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SUMMARY

‘This report presents the results of a conceptual design study per-
formed by APDA to adapt the Pratt & Whitney in-pile package loop (PW-19)
for use as a fast reactor fuel test facility in the Advanced Test Reactor. The
study was performed at the request of the AEC under Contract No. AT(l1-1)-

865, Project Agreement No. 4. The major design and performance objectwes
for this fac:hty are listed on the attached table

The m-pxle package loop descnbed in this report will permit the
irradiation of fast reactor fuel assemblies to high burnups in a fast reactor
environment. The neutron spectrum approximates that of a fast reactor, the

. geometry of the test fuel array is typxcal -of fast reactors, and the test speci-
men coolant is a liquid metal.

A boron-loaded thermal neutron filter surrounding the loop provides
the test fuel with a neutron spectrum approximating that of a fast reactor. The
extensive physics-calculations that were required to determine the proper boron
loading shpwed that the filter caused a large reactivity decrease in the fast

lobe of tl;e ATR. This reactivity loss can be compensated by surrounding the
thermal ‘neutron filter with additional fuel elements.

A principal goal of this study was to utilize the PW-19 loop with
only relatively minor modifications. This goal has been achieved by two design
modifications to the lower end of the existing loop: (1) lengthening the test:
specimen section and (2) installing a removable closure. As a result of these:
modifications, fuel bundles can be irradiated to any convenient burnup, remove:
to an external hot cell for inspection, and reinserted into the same loop for
additional irradiations. A conceptual desxgn of a hot cell that provides all the

necessary equipment for fuel sample insertion and removal and for loop main-
tenance was also made as part of this study.

Two concepts for removing the heat generated by the test fuel bundle
were developed. In Concept 1, which is the preferred concept, helium is used
as a secondary coolant. In 'Co,ncept 2, demineralized light water is used as a
secondary coolant. Of the two concepts, Concept 1 provides the greater range
of thermal capacity and temperature control. However, more expensive
equipment is required for circulating the secondary coolant than in Concept 2,
and the loop is somewhat more difficult to install in and remove from the re-
actor. Concept 2, on the other hand, requires less expensive circulating
equipment than Concept 1 and the loop is easier to handle. However, Concept
2 provides a smaller range of thermal capacity and temperature control. For
this reason, APDA considers that the advantage of experimental flexibility
provided by Concept 1 far outweighs the operational advantages of Concept 2..



The original Pratt & Whitney loop represents a notable achievement
in the field of in-pile loop designs. The use of the APDA-modified loop in the
ATR, together with a thermal neutron filter, will provide for the first time an
acceptable fast neutron spectrum for testing fast reactor fuels in a circulating
liquid metal coolant. From this study, it appears that there are no major
problems in adapting the existing P&kW loop for this purpose ard that the cost
of the research and development program can be kept to a minimum since the
necessary research and development work on the major components of the loop
has already been done. A list of recommended Title I design studies is provid-
ed in Appendix B to this report, and the P&W drawings and reports used by
APDA in the conceptual design are listed in Appendix C.



TABLE 0.1°

IN-PILE LOOP DESIGN AND PERFORMANCE OBJECTIVES

Mate rials of Construction

k]

Liquid Metal Containment Vessel Stainless Steel, Type 316
Helium Containment Vessel Stainless Steel, Type 316
- Secondary Coolant Containment Vessel Stainless Steel, Type 316
Water Jacket (Not required for Concept No. 2) Aluminum

Thermal Neutron Filter Boron Stainless Steel

Extended Core ; _Same as ATR Core

Dimensions of Loop

Length, Excluding Extension Tube ft 14
Outside Diameters
In-Core Section in, 2.875
Heat Exchanger Section iConcept 1 _6in.8q.
| " (Concept 2 in: 5. 526
~ Pump & Motor Section in. 5. 875
Weight of Loop 1b 700
Dimension of Thermil‘Neutron Filter
Length ft 5
Inside Diameter in. 3. 000
.Outside Diameter . in, 3,300
Dimensions of Extended Ccre
Length i ft 4
Inside Diameter in. 3,300
Outside Diameter in, 5.250
No. of Fuel Plates 7
Thickness of Fuel Plates Same as ATR Core
Spacing of Fuel Plates noon " "
Primary Coolant
Type 4 NaK - 44
Amount 1 Gallon .

v
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Design Conditions

Maximum NaK Temperature _ »
Maximum Motor Bearing Temperature
Maximum Internal Pressure

Cover Gas

Type

Loop Operating Conditions, .Concept 1

Heat Removed Through Heat Exchanger
Test Specimen Power
Gamma; Heating and Pump Energy
NaK-44 Flow Rate
Loop Pressure Loss
(Exclusive of Test Samples)
Maximum Total Pump Pressure
NaK Temperature °
‘Entering Heat Exchanger
Leaving Heat Exchanger
Helium Flow Rate (secondary coolant)
Static Pressure Entering Loop
Maximum Pressure Loss
Helium Temperature
Entering Heat Exchanger
Leayving Heat Exchanger
Heat Removed Directly by ATR Coolant
Gamma Heating in Loop
“Thermal Neutron Filter Heating
Extended Core Region Power

ATR Primary Coolant Flow Through Lobe

ATR Primary Coolant Pressure Loss
ATR Primary-Coolant Temperature
Entering Lobe
Leaving Lobe

kw
kw

gpm
psi

pei

F -
SCFM
psi
psi

kw
kw
kw

psi

18-inch
Test Speciman

10-125
75
5-22
1-7

53

'900-1200
600-900
580-5800
- 600
300

© 140
300

‘104
300
5600
738
47

130
187



jons, Concept 2 o
18-inch
. Test Specimen

Heat Removed Through Heat Exchanger

Test Specimen Power ‘ kw - 15-150
Gamma Heating and Pump Energy kw 75
NaK-44 Flow Rate " gpm . 10-30
Loop Pressure Loss psi 2-12
(Exclusive of test samples)’
Maximum Total Pump Pressure psi 53
NaK Temperature o
Entering Heat Exchanger v F 900-1200
Leaving Heat Exchanger . F 600-900"
Water Flow Rate (secondary coolant) gpm 15-60
Maximum Pressure Loss psi 70
Water tempera.tur,e
.Entering Heat Exchanger F 140
Leaving Heat Exchanger F 165.
Heat Removed Directly by ATR Coolant -
Gamma Heating in Loop kw 104
Thermal Neutron Filter Hea.ting kw 300
Extended Core Region Power kw 5600
ATR Primary Coolant Flow Through Lobe gpm 157
ATR Primary Coolant Pressure Loss. " psi 47
ATR Primary Coolant Temperature
Entering Lobe | - F 130
" Leaving Lobe F 185
Utility Requirements - Failure-Free
In-Pile Loop Operation ,,7: :
Electrical ! 480-volt, 3-phase
| 50-amp, 60-cycle
Ingtrument Air K ‘ 100 psig -
Helium (Concept No. 1, can be recycled) 5800 SCFM at 600 ps
Demineralized Water (Conr.ept No. 2) 70 gpm at 400 psig
Hot Cell Operation e
Electrical

480-volt, 3-phase

50-amp, 60-cycle
Instrument Air

100 psig
Clean Process Air - 800 SCFM @ 5 inche:
' - water
Process Water Negligible
-Helium ‘ 2 Cylinders per wee!
Hot Liquid Waste Disposal- . 50 gal/month -



Crane Requiremen_tl

Above Reactor V@,_c_u} '

Capacity
‘Headroom
Hook "l‘rav‘e_l

Above Canal ’
Capacity
Headroom
Hook Travel

In Hot Cell Area
Capacity
Headroom
Hook Travel
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ft

ft

-tons

ft
ft

tons
it
1t

40 and 2
30
30

30
50

40
30

30
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1,0 INTRODUCTION:

In January 1961, Atomic Power Development Associates, Inc.
'(APDA) was asked by the Atomic Energy Commission to review the design of
the Advanced Test Reactor (ATR) to determine whether one of the lobes of
this reactor could be used to test fast reactor fuel assemblies. APDA was
also asked to review the design features of an in-pile package loop for testing
fast reactor fuel assemblies in the ATR. After a brief but intensive study,
APDA informed the AEC that the ATR could be used as a test facility for
fast reactor fuel elements and recommended that the design of the Pratt &
Whitney (P& W) loop whi”'c.h had been operated in the Engineering Test Reactor
(ETR) be adapted for this purpose. Subsequently, the task of preparing a con-
ceptual design of an in-pile package loop for testing fast reactor fuel elements

and a conceptual design for the associated handling equipment and hot cell was
assigned to APDA. '

Fast reactor fuel elements have not been tested under their corres-
ponding operating conditions because there are no reactor facilities that can be
used to irradiate assemblies of fast reactor fuel elements to high burnups in a
circulating liquid metal environment without large variations in burnup and
power distribution within the assembly of elements and within the individual
fuel elements. This deficiency exists because all existing testing reactors
operate with a thermal neutron spectrum, and thermal neutrons have very short
mean free paths in highly enriched fast reactor fuels. APDA had planned to
irradiate a 49-pin fast reactor fuel assembly in the SRE; however, this pro-
gram was abandoned because the resulting power depression would be too great.

In earlier studies of the problem of testing fast reactor fuel ele-
ments, the possibility of filtering out the thermal neutrons was recognized.
However, the then existing reactors had such a low fast neutron flux coniponent
that it was impossible to obtain sufficient power generation in the fuel samples
if the thermal neutrons were removed. The physical arrangement of the filter
and the test specimens requires a large facility space within the reactor core.
The ATR has a fast neutron flux component which is large enough to permit the
use of a thermal neutron filter, and the facility space is large enough to ac-
commodate the filter and test specimens. Thus, for the first time a reactor
will be available which can be used to irradiate fast reactor fuel assemblies.

In developing the design for the ATR test loop, four requirements
‘were considered essential to the design.

.

1. The use of a thermal neutron filter, as discussed above.

2. The use of a liquid metal for the primary coolant to pro-

vide the same nonthermalizing coolant environment found
in fast reactors.

-17-



3. Moadification of the existing loop design to permit removal,

inspection, and reinsertion of test fuel specimens at various
burnup increments.

4. Provision for a long in-pile residence, a minimum of 10,000
hours, because of the high burnup requirements for most
fast reactor fuels and the high cost of loop fabrication.

It became apparent that a large research and development program
could be avoided (1) if the ‘existing loop design could be modified to permit re-
moval, inspection, and reinsertion of test fuel specimens without changing the
motor, pump, and heat exchanger portions of the loop and (2) if a loop operat-
ing life of 10, 000 hours could be assured. An investigation of the durability of
the loop components has indicated that the 10,.000-hour operating life seems
assured. Further, the internal working components of the original loop have
been retained and the number of modifications needed for a reusable loop have
been kept to a minimum. NaK alloy containing 44 per cent potassium has been
retained as the primary coolant even though sodium is the accepted coolant for
fast reactors, The use of NaK instead of sodium will not affect the experi-

mental capabilities of the loop, and NaK has the advantage of being liquid at
room temperatures.

-18-



2.0 DESIGN CRITERIA FOR FAST REACTOR FUEL TESTING

2.1 FAST REACTOR TEST FACILITY REQUIREMENTS

A comprehensive evaluation of the behavior and economics of
a fast reactor fuel assembly requires information on hydraulics, heat
transfer, and the effect of irradiation as a function of neutron spectrum,
burnup rate, temperature, and other variables. Some of this informa-
tion can be obtained out of pile by conventional methods. For example,
hydraulic studies done outside a neutron.flux field certainly canrepre-
sent adequately the conditions within a fuel assembly if the coolant is
in one phasef' Similarly, if the effect of neutron flux on the materials
in a structure is known, then the behavior of the structure may be
determined without irradiation in a fast reactor, However, it would be
- extremely difficult to simulate out of pile the effects of the thermal
gradients inherent in heterogeneous fast reactors. When thermal
effects involve internal heat generation gradients, there is usually no
.way to mock up the problem without actually having internal heat
generation., Internal heat may be generated either by fission or by

resistance heating, Attempts to use resistance heating, however, have
‘not been entirely successful. ‘

In determining the effect of irradiation upon the fuel itself, a
fast flux environment would be more truly representative of the actual
operating conditions found in a fast reactor. Such an environment
would provide valuable information regarding the effect of irradiation
-upon the support structure especially in regard to (1) materials of con-
struction; (2) interaction between the structure and the thermal,
hydraulic, and neutron environments; and (3) movement of the fuel,

a problem of special interest in analyses of fast reactor fuel element
behavior. In fast reactors, fuel movement, the primary contributor

to the temperature coefficient, is produced by thermal gradients, which,
as mentioned above, are hard to duplicate out of pile.

Fuel movement may also be produced by the migration of fuel
within a fuel element. Determination of the effects of fuel migration re-
quires that a fuel element be subjected to axial thermal gradients suf-
ficient to duplicate the driving force that might cause fuel migration.

L]
Coupled with the problem of fuel migration is the problem of gas
accumulation within a fuel element. The amount of internal pressure
generated in a fuel element because of fission gas production has not
been established. This question, of course, is very important in sizing
the cladding and is also very.important in determining the economics
of an element. Interaction between the fuel and the fission gases may

-19-



2.2

affect fuel expansion and, hence, reactivity. The reproducibility of
axial thermal expansion when there are fission gases in the fuel
element is of primary importance in reactor dynamics behavior.

A facility for testing fast reactor fuel assemblies must perform
two functions: (1) materials testing, including testing of the fuel itself;

and (2) gross assembly testing of the hydraulic, therml. and materials
characteristics of the entire structure.

The ideal test facility would provide for testing a structure
which, if it were integral and had material properties within set limits,
would move in an acceptable fashion. A fuel assembly would be fabri-
cated and subjected to a prototype flux. After testing, the integral con-
dition and the material properties of the assembly would be established.
Such an approach places a minimum reliance on the designer and
analyst, and a maximum burden on the test facility.

A minimum test facility would provide for testing some analyzable
module of the fuel assembly in a prototype flux which would produce
thermal gradients that could be reliably related to;those in the proposed
reactor. Such a facility would require extensive o.na.ly&cal work, first-
to develop a module, and then to interpret the test results, The speci-
fications of the minimum facility must be specific for each fuel assem-
bly and would involve much engineering judgment based on fast reactor
design work. Such a test facility must be able to house enough fuel
elemento to make a module, and the environment must provide a proto-

‘type neutron flux and reasonable thermal gradients,

REFERENCE FUEL SPECIMEN

In establishing @ reference fuel specimen design, several fast

' reactor designs were considered. Data on several fast reactor designs

are presented in Table 2. 1. Some of these will be recognized as designs
now. used for facilities that will become operational. As shown in Table
2.1, three fuel materials and two kinds of fuel elements are of interest.
The fuel materials are alioys, such as uranium 10 w/o molybdenum;
cermets, such as a dispersion of uranjum oxide in a stainless-steel
matrix; and ceramics, such ‘as uranium oxide and uranium carbide.

Based on the above -mentionzd data, the design criteria for fast
reactor fuel specimens are given in Table 2. 2. . A-PuOZ-UOZ ceramic
fuel was selected as the reference case for computational purposes since
it represents one advanced fast reactor fuel design. A boron-loaded
thermal neutron filter was selected to alter the flux in the existing re-
actor so that the fuel would experience a fast neutron spectrum and have
a maximum internal heat generation of 2.8 kw/cc. A power depression
(maximum to minimum value) of 1.3 was specified for the reference
fuel specimen. This power depression is somewhat higher than expected
(1. 1) in a fast reactor, but it is thought to be within the range that can

-20-
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TABLE 2.1 - CHARACTERISTICS OF FAST REACTOR FUELS
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TABLE 2.2 - DESIGN CRITERIA FOR FAST REACTOR FUEL SPECIMENS

- Type of Fuel

Fissile Material

Dengity of Fissile Material

Type of Spectrum

Power Depression (initial)
Power Depression (final)
Maximum Fuel Burnup

Fuel Burnup Increment

Averaygs Pin Power
Maximum Pin Power
Number of Pins
Specimen Length
Pin OD

Fuel OD

Clad Thickness

' Geometry

Spacer OD

g/ cc

Max/Min
Max/Min
Fissions/cc
Fissions/cc
kw/in.

kw/in.
inches
inches

inchee

inches

inche 8
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Ceramic
Plutonium

5.0

Fast

1.30

1.50

2.5x 1021 (10 a/o)
0.5 x 102! (2 a/¢)
1.2 (1.7 kw/cc)
2.0 (2.8 kw/cc)

7

18

0. 282

0.236

0. 023

Triangular Pitch,
Spiral Spacers

0. 023



2.4

be treated by an analyst in relating experimental fuel specimens to
prototype fuel assemblies.

As sta.téd previously, a major factor in the design of fast re-
actors is the accommodation of fuel movement, which may arise from
gross movement of a fuel bundle or from migration of the fuel within a
fuel element. To assay fuel migration properly, a representative fuel
element about 2 feet long is needed, and this element should be subject-
ed to an environment similar to that encountered in a fast reactor,.

The environment of a single fuel element can be simulated well if the
test cell ia arranged so that one fuel element is completely surrounded
by other fuel elements in the same geometry that exists in a reactor.
The reference 7-pin triangular-pitch geometry selected is shown in
Figure 2.1. Alternate geometrics are shown in Figures 2.2 and 2.3,

A fuel bundle and support structure representative of the type that might

be tested in the ATR fast reactor fuel testing facility are illustrated in
Figures 3.4 and 3.5,

ATR IN-PILE LC;OP DESIGN CRITERIA

The design criteria for an in-pile loop facility for the testing of
fast reactor fuels are listed in Table 2. 3.. The limitation on over-all
dimensions of the loop is based on the existing ATR reactor vessel de-
sign dimens ions. The diamter of the test section is fixed by the desire
to use a design modification to the P&W in-pile loop, which is described
in Section 3. 0. The temperature and pressure-drop characteristics
specified are necessary to provide the proper thermal and hydraulic
characteristics for the reference fuel bundle.

FULF IL.LMENT OF DESIGN CRITERIA

The remaining sections of this report describe in detail the con-
ceptual design of a facility for carrying out a fast reactor fuel testing
program that will meet the design criteria specified above. The con-
ceptual design of a specific loop is described together with loop-handling

"and service procedures and hot cell requirements. The conceptual de-

sign for a boren-loaded thermal neutron filter that will provide the
proper neutron flux spectrum for fast reactor fuel testing has been in-
cluded in the report. For the application described here, a boron filter
is usable because a relatively low boron loading is required. The

adequacy of the filter has been established by detailed phys:ca, metallurgi-
cal, thermal, and stress calculationa '

The fulfiliment of design requirerhentn is clearly illuitrated in
Figure 2.4 which shows average pin power as a function of fuel enrich-

ment for the refere:{ce fuel specimen. These data are based on the use

ofal.2wlo boron-loaded filter. Thlt curve establishes the needed

;_enrichment (47 5%) for the representative fuel specimen. The power
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TABLE 2.3 - DESIGN CRITERIA FOR IN-PILE LOOP

Maximum Length

Maximum Diameter

Test Section Length

Minimum Test Section Diameter
Liquid Metal Coolant

Minimum Temf:eutu-re
Entering Test Section

Maximum Temperature
Leaving Test Section

Maximum Axial AT Across
Test Section

Minimum Heat Exchanger
Capacity

Maximum Flow Rate
Maximum Pump Head

Maximum Loop Pressure Drop
(without test specimen)

-27.

feet

inches

feet

inches

kw

gpm

ft

ft

15

4.5
1.2

NaK

600

1200

300

200
50
140

100
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depression factor is rather insensitive to enrichment since the absorption

cross section of the plutonium oxide fuel and the urapium oxide diluent
are approximately equal,

Note from Figure 2.4 that higher power and emaller power depression
factors would result if a uranium oxide representative module were
used instead of plutonium oxide-uranium oxide representative inodule.
The reason for this variation is discussed in Section 4. 0.

.
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3.0 ENGINEERING DESCRIPTION OF THE ATR LOOP

3.1 GENERAL DESCRIPTION OF THE ATR LOOP

3.1

3, 12

Physical Description

The ATR in-pile package loop for fast reactor fuel testing
in the Advanced Test Reactor (ATR) is a design modification of

, the Pratt & Whitney (P&W) loop (PW49) which was operated suc-

cessfully in the Engineering Test Reactor (ETR). The dimensions
of tha loop and the materials of construction are shown in Table 0,1,
The modified package loop system described in this report is cylin-
drical in shape and is made in two separate sections to facilitate
handling during loop maintenance and transfer operations. The up-

per section, the loop extension tube, is approximately 10 feet long.

The loop extension tube serves as a connection between the loop
proper and the external operating equipment. The lower section,’
which contains the loop components, is approximately 14 feet long
and weighs about 700 pounds. The design is based on the use of
concentric annuli for flow passages to minimize the amount of
structural material per unit flow area.

“The complete package loop system consists of a totally en-
closed test section and primary coolant nystem, a secondary cool-
ant system, and an external electrical and instrumentation system.

A motor and pump located near the top of the lower section
of the. loop circulates the primary coolant through the test specimen

‘and heat exchangar. The secondary coolant is circulated past the

heat exchanger to remove heat from the primary coolant, and the
flow is regulated to control the temperature of tlie test specimen.
The electrical system provides power to operate the primary cool-

ant pump and to operate the instruments and controls. The instru-

mentation system monitors temperatures and flow rates in the loop.

Figure 3.1 illustrates the instailation of the ATR in-pilc package

loop in the ATR vessel.

‘Since the ATR loop is to be used for the testing of fast re-
actor fuels, the proper neutron spectrum for the test specimens is

provided by a thermal neutron fiiter that surrounds the loop in the

ATR core region. The filter, made of stainless steel containing
1.2 w/o boron, is described in Section 5.0. An extended core sec-
tion fills the space between the thermal neutron filter and the ATR

flux trap moderator column. The extended core section which com-

pensates for the reactivity loss caused by the thermal neutron filter,

~is described in Section 6

In-pile Loop Modiﬁcationn

In order to provide the propaer facility for fast reactor fuel

testing the following modilications were made to the P&W loop:

1. Because use of air as a secondary coolant limited the heat
transfer capabilities of the loop, two new concepts using other
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secondary coolants were developed. Concept 1, shown in
Figure 3.2, uses helium as a secondary coolant. The use
of helium as a secondary coolant allows the removal of
more heat than the air coolant used by P&W, but less heat -
than is removed by the water coolant used in Concept 2.

The use of Concept 1 requires the insertion and removal of
the lower portion of the loop through the reactor vessel drop
tube since the attached water jacket will not pass through
the head of the reactor vessel. Section 8.3 describes the
removal procedure for this concept. Concept 2 shown in
Figure 3.3 uses water uo a secondary coolant. The use of
water increases the capacity of the heat exchanger and al-
lpws the removal of the secondary coolant return tubes and
water jacket used in the original PkW design and in Con-
cept 1. The removal of the return tubes reduces the size of
lower porcion of the loop to less than 6 inches in diameter,
thus allowing the insertion and removal of the lower portion
of the loop either through the reactor vessel head or the re-
actor vessel drop tube. Section 8.4 describes the removal
procedure for Concept 2.

2, A removable closure device was added to the lower portion of
the loop. This device allows the removal of the test specimen
at various burnup increments and permits the insertion of a
new test specimen without requiring fabrication of a new in-
pile loop. Section 3.2l dencribea this device more fully.

3.  The lower section-of the loop was lengthened to allow the use
' of longer test specimens.

4. Approximately 12 inches of lead was added to the »upper‘e”n'd
of the in-pile loop'to provide additional shielding.

5. The loop extension tube was lengthened to allow the tube to
penetrate the reactor vessel head.

3 2 DESCRIPTION OF LOOP COMPONENTS

3.2l

:;l )

In-Core Sectlou

As stated previously. the loop is constructed of a series ot

concentric cylinders. Figures 3.4 and 3.5 show the in-core portion
‘of the in-pile loop with test specimens in place in the loop. (These

specimens are not the reference specimens of Table 2.2). The inner-
most cylinder {nthe in-core section contains the test specimen. NaK

flows down t);rough the test specimen and reverses its flow at the end
of the innermost cylinder. The innermost cylinder and the second

cylinder form a helium-{illed annulus, which separates the NaK flow-
ing down through the test specimen from the NaK returning to the

‘pump The second and third cylinder form the NaK return annulus.

ekthird cylinder and the outer loop wall form a heiium annulus
h separateas the NaK from the ATR cooling water and provides
doublo containment for the NaK. The thermal neutron hlter and the
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extended core, described in Sec__:tions 5.0and 6.0 respectively,
are located outside of the loop.

The lower end of the loop contains a removable loof) clo-
sure to permit the removal and reinstallation of test specimens
in the loop. Figure 3.6 illustrates a conceptual design of the

removable loop closure. The design is based on the foll owing
requirements:

1. Cylinder closures must be accomplished by welding to
assure no leakage.

2. Welds should be easily formed by an automatic machine.

3. Provision must be made for sealing a NaK-filled contain-
er to the bottom of the loop and for removing a thermally
hot assembly from the loop without at any time removing
the assembly from a NaK bath.

4. Removal and reinsertion of a new fuel bundle and remaking
of the welded seals must be a practical hot cell operation.

The removable closure consists of a test specimen support
structure, attached to the test specimens and to the test specimen
extracting plug; two lock screws; a seal plug; and the loop end cap.
The Nak containment vessel is closed by an overhead seal weld be-
tween the lower lock screw and the extension of the NaK vessel,
‘The weld is a fusion weld,made without the addition of filler metal.
The threaded joint is used to minimize stresses in the seal weld.
The portion of the NaK containment vessel that extends below the
threads for the lower lock screw is long enough to permit repeated
cut-off of the weld and rewelding of successively shorter lock screws.
Metal O-rings permit cleaning the welding surfaces prior to welding
without contamination of the loop and minimize NaK leakage when the
seal weld is removed. ' The seal plug, which is attached to the lower:
lock screw by a shoulder screw, facilitates handling of these rarts
in the hot cell and allows the screw to be tightened without rotating
the O-ring against the O-ring seal. The purpose of the upper lock
screw is to compress the upper O-ring. '

"The outer cylinder of the loop is closed by butt-welding the
end cap to the cylinder. ‘If the required vacuum can be maintained in
the dry box, all welding should be performed by the electron-beam
method. Other methods may be used if the vacuum is unobtainable.
The welds will be mocked up and exposed to in-pile temperatures to
determine weld distortion and dimensional stability.
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3.22

3.23

The Nak temperatures in the in-core section will be measured
by thermocouples attached to the walls of the NaK annuli. With
one exception, the number of thermocouples and the method of
installation will be identical to the original P& W design. The
location and number of thermocouples is given in Report CNLM-
1194 (1) and in the P&W drawings listed in Appendix C. Because
the fuel bundle is designed to be removable, it may not be pos-
sible to install a thermocouple on the fuel specimen. Therefore,
this problem should be studied during the Title I effort. If it is
impossible to install a thermocouple on the fuel specimen, the
temperature of the fuel can be estimated by thermocouples in-
stalled in the NaK stream above and below the test specimen. In
addition, provision should be made for either replacing or doub-
ling the number of thermocouples used to monitor critical opera-
ting conditions that may affect reactor safety; e.g. the NaK outlet
temperature from the test specimen, A leak detector will be
installed in the outer helium space just above the end cap.

Heat Exchanger Section

Figure 3.7 {llustrates a cross section of the heat exchang-
er. The diameter of this section, located above the in-core sec-
tion, is larger than the in-core section to increase the heat transfer
area. The innermost cylinder in this section is filled with helium
and houses the four spiraled tubes which discharge the NaK into
the test specimen. The innermost cylinder and the second cylinder
form an annulus for the NaK returning to the pump. The second
cylinder, the outside of which is grooved, and the third cylinder
form a helium annulus to separate the returning NaK from the sec-
ondary coolant and thus provide double containment for the NaK.
The instrumentation leads for the loop are carried out of the loop
through this annulus. The third cylinder and the outside loop wall
form an annulus for the secondary coolant. The reactor cooling
water flows outside the loop wall.

Pump and Motor Section

The pump and motor section extends upward from the
heat exchanger section to the end of the loop. The pump, a re-
versed, mixed-flow type with an axial diffuser, was designed
and fabricated by Pratt & Whitney. Typical operating character-
istics of the pump impeller are shown in Figure 3.8. The impeller
is driven through a hollow overhung shaft, which passes through
the liquid metal expansion tank. . The NaK flows upward from the
heat exchanger annulus to the inlet at the center of the impeller,

reverses direction, and discharges into a spiral diffuser. From

the diffuser, the NaK flows downward through four tubes, which
are apiraled to accommodate differential expa:asion between the
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hot and cold legs of the loop, to a2 header feeding the test sec-
tion.

The drive motor is a three-phase, variable-frequency
induction mptor manufactured by the Bryant Chucking Grinder
Company. The motor is enclosed in the helium cover gas over
the primary coolant and thus operates in a helium-NaK vapor
environment., No special seals are employed to prevent entry
of NaK into the motor; thus the loop must be maintained in a
vertical or near-vertical position when NaK is in the loop. The
P&W loops have operated under similar conditions with no indi-
cation of motor damage by NaK vapor. The maximum motor-
winding and motor -bearing temperatures have been tentatively
set at 250 F. During Title I work, the manufacturers of the
motors and bearings should be consulted to insure that the motors
will operate without failure for 10,000 hours at this temperature.
The bearing loads will have to be determined for this purpose.

The liquid metal expansion tank, located between the pump
and the motor, accommodates the volumetric expansion of the NaK
throughout the expected temperature range. It also serves as a
heat sink to protect the motor and bearings from excessive tempera-
tures. The heat is readily conducted by the NaK to the NaK con-
tainment vessel, where it is dissipated to the secondary coolant and
the ATR cooling water. Broad, silver-plated, longitudinal fins on
the cylinders comprising the NaK containment vessel and the stag-
nant helium containment vessel facilitate heat transfer from the
motor and NaK expansion tank by insuring metal-to-metal contact
between the cylinder walls, The motor and bearing temperatures
are sensitive to variation in the NaK level in the expansion tank.
For this reason, the desired NaK level will have to be determined
in the study of the heat exchange system, the volumetric expan-
sion of the NaK will have to be calculated, and the exact amount
of NaK required will have to be introduced into the system.

The cylinders that constitute the loop are capped just above
the motor. Motor and instrumentation leads penetrate the loop
pressure vessles at this point only through hermetic seals. The
outermost cylinder extends approximately 24 inches from its end
cap to furnish the connection to the loop extension tube. A 12-inch
lead-filled section of this extension provides a radiation shield for
personnel making the connections to the motor leads, instrumen-
tation leads, and secondary coolant tubing. Approximately 6
inches is allowed at each end of the section of lead to orient the
loop connections in the desired positions. The connections will
be spiraled through the lead to prevent a streaming path, and
room for movement of the connections caused by thermal expan-
sior will be provided. The motor and instrumentation leads and
secondary coolant connections terminate about 5 inches above the
end of the loop. The motor and instrumentation leads are housed

in stainless-steel tubing to prevent water from contacting the
leads.
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3.24

3.25

Loop Extension Tube

The loop extension tube extends from the top of the in-
pile loop out through the reactor vessel head. The loop exten-
sion tube houses the connections between the operating leads
of the in- pile loop and the external operating equtpment. in-
cluding secondary coolant tubing, when the loop is in operating
position in the reactor vessel. The loop extension tube also
provides lateral support for the upper end of the ATR loop.

The loop extension tube is a hollow cylinder and will be filled
with ATR waier when the ATR loop is in operating position.
The electrical leads of the ATR loop are housed in stainless-
steel tubing to prevent contact with the water and are spirally
wound inside the loop extension tube to prevent radiation
streaming. A plate of sufficient thickness to withstand the
pressure of the reactor water is welded inside and near the
top of the loop extension tube to prevent leakage of the reactor
water out through the loop extension tube. The spirally wound
operating leads penetrate this plate and are welded to it to
complete the seal. The reactor head penetration by the loop
extension tube is sealed by the use of a double-gland-type seal.
Pure coolant water is injected between the gland at a pressure
slightly higher than that of the reactor water to seal the outside
of the loop extension tube to the reactor head. A spring-<loaded
hold-down device.is attached to the loop extension tube above
the reactor vessel head so that it will hold the loop firmly in the

‘support plate and yet allow thermal expansion of the loop to %“ake

place. The lower end of the loop extension tube is attached to
the upper end of the in-pile loop by means of a bayonet lock. .

Loop Support

The loop is supported by the ATR support plate. The lower
end of the loop rests in a conical socket in the support plate. The

upper end of the loop is held down by the loop extension tube des-
cribed in Section 3. 24,

DESCRIPTION OF LOOP SYSTEMS

3.3

P.rimary Co_olani System

Because liqmd metals are the accepted coolants for fast
reactors, the primary coolant system of the ATR in-pile loop will
be identical to the one used in the P&W in-pile loop. - An alloy of
56 per cent sodium and 44 per cent potassium, commonly referred
to as NaK-44, is used in the loop since it remains liquid at room
temperatures and thus obviates the need for auxiliary heating
systems. Because liquid metals react chemxcauy with water, a
minimum of two walls, or pressure containers, is provided be-
tween the liquid metal and the ATR primary coolant to prevent
contamination of the primary coolant. The NaK is circulated
down through the test specimen, removing the heat generated
there. It then flows up to the heat exchanger section, removing
heat generated in the walls of the package loop by gamma absorp-
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3.32

tion. R give up heat to the secondary coolant in the heat ex-
changer and flows to the pump.

The primary coolant system includes the test section,
the hquid-metal coolant, a heat exchanger, a pump and motor,
an expansion tank, and a cover gas (helium). The pump drive
motor is located in the cover gas region above the surface of
the liquid metal. The expansion tank above the pump fulfills
the dual requirement of dissipating heat to the secondary coolant
to keep the motor cool and of allowing the liquid metal to expand
and contract as the temperature of the liquid metal changes.

The primary coolant, pump drive motor, and cover gas are
totally enclosed in the NaK containment vessel. The second con-
tainment vessel completely encloses the primary coolant pres-
sure vessel. A buffer gas (helium) occupies the space between
the two vessels. Helium is used because of its good thermal
conductivity and inertness and because, in comparison with the
other inert gases, it does not become radioactive. Liquid metal

- leak detectors are located in this gas region to detéct the pres-

ence of a leak in the primary coolant system. The leads for the
thermocouples used to detect the temperatures of the primary
coolant and the test specimens are also.located in this space.

Secondary Coolant System

As mentioned in Section 3.12, two concepts for the use of
& secondary coolant are described. The secondary coolant system
includes the external piping and equipment required to furnish a
failure-free source of coolant to the loop.

. Concept 1 requires a 5800 SCFM source of helium at approx--
imately 600 psi. A flow diagram for this concept is shown in
Figure 3.9. The helium, flowing in a closed circuit, enters the
loop at the top and flows past the motor, cooling the motor. The
helium then flows through the heat exchanger, removing heat from
the NaK. At the end of the heat exchanger, the flow divides into
four return tubes.: The return tubes make a 180 degree bend just

‘above the core and follow the outside of the package loop to the

upper end of the loop. There they enter the support column and
join in & header to discharge through the top head of the ATR in

a common tube. As the helium flows up through the return tubes,
it loses heat to the ATR cooling water. However, an external
heat exchanger may be required to adequately cool the helium,
and an external compressor will be required to circulate the -

_helium. The helium flow will be regulated by a flow control valve

actuated by the MaK temperature, leaving the heat exchanger to

control the termperature of the prtmary coolant entering the test
specimen.

A 6- inch square water jacket is attached tu the package
loop in the heat exchanger section. The helium return lines are
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1ocated in the corners of the square. Filler pieces are placed
in the corners and spaced away from the outside diameter of the
loop to form a water annulus that is concentric with, -and adja-
cent to, the heat exchanger. The water jacket mates with a
socket in the top of the.thermal neutron filter and the extended
core so that water flow is maintained by the pressure differen-
tial across the ATR core. Reactor water enters the water jacket
at the top and flows down past the heat exchanger, removing heat
from the helium; the water then flows through the concentric
annuli formed by the loop and the thermal neutron filter and the
filter and the extended core, cooling these pieces as well. Figure
6.1 illustrates these annuli. The heat removal characteristics of
Concept 1 are discussed in- Section 3.5,

Concept 2 requires a 70- -gallon-per -minute source of de-
mineralized water at.a pressure of approximately 400 psi, which
is sufficiently larger than the ATR coolant pressure to overcome
friction losses in the piping and the loop. A flow diagram for

this concept is shown in Figure 3.10. The water should meet the
following requirements:

Pressure - 400 psi

pH - 6.5t 7.0
specific resistance ‘. 50, 000 ohmg/cu c¢m minimum

chloride ion concentration - | ppm maximum

If the ATR primary coolant water meets these requirements, it may
be used for the source. If the ATR primary coolant does not meet

the requirements, a separate pump and demineralizer will be re-
quired.

The water enters the loop through a connection at the top and, flow-
ing down past the notor, cools the motor; the water then flows
through the heat exchanger, removing heat from the NaK. The water
discharges into the ATR reactor water just above the core. The.
water flow will be regulated by a flow control valve actuated by the
'NaK temperature, leaving the heat exchanger to control the temper-
ature of the primary coolant entering the test specimen, The heat
removal characteristics of Concept 2 are discuued in Section 3. 5.

'As mentioned previously, the use of Concept 2 permitn the
insertion and removal of the ATR loop assembly through the re-
~actor vessel head. This concept provides the most convenient
method of loop handling as described in Section 8.4. However, the
use of water limits the control of primary coolant temperatures, as
discussed in Section 3.5,
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]

Since the square water jacket attached to the loop in Con-
cept 1 will not pass through the head of the ATR vessel, the loop
must be installed and removed through the reactor drop tube.
This causes the handling of Concept 1 to be more difficult than
the handling of Concept 2 as described in Section 8.3. Also the
heat transfer capacity of Concept | is less than the capacity of
Concept 2, as discussed in Section 3.5. However, it is consid-
ered that the increased control of the primary coolant and test
specimen temperatures outweighs these difficulties. Therefore
Concept | is the preferred concept.

Electrical System

A 480-volt, 3-phasc, 50-amp, 60-cycle failure-free
source of electrical power is required for this package loop.
This provides sufficient power for the operation of the inatru-
ment and control console and for the pump drive motors.
(NOTE: The power for pumps or compressors in the second-
ary coolant system is not included.) The existing PW-19
electrical console power circuits are shown in Figure 3,11
It is expected that this control console could be used with
only minor modifications.

The variable-frequency pump drive motor receives its
power from two 9.4 kva variable-frequency M-G units. The
units are operated simultaneously at synchronous speed, one
unit supplying power and the other unit on standby. The units

‘are equipped with an automatic tranafer device to provide un-

interrupted power to the loop pump motor if the normal drive
unit fails, These drive units could be used ""as is'" for the
modified loops. ‘

Instrumentation System

‘This section describes the PW-19 control console and
discusses the function of the instrumentation and control
system of the experiment as abstracted from CNLM-II‘M(”._ W
It also summarizes pertinent information concerning the com-
ponents in the instrumentation and control system. The existing
control console can be readily modified for use with the ATR
loop described |n this report. '

. The control console consists of two L-shaped sections thai
contain a total of nine panels, numbered consecutively from left
to right. The layout and component locations for the control
console are shown in Figure 3,12, A relay cabinet containing
the majority of the control panel relays is located at the inter-
section of the two sections. A transformer rack containing three
delta-connected 5-kva 240-120 step-down transformers is locate
against the left-hand side of panel No. 1. Power for the control

--------- anhn..----cn.ob_‘i.-.- LA I R I R B N I

Reproduced by permission of Pratt & Whitney Aircraft,

** Literature references are listed in Appendix C.
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"“comoie wiil be supplied (ram a failure-iree, iw-volt. g -phue. _
a-csource. This supply ‘power will be {ed through the control
“console to the two loqp pump motor drive units. A 480-120 5-kva
‘_}tramlormer located in panel No. ‘1 will supply 120-valt, smg!e- '
‘phase, a-c control power. The control console will also require.
'!OO‘piig matrnmcut air tc actuue the pr-cmmatic controi system*.

Panel Na L crmtams the No i or “Normal" loup pump
-:‘nwtor drwe unit controls; a Brown recorder, dcstgnated TR-8c¢;
and a thermocoupia selector switch. The loop pump motor drive
unit controls include a 0- to 300-volt voltmeter and a 0-to 30-°
ampere ammeter, each with a 3-phase switchi a 0- to 200- -CPS
‘{requency meter and-frequency controller; a voltage controller;
and four drive unit on-otf control switches with green indicating
hghts, “The TR-8¢c recorder is a Brown' smgte -point strip chart
recorder that will monitor the outer helium annulus temperature.
‘This iastrument will energmu a high-temperature annunciator and
slow scram circuit. Panel No. | also contains a running time
meter that is connected across the "Normal® drive unit "M-G Set"
on-off switch to provide measurement of the total accumulated hours
of "Normal" drive unit operataon.

Panel No. 2 contains ﬂ\e No. Z or “Stand-by" loop. pump
otor drive unit controls and a ruumng time meter. These
controls and time meter duphcatc the "Normal" drive unit
controls previously described. ‘This panel also contains a 0-
to 500-F Brown precision indicator, ‘designated T1-4a, which
will monitor the stator &emperature of the loop pump motor.

This instrument will encigize a high -temperature alarm annunciator
circuit.

Panel No. 3 contains a 0-:0 50-MV Brown Electronic Record-
er, designated RR-2a: a Technical Measurements Corporation
RM-1b radiation count rate meter; four channel selector switches:
and.an Atomic 312 power supply. The ‘RR-2a recorder will record
the total radiation level sensed by any or all the four channels
selected and will energize a high-radiation-level annunciator. This
»equtpment was used by P&W to monitor the radiation level of the
exit air from the loop heat exchanger and could be used with
Concept 1.

Panel No. 4 contains a tempervature indictaor, designated
T1-8a; a temperature recorder, designated TR-8b; three current-
monitoring relays, desxgnated X1-4d, XI-43, and XI-4f; and a
clock. Indicator TI-Ba is a 0-to 2000-F Brown precision indicator
equipped with 24 pushbutton thermocouple selector switches. This
instrument will indicate miscellaneous loop temperatures. Record-
er TR-8b is a 0-to 2000-F, 12-point Brown strip chart recorder
which will record the temperatures of the liquid metal in the pump
inlet, pump outlet, pump sump, and heat exchanger, as well as
the air’ temperatures in the heat exchanger mlet and outlet.

Panel No. 5 contains the test manifold pressure gauge

P1-8b (Heise 3 to 15 psig, graduated 0 to 100 per cent); instrument
air pressure gauge Pl-8a (0 to 200 psig): test manifold pressure
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regulator PCV:8¢; test manifold shutoff valve HV-8a; reactor
“inlet and discharge air pressure indicators PI-2b and Pl-2c
(0-to 300 psig); receiver air pressure indicator Pl-2a (0 to 300
[*ps;g) “inlet filter pressure differential ‘indicator PI-2e (0 to 100
“per cent); emergency air bypass valve control valve PCV-2b;
_position indicator Pl-2d: and emergency open: valve HV-2a. Al
-of this equipment. except the instrument air equipment was
‘required by the air cooling system used by P&w and would not
be needed wnth Concept 2,

Panel No. b contains. Annunciator Cabinet No: }; a record-
er controller, designated TRC-1a;: a thermocouple plughoard
wlth two 3- pos;hon switches; a master test switch with a red test
position !ight 10 prneumatic test switches; the TRG-1a low- -temperature
bypass air control cutout switch, with red and green indicating
lights; and the low-air-flow reactor-control bypass switch.
Annunciator Cabinet No | contains seven alarm circuit annunciators,
none of which have any ‘reactor control function.

Panel No. 7 contains Annunciator Cabinet No. 2; temperature
recorder TR-3a; a sound-powered teiephone Jack and 'buzzer; a
"W switch; a push -button switch, designated "Manual Scram";
eight 120-volt, 15- -ampere. circuit breakers; {low and pressure
recorder FR-2a--PR-2a; and a high- -flow-range light, Annunciator
Cabinet No. 2 contains 10 alarm’ circuit annunciators that do not
have reactor control functions.

Recorder TR-3a is a 16-point 0- to 2000-F Brown strip chart
recorder, which will record test piece temperatures. The
“Scram' button is protected by a guard to prevent an inadvertent
reactor power reduction.

Panel No. 8 contains Annunciator Cabinet No. 3, temperature
recorders TR-1a-1, 1a-2, and TR-8a, ‘the console annunciator
ackhowle’dga and lamp test push-button switches, and the loop
pump and pump drive transfer switches, Annunciator Cabinet
No. 3 contains 12 alarm circuit a'muncxators, each of which (with
‘the exception of the "Activity Heat Exchanger Air" anmmcmtor)
has a reactor control function. Recorder TR-la-1, la-2is a
. two-pen 0-to 2000-F Brown strip chart recorder, which records
the test piece inlet and outlet temperatures. Recorder TR-Ba is a
0- to 2000-F Brown single -point strip chart recorder, which records
the liquid metal temperature in the loop nose section downstream
of the test piece. This instrument energizes a high-temperature
annunciator and slow scram circuit. The loop pump switch is a
two-position rotating turn switch, which is provided with a green
"on'' position-indicating light. The pump drive manual transier
is controlled by two switches. One switch has a "Normal" and a
“Stand-by" position with green and amber indicating lights, and the
other is a push-button transfer reset switch.

Panel No. 9 contains Annunciator Cabinet No. 4, under-
voltage relays XI-4B and XI-4C, wattmeters X1-4a and XR-4a, and
the wattmeter alarm contact reset switch. - Annunciator Cabinet
No. 4 contains five reactor control alarm circuit annunciators,.
one alarm annunciator, and the reactor power reduction alarm
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3.4

circuit annunciators. The undervoltage relays are Assemnibly
Products Co. 0-to 300-valt mstruments. which are equipped

with low -voltage alarm contacts. Relay X1-4B monitors the

‘pnmp motor lead line. voltaga and energizes the automatic trans-
fer to ﬁm “Stand-hy“ drive unit circuit and the "Auto Transfer
,hoop Pump Drive" 'annu.nciator ‘Relay XI-4C monitors the

"Stand -by'" drive unit output voltage and energx?t:s the “Fazlure
Stand-by Loop Pump Drive' annunciator. A slow scram cir-
cuit’ is energized’ when both undervultage relays sense low volt-
age. Both relays are equipped with reset switches that release
the alarm contact holding coils. The wattmeters are Eaterhne
Angus Model AW, three-pha.se powar-mcasuring instruments.
Meter XR-2a is.a 0-t010-kw dual instrument containing a power
recorder and mchcator with high-and low-power annunciator
alarm: cxrcmt contacts. The low-power annuntiator contact

also energizes a slow scram circuit. Meter XI-4a is a 0-to

10-kw indicating instrument with a "Stall Power'* annunciator
and slow scram circuit contac_t All four wattmeter alarm con-
tacts are wired to lock in on contact and are provided with a .
single reset switch, which releases the alarm contact holding
circuits. '

OPERA"I_‘ING PROCEDURE

The location of the package loop whea installed in the ATR is

shown diagrammancally in Figure 3.1. The loop will be inserted into
the test reactor during scheduled shutdowns, either through the top
head of the ATR pressure vessel, or through the ATR canal. Before
insertion, the test specimen will have been installed, the system char-
ged with NaK and helium, and the connections for the external auxiliary
systems will have been capped to prevent water or dirt from entering

these connections.

f

The loop will be inserted into the ATR pressure vessel, either

through the top head or through the drop tube, and positioned through
the top head sealing gland so that the connections for the external aux-
iliaries are accessible above the top head. The loop extension tube will
be positioned over the loop, and the connections of the external auxiliary
systems to the loop will be made. The loop extension tube will then be
attached to the loop. The sealing gland will be loosened, and the loop
will be lowered by an overhead crane until the spring-loaded collar on
the loop meets with the socket in the top of the thermal neutron filter.
The loop will then be pushed down until it rests in the support plate soc-

ket.

(See Section 5.1). The loop hold-down device will then be attached

and the sealing gland tightened.

Circulation of the primary coolant will be started by adjustment

of the pump apeed so that the designated flow rate of the coolant is main-
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3.5

tained, Thls coolant flow rate is a function of the pump speed and, there-
by, a function of the input power, which will be continuously monitored and
controlled. The reactor will then be brought up to operating power in suit-
able amall incr/ nents,  During this period, the primary coolant tempera-
ture will increa. ¢ at a rate dependent on the power developed in the test
specimen and the gamma heating developed in the loop structure. When the

. desired NaK temperature is attained, the secondary coolant control valve

will begin to open, The position of this control valve will be controlled
automatically by the pnmary coolant temperature, After the reactor has
reached scheduled power, the pump speed will be vaned as rcquu‘ed to
maintain the desired temperature differential across the test-specimen.
The experiment will then operate automatically throughout the duration

of the test. In the event of unscheduled reactor shutdowns, the experi-
ment will automatically return to isothermal operation at a temperature
slightly above that of the reactor process water. The experiment will
continue to o?frate in that manner until the reactor returns to power,

CNLM- 1194 may be: ua(_d as a guide to wntmg detailed operating
procedures, :

Upon completion of the scheduled test, the overhead crane will be
attached to the loop support tube and the hold-down device removed. The
sealing gland in the top head of the ATR pressure vessel will be loosened
and the loop withdrawn until the connection between the loop support tube

and the loop proper is accessible above the top head of the ATR pressure

vessel. The loop support tube will then be detached from the loop proper,
the connections to the removal equipment power and cooling sources will
be made, and the zonnections between the auxiliary system and the loop

will be disconnect: d. The loop will then be removed from the ATR as
described in Section 8. 0.

HEAT TRANSFER AND HYDRAULIGS

The resulte of heat transfer calculations to establish the feasibility
of the concepts are summarized in Table 0. 1 and Figures 3.13 and 3. 14.
In these calculations, it was assumed that the heat loss from the motor
was gained by the secondary coolant before entering the heat exchanger.
The heat exchanger must remove all the heat generated in the structural
materials in the in-core section, except for the heat generated in the outer-
most cylinder, as well as that generated in the test specimen. Axial con-
duction of heat alony the loop walls on either end of the heat exchanger has
been ignored as was conduction along the pump shaft. It has been assumed
also that the third cylinder expanded sufficiently to establish metal-to-metal
contact with the fourth cylinder through the fins. No heat transfer resis-
tance across this interface was included in calculating the over-all heat
transfer coefficient. Radiation and conduction across the helium space
between the fins wag ignored as it was considered to be negligible. The

NaK heat transfer coefficient was computed from the Lubarsky-Kaufman
equation:
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. , . ':‘. z
Nu = 0. 625 pe® 41

The mbdifieél Colburn eéu;tion
- . e (3)
hD = 0.023 Re % 8pr®?
with 21l physical propertics evaluated at the film temperatures, was used

‘to calcuiate the water film coefficient. The helium film coefficient was
calculated from the equation:

h prz“'_ v w) 014 = O 023( )

with all physical p-operties evalutated at the bulk temperatlure except B,
in the viscosity ratio term,

The nomenclature for the preceding equations is

cp © specific heat at constant pressure, Btu/(lb) (F)
D = hydraulic diameter, feet

G = mass velocity, b/(hr) (sq. ft. of cross section)

o
(21

heat transfer coefficient, Btu/(hr) (sq ft) {F)
k = thermal conductivity, Btu/(hr} (sq ft) (F/ft)
Nu = Nusseclt number, dimensionless
Pe = Peclet number, dimeuaionléaa
Pr + Prandtl number, dimensionlcss

ReA =" Reynolds number, dimensionless

Greek;

B = Viscosity of fluid, 1b/(hr) (ft)
Subscripts:

b = bulk

w « wall

Figure 3.%3 shows the heat transfer capability of the heat exchanger
and the associated NaK flow rate when 5800 SCFM and 580 SCFM enters the
heat exchanger at 140 F. The temperature of the NaK leaving the heat ex-
changer is held constant at 700 F. A similar set of curves for water coolant
is shown in Figure 3.14. The maximum allowable temperature limit is pri-
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‘marily due to the stress caused by the udial :empentura gudiemt in
the. ﬁxchu\gcr mlls

“Table 3.1 shows the heat loud on the hut exchanger caused by
the combxt-ed glmml heaung in the loop 'trucmrgl malerials and the
‘test specimen fissions as a function of the length of the test specimen.
1t ic assumed that the length of the inner cylinders of the in-pile por-
tion of the loop is no longer than the length required for the particular
test specimen length; it is further assumed that the top of the test
specimen is level with the top of the ATR core. “The outer cy!mder of
the loop and the therinal, neutron filter extend the full length of the ATR
core. The gamma hutinl load of the upper loop is assumed to be a

‘constant 25w and the gamma heating in the in -pilc portion is 1 watts
per gram of nructurd material.

A gomprehensive study of the hut transfer system will be re-
quired in the Title I effort to determine the optimum heat transfer
aystem and the optimum operating conditions. As previously noted,
some of the mechanisms of heat transfer were deliberately neglected
to give the most conservative heat exchanger capability. Thus, itis
expected that the capacity of the heat exchanger will be greater than
that shown in Figures 3.13 and 3,14, For this reason a nominal heat
c;pacity of 225 kw is givenin Table 3.1. The comprehensive study
will also determine the NaK. ﬂou rate to be used. Figure 3.15 shows
the test specimen Nak flow requlumcnu as » function of test .pecimen
power. It appears that a portion of the NaK flow must be allowed to .
bypass the test upecimen if the desired temperatures into and out of
the test specimen are to be held,and if the maximum allowable primary
coolant temperature is not to be exceeded. The study also may indicate
that the use of air as a secondary coolant is preferable to the use of
either helium or water, The use of gas for the secondary coolant in-
creases the temperature control and reduces the minimum-test spesi-
men power but exacts a penalty in the form of reduced capacity, in-
creased circulation costs, and the inability to remove the loop through
the top head of the ATR pressure vessel. The use of water increases
the heat transfer capability of the unit for given temperatures but also
limits the amount of control of loop temperatures that may be attained
without boiling in the secondury coolant channel.: It also establishes a
relatively high minimum test specimen power.

The heat transfer from the loop outer cylinder and thermal neu-
tron filter to the ATR primary coolant in the in-core region must be
checked in the Title I effort to be certain that the stresses caused by

temperature gradients are not excessive. The work performed indicates
that no serious problems are involved.

Figure 3.16 shows the nominal head-flow relationship of the NaK
pump impeller, the nominal pressure drop characteristic of the loop

-62-



TABLE 3.1 - ALLOWABLE TEST SPECIMEN POWER GENERATION

| Teat : NP@N Lower Loop .Upper Loop Maximum:
. -Specimen Heat Exchanger Gamma Heating Gamma Heating Total Specimen
© Leogth {ft} Capacity {kw) = Load (kw) Load (kw) Power (kw) :

4 225 132 25 68
3 225 99 25 101
r S 228 &6 25 134

1 228 Y 25 167
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p_rimaer coolant circuit exclusive of test specimens, and the maximum
‘permissible test specimen pressure drop. The NaK pressure drop
characteristics curve was taken from TIM-483, "Forced Convection
‘Liquid Metal In-Pile Loop Liquid Metal Pressure Drop Calculations, n(3)

The sef;ondary coclant pressure drop for Concept I was calculated
for transition losses using the formula

AP = K¥ P

Zg 1aT
where AP = pressure loss, 1b/sq in,
K = resistance coefficient - -
V « mean vqlbcity in channel, ft/sec
'g = acceleration of gravity, ft/(e_ec) (sec)
p = density. 1b/cu ft

The friction losses in pipe, channels, a.nd annuli were calculated from the
Darcy-Weisback formula

A 2

AP = { 1. PV
2gD Zg”
where f = friction factor
L, = chanuel length, ft

D = diameter or equivalent diameter, ft
other symbols same as above.

The values of K and f were taken fror_n 1DO-16368, "Hydraulic Flow Calcu-
lations for MTR-ETR Experiments Standard Practices Manual. " (6)

The secondary coolant pressure drop for Concept 2 was calculated
from the formula

AP = 0.0001 KV w2
AZY?

which was derived from the formula

w : 0,525Yd% AP
KV
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3.6

(rpm '_'F-flow,of F_luid:sb"b pp. 3-4, C:ane'C_qmpany(7)

‘where P = pressure loss, psi

K = .fesistaﬁée coefficient, (f.!." for pipe ffiction losses)
v = a'pec_ifi_c volume, cu ft/1b
w = :#e of flow,. }b/ gec
‘A = cross sectional aiea.of channel, sq. ft
= net expansion factor for compressible flow.
The flow path was broken down into lengths of constant cross section and
transition sections and the pressure drop was calculated for each section.

The specifxc volume was calculated for each section, takmg into account
pressure changes due to flow losses and temperature changes due to heat

flow,

The ATR primary coolant pressure drop through ﬁhe water jacket
used in Concept I is shown in Figure 3.17. ATR coolant flows through the

water jacket around the heat exchanger and then through the annular spaces

onboth sides of the thermal neutron filter. The flow path geometry for
this concept is such that the pressure drop will be greater than that of
Concept 2. The ATR coolant pressure drop through the extended core re-
gion is not included in this figure. Since the heat generatipn per unit
volume in the extended core is less than the heat generation per unit vol-
ume in the ATR core, the required coolant flow and pressure drop will be
less than that of the ATR core for the same temperature rise.

ESTIMATE OF PRATT & WHITNEY LOOP: LIFE

The Pratt & Whitney loop for the ETR. was overdesigned for 1600F
operation and was based on ASME allowable codes for Type 316 stainless
steel. Strain cycling was also factored into the design where the thermal
stresses exceeded the yield under transient conditions. For 1200 F opera-
tion the stresses are less, and there should be no problem in obtaining
10, 000-hour life from a stress-rupture standpoint.

The radiation stability of the pump motor was confirmed by irrad-
iating smaller motors in the VG facility of the MTR. The motors have
been irradiated to a calculated exposure of 10’ rads while operating to
2900 hours maximum. This dosage is about an order of magnitude higher
than the expected life that was planied for the ETR loop. Radiation did
not significantly affect the properties of the insulating materials of the
pump electrical system, and there was little deterioration of the bearing
lubricants. Therefore, the motors should be workable to an exposure of
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3.7

109rads. Although out-of-pil e life tests on actual loop motors were not

run for the complete 10, 000 hours required, irradiation effects are not
the limiting factor if the total dose is less than 109rads To allowa
10, 000-hour life, it will be necessary to shield the motor in the ATR if .

the amount of radiation is greater than 105,'radp per hour.

High-pressure piping is commonly made by Type 316 stainless
steel for operation to 1200 F in conventionai systems. Postirradiation
examination of the microstructure of the Type 316 stainless steel from
the first P& W in-pile loop indicated that, as in unirradiated stainless

‘steel, there was sigma phase formation and some indication of carbide
. precipitation at the higher temperatures (1300 to 1600 F). At these
temperatures there was evidence of intergranular corrosion to a depth

of about 2 mils. At temperatures between 1000 F and 1200 F carbide
precipitation was noted as it would be in unirradiated material.: Al-
though this precipitate would decrease the ductility slightly, P&W exam-
inations showed no corrosion at this temperature, confirming APDA
experimental results in flowing sodium at 1000 F. With the existing de-
sign conditions at a tempe rature of 1200 F, it is considered that no dif-
ficulties would occur in allowing the loop to operate for 10, 000 hours.

Examination of the pump impeller of the loop that operated in
the ETR for 200 hours indicated the possibility of some erosion at the
"V" section, and it was postulated that this erosion may have been
caused by (a) the forming of a hard compound by the intergranular cor-
rosion of the Type 316 stainless steel at elevated temperatures (1300 to
1600 F) and subsequent spalling of this compound, (b) a possible reaction
of impurities in the coolant with the fuel cladding, and‘(c) undectected
surface defects in the original material. Examination of the impeller
which operated for 700 hours in the ETR indicated that rather than

erosion, original machining defects were found. Based on all experi-

mental data from P&W it is concluded that there should be no erosion

problem if the fuel is clad with stainless steel and the loop is operated
at 1200F.

STRESS ANALYSIS REQUIREMENTS

A comprehensive stress analysis will be required in the Title I
work. Much of the work done by Pratt & Whitney should be applicable
to the proposed modifications to the Pratt & Whitney Loopa. It is ex-
pected that the major stress components will be due to tempera.ture ef-
fects as the internal helium pressures can be chosen to minimize the
stress components due to pressure. Some difficulty may be experienced
in balancing these pressures in Concept I because the preliminary cal-
culation of the secondary coolant pressure drop through the loop is ap-
proximately 300 psi for an inlet pressure of 600 psig.
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Since the major stresses will be thermal, the stress analysis
‘will require a comprehensive heat transfer analyns, “The spiraled
pump discharge tubes must be checked to be certaif they will ac-
commodate the differential expansion between the’hot and cold legs
of the NaK circuit. The prehmmary work indigates they will be suf-
ficiently flexible for this service. In Concept 2-.\3 temperature differ-
ence of 1000 F exists between the primary and se§::iary coolants

where the primary coolant enters the heat exchan This tempera-
ture difference is divided between two stainless-steél walls and two-

film resistances. Thus the maximum strain across any,one wall is

less than 0,004 inch/inch and is acceptable. The acceptable strain of

0. 004 inch/inch is based on a conservative extrapola.tlon of strain-
fatigue data for Type 304 stainless steel(22), The dlscontimnty stresses
at junctions between ac_ljacent parts as well as the stresses due to the
axial and radial temperature must be accounted for. Thus, a strain
fatigue criteria similar to a modified Goodman Diagram must be estab-
lished based on metal temperatures and expected number of cycles.
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4.0 PHYSICS ANALYSIS
4.1 SCOPE

The primary aim of this physics analysis is to determine whether
or not a fiux environment suitable for testing fast reactor fuel subassem-
‘blies can be established in an ATR lobe. The analysis first investigates
- the utilization of an outer lobe in the ATR as a fast reactor fuel in-pile
-test loop. The analysis then determines the physics design values that
will meet the criteria discussed in Section 2. 0. This determination of

design values is based on a 7-pin fuel bundle as specified in the con-
ceptual design discussed in Section 4. 6.

‘Since the ATR is nominally a thermal reactor, provisions must
be made to keep low-energy neutrons from entering the fast fuel ele-
ment test sample. This requirement is met through the use of a neutron

. filter. Nominally, such a filter is in the form of a sleeve containing a
high thermal cross-section material, which is located exterior to the
test loop, i.e., between the fast test sampie and the reactor core
(Figure 4. 1), and which captures almost all low-energy neutrons and
allows the fast neutrons to be transmxtted into the fuel sample.

The initial concern of the physu:s analysis is to determine the
power levels attainable within the fast fuel element test sample and the
corresponding power depres_tsxons"t across the sample. These quantities
relate directly to the basic feasibility of the test loop for use with fast
fuel elements. Some minimum sample power is required and some
maximum power depression can be tolerated to obtain useful information
from the testing of fast fuel elements in such a loop. Such feasibility
criteria are discussed in Section 4.2. In the basic feasibility studies,
started before the design criteria were established, a 19-pin fuel
bundle was assumed although, as mentioned above, the conceptual de-
sign specifies a 7-pin fuel bundle. As far as feasibility is concerned,
however, the conclusions reached from the physics analysis of the 19-

pin bundle are equally valid for the 7-pin bundle, discussed in Section
4.6.

The effect of the proposed test loop on the rest of the system
‘also has been determined by this analysis. The presence of such a
filtered loop will affect the reactxvxty contribution of the lobe and will
affect the power distribution within the core region of the ATR. Further,
the high-cross-section neutron ﬁlter will generate a la.rge amount:of

*Power depression is defined at the ratio of mammum-to-mimmum
power density.
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4.2

heat. All of the above-mentioned effects have been considered in this
analysis.

The power spectrum within the sample and the flux spectra
throughout the entire lobe have been determined. Though actually not
necessary for a determinatxon of basic feasibility, this information

helps present a comprehensive picture of the entire filtered test lobe
concept. ' '

Kinetics and static constants relating directly to kinetics have
not been analyzed in this preliminary study. The effects of filter and
test sample burnup on loop performance are considered in Section 5. 0.

The power spectrum within the sample and the flux spectra
throughout the entire lobe have been determined. Though actually not
necessary for a determination of basic feasibility, this information helps
present a comprehensive picture of the entire filtered test lobe concept

Kinetics and static constants relating directly to kinetics have
not been analyzed in this preliminary study. The effects of filter and
test sample burnup on loop performance are considered in Section 5.0,

PART I - BASIC FEASIBILITY STUDIES

FEASIBILITY CRITERIA

Criteria to satiafy basic feasibility will be discussed briefly here
since a more detailed discussion is given in Section 2. 0. For power
levels to be of interest in the testing of advanced-type fast reactor fuel

‘assemblies, they must be about (in the case of pins) 1,7 kw/in. per pin

at the central plane. Such a value results from a review of power densi-
ties expected in the fast power reactors now existing.

Establishing criteria concerning power shapes across the sample
in question is not quite so straightforward, Ideally, the power shape
should be almost flat across a fuel assembly and slightly peaked across
an individual element so as to correspond to shapes experienced within a
fast reactor. Such ideal power distributions are impossible to obtain
with any practical system within a non-fast reactor. Therefore, practi-
cal limits must be set that will still allow the obtaining of useful infor-
mation from fuel bundle irradiation in the proposed test loop. For
single pins, the upper limit for radial maximum-to-minimum power
ratio (referred to as power depression in this study) is set at 1.25. This
ratio should not be exceeded for any pin in the bundle. The value, while
not ideal, will still allow useful information to be obtained concerning
irradiation damage following a test irradiation. The upper limit for ac-
ceptable power depression across a bundle has been set at 1. 50. Although
this value is definitely greater than that found over the equivalent dis-
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tance at the core edge of a typical fast reactor (approximately 1. 10),
it still represents a limit within which useful information may be obtain-
ed from irradiation of pin burdles.

The criteria set above are not the result of any physical threshold

phenomena; they are simply based on judgment. Neither do they repre-
sent design goals; every effort should be made to improve the flux

environment 8o as to surpass the limite let abave, particularly in the
area of power depression.

RESULTS OF FEASIBILITY STUDY

4.31

4.32

Sample Power and Power Depression

The analysis for determining basic feasibility considers
three physical cases described in detail in Appendix Al, Briefly,
the cases assume 19-pins, 0.212 inch in diameter, of solid Pnoz
(Pu-239) cooled by liquid sodium’in a test loop 1.5 inches in

- inside diameter. The neutron filter consists of & 1/8-inch ring
of boron at a radius of 1,5 inches. The model i pictured .

schematically in Figure 4. 1. The parameter varied among the
cases was the number density of B-10 in the filter. Results of
these studies in terms of sample power and radial power depreuion
across the entire sample are given in Table 4, ! for both maximum
and minimum Pu-239 cross sections in the resolved resonance
regions. (Refer to Appendix A2 for a discussion of Pu-239 cross-
section options.) Hence, six computational cases are considered.
Power levels are normalized so that therz is a maximum power
density of 2. 5 mw/liter in the core.
Examination of Table 4. 1 reveals that all the power levels
for the cases examined meet the criteria set forth in Section 4. 2.
In the consideration of power depression, the Fu-239 resonance
cross section option becomes important. For the "maximum"
and "minimum" options the limiting cases become ‘Case 3 and
Case 5, respectively. If;the boron concentration for these cases
is lowered, the criteria for sample power depressions will not
be met. For reasons discussed in Appendix A2, ilie minimum
value option on the Pu-239 cross sections has been chosen as
the more appropriate option. Therefore, Case 5 becomes the
limiting case. To complete the examination of basic feasibility,
power depressions through single pins for this case must be
determined. An analysis of single pin power depression is
discussed in Section 4, 32.

Single-Pin Power Depresasion

To determine basic feasibility, the power depression through
a single pin in the 19-pin bundle must be determined. Reference
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TABLE 4.1 - BASIC FEASIBILITY RESULTS 19 HIGH-DENSITY Pu0, PINS

B-10 Concentra.t

ion Pu-239 Cross Sample Power Central Plane Power
Case (atomslcm x10” ) Section Option  Depression  for Average Pin(kw/in. )
1 0. 00261 maximum 1.91 3.7
2 0.00523 maximum 1.50 3.1
3 0.01046 maximum 1.29 2.6
4 0. 00261 minimum 1.72 3.0
5 0. 00523 minimum 1.29 2.5
6 0. 01046 minimum 1.11 2.2
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to Table 4.1 indicates that Case 5 rcpresents a practical limit-
ing case from the point of view of sample power and power
depression across the bundle. Lower concentrations of boron in
the filter result in too great a power depression across the pin
bundle. High concentrations correspondingly decrease the
system reactivity and increase engineering problems such as
heat transfer and thermal stress. Therefore, the single-pin
power depresnon for Casc 5 has been investigated.

Exact analysis of the power depressions through a single
pin in a 19-pin bundle is quite complex for the geometry involved.
There is lack of symmetry, and the incident flux is highly
anisotropic. However, limits on the power depression may be
established. These limits are given-in Table 4.2 for three types

of pin positions (A, B, and C)in a 19-pin bundle. The positions
are shown in Figure 4. 1,

The maximum and minimum power depression values
were obtained in the following manner. To obtain a minimum
value, each pin was considered to, be isolated and located in an
infinite medium of isotropic flux. If the problem is now treated
as a transmission problem, the attenu'at'ion‘ of a given flux may
be determined. This determination was made for each of the 16
group fluxes resulting from the multigroup computation, and
the resulting power dmtrxbutxon was determined. The incident
spectrum is assumed to be that resulting from the multigroup
computation of the homogeneons sample taken in the vicinity of
the pin in question. Now, the actual incident flux for pins B
and C (Figure 4, 1) is qmte nonumform, the 1nc1dent hux on the
side of the pin toward the center of the lobe is severly reduced.
Therefore, the previous determination of power distribution
will underesnmate the power density variation. Hence, the re-
sultmg power depressions for pins B and C will be considered

 minimum. For position A the incident flux is uniform around
the pin so that the resulting value should be farily good and '
hence, cannot be assumed to be a minimum. Unity, therefore,
is taken at the minimum for power depression in pin type A,

‘The maximum values are based on simple exponential
attenuation of the group fluxes using the same source of incident
spectrum mentioned above. The ‘straight line attenuation dis-
tance for pins B and C is taken as the mean chord length (twice:
the thickness) of a slab the thickness of which is equal to the.
diameter of the pin. For pin A the thickness of the slab is taken
as the radius of the pm The power depressions resulting from
such flux a.ttenuatxon will represent an extreme upper limit,
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Examination of the single pin power depression results
of Table 4.2 indicate that pin C has a marginal value; i.e., the
limit set in the basic feasibility criteria lies between the mini-
mum and maximum values given. Power depression values for
the other pins are quite acceptable, Since the other criteria of
power level and bundle power depression have been met, Case 5

will be accepted as a limiting case for solid Pqu pins.

TABLE 4.2 - SINGLE-PIN RADIAL POWER DEPRESSIONS
IN A 19-PIN BUNDLE *

(B-10 number defxs’ity in filter « 0.00523 x 1024 atoms/cm3)

Positiog ok Maximum Minimum
A 1.12 1.00
B 1.25 1. 04
C 1.49 1.14

* Power depression is defined as the ratio of maximum-to-minimum
power density.

+

%% Position letter refers to Figure 4.].

4,33 Conclusions Re E_arding. Basic Feasibility

The criteria for bagic feasibility have been met. In
particular, Case 5 répresents a limiting case for these criteria.
The addition of more boron to the filter will, of course, im-
prove the pow:er.de,nsity distribution, but will decrease the power
output. For the 19-pin configuration considered here, extrapola-
tion of the results of Table 4. 1 indicate that the upper limit of
B-10 concentrat:on (i.e., to give avera%- pm power of 1.7 kw/in. )
is greater than 0. 0105 x 1024 atoms/cm3. However, since mini-
mizing the amount of boron also minimizes ather design problems
associated with both the lobe and total reactor, Case 5 will be
taken as the reference.

Since, for Case 5 there appears to be a fairly good
power ‘margin (2.5 kw/in, compared to a minimum design objec-
tive of 1.7 kw/in. ,) it is possible that oxide pins diluted with
fertile material may be used and still meet the basic feasibility

requuements This possibility with accompanymg analysis is
presented in Sectlon 4.42.
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Sample power spectra resulting from the use of various
B-10 concentrations (including no B-1®) in the basic feasibility
model are plotted in Figures 4. 2 through 4. 5. A'typical fast
power spectrum (dotted line) is included for comparison.. The .
suppression of the power contributions in the low energy groups
as the B-10 concentration increases is quite evident. The flux
spectrum at sample edge for one B-10 concentration (reference
case) is given in Figure 4.6. Comparison of this spectrum
with the corresponding power spectrum (Figure 4.4) reveals
that the relatively small low energy tail of the flux spectrum
is responsible for a great deal of the edge power. It is this
power component that is responsible for the sample power de-
pressions. Examination of the power spectrum for the reference
case at the center of the sample (Figure 4. 7) will disclose the
reduction in the low energy power component as compared to
the edge power spectrum (Figure 4.4). If sufficient power can
be obtained, the outer sample fuel used in the sense of a filter
could produce very attractive fast spectra for small fuel bundles
located at the center of the loop. Based on the sample powers
achieved thus far, such a scheme would appear quite plausible.
(Sufficient heat removal capacity for the loop is assumed. )

A multigroup flux distribution (reduced to eight groups)
across the cylindrical model of the lobe is given in Figure 4.8
for the reference case. Note the neghglble effect of the filter
on all but flux groups 6 through 8.
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4.4

It should be noted that the satis{ying of the basic
feasibility criteria does not necessarily mean that all the de-
.8ign requirements of the loop and reactor have been met. The
introduction of boron raises many design problems, particularly .
in the realm of-heat transfer and lobe reactivity. The satisfying
of the basic feasibility criteria with the model used establishes
what might be called a feasibility potential. Any design altera-
tions which clearly erhance thé basic feasibility may proceed
without the re-examination of such basic feasibility. Those
necessary alterations that clearly detract from basic feasibility:
will be closely examined and compensated for if necessary.

Such necessary design alterations are discussed in later sections.

Uncertainties involved in the analysis presented thus far
are difficult to determine in a prehmmary study The validity
of diffusion theory for certain portlons of the problem is question-
able. Determmatmn of the proper cross sections is also diffi-
cult. However, a brief analysis of uncertainty and the philosophy
regarding it ie discussed in Appendix AS.

RESULTS OF BASIC F EASIBILITY DESIGN. PERTURBATION_S

As mentioned earlier, engineering design considerations may
necessitate some deviation from the model chosen for the basu: feasibility

.study. Two such deviations are considered here. The first is the addition

of a l/l6-mch coolmynater annulus interior to the filter; the second is

dilution of the sample\enrichment. The effects of such’ cha,nges are detcr-
mined.

Due to reactivity considerations, further modifications have been
made. However, because of the basic nature of the reactivity problem. it

and the reaultmg desxgn changes are considered in a separate section
(Section 4. 5).

4,41 | Effect oflltiter.ior. Moderator

‘To achieve the moat desirable flux spectrum within the.
sample. it is neceaaa.ry to keep moderating material Between the
filter and the aample at a minimum. Such an interior. moderator
reduces the: magnitude of the desired high- energy flux and in-
‘creases the level of the unwanted low-energy flux. Cases 1
through 6 conndered in the baslc feasibility study contain only
‘sodium and stainless steel in euch an interior position. How-

-ever, because of the Iarnly large ‘amount of heat generated with-
in the boron filter usedin these cases, it will be necessary to

" provide some coolmg on'the inside surface. 1f, because of
"mechamcal and heat transfer consxderatxons, it is necessary to

“use water as the coolnnt. the deleterious effect described above
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is introduced. Such a water gap is incorporated in the concep-
tual design for the neutron filter described in Section 5. 0.
Therefore, an estimate of the spectrum softening due to the
addition of water has been made for the 19-pin samples used
in the basic feasibility study.

A 1/16-inch cooling annulus on the interior surface of
the filter is necessary.if water is to be used as the coolant. A
multi-group problem (Case 7) has been run with such a water gap
replacing a portion of the tube wall adjacent to the filter. The
remainder of the problem is identical to the reference problem,
Case 5. The results of the addition of this interior moderator
are given in Table 4. 3.

It can be seen that the effect on power depression of this
small amount of moderator is quite severe. This severity is
due to the fact that a large portion of the sample power is caused
by the large resolved absorption resonances in plutonium. Hence,
small changes in spectrum cause rather large changes in reaction
rates. In fact; a large portion of the additional power depression
is due to the increased absorption rate in the single large re-
sonance at 0.297 ev. The total sample power increase due to the
water annulus is quite small, however, since the increased re-
action rates are an edge effect and hence occur over only a
small portion of the sample volume, Note the effect of the Group
15 contribution as given in Table A7 {Appendix A2) for Case™5
(No water annulus) and Case 7 (1/16-inch water annulus).

The increased depression factor problem discussed above
may be alleviated by one of two basic courses of action. The
first is to remove theé problem by using a nonmoderator-type

coolant; the expected power depression will then be that indicated
in Table 4. 1.

The second is to increase the effectiveness of the filter.
An obvious stepin this direction is to increase the boron concen-
tration. For é¢xample, incr easing the B-10 concentration by
50% gives power depressions almost idential with those of the
reference case (Case 5). The results are included in Table 4.5
in. the section dealing thh the extended core concept (Section 4, 54),
An additional method of increasing the effectiveness of .
the filter is to use a more effective poison than boron. The
possibxliuea of such'a filter are di.ecussed in Appendix A4,
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4.42 Effect of Sample Dilution

All the 19-pin cases analyzed have assumed 100% enriched
Pu0, fuel. Fuels of most interest for fast power reactors will be
d:lu@ed by some fertile material, e.g., U-238, Such dilution for
samplee in the fast ATR loop appears feasible since the pin
powers for fully enriched material are quite high. The effects
of dilution on power performance of Pu0, fuel in a 19-pin bundle
arc given in Table 4.4. .Here results for 100% Pul are com-
pared with those for 50% enriched Pu0, with U-238 as the diluent.
As expected, the sampie power is almost proportional to enrich-
ment since only a very small power contribution is made by the
diluent. Unfortunately, power depression is not decreased very
greatly by dilution.

Additional samples of the effect of U-238 dilution for 7-
pin bundles with both U-235 and Pu-239 as the fissionable mater-
ial are included in Table 4.6 (Section 4, 61),

LOBE REACTIVITY

Basic feasibility criteria have been established by assuming a
maximum allowable power denslty in the core based on heat transfer con-
siderations. ‘As yet, no specific mention has been made of lobe reactivity -
corresponding to the various configurations discussed thus far. Since °
the power balance among the various ATR lobes is quite sensitive to the

relative reactivity among the lobes, it is necessary to discuss the question
of lote reactivity as it pertains to the fast test lobe.

Specific computation of reactivity for the entire reactor for the

various conhgurahons considered is beyond the scope of this analysis.
However, since optimum power balance is obviously attained wher lobe
reactivities are equal, it will be necessary only to establish a suitable
,standard reactivity in one lobe and compare roachvity valucs for single-
lobe configurations of interest to this reference value, The standard value
is based on what is taken to be the typical thermal flux experiment found
in the lobes other than the fast test lobe in question. Geometric and
material specdications for thio typical uxperiment are taken to be identi-
cal to those presented on pages 3 and 4 of "Single-Lobe Be-Reflected
Reference Core' (21). - This case will be named "reactivity standard'’
and deeignated as Case 8, An effective multiplication factor for the re-
activity standard was gomputed by the mult;group code AIM 6-to be 1, 026.

Any lobe configuration w:th an identical value of effe.ctiw multi-
_ plication is apsumed to present no mitial ‘power balance problem. and

" hence it is further assumed that the maximum core power density of
2.5 mw/liter is attainable. Deviations from t}na valué are expected to

affect the imtial lobe power in a manner consistent. with the values given
in Table 3. 5A of Ref. (8. :
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TABLE 4.3 EFFECT OF INTERIOR MODERATOR

(1/16-inch Cooling Water Annulus)

Central Plane

B-10 Concentration Sample Power Power for
Case Description (atoms/cm3 x 10° Depression A"f"l‘ Pin
5 no water 0. 00523 1.29 2.5
7 water 0. 00523 1,43 2.6
TABLE 4.4 - EFFECT OF SAMPLE DILUTION BY U-238
(19-Pin Pu0, Sample Fuel)
‘ Central F"ltna Power Power
Case Fuel Bntichm,’em (%) Average Pin (kwl,ip..) Depreltion
7 100 2.60 1.43 |
12 50 1.38 1. 12
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Consideration should be given in the Title I effort to the problem

of lobe reactivity as a function of time, Here, too, the standard situation
is taken to be the time dependence of reactivity implicit in the configura-
tion chosen as the reactivity standard.

Lobe reactivity for various fast lobe configurations is discussed

below in the framework of:the philosophy outlined above..

4,51

Basic Feasibility Cases

The effective multiplication of the basic feasibility
cases (Cases | through 6) are much lower than the reactivity
standard. The zeference case (Case 5) and its counterpart with
the cooling water annulus (Case [1) possess effective multiplica-
tion factors lower than the standard value by approximately 5%.
Note that this reduction applies only to the particular lobe and
not to the reactor. This would correspond to approximately a

35% drop in initial lobe power and hence would not permit satis-
factory operation,

Two basic alternatives would tend to relieve this re-
activity deficit. The first is to change the nature of the filter
so that it becomes less of a system poison, The second is to
accept the reactivity loes as an intrinsic feature of the lobe and
adjust the core composition or geometry to compensate for the
loss, Such adjustment must remain within the outside dimen-

sions set for the core, must have a negligible effect on reactor

operation, and must not introduce severe engineering problems.
These core alterations are diecussed in Sections 4. 53 and 4. 54,

Converter. Plate

One approach to altering the filter would be to select a
poison (other than B-10) that would have the desirable effect on

" the sample spectrum and yet have less effect on lobe reactivity.

Possibly cadmium would produce results that would tend toward

this goal; a brief discussion of its use is contained in Section A4,

However, it ie quite doubtful that any method that relied solely
on poison could satisfy the basic feasibility criteria and at the

“same time allow auitable lobe reactivities.

To solve the reactiwty problem by revision of the filter
alone ‘necessitates the incorporation of a converter plate consist-
ing of a rather large concentration of fissionable material, e. g.,
U-235. Complete replacement of B-10 with U-235 is not feasible

‘because of the high heat generation accompanying the necessary
'U-235. Hence, a combination of converter plate and poison is
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4.53

4, 54

required to produce the desired effect. A preliminary investi-
gation has indicated that there may still be heat generation

problems connected with the use of a high-density converter
plate.

A moderator -type coolant would probably have to be used
interior to the plate so that the converter plate with coolant
would become more of a source of additional thermal neutrons
rather than fast neutrons. Hence, the major portion of the
thermal neutron filtering must still be done by a pure poison.
This idea carried to the extreme becomes the basis of the ex-

»tcnd'ed core concept discussed in Section 4. 54. While a converter

plate system (in the normal sense) has not been proven unfeasible,
the extended core concept appears more attractive,

Deletion of Core Poison

An obvious way to achieve a boost in initial reactivity is
to delete the burnable poison from the core. The result of
removing all poison from the core of Case 7 has been analyzed.
It is found that the initial reactivity increases by 7% and hence

‘adequately makes up for the 5% deficit discussed in Section 4. 51.

The burnable poieon effect is now left entirely up to the burnout
of the B-10 in the f{ltér. The initial total rea.ctwity worth of the

filter (approximately 12%) is greater than that of the burnable
‘poison in the core. However. ‘both the thermal flux and reactivity

worth per B~ 10 atom is nignif cantly less for the filter than for -
the core, Correspondingly, the rate of change of reactivity with
time due to B-10 in the filter is much less than for B-10in the
core. Therefore, complete removal of B~10 from the core can-
not be compensated by B-10 in the filter because of its ineffec -
tiveness as a burnable poison.

The effect oi removmg only a portion of the burnable
poiuon from the core may be of some advantage. However, the

necessary nnalysis muat be made in- conjunctlon with the control
system for the entire reactor.

Extended Core Concept

The most attractive way of achieving nufﬁcient reactivity

_and maintaining suitable sample power is through the use of an

extended core. The entire flux trap region, with the. cxception
of an aluminum wall at the inside of the nominal core; is replaced
by core-type fuel pla.tea with-an associated water coolant. Burn-

‘able poison is maintained in this extended core region. 'I‘he
'reuulth\g multiphcation factors, as well as sample powers and

pbwer depreeaion, are given in Table 4.5 for. va.rious fuel



TABLE 4.5 - EFFECT OF EXTENDED CORE

Extended Core

Fuel Concentration Filter

(fraction of core  B-10 Concentration Effective
Case . value) (atoms/cm3 x'10-24) e ’

~ Central Plane Radial Maximum
Sample Power Power-Average Pin to Average Core
ltiplication Depression | ~ (kw/in.) . Powcr Density

7 (No extended core) 0. 00523 " 0.975 1.4 2.60 1,72

8 0.33 ' 0,00523 1. 010 1. 42 2.48 Les
9 0. 67 0. 00823 1,029 L4l 2.54 1. 64
10 1.0 0 005?3' 1,043 1.39 . : 2.56 1,65
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concentrations in the extended core. Results for Case 7 (no
extended core) are included to aid in interpretation of the
results. All cases presented include the 1/16-inch water
annulus interior to the boron,

Several pertinent observations should be made from the
results presented in Table 4.5. First, note that fuel concen-
trations in the extended core equal to less than 0. 67 of that
used in the nominal core, and using the reference concentration
of B-10, ‘yield reactivity values greater than the standard value
of 1,026, Further, the reactivity is maintained above the
standard when the B-10 concentration in the filter is increased
over 30% by using a fuel concentration in the extended core
equal to that in the normal core (Case 11), Sucha concentra-
tion of B-10 results in sample power behavior almost identical
to the reference case (Case 5). It is interesting to note that
the presence of an extended core has little effect on sample
performance. The extended core also leads to more favorable
maximum-{c-average core power densities, The values appear
quite mscnsxtxve to extended core fuc:l concentrations. Further,
it appears that the presence of an extended core tends to decouple
the core fluxes from the effects of the B:-10 filter so that the
core maximum-to-average power denaity ratio changes little with
B-10 loadm{g (Refnr to Cases 10 and 11).

4.55  Minimum Length Filters

All analyses regardmg the effect of the B-10 filter on
reactivity has assumed a filter extending the entire length of the
core, i.e., 48 inches. However, it is very probable that test
aamples will be shorter than this length. Hence, it would be
necessary that the filter be oriy slightly longer than the sample.
The corresponding effect on reactivity of such a shortened filter
would then be leas than that for the full-length filter. However,

_rather than base a conceptual design on such a shortened filter,
it is preferred to keep this source of-reactivity gain as inargir_}

4,56 Conclusions Regarding Lobe Reactivity

Sufficient values of lobe feactivity may be established by
the use of an extended core. The necessary fuel con;:entrations
are easily obtamable, since they do not exceed those of the nominal
core. No heat transfer. problems ahould occur in the e*ctended -
core since the cooling annuli of the ‘same thickness as in the
nominal core are used, and since the power\densities at every

. 'point are lower than the minimum value in the nominal core.’
“Power deprebalons_ m_,bot_h_the‘ core and the extended core
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are q\ii'-te a:cceptable. The important relation between sample
power depression and sample power that establishes basic
feasibility is not affectéd by the extended core.

In view of the above, the-fast test lobe should posc no
power balance problem because of a reactivity deficit. Hence,
a maximum power density in the core of 2.5 mw/liter is
attainable if an extended core is used. Sample powers that
were normalized to this power density are realizable values.
Power depressions corresponding to a given sample power as
presented in the basic feasibility study apply also in the case
of the extended core concept.

PART II - REFERENCE FUEL SPECIMEN DESIGN

4.6 REFERENCE{FUEL SPECIMEN

4,61 Physics Design Values

L3

This part of the analysis is concerned with determmmg
the physics design values for the fuel spec:men that will meet -
the criteria specified in Sectwn 2.0, The detaxledvspecihcatmns

/ for the reference design physxcs calculations are given in

~ Tables A5 aiii Ab of Appendix A3.  The calculations are similar
to those used in Part I of this section but incorporating the
“Tollowing revisions, |

The sample loop inside diameter (now accommodatlngj

7 fuei sins of dlametcr 0. Z36-m¢'hes) is reduced to 1. 2-inches;
the tube wall compésitmn is altered ahghtly, al/ l6-mch water
gap interior to the neutron filter has been included for. cooling
purposes; the neutron filter is taken as boron steel with thick-
‘ness increased to 0. lS-mches. the {lux trap has been replaced
by an extended core idential in composition to. the nominal core
in order to enhance the effective multiplication. of the lobe; the
inner alummum wall of the core has been included as a separate
region. Varying enrichments of Pu0 and UO, have been con-
sidered as sample fuels. .Detailed values of region radii and

' material concentrations alao are’ given in Appendix A3
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4.62

Concentrations of B-10 in the filter and of fuel in the ex-

tended core have been based on the resuits of the basic feasibility

study (Section 4. 3) and on the results of the additional parametric

‘analysis of this report. Varying enrichments of Pu0, and U0,
have been considered as sample fuels. Since there is no severe

‘resonance in U-235 that corresponds to the 0,297 ev resonance in

Pu-239, compnrnble power depressions may be obtained in U-235
with less B-10 concentration in the filter. The resulting lobe
characteristics for a range of enrichments are presented in

Table 4. 6. Deuign values for both & Pu0, and a U0, sample are
given in Table 4. 7.

The non-design values of Table 4.6 themselves are quite
important since they illustrate the sensitivity of various lobe
characteristics to a design parameter over which the experimenter
has some control, i.e., sample enrichment. The effect on design:
sample performance of possible alternatives in lobe design may

be partially compensated for by alteutwn of the n.mple eanrich-
ment.

Reactivity Worth of Specimen

‘The effect on lobe reactivity of completely removing a
48-inch-long 7-pin bundle from the tube has been computed.
For 100%-enriched Pu0, or UD; pins (Cases 12 or 15, respec-
tively) such removal results in a reactivity decrease of 1%.
Pins of lower earichment have correspondingly less effect, as
indicated by the effective muitiplication values given in Table 4, 6.
Obviously, if the sample length is less than that of the full core
{e.g.. 18 inches as specified in the loop conceptual design), the
reactivity contribution is reduced still further. No analysis has
been performed concerning the worth of shortened samples.
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TABLE 4 6 - LOBE CHARACTER!ST!CS FOR 7-PIN F UEL BUNDLE

Filter B-10 | Central Plane " Maximum Pin

Maximum/ M;lnimum
Cmunguﬂoqz Sample . - L.obe .. Power for ‘ Pover Dennty Sun.ple Power
4 : Reactwijy" Average Pin (kw/in.) (kw/ cm> of fuel) : Depression
Case Gmﬂm average
12 0. 0052 100% Pulp  1.028 3.09 5.24 1.32
13 0. 0052 75% Pu0,  1.026 2.42 4.08 1.32
14 0. 0052 25% ;puoz' 1.021 0.96 1.55 1.27
15 0. 0052 100% uqz" 1.026 3.74 5.69 1.22
16 0. 0052 5% U0,  1.924 2.99 4.48 1.19
17 0. 0052 25% U0, 1.02¢ 1.23 1.77 1.10
Quantities Insensitive to Sunple Enrichment
[
? Lobe Core Power (1/5 of Reactor) 56 mw
Extended Core Power 160 kw/in.
Radial Maximum to Average Core Power 1,66
: 2
Average Central Sample Flux 1.8 x 1015 neutrons/cm -sec

# Percentage values refer to enrichment. Diluent is U-238.

*5 Reactivity for other lobes is assumed to be 1. 026. (See Section 4.5.)
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Fuel. Type
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TADLE &.1 - R,E!‘ERBNCE DESIGN VALUES FOR 7-PIN NEL IUNDLI

Enrichment (%)

41,8

3.5

(Smpl.e Povcr l"ind at 150 kw)
Sample Power

 Lobe Power !‘or Power ‘ A
Reactivity AnrglLPin (kvi in.) Evl Iuel) Depression
1. 024 6T 2:69 1.29

1.67 2.30 112
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5.1

5.2

5.0 THERMAL NEUTRON FILTER

GENERAL REQUIREMENTS | | N

The thermal neutron filter provides a neutron spectrum similar

to that available in a fast reactor. The filter is designed to absorb the

low-energy (thermal) neutrons before they reach the test specimen..
Since the neutron absorption rate varies inversely with the neutron

energy, the filter will be nearly opagque to low-energy neﬂtronu and.
transparent to high—ener,:y neutrons.

The deiign &nd'f:nhrication requirements for the. filter are string-
ent. The filter must be uniform in dimensions, and the material must
be homogeneous and free of cracks and voids. If the filter contained a
region transparent to thermal neutrons, these low:=energy neuirons would
stream through the filter and cause unacceptable local overheating of the

test specimens.

FILTER DESIGN

5.21 Reference Design

A conceptual design of the thermal neutron filter, intended
for use with loop Concept 1 (Section 3, 32), is shown in Figure 5,1,
This design is for a separate filter that is not attached to either

the loop or the extended core, A similar arrangement would be
used with loop Concept 2. '

The filter consists of a single, hollow cylinder of a boron-
stainless steel alloy., This cylinder, 3.3 inches in outside diameter
by 0, 15 inches thick, extends the full length of the ATR core, Flow
passages, to provide adequate cooling of the filter by ATR coolant,
are supplied at both e¢nds of the filter. The loop water jacket mates
with the top of the thermal neutron filter so that water flow is main-
tained by the pressure difference across the ATR core,

In the design shown in Figure 5,1, the bottom of the loop
rests in a hole in the ATR core support plate, The lower end of
the {ilter rests on the ATR core support plate. A spring, attached
to the outside of the loop above the filter, pushes the cone-shaped
retaining ring into the fitting on the top of the filter to restrain
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5.23

) Lowtion of Filter

_this end of the filter. The rémﬂig ring is attached to the spring

to prevent loss of the ring.

"?.

The filter shown in Figure 5.1 is located cnui\de the loop.

Locating the filter inside the loop was cnmideud but rejected for
the following reasons:

1. The heat generated in the filter must be removed

~ through the loop heat ¢xchanger. Because of the
limited capacity of the heat exchanger, this addi.
tional heat load will reduce the allowable test
specimen power. |

2. The higher operating temperature will raduca the
life of thc filter,

3. Additional modifications to the loop are required. '
4. The filter cannot be replaced casily.

$. Thermal transients may cause excessive stresses
in the filter.

Locating the filter outside the loop eliminates these pro-
blems but introduces a new one. Since the filter and the outer
wall of the loop must be cooled, ATR coolant must be allowed tc
flow between the loop and the filter. Introduction of this thin
annulus of moderator. between the filter and the test specimens
produces considerable effect on the neutron spectrum that is in-
cident on the test specimens. The water annulus must be of
uniform width to prevent unacceptable maldistribution of the test
specimen power densities. Uneven heat generation in the filter
may cause the filter to bow and, thereby, reduce the annulus
width. In addition, local reductions in the width of the annulus
naay affect the heat transfer coefficients and may cause hot spots.
To maintain uniform annulus width, it may be necessary to attach
the filter to either the loop or the extended core, or to insert
spacers between the filter and the loop.

Choice of Filter Material

The reference filter is composed of an alloy of boron and
a\\! enitic stainless steel and has a B-10 concentration of 0, 0052 x
atoms per cubic centimeter of alloy. This concentration is
equlvnlent to a loading of 1. 2 w/o boron in & 93% enriched allpy of
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5.3

‘boron and stainless steel. The filter alloy will be clad with stain-

less steel, or plated with some other suitable material to prevent

‘excessive corrosion in water after an appreciable amount of burn-
‘up. If plating is used, careful selection and control of the method

of plating will be required to insure a good bond between the filter
alloy and the plated material. The fittings at the ends of the fil*~r
will be austenitic stainless steel. 3 ‘

Boron was selected for the following reasons:

1. The absorption cross-section of boron is inversely
proportional to neutron energy, thereby fulfilling
the functional requirement,

2. The cross-section curve does not have any resonances,
precluding a possible source of difficulty and uncer-
tainty in calculation. ’

3. Boron alloys have been fabricated and applied in a
range o.fia_izes. shapes, compositions, and isotopic
enrichments, thus minimizing development and pro-
curement problems.

‘The selection of the means of utilizing boron as a filter
material was, in part, a process of elimination. All ceramics
were rejected on the basis of possible void formation during oper-"
ation: fused ceramics, because of cracking; and powdered ceramics,
because of thermal- or vibratiou-initiated redistribution. From the
several cermet and alloy materials considered, borated stainless
steel was selected, Boron carbide-stainless steel cermets appear
at least as good as borated stainless_steel, but less information on
B4 C-SS is available,

METALLURGICAL DESIGN BASIS

5.31

Allowable Stress

In the unirradiated condition the alloy of boron and stainless

steel is sufficiently ductile to permit the vse of normal forming and
machining procedures. ‘

After an appreciable amount of burnup takes place, the boron-
stainless steel alloy becomes very brittle at irradiation tempera-
tures of less than 450 F. Th?reiore. to preclude the possibility of
cracking because of stresses’ during irradiation, the filter will be
designed so that all dcformation will be in the elastic range and so
that the maximum allowable stress will be 25,000 psi. This amount
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5,32

of stress is well within the allowable range as determined from
post irradiation tensile teste on irradiated matcnal of approx-

imately the same comiposition as the filter.

Allowable Burnup

To establish.the allowable burnup for the filter, all ir-
radiation burnup data were converted to boron atoms burned per

cubic centimeter of alloy. The conversion of boron atoms burned

per cubic centimeter (helium atoms formed) of alloy is similar to
the approach taken in APDA-133 (9) ., Allowable burnup is assumed
to be dependent on the gas pressure developed per unit volume of
alloy. The allowable burnup at different alloy temperatures for

1 w/o boron in stainless steel iz shown in Figure 5.2. It is con-
sidered that this curve may be used to establieh the allowable burn-

up in the reference filter even though the boron concentration of
the filter is 1.2 w/o.

The right-hand scale of Figure 5.2 is obtained by divid-
ing the liit-hand scale by the reference design B-10 concentration
( 52 x 10" atoms per cubic centimeter of alloy). For the maximum
filter temperatur-e of 310 F, the maximum allowable burnup is 20%.
(See Section 5.5 for determination of filter temperature). Since the
left-hand scale.is divided by the B-10 concentration to obtain the
right-hand scale, reducing the B-10 concentration in the alloy will
increase the allowable burnup per cent for the same allowable burnup
in atoms per cubic centimeter. Thus, reducing the boron concen-
tration by one-half doubles the allowable percentage of burnup.

The allowable burnup for temperatures less than 450 F was

derived froa\oirré.diation data published in Nuclear Science and En-
gineering.

Since irradiation data are not available for boron stainless
steel (B-SS) alloys at temperatures greater than 450 F, it was
necessary to obtain the data indirectly. The boron in B-5S alloys
has negligible solid solubility in iron. Boron compounds are
formed with other elements in stainless steel, and the result
is that the alloy is essentially a cermet, although the particle size
and distribution is not ideal. Assuming that this alloy does act as
a cermet, itis possible to convert the high temperature data
(above 800 F) for uranium oxide - stainless steel (UO>-SS) dis-
persions presented in APDA-133 (9 to B-SS alloys. Since four
times as many gas atoms are formed for each boron atom burned
as are formed for each fission event, the average fissions per

cubic centimeter curve derived from irradiation data of UOp-SS
was divided by four to arrive at about the same gas pressure per

-99.



U314 IINREI NI SWOLY. 01-8 %
SNNYNG FGYMOTIV

: 1] . e e g
m | | | w

FIG.5.2

800
TEMPERATURE— F
BURNUP LIMITATIONS OF LO W/O BORON STAINLESS STEEL ALLOY

400

o o © . N °
AOTIV 4O cAD Wid SNOLY NOWOS ¢ 501
JONYNG FTTBVMOTTIVY

12



unit volume. The allowableburnup between 450 F and 800 F was

obtained by extrapolation of the curves from both sides of this
region.

5.4 LIFE OF THERMAL NEUTRON FILTER

5.41

5.42

5.43

‘Design Limitations

The operating life of the thermal neutron filter must be
determined in relation to the A'TR core life to assure that the
filter life does not restrict the normal operation of the whole

- ATR facility. The operating life of the thermal neutron filter

is restricted either by irradiation damage to the B-SS filter
material or by the change in flux (specimen power) and spec-
trum (power depression) caused by burnup of the B-10 atoms in

the filter. The limitations on each of the above variables are
shown in Table 5.1.

Effect of Irradiation Damage on Filter Life

.The neutron heating and B-10 burnup characteristics of
the filter as a function of B-10 concentration have been computed
and are shown in Figure 5.3. The B-10 concentration is in units
of atoms/cm? of filter surface. As stated in Section 4.6, the
reference design model incorporates a 0. 38-cm-thick (0. 15-inch)
stainless -steel cylindrical {ilter containing 0. 0052 x 1024 atoms/cc
of B-lO, This is equivalent to 2.0 x 1021 atomg/c;nzof filter sur-
face. At this concentration the fractional destruction rate of B-10
in the filter is 0. 66 per cent per day. Using the burnup data from
Figure 5.3, the filter burnup was calculated as a function of time
and is presented in Column 1 of Table 5.2. Sufficient cooling
water is supplied to remove the neutron heating of the B-10 and
the gamma heating of the stainless steel in the filter.

In Section 5.3 it was stated thag the reference ‘filter is
limited to 20% burnup of the B-10 atoms because of irradiation
damage considerations. Inspection of Table 5.2 indicates that a

filter life of 32 days (2 ATR operating cycles) can be expected
before this burnup is exceeded.

Effect of Filter Burnup on Test Specimen Life

The power, power depression, and burnup rate of the
reference test specimen have been computed as a function of
B-10 concentration and are presented in Figure 5,4. Starting
with the reference B-10 concentration of 2.0 x 1021 atomsl;mz.
the sample power, power depression, and fuel burnup were cal-
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Jtem

Irradiation Damage to Reference Filter

TABLE 5.1 - FILTER DESIGN LIMITATIONS -

Specimen Power

Speci men Power Depression

Specimen Burnup for Loop Removal

Time Filter Burnup

Design Limitation

20% B-10 Burnup
115%
1.5 Max/Min

2 a/o

“TABLE 5.2 - FILTER LIFE

Specimen Power

Power Depression Specimen Burnup

Days a/o B-10 Kw/in, Max/Min a/o

0 0 1.65 1.31 0
20 12.5 1.72 1.37 .55

40 25 1.80 1.44 1.12

60 37.5 1.90 1.52 1.74

80 50 2.00 1.

Initial Filter B-10 concentration,

PuO 2 Enrichment, 47.5%

2.0x 102! atoms/cnf
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5.45

culated as a function of time. The results of these calculations

are presented in Table 5. 2,

Allowable Filter Lifetime

\J

A comparison of filter lifetime based on filter irradiation
damage, specimen power, power depression, and specimen burn-
up is shown ir Table 5.3. These data indicate that the fiiter life
is adequate with respect to ATR operating cycle. However, the :
irradiation damage limits on the filter require that the loop be
removed from the core (but not the reactor) and that the filter be

replaced about twice ‘as often as would be req\nred because of
test specimen limitations.

The allowable filter burnup can be increased if (1) the con-
centration of the B-10 (atoms/cc) is decreased and (2) the filte
thickness is increased in order to keep the produc‘ (atoms/cm )
constant. For example, if the filter thickness is increased to
0. 64 cm (0. 25 inches) and the amount of B-10 is decreased to
0. 0031 x 1024 atoms/cc, the allowable burnup caused by irradia-
tion damage would be increased to 33%. This percentage of burn-
up is equivalent to a filter lifetime of 53 days. This limitation on
filter life is now about the same as the life limitation caused by
the specimen power depression. Preliminary calculations show
that the increased temperature and stresses in the filter, caused
by increased gamma heating and a thicker filter, will still be

within the design limitation. Temperatures and stresses are dis-
cussed in Section 5. 5.

19

Alternate Filter Locations

Because the life of the filter is less than that of the extend-
ed core, and less than.the fuel burnup required for inspection of
test specimens, the reference filter will be installed separately
from the loop and the extended core. The lifetime of the extended
core region described in Section 6.0 is about 60 days. If the filter
lifetime were about the same, the filter could be attached directly
to the extended core section, and both could be removed at the
same time. Further, if the filter life were about the same as the
fuel burnup required for test specimen inspection, the filter couild
be attached directly to the in-pile loop. For all conditions, how--
ever, the filter design described ir Section 5. 2 is adequate since

the filter can be changed independently of the extended core and in-
pile loop.
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TABLE 5.3 - COMPARISON OF FILTER AND ICOR‘E LIFE

Filter Life (Days)
“ Type of Filter Thin Thick
Irradistion Damage 12 53
’Specimen Power 60 60
Power Depression 55 5%
Specimen Bu:ndp 68 68
‘Exte'ndedA Core ~60 ~60
ATR Core ~30 ~30

Initial Filter B-10 concentration, 2.0 x 102! atoms/cm?

Pqu—Enrichment. 47.5 per cent.
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5.5 FILTER TEMPERATURES AND STRESSES

5, 51 Power Genention

The reference filter power genention is about 300 kw.
Assuming that two-thirds of the heat generated is removed
from the outer surface of the filter, the maximum heat flux
will be about 300, 000 Btu/ (hr) {sq ft) which is approximately
/ _one-half the average heat flux in the ATR core.” The pressure
-drop across the ATR core is more than adequate to insure suf-
ficient coolant flow to cool the reference design filter.

. The boron cogcentrtﬂon in the reference filter is 2,0 x
'ld-: B-10 atoms/cm®. From Figure 5.3, it is seen that the
maximum neutron-capture heating is about 4 1/2 kw/inch.

From the dataprovided in IDO-16667(8), the maximum gamma
heating is estimated to be 4 1/4 kw/inch. Figure 5.5 shows the
computed curve of heat generation distribution in the filter wall
at the location of maximum heating, In order to simplify cal-
culations of. temperaturel and -treuel. it was found desirable

to approximate the actual heat generation by using two straight
lines.

5.52 Temperatures

‘The basic dif_ferqntial equation for temperature is

¥

T, 14T :_ HQE)
dRZ RdR K
where T = temperature

R = radius of filter _‘

K

thermal conductivity

H (R)

heat generation rate

Figure 5.6 shows the temperature profile for the refer-
ence design filter as calculated from the data of Figure 5.5.
-Exact determination of the temperature distribution is made
difficult by both the yiohuniformity of the neutron-capture heat

generation and by the uncertainties in the vaiues for gamma
heating.

The profile. is hardly affected by a change in surface tem-
perature; thus, the temperature gradient will be independent. of
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5.53

the coolant velocity. The maximum temperature in the reference
design filter will be approximately 310 F for the water flow rates
listed in Table 0, 1, Making the filter thicker will have little
effect on the temperature gradient as long as the number of atoms
of boron per square centimeter of surface is held constant (de-
creasing boron concentration). However, the difference between

. surface temperature and maximum temperature will increase in

nearly the same ratio as the thickness.

Stresses

The thermal stresses in the filter are a result of the
temperature gradients. The basic equations for the thermal

stressﬁ in a hollow cylinder as taken from "Theory of Elasti-
c1ty" are

4 2 .
2 B B | |
0ge Tin - [“ + 2 f Tﬂdﬂ-j _'rnan-'rnz]
0" T-v 2 Z_ 2
' Rb a R R
.a a
R
b
o o 2E [ 2 f TRR - T
g 1~y 2 -RZ R
Rb a a
where o, =  tangential stress

0_ = axial stress

a = coefficient of thermal expansion
E = modulus of elasticity

Y = Poisson's ration

R cylinder radius

T = temperature

‘The thermal stresses in the reference filter, calculated from

.the temperature distribution in Figuie 5.6, are shown in Fig-

ures 5.7 and 5. 8. The tangential thermal stress reaches a peak
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value of 9000 psi tension at the inner surface and 7000 psi com-
pression near the center of the filter wall. The axial thermal

stress peaks at 7000 psi tension and at 3500 psi compression
at the same locations.

If it is assumed that the filter can be considered a thin
cylinder, the thermal stress will be only a function of the diff-
erence between the surface temperature and maximum temper-
ature, Thus, increasing the filter thickness will increase the
thermal stress. As discussed in Section 5.52, the temperature
-difference will increase in nearly the same ratio as the thick-
ness. Thus, increasing the thickness to 0,25 inch will increase
the maximum thermal stress to approximately 15, 000 psi,
which is well within the design limit of 25, 000 psi._

Since the coolant velocities in the flow channels on either
side of the filter will differ, a lateral pressure will exist on the
filter and induce stresses in the filter., Also, the.force exerted by
the spring on the top of the filter will induce stresses in the filter.
Proper design will hold these stresses to amall values, so that the
combined thermal and mechanical stress will not exceed 25, 000 psi.
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6.1

6.2

6.3

. 6.0 EXTENDED CORE REGION

GENERAL

The most attractive method of achieving sufficient reactivity and
maintaining suitable sample power for the desired irradiation tests is to
extend the ATR core to the edge of the thermal neutron filter surround-
ing the experiment. To achieve this result, fuel elements that are
geometrically similar to and metallurgically idential to ATR fuel elements
are installed in the lobe flux trap region between the thermal neutron

filter and the flux trap moderator column. The cross section of this

region is shown in Figure 6.1, These fuel elements will have the same
enriched uranium oxide aluminum cermet core, the same cladding, the

same metal-to-water ratio, and the same percentage of burnable poison
as the ATR core.

PHYSICAL DESCRIPTION OF EXTENDED CORE.

The extended core consists of eight circular segment fuel elements
of the same nominal design as the ATR fuel element. The fuel elements
consist of seven curved fuel plates mounted between two side plates to
form a 45-degree segment of a right circular cylinder with an inside
radius of 1. 65 inches and an outside radius of 2.625 inches. The side
plates are extended to form the bottom end box. The thickness, length,
and spacing of the fuel plate are idential with those of the ATR fuel ele-
ment. The fuel elements used in the extended core differ from the ATR

‘fuel elements in that the comb used in the ATR fuel element is omitted.

The longest horizontal span between the side plates of the extended core
fuel element is less than the longest horizontal span between the side
plate and comb of the ATR fucl element. Thus the comb may be safely
omitted from the extended core fuel element.

EXTENDED CORE POWER GENERATION AND LIFE

_ The radial power density for the experimental lobe containing the
fast fuel test loop, the thermal neutron filter (approximately 1 per cent

.B-10 by weight), and the extended core is shown in Figure 6.2. The

axial power distribution is assumed to be identical in the ATR core and
the extended core,

An examination of Figure 6.2 shows that

l. The average powér density in the ATR core is twice the
average power density in the extended core.
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6.4

2. The maximum power denalty in the ATR core is-
2-1/2 times the maximum power density in the
extended core.

3. The maximum power density inr the extended core is

slightly less than the minimum power density in the
ATR core.

Therefore, it is concluded that the extended core fuel element
life will be twice the life of an ATR fuel element.

HYDRAULICS AND HEAT REMOVAL

‘The fuel element entrance and exit geometry, and the fuel plate
spacing and length in the extended core ard in the ATR core are identical.

* Since the equivalent diameter used for calculating the preasurc loss for

flow in annuli is only a function of the distance between cylinders, and’
since entrance and exit pressure losees are a function of geometry, the
hydraulic characteristics of the extended core and the ATR core are
identical for the in-pile test loop Concept No. 2 described in Section 3. 2.,

.Concept No, 1 described in Section 3. 32 channels ATR cooling water

through the loop water jacket and then through two annuli. These annuli
are formed by the loop and the thermal neutron filter and by the thermal
neutron filter and the innermost extended core fuel plate. Thus the

hydraulic characteristics of this inner channel will differ slightly from
the extended core.

Since it is desirable to keep the pressure drop of the water flowing
through the water jacket equal to the pressure drop of the water flowing
through the extended core, the water velocity in the channels on either
side of the innermost fuel plate will differ slightly in Concept 1. This
velocity difference will cause a lateral pressure to be exerted on the inner-
most fuel plate. The effect of this pressure on the fuel plate stresses will
be investigated in the Title I work.

It has been indicated by the ATR designers that it is desirable to
maintain the lobe pressure loss at one-half the core pressure loss or less,
Therefore, the extended core and water jacket pressure losses have been

‘'set at 46 psi for both concepts. This gives a velocity of 30 feet per second

in the extended core in both concepts and a velocity of 26 feet per second .
inside the mnermoat fuel plate in Concept 2.

Since the power densities and radii of the extended core are less
than those of the ATR core, the heat fluxes, the fuel plate temperature
gradients, and the fuel surface temperatures will be less than those of
the ATR core. Comparison of Figure 6. 2 with Table 8. 7A, in 1D0O-16667,
(8), shows that a coolant velocity of 30 feet per second in the extended
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core will provide adequate cooling. Extrapolating from Figure 8. 7A,
indicates that a velocity of 26 feet per second in the channel between the
innermost extended core fuel plate and the thermal neutron filter will
provide adequate cooling for that fuel plate,
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7.1

1.2

7‘_.‘0 SHUTDOWN TEST SPECIMEN TEMPERATURE LIMITATIONS

ALLOWABLE POSTIRRADIATION TEMPERATURES

At any time after normal in-pile loop operation, temperature
of the individual fuel elements resulting from decay heating of the fuel, .
must be limited to prevent postirradiation changes in the metallurgical
- properties of the fuel. If excessive temperatures were permitted.to
occur after irradiation, the resultant changes in the properties of the
fuel element might be indistinguishable from the irradiation effects.

- To estimate the maximum allowable temperature after shut-
‘down for metallic, cermet, and ceramic fuel elements; data from post-
irradiation heating of the various elements were examined. This exami-
nation indicated that a surface temperature of 1000 F would be allowable
for the metallic and cermet fuels and that a much higher temperature
would be allowable for ceramic fuel. Above these temperatures, the creep
properties of the materials begin to decrease, and swelling may occur
‘because of fission gas pressure. The use of surface temperature instead
of central temperature is permissable since the temperature drop in the
individual fuel elements is very small after a decay time of one day.

, Subsequent to irradiation of metallic fuel pins, it may be advis-
able to avoid phase transformations caused by high postirradiation
temperatures If this is a limitation, a maximum allowable shutdown
temperature of 700 F would be specified for an alloy such as U-10 w/o Mo.

In summary, it has been estimated that maximum surface
temperatures of 700 F or 1000 F can be tolerated for the metallic fuel
systems and 1000 F for the cermet and ceramic fuel systems.

DECAY HEAT GENERATION

The decay heat generation from a test specimen bundle is a
function of the following factors:

1, Residence time of the bundle in the reactor.

2. Operating power of the bundle.

3. Time since reactor shutdown (deéhy time).

Calculations of relative decay heat generation were made for

several reactor residence times using the method employed by Perkins
(12). The results of these calculations are shown in Figure 7.1,

-
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7.3

If the coolant pump and heat exchanger are operated after the
reactor is shut down, the maximum fuel element surface temperature
will be approximately 200 F irrespective of decay time, The most severe
heat transfer conditions occur if the NaK coolant is drained from the fuel
bundle and if stagnant helium surrounds the elements within the fuel
bundle. Heat transfer calculations show that the fuel surface temperature
will exceed 1000 F in less than one minute. For this reason, the fuel

bundle must be immersed in NaK during all out-of -pile operations subse-
quent to irradiation.

If the coolant pump is shut down after the reactor is shut down,
the surface temperature of the fuel bundle will rise from 200 F to an
equilibrium temperature which is dependent on the decay heat generation
and the thermal resistance characteristics of the loop walls and helium
annuli. Heat transfer calculations have been made to determine the
equilibrium fuel surface temperature after 2000 hours of reactor opera-
tion prior to shut down. Calculations were performed with the loop
immersed in water (natural convection) and the loop in an air environment
(forced convection), The results of these cqlcula’tionl are shown in

Figure 7.2. The effect of radiation across the helium annuli was included
in all calculations. '

e

MINIMUM DECAY TIME

From the curves shown in Figure 7.2 it may be seen that once
the reactor has been shut down the pumps and heat exchanger must operate
for about 8 hours to insure that the maximum surface temperature of
1000 F is not exceeded for the cermet and ceramic fuel elements. An
additional 16 hours' decay in water are needed before the loop may be
removed from the water and exposed to air.

" For metallic fuels (if it is necessary to avoid the phase trans-
formation problem and restrict the temperature to 700 F) the pump and
heat exchanger must be allowed to operate for about 1-1/2 days before
shut down. ‘An additional two days' decay in water is necessary before
the loop may be removed from the water and exposed to air,
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8.0 LOOP HANDLING

GENERAL

Removal of the loop from the reactor vessel is necessary for in-
spection and evaluation of the fuel specimen at approximately 2-month
intervals, and also for loop maintenance. Replacement of the thermal
neutron filter and the extended core section will be required at approxi-
mately 2-month intervals, but this can be accompliahed without remov-
ing the loop from the reactor vessel.

The most significant factors involved in handling of the loop are
the size and weight of the loop, the radioactivity of loop components,
the fuel specimen decay heat, the reactivity of the NaK with air and
water, and the requirement to keep the loop in a position not more than
30 degrees from the vertical position. Calculations were made of the
source strengths of the NaK contained within the loop, fuel, and stain-
less steel components. The results are shown in Table 8.1, All
shielding requirements for loop handling and hot cell operations have
been based on these calculations,

The decay heat problem presents several complications. As
shown in Section 7.3, preliminary calculations of shutdown fuel specimen
temperature indicate that it is marginal whether or not the fuel specimen
can be adequately cooled unless the decay heat is removed by forced
cooling for about one day after reactor shutdown. Therefore, the hand-
ling procedures described herein are based on keeping the loop in opera-
tion.inside the reactur vessel for one day before loop transfer operations
are attempted. This requirement may complicate reactor operating
procedures; therefore, a more detailed study should be made of the decay

heat problem in the Title I Design to ascertain whether forced cooling is
required. |

The size of the loop as finally designed will determine the method
of removing the loop from the reactor. Removal and installation will be
either through the drop tube into the canal or out through the vessel head
into & loop transfer cask, Removal through the drop tube can be used for
both loop concepts described in Section 3.32. Because of space limita-

tions, removal through the vessel head can be uaed only in Loop Goncept
No. 2.

A detailed analysis of emergency conditions that might arise during

loop transfer operations, and of the methods of coping with these situations,
must be performed during the Title I Design.
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TABLE 8.1 - SOURCE STRENGTHS OF LOOP COMPONENTS

NaK Fuel Specimen  Stainless Steel
Decay Time Gamma Curies Gamma Curies Gamma Curies
0 1.21 x 104

4

1 Hour 1.16 x 10
2.4 Hours 1.63 x 1‘05 1.25 x 103
1 Day 3.99 x 103 9.3 x 104 1.18 x 10°
1 Week 5,14 x 100 5,33 x 10
1 Month 5.61 x 1072 2.48 x 104
1. The specific activity of the NaK at 0-time is 1.39 curies/cc.

The specific activity of the Na-22 in the NaK at O-time is 5 x 107
curies/cc. The soft gamma components of Na-24 and K-42 are

readily absorbed and therefore were not used in calculating the
shiéld thicknesses.

2. ‘One gamma curie z 3.7 x lo“’ gamma-photonn/ sec and is equal to
the actual curie value divided by the number of gammas per dis-
integration.

3. A reactor exposure of 10, 000 hours was used in the a.bove ‘
calculations, \
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8.2

8.3

LOOP HANPLING FACILITIES

The major facilities and equipment needed for handling the loop
are as follows:

1. Hot Cell - Description in Section 9. 2.

2, Cranes - Description in Section 8.51.

3. Loop Thimble and Transfer Car - Description in Sec;iqn 8.52,
4. Transfer Cask - Description in Section 8. 53,

5. Special Tools for handling loop in the reactor or in the canal.

6. Utilities and services for the loop during transfer to the hot
cell.

REFERENCE ‘LOOP HANDLING PROCEDURE

The reference metliqd of.lo’op installation and removal presented
herein is based on ATR Title I Drawing, ATR-1075-MTR-670-R-501. (13).

8.31 Removal Through the Drop Tube

The preparations requiréd' at the vessel top head and the
vessel discharge chute are as follows:

1. The head shield ring and loop transfer shield plate are
removed

2. The cover plates are removed from the access ports in
the vessel head that will be used ibr guiding the loop to
the drop tube.

3. The &‘ro_p tube cover is removed. '

4. The loop thimble is positioned in the ‘working canal be -
neath the drop tube.

Upon completion of the above preparations, the followmg
procedur(: is uaed' i

1. The loop leads to- the Juncnon at the top of the extenaxon
tube are discormected

2. The cable from the ATR 2-ton crane is attached to the
loop extension tube. The loop seal is broken, and the
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8.4

8.32

Installation Through Dr’ouube

loop is raised up through seal until the bottom of the
extension tube is several inches out of.ﬂxe-:i.ressel.

The removable support flange is attachéd to the main
body of the loop, and the loop is lowered until the sup-
port flange rests on the vessel head, The position of
the loop at this point is shown in F:gure 8. 1.

"The loop extension tube is disconnected and is raised

sufficien’tly_ to permit access to the loop leads located
at the top of the loop. The loop leads are disconnected

‘and the extension tube is .removed.

The cable from the ATR 2-ton crane is attached to the
loop, the loop is raised slightly, and the loop support
flange is removed.

With the use of special handling tools, which are inserted
into the vessel through the access ports, and with the use
of the crane, the loop is guidéd over to the drop tube.
The loop.is lowered through the drop tube into the loop-
thimble., The loop thimble is moved away from the drop
tube into a vertical position in'the working canal.

The drop tube cover, the vessel access port.covers, the

vessel shield ring; and the loup transfer shield plate all
are replaced,

The crane over the canal area is attached to the loop
thimble, and the thimble is placed in the thimble trans-
fer cart. The transfer cart is moved with the building
cra.ne to the hot cell location.

The procedure for x‘nata'llmg the loop through the drop-

tube is euentially the reverse of that given in the previous section
for loop removal.

‘ALTERNATE LOOP HANDLING PROCEDURE

I

The alte rnate method of loop ha.ndling presented herein is based

on ATR Title I Drawing ATR - 1975 -MTR-670-R-500 Revision O (14) and
ATR Delign Study S -R -64. (15)

8.41

Removal Through the Veuel Head

The preparations required at the vessel top head are as
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2

:Thg head nhield nng aud loop tundcr shield phte are

removcd

_‘Thc cuble from the ATR 2-ton crane is threaded through
_ the ‘cask adapter and through the appropriate hole in the
" loop transfer shield plate and is secured to the loop by

attaching hooks to lifting ttuchmentu located on top of

“the loop axtauliun mbe

The permanent loop lead comecuom are broken and

_ capped

The he&d ohield rlng and ‘he loop transfer shield plate
are reinstalied. The shield plate is indexed on the
thield r‘l'qg..

The cask adapter is seated and secured to the transfer

- shield plate.

In addition to the preparations at the top vessel head, the

loop transfer cask must be prepared to receive the loop ptior to
its removal from the reactor. The preparations required are as

follows:

1.

The transfer cask, m’xppohed by the 40-ton ATR crane,

is moved to a position adjacent to the reactor vessel head.

The loop supports in the transfer cuk are moved to the
retracted position.

The cask shielding valve is turned to the open position.

The cask crane hook is lowered so the hook extends out
through the bottom of the cask.

Upon completion of the preparations at the vessel head

and of the transfer cask, the loop is removed from the reactor by
the following procedure:

1.

The loop is raised by the ATR 2-ton crane until the bot-
tom of the loop extension tube is several inches above

‘the top of the cask adapter,

A removable support ring is attached to the main body of
the loop just below the loop extsnsion tube. The loop is
lowered, permitting the support ring to rest on top of the
cask adapter. The position of the loop and cask at this

point is shown in Figure 8. 2.
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The loop extenawn tube is ‘disconnected from the main

‘body of the loop. The tube is then raised about 1 foot

‘to permit a¢cess to the loop leads located at the top of
" the loop. The leada are duconnected from the loop, . and
the loop extension tubo is- hftad out of the way with t.he

2-ton ATR crma. ‘

'The loop transfer cuk is poutxoned so that it is directly
‘above thu lnop und about I foot above the top ot‘ the cask

'adnpta r.

The cuk crme hook in attached to the loop and the loop
is raised lu.iﬁcaently to permit removal of the support
ring from the loop.

‘The cask is lowered onto the loop transfer lhield phte
with the cask adapter lervmg as a centering gmde

The cask crane raises the loop np into the cask. The
arrangement of the loop and cask is .sho'vin in Figure 8.3.

The cask shield valve is turned to the clou poninon and

the loop aupporto are set to secure the loop.

The cask is raised off the cask adapter and the cask
adapter then is removed from the shield plate. The cask
is then ready to be transported to the hot cell.

8.42 Installation Through Vessel Head

The preparations required for installation of the loop are

as follows:

1

The shield plug is removed from the appropriate hole in
the loop transfer shield plate and the cask adapter is
positioned and secured to the shield plate.

The transfer cask containing the loop is positioned on
the cask adapter. The loop supports in the transfer cask
are retracted, and the cask shield valve is opened.

The loop is lowered by the cask crane until the top of the
loop is several inches above the top of the cask adapter.

The cask is raised by the ATR 40-ton crane until it is

several inches off the cask adapter. The removable loop
support flange is attached to the top of the loop; then the
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1%

‘loop is lowered by the cask crane untxl the support ﬂangc

restes on the cank a.dapter

“The cask crane hook is ducormected from the loop and -~
the cask is moved out of the way. with the 40-ton ATR
crane.

The loop ‘extension tube is attached to the loop, then the

.loop is attached to the hooks of the 2- ton'ATR crane.

The loop is raised slightly and the loop support flange is
removed Then the loop is lowered inta the vessel until
it rests on the ATR core support plate, The cable from
the Z ton ATR crane is dxsconnected from the crane hook,

The cask adapter is removed from the loop transfer

shield plate, and the shield plate and shield ring are re-
moved. The cable from the 2-ton ATR crane is ~slipped
through the. cask adapter and the shicld plate as they are

" removed. “Then the cable is disconnected frorn the loop.

The permanent loop lead connections are made up and the
double O-ring seal between the loop and the vessel head is
made up.

The vessel shield ring and the loop transfer shield plate
are installed, The shzeld plug is replaced in the hole in
the shield plate.

Transfer To and From Hot Cell

t

The principal requirement for the transfer of the loop is

that at all times the loop must be kept within 30 degrees of the
vertical position.

8.5 . LOOP HANDLING EQUIPMENT

8.51

Reactor Building Crane Requirements

A 40-ton and a 2-ton crane with approximately 30 feet of

headroom are required in the reactor building for handling the

loop and the transfer cask. The cranes must be capable of being
positioned directly over the loop test position. To prevent excess-
ive pulling loads on the loop during its removal from the reactor,
the 2-ton crane must be equipped with.a suitable device such as a
load cell or motor torque indicator.
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8.52

8,53

- To prevent dropping of the loop or cask, the cranes

‘must be equipped with a fail-safe braking device or with a
:guranteed power supply.

+

Loop Thimble and Thimble Transfer Cart

~ 1f the loop is removed from the reactor through the
vessel drop tube, a thimble is required in the pool to receive
the loop and then to support and protect it in the canal. The
thimble is a stainless- steel or aluminum cylinder, approximate~
ly B inches in inside diameter by 14 feet in length and capped on
one end. The walle and end cap are perforated to permit the
canal water to cool the loop. Handling lugs mounted on the
thimble wall are needed for lifting and for supporting in the trans -
fer cart. For positioning the thimble underneath the drop tube,
the concept shown on ATR Title I Drawing ATR-1075-MTR-670-
R-501 Revision O (13) appears satisfactory,

The transfer cart is needed to transport the loop in a
vertical position through the canal and to position the loop under -
neath the hot cell. . A 6-foot depth of water above the top of the

loop is. required to keep the dose rate above the gtorage canal
below 1.0 mrem/hr.

=%

Loop 'I‘nmfe‘r Cank

If the loop is removed from the reactor through the re-
actor vessel head, a transfer cask is required to receive the
loop. The basic design requirements of the loop transfer cask
are adequate shielding and containment. A conceptual drawing
of the cask is shown in Figure 8.4. Essentially, the cask con-
sists of two concentric steel cylinders with a lead-filled annulus,
fitted with-a shielding plug in one end and a ball valve in the
other end. The external cask dimensions are 32 inches in out-
side diameter by approximately 20 feet in over-all length and
the internal cavity dimensions are 10 inches in diameter by
approximately 16 feet in length. The thickness of the walls and
the end fittings is approximately 11 inches and is based on the
calculated thickness of lead required to reduce the dose rate to
10 mrem/hr at a distance of 1 foot from the cask surface with the

source strength shown in Table 8.1, The cask weights approxi-
mately 36 tons. -

The cask requires a l-ton capacity, motor-driven crane,
located in the upper end of the cavity, which will be used for rais-
ing, lowering, and supporting the loop. Over-travel of the crane
must be prevented, abnormal loads must be detected, and excess-
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ive loada prcvcnted Load cells. lOl’(]\N. mrasurvmc nts, power-
cut-off, hmzt swntches, etc., can be used to obtain needed control.
‘The crane must be provided with a fail-safe device such as a
magnetic -actuated brake which will prevent drop,smg oi the .oap
in the event of loss of power to the crane drive.

Two motor -driven, reel-type lead dispensers are re-
omred to handle the utility and service lcads for the loop if
operation of the loop in. the cask is reqmred The lead dis-
pensers are located near the top of the cavity. Some means is
required to control the rcel-in of the leads so that they do not
become too slack or too taut. This control could be accomplished
by proper coupling of the crane and lead ‘dispenser drives.

The ball valve, located in the lower end of the cask, is
reguired to providv access to the cask cavity. This closure
device must provide adequate shieiding and pressure containment
'1megtﬂ,y, and must be removable for ma.mtenancc or replacement.

The valve can be manually operated with a crank ar rangcment or
it can be motor operated.

A removal plug in the top of the cask is required for
access to the crane and the reel-type, utility-leads dispenser.

The plug must be offset a.nd gasketed to maintain shielding and
containment integrity.

Positive supports are required ineide the cask to restrain
lateral movement of the loop. These supports must be retractabie
to provide sufficient clearance when the loop is raised o1 lowered
in the cask. Penetration of the cask body by the support actuat-
ing-mechanism muet be offset and sealed to maintain the shielding
and containment effectiveness.

A single-phase, 110-volt, a-c supply for the loop crane
and lead dispenser reels is required. If operation of the loop in
the cask is required, a 3-phase, 220 volt, a-c power supply for
temporary operation of the loop pump will be required. A
supply of coolant to the loop heat exchanger equivalent to 5 gpm
of 100 F water will also be nceded. A potentiometer or other
device is needed to monitor the temperature of the loop coolant.
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9. 0 HOT CELL REQUIREMEHTS ANB PRDCE‘DURES

"GENERAL DBSIGN REQUIREMENTS

A rcview of the umihhie hot mu !tcihtiu at the ﬂRTS indicates

that theae facilities are not suitable Inr the hm&ung of the test loop

because of limitations in cell height. chmlding. openings, and atmos -

‘phere control.

‘This section of the report covers the requirements and dur, rip-
tion of a hot cell concept intended for the handling of the test looy The
basic (\mctiuu of the concept as prelented herein is to provide 3 facility
in which fuel specimens can be loaded into and/or removed from the ‘
test loop. This concept does r.ot cover the methods and equiptmnt con-
cepts reguired for the poctirudittian examination of fuel specimens,
as discussed in Section 9. 5. - However, “the hot cell concept does pro-
vide the basic requiremcnu of space, shielding, cranes, mmipuhtou.

and environmental control to accommodate the postirradiation inspec-
»tion equipment if desired.

The principal operations that the hot cell :co‘@ceyt’ covers Are ap
follows:

1. Cutting and disassembling the bottom closure section of the
loop.

¢, Containing and measuring the NaK drained from the loop
dunng disassembly.

3. Removing the irradiated fuel .lpe{:itt)_en from the loop and
transferring it into a storage containes.

4. Inserting the fuel -pééimem into the'ioop.

5. Refilling the loop with the required quantity c! NaK and
helium gas.

6. Reassembling the bottom closure section of the loop.

7. Testing the reassembled loop.

To perform these operations, the hot cell duign must provide the
following requirements:

1. Sufficient head room for handling a full-length loop.
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to perform necnnary ope rations.

Suitable tools .&M {ixme- to pa.rtbr.m ﬂgbcn'urjopcniiom;'

Supply of loop utilities,

Humidity- and temperature-controlled atmosphere. NaK.and sur-

faces axpowd to NaK must be covered with dry inert gas at tu
times.

9.2 DESCRIPTION OF HOT CELL

9.21

9.22

General

The priac:pal structural features and the general equip-
ment arrangement for the conceptual hot cell are shown in Figures
9.1 and 9. 2. The hot cell is located over the storage canal. The
loop, in the thimble, is pmithnnd directly under the port in the

cell floor. The hot cell crane raises the Joop directly into the hot
cell.

Figure 9. 3 shows the hot cell medified to permit the
loop to enter through an access port in the cell roof if the loop is
transferred irom the reactor by the transfer cask.

Cell Structure,

The internal cell dimensions are 8 feet by 8 feet square
by 25 feet high and are based on having two loops in the cell
sirnultancously, The thickness of the cell wall is 74 inches of
concrete, 144 pounds per cubic foot density, and is based ona
maximum dose rate of 0. 25 mrem/hr at the external cell surface.

’
o
N.
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9.23

‘Preliminary calculations of the thickness of shielding
materials for the hot cell reqmred to reduce the dose rate to

. 0.25 mrem/hr at the surface are shown in Table 9. 1.

‘There are numerous penetrations in the cell structure.

‘There is a removable stepped plug, approximately 5 feet in

diameter, in the cell roof to provide access to the cell crane,

cell dry box, gas scrubber and cooler, and other large equipment,

The loop access port is located in the cell floor. This port is
approxzmately 10 inches’ in diameter and is iitted with a remov-

"able stepped plug. There are four penetrations for viewing

windows. Two of the windows are approxxma.tely 36 inches by

36 inches and are located in adjacent walls at the level of the

cell dry box. The other two windows are approximately 36

inches by 36 inches and are located in adjacent walls approximate-
ly at a level corresponding to the top of the loop. Other pene-
trations accommodate the two master -slave mampulators, the
cell ventilation ducts. the cell utility lines, the loop utility lines,
and the cell drain line. All penetrations must be duxgned so that
the cell conta.mment is not breached.

The cell interior is lined with stainless steel to pro-
vide leak-proof containment of the cell atmoapbere and to simplify
cell decontamination. Brackets welded to the steel liner serve
to position and support the loop_s.

Cell Equipment

The main cell equipmient items are the traveling crane,
the master -slave manipulators, the mechanical arm, and the
dry box. Minor equipment contained in the cell includes cell
lighting. fixtures, utility lines and fixtures, and a filter on the
inlet to the exhaust ventilating duct.

The cell is equipped with a. remotely operated l-ton
crane to be used for handling of the loops, the dry box, and
other large equipment. The crane is located on tracks at the

top of the cell and is capable of movements that cover essen-

tially the entire cell area and all elevations within 1 1/2 feet
of the cell roof. Suitable limit sthches are required to pre-
vent over-travel of the crane, and fail- safe protective devices
are required to prevent dropping of equipment in the event of
loss of power to the crane drive.

The cell is equipped with t'(wo sets of through-wall,

master-slave manipulators and a single wall-mounted manipula-
tor such as the General Mill Mechanical Arm. One set of
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TABLE 9.1 - HOT CELL SHIELDING REQUIREMENTS

Tim'e'"Afte"r " Number Hot Cell Shield Thickness (Inches)
Shutdown of Loops ‘ - Concrete -Density.
(days) in Cell Lead ~  of 144 1b/ft3 Steel
0 1 13 1/4 68 22
5 1 12 62 -20
‘0 2 74
5 2 67
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9, 24

master-slave manipulators is uaed prlmanly to assist in the

dry box operations, and the other set is located to assist in the
loop handling operations. The mechanical arm is. mounted on
a wall of the cell and is loca.ted to service the lower reg:on of

‘the cell

. An mert-atmosphere dry box is included in the cell
for the unloading and loading of the loop The dry box, a
cylinder 2 1/2 feet in diameter and 8 feet long, is located on’

the cell floor in an upright poution A detailed description of

the dry box is given in Section 9.3 (See also Figure 9. 4)

Ccll 1llummat10n, -as required, can be anpphed by .

sodium vapor lamps or other lighting units that may be rcad:ly
replaced.

‘Cell Se rvices

The services required for the hot cell include electric
power for the loop and the cell equxpment instrument, air,

process air, and water These requirements are summarized
as follows '

Electric power

480-volt, 3-phase, SO-ampofe. 60-cycle, failure-free

Instrument Air

Pressure - 0 to 100 psig

Clean Process Air

‘Hot cell ventilation

Pressure - | to 5 inches of water less than the
surrounding cell atmosphere.

Temperature - 75 to 85 F
Humidity - Essentially bone dry
Quantity - 800 SCFM

Quantity - 440 SCF per week, (2 cylinders/week)
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9.3

Dry box pressure - 3 inches of water less than
cell pressure

~Vacuum - as required for dry box evacuation in
‘Section 9. 3. '

Wate

. D

Clean, filtered water supply
Pressure - 100 psi

. Quantity - 50 gallons/ month
Temperature' - 85 F minimum

9.25 Cell Ventilation

The ventilation inlet and outlet ducts are located at the
top and bottom of the cell, respectively. Clean, dry air, main-
tained at a temperature of 75 to 85 F, is supplied to the cell at a’
rate of one-half cell volume per minute. The cell is automatically
maintained at an internal pressure that is from 1 to 5 inches of
water pressure less than the external cell pressure. A replace-
‘able absolute filter is placed at the inlet to the exhaust duct; the
filter efficiency is checked continuously by monitoring the exhaust
air down-stream of the filter.

LOOP INSTALLATION AND REMOVAL FROM HOT CELL

To transfer the loop into the hot cell from the storage canal, the
loop is raised out of the canal and into the cell through a port in the floor
of the cell. To transfer the loop into the hot cell from the transfer cask,
the cask is positioned on top of the hot cell and the loop is lowered from
the cask into the hot cell Ehrough-the valved access port in the cell roof.

If necessary, loop operation can be maintained during these trans-
fer operations by use of flexible leads. Once the loop is inside tﬁxe cell
it can be operated off the cell services, and the temporary leads/can be
disconnected and removed.

Within the hot cell, handling of the loop is accomplisled by use
of cranes, mechanical arms, and manipulators. The only cgmplicated
operations performed on the loop are the removal and reins llation of
the fuel bundle. These operations are carried out in the dry;box and are
discussed in the following section.
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9.4 HOT CELL HANDLING PROCEDURES

9.41

9. 42

_Rémovable Loop Closure and Specimen- Removal Container

A conceptual design of an irradiated-test-specimen re-
moval container is shown in Figure 9.5. This device is used in
conjunction with the removable loop closure stown in Figure 9.6
to permit removal of the fuel bundle in a NaK environment. This
handling procedure is required as a result of decay heat calcu-
lations, which indicate that excessive fuel temperatures will -
occur if the NaK is drained before removing the fuel bundle

from the loop. The decay heat problem is discussed in Section
7.0. ' :

‘ The irradiated-test-specimen removal container has
external cooling fins to facilitate the removal of decay heat from

the irradiatec'l;?apeéi ns. The xontaiper contains a three-

fingered extractfng tool use¥ to pull the irradiated test specimen

out of the loop’and into the cohtainer. The extracting tool is

attached to the tool holder which is moved vertically in the con-
tainer by three lead screws driven simultaneously by a planetary
gear train. Double-gland seals with a NaK drain between the
seals are used where the lead screws penetrate the bottom of the
container. A removable upper cap is provided for maintenance
of the internal parts of the container. The cap contains O-rings
for sealing the container to the loop during test specimen removal
operations. A container cover will be provided for attachment to
the upper cap during container handling operations. Thermo-
couples will be installed in the container to measure the NaK
temperature. A description of the removable loop closure shown
in Figure 9,6 is given in Section 3. 21.

Dry Box‘

Since it would be very difficult to clean the dischérged
loop if the NaK system were exposed to air, the environment in
which the loop is unloaded and reloaded must be moisture-free
and oxygen-free. To avoid the necessity of designing the entire
hot cell for the high-purity inert atmosphere required, a smaller
dry box is provided for use as a separate unit within the hot cell.
A conceptual design of the dry box is shown in Figure 9. 4. The
dry box consists of a vacuum-~-and gas-tight chamber about 8 feet
high and 2-1/2 feet in diameter. It contains all the machinery
required for opening, unloading, recharging, and resealing the
bottom end of the loop. Mechanical penetrations are kept to a
minimum,  and, wherever practical, electric motors are used
for operations within the box.
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9.43

The upper portion of the dry box consists of a bell jar
which may be readily removed for access to the planetary tool
carrier. A cunlering chuck, independent of the bell jar, is mount-
ed above the tool carrier on a frame that is, in turn, rigidly attach-

‘ed to the carrier support table. Suitablc remotely adjustable
cutting and welding tools are mounted on the tool carrier, and a

rotating chuck is attached to the lower end of the hollow tool

‘carrier spindle. The tool carrier and rotating chuck assembly

are driven by a variable-speed motor.

The lower portibn of the dry box contains six swing

carriers, arranged in two tiers of three so tht the required con-
_tainers and fittings may be aligned under the ldop as needed,

The three lower carriers handle the itudia.ted-telt-lpecimen
container, the new test upecimen. and the- udhactive -NaK con-
tainer and scales, The three upper carriers handle the
irradiated -test-specimen container cover, a chip cup for meul
turningo from the cutting operations, and a radivactive-NaK con-
tainer cap. Access to the lower chamber is required for install-
ation and removal of the radioactive-NaK and irrvadiated test
specimen containers and for maintenance of dry-box equipment.
The dry. box and the entire top portion is removed as a unit.

v

‘High-purity helium is used as the cover gas in the dry

‘box. Purging and helium purity control in the dry box are accom-

plished by use of a high-vacuum pumping lyntem coupled with a
high-efficiency gas scrubber and cooler.

A detailed written procedure for handling the loop within
the hot cell will be provided in the Title I design. The equipment
will be tested in dry runs and instalied in the dry box and the. hot
cell beforeé the unloading operations start. The following procedure

outline will serve as a guide for the design of the required equnp-
ment.

Dry Box Preparation ‘ ’

.

1. Carefully purge and install NaK in the irradiated-test-
. apecimen/conta.iner (Figure 9.5) to the level of the NaK
drain line. Check NaK quantity by weighing the con-
tainer before and after filling and hoting the NaK
temperature, -

2. Inatall irradiated-test-specimen container in ite swing
carrier.
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3.. Weigh the radioactive-NaK container and place on the
scales mounted in its swing carrier. Adjust swing
carrier scales for zero reading with the container cap
removed. Place the container cap in the proper upper
swing carrier.

4. Place new test specimen in the new test specimen
carrier.
. 5. Test operation of the lower dry box drives and manipu-
lators.
6. Place chip cup in the ’iu_'oper nppér swing carrier.
7.  Install the tool carrier table and check out operation of

all components.

8.  Install the bell jar and place the plug in the opening
through which loop will be introduced.

9. Evacuate dry box and test for leaks by noting loss of
vacuum. If box will n~t hold high vacuum, it may be
necessary to test with helium and a mass spectrometer
to locate the leaks.

9.44 Loop Unloading Procedure

‘ Flexible connections in the NaK and helium fill lines, and
at the top of the loop will permit about a 2-foot vertical motion
and a 3-foot lateral rotion so the luop may be manipulated as re-
quired in the following steps. Prior to installation in the dry box,
the flexible connections will be connected to the corresponding lines
on the loop. The unloading procedure provides for continuous NaK
immersion of the irradiated test specimen to prevent excessive
fuel temperatures caused by decay heat.

1. Bleed helium from the outer annulus of the loop and
take sample for analysis. Check the leak-detector
indication for NaK in the loop end cap (Figure 9. 6),
The presence of NaK or fission-product gases in the
helium buffer zone will dictate delay in opening the
loop and the neéd for special precautions. '

2. Remove the bell jar from the dry box and blace center-
ing fitting for loop end cap in rctating tool carrier.

3. Lower the loop into the fixed centering chuck until

approximately in position for cutting-off the loop end
cap above the weld.
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10.

11.

12.

13,

15..

16.

Fit cutting tool and machine off the loop end cap.

Withdraw the loop from the chuck, and remove the cap
and centering fitting from the cutting machine.

Seal the bell jar'to the top of the dry box, mtroduce
loop through the vacuum-tight glands, and secure in
the fixed chuck.

Vent helium from the NaK system and take sampie for
analysis. (Special procedures may be required as
dictated by the gas analysis. )

Start up the vacuum pump on the dry box, and make a
leak test.

Reduce the dry box pressure to 0.1 micron of mercury
to a\sure reasonable outgassing of internal parts.

Start up gas scrubber and introduce purified helium in
the dry box. Maintain the dry box atmosphere about 3
inches water pressure negative to the hot cell.

Adjust the helium cover-gas pressure in the loop until it
is less than the gas pressure in the dry box by an amount
equivalent to the NaK head above the bottom. of the loop.
(This reduced pressure should prevent NaK leakage
through faulty internal mechanical seals. )

Machine off the seal weld on the lower lock screw.

Engage lock-screw removal wrench on tool ca.rner. and
remove lock screw,

Equalize gas pressure in irradiated-test-specimen con-

“tainer and dry box through vent in container cover. Note

the NaK temperature in the container.

Lock the irradiated-test-specimen container in the swing
carrier and clamp the container cover in the rotating
chuck. Rotate chuck to remove cap. Lower irradiated-

test-specimen container and place cap in proper upper
swing carrier.

Align the irradiated-test-specimen container, and ql;vate
through the too-carrier spindle until the extracting tool

is engaged with the upper lock screw. (The lower end of

the loop should now be sealed to the spent fuel contamer

- as shown in Figure 9.7.)
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17.

18.

19,

20.

21,

22.

23.

24.

" Clamp container into the rotating chuck.

Using NaK drain line, pressurize irradiated-test-speci-

"men container with helium and test for leaks. If satis-

factory, reduce to pressure in dry box and close off
drain line.

Slowly rotate the irradiated-test-specimen container until

the upper lock screw is free. Count the revolutions to
determine when the screw is free. If the irradiated-
test-specimen is free in the loop, the test specimen ex-

tracting plug will follow the lock rut and engage the ex-
tracting tool.

Loosen the specimen container in the rotating chuck,
elevate the container, and rotate in small increments
until a lock between the extracting tool and the test

‘specimen extracting plug is assured.

‘Actuate the extracting tool screw drive and withdraw the

test specimen into the container (see Figure 9.7). The
number of revolutions of the screw drive established

by counter, the load on the tool carrier motor, and a
gamma ray counter in the lower dry box chamber should
indicate when the fuel is fully withdrawn.

‘When the test specimen extracting plug is loosened in
step 19 or 20, NaK from the loop will flow down around

the extracting tool to fill the void above the NaK installed

in the irradiated-specimen container. The displaced gas
-should bubble up into the loop. Thus, when the test

specimen is fully extracted, the quantity of NaK above

the container drain line elevation will equal the quantity
installed in the loop plus an amount equivalent to the in-
crease. in volume of the NaK installed in the irradiated-
specimen container produced by thermal expansion, the
arnount displaced from the container by the test specimens,
and the NaK lost by leakage through the mechanical seals.

Resd the temperature of the NaK in the irradiated speci-
men container. '

Place the empty radioactive -NaK container next to the
irradiated-test-specimen container and position the NaK
drain line over the empty NaK container.

Open the NaK drain-line cock and equalize the dry box
and loop cover-helium pressures.
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25. When the NaK stops flowing, purge with helium from the
loop-to dry box. (Carefully note.the increase in weight
of the NaK containgg and the NaK temperature in the
irradiated-test-specimen container. )

26. Release the irradiated-test-specimen container from
the rotating chuck and withdraw about two inches below
the bottom of the loop. Flush helium from the loop into
the dry box until NaK stops dripping.

27. Withdraw the irradiated-test-specimen container into
the lower dry box chamber. Swing the irradiated-test-
specimen container cover into position and tighten -
with rotating chuck.

28. Center the radioactive-NaK cover in the rotating chuck
and install on the NaK container.

9.45 Installation of Fuel Bundle Into Bottom of Loop

1, Align new test-specimen carrier and install test speci- -
mer in loop, using rack and pinion drive on swing carrier.
(The carrier c_onni'stq of a guide tube with a rack and
pinion operated elevator. )

2. The new upper lock screw is installed on the swing-
carrier tool at the time the fuel bundle is placed on the
carrier. When this screw contacts the threads in the
loop, clamp the carrier tool in the rotating chuck and
tighten the screw. (Note the motor load.)

3. Pressurize the loop NaK space with helium and test for
leakage by loss of pressure method.

4. Remove loop from dry box and set dry-box bell jar to
one side,.
5.  Clean the lower lock screw threads with alcohol and dry

with acetone,

6. Replace the loop in the fixed centering chuck and install
new scal plug and lower lock screw. (Note the motor
load. )

7.  Set up welding jig and seai weld the lower lock screw to
NaK containment vessel.
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9.46

8. Check weld integrity.  (Investigation of an X-ray inspec-
tion system using the gamma rays from the shell is
suggested. )

9. Install new loop end cap.
10. Set up welding jig and weld,

11, Fill helium buffer space in loop and test outer weld
with mass spectrometer leak detector.

The loop is now ready for refilling with NaK and recharg-
ing with the desired helium pressures for operanon The proced-
ure for initial filling may be followed.

After the loop ie resealed and ready for transfer to the
reactor, the dry box tool carrier table is removed and the
irradiated fuel and irradiatéd NaK containers are discharged from
the dry box. Prior to tranefer out of the hot cell, a safety cup is
sealed to the bottom of the irradiated fuel container to cover the

gear drive and screw shaft and seals.

NaK Filling Procedure

The filling equipment has been used by Pratt & Whitney
Aircraft for the filling of the PW-19 experiment in the ETR.
With minor modifications, the existing equipment can be used for
filling the fast reactor fuel test loop. In writing the detailed
filling instructions for this loop filling instruction, CNLM-1192,
("'Filling Instructtonl for the Pratt & Whitney Forced Convection

Liquid- -Metal In-Pile Loop Experiment, PW-19") may be used as
a guide,

The amount of NaK required to be charged into the loop
is critical., Since it is expected that some NaK will be entrapped
and retained in the loop, the amount of NaK drained from the
loop when removing the test specimen will have been carefully
measured for replacement. After the required amount of purified
NaK is inserted in the loop NaK container and the liquid -metal
transfer is completed, the fill tube is capped at the top connec-
tion and checked for leaks. The liquid-metal and helium systems
will then be pressurized through the helium fill tubes, and inspect-
ed after sealing by a mass spectrometer leak check. If a weld

seal is used, a liqmd penetrant innpection will become an addi-
honal requirement

| Since the _loop will be in the hot cell during filling, the
fill stand will be connected to linkages on the hot cell, which are
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in turn connected to the loop. Permanent through-cell NaK-

fill lines will be installed in two locations for the reference hot
cell and at one location for the alternate hot cell. Flexible

leads with suitable leak tight fittings will be attached to the NaK-
fill line and helium-fill line and the top loop connections will be
equipped with suitable back-pressure valves to prevent back-
leakage of helium and/or NaK respectively when the flexible

cell leads are disconnected. After the filling process is per-
formed and the NaK line pressurized to assure complete line
drainage, the flexible NaK-fill and helium lines will be removed
at the top loop connections, capped, and leak checked. The
other connections Ca_n be removed later as desired or convenient.

Protective clothing and face shields will be provided
for personnel handling NaK. Adequate safety regulations for
the handling of NaK will also be provided. To protect against
fires, steel pans of ample capacity to contain all of the NaK in
the filling system will be placed under the loop and the fill
system. These pans will be filled with Ansul Chemical Com-
pany's Met-L-X to a depth of 3 inches. Adequate Met-L-X fire
extinguishers will-also be provided.

EXAMINATION REQUIREMENTS OF ATR FAST LOOP FUEL SAMPLES

Upon removal of a fuel bundle from the loop, it will be necessary
to do the tests shown in Table 9.2 on ceramic, cermet, or metallic
fast reactor fuels. These are certainly not the only tests which might
be required by various experimenters but are considered to be typical

of the ones that would be required by APDA if they were irradiating fuel
bundles. :

If the fuel is manufactured with plutonium, it may be nece asary to
do the post-irradiation examinations in a hot cell equipped for alpha

activity or in a hot cell with a glove box facility for, limiting the spread
of plutonium.
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/ .
TABLE 9.2 - FAST REACTOR FUEL EXAMINATION REQUIREMENTS

Work to be Done Fuel Type

Ceramic Cermet Metallic’

Before Removal of Fuel from Bundle

1. Ma,cro‘ and Visual Inspéction (up .to 30X) x X x
i 2. Measurement of Fuel Spacing X S x

Afté: Removal of Fuel From Bundle -
Nondestructive Testing

‘Macro Inspection (up to 3.05() ) N

| x x X
2. Macro Phdtogréghy x x x
3. Fuel Outside Dimensions x x x
4, Denéity and/or Weight x x x
5. Gamma Scan for Relative x x x
Activity and Fuel
Redistribution .
6. Electrical Resistivity - x x.l
7. Leak Detection x - x b
8. Measurement of Meat by NDT x - x&
(if possible)
9. Fission Gas Release and x - x2
Reseal of Tubes
10. Auxiliary Dosimetry Elements X X x
After C‘o'mp_llétion of Irradiation
.Studies - Destructive Testing
1. Fuel Clad Stripping x - xZ
2. Metallography x X X
3. Fuel Density X x x%
4. Radiochemical Burnup x x x
5. Strength Properties - x x

! Clad integral with fuel.

Sodium bonded elements.

%
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Al,

APPENDIX A - PHYSICS

Basic Feasibility Computational Model

To determine basic feasibility, a nominal and perhaps somewhat
schematic model of the test lobe has been considered, however, the model
chosen maintains all the characteristics of the actual lobe that signifi-

‘cantly effect the neutron physics of the system The most obvious simpli -

fication is the use of one dimensional cylindrical geometry to mock up the
rather complex geometry of the actual lobe. A picture of the actual khape
of the lobe is given in Figure 4.1. ' The specifications for the reference
design model are given in Section A3.

Outer radii defining the regions of ‘the cylindrical model used
here are given in Table Al. The radii. used for the various regions gp ven

‘in Table Al were obtained in the followmg manner:

Region 1 - A test sample radius was chosen that would both
accommodate large fuel pin bundles and fit com-
fortably within the flux trap defined in Figure 3. 3A
of Reference (8).

Region 2 - The test wall tlnckness was fixed at a value appro-

' priate te for the piessures and temperatures expected
in the test aample ‘Test wall coolant is included
in this region. '

R'e,_g.i‘on 3 - The thermal neutron filter was arbitrarily chosen
' to be 1/8-inch thick for the initial physics computa -
txons

R‘egions 4,5 - “Radii defining the core were taken directly from:

: Reference (21), For simplification, ‘all space between
‘the core and ﬁlter is considered the flux trap

' Region 6 - The outer radius defining the aluminum A 1 wall was
chosen to give a ‘wall thickn‘ess of 0. 090 inch, =

Region 7 - Outer radms of the reflector was ta.ken from Refer-
‘ ence (21).

Reg’idn_ 8 - Smce the physxcs computa.tlon is quite insensitive to
' : shield thickness, the outer ra.dma of the shield was
chosen quite a.rbztrarily
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TABLE Al - REGION RADII FOR BASIC FEASIBILITY MODEL
(CYLINDRICAL GEOMETRY)

Region Number Region Name: Outer Radius (cm)
. Test Sample 1.905
2 Test Wall 3.811
3 Filter 4.128
4 " Flux Trap 7. 62
5 | Core 13.97
6 Aluminum Wall 14. 20
7 Reflector 3l. 12
8 ‘ Shield 61.12
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A summary of region compositions is given in Table A2.. Va.lues
for the reactor proper are basically those given for the ATR in Refer-

ences (8) and (21), Values for the test sample, test wall, filter, and flux °

trap (Reg;ons 1 through 4) are discussed below.

Test Sample - A nominal test sample of 19 fuel pins was
‘chosen. To insure maximum power the pins'

Test Wall -

Filter -

.

were assumed to consist of high density Pu0,.
The effects of dilution are discussed in Section .
4.42.  The effect of cladding is neglected A

- pin. diameter of 0.212 inches was chosen; this
" ‘represents a typical value for oxide-type pins.

The remaining volume is occupxed bx liquid
sodium of 2 density of 0. 819 gm/cm”. The
test eample region compositions result from
hombogenization of the above components The
total test fuel volume resulting fromn the above

.dimensions represents a near maximum for this

test loop. However, any results concerning *
feasibility from the point of view of pin power
and power depressions across the loop will also
hold or be conscrvative when applied to smaller
test fuel volumes with equal or lower fuel
concentrations. i

A natural choice for ’zlxe test wall compo.bi'tio'n

is stainless steel. For physics computations,
stainless steel will be mocked up with iron. The
test wall region is composad of 0.3125 v/o
liquid sodium for cooling purposes. Density of

the sodm_m is taken to be 0. 86 gm/cm3.

Boron is choa_ex; as the filter_ material. It
effectively shields thermal neutrons and offers -
some shielding to neutrons whose energies

correspond to those of the high cross-section

resonance regions of the test specimen.

‘Further, boron cross-sections over a wide .

energy region and the physical characteristics

_of boron compounds are kncwn quite well.

‘Several boron concentrations are analyzed in

order td’,provfxde a range of power levels and
power depressions. The specific concentrations

' chosen arc given with the results in Table 4.1 of

the main body of the report.
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TABLE A2 - REGION COMPOSITIONS BY ELEMENT

Re gion Number

Axial buckling =

FOR BASIC FEASIBILITY STUDY

Regiqn Name

Test Sample
Test Wall :
Filter

Flux Trap

Core

Aluminum Wall
Reﬂector '

Shield

0.000533 cm™2

Element

Pu-239
(o)

Na

Fe

Na

B

Al

H

O
U-235
U-238
Al
qe

0

Fe

B

Al

Be

H.

o

Fe

H

0O

-162-

Elemental

Number Den51t2r4
(atoms/cm x 10

0. 008607
0.017214
0. 01338
0, 05842
0. 007038
Variable

. 0543

. 00654

, 00327
,0003223
. 00002426

0266
. 03652 \
.01826

. 0005222
00002713
0. 0603
0.1108
0. 00654
0.00327
0.0316

0.0410

0. 0205



AZ2.

Flux Trap - The flux trap as envisioned by those interested
in thermal flux loop testing consists mainly of
moderating material. However, for the case at
hand, moderating material in the flux trap
medium must be kept at a minimum to allow the
passage of fast neutrons to the test sample.
Aluminum was chosen as the chief material for
this region; 10 v/o water was allowed for cooling
purposes. Water density corresponds to a
temperature of 158 F.

The physics analysis has been based/chiefly on 16-group diffusion
theory in one-dimensional cylindeiamdrgeometry as-solved by the digital
computer code AIM-VI. The code is an extension of AIM-V, which is’
described in "AJM-VI?A'Multigroup. One -Dimensional Equation Code."(16).
A single pin analysis not employing diffusion theory is discussed in
Section 4.32. Also, the uncertainties involved in the use of diffusion
theory to predict neutron transmission. through the highly absorbing
neutron filter are discussed in Section A.5l.

Cross Sections

The chief source of the multigroup cross sections including
fission spectrum is the 16-group library 3W-383 compiled by Atomics
International and currently used with the digital code AIM-VI. Energy
definition of the groups is given in Table A3. Exceptions to the source
mentioned above are discussed below by element.

Pu-239

There is no Pu=239 in the 16- -group library mentioned above.
The 16-group values for Pu- 239 that have been used are. nommally those
gwen on page 623 ‘bf "Computational Survey of . Idealized Fast Breeder
Reactors. ' (17). However, the fission and capture cross section in the
region of resolved resonances must be discuued further. The flux
spectrum transmitted through the low-energy neutron filter is such that

this resonance region accounts for a large fraction of ‘the. absorptxon '

rate in the sample. Precise determmations of the group cross sections

yinvolved (Groups 9 through 12; 14, 15) tequire a rather complex compu-
‘tation utilizing apecific knowledge of operating tempera.ture. sample size
and composition, and composition of coolant. Therefore, for the purpose
“of ‘establishing fea-ibihty of the filter concept. cross -section limits have
‘been established that bracket the true group values. Analyoea will be

_iperformed using both the upper and lower hmit to the cross section in
.the reuomnce region.,_-.]

by

I An obvious upper limit will be the capture and fis oion crosa
sectiona that corralpond to infinite dilution. Thele are the values givan
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TABLE A3 - SIXTEEN-GROUP SPECIFICATIONS

Enerngange

3 - 10 mev
1.4 - 3
0.9 - 1.4
0.4 - 0.9
0.1 - 0.4

17 - 100 kev

3 - 17
0.55 - 3
100 - 550 ev
30 - 100

10 - 30

3- 10

1 - 3
0.4 - 1
0.1 - 0,4

Thermal (. 025)

Lethar gy Range

0
1,204
1.966
2. 408
3,219
4, 605
6.371
8.112
9,808

11,513

12.717

13. 816

15, 020
16. 119
17. 035
18, 421

J164-

- 1.204
1. 966
2.408
3,219
4,605
- 6.377
- 8.112
- 9.808
-11,513
-12.717
-13.816
-15, 020
-16.119
-17.035
-18.421
- arbitrary

_é_t._x_
1, 204
0.762
0. 442
0.811
1.386
1.772
1.735
1. 696
1,705
1. 204
1,099
1.204
1,099
0.916
1.386
arbitrary



on page 623 of Reference (17). A lower limit has been established with
the aid of Figures 3 and 4 of Reference (17). Here, group cross sections
are plotted as a function of the effective total scattering cross section
per absorber atom for a homogsneous mixture. An effective value of
scattering per atom that takes into account the heterogeneity of the
system is estimated for the system of Pul, pins in sodium. (See page
175 of "Neutron Self Shielding. ' (18)). The resulting value is 10 barns
per atom. Since the effects of Doppler broadening have thus far been
omitted, the group cross sections in the resonance region corresponding
to a scattering cross section of 10 barns per atom represent a lower
limit. Specific values were obtained from Figures 3 and 4 of Reference
(17) mentioned above. The resulting upper and lower limit group cross
section in the resonance region are summarized in Table A4.

Since it is expected that high operating temperatures will be
attdined in the test samples, Doppler broadening may be expected to
significantly increase the true cross sectious above the lower limit
values given in Table A4, However, the resulting true values will be
biased toward the lower cross section limits (with the possible exception

of Group 9) unless the moderation of the test sample region is significant-
ly increased,

‘An accurate value of thermal cross section (Group 16) is rather
difficult to obtain because of the complex nature of the thermal flux
spectrum in the test sample. However, contribution to total sample
power from this group is almost negligible so that the analysis is quite
insensitive to the thermal cross section values chosen. A nominal value
was obtained by assuming the thermal spectrum to be a ‘Maxwellian dis -
tribution corresponding to the core temperature (158 F). The resulting
capture and ﬁssion cross-section values are used in conjunction with the
lower limit resonance values and are given in Table A4. Thermal cross’
nection values uaed in. conjunction thh the upper limit cross sections
in the resonance region were taken directly from page 623 of Reference
(17).- These values are repeated in 'I‘able A4,

U-235

Cross -section values for U- 235 are those of the lb-group
’library mentioned earlier with the following exceptions~ capture and
fission cross sections in Groupa 11 and 12 are altered to take into account
‘the effect of finite dilution in the core; the thermal- values (Group 16) of
‘capture and fission are adgusted to correspond to a Maxwellian distribu-
‘tion of thermal neutron flux for the core ‘operating temperature, Alter-

‘ations in the resonance region utilize Figurea 1 and 2 of Reference (17)
The revued values are. given in Table A4, '

'Since‘a_n analy's‘is--oi ura'ni\;'m oxide as the:_'sgmple*materiol is
included, the Uf235“'cro'ss-s'e‘ctiogs; in the region of resolved resonances
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TABLE A4 - SUMMARY OF REVISED MULTIGROUP CROSS SECTIONS

Pu-239
vo (maximum) o (maximum) vo. (minimum) (minimum)
Group f . a !
— (barns) (barns) (barns) (barns)
9 47.19 25,1 40,04 21
10 120. 12 83.0 22.88 12
11 223.08 133.0 48. 62 25
12 68, 64 43,0 20,02 10
14 397. 54 224, 0 228.8 124
15 3492, 06 2013.0 2173.6 1220
16 2016.3 980. 0 1898. 0 905
U-235 Hydrogen
\ vo o o
Group Rt o a Group _ _
(barns) (6arna) o (barns)
11 112.7 74 16 29,33
12 84.6 53 Boron .
16 1140.0 549 {barns]
16 618
| y-238 U-235
(for sample dilution study only) (for cases involving uo, samples only)
Group 9 a Group . °f Ca
' ~{barns} t{barns) ~{barns)
8 2 10 82. 81 51,8
9 4 11 41, 65 26.0
10 10 12 30, 01 24,5
I 6 13 44,35 23.1
12 10 16 1140, 0 549, 0
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must be altered to correspond to the dilution of the sample. The method
of alteration is identical to that used for the lower limit values of Pu-239,
Specifi¢ values were obtained from Figures ! and 2 of Reference (17) for
a dilution of 10 barns per atom. These revised values are given in Table
A4. For the sake of simplicity, the above revisions in U-235 resonance
cross sections were also used in the core for. the cases involving U0,
samples. The resulting values of effective multiplication have been
corrected to take into account the accompanying reduction in U-235
absorption. The effect on other quantities is negligible since the frac-
tional changes in absorption rates involved is not great.

U-238

Since the core is highly\ enriched, results are not sensitive to
reasonable variations in U-238 cross section. Therefore, for the basic
feasibility study, the library values mentioned above were used without
alteration. However, an investigation was made of the effect of diluting
the Pu0, sample with depleted U0,. Absorption cross sections in the
resolveﬁ resonance regions of U-438 now become important. The corres-
ponding group values were obtained in the same manner as the lower
limit group. valuea in the resonance region for" Pu-239, However, to be
conservative, sthe effective scattering per atom was increased to 30 barns
per atom. Based on the computational model given in “The Quantitative
Evaluation of Resonance Integrals.' (19) for the volume component of the
U-238 resonance integral, the inaximum increase possible because of
Doppler broadening at 3000 F for the resonances of interest is a factor
of 1.5. The resulting U-238 absorption cross scctions were doubled so
as to adequately allow for Doppler broadening since such broadening has

a deleterious effect on power depression, The resulting values are given
in Table A4, :

Boron

Cross section values for boron are those of the 16-group Iibrary_
mentioned carlier with the exception of the thermal absorption cross sec-
tion. This cross section has been adjusted to correspond to a. Maxwelhan

thermal fiux distribution at. 158 F. The resulting value is given in Table
A4l

szrog en

Cross- section values for hydrogen are those of the lb-group
library mentioned earlier with the exception of the thermal value for the
transport cross section, The microscopic tra.nspo&'t cross section is
adjusted go that when used in ¢conjunction with water at a ‘density of
1 gm/cm®, the diffusion coefficient for water becomos 1.60 cm. The
resulting valup of the transport Cross section is given in 'rable A4.



A2.1 Pu-239 Cross Section Options

To ensure the bracketing of the true group cross section values
in the regions of resolyed resonances, two sets of Pu-239 cross sections
have been used in the basic feasibility analysis. It is desirable to estab-
lish a single reference case and, hence, a choice as to which of the two
options is better will be made, It should be mentioned at the outset, how-
ever, that basic feasibility criteria may be met with either option with a
realizable filter, * Admittedly, design problems would increase were the

high option the correct value, since any increase in boron increases
design problems.

If the sample region were part of a normal core with a slowing
down source, the low limit cross sections that correspond to very undilute
material with a Doppler broadening correction would be appropriate., In
the case at hand however, the problem is partially like a transmission
problem with a given incident flux spectrum and negligible diffusion and
slowing down. Hence, if treated entirely as a transmission problem, at
the outside edge of the sample region the appropriate cross section would
be the actual Doppler broadened Breit-Wigner shape. However, at a dis-
tance of several mean free paths inside the pin, a small fraction of the pin
diameter, self-shielding in the energy regions of the resolved resonances
would quickly reduce the effective cross sections.

Neither of the foregoing extremes are the case, However, it is
felt that there is sufficient scattering (approximately 10 barns per plutonium
atom due to oxygen alone) to warrant the conventional treatment and justify
choice of the lower cross section limit. However, an estimate of the effect
of pure transmission on power depres sion through a single pin {s obtained
by comparing exponential attenuation with the high limit cross section to
that obtained using the low limit value. The distances over which the fore-
going comparisons are made are taken as 3 mean free paths for the Group
15 absorption crose section. It can be shown that by far the greatest power
depression near the outside of the sample is due to the component in Group
15. The result is that a pure transmission model would increase the
power depression by approximately 10%, Though the effect is not desir-
able, it is by no means disastrous. Further, since the auumptions implicit

in the analysis above are quite consorvative, the 10% value may be con-
sidered maximum,

The reference case for basic feasibility therefore has been chosen
among those corresponding to the minimum Pu-239 cross section values.

Also, the daaign values are based on analysis that utilize the minimum
values,

% The B 10 concentrations used in Cases 3 and 5 approximately correspond to

2 and 1 w/o, respectwely, of fully enriched boron in stainless stcel for the
geometry used,
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A3,

A4,

Physics Specifications for ﬁeference Design

Physics computations for the conceptual design of the fast test
loop are based upon a one-dimensional cylindrical model similar to that
used for the basic feasibility study (See Section Al) but incorporating the
following revisions., The saraple loop inside diameter (accommodating
seven fuel pins of diameter 0, 236 inches) is reduced; tube wall composi-
tion is altered slightly; the 1/16-inch water gap interior to the {ilter has
been included for cooling purposes; filter is taken as boron steel with
thickness increased to 0. 15 inches; the flux trap has been replaced by an
extended core identical in composition to the nominal core; the inner
aluminum wall of the core has been included as a separate region. Vari-
ous sample enrichments of both I='|.10z are considered in the analysis.

A summary of region concentrations and outer radii for each

region used in the conceptual design physics computation is given in Tables
A5 and A6b.

“

Effect of a Cadmium Filter on the Pu-239 Resonance at 0. 297 ev

A brief analysis of the variation of power spectrum across the
plutonium sample reveals that a major portion of the power depression is
due to the plutonium cross-section resonance at 0. 297 ev, which occurs in
energy Group 15 of the l6-group set. An estimate of its effect is obtained
by deleting the fifteenth group component from the flux incident on the
aample and comparing the resulting power depression with that obtained
in the normal manner, This comparison has been performed for Case 5
(the reference case) and Case 7 (the case in which the 1/16~inch water
annulus is included). The results are included in Table A7,

Upon examination of Table A7 it is immediately obvious that the
Group 15 flux component is a2 major cause of the power depression in the
plutonium sample. Further, it can be seen that its power contribution is
insignificaut only at the sample edge by comparison of the fractional
contribution of the flux component at the edge of the sample to the frac-
tional contribution averaged over the entire sample.

If the flux in the vicinity of the 0.297 ev resonance could be re-
moved without appreciably altering the higher energy flux, the sample

power depressions would be greatly reduced. The inclusion of cadmium

in the filter offers an intcresting possibility for sach flux removal. At
the energy of the plutonium resonance peak (. 297 ev), cadmium and B-10
have approximately the same crose section. . However, between 0.297 ev

‘and the Group 15 lower energy boundary. the cadmium cross section is

significantly greater than that of B~10. Contrarily, above 0, 297 ev the
reverse is true for most of the energy range of interest. Thercfore, it
may be: poa‘sibl_e to add to a B-10 filter, for example, twice as much
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TABLE A5 - REGION CONCENTRATIONS AND OUTER RADII FOR
PHYSICS MODEL OF FAST LOOP REFERENCE DESIGN

{(CYLINDRICAL GEOMETRY)

Re g":"‘i"on Name

Test Sample’

Test Wall
Cpolin‘g. Annulus
Filter

_E_x_tended Core

Aluminum Wall
Core

Aluminum Wall
Reflector

Axial buckling

Outer
Radius (cm)

1.08

3. 65
3.81
4.19

6. 67

1. 62
13,97

14. 20
31,12

| 651.? 12

0. 000533 ¢in -_3-‘

Element

See Table Ab for fuel concentrations.

Fe

Na

Fe
Na

H

@

B-10

Fe

U-235

U-238

Al
H
0
Fe
B
Al
~U-235
U-238
Al
H
o
“Fe
Al
Be
~H .
o
Fe
H-
o

Elemental
Number Density 2 4
(atoms/cm3 x 10

)

0. 0203

0. 00484

0..0483
0. 00473
0. 0654
0, 0327
0. 00523

0, 08212

0, 0003223
0. 00002426
0. 0266

9. 03652

0. 01826
0. 0005222
0. 00002713

0. 0603
0. 0003223

10..00002426
‘:o 0266

03652
01826

'0 0005222
‘0. 00002713
10,0603
0.1108

0.-00654 -

-0, 00327
. 0,0316
S 0.0410

'0'.‘_021.05‘,‘;,‘



FOR PHYSICS MODEL OF FAST LOQP

TABLE A6 - SAMPLE FUEL cﬁczmunons

ONCEPTUAL DESIGN

Case

12

13

14

15

16

17

('a.tomslc_m3 x: 10-24).

_ Sample Fuel

Pu-239

0. 01212
(100%)

0. 00909

(715%)

0..00303
(25%)

0 .

' u;za%

0

0.01212
(100%)
0..00909
{75%)
0. 00303
(25%)

‘U-238

0. 00303

0. 00909

0. 00303

0,00909

Oxygen
0. 02424

0. 02424
0. 02424

0. 02424

0. 02424



TABLE A7 - EFFECT OF 0.297 ev Pu-239 RESONANCE (GROUP 15)
ON SAMPLE POWER DEPRESSION.

Normal Power Power Depression Edge Power Average Power
Case  Depression Group 15 Deleted From Group 15 (%) From Group 15 (%)

5 1.29 1.15 11 ' 1.5

7 1.43 1.22 15 2.2



cadmium, on a number density basis, as B-10. Hence, the power con-
tribution of the 0, 297-ev plutonium resonance would be significantly
reduced, while the effect on the higher energy contnbutmns would be
relatively small.

The optimum combination of cadmium and B-10 is not clear at
this point. The analysis in the vicinity of the 0.297-ev plutonium
resonance would be quite complex due to the sharp energy dependence
of the cross sections involved. However, it is expected that a definite
improvement in power depression for plutonium samples could be -
achieved through the use of a combination of B-10 and cadmium in the
filter. An upper limit to the improvement in power depression that
could be expected may be obtained from Table A7, where power de-
pressions omitting the contribution of Group 15 are tabulated. It is
- interesting to note that the corresponding reduction in‘tatal sample
power caused by the deletion of the Group 15 contribution is relatively
small.

Review of Computational Uncertainties

Various characteristics of the proposed fast lobe design make
rigorous physics computations in certain areas rather difficult. Hence,
more approximate methods have been used where it was felt a more
rigorous approach would be too time consurmng and hence beyond the

"scope of this prehmma.ry conceptual design report. Therefore, the un-

certainties inplicit in the more approximate methods are discussed in
" the followmg paragraphs.

o
»

A5.1 Diffusion The'o_l:l

™

‘Multigroup dxffusxon theory has been the basis for the
bulk of the physics a.na.lysxs discussed herein. Small, highly
absorbing regions, such as the neutron filter, severely test the

7 .applicability of diffusion theory. In the case of the filter, hows
' ever, the resulting inaccuracies in pin power for a given filter
may be compensated for by some flexibility in the chou.e of

fllter size and poison concentration.

A companson has been made of the flux depres sion
based on stralght -line ‘transmission, over an mterval equal to:
the filter thxckness, to diffusion theory results at energies
where transmission phenomena should predominate. Results
indicate that diffusion theory undere stimates flux depression
through the filter. An upper limit to flux depreeamn is obtained
‘by assuming exponential attenuation through a distance equal to
‘twice that of the filter thickness (mean chord length for equivalent’
slab).. Compariscn of the resulting expontxa.l flux depression to de-
pression predicted by dlifuaxon theory over the energy groups where
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AS5. 2

AS5.3

A5, 4

diffusion theory ia questionable will lead to an estimate of the
power uncertainty in the sample. The resulting uncertainty in
sample power for a giva'n eiltor is + 25% for the reference case,

‘No uttemp! has been made to estimate uncertainty in

predicted lobe reactivity values obtained from the diffusion
theory model.

Cross Sections.

A large fraction of sample poiler and the power depresa-

ion are caused chiefly by the large resonances in the fuel sample

(Pu-239) at low energies. ‘The corresponding effective group.
cross sections are quite sensitive to the fine structure of the flux

‘spectrum. Due to the nonuniform geometry and severe anistropy
‘of the indicent fluxes, these effective cross sections are difficult’

to obtain. Here, a philosophy of extremes is employed where
upper and lower limits that bracket the truc cross section values

‘are used. Since acceptable resuits are obtained with either set,

bagic {eaubility of the concept is not imperiled by these sample
cross-section uncertainties. A plot of aample power as 2 function
of sample power depression for both Pu-239 cross-section ex-
tremes used is given in Figure Al. For power depresgsions of
interest (1.5) the curves are iaxrly insensitive to resonance cross-
section choice. A proper chmce is novertheleu important. The
basis for such a choice and the method for obtaining maxim'm

and minimum lmits together with an estimate of the effect of a
cross-section error is given in Section A2. 1. |

Power Depreuidn Th‘rouih Single Pin

Both cross section uncertainties as discussed above and
non-symmetric geometry make analysis of power depression
through a single pin rather difficult. Again, a philosophy of ex-
tremes is employed 80 as to bracket the true value. Basis for
these extremes are given in Sections 4. 31 and 4. 32.

One-Dimensional Model

Mocking up the actual ATR lobe in one-dimensional
cylindrical geometry obviously introduces error into the compu-
tational results. . The expected asymmetry of the thermal neutron
flux is not expected to be large based on the results of "Thermal
Flux Prafile. " (20). The higher energy fluxes may show a
greater asymmetry but the asymmetry is not expected to affect
feasibility. A prediction of the effects of the nonsymmetric
geometry involved may be made within the limits of diffusion
theory by employing the two-dimennonal PDQ code. A

-174-



KW/IN
o

MAXIMUM P;-239 RESONANCE-
CROSS SECTION OPTION '

CENTRAL PLANE POWZR FOR
 AVERAGE PIN-
(9]

LMINIMUM R ;-239
SECTION OPTION

0 0 1S 20 2.5
PIN BUNDLE POWER DEPRESSION

FIG.AJ
EFFECT OF RESONANCE CROSS SECTION
ON SPECIMEN PERFORMANCE



AS5.5

jndtéioda seiection of energy groups (maximuni of four allowed)
should allow one to estimate the flux patterns over the energy
ranges of tmporunce.

Any absolute determination of reactivity must also in-
corporate a two-dimensional analylul "However, all reactivity
analyses of this study have been on a relative basis using a '

‘standard value. It is not expected that the use of cylindrical -
geometry will introduce significant error in the determination of .

these relative values. The limitations of diffusion theory is a

greater source of uncertainty at this point.

Reduction of Uncertainty

Uncertainty analysis in this report has been brief. How-

ever, based on the results obtained where the philosophy of ex-

tremes has been employed and based on the rather wide range of
design alternatives available, neither the basic feasibility nor the

‘practicability of a working design for the fut test loop is i.mperil-
.ed by the uncertainties involved.

Obvionoly.. before a final design can be accomplished,
the uncertainty in some of the der'zn variables must be decreased.
A parameter study incorporating one velocity transport theory

‘would aid in the establishing more precisely the necessary boron

thickness. A multigroup transport analysis of the proposed de-

. sign would be quite valuable in further reducing uncertainty and
" in revealing the directional aspects of the neutron fluxes involved.

However, the need of a critical experiment employing the filter
concept cannot be overtttted Reactivity and fission distribution

measurements can remove many of the uncermntiel uwolved in
the filter concept analysis.
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APPENDIX B

RECOMMENDED TITLE | DESIGN STUDIES

Bl. LOOP HEAT TRANSFER STUDY

A comprehensive study of the heat transfer system will
be required in the Title I effort to determine the optimum heat transfer
system and the optimum operating conditions for the in-pile loop. Some
of the mechanisms of heat transfer were deliberately neglected in the
conceptual desxgu to give the most conservative heat exchanger capa-
bility. Thus, it is expected that the capacity of the heat exchanger will
be greater than that shown in Figures 3.13 and 3. 14, The comprehen-
sive study will determine the NaK flow rate to be used. It appears that
a portion of the NaK flow must be allowed to bypass the test specimen
if the desired tempezatures into and out of the test specimen are to be
held and the maximum allowable primary coolant temperature is not to
be exceeded. The study also may indicate that air is preferable to
either helium or water. The use of gas for the secondary coolant in-
creases the temperature control and reduces the minimum test specimen
power but exacts a penalty in the form of reduced capacity, increased
circulation costs, and the inability to remove the loop through the top
head of the ATR pressure vessel. The use of water increases the
heat transfer capability of the unit for given temperatures but also limits
the amount of control of loop temperatures that may be attained without
boiling in the secondary coolant channel.

The heat transfer from the outer cylinder of the loop and
the thermal neutron filter to the ATR primary coolant in the in-core
region must be checked in the Title I effort to be certain that the
stresses due to temperature gradients are not excessive. The work

verformed in the conceptual design indicates that no serious problems
are involved.

B2. LOOP STRESS ANALYSIS

A comprehensive stress analysis will be required in the
Titie I work. Much of the work done by Pratt & Whitney should be applic-
able to the propoused modifications to the Pratt & Whitney loops. It is
expected that the major stress components will be due to temperature
effects, as the internal helium pressures can be chosen to minimize
the stress components due to pressure, Some difficulty may be exper-
ienced in balancing these pressures in Concept 1 because the prelimin-
ary calculation of the sgcondarjr coolant pressure drop through the loop
is approximately 300 psi for an inlet pressure of 600 psig.
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.Since the major stresses will be thermal, the stress analy-
sis will require a comprehensive heat transfer analysis. The spiraled
pump discharge tubes must be checked to be certain they will accommo-
date the diiferential expansion between the hot and cold legs of the NaK
circuit. The preliminary work indicates they will be sufficiently flexible
for this service. In Concept 2, a temperature difference of 1000 F exists
‘between the primary and secondary coolants where the primary coolant
enters the heat exchanger. This temperature difference is divided be-
tween two stainless-steel walls and two film resistances. Thus, the
maximum strain across any one wall is less than 0. 004 inch/inch and is
acceptable. The acceptable strain of 0. 004 inch/inch is based on a con- (22)
servative extrapolation of strain-fatigue data for Type 304 stainless steel
The discontinuity stresses at junctions between adjacent parts, as well as
the stresses due to the axial and radial temperature, must be accounted for.
Thus, a strain fatigue criterion similar to a modified Goodman Diagram
must be established, based on metal temperatures and expected number
of cycles. The combined heat transfer analysis and stress analysis may

require revision of the NaK temperatures listed in the Summary (Table of
Design and Performance Objectives).

B3. LOOP THERMOCOUPLE LOCATIONS

With one exception, the number of thermocouples and the method
of installation will be identical to the orxgmal PLW design. il'lr. location
and number of thermocouples is given in Report CNLM- 1194(1) and in the
P&4W drawings listed in Appendix C. Because the fuel bundle is designed
to be removable, it may not be possible to install a thermocouple on the
fuel specimen. Therefore, this problem should be studied during the
Title I effort. If it is impossible to install a thermocouple on the fuel
spec1men. the temperature of the fuel can be estimated by thermocouples
installed in the NaK stream above and below the test specimen. In addition,
provision should be made for either replacing or doubling the number of
thermocouples used to monitor critical operating conditions that may affect -
reactor safety, e.g., the NaK outlet temperature from the test specimen.

B4. THERMAL NEUTRON FILTER

A comprehensive physics study will be required in the Title I
effort in order to specify the final design of the thermal neutron filter.
The study should include the following:

1. Determining the compositioh-dependent multigroup cross
sections in the plutonium resonance region.

2. Programing and running a transgport analysis of neutron
transmission through the boron-loaded filter.

3. Studying the methods of adjusting initial lobe reactivity and

time-reactivity variation. The fuel concentration and burn-
able poison content of the extended core should be investigated.
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4. Eltabhshmg the prehmmary design. charactenshcs of
the filter and running a two-dimensional computer program
to determine the interaction of the fast reactor fuel testing
lobe with the remainder of the reactor system.

5. Planning the critical experiment.

A study ol thermal neutron filter lifetime 'in relation to fuel
specimen lifetime (burnup, power, power depression) and extended core
lifetime should be made. o the filter lifetime is limiting, an investiga-
tion of thicker filters with lower boron concentration should be made.

The effect of lobe reactivity as a function of time should be investigated
also.

After establishing the design characteristics of the neutron filter,
a fabrication development prograrn should be undertaken. In all prebability
the reference filter will be a vendor supplied item. In addition, a radiation

testing program should be undertaken which should include the following
items:

1. Out -of -pile teeting ;
2. In-pile testing.
3. Post irradiation testing.

B5. DECAY HEAT PROBLEM »

Comprehensive decay heat calculations and heat transfer
studies should be undertaken to determine the required time after
reactor shutdown before the loop heat exchanger and motor can be shut-
down. The calculations performed in the conceptual design study were
conservative, since natural convection of the NaK in the loop was not
considered.

Bé. TEST SPECIMEN REMOVAL SYSTEM

During the Title I effort it will be necessary to make work-
ing models of the removable loop closure (Section 3. 21) and the test
spefimen removal container (Section 9.41). Since the success of the
entire remote loading and unloading operation depends on the proper
function of these components, a complete functional mock-up must be
fabricated and operated. The requirements of the mock-up are as
follows:

a. A simulated loop

(1) NaK capacity eqmvalent to actual loop but no pumps or
heat transfer requirements.

(2) Simulated fuel bundle.

(3; Loop closure.
Simplified NaK fill system.
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b. Test specimen remova.l container.
¢. Simulated radioactive-NaK container,

d. Suitable glove-type dry box and handling jigs.

The iunctmml mockup will be used for automatic cutting
and welding studies, testing and examination of welds, and remote-
operated loading and unloading studies.

BT. DRY BOX

~The drv box is a specidlized machine, custom designed to
perform the task outlined in the minimum space required and with as
simple an operating procedure as possible.

Features requiring special attention are outlined below:

a. The Dry Box

As fur as possible construction should be of flame- and
caustic-resistunt transparent material that will not appre-
ciably darken under gamma irradiation. The shape may be

either cylindrical or rectangular. A survey for the best
material of construction will be required, and realistic

specifications, perhaps short of the ulaal may be necessary.

b. The Dry _Box Atmoupbere Control_s-yster_n

This system must be capable of producing and maintaining
a helium atmosphere in the dry box such that the loop Nak or
sodium will remain bright and uncontaminated. Also, there
must be suitable circulation and cooling of the gas atmosphere
to remove the heat generated in the removed fuel bundle with-
out causing excessive temperatures in the dry box or the fuel

bundle. For safety, cooling water shouid be at subatmospheric
pressure as in the plutonium facility at ANL.

An experimuntal model of the gas scrubber may be required.
Major components are

1) Vacuum roughing pump.
Vacuum oil diffusion pump.
{3) Liquid nitrogen cold trap.
(4) Gas scrubbing tower.
(5) Gas circulating pump (for helium).
(6) Gas cooling heat exchanger.
(7) Gas purity monitoring equipment.
(8) Gas temperature monitoring and control.
(9) Gas sampling connections for activity monitoring.
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¢. Lower Portion of Dri Box

Figure 9.4 dou not indicate a means of sccess to the.
lower chamber of the dry box nor the exact nature of the
six carriers mentioned in Section 9,42, The components
of the lower dry box are as follciws:

(1) Carrier for the specimen removal container.

{a Caﬁnhle of l;orit;ontnl and vertical motion.
b) Such that the container may be locked so that
‘it cannot rotate or,

(c) ) Supported so that it may rohte freely as re-
quired.

{2) Carrier for the irradiated NaK container.

This carrier should incorporate a weighing device for
measuring the quantity of NaK introduced. Horizoautal and
vertical mobility are required for removal and installation
of the cover. The sxact method of transferring Nak from
the specimen removal container to the irradiated NaK
container must be considered in the carrier design.

(3) Carrier for the new test specimaen.

{az Capable of horizontal and vertical alignment
b) Such that the fuel bundle may be elevated all the
way into the loop :
Provision for clamping and rotating the mpport
to secure the lock screw as outlined in item 2
section 9. 45,

(4) The cap holders noted in section 9.42.

These must be capeble of horizontal motion to align
the caps and provide a means for a gripping and

releasing. Also they must be free to elevate with
the lower carriers.

{5) The mechanical components for the manipulation of
the carriers.

These components will probably require custom de-
sign and manufacture. Suitable vacuum-tight elec-
trical and mechanical seals may be found on the
market.
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d. Tool Carrier and Machinery Table Y

This item will have to be custom designed but convention-
‘2l components may be selected for chucks and tool holders.
Rems uquiring special attentiop. are

Remote operation of chucks and tool holders.

Method for measuring torque applied by motor drives,
as will be required in remote operations. Suggested
method is motor current.

(4) Alignment and inspection equipment required to set
up and monitor work.

g Tool carrier rotating assembly and drive.
3

e. Loop Entry Vacuum and Gas Tight Gland

(1) A double seal is suggested with a vacuum and/or gas
intermediate annulus.

(2) Design of a mating surface on the loop may be required.

(3) One alternate scheme for this might be to have a fixed,
as opposed to sliding, seal on the loop and to provide
for large elevation adjustment in the dry box.
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APPENDIX C

PRATT & WHITNEY REPORTS AND DRAWINGS

'GI REPORTS
‘. Rﬁpﬁrt Number Title
TIM 602 Part Il Forced Convection Liquid Metal In-Pile
Loop Hazards Evaluatior (CONFIDENTIAL)
| _IDO-I(;MS’ v PW—II‘) ..Hazarc.ls S\irvey (SECRE‘T)

) TIM 318 Supplement B Plastic Strain Fatigue Test

TIM 476 ‘Forced Convection Liquid Metal In-Pile
'L.oop Pump ‘Performance Characteristics

TIM 479 Forced Convectton Liquid Metal In- Pile ‘
' Loop Lowar End Temperature Distribution
uxd Heat Transfer Calculatxon

- TIM 480 Forced Convectton quuxd Metal In-Pile
-‘Lbop‘ﬂpp&r E'nd. Heat Transfer Analysis
‘TIM 483 ‘Forced Convection Liquid Metal In-Pile
e Loop Liquid Metal Pres sure Drop
Calculatlon
TIM 499 ‘Forced Convection Liquid Metal In-Pile

Lo_op Liquid Meta Volume Calculation
TIM 552 Forced Convection Liquid Metal In-Pile
Loop Hydrodynamic Test of the !.xqaid
Metal Circmt ‘
TIM 557 ETR In-Pile Loop Stress Analysis
TIM 557 Supplement A ETR Mark II In-Pile Loop Stress Analysis

TIM 575 Forced Convection Liquid Metal In-Pile
Loop Helium Pressure Calculations,

TIM 575 Supplement |  Forced Convection Liquid Metal In-Pile
Loop Helium Pressure Calculations

TIM 602 Part 1 Forced Convection Liquid Metal In-Pile
: Loop Hazards Evaluation

——
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Report Number

CNLM-1192

CNLM-1194

Title

Filling Instructions for the Pratt & Whitney

Forced Convection Liquid Metal In-lee
Loop Experiment

Experimsntal Operating Instructions for the

Pratt k& Whitney Forced Convection Liquid
Metal In-Pile Loop. Experiment
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'DRAWINGS

Drawing No.

T-1000384
T-1000385
T-1000419
T-1000421
T-1000422
T-1000424
T-1000426

T-1000435

-T-1000437

T-1009394
T-1009396
T -1009405
T -1009406
T-1009409

T-1009410

T-1009412
T-1009414
T-1009415
T-1009416

T-1009418

T-1009419
T-1009420
T-1009424
T-1009425
T-1009493

" Title

‘Pin ‘-SnpportA Arm Connecting Link

Support Assembly - ETR In-pile Loop
Lock - In-Pile Loop Hou_sin.g

Tube -0. 840 OD x 0.625 ID x 9. 030 Long ~
Tube - 1.310 OD x 1. 045 ID x 6. 000 Long
Support - ETR In-pile Loop

Tee - Air Manifold Tube

Coupling - 1. 000 Diameter Tube

Support - Thermocouple Tubes

Cap '-In-pile‘ Loop |

Jacket - Intermediate Inner, Water
Connector - Water Jacket

Tube - Water J ﬁcket

‘Reducer - Inner Water Jacket Tubes

Jacket - Inner Upper, Water

Jacket ~ Liquid Metal Quter

Reducer - Liquid Metal - Upper Outer Jacket
Jacket - Outer Upper, Liquid Metal

Jacket - Upper Inner, Liquid Metal

Jacket - Lower Inner, Liquid Metal

Spacer -Outer Lower, Liquid Metal Jacket
Cap - Lower Liquid Metal Jacket, Inner
Spacer - Upper Water Jacket

Support - Spacer - Upper Water Jacket

Deflector - Water
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D¥ awinggﬁ No.

2-1009591
1009592
T -1009593

T-1009594

T-1009596

T-1009597
T- 1009598
T- 1009601
T -1009603
T-1009608
T-1009631
T-1009633

T-1009637.

T-1009644
“T-1009645
T-1010202
T-1010203
T-1010262
T-1010263
T-1010273

T-1010741
T-1010751
T-1010760
T-1010767
T-1010769
T-1010775
T-1010783

Title

Reducer - Liguid Metal
Cap - Liquid Metal

Tube. - Liquid Metal
* Tube - Liquid Metal Fill

Reducer - Inner Helium Jacket

Reducer - Outer Helium Jacket
Jacket - Air

Header - Motor Housing Case
Jacket - Helium

Tube - Helium F'ill

.Bloc_l; - Transition

Housing - Motor Case

Ring - Retaining, External Steel
Wire - Insulated

Strap - Thermocouple Tube Support

Probe - Liquid Metal Detector

.u:‘._ineula'tor - Liquid Metal Detector Probe

Motor - Pump Drive
Impeller - Liquid Metal Pump

Impeller Option - Liquid Metal Pump,
Assembly of (Instl Control No.)

Wrench Assembly - Socket

Lifting Tool Assembly - Water Jacket
Hook Assembly - In-pile Loop Lifting
Lifting Au,’embly -'In-pile Loop Dumping
Plug Assembly - Air Tube

Reducer Assembly - Air Tube

Lift'ing Rod Assembly
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‘Drawing No.

T-1010786
T-‘lOlO'Ié?
T-1010798
“T-1610800

T-1010804

T-1011114
T-1011150
T-1011396

T-1011397

T-1011398
T-1011730
T-1011822
T-1011859
T-1011977
T-1012078
T-1012218
T-1012220

T-1012308
T-1012315
T-1012535
T-1012849
T -1013220
T-1013282
T-1013290
T-1013483
T-1013485

Title

Eye - Lifting Rod
Retriever Assembly

Cable Assembly - Lifting

Cable Assembly - Lifting.

"Wrench Assembly - Socket

Coffin - In-pile Loop, Assembly

-Support - Upper Platform, Alqembly of

Support - Motor

Lug - 'Mot"o'r Support

Screw - Set Special

Jacket - Inner Liquid M‘etal. Lower

Support - Coffin Aéﬁesaorien. Assembly of
Cradle - In-pile Loop Liner, Assembly of
Impeller - Liquid Metal Pump, Assembly of
Coffin Liner - Gradle Base Support, Al.s:embly of
Tube - 1.000 OD x 0. 049 Wall x 6.905 Long

Union, Reducing - 1,000 Dia x 0. 750 Diameter Tube
(Spec Control Dwg)

Water Jacket, Assembly of

" Pin - Dowel - 0.0625 Dia x 0.810 Long

‘Bolt - 0.250-20 x 0. 750 Long,Drilled Hex Head

Jacket - Inner Liquid Metal, Upper
Gasket - Coffin Cover

In-pile Loop Assembly (ETR)
Cradle - Assembly of

Support - Thermocouple

Connector - Electrical (Spec Control Dwg)
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Drawing No.

T-1013486

T-1013487

T-1013491

T-1013493
T-1013494
T-1013495
T-1013499
T-1013501
T-1013504
T-1013506
T-1013511
T-1013678
T-1013685
T-1013686
T-1013782
.T-1013852
T-1013853
T-1014054
T-1014118

T-1014119

T-1014120
T-1014132
T-1014867
T-1015173

T-1015178

T-1015179
T-1015180

Title

Connector - Electrical (Spec Control Dwg)
Support - Motor Lead |

Tube - 0.250 OD x 0. 035 Wall - 54.000 Long,
Helium Fill

Plug - He'li‘um Cap

Support - Thermocouple

Suppor? - Thermocouple

Support - Motor Lead Connector

Cover - Motor Lead Connector

Header - In-pile Tubes

Plug - Helium Cap

Lead - 3 - Wire Complete, 0. 3125 Diup’eter
Tube - Thermocouplo Leads, Assembly of
Reducer - In-pile Loop

Tube - Air

Thermo Well

Support - Theimocouple

Tube - 1. 000 Diameter x 0. 049 Wall x 12. 780 Long
Tube - 1. 000 Diameter x 0. 049 Wall x 12. 150 Long
Helium Chamber Cover - Assembly of
Block - Transition, Assembly of

Housing - Impeller, Auae:r;bly of

Reducer - Liquid Metal Upper Inner Jacket
Support - Tube, Assembly of

Lock - Test Element Beams

Housing - Test Elements

Cap - Liquid Metal Jacket, Inner

Cap - Lower Liquid Metal Jacket, Outer

-187-



Drawing No. Title

T-1015181 ‘Housing - Test ‘Elements, Assembly of
'T-1015182 SH2 In-pile Loop, Assembly of
TLH-100422 Guillotine - ETR In-pile Loop
TLJ-100293 In-pile Loop ETR - Assembly of
TLK-100428 SH1 Accessories Coffin - In-pile Loop

CB-101171 Cover (Split) - High-Temp Properties Rig
CC-101059 ‘Stabilizer (Upper) - In-pile Liquid Metal Prep. Stand
CC-101313 Chamber - Thermo Leak Check
CC-101494 Support - Loop
CD-101027 Stand - for Removable Fill Dolly Frame
Cb-100690 Instrumentation Diagram, In-pile Loop
CD-100788 Schematic Diagram, In-pile Loop, Annunciators
CD-100789 Electriétl Schematic, In-pile Loop, Alarm,
and Alarm Tost Circuits
CD-100792 Pneumatic and Piping Schematic, In-pile Loop
CD-100795 Electrical Schematic, In-pile Loop Reactor
Control
CD-101144 -Electrical Schematic, In-pile Loop, Pump

Motor Drive No. 1
s
CD-101145 Electrical Schematic, In-pile Loop, Pump
Motor Drive No. 2

CD-101146 “Electrlcal, Pneumatic, and Piping, Parts
List, In-pile Loop

CLD-101‘26-3-5 Electrical and Piping Schematic - Liquid Metal
Fill Dolly

CLD-10129-3 Electrical Schematic, In-pile Loop, Power
CLD-10129-4 Layout and Location, In-pile Loop, Control Panel
CLR-10126-1 Layout - In-pile Liquid Metal Fill Dolly

CLR-10129-9 Stand - Loop Prep. Demountable and Portable

CR-100920 Frame - In-pile Liquid Metal Fill Dolly
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10.

11,

12.

APPENDIX D
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"E.xperi'mental Operating Instructions for the Pratt & Whitney Forced
Convection Liquid Metal Inpile Loop Experiment (PW-19)," Report No.
CNLM»H‘M. Pratt & Whitney Aircraft, 1959. ?

. Lubarsky, B. and Kaufman, S.J., NACA TN 3336, Washington D. C '

1955.

Stoever, Chem. and Met, Engiheering_. May 1944,

Sieder, E. M. and Tate, G.E., Ind. Eng. Chem., 28, 1429-1436,1936.

Johnson, C. W., and Dreisbach, R., "Forced Convection Liquid Metal
Inpile Loop Liquid Metal Pressure Drop Calculations,”” Report No. TIM
483, Pratt & Whitney Aircraft, 1958. :

. "Hydraulic Flow Calculations for MTR - ETR Experiments," Report

No. IDO-16368.

"Flow of Fluids, "Technical Paper No. 410, Crane Company, Chicago,
Illinois, 1957.

DeBoisblanc, D.R. et al, "The Advanced Test Reactor-ATR Final Con-
ceptual Design,' Report No. IDO-16667, Phillips Petroleum Company,
Atomic Energy Division, September 20, 1960.

. "Fast Reactor Core Design Parameter Study," Atomic Power Development
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2nd Edition 1961.

Perkins, J. F., "Energy Release from the Decay of Fission Products, '
Nuclear Science and Engineering, Vol. 3, June 1958.
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13. “"Capsule Experiment Handling Arrangement,' Drawing No. ATR1075-

MTR-670-R-501, Rev. O, Babcock and Wilcox Company, Atomic Energ:-
Division, April. 1961,

14, "Top Head Arrangement,' Drawing No. ATR-1075-MTR-670-R 500,

Rev. O, Babcock and Wilcox Company, Atomic Energy Division, May
1961,

15, Sandrock, R.,"ATR Top Head Study", Study 5-R-64, Babcock and Wilcox
Company, Atomic Energy Division, May 22, 196l.

16. Flatt, H.P. and Baller, D.C., "AIM VI - A Multigroup, One-Dimensional
Diffusion Equation Code,' NAA-SR4694, March 1, 1960.

17. Roach, W.H., "Computational Survey of Idealized Fast Breeder Reactors,"
Nuclear Science and Engineering, Vol. 8, No. 6, December 1960

18. Zweifel, P.F., "Neutron Self Shielding, '* Nucleonics,, Vol. 18, No. 11,
‘November 1960, ‘ —— )

19. "The Quantitative Evaluation of Resonance Integrals, ' Proceedings of the

Second International Conference, Geneva, Vol. 16, Septeniber, 1958,
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20. "Thermal Flux Profile, " Drawiﬁé's No. 2060-R and 2065-R, Babcock and
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21,. Luckow, W.K., "Single -Lobe Be-Reﬂected Reference Core, ' Internal
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