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PREFACE

This Design Criteria for the Liquid Metal Loop Facilities associated

with the Advanced Test Reactor was prepared by Ebasco Services Incor-

porated and its nuclear subcontractor the Babcock & Wilcox Company,

under Contract No. AT(l0-1)-1075, administered by the Idaho Operations

Office of the United States Atomic Energy Commission.

The Design Criteria for a part of the planned Liquid Metal Loop

Facilities was issued in July 1962 in IDO-24041 and the complete results

are now presented in IDO-24041, Supplement 1, IDO-24042, and IDO-

24043. To achieve a cohesive presentation of these interdependent doc-

uments the following History, Abstract, and Commentary have been pre-

pared for both Fast and Thermal Flux Loops and the associated Hot

Cell Facility. Accordingly, and for reader continuity and clarity, these

sections are repeated in each document.
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HISTORY

A need for facilities in which prototype liquid metal cooled fast and

thermal reactor assemblies could be irradiated under conditions of high,

fast and thermal neutron fluxes has existed for some time. Heretofore,

however, none of the available facilities possessed the requisite charac-

teristics to satisfy these requirements.

The Atomic Energy Commission recognized that the Advanced Test

Reactor (ATR) possessed the characteristics for these types of experi-

ments and requested Atomic Power Development Associates, Inc. (APDA)

to review the ATR design, the experimental requirements of the liquid

metal cooled reactor programs, and the design features and require-

ments of in-pile package loops for testing these assemblies in the ATR.

APDA reported, APDA-144, that the ATR could be used for the

irradiation of typical fast reactor fuel assemblies to high burnups in a

fast reactor environment and recommended that the Pratt & Whitney

Aircraft PW -19 loop design be used for this purpose with relatively

minor modifications, namely, lengthening the test specimen section and

installing a removable bottom closure which would permit the removal

and reinsertion of test specimens.

The appropriate fast neutron spectrum would be provided by a

boron loaded thermal neutron filter surrounding the test section in

conjunction with an extended core to compensate for the large reactivity

decrease caused by the filter. APDA's reasons for recommending the

adaptation of the PW-19 loop design for this test facility were that they

found no major design problems and that the cost of the associated re-

search and development program could be kept to a minimum since the

necessary work on the major loop components had already been done by

Pratt & Whitney Aircraft.

APDA also reported, APDA- 145, that the ATR could be used as a

test facility for sodium cooled thermal reactor fuel assemblies. The

basis for this decision was the high thermal neutron flux available in

the ATR which would assure adequate heat generation with acceptable

flux and power depressions while providing a test section of sufficient

size to obtain meaningful data on the hydraulic and thermal charac-

teristics of a small group of fuel elements, in addition to irradiation

data on the fuel itself.
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The conceptual design of the thermal flux loop presented by APDA

utilized a package loop similar in design to that proposed for the Fast

Flux Loop.. Sodium was proposed as the primary coolant rather than NaK

since it is the coolant that would be used in the reactor systems being

tested and because of its better heat transfer capabilities. An additional

feature of the APDA design was the control of sodium temperature by

varying the effectiveness of the sodium-to-reactor water heat exchanger

which, depending on the temperatures required utilized mercury and/or

helium as the heat transfer fluid(s) between the sodium and the reactor

water.

Subsequent to the issuance of these two documents, the Atomic

Energy Commission asked Ebasco Services Incorporated and its nuclear

subcontractor, the Babcock & Wilcox Company (B&W) to review these

documents. This review indicated that the information presented was not

in sufficient detail to permit the initiation of Title I design of these loops.

Therefore, in January 1962, the Atomic Energy Commission requested

that Ebasco prepare design criteria for these loops based on utilizing the

package concept previously recommended by APDA. However, the use of

mercury to vary heat exchanger effectiveness in the thermal flux loop

would not be permitted, and another heat transfer scheme was to be

devised. In the period between January and October 1962 a detailed effort

was made towards establishing satisfactory criteria for these loops. Dur-

ing this period, many heretofore unrecognized problems of extreme im-

portance were uncovered which indicated the necessity of re-evaluating

the package loop concept as applied to the experiment and reactor re-

quirements.

In October 1962, a meeting was held to discuss the various advantages

and disadvantages of the package loop concepts based on the inherent re-

strictions imposed by the ATR and the requirements of the established

design objectives. As a result of this meeting the Atomic Energy Com-

mission directed Ebasco and B&W to stop work on the development of

design criteria based on the package loop concept, to prepare a report

summarizing all work completed during the preparation of these design

criteria, and to state the reasons for terminating work on the package

loop concept. The documents which make up this report are:
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IDO-24041 - Design Criteria for a Fast Flux Liquid Metal

Loop in the Advanced Test Reactor Issued

July 1962.

IDO-2401, Supple- Design Criteria for a Fast Flux Liquid Metal
ment I - Loop in the Advanced Test Reactor,March 1963.

IDO-24042 - Summary Report of Design Criteria for a

Thermal Flux Liquid Metal Package Loop in

the Advanced Test Reactor, March 1963.

IDO-24043 - Summary Report of Design Criteria for the

Liquid Metal Package Loops' Hot Cell Facility

and Handling System at the Advanced Test

Reactor, March 1963.
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ABSTRACT

The following is a summary of the results of the criteria work per-
formed prior to the termination of work on the package concept, for the
liquid metal loop facilities for the Advanced Test Reactor. The purpose
of this work was to establish design criteria for the loops and their as-
sociated facilities which would satisfy the design objectives specified

by the Atomic Energy Commission.

The following briefly summarizes, at the time when work was

terminated, the conceptual designs and design criteria which had been

determined:

1) nuclear criteria for the thermal neutron filter and
extended core combination in conjunction with the
reference test specimen for the Fast Flux Loop.

2) an appropriate secondary coolant, which in con-
junction with the PW-19 loop, would provide the
necessary heat exchanger performance capability
to satisfy the design objectives for the Fast Flux
Loop.

3) pump performance required to satisfy the Fast
Flux Loop design objectives when utilizing the
PW-19 loop.

4) physical modifications required to permit the use
of the PW-19 loop as the Fast Flux Loop in the
ATR and the effects of these modifications on the
loop performance capability.

5) Research and Development Program required to
confirm and achieve the design criteria estab-
lished in IDO-24041.

6) conceptual design of the thermal loop including the
in-core section, sodium-to-helium heat exchanger,
helium-to-reactor water heat exchanger, pump
motor and associated bearing design requirements,
preliminary shielding requirements, control system
requirements, and electrical heaters within the
permissible space envelope.

7) nuclear criteria for the in-core section in conjunc-
tion with the reference thermal flux test specimen
which would satisfy the requirements of the design
objectives.

8) design criteria for the secondary coolant systems
including compressors, heat exchangers, filters,
snubbers, purification systems, helium supply
system, vacuum system, piping, valving, and control
systems which would permit the satisfactory opera-
tion of the Fast and Thermal Flux Loops in confor-

mance with the design objectives.
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9) shielding criteria of the secondary systems pip-
ing and filters based on the activities of impurities
in the helium and residual stainless steel chips
blown out of the system during operation.

10) design criteria for the utilities and structures re-
quired for satisfactory operation of the loops.

11) conceptual design of a removable end closure for
the loops which would permit remote removal and
insertion of fuel elements.

12) conceptual design of top end connections which
were satisfactory for remote manipulation.

13) conceptual specimen removal and handling pro-
cedures and the associated cooling requirements
during these operations.

14) conceptual loop handling procedures for all stages
of handling operations and the cooling requirements
during these operations.

15) neutron and gamma heat generation rates in the in-
core tubes which were used in preparation of the
loop stress analysis.

16) system performance and hydraulic characteristics
in conformance with the design objectives.

17) radiation levels that could be expected from the
loops during various handling operations and
preliminary loop shielding arrangements.

18) fission gas inventory contained in the loops at the
completion of operation for 10,000 hours.

19) conceptual hot cell facility design which would
meet the needs of the liquid metal loop program.

20) based on the conceptual design of the hot cell
facility architectural, structural, mechanical,
electrical, nuclear, and viewing criteria were
established.

21) conceptual design with accompanying criteria for
the large inert atmosphere hot cell.

22) conceptual design of a specialized liquid metal
handling and purification system required to
permit re-irradiation of fuel elements and re-
use of the Thermal Flux Loop.

23) space required to perform the various fuel ele-
ment examinations required by the design ob-
jectives.

However, as the criteria work progressed it was determined that

despite the accomplishments summarized above not all the program re-

quirements could be satisfied. It was also determined that a comprehensive
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and costly research and development program would be necessary to

establish basic design and operational information for the loops and their

associated equipment and facilities. The need for such a program had

not been previously contemplated and, in addition, there was no assur-

ance that the performance of this program would permit the achieve-

ment of the loop performance and operating capabilities required by the

design objectives.

While no single item can be identified as the major obstacle in the

achievement of a satisfactory packaged loop design, evaluation of the

many loop design problems - which require solution in such a way as

to satisfy the experimenter's design objectives without compromising

reactor design or operating philosophy - raised considerable doubt as

to the feasibility of this concept. These problems are summarized here-

after. Also, since most of the design problems are common to both the

Fast and Thermal Flux Loops, they have not been segregated for each

concept.

1) The design and operation of a packaged pump-motor
combination to meet the hydraulic performance re-
quired within the space limitations appears mar-
ginal, particularly for the thermal loop.

2) The objective of a 10,000-hour loop life raised many
significant materials problems, the most notable of
which were:

a) Design of bearings and selection of lubricants
to operate in the liquid metal vapor and high
radiation environment.

b) Design of motor winding insulation in conjunc-
tion with appropriate shielding to operate in the
high radiation environment.

c) Selection of an adequate pressure tube material
which would unquestionably perform as required.

3) The design objective of re-usingloops throughout the

desired 10,000-hour life raised many questions. The
PW-19 loop had not been designed to be re-used, and

its use as the Fast Flux Loop precluded meeting
this design objective. While the Thermal Flux Loop
is a new design, the feasibility of re-using it is

questionable since (a) the design of satisfactory loop

fill lines which would permit remote manipulation,

in the limited space available within the loop envelope,
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had not been achieved, (b) the effectiveness and
operability of the external sodium purification
system had not been demonstrated and (c) the
practicability of remotely machining and welding
of materials that had been subjected to varying
periods and intensities of radiation, elevated
temperatures and liquid metal environment had
not been established.

4) The design objectives required the adaptation of
PW-19 loop ;o satisfy the requirements of the
Fast Flux Loop. Many of the design changes re-
quired to enable its installation in ATR would be
of such a nature as to question the practicality of
such adaption. The most significant changes would
be:

a) Modification of the heat exchanger to permit
refueling of the ATR without moving the loop.

b) Modification of the helium return tubes to
permit refueling the ATR without moving the
loop.

c) Modification of the liquid metal and helium
fill lines to permit installation of previously
irradiated fuel specimens in a new loop within
the hot cell facility

5) Since the ATR core has regions which exhibit posi-
tive void coefficients of reactivity,a loop rupture
would result in an increase of reactivity. There-
fore, it is deemed necessary to either double con-
tain thein-reactor portion of the loop high pressure
(greater than reactor operating pressure) helium
secondary coolant system or reduce the helium
pressure below that of the reactor water. It is
doubtful, because of the fixed design of the PW-19
loop, that the Fast Flux Loop could be double con-
tained and still attain the other design objectives.
Use of secondary coolant at a reduced pressure
would decrease the maximum achievable specimen
fission power below the design objective of 150 kw.
For the thermal loop, even with the greater design
latitude, the feasibility of double containment
while still meeting all the design objectives is also
doubtful.

6) The design objective of re-irradiation of test speci-
mens is considered marginal since (a) the pro-
cedures required to assure adequate cooling during
specimen removal, examination and re-insertion
are complicated and hazardous, (b) the feasibility
of simultaneously heating the loop to 250 F-400 F
to fill with sodium while cooling the test section to
prevent specimen overheating has not been estab-
lished, (c) the absolute minimum required decay
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periods of four weeks for a fast test specimen and
27 weeks for a thermal test specimen before they
can be re-inserted (even with forced cooling) re-
sults in a long and expensive program to achieve
10,000 hours of irradiation, and (d) the high radia-
tion levels from the loop would require remote
handling procedures within the reactor vessel as
well as the hot cell which further complicates the
vertical handling of the 16-foot long, 1,000-pound
loop.

7) While the filter and extended core appeared feas-
ible to satisfy the physics requirements of the
Fast Flux Loop, the high heat generation rates in-
duced in the filter by the attenuation of thermal
neutrons caused excessive mechanical and thermal
stresses in the conceptual design of the filter and
loop pressure tube. In addition, the replacement
of these components at 2,000- and 800-hour inter-
vals respectively, as a result of boron and uranium
burnup was unacceptable to the operator since
the additional loop handling would be time con-
suming and potentially injurious to the specimen
and/or loop.

8) While there appear to be no unsolvable problems
associated with the hot cell facility design, speci-
men handling requires either auxiliary forced gas
cooling or decay periods far in excess of the
minimums stated in 6 (c) above. Forced cooling
complicates remote handling and entails the risk
of specimen failure should cooling be lost.

9) The design objective of examining niobium clad
specimens in the hot cell facility does not appear
feasible since it is doubtful that the highly pure
inert gas atmosphere required could be main-
tained in such a large hot cell.



COMMENTARY

Based on the results of the criteria studies it was concluded that

achievement of the design objectives could not be predicted with any

high degree of confidence when utilizing the package loop concept

based on the design philosophy of the PW-19 loop. Therefore, it was

recommended to the Atomic Energy Commission that the bottom re-

entrant loop concept be investigated since it appeared to be a more

practical and feasible means of fulfilling the design objectives. How-

ever, the AEC terminated re-entrant loop study work before any sub-

stantial effort was expended and ultimately elected to suspend any fur-

ther consideration of the liquid metal loops in the ATR.

If interest in the liquid metal reactor fuel testing program is re-

vived, satisfactory designs may be achieved by (a) utilization of other

package loop concepts, (b) appropriate modification of the design ob-

jectives while utilizing the PW-19 loop concept, or (c) utilization of an-

other test reactor while utilizing the PW-19 loop or other package loop

concepts. Additional work would be required to establish feasibility of

these or other schemes.
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1. INTRODUCTION

A need has existed for some time for facilities in which prototype
sodium cooled fuel assemblies can be irradiated under conditions of
high thermal neutron flux. Heretofore, however, none of the available
facilities possessed the requisite characteristic of high thermal neutron
flux which would provide adequate heat generation with acceptable flux
and power depressions.

The Atomic Energy Commission recognized that the Advanced Test
Reactor (ATR) possessed these characteristics and asked Atomic Power
Development Associates, Inc. (APDA) to review the ATR design and the
design requirements of an in-pile package loop suitable for testing liquid
metal cooled thermal reactor fuel assemblies. APDA reported (Refer-
ence 1) that the ATR could be used as a test facility for liquid metal
cooled thermal reactor fuel elements and presented a conceptual in-pile
loop design for this purpose.

Subsequently, in January 1962, Ebasco Services Incorporated, and
its nuclear subcontractor, the Babcock & Wilcox Company, undertook to
evaluate this and alternate concepts and to prepare criteria for the
Titles I and II design of the Thermal Flux Loop Facility which will be
part of the ATR (Reference 9). In this work, they have drawn upon AEC
design objectives (Reference 2) and the APDA conceptual design study
(Reference 1).

2. PURPOSE

The purpose of this document is to summarize all work performed
and to present the criteria which had been established prior to the termi-
nation of work on the package loop concept for the thermal flux loop.

3. DESIGN OBJECTIVES

Qualitative and quantitative design objectives have been established
by the Atomic Energy Commission in conjunction with the experimenters'
requirements. These objectives form the basis for the design of the
Facility.

3.1 Qualitative Objectives

The qualitative objectives for which the Facility is to be designed
include the following:

a) Design of the in-pile package loop closure to per-
mit prompt removal, inspection, reinsertion and re-
irradiation of a test specimen.

b) Design of the in-pile package loop to permit re-
fueling of the ATR core without raising the loop
from the flux trap in which it is installed.

c) Re-use of a loop for test specimen irradiations.

d) No adverse effects on the performance of other
experiments within the ATR.
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3.2 Quantitative Objectives

The quantitative AEC objectives (Reference 2) are summarized and
compared in Table I with objectives which this criteria study indicate
might be achieved in the Facility. However, the design of a completely
feasible loop to achieve these objectives depends on the satisfactory
solution of the mechanical problems indicated in section 5.0 of this docu-
ment.

The design of the reference specimen which is the basis of the
objectives is illustrated in Figure 1.

Table I

THERMAL FLUX LOOP FACILITY DESIGN OBJECTIVES

AEC and User
Experiment

Design Objectives
(Reference 2)

a) Loop Parameter:

In-Pile Loop Design and
Dimensions

Basic Materials of Construction

Primary Coolant
Maximum Primary Coolant

Temperature, F
Operating Pressure, psig
Secondary Coolant
Cover Gas
Minimum Loop Design Life,Hr.

b) Reference Test Specimen:

Type of Fuel
Fissile Material
Fissile Material Density

g/cc Fuel
Type of Spectrum
Radial Power Depression

Initial, max/min
Angular Power Variation

Maximum power ratio,

fast/thermal, (0.625 ev
cutoff)

Fuel Burnup, 1020 fissions /cc
Fuel

Burnup increment, 1020
fissions/cc Fuel

TBD*

TBD

Sodium
TBD *

60-150
TBD*
TBD
10,000

Result of
Criteria Studies

Self-Contained Pack-
age, See Figure 2

Stainless Steel,
Type 316

Sodium
1400

60
Helium
Helium
Not Established

Ceramic (UC)
Uranium
(0.4 - 1.2) TBD *

Thermal
1.5-2.5

Uniform as
Possible

0.30

5-15

1-3

Ceramic (UC)
Uranium
0.324

Thermal
1.34

1.07 (surface, max/
ave) (1.13 max/min)

0.32

5-1 (~4,100 t to
12, 300 t hr @
1,500 kw)

1-3(~820t to 2,500t

hr @ 1,500 kw)
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b) Reference Test Specimen: (Cont'd)

Specimen Power, Generation
(Fission), kw

Average Pin Power,
(Fission), kw/in.

Maximum Pin Power,
(Fission), kw/in.

Number of Pins
Specimen Length, in.
Pin, Outside Diameter, in.
Fuel, Outside Diameter, in.
Bond Material
Cladding Material
Cladding Thickness, in.
Geometry

Spacer Outside Diameter, in.
Test Section Length, ft.
Minimum Test Section

Diameter, in.

c) Nominal Design Conditions

Primary Coolant Temperature
at Specimen Outlet (Max), F

Primary Coolant Temperature
at Specimen Inlet (Min), F

Primary Coolant Maximum
Axial Temperature Dif-
ferential, F

Minimum Heat Exchanger
Capacity, kw

Maximum Allowable Test
Specimen Temperature at
Zero Power (Post Irradia-
tion), F

Hydraulic Characteristics
Maximum Flow, gpm
Specimen Pressure Drop

(Maximum Flow), ft.
ATR Flux Trap Location
Flux Trap Flow Baffle

Inside Diameter, in.
Primary Coolant will be

"Double Continued"

150-1,500

5

9

5-7
48 (max)
0.560
0.500
Sodium
Stainless Steel
0.020
Triangular Pitch,

Spiral Spacers
0.090
TBD *
2.35

1,400

800

350

TBD *

1,000

TBD *
180
100

East
5.25

Yes

1,500

4.5

8.5 (hot spot)

7
48
0.560
0.500
Sodium
Stainless Steel
0.020
Triangular Pitch,

Spiral Spacers
0.090
4
2.425 (max)

1,400

800

350

0.25

1,000

See Figure 3
180
390

East
5.25

Yes

To be determined by loop designer.

Fuel burnup times are estimated.

- 3 -
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4. CONCEPTUAL DESCRIPTION OF THE FACILITY

4.1 General

The ATR (Reference 3) is a 250 Mwt test reactor providing experi-
mental loop irradiation space for the AEC testing program, and is
located in a northwest extension of the MTR-ETR complex at the National
Reactor Testing Station in Idaho.

The reactor is water cooled, and is fueled with fully enriched U 3 08

dispersed in and clad with an aluminum alloy. Boron carbide is included
in the fuel material as a burnable poison. The ATR core region consists
of a 4-foot high vertical fuel annulus shaped in a serpentine fashion be-
tween and around nine flux trap areas in a 3 x 3 square array, Figure 4.
The core region is surrounded by a metallic beryllium reflector.

The four flux trap positions on the corners of the square are referred
to as inner flux trap positions (lobes) since they are enclosed by the fuel
annulus. Those on the sides of the square are exterior to the fuel annulus
and are referred to as outer flux trap positions. The center position is
referred to as the center flux trap. These flux traps will accommodate
nine major test loops including six pressurized water loops, two liquid

metal cooled loops, and one gas cooled loop.

The Thermal Flux Loop Facility to be installed in the ATR will con-
sist of a sodium cooled in-reactor package loop section and an out-of-
reactor section which includes the helium secondary coolant system, in-
strumentation, and other subsystems required to support the Facility.

These are described briefly below.

4.2 In-Reactor System

The in-reactor section of the Thermal Flux Loop Facility, Figure 2, is
located in the 50 Mw east outer flux trap position of the ATR core as in-
dicated in Figure 4. It consists of the following:

a) Vertical in-pile package loop containing a totally
enclosed circulating sodium system which removes

heat from the four foot long reference test specimen,
Figure 1, by forced circulation and transfers the heat

to flowing helium in the sodium-to-helium primary
heat exchanger.

b) Helium-to-water heat exchanger with helium flowing inside
and reactor cooling water flowing outside the tubes.

c) Loop extension tube supporting the package portion

of the loop in the ATR vessel and providing passage
for the helium secondary coolant supply and return

piping and power and instrumentation leads from the
in-reactor section out-of-pile.

The in-reactor portion of the loop which houses the fuel test specimen

and the sodium primary coolant system is similar in concept to that of

the fast flux loop (Reference 4) and is illustrated in Figure 2. This self.

contained system is filled with sodium and consists of a pump and vari-

able speed electric motor driver, primary heat exchanger, sodium
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expansion reservoir, inner liquid metal flow tube capable of accepting
a four-foot long test specimen, outer flow tube, electric heaters, con-
necting piping, and associated instrumentation and power leads.

The pump circulates the primary coolant through the fuel test speci-
men and primary heat exchanger at controlled flow rates adequate to
maintain the temperature rise across the test specimen. The bottom
portion of the loop, Figure 5, which houses the four-foot long reference
test specimen is about five and one-half feet long and has an outside
diameter of four inches. The conceptual design of the structural members
in the test section of the loop is based on providing double containment of
the liquid metal and rejecting a maximum portion of the total heat gener-
ated in this section directly to the reactor cooling water flowing downward
outside the loop.

Above the test section of the loop is the primary heat exchange which
transfers heat from the flowing sodium to the flowing secondary coolant
helium. The design arrangement of the heat exchanger shown in Figure 6
is based on providing a maximum of heat transfer surface within the
available space. The centermost tubes carry sodium upward from the
test section to the suction of the pump and the outermost tubes direct the
sodium from the pump discharge downward and back into the test section.
Secondary coolant helium enters at the top of the heat exchanger, flows
downward on the shell side parallel to the axis of the tubes in both the
inner and outer tube sections, and leaves the heat exchanger at the bottom.

Immediately above the heat exchanger are flow baffles which direct
the sodium to and from the pump. Resistance type electric heaters
jacketed in stainless steel sheaths are located in the pump discharge
section. These heaters are required to maintain the sodium in the molten
condition during various loop operations.

The pump impeller is located above the heater region of the loop.
Conceptually it is of the mixed flow design and will have a maximum ca-
pacity of 180 gpm at 500 feet head when operating at approximately 10,000
rpm. Directly above the pump impeller is the sodium sump, sized to
accommodate the thermal expansion of the sodium during its rise in temper-
ature from the filling temperature to the maximum operating temperature.
The sodium in the sump also serves as a heat sink to prevent overheating
the pump drive motor and bearings. Electric heaters may be required
in the sump to prevent the sodium from freezing. The pump drive, located
directly above the sump, is a variable speed motor controlled by varying
the frequency of the applied electric power. Shielding must be supplied
above and around the sump to permit local, manual, making and breaking
of helium and power connections atop the loop and to reduce the total dose
received by the motor during 10,000 hours of operation to an acceptable
level. A discussion of the preliminary shielding analysis is given in
Appendix N.

The secondary coolant helium passes from the out-of-reactor section
into the top of the loop through a 1-3/4 inch inside diameter inlet line
inside the extension tube. The helium line is then routed down around
the outside of the loop pressure tube into the top of the primary heat
exchanger. From the heat exchanger the helium flows upward outside
the loop proper through 28 one-half inch diameter tubes approximately
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eight feet long which form the helium-to-reactor water heat exchanger.
These tubes are headered at the top of the loop into a single 2-5/8 inch
inside diameter helium outlet pipe which passes up through the extension
tube and thence to the out-of-reactor system. A baffle surrounding the
helium-to-reactor-water heat exchanger tubes directs the reactor water
flow downward around the outside of the thermal flux loop and into the
flux trap baffle. This arrangement utilizes the existing pressure drop
across the reactor core to provide forced circulation of the reactor
water, thus maximizing the heat exchanger's heat transfer rate.

The removal of the thermal flux loop from the ATR may be accom-
plished after a decay time of less than one hour, a period sufficient to
permit removal of decay heat by natural convection to water. The re-
moval procedure consists of (a) raising the loop from the core, (b) placing
it in the ATR reactor vessel drop tube, and (c) lowering it into the ATR
working canal. During the loop removal operations, secondary coolant
helium flow is not required. However, the pump must continue to operate
to prevent specimen overheating, and thermocouple and electric power

connections must be maintained throughout the removal of the loop.

These operations and their associated problems are described in detail
in IDO-24043 (Reference 5).

4.3 Out-of-Reactor System

Conceptually, the out-of-reactor section of the Thermal Flux Loop

Facility supplies helium to the primary heat exchanger in the in-reactor
section at constant temperature and pressure, and over a range of flow

rates adequate to maintain desired temperature levels in the in-reactor
section. It includes the following:

a) Out-of-reactor portion of the helium secondary
coolant system.

b) Bypass helium drying system - used to maintain
the moisture content of the secondary coolant at

acceptable levels.

c) Helium supply system - used to fill the system

and to provide make-up.

d) Vacuum system - used to evacuate the system

before it is filled with the secondary coolant.

e) Instrumentation.

The out-of-reactor portion of the secondary coolant system consists

of filters downstream and upstream of the in-reactor section, a helium

to high-pressure demineralized water (HDW) system heat exchanger,

main and auxiliary compressors, and associated valves and piping. This

system and the supporting drying, helium supply, vacuum and instrumen-

tation systems, illustrated schematically in Figure 7, will permit the

experimenter to select and control operating conditions over a wide range.
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All out-of-reactor section equipment, with the exception of the
compressors, is located either within or adjacent to Cubicle 1B in the
first. basement of the ATR building. The compressors, because of
their size, cannot be located within the cubicle and, therefore, have to be
located together with those for the fast flux loop (Reference 4), in a
compressor vault outside the south wall of the ATR building. The
vacuum system will also serve the fast flux loop and will be located
within Cubicle lA along the wall adjacent to Cubicle 1B. Helium supply,
instrumentation, and control systems will be located outside of and
adjacent to the cubicles.

4.4 Facility Performance Summary

The performance of the primary and secondary coolant systems
for a Thermal Flux Loop containing the reference test specimen is
summarized in Table II.

Table II

PRIMARY AND SECONDARY COOLANT SYSTEM

PERFORMANCE SUMMARY

Basis: Reference Specimen in 50 Mw ATR Outer Flux Trap Position)

Primary Coolant System

Coolant Sodium
Flow Rate, gpm @ 1214 F 140
Pump Total Developed Head, ft. 296
Flow Rate Through Specimen, gpm 135
Leakage Flow Rate (Specimen Bypass), gpm 5
Pressure Drop Through Specimen, ft. 245
Temperature, Mixed Mean, at Specimen Inlet, F 1,050
Temperature, Mixed Mean, at Specimen Outlet, F 1,400
Temperature, Primary Heat Exchanger Inlet, F 1,400
Temperature, Primary Heat Exchanger Outlet, F 1,079
Primary Coolant Axial Temperature Difference, F 350
Pump Inlet Temperature, F 1,214

Secondary Coolant System

Coolant Helium
System Flow Rate, lb/hr 12,000
Temperature, Primary Heat Exchanger Inlet, F 140
Temperature, Primary Heat Exchanger Outlet, F 501
Temperature, at Outlet of In-Reactor Section, F 350
Pressure, at Inlet of In-Reactor Section, psig 600
Pressure, at Outlet of In-Reactor Section, psig 500
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Heat Balance

Specimen Fission Power, kw 1,500
Test Section Gamma Heating (Including Specimen,

Sodium and Structure), kw 208.7
Gamma Heating, to Primary

Heat Exchanger Outlet to Test Specimen Inlet,
kw 228.6

Heat Input From Sodium Pump, kw 12.0

Total Heat Input, kw 1, 94 9.3

Heat Losses From Primary Coolant to ATR
Water in In-Core Section, kw 376

Heat Transferred From Primary Coolant to
Secondary Coolant, kw 1,573.3

Total Heat Transferred From Primary Coolant, kw 1,949.3

Heat Transferred From Secondary Coolant to
ATR Water, kw 659.2

Heat Transferred From Secondary Coolant to
HDW, kw 914.1

Total Heat Transferred From Secondary Coolant, kw 1,573.3
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5. SYSTEM AND COMPONENT CRITERIA

5.1 General

Where possible, criteria for the Titles Iand II design of the Thermal
Flux Loop are presented in this section in sufficient detail to give the
reader an understanding of how they were established, why particular
criteria were selected and what problems and alternatives were considered
and still remain to be resolved and evaluated.

5.2 In-Reactor System

The initial conceptual design of thermal flux package loop prepared
by APDA., Reference 1, utilized a controllable level of liquid mercury to
vary the effectiveness of heat transfer surface in transferring heat from
the primary coolant sodium to the reactor cooling water. In this manner
the primary coolant sodium temperatures could be maintained at the levels
required by the experiment.

The possible results of a leak of mercury into the reactor coolant
water were considered and deemed to be undesirable. Therefore, the
design criteria work included the investigation of (a) substituting another
fluid for mercury in the variable liquid level control scheme and, if a
satisfactory substitute fluid could not be found, (b) preparing an alternate
scheme that would permit operating the loop over the desired control
range (see Reference 9). The results of this investigation, Appendix J,
indicated that no satisfactory substitute fluid could be found to be used
with the variable level control scheme and that a flowing secondary cool-
ant, helium, could be used to give satisfactory heat removal control.

Therefore, based on utilizing helium as the secondary coolant, the
in-reactor portion of the Thermal Flux Loop, Figure 2, was conceptually
designed to comply with the qualitative and quantitative design objectives
outlined in Sections 3.1 and 3.2. In addition, the design attemped to maxi-
mize heat transfer directly to the reactor water.

The configuration shown in Figure 2 neither provides for nor reflects
a complete solution to all the design problems associated with the package
loop concept since work was terminated prior to completion of the design.
Solutions to the following design problems are not reflected in the concep-
tual design presented:

a) Consideration of double containment for high pressure
helium coolant which would prevent the inadvertent
escape of gas into the reactor cooling water in the
event of a leak.

b) Completely adequate design solution to the problems
created by differential thermal expansion.

c) Necessary shielding to prevent interference with
other reactor operations and to limit the total in-
tegrated dose received by the pump drive motor
and bearings.
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d) A satisfactory pump-drive-motor and bearing design.

e) Lateral support of loop within the reactor.

It should be emphasized that additional study and analysis are required
in order to establish the complete feasibility of this conceptual design with-
in the limitations imposed by the design objectives and safety considerations.

5.2.1 Nuclear Criteria

Those criteria set forth in Table I, Section
design of the sodium cooled thermal loop are:

Type of Fuel
Fissile Material
Fissile Material Density g/cc-fuel
Type of Spectrum
Radial Power Depression, initial,

Max/Min
Angular Power Variation
Maximum Power Ratio, fast/thermal

(0.625 ev cutoff)
Fuel burnup, 1020 fis sjons/cc-fuel
Burnup Increment, 1 0  fissions/cc-fuel
Specimen Power (fission), kw
Average Pin Power (fission), kw/in.
Maximum Pin Power (fission), kw/in.
Number of Pins
Specimen Length, in.
Pin Outside Diameter, in..
Fuel Outside Diameter, in.
Bond Material
Cladding Mate rial
Cladding Thickness, in.
Geometry

Spacer Outside Diameter, in.

3.2, that apply to the nuclear

Ceramic (UC)
Uranium
0.4-1.2
Thermal
1.5-2.5

Uniform as possible
0.30

5-15
1-3
150-1500
5
9
5-7
48
0.560
0.500
Sodium
Stainless Steel
0.020
Triangular Pitch,

Spiral Spacers
0.090

Studies carried out for the reference specimen in a 50 Mw single lobe

model indicate that the above nuclear criteria can be met reasonably well
without significantly affecting other experimental areas within the reactor.

The details of these studies are presented in Appendix I.

5.2.2 Thermal Criteria

Those design objectives set forth in Table I, Section 3.2, that apply to

the thermal design of the loop are:

In-Pile Loop Design

Primary Coolant Temperature at

Specimen Outlet (Max), F

Primary Coolant Temperature at

Specimen Inlet (Min), F

Primary Coolant Maximum Axial

Temperature Differential, F

Self -Contained
Package

1400

800

350
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In addition, the nuclear objectives and the specimen configuration must
be considered.

The in-core section has been designed to maximize heat transfer directly
to the reactor cooling water from the primary coolant sodium. The sodium-
to-helium heat exchanger was designed to remove the rest of the heat gener-
ated when operating within the design conditions. Table III summarizes the
sodium thermal conditions in the loop. It can be seen that the thermal criteria
have been met. Detailed discussions of these criteria are included in Appen-
dixes C, D and K.

Table III

PRIMARY COOLANT THERMAL CONDITIONS

Specimen Power, Kw 1500
Temperature at Specimen Inlet, F 1050
Temperature at Specimen Outlet, F 1400
Temperature at Primary Heat 1400

Exchange Inlet, F
Temperature at Primary Pump, F 1214
Temperature at Primary Heat 1079

Exchanger Outlet, F
Temperature at Test Section Inlet, F 1079
Temperature at Specimen Inlet, F 1050

5.2.3 Hydraulic Criteria

Those design objectives set forth in Table I, Section 3.2, that apply to
the hydraulic design of the loop are:

In-Pile Loop Design Self-Contained
Package

Minimum Test Section Diameter, in. 2.35
Primary Coolant Temperature at 1400

Specimen Outlet (Max), F
Primary Coolant Maximum Axial 350

Temperature Difference, F
Maximum Flow, gpm 180
Specimen Pressure Drop 100

(Maximum Flow), ft

In addition, the nuclear objectives and the specimen configuration must
be considered.

Under the specimen design power and temperature conditions, the sodium
flow rate is 140 gpm and the pressure drop across the test specimen is 245
feet. If sodium flows at 180 gpm, the specimen pressure drop is 390 feet. In
both cases the pressure drops are considerably greater than that permitted
by the design objectives. A more detailed discussion of hydraulic performance
is given in Appendix L.

It is apparent that, in order to meet the design objective of 100 foot
specimen pressure drop at 180 gpm, either the specimen configuration must
be changed or some of the other design objectives, such as specimen power
or thermal conditions.
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5.2.4 Mechanical Criteria

The feasibility of the conceptual design for the Thermal Flux Loop based
on the package concept had not been completely established when work was
terminated. This section presents the background information that had been
developed and outlines the problem areas which require further study.

5.2.4.1 Space Envelope

The space envelope, Figure 8, for the entire in-reactor portion of the
loop was developed as a result of the requirements imposed by the design
objectives, and particularly the physical boundary limitations of the ATR
and the other experiments contained therein.

The in-core section is the bottommost portion of the loop. It extends
downward through the flux trap from the top active fuel line of the reactor
fuel elements (elevation 82 feet 0 inches) for a distance of 4 feet 5 inches
and upwards from the top of the active fuel line for a distance of 11 inches
making the total length 5 feet 4 inches. This section has a 4 inch outside
diameter and contains the four foot long reference fuel test specimen. The
diameter was fixed as a result of the minimum water thickness required
between the outside of the loop and the flux trap baffle to attain the specified
fast-to-thermal-power ratio.

The section containing the sodium-to-helium heat exchanger, the elec-
tric heater(s), the pump and the expansion reservoir is the next section
above the in-core section. It extends from elevation 82 feet 11 inches to
elevation 88 feet 6 inches. The outside diameter of this section is 5.125
inches. Both the outside diameter and the elevation to which this section
extends above the core are dictated by the requirement that refueling of the
ATR core should be accomplished without moving the loop. The refueling
operation requires that the outside diameter of this section, for 180 degrees
of periphery, be slightly smaller than the inside diameter of the flux trap
baffle from which the ATR fuel elements are supported. Maintaining this
diameter up to elevation 88 feet 6 inches permits the fuel elements to be
lifted straight up for a distance of 6-1/2 feet above the top active fuel line
before any lateral movement is imparted to the element. The section from
elevation 88 feet 6 inches to 91 feet 10 inches contains the electric motor,
the motor shielding and a portion of the biological shielding. This section
has an outside diameter of 8-1/2 inches which is a reasonable maximum
that will not interfere with other equipment or operations in the reactor.

The uppermost section (from elevation 91 feet 10 inches to elevation
93 feet 3 inches) is approximately 17 inches long and 5-15/16 inches in

diameter. The top 10 inches of this section must fit through the six inch
penetration holes in the top head closure plate of the reactor vessel. Ten

inches is the minimum length required to make or break the connections

at the top of the loop prior to loop removal or installation in the reactor.
The remaining seven inches is taken up with the helium transition pas-

sages.

The helium-to-reactor water heat exchanger is located on the east

side of the loop. It is parallel to and extends approximately seven inches

from the vertical axis of the loop. It starts at the bottom of the sodium-to-

helium heat exchanger and terminates at the top of the pump motor section.
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Since the heat exchanger is located in a 180 degree flared area above the
beryllium reflector, it does not interfere with the refueling operations. The
maximum radial protrusion of this section from the loop vertical center-
line is 7-1/2 inches.

Based on these various limitations the total loop length is 15 feet 11
inches. The maximum length that can be moved horizontally within the
reactor vessel to the drop tube is approximately 16 feet. Further detailed
discussions of the loop space envelope are presented in Appendix H.

5.2.4.2 Pump, Motor, and Sump

A preliminary investigation into the feasibility of developing a pump
for the thermal loop was made. Several pump manufacturers were called
in to study the problems involved in developing a pump-drive motor com-
bination that would:

a) Pump 180 gpm of sodium to a head of 500 feet at a pumping
temperature of 1215 F.

b) Turn the flow 180 degrees.

c) Fit into the available space envelope, see Section 5.2.4.1.

d) Dissipate the heat generated in the motor.

e) Operate for 10,000 hours without maintenance.

f) Have a continuously variable speed range from 10% to 100%.

g) Operate in a sodium vapor-helium environment.

The investigations covered hydraulic, electrical, and bearing design
problems. It was the general consensus of the pump manufacturers con-
tacted that a pump using two or three stages of mixed flow impellers
would be required to provide the specified hydraulic performance. The
impellers would have inside and outside diameters of approximately 1-1/2
inches and 3 inches respectively. The full load speed would range between
10,000 and 12,000 revolutions per minute. A cover gas pressure of 60
psig would be more than ample to supply the required net positive suction
head.

The pump-drive motor would be from 8 to 24 inches long and the
nominal power rating would be between 30 and 50 horsepower depending
on the efficiency.

A cursory study of the problems involved in cooling the motor revealed
that the heat generated within the motor could be dissipated by conduction
to the reactor water. The following assumptions were made: (a) motor
operating in helium atmosphere, (b) fluted double containment around the
motor, (c) no thermal resistance between the walls of the double contain-
ment, and (d) velocity of the water outside the double containment equal
to one foot per second. While assumption (c) is not strictly valid, previous
heat transfer work indicated that the contact pressure between the walls is
high enough such that the contact resistance is very low compared to the
other resistances to heat transfer.
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A possible problem area in the design of the pump motor combination
is the critical speed of the pump drive-shaft. Since the unit must be capable
of operating over a wide range of speeds the rotating assembly should be
designed such that the pump would always operate below the first critical
speed.

Since the space limitations within the loop preclude the possibility of
directly measuring the liquid metal flow rate, an indirect means will be
required. A full size dimensional mock-up of the loop liquid metal system
will be used to determine the flow rate of water as a function of input fre-
quency and power. This data by application of "Reynold's Analogy" will
permit the determination of the liquid metal flow rate.

The problem requiring the most effort to solve, relevant to the develop-
ment of a satisfactory pump, appears to be concerned with the bearings. This
conclusion was drawn as a result of studying the requirements placed upon
the pump and consequently upon the bearings. Briefly these requirements are
(a) 10,000 hours of operation without maintenance, (b) high speed (10,000 to
12,000 rpm) as well as variable speed operation, (c) high temperature, (d)
high level radiation environment, (e) occasional stopping and starting, and
(f) operate in a liquid metal vapor environment.

The expected configuration of the pump and motor is similar to that
used in the Fast Flux Loop, Reference 4, in which the pump is considerably

below the motor, i.e., the impeller is mounted on the lower end of the shaft
while the motor rotor is at the upper end. The liquid level of the sodium in
the sump is between the pump and the motor.

It is expected that a combination radial-and-thrust bearing would be
immediately above the motor and a radial bearing would be immediately
beneath the motor, Reference 4. These two bearings would operate in the
helium and sodium-vapor atmosphere. A second radial bearing might be
needed in the vicinity of the impeller and would, of necessity, operate in
and be lubricated by liquid sodium.

The lower radial bearing (at the pump) is not considered to be an un-
solvable problem. Liquid metal lubricated bearings have been used in pumps
before. If forced circulation of the lubricant is required, a small auxiliary
impeller mounted on the main shaft would provide the necessary circulation.

During Title I, a complete investigation of design and materials would be

performed.

The two upper bearings in the Fast Flux Loop, Reference 4, were
tight-fitting and grease lubricated. Similar bearings could be used in the

thermal loop, but it is expected that their service lives would not extend to

the design objective of 10,000 hours. Alternate bearing designs might uti-

lize liquid metal or gas as the lubricant. The difficulties involved in apply-
ing these alternate designs involve not only the factors of speed, temperature

and environment, but also space limitations and sealing requirements.

If the bearings are liquid metal lubricated, the motor lower bearing
could be similar to that used at the impeller. An auxiliary impeller could

circulate sodium from the sump through the bearing and back to the sump.

The motor upper bearing might be supplied with sodium from the sump

through the main shaft, but there is no room for installation of a line carry-

ing sodium from the bearing back to the sump. Preventing the sodium from
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leaking out of the bearing and down onto the motor is another problem. In
addition, the radioactive sodium passing through the motor would produce
radiation problems.

Gas-lubricated bearings have also been used in certain applications,
such as gas compressors. As applied to the thermal loop motor bearings,
however, a major problem concerns sealing the clean lubricating gas from
the contaminated (sodium vapor and fission products) gas that forms the
motor environment. It is not believed that a seal exists today that could
be guaranteed to prevent leakage between the two gas environments.

If the lubricating gas is at higher pressure than the sump, the sump
must be vented to prevent gas pressure build-up in the loop. If the sump
is at higher pressure than the lubricant, sump cover gas will bleed off.
In either case, sodium vapors and fission products would pass from the
package loop into the external systems, producing radiation problems.

It might be possible to pump the sump cover gas through the bearings
in a closed system within the loop. However, a nearly constant gas pres-
sure at the bearing is usually required; a main- staff mounted gas impeller
would not produce this constant pressure since the pump motor must oper-
ate over a wide speed range. In addition, it is not known whether or not the
contaminated gas would be a satisfactory lubricant.

It is apparent that, in order to arrive at a feasible pump-motor-bear-
ing design, considerable engineering, research, and development work will
be required in Title I.

5.2.4.3 Sodium-to-Helium Primary Heat Exchanger

The conceptual design of the heat exchanger was developed as a result
of attempting to satisfy the following conditions:

a) Liquid sodium under conditions stated in the design objectives
(Reference 2).

b) Helium coolant at 600 psi.

c) Outside diameter fixed at 5.125 inches to permit ATR refueling
without moving the loop (see Section 5.2.4.1).

d) Maximize the heat rejected directly to reactor cooling water in
order to reduce the size of secondary coolant system.

e) Passages on the sodium side to be as large as possible to pre-
vent plugging, enhance drainage, and provide minimum pressure
drop.

f) Maintain the pump suction temperature as low as possible.

g) Consider thermal expansion due to hot and cold leg temperature
differences.

h) Allow passage of the leads from electric heaters and specimen
instrumentation.
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The conceptual design of the primary heat exchanger shown in Figure 6
attains the thermal performance, Table IV, specified by the design objectives.
However, from Figure 6 it can be seen that the inner and outer section of the
heat exchanger are connected by the concentric tubes that form the thermal
barrier between the sodium streams entering and leaving the test section.
Since these two tubes are operating at different temperatures, the amount each
expands will be different. If these tubes are fixed as shown, the induced
stresses will be excessive. These stresses could be reduced by redesigning
the heat exchanger so that the differential growth of the thermal barrier will
be absorbed in the heat exchanger tubes. Additional analysis will be required
during Title I to determine the complete feasibility of the heat exchanger con-
cept presented.

Table IV

PERFORMANCE CAPABILITY SUMMARY
HELIUM COOLED PRIMARY COOLANT HEAT EXCHANGER

I II*

Load, kw 1,573 0.25
Primary Coolant Inlet Temperature, F 1,400 800
Primary Coolant Outlet Temperature, F 1,075 800 (Approx)
Primary Coolant Flow Rate at Pumping 140 180

Temperature, gpm
Pumping Temperature, F 1,214 800
Secondary Coolant Inlet Temperature, F 140 -
Secondary Coolant Outlet Temperature, F 501 -
Secondary Coolant Flow Rate, lb/hr 12,000 Zero
Secondary Coolant In-Reactor Pressure 100

Drop, psi

*Minimum heat exchanger capacity within the design objective limitations.

5.2.4.4 Helium-to-Reactor Water Heat Exchanger

In order to reduce the design requirements of the out-of-reactor equip-
ment and consequently the HDW system, the helium-to-reactor water heat
exchanger, shown in Figure 6, is designed to transfer a maximum amount of
heat directly to the reactor cooling water. The design is based on including
as much heat transfer surface as possible in the limited space available
(See Section 5.2.4.1). The calculation assumed that a forced convection flow
of 200 gpm was possible by using the core pressure drop to drive the reactor
water down through a shroud which contains the 28 half-inch diameter tubes.

This assumption will be checked during Title I. The performance of this heat

exchanger is shown in Table IV.
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Table V

PERFORMANCE CAPABILITY SUMMARY
SECONDARY COOLANT TO REACTOR WATER HEAT EXCHANGER*

Load, kw 659
Secondary Coolant Inlet Temperature, F 501
Secondary Coolant Outlet Temperature, F 350
Secondary Coolant Flow Rate, lb/hr 12,000
Reactor Water Inlet Temperature, F 130
Reactor Water Outlet Temperature, F 153
Reactor Water Flow Rate, gpm 200

4 This performance is associated with the primary heat exchanger perform-
ance presented as Case I in Table IV.

5.2.4.5 Electric Heater Capacity

During the time that the loop is submerged in water and the fuel test
specimen is not producing sufficient power to prevent freezing of the sodium,
a certain amount of heat must be added to make up for the heat loss from
the loop. This loss was calculated to be about 40 kw with 15 kw being supplied
by the pump when operating at full speed. The remaining 25 kw would be sup-
plied by electric immersion heaters located in the sodium flow passage between
the sodium-to-helium heat exchanger and the pump, see Figure 2. In all
probability electric heaters will also be required in the sodium sump to pre-
vent freezing. Electric power leads will be sized in Title I to accommodate
the maximum power required. It is important that the diameter of these
leads be kept to a minimum.

5.2.4.6 Loop Life

The ability of the loop to meet the design objectives requiring 10,000
hours life is influenced by the following factors:

1) The ability of the pump bearings and lubricants, and the
motor windings and insulation to operate in the loop
environment for 10,000 hours.

2) The extent to which sodium oxide will build up in the
loop and the effect of this build-up on loop operation.

3) The physical, chemical, and metallurgical changes that
may take place in the loop materials, i.e., type 316
stainless steel, over a 10,000 hour period under antic-
ipated loop operating conditions.

4) The combined pressure and thermal stresses in crit-
ical areas under steady state and transient condi-
tions, including an estimated 162 thermal cycles from
maximum temperature to reactor water temperature.
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The work performed up to the time the package loop concept for the
thermal loop was terminated had not established a satisfactory solution to
any of the above problems. Additional study and research and development
is required before the feasibility of a 10,000 hour design life can be estab-
lished.

5.2.4.7 Loop Re-Use

In order to re-use the loop for irradiation of a previously irradiated
specimen, the loop must be designed for remote removal and installation
of the specimen, for remotely making and breaking various service con-
nections, for remote filling with sodium, and for remote purification of
the sodium.

a) Loop End Closure

In order to remove and reinsert a test specimen in
the loop a removable and replaceable bottom end
closure is required. A suggested design for such a

closure is shown in Figure 9. The details of and the
problems associated with the removal and replace-
ment of this closure and removal and insertion of the

test specimen are described in Part I of IDO- 24043,
Reference 5.

b) Service and Instrumentation Connections

In order to provide the various services required to
fill, operate and monitor the thermal flux loop a great
number of connections are required. Due to the limita-

tions on available space it is necessary to locate these
connections on the top surface of the loop.

Connections are provided for the following services:
a) flushing and filling the loop with sodium, b) estab-
lishing helium buffer and cover gas regions, c) elec-
trical power to the pump drive-motor and sodium
heaters, d) instrumentation leads for thermocouples,

leak detectors, and sodium level indicators, and e)

secondary coolant inlet and outlet lines.

The design objectives of loop re-use and re-irradiations
of test specimens require that these connections be re-

motely re-used a number of times in the hot cell. A

conceptual design of the loop top end is shown in Fig-
ure 10. Mock-up tests will be required to demonstrate

the utility of this scheme or that of alternates. The

problems associated with making and breaking these

connections remotely in the hot cell are described in

Part I of IDO-24043, Reference 5.

c) Sodium Filling and Purification

The magnitude of the problem of sodium oxide build-up is
one which can only be resolved by operational tests of the

loop. Since it does not appear that a suitable sodium
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purification system can be installed within the loop, con-
nections have been provided at the top of the loop to per-
mit circulation of the sodium in a remotely operable
external purification system. The satisfactory operation
of this purification system will be dependent on:

1) The ability to circulate sodium through the small
thermal loop fill lines and internal passages with-
out plugging.

2) The ability to heat the thermal loop to at least 400 F
while cooling the in-pile section of the loop.

3) The ability to remotely open, connect to, and reseal
the the rmal loop fill line s.

4) The longevity of the thermal loop liquid level detec-
tors that are needed to prevent inadvertent over-
filling.

5) The impurity level of the sodium within the thermal
loop prior to purification.

A satisfactory solution of these problems will require the performance
of full scale mock-up tests. A detail description of the proposed purifica-
tion system is presented in IDO-24043, Reference 5.

5.2.4.8 Loop Shielding Requirements

Activated sodium is the major contributor to the high dose rates from
the thermal flux loop during handling operations. Since the loop sump is
the highest point in the loop which contains activated sodium, it will be
necessary to supply shielding within and possibly around the periphery of
the loop sump. This shielding is required to permit reasonable loop
handling procedures and to prevent excessive radiation damage to the loop
motor windings, lubricants, and bearings. It has been estimated that the
total integrated dose received by the motor windings should be limited to
109 rads. Preliminary calculations, see Appendix N, indicate that approx-
imately 3.5 inches of tungsten shielding installed directly above the sump
will satisfy this requirement based on a loop operating life of 10,000 hours.
Additional shielding will be required above the motor to prevent gamma
streaming during handling operations. It should be noted that these calcu-
lations do not consider the dose rate to or from the adjacent fast flux loop
pump-sump region which may establish the need for additional shielding
around the periphery of the motor region.

The above calculations also indicated the tungsten shield may require
auxiliary cooling to dissipate the gamma heat generated. Additional anal-
ysis and study of these shielding and gamma heat problems is required
since the feasibility of providing appropriate shielding in and around the
loop sump had not been established when the work on the package loop
concept was terminated.

5.2.4.9 Double Containment of High Pressure Gas

Critical experiments presently being conducted for the ATR indicate
that there are regions of the core which have positive void coefficients of
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reactivity. Since the conceptual design of the thermal flux loop utilizes
high pressure helium (greater than reactor operating pressure) as the
secondary coolant, an in-reactor leak or rupture of this system would re-
lease high pressure gas into the reactor primary coolant. Gas bubbles
could be formed and carried through the reactor core causing voids and
their associated positive reactivity effects.

Provisions to ensure against helium leakage were not included in the
conceptual design of the thermal flux loop since the extent of these posi-
tive void coefficients of reactivity had not been defined.

The leakage of helium into the reactor primary coolant and subse-
quently into the core could be prevented either by use of double contain-
ment similar to that provided for the sodium or by lowering the helium
pressure below the reactor operating pressure.

Lowering the pressure of the secondary coolant helium while main-
taining the conceptual facility configuration and performance capability
is not considered practical because the helium compressor horsepower
requirements would increase due to the increase in system pressure
drop. The over-all system pressure drop with the lower helium density
could be reduced by reducing the system thermal performance require-
ment. However, this is also considered an unacceptable solution.

The other possible solution to this problem is to double contain the
helium inlet and outlet lines, the primary coolant heat exchanger and the
helium-to-reactor water heat exchanger. Since double containment must
be achieved within the restraints of the existing space envelope, the size
of the primary coolant heat exchanger and associated helium flow passages
will be reduced with a net increase in loop pressure drop. This pressure
drop would be reflected in increased horsepower and space requirements
for the secondary system compressors.

The addition of double containment to the helium-to-reactor water
heat exchanger would substantially decrease the amount of heat trans-
f erred to the reactor primary coolant, thus necessitating an increase in
the heat removal capability of the secondary coolant system.

Instrumentation to monitor for pressure increases and/or the presence
of water in the containment annuli would be required. Provision for such
instrumentation is not considered a major problem. However, it would
require additional connections at the top of the loop (see Section 5.2.4.7b).

The conceptual loop design allows the stagnant helium annuli in the

in-core section to operate at the same pressure as the primary coolant
heat exchanger, approximately 500 psi, in order to simplify the design and
fabrication of the loop. If the two systems must be separate a complete
redesign of the in-core section is required.

In summary, while it appears that double containment of all high pres-
sure helium may be achieved, a great deal of additional study and analysis
will be required to determine its over-all effects on the loop design and

design objectives. In addition, this requirement greatly increases the com-

plexity of design and fabrication of an already complicated and possibly
marginal system.
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5.3 Out-of-Reactor Systems

The out-of-reactor section of the Thermal Flux Loop Facility consists
of the following:

a) Secondary Coolant Loop - including filters, heat exchanger(s),

compressors, snubbers, valves and piping.

b) Helium (Commercial Grade) Supply System

c) Helium Drying System

d) Vacuum System

e) Instrumentation (See Section 5.4)

f) Utilities (See Section 5.5)

g) Structures (See Section 5.6)

Where possible criteria for the Titles I and II design of these systems
are presented herein together with justifications for the criteria where
appropriate.

5.3.1 Shielding

The secondary coolant, commercial grade helium, is circulated through
both the in- and out-of-reactor sections of the Facility. It contains impuri-
ties, mainly argon, that become activated during transit through the in-reactor
portion of the secondary coolant system. It may blow stainless steel parti-
cles, assumed to remain in the in-reactor section after assembly and instal-
lation, out of the in-reactor section. These particles will, of course, be
radioactive. Therefore, the secondary coolant will contain sources of activity
for which shielding must be provided. A shielded filter is provided in cubi-
cle lB immediately downstream of the in-reactor section of the Facility to
filter out entrained particles.

The shielding to be provided for secondary coolant system process
equipment and piping shall be adequate to limit the contact dose rate. Shield-
ing will not be required for the helium supply system or for the instrumenta-
tion and control system.

The radiation source bases for the design of the shielding for the filter
located immediately downstream of the in-reactor section in Cubicle 1B are
pre sented in Tables V I and VII. The conceptual configuration of the filter
not including shielding is shown in Figure 11. The assumed one gram of
particles constituting the source of activity is thought to be reasonable.
Preliminary calculations indicate that the shielding requirements for the
filter will be relatively modest, on the order of 2 to 3 inches of lead.

The bases for the design of shielding for other process equipment shall
be the data presented in Tables V III, IX and X. Implicit in these data is an
assumed system arrangement. The actual arrangement, to be determined
in Title I, will affect the relationship between transit time in-reactor and
out-of-reactor, and therefore the activity induced in the secondary coolant.
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Preliminary calculations based on these data indicate that no shielding will
be required for helium piping and equipment under normal operating condi-
tions.

Shielding requirements under normal and emergency conditions shall
be the subject of Title I study and shall follow from a detailed Facility
hazards analysis.

Table V I

BASIS FOR ESTIMATION OF ACTIVATION OF
STAINLESS STEEL CHIPS

Irradiation Time, hr

Quantity of Chips, gm

Location of Chips During
Irradiation

Flux Trap Power, Mw

10,000

1 (assumed)

1 foot above top of ATR
core (at bottom of
heat exchanger)

50
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Table V I I

STAINLESS STEEL ACTIVATION IN HEAT EXCHANGERS OF
ATR LIQUID METAL PACKAGE LOOPS

10,000 HOURS IRRADIATION

Activation
Source

Iron
Gamma 1
Gamma 2
Gamma 3

Manganese
Gamma 1
Gamma 2
Gamma 3

Chromium
Gamma 1

Cobalt
Gamma 1
Gamma 2

Nickel
Gamma 1
Gamma 2
Gamma 3

Molybdenum
Mo9 3

Gamma 1
Gamma 2
Gamma 3
Mo 9 9

Gamma 1
Gamma 2
Gamma 3
Gamma 4
Gamma 5
Mom01
Gamma 1
Gamma 2
Gamma 3
Gamma 4

Sulphur
Gamma 1

Silicon

Gamma 1

Total

Curies/gm of
Stainless Steel

1.0655 x 10- 3

1.4587 x

5.7288 x

2.8495 x

1.4289 x

7.4690 x

8.3887 x

1.5100 x

6.7079 x

Activity

Gamma Curies/gm of
Stainless Steel

6.0731 x
4.5814 x
2.9833 x

1.4587 x
4.3762 x
2.9 175 x

10-1

10 2
10

10 -2

Gamma Energy
(Mev)

1.100
1.290
0.191

0.85
1.81
2.13

10-2
5.6143 x 10-

106

2.8495 x
2.8495 x

2.5863 x
3.5580 x
5.8584 x

7.4690 x
7.4690 x
7.4690 x

7.3821 x
8.3887 x
9.2277 x
8.3887 x
9.2277 x

1.4496 x
1.4119 x
5.2851 x
1.2835 x

10-3
10-3

0.323

1.1728
1.33

1.12
1.49
0.37

0.26
0.68
1.48

0.140
0.181
0.372
0.741
0.780

0.515
0.083
0.896
2.08

3.12

1.26

10-6

106
0 6

10 4
10 5
10~4
10 5

10~4

10~ 4

10 6

10 -5

109

3.6808 x 10

2.09536x 10

6.0371 x 10

2.5765 x 10-8

2.34816x 10-1
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Table VIII

COMPOSITION OF COMMERCIAL GRADE HELIUM

(Reference 7)

C omponent

Carbon Dioxide

Argon

Hydrogen

Nitrogen

Methane

Helium

Weight Percent

0.000581

0.000049

0.00003

0.001763

0.000001

Balance

Table IX

BASIS FOR ESTIMATION OF
SECONDARY COOLANT ACTIVATION

Secondary Coolant Irradiation Time, hr 1

Secondary Coolant Flow Rate, lb/hr 2,

Secondary Coolant Residence Time, In-Pile, 0.

sec

Secondary Coolant Transit Time, Compressor 5
Discharge to Suction, sec

Equilibrium Activity Exists at Heat Exchanger
Outlet

Flux Trap Power, Mw 5

0,000

290*

.22

0

* Gives maximum in-core residence time and there-

fore, maximizes impurity activation. See Appendix F.
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Table X

HELIUM IMPURITY ACTIVATION IN ATR THERMAL FLUX LOOP
10,000 HOURS IRRADIATION

Activation
Source

Argon
Oxygen
Gamma
Gamma
Gamma

Nitrogen
Gamma
Gamma
Gamma

Total

Curies/cc gas

4.0543 x
8.255 x

1
2
3

1
2
3

-11
10-1610

- -16
9,5698 x 10

4.0545 x 10-11

Activity

Gamma Curies /cc

4.0259 x 10-

8.255
5.778
3.302

x

x

x

1016
10 7

-16
9.570 x 10-
1.302 x 10_6
1.081 x 1017

4.0262 x 10-11

Gamma Energy
(Mev)

1.37

0.200
1.37
0.112

6.13
7.10
2.70

Notes:

1. Hydrogen and carbon produce no activation gammas and, therefore,
are not included above.

2. Helium density corresponding to above sources is 0.0036859 gm/cc.

5.3.2 Mechanical

5.3.2.1 General

The establishing of criteria for the design of the secondary coolant
system requires detailed definition and description not only of a refer-
ence experiment, but also of the nature of other experiments that may be
installed in the Facility. Design for a range of experiments is outside
the scope of these criteria studies.

The maximum capacity of the system is based on the maximum heat
transfer capability of the primary coolant heat exchanger, this correspond-
ing to a maximum primary coolant temperature of 1,400 F, maximum pri-
mary coolant flow of 180 gpm, and in-reactor section helium pressure
drop of 200 psi. The reference capacity is defined by the performance of
the reference specimen in a 50 Mw ATR outer flux trap, this correspond-
ing to a maximum primary coolant temperature of 1,400 F, primary coolant
flow of 140 gpm, and an in-reactor section helium pressure drop of 100 psi.
These data are summarized in Table X I.

It should be noted that the design of the secondary coolant system for
the thermal flux loop shall be based on the reference capacity (Reference 8).
The data presented in Table X I for the maximum performance of the primary
coolant heat exchanger is for information only.
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Table X I

DESIGN BASIS -
THERMAL FLUX LOOP SECONDARY COOLANT SYSTEM

Basis

Reference
Specimen

Maximum
Performance
of Primary

Coolant Heat
Exchanger

Secondary Coolant
Secondary Coolant Mass Flow Rate,

lb/hr
Secondary Coolant Inlet Temperature

to Reactor, F
Secondary Coolant Outlet Tempera-

ture From Reactor, F
Secondary Coolant Inlet Pressure

to Reactor, psig
Secondary Coolant Outlet Pressure

From Reactor, psig
Secondary Coolant In-Reactor Section

Pressure Drop, psi
Secondary Coolant Inlet Pressure to

Compressor, psig
Secondary Coolant Discharge Pres-

sure From Compressor, psig
Secondary Coolant Discharge Tem-

perature From Compressor
Aftercooler, F

Main Compressor, bhp
Bypass Dryer Flow Rate, lb/hr
Secondary Coolant Dew Point, F
HDW Inlet Temperature, F
HDW Outlet Temperature, F
Secondary Heat Exchanger Rating,

Btu/hr

Helium

12,000

140

350

600

500

100

450 (assumed)

650 (assumed)

140
720
120
-80 to -100
130
196

3,130,000

Helium

16,950

140

363

600

400

200

350 (assumed)

650 (assumed)

140
1,250
170
-80 to -100
130
196

4,680,000

A suggested elementary flow diagram of the out-of-reactor portion
of the helium secondary coolant system is presented in Figure 7. Helium
leaving the in-pile portion of the system flows through a shielded filter
to the secondary heat exchanger in which heat is transferred to the high-
pressure demineralized water system. The helium then flows to the com-
pressors, through a filter, and back into the in-pile section. Appropriate
intercoolers, aftercoolers, and snubbers to damp out pressure oscillations
are provided with the compressors. In-pile temperature control is accom-
plished by automatically loading and unloading the compressors, thereby
regulating helium flow to the in-pile section. A helium supply system, a
drying system, a vacuum system, the HDW system, and appropriate instru-
mentation support the main secondary coolant loop. Criteria for the design
and selection of components and auxiliary systems are presented below.
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5.3.2.2 Secondary Coolant System Components

a) Piping, Valves, Materials of Construction

The out-of-pile portion of the secondary coolant system
shall be fabricated of type 304 stainless steel, in accord-
ance with ASA Code for Pressure Piping and the ASME
Boiler and Pressure Vessel Code and appropriate nuclear
cases. The design temperature shall be 400 F and the de-
sign pressure shall be 800 psig.

Joints shall be of all-welded construction except at the
filters and compressors where flanged joints may be used
to facilitate installation and maintenance.

All valves shall be of bellows-sealed or diaphragm type con-
struction.

Pipe size shall be consistent with over-all system pres-
sure drop limitations.

b) Compressors

A main compressor capable of circulating helium at 12,000
pounds per hour and an auxiliary compressor capable of
circulating helium at approximately 1,200 pounds per hour
shall be connected in parallel and shall operate on the line
continuously. No spare compressor is to be provided.
The auxiliary unit is provided for shutdown or emergency
cooling and shall be sized in accordance with transient
response requirements during Title I studies.

The compressors shall be nonlubricated (teflon composition
pistons) reciprocating units capable of circulating the secon-
dary coolant without contaminating it in any way. The com-
pressor ratings have been based on the in-reactor section
secondary coolant pressure drop shown in Table X I and an
assumed out-of-reactor section pressure drop of 100 psi.
The compressors shall be equipped with aftercoolers and
intercoolers of type 304 stainless steel all-welded tube and
shell construction.

The compressors shall conform to the description presented
in Table X II. Space shall be provided for the compressors
in accordance with the data presented in Table X III. It will
be noted that the physical size of the units is of such a magni-
tude that sufficient room does not exist to permit their instal-
lation in Cubicle lB. Accordingly, provisions have been made
for their installation in a compressor vault outside the south
wall of the ATR building together with the fast flux loop com-
pressors described in Reference 4. Firm criteria for the
selection of the compressors, based upon detailed descriptions
of specimens and experiments to be installed in the Facility,
shall be established during the Title I phase of the design.
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The main compressor shall operate off the ATR com-
mercial bus and the auxiliary unit off the ATR diesel
bus. From safety considerations, the use of these units
in this manner is considered adequate since two simul-
taneous failures, either electrical or mechanical, must
precede loss of coolant flow. This is considered most
unlikely.

Consideration has been given to the design of a secondary
coolant system common to both the Fast and Thermal
Flux Facilities. This approach has been ruled out from
safety considerations, and because system power require-
ments would be 75% to 100% higher for a common system
than for two separate systems. Operational flexibility
would be lost if a common system were to serve both
Facilities.

Table X I I

SECONDARY COOLANT SYSTEM
COMPRESSOR CHARACTERISTICS

Main Auxiliary

Mass Flow Rate, lb/hr
Suction and Discharge

Temperature, F
Suction Pressure, psig
Discharge Pressure, psig
No. of Stages
Bhp
Motor Rating, hp
Power Source

HDW Requirements at 100 F,

gprn, approx.*

12,000
140

450
650

1
720
800

ATR
Comme r cial

145

* For aftercoolers, intercoolers, jackets and bearings.
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Table XIII

SECONDARY COOLANT SYSTEM
COMPRESSOR SPACE REQUIREMENTS

Main Auxiliary

Motor Rating, hp 800 80
Weight of Compressor, Coolers

and Motor, lb, approx. 45,000 3,^00
Concrete Pad Area, approx. 5' x 12' 2' x 3'
Actual Floor Area 9'5" x 22'2" 5'3-1/4" x 8'3"
Floor Area Including Working

and Aisle Space 13'5" x 32'2" 9'3-1/4" x 14'3"

a - Snubbers

Conceptually, snubbers are to be installed in the piping immediately
upstream and downstream of each compressor. In addition to reducing
vibration, these units are also to be capable of reducing pressure pulsa-
tions to less than 1% of the line pressure. Title I studies are to be carried
out to determine whether snubbers are more suitable than receivers for
this purpose.

b - Heat Exchanger(s)

The heat exchanger(s) shall be of all-welded tube and shell construc-
tion.

The helium shall be the tube side fluid. High-pressure demineralized
water shall be the shell side fluid.

Conceptually, one unit has been shown in Figure 7. The number of
units to be installed in parallel shall be determined from off-design per -
formance and safety studies carried out during Title I to insure con-
trollability over the desired range of operating conditions.

The heat exchanger(s) shall be sized in accordance with the data pre-
sented in Table X IV. Firm criteria for the selection of the exchanger(s)
must await definition of Thermal Flux Loop Facility experiments in Title I.
Exchanger ratings will be affected also by Title I studies that are to be
carried out to optimize loop heat losses to the ATR water.
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Table X IV

SECONDARY COOLANT SYSTEM
HEAT EXCHANGER CHARACTERISTICS

Helium Mass Flow Rate, lb/hr 12,000
Helium Inlet Temperature, F 350
Helium Outlet Temperature, F 140
Helium Inlet Pressure, psig, approx. 475
Helium Pressure Drop, psi, max. 15
HDW Inlet Temperature, F 130
HDW Outlet Temperature, F 196
HDW Mass Flow Rate, lb/hr 47,500

(~ 100 gpm)
HDW Pressure Drop, psi, max. 5
Heat Exchanger Rating, Btu/hr 3,130,000

c - Filters

Filters are to be provided immediately downstream and upstream
of the in-pile section of the system. The filters are provided to protect
the compressors, to trap particulate matter which may be blown out of
the in-pile section, and to prevent return of particulate matter to the
in-pile section. The need for and design of a filter capable of sepa-
rating entrained sodium entering the system as the result of a leak of
sodium into the secondary coolant shall be established in Title I design
and safety studies.

The filters shall be of the sintered stainless steel type, capable of
filtration in the 5-10 micron particle size range, and shall be designed
to permit cleaning and/or replacement of the filter elements during ATR
shutdown periods. Spare capacity shall not be provided.

The design pressure drop of the filters shall be approximately
5 psi.

The filter immediately downstream of the in-pile section shall be
shielded in accordance with criteria presented in Section 5.3.1 and shall
be monitored as described in Section 5.4.2. The need and criteria for a
filter cask shall be established in Title I.

5.3.2.3 Secondary Coolant System
Auxiliaries

a - Helium Drying System

A bypass drying system shall be provided to remove moisture from

the secondary coolant system prior to reactor start-up, and to maintain
the dew point of the secondary coolant at -80 F to -100 F during the
ensuing reactor cycle.

The drying agent shall be Linde Type 13X, 1/16-inch pellets, molec-
ular sieves or equal.
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The capacity of the system shall be a minimum of 100 grams of
moisture while maintaining the dew point of the secondary coolant at
desired levels.

The system shall be sized and equipped to permit regeneration.
The use of a dual absorption dryer and the optimum regeneration scheme
shall be determined during Title I.

The system shall be designed for operation at 140 F and 650 psig
and rated at not less than 1% of the system flow rate.

b - Helium (Commercial) Supply
System

A manifold of helium bottles shall be used to fill and provide make-
up to the loop. The manifold shall be sized during Title I.

Pressure regulators shall be provided on each gas bottle, and a
pressure control valve downstream of the manifold shall also be pro-
vided. Make-up to the loop shall be under administrative control.

A pressure controlled vent to the ATR stack shall be provided at
the inlet to the in-pile section to prevent loop over pressure. Design
of the ATR exhaust system shall be modified as required by this Facility.

c - Vacuum System

A vacuum pump capable of evacuating the entire secondary coolant
system to a pressure not greater than 10-2 mm Hg in 30 minutes shall
be provided to permit purging and filling at start-up. The pump shall be
supplied with a high grade of high vacuum type oil (vapor pressure less
than 0.2 micron at 20 C) and shall be trapped to prevent back diffusion
of oil vapors into the loop piping. The system shall vent to the ATR
stack.

5.4 Instrumentation and Cc:ols

5.4.1 General

The instrumentation and control system shall provide the means for
continuous automatic and remote manual control of Thermal Flux Loop
process variables, shall indicate and record these variables, and shall
include appropriate alarms and interlocks with the ATR safety system
required for both loop and reactor safety. The system is illustrated
conceptually in Figure 7. It shall be designed in a manner consistent
with ATR practice. Instrumentation shall be located on suitable display
panels situated outside of Cubicle 1B.

The basic system control functions shall, for criteria purposes, be
the following:

a) The maintenance of primary coolant temperature
rise across the test specimen at desired levels by
controlling primary coolant pump speed and, there-
fore, primary coolant flow.
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b) The maintenance of primary coolant temperature at
specified levels by regulating secondary coolant flow.

c) The maintenance of secondary coolant pressure at
specified levels at the inlet to the in-reactor section.

It is recognized that the requirements of regulation of secondary cool-
ant flow and maintenance of secondary coolant inlet pressure may interact.
Therefore, Title I effort will be required to study carefully the control
problem and to devise a workable system. A control scheme which may be
capable of providing the desired control is discussed in Section 5.4.3.

5.4.2 In-Reactor Instrumentation

The instrumentation provided for the in-pile package loop shall con-
sist of thermocouples, sodium liquid level indicators and sodium leak
detection devices located in the helium containing regions of the loop. If
double containment of the secondary coolant is required, additional instru-
mentation will be provided in the containment annuli to indicate either gas
pressure or in-leakage of reactor cooling water.

The design philosophy that thermocouples and other sensing elements
will not penetrate the walls of the liquid metal system, i.e., the thermo-
couple sheath shall not see liquid metal, shall be the basis for the design
of the instrumentation system. This criterion is required for maintaining
the integrity of the liquid metal system. It will not preclude the measure-
ment of axial and radial temperature profiles within the test specimen
region. It will require that an experimenter provide a test specimen-end
cap assembly for insertion into the in-pile package loop modified in such
a way that the thermocouple wells welded into the end cap extend into those
parts of the test specimen region where temperature measurements are
desired. Sheathed thermocouples may then be inserted into these wells
and brought out of the in-core region in a manner analogous to that of other
thermocouples. Thermocouples located in the buffer helium annulus sur-
rounding the in-core region permit the measurement of axial temperature
profiles along the outer edge of the test specimen region.

In addition to the thermocouples provided to measure process temper-
atures, thermocouples shall also be provided to monitor motor stator and
bearing temperatures. The feasibility of measuring primary coolant pres-
sure drop across the test specimen shall be investigated during the Title I

phase of design. The number of thermocouples and leak detection devices

to be provided for monitoring, control and safety purposes shall be de-
termined during Title I. Level indicators will be provided in the loop sump
to permit system filling and external purification of the liquid metal. The
number and design of these indicators will be determined during Title I.

A motor control center will be required to permit both manual and

automatic control of pump speed, and therefore of primary coolant temper-
ature rise. Thermocouples measuring test section inlet and outlet temper-
atures shall provide the control signal.

5.4.3 Out-of-Reactor Instrumentation

In addition to providing the basic system capabilities set forth in Section

5.4.1 the out-of -reactor instrumentation and control system shall also be

capable of:
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a) Measuring gross a , and y activity in the secondary cool-
ant piping, the shielded filter, Cubicle 1B, and the compressor
vault.

b) Measuring and controlling secondary coolant moisture content
at specified levels.

c) Alerting the reactor operator to the existence of abnormal
operating conditions such as overtemperature, over- or
underpressure, loss of helium flow, presence of sodium
or of other activity in the secondary coolant.

d) Shutting down the reactor in case of dangerous loop operat-
ing conditions.

The design of the system to be accomplished in Title I shall provide
double tracking of instrumentation, alarms and interlocks in accordance
with ATR practice.

An important aspect of the design of the control system is the require-
ment that it be capable of operation over a wide range of loads. Of interest
here are the characteristics of the compressors and of the system, and the
system control requirements. The head developed by the compressors is
independent of load; system head losses increase approximately as the
square of the flow. As a consequence, a variable resistance, in this case
a compressor suction throttle valve, must be installed in the system to
balance system losses against developed head for any desired flow, there-
by controlling the pressure at the inlet to the in-reactor section. The main-
tenance of primary coolant temperature level requires control of secondary
coolant flow. This may be accomplished by a compressor load controller
employing pneumatically operated suction valve unloaders, automatically
controlled variable clearance pockets, and automatically controlled bypass-
ing to prevent hunting at controller nodal points corresponding to 25%, 50%
and 75% load. This system will provide the desired flow control and will
be economical of power. The auxiliary compressor will always be in opera-
tion at its rated capacity. The system is conceptual and, as noted, in Section
5.4.1, its functions of flow and pressure control are not independent. Title I
efforts are therefore indicated to evaluate the suitability of this system,
and to design a control system based on this or some other concept that will
satisfy the control requirements.

5.4.4 Data Logging System

The main reactor data logging center (Reference 3) provides normal
scanning of 300 analog inputs, an independent logic check of the operations of
the control system relay network, a memory of the past 5 minutes of operating
history, accelerated scanning of preselected quantities during transients, and
the calculation and interpretation of information. Twenty of the 300 analog
points are allotted for the Thermal Flux Facility.

The design of the instrumentation and control system to be accomplished
during Titles I and II shall provide for the transmittal of appropriate data to
the main reactor data logging center, and for receiving and recording from
the data logging center information such as reactor flux trap power and control
rod position, which may be of interest to the experimenter.
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5.5 Utilities

The utilities required for the Thermal Flux Loop Facility shall include
the following:

5.5.1 Electrical System

5.5.1.1 In-Reactor System

a) 480 v, 3 ph, 60 cy, failure free bus for
40 hp (approximate) sodium pump vari-
able frequency drives.

b) Sodium heaters, 25 kw (approximate).

5.5.1.2 Out-of-Reactor System

a) Vacuum System 3.7 kw, 480 v, 3 ph,
60 cy (5 hp)

b) Helium Drying System 1.5 kw, 110 v, 60 cy

c) Main Compressor

d) Auxiliary Compressor

~563 kw ATR Com-
mercial Bus*, 4,160 v,
3 ph, 60 cy (~720 Bhp)

~54 kw A'TR Diesel
Bus*, 480 v, 3 ph, 60 cy
(~7Z Bhp)

5.5.2 High-Pressure Demineralized Water System

a) Main Compressor ~145 gpm at 100 F*

b) Auxiliary Compressor ~15 gpm at 100 F*

c) Secondary Coolant
Heat Exchanger

'100 gpm at 130 F*

*See Sections 5.3.2.2 b and d.

5.5.3 Ventilation

Cubicle 1B and the compressor vault shall be designed to be a part of
the ATR building gastight enclosure. The ATR ventilation system shall be
sized to permit drawing 1,000 cfm of air from the basement area adjacent
to the cubicle and vault into each of these areas, to maintain these areas
under a negative pressure, and to discharge the air from these areas to
headers connected to the main exhaust system. Butterfly type shutoff
dampers are to be provided in the duct leaving each area to permit adjust-
ment of the exhaust system and isolation of the area if necessary.

As specified in IDO-24041 (Ref. 4) the compressor vault is to be pro-
vided with a 100 kw recirculation type air-handling unit incorporating a
water cooling coil, and Cubicle lB with a 30 kw unit. These shall serve
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as sinks for heat generated by equipment within these areas and shall be
provided with cooling water from the well water system.

5.5.4 Instrument Air

100 psig at -30 F, Dew Point

5.6 Structures

Thermal Flux Loop Facility equipment shall be housed in three areas
within the ATR Facility:

a) The reactor proper in which the in-pile package loop and
extension tube are located.

b) Cubicle lB on the first basement of the ATR building within
which the filters, heat exchanger(s), helium drying system
and vacuum system are to be located, and outside of which
the helium supply system, pump motor control center, and
instrument control panels are to be located.

c) Compressor vault outside the south wall of the ATR building
within which the compressors, snubbers and auxiliaries are
to be located.

These areas are related to one another as illustrated in Figures 12
and 13. Piping and instrumentation leads will pass from the reactor to
Cubicle lB and the area surrounding it through the mechanical pipe duct,
nozzle access trench, and outer shim rod service area. A pipe trench
terminating in Cubicle lB is provided for passage of piping and instru-
mentation leads from the compressor vault and the control center.

Of importance in the equipment arrangement is the location of the
compressors in a vault and not in Cubicle 1B. This arrangement was dic-
tated by the physical size of these units. Their location outside the south
wall of the ATR building, below grade, and on a level with the first base-
ment, is in close proximity to the process equipment they serve, does not
interfere with the location of other ATR or loop equipment, is sufficiently
restricted from other areas so as to minimize the consequences of unfore-
seen occurrences, and from structural considerations permits installation
and operation of this equipment independent of all other ATR equipment.
Access to the compressor vault is provided through a door and a knockout
plug in the south wall of the ATR building and through a hatchway in the
vault roof.

The requirements for fire protection systems and equipment in the
cubicle and compressor vault shall be determined during Title I.

The cubicle and compressor vault shall be equipped with telephones,
evacuation alarms, and a paging system. The lighting level in the compres-
sor vault shall be 20 foot-candles; that provided in Cubicle lB is also 20 foot-
candles.

The requirements for hoists, monorails and other materials handling
equipment shall be evaluated in Title I.
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The over-all arrangement is satisfactory from space and safety con-
siderations, and facilitates installation, maintenance, and removal of equip-
ment.

6. OTHER REQUIREMENTS

In addition to providing a complete set of design drawings and specifica-
tions for all items mcntinned in this report, the AE shall also prepare the
following as part of the Title I and Title I I design work:

a) Preliminary Proposal

b) Safety Analysis

c) Test Procedures

d) Operating Manual

7. INFORMATION TO BE SUPPLIED BY IDO AT THE START
OF TITLE I DESIGN

1) Complete and fully detailed specifications for the test assembly(s),
drawings and dimensions defining the test specimen(s), its (their) supports
and instrumentation.

2) Complete and fully detailed nuclear, thermal and hydraulic operat-
ing requirements for the test specimen(s).

3) Additional requirements other than those listed in Section 6.
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Design Data Sheet No. M-5001
EO-AEC 9954
Contract No. AT(10-1)-1075
July 18, 1962
Rev. 1 - December 5, 1962
E. 'E. Van Brunt, Jr.

EBASCO SERVICES INCORPORATED
ADVANCED TEST REACTOR - DESIGN DATA

LIQUID METAL LOOP FACILITIES
THERMAL FLUX LOOP

DESIGN OBJECTIVES AND FIXED PARAMETERS

PURPOSE AND SCOPE

To state the design objectives and fixed parameters with regard to
the thermal flux loop.

DESCRIPTION

A review of APDA-145 by the experimenters and others was conducted
to determine the design objectives and fixed parameters for the thermal
flux loop. The attached is a list of the design objectives and fixed parame-
ters that were determined. This design data sheet will be revised from
time to time during the preparation of the design criteria to add other
items of information.
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Design Data Sheet No. M-5001
Liquid Metal Loop Facilities
Design Objectives and Fixed Parameters

NOMINAL DESIGN CONDITIONS

In-Pile loop design and dimensions

Basic materials of construction

Primary coolant

Primary coolant temperature (max)

Operating Pressure, psig

Secondary coolant

Cover gas

Min. Loop Design Life, hrs.

December 5, 1962

DESIGN OBJECTIVES
AND FIXED PARAMETERS

TBD*

TBD*

Na

TBD*

60 - 150

TBD*

TBD*

10,000

Test Specimen

Type of fuel

Fissile material

Ceramic (UC)

Uranium

Fissile material density, g/cc fuel

Type of spectrum

Radial power depression, initial,

max /min

Angular power variation

Maximum power ratio (0.625 ev cutoff)

fast/thermal

Fuel burnup, 1020 fissions/cc

fuel

Specimen power generation (fission), kw

Average pin power (fission), kw/in.

Maximum pin power (fission), kw/in.

Number of pins

TBD* (0.4-1.2)

Thermal

1.5-2.5

Uniform as possible

0.30

1-3

150-1500

5

9

5-7
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Design Data Sheet No. M-5001
Liquid Metal Loop Facilities
Design Objectives and Fixed Parameters

Specimen length, in.

Pin outside diameter, in.

Fuel outside diameter, in.

Bond material

Cladding material

Clad thickness, in.

Geometry

Spacer outside diameter, in.

Minimum test section length, ft.

Minimum test section diameter, in.

December 5, 1962

48 (max)

0.560

0.500

Sodium

Stainless steel

0.020

Triangular pitch,

spiral spacers

0.090

TBD*

2.35

Design Temperatures

Primary coolant temperature

at specimen outlet (max)

Primary coolant temperature

at specimen inlet (min)

Primary coolant maximum

axial D T

Minimum heat exchanger capacity

Maximum allowable test specimen

surface temperature at zero

power (post-irradiation)

Hydraulic Characteristics

Maximum flow, gpm

Specimen pressure drop, ft.

(at max flow)

1400 F

800 F

350 F

TBD*

1000 F

TBD*

180

100

* TBD= To be determined
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Design Data Sheet M-5002
E.O. -AEC 9954
Contract No. AT(10-1)-1075
December 1, 1962
E. E. Van Brunt, Jr.

EBASCO SERVICES INCORPORATED
ADVANCED TEST REACTOR - DESIGN DATA

LIQUID METAL LOOP FACILITIES
THERMAL FLUX LOOP

SECONDARY COOLANT SYSTEM

PURPOSE AND SCOPE

To present the conceptual design basis for the out-of -pile portion
of the secondary coolant system which supports the Thermal Flux Loop
to be installed in the Advanced Test Reactor.

The design is consistent with the performance of the in-pile section
of the loop discussed in B&W Design Data Sheet No. R-5001. It has been
carried forward only far enough to establish space and utility require-
ments for system components. It has not, at this time, been analyzed
for controllability nor has it been optimized. These do not appear to be
major problems and, therefore, can be solved during Title I work.

DESIGN BASIS

The conceptual design of the secondary coolant system is based upon
Case I of Table I in B&W Design Data Sheet No. R-5001, which is the
maximum thermal capability under the following conditions:

Helium Mass Flow Rate 12,000 lb/hr

Helium Inlet Temperature to In-Pile Section 140 F

Helium Outlet Temperature from In-Reactor Section 350 F

Helium Inlet Pressure to In-Pile Section 600 psig

Helium Pressure Drop - In-Reactor Section 100 psi

GENERAL DESCRIPTION OF LOOP

An elementary flow diagram of the out-of -pile portion of the helium
secondary coolant system which supports the Thermal Flux Loop is pre-
sented in SKC-9954-1. Typical process conditions are presented in
Table I.

Helium leaving the in-pile portion of the system flows through a
shielded filter to the loop heat exchanger in which high pressure de-
mineralized water (HDW) is used to cool it to a temperature of 140 F.
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It then flows to the compressor, through a filter, and back into the in-
pile section. Appropriate intercoolers and aftercoolers are provided
with the compressors. Loop temperature control is accomplished by a
compressor load controller employing pneumatically operated suction
valve unloaders, automatically controlled variable clearance pockets,
and automatically controlled bypassing to prevent hunting at controller
nodal points corresponding to 25, 50 and 75% load. This system will
provide the desired flow control and will be economical of power. Snub-
bers are provided upstream and downstream of the compressors to damp
out pressure and flow oscillations. The secondary coolant loop is pro-
vided with a helium supply system, a bypass drying system, and a vacuum
system used to purge the loop. The HDW system supplies cooling water
for the heat exchanger and the compressor intercoolers and aftercoolers.
The instrumentation shown is basic and will be ultimately designed in a
manner consistent with established standards for ATR.

Table I - Thermal Flux Loop Secondary Coolant System-

Secondary Coolant Helium

Helium Mass Flow Rate, lb/hr 12,000

Helium Inlet Temperature to Reactor, F 140

Helium Outlet Temperature from Reactor, F 350

Helium Inlet Pressure to Reactor, psig 600

Helium Pressure Drop - In-Pile Section, psi 100

Helium Inlet Pressure to Compressor, psig 450 (assumed)

Helium Discharge Pressure from Compressor, psig 650 (assumed)

Helium Discharge Temperature from Compressor
Aftercooler, F 140

Main Compressor, bhp 720

Bypass Dryer Flow Rate, lb/hr 120

Helium Dew Point, F -80 to -100

HDW Water Inlet Temperature, F 130

Secondary Heat Exchanger Rating, Btu/hr 3,130,000

* Based on requirements for reference specimen.

The filters, heat exchanger, bypass dryer and vacuum system will

be located within the confines of Cubicle 1B of the ATR First Basement
Plan. The compressors, intercoolers, aftercoolers and snubbers must

be located outside of this cubicle, since the shielded space provided is

inadequate. Location of these components in an unshielded area is not
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considered hazardous because helium is non-activating, is a secondary
coolant and, on leaving the in-pile section, is filtered through a shielded
filter. Preliminary calculations based on the information presented in
Babcock & Wilcox Company Design Data Sheet No. R-5004, "Thermal
Flux Liquid Metal Package Loop Secondary Coolant Impurities Activa-
tions" indicate that the compressors and their associated piping will not
require shielding. The vacuum system and helium supply system will
be common with the Fast Flux Loop and therefore will be located at
points convenient for joint use.

Loop components and supporting sub-systems are described below.

PIPING

Loop piping will be fabricated of Type 304 stainless steel and will
be of all welded construction except at the filters and compressors
where flanged joints may be used to facilitate installation and mainte-
nance.

Pipe size will be selected after location of the compressors and
component pressure drops have been determined. It will probably be
in the range of 4 in. Schedule 40.

All valves will be of bellows sealed type construction.

COMPRESSORS AND SNUBBERS

Conceptually, two one -stage, non-lubricated (teflon composition
pistons), horizontally opposed, reciprocating compressors equipped
with intercoolers, aftercoolers and snubbers are considered for use in
the loop. The compressors are connected in parallel and are rated
and operated as shown in Table II. No spare capacity is being pro-
vided.

Table II - Helium Compressor Characteristics

Suction HDW*
Mass and Dis- Require-
Flow charge Suction Discharge Motor ATR ment
Rate Temper- Pressure Pressure Rating Power at 100 F

Unit Lb/Hr ature - F Psig Psig Hp Source Gpm

Main 12,000 140 450 650 800 Commercial 145

Auxiliary 1,200 140 450 650 80 Diesel 15

* For Aftercoolers, Intercoolers, Jackets and Bearings
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Both compressors are operated on the line continuously. The auxiliary
unit is provided for shutdown or emergency cooling. From safety con-
siderations the use of these units in this manner is considered adequate
since two simultaneous failures, either electrical or mechanical, must
precede loss of coolant flow and this is considered unlikely. Appropriate
means are to be provided for unloading the units to facilitate startup and
pressure control.

Appropriate snubbers are installed in the piping upstream and
downstream of the compressors to reduce pressure pulsations to less
than 1% of the line pressure.

The floor area requirements for the compressors are such that they
cannot be installed with other loop equipment in Cubicle 1B. Alternative
unshielded locations are outlined in Design Data Sheet M-4003.

HEAT EXCHANGER

The heat exchanger is to be of all-welded tube and shell construc-
tion and is fabricated of Type 304 stainless steel. The secondary coolant
will be the tube side fluid and HDW the shell side fluid. The unit will be
rated in accordance with maximum limiting process conditions deter-
mined from Design Data Sheet R-5001 during Title I studies. No spare
capacity is being provided. Conceptually, one unit is deemed adequate.
However, for control purposes, the number required will be determined
from off -design performance studies during Title I which may indicate
the need for parallel units,

FILTERS

Filters are to be provided immediately downstream and upstream
of the in-pile section of the loop to remove particulate matter which may
be picked up from the loop, thereby protecting the compressors and to
prevent return of particulate matter from the out -of -pile section to the
reactor. The filter immediately downstream of the in-pile section will

be shielded.

Two types of filters are presently under consideration for use:
(1) a sintered stainless steel unit capable of filtration in the 5-10 micron

range, and (2) a high temperature absolute filter whose utility will depend
upon its ability to withstand the pressure drop that will be developed.

HELIUM DRYER

A bypass dryer operated at 140 F and 650 psig and rated at 1% of
the system flow rate is provided to maintain the helium dewpoint at -80

to -100 F. Regeneration will be accomplished during reactor shutdown.
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HELIUM SUPPLY SYSTEM

A manifold of helium bottles will be used to fill and provide makeup
to the loop. The manifold pressure will be maintained at a pressure
approximately 50 psi greater than that of the compressor suction mani-
fold by using pressure regulators on each gas bottle. System makeup
will be administratively controlled.

This system is also used to regenerate the molecular sieve dryer.

Loop over -pressure at the inlet to the in-pile section is maintained
through a pressure controlled vent.

VACUUM SYSTEM

A vacuum system capable of evacuating the loop will be provided
to permit purging and filling at startup. This system will be sized during
Title I.

INSTRUMENTATION

The basic instrumentation requirements of the system are presented
in SKC-9954-M-1. The system will be designed in a manner consistent
with ATR practice.

UTILITY REQUIREMENTS SUMMARY

a. Power - 480 Volt, 60 Cycle, 3 Phase

1 - Main Compressor

2 - Auxiliary Compressor

3 - Vacuum Pump

4 - Dryer Heater

720 Bhp

72 Bhp

5 Hp

1.5 Kw

b. High Pressure Demineralized Water

1 - Main Compressor

2 - Auxiliary

3 - Heat Exchanger

145 Gpm at 100 F

15 Gpm at 100 F

Equivalent to
3,130,000 Btu/hr
at 130 F inlet
temperature.
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THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

PRELIMINARY DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
THERMAL ANALYSIS OF HELIUM COOLED HEAT EXCHANGER

PURPOSE AND SCOPE

To report the results of a study made on a conceptual heat exchanger
that will satisfy the Design Objectives.

GENERAL DESCRIPTION

To accommodate the space limitations and to minimize the com-
plexities that accompany the fabrication, operation and handling of the
Thermal Flux Loop several different heat exchanger designs were
examined.

The first design considered embraced the principle of variable
liquid level control as proposed in APDA-145. This scheme was re-
jected for reasons stated in Design Data Sheet R-5008.

The second design studied and reported in the original issue of this
data sheet consisted of two tube sheets connected with spiral tubes to
carry the sodium up from the specimen to the pump. The pump dis -
charged the sodium downward through an annulus formed by the shell
of the heat exchanger and the pressure tube wall. Helium coolant was
directed around the outside of the spiral tubes to remove the heat from
the sodium. This design was rejected for two reasons: (a) space limi-
tations, and (b) complexities involved in directing the helium coolant to
and from the shell side of the heat exchanger.

The third design which appears to satisfy all of the conditions both
implied and stated in the design objectives is described below.

This design was based on two major requirements. It had to con-
form with the space limitations of 2 feet in length and 5 -1 /8 inches out -
side diameter. It also had to have the capability of transferring 1573 kw
of heat from the sodium to the helium with an inlet sodium temperature
to the heat exchanger of 1400 F. With these two requirements and the
selection of a reasonably small outside diameter tube, the above condi-
tions could be satisfied only after inserting the maximum heat transfer
area in the available space. A schematic view of the heat exchanger
is shown in Figure 1 of this appendix. The full size drawing is shown
in Figures 2 and 6 in the body of this report.
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The heat exchanger consists of a shell and tube design with the sodium
making two passes through the tubes, and the helium making one pass
around the tubes. The bottom tube sheet is divided into two concentric
tube sheets to compensate for the difference in axial tube expansion be-
tween the inner portion and the outer portion of the heat exchanger.

The shell side of the heat exchanger contains a cylindrical baffle
that prevents mixing of helium between the inner and outer portions of
the heat exchanger. The bottom of the baffle is orificed to provide the
proper helium flow through the inner and outer portions. The inner
helium stream mixes with the outer helium stream before leaving the
heat exchanger.

Provisions to accommodate structural requirements, such as main-
taining allowable stresses in the various parts of the heat exchanger,
will be made during the Title I effort. Design problems arising from
manufacture and assembly techniques will also be solved at this time.

The hot helium leaves the bottom of the shell side of the sodium-to-
helium heat exchanger by way of a collection header connected directly
to and located on the east side of the in-reactor portion of the loop. One
side of the header forms a tube sheet for the 28 one-half inch outside
diameter tubes. These tubes form the helium-to-reactor coolant water
heat exchanger. The tubes terminate in a tube sheet and header that is
similar to the aforementioned assembly. This header also forms the
two 90 degree bends that are necessary to direct the helium into the
discharge piping that is located in the extension tube.

The outside of the tubes are enclosed by a shell that directs the re-
actor coolant water down around the tubes and down into the flux trap
utilizing the core pressure drop to maintain the flow. The shell is lo-
cated on the east side of the loop and extends downwards to a point that
is approximately 4 inches below the sodium-to-helium heat exchanger.
Here the shell extends completely around the loop and enters the flux
trap.

LOOP DESIGN OBJECTIVES*

Fission power range - 150 to 1500 kw

Sodium Temperature, Max. - 1400 F

Sodium Temperature, Min. - 800 F

Sodium Flow, Max. - 180 gpm

Axial Temperature Difference, Max. - 350 F

* Based on Design Objectives from a letter from H. M. Leppich - IDO,
to R. H. Gordon - Ebasco Services Incorporated. Subject: ATR Liquid
Metal Loop Objectives - 4-4-62.
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ASSUMPTIONS USED IN THE REFERENCE DESIGN

(1) The helium inlet temperature to the in-reactor portion of the
loop was arbitrarily selected as 140 F.

(2) Calculations assume the distribution of the helium flow rates
in both portions of the shell side is proportional to the fric-
tional resistance offered by the tubes only. It is anticipated
that R&D investigations will be necessary to determine the
configuration needed to obtain the proper flow balances.

(3) For the reference case (Case I), the combination of 12,000 lb/hr
helium flow and 100 psi helium pressure drop was assumed in
order to produce a reasonable helium pumping power within
the heat exchanger space limitations. In determining the maxi-
mum heat exchanger capacity (Case II) a 200 psi pressure drop
was arbitrarily assumed. Applied to the heat exchanger con-
figuration arrived at for the reference case, this 200 psi pres-
sure drop permits a helium flow of 16,950 lb/hr.

(4) Because of the heat exchanger configuration, a negligible
amount of heat passes across the outer wall of the primary
heat exchanger from the helium to the reactor water.

PHYSICAL DATA FOR SODIUM-TO-HELIUM AND
HELIUM-TO-WATER HEAT EXCHANGERS

Sodium to Helium

Number of Tubes, Outer Pass - 47

Number of Tubes, Inner Pass - 54

Tube Outside Diameter, inches - 0.25

Tube Wall Thickness, inches - 0.020

Tube Length, feet - 2

Helium to Water

Number of Tubes - 28

Tube Outside Diameter, inches - 0.5

Tube Wall Thickness, inches - 0.035

Tube Length, feet - 8-1/2

RESULTS

Table I is a summary of the performance characteristics calculated
for the two pass sodium-to-helium heat exchanger in conjunction with the
helium-to-water heat exchanger.
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TABLE I

Na - He - Hx

q, kw

TNa inlet, F

TNa outlet, F

WNa, lb/hr

WNa, gpm

@, F

THe inlet, F

THe outlet, F

WHe, lb/hr

He - Water Hx

q, kw

THe inlet, F

THe outlet, F

WHe, lb/hr

TH20 inlet, F

TH20 outlet, F

WH20, gpm

In-Reactor Portion

PHe inlet, psia

PHe outlet, psia

T Heinlet, F

THe outlet, F

WHe, lb/hr

CASE I
(Reference

Case)

1573

1400*

1079

55,800

140

1214

140

501

12,000

659

501

350

12,000

130

153

200

of Facility

600

500

140

350

12,000

CASE II CASE III CASE IV

2100

140016

1062

70,800

180

1215

140

482

16,950

730

482

363

16,950

130

155

200

600

400

140

363

16,950

1600

1150*

800*

52,000

125

954

140

400

16,950

530

400

302

16,950

130

148

200

600

400

140

302

16,950

1465

1022

800*

75,200

180*

896

140

378

16,950

513

378

295

16,950

130

147.8

200

600

400

140

295

16,950

CASE V**

0.25

800

Approx. 800*

76,400

180*

800

0

0

130

Approx. 130

200

600

600

0

* Based on Design Objectives from a Letter from H. M. Leppich - IDO, to

R. H. Gordon - Ebasco Services Incorporated. Subject: ATR Liquid Metal

Loop Objectives, 4-4-62.

s* Minimum heat exchanger capacity within the Design Objective limitations.
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THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

PRELIMINARY DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
GAMMA AND NEUTRON HEAT GENERATION RATES

Purpose and Scope

To determine the gamma and neutron heat that must be removed
from the in-pile portion of the thermal flux loop.

General Description

Figure 1 shows the heat generation rates in the various materials
in the loop versus axial distance from core midplane. Since the axial
distribution is symmetrical about the core midplane, the results shown
on Figure 1 can be used both above and below core midplane. The total
gamma heat load that must be removed is shown in Table I. Drawing
SKC-2947A shows the configuration of the in-core portion of the loop on
which this Design Data Sheet is based.

Since part of the heat in the pressure tube must be removed by the
sodium coolant, the heat generation rates and total gamma heating in the
pressure tube are shown on Figure 1 and Table I, respectively. The total
heating in the pressure tube is indicated separately and thus is not in-
cluded in the total shown in Table I because it is not known at this time
how much of the heat will be removed by the sodium coolant and how much
by the ATR coolant water.

Neutron heating values also contribute to the total heating for the in-
core portion of the loop, but these values are unimportant when compared
to the gamma heating values. Therefore, only gamma heating values are
reported here. Title I work will cover a detailed analysis and report of
the neutron and gamma heating.
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Table I

GAMMA HEAT IN ATR THERMAL FLUX LOOP

Reactor Power - 250 Mw

Loop Component Material

Average Heat
Gene ration

Rate (Watts/cc)

Total Gamma
Heating
in Loop

Components
(Kw)

Uranium Carbide

Sodium upflow Sodium

Test Specimen
Steel (Baffles,
Cladding)

Test Specimen
Containing Tube

Sodium downcomer

Subtotal for
in-core portion
of loop

Bottom 6 inches
of loop

Portion of loop
above core
(1.5 feet)

Total

Pressure tube

Stainless Steel,
Type 316

Stainless Steel,
Type 316

Sodium

Stainless Steel,
Type 316 and
Sodium

Stainless Steel,
Type 316

D-2

Fuel 147.481

4.057

166.98

7.94

42.499

48.731

5.116

33.78

49.21

15.52

273.43

6.33

12.53

292.29

59.765 145.01
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Temperature Distribution in In-Core Tubes





Design Data Sheet R-5003
59-3075-10
Contract No. AT(10-1)-1075
May 29, 1962
R. V. Straub/D. F. Judd
Revision 1, August 21, 1962

THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
TEMPERATURE DISTRIBUTION IN THE IN-CORE TUBES

Purpose and Scope

The purpose of this Design Data Sheet is to present the maximum
temperature distribution in the in-core pressure tube and flow baffles.

Description

An analysis was made to determine the maximum radial temperature
distribution in the in-core pressure tubes and flow baffles so the maxi-
mum thermal stresses could be computed. The maximum temperature
gradients in the pressure tubes occur at the core midplane. The maxi-
mum temperature gradients in the flow baffles occur at the specimen
sodium outlet. The factor controlling the location of the maximum tem-.
perature gradients in the pressure tubes is the gamma heating, while the
sodium temperature difference is the controlling factor for the location
of the maximum temperature gradients in the flow baffles.

The pertinent data used in the analysis are shown on the following
tabulation.

ANALYSIS DATA

1) Flux Trap Power, Mw 50
(Nominal)

2) Gamma Heating Rate in Core Midplane 10
Pressure Tubes and Top and Bottom
Flow Baffles -w/g- of Core 5

3) Sodium Flow Rate, Gpm 140

4) Sodium Temperatures, F Test Section Inlet 1079

5) Reactor Inlet Water 130
Temperature, F
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ANALYSIS DATA (Cont'd)

6) Contact Pressure Between
Double Walled Fluted Containments,
psi 400 to 800

7) Surface Finish at the Contact
Surfaces, Micro-inch 30

8) Arrangement as Shown on Sketch SKC-28].lA-1

The average internal heat generation rates were obtained from
Design Data Sheet R-5002. The contact coefficient for the pressure
tubes inner face and the flow baffle inner face was obtained from
NACA Report TN-3295. The sodium temperatures were estimated
considering the heat convected to the reactor coolant and the heat
transferred through the flow baffle. A temperature rise of 2 F was
estimated to occur in the reactor coolant from the flux trap baffle
inlet to the midplane of the reactor. The temperature of the coolant
will not affect the temperature gradients or temperature level sig-
nificantly.

The temperature distributions are the sum of the temperature
gradient resulting from internal heat generation plus the temperature
gradients due to heat transferred by convection at the boundaries. In
the case studied here, the temperature of the inner face of the inside
pressure tube is lower than the sodium temperature. The result is
that heat is conducted from the sodium to the reactor water. If the
inner temperature had been higher than the sodium temperature, some
of the heat generated in the pressure tubes would have been absorbed
by the sodium.

The temperature distribution in a solid body in steady state with
an internal heat source is described by the general differential equa-
tion:

-K 72 t =

Making all of the classical assumptions, neglecting axial conduc-
tion, assuming no angular variation and rewriting the equation in

cylindrical coordinates gives:

2
dt + ldt - Q"

2 rdr k
dr

Where t = Temperature
r = Radius

Q"' = Internal Heat Generation Rate
k = Thermal Conductivity
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This equation was solved using the appropriate convection boundary
conditions for the pressure tubes and the flow baffle. The resulting mean
and extreme temperatures are (Shown on sketch SKC-2811A-1.

Discussion

The discussion of the choice of the configuration used for the in-core

portion of the loop is presented in Design Data Sheet R-5008.

The model used for calculating the temperature distributions has
been simplified to facilitate a direct approach to a solution. The Title I
effort will include a detailed analysis which will also consider axial and
angular variations.

A very important consideration in the analysis is the contact resist-
ance between the pressure tubes and at the interface of the flow baffle.
The effects of radiation damage on the interface have not been T r l v waited.
This area will be investigated in Title I.
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THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
SECONDARY COOLANT IMPURITIES ACTIVATIONS

Purpose and Scope

To determine the activation of impurities in the secondary coolant.

General Description

The secondary coolant (a commercial grade of helium) contains
impurities that are activated during transit through the in-pile portion
of the loop. These impurities are*, in percent by weight:

Carbon Dioxide 0.000581

Argon 0.000049

Hydrogen 0.00003

Nitrogen 0.001763

Methane 0.000001

* From Air Reduction Company Catalog 320, page 1, September 1955.

In addition, it is assumed that one gram of stainless steel chips re-
mains in the bottom of the in-pile heat exchanger after fabrication, is
irradiated and then is blown out of the in-pile portion of the loop by the
secondary coolant.

Design Conditions

Secondary Coolant

Total time of secondary coolant irradiation 10,000 hours

Equilibrium activity exists at heat exchanger
outlet. Nominal reactor power applicable to
the east flux trap in which the loop is located
is 50 mw.
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Helium flow rate 2290 lb/hr

Helium temperature 500 F

Helium pressure (average) 600 psia

Helium residence time in reactor 0.22 sec.

Total helium transit time, from 5 sec.
compressor discharge to
compressor suction

Stainless Steel

Total time of irradiation 10,000 and 2,000 hours

Location 1 foot above top of ATR core.

The primary coolant transit times vary as the inverse of the cool-
ant flow rates for a given flow configuration. These transit times,
turn, influence the coolant activation exponentially, i.e. ,

where tc = core transit and tt = total or loop transit time. Thus for an
increased flow rate there is a small decrease in flux but because of the
form of the exponential this is quite insignificant unless there is an
unusually large change in flow rate.

The pressure and temperature of the primary coolant influence the
density of the coolant which, in turn, directly influences the activation
source strengths or flux. However, for helium, a change of pressure
and temperature from 600 psia, 500 F to 500 psia, 300 F (the expected
operating conditions) changes the density by less than 4% which for these
calculations is unimportant.

Re sults

Helium impurities activation is reported in Table I.

Stainless Steel activation is reported in Tables II and III.

Definition of Gamma-Curie: Gamma activity in curies, equal to

3.7 x 10 gammas per second.
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Table I

HELIUM IMPURITY ACTIVATION IN ATR THERMAL FLUX LOOP

Activation Source

Argon

Oxygen

Gamma 1

Gamma 2

Gamma 3

Nitrogen

Gamma 1

Gamma 2

Gamma 3

Total

Curies/cc Gas

4.0543 x 10-ion

8.255 x 10-16

9.5698 x 0-16

4.0545 x 10'

Activity

Gamma
Curies /cc

4.0259 x 10~-11

8.255

5.778

3.302

x 10-16

x 10'16

x 10 1

9.570 x 10-16

1.302 x 10-16

1.081 x 10-17

4.0262 x 10-11

Notes:

1. Hydrogen and carbon produce no activation gammas and, there -
fore, are not included above.

2. Helium density corresponding to above sources is 0.0036859 gm/cc.

F-3

Gamma
Energy
(Mev)

1.37

0.200

1.37

0.112

6.13
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Table II

STAINLESS STEEL ACTIVATION IN HEAT EXCHANGERS
OF ATR LIQUID METAL PACKAGE LOOPS -

10,000 HOURS IRRADIATION

Activation Source

Iron
Gamma
Gamma
Gamma

Manganese
Gamma
Gamma
Gamma

1
2
3

1
2
3

Curies/Gm of
Stainless Steel

1.0655 x 10~3

1.4587

5.7288Chromium
Gamma 1

x 10~1

x 10~

Activity

Gamma
Curies/Gm of
Stainless Steel

-'4
6.0731 x 10-4
4.5814 x 1054
2.9833 x 10~5

1.4587 x 10-2
4.3762 x 10-2
2.9175 x 10~

5.6143 x 10

Cobalt
Gamma
Gamma

Nickel
Gamma
Gamma
Gamma

2,8495 x
1
2

1
2
3

Molybdenum
Mo 9 3

Gamma 1
Gamma 2
Gamma 3
Mo9 9
Gamma 1
Gamma 2
Gamma 3
Gamma 4
Gamma 5
Mo' 0 1

Gamma 1
Gamma 2
Gamma 3
Gamma 4

Sulphur
Gamma 1

Silicon
Gamma 1

Total

1.4289

7.4690

8.3887

1.5100

6.7079

3.6808

x 10-3

x 6

x 104

x 10-4

x 10-

2.09536 x 10~
F-4

2.8495
2.8495

2.5863
3.5580
5.8584

7.4690
7.4690
7.4690

7.3821
8.3887
9.2277
8.3887
9.2277

1.4496
1.4119
5.2851
1.2835

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

106
10~6
10~6

14

10 6
10~5

10~ 5

6.0371 x 10-

2.5765 x 10-8

2.34816 x 10-1

Gamma
Energy

(Mev)

-

1.100
1,290
0.191

0.85
1.81
2.13

0.323

1.1728
1.33

1.12
1.49
0.37

0.26
0.68
1.48

0.140
0.181
0.372
0.741
0.780

0.515
0.083
0.896
2.08

3.12

1.26
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Table III

STAINLESS STEEL ACTIVATION IN HEAT EXCHANGERS
OF ATR LIQUID METAL PACKAGE LOOPS -

2,000 HOURS IRRADIATION

Activation Source

Iron
Gamma 1
Gamma 2
Gamma 3

Manganese
Gamma 1
Gamma 2
Gamma 3

Chromium
Gamma 1

Cobalt
Gamma 1
Gamma 2

Nickel
Gamma 1
Gamma 2
Gamma 3

Molybdenum
Mo 9 3

Gamma 1
Gamma 2
Gamma 3
Mo9 9

Gamma 1
Gamma 2
Gamma 3
Gamma 4
Gamma 5
Mo01
Gamma 1
Gamma 2
Gamma 3
Gamma 4

Sulphur
Gamma 1

Silicon
Gamma 1

Total

Curies/Gm of
Stainless Steel

7.7060 x 10~4

1.4587 x 10~1

5.0114 x 10~2

6.0474 x 10-4

1.4289 x 10~3

- -67.4690 x 10-6

8.3887 x 10-4

1.5100 x 10-4

6.7079 x 10~9

3.6808 x 10-5

1.9982 x 10~1

F-5

Activity

Gamma
Curies/Gm of
Stainless Steel

4.3924 x
3.3136 x
2.1577 x

1.4587 x
4.3762 x
2.9175 x

1-4
104
10~

10~
10~1
10 2

4.9112 x 10-3

6.0474 x 10-4
6.0474 x 10~4

2.5863 x

3.5580 x
5.8584 x

7.4690 x
7.4690 x

7.4690 x

7.3821 x
8.3887 x
9.2277 x
8.3887 x
9.2277 x

1.4496 x
1.4119 x
5.2851 x
1.2835 x

1-4
10-4

10

10-6
10

6

10-6

10_4
10o

10-5

6 .0371 x 10-9

2.5765 x 10-8

2.2932 x 10-1

Gamma
Energy
(Mev)

1.100
1.290
0.191

0.85
1.81
2.13

0.323

1.1728
1.33

1.12
1.49
0.37

0.26
0.68
1.48

0.140
0.181
0.372
0.741
0.780

0.515
0.083
0.896
2.08

3.12

1.26
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THE BABCOCK AND WILCOX COMPANY
FOR EBASCO 2ERVI CES INCORPORATED

DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LI QUID METAL PACKAGE LOOP
SODIUM SYSTEM CONTROL AND SAFETY SYSTEM CRITERIA

Purpose and Scope

The purpose of this design data sheet is to present the general
sodium system control criteria and safety system criteria for the
Thermal Flux Liquid Metal Loop to be installed in the Advanced
Test Reactor.

The control and safety system design criteria described herein
are conceptual, and are intended to serve as a starting point for
Title I work.

References

1. Design Data Sheet R-5001, Revision 1, Thermal Flux Liquid
Metal Package Loop - Thermal Analysis of Helium Cooled
Heat Exchanger, August 24, 1962.

General Description of Thermal Flux Loop

Typical process information (from Reference 1) for the thermal
flux loop is listed in Table I below. This table shows the control
ranges of the variables.

TABLE I

Thermal Flux Loop Process Information
(Based on Case 1, Ref. 1)

Primary Coolant Sodium

Secondary Coolant Helium

Heat Sink HDW System
(Demineralized Water)

Sodium System Cover Gas Helium

Sodium Temperature Range, F 250 - 1400

G-1



Design Data Sheet No. R-5005

TABLE I
(Cont'd.)

Sodium AT Range, F

Sodium Flow Range, gpm

Sodium Cover Gas Pressure
Range, psig

Helium Coolant Pressure, psia

Helium Coolant Temperature
Range, F

Helium Coolant Flow Range,
lb/hr

0 - 350

0 - 180

0 - 60 (approximate)

600 in-pie section
inlet

140 - 1400 (Primary
Heat Exchanger)

140 - 350 (Reactor
Inlet to Outlet)

0 - 12,000

Process Information Required

Process information required for control, safety and experimental
information of the Thermal Flux Test Loop includes the following:

A. TEMPERATURES

Sodium System Temperatures In general, sodium tempera-
tures will be obtained from
adjacent metal temperatures)

Pump Discharge
Pump Suction
Pump Sump
Test Specimen
Test Specimen

Inlet
Temperature

Test Specimen Outlet ( same
Inlet)

Primary Heat Exchanger Ou

Sodium Pump Temperature

Profile (via thermocouples
imbedded in inner helium
annulus wall adjacent to the

test specimen)*
as Primary Heat Exchanger

tlet

Bottom of Pump Motor Casing
Pump Motor Stator Temperature
Pump Motor Bearings
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A. TEMPERATURES (Cont'd.)

Stagnant Helium Temperature

Inner Helium Annulus (Adjacent to specimen)
Outer Helium Annulus (Adjacent to specimen)

Secondary Helium Temperatures

Primary Heat Exchanger Inlet
Primary Heat Exchanger Outlet
In- Pile Inlet
In- Pile Outlet

* Feasibility of direct specimen temperature measurements to be
studied during Title I.

B. FLOW

Sodium System Flow

Sodium system flow is measured from calibrated
curves which relate sodium flow to pump power and
input frequency.

Secondary Helium System Flow

In-Pile Flow

C. PRESSURE

Sodium System Pressure

Test Specimen Inlet and Outlet Pressure (Feasibility
to be studied
during Title I)

Secondary Helium System

In-Pile Inlet
In- Pile Outlet

D. ELECTRICAL

Sodium Pump Motors

Power Consumption
Input Frequency

Line Voltage
Stand-- By Drive Output Voltage
Motor Line Current
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D. ELECTRICAL (Cont'd.)

Sodium Leak Detectors

Output of Inner Helium Annulus Probe
Output of Outer Helium Annulus Probe

E. HEAT BALANCE

Heat balance information may be derived from the

process variables listed above.

General Control Criteria, Figure 1

General control requirements for process variables are listed as
follows:

A. TEMPERATURES

Sodium System Temperatures

Sodium system temperatures must be controlled (1) to
maintain sodium ALT across specimen, and sodium tempera-
ture at specimen outlet or inlet to desired values for a
given experiment, (2) to maintain sodium temperature at
specimen equal to or less than 1000 F during periods when
the reactor is shut down and(3) to maintain sodium tempera-
ture above the freezing point when the reactor is down or
when the sodium loop is being removed or replaced.

Secondary Helium System Temperatures

Helium system inlet temperature to the primary heat

exchanger must be controlled to approximately 140 F.

B. FLOW

Sodium System

The sodium system flow is to be controlled to obtain the

desired sodium AT across the test specimen.

Secondary Helium System

Helium flow is to be controlled in order to maintain the

proper temperature level of the sodium system.
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C. PRESSURE

Helium Coolant System Pressure

Helium coolant system pressure must be controlled to
approximately 600 psia at the in-pile inlet. Helium pressure

must be maintained at this value to provide the heat
transfer capability required to remove heat from the sodium
system.

Automatic Control of Process Conditions

The automatic process control system will be designed with suf-
ficient flexibility to meet reasonable demands of various experiments.
The control system will be able to provide direct control of any two
of the following:

Sodium inlet temperature to specimen
Sodium outlet temperature from specimen
Sodium delta T (A T) across specimen
Sodium flow rate
Sodium inlet temperature to primary heat exchanger
Sodium outlet temperature from primary heat exchanger
Sodium delta T ( AT) across primary heat exchanger

For example, a control mode to maintain the sodium outlet tempera-
ture from the specimen and the sodium AT across the specimen at
constant values would function as follows:

The specimen A T is continuously sensed and transmitted to a
controller where the incoming signal is compared to a set value
of AT for a given experiment. I f the AT differs from the set
point, the controller acts to adjust the frequency control rheo-
stat on the pump drive assembly. This action in turn increases
or decreases the pump output in the direction to bring the specimen

A T back to the set point.

Sodium outlet temperature from the test specimen is con-
tinuously sensed and transmitted to a controller where the signal
is compared to a set value. If the incoming signal differs from
the set value, the controller acts to increase or decrease helium
flow in the primary heat exchanger and return the sodium outlet
temperature to the proper value.

ATR Reactor Power Reductions

The safety system circuits for the Thermal Flux Liquid Metal
Loop should be designed to request the appropriate reactor power
reduction for abnormal conditions.
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There are four types of power reduction available for the re-
actor:

a) scram
b) fast recovery scram
c) fast setback or slow setback
d) reverse

Of these, the scram is initiated from the safety system, and the
remaining corrective actions are carried out by the reactor control
systems.

Listed below are abnormal process conditions for which alarm
circuits should be provided to prevent damage to the test specimen,
the in-reactor portion of the loop or the reactor. Some of these con-

ditions may be used to initiate reactor power reductions if required.
The determination of alarm and power reduction set points will be
made during Title I.

a) Loss of, or low sodium flow

b) High sodium temperature

c) High temperature in outer or inner helium annuli

d) Liquid metal leak into inner or outer helium annuli

e) Loss of, or low helium flow

f) Loss of, or low helium pressure

g) Loss of experiment control power

h) Loss of reactor control power

i) Loss of, or low HDW flow

j) High temperature of helium compressor motor bearings

k) High helium compressor motor power consumption, line

voltage or line current

1) High or low sodium pump motor power

m) High sodium pump motor lead current

n) Low sodium pump drive output voltage

o) Open sodium pump motor circuits
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Although controls and alarms on the helium compressors and HDW
system are not essential to operation of the in-pile portion of the loop,
those indicated above serve as anticipatory failure signals to help
prevent deleterious conditions from existing before other signals are
effective.
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THE BABCOCK & WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

PRELIMINARY DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
MAXIMUM PHYSICAL ENVELOPE

Purpose and Scope

The purpose and scope of this Design Data Sheet is to define the physical
envelope within which the Thermal Flux Liquid Metal Package Loop must fit.
The limitations are defined as those peculiar to but not necessarily limited
to the east outer flux trap location in the Advanced Test Reactor which has
been designated as the position for this package loop.

Description

Several features of the ATR reactor determine and dictate the dimensions
of the Thermal Flux Loop:

1. The in-core section up to the top of the flux trap baffle is restricted
to a maximum diameter of 4 in. by the water gap required according to the
physics calculations for the neutron spectrum desired.

2. The area for 180 degrees of the periphery of the loop for 6-1/2 ft
above the top active fuel line of the reactor fuel elements is limited to a radius
of 2-9/16 in. from the center of the vertical center line of the loop. This re-
striction is to allow removal and replacement of the ATR fuel elements with-
out disturbing the loop.

3. The other 180 degrees of the periphery of the loop is limited to the
flared area directly over the beryllium core reflector and to a maximum radial
distance out from the vertical centerline of the loop of 7-1/2 in. This 7-1/2 in.
dimension is derived from a maximum diametral distance of 12 in. for the loop
thimble in the canal transfer tube.

4. Above the section in (3) the loop for the same 180 degrees as in (2) is
restricted to a maximum radial dimension of 4-1/4 in. This restriction is im-
posed by the proximity of the three (3) adjacent loops (8-1/2 in. on centers)
for a distance of 40 in.

5. The other 180 degrees of the periphery of the loop in the region men-
tioned in (4) may be larger than 4-1/4 in. radius, but is restricted to the limits
in (3) for a distance of 40 in.

6. Above the section described in (4) and (5) the loop necks down to a cir-
cular cross section 5-15/16 in. in diameter with its center coincident with the
in-core section center line. This right cylindrical section must extend for a
minimum distance of 10-1/2 in. to allow the loop to be pulled through the loop
access hole (6 in. diameter) in the reactor vessel top closure plate so that
loop services may be made up or broken when the loop is installed or removed.

7. The total length of the loop assembly is dictated by the clear distance
between the bottom of the top closure plate (El. 100 ft-0 in.) and the top of the
shim drum drive gear box (El. 83 ft-2 in.). Allowance must be made for han-
dling clearance (min. 3 in.) and a handling extension on top of the loop (approx-
imately 8-1/2 in.). The maximum loop length without the handling extension
therefore is 15 ft-1l in.

These dimensions and limitations are graphically shown on the attached
sketch (SKC-2934-C).
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E. J. Pierczynski/R. J. Neuhold

THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
PRELIMINARY PHYSICS PERFORMANCE OF THE

REFERENCE FUEL TEST SPECIMEN

Purpose and Scope

The purpose of this design data sheet is to present the results of a
preliminary physics study of an ATR in-pile sodium loop for testing re -
actor fuels in a high thermal flux environment and to relate the test de-
sign objectives to the results of the calculations.

General Description

Although it is presently expected that the test specimen will be
located in the east flux trap of the ATR core between two outer lobes
operating at 60 mw and 40 mw, all of the calculations are performed for
a one-dimensional (cylindrical geometry) outer single lobe model using
either the B&W Multi-Group (16 groups) Diffusion Program or the B&W
Two-Group Lifetime Program. With this model, the test specimen power
is obtained by normalizing the core section of the single outer annular
lobe model to 50 mw. The decision for such normalization and the use
of an outer single lobe model are based on the results of a full core life -
time study for the ATR which included thermal experiments in outer and
exterior lobes. See Section C "Two-Dimensional Analysis."
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A. Configuration and Composition

The radial configuration and composition used for the reference single
lobe calculations are shown in Table I. Region 1 in Table I represents the
test section obtained by homogenizing seven stainless steel clad uranium
carbide fuel pins with some structural material, spacers, and sodium. A
reference uranium enrichment of 2.54 a/o is used, derived from the 1,500
kw power requirement and an estimated density of 13.6 gm/cc for uranium
carbide. The resultant fissile material density (grams of fissile material
per unit volume of uranium carbide) is 0.324 gms/cc. Region 2 is the outer
portion of the loop. Region 3 is the water gap between the loop and the flux
trap baffle (Region 4). Region 5 is the ATR core. Regions 6 and 7 are the
reflector regions. Elemental number densities are atoms x10 -24 re-
ferred to the particular region. cc

Figure I describes the radial geometry. The dimensions of Region 4
through 7 are set by ATR design. The flux trap water thickness is about
the minimum that will permit attaining the required fast-to-thermal power
ratio. The Region 1 radius is that required for the reference test speci-
men geometry. The thickness of Region 2 is based on the space remaining
after consideration is given to the other regional space requirements.

Table I

Radial Configuration and Composition for Reference
Full Length One-Dimensional Calculation

Outer Physical
Radius, cm Temperature, F Elements

2.606 1,000 C
Na
Fe

5.080

6.667

7.4613

14. 1288

33.6055

67.2605

700

160

155

163

187

130

Number
Densities

0.013646
0.012015
0.0043231

Na 0.011205

H 0.06560

Al 0.060275

H
B(nat)
0

0.036767
0.00002549
0.01907

H 0.006860
Be 0.11000

H 0.062312
0 0.031156

Elements

U-235
U-238

Fe

Number
Densities

0.0003467
0.0132995

0.033902

0 0.03280

Al
U-235
U-238

0. 02493
0.0002417
0.00001713

0 0.003430

Al 0.0031928

I-2
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B. One..Dimensional Analysis

All one -dimensional calculations are done for a single outer lobe model
with test powers normalized to a single lobe core power of 50 mw. Axial
leakage effects are accounted for in all of the regions.

A summary of one -dimensional calculations is included in Tables II A and
II B. The peaking factors in Table II A are based on the total power distribu-
tion while the peaking factors in Table II B are based on only the thermal power
distribution. The core power radial maximum-to-average listed in Table II A
compares favorably with values calculated with A-1, A-3, and A-5 experiments*
in a single lobe model. In either case, however, axial peaking effects and the
detailed effects such as azimuthal core peaking are not included. Such effects
will be studied in Title I.

Table II A

One-Dimensional Power Summary

Single Exterior Lobe Core Power =50 Mw

Fissile Avg. Test Power

Fuel Pin Material Power Avg. Ratio Test Test Core

Enrich- Density, Single Test Density Rod Fast to Power Power Power

ment g/cc Lobe Power Kw/cc of Power Th. (. 625 Radial Radial Radial

a/o Fuel Keff Kw Test Region Kw/in. ev. cutoff) Max/Avg. Max/Min. Max/Avg.

2.54 0.324 1.068 1,500 0.57 4.46 0.32 1. 15 1.34 1.51

Table I I B

One-Dimensional Thermal Peaking Factors

Test Test Core

Radial Max/Avg. Radial Max/Min Radial Max/Avg.

Th. Pwr. Only Th. Pwr. Only Th. Pwr.. Only

1.22 1.51 1.56

* The A-1, A-3, A-5 thermal tests are water cooled tests rather than sodium and differ from each other only in

the U-235 concentration. These tests contain H2 O, Z r-2, and U-235 in a lattice with a metal-to-water ratio

of 1.0. The homogenized elemental number densities are:

N atoms -24
x 10Element cc

H 0.022946
0 0.011473

Zr-2 0.02125
U-235 0.00002449(A-1); .00004889(A-3); .00007348(A-5)

The flux traps surrounding the A-1, A-3, and A-5 experiments are
3.015 cms thick and may contain varying fractions of H20 and Al. In this
study the A-1 and A-5 flux traps are essentially H2O.
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C. Two..Dimensional Analysis

Full core studies with an exterior flux trap containing the test have
not been done. However, full core studies with test locations containing
A-1, A-3, and A-5 tests can be used as a basis for single lobe power
normalization and to determine lobe asymmetry effects. This study shows
that the ratio of the average power density of an A-5 test in an exterior
flux trap (between an A- 1 test in an outer lobe operating at approximately
60 mw and an A-5 test in an outer lobe operating at approximately 40 mw)
and an A-5 test in an outer lobe operating at approximately 40 mw is about
1.25. Consequently, a core power of 50 mw is used for normalization of
the one-dimensional single outer lobe calculations. The configuration of
lobes is shown in Figure II. In the ATR design effort the reference design
is based on a 60-50 -40 mw power split. In Figure II, a 60-50-40 power
split means that the center flux trap operates at 50 mw, two outer lobes
operate at 60 mw each and the remaining two outer lobes operate at 40 mw
each. Figure II shows that the thermal flux test, in the east flux trap, is
subjected to effects of adjacent lobes and center flux trap similar to those
effects to which the A-5 test mentioned above is subjected.

Lobe asymmetry effects can be seen in Table III which shows the test
maximum to minimum surface power density and the maximum to mini-
mum four-group test surface fluxes for the A-5 test in an exterior flux
trap of the ATR core. These data and the results of the data in Table II A
show that the design criterion on the radial test power depression will not
be exceeded even if full lobe asymmetry is included. The sodium cooled
48-in. thermal test will have no objectionable effects on adjacent experi-
ments due to its nuclear and geometrical similarity to A-1, A-3, and A-5
tests.

Table II I

Lobe Asymmetry

(Exterior Flux Trap)

Group 1 Group 2 Group 3 Group 4

Angular Angular Flux Angular Flux Angular Flux Angular Flux

Power (.01 Mev - 10 Mev) (.045 Kev - .01 Mev) (.625 ev - .045 Kev) (Thermal)
Max/MinMin M ax/MinMax/Min Max/Min

1.13 1.29 1.20 1.15 1.14
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D. Lifetime Calculation

A one -dimensional lifetime calculation using the B&W Combined
Cycle Lifetime Program was done for the single lobe reference con-
figuration described in Table I. In this calculation the sample'is ir-
radiated for a total time of 34 days with the single lobe core section
operating at approximately 50 mw. After 17 days of operation (one ATR
core cycle), the annular single lobe core is replaced and the sample ir-
radiated for an additional 17 days.

The data in Table IV show how the total lobe power of 51.5 mw (core +
test) is shared during sample irradiation. These results indicate no severe
shifting of power between the core and test as a function of irradiation
time. However, the calculations were only run for two core lives (34 days).
For much longer irradiation times shifting of power may occur. This ef -
fect will be further investigated in a Title I effort.

Figure III shows the integrated fission rates per cc of uranium
carbide in the test for each of the fissionable test elements including the
Pu-239 produced from the U-238 absorptions. The total integrated fission
rate, i.e., the sum for all the elements is shown in Figure IV.

Table IV

Power Distribution

Time Fraction of Total Fraction of Total
(Days) Lobe Power in Core Lobe Power in Test

0 0.9577 0.0423

1 0.9581 0.0419

5 0.9594 0.0406

10 0.9597 0.0403

17 0.9627 0.0373

25 0.9623 0.0377

30 0.9619 0.0381

34 0.9613 0.0387

I-5



Design Data Sheet No. R-5007

E. Design Objectives and Summary

A comparison of the design objectives a/ pertaining to the physics per..
formance of the test specimen and the results of this preliminary analysis
are shown in Table V. In Table V, TBD means "to be determined by the loop
designer.''

Table V

1) Type of Fuel
2) Fissile Material
3) Fissile Material Density,

g/cc fuel
4) Type of Spectrum
5) Radial Power Depression,

initial, Max/Min
6) Angular Power Variation

7) Maximum Power Ratio, Fast/
Thermal (0.625 ev cutoff)

8) Fuel Burnup 1020 fissions/
cc fuel

9) Burnup Increment, 1020 fis -
sions/cc fuel

10) Specimen Power Generation,
(Fission) kw

11) Average Pin Power (Fission),
kw/in.

12) Maximum Pin Power (Fis -
sion), kw/in.

13) Number of Pins
14) Length, in.
15) Pin Outside Diameter, in.
16) Fuel Outside Diameter, in.
17) Bond Material
18) Cladding Material
19) Clad Thickness, in.
20) Geometry

21) Spacer Outside Diameter, in.
22) Minimum Test Section

Diameter, in.

Design
Objectives aj

Ceramic (UC)
Uranium

TBD (0.4-1.2)
Thermal

1.5 -2.5
Uniform as possible

0.30

5-15

1-3

150 -1,500

5

9
5-7
48 (max)
0.560
0.500
Sodium
Stainless Steel
0.020
Triangular Pitch,

Spiral Spacers
0.090

2.35

Results of
Analysis

Ceramic (UC)
Uranium

0.324 bJ
Thermal

1.34
1.07 (Surface Max/Avg.)
(1.13 Max/Min)

0.32
5-15 ( ~ 4,100 cJ to

12,300 cJ hrs @ 1,500 kw)
1-3 ( ~ 820 to 2,500 cJ
hrs @ 1,500 kw)

1, 500

4.5

8.5 (hot spot)
7
48
0.560
0.500
Sodium
Stainless Steel
0.020
Triangular Pitch,

Spiral Spacers
0.090

2.425 (max)

a From April 4, 1962 letter from H. M. Leppich to R. H. Gordon.

bJ The specified range of fissile material density leads to excessive specimen
power generation. Discussion with the AEC indicated that a reduction in the
fissile material density (below the specified range) would be a satisfactory
method of reducing test power, so long as the density remained greater than
that of natural uranium fuel which has a density of about 0. 1 gm/cc.

c These fuel burnup times are estimated values and are based on an extrapola-
tion of Figures III and IV.
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59-3075 -30
Contract No. AT(10-1)-1075
August 13, 1962
J. E. Lemon/D. F. Judd

THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
HEAT TRANSFER CONTROL PHILOSOPHY

Purpose

To present the results of an investigation to determine: (1) if the
variable liquid level method of heat transfer control, as proposed in
APDA-145, is feasible with a liquid other than mercury and (2) if the
variable liquid level method is the best scheme for controlling the heat
transfer rate in the heat exchanger and in-core portion.

Introduction

The package loop concept in APDA-145, "Conceptual Design Of An In-
Pile Package Loop For Sodium - Cooled Thermal Reactor Fuel Testing,"
uses a controllable level of mercury in the heat exchanger section and the
in-core portion of the loop to vary the heat transfer rate from the primary
coolant sodium to the reactor water. The variable level concept is pro-
vided (as stated in APDA-145) in the in-core portion to reduce specimen
temperature transients during abnormal operating conditions such. as the
loss -of-sodium flow. This is done by rapidly filling the annulus with
mercury or helium to increase or decrease heat transfer, as required.
The same variable level concept is used also in the heat exchanger sec-
tion to vary the effectiveness of the heat exchanger and thereby control
the temperature level of the primary sodium coolant..

Since mercury readily attacks aluminum, a decision was made to
eliminate mercury' as the intermediate heat transfer fluid due to the
possibility that it might escape into the main coolant water and thereby
attack the ATR aluminum fuel elements. An investigation was conducted
to determine if the variable liquid level method of heat transfer control
is feasible with a liquid other than mercury. An investigation was also
made to determine an alternative method of heat transfer control.

* Scope Document for Preparation of Design Criteria, Liquid Metal Loops,
Advanced Test Reactor - USAEC-IDO, January 2, 1962.
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Discussion

Fluids for Variable Level Control

The approach taken in this investigation to find a substitute for mercury
was to search through literature (see References at end of this Design Data
Sheet) for fluids whose properties might permit them to be used for this
application. The properties receiving most consideration were melting
point, boiling point, thermal conductivity, thermal stability, radiation stability,
corrosive effect on 316 stainless steel, reaction rate with other coolants,
and handling precautions.

As a result of the literature search only one class of fluids, liquid metals,
was found to have properties making it suitable for consideration. Other
classes of fluids such as liquid organics, gas-solids, and liquid-solids were
eliminated for various reasons. The liquid organics are not stable under
irradiation and high temperature conditions. Tars are formed which could
foul heat transfer surfaces and plug the flow passages thus preventing a
change of liquid level. The gas -solids and liquid-solids were not considered
due to the unknown technology. Considerable research and development
would be required before any of these fluids could be considered.

A primary consideration in the selection of a liquid metal as the inter-
mediate heat transfer fluid is the melting temperature. Ideally, the melt-
ing temperature should be below room temperature. However, since the
primary coolant sodium must be kept above 208 F (melting point), then it
may be possible to use a fluid with a melting point up to about 200 F by
utilizing some of the heat supplied to the sodium. A large number of the
liquid metals were not considered because their melting temperatures were
considerably above 200 F, requiring supplementary heating for which space
must be provided.

Some liquid metals have desirable melting points but were eliminated
for other reasons. For example, the liquid metal cesium was eliminated
due to the inconclusive study of its attack on 316 stainless steel. More
research would be required on this problem. The liquid metal gallium has
a satisfactory melting point but it is highly corrosive. It attacks nearly
all metals except tantalum, zirconium and tungsten4 . Some experiments
have shown that the addition of inhibitors such as indium will reduce this
problem 4.

As a result of the literature search two liquid metals, NaK-44 and
rubidium, were selected for comparison as intermediate heat transfer

fluids. Table 1 lists the properties of these liquids. The following presents

the important aspects of each liquid:

J-2
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Table 1

Properties of Intermediate Heat Transfer Fluids

NaK-44 Rubidium

Physical Properties *

Density, lb/ft 3

Viscosity, lb/hr-ft

Vapor pressure, mm Hg

49

0.5

Negligible

Thermal Properties

Melting point, F

Boiling point, F

Thermal conductivity,
Btu/hr -ft, F

Heat Capacity, Btu/lb - F *

Heat of vaporization,
Btu/lb

66

1,518

15. 1

0.25

General Properties

Corrosion of stainless steel,
type 316 at 1,200 F

Reaction with water

Toxicity

Fire or explosive hazard
in air

* Properties are at 1,000 F.

Negligible

Violent

Moderate

High

Negligible

Violent

Mode rate

High

J-3

84

0.5

134

102

1,290

14.3

0.0877

363
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NaK -44

This liquid metal is an alloy of sodium and potassium. The technology
of its use in the reactor field is well known. NaK-44 melts at 66 F which
eliminates the need for heaters at room temperature. The boiling tem-
perature of NaK is 1,518 F which means that little, if any, overpressure
would be required to prevent boiling. NaK is not affected by high radia-
tion and high temperatures. Stainless steel has good resistance against
attack by NaK. The most serious problem with NaK is the violent re -
action that occurs when it comes in contact with water. This would neces -
sitate a double walled construction to provide an annulus between the NaK
annulus and the ATR reactor water.

Rubidium

This liquid metal has properties similar to NaK except that it is more
reactive in air and the technology of its use is not as well known. Its boil-
ing point (1,290 F) is sufficiently high so that little or no overpressure
would be required to prevent boiling. Its melting temperature of 102 F is
higher than for NaK and external heat may be required to keep it in the
liquid state at room temperature during handling operations. This amount
of heat would be small, however, due to its small heat capacity (0.0877 Btu/lb
F). Rubidium is similar to NaK with respect to its reaction with water and
the requirement for a double walled construction to prevent its contact with
water. The cost of rubidium is high in comparison to NaK (approximately
$795/lb compared to $0. 16/lb). *

Based on the above comparison,it seems reasonable to select NaK-44
over rubidium based on the technology of the use of NaK-44 being greater
and based on the lower cost of NaK-44 as compared to rubidium with both
having similar properties. Thus, the variable level concept described in
APDA-145 could be retained with the use of NaK in the place of mercury.

In-Core Portion

There are disadvantages inherent in the in-core variable liquid level
scheme.

1) The cover gas pressure must be increased or
decreased to vary the liquid level. This control,
including gas feed and bleed, would be highly
complex.

2) There is an additional time delay involved from
the time a signal is initiated to increase or de-
crease the heat transfer rate until the liquid level
is physically changed. Any lag in heat removal
from the specimen increases the chance of the

specimen overheating.

Recent manufacturer's estimate.

J-4
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3) The external control connections increase the
difficulty in handling the loop in and out of the
reactor.

4) The NaK system requires complete double con-
tainment, including all external feed and bleed
piping, valves, fittings, tanks, etc.

5) The variable level concept is shown in sketch
SKC-2948-A. This sketch shows that only a
1.469-inch space is available for the specimen.
This is not sufficient space to accommodate the
reference test specimen which requires 2.425
inches. The thicknesses for the various annuli
and baffles shown on SKC-2948-A were sized
as follows:

Flux trap baffle - The diameter and
thickness were established from de-
sign work on the ATR core.

Flowing water annulus - This thickness
was sized to give the proper neutron
spectrum in the test specimen.

Level Control annulus (NaK and helium) -
This thickness was designed to prevent
plugging and to minimize retention of NaK
on the walls of the annulus when the level
is lowered.

Flowing sodium annulus - This was sized
to give a reasonable sodium pressure
drop.

Grooves or flutes - Sized to permit the
routing of thermocouple wires and to keep
heat transfer rates high.

316 stainless steel walls - All thicknesses
are estimates based on approximate tem-
peratures and pressures.

The only annulus that could possibly be decreased in
size would be the flowing sodium annulus. However,
even by eliminating this space completely, the speci-
men space could not be increased sufficiently to per-
mit the installation of the reference specimen.

A new design has been conceived that will perform the required
function and will not have the disadvantages of the variable level concept.
A plan cross section of the new design is shown in sketch SKC-2947 -A.

The new design replaces the variable level concept with two walls in
close contact. Flutes are provided between the two walls to contain stag -
nant helium which serves as the intermediate fluid. The fins formed be -
tween the two walls permit a high rate of heat transfer from the sodium
coolant to the ATR water. The annuli and wall thicknesses were sized
as described previously.

J-5
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The fluted design is superior to the variable level concept for the
following reasons:

1) The fluted design allows a larger heat transfer
rate between the sodium and the water during
emergency operations than that attained with
the variable level scheme.

2) The fluted design transfers more heat direct
to reactor water during normal operation than
the variable level concept thus allowing the use
of a smaller heat exchanger.

3) No liquid level control system is required for
the fluted design.

4) No external connections pertaining to liquid
level control are required for the fluted scheme.

Heat Exchanger Portion

The disadvantages discussed under the In-Core Portion apply also
to the heat exchanger, except #2 (control time delay) which is not con-
sidered to be a serious disadvantage in the heat exchanger. In addition,
the control of level is difficult in that small variations in gas pressure
result in relatively large changes in liquid level. As the liquid level
varies, thermal gradients through the containing walls change, produc -
ing a fatigue condition that may result in premature failure of the structure.

A new heat exchanger design has been conceived that has none of the
disadvantages of the variable level concept. The heat exchanger conceptual
design consists of a number of parallel tubes through which the primary
coolant sodium flows and around which secondary coolant helium flows.
A relatively simple control system, external to the reactor, varies the
helium flow rate to maintain the required sodium temperature levels.

The details of the heat exchanger design have not yet been established,
but will be reported, together with heat exchanger performance, in a
future revision to Design Data Sheet R -5001.

J-6
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Recommendations

On the basis of the discussion in this report, the following recommenda-
tions are made:

1) Flowing helium should be used as a secondary coolant
in the heat exchanger portion with the heat exchanger
and helium piping arranged to maximize heat rejection
from the helium to the reactor water.

2) A fluted annulus containing stagnant helium should be
used in the in-core portion of the loop.

Unless otherwise directed, further work on the variable level con-
cept will be discontinued. The performance of the flowing helium and
fluted annulus concepts will be determined and will be reported in future
design data sheets.

J-7
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DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
SYSTEM PERFORMANCE CHARACTERISTICS

Purpose and Scope

To present a tabulation of the loop performance characteristics for
operating conditions closely approximating the conditions specified in
the Design Objectives.

General Description

The material presented in this Design Data Sheet is a summary of
information calculated on the performance of each of the loop systems
and components in the nominal 50 mw east outer flux trap.

The case considered was the reference fuel specimen together with
a maximum axial sodium temperature difference of 350 F and a maxi-
mum sodium temperature of 1400 F.

Tabulation

In-Pile Loop Design and Dimensions

Basic Materials of Construction

Primary Coolant

Max. Primary Coolant Temperature, F

Cover Gas Operating Pressure, psig

Secondary Coolant

Cover Gas

Test Specimen

Number of Pins

Test Specimen Length, in.

Pin Outside Diameter, in.

Fuel Outside Diameter, in.

Reference Specimen

SKC -2957E
SKC -2933E

Stainless Steel, type 316

Sodium

1400

60

Helium

Helium

7

48

0.560

0.500

K-1
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Tabulation (Cont'd)

Reference Specimen

Test Specimen

Cladding Material

Bond Material

Cladding Thickness, in.

Geometry

Spacer Wire Outside Dia., in.

Max. Test Specimen Length, in.

Max. Test Specimen Dia., in.

Sodium Conditions

Pump Flow, gpm @ 1214 F

Pump Total Developed Head, ft.

Specimen Flow, gpm

Leakage Flow (specimen bypass), gpm

Specimen Pressure Drop, ft.

Specimen Inlet Temp. (Mixed Mean), F

Specimen Outlet Temp. (Mixed Mean), F

Heat Exchanger Inlet Temp., F

Heat Exchanger Outlet Temp., F

Primary Coolant Axial Temp. Difference, F

Helium Conditions

Flow, lb/hr

Loop Inlet Temp. (at top of extension tube), F

Heat Exchanger Inlet Temp., F

Heat Exchanger Outlet Temp., F

Loop Outlet Temp. (at top of extension tube), F

Loop Inlet Pressure (at top of extension tube), psia

Loop Outlet Pressure (at top of extension tube), psia

K-2

Stainless Steel

Sodium

0.020

Trangular Pitch

0.090

48

2.425

140

296

135

5

245

1050

1400

1400

1079

350

12,000

140

140

501

350

600

500
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Tabulation (Cont'd)

Reference Specimen

Heat Balanc e

Heat Load

Specimen Fission Power, kw 1500

Test Section Gamma Heating (including

Specimen, Sodium and Structure), kw 208.7

Gamma Heating From Heat Exchanger
Outlet to Test Specimen Inlet, kw 228.6

Heat Input From Sodium Pump, kw 12.0

1949.3

Heat Loss

In-Core Section to Reactor Water, kw 376.0

Heat Exchanger to Flowing Helium, kw 1573.3*

1949.3

* 659.2 kw loss to reactor water from helium return tubes.

Discussion

The performance characteristics for the Thermal Flux Liquid Metal
Package Loop correspond to the nominal design conditions. The Title I
effort will extend these characteristics to include the entire operating
range of the performance variables.

K-3
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Design Data Sheet R-5010
59-3075-10
Contract No. AT(10-1)-1075
August 26, 1962
R. V. Straub/D. F. Judd

THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP
SYSTEM HYDRAULIC CHARACTERISTICS

Purpose and Scope

The purpose of this Design Data Sheet is to present the liquid metal
hydraulic characteristics of the Thermal Flux Liquid Metal Package Loop
with the reference specimen.

General Description

The configuration used for the analysis is shown on the following
drawings:

Thermal Flux Liquid Metal Package Loop Figure 2 in
Body of Report

Thermal Flux Liquid Metal Package Loop,
Fuel Test Specimen SKC -2972 E

The reference test specimen used in the analysis is as follows:

Specimen Length, in. 48

Number of Fuel Pins 7

Fuel Pin Outside Diameter, in. 0.560

Fuel Pin Array Triangular

Wirewound Spacer Outside
Diameter, in. 0.090

Spacer Wire Pitch, in. 6

The salient feature of the shroud design is the 10 mill radial clear -
ance between the shroud rings and the 2.425-inch bore of the internal
flow baffle. This clearance was judged to be sufficient for reinserting
an irradiated specimen. This subject will be reviewed in detail in Title I.

The total specimen pressure drop consists of fuel pin pressure drop
and drag losses due to the spiral wound spacers. The rod pressure drop
is calculated with the Darcy-Weisbach equation and Moody's Friction
Factor..
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Design Data Sheet R-5010
August 26, 1962

The spacer head loss was calculated using the method reported in
NUCLEONICS, June 1961.==

Discussion

The specimen and shroud design is considered to be preliminary and
should be established in Title I. Consideration should be given to the
hot cell operations that must be performed on it as well as normal opera-
tions. The specimen support structure, specimen instrumentation, radia-

tion damage coolant leakage, etc., must all be considered in establishing
the final design.

The attached curve, Figure 1, shows the pressure drop for the loop
with the reference specimen. Pump characteristics are not available at
time of issuance of this Design Data Sheet.

* "Drag Coefficients for Fuel Element Spacers," A. N. de Stordeur, Belgo

Nucleaire, S. A., Brussels, Belgium, June 1962, "Nucleonics," Page 74.
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Design Data Sheet No. 5011

59-3075-30
Contract No. AT(10-1)-1075
August 31, 1962
H. Honig

THE BABCOCK AND WILCOX COMPANY
FOR EBASCO SERVICES INCORPORATED

DESIGN DATA
ADVANCED TEST REACTOR

THERMAL FLUX LIQUID METAL PACKAGE LOOP

FUNCTIONAL REQUIREMENTS FOR AUXILIARY SERVICES

Purpose and Scope

To define some of the functional requirements external to the in-

reactor portion of the thermal flux loop.

Requirements

All requirements are based on the reference test specimen operating

range.

Helium Coolant (Ref: Design Data Sheet No. R-5001, Rev. 1)

Loop Inlet Pressure 600 psia

Loop Inlet Temperature 140 F

Flow Range 0 to 12,000 lb/hr

Maximum Temperature out of the
reactor vessel 350 F

Maximum pressure drop, extension
tube inlet to outlet 100 psi

Purity-Commercial (nominal purity
99.9976%)

Helium Cover Gas - Atmospheric helium

Sodium - Oxygen content not to exceed 50 ppm. Other impurity
limitations to be determined by the experimenter.

Electrical Requirements for pump motor to be issued at a later date.

Instrumentation Requirements

The requirements for the control system are given in Design Data

Sheet No. R-5005.
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APPENDIX N

THERMAL LOOP SHIELDING ANALYSIS

The following criteria required that an analysis be made of the

radiation levels emanating from the thermal flux loop:

I. Personnel working around the reactor should not be subjected

to excessive doses of radiation. The following conditions are

of concern in this study.

A. Loop removal from reactor

1. Personnel atop the reactor may work through open

refueling ports when the loop is in the in-core position.

2. Personnel atop the reactor work to make and break loop

connections. Loop is raised to its uppermost position.

Refueling ports are closed.

3. Personnel atop the reactor, loop being moved horizon-

tally to the drop tube.

4. Loop being handled in canal.

B. Personnel atop the reactor work through open refueling

ports to change capsule experiments. Loop is in its in-

core position. Reactor water level is at elevation 92-93

feet.

C. Access to capsule trench, water level in reactor is at eleva-

tion 92-93 feet.

II. Radiation damage to

A. Loop motors

B. Top head seals of adjacent loops

III. In both I and II above, consideration must be given to both

unruptured and ruptured test specimens in the thermal loop.

At the time this report was prepared, the analysis had not been com-

pleted. Considerable redesign and reanalysis must be done during Title

I in order to arrive at a loop design that will satisfy all these criteria.
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Described herein are the problems encountered in attempting to meet the

various design criteria and some possible solutions to these problems.

The principal sources of after-shutdown radiation in the thermal flux

liquid metal package loop are gamma rays from fission products resulting

from fuel sample defects and induced activities in the loop structural

materials and primary coolant. Calculations show that the primary

coolant sodium activation is the major contributor to the after-shutdown

dose rates when the fuel pin cladding is not ruptured. Fission product

activity and structural materials activation are negligible in comparison

to the coolant activation. For the ruptured fuel pin case, primary coolant

activation is still the largest contributor to the dose rates, with the

fission products distributed in the coolant contributing about 20%-307 to

the dose rate.

The sodium sump is the uppermost location of sodium when the loop

is in its normal operating (vertical) position. Therefore, this sump is the

source of controlling radiations in all cases since the primary coolant or

distributed fission products are the major contributors to the after-shut-

down dose rates. This analysis is,therefore, chiefly concerned with general

sump arrangements including sump shielding, resulting dose rates and

heat generation due to sump sources. All calculations are based on an

irradiation time of 10,000 hours.

I-A-1. This condition was not analyzed.

I-A-2. When the loop is in its uppermost position, the top of the
sodium sump is shielded at the side by 4 ft. 3 inches of reactor
water and by the 8-inchthick top shield plate. A shield plug
above the sump attenuates direct streaming vertically upward
from the sump.

The calculations were based on equilibrium sodium-24 activity in the

sodium sump. This sodium activation occurs at 1225 F with a sodium

density of 0.809 gm/cc. The fission product calculations for the ruptured

fuel pin case were based on distribution of fission products in the sodium

with an assumed concentration of 100% of gases, 10% of halides, and 1% of

solids in the sodium sump.
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The calculation of the equilibrium sodium activity was made using the

equation:

-Att
AXN = Ns 0act0th - e tl) e- t2

where N = pNo Ie atoms/cc = atomic density of coolant
A

S

p = coolant density

No= Avagadro's number

I = atomic abundance of parent isotope

As= atomic weight of element

a~act = activation cross section for sodium corrected
for temperature and Maxwellian distribution

6 th = activating thermal flux

X = decay constant of sodium-24 (T1/2 = 15.1 hrs)

t1 = irradiation time

t2 = decay time

Equilibrium sodium -24 activity in the sump was found to be 6.1 x 1011

dis/cc-sec at one hour after shutdown.

Fission product source strengths were computed with the use of

digital computer programs which solve coupled time-dependent differ-

ential equations describing fission product buildup and decay in a reactor

core. The programs compute the concentration in a reactor core of each

isotope in each of a number of specified fission product chains, and group

the activities.by energy. The programs are limited to a maximum of five

isotopes in a chain, six fission product buildup times, and six decay times

after shutdown.

The attenuation calculations through water above the sump were made

by assuming a series of vertical line sources to represent the annular

sodium sump. A gamma yield of one photon per disintegration of 2.76

Mev and of 1.38 Mev energy from sodium-24 decay was considered. The

fission product activities were grouped by energy on the computer program

in six groups of average energies 0.35 Mev, 0.90 Mev, 1.40 Mev, 1.80 Mev,

2.30 Mev, and 2.60 Mev. The line source equation for the dose rate used

was:
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DR = r [L F ( / b) - F (02,b)
4 rna

where Br = Dose buildup through water

K = Conversion factor; flux to dose rate at
specific energy

SL = Source strength of line-source

It should be noted that self-attenuation of the source.material is not

allowed for in this equation. Dose rates from activated sodium in the

heat exchanger region and in the test section were found to be lower than

those from the sump by factors of approximately 100 and 2,000, respec-

tively.

The initial after-shutdown radiation calculations were performed

assuming the loop in a raised position with no allowance for the 8-inch

thick steel plate in the vessel head and were calculated for one hour after

reactor shutdown. These calculations indicated unreasonably high dose

rates at the water surface of 1.94 x 107 mrem/hr with unruptured fuel

pins and 3.03 x 107 mrem/hr with ruptured fuel pins. These numbers,

when reduced by an estimated attenuation factor of 200 for the 8-inch

steel plate, resulted in dose rates of approximately 9.7 x 104 mrem/hr

and 1.5 x 105 mrem/hr, respectively, for the unruptured and ruptured

fuel pin cases.

All of the above calculations were made with an original sump con-

figuration in which the top of the sump was located 5'9" above the top of

the test specimen and the sump was assumed to be 1 foot long with an out-

side diameter of 5 inches and an inside diameter of 1-5/8 inches. There

was no shielding in or around the sump. Because of the high dose rates

found for this loop position with these assumptions, no calculations were

made for other loop positions with these same assumptions.

The next analysis considered 3 days shutdown time and all steel

shielding in place atop the reactor. This longer shutdown time is much

nearer the actual shutdown time at which loop handling operations might

occur, and therefore all subsequent calculations for loop handling used

this assumption. Another assumption for these later calculations was

that the equilibrium sodium-24 activity in the sump is 12.4% of the equilib-

rium sodium-24 activity in the loop. This was based on diffusion
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calculations referenced in Pratt & Whitney Aircraft report TIM No. 558.

Using these latter assumptions, and further assuming that a tungsten

shield plug above the sodium sump effectively attenuates the direct loop

streaming, the dose rate at the top of the 8-inch steel plate where handling

operations occur was calculated to be approximately 30 mrem/hr for the

unruptured fuel pin case and approximately 37 mrem/hr for the ruptured

fuel pin case.

All of these later calculations were made by assuming self-attenuating

line sources to represent the sump annulus. This line source equation is

as follows:

DR =B K S C) pdr L [LC E2 E(s
e s -b1  - 2

na1C ~ d

where Br = Dose buildup for iron applied for entire bl of water
and steel

K = Conversion factor; flux to dose rate at specific energy

Dose rates from the heater section, heat exchanger section and test section

were found to contribute approximately half of the quoted dose rates.

I-A-3. When the loop is lowered two feet from its uppermost position
(see I-A-2) for horizontal transport to the drop tube, there is
about one foot of water over the top of the loop. With the same
sump configuration (12" high, 5" O.D., 1-5/8" I.D., 3-1/2"
thick tungsten plug over the sump) and with refueling ports
open, the dose rates through the ports are 367 mrem/hr for
the unruptured fuel pin case and 542 mrem/hr for the ruptured
pin case. If a shielding viewing window equivalent to 4" of
steel is placed in the open port, these dose rates drop to 23
mrem/hr and 29 mrem/hr.

After analyzing cases I-A-2 and I-A-3 with 12.4% of equilibrium

sodium-24 activity, and after studying expansion volumes, transient tem-

peratures, pumping effect of motor shaft, etc., it was decided that this

12.4% is too optimistic for the thermal loop. The actual number will probably

be somewhere between 12.4% and 100% activity. New calculations were made

using 100% activity, giving maximum after-shutdown dose rates.

This more conservative assumption resulted in the following dose rates

for the ruptured fuel pin cases described above.
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Equilibrium Na-24 Activity in Sump

100% 12.4%

Case I-A-2 Na-24 145 mrem/hr
Fission Products 7 mrem/hr

152 mrem/hr 37 mrem/hr

Case I-A-3 Na-24 1,632 mrem/hr
(open ports) Fission Products 175 mrem/hr

1,807 mrem/hr 542 mrem/hr

Case I-A-3 Na-24 102 mrem/hr
(shielded ports) Fission Products 6 mrem/hr

108 mrem/hr 29 mrem/hr

Dose rates from the heater section, heat exchanger section, and test section

contribute approximately 10%, 11% and 12%, respectively to the above cases.

I-A-4 Canal handling was not analyzed.

I-B Vessel Entry with Lowered Water Level

With the loop in its in-core position, the sodium sump sits well above

the core and will contribute to the dose rate above the water if the water

level is lowered to permit entry for loop welding operations, etc., inside

the vessel. With the water level 10 feet over the top of core, dose rates

at the water surface from Na-24 in the sump are as follows:

1 Day Shutdown 320 R/hr
3 Days Shutdown 35 R/hr

With 11 feet of water over the core, the numbers are:

1 Day Shutdown 70 R/hr
3 Days Shutdown 8 R/hr

With ruptured fuel pins and the same distribution of fission products

as assumed earlier located in the sump, the dose rate with 10 feet of water

over the core becomes 45 R/hr after 3 days shutdown.

Because of these high dose rates, the thermal loop should be removed

from the reactor during any operations that require reactor vessel entry.

I-C Capsule Experiment Removal - Lowered Water Level

Removal of capsule experiments requires that the reactor water level

be lowered to approximately 10' to 11' over the top of the core. During

this operation personnel may be required above the open reactor head

access ports and access into the capsule access trench will be required.
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Therefore, dose rates at both locations were checked to determine allow-

able access times.

After the work described in previous sections was done, more detailed

analyses were made of the thermal conditions in the loop. These indicated

that a 12-inch deep sump would not accomodate the thermal expansion of

the sodium under all operating conditions. Therefore, a new sump config-

uration was established: 18 inches deep, sodium O.D. of 4-1/2 inches,

sodium I.D. of 1.8 inches (the pump shaft and a baffle run down through the

center of the sump), and a 3-1/2-inchthick tungstenshield between sump

and motor. Equilibrium Na-24 activity was assumed in the sump. Shielding

credit was taken for the loop walls, reactor coolant water, and vessel walls,

as applicable.

The resulting dose rates are as follows at 1 hour after shutdown:

Capsule Access Trench Reactor Head Access Port

Na-24 452 mrem/hr Na-24 11.4 rem/hr
Fission Fission

Products 61 mrem/hr Products 2.1 rem/hr

513 mrem/hr 13.5 rem/hr

It was apparent that dose rates from a bare (unshielded) sump would

be too high. In studying the feasibility of shielding the sump, the use of

external shielding was considered but not studied, since it was felt that

internal shielding might be satisfactory. However, with internal shielding

taking up some of the radial space in the sump, the depth of sodium must

necessarily increase to accommodate the required expansion volume.

With 1/2-inch thick tungsten shielding immediately inside the loop wall

around the sump, the sump configuration is:

Shield O.D. 4-1/2 inches

Shield I.D. 3-1/2 inches

Sodium O.D. 3-1/2 inches

Sodium I.D. 1.8 inches

With this radial configuration, the sodium extends up into the 8-inch

diameter portion of the loop. The dose rates are:
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Reactor Head Access Port

Na-24 5 rem/hr Na-24 9 rem/hr
Fission Fission

Products 1 rem/hr Products 2 rem/hr

6 rem/hr 11 rem/hr

These calculations show that adding the tungsten shielding inside the

sump decreases the reactor access port dose rate about 20% but increases

the capsule access trench dose rate by a factor of approximately 12. The

reduction in rate at the top of the reactor is realized because the slant

height of the shielding and, therefore, its effective thickness is great in

comparison to the rise in the level of the sodium source. The increase in

rate at the access trench is due to the rise in sodium level which causes

the radiation to pass through the shielding at a reduced slant height angle,

thus reducing the effective thickness of the shielding.

It is apparent that a great deal of study remains to be done to overcome

these radiation problems.

II-A Motor Winding Protection

It has been estimated that insulation in the motor winding should be

limited to an integrated dose of 10 Rads. Therefore, a tungsten shield plug

was placed over the sump to protect the windings. It was found that 3.5" of

tungsten between the sodium sump and motor windings permits operation for

greater than 10,000 hours without exceeding the 10 9 Rad dose. Additional

shielding was placed above the motor to prevent gamma streaming up the

loop for personnel protection during handling.

Since absorption of gamma rays produces heat in shield materials, heat

generation rates in the tungsten shield plug were computed. Original calcu-

lations were quite conservative and indicated heat removal from the plugs

may present a problem. Therefore, a different shield configuration was

tried. This configuration was a laminated tungsten shield located in the sump.

The tungsten would be 1/4" thick slabs with sodium above and below these

slabs with the last slab above all the sodium. This configuration proved

unfeasible when it'was found that the motor windings would receive the allow-

able dose of 109 Rads in approximately 400 hours.
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Because of the high dose rates with the laminated shield, more detailed

calculations of the heat generation in the solid tungsten shield plug and motor

shaft were performed. These detailed calculations gave heat generation

rates considerably lower than the original conservative calculations. An

analysis was started to determine if the heat generated in the solid tungsten

shield plug and motor shaft is removed without producing excessive tempera-

tures in these parts and in the motor shaft bearing which should probably be

maintained below about 250 F. Sufficient time was not available to complete

a detailed analysis. However, preliminary calculations indicate that the heat

is removed without raising the temperature above allowable limits. The

calculations also indicated that heat in the tungsten shield plug and pump

shaft due to thermal radiation from high temperature sodium in the sump

could be higher (depending on sodium temperature) than the heat due to the

absorption of gamma rays. This problem could possibly be solved by (1)

using thermal radiation heat shields between the sodium and the pump shaft

and the tungsten or (2) devising a means to minimize circulation between the

sodium in the sump and sodium in the loop thereby lowering the temperature

of the sodium in the sump. These problems will have to be analyzed in detail

in Title I. From a shielding viewpoint the original 3.5" tungsten plug proved

feasible and the better arrangement.

A further consideration of motor damage concerns the effects of the

radiation from the thermal loop sump upon.the adjacent fast loop motor. If

the original height of the PW-19 loop is maintained, the fast loop motor will

be at very nearly the same elevation as the thermal loop sump. It is expected,

but has not been calculated, that the fast loop motor will be damaged fairly

quickly. If the fast loop is lengthened (see IDO-24041, Supplement 1), its

motor will be somewhat above the thermal loop sump and, therefore, the

radiation damage the fast loop motor incurs will be less. Further study of

this problem is required during Title I work.

II-B

Damage to seals of adjacent loops and other materials seems unlikely

from loop handling operations. For example, if the loop is raised at 3 days

shutdown, dose rate over 4'3" H2 0 at vessel head is 35 R/hr from equilibrium

Na-24 activity in the sump.
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If initial damage to the adjacent seals occurs at 2 x 106 Rad, this would

allow 2 x 106 = 5.7 x 104 hours from Na-24 in loop handling (loop in raised
35

position) prior to initial damage.

Summary

It appears that shielding is required in or around the sump to protect

the motor windings and bearings from radiation damage and to protect

operating personnel from overexposure during loop handling and other

reactor operations. At this time no firm shielding arrangements can be

made; further design work must be pursued.
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