the nozzle tee during
welding, and (9) shielding to permit personnel to work at the welding
machine control board and elsewhere in the service machine or charge
machine rooms.

A roll-over dolly is provided for upending the machine after a
weld has been made at the charge machine floor and prior to making a
weld at the service machine floor. This equipment is not considered
a part of the welding machine.

8.2.2. Through-Tube Weld-Cutting Machine

The through-tube weld-cutting machine is a machine especially
designed to insert and withdraw the breech plug and the breech adapter.
It is designed to operate remotely from a control board located on
the machine.

The following components are included as a part of the machine
assembly: (1) piloting and positioning collets to position the cutting
head, (2) cutting heads and cutting head mandrels, (3) positioning
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turrets and extensionmandrels for removing the breech plug and breech
adapter, (4) viewing equipment to view the position of the cutting head
prior to cutting the weld and for viewing after finish machining of the
weld area, (5) chip control brushes and vacuum system, (6) guides, lead
screws, frame; and elevating motor drives and controls for raising and
lowering the cutting head and accessories inside the nozzle during weld
cutting, and (7) shielding to permit personnel to work at the cutting
machine control board or elsewhere in the service machine or charge
machine rooms.

A roll-over dolly is provided for upending the machine after the
weld has been cut at the service machine floor level and prior to moving
to the charge machine room. This equipment is not considered a part
of the weld-cutting equipment.

8.2.3. Through-Tube Insertion and Welding

Single-Walled Through-Tubes. 7For the small experimental loops
(Ts-2 and TS-3) and the singly contained large loop (TL-1), the through-
tube insertion and welding procedure is the same. The through-tube as-
sembly is delivered to the EGCR site in a support fixture. The through-
tube is removed from the fixture and positioned above the top nozzle.
The bottom nozzle inner tee is raised to its upmost position using a
positioning fixture. The through~tube is then lowered into position
in the reactor, and the breech lock between the tube and the bottom inner
tee is engaged by turning the tube by remote control. An expanding collet
inside the tube is used to turn the tube. The positioning fixture is then
removed, thereby permitting the bottom tee to be supported by the through-
tube. The weight of the through-tube and the bottom inner tee is sup-
ported by a shoulder at the top of the through-tube and a mating shoulder
in the top inner tee.

After completion of the through-tube insertion, the welding machine
is positioned in the charge machine room to make the through-tube to
bottom inner tee weld. Next, the welding machine inserts the bottom
breech plug, locks it in place in the bottom inner tee, and makes the
breech plug to inner tee weld, thus completing the bottom nozzle welding
operations. The welding machine is then upended and transported to the
service machine floor to make the through-tube to top inner tee weld,
thereby completing the through-tube replacement operation.

Double-Walled Through-Tubes. For the large loop using a double=~
walled through-tube (TL-4), the procedure for insertion and welding is
more complicated than for the other loops. In this case the outer through-
tube and its expansion Jjoint are delivered and positioned above the top
nozzle as a complete assembly. The tube is inserted into the reactor and
allowed to come to rest on a shoulder located at the top of the through-
tube and a mating shoulder in the top outer tee. An adapter ring below
the bellows assembly comes to rest on a shoulder in the bottom outer tee.




291

The through-tube assembly length is greater than the distance from the
bottom nozzle shoulder to the top nozzle shoulder. Therefore, the
bellows will be in compression from the weight of the through-tube.
The outer through-tube to top outer tee weld is made. The welding
machine is then upended and transported to the charge machine floor
where the outer through-tube to bottom outer tee weld is made.

The bottom inner tee is next raised to its upmost position using
a positioning fixture inside the nozzle. A breech adapter which pro-
vides a breech type of lock to the inner tee and to the inner through-
tube is inserted from the charge machine room by the welding machine
and locked to the bottom inner tee. The breech adapter is then welded
to the inner tee.

Next, the inner through+tube 1is positioned above the top nozzle.
It is lowered into the reactor and outer through-tube and allowed to
bottom in the breech adapter. The breech lock in the inner tube is
engaged in the breech adapter by using an expanding collet inside the
tube to turn the tube. The positioning fixture inside the nozzle is
then released, thereby suspending the through-tube and bottom inner
tee from the shoulder at the top of the inner through-tube.

The inner through-tube to breech adapter weld is now made. Next,
the remote-welding machine inserts the breech plug in the bottom inner
tee and the breech plug to inner tee weld is made. The welding machine
is then upended and transported to the service machine floor where the
inner through-tube to top inner tee weld is made, thereby completing
the double-walled through-tube installation.

8.2.4. Through-Tube Removal

The large loop using a double-walled through-tube (TIL-4) will re-
quire more mechanical operations for removal than will the single-walled
through-tube loops (TS-2, TS-3, and TL-1). The removal procedures described
below are based on the use of a single weld-cutting machine to perform all
operations necessary to remove through-tubes from either type of loop.
The double-walled through-tube is used as an example because of the greater
number of operations required.

Before attaching the weld-cutting machine to either the top or bottom
nozzle, the shield plug in the respective nozzle is removed. The shield
plug in the top nozzle is removed using the service machine. The shield
plug in the bottom nozzle is removed using the charge machine.

In order to minimize the number of weld-cutting machine setups and
moves, the inner through-tube weld at the top nozzle of loop TL-4 is the
first weld to be removed. The machine is then transported from the ser-
vice machine room to the charge machine room where it is attached to the
bottom nozzle of loop TL-4, andg the breech plug weld is removed. The
breech plug is then withdrawn to permit access to the other welds to
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be removed. Next, the inner through-tube to breech adapter weld is re-
moved, thereby permitting the inner through-tube to be removed from the
reactor. The breech adapter to inner tee weld is removed, thereby per-
mitting removal of the breech adapter and providing access to the outer
through-tube. The outer through-tube to bottom outer tee weld is then

removed, thereby completing all cutting operations at the bottom nozzle.

Next, the cutting machine is upended and transported to the service
machine floor to perform the last operation. After attaching the cutting
machine to the top nozzle, the outer through-tube to top outer tee weld
is removed, thereby permitting the removal of the outer through-tube
and completing the through-tube removal operations.

8.2.5. Shielding

Prior to through-tube removal the tube will be decontaminated (see
sec. 8.3). However, even after the decontamination, the dose rate will
be too high to permit a man to work continuously at the service or charge
machine floor level with the shield plug removed. Therefore, shielding
of the welding and weld-cutting machines will be required. Since it is
not possible to predict the decontamination efficiency for all conceivable
contamination conditions, shielding for the welding and weld-cutting equip-
ment will be based on the estimated activation of the through-tube and
deposition of activity in the tube before decontamination.

The model used for calculating the dose rate at the service machine
floor is shown in Fig. 8.2.1. The total dose rate at the dose point con-
sists of gamma rays resulting from activation of the in-pile portion of
the stainless steel through-tube plus gamma rays coming from deposited
activity along the outlet portion of the through-tube of all equilibrium
fission-product activity from an HGCR-1 type fuel element. The dose at
the dose point due to activation, the dose due to deposited activity,
and the total dose as a function of lead shielding thickness and time
after shutdown are given in Table 8.2.1. The time selected for estimation
of the operator dose was 48 hr after shutdown. The experiment stringer
was assumed to have hbeen removed.

The total dose that could be received was taken as 3 rem for a 13-
week period, as listed in the ORNL Radiation Safety and Control Training
Manual. Table 8.2.2 is an estimate of the exposure time required for
the operator to perform the welding operations on TL-4.

, The time required for the weld-cutting operation is approximately
the same as that required for welding, therefore the welding machine
operator and the weld-cutting machine operator will receive equal ex-
posures. Table 8.2.3 gives the dose rate and total dose for a 50-hr
exposure as a function of the lead shielding provided.

From Table 8.2.3 it appears that 6 in. of lead will be adequate.
A reduction in shield thickness appears to be feasible only if the work-
ing exposure time of an operator can be reduced.
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Table 8&.2.1.

29%

Dose Rates at Service Machine Floor Level as a Function
of Time After Shutdown for Assumed Calculational Model

Dose Rate (r/hr)

Shield Time After
Thickness Shutdown
. From Activation From Deposited
(1n. of Pb) (hr) Source FPission Products Total
2 0 0.1408 13.74 13.88
6 38.8 x 1073 9,54 9.579
12 22.65 x 1073 7.10 7.123
2 17.86 x 1073 427 4,288
48 17.65 x 1073 2.7 2.758
4 0 0.03057 1.24 1.271
6 5.148 x 10-3 0.8399 0.8450
12 2.532 x 1073 0.6801 0.6826
24 1.897 x 1073 0.4290 0.4309
48 1.870 x 1073 0.278% 0.2803
5 0 7.775 x 1073 0.3891 0.3969
6 1.775 x 1073 0.2776 0.27%
12 0.8323 x 10-3 0.2140 0.2148
24 0.6041 x 1073 0.1356 0.1362
48 0.59%2 x 10-3 0.08815 0.08874
6 0 2.273 x 103 0.1231 0.1254
6 0.6075 x 1073 0.08724 0.08785
12 0.2730 x 10-3 0.06715 0.06742
24 0.1918 x 10-3 0.04255 0.04274
48 0.1884 x 1073 0.02766 0.02785
g 0 2.645 x 1074 0.01583 0.01609
6 7.340 x 107° 0.01140 0.01147
12 3.496 x 10-2 0.008865 0.00890
24 2.564 x 10-° 0.005683 0.005709
48 2.519 x 10-° 0.003702 0.003727
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Table 8.2.2. Estimated Operator Exposure Time During Welding
Operations for Loop TL-4

Estimated
Number and Description of Operations Exgg;zre
(hr)
3 welding machine setups with a 6-hr exposure for 18
each setup at service machine and charge machine
floor
2 setups with a 4-hr exposure for each setup for 8
welding and inspection at the service machine
floor level (2 welds)
4 setups with a 6-hr exposure for each setup for - 24
welding, plug and adapter insertion, and in-
spection at charge machine floor (4 welds) _
Total 50

Table 8.2.3. Estimated Operator Radiation Dose Received
During Welding Operations for Loop TL-4

Lead Thickness Dose Rate Total 50-hr Dose
(in.) (r/hr of y = rem/hr of y) (rem)
2 2.758 x 1073 137.9
4 0.2803 x 103 14.02
5 0.08874 x 10-3 b by
5.5 ~2.9
6 0.02785 x 1073 1.39
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8.3. Decontamination

The EGCR experimental loops will be provided with a decontamination
system capable of removing fission-product contamination from the inside
surfaces of most of the loop piping and components. This system is re-
quired to reduce the radiation fields in the experimenters' cell and
around the evaporative cooler and certain other components prior to per-
forming direct maintenance. Decontamination of the through-tube is re-
quired so that the shielding needed during through-tube removal may be
reduced. The equipment required to perform these functions includes a
solution-makeup unit located in the experimenters' crane bvay, piping and
valving for transferring solutions from the makeup unit to the loop
piring, and a special shield plug for insertion in the through-tube by
the service machine.

8.3.1. Decontamination Reagents

The solution to be used for decontaminating all portions of the
primary loop and auxiliary systems is 4% sodium oxalate—3% hydrogen per-
oxide in water. The pH of this solution is maintained between 4 and 5
by additions of oxalic acid to prevent solution decomposition. Ammonium
oxalate is currently under test and will replace sodium oxalate in the
solution unless serious detrimental properties are revealed.! The decon-
tamination solution is prepared by mixing saturated solutions of sodium
oxalate and oxalic acid with 30% hydrogen peroxide and demineralized
wvater. The decontamination factors measured when type 347 stainless
steel was treated with this solution at pH = 5 for 20 min at 95°C are
given in Tables 8.3.1 and 8.3.2. To prevent stress corrosion cracking,
the chloride content of the decontamination solution is maintained at
less than 3 ppm by specifying a maximum chloride content of 0.002 wt %
in each of the chemicals which make up the decontamination solution.

8.3.2. Equipment Description

Solution Makeup Equipment. The decontamination solution is made
up in a unit consisting of a water demineralizer, reagent tanks, feed
punps, and associated piping, as shown in Fig. 8.3.1. This equipment
is located in the same portion of the experimenters' crane bay as the
G0, supply system. The demineralizer is a small mixed-bed regenerable
ion exchanger with a service flow rate of 25 gpm.

Four tanks are required for preparing and holding the decontamina-
tion reagents. Two tanks, each designed to contain 300 gal, are re-
guired for preparing the saturated sodium oxalate solution. Another
tank, designed to contain about 10 gal, is required for holding the
saturated oxalic acid solution. A tank designed to contain 60 gal cf
30% hydrogen peroxide is also required. These four tanks are covered

‘A, B. Meservey, Criteria for the EGCR Loop Decontamination System
(Code B.8.0), ORNL CF 60-11-7, November 3, 1960.
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Table 8.3.1. Decontamination Factors with
4% Sodium Oxalate—3% Hydrogen
Peroxide Solution®

Test material: type 347 stainless steel
Decontaminating time: 20 min

Solution pH: 5

Solution temperature: 95°C

Fission Products Decontamination Factors
Zr97-Np?3 >2 x 104
Celéé—prlss 6 x 103
yo! 3 x 10%
Sr90—y90 1 x 10%
Bal40_15140 1 x 10%

Mo?? 1 x 10%
Rul06-gnt06 350

%a. B. Meservey, J. M, Chilton, and D. E.
Ferguson, Decontamination of EGCR Charge and Ser-
vice Machines, ORNL CF 60-10-46, October 13, 1960.

Table 8.3.2. Decontamination Factors for Prominent Nuclides with
4% Sodium Oxalate—3% Hydrogen Peroxide Solution®

Test material: type 347 stainless steel
Decontaminating time: 20 min

Solution pH: 5

Solution temperature: 95°C

Decontamination Factors for

Total Total 1131 (el4l
Gamma Ruthenium

In experiment with Ce'4l, Ru'®3, and Ru'®® 66 o7 134 140
as the predominant contaminants
In experiment with I*3!, Ru'®3, and Rul0® 26 55 32 32¢

as the predominant contaminants

®a. B. Meservey, Decontamination of EGCR Components, ORNL CF-60-12-37,
December 2, 1960.

bThe principal contaminants present in both experiments were Ce

141
J
Ru'%®, ang 1131,

103
Ru ;

cValue uncertain.
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with splash shields and are made of austenitic stainless steel. The
three tanks which contain oxalate solutions are equipped with motor-
driven agitators and electrical heaters.,

Five pumps are required: Tfour constant-displacement pumps of the
piston type (Nos. 1-4) and a centrifugal pump (No. 5). The oxalic acid
pump (No. 3) is equipped with a variable speed drive which permits vary-
ing the acid flow rate.

Expandable Shield Plug. The expandable shield plug is a device
which prevents the decontamination solution in the top nozzle tee of
the through-tube from flowing into the lower portion of the through-tube.
This plug is similar to a standard shield plug except that it contains an
expandable stopper. When in place, the stopper is expanded against the
through-~tube to form a water-tight seal. The upper portion of the plug
contains sufficient shielding to permit operators to work in the service-
mackine room during the decontamination process. The shield plug con-
tains an air vent to permit the air displaced by decontamination opera-
tions to pass freely into the experiment removal cooling system (see
sec. 5.12).

Piping. The decontamination system piping is shown in Figs. 8.3.1
and 8.3.2. The piping which'carries the reagents from the solution make-~
up unit to the loop is electrically heated. Check valves XV-864 and
XV-865 prevent contaminated liquids from flowing back to the experimenters’
crane bay in the event of equipment failure or valve mismanagement. All
riping from the solution makeup unit enters the experimenters! cell via
a penetration located between the cell and the experimenters' crane bay.
All low points of the loop piping and equipment that reguire decontamination
are equipped with drains and all high points are provided with vents. All
drains used to drain decontamination solutions from the loop to the experi-
menters' cell drain are connected to a common header. This drain header
(2-in. stainless steel pipe) transports the waste decontamination solutions
from the loop to the liquid trap in the loop offgas system, where the liquid
and gas are separated (see sec. 5.14). The liquid then passes to the ex-
perimenters' and auxiliary sump tank via the cell drain. The gas is re-
leased through the loop offgas system. All loop vents used during the de-
contamination operations are connected to the loop offgas system.

8.3.3. System Operation

For the purposes of decontamination, the primary loop and the secondary
equipment and piping may be divided into four sections, each of which can
be decontaminated separately. These sections are (1) the gas storage tanks,
(2) the remaining in-cell piping and equipment which are permitted to be
decontaminated, (3) the loop cooler, and (4) the reactor through-tube.

Two flow processes will be used for decontamination: fill-and-drain
and once-through circulation. The through-tube and the cooler will Dbe
decontaminated by filling, holding filled for 20 min, and draining. All
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other portions of the loop will be decontaminated by continuous once-
through flushing or spraying with reagents until the desired decontamina-
tion 1s achieved or the reagents lose their decontamination effective-
ness.

Prior to any decontamination operation, all gas in the experimental
loop will be vented to the atmosphere via the loop offgas system and the
loop will be purged with air. After the purging is completed, an opera-
tor will enter the experimenters' cell via a personnel airlock (see sec.
6.15) and perform any required manual valve manipulations. These manipu-
lations will include closing the cell isolation valves (HV-12 and HV-15)
and closing the valves which isolate equipment which cannot be decontami-
nated, such as the loop compressors (valves HV-66 and HV-76), the main-
stream gas filter (valves HV-39 and HV-45), the auxiliary blower (valves
HV-833 and HV-834), and the bypass gas-cleanup system charcoal trap
(AV-158). Valve HV-164 and all other motor-operated valves are closed
from the experimenters' control board. If any portion of the experi-
menters' cell is too contaminated to permit immediate access, long-handled
reach rods will be used to perform the manual valving.

During all decontamination operations the portable probe of a scintil-
lation spectrometer will be placed on the decontamination drain header for
identification of maJjor contaminants and for monitoring the rise and fall
of gross gamma activity in the decontamination solution. This probe will
permit the system operators to know when the decontamination process is
no longer effective,

The decontamination system is designed so that during the decontami-
nation operations secondary containment is maintained.

A1l water remaining in the loop after the decontamination operations
and draining are completed will be removed by evacuating the system. The
master vent valve will be closed and the loop will be evacuated by a
vacuum pump located in the loop offgas system. All drain valves will be
closed during this process. This procedure requires frequent or continuous
processing of the vacuum pump oil to remcve entrained water.

Reagent Makeup. Prior to starting decontamination, the reagents used
to make up the decontamination solution are prepared. In each of the two
sodium oxalate tanks, about 160 1b of sodium oxalate (NasCs04) is added
to about 300 gal of demineralized water. In the oxalic acid tank, about
100 1b of oxalic acid (HyC04:2H;0) is added to about 10 gal of deminera-
lized water. Both solutions are agitated and heated to about 180°F. While
these reagents are being prepared, heated demineralized water will be pumped
by pump No. 5 into that portion of the loop to be decontaminated. The water
will be heated by electrical pipe heaters.

When the oxalate solutions have been prepared and the loop piping
heated by the demineralized water, pump No. 5 will be stopped, the loop
drained, and pumps 1, 2, 3, and 4 will be started. The flow rate of the
oxalic acid will be adjusted so that the pH of the decontamination solu-
tion filling the loop will remain between 4 and 5.
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After 30 min of loop filling, the first sodium oxalate tank will
be exhausted. The second tank will be brought on line by opening valve
HV-826 and closing valve HV-829., If necessary, the first tank can be
recharged while the second tank is in use.

When decontamination of the loop is completed, the solution makeup
apparatus will be drained and flushed. The tanks will be drained by
opening valves HV-888, HV-873, HV-882, and HV-875 and will be flushed
out with demineralized water by opening valves HV-886, HV-831, HV-880,
and HV-874. The pumps and piping will be flushed by pumping demineralized
water from the solution tanks, through the header, and out drain valve
HV-825.

Gas Storage Tank Decontamination. Because of their large volume,
the gas storage tanks will be decontaminated by use of sprays. Fach
tank contains a parasol spray nozzle (see sec. 5.3) capable of spraying
the tanks with the decontamination solution at the rate of 2 gpm. To
decontaminate the storage tanks, valves HV-863, HV-175, HV-189, and
HV-194 will be opened and valves HV-852, HV-853, HV-861, HV-862, and
HV-894 will be closed.

In-Cell Piping Decontamination. The in-cell piping will be decon-
taminated by passing the reagents through either valve HV-861 or HV-862.
After the decontamination operations described below are completed,
valve HV-894 and all other drain valves will be opened to permit drain-
ing and flushing with demineralized water.

To decontaminate that portion of the loop between the loop com-
pressor isolation valve (HV-66), the cell inlet isolation valve (HV-15),
and the auxiliary blower isolation valve (HV-833), valves HV-862, HV-832,
HV-859, and HV-858 will be opened. The decontamination reagents will
enter through valve HV-862 and will be discharged to the cell drain
through valve HV-858., After decontamination of this portion of the loop
is completed, the drain valves (HV-35 and HV-894) and the vent valve
(HV-856) will be opened to permit draining.

To decontaminate the mainstream gas heater and the remaining primary
loop piping in the cell, valves HV-861, HV-860, and HV-858 will be opened.
Reagents will enter the loop through valve HV-861 and leave through valve
HV-858. The piping will be drained by opening the drain valve (HV-894)
and the vent valve (HV-856).

The secondary system piping will be decontaminated by opening
valves HV-862, HV-180, HV-166, and HV-167, closing valve HV-37, and
then performing the following valve manipulations. To decontaminate
the bypass gas-cleanup system gas cooler and piping, valves HV-152 and
HV-195 will be opened. Opening valves HV-174, HV-188, and HV-189 will
permit the transfer pumps, the gas storage tanks top header, and the
connecting piping to be decontaminated. Opening valves HV-170 and HV-175
will permit the gas storage tanks bottom header and connecting piping to
be decontaminated.
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Mainstream Gas Cooler Decontamination. Decontamination of the
mainstream gas cooler will require use of the experimental assembly
removal cooling system (see sec. 5.12) and the service machine, as
well as the expandable shield plug. After the experimental loop is
depressurized and swept with air, the service machine will be positioned
over the through-tube nozzle, and the removal cooling system piping will
be attached to the service machine. The service machine will then re-
move the shield plug already in the through-tube and insert the expand-
able shield plug. The shield plug will then be expanded to form a
watertight seal at the top tee of the through-tube so that decontamina-
tion solutions cannot enter the lower portion of the through-tube.
Valves HV-851, HV-852, HV-854, and HV-856 will be opened, and the
decontamination solutions will be pumped into the mainstream gas cooler
via the loop piping from the cell isolation valve to the cooler. When
the cooler has been filled, valve HV-852 will be closed. After 20 min,
valve HV-857 will be opened, and the spent solution will be drained.
During the filling and draining operations, the cooler will be vented
by the loop offgas system through valve HV-856 and the piping of the
experiment removal cooling system.

Through-Tube Decontamination. To decontaminate the through-tube,
valves HV-853 and HV-854 will be opened to admit the decontamination
reagents. Valves HV-851 and HV-855 will be opened to allow the gas
displaced by the liquid to be vented to the loop offgas system. After
the through-tube is filled, valve HV-853 will be closed and the solu-
tion allowed to remain in the through-tube for 20 min. Valve HV-858
will then be opened and the through-tube drained. This procedure will
be repeated as many times as necessary to reduce the radiation level
of the through-tube to an acceptable limit. The final treatment will
be a series of rinses with demineralized water. The water trapped in
the through-tube bottom tee graphite cup will be removed by evacuating
the loop.

8.3.4. Project References

Design Criteria (CF 61-6-3)

Decontamination System Design Criteria Code B.8.0

Design Analyses (CF 61-6-4)

Decontamination System

Preliminary Design Drawings (CF 61-6-2)

Process Flowsheet, Decontamination System D-RD-10116
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8.4. Radioactive Waste Disposal

The radiocactive wastes generated by operation of the EGCR experi-
mental loops will be in the form of gases, liquids, and solids. The
gaseous wastes will include contaminated loop gas and offgas from de-
contamination operations and sample-station operations. Disposal of
these gases is described in Sections 5.14 and 6.7.

Radioactive liquid wastes will be produced during such operations
as loop decontamination (see sec. 8.3) and cell washdown (see sec.
6.8). These wastes will drain into the reactor warm waste system.
This system will also serve such areas as the experimenters' utility
tunnel and reactor spent fuel storage basin.

Liquid waste from the experimenters' cell drain will flow by
gravity into the 2000-gal experimenter and auxiliary sump tank of the
warm waste system. The waste will then be pumped to a valve box from
which it may be directed either to a holdup basin or an 8000-gal hot-
waste-storage tank.

The solid wastes produced during operation and maintenance of the
experimental loops will include contaminated equipment, clothing, and
refuse. Materials such as equipment and clothing will receive a radia-
tion survey. If tontamination levels are sufficiently low, they will
be decontaminated; otherwise, they will be buried. Wastes such as
paper, plastic bags, ete., will be boxed in disposable cartons and
buried.

8.5. 1In-Cell Maintenance

8,5.1. Introduction

The major factors that govern the in-cell piping and equipment
layout are the following: (1) the maintenance philosophy to be fol-
lowed, including the use of special tools and viewing equipment and
the extent to which equipment will be removed instead of repaired
in place (special closure requirements); (2) anticipated activity
level of the equipment and the established personnel exposure limits;
(3) decontamination procedures to be used and their effectiveness;
(4) auxiliary shielding and shadow shielding requirements; (5) allow-
able piping stresses, including the changes due to creep or yielding
during high-temperature operation and the shielding of supports;
and (6) the cost of loop shutdown time.

The basic cell layout approach was to locate all major equipment
+that might require replacement under the experimenters' cell hatchway
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openings (see sec. 3.2). This permits direct access to the eguipment
by the experimenters' crane and facilitates semiremote maintenance
from the experimenters' crane-bay floor. Consideration was also given
to expected equipment servicing requirements, life, and activity level.

8.5.2. Closures

One of the basic problems associated with the design of components
and the layout of experimental loops is the method of attaching the
various loop components to the loop piping. Five methods of making a
closure can be considered: (1) mechanical, (2) mechanical. plus a seal
weld, (3) mechanical plus a braze weld,? (4) all welded (strength weld),>
and (5) welding couplings (strength weld closures).?

At this time the development effort is concentrating on mechanical
closures for the EGCR experimental loops. If the loop and its equip-
ment become contaminated, the present plan is to use isolation valves
to isolate the filter, charcoal beds, compressors, and piping that
normally handle only uncontaminated gas and to decontaminate the re-
mainder of the loop (see sec. 8.3). This leaves certain equipment,
such as the compressors, contaminated. If direct maintenance of these
items is not feasible, a method of remote replacement or repair is re-
guired. The type of closure selected then becomes an important con-
sideration.

8.5.3. Major In-Cell Equipment

Mainstream Gas Filter. The mainstream gas filter is designed as
a single welded unit with two 6-in. mechanical closures (see sec. 4.11).
A steel framework is used for supporting and handling the filter vessel
and its lead shielding. The framework and shielding are designed to
permit removal of the shielding after the filter and shield have been
removed to a burial ground. The filter vessel will be buried and the
support and shielding decontaminated (if necessary) and reused. From
a maintenance standpoint, this design has the advantage of eliminating

°The mechanical closure in this case uses a sealing ring of brazing
material in narrow passages. A preformed high-temperature-melting (1200
to 1600°F) ring of brazing material is melted by using a high-frequency
coll lowered around the flange.

3Perhaps the most advanced full-strength welding machine is one being
developed by Welder Processes, Inc. This is the firm which was associated
with the ORNL-HRP Program at one time and more recently with the PAR Pro-
Ject. PAR progress with respect to strength welding is reported in re-
ports WCAP-1104 and 1105 "Layout and Maintenance Parts I and II — March
1959." Major problems still plaguing this method of Jjoining pipe are
adequate repair and inspection methods.

4Tf there are no obJjections to crevices in the major gas piping
system, welding couplings (as manufactured by Tube Turns, Inc.) offer the
advantage of minimizing the spread of active particles and the problem
of cutting directly into a contaminated pipeline.
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the transfer of the filter element alone, which would involve the use
of special equipment and the risk of contaminating the experimenters'
cell.

A nozzle alignment fixture and support adjustment feature are in-
corporated in the filter vessel design. The entire unit is mounted on
a movable dolly that rides on tracks and is activated by a hydraulic
cylinder. To remove the filter the two mechanical flanges will be
broken (by using the special two-bolt electrically driven wrench dis-
cussed in sec. 4.11), special sealing plugs will be attached to the
open filter nozzles to prevent the spread of radioactive particles, and
the unit will be transported to the burial ground.

Loop Compressors. The set-of-three loop compressors is designed as
a unit with one set of 6-in. closures (see sec. 4.11) to connect it to
the loop. The compressors are stacked vertically (one above the other)
to minimize space requirements, reduce maintenance (replacement) opera-
tions, and make possible the location of the assembly below the cell
roof hatchway. The loop compressors-are supported by a framework which
also supports the associated piping and bypass check valves and acts
as a handling device for the entire assembly. After failure of two com-
pressors, a shutdown will be planned and the entire assembly will be
replaced in a manner similar to the filter replacement procedure. The
assembly will be transported to a "hot" shop facility where the maintenance
operations will be performed.

Auxiliary Blower. The auxiliary blower is connected to the main-
stream loop piping by a set of 6-in. mechanical closures. Since this is
a large equipment item it will be located under the cell roof hatchway.

Mainstream Gas Heater. The mainstream gas heater is essentially
a part of the mainstream piping, and therefore replacement will be a
major operation.

Valves. Eight 6-in. mainstream isolation valves and one 4-in., filter
bypass valve will be welded to the mainstream loop piping. They will be
mounted in a manner which will permit access to the bonnet closure from
above. An attempt will be made to locate all large valves under the cell
hatchway.

8.5.4, Auxiliary In-Cell Equipment

Equipment such as the gas transfer pump, gas purification charcoal
beds, and heater transformer will also be replaced by using semiremote
tooling (direct maintenance, if possible) from the experimenters' crane-
bay Iloor andrutilizing the cell hatchway. Replacement of the six gas
storage tanks located in the cell will be a major operation; however,
they have a long life expectancy. When the radiation level permits,
minor direct maintenance operations can be performed by utilizing the
portable personnel air lock (see sec, 6.15).
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