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ABSTRACT

‘ The primary heat exchanger for the Molten-Salt Reactor Experiment
ﬁly was completed in 1963. Preoperational tests with water revealed
o excessive tube vibrations and high fluid pressure drop on the shell
side of the exchanger. Modifications were made to correct these
deficiencies. From January 1965 through November 1967 the heat ex-
changer has operated for about 14,000 hours in molten salt without
indications of leakage or change in performance.

NOTICE This document contains information of o preliminary nature
and was prepared primarily for internal use at the Ock Ridge National
Laboratory. It is subject to revision or correction and therefore does
not represent a final report.



LEGAL NOTICE

This report was prepored as an account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with rosﬁci fo the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

-As used in the above, “‘person acting on behalf of the Commission®® includes any employee or -
contractor of the Cammission, or employse of such contractor, to the extent that such employee

or contractor of the Commission, or smployee of such contractor p pares, di i , of
provides access to, any information pursuant to his employment or contract with the Commission,
or his employment with such contractor,
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INTRODUCTION

In October 1967, the Division of‘Reactor Development and Technology
of the AEC began a survey of heat exchangers in the primary circuits of
nuclear reactor facilities for which the Division has technical responsi-
bility.*s2 The heat exchanger in the fuel circuit of the Molten-Salt
Reactor Experiment (MSRE) was included in the survey, and this report is
intended to provide the information requested.

The heat exchanger was designed in 1961. Fabrication was completed
early in 1963. Difficulties with excessive vibrations in heat exchangers
at other nuclear reactor facilities prompted a review of the design of the
unit that had been built for the MSRE. This review indicated that vibra-
tion could be a problem end that flow tests should be conducted with the
heat exchanger. Flow tests with water were performed on the exchanger
during the winter of 1963-1964. The tests revealed excessive vibration
of the tubes and excessive pressure drop through the shell side of the
heet exchanger. Its faults were corrected, and the modified component
was installed in the primary loop of the reactor system, Fig. 1, in the
spring of 1964. From January 1965 through November 1967 the heat ex-
changer has been operated for approximately 14,000 hours with molten salt
at temperatures from 1000 to 1225°F without indications of leakage or

change in performance.

DESIGN CONSIDERATIONS OF FRIMARY HEAT EXCHANGER

The MSRE primary heat'exchenger is used to transfer heat from the
fuel salt to the coolant selt' It'was designed for low'holdup of salts,
51mplicity of construction, and moderately high performance. The space
limitations within the containment and other considerations dictated a
fairly compact unit,® A U-tube configuration as shown in Fig. 2 best
satisfied the requirements and also minimized the thermal expansion

,problems in the heat exchanger.

Molten salt. discharged by the fuel pump flows at 1200 gpm through
the shell side of the primary heat exchanger where 1t is cooled from
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1225°F to 1175°F.* The coolant salt circulates through the tubes at a

rate of 850 gpm, entering at 1025°F and leaving at 1100°F. From the

heat transfer and drainability standpoints, it was better to pass the ~
fuel salt through the shell and the coolant salt through the tubes. The

shell side also presents less opportunity for retention of gas pockets

during fuel salt filling operestions.

The design data are given in Table 1 and the design basis physical
properties of the fuel and coolant salts and container material are
given in Tables 2 and 3. Stresses in the shell, tubes, and tube sheet
were evaluated for the design point conditions and reported in design
reports.4»5 Design of the heat exchanger was based on formulae and
correlations of Kern,® requirements of the ASME Unfired Pressure Vessel
Code, Section VIII,” Interpretations of ASME Boiler and Pressure Vessel
Codes,85®510,11 gng Standards of Tubular Exchanger Manufacturers Associ-
ation.l2 The exchanger was of & common design; applicable ASME and TEMA
standards did not require a vibration analysis and none was made,

The TEMA standards do require that means be provided to protect the N
tube bundle against impinging fluids at the entrance to the shell if the -QE
velocity of the entering fluid exceeds 3 ft/sec. Since the fluid enters !
the MSRE heat exchanger at 19.3 ft/sec, an impingement baffle was needed
to satisfy TEMA standards. This impingement baffle was omitted from the
design in order to keep the hold-up of fuel salt to & minimum.

Tube holes in cross baffles were drilled 1/32 in. larger in diameter
than the outside diameter of the tubes as indicated by TEMA standards.

This large clearance contributed to a tube vibration problem that was
discovered during preoperational testing and is discussed in a later

section of this report.

* .
The design basis performance is discussed here. The capacity is
actually about 7.5 Mw with the design fuel and coolant flows and inlet
temperatures,

i I J‘\ (3
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Table 1

Design Data for Primary Heat Exchanger

Construction Material
Heat Load, Mw
Shell-side Fluid
Tube-side Fluid
Layout

Baffle pitch, in.

Tube pitech, in,

Active shell length, £t
Overall shell length, Tt
Shell outside diameter, in.
Shell thickness, in,
Average tube length, ft
Number of U-tubes

Tube size, in,

Effective heat-transfer surface, ftZ
Tubesheet thickness, in.
Fuel salt holdup, ft°

Design temperature: shell side, °F
tube side, °F

Design pressure: shell side, psig
tube slde, psig

Allowable working pressure: .
shell -side, psig
tube side, psig

®Before modification,
bAfter modification.
®Straight section of tubes cnly.

dBased on actual thiéknesseé

Hastelloy-N
10

Fuel Salt
Coolant Salt

25% cut, cross-baffled
shell with U-tubes

12

0.775 trisngular
~ 6

~ 8

~ 17

1/2

~ 14

163* 159

1/2 OD; 0.042 wall
~ 254°

1-1/2

6.1

1300
1300

25
90

a
5
1258
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Table 1 (continued)
Design Data for Primary Heat Exchanger

Hydrostatic test pressure:

Shell side, psig 800
tube side, psig 1335
Terminal temperature: fuel salt, °F 1225 inlet; 1175 outlet
coolent, °F 1025 inlet; 1100 outlet
Effective log mean temperéture
difference, °F 133
Pressure drop: shell side, psi 24
tube side, psi 29
Nozzles: shell, in. (Sched-40) 5 inlet & outlet;a'g iﬁ%:Z%b
tube, in. (Sched-ko) 5 " "
Fuel-salt flow rate, gpm 1200 (2.67 cfs)
Coolant-salt flow rate, gpm 850 (1.85 cfs)
Overall heat transfer coefficient, e
Btu/hr-ft=-°F ~ 1100, ~ 600

Average Heat Transfer Coefficient
Tube Side, Btu/ftZ®-hr-°F ~ 5000
Shell Side, Btu/ftZ-hr-°F  ~ 3500

gBefore,modification.

bAfter modification,

e
As measured,
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‘EJ Table 2
Properties of Fuel and Coolant Salts
Fuel Coolant
s Salt Salt
Composition, mole%:
LiF TO 66
BeFo 23 34
ThF', 1
ZrF, 5
UF, ~ 1
Average Physical Properties: @ 1200°F_ @ 1065°F
Specific heat, Btu/lb-°F 0.46 0.57
Thermal conductivity, Btu/ft2-hr-°F/ft 2.8" 3.5
Viscosity, lb/ft~hr 18 20
Density, 1b/ft> ish 120
- Prandtl number 3.00 3.26
:;b Liquidus Temperature, °F 840 850

*
These are estimated values that were used in the design. Values
obtained from measurements in 1967 are about 0.8 Btir/ftZ-hr-°F/ft.
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Table 3

Compositioniand Proﬁerties of Hastelloy-N°

Chemical Properties:

Ni - 66-T1%
Mo 15-18
Cr 6-8
Fe, max 5

c 0.04-0.08
Ti + Al, max 0.50
S, max 0.02

 Physicel Properties:
Density, 1b/in.> )
Melting Point, °F

Mn,
si,
Cu,
B,
W)
P,
Co,

Thermal conductivity, Btu/hr-£tZ-°F/ft at 1300°F

Modulus of elasticity at ~ 1300°F, psi
Specific heat, Btu/1b-°F at 1300°F

Mean coefficient of thermal expansion,
70-1300°F range, in./in.-°F

Mechanical Properties:

Maximum allowable stress,b‘psi: at 1000°F
1100°F
1200°F
1300°F

max

max

max

max

max

max

max

1.0%
1.0
0.35
0.010
0.50
0.015
0.20

0.317

2470-2555

2.7
24,8 x 108
0.135

8.0 x 10~8

17,000
13,000
6,000
3,500

aCommercially available from Haynes Stellite as "Hastelloy-N" and

International Nickel Co. as INCO-806.
b

ASME Boiler and Pressure Vessel Code, Case 1315.

g

i
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- DESCRIPTION OF HEAT EXCHANGER

The heat exchanger is a conveniional shell and U-tube exchanger with
a cross-baffled tube bundle, It is of sll-welded construction and is
fabricated from Hastelloy-N throughout, except for the alloy used to
back-braze the tube sheet joints, The dished heads were cold-pressed by
the Paducah FPlant of Uhion Carbide, the tube sheet was forged by Taylor
Forge Co., the tube-to-tube sheet joints were back-brazed by Wall
Colmonoy Co., and the remainder of the fabrication was done in machine
shops of the Y-12 Plant of Union Carbide. All work was covered by ORNL
Specifications,1>

The shell is ~ 17 in. OD and sbout 8-ft 3-in, long, including the
8-3/k—in. long coolant salt header and the ASME flanged and dished heads
at the ends. (See ORNL Drawings D-EE-A-L0869, -T2, -Ti4.) The shell is
l/a—in. thick in the cylindrical portion and the heads. The fuel enters
at the U-bend end of the shell through a 5-in., Schedule-40 pipe nozzle,
near the top of the dished head. Before modifications, the fuel salt
left through a 5-in. Schedule-40 pipe nozzle at the bottom of the shell
at the tube sheet end. (See ORNL Drawings D-EE-A-40873, -TL.)

Six 25%-cut cross baffles of 1/h-in, plate, spaced at 12-in. inter-
vals, direct the fuel salt flow across the tube bundle (see ORNL Drawings
D-EE-A-4086Y4, -65, -66). A barrier plate, similar to the baffle plates
but with no cutaway segment, is located 1-7/8 in. from the tube sheet to
provide & more-or-less stagnant layer of fuel salt and reduce temperature
ﬁifferences across the tube sheet. The baffles and the barrier plate
are held in position by spacer rods, screwed and tack-welded together,

to the tube sheet and to .each baffle.

A divider separates the entering and ‘leaving coolant. salt streams

©in the coolant header. Tt is fabricated of 1/2-in, plate and extends
from the tube sheet to the dished head. It is positioned by guide strips

on the shell wall, and a groove in the edge fits ‘over a 1/L-in. pointed,
horizontal. proJection on the tube sheet This arrangement provides a '

',1abyrinth-type seal between the channels without stlffening the tube

sheet,
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Before modifications to the heat exchanger, there were 163 tubes,
1/2-in, OD by 0.0k2-in, wall thickness, affording an effective transfer
surface of ~ 254 £t2, See ORNL Drawing D-EE-40867. The tubes are ar-
ranged on a 0.775-in, equilateral triangular pitch. The tube holes
through the l-l/2-in. thick tube sheet had trepanned grooves on both
sides of the sheet., See ORNL Drawing D-EE-A-L0865.

The grooves on the coolant salt side were to permit the tube-to-tube
sheet welds to be made between the tube and a lip of about equal wall
thickness in the tube sheet (see Figure 3). The tubes were expanded at
the tip end into the holes before welding. After welding, the tube
openings were reamed to the inside diameter of the tubes. The trepanned
grooves on the fuel-salt side were to permit back-brazing of the Joints.
The back-brazing operation was performed in a furnace with a hydrogen
atmosphere using a ring of gold-nickel brazing alloy.

The heat exchanger is installed horizontally, pitching toward the
fuel-salt outlet at a slope of about 3°. Each U-tube is oriented so
that the coolant salt will also drain. The unit weighs about 2060 1bs
when empty and 3500 lbs when filled with fuel and coolant salts. The
fuel-salt holdup is ~ 6.1 ft3, and the coolant-salt holdup is about
3.7 ££°,

PRE-OPERATIONAL TESTING AND MODIFICATIONS

Difficulties with excessive vibrations in heat exchangers at the
Enrico Fermi Atomic Power Plant and the Hallam Nuclear Power Facility
prompted a review of the MSRE heat exchanger design in the fall of 1963.
This review, together with some exploratory tests of a single tube mockup,
indicated that fluid induced vibrations could be a problem, and that flow
tests should be conducted on the heat exchanger.

Water was the fluid used for these tests for the following reasons:

1. It is convenient to use and readily available at the necessary
flow rates, '

‘2, The Strouhal Number ((fzggzigczl{izzf;?)) which is the charac-
teristic number used to correlate fluid-induced vibrations from vortex

shedding, is independent of fluid properties such as density and viscosity.
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3. Fluid pressure drop measurements were also taken during the
tests and are readily convertible from a water system to a molten salt
system.

Accordingly, an outdoor test installation was built as shown sche-
meticaelly in Figure 4, Water was supplied from a large capacity water
main, A once-through system was used and the water discharged into a
drainage ditch. Before installing the MSRE heat exchanger, the line
without the strainer installed was flushed out for sbout 20 minutes at a
flow rate of 2800 gpm. The strainer wes then inserted and the system was
flushed again for about 1 hour at 2600 gpm. Sediment collected by the
strainer consisted of several small pieces of paper gasket material, and
a very small piece of lead. The system was now considered clean and the
heat exchanger was installed. During each successive run, the system
was flushed for a.few minutes before water was run through the heat ex-
changer. 7 _

Hydraulic testing of the heat exchanger cen be conveniently divided
into 4 chronological phases as follows:

1. Initial test of the heat exchanger as built.

2. Testing the heat exchanger as designed, but with the Hastelloy-N

shell replaced by a special stainless steel gshell featuring observation
windows,

3. Testing the heat exchanger as modified, and with the special
stainless steel shell, :

4, Final testing of the heat exchanger as modified, and with the
Hastelloy-N shell.

Initial Test of Heat Exchanger, As-Built

The heat exchanger, as built, was installed in the water test facility

and tested in December of 1963. Results of this test are as follows:

1. The most dramatic results were audible. At flow rates of 800
to 900 gpm (~ 2/3 design flow) through the shell side, an intermittent
rattling noise came from the heat exchanger. This noise is hard to de-
scribe but it impressed us as the kind of noise one might hear if tubes
were rattling in the baffle plates, As the flow rate was increased, the

0

it
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fraction of time that the rattling noise was heard also increased and it
seemed to get louder. At about 1100 gpm the noise was continuous. The
rattling continued to gef louder to the maximum flow rate'ﬁested, 1300 gpm.
The character of the noise heard differed little whether the tubes were
empty or full of water. '

Measurements were taken with an International Research and Development

113

Corporation, Model 600B, external pick-up vibrometer at intervals of
200 gpm from 500 to 1300 gpm. The results were hard to interpret.
Generally at flow rates abbve 900 gpm, more instrument activity in the
range of 450-3500 cpm was observed, however, no discrete and continuous
frequencies could be detected. The audible rattling noise was the best
indicetion we had that the tubes were vibrating. To assure ourselves
that the noise was not due to cavitation, we increased back pressure to
55 psig at 1000 gpm. There was no obvious change in the character of
the noise. The conclusion from these tests was that the tubes were
probably vibrating excessively.

2. The overall pressure drop through the tube side and the shell ®
side of the heat exchanger was measured. The pressure drop through the

1

tube side was almost exactly the estimated value. The pressure drop
through the shell side was about twice the estimated value.

From these tests, it appeared that we had two serious problems,
tube vibrations and excessive pressure drop on the shell side. To in-
vestigate these problems more thoroughly, we cut off the Hastelloy-N
shell and replaced it with a special stainless steel shell incorporating
16 windows. The vibrations could then be viewed directly, also the win-
dows could be fitted with pressure taps to determine the pressure drop
distribution.  This special shell is shown in Figure 5. '

When the Hastelloy-N shell was removed, we noted that 2 tubes in
the outermost row of 4 tubes (longest tubes) had vibrated against a
seam weld in the shell wearing a notch ~ 0.0025-in. deep in the wall of
Tube A and ~ 0.005-in. deep in Tube B. A photograph of this is shown in N
Figure 6. No worn places could be found on the tubes where they pene-
trated the baffle plates.
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Test of Heat Exchangér# As-Designed but with’Special Shell

The heat exchanger, as designed but with its new shell, was then
tested with flow rates up to 1200 gpm. Resuits of this test are as
follows: /

1. The "U" bends vibrated quite severely with estimated frequencies
from 5 to 10 cps, and with pesk-to-pesk amplitudes as high as 1/k in,

2. In the bulk of the heat exchanger, some of the tubes that pene-
trate every baffle plate vibrated, and most of the tubes that penetrate
every other baffle plate vibrated. The sections of tubes between baffles
vibrated with much less amplitude than did the U bends.'

3. In the bulk of the heat exchanger the tubes in the interior of
the bundle seemed to vibrate less severely than those near the edge.

This may be because most of fhe fubes in the interior of the bundle pene-
trate every baffle piate. It may also have been an illusion because the
tubes on the interior of the bundle were difficult to see.

h, In the vicinity of the tube sheet where the tubes are brazed
in, there was no visible vibration.

5. The character of the rattling noise in this test was the same
as in the previous test and could definitely be correlated with tube
vibration,

6. The excessive fluild pressure drop through the shell side was
determined to be where the tubes passed very close to the inlet and out-
let pipes and tended to choke them off.

Based ‘on the above dbservations, the follow1ng corrective actions
were taken- L '_

1. The 4 outermost U- tubes and 4 associated tie bars were removed.

| Plugs were welded into the 8 resulting tube stub ends, and into all the
, resulting holes in the beffle plates. (Bee ORNL Drawing M- -10329-RE-003E2. )
The intent of this ehange vas two-fold. First, it helped alleviate the
'tube vibration problem because two of ‘these tubes had the worn spots
'shown in Figure 6. Second it helped lcwer the shell side pressure drop
 because these tubes and tie bars contributed greatly to choking the

shell side inlet and outlet.
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2., Bars were laced between the tubes on the downstream side and
adjacent to each baffle plate as shown in ORNL Drawing M-10329-RE-003E2.
Note that the lacing is in two direcﬁions. It was believed that lacing
in one direction would not be adequate. It also seemed that lacing in
the third direction would be redundant because the holes in the baffle
plates could serve as contact points. The lacing bars were sized so that
they fit snugly between the tubes, and were tack-welded to the baffle
plates, Other methods of tightening the tubes in this structure were

-considered, such as expanding the tubes into the baffles and bending,

twisting or in some other way deforming the bundle. All were discarded
however, in favor of this lacing method.

3. A similar lacing was built across the middle of the U bends as
shown in ORNL Drawing M-10329-RE-Q02El. In this structure the lacing
bars are threaded through the tubes in two directions and welded to the
outer band, This mekes all the tubes in the U bend behave as a single
member. The structure is supported by the tubes. This arrangement
probably affects only a small increase in fluid pressure drop through the -
region of the U bends.

4, The special stainless steel heat exchanger shell was lengthened
1.0 in, and an impingement baffle was installed in the inlet as shown in
ORNL Drawing M-20794-RE-030EL for the Hastelloy-N shell.

5. The 5-in. outlet pipe was replaced by a 7 x 5 in. conical re-
ducer as shown in ORNL Drawing M-207T94-RE-030El to reduce the exit
pressure drop.

6. An accelerometer ({Endevco Corp., Model 2220) was mounted on one
of the centermost tubes in the U bend just below the midplane of the heat
exchanger,

1 3

Testing Heat Exchanger, As-Modified but with Special Shell

With the above modifications incorporated into the tube bundle and
the special, the heat exchanger was again installed into the test facility.
Results of this series of tests with flow rates up to 1700 gpm are as
follows: | >
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1. Tube vibrations were reduced to a negligible amount. No tube
vibrations were visible anywhere in the tube bundle. No noise attributable
to tube vibrations (metal-to-metal contacting) could be detected. The
accelerometer detected a - very high frequency vibration of 2000-3000 cps.

)

The amplitude was not accurately measurable but appeared to be less than
0.001 in, .

2. The overall fluid pressure drop on the shell side was reduced
and almost exactly equaled the predicted value.

At this point, the vibrational and pressure drop problems were con-

sidered adequately solved.

Final Test of Modified Heat Exchanhger

All modifications were now incorporated into the Hastelloy-N shell,
and the heat exchanger was reassembled, The unit was installed in the
| test facility and tested to flow rates as high as 1650 gpm. The results
% of this test were identical to those of the previous test, that is,
fluid induced tube vibrations were reduced to a negligible level and the

| _ shell side pressure drop was adequately low., Figure T shows the final
§ overall pressure drop through the tube side and shell side. The tube
side pressure drop 1s hased on date taken during the initial test and
the shell side pressure drop was measured during the final test.

OPERATIONAL HISTORY

Installation of the heat exchanger in the reactor was completed
late in the spring of 196&;' Fuel and coolant salt were first circulated
through the reactor systems in January 1965. The reactor reached criti-
cality on June 1, 1965, and low levels (0 - 50 kw) of nuclear pover were
‘first generated in December 1965. (See Figure 8.) Full-power (7-1/2 Mw)
operations began in Aprilsl966 and are‘continuing at the present time.

During the past'thtee_yéars'the'heat exchanger has operatéd for more
than 1k, 000 hourS-wifh molten salt without any indication of a leak be-
tween-fuel.énd coolant salts or;into the reactor cell., There has been
o no evidence either of gaé filming of the heat exchanger tubes or of a de-
‘ﬁ/ crease in performance by a buildup of scale. Accumulated operating data

are given in Table L,
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power chosen for the design of the MSRE was 10 Mw.

275 Fr=Ft-oF
The fuel salt that circulates through the heat exchanger in the MSRE

is highly radioactive.
in the salt, and some of them deposit on surfaces in the heat exchanger
so it too becomes highly radiocactive,
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Table L

Reactor Accumulated Operating Data®

Time Critical (hrs)

Fuel Loop Time Above 900°F (hrs)

Fuel Pump Time Circulating Helium (hrs)
Fuel Pump Time Circulating Salt (hrs)
Coolant Loop Time Above 900°F (hrs)

Coolant Pump Time Circulating Helium (hrs)
Coolant Pump Time Circulating Salt (hrs)
Heating Cycles (70 - 1200°F)7Fuel/Coolant Systems
Fill-Drain Cycles (Fuel/Coolant Systems)
Nuclear Power Cycles (Fuel/Coolant Systems)
Equivalent Full-Power Hours

®Total to December 5, 1967

Btu
-Ft-°F

Btu which was used in the calculations.

8,830
18,021
3,985
12,334
15,684
3,082
14,149
9/8
30/13
63/59
7,124

Soon after the operating power of the MSRE was raised to a signifi-
cant level, the heat-transfer capability of the main heat exchanger and
the coolant radistor was found to be less than predicted and, in fact,
limited the attainable heat removal to about T-1/2 Mw.'4 The nominal
The overall heat-
transfer coefficient of the primary heat exchanger was below the pre-
dicted value, resulting in somewhat larger fuel to coolant temperature
differences than had been planned.
changer was explained by recent measurements of the fuel salt thermal
conductivity which indicated a value of 0.83 i

The performance of the main heat ex-

rather than

Noble metal fission products are reduced to metals

The heat exchanger is of all-welded

3]

0

(%
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-construction and is covered by heater-insulation boxes that are difficult

to remove and reinstall remotely. Any meaningful nondestructive inspec-
tion of the interior is impossible and of the exterior is extremely diffi-
cult, No inspection is planned, at least until the experiment is completed
or the heat exchanger must be removed because it develops a leak, Leskage
through failure of one or more tubes by vibration should be detectable by
& small incfease in salt inventory in the fuel system and decrease in
salt inventory in the coolant system. The reactor is designed on the
basis that such a leak or a leak from the fuel system into the coolant
system might someday occur. The fuel and coolant salt systems are tested
separately at pressures above the normal operating pressures at intervals
of 6 to l2Amon'bhs.15 No leakage has ever been indicated.

- Because the heat exchanger operates at temperatures above 1000°F in
a highly radiocactive environment, no equipment is installed to monitor
vibrations. However; we believe it unlikely that the vibration has in-
creased since the final preoperational hydraulic flow tests. For vibra-

“tion to reoccur, the rigidity of the tube bundle would have to be reduced.

This could happen if the clearances between the tubes and lacing were
increased by corrosion of the salt container material, however, this is
unlikely., Chemical analysis of the fuel and coolant salt show that
general corrosion of Hastelloy-N in the system has been practically nil
(~ 0.1 mi1),2®

Vibration could also reoccur if the flow rate of the fuel salt
entering the shell side of the heat exchanger were substantially increased,
This is also unlikely as the fuel and coolant salt flow rates are fixed
and cannot be varied unléss the impellers of the pumps are modified, The
original pumps are still in operation and there are no plans to replace
these pumps before the MSRE is terminated in 1969.

- CONCLUSIONS

1. Testing the MSRE heat exchanger with water indicated fluid
flow induced tube vibrations and an excessive pressure drop on the shell
side. The best indication we had of tube vibrations was a rattling

noise emanating from the heat exchanger.
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2. An extension of the above conclusion is that water is an ade-
quate fluid to test molten salt heat exchangers for fluid-induced vibra-
tions.

3. The fluid-induced tube vibrations were eliminated by lacing
bars between the tubes at the baffle plates, by building a structure of
bars around the U bend in the tube bundle, and by installing an impinge-
ment baffle at the Inlet to the shell.

4, The excessive fluid pressure drop through the shell side was
found to result from choking of the inlet and outlet pipes by the outer-
most row of tubes and tie bars. The pressure drop was reduced to an
acceptable value by removing these tubes and tie bars and increasing the
diameter of the outlet pipe.

5. After more than 14,000 hours of operation with salt in the sys-

tem to date, the heat exchanger has shown no indication of leakage or
change in operating performance.

6. We f£ind no reasons why the primary heat exchanger should fail
from vibration-induced damage before the planned termination of the
MSRE in 1969.

L
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. APPENDIX

Fabrication Drawings — Primary Heat Exchanger

'D~EE~A—h086h

D-EE-A-L0865
D-EE-A-L0866
D-EE-A-40867

;o

D-EE-A-408T73

‘D-EE-A-L08Th4

M-10329~RE-003E2
M-10329-RE-002EL

‘M-207T94-RE-030EL

Baffle Plates

Tﬁbe Sheet

Baffle Assembly

Tube Bundle Assembiy

Details

Channel Assembly

Assembly Sections

Assembly Elevation .
Stabilizers — Details Return Bend
Sfdbilizef:Details ~ Return Bend
Modifications




32

v./65 7 . l

~ 43" DRuL (278 roLes)
(For Layour sex O7 1Y)
Raamr & FINISH To [8

- A

s4”

7{"

Zsas”

| , ;
T~ -
L s738% [~ 0265 00 WoLE (6 MACES,

Locapions Ke M, ke Nefr £ )

g om

BpFFLE PuaTe A"

2/66"

2./68 "

.
d

L 4

2 37

|
200° I 2o’

23"

@2+

@+

R
+ o+ + o+ + + + + 44

1 @D+ P+ O+D+ +

T Tr T

’+@+N
T b4 o+ N+

+ +

L A T I BN

+ + + + + 4+ 4.+

+ 4+ + 4+ + + 4+ 4
D+ +O+ D+ +P
OD-p—+- t-tt—t—+—1—-
+ @D+ D+ @+

b+ [+ + ¥ + +

+ + + + -+

—©

. ;“'l

n
+ @

'

DRAL ff PREPARE HOLES Aa pER OFY."V'
AT LOCATIONS MARKED WirW 8/NgLE CHRCLEE

.
STUB BAFFLE

(Lavour A3 viewso Fmom piarEo
8108 oF 0.380" A HOLES ) '

)

ol

Phocn zai.¢  gubs i

. 3/ /08 D
. FOR LRYOUT Ser peraw *x* AL SIITED BAFFLE PLATES ’
[ 2 et - ReArs 4 miNieH 7o w TN Wrsrax Sweer * /,
LR : .
a1 5ee Dov %2877 7204 W ‘ ‘ THIS DRAWING Rere - mnw.&u Ok mm&u:umw
" ] OATE | PO | APPO . T UniON CARBIDE NUCLEAR COMPANY
[ | Cl 7 7 o 5___,0 'Q'WEF—PL ATE ﬂ B M ” ll- E!T canna % 2.005 A Y ’
M. wEsTSH #2276/ 1L 1wh. vy Ol | 8542 . P _ X RoSC TENNTSSIE
[ | e A0 re 5 " CHANGES b 2 2 ‘_'u_-—-_. _W—T o
THWESTEIKY YRR Q Tobvrdh 215 -tn] 2-/-4¥] o 9:24.-64 . L wad Z‘.&‘— :
m—‘:’ﬁ—l‘j | — "'W'Z'”"i‘—“‘!’ A | = ot &7/ S08 d336.
o W - ”

svianea ' o mias
yewanp vary. § as

waroao 1o pacviox fi°
CLENRANCE fom, U Tuaa.

4 Macee

& oans (Vo macas)
foR Layour asa oay ‘X’
Raam o pvisi 7o [SF

CounTaR SNk AB
PER 28T V")
1

agfs o roLl

z383*

2o L 2om”

X X
—F—%

xxxxx;x;('xtxx.><

WX — Y = F— Rt — Y kT

|
xxixxlx:x-( PRI = S
X ox ox X ox ox ox X X X
¥>xxxxx‘xx»x‘xxxx-8'w
X x X ¥ X X X X X .
x ¥ x:x|x x x X ¥ X % ¥ }

J i

NIII,"M

BpFrFle f-"iﬂ;’é ‘87

-

i
-

41738°

0380 ova (¥ HolgS,
Locaprow L,

7383°

oue

Z383"

- LR “omas ¢ & mouts)
( LocATIONS xd.y)

Y

N e

Cyr g
DETAL

N

_é"au:. (278 Hots

(Fom layour sex ocey *x-)
Ranm § FINISH n[}’

@___
@_'_J

g

HoL8 _Layour.
ScaiE /R e/’

Parrs List

£:

DESCRIP TION |MaTEmAL

BarFLE Piary 2 8° f Wk MATE, Wk ou. muank

Barris piare u" £ re mars, /8% st mor-8

2 . 2 won -8
1 g e - 0 -
s o Y| 7 | sanmiEr puare frva marE | G Eom sianx | von-e |
- TETTUL R DL “
‘ ‘_. - -
5 1,,. owe | 1 | STua Barrig ¥ o g %054 Siavk wowed

Noyes : o |

4

Faey

'.s, FRARTE To BE FASRICATED " A on,f\lﬁﬂﬁ GENERAL
- & MATERIAL SPEC. (OANL)
7o MOUND ML awarp Comngws T gb' Raowa

8, Fiman MACHINED _aw)rnm 70 M5 pacac . Ave.

),

L1

)

L]

AV

- '}3—' oril (335 wours

o.380" o

b

Z R
L Aﬁum ExXCH. ASSY BLEV lpee n
PRI REAT  EXCN. BAFFLE PLATES. SwET T2 lo-t1+ st
; PRiM. HEAT EXCH. BArfif R3sy. » Ao 86< |
DETAIL ‘y” Prems,” HeaT Exew.  Tuss ShelT 0-48- 4 =4,
Mo scaLx REFERENCE DRAMNGS OWGL NO.

' 2, locarions K, L § M ARE symmErmicai
B, COMPIETELY REMOVE AiL BumRS

€, PRILL LOCATIONS M on oNE TYPE 'A" BaFPLE

DRILL ALL HOlES& JO. MATCH - CORRES PONDING
NOLES, ON TuBE SHEET (OWG 1 D-EE-A-40865)

RoouT FME VERTiCAL AN,

ArTER
LRULING.

{ Ass&rtBLy Posrrion

SA) pe pER
oEfaiL Y’ )

FARRICATION SPECIFICATION WER GE-B 2UWA
MET - A= 8334 WNOR-& MATE.

UNLEBS OFHERWISE APECIIED,

AOUBINESS WLIGHT, UNLESE OTNERWISE. SPECIAND.
N

JTOULTEN pLT REACTOR EopERINENIES 7603

) CLASSIFICATION
i

PRINARY HMHERT EXCHANGER;

__]
D- £2-a- f086¢ t;
Mz207

a2




L |
Ly ( \ | )
; ) /
B ! . .
' ' . c o ) ’ . - - PrR7TS LisT -
‘ : ' ; TA8LE I : annr| soe no. | M0 "D, <
. s R - R No. - No. | crao! ESCRIPTION . |pearERAL
s : ‘ z@ : o MUIMBER OF o0.502" Dih HOLES : 22 e pe {2 )
' ) . ? PER TuBE Row . 1 |mes|owe | 1 | roms sveer 174 00 /g ek, poeesp | moe-a | -
e : ZI(R72) LRILL Yy PEEP S : -
{ ) ' A-2tunr-28 Borrom rar Row | NUMBER oF . 1A |Tuis owe | 4 FusE 5“'5‘7 FoRGING ] noe -8
- D arrorca e ¥a wo | " iotes IN| 2 |74 0w | 326| Doz £rve b
. Locayions K, L 4 M ARE CENTERS oF / a MorE : 0 -
‘ ’ 2ses” ] SANIER ALATE f BarpLE SurmORT £0DS : ' E 2 /8 REPEAT pows £-i8 L B ,
i R 5328 Locapions K, LEM symmarmcaL  wird . : 3 /9 oM FOB NALF OF TUBRANEET. )
' ) . RESPECT TO VERT AXIS. £ B LI ¢ /8 . .
‘ o ‘ o . S 79
’ ) . . - . - /8
) o” y /Vo,u- CUMULPTIVE ERROR b 7 .
K K (OBE woir v ON MoLR SPACING OWALL - /6
Noy ExCEEOE o0fo” /N 2 %
pETAn ‘X’ Zo SPAcES e ‘2 - v
= . . 7 ) Foor
‘ SR fal e o .
: : 28 I : "
. ) ¥ Fra— BRezInG Lose : : . -
" ‘ Sewee T/ '
§ ..‘
X / : . ~
1 - i - .
‘:.,9.',,‘— / 0068”25 0" ) . A - . .
>‘|’ ( 5—&'&'@. ‘ ‘ agrs” = ‘ )
. 2> —HR see aem v ror " . NOTES:
' % ] f A TREPAN  DEFAL Bogar by é.‘l‘“‘n )
/ i : mwzp.smg X | /ae Q : 7 4 TUBE SHEET [forsing ( PART */A)
. ; PRI i “,,‘. p AT TG 15 JOo BE FASRICAYES IN ACCORDAMCE
k o _{ \ i 4 WiTH GRNL SPECIFICRTION No paT~AM- 2
J; {Q . ! | L ) &a, PARr 7o BE FADRICATED As mee WSRE GEMERM]
[ . JP-“I? ﬂi"“’ | FARRICATION SPECIFICATION M3 62-3 REV A
> 1] \
3‘ t-;_: .BPAZED S/0E %% s 3, Rouno allL $wAR® ComNE®S TO & macws  ecess
R 7 | OFNERWISE  SPECIFIED,
N et
Jocecance on o0t . T~ 00h2”Rax) p
2.063°7 -,‘,,‘ Azvar avere: “" ood'-F' FARTY \ - o, SINSH SURAACES To 126 MILRO INCHES AVERARS
- f o 18" 0.063% Far) 3 ROUGNNESS NEIGWT UNLESS OFNERWISE SPECIFED.
=¥ P Y— /,,,...,...,. P . 5 GOLD NICKEL BRAZING FILLER METAL SHaLL]
? rgyr g : DEran Y (wo_scuie) - ' BE ASTM -8-260-5GT WITH THE FOLLOWING
e SECTION -3 . 2 i EXCERPTIONS: |.GOLD BT TO®23 32
: ! y ¢ NICKEL 17.% To i85
' fwe Scaix) [ Noj: s D s, # S Zh owm| Siviii. mar z
X R - it part BRI e ey
o 0 : : £, SFor PAEDER MOLES JAAVOD WFER: - T o ipp|y CEETIFIED COPIES OF CHEMICAL
‘ FERENCE v ADfACEN] TUSE MOLES. ANALYS!IS FOR SACH HEAT OF MATERIAL
ol 3, FEmosm woles v swel DL ONLY G AFTER FINAL MACHINING,THE TUmE sweeT | °
. ' : , ' . 4, REMOVE BURRS AROUND |FERDER HOLES BSHALL BE LIQULO. PENETRANT WIPBCTED
‘ ‘ . 35, FOLERANCE ow o-458" DRt Pe.a0l” ACCORDING TO MET-NOT-4
. _ , /PLAN VIEW OF CHRNNEL 8/0F ; @\ : : 7 s
scpLe &= . . o o ’ ’ .
ANNEL ' . . .
) Pt o L . ic# 0w ties . .
= | C]
| AN
’ / o
. v
. : B . :
4 o SHELL J . L Tl e e .
08 i - | - ] § { SECTION .Of_ FORGED  BlANK, A[PE VERT Excu. . ALEN, ELEQ. EEk
) /G_,t- on 2ds R o s , { : scale  6lep ) [P0, HEAT Excw.  TUAE puwoiE ASSY. D2 fon6/]
. ’ . e et e e Wi d 27 — DESI»QSD GRAIN . L N PRir. MEAT EXCH,  BAFFLE  ASSY. o-ar-a-doth
_ : . ; P .og,,wrgﬂo” . Rt nes] Eicn Barpid_piATES, 2er-a tond
! \ ) . ) 0 . IL FEFERENCE DRAWINGS oV, MO
- ’ b P 4, RIMENT N 7503
‘ 1 : 0LT: R M) 0!
sEcTIO a’- 'Y ‘ &N SALT REACTOR EXPEI o,
P i sVt = - . . CLASSIFICATION "
- o |&bocu zan-e ggx TelX - ot Scare &'a /' ‘ ’ - Coasam Primpry Hear Excwanezr
., C | sce oovw2eso . eclews T o . _ , THIS DRAWING REFLECTS -”4L’——-‘"—L” e TUSE SHEET
. ‘ : : A, .
2 s, 2217 00, [7e3.c: |l W . : !
e _ | A8 BULT |Ee— s
L2 | Saw ocirtasow 3.9, & g CHANGES -
1‘ © REvmoNS ot [aren | arvn : , : : B o G 2464 P UnioN CARBIDE NUCLEAR COMPANY
: 74 wegmn | mzees 0. iy ler-|2 07 - s |2-1F 411 . o . oaeiun . 2:2057 | PSR O TGN IR CORPORSTON ‘
‘ 2 Sy , S . . *___ng—%_ 'r Lo
( & A wasram| #-23-6 fad 0 Tornda ." ey 9_ "/‘"a’ 2500 ) ! X ms ol
) . , . ” sz ) ‘.,Tf.‘:f. r Bard : . houp P9 -poreo o8 49366 ’ ID. FE-A- foB6S tm
] '] : ’ .
. .o : H
y
, .




PRRTS L8 _
DEsCemrion : MATERIAL T

3

3

HOS

|- Barrie prare AT Wt e 7L e - ' ;
PALFLE PLATE *B° B Thi. .

!s!h S
j
|
!
i
!
l

¥
1

™

| BarRiER _pLAT oo T o

_BAFFLE PLATE SPACER fop “I* Wi om |
| BAFFLE pLATE sPacem Aop 'R Fewh| o
|76 | "BAFFLE PIATE ShAcer’ voo P We o -
BAFFLE  PLaTe  SpACER Roo *iF " W s

BAFFLE  ALATE  séacam moo ‘' W oa
OAFFLE _PLATE SpAcER  Roo VI V&'AM
BALFLE  PLATE GUioB %o v & « 1S 8" ’
S7us BAFFLE R D

| BareE PuarE omackR moo I Vi O

i

3 ninie

N
N
N
N
N
N
A
|
&
&
.
i
1
S
'Y
»
1 .
é N .
Nlvdeay

[

Vi

e rererrn]

slas v ninga

Dummy Ro0 "Z* 4 pm . ”

BARRLE ALATE TCT Bk .

ol
NOE

po—

;
Apernncem 1

- 47 . . : : .
N @,9 . . : R INOTES:- Iy WELD NUMBERING PROSRESIES FROM LEFT To AiHT, : ) '
cr @ fROM Tom To BOFTOM, AND FROM FRONT 7O @ACK . .
v i .5 S 9weios . - oF SECTION PAT= tAr
AN e || /VE @) - Lo 7o ,
! 7 f - ’ - &2. Pasrs To B FABNICATED A8 FEE WBIRE GENERAL
®l 7 ' ' - FABRICATION SPECIFICATION' MS3R G2-R%w.h
’ Wes 3, MATER/AL pECIRICATIONS ! | .
MET-Ri - BEZE (men-8 sar)
MEY - BM - 8 Job CoHOR8 WELOING FULER MNETAL)
4

FOR MOUNTING
Of BAPFLE GUIDE

sge ofTAL 42" b .‘ l q) d
ho

.
0
-

Tua8 HoLES ARE NOT -
SvowN on TUBE SwEET &

' - O

! D3
— - =) | e

T 1 3} ] 3 ‘.’ N 3L T , . @ :;.s N b UCNC pasmcazans wes- pan spwopieapows

@ ] ‘ @N : : @N\ @‘ N %2 T e o RE-RE, PO-BE, PU-BG, A8 APPLICAGLE . WaPRCT
1Y4 [ ) N 4 17 3 C f ; ‘ 1f . @ . ' , _ Pan wA-2e0.
18 o ©
@

SN
minlin
OR

AN

\

B
-©

. [ yimy 5, WELD NNAERS ASNENED wi = w8o
E @ \ "" . WELD NUMBER3: UsED Wt - wEe

N @ N vacaL para 3 ({.
B, ot ©

N i ! ,<fv«> ‘ @ N 65 Rouwe Al swadm LotnERS Tw iiT maswe umiist
! z @ ? ‘ T OFnER WAL SSECIIED.
.. . ¢ ~

, 2 | 72 FiNISN SURFATEL To /RE MICAOINCHES AVERNGE
MU BHNERR  WEIONT unNiESE OTNERWIAE  JPFCIpIgD.

‘ [ N “_@ ] : X o &, BEFORE AUSEMBLY OF LAFFLE PATRS THASAD

o ' . . . 7usm3 Coos /@ - CoOL J-g TWROUEN. . i B ‘ ‘

J

™ 4

22T TP LL

T R4

S
\

P

o
B>
B>

SECTION "AT=A’ ’ ' : : : '

’ﬂ'

. NORIZONTAL CENTER LINE,
socapien of BAFFLE Gwos

‘ ' & PRIM. W AT Extw, ASSY. ELEV.. e~ [OEEAMORTA o o
| ; PRIM, NEAT EWNCH. BARFLA MaTES. WBET-¥2 L T ed

. PR, WBAT Bxew. - Tuas Swawr ———
! . WELD SETUR FOR BAFFLE GUIQE } PIRCHINING OF aﬂffgg GuIDE . ) T T T
; \\ ' o . PRI, WEAT Eicw T84 § Aod Parais o £a-a-d0te]
o B _ REFERENOE LRANGS Dwa N , .
. L. OAfFLE leuioe . : . i
j . ' o ’ - . MoLrEN SMT Rexrow Espemiany ‘b T8o8

I L - )
. . ’ . . - Mu-::i:ﬂmu PRIMARY  HEBAY ErCHan@ER 5 . ’ i
Rt ' ' ' . . Lo CRas s BAFFLE AS3EMBLY .

(& Bcemmie ANz [ ! : T . . THIS DRAWING REFLECTS 7 4 Wesram . v~

A |SEE penw o250 zc ' : : . AS BUILT T p——— © 0N ROGE NKATIOWAL LASOMTORY AR

™ REVSIONS oAt | a0 wro | # oara | arr aere : : : CHANGES P UNION CARBIDE NUCLEAR COMPANY _ ) -
’ pare_ T 2464 s ce08” BAEGH UF UNON CAI2IDE COMIRATION

TN WESTIR | 423, v/ /b y/’.‘am a2 14 v . . . .  oak Y X

P 2 NP P v Wl Ny 1Ay . | \ ' : _ . ~ : . . ) wose :'_.2_°__ » """";_"'}r { Marvee D-I % =‘ o ) . , ’ :.
oy ) ‘ : . . . - ' Ao .
vozwll e Ve 2 0 A ‘ _ : « . () / SoBA256.6 s om ; ‘ | J |




F/‘

-

s

35

0 00 00 0 9 O 0w

. PBRRTS LIST

“f "(_n'")

6255 oer )

N 2t ./ SO s/
‘ : A S— ——— A L
R | Y A AS— A | Vo i— . s
- 737 i ,
¥ A— , ] Z
!! Pl '/'/ Ve .'r "J
| — b/ S - ! ]
7  — | 7 ]
Sy /L £ ‘ /
1 i —
B /f 7 —
- ] i ¥/ 1 | - :
— —47 e | i - |‘====x=ex=:o
(o i — 7 i ' —
— 3 , y/ "
- 7= / | i —
: V74 i | i /L I 1
i =/ ¥ ;
‘ 7 A— - ‘ /i /
B s 7 : ‘
e ronr” | LA ! a ;
B i 7/ )/ | — ‘
A P I - A = IR

SECTION "AR'-B"
(50E ELEVATION )

Sheer TOo DRAWIHGS E-10820-R-001 ARD 002,

DEscrisrion | pameny-
li_&dlfft_k‘ AssEMBLY - INOR -8
U TUBE, Keox aoh” was  pon mow iz -
. Fom Sow W -
" For mow /D P
. For Mow 9 »
» FOR mow & »
. SoOR Row 7 »
A o= oW § -
. Fom  mow & "
’ SoR pow $ ”
TR |

NOTES:

4 PARTS To R paBMicATED As man  cewi saec, sed
CT:3 Rev-4 (WiE GENRZAL FABRICATIEN SPEC)
A 0%-BL-ia? FABRICATION. OETORE BUNDLE -
U 0.8, 80°167 BRATING OF TULE BUNDLE .
2. MAXE TUBE To TUBE SHEET WELD JOINTS A
PER. MBRE METALLURGY MEMG G2-GG
.=

‘4 FOR DETALS AND  PARTS iisr e mows
No LB LS SEE Dwe Mo D-rE-A-folPS

L [foR SECTIONS CLCT AD “0%-T0" sgr
PWE NO D-#E- A- 40876 -

&, FLARE Toae Ano TREPAN Lip Accomome TS DEfan
LN e T Peroer WetpwG. FLARE Hole iv
Jus® SwEEL ANC Mvrery Tuss Theosoa” Foca

Brroee Fravve Tie Tise.

", 7oA HELIUM LEAK CHECK SHALL BE PEQFORMELY AFTER
L WELDING ANCY BRAZING A'S FOLLOWS{ ENCUOSE
U THE TUSE BONOLETH & PLAMTIC WAL ATINER |
“THE TUBE SHEET WITWL A FLAI PLATE. FLLINE

TORESTHE WELTON .
THAN InTo™®/eee. : !

&, COMPLETED WRAT EXCHANGERITU®E
AUNDLE WAS NODIFIEM 1N THRE ®RLD.
AFTER WATER FLOW TESTYS AGGORTING

THIS DRAWING REFLECTS

A8 BUILT

CHANGES

DATE. ?‘2&-9‘.. L

IMARY. HEAT EXCHANGER ASSY.. .. [iasTe.

A e

! % Ny @ Ty
— FEREE BAATING Fova - _0(. _.‘.& [iasy PG SUPPOIT e PRAARY WATENCHAGEA 4 B
- S zr:;—lf»’ﬂ/ Jlsv;f ‘ -, @ =l @ =g § < | Pewe. near Exen. ruoe mwors sacriows Fol%
Srans Lraprey . 3 lendss I 6 =g @ g O PRIM. NEAT EXCK. TVOE SUNOLE O8TAIL | T
lf’.A (/8O Armer O DITER EDIE ) -,,ﬁ._&.-‘? Py WEAT . gucw. Tude ff Mep DaTALS D0 ca-polis
Cr Gecovs Wirst Beows, FoowdeD R @ =4 @ =4 © =y § =y
LD Foos . : . e, @ mng @ g @ gy © Laot_mEAT_Sxcw Jugm Swaky Layour owe-2 -0
— , oETAIL *X7 ' ' ' @ sy @ sy @ =y @ =y, § 7eaT_Excw_ Baerig_asoy. —eeie
T L ‘ WG 0 O o Aeremece ones o m
‘A"  ELEVATION. TYPICAL TUBE-TO-TUBE-INEE) JONT. i u . q. g O =g @ py
: o (wo scas) i -Q-.‘.?Q-.q MOLTEN SALT REACTOR EXPERINENT 'wa 7¥03
yAw - A ' Noyer  Ses Ows. No. D-EE-Z - 4085/ pfor | el @ =l @ el @ » PLASSIFICATION,
S A= 0eN 2a1-6 ahiy ;‘. 2| NUMBERING OF TUBE WELDS AND BRATED ToINTS. ; ._.l;(.-.(. o, PRIMARY MWEAT EXTHANGER
C'| 565 ocw ;*:4’229 W gt § OO TiH. WESTIK FUEE BUNDLE ASSEMDLY
B | sex pew ®Bhsy . 7. /04 [Tl ....,___..‘.?o-.‘ : 7
2 | wwrm ioens Sran ] [17:] - : Ia.‘? SECTION ‘B -'8" _-WLH-'“-—““ OM oo m«—-urm
. e TS Dare | 19D | AP0 | momtoren | oars | v aera , N - UNiots CARBIDE NUCLEAR COMPANY
zw.wesrane | oez-slfy £ T e e { A 2 200/, IO 9% INCH CHODE CPRORITON
N —_ —-—m;——————T—Jwa—,m
- waspw | o-2ewh g " bhsa. -4V sEE  poTH # um He— r e aaeoll 9{ —
o N Pl fsn| ¥~ Dbb453-6-6 _ D 22-a- sodi7
McO7




oy

’ fbﬂ/mdmﬂ

)

ONE OPANING
SHELL COVER

ow
onLy

sxs DeTaiLe N'EB”

10° rarme.
SLEND witw
Anpckis
conToLA.

Py 7y

DETAL A"
SNELL COVER MACHININ
ScaLe: wont

.

A

/54° twon )

DISwED__CHANNEL & suelt cover uemos

l scaLgs &'t
X" rpren
BLEND wWiTH ;
ANUCHLE CONTOUR ;
v Y 4
N /) .
. N7 R
T o l- o
‘o* ‘,((o'_.. &
) o S ——— e
s - a08372 008"
' L Lok oA,

17700 (Nomuwial) )

osran 8"
CHANNEL COVER MACSHINING,

io” Tamgm

-

SCALE ; NownE

777

>

L
Mg

16 %" v
/6 5 om

PYTIIIE W

T3

b

247

VN e
DETAIL "D*

HEAT EXCHANGER SHELL .
(Schie 3% =1")

"

5.0_4‘7‘

DETRIL _*"C*
(scaLE /2°=/')

DETARL _*£*
SHELL_SEAN JONT. PREPARATION.

SeE OkTAN TET

} PRARTS LisT
~o
F::’ Owa. o | opas DLCR 1P TION pRTERAL
R R R R e e .
| s owe / Samril, 16 %" son § WALt P, c lowa mwos-@
. 1 | Sw#cs covar, 17700 AsME Dianto NEAD K INR] T #
. 7| CHANNEL CoVER , I7° 0D ASME DISHED READT M -

NOTEG:
; ;2/,, | PARTS 7o BE PFABRICATED A8 PER MSRE. CENEEN

T8y MATERAL SPECIFICATIONS

4, RouND AL sARm coawmas Te o Radwa owiess

Gy WELD NUNDEMS  ASSI@NED i W&
;

A 7 STREss Relicve poar B! gursa £ resias amwa

2, UCNC pasmicazoms

5) NN AL SUARACES To MK AERO INCHES  AVERASE

. .

FROZICRYION SPEC. MSR GE-3 R&V A -

waLO AR PR ~RE, A28,
PI- 26 AS APmLICABLE. INSPICT PRR WR- déw

D - Ar - 8304
ey -AM - &
MET - R - 8204

Cimom =8 miaTE }
(wom-8 roarso xeaos ) .
[ woR=8 WELDING FiidR METAL)

OTNERVYIIE  8PECIMED, -

SOUENNESS  HEIMNY UNLESE CoTNERWISR #lﬂfll.ﬂ.

WOLD  NuMBERS UKD war

METoL PT /6008 TEE® Pok B NOURE 1N Neciind
RTHOS PNELS.

PN WEAT ExCH. CMNANNEL R88Y. (D-E8%4= 404
SAwrr. HEAT BXCH.  PESEMBLY FLEVATION -£f-A-dofi
REFFRENCE DRAWVINGS Dia. NG,

’ . MOLTEN SALT RERCTOR EIPERINENT"w 768
ETRIL ‘D ‘ (Jcauz r2*at") ﬂ-ﬁw—u
(Scmig /27vt’) or_cissummo PRIMARRY MEAT LXCHAN OER
I N Nesrsi OETANE swEe7 ¥ 2

- EFLE JE— RDGZ NATIGNAL LABORATORY
7 Ui, Dek_ZAlC o hiy [o0 L THBDRAW;?%R,’_“,C‘S i o w—— -
= ——— e FIF [ o ] ; e - AS &y o e 2 UNioN CARBIDE NUCLEAR COMPANY

= 0ok ” RSN CARBIDE CORPORATION
Pl R ot 3-hobrl Ot pla | 8 14 e : T s %—-——r—--—-a-—"""“
o] ) 7 [emwre g
T hasmx »:.ﬂ . ] [l a.r.k.&..g.ﬁ-‘ % 2-154 ) ool Krde I "
EE-A~ 40849 -

T | ) Dbl t-##{,;(‘ v /fJ/(L wn 05 noyeo LB 48566 [» 3

MEOTI4RE OI0D |




37

TNLtr oF gy, >
*N Bory sions

-

&
B>

&%’ reer)

3
2,

T®

rA .,,“

l 4 ___LH\ I }
‘ L',f'p crem) J J
; Lﬁf sa8 woyk asiow
NOTE: . . CHANNEL Asa&MBLY
racwiivk B avp ” B

SHOWN ON SEUTION C-C¥, Dwa. wo.
O-am-A - #OBEB ArTER WELOING ASSY.

\

I

M aars o waar
H\ncmwnt
.

\ t

AXIS OF SyMMEIRY
! OF CWANNEL WELDHEN]’

.

B A=/ Den_zan-c s FEoa e Tae by,

NO.

TN, wedrs i

F R 7T

@ | was 9" weto penTuz? faac

SEE OEFALS RIE ty*

REVIONS pate [ areo | aren SECTION N-al
¥
A FD . 1 ATE
2-/0+E"] 24
[ (“’D (] APPD BATE
E"""t’ﬂ“‘" & -g-é

i/

‘$‘2

2220’
50% o
L— 2063° 0.0’

Deja '2”°

2 connce paowus

PARTS LIST
. M. OESCRIPTION MAT ERIAL
omis) 7 | ASME FIANGED & D/enss aaD, 7700 - Xvait] WOR-8
2 Lurysoon| 1 | cwanneL, 178 00« F warL 8K Lone ”
|78 |swedtome| /| CHANNEL SEPARAIING Barpill, h' TWK & ”
4 |rwabwe | # | sariie_swws, i F 74 v
/
NOTES &

'

oEFAIL TY!

.

m—F .

BAFFLE GuiDL

CTY R o

nivds
>

sEE DS7.*Z*

ly . FABRICATE ASSY A8 PIR NSTE GERNEWAL FESWTATION
SPEC. MBR, G2-B' REY A '
2, NATERIAL SPECHCATION:

MET-RN -8 D56 (wor-8 sar ) s
NET ~Rm -8 Jo & (/vOR+8 * NELDING pulER wETAL) .

N

3, RounD Am, SHARS CoRNERS 7O & mone vmrse
opERWISE SpECIFIED.

MouaxnnEss

£,  Frvism FACKS TO /28 MIC /
NERINT  LNLERD  OTMERWISE PRSI FIBD, |
8, UCNC fABRICAJORS Wm0 PER Ps-23, FS-BS, P3-26

AS  APPLICAALR., INSPECT PAR. WA= Poo.

Gy WELR NUMBERS FBSONED: W03 W8 .
WELD NUMOERS SED: wmld =Wl .
&'_ 7 DTRESS RELIEVE CHANNEL ASSEMBLY AFTER
© WELDING PARTS 1,2, § 4 M POSITION AMD AGAMM -
' ARTER WELIDING PART B POBITION AT \WxIT2s'F
. FOR ZHOWS EACHTIME (N \NERT ATWotHERR.

" THIS DRAWING REFLECTS

AS BUILT
DA -24 64

PRIM. HEAT EXCH. DAY ANLS | swadr® | !n-nu—w
- Swakr v 2
” sneE] %3 .
PRIM, HEAT EXCH, ASsENELY ELEVATION he 40
MOITEN ST  REACTOR EPRRIMENT  “me Jho3
F'J CLASSIFICATION .
J_’ @ .0 PRIMARY MEAT [EXCHANGER
ASTED Ny A
X H. NESTSIK - CHAN NEL ‘“EH.‘LY .
kY ON SRIENIONS DRLENS . OAX FIDOE MATIONAL LADORATORY
"“";" oowaw .
t UNION CARBIDE NUCLEAR COMPANY
nclonmy £..0.008 DMSION OF SHIOR CABIDE CORPORATION .

e 2H, ‘ ] '

°30".
_QZM

ke 67 =/°

€| APRD SaTe )
1547
APPD DATE
ks

Jom £356.6 D- £8-a- w0878
B MeG7q94RE 013D 2




38

L |

. s

A :

b_

NG Lenatw:

PHISH LENGTH

«

bdZ

| 000
0681292

TvP FOR AL NOZZLE CLIFOFF
No scaie

Z

SECTION '8’ -"8" OF OWG Mg D-fe-a- #0874

{

MNOFES 3

& /. FAARGATE wEAT gxcH. a8 pre USRE GEMERAL
FARRICATION BPEC. MBIR.G2-5% " REV. A

Z, NATERIAL
peaf -

3, UCNC [FABRICATORS WELD PER PSR, P3-36, Pi-aé
AS ARPLICABLE, [NSPECT PER WE~doe.

£, WELD NuMDERS ABSISNED
 WELD  NUMBEIRS V8LO!

8. Foq meats LE8T S8 Oweaw. D-dR-A- 0804

A\ GLOMPLETED MEAT EXCHANGER BHELLWES =

CMODIFIERD 1N THE FIELD AFTE® WATER ..

FLOW TESTS ACCOROING TO DR AW NG BRI

T.REMOVE LBAK TEST FLANGES ANT CUT NOTZLESTa ..
FINISH LENGTH 4 BIELD. Tl

SPECIIICATION ¢

Rr=- B3ps (mom-8 WNELONG puLER )

wh9 - ¥ ito,
Wi =W,

O, NEAT EACH. R8EMBLY mﬂ: & A
. REFERINCE DRAMSNGS DG, NG,
. Mocrew Swr  Rescron  Aneamiseany RS 7ees
o " ‘ CLASIIFCATION
o Koy CassiED PRIMARY HEAT EXCHANSER
[y - A\ DCM 29L~C A% ]%M . "7 #_wesram ASSEMBLY SECTIONS,
- .
7 | s&€ DT E137 et b |0Gh ] : THIS DRAWING REFLECTS ps ot s e OAK RIOGE NATKHAL LASORATORY
" REVEONS oart [0 [wrw | pencreo | core ] oara AS BUILT pucrona o fi2” UNION CARBIDE NUCLEAR COMPANY
20 NagIK | #2261 . sl ¥ tJodLt d’l@l- 21944 CHANGES - - i uﬂ:lm% »
- Y .
a“-lﬂ-_"m‘ ) C ] QM et 214 ) oA 92464 j— " i l o
e - Bl 1) 27220 N - ’ s a7+ | pB436:L ID-H-*f“"L;
" y ] MZOT94RE Q14D




W

' | __ J

N i
g’ .335- P LENGTH

Vi

PARTS Lisy

8-a i3 Tevian Lunorn

PIPING - PLAN DINMENSION

At | owgl wo. | e Dascapyion ‘ | romrenm
/  |peratdoan| ¢ CHANNEL  ASSEMBLY Jaom -8
2 |san-p-solted / CHANNEL MOLELE DETRIL L
4 «y| / TUBE BUNDLE ASSEMBLY . ’
5 |[s-es-}-40 v SHELL OQuTLEy MNoITla & 183, 5C%° 4o el )
S |p-eraysenee| ¢ SHELL , /8”00 A wAiL -
7 / SNELL COVER , /7 0D ASME O/mED WEAD ’
] o ! aﬂlu. WLET NOZTLR , 8°:P3, 3w P do PR [
? |» o,/ 7 ASSErBLY % e
/0 7 Susroar sssEmaLy ‘S8° ’
B et e “8° ,
1258 -—

_FER OWe. AM.
~ age D ELN-I873

R

C

“PursaLBGTH

/%4

Asszmazr Y- A

e

o

y +
% Jo\= /o\ DENZAIIC gty ore Wy ;
Crisen DN T2835 - [aalirlub]
& |See D *22/7 . ey [l Y
| & | wwer ocnr®eroe v i
A \see _oen "2137 -CZ| P \
. REVISIONS DATE [ APPD | APPD | pmnovao | cara sa7e
aovegam |1-236/ AIM 1. K- T ebplaple |5-11 4
2.4 merrs | #n2de6 om Q Totrh 12-14% W 2-15-4%]

APRORD

utt 21648 Jhacf

ke

13
2
9

4
s,
-

~

%2 20'

—+

J°L 2o’

Py . y
-\‘51’2:‘0 '

T . {
) $.000 1

63 ~oie

TYP. FOP Rl NOZILE CUN
NO_SCALE

CAssem Bey A\

FABRICATE HEAY EXCHANGER A% PRQ u\zin GENERAL FABRICATION SPEC’ u-xa-s&r#‘

MATERIAL SPECIFICATION | MET-RM- 8 S04 (1NOR & WELDING FILLER METAL) i
UENS. PARRICATORS WELED PER Pa-28, PR-24, P3-25 AND 13-2G A% APPLICABLE j
INSPECT PRR WR-200

WELD NUMRER ABBIGNED . W-ill THIU WHZO ~ WELD NUMBERS USED W-ill wn\lh-u'l
FOR SECTIONS Ak QS-Q' TEL DWG N2 DLEE-A LOBTS
EMPTY, WEIGHT ROGO toy

COOLANT SALT WERIGHT : ASS o
FUEL BACT WEIGHT ABS tioy
OPERATING WRIGHT BHOO 1bs

DHALL BUBAIBEMBLY (PARTS 1AND Z WITH NOZZLES) AND SHELL sum.nluau
(BARTS 5,6,7, 8,9 AND IO WITH NOZZLES AND LEGS) BHALL BE BTRERS RELIEVED
AT 100”1 28 % For ZHOURS IN AR A*Mosugnn. VAPOR BLAST Anr_u TTRRSS
RELIBVING TO RAMOVE OXIGE F1LM,"

LUGUID PRNETRANT EXTERZIOR SURFACLE ©F BHLLL SUBASSEMBLIES Aeoaons
TO BPECIRICATION MET-UDT-4 PRIOR To INSTALLATION OF Tuma BUNBRLE
WELOED SUBABBEMBLIES HAY BT STREAS RELILVED AS TRQUIRED T
MAtN'\'AIM AMENBIONAL COoNTROW.

OEMGN TIMP DESAN PREYS, WY DRQOBTATIC TEST ’l*&.
QUILL SIDE 15 P8I B00 PG *
TUBE BIDE 800" e 125 Pl 800 RAIG.

THE TUBE BiBE SHALL NOT BE PREMUNZTED WHEN PLRZEORMING THE BUELL
DUOE PREABURE TERT AND THE SHELL BIOE SHALLNOT RE PRESSURIZED
WHEN PERFORMING THE TUBE BIDE PRESBURE TEST, DRAIN WATER FROM
HEAT EXCHANGER AND DRY WITH HOT INSTRUMENT AIRZ TO REMOYE AlL
MOIBTURE. .

|

AFTRR WATER FLOW TI

> "

11 AVELIUM LEAY TEST SHALL B PEQFORMED AFTER TWR HYDRD‘TAT\C TTEWT AN FOLLOY
ENCLOGE THE WEAT EXCHANGER N A PLANTIC. Tk FiLL TR Tat WITH HELIUM AHOD' EVACH
SHELLANO CHANHEL SUBAMEMBLIED.FILL SHELL ANBEMRLY WITH RELIUMANS BVACUATE O

T ANSEMBLY, THE WELIUM LEAK RZATES SHALL BELESS THAN: 110 ®cc ferc:

12, LUQUID PENETRANT \NIPECT EXTERIOR SURPFACE OF COMPLETED WEAT EXCHANGER P
CONTAMING PARTS AFTER PREDSURITED LEAV TESTING M ACCORDANCE WITH BPEC. I'I

TR REUCVE LEAK. TEST FLAHGES ANC CUT HOZZLES TO FINILH LENGTH N MELD.

14 COMPLETED WEAT EXCHANGER SHELL AND TUBE RUNDLE WERS WODIFIRD m TRH

m:.:ne:xns TE ﬁRAW\HG\ E-H6TAL, ,E'lﬂ%ﬁﬂ-ﬂ«\

THIS DRAWING REFLECTS

A8 BUILT

_CHANGES
oare_ 92464

Sek Dwd Ab. )
O-KE-A-#0878  sg0 T

BAOD. mm 'ruu@--" Ay 13 Sa

M EIT U BAMPLE -

DETULS SKPPING SUPRORT FOu. PR, mu.“ﬂ
ETULS SWETIRG SaProay Wik PHR. 3

IR TAILS “SHIPPING. SIPRORY R PRIW Htuutﬁ
RoAZMG FIXTUZE RO PROIMAQY HEAT SI0H Y
s .- S PPING SIPPORT TR PRTILET.

Privaey mwar wxcr TURE EINOCE SECTRRE

PEIMARY HRAT EXTH. CTPLATES ]

PRIMARY “REAT EXCH TUGE AUNICTE CATEE

ABLY NS

PRIMARY. WEAT uc%‘w

[PRIMARY . REAT. EXC! _CB —
PRIMARY HEAT EXCRANGER DRIAIS SHTS

[PRiGARY #EAT Excr = T hE Y LOeT .,

PoiMARy
[PRIMARY

[PrMARY "HEATEXCH: TURE BUNOLE ANy

MRUTEN SRLT REATOR FXPERIMENT

o 7508

RESEMBLY EFLEVATION

PRIMARY HEAT ExcHanNesR

. OAX RIDOE NATIONAL LABORATORY




\

- LoTE - ‘ ey PARTS 15T

ik e X T2 A wgg INSTALLING LACING BARS, .. 'S e K0, & BERCRIFTION (A, $K2%, ETC) o
’ £EE yew X . LELORE r 842 : ' I ' ==
R Tre_gmacts ng!- gg;mré R MOST TUBE! 3PCOND BARFLE Se€ Viaw v . TOR! s-2-3|rc0t | 1 Lincing L4 ¥ar %x (74t |/nok-8
" # —"—— . INSERT LU AL WELD [ 8 FLACES). 8- . - A /“5/4 MACES AT & LecATIONS D ! 2 |4-5-4 | £-00! ! |Lacive 8/ %ar Yoyl T8 INOR -8
BARR/ER . . T IMOVE SAFELE BLATE QuSPORT nwtm!\f - f F i i il - 00! P lineeve 177988 or ¥ x /6l TH iNoR-8
. '— . 4 *é* & F - 4 | [ 40 |£-001 ! emacen 3aF or B 3 UK INOR-8
Iy ! A ; | 3
24

L ‘r—A - — L - rc- . \_/ ) 2%« |00l

PLyalr o x{Yera ( 2°rernc nok -4
Prog (Berid) [ Kepain Tyis { 1gtreras). |- 8

-]
A T4 \L—A -
C‘ff(ﬂﬂffll PLATE N

14
- o oW 540800
7 CABMOVE BAXFLE MaTE NEIRST BAEFLE . ADJACECT TOTHECS) “ U™ mu, nur.wr BEING AEMOVED. MAXE CuT 11
v peas . : ow, T

f
1 4
1 i
1 1
an
n \ .
/ - ' e ; ] & \\_/ ’
! i VATRRIAL BPRCIBCATIONS. /7
) 2 . . _ . . ry URT-R M BLBe (Moo & Taninoo);,
. R -
KrOTE ' < BILLLNER® ATy
1- Maxiuse Tuae 10 83338 e : - N . .
S - L : LA . Ll g L &, :
i ! - |} R . . ) . - ) St e o e
VIEW'Y” VLl N~ . )
) - SCALE 801 ) 1 D =il
7 BARRIER B S -
- N LY

FIRST BAFELE PLATE,ON THE BARMER ALATE llﬂl‘ "EII‘DVE
THE (fJ'OTV'ON Mf‘lé PL‘* SUPPORT RO OS. FINAL J‘ oF i,
0 BAFFL & PLATE, ON THE BARRIER mrﬂ .m»,c n ve
. nrnt: T A e T et i
PUATE SUPPORT ROD 3TUDI FROM THE TUBE Jﬂf‘f

YiEw-"W' 24"

& a WoloD 000000 010/07/5/.5//OTTD B
AR BT J x T Tn T It 5 DT Tl « PPN,

BT Jigx « x v xix x x xTifx TTqR@)
COYOWX Y % x x x- ¥ x x x xZx /ﬂ/om/A
4(0/0@‘7/ I LR 1oz ciczo Al - :
’ S R [k + 4t bt a1 -- — -
69 "0/0/‘7/ XXX oy XX X XXX x X XD i T Co

&) xxxxxx»‘ X ox XX x % x X0 | ‘ g

A v
: / 72V LAY . LY AT 2 AR

(6. OV L //@ %6 xf\"//\/\y\ VY &Y/.O)
M-qu‘ : ; .

""Q/IWI Xox ox o ox X [x X ox'¥ x X x_xIAED '
WO ¥ 5px X * X x-% £ & x X x X% .0

|

]

N5 Gx « x x x|x % x x & X X _XZ0 ‘ ‘ ’
‘ N X xJx X % x x- oo FoXox ,/oy \.3“,.,... : J ‘
QAT xJ g x x % %X x x x x XEOROL/ _ . o - m

R L T 030 3% R X TN ' : :

LT L )% bop %2 ST 6. . : :
N/ 07070/ O VAY.O107.07/74 ‘ ‘ ‘ : ‘

LN SDG ,,g ‘ . o
\, . - ~ & PiACAR : -
,NP\ N | SECTION B-8 - ¢ | SECTION D-D

OTNERWISE SAvE As Secriom A-A Excarr ' 2 od 1
. UPsio& Deown . (ADvawcs WELO Nimates — ALty cim

, 0} ‘D@Q srs vlnv

e}

—‘7‘—;_?5% N N N ' £ 4 farie ) SO N 0 iﬂ:
—/3 . R )

YW EE NS i anes

el riiyy]
SICAAD, o0 SECED 10 ¢ R,
_SECTION A-A - Sheaces (X x 2 x X x x x (O conek ke Dp :”‘}Cnss v o r‘mnmmm-rm
QAH'L: &nn)ﬂ N v XX X X X X L x x (0 bl LACING BARS
% X O LA X X xt X (X ﬁ
LNSEAT 0/AG, DARS ( WELD */3 rwes/33. ; o P (OIS &
T RN "";,",“,,',f,‘:,, = — WELTR: PTONLI SO o e A S SRR e |
! . B Gok%. Boks TO SPACERS ™ X X X X X X x x ¥ O ey A [P wes, o A
X % X x_x x X X (x P Eica A Elev _-,“,‘:“
X ¥ x ¥ X ¥ x . ¥ (X B wmm_m

I o . . Unaoee Canseor NUCLEAR Compey

DMBION OF UNION CAMROL CORPORATION

2 [ A B OCN 703894 ! N “i b : S48 MOGE Tokmbseer =
. _ s 4 e v MM T | M.5.A. 8. E 1503

AlD-4 © E ki #, . e e
[ S8 Sl - : \ : . . 3 k . Ao & X< | it ot woot s we.  [MOGIFICATION ~ PRGMARY. FEAT EXCHANGE R
et SO iR T ' . . - : ‘ MY I -t BTAB/LiZERS-OE RETURN SN .
(480 X - el ' ’ SE;I!QN c-¢ - bl ; - 5 2
3 K ' : ) STUA_GAFELE ’
” . \ ) L3 DoAER-40084 LAl e Memd
-




omas§

4L

awrrce mane ' —"]
.1 O-#£-A'90877

S28_Renprar Nors oy OWG 8-0oi

N

Huuuiu L1l

S

.
3 JTS STHRUIZ
. D2 74 37wevia
i /.. il 1 R
s $of
s e
[ 4 = ¢
Vel 4
z£ ‘ ™) . — )
I ik C - c J
ENYE i

DeTaie  17em 2 Inner Bano
foLL SRE .

*C

1

C

HH

N

SECTION __A-A

_PARTS T1ST.

/4 |£- 002 | cLim

RIS DEXCRITTION (WK, SCX, £7C.) row
f_|£-o0t| 1 lovrun dwn f707 Yox 1% 1HOR-8
2_JEoco2] 1 liwem gavo yeor §x2’% - Nos-8
imavi2| g002 |/ Alinid 6% Y%y 52 TK won-8
13 |z-002 | 5 e e R_(/55:000) 8%xi1Xor Tyme | inoR-8

2% sa.40) s3Ninjorkra | iven-g
080 4B uixYTi | insa-B

18 [#-00r | & |Blecx
5

A 16_|£-002 Ser schew Hpume-2 x Kok, SieTrep, 2y
woTE 1~ /rms SruauofR ane Aca.
rEMm i0. 16 pAQ.
ASSEMBLY FPRO .§DURE '
NOTE B@INSERT /7.2 IN[TWE PROPER LOCATION.
STRAIL BEND IT1 AND MARK LOCATION OF € OF TUSES
A-8- e D-A'
2.W8LD LA 2 curce po + peesg"’
SBEL duolds 'r~ f % o Tons. £ -
A PLACE /T /4 _ON n ¢ P unaN.
« WELD /T / ”/7‘ -gv
. WELD IT. e 8 /l(th m~a) P t»uaa' «mu)
INSERT I TARG S% 5 ywey
L. INSTALL [T 10 BENS cmuw. mr Yo a»uu Tusss.
A\ wsniaL sertimcaions
MET - R B 334 (INOR.-8- PLAYE) - -
WMET-BM- b 336 {INCA-S R09) -
< s )
—d—
§
d
+4 .
Aomni i
g noues

.
2 ®§.‘>"+é l;iv‘ . SL ST
+ + =

I DETAIL OF CLIP AYTACHMENT To TdBE o7
} TYPICAL 5 PLACES (,m% SEE _NOTE 2
&

£ on mbos So0RS

: " Devesosto View irem /4GP

S
I

.i—-—.z}lx JUSSSEDEEVS BN

| - A
TACK, WELD scauwy
- 7»‘1{»!1»0-’) L) Pc\‘nouowl-\cm

J Crevmy)

2-PLACES)

oL
prc-28 rAF

@
e

THIS DRAWING REFLECTS

A8 BUILT
CHANGES
pam— 92464

o Ty BRCH. AW BLdy Aon14]
WELDNG _FEGUIRT NENTE i A VAET ExcW. WoD. 3AS
WTERNAL, [~ TUBE _3rABLITIES foor |
wELows [ werectiom [mi scr 1 70K REFENDNGE DRIGE | I
P2 o o £ On F0as NaTonAL Lasomarony B
1 oramTED oY
Unuu cm Nuu.m m
Yo un-. T
st
LTS 0 SO U soow, wtorin | M, S{R.E "o 7503
; e { wane ot sreomex
mg_"_‘_.__ L DN AL wew soaes Vot e, | MODINCATION OF PRIMARY HERT EXCHANGER|
— £ TN & T | 574 81L1ZER DETAILS - RITUEN BEND,

wars 2t

wuE paLm




42

L,

LD PRRPADATION

==
=

TNy gree——m

\U Tuse - Bow it

777777 T I 7T 7777 A7 77777

#f

Y P —

|
i

1

,_54&1#3.‘ g.._«_gg.x) -

7L

S

- _Xi"'r-"_'“_"‘-""_‘"__ : 13

DEIRIPTION (WME, 21, €7C)

- seacan: Pach - § Puate _ )
l- T 7%% wmoucin - | oare - | inon-g
INLWT BARFLE - | PATE NoR,- 8§

\Y

. .

-

A 1 MATEZIAL BPECIFICATIONS - METRM-Base Guoas &)
T STREM TELUEVR 14 E-HLIOTL WELDING
TO BHALL-AT \GOOTZL™F YO ' HOORY WM AR ATMOSPHERE *
N VAPPSR BLALT TOREAMONVE CKIDE.
B BLE OWG ©-A0874 FOR MALS SPRCTROMETER
VACOUW LEAL TESTING AFTAG M\FI_GATIOM\\ .

b - -
i\
N . >
o peeN . O o ;
& Q & B0NTING B DA WoLe .\i .
‘ N - 79§
: N N
N—sxtripi aastie
1NTTT
“ N A *——nw‘wo BARELS
R \
| :
N
: ‘ N
N N

s

l

3

EXISTING  $acw. 4D DAL -
VALTEN. NGLY Pl e Te] 1€ apfaGK.

LangTH o B8 A AT INYLL

" THIS DRAWING REFLECTS

A8 BUILY

CHANGES
Y Y Y

&
-~ Banl ER deC on ) _&; ’
0, EnaiOnd [ ) |
sia. 182544 2! ’




wh v

]

Internal Distribution

. E. Beall
Bender

Bettis
Bohlmann

. Boyd
Briggs
Cottrell
Culler, Jr.
Ditto
Ferguson
Fraas
Gabbard
Grimes
Grindell
Haubenreich
Kasten
Kedl
Iundin
Lyon
MacFPherson

.
-

. . o » . * e . .
LY . . @ . * o e . . e

SU:;U:Z?UW*Ubiif')bUm’!IS’;UQMHZm
FZHQSUZQ’;UF"UH"—IH&WHQU)

43, ORNL Patent Office

22-23.

2k,
25.
26.
7.
e8.

- 29.

30.
31.
32,
33.
3k,
35.
36.
37.
38.
39.
4o,
ha,
Lo,

z:»;-'tqwbmn:o

SEHYIEH: E’?’

Q"—ligc—l.tjprg

ORNL-TM-2098

K. McGlothlan
E. McCoy

. C. McCurdy
J. Miller

L. Moore

L. Nicholson
C. Oakes

M. Perry

W. Rosenthal
W. Savolainen
nlap Scott

J. Skinner
Spiewak

A. Sundberg

. Thoma

. Trauger
Weir
Whatley
White
Whitman

UOtd.tdbdtd

.

Lh-ks5, Central Research Library (CRL)
L6-47, Document Reference Section (DRS)

48-52, Laboratory Records (ILRD)

53. Laboratory Records - Record Copy (LRD-RC)

External Distribution

54-68. Division of Technical Information Extension (DTIE)
- 69. Laboratory and University Division (ORO)




