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EXPERIMENTAL ORGANIC COOLED REACTOR

CONCEPTUAL DESIGN

SUMMARY

—— - —— — —— — - e

At the request of the Idaho Operations Office of the United States
Atomic Energy Commission, the Atomic Energy Division of Phillips Petroleum
Company has prepared the conceptual design for an Experimental Organic-
Cooled Reactor which will provide a flexible facility for experimentation
to speed the advancement of the organic-cooled power reactor toward its
goal of economic nuclear power. Basically, this calls for a facility
capable of irradiating simultaneously a number of different types of
fuel structures and moderators under envirommental conditions approxi-
mating or exceeding those in organic power reactors.

These requirements are provided by an organic-cooled and -moderated
reactor designed for operation at 40 Mw at 500°F inlet temperature. This
reactor, as designed, can also be operated at 20 Mw and 700°F or inter-
mediate conditions to provide desired test environments for the program.
Plate-type fuel elements with stainless steel cladding over a UOp-stainless
steel alloy will be used. The reactor will operate at a pressure of 150 psi
and a flow rate of 25,000 gpm. The system is designed to operate at pres-
sures up to 300 psig and temperatures as high as 850°F.. The reactor tank,
thermal shields and biological shielding are designed for power levels up

" to 220 Mw.

The design incorporates provision for installation of several experi-
mental loops up to 7.5 in. in diameter. Of these, two loops about 6.5 in.
in diameter and three loops 2.5 in. in diameter are recommended as part
of initial construction. The core lattice spacing is such that driver
(stainless steel) elements can be replaced by large-cross-section power
reactor elements for experimental purposes. Fuel and coolant studies can
also be carried out in larger scale by utilizing the entire core and coolant
system. Removable grids and tank internals will permit core rearrangement
for testing any core array not accommodated by the original grids.

The estimated cost for the reactor constructed at the National Reactor
Testing Station (excluding loops) is $6,310,000 and the operating costs,
not including the experimental program, are $l,510,000‘annually for a
staff of 59. The estimated cost of one 6.5-in. OD loop is $484,000, and
the total cost of the five loops which constitutes the recommended initial
installation of experimental facilities is $1,800,000.

Section 1.000 discusses the general needs of the organic program and
presents the principal design features of the EOCR. The research program
and design objectives are given in detail in Sections 2.000 and 3.000,
respectively. Sections 4,000 throygh 9.000 present the EOCR design.
Supporting information and design details may be found in Sections 11.000
Lhrough 20.000.
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1.000  INTRODUCTION AND PRINCIPAL DESIGN FEATURES

The Organic Cooled Reactor is generally conceded to offer one of the
more promising avenues to economic nuclear power. The OMRE at the National
Reactor Testing Station has, within its rather limited experimental capa-
bility, demonstrated that the concept is technically feasible. However,
much remains to be done in the area of research and development on both the
moderator and the fuel elements before it can be determined with certainty
whether the economic potential believed to be inherent in the organic
reactor concept can be realized in practice. In this respect the organic .
reactor is substantially behind either the pressurized water reactor or
the boiling water reactor at the present time.

Before stating the major problems in the application of organic sys-
tems to nuclear reactors, a recapitulation of the present state of the art
is in order. Examination of the properties of organics, theoretical studies
on the expected characteristics of organic reactors, and the successful
operation of an organic-cooled and -moderated reactor, OMRE, have been
carried out by Atomics International. The essential accomplishment of the
program has been to demonstrate the technical feasibility of the concept.
The major problems in applying the concept can now be more clearly defined.
However, it cannot be said that there exists a proven technology upon which
the design of reasonably successful organic power reactors can be based.
Considerable additional developmental work is required to advance the
present form of the organic concept to that stage and to explore alterna-
tive forms that may more fully develop the potential. advantages of the
concept. In a large measure the outstanding problems, although technical
in nature, are really related to the economic feasibility of the concept
and this aspect must be borne in mind in the planning of an effective
program with the objectives stated above.

It is also useful to review the reasons why organic substances are
considered for use in reactors. The principal advantages of organics
over water are their low vapor pressure and low corrosion effects. Other
advantages can be given but they are peripheral. Moreover, expressing
the advantages in this way emphasizes that the essential properties of
organics do not require their use as a moderator. Hence, it is necessary
to consider in the long-range picture the possibility of two classes of
organic systems. On the one hand there will be the organic-cooled and
~-moderated reactors and, on the other hand, organic-cooled reactors
- moderated by substances other than organic materials.

For either of these approaches, the major problem areas are the usual
ones common to any reactor system; namely fuel, coolants, technology, and
physics. For the present purpose, the following list gives a representa-
tive aspect of each problem area which is unique to organic systems or
which requires the use of organics in its study and which is a problem of
major importance in the effective application of the organic concept:



Problem Area Outstanding Problem

Fuel Materials .and Heat Transfer
Coolant Radiolysis

Technology Waste Disposal

Physics Long~Term Reactivity

These are approximately in the order of decreasing importance,. .although
fuel and coolant problems are very nearly equal. In the long-run the prob-
lem of waste disposal mey also be of equal importance but certainly at
present it is not as pressing even though the current way of coping with
this problem may not be satisfactory on an industrial scale.

The specific studies believed necessary to advance the organic concept
fall into two groups. First are those which could contribute most quickly
tc the resolution of problems in the organic power reactor designs presently
under consideration. Thus, the first phase of the program proposed herein
is slanted toward providing the remaining information needed to permit
effective scaleup of present knowledge and experience to power reactor
conditions. Three major problems exist in the proposed power designs and
they may be regarded as equally essential to alternative designs that may
arise in the future. The investigation of two of these, the development
of low-cost fuel assemblies such as the proposed sintered aluminum powder
design, and the uncertainty in the organic decomposition rates under power
reactor conditions, are expected to occupy a prominent part of the early
program for the EOCR. Because it appears to be crucial as well as rela-
tively least developed, the fuel problem was placed first in the above
list. The investigation of the third problem, the use of nucleate boiling,
is not so strongly dependent, in its early stages, on the test environment
to be provided by the EOCR but will be in its later stages and thus will also
be a part of the progran.

The longer~range group have the.objective of more fully exploiting all
the pramising possibilities of organic systems. Thus the second phase
emphasizes the development of new and modified organics and includes the
possibility of studying other moderator-coolant combinations.

On the basis of this program oif' studies the design objectives of the
proposed organic reactor have been established in terms of the conditions
‘which must be provided in order to carry out the proposed fuel and coolant
research. These test conditions will exceed those of proposed power reactors
and are significantly beyond those provided by tests to date. (See tables
and discussions in Section 2.000 for details). For example, heat fluxes
ol 27,000 Btu/hr-ft2 in power reactor fuel elements have been obtained
in OMRE experiments, whereas fluxes as high as 165,000 are planned for
organic-cooled and -moderated power reactors with a possibility of 500,000
being required for an organic-cooled deuterium-modersted power reactor.

It is planned that values greater than 500,000 can be provided in the
EOCR test positions. Similarly, the required total radiation intensity
for power reactor conditions is 2.6 w/g, which is higher than OMRE by a

-8 -



factor of 2, and the required ratio of neutron-to-gamma .intensity is higher
by a factor of 4. A final example of conditions to be provided is the
possibility of performing full-core tests under power reactor conditions.

In turn, the experimental conditions fix the specific requirements
on neutron flux, heat flux, and dosage rates. These considerations are
discussed in Section 3.000. For the usual reasons, an additional condi-
tion 1s imposed that the design and construction of the reactor entail a
minimum of development. A final limitation, which is essentially an
economic one, is that of the power. All of these design requirements
set forth a problem which might not be solvable and could only be settled
by detailed calculation of the properties of various core designs. For
these purposes, several core designs were examined. The results of the
study show that it is feasible to design the reactor with the properties
and within the limitations stated above. Solely for reasons of simplicity
and cost these initial cores were organic-moderated as well as organic-
cooled.

Alternative possibilities, such as D-O-moderated systems or HQO-
moderated systems and the like, could satisfy some of the objectives.
All of these have been ruled out because they add complexity and limit
the flexibility for testing fuel elements. It should be noted that the
proposed organic reactor will operate under conditions well beyond those
of the OMRE and will thus, in itself, be a significant advance in the
operating experience and technology ofarganic reactors.

D20-moderated systems for power reactors may have some long-range
potentials, but the use of D20 in the EOCR would introduce an additional
complexity that it would be desirable to avoid initially. Even if no
other factors were involved, the DO inventory would add the order of
a million dollars to the cost. The use of organics as a coolant only
should be explored at a later stage in the development of the program.

Some comments should be made in regard to the reliability of
the studies which have been made for this report. For a conceptual design
it is necessary to accept a limited degree of accuracy in order to use
methods which are fast and relatively inexpensive. The reactor physics
studies have been made with these requirements in mind. Calculated
values, as determined by EOCR methods, of keff for the OMRE over a range
of temperatures were compared with measurements by Atomics International
and the results used to determine an experimental correction for EOCR
work. The calculated values are always higher but at no temperature do
they differ by more than three per cent from the measured values. This
agreement is sufficient to establish that the reliability of the methods
is adequate for the purposes of this project. It should be generally
reglized that a very limited amount of information exists on experiments
or on comparigon of thcory and calculation. Thus, at present, it is
difficult to make more than an approximate evaluation of computational
methods. In addition, there is considerable uncertainty in the values
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of the cross sections and other constants required for the computations.
Therefore, it is doubtful if use of more exact methods can be justified.
Developmental work to obtain a consistent set of constants and computa-
tional techniques is currently under way by Atomics International and
will undoubtedly improve this situation. The detailed optimization of
the final design can incorporate the results of this work and can be
made on the basis of intensive studies for which more exact methods
will be feasihle.

The principal features and design specifications of the final concept
for the EOCR are presented in Table 1.0A. The loop sizes available are
dependent on final mechanical design of the system and, hence, cannot be
precisely defined at this time; however, the maximum size for the standard
core, with one driver element displaced, is 7.5 in. in diameter. The
top and bottom heads are provided with holes which match the grid plate
holes at every location in order to permit the installation of a loop
of some size in any position or to completely isolate sections of the
core by installing a very large loop with coolant routed to this section
via the holes in the bottom grid. All variations are not described in
this report. The loops tabulated in the table are only those needed
for the initial phase of the program. Proyen components were selected
to avoid the need for a comprehensive research and development program
to support the EOCR design. The replaceable grids, top-head and bottom-
head permit testing major variations in core design, including organic
cooling with heavy-water moderation.

- 10 -



.- Table 1.0A
EOCR CHARACTERISTIGS

Reactor Core

Design Operating Power 40 Mw (500°F); 20 Mw (700°F)

Lattice Spacing, Square Array

5-T5 in.

Number of Positions in Core - 37
Number of Positions in Reflector: - 20
Fuel Elements 20
Control Rods % 12
Loop Positions (in Core)

6.5" oD 2

2.5" oD 3
Capsule Positions (1.0" to 1.5") 25
Rabbit Facilities - : 2

Fuel Elements (Ref. to Fig. L4.24)

Number of Assemblies 20 .
Active .Core Length 35.5 in.
Length of Assembly 13 ft
Size of Assemblies 4L in. sq.
Fuel Plates per Assembly L6
Fuel Plate Thickness 0.030 in.
Core Alloy Thickness . 0.020 in.
Core Alloy Material U0,-SS
Cladding Thickness 0.005 in.
Box and Rib Thickness 0.050 in.

Coolant Chgnnel. Thickness
Nominal Spacing Between Elements

0.125 in. to 0.255 in.
1.75 in.

Ue35 per Element 1.6 kg
Control Rods (Refer to Fig. 4.34)

Number 12

Type Fuel Follower

Size Fuel Section b in. sq.

Size Poison Section 4 in. sq.

Clad Poison Material

BlO-ss or ByC

*Includes initially installed loops only. Space is proﬁided for more
loops if required.
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Table 1.0A (Continued)

EOCR CHARACTERISTICS .

Reactor Physics

Active Core Volume, liters 615
Vertical Max/Ave Power Ratio in Fuel 1.4
Horizontal Max/Ave Power Ratio in Fuel . 3.3

Core Max/Ave Power Ratio in Fuel ‘ 4.6
Average Specific Power, kw/kg U 770

Total U235 in Core 52 kg
Initial Core Effective Reactivity S 1.16
Control Rod Worth, all 12 Rods . 31% &k eff

Reactor Heat Transfer

Coolant Santowax R or OMP
Flow in Fuel Elements and Control Rods 20, 500 gpm
Reactor Inlet Temperature . 500 Op éuo Mw) ; 709 OF (20 Mw)
Reactor Outlet Temperature 525°F (4OMw) ; 715 °F (20 Mw)
Maximum Coolant Velocity in Fuel 37.5 ft/sec
Minimum Coolant Velocity in Fuel 9.0 ft/sec
Core Pressure Drop L0 psi
Average Heat Flux, Btu/hr- 72 (40 Mw) .
Start of Cycle 144,000
End of Cycle 108,000
Maximum Heat Flux (40 Mw) 660,000
Maximum Fuel Element Surface Temperature . 850°F
Burnout Heat Flux, Btu/hr-ft2 2,140,000

Reactor Vessel

Height ’ 18 ft 9 in.
Inside Diameter ) T £t

Design Pressure : ’ 300 psi
Design Temperature 850°F

Design Maximum Power 220 Mw

Wall Thickness 1.25 in.
Number and Size of Nozzles 8 : 8 in. OD
Material 347 S8

Process System

Number of Pumps 1l

Coolant Flow 25,000 gpm

Total System Pressure Drop 75 psi

Heat Removal Capacity 45 Mw (500°F)
Purification System 2000 1b/hr
Degasification System 200 gpm
Design Temperature . 850°F

Design Pressure . 300 psi

- 12 -
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' Table 1.0A (Continued)

BEOC:t CHARACTERISTICS

, S ‘ .
Experimental Fuel Power Density

in Central Loop at 40 Mw (w/cc)

2.5% Enriched Fuel’
7.5% Enriched Fuel
13.5% Enriched Fuel

Experimental Fuel Power Dens1ty

in Central Core Position (no loops) at 20 Mw

2.5% Enriched Fuel
7.5% Enriched Fuel
13.5% Enriched Fuel

* The maximum power dens1ty in proposed organic-cooled and

reactors is about 200 w/cc.

- 13 -

Average. Maxiﬁum
135 260

- 257 495
320 620
-101 195
192 372
240 L65 -
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2.000 RESEARCH PROGRAMS TO BE PERFORMED IN EOCR

!

In formulating the following research and development programs
consideration was first given to the status of the organic reactor program
as indicated by a survey of the pertinent experimental work; secondly, to
proposed organic-cooled power reactors which are either organic- or_ D0-
moderated; and finally, to recommendations of Atomics Internationall which
were supplied at the request of Phillips Petroleum Company.

Based on these considerations, the immediate program for the EOCR
is to verify, in the test facilities and core positions provided for that
purpose, the performance of fuel elements of proposed power reactors?,3,4
so that proven technology is available to permit actual construction of the
reactors, The longer-range needs include several other areas of research
to be undertaken in EOCR. These are tabulated below and discussed in the
following sub-sections,

1. Develop new fuel elements for organic-cooled power reactors.

2. Develop new or modified coolant materials for use in organic-
cooled reactors moderated by D0, graphite or organics.

3. vDevelop improved methods of fuel and moderator separation for
organic-cooled, sqlid—moderated reactors. ‘

L. Corduct heat transfer tests with fuel elements cooled by organics.
5. GConduct physics tests with different core configurations.

6. Conduct tests with core arrangements and fuel elements proposed
for power reactors at their design power densities.

7. Test auxiliary processing equipment.

!

1. J. E. Stewart, "Suggested Experimental Facilities for the Experimental
Organic Cooled Reactor (EOCR)", Report NAA-SR-MEMO-4319, September 29,
1959. : ' :

2. Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study - Summary of Study", Report TID-8501 (Part 1), July.1959.

3. Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study - Reactor Concept Evaluation", Report TID-8501 (Part 3),
July 1959,

AR Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study - 300 Mv Power Plant Conceptual Design', Supplement
No. 2, Report BCPI-I, June 26, 1959. ‘

-1 -

]



w

2.100 . Fuel Testing

The minimum fuel element environmental conditions that s&re
needed in the EOCR are shown in Table 2.1A which lists the maximum design
power density and heat flux for fuel elements in the proposed organic
power reactors and also shows the values which have been attained in OMRE
tests. The design objectives for EOCR fuel tests are given in Section
3.000. :

Table 2.1A

FUEL ELEMENT ENVIRONMENT IN PROPOSED POWER REACTORS
AND TEST ENVIRONMENT TO DATE IN OMRE

R
Size of Power Density, Heat Flug, Q
Reactor Fuel watts/cc * Btu/hr-ft ‘
Fuel Elements Elements _Ave Max Ave - Max &
Piqua OMRl 5.25" OD 30 117 34,000 | 132,000
300 Mive? 5.16" OD 65 '197‘ 54,000 | 164,000 1
(Forced :
Convection) g
1 300 Mie® 5.375" x 5.375" Ly 165 37,000 | 139,000 ;
(Nucleate
Boiling) : ,
Dy0-Moderated 2.760" OD 1003 3003, lSO,OOO3 450,0003§
Organic-Cooled N
Test of Piqua” 2.965" 0D -- 19 | —e---- | 27,000
i Prototypes in i
|  OMRE )

1. Prellmlnary Safeguards Report for the Piqua Organic Moderated Reactor
(Revised)", Report NAA-SR-3575, April 13, 1959.

2. Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study - 300 Mw Power Plant Conceptual Design', Supplement
No. 2, Report BCPI-I, June 26, 1959.

3. Estimated from "Proceedings of the OCDR Symposium "at Atomic Energy
of Canada Limited, Chalk River, Ontaria, June 15, 1959, Civilian
Atomic Power Department, Canadian General Electric Company Limited.

b, Personal communication with Mr. J. E. Stewart and Mr. M. A. Perlow
of Atomics International.

* Volume = volume of fuel and organic in the core.
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The initial test program on fuel elements in the EOCR will be
directed at fvaluating fuel elements similar to those proposed for .the
300 Mwe OCR. These fuel elements are made with sintered UOp pellets
clad with finned tubes of aluminum powdered metal (APM) Tests in the
EOCR will be designed to: :

1. Evaluate structural integrity of APM and the closures of the
fuel tubes at OCR maximum design operating conditions.

2. Determine fouling rate on finned surfaces of APM cladding.
3. Determine rate of fission product release through APM cladding.

L. Determine creep strength and other strength propertles of APM
after exposure to irradiation at elevated temperatures.

5. Determine maximum permissible operatlng velocities and tempera-
tures sultable for APM use.

In addition to tests related to development of APM clad fuel ele-
ments, fuel element tests will also be conducted in the EOCR to:

1. Evaluate cladding materials for uranium metal, oxide, and carbide
fuels.

2. Evaluate structural stability of fuel materials at different
temperatures, burnup, and heat generation rates.

3. Determine maximum heat generation rates of organic cooled fuel
elements as a function of fuel element size, geometry, and cladding.

L. Evaluate new fabrication techniques for fuel elements proposed
for use in organic reactors.

5. Prove production type fuel elements by testing statistical quanti-
ties of fuel elements.

6. Test unclad uranium metal, plated uranium metal, and carbon clad
uranium metal exposed to organic coolant.

7. Evaluate new fuel types such as uranium impregnated graphite or
others which may be proposed for organic cooled power reactors.

2.200  OQrganic Testing

The organic test program proposed for the EOCR will study the pyroly-
sis and radiolysis of many possible organic reactor coolants under power reactor

1. Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study ~ 300 Mw Power Plant Conceptuel Design", Supplement
No. 2, Report BCPI-1, June 26, 1959.
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conditions and evaluate new coolant materials and additives that may re-
sult. in lower radiolytic damage, improved heat transfer and lower pumping
costs.- '

The objective of the first tests in the EOCR is to verify the pre-
dicted radiolysis of organic coolants, such as Santowax R and Santowax OMP,
under conditions duplicating those to be encountered in proposed organic
cooled power reactors. These conditions, which are listed in Table 2.2B
with previous test conditions, show that most organic tests performed to
date have been in environments at much lower intensities than those proposed
for the power reactors; also, damage to organic materials may be dependent
on the ratio of fast neutron intensity to gamma intensity and temperature.

At the present {ime there is no suitable facility to study the effects of
different ratios of neutron-to-gamma radiation on organic decomposition rates.

Table 2.2B

ORGANIC RADIATION ENVIRONMENTS IN TESTS TO DATE
AND IN PROPOSED POWER REACTORS

Ratio of
- Total Neutron Gamma, Neutron-
Intensity, Intensity, Intensity, to-~-Gamma
Environmment watts/gram watts/gram | watts/gram |Intensity
Test Facilitiest
OMRE (6 Mw) 1.2 0.3k 0.86 0.k
BEPO 0.008 0.0043 0.0037 1.2
MTR Canal 0.046 ————— 0.046 0
MIR In-Pile 0.33 0.0k 0.29 0.1k
Van de Graff 0.6 to 7.3 ————— ———— ———
(1 Mev Electrons)
Power Reactors
. 2
Piqua OMR
Average 1.3 0.8 0.5 1.6
Maximum 5.2 3.2 2.0 1.6
2
300 Mwe OCR”
(Forced Convection)
Average 2.6 1.6 1.0 1.6
Maximum 7.8 k.9 2.9 1.6

1, R. H. J. Gercke, C. A. Trilling, "A Survey of the Decomposition Rates
of Organic Reactor Coolants', Report NAA-SR-3835, June 10, 1959.

2. Personal commnication with Mr. J. E. Stewart of Atomics International.
3. Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study - 300 Mw Power Plant Conceptual Design", Supplement
No. 2, Report BCPI-I, June 26, 1959.
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The general area of investigation for all organics will be aimed
at collecting sufficient data to predict radiolysis in any reactor system
(such as organic-cooled and -moderated, organic-cooled and Dy0-moderated,
organic-cooled and graphite-moderated, and organic-cooled and zirconiume
hydride-moderated) and to explore possibilities for improving power reactor
economics by modifying coolants or operating conditions. Some of the areas
to be studied are:

1. Effect of temperature and pressure on radiolysis.
2. Effect of ratio of neutron-to-gamma dose rate on radiolysis.
3. Effect of radiation intensity on radiolysis.

4. Testing of certain very cheap petroleum fractions which are rich
in the radiation resistant aromatics and substantially free of less resistant
ngpthenes and paraffins.

5. Testing of synthetic coolants made especially for nuclear reactor
cooling. One area considered promising which has not been studied is nitro-
gen containing analogues of the polyphenyls such as pyridine ring types.
Another group of compounds not fully investigated are the alkyl phenanthrenes;
for example, retene. ,

6. Effect of additives on radiolytic damage. Considerable promise for
additives has already been shown. Specifically, several condensed ring
nitrogen compounds and some -sulfur compounds related to thianthrenel are
being considered. Another approach suggested by previous work is the use
of compounds absorbing and emitting fluorescent energy. The use of con-
densed ring aromatics will also be studied.

T+ Modification of the coolant to reduce viscosity at operating tempera-
tures. The use of additives for viscosity control, as is done in lubricating
0il technology, seems a definite possibility. Since it is desired to reduce
viscosity at high temperatures, with not too much interest in the viscosity
at low temperatures, an additive with a negative viscosity index is indi-
cated. Such additives are found among the perfluorinated oils. These
were developed in connection with isotope separations at Osk Ridge and
are reputed to be very stable chemically.

8. Moditication of the organic coolant to stabilize the liquid state
at temperatures below the normal solidification point. This has been
carried out on some other aromatic liquids, using certain classes of
surfactant organic compounds.

1. California Research Corporation, AEC Contract No. AT(11-1)-174%, Report
No. 13, "The Radiolysis of Prospective Dynainic Rewclour Coolants," p.27,
Compiled by W. W. West; August 13, 1959.
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9. Effect of "in-pile" catalysis. Additions of trace amounts of
metals or metal complexes to catalyze the back reaction or to change the
end product composition appears to be a possibility since similar effects
have been observed in petroleum processing as well as radiolysis in in-
pile aqueous solutions. ) ) .

10. Fouling characteristics of all proposed coolants.
11l. Effect of water content on radiolysis and fouling.

2.300 Heat ;Transfer Tests_

The power densitiés that are presently being considered for organic-
cooled reactors are relatively low because of poor heat transfer charac-
teristics of organic coolants. An important part of the organic reactor
program is that of evaluating the heat transfer performance of fuel ele-
ments and organic coolants and developing methods of improving the heat
transfer to increase reactor power densities. The initial heat transfer
test program will be directed toward determining whether finned APM
fuel proposed for organic cooled power reactors can be operated at the
conditions assumed for the design. Concurrent tests will duplicate condi-
tions proposed for the forced convection cooled power reactor and the ‘
nucleate boiling power reactor.l If loop tests demonstrate that nucleate
boiling presents no problems, an early solution of flow stability considera-
tions will be sought by operating an entire core of power reactor elements
iunder .nucleate boilihg conditions.

The general areas of heat transfer research should be the following:

1. Evaluate methods of improving heat transfer, such as varying fuel
element geometry and using coolant additives; such as viscosity improvers.

2. Determine maximum operating limits of fuel elements and organic
coolants without surface fouling or fuel element burnout.

-~

3. Compare heal transfer by forced convection, nucleate boiling and’
bulk boiling.

L, Study flow stability with forced-convection nucleate boiling and
natural-convection nucleate boiling.

5. Study fouling with fuel elements cooled by natural-convection,
forced-convection, and nucleate-boiling heat transfer.

2.400  Auxiliary Tests

A reactor facility capable of operating at a range of power leveis
and accommodating different core conligurations of fuel elements and moder-
ator can yield many results significant in prediecting performance of other

1. Bechtel Corporation and Atomics International, "Organic Cooled Power

Reactor Study - 300 Mw Power Plant Conceptual Design', Supplement
(o. 2, Report BCPI-1, June 26, 1959. ' _
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reactors in the field of physics, organic technology and general opera-
tional information pertaining to maintenance and instrumentation. Some
of these tests are mentioned in the following paragraphs.

2.410 Low Power Physics Tests. Much of the physics of organic
reactors is based on theory with very little ettempt to experImentally
verify calculations. Some of the areas which can be explored in EOCR are
power flattening, statics and dynamics of full cores, moderator control
studies and DpO-moderator systems.

2.411 Power Flattening Studies. The organic reactor
designs which have been proposed have very high maximum to average heat
flux which results in an economic disadvantage caused by increased reactor
size and pumping cost since the thermal design must be based on the hottest
point in the reactor. Several methods of flattening the heat flux are
considered feasible. Some of these are variation of moderator radially
in the core, variation of fuel density both radially and vertically, or
a combination of these. The EOCR can be used to test various:methods
proposed for power flattening.

2.412 Static and Dynamic Physics of Cores. The EOCR can
be used to obtain experimental information concerning the statics and
dynamics of the reactor cores being studied. These data, as well as
being valuable perrse, permit evaluation of calculational methods. The
following topics are illustrative: wvariation of reactivity with tempera-
ture, void coefficients and local flux variations due to control rod
perturbations. Zero-power reactor frequency response studies provide
valuable safeguards information. The EOCR can also pe used to establish
same of the reactor physics constants for the cores being studied, e. g,

E/O}f B2 Beffs and farf.

2.413 Moderator Control Studies. It is theoretically
possible to control an organic power reactor by the use of moderator with
varying hydrogen density or by the use of hydrocarbons having poison addi-
tives, é.g., borated hydrocarbons. The benefits of this type of control
are the elimination of complicated mechanical control rods with a resultant
increase in average power density and a decrease in size of the reactor
for a given power output. Reactor size is further reduced by utilization
of the space normally used by control rods for power producing elements.
The EOCR can be used for this type of study if the grids and internal
components are removable so as.to allow testing of cores designed specifically
for these tests.

2.414  DpO Moderation Svstems. The use of Do0 as a moder-
ator and organic as a coolant offers some possibility for improvement in
power reactor economics because of the possibility of reduced fuel cost
and higher operating coolant temperatures. It will be desirable to
moek-up & section of the core which is moderated by DoO and cooled by
organic to determine the actual organic damage rates. This mockup can
also be used to determine certain physics parameters for the DoO system;
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however, a full scale or near full scale mockup 18" needed for final re-"’
sults on DoO systems. The EOCR reactor ‘vessel- is, de51gned 'in such a
manner that a Do0 calandrla can be 1nstalled at some future date

2.420 Core Tests at High Power Levels. Since very little ex-
perience has been developed with operation of organic-cooled reactors,
EOCR can make significant contributions by operation of test cores to
obtain the following information: (1) change in flux with time in oper-
ating cores, (2) effect of core layout on radiolysis, and (3) stability
of an organic-cooled reactor operating with nucleate boiling.

2.421  Burnup Effects on Reactivity and Heat Flux. The -
change in reactivity and heat distribution with time is important in pre-
dicting the performance of power reactor cores. It would be extremely
valuable to have actual operating data on a large core to check calculated
values; however, useful data for checking calculations can be obtained
from medium-sized cores. For this purpose it would be desirable to operate
EOCR with a simulated power reactor core and monitors to determine power
shifts and reactivity changes as a function of burnup.

2.422  Effect of Core Composition on Radiolysis. Very low
radiolytic damage rates are predicted from the available data for systems
having a high metal-to-organic ratio and particularly for systems employing
graphite or heavy water moderation. The predicted rates can be verified

. for the most promising systems by operating one core with characteristics

similar to power reactor cores. This testing will be preceded by loop
tests to define the areas of importance.

2.423 Stability of Organic Cooled Reactor Operating with
Nucleate Boiling. Ioop tests, out-of-pile heat transfer tests, and ana-
lytical calculations can be performed to predict the problems involved in
operation of a reactor with nucleate boiling heat transfer. However, actual
operation of a core in nucleate boiling is recommended to finally demon-
strate the problems to be encountered due to flow instability and fouling.
The EOCR can be used to test the operation of an organic reactor at high
power dcensity with nucleale boiling.

2.430 Process Studies. A number of different methods of mainte-
nance of the coolant in organic reactors should be tested because of the
economic importance generated by the cost of replenishing the organic
and the cost of disposal of the waste organic. In a large power reactor
such as a 300 Mwe organic cooled reactor the volume of makeup is estimated
to be about 5000 gallons per day. Since all the radioactive wastes eventu-
ally end up in the decomposition products, the problems of waste disposal
may be extremely severe. The EOCR offers an ideal facility for exploring
the problems of proposed systems such as burning of the HB, degasification
systemc, purification systews, and fission gas removal and holdup systems.
Of more economic importance to the organic reactor program are the possi-
bilities of (1) reconstitution of the HB* by thermal or catalytic cracking,
(2) decreasing the production of the HB by addition of hydrogen donor

* HB is defined as polymerization products which are less volatile than
para-terphenyl.
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meterials to the circulating stream, and (3) changing the decomposition
rates and/or end products by "in-pile" catalysis. The EOCR is readily

adaptable to studies of the latter type on a large scale after promising
techniques are developed in small scale loop systems '
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3.000 DESIGN OBJECTIVES

The design objectives for the EOCR are defined by the test pro-
gram discussed in Section 2.000. The design specifications for test
facilities are developed from available information on proposed organic-
cooled and -moderated power reactors, proposed organic-cooled DpO-moderated
power reactors, and the projected needs of the organic-cooled reactor pro-
gram. Despite the advances in technology required for these proposals to
be successful, prudent design practices suggest that they may be conser-
vative if used as the basis for planning a developmental program. There-
fore, test conditions in excess of those for proposed power reactors are
necessary to check the limits of extension of the technology. For this
reason the design objectives for environmental conditions of organic tests,
fuel tests and heat transfer tests given in Tables 3.1A, 3.24, and 3.3A
are in excess of similar conditions in power reactor proposals.

: Tests will be conducted in the EOCR in loops of several sizes,

in fuel element. positions in the EOCR core by partially or totally re-
placing the EOCR core driver elements with power-reactor fuel elements
and in small static test positions cooled by EOCR coolant. It will be
possible to utilize each loop for fuel, heat transfer, and organic tests,
although not necessarily at the same time, and as many loop positions as
economically feasible should be provided in the design. Table 3.0A
summarizes the size and number of in-pile loops proposed for initial in-
stallation. Design objectives for other research programs are satisfied

Table 3.0A

SUMMARY OF TEST POSITIONS REQUIRED FOR FUEL,
ORGANIC AND HEAT TRANSFER TESTS IN EOCR

[

Type of Facility Capsule or Small Large- In-Core
’ : Tead Type#* Loops Ioops Positions
Number of
Fuel Tests 4 2 1 10
Number of
Organic Tests 6 - 1 -—
Number of Heat
Transfer Tests i 1 1%% L

Total 1k 3 2 i
External Minor Complete loop Complete Flow and
Facilities facility ex- loop tempera-
cept for puri- | facility*¥**|{ture moni-
fication sys- toring.
tem.

* These facilities are cooled by reactor coolant.
*% The large loop required for heat transfer tests will be shared with the
fuel and organic test program.

*%*% Refer to Section 8.000 for detailed loop design.

0]
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by removable grids, replaceable top and bottom heads, design of the
tank and shields for high power levels, and design of the primary
system for 850°F and 300 psig. ,

3.100 Fuel Testing

The program outlined for fuel testing in the EOCR requires
(1) test small fuel capsules, (2) test pro-
totype fuel elements in loop positions, and (3) test statistical

reactor facilities to:

quantities of fuel elements in core positions.

The number, size

and test conditions for fuel testing are summarized in Table 3.14.

psig

Table 3.1A

REQUIREMENTS FOR INITIAL FUEL TESTS IN EOCR
Type of Facility Small Large In=Core
Number of Facilities 6 1 10
Size of lLoop, Capsule,| 1.0 to 2.5 dia 6.5 dia 5.5 dia or
or Test Position, 5.5 square
inches :
Power Density, 50 to 300 50 to 300 50 to 300
watts/cc
Heat Fluxé 30,000 to 100,000 to 100,000 to
Btu/hr/ft 450,000 300, 000 450,000
‘Maximum Coolant 30 25 30
Velocity, ft/sec
Maximum Coolant 850 850 850
Temperature, °F !
Maximum Pressure, - 600 300 300

External Facilities
Required

Two entire loop
facilities ex-
cept for puri--
fication sys-
tem:. Minor
out-of-pile
equipment for
other,tests.

Entire loop
facility, i.e.
pumps, heat
exchangers,
purification
system, etc.

Monitor:s to
determine
power pro-
duction in

each elcmer ..

R,
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3.110 Small Test Facilities. These facilities are provided
for evaluation of individual segments of elements in the areas dis-
cussed in Section 2.100. Out-of-pile loop facilities dre provided
for two 2.5-in. OD loops. One other 2.5-in. loop is provided for
the heat transfer program which may be used for fuel tests when avail-
able. Additional capsule or lead-type experiments may be cooled by
reactor primary coolant. Many spaces for this type of test are provided.

3.120 large Test Facility. This loop test facility for test-
ing of full-scale power reactor elements includes out-of-pile equipment
such as pumps, heat exchangers, flow control equipment, temperature con-
trol equipment, purification and degassing equipment for maintenance of
coolant, and reactor interlocks. Since this type of test facility is
quite expensive; only one facility is recommended in the initial phases
of the program. Another facility of identical size is proposed for the
organic test program which may also be used for the fuel test program.
A typical design of this facility is described in- Section 8.000. Five
suitable positions for this type of facility are provided in the core;
however, it is proposed that three of these positions will initially be
.occupied by smaller loops as shown in Fig. 4.1A.

3.130 In-Core Tests. The lattice spacing of the EOCR has
been chosen such that power reactor elements as large as 5.5 in. square
may be used to replace any driver fuel element not adjacent to a large
loop. This makes it possible to test several power reactor elements
or an entire core. Inorder to achieve the temperature conditions de-
sired for most tests it will be necessary to raise the bulk coolant
temperature of EOCR which in turn causes a reduction in the allowable
power level; however, the permissible power at higher temperatures is
sufficient to provide power densities in excess of those proposed for
power reactors. These in-core tests result in a requirement of a high
bulk coolant design temperature for EOCR. No additional flow is pro-
vided for these tests since these fuel elements will normally require
less flow than the displaced driver elements.

3.200 .Organic Testing

In order to carry out the organic-coclant test program as
outlined in 2.200, the design includes facilities for testing organic
materials at temperatures, pressures, flux densities and neutron-to-
gamma ratios in excess of those proposed for power reactors and past
test conditions. This should culminate in testing of the drganic by
use as the primary coolant for the EOCR. Laboratory facilities for
determination of the resulting alterations in coolant properties and
decomposition products formed are, an essential requirement in accom-
plishing these objectives. The design should provide means for test-
ing organics in three general categories: (1) simple, brief tests
for rapidly screening numbers of new and modified coolants; (2) more
intensive small scale tests under a variety of radiation and tempera-
ture conditions; (3) dynamic loop tests in contact with full size fuel
elements. The number and size for each of these categories are
summarized in Table 3.2A.
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Table 3.24A

REQUIREMENTS FOR INITIAL ORGANIC TESTS IN EOCR

© Small Small .
Type of Facility Short Term Iong Term Large
Number of
Facilities 2 L 1
Diameter of
Facility, inches 1.5 1.5 6.5
Radiation Intensity
Total, w/g 2.0 to 12 2.0 to 12 2.0 to 12
Ratio Neutron
to Gamma 0.5 to 3.0 0.5 to 3.0 0.5 to 3.0
Temperature, °F - 500 to 850° 500 to 850°
Pressure, psig - 10 to 300 10 to 300
External Facilities Equipment to Sample tube, Entire loop
Required insert and fill tube, facility,
remove cap- pressurizing i.e. punmps,
sules during tube, and heaters,
reactor opera- temperature coolers,
tion. control. purification

system, etc.

3.210 Small Short-Term Facilities.

Provisions are required. for

screening small samples of new coolant compositions in tests of a few
hours to a few days duration, in relatively large numbers on a continuing
basis. Out-of-pile equipment can be designed to provide for insertion

and removal of samples without reactor shutdown.
approximate 100 cc in most cases.

done in a rabbit facility, for instance.

densities are provided.
reflector and the other in the core.

Sample size will
Capsule tests of this type could be
Provisions to test at two flux

One of these facilities is provided in the

Temperature control is not stated

as a requirement; however, operation at reactor coolant temperature or-

above is desirable.

3.220 Small Long-Term Facilities. In the next category, teste

are required in which small to moderate size samples are subjected to
a variety of temperatures, pressures, and flux densities.
tions are provided, for example, in capsules with limited out-of-pile

equipment such as sample tubes, fill tubes, temperature and pressure

control. Facilities of this type are in the core as shown in Fig. lLelAs
Other positions are available for these tests in the space between fuel
elements and in the reflector.

-26&-
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3.230 Dynamic Loop Tests. One large loop should be provided
in which coolants are tested in contact with full size fuel elements.
Because of the complexity and cost of such loops this test work may
use the same loop as, and be integrated with, fuel element and heat-
transfer testing. It would therefore need to be large enough to test
a typical power reactor element. It -should have its own independent
purification system. Five possible positions are provided for this
loop. Two positions are initially provided as shown in Fig. L4.1A.
Out-of-pile equipment is identical with that shown for the fuel test
loop. Small scale dynamic tests may also utilize one of the three fuel
element test loops.

3.300 Heat Transfer Studies

Some of the heat transfer tests proposed in Section 2.300 re-
quire higher heat fluxes and more extreme temperatures than required
for fuel element tests. These can be conducted in the central loop.
One 2.5 in. loop is also provided in the core for heat transfer tests.
Other facilities for long-term tests are provided in the reflector or
‘between driver elements. Finally, nucleate boiling tests may be per-
formed in the core. The same loops proposed for fuel and organic
tests can be used for heat transfer tests to some extent.

The facilities provided to conduct heat transfer tests fall into
three catagories:

1. Small test facilities up to 2.5 in. in diameter are provided
in the core or in the reflector. OQut-of-pile loop facilities are pro-
:vided for one 2.5 in. diameter loop. Other tests will be cooled by
.reactor coolant and will have a minimum out~of-~pile equipment.

2. One large facility located in the highest flux region of the
reactor will be used for heat transfer tests of power elements or
burnout tests of small elements. The large facility is shared with
the fuel and organic programs.

3. In-core positions will accommodate power reactor fuel elements
and will be used for nucleate boiling tests or long-term fouling tests.
No out-of-pile equipment is required except for instrumentation.

Table 3.3A summarizes the number, size, and test conditions
of loops required for heat transfer tests.
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Table -3.3A

REQUIREMENTS FOR HEAT TRANSFER TESTS iN EOCR

Type of Facility Small Large* ) In-Core,
Number 5 . | ! N
Size, inches 1.0 to 2.5 dia 6.5 dia 5.5 square
Maximum Power ' .

Density, watts/cc 500 300 300

Heat Fluxé 100,000 to 200,000 to 500,000
Btu/hr-ft 500,000 1,000,000 .

Maximum Coolant

Velocity, ft/sec 30 25 30
Maximum Coolant , . _
Tcmperature, °OF 1 850 850 850 -
Maximum Pressure,
psig 300 300 300
External Facilities One complete Complete loop Flow and
Required loop facility facilities. temperature
except for - monitoring.
purification
system.

* A separate facility is not proposed for heat transfer tests. For
economic reasons this facility is shared with the fuel or organic
program.

3.400 Reactor Physics

In order to carry out the EOCR-startup physics investigations
and the physics research program outlined in Section 2.410, the EOCR is
as flexible and accessible as practical. For example, many of these
measurements involve the irradiation of flux wires and foils; therefore,
it is desirable that facilities be provided for the convenient intro-
duction and removal of these wires and foils. In order to conduct in-
vestigations at various temperatures during initial operation with each
type of core, it is desirable to have a non-nuclear source of heating
for the organic; the friction energy developed in the circulating or-
ganic coolant can produce temperature levels up to TOOCF The EOCR
is designed to permit Investigations with other moderators; for ex-
ample, provisions for introduction of a calandris to provide DoO moder-
ation. There are other design objectives; important to the reactor
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physics tests, which are dlscussed in the fbllowing section under
"Tests of Power Reactor Cores'.

3.500 Test of Power Reactor Cores

Tests are proposed for the EOCR to study the engineering per-
formance and physics of power reactor cores. These tests require
that the EOCR be designed so that the reactor core configuration can
be completely changed and any desired core layout studied by operating
at the maximum power level permitted by the capacity of the EOCR heat
removal system. Removable fuel element grids are needed in order to
study cores with various combinations of fuel element size and core
lattice spacing. Removable top and bottom reactor heads are pro-
vided for future use, i.e., to make possible the use of wvarious con-
trol rod systems, the monitoring of individual fuel assemblies of
different core arrangements, and special measurements.

3.510 Core Layouts. The size and description of the cores
proposed for organic-cooled power reactors are given in Table 3.5A.
It is not an objective to design the EOCR to accommodate the full-
size power reactor cores; however, portions of the Llarger cores and
possibly a full-size Piqua core can be accommodated. Tle, reactor
is designed to test fuel elements of the power reactor design in
lengths up to at least 4.5 ft without modification of grids or other
internal components with lattice spacings as shown in Table 3.5A and
other variations by replacement of grids and, if necessary, the top
and bottom heads.

Table 3.5A
DESCRIPTION OF PROPOSED ORGANIC-COOLED POWER REACTOR CORES
Fuel Element Lattice. Length Diameter | Number of
Reactor Cross Section, Spacing, ol Coure, ol Core, Fuel
inches inches inches inches Elements
Piqualt 5.25 OD 6.00 5L 60 78
Triangular
300 Mwe?
Forced 5.16 OD 6.30 14k 132 396
Convection Triangular
300 Mwe? ]
Nucleate 5.38 5.88 14k 153 310
Boiling square square

1. J. Jacobson, "Preliminary Safeguards Report for the Piqua Organic
Moderated Reactor (Revised)", Report NAA-SR-3575, April 13, 1959.

2. Bechtel Corporation and Atomics International,
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3.520 Permissible Power levels. Power flattening over a L4-ft-
diameter by 4.5-ft high core operating at a power density. of 200 w/cc
results in a power level of about 220 Mw. The primary coolant system
flow rate is adequate to remove 220 Mw when: extended surface fuel
elements are used. To accommodate power levels of this magnitude the
reactor tank, thermal shields, and biological shielding are designed for
220 Mw. These features do not add significantly to the overall cost.
The fin-fan heat exchangers are designed to allow additional units to-
be added to bring the heat removal capacity up to 220 Mw.
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4.000 EOCR CORE:

Several possible cores were studied prior to selection of the
final configuration that best suited the design objectives. The cores
studied and the basis of selection of the final core are described in
Section 11.000. The preferred EOCR core design is presented in this
section. This core is referred to as the "standard" core throughout
the remainder of the report. Physics calculations were made on the
standard core with several different experiment and fuel arrangements
These varlatlons are described 4din Sectlon 5.000.

4.100 Core Arrangement

The standard core, shown in Fig. 4.1A, is made up of U4-in. square
fuel assemblies and control rods equally spaced on 5.75-in. square centers.
Of the 37 major core positions, 20 are occupied by fuel assemblies, 12
by control rods with fuel followers, and 5 by experiments. Fuel element
orientation is required throughout the core as shown to locate high-
velocity channels in the high flux region of each position. The 5.75-in.
square lattice is continued into the reflector region to provide additional
experimental space. For illustrative purposes eight typical power reactor
elements are shown.  Fission chamber thimbles and the neutron source are
also located in the reflector region. The core height is 36 in. with
provisions -to ultimately accommodate core heights up to 4.5 feet. It is
recommended thet, initially; two 6.5-in. OD loops, three 2.5-in. OD loops,
two rabbit facilities and positions for several capsule or lesgd-type
experiments be provided.

The core is cooled, moderated and reflected with Santowax R at
500°F. The power is MO Mw (500°F inlet temperature) or 20 Mw (TOOQCF
1nlet temperature) ‘

I, °OO Fuel Elements

A conceptual drawing of an EOCR fuel element is shown in Fig. 4.2A.
The design is based on proven fabrication technology and very little de-
velopment and test work is foreseen in adapting this fuel element for
use. These fuel elements are referred to as "driver" assemblies or
"driver" fuel elements throughout this report to distinguish them from
the power reactor fuel elements which are tested in the core.

The fuel element is 4 in. square and is made of 23 flat fuel-plates
in each of two L4-in.-by-2-in. sections. The 0.030-in. thick fuel plates,
which have a fully enriched UOo-5S fuel core clad with 0.005-in. thick
stainless steel, are contained with a 0.050-in. thick stainless steel
box so that coolant flow to the fuel element can be orificed and isolated
Lrowm Lhe muderalor flow between fuel elements. (ooling of the tuel plates
is optimized by non-uniform flow distribution throughout the element.

This will provide high velocities in areas where neutron flux peaking
causes high heat flux, as described in detail in Scetion 6.000. The
fuel assembly is fabricated by attaching the fuel plates to the fuel
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element box by some mechanical means such as used in the OMRE fuel element, 1
if necessary, to relieve thermal stresses that develop because the operatlng
temperature of the fuel plates is about 300 Op higher than the temperature

of the containing box.

4,300 Control Rods

A conceptual drawing of a control rod assembly is shown in Fig. k.3A.
The control rods that will be used are the fuel-follower type with the fuel
section similar to the fuel element. A 0.25-in. thick hollow square_box
is to be used for the poison section. The poison, which is either B in
the form of boron stainless or boron carbide powder, is clad with stainless
steel.

4.500 Regulating Rods

Two of the control rods, which are to be used as regulating rods,
are provided with autamatic control instrumentation.

hLSOO Experimental Positions

The core is designed to accommodate many experiments both in loop
positions and core positions. Loops as large as 7.5 in. can be installed
in any fuel element position by removal of a fuel assembly. Any or all
of the driver fuel assemblies can be replaced by test elements as large
as 5.5 in. square, except in core positions adjacent to large loops.

Fig. 4.1A shows a typical core layout with two 6.5-in. diameter
loops, three 2.5-in. diameter loops and twenty-six 1l.5-in. diameter
positions for capsule- and lead-type tests. In addition, the core shows
eight experimental fuel assemblies in the reflector. Additional experi-
mental space is available in the reflector for tests up to 5.5 in. square.

Sufficient space exists in the core to allow considerable freedom
in locating loops or test capsules, providing this is considered in the
final design of grids, bottom head and support or hold-down grids.

4.600 Reflector

The core will use the organic moderator as the reflector. A maxi-
mum reflector thickness of about 12 in. of organic will be provided between
the core driver fuel elements and reactor inner tank. The reflector will
change in thickness if experimental fuel assemblies are loaded into this
area.

1. C. T. Armenoff and M. H. Binstock, "Fuel Elements for the Organic
Moderasted Reactor Experiment", Report NAA-SR~1934, December 15, 1957.
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5.000 REACTOR PHYSICS

The reactor physics studies described in this section have been
made to provide information required for a conceptual proposal. It is
expected that further calculations and perhaps some experimental work
will be needed to finalize the design. However, the studies are suf-
ficiently complete that changes required should be minor and limited
to items such as fuel-plate and fuel-element spacing, fuel loading,
and placement and number of control rods.

The calculational methods have been selected on the basis of
their acceptability for a conceptuasl proposal, i.e., a limited degree
of accuracy is acceptable in order to provide the rapid and relatively
inexpensive results needed. The flux and power distributions are
determined by two-dimensional diffusion theory. Reactivity effects are
calculated using one-dimensional diffusion theory with transport«theory
corrections to account for the flux depression in the fuel resulting
from the heterogeneous structure of the core. Two neutron groups are’
used in all of the EOCR calculations.

Two general types of core arrangements are considered. The
reference core, the first type, has 37 driver elements and contains no
experimental facilities. The standard core, the second type, has 32
driver elements (20 fuel elements and 12 control rods with fuel followers)

~and a number of test facilities in the core. Flux and power distributions

and the effective multiplication factor have been found for the standard
core with two different experimental loadings. Neither of these is
identical with the proposed initial experimental loading as described
in Section 4.000. The differences in the loadings are not great but
these differences combined with uncertainties in the calculations may
require slight adjustments in the fuel loading or number of fuel ele-
ments to achieve the desired reactivity. The core arrangements used
as a basis for the calculations are described in Section 5.200. The
results of the reactor physics studies are summarized in Section 5.100
and the flux and power distributions given in Section 5.300. Several
alternate designs have been considered, and these are discussed in
Section 11.000. Supplementary information on the reactor physics
methods and on the proposed design is included in Section 14.000.

The design of the core is determined to & large extent by the
following constraints which are imposed by the design objectives or
by heat removal and mechanical considerations:

(1) the requirement tHat a 6,5-in. OD loop or a power reactor
fuel element can be placed in any lattice location;

(2) the limit of 25,000 gpm on the organic flow;

(3) the depsire to maximize the flux in the test facilities rather
than in the driver elements; and,

(4) the restriction to stainless steel for the structural material
in the core.
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- The requirement that a large loop or power reactor element can
be placed in any lattice location has led to the selection of a square
lattice on 5.75-in. centers. With the lattice size fixed the fuel
element design is then influenced by the other three factors.

The 1imit on the organic flow and the use of stainless steel
make it necessary to partially separate the coolant and moderator
functions of the organic. In order to minimize the fuel loading and
thus maximize the thermal neutron flux in the driver elements it is
desirable to keep the metal-organic ratio in the core low. With a low
metal-organic ratio and uniform distribution of fuel plates throughout
the core the pumping requirement becomes excessive. By use of U4-in.
square fuel elements on 5.75-in. centers and by controlling the flow
of the organic outside of the fuel element with an orifice the organic
flow is reduced to the desired limit while maintaining an acceptable
metal-organic ratio.

For fuel elements of the EOCR type there is a spacing that
minimizes the fuel requirement and maximizes the thermal flux in the
driver elements. This spacing is somewhat smaller than that used in
the EOCR as is discussed in Section 14.300. The lattice spacing which
minimizes the fuel loading is not optimum for the EOCR because of the
desire to maximize thermal flux in the tests rather than in the drivers.
As is shown in Section 14.300 a substantial increase in flux can be ‘
obtained by having an adequate moderator channel around a test. In
addition to the increase in fuel requirement, the spacing of the ele-
ments cannot be arbitrarily increased because of the positive component
of the temperature coefficient that results. The choice of fuel element
size and spacing is seen to be the result of compromises among a number
of factors. Some further considerations are included in Section 14.300.

The replacement of all or a substantial portion of the stainless
steel in the core by aluminum would make possible a number of improve-
ments in the EOCR. If aluminum were simply substituted into the present
design the fuel requirement would be lowered to an extent that would
gignificantly increase the thermal flux and increase the fuel burnup.
With aluminum, more fuel plates could be used to reduce the organic flow
rate or increase the core power. The reduced neutron absorption with
aluminum and the lower fuel loading would reduce the maximum-to-average
flux ratio in the core. While aluminum is not considered feasible for
initial use in the proposed design, it is expected that development of
power reactor elements will eventually make the use of some form of
aluminum practical for the EOCR.

5.100 Selected Design

A number of properties of the EOCR are llisled ln Table 5.1A.
In general, this table applies to the standard core with the small

central loop as shown in Fig. 5.2B. The fluxes in the core are for
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the 45 kg loading used in the calculations. With the operational loading
of 52 kg (see Section 5.600) .the thermal fluxes in the core will be about
15% lower at the start of the cycle. The reactivity requirement and
temperature coefficient are given for the reference core of Fig. 5.24.
For the purposes of a conceptual design, Table 5.1A is applicable to the
standard core with the proposed initial loading as described in Section
4.000.

Table 5.1A
EOCR SUMMARY ’
Power, Drivers Only Mw Lo. -
Cycle Time ‘ Mwd 3360
Eplthermal Flsslonsg % . 13
Excess Multiplication Requirements
Equilibrium Xenon and Semarium -% of f 3:7
Other Fission Products % MBop . 2.9
Burnup % DRerf : 3.8
Xenon Override NI 5.0
Total % Lkore 15.4
Control Rod Worths :
Inner 4 Rods % Dkgpr 12.4 v
Outer 8 Rods NI 10.2 R
A1l 12 Rods % Nkefr ' 30.7
Temperature Coefficient % Mkers per °F -1.5 x.107?
A keff
Thermal Flux in Drivers, Standard Core
All Rods Out .
Average n/sec-cm® 0.37 x 1014
Maximum n/sec-cm< 1.32 x 10t
Outer Rods In
Average n/sec-cm2 .50 x lOll'L
Meximum n/sec--cm2 2.27 x 10th
Fast Flux in Drivers, Standard Core ‘ =
A1l Rods Out
Average n/sec-cm2 1.73 x lOlh -
2 1h Z)
Maximum : n/sec-cm 3.11 x 10
OCuter Rods In 5
Average n/sec-cm 2.43 x'lOlh X
Maximum ' n/sec-cm2 5.31 x lOlu -

NOTES: Vealues are for 500°F -
' Fluxes in drivers are for core of Fig. 5.2B with fuel loading of
45 ke. < .
With 20=Mw operation at YOOOF the flux values in the drivers are
approximately half of those reported above,
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Table 5.14 (Continued). o

- EOCR SUMMARY
Volume v
Unit Cell s cu in. - 1,157
: liters 18.96
Fuel Element cu in. ' 568
-, : ‘ ' liters 9.31
Reference Core, 37 Cells cu in. 43,430
: liters T11.6
Standard Core, 32 Cells - cu in. - 37, 560,
liters 615.5
Active Height
Core and Fuel Element in. 35.5
_ cm 90.17
Total Axial Reflector Savings cm. . 1k
Fuel Loading for Calculations
Fuel Element : - kg of U~-235 1.406
Reference Core kg of U-235 52
Standard Core kg of U-235 45
Operational Fuel Loading ,
Fuel Element kg of U-235 1.625
Standard Core kg of U-235 , 52
Fuel Enrichment . atom % of U-235 93.5
Organic Coolant-Moderator | Santowax R
Metal-Organic Ratio :
Fuel Element Reglon 0.29%
Homogenized Core 0.124

NOTES: Values are for SOOOF.
Fluxes in drivers are for core of Fig. 5.2B with fuel loading of
45 kg. _ ‘
With 20-Mw operation at TOOOF the flux values in the drivers are
approximately half of those reported above.
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5.200 EOCR Core Layouts

Fig. 5.2A shows the reference core used in calculations of reac-
tivity effects and the correlation of one- and two-dimensional calcula-
tions. The standard core is shown with two different experimental loadings
in Figs. 5.2B and 5.2C. The standard core with the proposed initial
loading is discussed in Section 4.000. The PDQ problem numbers shown on
the figures are the identification numbers for the two-dimensional calcu-
lations. The core arrangements, PDQ problem numbers, and control rod
positions are tabulated in Table 5.2A. All control rod worths are de-
termined for the core of Fig. 5.2B. When a control rod is withdrawn, it
is equivalent to a driver fuel element and when inserted is black to
thermal neutrons. Except as noted in Table 5.24 all qontrol rods are
withdrawn.

Table 5.2A

- EOCR CORE ARRANGEMENTS

PDQ Control Rods
Core Arrangement Figure Number Problem Number Inserted
Reference 5.2A 11-1 None
Standard, small loop 5.2B 12-1 None
Standard, small loop 5.2B 12-2 4 Inner Rods
Standard, small loop 5.2B 12-3 8 Outer Rods
Standard, small loop 5.2B 12-4 All 12 Rods
Standard, large loop 5.2C 1h-1 None
Standard, large loop 5.2C 14-2 None

*
4 Elements marked R in Figure 5.2C removed.

The experimental loadings used for the calculations must be con-
sidered as only typical. To make these loadings realistic the fuel tests
and the power—reactfr-type fuel elements are similar to those proposed
for power reactors. In all cases the fuel enrichment has been changed
to 7.5% for the EOCR calculations. The stainless steel surrounding the
- test experiments was similar to the loop description given in Section
8.000. "

5.300 Flux and Power Distributions

5.310 Distributions in Driver Fuel Elements

5.311 Overall Core Distributions. The neutron flux
distributions have been obtained for a number of cores from the two-
dimensional PDQ calculations and are shown in Figs. 5.3A through 5.3F.

1. Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study - 300 Mw Power Plant Conceptual Design", Report TID-8501
(Part 2), July 1959.
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' The flux values are for the horizontal midplane and for a power of 40 Mw

with a fuel loading of 45 kg of U-235 in the drivers. The cores for
which the flux distributions are .determined are shown in Figs. 5.24, =B,
and -C.

All of the flux plots are for the thermal-neutron
group except that of Fig. 5.3F which shows the fast-group flux. The flux

“plots are taken along the center line except in Figs. 5.3C, -D, and -F,

which are taken along a diagonal. Fig. 5.3D concerns the case in which
the outer eight control rods are inserted, and the high thermal flux
peaking in the center can be séen in-the flux plot.

5.312 Flux Distribution Within an EOCR Cell. The one-
dimensional thermal-flux distribution across a single cylindrical cell
is used to make the corrections in the thermal-group constants, described
in Section 14.100, because the driver assemblies are not in a close-packed
array. A cylindrical P3 transport~-theory code is used to obtain this

" distribution in one diménsion. Fig. 5.3G shows this flux plot along

with one obtained using one-dimensional diffusion theory. These are both
normalized to unity at the fuel region boundary. From these curves one
can see how much more the P3 transport theory accounts for the flux
dipping in the fuel region and peaking in the moderator region. A
further illustration of this is the maximum-to-average flux ratios in
the fuel region, which- for the P3 flux is 1.92 whereas for the diffusion
theory is only 1.58. A thermal-flux contour mep for the cell has been
obtained from: the two-dimensional PDQ reference core, shown in Fig. 5.2A
problem No. 11l-1. - The driver assembly chosen is located on the diagonal,
one element off center. This map is shown in Fig. 5.3H. The fluxes
shown are mid-plane values, with the power normalized to 4O Mw in the
driver assemblies. "

5.320 Power-Density Distribution in Fuel Test Positions. The
power densities have been obtained for the loop positions from the two-
dimensional PDQ problems and are shown in Table 5.3A. These power
densities are given for all core arrangements studied which contained
loops. This table also gives the power densities in the peripheral
power-reactor elements which were in the control rod study problems
12-1, 12-2 and 12-3. Table 5.3B lists the fission power generated in
the loops. The maximum powers and power densities given include both
the vertical and horizontal peaking factors.

All of the above information applies to experiments with
a fuel enrichment of 7.5%. The effect on the power generation.of varying
the enrichment has been studied for a large loop in the center of a one-
dimensional cylindrical representation of the EOCR core. Except for
enrichment the loop is identical with that described in Section.4.000.
The power density in the test versus fuel enrichment is shown in Tig.

5.3I.
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Table 5.3A

POWER DENSITY IN LOOPS WITH LO-MW OPERATION

(watts/cc)
PDQ Problem Number 12-1 | 12-2 12-3 14-1 1h-p
Small Center Loop Avg. 245 123 430 ———- -
Mex. 425 207 ThO ———- ——_———
Large Center Loop Avg., === m——— _———— 178 146
Max. ---- ——-- c——— 341 281
Large Off-Center Loop Avg. 113 114 143 137 119
Max. 300 270 385 330 28k
Smell Off-Center Loop Avg. 138 118 | 18p 168 137
Max. 211 218 300 361 220
Peripheral Power Avg. 83 108 62 ———— ————
Reactor Assembly Max. 281 ha7 231 ———— ———

*See Table 5.2A for core arrangements corresponding to PDQ problem numbers.

Table 5.3B

TOTAL MEGAWATTS OF POWER GENERATED IN LOOPS
WITH 4O-MW# OPERATION

PDQ Problem Number 12-1 12-2 12-3 1h-1 14-2

Small Center Loop A6 .23 .81 ———— ———

Large Center Loop ———— ———— ———— 2.26 1.85

Large Off-Center Loop 1.4k 1.k5 1.82 1.7k 1.51

Small Off-Center Loop .26 .22 .34 .32 .26

Peripheral Power Reactor 1.42 1.84 1.06 ———— -—--
Assembly

*See Table 5.2A for core arrangements corresponding to PDQ problem numbers.

- 42 -

*;0



The power generation increases monotonically with enrich=
ment, but the rate of increase rapidly becomes smaller. The power density
can be increased by about 25% by increasing the enrichment from 7.5% to
about 13.5%. Further increase in enrichment produces only a small increase
in power density.

Some of the calculations on alternate cores described in
Section 11.000 used 2.5%-enriched fuel, and these power densities should
be multiplied by 1.9 for comparison with the values of Table 5.3A.

Table 5.3C gives the power densities attainable in a large
central loop with three different enrichments and with the four central
control rods withdrawn and eight peripheral control rods inserted, i.e.,
corresponding to PDQ problem 12-3. These power densities were developed
by adjustment of values obtained in PDQ problem 14-2 with appropriate
factors obtained from problems 12-1 and 12-3 and from Fig. 5.31.

’

Table 5.3C

POWER DENSITY IN LARGE CENTER LOOP AT 4O MW

Power Density, watts/cc
Euel Enrichment Average Maximum
2.5% 135 260
7.5 257 495
13.5 320 620

/

Table 5.3D presents estimates of the power densities
obtainable in power-reactor-type fuel elements not in a loop at a reactor
power of 20 Mw. Removal of the stainless steel in the loop from around
the test element increases thermal flux in the test per megawatt of core
power by about 50%. )

Teble 5.3D

POWER DENSITY IN CENTER POSITION (NO LOOP) AT 20 MW

Power Denéity} watts/cc

Fuel Enrichment Average Maximum
2.5% 101 195
Te5 192 372
13.5 240 k65




5.330

Neutron and Gamma Fluxes in Organic Test Pogitions.

The

neutron fluxes in the orgenic test positions, 'shown in Figs. 5.2B and
-C, have been obtained from two-dimensional PDQ calculations.
presented in Table 5.3E where the maximum-to-average ratios include both
the horizontal and vertical peaking factors.

Table 5.3E

NEUTRON FLUXES IN ORGANIC TEST LOOPS

These are

Neutron Fluxes x lO""l)’L

PDQ Problem NUmber* 12-1 12=2 12-3 1h4-1 14-2
Avg. 1.88 .81 3.19 2.78 2.31

Fast Vox
e, 1.50 1.67 1.48 1.46 1.46
Avg. .82 31 1.38 1.00 .83

Thermal

; Mex. | 4 g5 2.23 1.89 1.62 1.62

Avg.

*See Table45.2A for core arrangements corresponding to PDQ problem numbers.

Local gemma-heating varies considerably depending upon

control rod configuration and experiments in the core; however, detailed

calculations are not necessary for the conceptuasl design.

The values

obtained from the limited calculations performed indicate that design

-Objectives can be met.
experiment-loop pressure tubes.

They also provide a basis for the design of
The rate of energy transfer to the

organic by fast neutrons is found by taking the product of the fast

flux at a point and the removal cross section and assuming that each
neutron loses 2 Mev on being transferred from the fast to the slow group.
Table 5.3F presents midplane gamma and nentron heagting in the organic in
test loops at three locations in the core of Fig. 5.2C.

HEATING RATES IN ORGANIC

Table 5.3F

Neutron Gamms, Total
Heating Rate Heating Rate | Heating Rate Ratio
Location w/g /g v/g | Neutron-Gamma
Center 2.9 8.6 1%.5 0.3k
L4 1n. Off Center 2.6 10.0 12.6 0.26
Core Boundary 0.2 3 3.2 0.07
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For investigations on the mechanisms of radiation damage
to organics it is desirable to vary the ratio -of neutron-to-gamma power
density over e wider range than shown by Table 5.3F. This variation can
be achieved by placement of the organic test in a region where the compo-
sition of the surrounding medium can be controlled. If the test is sur-
rounded by a moderator, the fast neutron flux is drastically reduced,
whereas the effect on the gamma flux is small, end the ratio of neutron-
to-gamma power density in the test is low. Placement of a metal of rela-
tively high atomic number around the test will keep the fast-neutron flux
high while attenuating the gamma flux more severely and thus yield a higher
neutron-to-gaemma power density ratio.

5.340 Camma Heating in the Reactor Structure, Vessels, Thermal and
Biological Shielding. The basic objective of this section is to provide

gamme~-heating data for the design of the reactor structure,vessels, thermal
shields, and biological shielding. Since it is proposed that the EOCR will
be used for the experimental operation of low enrichment power reactor cores,
the design premises used to determine gamma heating in this section are that
a low-enrichment core operates at 220 Mw with 1.85% uranium as fuel; the core
is b.5sft.high and LefE in didmetér; the organic moderator témperature is 600°F;
and the critical mass is 118 kg of U-235. Since the average power density
of this core is approximately twice that of the standard core, it is evident
that if the neutron and gamma shielding are to be adeguate for both cores,

it must be designed to meet the requirements of the power reactor core.

Since neutron flux distributions have not yet been calculated for the power
reactor core, upper-limit estimates of the required neutron and gamma
shielding are considered satisfactory for the conceptual design. Several
important factors contribute to the "approximate nature'" of the shielding
requirements as they are considered here.

1. The critical mass and flux levels of the power reactor core have
been estimated by elementary considerations. The general properties of
the core, such as metal-organic ratio, were based on the Piqua OMR.

2. Since detailed multigroup fluxes are not available for the re-
flector and shield regions, simple models have been used to determine the
. capture-gamma production levels in the reflector and thermal shields.

3. Energy-dependent buildup factors for the complex mixtures of
core materials and heterogeneous shielding have been estimated because
little dataare available concerning organic-metal mixtures, and time
would not permit separate studies of this nature.

As stated previously the approximations made were
governed by a desire to predict the maximum gamma heating levels to be
expected at various points in the reactor structure vessel, thermal shields,
and bi¢logical concrete. Fig. 7.1C indicates the geometry of the reactor
structure vessels and thermal shields in relation to the core and biologi-
cal shielding. It was determined that three one-inch-thick steel thermgl
shields would reduce the gamma and neutron heating in the reactor pressure
vessel to permissible levels. Furthermore, it was determined that a three-
inch-thick lead shield exterior to the pressure vessel would be necessary
to reduce the gamma heating in the concrete biological shield to a per-
missible limit. The calculated heating levels in the various structural
members are given in Table 5.3G.
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Table 5.3G

HEATING LEVELS IN STRUCTURAL MEMBERS

Structural Member ' ‘ Heatlng Levely w/g
Inner Reactor Tank.v ‘ ' .-O 37
Reactor Pressure Vessel 0.025 .
Lead Shielding 0.03
Biological Concrete 0.0001k4

Table 5.3H lists the heating which was determined in the
structural members listed above for 220-Mw operations. The table gives
the contribution to the gamma heating in the various structural members
from the gamms flux arising in three separate regions of the reactor:

(1) flux from the core proper, (2) flux originating in the reflector,

and (3) flux originating in the shielding region. Four discrete average
energies were chosen as representative of all of the gamma rays arising
in the reactor. This division is also indicated in Table 5.3H. No fast-
- neutron heating in the structure vessels and concrete is indicated because
it was determined that this is negligible in comparison with the gamma
heating rates.

A general discussion of the gamma- heating calculatlons
and the approximations used is glven in Section -14.400.

Table 5.3H
BREAKDOWN OF GAMMA HEATING IN STRUCTURAL MEMBERS AND SHIELDS
Energy Group Gamma Flux from Indicated Source w/cm2 Total Gamma
Mev Core Reflector Shield Total Heat, w/g
0.5=in. Inner Reactor Tank

1 k.2 4.2 0.109
2.2 3.6 ' 0.075 3.7 0.078

3 3.8 3.8 0.080

7 0.43 - k.o L4 0.105

otal ’ 0.372
1.25-in. Steel Reactor Pressure Vessel

1 0.12 0.25 0.0018 0.37 0.0096
2.2 ' . : R ’ .

3 0.31 u : 0.31 0.0065°
7 0.08 0.30 u.38 0. oogl
Total _ : | 0.0252

Concrete Beyond 3-in. Lead Shield

1 .

2.2 0.0025 0.0025 - 0.000053
3 0.002 0.002 . 0.00004
T -0.0002 0.0017 0.0019 - 0.000046
Total 0.0001k4
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5.400 Temperature Coefficient

The EOCR temperature coefficient of reactivity for the reference
core, Fig. 5.2A, has been calculated by finding kers at & number of
temperatures and plotting the results as shown in Fig. 5.4A. The tempera~
ture coefficient is defined as (1/kefr) (dkeps/dT) and is shown as a
function of tempersture in Fig. 5.4B. The derivatives have been determined
graphically from Fig. 5.4A. The calculations of keff have been made for
an equal-area cylindrical model using two-neutron-group diffusion theory.
Corrections have been made at each temperature for flux depression effects
in the heterogeneous core as described in Section 1k4.111.

The temperature coefficient calculated is that for a slowly varying
isothermal change in temperature throughout the core and reflector. The
expansion of the core and the change of the axisl reflector savings with
temperature were neglected. The calculation was made for Santowax R
without high boiler residue.

Core arrangements which substantially increase the amount of
moderator in the core above that for the reference core have a tempera-
ture coefficient more positive than shown by the calculations. Placement
of a number of power reactor elements on the periphery of the core intro-
duces a positive component because of the reduced leakage, but if these
elements are close-packed there is a compensating negative effect.

The positive component of the temperature coefficient in the
spaced lattice of the EOCR arises largely from the presence of moderator
between the fuel elements. In a rapid transient the heating is confined
mainly to the fuel element region, and the transient temperature coef-
ficient is negative. No calculations have been made for this effect for
the EOCR. Studies on the- AETR in which the temperature is changed only
in the region occupied by the fuel element give a value of -1.3 x 10-
(Akeff/keff)/ F as compared with +3.3 x 10~2 for the isothermal coef-
ficient. Thus, the temperature coefficient can be expected to give
more protection against transient power increases in.the EOCR than
indicated by the isothermal value.

Since the temperature coefficient is the result of the difference
between positive and negative effects, a satisfactory calculation is
quite difficult. Until the variations with temperature of the age and
other constants are better known, it is doubtful if consideration of the
neglected effects and the use of more exact methods can be justified in
the sense that 51gn1flcantly more confidence can be placed 'in results
that have not been verified experimentally.

The calculated value of the temperature coefficient meets the
requirement of being negative at the operating temperature of 500 °F,
However, the.calculated magnitude of about 1.5 x 10~ (Akeff/keff)/oF
is not, sufficient to assure that the actual temperature coefficient in
the EOCR will be negative. The most practical method.of maeking the

1. D. R. deBoisblanc, "An Advanced Engineering Test Reactor Complex",
Report IDO-16555, September 30, 1959.
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coefficient more negative is probably to decrease the spacing between

fuel elements by decreasing the center-to-center distance of the lattice.
Holding the lattice constant and increasing the size of the fuel element

is not quite as effective. ' Some further discussion of the effect-of the
lattice structure on the temperature coefflcient is given in Séction 14.300.

5.500 Excess Multiplication Requirements

5.510 Effective Multiplication Factors. The effective multipli-
cation factors, keff, Of a number of EOCR cores are tabulated in Table 5.5A.
A1l values are for a temperature of SOOOF. The designations 1D and 2D
indicate whether the calculations were made with a one- or with a two-
dimensional model. The terms Pz and P} corrections refer to the corrections
described in Section 14.111 and are applicable only to one-dimensional calcu-
lations. S.L. indicates a small central loop, L.L. & large central loop.
Except as indicated for the cases with a small central loop all control
rods are completely withdrawn.

Table 5.5A

EOCR EFFECTIVE MULTIPLICATION FACTORS

Figure PDQ

Core Number Number Remarks Keff
Reference 5.2A 11-1 2D 1.225
Reference 5.24 —~——— 1D, Py and Py Corrections 1.188
Reference 5.2A - 1D, P, Correction Only 1.192
Standard, S.L. 5.2B 12-1 2D, A1l Rods Out 1.173
Standard, S.L. 5.2B 12-2 2D, 4 Inner Rods In 1.049
Standard, S.L. 5.2B 12-3 2D, 8 Outer Rods In 1.071
Standard, S.L. 5.2B 12-4 2D, 12 Rods In 0.866
Standard, L.L. 5.2C 14-1 2D, 4 Elements Removed 1.112
Standard, L.L. 5.2C 1lh-2 2D : 1.1k42

NOTES: S8.L. indicates a small central loop in the core.
L.L. indicates a large central loop in the core.

5.520 Addition of Thermal Neutron Absorber. The change in kerp
produced by addition of a thermal neutron absorber is found by changing
the value of Zpg, the thermal absorption cross section, in the calculation
of reactivity of the homogenized -EOCR reference core. The results are
shown in Fig. 5.5A. This procedure gives the effect of adding a poison
uniformly throughout the core. This makes the poison about twice as
effective on a cross section basis gs if it were distributed uniformly
in the fuel elements only. The curve of Fig. 5.5A is used to find the
reactivity effects produced by the formation of fission products. The




effects of added poison are found by subtracting kefy for the poisoned
core from that for the clean core and are given in terms of Ak,es OT
excess multiplication rather than in reactivity.

5.530 Equilibrium Xenon and Samarium. The excess multiplication
requirement for xenon and samarium is estimated to be 5.7%. This value
is found by computing the equilibrium concentration of xenon and samarium
atoms in a medium having the same U-235 atom concentration as the EOCR
driver elements and a uniform thermal flux equal to the average flux in
the EOCR reference core operating at 40 Mw. The thermal cross section
resulting from the formation of xenon and samarium is found and the
reactivity loss obtained from Fig. 5.5A. The reactivity loss to equi-
librium xenon and samarium varies slowly with the thermal flux level and
is quite well known for operating reactors. As the loss in the MIR is
4.9% at 30 Mw, the value quoted for the EOCR can hardly be in error by
more than 1% of excess multiplication.

5.540 Other Fission Products, The amount of poisoning from
fission products other than xenon and samarium is obtained from a report
by J. W. Webster.l While the exact value depends on the flux in the
core, this dependence is sufficiently small to be neglected as can be
seen by comparing the values for the same number of megawatt-days at
30- and 300-Mw core power in the Webster report. Approximately 480 cm?
of poison from low-cross-section fission products is formed in the EOCR
core during a cycle., Assuming this to be homo%enized throughout the fuel
elements the added cross section is 0.0014 cm™t, and the excess multi-
plication requirement is 2.9%.

The formation of the low-cross-section fission products
is based on a uniform flux in the core, and this procedure is known to
underestimate the reactivity effect. However, taking the change in
Kery from Fig. 5.5A with the assumption of a uniform distribution of
poison throughout the core while assuming that the fission products
are confined to the fuel elements provides a correction that should
prevent the final estimate from being seriously in error.

5.550 Xenon Override, The excess multiplication requirement
above equilibrium for xenon override is shown as a function of time in
Fig. 5.58B. The xXenon cross section is calculated assuming a unitorm
flux distribution in the EOCR after operation at 40 Mw until xenon
equilibrium is obtained and neglecting the effect of fuel burnup.
Standard differential equations are used to obtain the xenon concen-
tration as a function of time after shutdown. The xenon cross section
includes the non 1/v contribution at 500°F. The excess multiplication
requirement is then found in Fig. 5.5A. The assumption of a uniform
flux is known to substantially underestimate the reactivity loss during
the xenon transient. The xenon atom concentration was calculated for a

1. J. W. Webster, "The Low Cross Section Fission Product Poisons",
Report ID0-16100, (1953).

2. S. Glasstone and M. C. Edlund, "The Elements of Nuclear Reactor
Theory", Ch, XI, D. Van Nostrand, New York, (1952).
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homogeneous core, and Fig. 5.5A does not provide a correction. Comparison
of calculated and measured xenon transients in the MIR indicates the peak
loss to xenon in the EOCR may be about 10% instead of 5.6% as shown 'in
Fig. 5.5B. Provision of 5% extess multiplication for xenon -override should
permit two hours for startup at any time during the ¢ycle even allowing
for effects of non-uniform xenon formation.

5.560 Burnup Requirement and Cycle Time. The cycle time is
selected on the basis of using three cores a year while operating at a
power of 4O Mw with a 70% duty cycle. Thus, there are 3360 Mwd per
cycle., It is assumed that 1.25 g of Us235 are consumed per Mwd. This
value is compatible with MIR experience and is satisfactory for the
purposes of estimating EOCR fuel burnup. The burnup of fuel is 4.2 kg
of U-235 per cycle and this value can be congidered quite reliable,

The burnup of fuel is greater in positions of high statistical weight
than in those of low weighct. As a result considerably more fuel must
be added to yield the desired fuel cycle than is consumed. Experience
with the MIR indicates that a factor of 1.7 should be applied. This

is of course only approximate but should make the estimates of fuel and
excess multiplication requirements realistic. Thus, 7.1 kg is the esti-
mated fuel to be added for burnup. Fig. 5.5C shows the variation of
Kers with fuel content. From this a value.of.3.8% is found for the
excess multiplication requirement for burnup. A precise calculation of
the cycle time for a given fuel loading is quite difficult and must
consider the effect of the experimental loading. However, neither the
uranium concentration in the fuel meat nor the reactivity requirement
limits a substantial increase in the fuel loading, and there shauld be
no. serious problem in obtaining an adequate cycle.

The amount of .the fuel loading that is burned in a cycle
is approximately 8%. This is quite low, and it may eventually be desira-
ble to use a mixed loading of new and used fuel elements in a manner
similar to the MIR to increase the burnup. The development of fuel ele-
ments in which a substantial amount of the stainless steel is replaced
with aluminum will permit a significant increase in the per cent of
fuel burnup per cycle.

5.570 Effect of Water Flooding. The organic in the EOCR is
replaced with water when changes are made in the core, and the change
in keps produced by the substitution rmust be considered. This effect
has been investigated for the alternate design using circular fuel
elements on a hexagonal lattice, described in Section 11.000. On
changing from Santowax R at S500°F to water at TOOF the effective
multiplication factor decreased from 1.189 to 1.164. This occurs
because of the increased absorption in hydrogen resulting from the
increased hydrogen atom density and flux peaking between elements.

It is expected that at some intermediate hydrogen density, at the
35OOF temperature of the water-flooding operation, with a mixture of
organic and water the value of kerf may be higlier than with either
material alone. However, the shutdown k is so great that the calcu=
lation of reactivities for the system at 350°F with various mixtures of
Santowax R and water is not necessary for the conceptual design.
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5.580. Control Rod Worths. The EOCR has 12 control rods. When
a rod is completely withdrawn, it has a section in the core that is
equivalent to a driver fuel element. When a rod is completely inserted,
it has a section in the core that is black to thermel neutrons. The
control rod worths have been determined for the core of Fig. 5.2B. The
worth of a group of rods is expressed as the difference in Keprr with all
rods withdrawn and with the designated rods inserted. The values of
kefr are determined by two-dimensional calculations. The poison sections
of the inserted rods are represented by imposing a boundary condition that
mekes the slope of the thermal flukx equal to that produced by a black rod.

The worths are summarized in Table 5.5B.

Table 5.5B
CONTROL ROD WORTHS
. . Worth Worth Per Rod
Inserted Rods % Lkepe % Lkepr
Inner k4 12.h 3.10
Outer 8 . 10.2 1.28
A1l 12 - 30.7 C 2.56

" 5.590 Summary, Excess Multiplication. The excess multiplication
requirements at 500°F are tabulated in Table 5.5C.

Table 5.5C

EXCESS MULTIPLICATION REQUIREMENTS FOR THE EOCR AT 500°F

Source of Reactivity Loss | % tkers
Equilibrium Xenon and Samarium 3.7
Other Fission Products 2.9
Fuel Burnup 3.8
Xenon Qverride 5.0

Total } 15.4

Since the required availeble excess multiplication of the core
at SOOOF is 15.4%, the total worth of the control rods of 30.7% is ample
for control and provides an adequate shutdown capability. The standard
core with the small loop in the center has a value of 17.3% for the
excess multiplication as computed for a two-dimensional model. Two
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corrections are made to this value to bring the predicted kerr into better
agreement with experiment as determined by Atomics-International measure-
ments on OMRE. Comparison of the kopy for the- reference core as computed
by one~ and by two-dimensional methods indicate- that about 3. 7p ‘should be
subtracted from the two-dimensional value. Comparison of calculated and
measured values for the OMRE, as described in Section 14.200, show that
1.8% should be subtracted as an additional correction. The available
excess reactivity of the standard core is 11.8% after these corrections
are made. The addition of fuel to increase this value to 15.4% as re-
quired is discussed in Section 5.600.

5.600 Fuel Loading

In order to reduce the number of computations all investigations
have been made with a fuel loading equivalent to 4s kg of U-235 in 32
fuel elements, and a correction is necessary to increase the fuel loading
to bring keff to the value required for an operational loading. -The
reference core with 37 fuel elements contains approximately 52 kg of
U-235. The required kepe at 500 °F is calculated as 1.154 while the
standard core of Fig. 5.2B had a keff Of 1.118 after the corrections
described in Section 5.590 are made.. From Fig. 5.5C an increase of 7 kg
-of U-235 is found.to be necessary to bring kepp to the desired value.
This increase makes the fuel loading of the standard core 52 kg of U=-235.
The correction is, of course, only aspproximate but should make a s1gn1f1cant
improvement in the estimate of the required fuel.

The initial fuel loadings can be adjusted by the addition or re-
moval of fuel elements in the core. Subsequent loadings can be altered
by varying the amount of fuel in an element. The fuel loading of a tes®
reactor is dependent upon the experimental loading, and even & very
accurate calculation will probebly not determine the loading that is
eventually used. Operating experience is usually required to determine
the most satisfactory loading as has been the case with both the MIR and
ETR. A
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6.000  HEAT TRANSFER

Heat transfer studies described in this .section show that cooling
of the standard core can be accomplished within the limitations of allowable
fuel plate surface area, available coolant flow, and required power level.
Limitations on fuel plate surface area and coolant flow are determined by
physics and economic considerations, respectively, and the power level
requirements are set by power density requirements in experiments. Power
densities in loop experiments in excess of design objectives are provided
by operating the reactor at 40 Mw with a coolant inlet temperature of
S00°F and the objective of in-coré testing of power reactor fuel elements
at their design temperatures and power density is met by operating at
increased primary coolant temperature and lower reactor powers, e.g., 20 Mw
is permissible at a bulk temperature of 7OOCF. Optimization of coolant
flow has been provided by (1) non-uniform channel spacing within the fuel
element to adjust flow to that required by local heat fluxes and (2) ori-
ficing of the fuel elements to reduce total flow in fuel elements in the
low flux regions of the core. Thermal conditions upon .loss of coolant
pumping power have been determined in addition to normal operating condi-
tions. The design premises upon which the calculations are based follow.

1. ZFuel plate surface temperature and coolant velbcity'are chosen
to prevent significant fouling,— i.e., less than 850°F scale-fluid inter-

face temperature and greater than 8 ft/sec coolant velocity;

2. Limited fouling of fuel plate surfaces is tolerable because
significant increase in the stainless steel fuel plate temperature can
be tolerated without undue loss of plate strength;

3. Operating pressure is greater than that required to prevent
nucleate boiling;

4. Burnout heat flux is at least twice the hot-spot heat flux.

Table 6.0A summarizes the results of the calculations and supple-
mentary studies are given in Section 15.000. Discussion of the heat flux,
shutdown conditions, coolant velocity, ete., are given in the following -
sub-sections.

6.100 Heat Flux

The local heat flux at any point on the fuel plates is determined
by the power level, the heat transfer area, and the ratio of local to
average neutron flux. The local to average neutron flux ratio is obtained
from physics calculations described in Section 5.000.

1. W. R. Martini, “Summary of Organic Coolant Heat Transfer", Report
NAA-SR-MEMO-4183, July 23, 1959.
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.. Table 6.0A

CORE AND COOLANT OPERATING CONDITIONS

[ ' Vo -

o

\
"Reactor Power

Max/Avg Heat Flux in Driver Assemblies

Average Heat Flux (Dependent on Number

" of Control Rods Withdrawn)

‘Maximum Heat Flux at 40 Mw

Burnout Heat Flux at Hot Spot at 40 Mw

'Méximum_Nominal T&all at Hot Spot
.Satﬁration Temperature &t Hot Spot A
Inlet Coolant Temperaﬁurg

Outlet Coolant Température
Operating Pressure (Inlet)

Maximum Coolant Velocity
in Fuel Element Channel

Minimum Coolant Velocity in Fuel
Element Channel

Coolant Flow RéterThrough'DriVer
Fuel Elements and Control Rods

‘Total Flow Through Reactor

Maximum Pressure Drop Through
Unorificed Element

Core P;essure Drdp
Heat‘Transfér.Area per Element.

Total Core Heat Transfer Area
(32 Element Core)

20 to 40 Mw

L.6

1 1.08 to 1.hhk x 107

Btu/hr-ft°

6.6 x 10° Btu/hr-£t2
2,140,000 Btu/hr-£t
850°F

1000°F

s000%

525°F

150 psi

37.5 ft/sec

;9 ft/sec'.

20,500 gpm

25,000 gpm

30 psi

4O psi

- 39.5 fté'

1260 £t°
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For purposes of determining heat transfer; flux has been avevaged only

over the fuel elements. Two cases (PDQ problems 12-3 and 12-1

correspond to the start and end of the cycle were considered.
problem 12-3 (four center rods withdrawn and the eight outer rods
insertedl)which is representative of the start of the cycle results
Problem 12-1 (with all
rods withdrawn) results in flux peaking in the fuel elements near

in flux peaking in the center fuel elements.

the reflector, typical of the end of the cycle.

which

PDQ

These two rod con-

figurations include the most severe conditions throughout the cycle
for all elements. The flow through each element is designed to pro-

vide cooling for the highest heat flux existing in either case.

The peak heat flux is obtained in any element by determining the
average heat flux over the core (power in Btu/hr divided by fuel
area) and multiplying by the ratio of the maximum neutron flux in
the element to the average neutron flux in the core fuel volume.
For simplicity the core was divided into symmetrical quadrants and

the fuel elements numbered as shown in Fig. 6.24A.

The peak heat

flux at 40 Mw for each element for the two cases described above is
given in Table 6.1A. The maximum relative flux across the fuel ele-
ment used for flow optimization, discussed in the next sectlon, is

shown in Fig. 6.1A.

Table 6.

MAXIMUM HEAT FLUX AT LO MW AND MAX/AVG NEUTRON FLUX

1A

| Erement *PDQ_Problem 12-1 ¥XPDQ Problem 12-3 (Q/A) Mex
mex (Q/A) max max (a/R) jmax for Higher Case
avg Btu/hr ft2 x 107°| fave |Btu/hr- £t° x 1075 Btu/hr-ft~ x 1077
1 3.53 3.81 I.58 6.60 660
2 3.58 / 3.87 bk 5.96 5.96
3 3.11 3.36 3.40 %.90 4.90
L 2.37 2.56 1.30 1.93 2.56
2.70 2.92 Rod In Rod In 2.92
6 2.55 . 2.75 1.82 2.62 2.75

% Al]l control rods withdrawn. See Séétion 5.000.
See Section 5.000.

*¥% Four center control rods withdrawn.

1 The proposed control rod program is to pull the four center rods,
followed by one control-regulating rod, followed by gang withdrawal
of the remainder of the rods. This program results in highest flux

for the central test hole.
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6.200 Coolant Velocity Optimization

The fuel plates are cooled by forced’convectiph,'and the local
wall temperature can be determined by the normal relationship

tyall = tinlet * Atpulk + _Q

Ah
where
twall = scale-fluid interface temperaﬁure (OF)
Atbulk.= temperature 1ncrease(xfcoolant from the inlet of .
: the channel to the point in question (°F)
Q/A = local or maximum heat flux (Btu/br-fte)
h = local heat transfer coefficient kBtu/ﬁf-ft2-°F)

The heat transfer coefficient is dependent upon the hydraullc dlameter
of the coolant channel, coolant velocity,_ and properties of the coolant.,
The heat transfer coefficient correlation— used in this study is
reproduced in Section 15.000. This correlation is for Santowax R

with 30% HB.

The coolant flow required by each element is kept to a minimum
by. providing wider channels in the region within the element ‘where
flux peaking occurs. The choice of channel thickness is based on .
the highest flux elements in the core, position 1 in Fig. 6.2A. The
maximum flux for each channel of position 1 is shown in Fig. 6.1A.
The channels nearest the center of the core are wider than those in .
Jower flux regions to provide high coolant velocity in the high . ’
flux region and reduced velocity in the low flux region. The velo-
"city in the widest channel is selected to limit the wall tempermture
of the fuel plate to 850 F. Table 6.2A gives the channel thickness,
coolant velocity, and maximum plate temperature of each channel.

Table 6.2A
OPERATING CONDITIONS OF VARIED CHANNEL ELEMENT IN POSITION 1
Channel ’  Coolant 1 Maximum

Channel Thickness, Velocity, . : Wall
Number Inches Ips Tempeg;ture,

1 0.255 375 850

2 0.180 32.5 845

3 | 0.150 29.5 8&3
4k to 24 0.125 26.0 797 to'850

i

1 W. R. Martini, "Summary of Organic Coolant Heat Transfer", NAA-SR-MEMO-
4183, July 23, 1959. -6l -
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The same fuel element design is used in a8ll core positions.
Each fuel element is orificed@ to provide the flow nec¢essary to main-
tain the hottest fuel plate at 850°F. Flow requirements for the
various core positions are given in Fig. 6.2A. The, total flow through
all driver fuel elements and control rods is 20,500 gal/min.

An alternate method by which flow requirements may be minimized
is to space fuel plates equally and to reduce the fuel content of
plates in high flux regions. This possibility mey be more attractive
than the spaced plate element; however, it was not proposed for the
conceptual design because it would have required re-evaluation of
.core physics. This alternate method should be evaluated before final
design of the fuel element. '

6.300 Operating Power as a Function of Bulk Coolant Temperature

. Santowax R with 30% HB is most efficient as a heat transfer
fluid at about 500°F, as shown in Section 15.000. An inlet coolant
temperature of 500°F was therefore chosen to give the highest per-

" . missible operating power. For some tests in the EOCR it is desired

to use inlet coolant temperatures above 500°F. If the same reactor
flow rate and surface temperatures are maintained as specified in
Section 6.200, the allowable reactor power would decrease as shown
in Fig. 6.3A, to about 22 Mw at TOOOF inlet temperature

6.400  Burnout

The heat-transfer criterion for safe reactor operation is
based upon a comparison between predicted heat flux and burnout heat
flux. The correlation used to calculate the burnout heat flux is
that developed by Core and.-Sa.tol for Santowax OMP (see Section 15.220).
To maintain a high burnout heat flux and to keep the possibility of
boiling in the core to a minimum with a maximum scale-fluid-interface
temperature of 850°F, an operating pressure of 150 psig was chosen.
At this pressure the saturation temperature of Santowax R is about
1000°F. Because of uncertainties in the predicted heat flux, a hot-
spot heat flux was determined for each position as described in
Bection 15.000.

Table 6.4A gives the maximum nominal heat flux, the hot-spot
heat flux, the burnout heat flux, and ratios of the burnout to
nominal and hot-spot heat flux at the hottest point in each element.
This is the point at which the minimum ratio of burnout to nominal
or hot spot heat flux occurs. The minimum ratio of burnout heat
flux to maximum nominal heat flux is 3.2. The minimum ratio of
burnout to hot-spot heat flux is 2.2. This is believed to be an ade-
quate margin of safety, especially since OMRE experience has shown
that even extensive burnout produces no serious reactor operating
problems.

1 K. Sato and T. C. Core, "Determination of Burnout Limits of Santowax
OMP", Space Technology Division, Aerojet General Corporation, Azusa,
California, September 15, 1959.
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Table 6.4A

COMPARISON BETWEEN MAXIMUM OPERATING HEAT FLUXES ANﬁ BURNOUT HEAT FLUX

Maximum
Nominal Hot Spot Burnout Ratio of Ratio of
Core Heat Flux | Heat Flux |Heat Flux |Burnout Q/A |Burnout Q/A
Position at at at to - to
8500 Point | 850° Point’| 850° Point [ Nominal Q/A |Hot Spot Q/A
Btu/hr-£t° | Btu/hr-ft2 | Btu/nhr-ft?
x 1072 x 1072, | x 1072 |
1 6.60 9.8k | 21k 3.24 2.26
2 5.96 8.53 19.9 3.3 | 2.33
3 4,90 7.00 16.5 . 3.37 2.36
L 2.32% 3.32. | 10.5 h.s52 . 3.16
5 2.39% | 3.k 10.7 b.48 3.13
6 ' 2.h9% | 3.56 10.9 | k.38 | 3.06

% ILocation of 850°F surface temperature not at point of maximum heat
flux.

6.500 Shutdown Cooling

The shutdown cooling of the EOCR depends upon natural circulation
of the coolant. ' The exact conditions at short. shutdown times are diffi-
cult to predict because of redistribution of flow in the -core at low ,
flows, uncertalntleb as to resistances in the primary'system, and lack -
of knowledge of low flow heat transfer properties of Santowax. An
estimate of the effectiveness of thermal circulation shutdown cooling
was made with the assumption that no changes in core flow distribution
took place upon failure of the pump. The estimate is conservative in
the sense that with upflow through the core, thermal convection in
the separate channels should increase the flow of the hotter channels
relative to the average when total flow becomes small. A pressure loss
of 5 velocity heads through the pump was- as$umed in the calculation of
the thermal circulation rate. The validity of this assumption should
be-evaluated when the pump is.selected and its characteristics are
known. Table 6.5A summarizes the results of shutdown cooling calcu-
lations and indicates that the maximum fuel surface temperature in the
driver fuel elements after shutdown from 40 Mw operation with 500°F
coolent inlet temperature will be 680°F.
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‘Table 6.5A

SHUTDOWN COOLING

AT Between

Time After Vertical AP, Flow Assumed Maximum
Pump or Pipes in ft of Rate, Inlet Nominal
Power Primary Liquid gpm Temperature | Fuel Element
Failure Coolant OF Temperature,
Loop, OF OF
‘1 minute 25 - 0.60 1100 500 680
10 minutes 16 0.50 800 480 600
(Steady State
Flow Obtained)
1 hour 12 0.29 | 68 400 550
(Core in Leminar
Flow)
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7.000 ENGINEERING DESCRIPTION

This section describes the reactor internals, reactor structure,
buildings, process equipment, and site for the EOCR. ©Since this is'a
conceptual design, many of the mechanical features of the reactor are
not detailed but do give a proposed method to meet the design objective
in question. BSufficient layout of the site and buildings has been pro-
vided to form the basis for a preliminary cost estimate. The process
system and utilities are based on calculated usage and experience with
other similar reactor facilities and are sufficient to form the ba51s
for the final de81gn

T7.100 Reactor and Reactor Structure

The fullest utilization of EOCR requires insertion and removal
of components of many .shapes:and sizes such .as fuel elements, test loops,
reactor inner tank, and grid plates. For this reason a handling system
which is more versatile than the cask handling in use at OMRE and proposed
for the Piqua power reactor is used. Investigation and limited experi-
mental data indicate that'it will be .possible to handle the EOCR :com-
ponents and experimental equipment through cold demineralized water by
use of the "water flooding! technique. Basically, "water flooding" con--
sists of purging hot (approximately 350°F) organic from the reactor with
hot demineralized water-and then removing the hot water with high-pressure
cold demineralized water. (See Section T.470 for description of Water .
Flooding). Certain design and operating features peculiar to this reactor
naturally arise from water flooding and are included in the design cri-
teria, plant systems,'and structures in this proposal:

1. All reactor 1nternals, reactor vessel and heads, and primary
coolant lines to and including the main block valves are fabricated from
stainless steel, although more detailed study and tests may indicate the
feasibility of using carbon steel.l These components should be designed
to eliminate pockets or dead spots where organic or water may be diffi-
cult to displace during the water flooding operation or during the time
the reactor is being refilled with organic coolant.

2. Some. organic ‘and water mixing will occur in the water flooding
process, and it will be necessary to remove this water from organic
coolant before re-using it as reactor primary coolant.

3. It appears there will be some scum formation in the canal and
in the reactor pit as a result of water flooding. The canal and reactor
pit are to be equipped with scum drains.

Another novel feature of the EOCR is the elimination of the
reactor discharge chute by placing the reactor vessel at the bottom of
the rea¢tor pit which is directly connected to the canal,but is separated
from that canal by a removable bulkhead with inflatable seals. During

1. See Sections 17.000 and 20.000.
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reactor operation, the reactor pit.is dry, and the reactor top head with
the control and regulating rod drives is located there. After reactor
shutdown and water flooding of the reactor vessel,the reactor top head
is removed and the reactor pit is filled with demineralized water. This
permits handling operations directly between the reactor and the canal.

Other factors which must be carefully considered in EOCR reactor
and process design, but which are not the direct result of water flooding
include; differential expansion between reactor components as a result
of the moderately high operating temperatures; galling problems associated
with all stainless steel reactor internals; expansion stresses in process
piping; thermal stresses due to gamma heating in the reactor grid or other
reactor components; arrangement of steam tracing network -on all process
lines containing organic; fire hazards naturally inherent with the use of
hot organics; heat removal from main process line pipe trench; and other
factors.

The following sections describe the reactor vessel, reagtor internals,
and reactor structure as shown in the following figures. (An alternate
reactor arrangement. is described in Section 16.000).

Fig. 7.1A EOCR Reactor Structure Cross Sectional Elevation

Fig. 7.1B EOCR Reactor Structure Horizontal Section through Nozzles

Fig. 7.1C EOCR Reactor Structure Horizontal Section through Core
Centerline

7.110 Pressure Vessel. The reactor vessel is to be constructed
as specified in the ASME Unfired Pressure Vessel Code, and is to be fabri-
cated of AISI Type 347 stainless steel. (See Sections 17.000 and 18.000
for Materials of Construction and pressure vessel design data). The design
bulk coolant temperature is 8500F; the design pressure is 330 psig; and the
design reactor power is 220 Mw thermal. The vessel ID is 7 £t O in. with
a flange-to-flange length of 18 ft 9 in. and a wall thickness of 1.25 inches.
The entire vessel, including the top and bottom heads, is covered with
approximately 4.5 in. of high temperature insulation. Two 24-in. pipes
provide coolant inlet and outlet passages, and are permanently welded to
the vessel. Eight 8-in. nozzles arranged radially below the top flange
(see Fig. 7.1B) are provided for use in conjunction with the experimental
loops. Sufficient thermocouples are attached to the vessel external wall
to give comprehensive operating temperature data. A definite air flow
pattern around the vessel is to be designed to carry off heat lost through
the vessel insulation.

The vessel is closed at each end with flat heads of code
design. The top flat head is made up of two parts, an inner sealing
head, and an outer shielding head which will remain cool during reactor
operation. The inner head will have insulation applied to it and an air
space will be maintained between this insulation and the shielding head.
The top head will be fitted with replaceable seals for ten control rod

.drive rods and two regulating rod drive rods. Drive rod seals should be
as leakproof as possible, and may be pressurized with nitrogen to prevent
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leakage of organic vapors to the reactor building. Non-pressurized seals,
if used, should vent any escaping organic vapors to a suitable freeze pot
which is vented to the EOCR stack. Replaceable monitor tube assemblies
for each fuel element position and five plugs to allow the full-size
penetration of any of the major experimental loops are also located in
the top head. These loop positions are the four spaced equally about the
core center on an 11.5-in. radius plus the center loop position.

Since the monitor tubes are mounted in the top head and
the tips of these tubes extend approximately 6 'in. into the fuel element
upper extension and may also extend through a removable orifice plate
located at the top of this extension, dowels or other guides are utilized
to guide the top head into position over its last 12 in. of downward
travel:

The vessel bottom head has the same general configuration
as the top head. Penetrations in this lower head include those for all
loops and experimental positions shown in Fig. 4.1A, the two fission
chamber tubes, the rabbit facility tubes, and the vessel drain piping.

In addition, penetrations are to be provided under all core fuel element
locations and reflector positions wherever possible. These penetrations
should approach the size of the EOCR fuel element bottom end-box, if
possible. Bottom head penetrations are provided with seal glands, valves,
or other devices as necessary to seal the loops or experimental in-pile
assemblies in the bottom head. In-pile assemblies are installed and re-
moved from above the reactor when the vessel is filled with cold water.
Shielding plugs with sufficient thickness to approximate the two lower
heads will be placed in these pentrations when they are not occupied by
loops.

In-pile experimental tubes are generally considered to
be of the re-entrant type from the reactor subpilé room, although through
loops could be installed in certain locations. Instrumentation leads
from in-pile experiments may be brought out through the piping penetrating
the bottom head, out through top head penetrations, or out through the
reactor vessel nozzles. Top head experimental penetrations should be
avoided wherever possible, and must be of a nature which can be broken
when the reactor is shut down for in-tank work.

7.120 - Reactor Vessel Internals. The nuclear properties of
the organic coolant used in this reactor have allowed & core configuration
well-suited to a research-type reactor. Spacing between elements, as
shown in Figs. L4.]A and 7.1C is such that various sizes and shapes of
elements, experimental loops, or experimental facilities may be installed
without driver element repositioning. A vertical section of the reactor
structure is shown on Fig. T.1lA.

The basic functions of the reactor vessel internals, ex-
cluding the inner thermal shields, are to provide support and to position
the driver and test elements and the experimental loops and facilities,
and to channel the coolant flow where desired. In this reactor these
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primary functions are handled by three core components: a grid with its
support base; a spider located at the top of the inner tank; and the
inner tank.

Coolant flow enters the reactor vessel through the lower
24-in. inlet pipe located above the inner thermal shields, flows down
through the shield annuli, passes horizontally through perforations in
the grid support base, and proceeds up through fuel elements and the
large loop cooling-jacket annuli, emerges above the spider, and flows
horizontally to the exit or upper 24-in. outlet pipe. The coolant flow
requirement in the space between the grid and spider is 2000 - L0OOO gpm.
Less than 2000 gpm results in excessive organic heating; more than 4000
gpm results in excessive pumping requirements.

7.121 Grid. The grid is made of a heavy austenitic
stainless steel plate, and has holes for the fuel element lower end-
boxes, for the various experiment loops and facilities, and for the
rabbit tubes and fission chamber tubes. Preliminary design data indicateu
that the two large loop experimental positions will have an approximate
f6-in. dismeter penetration in the reactor bottom head and an approximate
6.4-in. diemeter penetration in the grid. The other three basic loop
positions will have approximately 5.5-in. diameter penetrations at these
locations. OGontrol- and regulating-rod guide tubes are mounted on the
grid and project below the grid and above the grid up to a position just
below the lower boundary of the core fuel. This grid may also be fitted
with a valve which will allow rapid liquid passage in the space between
the grid and spider during the water flooding operation or when refilling
the vessel with organic. This valve may be operated from the subpile
room.

The grid supports the fuel elements and provides
lateral support for the experiment loops and facilities and for the
rabbit and fission chamber tubes. The grid is mounted on a support base,
which in turn msy be mounted on the lower head. The inner tank is:
fastened. to the grid in a manner which will minimize coolant leakage and
vhich will allow easy remote removal when the vessel is filled with cold
water. Since the coolant flow in the space between the grid and spider
is severely restricted, seals are provided where the fuel elements and
loops penetrate this grid. - Plugs or adapters are provided for positions
occupied by loops or facilities and for the twenty power reactor element
positions shown in the reflector. The grid must withstand a differential
pressure of 50 psi over its gross &irea during reactor operation.

7.122 Spider. The spider provides lateral support for
the tops of the fuel elements and for the large experimental loops. A
plan view of this component is shown on Fig. 7.1B. Approximately 5.5-1n.
square holes are furnished over all grid basic element locations. The
control rod and fuel element positions immediately surrounding the two
large loop positions are furnished with approximately 4-in. square holes.
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Circular holes approximately 6.4 in. in ‘diameter
are furnished over the two large loop positions, and holes approximately
5.5 in. in diameter are furnished over the three remaining basic loop
locations, This spider is to be fabricated of an austenitic stainless
steel, and fastened to the top of the inner tank in a manner that will
allow easy removal. The spider is not removed for normal reactor
operations, including fuel and control rod removal or insertion, in-pile
experimental tube insertion or removal, etc.

T7.125  Monitor Tubes. Mounted in the reactor vessel top
sealing head are fuel element monitor tubes. These tubes monitor individual
element coolant temperature and flow. They are also used to draw off
samples of organic coolant during reactor operation. The monitor tube
assemblies extend down to the top of the spider and hold the fuel elements
in position vertically. Provision is to be made in the top head for mount-
ing monitor tubes over all fuel element locations., The tubes are to be
strong enough to withstand the upward force on the fuel elements, and the
lateral force of the coolant moving horizontally to the exit pipe. Upward
force on the fuel element occurs as a result of spring-loading on the fuel
element and the pressure drop (50 psi) across the fuel element cross-
sectional area., (For further discussion on fuel monitoring, see Section

7.172).

7.124 Experimental Facilities. The core includes the
following experimental facilities, as shown &n Figs. 4.1A and 7.1C:

1. Two Large Loops. These two are the major large re-entry or
through loop positions. The pressure tube OD is approximately 6 in. and
the cooling jacket OD is about 6.4 inches. A detailed discussion of
these facilities is found in Section 8.000.

2. Three Other Basic Loops. These three loops occupy the core loop
positions not used by the two loops described above, and may be used for
single experiment facilities or for multiple facility applications that
do not require a large tube. A rabbit facility is installed in one of
these positions. Discussion of small loops is included in Section 8.000.
A description of a rabbit facility is found in Item 4 of this list.

3. Twenty Small Facilities, These positions are included for
future irradistion use. The size is about 1.5-in. 0D, or as large as
feasible, dependent upon final reactor design. Penetrations in the
grid and bottom head only (none in the spider) are required. Insertion
of samples is accomplished from the subpile room.

L, Rabbit Facility. Two rabbit facilities are planned for this
reactor, one is incorporated in a 5-in. loop position, and the othér in
the outer reflector position. These facilities are about 1.5-in., OD.

They are used for irradiation of capsules, and may be driven pneumatically,
hydraulically, or mechanically. Provision is made to allow piping to the
rabbit positions to be installed from either the subpile room or through
the vessel 8-in. nozzles located below the top flange.
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5. Power Reactor Element Positions. Power reactor elements under-
"going tests may be placed in all core element positions except those
1mmed1ately ‘surrounding the two large loops. This requires that the
overall length and end-box ‘configurations be the same as the standard
4-in. square driver elements. In addition, there are twenty power
element positions included in the spider ‘and grid immediately surround-
ing the driver element core. '

6. Alternate Loop Positions. The reactor vessel bottom head in-
cludes provisions for the installation of a loop facility in any feasible
fuel element position, including the_ twenty power reactor test element
positions outside the core. The feasibility of incorporating the neces-
sary penetration and seal devices in the bottom head is to be determined
by the space available after design of the other loop positions and
equipment incorporated in the bottom head. The size of the penetration
should be as large as the fuel element end-box hole in the grid, if

"possible. ‘

Since the flow velocity in the space between the
spider and grid is very low, the experiment loops, facilities, rabbit
tubes, or fission chamber thimbles may be positionéd in the core area
without requiring support at the upper ends of the tubes. Thus, they
can enter the vessel through seal devices in the lower head, pass
through minimum leakage seals in the grid, and project in a cantilever
manner into the core zone. Penetrations are not provided in the spider
for the twenty small facilities or for the fission chamber thimbles.
Only those loops or facilities requiring top access need project through
the spider. Access to top closures in the loop facilities may be

. accomplished by dropping the water level below the loop closure. In
rare cases, the fuel elements, control rod, and regulating rods may have
to be removed from the core to reduce background radiation.

Installation of loops or facilities in the reactor
is accomplished with the reactor vessel filled with cold demineralized
water. Generally, installation and removal of these in-pile components
will be done from the top of the reactor vessel.

T.125 Fuel Elements. The fuel plate section of "the
fuel elements is described in detail in Section 4.200 and ts shown
on Fig. L4.2A.

The spacing between the grid and spider re-
quires a relatively long fuel element structure. The lower end-box,
which incorporates a spring, is approximately three feet long. This
end-box is circular in eross section, and is as large as is compatible
with the design of the remainder of the core components. A transition
section is employed in joining the end-box to the square fuel section.

The fuel element upper extension is 4-in. square

in cross section. The top of this extension is enlarged to approximately
5.5-in. square to fit securely in the square holes in the spider, and
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extends above the spider approximately 1 in. in the non-loaded (top head
off) position. View A-A on Fig. L.2A shows a removable orifice plate
which:.is attached to the enlarged section of the upper extension, and the
monitor tube tip is inserted in the center hole of this plate, nomlnally
sealing the center hole by means of a flat or cupped plate mounted on the
monitor tube body. The monitor tube and the center hole in the removable
orifice plate 'should be sized for maximum clearance between the tip and
the edge of the hole since the monitor tubes are mounted in the reactor
top head, and it is anticipated that the head will be subject to minor
misalignments due to tolerances of manufacture, clearances on dowels or
other guides, etc. The orifice plate might also be attached to the
monitor tube in such a manner that the orifice plate contacts the flat
top surface of the fuel element upper extension as the top head is
lowered into position. In this instance, the orifice plate must be
readily removable. This arrangement gives more clearance between the
monitor tube tip and the fuel element upper extension, but leakage
between the orifice plate and fuel element will.probably be greater.

The spring on the element lower end-box is pre-
loaded upon manufacture. This preload supports the weight of the element
when it rests on the grid. When the top head is put in place; the monitor
tubes press the elements down approximately .25 to .50 in., which is
enough to allow for element and vessel fabrication tolerances. This
configuration provides a firm support for the fuel elements, but does
not allow element movement during loss of coolant flow in reactor opera-
tirn. The spring on the element lower end-box must be lohg enough to
compensate for any growth in the fuel element due to increase in temper-
ature.

Any experimental fuel elements tested in the core
pos1t10ns will have upper and lower end-boxes similar to the standard
driver elements. ‘

7.126  Control .and Regulating Rods. The control and
regulating rods are of similar design, the only difference being perhaps
in the fuel loading. The control vod is shown on Fig. L.3A. -This rod .
incorporates a 4-in. by.l-in. poison section approximately 36-in. long, and
a L4-in. by 4-in. fuel plate section of the same length. The construction
of the control rod is such that there is minimum vertical spacing(0.125
to 0.25 in.) between the bottom of the nuclear poison and the top of the
fuel. Appreciable space at this point might result in unstable control
characteristics due to flux peaking between the fuel and poison sections.
The control and regujating rods are connected to their drive rods by
some device that will allow remote disconnection and connection with the
top head in place. This internal connection eliminales Lhe necessity ‘
of passing the drive rod completely through its seal in the top head
when the head is removed or replaced.

The lower ends of the control and regulating
rods are fitted with end-boxes that travel in the guide tubes fastened
to the grid. These end-boxes have hard-faced rubbing bosses to guide
the rod and provide low friction movement. The lower end of the guide
tube has a stop that will prevent the rods from dropping down on the
reactor bottom head when the drive rods are disconnected.
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7.127 Source. A neutron source is provided for use
in reactor startup and operation. It will be inserted through the spider
into its receptacle adjacent to the core fuel elements when the vessel
top head is removed. The source is located directly opposite the re-
flector rabbit facility, and at right angles to the two fission chamber
thimbles.

. 7.130 Inner Taenk. The reactor vessel incorporates an inner
tank which contains the inlet coolant flow and directs it downward through
the annuli formed by the inner tank, reactor vessel, and internal thermal
shields. The flow then turns upward in the plenum above the reactor
bottom head and passes through the core components. The inner tank is
made of AISI Type 347 stainless steel and is designed for 50 psi external
pressure at 850°F maximum bulk coolant temperature and a reactor core
power of 220 Mw thermal. This tank must be secured to the vessel wall
between the inlet and outlet 24-in. pipes by a method which will allow
its remote removal under water and also one which will minimize coolant
leakage past this connection. The bottom end of the inner tank must also
be fastened to the grid in a manner which will minimize leakage and which
will allow remote disassembly. A valve is mounted in the horizontal top
section of the inner tank to: allow liquid passage during water flooding
or organic filling. This valve may be self-acting or, for more positive

- action, may be operated from outside the reactor vessel.

7.140 Thermal Shields. Thermal shields:are provided for place-
ment both inside and outside the reactor vessel to reduce thermal stress
in the vessel wall and in the concrete biological shield to safe values.
These shields are calculated.on the basis of a reactor -core power of
220 Mw thermal.

7.141 Internal Thermal Shields. Three l-in. thick
concentric internal thermal shields are ‘placed inside of the reactor
vessel wall and outside of the inner tank. These shields are fabri-
cated of AISI Type 347 stainless steel, and are designed for highest
coolant velocity in the annulus adjacent to.the inner tank. Coolant
flow -enters the reactor vessel through the inlet pipe lécated just
above these shields and flows 'downward in the four annuli, then turns
upward to pass through the reactor core. Shields should be designed
for easy insertion or removal.

T7.142 External Thermal Shield. An external steel-
Jacketed lead thermal shield is provided for the protection of the
concrete biological shield.. This shield is approximately 3-in. thick,
and is placed .outside the reactor vessel thermal insulation. Cooling-

water ¢olls are embedded in the lead to carry off radiation-induced

heating. This shield is separated from the vessel insulation and
the concrete biclogical shield by air spaces.

7.150 Control Rod Drives. The reactor cofe includes ten
positions for control rods .and two positions for regulating rods.
Control and regulating rods are described in Section 7.126.
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The control and regulating rod drives are mounted on
the reactor vessel top head and make connection with their respective
rods by means of drive rods which penetrate the top head through re-
placeable seals. The control rod drive must be a reliable unit fully
meeting all operating requirements while functioning in its environ-
ment. Adequate factors of safety are to be incorporated in the design.
The -drives must be capable of scramming the control rods with full
upward coolant flow and maximum system operating pressures, and must
lock the rods in the full down position. After remotely breaking
the drive rod.connections to the control and regulating rods, it
must be possible to remove the reactor top head without passing the
drive rods through the top head seals. Hydraulic, pneumatic~-mechanical,
or purely mechanical drives may be considered for these drives, but the
performance of these units should be proved prior to actual use on the
reactor.

7.160 Regulating Rod Drives. Two regulating rod drives are
used in this reactor. These drives are of a design similar to the
control rod drives, and are mounted adjacent to the control rod drives
on the reactor top head. Their chief functional difference is that
they will be capable of approximately twice the motor-driven speed
as that of the control rod drives. While the function of the control
rod drives is primarily to raise and hold the control rods to operating
position, the function of the regulating rod drives is to continuously
vary the regulating rod position in a manner which tends to level out
the reactor power. Conventional regulating rod drives incorporate
electric servo motors which are driven by reactor control circuits.
Thus, the regulating rod drives will, of necessity, be more rugged
and will be capable of continuous long term use. Again, as with the
control rod drives, various systems mgy be considered for this appli-
cation. These drives must be capable of driving the rods in @t full-
rated velocity against full coolant flow and system operating pressure,
and must lock the rods in the down position. When removing the top
head, requirements similar to those specified for the control rod drives
must also be met. Only one of these drives will be utilized at any
one time. The spare rod functions as:a normal control rod when not
in use.

T-170 Reactor Instrument Facilities. Facilities are necessary
to provide accommodations for instrumentation such as the neutron sensi-
tive chambers, resistance thermometers Ffor measurement .of inlet and
outlet coolant temperatures from which the reactor power is calculated,
and the temperature and pressure sensors at the outlet of each individual
fuel element.

T.171 . Neutron Sensing Chamber Facilities. The fission
chamber facilities used for starting up the reactor from complete shut-
down are located in the reflector region of the core as shown in Fig.
7.1C. This location is required to allow the proper sensitivity to
neutrons present during reactor startup. These tubes are 6-in. inside
diameter and are inserted from the bottom of the reactor through the
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bottom head. The maximum operating temperature rating of commercially
available chambers is 175°C. Since such chambers have an outside
diameter of approximately 2 in., this allows a 2-in. annular space around
the outside of the chamber for insulation and cooling. The design of

the insulation and the determination of either air or water cooling will
be a part of detailed design.

It is necessary to have a drive system which can
remotely position the two fission chambers at any desired location within
limits in the two tubes, since these are withdrawn during full power
operation to lengthen the life of the chambers. This drive system is
operated by a motor located on the bottom plug of the reactor tank.

The control system for the motor is then tied into the reactor control
system and is actuated from the reactor console.

There are five other neutron-sensing ionization
chamber positions located around the perimeter of the lead shield of
the reactor tank. The chamber tubes extend from a trench around the
reactor pit parapet and into the lead outer thermal shield to a point
approximately 1 ft below reactor centerline. Access to the tubes is
from the reactor trench around the top of the reactor tank. At this
chamber position no temperature problem should exist.

The drive system to control the positions of
these chambers can be much more simple than that for the fission
chambers, since the chamber tubes are essentially vertical. The
adjustment of chamber position is not as drastic as in the case of
the fission chambers which involves position changes during reactor
operation. After the location of the ion chambers has been made
originally it is seldom necessary to move them more than 12 in. compared
to the 3 to 5 ft necessary for the fission chambers. In addition,
.gravity can be used to allow insertion and withdrawal of the chamber
by & manual drive actuated at the top of the tube connected by a steel
cable to the chamber proper and its shielding.

T.172 Fuel Monitoring. Three fuel element coolant
variables are monitored intermittently in the reactor. These are
temperature; flow, and organic composition (drawing off samples for
laboratory.analysis). This ménitoring is accomplished by the use of
monitor tubes which are installed in the reactor vessel top head and
which extend down into the upper end-box of the individual fuel elements.
The tips of the monitor tubes extend through the orifice plate mounted
in the fuel element upper end-box. (See Sections T..123 and 7.125 for
further description of the monitor tubes and fuel elements). The
monitor tubes consist of a thermocouple well and a tube which may
be used for either pressure-sensing or coolant sampling. Reading of
the monitors during reactor operation is accomplished by a technician
standing on the reactor vessel top shielding head. No leads running
to. other parts of the reactor building are used. ’

Monitor tubes are initislly supplied for
the twenty driver fuel element positions, and provisions are incorporated
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in the reactor top head for the future addition of other tubes in all
fuel element positions. Seals are to be designed for minimum leakage
and easy replacement. ''he monitor tubes are to be constructed to
withstand the upward force of "the fuel element during reactor operation,
and also the lateral force of the coolant flowing horizontally across
the vessel to the exit pipe.

7.180 Biological Shielding. The biological shield is designed
to attenuate the gamma and néutron radiations produced during reactor
operation at full design power of 220 Mw to safe reasonable levels. In
areas where continuous personnel occupancy is necessary, sufficient
shielding is provided to attenuate the radiations to less than one-half
the permissible occupational exposure. levell at the outer surface of
the biological shield.

Two different types of concrete were investigated for
use in the biological shield surrounding the sides of the cylindrical
reactor tank--ordinary -concrete having a density 2.3 g/cc and high
density concrete having a density 3.5 g/cc. Using the gamma flux at
the inner surface of the biological shield determined in. the gamma
heat derivations in Section 5.3&0, calculations were made to determine
the thickness of concrete required to attenuate the radiation to 0.75
mrem/hr on the outside surface of the shield. Using ordinary concrete,
9 ft are required. Using high density concrete, 6 ft are required.
High density concrete was chosen for the biological shield because
(1) there is no significant difference of in-place cost between 6.ft
of high density concrete and 9 ft of ordinary concrete; (2) a smaller
floor ‘area would be required, and (3) there are better heat transfer
characteristics with the thinner shield.

The ETR biological shield is constructed of 8 ft
of magnetite concrete. However, the basic shielding calculations gave
a thickness of approximately six feet. The additional @. ft were added
to provide for the radiations produced by experimental loops which pass
through 1-ft diameter vertical sleeves in the biological shield; thus,
the EOCR shield thickness compares with the ETR calculations.

The top and bottom of the EOCR tank is shielded by
2 ft of steel. The top head is removable to permit refueling .of the
reactor and to permit insertion and removal of experiments during
shutdowns.  The bottom head has a number of penetrations for entry of
experlmental loops, fission chamber thimbles, etc. When the penetra-
tions -are not in use, they are plugged with material of equivalent
density -and thickness to prevent streaming of radiation into the sub-
pile room.

T7.181 Power. During operation of the reactor the top
head will be in place. Tlis allows personnel to work on the reactor top
without time restrictions.

1. "Meximum Permissible Radiation Exposures to Man'", Addendum to
National Bureau of Standards Handbook 59; April 15, 1958..

A}
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Entry into the subpile room, the primary coolant
valve cubicle, and the reactor coolant pipe tunnel will be prohibited
by the high radiation fields which exist while the reactor is in opera- .
tion. All other areas are accessible to personnel. o

7.182 Shutdown. The reactor is shut down for refueling
and for inserting and removing experiments. Sufficient shielding is
necessary to attenuate the residual .activity emanating from the core
region to permit as much working time as possible on the reactor top and
in the subpile room. :

The spent fuel will be removed from the reactor
and. transferred to the storage canal to reduce the radiation source in
the reactor tank. Shielding for fuel transfer is provided by flooding
the reactor pit above the reactor tank with water to the level of the
canal. Removal of the bulkhead then permits direct transfer of the
spent fuel to the canal with special handling tools. The reactor tank
top is located 13 ft below the surface of the water. Careful handling
during the transfer operations is necessary to prevent the fuel section
of the fuel element from coming closer than 6 ft to the surface of the
water; otherwise, the momentary radiation exposure dose-rate becomes
prohibitive.

7.183 Experimental Tube Installation. Installation :
of 'an experimental in-pile tube requires considerable work in the sub-
pile room, on the reactor top, and in the reactor tank. Before this
work commences, the spent fuel elements are removed to the canal to
reduce the radiation source in the tank.

To prevent streaming of radiation from the core
through the in-pile tube to the subpile room and reactor top, removable
lead plug shields will be placed in the tube. These plugs are removed
after the tube has been installed and filled with water or organic.

In-tank work is accomplished by lowering the

water level in the tank and limiting the worker's in-tank timc as

necessary to maintain his exposure within permissible limits.

T7.-190 Reactor and Canal Structures. Referring to Figs. T.1A,
7.1B, 7.1C, 7.6B, 7.6E, and 7.6F, some of the main features of the
reactor and canal structures may be seen. These structures are des-
cribed in the following sections:

T7.191 Reactor Structure. The reactor vessel is set
at the bottom of the 14-ft deep reactor pit and is shielded by 6 ft of
high (3:5) density concrete. High density concrete may use barytes,
magnetite, or hematite as aggregate, but must meet the density re-
quirements stated above. This biological shielding will extend from
the top shielding. head to the bottom shielding head of the reactor and
will support the reactor vessel proper. The reactor pit, reactor
vessel, and biological shielding are supported by a circular wall of
concrete forming the reactor subpile room.
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Figs. T.1A and 7.1B show the two primary cooling
lines through the west side of the structure and the eight nozzles which

penetrate the reactor structure, The nozzle trench covers 180° near the

top of the reactor vessel.

The inside surface of the binlogical shielding
is lined with and may be formed from carbon steel plate. This steel
lining extends from the bellows seal at the vessel top flange down to
the reactor subpile room. Between the steel lining and the pressure
vessel is a water-cooled lead shield. The lead shield is separated
from and supported by the steel lining and is also separated from the
vessel by an air gap. '

7.192 Canal Structure. The.circular reactor pit above
the reactor vessel opens into the canal, but may be isolated from the
canal by means of ‘a removable bulkhead with inflatable seals. This
canal is 8-ft widc, 18-ft deep, and.30-ft long, from the bulkhead to
the end of the canal. The south end.of the canal should be designed
in & fashion which would permit southward extension of the canal in
the future. Encompassing the canal and reactor pit is a 3-ft high
parapet. The canal and reactor pit has a positive liner seal of stain-
less steel, fiberglass, or some other suitable substance. This seal
restrains any demineralized water from coming into contact with or
leaching out into the concrete structure, and must also resist radiation
“demage from spent fuel elements, etc. The biological shielding around
the canal is also high density concrete. The thickness on the sides
and bottom is 5 feet. The south end has a thinner, temporary wall to
allow removal-at a later -date should it be desirable to expand the
canal.
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T.200 Reactor Post-Shutdown, Handling, and Pre-Startup Proecedures.

Since the EOCR reactor is cooled and moderated by organic coolant
which is opaque and solidifies at elevated temperatures (approximately
300°F for Santowax R or OMP), considerable effort has been expended in an
attempt to eliminate or simplify the blind handling procedures and .elevatéd
temperature conditions now contemplated .for some proposed organic power
reactors. As a direct result of this effort, it appears feasible to purge
the organic from the reactor tank with hot (350°F) demineralized water,
displace the hot water with ambient temperature high-pressure demineralized
water, and conduct all in-tank handling and other operations under water
which is at room temperature. The term "water-flooding" is applied to
this procedure. Tests performed to demonstrate water flooding feasibility
are discussed in Section 12.000. The following sections will discuss the
reactor shutdown, flushing, and handling procedures involved .in the
operation of the EOCR.

T.210 Reactor Post-Shutdown Procedures. After the reactor has
been shut down, the organic coolant will continue to be circulated while
the coolant and tank temperatures are reduded at controlled rates to a
temperature of approximately 350°F. The reactor tank and a small section
of primary coolant piping are then isolated by closing the main primary
coolant-loop block valves. The next operation is to displace the organic
in the reactor tank with water. Fig. 7.4E shows the equipment associated
with the water-flooding operation. Valves at the top and bottom of the
reactor are opened, and hot demineralized water will force the organic
from the reactor tank to the degassing tank. After the organic in the
reactor tank has been displaced by hot water, cold high-pressure demin-
eralized water is pumped into the bottom of the reactor tank at controlled
rates, displacing the hot water back to the water-flooding storage tank
and reducing the temperature to 180OF or less. The water-flooding valves
are then closed, the water level in the reactor tank is dropped 6 to 8
inches, and the reactor top head is removed to dry dock.

7.220 Reactor Handling Procedures. Those experimental loops
in which fuel elements, samples, or capsules are scheduled for changeout
during the reactor shutdown will also be purged with hot water and then
filled with cold demineralized water at the same time or after completion
of water-flooding of the reactor tank. After the reactor top head is
removed to dry dock, the loop top closures will be opened, instrumentation
leads broken, etc., preparatory to removal of the experimental samples.

After completion of the above operations, the 1lh-ft
deep reactor pit located immediately above the reactor tank is filled
with demineralized water. (See Section 7.190 for description of the
reactor pit.) The isolation bulkhead between reactor pit and water-
filled canal may then be removed, allowing direct transfer of fuel
elements, control rods, experimental samples, etc.,from the reactor to
storage racks located in the canal. Hot samples stored in the canal,
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but scheduled for reinsertion in the reactor,would be transferred to the
reactor and inserted into their respective sample positions.

Since all reactor handling is to be conducted through
demineralized water, it is not expected that handling praoblems connected
with the EOCR will be any more severe than those connected with any
test reactor. As in any reactor, special allowances must be made for in-
pile tube. insertion and removal, but it is expected th&t these in-pile
tubes will be installed on a semi-permanent basis, and that experimental
equipment will be designed to adapt to the in-pile tubes available.
Section 8.121 discusses insertion and removal of in-pile tubes.

After all "hot" transfers have been effected between the
reactor and canal, the bulkhead is replaced in the canal and the reactor
pit is drained to the plant sump. Cold fuel and experiments may now be
placed in their respective positions; experiment loop top closures re-
installed, and experimental instrumentation leads routed out of the
reactor vessel via the nozzles located near the top of the reactor tank.
In the case where the experimental instrumentation lead drawbar penetrates
the reactor top head, the instrumentation lead would be connected after
the top head is replaced on the reactor.

T.230 Reactor Pre-Startup Procedures. After the reactor top
head has been installed and experimental instrumentation connected, hot
demineralized water from the water-flooding storage tank is again ad-
mitted at the top of the reactor vessel at controlled rates. The cold
water in the reactor tank is drained to the plant sump for disposal.

After the reactor tank and bulk coolant reach a temperature:

of approximately 350°F, the degasifier-pressurizer system pump is started.
This pumps organic at 350°F into the reactor tank and displaces the hot
water back to the water~flooding storage tank. After the hot water has

been displaced and the reactor tank is again full of organic, the degassing’

system processes the organic in the reactor tank to rempove any water that
has been trapped in the vessel and piping. (For detailed descriptions and
flow diagrams of the water-flooding system and degasifying system, refer
to Sections T7.470 and 7.430 of this report).

After completion of the above procedures, the main coolant

loop block valves may be reopened, arnd the reactor may be brought to
temperature and begin nuclear operation.
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7.300 Reactor Controls and Instrumentation.

The instrumentation system may be divided into three main cate-
gories for purposes of discussion: the control system which utilizes
three modes of shim rod actuation to allow automatic operation of the
reactor under presset conditions; the safety system which funciiodns to
protect the reactor throughout all conceivable operating situations,
intended or accidental; and auxiliary instrumentation which provides
control on peripheral functions necessary for continuous pre-set ogpera-
tion of the reactor. The above mentioned functions are discussed in
Sections T7.310 through T7.330. :

7.310 Control System. The control system provides a means
for centinuously measuring the power level and indicating the neutron
flux level in the reactor and a means -of controlling both their long
and short time variations.

T.311 Power Ilevel Instrumentation. The ultimate
measurement of reactor power is, of course, a calorimetric measurement.
The reactor pover may be determined continuously by the multiplication
of the main coolant flow rate by its temperature rise across the:core .
:and the appropriate constant. Measurement of the flow rate is accomplished
‘by the placement of a Gentile tube or orifice plate in the main coolant
line. The differential pressure across the orifice plate is converted
by a transmitter to en electrical signal which is directly proportional
to the flow rate. Such a device is non-linear and is specially .
designed for the purpose. These transmitters are in common use and are
available commercially. The temperature rise QQT) is measured by
standard means, with either thermocouples or resistance bulbs being
used. The output signals from the flow and AT are then multiplied
analogically by electronic instrumentation. A periodic check on the
power level may be .obtained by reading both variables from strip-
chart recorders, accurate to 10.25%. The resulting hand calculation
thus may be computed to iO.SO%. In this reactor several resistance
bulbs are used in order to allow better averaging of the inlet and
outlet temperatures, thereby reducing the effect of stratification
of the coolant in the piping. The block diagram for this system is
shown in Fig. T.3A.

The other indications of reactor power level
come from neutron-sensitlve ionization chembers. These are relative
indications and vary as the neutron flux distribution changes through-
out the reactor for a constant integrated reactor power. This Tlux
distribution may change for various changes in control rod position as
the control rods are withdrawn to compensate for fuel burnup and for
changes in experimental loading. Two of thesge chambers indicate the
neutron flux on a six-~decade logarithmic scale and the other three
indicate on a linear scale reading from O to 150% of full reactor
power. These are the same ionization chambers shown in the reactor
safety instrumentation in Fig. 7.3B.
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A sixth ionization chamber connected to a
differential galvanometer as shown in Fig. 7.3C allows a more sensitive

indication of the drift of power level than can be obtained by normal

full scale indication. A carefully controlled zero offset allows a
very sensitive measurement. In addition, with batteries as the high
voltage supply, the system is also used as a feilure-free power level
indication independent of ac power generation.

7.312 Power Regulating System. The reactor is con-
trolled by the use of the 12 control rods distributed through the
reactor core as shown in Fig. 7.1B. The coarse control is gccomplished
by adjusting 11 of these rods while the one remaining rod is used to
eutometically control the power level. These control rods are the
fuel-follower type where a neutron ebsorbing material is gradually
replaced by a fuel section as the rod is pulled out of the reactor core.
This is accomplished by operator demand on the 11 coarse control rods
as the reactor control system allows.

: The one remaining control rod, which can be
chosen as desired, is connected to a servo control system such as that
shown in Fig. 7.3D. The rod inserts and withdraws from the reactor
core to damp small reactor power fluctuations as dictaeted by the servo
control system. The ionization caused by neutrons in the compensated
ion chamber allows current proportional to the neutron flux to flow
through the motor-operated rheostat. The rheostat acts as a set point
to produce a voltage from the ion current that is balanced against a
fixed vollage in the servo amplifier. As the rheostat is varied a
different power level -is determined and the motor drives the control
rod in a manner to allow a correction to be made to bring the voltage
in balance. Two decades of power level are controlled by the servo
system.

This type servo system, where a relatively large
slow-moving control rod is used as ‘the servo rod, is not a high per-
formance system. This requires that sufficient analysis of the heat
genergtion in the system be made -to assure that under any conceivable
experimental condition, the low performance servo control is sufficient
to protect the reactor asgainst any potentially destructive incident
up to the point where the safety system takes over that responsibility.
For a system such as that described in this conceptual design, the
most satisfactory arrangement is to simiilate the reactor, the control
system, the reactivity effects such as rod movement, temperature
coefficient, and external disturbance, and response times on an elec-
tronic analogue device. The kinetic behavior can then be evaluated
and adjusted .such that this overlap in control protection is obtained.
This will be accomplished in the detailed design.

The motor drive on thc one control rod used
in the servo system merits special discussion. The servo system may
be one of two types. It may be a proportional controller or an on-off
controller. The proportional controller requires a motor which varies
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in speed proportional to the error derived at the input to the servo

system. The on-off controller uses a fixed speed motor which turns on

at a constant speed at a given amount of error in the servo network, '\
continues at that constant speed until the error returns below the. f
given amount then turns off. The proportional controller usually
allows more constant control of the reactor power. However, a care-
fully designed on-off controller will allow control of the reactor power
to better than 0.5%.

In the case of the EOCR the choice of one of
the twelve control rods for the servo system will probably be one of
the outside eight rods. Since these are worth about 1.25% in reactivity,
approximately the upper one-third of the rod will be used as the oper-
ating region of the servo control. This rod will move with a rate that
will give it an over-riding rate of change of reactivity per unit time
compared to any of the other control rods. This will ellow a continuous
withdrawal or insertion of a control rod with the servo control rod -
maintaining the servo error at essentially zero. Otherwise, the servo
. rod cannot catch up until withdrawal or insertion has stopped which is
en undesirable operating characteristic.

For operational convenience the motor must be
considered carefully in the detailed design. The motors chosen for
‘all rods may be of the type that will allow changing of the number of
poles (and thus the speed) on the stator by merely rearranging the
windings with a relay switching arrangement. This will allow the one -
rod chosen as the control rod to be, say, doubled in speed by a mere
switching choice. A second technique is the use of a wound rotor ac
motor whose speed can be changed by inserting a resistor in series with 1
the armature. Thus all rods except the one servo rod can be cut to
half-normel speed. A third technique is to switch motors mechanicelly
for the control rod chosen to be the servo rod. This, perhaps, is not
as operationally desirable as the other two prospects. The desired
operating characteristics of motor speed, however, can easily be
attained.

T7.320 Safety System. The safety system receives its activation
from fission chambers and gamma-compensated ionization chambers which,
either separately or in combination, provide a continuous indication of
the neutron level in the reactor from the cold clean reactor (with neutron -
source) to greater, for example, than 150% of full power rating. These
channels are adjusted to initiate shutdown of the reactor for unsafe
operating conditions in whatever region of neutron level the reactor is
operating:

T.321 StartuprIﬁstrumentation. The startup instru-
mentation consists of two channels of counting rate instruments to
count the fissions in two fission chambers. The output from the log-
count-rate meters as shown in the block diagram in Fig. 7.3E is
recorded. On the recorder there are microswitches set so that the
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control system will not allow the reactor to start up without having at
least one of the count rate channels reading on-scale. These channels

allow observation of the neutron flux in the cold clean reactor region

with a reasonable size neutron source from which to multiply.

T7.322 Mechanical Safety Rods. The same rods referred
to as "Control Rods" in other portions of this report are also the
safety rods, any of which render the reactor suberitic¢al upon being
inserted. Rapid insertion of these rods is called a "scram". An
appropriate signal from the reactor safety instrument discussed in
Section 7.323 will modify the rod-holding characteristics of the
suspending mechanism sufficiently to cause a rapid insertion (scram)
into the core. The means for allowing this to occur depends on the
particular control rod drive design.

T.323 Safety Instrumentation. The safety instru-

‘mentation for the reactor meskes use of meny of the desirable features

in the MTR. The block diagram of the safety instrumentation is shown
in Fig. 7.3B. The signals from three level channels and two

period channels originating from five separate neutron sensitive
ionization chambers are tied to a common sigma bus. This sigma bus
acts as an input signal to the nonlinear rod release amplifiers. The rod
release amplifiers have characteristics such that as the input from the
sigma bus goes either up above a certain voltage or down below a
certain voltage, the output signal to the rod holding o¥ latehing
mechanism goes down. Thus, for reactor power increasing and the
resulting sigma bus voltage increase, or for shorting of the sigma
bus resulting in a voltage decrease, the output signal decreases
sufficiently to release the safety rods into the reactor.. This

system is commonly referred to as the "Fast Scram" or "Electronic
Scram" instrumentation since it can occur in the millisecond range

and does not require any mechanical relay operation. The "Slow

Seram" and "Reverse", discussed in the following paragraphs, are
usually initiated by recorder level switches using relsys.

It is necessary to emphas1ze reasons for the
appllcation of either the reverse or scram in a reactor of this type.
If the reactor core were to be only of one type, and futther, if this
type is not modified substantially, a set of non-variable limits could -
be established for such parameters as coolant pressure, temperature
and flow rate and, as a back-up, the neutron flux level. There should
be adequate flex1b111ty for the operators to set these limitations
according to each individual core, after detailed engineering calcu-
lations have substantiated these numbers. The same considerations
should govern the use of these power reductions as dictated by the
conditions under which the various experimental loops will be
operated. The method by which an experiment can shut down the reactor
is discussed in Section 7.335. There are, however, some corrections
which must teke place (if necessary) in the routine startup of any
reactor. Among these are startup period limitation, and interlocks to
assure the core adequate startup source strength. Table T7.3A contains
some parameters and suggested set points.
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Table 7T.3A

'CORRECTIVE SIGNALS

Corrective Action - " Parameter
R ' | Neutron Level >~ 1.3 Np¥
E o _ Thermal Power Level >~ 1.3 Np
v oL Coolant Temperature
E o - | Coolant Flow
R ’ Coolant Pressure ‘ '
s ¢ Mahual Operation above 3N, **
E © High Radiation Level at Coolant

Outlet
Experiment Intérlocks
Reactor Period < 5 Seconds

S ‘ ' Neutron Level>~ ‘1.5 Np
c ‘ " | Reactor Period <~ J.Second
R " Thermal Power lLevel >~ 1.5 [

M . Coolant Pressure
Coolant A P
Coolant Flow -
Ioss of Instrument Voltage
* Np & Full Power Loss of Purchased Power

g

% NL . l% Full Power Ioss of Relay Bus Voltage

A R Coolant Temp. < 350°F, > 1.5 gl

Experimental Interlocks

The Reverse is an action, the purpose of which is
,.reduce power by running the rods in by their drive motors. .Reactivity '
“is reduced approximately uniformly until the actuating condition is.
relieved. When the trouble condition has been relieved the rods
will stop driving in, but the reactor will then be subcritical, perhaps
by & per cent or two, and the reactor power after a typical incident
will be down by two or three decades depending, of course, on how long
the rods have been reversed. The reactor is left in a condition from
which it is easy to recover and the original operating conditions
can be reached with minimum difficulty and time.

The Scram is the final and most drastic
corrective action which may be taken by the control system and results

'in complete shutdown. The ultimate safety of the reactor depends on

the existence of numerous independent means tf'or achieving the scram -
so that the probability of simultanecus failure of all is made
vanishingly small.

In the Table T7.3A an experimental interlock
allows the choice of any of the twa corrective signals desired.
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Thus, calculations are made of possible incidents that mey occur for
each individual experiment inserted in the reactor. The same criteria
are used as are used in the evaluation of the servo system and its over-
lap with the scram system discussed in Section 7.312. The choice of
the corrective signal required is made and when the experiment reaches
that particular limit of temperature, pressure, etc., the corrective
action is taken.

T7.33%0 Auxiliary Instrumentation.

T.331 Process Instrumentation. All important process
variables are recorded and displayed in the appropriate locations., Since
this instrumentation is fairly standard and straightforward as related
to reactor operation and control, it is not detailed here.

7.332 Fission Break Monitoring Instrumentation. There
are two fission break detectors, one on the vapor outlet on the degassing
tank and one on the stack. The degassing tank monitor will see direct
radiation increase from degassing of the organic coolant within approx-
imately a minute after the coolant has passed through the reactor. It
is ‘expected that a direct radiation technique is satisfactory for this
measurement as compared to the integrating technique used on the stack.
The stack has this same gas plus 16,000 cfm of air from the cubicles
passing through it. Scintillation counters with totalizers are used
for both gas and particulate monitors. The instantaneous level of
each is recorded in the control room.

T7.333 .Health Physics Instrumentation. Both direct
radiation and/or air monitoring is performed in each unit area of the
EOCR layout and all indications are remotely indicated and some
recorded in the Health Physics office. These monitor types are standard
in reactor areas and need not be considered in detail in this report.

Adequate protection is provided for personnel
monitoring including hand and foot counters and friskers for direct
radiation detection at entrances to the reactor building.

7.334  Auxiliary Thermocouples. With the temperatures
encountered in the organic coolant, the structure temperatures for the
reactor can be high. Thermocouples will be located at many points in
the container vessel, thermal shields, lead shield, concrete biological
shield, etc., in order to allow monitoring of pertinent points. These
will be recorded on multi-point recorders. -

T.335 Experiment Interlocks. Near each experiment
cubicle is located a panel with a switch and multiconductor plug for
access to the reactor supervisory safety system (scram, reverse),
The conduit carrying these wires will connect each cubicle to the
instrument room.
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7.400 Primary Coolant System

The reactor coolant system components are designed to provide . -
sufficient organic coolant flow to adequately cool the reactor core as 2
well as to dissipate the thermal energy of the reactor to the atmcsphere
in a safe and efficient manner. The primary loop is designed to remove
45 Mw of heat at a flow rate of 25,000 gpm w1th a reactor inlet tempera-
ture of 500°F and an outlet temperature of 526 F, Systems for mainten-
ance of coolant gas, HIB, and water content are included in this section
as well as the pressurizing system for the primary coolant system.

7.410 Primary Coolant Ioop (Fig. T7.4A). The primary coolant
system provides the necessary facilities to remove the heat generated
in the reattor core. The system is designed for a maximum heat-load
of U5 Mw at.the normal operating conditions of 500°F reactor inlet
temperature, .526°F outlet. temperature, 25,000 gpm flow and 150 psig

pressure, and the .system is designed for a maximum pressure of 300 psig h
at a temperasture of 8500F.

The system includes one main circulating pump, & liquid-
to-forced-air heat exchanger, a pressurizing and degassing system, a
purification system, valves, and instrumentation necessary to safely
cool the reactor fuel elements under normal and emergency operating
conditions. ' ‘

The primary pump (25,000 gpm, 170 ft tdh, 1250 hp) dis- -
charges coolant through the main 24-in. loop piping, through a butterfly
control valve and a'main inlet block valve into the reactor vessel. ' The
coolant flows down through the internal thermal shield, up through the } a
reactor core, and out of the 24-in. outlet pipe. The coolant then flows
through the main outlet block valve and the Gentile flow tube to a finned-
tube forced-draft air heat exchanger where the reactor thermal heat is
dissipated to the atmosphere. The coolant, after being cooled in the
heat exchanger, returns to the suction side of the main coolant pump.

A 500~gal capacity surge tank is connected to the main
24-in. coolant piping on the pump discharge to dampen pressure transients
which could result due to rapid coolant temperature fluctuations, when
the reactor is scrammed.

The system is pressurized by means of two pressurizing
and degassing pumps (200 gpm, 550 ft tdh, 40 hp), one of which is a
spare. The pumps take suction from a 10,000-gal capacity degassing tank,
and discharge coolant into the main system near the suction side of the
main coolant pump. The flow from the two degassing and pressurizing
pumps is measured by means-of an orifice which, via a flow recorder-
controller, positions a flow control valve to maintain a constant flow
from the degassing system into the main 24-in. coolant loop. Organic
is bled from the main loop system via a 3-in. pressure control valve
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positioned by means of a pressure recorder-controller which senses the
reactor coolant inlet pressure. The volume of coolant flowing through
the back pressure control valve to the degassing tank is equal to the
volume of liquid being pumped into the main system continuously by
the pressurizing pump, so that a constant primary coolant pressure is
maintained. More details of pressurizing system are given in Section

7.430.

7.411 Heat Exchangers. Three finned-tube heat ex-
exchangers, mounted on structural steel supports west of the reactor
building at an elevation of approximately 60 ft above the reactor core
center are connected in parallel to the 24-in. reactor outlet line;
Coolant from the three heat exchangers discharges into the 24-in. pump
suction piping. Coolant from the reactor flows through the tubes of
the heat exchanger and is cooled by forced-draft fans which blow air
across the finned tubes. BSpecifications for the heat exchangers are
as listed in Teble 7.4A. Since future reactor operation may be at
higher than design temperature, the performance of these exchangers
was calculated for several outlet organic temperatures at a 25,000 gpm
organic flow rate and the results are sumarized in Table T.4B.

The reactor coolant temperature is controlled
by a temperature recorder-controller which automatically positions the

‘heat exchanger top shutters to vary the air flow as required. Commercial

power failure,or low reactor coolant flowjsautomatically completely opens
the top shutters for maximum cooling at this time. An override to this
feature is provided so that the shutters can be manually closed after
the coolant temperature has decreased sufficiently. The reactor is
scrammed by low coolant flow .and loss of commercial power; Shutdown
cooling is provided by thermal circulation since no emergency cooling

. pumps are provided. A manual by-pass valve is installéd around the
-~ heat exchangers so that the coolant can be circulated through the pri-

mary system with the heat exchangers shut off.

An oil-fired heater equipped with a blower is
mounted below. the heat exchangers so that the coolant in the exchangers

" can be melted if it has solidified while the reactor is down.

7.412  Primary Pump. The primary coolant pump is a
four-stage vertical in-tank unit which pumps the coolant from the heat
exchangers into the reactor tank. The pump is mounted outside the
reactor building in a pump pit connected to the primary pump tunnel.

Specifications for the pump are given in
Table T.k4C.
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-Table T.4A

HEAT EXCHANGER SPECIFICATIONS

Ligquid Data »
Specific gravity at SOOOF 0.95
Specific heat, Btu/1b-CF 0.50 6‘
Flow, 1lbs/hr 11.9 x 10
Inlet temperature, OF 526
Outlet temperature, OF, 500
. Heat exchanged, Btu/hr 154 x 106
Air Data :
Elevation; ft 5400
Air temperature, maximum amblent, OF 100
‘Flow, -1bs/hr- 2.74 x 106
Materials and Construction
Tubes .Seamless Steel
Heat transfer area, ft2 ' ‘ 1,295 x 102
~Overall heat transfer coeff1c1ent Btu/hr-ft2 oF 4,18
log mean témperature difference, °F 290
Design. pressure, psig 300
Design temperature, OF 1000

Table 7. 4B
ORGANIC TEMPERATURE VS HEAT EXCHANGER CAPACITY*

Heat Removal

Organic Temperature : Organic Temperature
Leaving Heat Exchangers, OF ..Difference, OF Capacity, Mw
T 500 | , 26 B
600 33 57
700 , , - 39 68
800 46 80

% The adsumptions used ares (1) the air and organic mass flow rates are
constant, (2) the specific heat of the organic and air are constant at
0.5 and O 25 Btu/1b-°F respectively, and (3) the overall heat transfer

coellicienlt is constanl.

-~ 98 -

-



a,

Table 7.4C

PRIMARY PUMP SPECIFICATIONS

-Type ’ Vertical Turbine
§ . Stages : ' ’ _ Four ’ .
Design Pressure 300 psig ™
Head, ft ’ 170 : '
Flow 25,000 gpm
Temperature, °F = ' 1000
Material ' ) Stainless Steel
Connections ‘ Flanged, 300 psig
Seals : Double-Mechanical Non- Ieaklng
Motor, hp - 1250
- volts . 2400
- phase ' . 3

: Although the use of only one pump for pumping
the primary coolant may result in some reactor down time, proper prevent-
ative maintenance during scheduled reactor shutdowns will reduce this
down time to a minimum; however, some unplanned shutdowns are anticipated
from pump component failures. One pump is most economical and; because
it eliminates pump headers and isclation and check valves, it results-

in a simpler system. '

7.-413 valves. The two main 24-in. block valves on the
main loop piping are constructed .of stainless steel because these valves
must -be corrosion resistant to the hot demineralized water used in the
flooding operations. The valves are located in a valve pit in the reactor
building and .are.accessible for servicing by removing a hatch cover.

The valves are motor-operated from the process control room and are also
equipped with hand wheels for manual manipulation. Position interlocks
on these valves, connected to reactor instrumentation, prevent closing
the valves while the reactor is at power or starting the reactor if
either of the two valves is closed.

The flow-control valve is a butterfly valve which
is motor-operated and manually controlled. This valve is also equipped
with reactor instrumentation interlocks to prevent closing the valve
while the reactor is at power or starting the reactor while the valve is
closed. This valve is capable of withstanding total pump head so that
the pump can be started with this valve closed, after which the valve
is slowly opened until the required flow is established.

7 414 TInstrumentation. The primary coolant system
1nstrumentat10n is designed to measure and control flow, pressures, and
temperatures which are necessary for safe operation of the reactor.
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The required coolant flow is controlled by
adjustment of the main process butterfly valve. The position of this
valve is set prior to reactor startup with minor adjustments being made
as the reactor is brought to operating power and the coolant temperature
increases. The coolant flow is measured by means of a Gentile tube,
and the flow is recorded in the process control room .and the reactor
control room. Reactor power reductions are initiated by low flow as
measured by the flow tube.

Four resistance bulbs, located in the main inlet
piping upstream of the butterfly valve, monitor the reactor coolant inlet
temperature. This temperature is recorded in both control rooms, and the
temperature recorder-controller positions the heat exchanger shutters to
automatically maintain the required coolant inlet temperature. Ioss of
commercial power and low coolant flow overrides temperature control of
the shutters so that maximum cooling is obtained under conditions of low
flow or loss of commercial power.

Four additional resistance bulbs installed in the
reactor coolant outlet line measure the coolant outlet temperature.
Signals from the coolant-inlet and -outlet temperature recorders are
transmitted to a temperature difference recorder whose signal is combined
with one from the flow recorder, and the integrated flow and temperature
difference is recorded on a power recorder. Reactor power reductions
are initiated by high AT, high inlet or outlet coolant temperature, and
by high reactor power. These parameters are recorded in both the reactor
control room and the process control room.

: The reactor coolant-inlet and -outlet pressures
are also recorded in both control rooms. The inlet pressure recorder-
controller positions the back pressure valve which is controlling the’

~ reactor coolant pressure. Loss of commercial electric power or low
inlet coolant pressure closes the back pressure valve completely so that
in an emergency coolant pressure is maintained.

The pressure drop through the reactor is measured
and recorded and .also initiates reactor power reductions when the pressure

drop decreases to a preset level. This device serves as backup instrumenta-

tion for the.flow recorder.

The pressure drop across the heat exchangers and
the outlet temperature from each heat exchanger nozzle are recorded
so that fouling or plugging of the heat exchanger tubes can be detected.
No reactor powér reductions are associated with these instruments.

Direct radiation instruments record the activity
of the reactor inlet and outlet coolant, and high outlet. radlatlon results
in a reactor power reduction.

7.415 Surge Tank. A 500-gal surge tank located in the
,main coolant valve pit and connected to the 24-in. reactor-coolant inlet
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line serves to dampen pressure surges in the coolant system,. . Nitrogen.
pressure is maintained above the coolant contained in this tank by
means of a pressure-controlled nitrogen header. The nitrogen is
supplied from &ix cylinders. Under normal operating conditions, the
tank is two-thirds full of organic while the other third is nitrogen
at system pressure at the discharge of the primary coolant pump. The
surge tank is equipped with a level indicator, high- and low-level.
alarms, a pressure recorder, high- and low-pressure alarms, and a
pressure-relief valve to prevent excessive tank pressures.

7.416 Miscellaneous Mechanical Design. The thermal
expansion problem is a major consideration in this system because the
piping and equipment will vary from ambient to 850°F. To eliminate
large expansion loops in the system, expansion joints are installed as
required with pipe guides, anchors, and hangers which are also designed
to handle thermal expansion and contraction.

Four pressure relief valves are installed in
the main process piping. Two of the four valves are located between the
reactor vessel and the reactor main outlet block valve. The other two
relief valves are located on the discharge side of the main coolant
pump. These valves relieve into the coolant dump tank.

Drain valves, installed throughout the system
at low points on the piping, permit draining the organic to the dump
tank. Vent valves at all high points in the system piping provide a
means of venting gases trapped in the system. Vents and drains are
manually operated with no automatic features.

7.420  Emergency Shutdown Cooling. Cooling of the reactor under
emergency conditions, i.e., loss of commercial power, is accomplished
by natural circulation of the coolant in the main coolant loop. The heat
exchangers, being mounted 60 ft above the core, provide the necessary
hot and cold legs to effect natural circulation of the coolant on loss of
the main coolant pump.

A difference of 25°F between the temperature of the coolant
to and from the heat exchanger results in a density difference equivalent
to a driving force of about 0.6 ft. This head is calculated to produce
an initial natural circulation flow rate of 1100 gpm, (refer to Section
6.500) providing the pump does not add any resistance to flow when
shutdown. The pump characteristics should be studied prior to estab-
lishing the final design of the system and provisions made to by-pass
the pump if necessary for adéquate natural circulation cooling after
a commercial power failure.

7.430 Degasification and Reactor Pressurization (Fig. 7.4B
and 7.4C). The degasification and reactor pressurization system is
provided to (l) remove gaseous decomposition products which result from
radiolytic and pyrolytic damage to the organic coolant, (2) remove water
from the coolant which is introduced as a result of reactor water-flooding

~ 101 -



operations, (3) maintain uniform pressure in the reactor and main heat
transfer loop system and, (4) provide for thermal expansion of the coolant.
The degasification vessel also serves as a reservoir for the displaced
coolant during reactor water-flooding operations. ‘(See Section 7.470).

7.431 Design Bases. The design bases for the degasifi-
cation and pressurizing system are given below.

1. Prgssurization..sThe system is designed to maintain reactor in-
let pressures up to 300 psi.

2. Coolant Dewatering. The degassing system is designed to reduce
the water content of the reactor vessel coolant from 4000 ppm to 600 ppm
in a period of two hours prior to.reactor startup while the system is
maintained at a temperature of 350°F. i

3. Coolant Degassing. The degassing system is designed to remove
water remaining after the dewatering operation and uwp 4o 3.5 scfm of cool-
ant decomposition gases by flashing 2 gpm of coolant and recovering the
veporized organic by partial condensation. Calculated soluble gas con-
centrations in the main coolant loop at 525°F and 850°F, as maintained
by the degassing system, are shown in Table T..4D.

. Table 7.4D

CALCULATED DEGASIFIER OPERATING PRESSURES
) AND MAIN IOOP GAS CONCENTRATIONS
AS A FUNCTION OF REACTOR OUTLET TEMPERATURE

Basis: 200 gpm flow to degassing system with 1% flashed.
Total Gas Generation: 0.5 scfm at 525°F and 3.5 scfm at 850°F

Reactor Outlet Temperature ,
525CF 850°F

Degasifier Operating Pressure,
psia* 1.2 53

Gas Concentration Maintained
in Main Coolant Loop, 0.03 O.k
cc(STP)/g Coolant

Saturation Gas Concentration at
50 psi Reactor Operating Pressure, 0.3 0.2
cc(STP)/g Coolant '

Saturation.Gas Concentration at .
150 psi Reéactor Operating Pressure, 0.8 1.3
ce(8TP)/g Cuulaul '

Saturation Gas Concentration at .
300 psi Reactor Operating Pressure, 1.7 2.6
cc(STP)/g Coolant

¥ Approximate only as pressure is varied as necessary to flash 1% of the
feed flow. Actual Operating pressure will vary depending on coolant
composition, actual gas generation rates and cooclant water content.
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L, Coolant Expansion.  The coolant system volume expands by about
LO00 gal as the system temperature is increased from.350°F to 850°F. 'The
degassing vessel is sized to hold this volume and still leave adequate
free space for coolant degassing.

5. Flltratlon. Very few data are gvailable on.coolant .filtra-
tion requirements for organic-cooled reactor systems at this time. It
has been assumed for this design that filtration of the 200-gpm side
stream flow to.the. degasifier through a 50-mesh scréen filter will main-
tain the SOlldS concentration in the reactor and main coolant loop sys-
tem at an acceptable level. Finer filter media can be installed after
reactor startup, if necessary.

7.432 - System Description. The degasification and
reactor pressurization system is a complete circuit originating in the
reactor outlet piping and terminating in the reactor dnlet piping. The
flow of coolant from the degasifier is regulated to the desired flow
rate by a.flow controller located downstream of the pressurizing pumps.
The .pressurizing pumps discharge upstream of the main-loop coolant pump
during normal operation and downstream of the main-loop reactor inlet
block valve during the dewatering operation. Flow of coolant to the
degasifier is regulated by a pressure control valve to maintain the
desired operating pressure in the reactor core. When the bulk coolant
temperature changes, the flow automatically varies to compensate for
the volume change. Under steady-state operating conditions, the flows
to and from the degasifier are equal. Two horizontal centrifugal
pressurizing pumps are provided. Each pump is capable of delivering
the design flow of 200 gpm. )

‘ The dega31f1er is a 10,000-gal horizontal
carbon-steel tank fitted with spray headers, to facilitate diffusion of
gases:'out of the organic feed stream, and a small steam heater provided
to maintain a 350°F temperature during dewatering operations. The
degasifier operates at pressures varying from about 1 psia to 60 psia,
as required to flash 1% of the feed stream; its operating pressure
depends on the composition and temperature of the entering coolant ‘
and is regulated by a pressure controller operating a control valve

on the vapor outlet of the after condenser.

Vapors leaving the degasifier pass through a
condenser, after-condenser, freeze trap, and water-vapor condenser to
remove condensible vapors and are then discharged to the cubicle ex-
‘haust system through either of two 1lO-scfm sliding-vane vacuum pumps.
'The condenser and after-condenser are operated at exit temperatures
approximately 75°F to 150°F and 200°F to 250°F lower than the degasi-
fier operating temperature, respectively, and at the same pressure as
the degasifier to condense the bulk of the organic from the vapor
stream and return it to the degasifier. The ifreeze trap is operated
at approximately l-psia pressure with a 150°F outlet temperature.
Under these conditions the organic vapors remaining in the vapor
stream freeze out on the heat transfer surfaces, and the water vapor



passes on to the water vapor condenser where it is condensed at approxi-
mately 7O°F. Two freeze traps are provided, each with a 150-1b- organic
capacity. The capacity of one trap is sufficient for the entire -de~
watering operation or for 24 hours of normal oOperation. When a trap is
loaded, as indicated by inability to maintain the 150°F outlet tempera-
ture, the alternate trap is placed in service, and the organie in the
loaded trap is melted and returned to the degasifier. Only one water
vapor trap is provided because it will not be necessary to remove water
vapors from the gas stream after the removal of water from the coolant
following system startup. (The 50-gal water capac1ty is adequate for
the entire dewatering operation).

Temperatures and pressures maintained by the
control instruments when the degassing system is operating with the
normal 5250F inlet temperature are indicated in Fig. 7.4B. The heat
loads indicated in this figure are the maximum lcads anticipated for
the degassing or dewatering operations. Maximum ratings of the de-
watering heater, freeze traps, and water-vapor condenser are deter-
mined by.the requirements of the dewatering operation. Maximum ratings

'of the degasifier condenser and after-condenser are determined by the
requirements of the degassing operation.

The coolant for the degasifier condenser and
after-condenser must be at a temperature which is high enough to pre-
vent freezing of the organic -liquid. A 250 psi pressurized water
system is used to supply high-temperature water for use as coolant.
This system is'also used' to cool the purification still condenser and
is shown in Fig. 7.4C.

Particulate matter (which may be present in
the circulating coolant as a result of coolant decomposition, corro-
sion or debris remaining from construction) is removed in 50-mesh
cartridge-type filters located upstream of the degasifier vessel.
Provisions are made to allow the substitution-of other filter media,
such as sintered stainless steel cartrldges, if filtration through
e finer media proves necessary in the -future.

7.440 Purification System (Fig. 7.4D).' The radiolytic and
pyrolytic decomposition of the organic coolant produces high-molecular-
weight compounds (high boilers or HB) which must be removed from the
coolant. The coolant purification system continuously removes these
compounds by a vacuum distillation process. - The system also removes
particulate matter and decontaminates  the coolant, as all solids and
most of the radioactivity in the coolant remain in the still-bottom
stream. In addition, all new coolant is processed through the puri-
fication unit before addition to the coolant system to insure that it
is free from impurities.

7.441 Design Bases. The purification system is de-
signed to separate 2000 1bs/hr of coolant feed econtaining 10% HB into
a distilled product stream containing 1.5-wt% HB and a residue stream
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containing 99.5-wt% HB. This design rate is adequate to maintain a 10%
HB content in the coolant system at the maximum anticipated reactor
operating temperature of 850°F. At normal reactor operating temperatures
and higher ‘coolant HB concentrations, the excess purification unit capa-
city is used to build up and maintain a 15,000-gal inventory of distilled
coolant to allow rapid replacement of the entire coolant system inventory,
if necessary.

7.442  System Description.. Coolant is withdrawn from
the main coolant loop, blended with the new coolant makeup 'stream, and
fed at a controlled rate to the 130 kw electrically-heated still pre-
heater. The preheater supplies the heat necessary to vaporize most of
the feed stream. The heated feed enters the upper section of the vacuum
distillation column where about 70% of it flashes to vapor. Both the
preheat temperature and still operating pressure are controlled to give
the desired exit vapor stream composition. Unflashed feed flows down
through a packed stripping sect’on where a countercurrent vapor stream
rising from the reboiler strips the terphenyl concentration down to
about 0.5 wt%. Reboiler heat is supplied by a 20-kw heater controlled
from the still-bottom temperature. The flash section of the distilla-
tion column is 30 in. in diameter by 5 ft high with a tangential feed
entry nozzle. The stripping section is 16 in. in diameter by about
12 ft high with an 8-ft-high packed section of l-1n.-by-l—1n. Raschlg
rings.

The HB residue stream leaving the bottom of
the distillation column flows to the 100-gal HB receiver vessel. From
this vessel it is pumped to the HB storage tank where radioactivity is
allowed to decay before it is ultimately discharged to drums for burial.

Vapors from the top of -the distillation column
are condensed in the still condenser and flow to the distillate receiver,
from which the distillate is pumped to the distilled-coolant storage
tank. Distilled coolant from this tank is pumped back to the coolant
system via the degassing tank as necessary to maintain the desired
coolant system inventory.

Temperatures and pressures shown in PFig. 7.4D
correspond to the operating requirements for the normal entering cool-
ant temperature of 525°F. At entering feed temperatures above TOOCF,
the still operating pressure must be increased in order to keep more
than the desired quantity of coolant from flashing and thus increasing
the HB content of the distillate. At an entering feed temperature of
8500F, the still operating pressure will be maintained at about 5 psia.

The degassing-system vacuum pumps are the
vacuum source for the purification unit. The distillate condenser is
cooled by high-temperature pressurized water from the system des-
cribed in Section T.430.
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7.450 Receiving, Storage and Makeup Systems (Fig. 7.4D). New
cgolant is received from the manufacturer at a rate of about 7500 gallons
per month in tank trucks. The coolant is melted within the truck by means
of a contained steam coil and discharged to the new-coolant storage tank.
The capacity of this tank (lS,OOO gal) is equivalent to a two-month
supply. The new coolant is pumped to the purification unit .from the
storage tank via a 5-gpm pump as required to maintain the distilled-
coolant storage-tank inventory at the desired level.

A 15,000-gal distilled-coolant storage tank is provided to
receive purified coolant from the purification unit. This tank maintains
a distilled coolant inventory large enough to completely displace &ll
coolant from the reactor and main coclant loop. Coolant from this vessel
is normally pumped via either of two 5-gpm makeup pumps to the degasifier
tank at rates concrolled to maintain the degasifier tank at the desired
operating level. Coolant from this vessel can also be pumped directly
into the system via the 100-gpm coolant fill-pump. This routing is used
during initial filling operations or when it is desired to displace con-
taminated coolant from the system. The distilled coolant tank is blank-
eted with dry nitrogen to prevent the coolant from absorbing water during
storage.

High-boiler wastes from the coolant purification system
are stored in a compartmented 10,000 gal storage tank to allow time
for the decay of the radiocactive components of this stream before it is
loaded into drums for disposal by burial. Average holdup time for the
wastes in this tank is about 30 days. Drum loading is accomplished via
a 5-gpm positive-displacement pump.

A 15,000-gal system dump tank is provided to contain the
entire reactor and main coolant loop coolant inventory should it become
necessary to drain the system for maintenance or to displace contaminated
coolant. Coolant from this tank may be routed back to the main coolant
loop via the 100-gpm system fill pump or to the purification unit via a
5-gpm feed pump.

The new-coolant and distilled-coolant storage tanks are
located above ground outside of the reactor building. The high-boiler-
residue storage tank is located underground in the same area outside
the building. The system dump tank is located underground next to the
subpile room under the reactor building. All of.these vessels and
their connecting lines are steam-traced and insulated to keep the con-
tents above the 3lOOF freezing temperature of Santowax R.

7.460 Insulation and Steam.Tracing. The piping and equipment
in.the process system (except for heat exchangers) is insulated to
minimize heat losses so that air temperatures in cubicles and pits do
not become excessive, and thermal heat in the equipment is.conserved
when the reactor is not operating. An additional function of insu-
lation is to permit melting the organic with a minimum steam load to
the steam tracing. '
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Piping with.-a nominal.diasmeter of 2 in. or larger is
insulated with.a high-temperature -insulation made from calcined diatoma-
ceous earth, magnesium carbonate and binders. This insulation material -
is covered with eighty-five per cent magnesia. Piping with a nominal
diameter of less than 2 in. is insulated with high-temperature insula-
tion only, and no eighty-five per cent magnesia covering is used to
cover the high temperature insulation. Tanks and vessels are insulated
in a manner similar to that used to insulate large piping.

Steam-tracing is installed on all organic piping and
equipment so that the organic does not freeze during reactor shutdowns
and tan be melted in piping and equipment in case it solidifies.

The steam-tracing is banded to the piping and equipment
and the tracers are covered with a heat.conducting cement to increase
the effective heat transfer area between the tracing and the piping and
equipment. Steam to the tracing is manually controlled as needed.
Traps are installed to adequately drain the condensate from the tracing,
and pressure relief valves are installed on the tracing to prevent ex-
cessive steam pressures if water is trapped in the tracing lines when
the coolant temperature increases above 350°F.

7.470 Water-Flooding (Fig. 7.4E). When the reactor is shut-
down for in-tank work, the primary coolant will continue to be circulated
until the temperature of the organic coolant is reduced to 350°F. The
reactor tank is then isolated from the primary coolant system by closing
the 24-in. main block valves. The water-flooding valve at the top of
the tank is opened, and the remotely operated motor valve at the bottom
of the reactor tank is slowly opened. Hot demineralized water at 3500F
to 375°F flows from the water~flooding storage tank into the top of the
reactor, displacing organic from the reactor tank into the' degassing
tank. The organic continues to flow out the bottom of the tank while
350°F demineraliczed water flows in the top. Flow is maintained at
about 200 gpm until all of the organic has been transferred from the
reactor tank to the degassing tank. When hot water begins to flow
out the bottom of the tank, a pressure increase on the pressure gauge
down stream ot the motor valve is noted due to flashing of the hot
water down stream of the water valve. Flow to the degassing tank in-
creases as the 350°F water flashes down stream of the motor valve. At
this time, the bottom drain valve is closed to prevent water from en-
tering the degassing tank. The 2-in. drain line containing organic
and some hot water is now isolated from the 3-in. degassing line and
drained to the system dump tank. The two 2k-in. primary coolant lines
between the main 24-in. block valves and the tank are also drained to
the system dump tank until water appears in the sight glasses, and
then the drain valves arc closcd.

The reactor tank and 24-in. coolant piping to the
block valves now contain 350°F water. The water flooding pump is now
started, and the cold demineralized water is admitted to the 2-in. tank
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drain line at 100 to 200 gpm as indicated by the high-pressure de-
mineralized water flow indicator. The hot water in the reactor tank

is displaced into the water-flooding storage tank; until the reactor-
tank water temperature has been reduced to 180°F or less. At this time,
the top and bottom flooding valves are closed, the high pressure deminer-
alized water pump is shut off, the tank water level is lowered 6 to 8
inches, and the top head is removed to dry dock. That section of the
canal over the reactor vessel is filled with demineralized water at a
flow rate of 1000 gpm. When this section of the canal is full, the
bulkhead is removed, and fuel transfer and in-tank work are started.

When all in-tank work is completed, the bulkhead is
replaced in the canal, the canal section over the reactor is drained,
and the top tank closure is replaced. Hot demineralized water from
the water-flooding storage tank is again admitted to the top of the
reactor vessel, and the cold water is drained to warm wastg. When
the water in the vessel reaches a temperature of about 350 F (a steam
injector is provided to supply additional heat to the water), the hot
water flow is Shut off, and a pressurizing pump is started which pumps
organic at 350 F into the reactor tank, pressurizing the hot water back
into the water-flooding storage tank. Four 2-in. check valves spaced
around the top of the inner tank open by gravity when there is no flow
in the reactor. When the main flow is raised to 25,000 gpm, the pressure
drop aéross these checks will be equal to the core pressure drop which
will close these valves. These valves are needed only when the organic
is returned to the tank after water flooding so that the water between
the outer tank and the inner tank can be purged out by organic. When
the reactor vessel is full of organic, and all the hot water has been
displaced, the degassing system processes the, coolant in the reactor

tank to remove any water that has been trapped in the vessel and piping.

~
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7.500 Utilities (Summary given in Table 7.5A at end of section)

The EOCR site (except for commercial electrical power, organic
coolant, fuel oil, and chemicals) is essentially self-sufficient. Water
is pumped and treated at the site, air is furnished by motor-driven air
compressors, heat is furnished by oil-fired boilers, aqueous wastes are
disposed of in a leaching pond, and gaseous wastes are discharged to the
atmosphere, C

Commerciel electric power is furnished from SPERT substation via
a two mile 13.8 kva feeder; organic coolant, fuel oil, and chemicels are
transported to the site by commercial carriers; telephone service is
furnished by commercially installed and serviced telephones; and mobile fire
protection is furnished by the NRTS fire department. Hot waste burial is
provided at the existing NRIS burial ground. )

7.510 Electrical Power (Fig. 7.5A). Electric power for the EOCR
is provided by commercial NRTS power from SPERT substation and by a plant-
installed motor-generator<battery unit, which provides failure-free power
for 20 to 30 minutes after power failure.

— ° T7.511  Commercial Power. The total connected plant load
is about 3400 kva. These loads are summarized in Fig. 7.5A.

7.512 Failure-Free Power. One 125 kw-generator, driven
by a 200 hp electric motor, supplies the total failure-free power require-
ments for the plant and experiments. One 15-hp dc motor-driven 10-kw ac
generator set supplies reactor instrumentation power. The batteries for
this unit are charged by the 125 kw-generator set.

7.520 Water Systemé.

7.521 Raw Water.(Fig. 7.5B). Water from the deep well
is pumped from 400 to 500 ft below grade by one deep well pump (500 gpm,
600 ft tdh, 100 hp). The water is chlorinated by means of an automatic
chlorinator before it enters the storage tank. The water is stored in a
200,000~gal ground-level steel storage tank. The storage tank is equipped
with a level indicator, high- and low-level alarms, and high- and low-level
well pump starting switches. A bypass around the storage tank permits
.operation of the water systems when the storage tank is cleaned or repaired.

Two service water pumps (150 gpm, 175 ft tdh, 10 hp),
one of which serves as a standby, furnish raw water for the sanitary require-
ments, demineralizer feed, air campressor cooling, air conditioner cooling,
experimental requirements, and the purification system freeze traps.

Firewater to the building sprinkler system and the
firewater loop which encircles the building is furnished by either of
two 2000-gpm, 175 ft-head. firewater pumps. The normal firewater pump is
driven by a 125-hp electric motor and is started automatically whenever
the firewater pressure decreases to 50 psig. A small line between the
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service water system and the firewater system maintains pressure in the
firewater system until a fire hydrant is opened or until the sprinkler
system is actuated. The standby firewater pump is powered by a diesel
engine and is started manually in the event of a power failure or failure
of the normal firewater pump. . Additional fire protection is provided by
dry chemical systems for the experimental cubicles, the purlflcatlon and
degassing cubicle, and the pipe tunnel and pump pit.

7.522 Demineralized Water (Fig. 7.5C). Demineralized
water for the canal, for the water flooding operation, for experimental
heat exchangers, and for boiler makeup is provided by treating raw water
in a conventional two-bed demineralizer. The demineralized water pro-
duced has a specific resistance of 200,000 to 500,000 ohms and a total
solid content of one to two ppm. Two sulfuric acid regenerated cation
units, one degasifier equipped with a blower, two degasified water
pumps (60 gpm, 140 ft tdh, 2.5 hp)--one of which is a spare--and two
caustic regenerated anion units produce 60 gpm of demineralized water.
The demineralized water is stored in a 50,000-gal stainless-steel ground-
level storage tank. The tank is equipped with an overflow, a water level
indicator, and high-and low-level alarms.

Water for the laboratory, canal, experiments and
boilers is furnished by either of two demineralized water pumps (75 gpm,
40O £t tdh, 10 hp). A third pump (200 gpm, 40O f+ tdh, 25 hp) is used
intermittently to supply demineralized water for the water flooding opera-
tion.

The canal purge is estimated to be 10 gpm, but, in
case fast fill of a section of the canal is required, an 8-in. stainless-
steel line from the demineralized water storage tank to the canal provides
for filling at a(;ate of 1000 gpm or more by gravity.

One 1000~gal concentrated-sulfuric-acid-storage
tank and one lO()O—gal 50%~caustic storage tank, located outside the
utilities section of the building, store sufficient demineralizer chemicals
for a month or more of operation at a maximum flow rate.. No acid or caustic
transfer pumps are provided since the chemical proportioning pumps for
enion and cation regeneration take suction from the bottoms of the storage
tanks. The caustic tank is heated to 85°F by means of an internal steam
heater to facilitate pumping.

. 7.530 Plant and Instrument Air (Fig. 7.5D). Two 200-scfm two-
stage reciprocating air compressors, one of which is a standby, deliver
air -at 150 psig to a 1000-cu~ft air receiver. The two-inch plant air
header is supplied directly from the receiver through a two-inch motor
valve which sutomatically closes if the receiver pressure drops to 100 psig
s0 that an adequate air. supply is reserved in the receiver to operate instru-
ments and motor valves. -The instrument air is dried in one of two steam-
regenerated silica-gel driers. The instrument air, after leaving the
driers, is reduced to 100 psig ty means of a pressure-controlled motor
valve. Instrument air at 100 psig is delivered to the two-inch instrument
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air header. Instrument air is further reduced to 15 or 30 psig by small
locally mounted pressure reducing valves.

No emergency or failure-free power is supplied to the air
compressors, because the air receiver is large enough to supply instrument
air requirements for thirty to sixty minutes after power failure. This
is estimated to be sufficient time to permit an orderly shutdown of the
plant before all instrument air pressure is lost. :

7.540 - Steam Plant (Fig. 7.5E). Two 5000-pound-per-hour water
tube boilers, one of which is a standby, are located in the utilities
area. These bollers supply saturated steam to the plant facilities and
the experiments via a 2.5-inch steam header. The boilers are packaged
type, equipped with the conventional safeties and controls, and burn
steam-atomized No. 6 fuel oil. Demineralized water is supplied for
make~up.

Auxiliary equipment includes a 12,500-pound-per-hour
deaerating feed water heater, -two motor-driven feed water pumps (25 gpm,
700 ft tdh, 7.5hp) and a 500-gal blowdown tank. Chemical feed systems
are also provided to treat the boiler water with disodium phosphates for
pH control and to treat the feed water with sodium sulfite for residual
oxygen removal. A

A 500-gal condensate surge tank located in the basement
area serves as a collection and surge tank for the condensate return
from the various facilities. Two motor-driven condensate pumps (25 gpn,
125 ft tdh, 1 hp) return the condensate from the tank to the feed water
heater.

One motor-driven fuel oil unloading pump (50 gpm, 5 hp),
two motor-driven fuel oil transfer pumps (2.5 gpm, 200 ft tdh, 0.5 hp),
two duplex fuel oil strainers, and two fuel oil heaters are located in
the oil pumphouse adjacent to the fuel oil storage tank.

The fuel oil storage tank has a storage capacity of
50,000 gallons. This storage volume is sufficient to fire one boiler
at a maximum rate for a period of 30 to 40 days. The storage tank is
insulated and equipped with a suction heater. The oil pumped to the
boilers in excess of that burned is recirculated to the storage tank.
Two displacement type meters, installed in fuel oil supply and return
lines, measure the quantity of oil burned.

T7-550 Utilities for Experiments. Raw water, demineralized
water, pressurized water, instrument air, steam, cubicle exhaust air,
failure-free and commercial.power are supplied to the experiments by
plant-installed utilities. The experimental utility requirements have
been included in the estimates made in sizing the plant equipment. The
quantities required for experiments are given in Section 8.500.
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_ T7.560 Heating and Ventilating System (Fig. 7.5F). For heating
and ventilating purposes the building i$ divided into four general areas:
(1) the reactor first floor and .basement, (2) the reactor control and
instrument rooms, (3) the office building, and (4) the utilities building.
All areas, except the utilities area, are heated and ventilated by in-
dividual systems consisting of intake air filters, steam heating coils,
blowers, and supply and return ducts. The utilities area is heated by
wall-mounted unit heaters. Air conditioning is provided in the reactor
control and instrument rooms; all other areas have summer ventilation
only.

7.561 Reactor First Floor and Basement Areas. The
heating and ventilating equipment for the reactor first floor and base-
ment areas is located in the heating and ventilating room, which is in
the basement below the office area. The equipment consists of an out-
side screened intake and. intake plenum (common to three heating and
ventilating systems), washable filters, steam heating coils (equipped,
with temperature-controlled dampers and by-pass dampers), two 16,000-"
c¢fm 15-hp blowers, and a supply duct to the reactor area first floor
where the air is distributed through outlet grills.

The blowers are sized for six air changes per
hour, three of which are return .air during winter operation when 16,000
cfm of air is returned to the hlower room from the reactor first floor
area. For summer operation, no air is returned from the first floor -
area and 16,000 cfm of air is exhausted by two' 30-inch roof-mounted
exhaust fans (8000 cfm; 3 hp -each). -

Half of the 32,000-cfm supply air to the first
floor passes into the reactor area basement through openings through
first floor provided around the periphery of the area. All of the
supply air to the basement is exhausted to the stack via the cubicle
exhaust header and blowers. Since the experimental cublcles are
located in the basement and are potential sources of air contamination,
no air is returned from the basement area.

7.562 Reactor Control and Instrument Rooms. Six air
changes per hour are supplied to the control and instrument rooms by
one blower (1000 cfm, 1 hp). Supply air for the blower is taken from
the inteke air plenum through washable filters and steam heating coils
which are provided with temperature-controlled dampers and by-pass
dampers. The blower discharges through grilled openings in the supply
duct in the reactor control and instrument rooms. The system for these
rooms is & once-through system, and the inlet air is discharged through
louvered openings in the dnors. : :

Refrigeration coils in the inlet air duct cool
the air for summertime operation. One T7.5-ton packaged refrigeration
unit supplies the necessary cooling requirements of these two rooms.

\
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: 7.563 Office Area. 'The office ares heating and venti-
lating equipment consists of washable filters, steam heating coils (which
are equipped with temperature-controlled dampers and by-pass dampers),

and one supply blower (3000 cfm, 2.5 hp). Four air changes per hour, two-

of which are return air during the winter, are provided. For summer ,
operation, all of the supply air leaves the building through windows and
doors.

7.564 Utilities Area. The utilities area is heated by
two wall-mounted unit heaters. The units are equipped with inlet and
recirculating dampers that are manually controlled. The two blowers
(2400 cfm, 1 hp) provide for two air changes per hour. Two roof-mounted
exhaust fans (4500 cfm, 1.5 hp) provide six air changes per hour for
. summer ventilation purposes.

T.570. Waste Disposal. All aqueous wastes are disposed of at
the EOCR site using plant installed facilities. Solid wastes and HB are
disposed of by transporting them to the NRTS burial ground. Gaseous
wastes are exhausted to the atmosphere through a stack for dilution with
atmospheric air. :

- 7.571 Gaseous Waste. (Fig. 7.5G). The total volume of
air supplied to the reactor basement area is exhausted by means of two
cubicle exhaust blowers (8000 cfm, 15 hp) which discharge to a 30-inch
diameter steel stack mounted on the building roof. A suction header,
consisting of 24-in. and 36-in. diameter pipe, is installed near the
basement ceiling and along the basement walls. Six 12-inch nozzles
with adjustable dampers are connected to the experimental cubicles
and the one experimental purification cubicle, and exhaust 1000 cfm
from each of .these cubicles. These volumes of air enter the cubicles
from the general basement area. Four 12-inch nozzles with adjustable
dampers exhaust the basement area directly. One 20-inch nozzle
exhausts 4000 c¢fm from the primary coolant pipe tunnel and the pump
pit.

A 1h-inch nozzle is provided to exhaust 1500
cfm of air from the purification and degassing cubicle. Another 1k4-
inch nozzle which terminates on the reactor area first floor is pro-
vided to exhaust the reactor pit when the top closure is removed. An
estimated 1000 cfm of air is exhausted from the subpile room. The
building sump is also vented to this header, but the volume exhausted
from this source is small.

The total quantity of gas ﬂlaohargpd to the
stack is measured and recorded in the process control room. Gaseous
and particulate activities are also measured and recorded in the
process control room. .
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q.572 Aqueous Waste (Fig: 7.5H).. The aqueous plant
wastes {from the utilities area, the reactor area, the laboratory, and
the canal overflow and drains) flow by gravity to a 3000-gal concrete
sump located below the basement floor. The sump is vented to the
cubicle exhaust header to eliminate the possibility that gaseous - :
activity might contaminate the basement air. Two sump pumps (250 gpm, .-
100 ft tdh, 10 hp), one of which is a spare, pump the aqueous wastes
from the sump to a 6-inch vitrified clay line through which the waste
flows to the leaching pond. A level indicator controller automatically .
stops and starts the sump pumps. When a sump pump starts, a small
sampling pump also starts and continuously samples the waste being
discharged to the léaching pond so that a representative waste ‘sample.
is collected and is ‘analyzed for radioactivity. Elapsed time meters
actuated by the pump motor starters indicate the pump running time so
that the gallons of waste discharged from the sump can be calculated.

The demlnerallzer wastes, being hlghly corr081ve,

are dlschargeddlrectly to the vitrified clay line and are not -discharged

to the building sump. Waste piping within the building is constructed of
cast iron. ' Demineralizer sump drain lines are Duriron, and yard plplng

‘is vitrified clay.

‘The sanitary wastes drain to a 6-inch concrete
sewer main and flow by gravity to 'a concrete 1lift sump at the west end .
of the site. Either one of two level-controlled: sewage 1ift pumps
(50 gpm, 50 ft tdh, 1 hp) discharges the sewage.to a fenced stabilization
pond located west of the main plant area. The sewage pond is constructed
above grade and has an area of about one acre. The dikes. and bottom are
compacted to minimize percolation. The stabilization pond effluent flows
through a k-inch concrete pipe to the leaching pond. The overflow is
controlled by means of a shear gate installed in. the overflow line so
that the depth of the pond can be varied.

T7.573 HB Dlsgosal. HB, after sufficient decay time in
the HB storage tank, is pumped to 55-gal used oil drums and shipped to
the NRTS burial ground. At this time it doee not appear economically
sound to install a boiler for burning HB.

7.5T4 " Radioactive Solid Wastes. The disposal of all
solid ‘radicactive wastes is made by transporting the wastes by truck
to the NRTS burial ground. '

’

7.580 Communications. The communication system consists of
four main parts. Two-way intercom units with call buzzers are located
in all normal working areas and at ‘all experimental control panels,and
are connected to a master station in the reactor control room. The
praging system utilizes the intercom system with additional paging horns.

Two sound-powered circuits are also installed to provide
communications from the experimental control panels and remote areas
to the reactor control room.
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A manuval automatic-coding fire alarm system is installed
and consists of alarm boxes connected to a centralized relay and terminal
“strip unit. Low firewater pressure, low raw-water-storage-tank level,
starting of the fire pump, activation of a dry chemical system or the
sprinkler system,is coded and annunciates at the NRTS central fire
station as well as at the plant area.

The above communication systems supplement a commercially
installed and serviced telephone system which is connected to the exist-
ing NRTS commercial system.

T.590 Nitrogen Blanketing. The primary-coolant surge tank is
blanketed with nitrogen supplied from a nitrogen header which is siupplied by
six nitrogen bottles. The header pressure is reduced from cylinder
pressure to required pressure by means of a reducing valve. The surge
tank is protected from overpressure by means of a suitable pressure
relief valve installed on top of the surge tank. High- ahd low-pressure
alarms are also installed on the nitrogen header. :

A dry nitrogen blanket, at two-inch water gauge, is
provided on the distilled-coolant storage tank to prevent the absorption
of atmospheric moisture. Twenty nitrogen cylinders, connected to a
header, furnish the nitrogen through a pressure-reducing valve to the
storage tank. A pressure relief valve and a high-pressure alarm, in-
stalled on the nitrogen header, protect the storage tank from over
pressure. No nitrogen blanketing has been provided for the other stor-
age tanks. These tanks are vented to the atmosphere. The fire and
explosion hazards associated with this type of venting system should
be further investigated. )

Table T7.5A - SUMMARY OF UTILITIES

Electric Power .
Commercial, 13.8/2.4 kv 3,400 kva
Failure-Free, 480 volts 125 kva

Raw Water 500 gpm

Demineralized Water 60 gpm

Plant and Instrument Air 200 cfm

Steam, 250 psig - . 5,000 1b/hr

Gaseous Waste . 250 grm

Leaching Pond 10,000 ft2

Sewage Stabilization Pond 1 acre
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7.600 -Site, Bulldlngs and Facilities

- The following sections include a brief engineering description
of the EOCR site, buildings, structures and facilities. For purposes
of this report, it is assumed that the EOCR site is located in or closely
adjacent to the SPERT - OMRE complex at the National Reactor Testing
Station located west of Idaho Falls, Idaho.

7.610 Site Plan. The proposed plot plan for the EOCR site
is shown on Fig. Y,GA - EOCR Site Plan. The more important assumptions
used in the layout of the proposed area include the following:

1. Reactor containment shells will not be necessary.

2. Reactor primary coolant systems will be shielded or isolated
from areas normally occupied by personnel.

’

3. Prevailing wind direction will be as shown on the plot.
k.  An adequate supply of ground water will be available.

5. Liquid and gaseous wastes may be returned to the environment
under controlled conditions through a leaching bed and stack.

6. Reasonable space will be provided for future expansion.

T. The EOCR complex is dependent upon other areas for adminis-
trative, engineering, maintenance, finance, cafeteria, warehousing,
and other functions. .

The EOCR site is 400 ft wide in an east-west direction
by 370 ft-long in a north-south direction, not including the leaching
pond and sewage stabilization pond located west of the plant, or the
parking area located east of the plant. The site proper will be en-
closed by 7-ft high chain link fence topped by three strands of barbed
wire. Access to the site will be via the guard house and truck gate
located near the southeast corner of the site. Yard lights, located
on poles inside the fence, will provide perimeter lighting around the
entire EOCR site. Adequate roadways and sidewalks are provided to
serve various buildings and facilities as necessary.

Final location of the leaching pond and sewage stabi-
lization pond will be dependent upon sub-surface drainage. These ponds
will be fenced with net or barbed wire as specified by ‘the IDO Engineering
Standards Manual. The sewage stabilization pond is to be located at
least 800 ft from the nearest occupied building.

An asphalt-paved parking area approximately 100 ft wide

by 150 ft-long is provided east of the EOCR site and north of the plant
guard house for bus and other vehicle parking.
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Buildings and facilities associated with the EOCR
complex should be located and designed to allow for reasonable future
expansions, such as lengthening the reactor canal and reactor area.
Future additions (such as maintenance shops, office and laboratory -
areas, etc.) can be placed south or southwest of the reactor building.

7.620 Reactor Building. The reactor building is the only R
large building structure to be located at the EOCR site. The reactor,
operating area, office area, health physics lab, experimental equip-
ment and consoles, reactor process equipment, and the majority of the
plant utilities are all located in this building. The following
sections include a brief description of the reactor building as shown
on figures: )

Fig. T7.6B FOCR Reactor Building First Floor Plan

Fig. T7.6C  EOCR  Reactor Building  Basement Plan

Fig. T7.6D EOCR Reactor Building  Sub-Basement Plan ?
Fig. 7.6E EOCR Reactor Building Sectional Elevation "A-A"

Fig. T7.6F EOCR Reactor Building Sectional Elevation "B-B"

Fig. T7.6G . EOCR Reactor Building East Elevation .
Fig. T.6H EOCR Reactor Building North Elevation

7.621 Reactor Area First Floor. The first floor plan,
shown on Fig. 7.6B, includes the reactor area and office area; most of
the functions associated with these areas consist ©f housing ard operating
the reactor. -

The reactor area is located on the west side of
the south end of the reactor building and is 76 ft--long by 55 ft wide. -
The reactor vessel is located at the bottom of a 1l4-ft deep reactor pit
at the north end of an 8-ft wide by 30-ft long water-filled storage
canal, but is isolated from the canal by means of a removable bulkhead
with inflatable seals.

During reactor operation, the reactor pit will
be dry, and the reactor top head, including drives, will be located
there. When the reactor is shut down, the top head will be removed,
and the reactor pit will be flooded with water so that fuel assemblies,
control rods, etc., may be transferred directly to the canal without
utilizing shielded casks. (See Section 7.200 for handling facilities -
and procedures ).

Truck access to the reactor area is provided -
by a truck door located in the south end of the building, Personnel
access from outside of the reactor building or from other areas of the
reactor building is.provided as indicated on the above figure. Experi- -
mental equipment, fork 1lift, or other items to be located or, used in
the reactor area basement will be dropped through hatches located in the
first floor by a 30-ton bridge crane operating over the reactor area and
running in a north-south direction. This crane should have a 25-ft hook
clearance above the canal parapet. A 2-ton handling crane is located
above the bridge crane and operates-over the reactor pit and canal.
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Other items located on the first floor of the
reactor area are a dry dock for the reactor top head and two spiral
stairways for personnel access to the reactor area basement level.

- The office area is located east of the reactor
area and is 76 ft' long by 57 ft wide. This area includes the reactor
control room, reactor instrument room, instrument repair room, health
physics office, change room, shift supervisor's office, reactor '
superintendent's office, rest rooms, main entryway to the EOCR
reactor building, and a stamrwell leadlng to the reactor area
basement level.

7.622 Reactor Area Basement. The reactor area
basement is located directly beneath the reactor area and the office
area and provides a net agrea approximately 75 ft-long by 110 ft-
wide. (See Fig. 7.6C). The reactor and canal structures extend down-
ward through.this area. Surrounding these structures are future shielded
experimental~equipment cubicles and the primary-coolant valve cubicle.
Piping or instrumentation-lead access from in-pile experiments is pro-
vided by means of nozzles radiating from the reactor vessel below the
top head and by means of piping corridors around the reactor sub-pile
room located below the basement level. The experimental consoles would
be located east of the equipment cubicles. Net usable height above the
bascment floor is approximately 20 ft, and experimental consoles could
be installed on two levels by the future addition of a balcony in the.
console aresa, if requlred.

The reactor area basement also contains the
reactor-building heating.and ventilating equipment, access stairway
.to the sub-basement areas, and three stairways for access to the first
floor level. Equipment to be installed or used in the basement areas
would be dropped through hatches in the reactor area first floor by
means of the 30-ton bridge crane. ‘

7.623 Reactor Area Sub-Basement.(Sée Fig. 7.6D). The
reactor sub-pile room, piping corridors for experimental piping to the
experimental equipment cubicles located on the basement floor, reactor
building sump and sump pumps, system dump tank (organic), system fill
puwp, and dump tank feed pump are located in the sub-basement areas. A
6-ft wide stairway beginning near the east side of the basement area
extends directly down and west to the reactor sub-pile room. The ex-
perimental piping from in-pile tubes would extend through the reactor
vessel bottom head into the sub-pile room, out through radial holes in
the sub-pile room walls to the piping corridors around the sub-pile
room, and up to the experimental equipment cubicles located in the
basement area. Two fission chamber drives also operate in the reactor
sub-pile room.

Access to all other sub-btasement areas is pro-
vided from the corridor leading to the sub-pile room. Immediately out-
side of thc sub-pile room shielding wall and on both sides of the corridor,
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access doors lead- to the piping corridors encircling the reactor sub-
pile room structure. Immediately east of these doors are doorways
leading to the plant sump and system dump tank. The plant sump
(aqueous) is 10 ft wide by 10 ft long by 5 ft.-deep, and is located
below the sub-pile room floor level on the north side of the corridor.
Two sump pumps pump aqueous plant wastes to the leaching pond. The
system dump tank, system fill pump, and dump tank feed pump are
located south of the stairway leading to the sub-pile room, and should
be below the level of the reactor vessel bottom head. The reactor- dump
tank is a horizontal pressure vessel resting on reinforced concrete
saddles, is insulated and coated since it contains high temperature
organic (approx. 375°F) and is buried, and has a skirt on the north .
end which is attached to the south side of the pump room. The pressure
vesselwattachment to the pump room ‘should be water tight.

\

PR 7.624  Reactor Area Construction Details. The founda-
tions,- curtaln walls, basement floor, and first floor of the reactor
and office areas are of reinforced concrete construction as shown on
Figs. T.6E and T.6F. Representative floor loadings for various areas
should have approximatély the following values:

Reactor Area First Floor o 3000 lb/ft2
Reactor Area Basement 3000 1b/£t°
Control Room, Instrument Room,
‘and Health Physics Office 300-500 1béft2
Other Office Areas . 150 1b/ft
Canal 3000 1b/ft2 plus
Water Load

The high bay section of the reactor building over
the reactor area is of insulated panel or equivalent construction, and -
will extend approximately 50 ft above grade. Means are provided for
isolating this area from the office area and from the utilities area.

The office area section of the reactor'building.
is of concrete or pumice block construction with prestressed concrete
roof slabs and built-up gravel-covered roofing. This section will be
approximately 11 ft high.

7.625 Utilities and Process Areas. The process area
is located in the north end of the reactor building, and is approxi-
mately 49 ft long by 112 ft wide as illustrated by Fig. 7.6B. The pro-
cess control room, laboratory, two failure-free power motor-generator
sets, two boilers, two fire pumps, two plant air compressors, service
pumps, water flood pump, demineralizer unit and demineralized water
pumps, and the primary.coolant degassing, purification, and distillation
systems are all located in the utilities area. JIn addition; the elec-
trical switchgear is located over the process control room and the
battery room is located over the laboratory. The primary coolant,
degassing, and purification systems are located in a high bay reinforced
concrete cubicle located in the southwest corner of the utilities area.
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This cubiele will shield these process systems and will also support

the 30-inch diameter stack whose top is a minimum of 100 ft above

grade level. The experimental equipment cubiclés, process degassing
system, and other areds which might discharge or release contamination
will be vented to atmosphere via this stack. The experimental equipment
cubicle exhaust blowers are also located in a pumice block cubicle lo-
cated on‘'the roof of the utilities area, and the cubicle exhaust duct is
brought from the basement via a duct extending up through the southwest
corner of the process control room. Descriptions of process and utility
systems are given in Sections 7.400 and 7.500 of this report. . °

: The utilities area section of the reactor build-
ing is of concrete or pumice block construction with prestressed concrete
roof slabs and built-up gravel-covered roofing, except that the degassing,
purification, and filtration cubicle will be of reinforced concrete con-
struction. The utilities area of the reactor building will be approxi-
mately 21-ft-high, except that the above cubicle and cubicle housing the
experimental equipment exhaust blowers will extend above the roof line.

Access to the utilities area.is provided by
access doors from the reactor area, office area, and by a truck and
personnel door located in the north wall of the area.

Significant portions of the primary coolant
system are shown on Figs. 7.6B, 7.6E, and T7.6H, and will be discussed
here. The 24-inch diameter process lines extend westward from the
reactor vessel, through the primary coolant valve cubicle located in
the reactor area basement, and enter the primary coolant pump pit
located west of and just outside of the reactor building. After leaving
the primary coolant pump pit, the process lines extend westward through
a concrete pipe trench approximately 50 ft where they rise to the air-
cooled primary coolant heat exchangers. These heat exchangers are lo-
cated approximately 36 ft above grade on fireproofed steel columns with
reinforced concrete foundations.

A1l portions of the primary coolant piping and
other organic process piping will be insulated and steam traced, and
will be shielded by high density or reinforced concrete walls, except
the risers to the heat exchangers are not shielded. The area around
the heat exchangers will be fenced to control personnel access. In
the event of a fission break, it may be necessary to closely control
personnel access to that area west of the reactor building where the
primary pump and heat exchangers are located.

7.630 Miscellaneous Buildings and Structures. Usage of other
buildings and structures shown on Fig. 7.6A-EOCR Site Plan is self
explanatory. The 50,000-gallon fuel oil storage tank is located in a
diked area in the northwest sector of the site. Outside of the dike
and south of this storage tank is the fuel oil pump house. Immediately
east of the fuel oil storage tanks are the water well, caustic and acid
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storage tanks, raw water storage tank, demineralized water .storage

tank, and transformer yard. Power will be brought to the transformer .

yard from the SPERT substation via a high line, ‘and the capacity of

the SPERT substation’ will be .expanded to include the power requlreﬁv“;.'

ments for the EOCR site.

The air receiver is located just north of the
utilities area of the reactor bullding and west of the truck access
-door leading to that area. West of the utilities area and north
of the primar& coolant heat exchangers are three organic storage .
tanks. The westermmost tanK is buried with a small pump pit over
or near it. ' This tank will be used for HB storage, and HB will be
pumped from this tank into drums for disposal as requlred The -
other two organic storage tanks are located .above grade and will be -
used for new organlc and distilled organic storage.

The guard house is located near the southeast corner:

of the EOCR site. This building will be of pumice block or equlvalent
construction, and will be sized to meet the needs of the fac111ty
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8.000 LOOP AND EXPERIMENT FACILITIES

The standard core has two large experimental loops and three
small experimental loops locsted in the core as shown .in Fig. 4.1A.
In'addition, the core contains two rabbit facilities and space for
numerous lead-type experiments. Operation of these experiments will
require space in the reactor building, equipment both in-pile and out-
of-pile, and auxiliary utilities. A conceptual design of one typical
large loop and the equipment and utility needs for all of. the experiments
that are recommended for the initial EOCR loading are described in this
section. '

8.100 Design of a Typical Loop Experiment

A preliminary design of a typical large loop is presented .to
illustrate the type of facility that the EOCR will accommodate. The
re-entrant type loop described is designed to test a fuel element similar
to that proposed for the 300 Mwe forced convection power reactor}uexcept
that the inner-most ring of fuel pins in the test element s removed
to provide space for the coolant return. The basis of the design, estab-
lished from the objectives outlined in Section 3.000, is as follows:

Maximum Coolant Flow 7 500 gpm

Loop Coolant Temperature 900°F
Meximum Pressure in Loop 300 psi
Reactor Pressure . 100 psi
Maximum Reactor Temperature  TOOCF
Maximum Gemme Heating 10 watts/gm

The preliminary loop design was completed prior to establishing
the final reactor operating parameters; hience, the reactor operating pres-
sure 1s 150 psi instead of 100 psi, which was used as the design basis
for the loop. This change will probably result in sOme minor changes
in the wall thickness of the external tube of the in-pile tube assembly.

8.110 In-Pile Equipment. The in-plle equipment required for
a test loop consists of an in-pile tube and associated instrumentation.
The loop is a re-entrant type, in which the coolant enters and returns
from the experiment via a single pipe penetrating the reactor bottom
head. A cross-section of the in-pile tube is shown in Fig. 8.1A, and
the coolant path is shown in Fig. 8.1B. The fuel element is cooled by
coolant flowing upward past the fuel, which reverses direction .above
the test element and returns through the center hole in the fuel element.
Two concentric pipes are used to allow the flow to enter and return from
the reactor vessel through a single bottom head penetration. The in-pile

1. Bechtel Corporation and Atomics International, "Orgsnic Cooled Power
Reactor Study - 300 Mw Power Plant Conceptual Design", Supplement

No. 2, Report BCPI-1, June 26, 1959.
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tube is designed to operate at 9OOQF_with pressures up to 300 psi inside
the tube and 100 psi outside the tube. An air gap is provided to insu-
late the loop coolant from the reactor coolant.

The top of the in-pile tube extends to within about
2.5 ft of the top head!l and is flanged to permit easy access to remove .
and insert test fuel elements. The bottom of the tube penetrates the .
reactor bottom head and is sealed to the bottom head as shown in Fig.
8.1C. The inner and outer pipes, shown in Fig. 8.1C, are permitted to
move independently and the entire in-pile tube is allowed to move upward
to allow for thermal expansion. The in-pile tube is supported laterally
by the reactor lower head, lower grid plate, and upper spider, and the
load is supported in the subpile room.

Since the outer pressure tube is isolated from the loop
coolant by an air gap, tiue gamma heat (10 w/g meximum) produced in the
outer pressure .tube must be removed by the reactor coolant. The organic
in the region between fuel elements flows at velocities between 0.2 and
0.5 ft/sec, which will not be adequate to cool the pressure tube which
will generate a heat flux of about 90,000 Btu/hr-ft Provision is made
to allow reactor coolant to pass the outer loop pressure tube at veloc-
ities of about 5 ft/sec through a shroud around the in-pile tube like
that shown in Fig. 8.1A.

8.111 Insertion and Removal of loops and Test Pieces.
Although fuel can be removed directly into a cask if desired, the handling
of “in-pile tubes and fuel elements in loops is normally done when the
reactor vessel and in-pile tubes are filled with water. In-pile tubes
‘are inserted into the reactor through the top head and lowered through
the bottom head. The bottom end of the tube is equipped with mating sur-
faces that fit and line up with the bottom head seal plug. The seal plug
is supported by hydraulic jacks and as the tube mates the plug, the plug
is lowered to allow the tube to enter and pass through the bottom head.

Fuel pieces are removed after the loop coolant
in the experiment tube has .been replaced with water using a technique
gimilar to that described for flooding the reactor vessel. A draw bar
attached to the top of the fuel element, used to hold the fuel and return
tube in position during operation, is used as a handle to permit easy-
removal of the fuel piece after the top access flange is removed from
. the loop (refer to Fig. 8.1D).

8.120 OQut-of-Pile Equipment. The out-of-pile equipment for a
large loop consists of pumps, heat exchangers, degassing system, purifi-
cation system, make-up tank,.dump tank end associated-valves, piping and
instrumentation. Except for size the equipment is similar to the reactor

primary loop. A flow diagram for the loop equipment is shown in Fig. 8.1E.

1. Refer to Fig. T7.1A.
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Two 250-gpm pumps supply forced flow for cooling of the .
experiment. Failure-free power is provided for one of the pﬁmps to
provide shutdown heat removal for the first 1% minutes after loss of com-
mercial power. After this time heat will be removed from the experiment
by forcing coolant from the make-up tank to the dump tank by pressurizing
the make-up tank. If additional cooling time is required the .dump
tank may be pressurized and the coolant forced back to the make-up tank.

The heat exchangers are organic-to-boiling-water type
with temperature control provided by controlling the water side pressure
and- by-passing part of the main stream around the exchanger.

A-batch purification system capable of handling 60 1b/hr
is provided to control HB content. This system size is sufficient to
service the second large loop.

Pressure control is accompllshed by maintaining a nitrogen
blanket (from bottles) on the pressurizing tank which also acts as a
surge to provide for expansion and contraction of the coolant.

The degasifying system removes radiolytic gases from the
coolant by continuously flashing a portion of the coolant into a 30-gal
vacuum tank. The overhead vapors from the tank are fed to the primary
condenser which is cooled by 300°F demineralized water; non-condensibles
from the primary condenser are fed to a secondary condenser cooled by
cold water. Nitrogen is maintained on the system to reduce explosive
hazards. .

8.121  Instrumentation. ILoop instrumentation is provided
to allow automatic operation and provide a centrally located control
center. - This instrumentation is tied into the reactor control system to
provide reactor power reduction in case of experiment failure or loss of
loop control. The instrumentation is designed to measure and control flow,
temperature, and pressure of the loop continuously. In addition, instru-
mentation may in some cases be attached to the test sections and removed
from the top or bottom of the reactor as indicated in Fig. 8.1C.

The purification equipment used to remove HB from
coolant for ithe loops will be operated on a batch basis and will not
require any automatic instrumentation.

Safety circuits afe.provided on all measurements
in the loop that pertain to parameters vital to the safety of personnel,
the reactor, or loop equipment. An alarm will advise the operator of any
. abnormal conditions and automatic corrections will be provided wherever
practical.

Radiation instrumentation will be provided to
monltor activity in the equipment cubicles.
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’

8.200 Equipment and Space Requirements for all Experiment Loops in
Standard Core ' :

The previous section discusses the design of a typical large loop.
Provision is made in the design for a purification system that will also

distill coolant from the other large loop. Small loop purification will
be accomplished in the laboratory or by continuous purge. In addition to
purification of the coolant, provision is made for equipment and space
for operation of the other loops. These provisions, as well as the \
auxiliary utility and supporting services for all loops, are discussed
below. A ’

8.210 Equipment Reguirements. The equipment required for the
second large loop will be similar to the equipment shown for a typical
loop except for the purification system which is common to both large
locps. The heat exchanger used with the large loop not in the center
.position of the core will be smaller than the heat exchanger for the
typical loop, which is sized for the center position.

The equipment required for the small loops will be much
simpler than that used in the large loops since it will be possible to
maintain HB content and gas content of the coolant in the small loop by
addition of fresh coolant or laboratory batch distillation. Heat

exchangers for the small loops must be sized according to the loop.
The type of heat exchangers probably will be similar to the boiling
water type used in the typical loop design.

Out-of-pile equipment is required for two rabbit facili-
ties to permit insertion -and removal of tests while the reactor is oper-
ating. This equipment will have to be shielded so the operator can
remove radioactive samples of organic from the facility.

8.220 ~ Space Requirements. The five experimental loops that are
recommended for the standard EOCR core require shielded cubicle space for
process equipment and floor space for control panels. It is estimated
that about 3§OO square feet of floor space will be required for these loops.
Fig. T7.6C shows a typical floor plan with space allocated for cubicles and
panels, ' :

8.230 Utilities. The‘five loops will require power, water, steam,
and air to operate. A summary of the total utility requirements is given
in Table 8.2A. . .

Table 8.24

LOOP UTILITY REQUIREMENTS

Commercial Power 190 kw
Failure-Free Power 66 kw
Demineralized Water 38 gpm
Instrument Air . T.2 scfm
Steam 35 - 200 1b/hr
Utility Water 8 - 26 gpm
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8.240 Supporting Services. To get the desired. information from -
the operation of tests in loops, the organics being tested must be
analyzed to determine changes in properties and heat transfer characteris-
tics. A hot chemistry laboratory is necessary to permit chemical analysis
and distillation of organics being tested. A heat transfer facility is
necessary to deteérmine what changes in heat transfer properties occur to
the coolant as a result of irradiation and HB buildup. In addition, hot-
cell services must be available to permit examlnatlon of test specimens

+ and fuel elements after completlon of the tests.
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- 9.000 COSTS AND PERSONNEL
Estimates: of -the capital costs, operating-costs and personnel
requirements are given in this section. It is assumed, for both capital
cost estimates and operating cost estimates, that the reactor will be located
at the NRTS at a site removed from existing facilities.

9.100 Capital Costs

The estimated cost for the EOCR site, buildings, and systems
(excluding loops) is $6,310,000. A typical, very basic, large loop experi-
ment is estimated to cost $484, 000. The five loops reccommended for the
initial experiment loading in the EOCR are estimated to cost approximately
$1,800,000. The estimated cost breaskdown for the EOCR site, buildings,
and systems is presented in Table 9.1A. The cost breakdown for a basic
. large loop experiment is given in Table 9.1B. Due to the conceptual
nature and lack of detailed design on this project, the cost estimates
must be considered to be approximate. ‘

The exact location of the EOCR site is not known. For purposes
of this report, the EOCR site is assumed to be in, or adjacent to, the

' . SPERT-OMRE complex at the National Reactor Testing ‘Station lccated west

of Idaho Falls, Idaho.

The SPERT electrical substation is scheduled for expansion in
connection with other reactor programs at the NRTS. It is assumed that
this substation will be further expanded to cover the power requirements
for the EOCR site. A proportional share of this expansion cost and .the
cost of two miles of power transmission.lines are included in this estimate.

The cost estimate of $6,310,000 includes experiment utilities such
as deminerslized water, air,” commercial and failure-free power, aqueous
and gaseous waste disposal, etc., but does not include the cost of experi-
mental in-pile tubes or out-of-pile equipment. In order to accommodate
the experimental program approximately $200, 000 has been included in
the cost estimate for the initial installation of utility systems greater
than those required for actual reactor operation.

Items such as handling tools, fuel transfer cask, canal saw,
initial fuel charge, initial control rods, initial organic charge, etc.
are considered to be operating costs and are not included in this cost
estimate.. .Other items that will gffect the overall project cost that
are not covered by this cost estimate include land acquisition, communication
lines and access road to the EOCR site, land exploration and core drilling,
and developmental work necessary to accomplish the actual de51gn of this
reactor and its systems.
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Table 9.1A

COST ESTIMATE-EOCR SITE, BUILDINGS, AND SYSTEMS
\

Site Development

General Clearing and Grading $ 500
Security Fencing ‘ "~ 6,800
Perimeter Lighting ' 4,800
Sanitary Sewage Pond and Yard Lines 15,900
Leaching Pond and Yard Lines 9,500
Site Roads, Sldewalks and Parking Area v 13,500
Yard Electrical 67,200
Fire Water Loop ‘ 20,500
Steam and Condensate Lines ‘ 1,000
Raw Water System 75,600
Fuel Oil Storage and Piping ‘ 16,000
Storage Tanks-Demineralized Water, Acid and Caustic 69,000
Organic Storage Tanks . 29,000
Water Flooding Storage Tank 34,000
Sub-Total Site Development
Buildings
Guard House
Architectural and Structural 5,000
Electrical 1,000
Piping, Heating and Ventilating ’ 1,000
Mechanical Equipment 500
Communication and Alarms 5,000

Sub-Total Guard House

"Reactor Building

Architectural and Structural 750,000
Electrical . 110,200
Piping, Heating and Ventilating ' 95,900
Communication and Alarms ) 16,000
Mechanical
Reactor and Reactor Structure 683,500 .
Reactor Instrumentation 200,000
Nitrogen System 2,000
I'rimary LCoolant Uystem - 389,000
Pressurized Water Condenser Cooling 8,300
Degassing System 52,000
Purification and Storage System , 77,800
Water Flooding System 12,500
- Radiation Monitoring Equipment ’ 25,000
Chemistry Laboratory Furniture 4,000
Cranes 65,000
Aqueous Waste System : 8,000
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Table 9.1A (Cont'd)

COST ESTIMATE-EOCR SITE, BUILDINGS, AND SYSTEMS

Plant and Instrument Air System $ 23,000
Gaseous Waste System 41,100
Demineralized Water System - . ' 81,000
Fuel Oil System ) 1,000
.Fire Protection Systems 40,000
« . Fire Wdter System 28,500 .
Steam and Condensate System - 52,900
Raw and Doméstic Water Systems- 4 400
Electrical System 177,600

Sub-Total Reactor Building

Acceptance Testing

Direct Costs

Indirect Costs (25%)

Total Construction Costs _

Engineering Design and Inspection (20%)
Sub-Total

v

Contingency (25%)

$2,948,700
40,000

$3,36k4,500

841,100
$L, 205,600
. 841,100

$5,086,700

1,263,300 -

Grand Total-EOCR Site, Buildings, and Systems ,$6,310;ooo



Table 9.1B
COST ESTIMATE-EOCR BASIC LARGE LOOP EXPERIMENT

Instrﬁment and Electrical

Instrument Panel (Complete) $35,000

Transmitter Cubicle ' 116,000
Electrical Equipment 29,000
Labor- Instrument 7,200
Labor- Electrical 12,500
Sub-Total Instrument and Electrical $99, 700
Piping
Pipe 11,800
Valves 17,500
Insulation 2,000
Labor--Pipefitter and Welder 37,200

Sub-Total Piping ' 68,500

Equipmeht and Tanks

Pumps 14,000 -
Condensers 3,600
In-Pile Tube 50,000
Tanks 3,000
Miscellaneous Equipment 2,200
Insulation 2,500
Labor 8,400
Sub-Total Equipment and Tanks 4 83,700

Cubicle and Sample Station

Walls (High Density) 2,400
Shielded Dock 1,200
Miscellaneous 1,100
Labor ' 1,500
Sub-Total Cubicie and Sample Station 6!200
Direct Costs ' $258,100
Indirect Costs (25%) . 64,500
Total Construction Costs $322,600 .
Engineering Design and Inspection (20%) 6k, 500
LT Sub-Total $387,100
Contingency (25%) _ 96,900
Grand Total--Large Loop $u8L, 000
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9.200  Personuel. Requirements ($403,000)

Table 9.2A contains the estimated personnel requirements for the
direct onesite functions. Administrative services and indirect-site
services are provided for in Table 9.3B. Wage and salary rates currently
in effect at the MIR-ETR were used to estimate the cost of personal -
services. This estimate includes five per cent for employee benefits
and payroll taxes. - : :

‘Table 9.2A

N

PERSONNEL REQUIREMENTS

. Superintendent -1
Operations Superviéor . ‘ : o 1
Operations:

Shift Supervisors

Senior Reactor Technicians
Reactor Technicians
Utility Operator
. Utility Helpers -

OF®EF

Services:

Health Physics and Safety Supervisor
Health Physicists

Instrument and Electrical Supervisor
Senior Instrument Technician’
Instrument. Technicians

Electricians

Special Maintenance Supervisor
Mechanics - )
Mechanic Helpers

Janitor

Control Chemist

Lab Technician

Secretaries

Security Guards

EOCR Operating Staff

N3 l#«» FHERWODRDEE R &

9.300 Operating Costs (Other Than Labor) -

i

,  9.310 -Fuel and Control Rods ($369,000).- The estimate of nuclear
fuel cost is based on the following design criteria: (a) the reactor
operates 10, 000, Mwd/yr utilizing three fuel cores per year; (b) a core
loading consists of twenty-five fuel assemblies and twelve control fuel
assemblies; and (c) each fuel assembly and control fuel assembly contains
1.625 kg U-235. :

\
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Table 9.3A

COMPUTATION OF ANNUAL FUEL COST

Fabrication of. Fuel

25 core fuel assemblies x 3 loadings = 75 x $3,000 $225, 000
12 control fuel assemblies x 3 loadings = 36 x $l, 000 144, 000
. !
Total Fabrication Cost ' $369, 000

(Note: In addition to the above it is estimated that burnup, fuel
reprocessing and reconversion will amount to $880, 200 per year.
These costs are nonprogram and for thls reason are not included
in this report.)

9.320 Organic Coolants ($120,000). The cooling system capacity
is 135,000 pounds of organic liquid (15,000 gal); at an estimated price
of $0.20/1b the cost of the initial charge of coolant is $27,000. It is
estimated that make-up of coolant while the reactor is operating at full
power will amount to 2,400 1b/day or $h80/day The estimated annual
cost for make-up is $120,000

9.330 Materials and Services ($618,000).

Table 9.3B

OTHER EXPENSE

Annual Cost

Materials and Supplies $ 80, 000
Chemicais . , 3, 000
Fuel 0il ' ~ 7,000
Electricity 85, 000 .
Telephone and Telegraph 10, 000
Administrative and Site Services 433, 000 .

. $618, 000
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9.400 Annual Cost ($1,510,000)
A S

Table 9.L4A

. : ) *
ESTIMATED ANNUAL OPERATING COST

Annual Cost

Direct Personnel ' : ‘ $ 103,000
Nucléar Fuel Fabrication : 369,000
Organic Coolant \ 120,000
Matérials and Services ‘ - 618,060

Total . $1,510,000

%, Does not include depreciation costs which are non-program for
this type of operatlon.
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11.000 SELECTION OF EOCR CORE

The standard core, discussed in Sections 4.000 and 5.000, was
selected after studying a number of designs. The other cores, one
using cylindrical fuel elements, two using OMRE fuel elements, and one
flux trap core using both EOCR and OMRE type fuel elements, are pre-
sented in Figs. 11.1A through 11.1D.. A brief description of the cores,
summary of the physics calculations, and the basis for selection of the
EOCR core are given below. ~

11.100 Description of Cores

Drawings of the four core arrangements used for physics calcu-
lations are given in this section along with a summary of results.
All of the physics results presented in Tables 11.1A through 11.1D
correspond to rod positions at the end of the cycle. Thus, the power
densities shown for experiments and maximum-to-average flux ratios in
both the driver elements and the central loop are not the maximum that
can be attained by selective control rod.-programming.

Precise comparisons cannot be made between Tables 11.1A through
11.1D because experiment calculational models and.fuel loadings were
different. Table 11.1D is based on 7.5% enriched fuel in the experi-
ments whereas the other tables are for 2.5% enriched fuel in the experi-
ments. In Section 5.000 the power density in experiments with T7.5%
enriched fuel is shown to be about 1.9 times that of experiments with
2.5% enriched fuel. '

11.110 {Cylindrical Fuel Element Core. A core arrangement
using 6.375 in. cylindrical fuel elements, spaced in a 7.375 in.
triangular lattice, was considered for the EOCR because removal of"
one large fuel element provided space for a large experimental loop.
Physics calculations were made for this core, arranged as shown in
Fig. 11.1A with test fuel elements in each position containing 2.5%
enriched fuel.l ‘A summary of the results of the calculations is given
in Table 11.1A. The calculated keps for this core with 32 kg of U-235
was 1.13.

1. Bechtel Corporation and Atomics International, "Organic Cooled Power
Reactor Study - 300 Mw Power Plant Conceptual Design", Supplement
No. 2, Report BCPI-1, June 26, 1959. :
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Table 11.1A -

SUMMARY OF PHYSICS CALCULATIONS FCR INVOLUTE PIATE FUEL ELEMENT CORE
WITH 4O MW GENERATED IN DRIVER FUEL ELEMENTS -

Large Small Peripheral
Driver Center Off Center | Power Reactor
Assemblies Loop Loop Element
Flux 1 wast  Avg .21 2.50 2.90 0.78
x 10‘l o Max/Avg 1.88 1.ko 1.ko . 2.69
. |'Thermal =~ Avg 0.45 ~.0.88 0.2 041
Max/Avg 3.45 1.57 2.23 3.07
Pover Density¥ Avg --- 105 59 Ls
watts/ce Max’ --- 165 133 154

¥ Power gensity based on 2.5 per cent enriched fuel in tests.

11.120 OMRE Fuel Element Cores.

t

- Two core arrangements using

OMRE fuel elements were studied because OMRE fuel elements have been proven‘
One core, shown in Fig. 11.1B, has fuel elements
This core does not allow space for

for organic reactor use.
spaced on L4.5-in.

square centers.

loops larger than about 5.5 in. in
the OMRE core, shown in Fig. 11.1C, was designed to provide space for
a larger center loop.

summarized in Tables 11.1B and 11.1C.
positions were 2.5%

shown in the figures.

with 42.6 kg of U-235 and k for the flux trap core is 1. 23 with h6k5
Of U-235. eff

1. Bechtel Corporation and Atomics international,

The calculated

diameter.

A flux trap variation of

The physics calculations for these cores are

All fuel elements in test
enriched for these calculations and arranged as

for the OMRE-type core is 1.19

"Organic Cooled

Power Reactor Study - 300 Mw Power Plant Conceptual Design",

Report BCPI-1, Supplement No. 2, June 26,
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Table 11.1B

SUMMARY OF PHYSICS CAICUIATIONS FOR OMRE TYPE CORE
WITH 40 MW GENERATED IN DRIVER FUEL ELEMENTS

Iarge Small Peripheral
Driver Center Off Center | Power Reactor

Assemblies Loop Loop - Element
Flux ) Fast Avg 1.52 2.0 .| 1.70 0.77
x 10 Max/Avg 2.0k 1.ko 1.48 2.36

Thermal Avg 0.41 0.45 1.10 0.26
Max/Avg 3.59 1.74 1.65 3.18

Power Density¥* Avg -—- 57 124 31
watts/cc Max — 9 199 oL

* Power density based on 2.5 per cent enriched fuel in tests.

Table 11.1

C

SUMMARY OF PHYSICS CALCULATIONS FOR OMRE TYPE FLUX-TRAP CORE
WITH 40 MW GENERATED IN DRIVER FUEL ELEMENTS

'

Iarge Small Peripheral
Driver Center Off Center | Power Reactor
Assemblies Loop Loop Element
Flux_,) Fast  Avg 1.59 2.10 1.60 0.53
x 10 Max/Avg 2.08 1.47 1.k49 1.77
‘Thermal  Avg 0.39 0.99 1.10 0.20
Max/Avg 3.48 2.12 1.65 2.87
Power Density* Avg - 113 118 oL
watts/cc Max - 230 196 63
% Power density based on 2.5 per cent enriched fuel in tests.
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11.130 EQOCR Flux Trap Core.

A tlux trap varlallon of the

. standard core. is shown in Fig. 11.1D and a brief summary of physics
This core was made up of both
EOCR and OMRE type fuel elements. All test fuel elements used for
these calculations contained 7.5% enriched-fuel, and k pe is 1.167 with
45 kg of fuel in the core. '

calculations 1s given in Table 11.1D.

Table 11.1D

SUMMARY OF PHYSICS CALCULATIONS FCR EOCR FIUS TRAP CORE

WITH 4O MW GENERATED IN DRIVER FUEL ELEMENTS

Driver large Small large
Assemblies Center Off Center | Off Ccnter
Loop Loop Loop
Flux ) Fast  Avg 1.70 2.58 1.97 1.97 -
x 107 Max/Avg 2.20 1.43 1.52 1.64
Thermal  Avg|  0.36 . 0.57 0.43 0.35
Max/Avg 3.33 2.22 1.63 2.08
Power Density* Avg --- 177 134 116
watts/cc Max ——— 368 215 227

¥ Power density based on 7.5 per cent enriched fuel in tests.

11.200 Basis for Selection of the EOCR Core.

A comparison of some of the features of the cores studied with
the design requirements is presented in Table 11.2A. The maximum power
densities listed for a loop in the center of each of the cores are those
at the start of each reactor cycle with the central control rods pulled
and with the loops containing 7.5% enriched fuel elements. These values
are not on the same basis as the tables in Section 11.100. The numbers
shown for the cylindrical element core and the OMRE cores are obtained
by correcting the values shown in Tables 11.1A through 11.1C to apply to
7,5%.enriched fuel and the different rod configurations. The coolant
flow rates shown for all of the cores are based on total reactor flows
“that are about 5000 gpm higher than the flow required to cool only the
core camponents. This flow is necessary to cool the moderator and
expe;imental fuel elements in cure positions and allow for leakage between
components. The EOCR core coolant requirements are less than the require--
ments for thé other cores because the fuel elements for this core were
designed to make the most efficient possible use of the coolant for heat
transfer.

1. Bechtel Corporation and Atomics International; "Organic Cooled
Power Reactor Study - 300 Mw Power Plant Conceptual Design",
Report BCPI-1, Supplement No. 2, June 26, 1959.
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Table 11.2A

COMPARISON OF EOCR DESIGN REQUIREMENTS
WITH CALCUIATED PERFORMANCE OF -CORES AT 4O MW*

. Design ' EOCR
Design Requirements for Standard Cylindrical " OMRE
Feature Initial Tests Core Element Core Element Core
Number of 13 0.5" to 1.5" | 26 1.0 to 1.5" 6 1.0" OD
Test 0D oD 3 2.3" oD 4 2.5" oD
Positions 3 2.5" 0D Y 2.5" 0D .1 6.5" 0D 1 6.0" OD
2 6.5" 0D 2 6.5" 0D N
Number of 10 5.38" sq 20 5.5" sq 12 7.2" OD 4O L4.4" sq
Incore or larger
Positions
Maximum®*¥
Power : ‘
Density 300 . Los 405 338
in large .
Loops, w/cc '
Heat Flux : :
Driver _— 650, 000 560,000 700,000
Elements
Btu/hr-ft2
Reactor***
Coolant 25,000 25,000 28,000 ' 31,000
Flow ,
Required

* Based on cdhtrol rod positions corresponding to start of cycle.’
*¥ Power density bascd on 7.5% enriched fuel elements.

%% The total flow shown allows 5000 gpm for experiment coolant flow, leskage
flow past the core components, and for cooling the moderator.

Table 1112A shows that the peak power density in thée test positions
for the EOCR core are higher than for the other cores at the start of the
cycle. The average values for Lhe EOCR and €ylindrical element core at
the start of the cycle are about the same. At the end of the cycle the

. cylindrical element core gives power densities in the central test loop
about 15% greater than in the KOCR. However, the EOCR core will compare
favorably with the cylindrical core at all times if (1) the outer loops
in EOCR are replaced with fuel as in the.cylindrical element core and (2)
the loadings are adjusted to give the same keff'
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The OMRE element core is inferior to the standard core because
the smaller lattice does not permit adequate moderator around a large
loop. This results in the OMRE element core having about 45 per cent
lower maximum power density in a large loop than the standard core.

The flux trap variation of the standard core provided higher flux
in a central loop than the standard core; however, the standard core
configuration was selected because it met"the design objectives and
involved fewer complications in mechanical design. The standard core
also allows more flexibility in arrangement because all of the core
components are uniformly spaced. :

In summary, the reasons for selection of the EOCR core, with
4 in. square fuel elements spaced on 5.75 in. centers in a square
lattice, are as follows: (

1. The core has adequate experimental space to accommodate the
initial test requirements outlined in Section 3.000, and the core
contains enough fuel elesments to permit changes in the core arrangement
and addition of more experiments without significantly changing the
reactor operation.

2. Any or all of the driver fuel elements, except those in
positions adjacent to large loops, can be replaced by large power
reactor fuel elements without making any mechanical changes within
the reactor vessel.

3. The maximum power density available in a large center loop
meets the maximum design objectives with the EOCR operating at 4O Mw,
and Other core positions provide power densities suitable for
testing organics and fuels at conditions corresponding to proposed
power reactor operation.

b, The flat-plate fuel elements and econtrol rod assemblies
used as drivers can be fabricated without major development work.
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12.000 WATER FLOODING EXPERIMENTS

The method of handling fuel elements and in-pile equipment
described in Section T7.200 was chosen after several tests were performed
to demonstrate experimentally that hot organic could be replaced with
hot water and the water cooled or flushed until clear. Six tests were
conducted in a 40-gal vessel with different Santowax compositions to
determine: (l) how much organic remained on components after completlon
of the flushing operation, (2) how much mixing would occur between the
water and organic during flushing, (3) whether or not fuel elements would
stick to other components as a result of buildup of frozen Santowax, and
(4) how many flushings are required before the water becomes clear.

These tests, as described in the subsections that follow,
demonstrated conclusively that hot organic can be replaced with hot
water, that 3 to 5 cold water flushes clarify the water so the core
components are visible, and that the core components will remain free
of residue organic if the water temperature during the first flush is
kept well above the free21ng point of the organic. In test No. 6,
Santowax R was replaced with hot water that remained above 343°F durlng
the first flush and the dummy fuel element was nearly as ¢lean after
completion of the test as it was before the test, as shown.in.Fig..12.3E.

12.100 Organic Materials

Four organic compositions were used in the six tests. Unirradiated
Santowax OMP was used for two tests, a mixture of Santowax OMP and Santo-
wax R was used for one test, irradiated OMRE coolant with 27 per cent HB
was used for two tests, and Santowax R was used for one test.

The water content of the Santowax in the as-received-condition
was approximately 250 ppm. The maximum impurities present were chlorine,
2 ppm; iron, 1 ppm; sodium, O.7 ppm; and silicon, 0.5 ppm. The water
content of the irradiated OMRE coolant was approximately 40O ppm.

The melting point of Santowax R and OMP is about 300°F. The
1rrad1ated OMRE coolant was .liquid (though quite viscous) at room tem-
perature.

The density difference between liquid Santowax (both unirradiated
and irradiated) and water at various temperatures is approximately con-
stant (see Fig. 12.1A).

The solubllity of water in unirradiated Santowax R at 350 F is
approx1mately 8000 ppm.

1. R. H. F. Gercke, F. C. Silvey and G. Asanovich, "The Properties of
Santowax R (Mixed Terphenyl Isomers) as Organlc Moderator-Coolant"”,
Report NAA-SR-Memo-3223. :
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12.200 Test Apparatus and Procedures

The apparatus used for the tests consisted of a LO-gal pressure
vessel, which held organic to start the tests; a 66-gal tank, into which
the organic was transferred; and a 100-gal water tank, which supplied
hot water for the replacement and flush. The flow system is i1llustrated
in Fig. 12.2A.

An ETR fuel element was inserted into the pressure vessel to deter-
mine how much organic would remain between the fuel plates and if the
fuel element would stick in simulated grid plates. .The fuel-element
assembly, Fig, 12.2B, consisted of a dummy fuel element held upright by
plates and guide plate with clearances between the fuel element and the
bottom grid plate of 0.002 inch. The clearance between the top square
guide plate and face element was 0.004 inch, and the fuel element reoted
in a tapered grid plate. The assembly and fuel element was constructed
of aluminum alloy 6061.

12.210 Replacement of Organic. The Santowax and water for tests
l, 2, 3, and 6 were heated to 350°F. A globe valve in the exit line
from the pressure vessel was set to control the rate of flow, and an
attempt to maintain a constant pressure difference, and hence flow rate,
was made by applying nitrogen pressure on the water tank and by venting
the organic receiving tank. The OMRE irradiated coolant and water were
heated to 200°F in one replacement and 300°F in the last replacement.

The organic replacement rate was measured by diverting
the stream for a short period of time and also by establishing the time
for the total replacement to occur. .

12.220 Sempling. Samples of organic were taken at intervals
through a sampling line (Fig. 12.2A) on the downstream side of the flow
control valve. Samples of flush water were taken through the same
sampling line. The completion of organic replacement could be detected
by steam or water coming from the sampling line as well as by rapid rise
of pressure in the organic receiving tank.

12.230 Measurement of Clarity of the Water. The top of the
pressure vessel was removed after three flushes in the first two replace-
ments, after five flushes in the next three replacements, and after four
in the last. The depth of visibility of the fuel element assembly and
tank was noted both by spot light above and in two replacements by use
of a 1000-watt underwater lamp.

12.240 Organic and Water Analyses. The organic and water
analyses were performed by the Chemical Processing Plant staff of Phillips
Petroleum Company. . The analysis of organic for water content was made
by a modification of the Karl Fisher method using Karl Fisher's reagent,
water-methanol standard, and chloroform as the dissolution medium. The
precision of the organic analyses to be associated with the average (water
content of most samples 1,000-3,000 ppm) was a standard deviation of
+ 260 ppm.
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The analysis of the water for organic content was made
by extracting the organic into carbon tetrachloride and measuring the
absorption of the aromatic carbon-hydrogen bond on an infra-red spectromeder.
The precision was + 15% of the amount present with an approximate lower
limit of 2 ppm.

12.250 Organic Holdup on Fuel Element Surfaces. The organic
holdup on the fuel-element surfaces was examined visually and by estimating
the force to manually remove the fuel element from the grid plate assembly.

12.300 Results

) Six tests were run as indlcated in Table 12.3A which shows the
temperature conditions before and after transfer of the organic and the
flow rates of the organic-water interface. The tests with high melting
Santowax R and Santowax OMP demonstrated the importance of keeping the
Santowax from freezing during transfer. In test No. 6, where the flush

. water was kept above 3M3OF, 1ittle film remained on the fuel element after
the flush. 1In test numbers 1 to 3, where the water cooled to near the
freezing points of the mixtures, Santowax remained on the surfaces of the
fuel element. Table 12.3B gives the water content of the organic and the
organic content of the water. The samples indicated in the table as number
1 were taken shortly after the organic flow started, samples number 2
approximately in the middle of the replacement, and samples number 3 at
the end, but before the organic-water interface was detected.

Table 12.3A
ORGANIC FILOW RATES AND TEMPERATURE CONDITIONS

Test Number Organic Water . Water Watero T1ow Rate
and Temperature, °F | Temperature, °F |Pressure Temp., F|Through
Organic Before | After Before | After (1b/in2) at Vessel
Used Transfer|Transfer|Transfer|Transfer Removal (£t /min)
1 . 372 285 336 320 140 160 3.3
Santowax OMP
2 383 300 350 315~ 148 150 Initial 0.5
Santowax OMP Avg. 0.2
3
Santowax OMP 385 300 350 305 134 90 Initial 0.5
+ Santowax R . Avg. 0.2
)4- .
Irradiated 197 125 200 -——- 0 80 1.1
OMRE Coolant
>
Irradiated 300 -——- 300 287 58 80 1.4

OMRE Coolant

6 390 230 350 343 121 137 2.5
Santowax R
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Table 12.3B

WATER CONTENT OF ORGANIC AND ORGANIC CONTENT OF WATER .

Water Content
Test Of Organic {ppm) Organic Content of Water (ppm)

Sample Number Volume of Flush Water

1 2 3 2%%* 3 3.5 > 0.5

1 3,750 | = 115|25,000% L5 10 - -- _—
2 3,590 | 1,520 |32,400% 65 3 --- --- ---
3 1,340 | 2,000 |31,600% | = ~-- 7 = | pet¥etapiel "
11,385 382| 200 |1,200%¢ | 8,500%% | —ee 3 -
5 2,095 | 2,020 1,256 140 - b ——- 3
6 | 1,225 | 510| 1,275 7 3 | 1] ---

¥  Two phases present after sample cooled made sampling for analysis
uncertain. ’
Globules of organic in sample bottle (globules may have let go
from pipe surfaces).

*%% Numbers refer to volumes of flush water per volume of organic.

*¥

~

12.310 Flow Meaasarement and Uniformity of Samples. The flow
measurement at the start of the test was used to predict the sampling
times and the time for completion of transfer. The estimated time for
completion of transfer agreed well with the complétion time except

in test 2 and 3, wherein two values are given for the flow rate (Table

12,3A).

Most of the water present in the discharge line from
the pressure vessel was removed. by heating at the start of each test
(after draining under nitrogen pressure). The guantity of organic
(1-5 gal) used for flow measurement was used to purge the line before
the first organic sample was taken, however, sample 1 in tests 1 and 2
evidently contain water from the piping system.

Difficulty was also experienced for the firct fluch
water samples in which the organic phase would come through in globules,
and the size of the globule caught in the sample ecaused large deviations
in the organic content of the flush water sample. It 1s to be noted,
however, that no difficulty was experienced in determining the completion
of the replacement. The passing of the organic-water interface down
the fuel element and through the pipes was reasonably sharp.
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12.320 Drainage and Sticking of the Fuel Element. After the
desired number of flushes with water had been completed, the pressure
vessel was opened and the fuel element manually lifted out. .In the
first two tests with Santowax OMP the force required to 1lift the fuel
element was estimated as less than 50 pounds, with that for test 2
less than for test 1. In test 3 the force required to lift the fuel
element was estimated as greater than 100 pounds (the element was o
pried loose before lifting). In this test there was solid organic
between the fuel element and the guide plates and grid plates and
although the channels were not closed solid, there was some bridging
of organic between the fuel plates.

Fig. 12.3A shows the fuel element after completlon
of test 2 which used Santowax OMP at 350°F. (The fuel element
looked about the same after test 1). An organic film can be seen
on the surfaces with the heaviest film on the surface which is
located between the guide plate and top of the fuel element. It
is noted that the organic has drained from the slots on the bottom
end box leaving a thin overgll film. Fig. 12.3B shows the film on
the fuel element after test 5 with irradiated OMRE coolant. The
drainage is good, and the film appears to be of even thickness.

Fig. 12.3C(1) shows & view of the fuel plates and
coolant channels of the same fuel element shown in Fig. 12.3A. The
thickness of the film is greater in some places, but a maximum of -
less than half of the channel is filled. Fig. 12.3C(2) shows tha't
for test 5 with irradiated OMRE coolant, there is less film buildup.
Fig. 12,.3E shows that for test 6 there is little Santowax R remaining
on the surfaces or channels. The force required to 1lift the fuel
element was estimated at less than 100 pounds. It should be mentioned. ' -
that the force to remove an element in the ETR varies, sometimes
being as high as 100 pounds.

The force required to 1lift the fuel element in tests
4 and 5 using irradiated OMRE coolant was very low (not much greater
than with no organic).

12.330 Water Clarity Evaluation. In Fig. 12.3D the clarity
of the water after flushing is shown to be poor, after three flushes,
in test 2. The light from the underwater lamp almost remched extinction
when the lamp was at 7.5 feet (compare views (1), (2), and (3) for
test 2) It should be noted that the temperature of the water was
1500F hence steam bubbles contributed to the extinction. Table 12. 3B
also shows that after three flushes in all tests, the organic con-
tent of the water is greater than three ppm, and this is detectable
by sight as a colloidal dispersant in the water. View (4) of Fig.
12.3D shows that in test 5, after five flushes, the bottom of the
vessel can be detected along with some orgenic that was left from
test 3. The light spots are the result of reflections from scum on
the top of the water. Table 12.3B indicates that the organic con- -
tent of the water is three ppm or less after five flushes. The
temperature of the water at the time the picture was taken was 7OOF.
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The clarity of the water after four flushes (test 6) at 137°F was
such that the bottom grid could be seen through 5 ft of water.

The important variables affecting visibility through
the water were the temperature of the water, the colloidal organic
in the water, time for coalescence, and the removal of scum on top
of the water. ’

12.400 Discussion.

The effect of difference in the rate of the organic-water
interface (though it varied from 0.2 to 3.3 ft/min) moving past the
fuel element could not be detected in the six replacements conducted.
Tie drainage of organic at 3.3 ft/min in test 1 wae not much different
than at 0.2-0.5 ft/min. A rupture disc broke in test 1 (disc was
downstream from the flow control valve) necessitating stopping the
flow to replace the disc. - An organic ring was noticed on the fuel
element after removal at a position that would just about correspond
to the interface at the time of stoppage; however, the organic film
on the surface and in the channels was not much different from that
shown in Fig. 12.3A and Fig. 12.3C view (1) for test 2.

In test 3, in which the fuel element was difficult to remove,
there were two variables that mey have caused more organic to hold
up in the clearances, in the coolant channels, and on the fuel ele-
ment surfaces. These variables are: (1) lower organic temperature
during replacement, and (2) reuse of Santowax OMP from test 1 and 2
which had picked up a small amount of rust particles. From Table
12.3A it is seen that the water temperature in the pressure vessel
after replacement of the organic was lower than in test 2. This
correlates with the lower water pressure before transfer. Because
of baffling in the water tank it was possible to have and to retain
higher temperature water in the top of the tank, hence the reason
for the higher water pressure indicated in Table 12.3A for the same
water temperatures. The pressure vessel also had an appreciable
heat capacity, and further modification of the heating system before
test 6 was necessary to get a fairly uniform temperature throughout
the vessel and organic. Therefore, although the organic in test 3
was at a higher temperature before transfer and after transfer than
test 1 the replacement water (producing the organic-water interface)
was at a lower temperature. The higher temperature of organic after
transfer in test 3 as compared to test 1 (while the organic-water
-interface was at a lower temperature) can be explained by the hecat
ubtained from the piping system during the rather long transfer time
(50 minutes). This conclusion that holdup of the organic on the
surfaces was due to low interface temperature is borne out by the
organic which solidified in the bottom of the pressure vessel after
test 3 (see Fig. 12.3D view (4), and by test 6 using Santowex R.

The water after transfer was at 3M3OF and very little Santowax remained
on the surfaces, Fig. 12.3E.
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Any dirt on the surfaces (especially horizontal surfaces)
does increase the holdup Qf organic, but this effect will.decrease
with increase in temperature or decrease in melting point of organic;
e.g., as with test 4 and 5. )

The replacement rate of the organic over the range studied-
.was not found to affect the organic content of the water nor the
water content of the organic as seen in Table 12.3B. It is.believed
that the prevention of boiling during replacement and also the method
of steam blowoff which was used in order to flush with hot water is
of much greater importance to the problem of mixing of organic and
water than the flow rate. .

The volume of flush water used to give clear water at the
bottom of the 10 foot vessel was approximately 5 times the volume
of organic. The clarity of the water apparently depends upon the
extent of boiling during replacement and flushing, in addition to -
the volume of flush, and upon the temperature of the water and time
of standing. The colloidal organic had a tendency to coalesce and
settle out on standing.

The completion of replacement of the organic was not difficult
to detect, especially at the small bleed stream from the sampling line.
Completion could also be detected on the pressure gage on the organic ‘
tank. From the manner in which the water at the sampling line cleared, .
it is believed the organic-water interface passed fairly sharply
through the line. As is seen in Table 12.3B trouble was experienced -
with only two samples from globules breaking lose and passing into
the water samples. Results shown in Table 12.3B show, however,
that there is water above the saturation value passing with the
organic before the interface was detected, however the amount of
this high-water-content organic is estimated to be low.

When the organic became super-saturated with water and heat
was applied some frothing of the organic was noted as steam was
released. This tendency was not serious although noted with both
unirradiated and irradiated organic.

" The number of contacts between arganic and water before
saturation is reached was greater than one (see Table 12.3B). It
is realized that some water went into the organic tank at the end
of the replacement and was boiled off so that one run represents
more than one organic-water contact.
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FIG. 12.3A
FUEL ELEMENT AFTER WATER FLOODING USING
SANTOWAX OMP AT 350°F RUN No.2

FIG. 12.58B

FUEL ELEMENT AFTER WATER FLOODING USING IRRADIATED
OMRE COOLANT AT 300 °F. RUN No.5

P.P. Co.



(1
AFTER USING SANTOWAX OMP AT 350 °F. RUN No. 2

(2)
AFTER USING IRRADIATED OMRE COOLANT AT 300°F. RUN No.5

ElG: = l2.3C

VIEW OF FUEL ELEMENT PLATES THROUGH THE BOTTOM END BOX
PPCo.



(n (2)
UNDERWATER LAMP (1000 WATT) FACE-UP THROUGH UNDERWATER LAMP FACE-UP THROUGH 6 FEET OF
3 FEET OF WATER (3 FLUSHES, WATER AT |50°F) WATER (SAME CONDITIONS AS (1)
PRODUCES DIFFUSE LIGHT ACROSS DIAMETER OF
VESSEL, RUN No. 2

(3) (4)
UNDERWATER LAMP FACE-UP THROUGH 71/2 FEET UNDERWATER LAMP (1000 WATT) FACE-DOWN
OF WATER (SAME CONDITIONS AS (I) THROUGH 10 FEET OF WATER (5 FLUSHES WITH

WATER TEMPERATURE 70 °F.), RUN No. 5

FIG. 12.3D
CLARITY OF WATER AFTER FLUSHING

PRCo.
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FUEL ELEMENT AFTER ORGANIC - WATER CONTACT
IN TEST 6



13.000 FUEL ELEMENTS AND CONTROL RODS FOR EOCR

The selection of the type of fuel elements for the EOCR was based
on a study of published information on the present technology of organic-
reactor fuel elements, discussions with personnel at Atomics International
who developed the OMRE fuel element, and discussions of fuel element manu-
facture and cost with representatives of some of the prominent fuel fabri-
cators. As a result of this study, the driver fuel element design was
established as described in Section 4.000. Some of the materials that
might be used in orgaenic-reactor fuel elements, the fuel element designs
that were considered, and their fabricating costs are discussed below.

13,100 Fuel Elements

Stainless~steel-clad UOo-33 plate type fuel elements have been
proven to operate in organic reactors;- whereas, as pointed out in Section
1.000, the acceptability of other proposed elements, such as those employing
aluminum cladding, has not been demonstrated. Consequently, use of UOp-SS
in the driver fuel elements is desirable for at least the first reactor
core loading. The use of stainless steel rules out the possibility of
using extended-surface fuel elements because little improvement in heat
transfer can be obtained with fins and other types of extended surface
due to the relatively poor conductivity of stainless steel. Fuel ele-
ment geometries studied were based on either flat or curved fuel plates,
and the final fuel element selected for use as the driver fuel element is
a flat plate fuel element.

13.110 Materials. Several materials are campatible with organic
coolants and can be used as fuel and cladding materials for fuel elements.
The temperature of operation, however, eliminates the use of aluminum
alloys and other materials when the fuel element design depends upon the
strength properties. Although work is under way to develop powdered
aluminum materials as fuel element cladding,2)3 these materials have
not yet been proven for reactor use and were not considered as driver
elements for the initial loading.

13.120 Design. Four different fuel elements were considered
during development of the conceptual design. Two of these elements
were cylindrical in cross section and two rectangular with flat fuel
plates, as shown in Fig. 13.1A.

1. C. A. Trilling, "The OMRE - A Test of Organic Moderator Coolant Concept',
Proceedings of 1958 Geneva Conference, 9, Paper A/Conf.15/P-421 (1958).

2. General Nuclear Engineering Corporation, Power Reactor Technology, 2,

No. 4 (1959).

3. Civilian Reactor Fuel Element Review Group, "Report on Civilian
Reactor Fuel Elements", June 1959.

- 194 -



Cylindrical fuel elements of the size proposed for EOCR
use have never been fabricated. The feasibility and cost of fabrlcatlng
. the two possible plate configurations shown, i.e., with concentric fuel
tubes and involute fuel plates, were investigated by several fabricators.
The concentric tubular element would require fuel plates of séveral widths,
whereas the involute plates could be fabricated with all the fuel plates
having the same width. Consequently, the.cost of concentric tubular ele-
ments was estimated to be about twice the cost of involute-plate fuel
elements. Both types of elements require development. before acceptance
for EOCR use.

Flat«plate~type fuel elements of the OMRE design and
proposed EOCR design are also shown in Fig. 13.1A. ‘Although the fabri-
cation technique is well established, either type of fuel element would
require some development and testing at coolant velocities proposed in
EOCR. Since the 4-by~4-in. fuel element selected for the EOCR core
consists of two 2-by-L-in. segments, the fuel plates have a span of
two inches. Thus, the fuel element will be strong mechanically, but
it is possible that thermal stresses developed in the element during
reactor operation may be excessive. Thermal stresses will require
further study before a final design is established.

Three possible modified fuel elements are shown in Fig.
13.1B that might be developed for use as driver fuel elements for the
EOCR. The 4«in. square fuel element shown in Fig. 13.1B(1) is similar
to the driver element except the stainless steel center support plate
has been removed and two additional fuel plates added to the assembly.
This design change does not significantly change the amount of metal in
the fuel element. The fuel core area per plate is also increased since
the non-fuel regions adjacent to the center support plate are no longer
required. The addition of two fuel plates and the wider fuel core alloys
increases the total heat transfer area in the fuel element by about 20%
and would significantly reduce the required reactor coolant flow.

A tube bundle arranged as shown in Fig. 13.1B(2) could
provide more efficient cooling in the region of severe flux peaking in
the fuel element. Larger diameter lubes in the high flux outer ring of
the L-by=k-in. element would receive more coolant flow than the smaller
diameter tubes in the center of the fuel element. Fabrication of such
a tube bundle would be possible but would probably cost more than flat
plate elements of similar size.

The concentric square tube design shown in Fig. 13.1B(3),
or u slmllar concentrie round tube element, would provide an efficient
means of controlling the flow w1th1n a fuel element by spacing the
coolant chermels to maleh Lhe 'flux peaking. Fuel elements of this type
of construction have been fabricated but at a high development cost.

It may be practical to procure a few of these elements for the high
flux region of the ECOCR and obtain a higher reactor power level with
the same primery coolent flow.
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13.200 Control Rods

4

. Control rods of both the fuel-follower type and cruciform type,
were considered for use in the EOCR. The fuel-follower type is preferred
because this type does not interfere with test space between fuel elements
and it provides more reactivity control with a smaller number of rods.

The poison materials considered for use in the control rods
included those proposed for use in organic power reactors, which are
boron stainless, boron carbide, and europium oxide. For high temperature
operation of the EOCR any of these poison materials would have to be clad
with steel, and the cladding would provide the required strength to sup-
port the poison section. Europium oxide is too expensive to be used for
the relatively short lifetime expected of any control rod in EOCR use,
where it may be necessary to change the control rods for power core tests
like those propdsed in Section 3.500. Therefore, at the present time
boron carbide or boron stainless steel, in rod or powder form, clad with
stainless steel, appears to be the best choice of poison material. Some
development and test work™ may be required to prove the final design of
any control rod assembly. )

1. Refer to Section 19.000.
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14.000 REACTOR PHYSICS SUPPLEMENT

14.100 Calculational Methods and Consténts~

14.110 Calculational Methods. - Precise calculations of kefs and
of the flux distributions in reactors such as the EOCR and the OMRE are
difficult for a number of reasons. The spaced lattice intréduces a
heterogeneity that produces serious errors when muncorrected diffusion
theory is used. The relatively small size of the core casts some doubt
on the validity of conventional methods of treating heterogeneous reactors
as these methods have been developed for reactors large enough to be
considered. éssentially infinite in size. The constants for organic moder-
ators and organic--stainless steel mixtures have not been measured- over
the range of temperatures required for calculation of reactivity effects
in the EOCR. Even in water-moderated reactors it is still customary to
make empirical corrections to the constants in order to obtain satis-
factory agreement between ¢alculations and experiments. These empirical
corrections are not available tor organic-moderated reactors.

The methods for the calculations on the EOCR haye been
chosen to be satisfactory for the purposes of a conceptual design without
being inordinately time consuming or expensive. Time restrictions have
permitted only -a very limited amount of investigation and development of
methods and constants. The EOCR with its numerous test facilities cannot
be adequately represented by a one-dimensional model. The heterogeneous
corermakes it desirable to use two-dimensional transport theory approxi-
mations. However, such methods require excessive time on large computers
.and have not been considered feasible for this project. To at least
partially circumvent the difficulties resulting from the combination of
a heterogeneous core and the lack of one-dimensional symmetry two sets
of calculations have been made. The flux and power distributions are
determined by two-dimensional diffusion theory. Reactivity effects are
studied using a one-dimensional model and applying cell theory for '
heterogeneous reactors. Spherical harmonic approximations to transport
theory are used Lo calculate the flux distributicns in a cell and thus
determine corrections for a diffusion-theory calculation of reactivity.
The reference core ol Filg. 5.2A is investigated by both methods to
provide the necessary correlation. Two neutron groups are used for all
calculations of kerf. ©Since Santowax R with no high boiler residue is
used as moderator, the calculations apply to conditicns at startup.

An attempt has been made to be realistic without being
unduly conservative. Calculations of the OMRE reactivity, described in
Section 1L4.200, have been made and compared with measured values to
provide corrections for the calculated EOCR reactivities. The fuel
loading has been determined at temperature and with a typical array of
loops and experiments in the core. In the calculations of fuel burnup
and fission product formation allowances have been made for the non-
uniform flux distribution.
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To reduce the number of calculations a fuel loading
equivalentto 45 kg of U-235 for a core of 32 driver fuel elements is
used in most of the work. The final fuel loading is determined from
a study of the variation of keff with fuel loading and from the estimates
of the reactivity requirements for an operational core. Flux and power
distributions are given for. the 45 kg loading.

14.111 One-Dimensional Calculations. Prior to the one-
dimensional diffusion theory calculations of reactivity, corrections to
the thermal-absorption, Xps, and fission cross sections, Lop, are deter-
mined using spherical harmonic approximations to transport theory.
Separate corrections are determined for the flux depressions from the
coolant channels into the fuel plates and for the depression from the -
surrounding organic into the fuel element. For each correction two
thermal absorption cross sections are found. These are thehhgmogeneous
cross section, ZEQP, and the heterogeneous cross section, Zag , which
are defined by the following egquations. .

1.1 2.2 3.3
Zhom - \ Z2a +_V ZQa + V Z2a
Vo+%V +V

=1 .11 -2 2_2 -3 3 3
het . ﬂ2V Z:23, + @gV Z"28. +.ﬂ2V Z:23.\

> =
a @lvg + ¢22v + O,V

Where:
the superscripts designate the region.

V is the volume of the region.

i @2 is the average thermal flux.

het hom

The correction factor, Cpg, is then determined from the ratio on2 to Z5
: a a

het hom
Coa = 2oy /‘ZEa

A similar treatment is used to find the correction factor for the thermal
fission crose section. ' )

A double P spherical harmonics approximation is
used to find the average thermal fluxes required to make the corrections
for the fuel plate flux depressions. The computations are made using an
IBM-650 program developed at the Atomic Energy Division of Phillips
Petroleum Company.l

1. D: R. Metcalf and G. A. Cazier, "Double P Spherical Harmonics
Approximation in Slab Geometry'", ID0-16572, to be published.
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_ An infinite slab model is used, and three regions
are considered: the fuel matrix, the cladding and the organic. The source
is assumed to be constant in the organic and zero in the other regions.
Maxwellian cross sections are taken from a tabulation. These are used
because a more pronounced flux depression occurs than with Wigner-Wilkins
cross sections and better agreement with experiment is attained for kerfr.

The correction factors resulting from the double Py
computations are designated C%a and C%f for the absorption and fission cross
sections respectively. These corrections are relatively small, and the
effect on the thermal utilization is negligible except where small changes
in reactivity are important such as in finding the temperature coefficient.

The flux distributions within a cell, required in
obtaining the correction for flux depression from the surrounding organic
into the fuel element, are computed by a P3 spherical harmonics approxi-
mation; the IBM-650 program was developed by Weil.l An equal area cylindri-
cal model is used to represent the square cell in order to make a one-
dimensidnal calculation. The cell is divided into three regions, the
homogenized fuel plates and coolant channels, the stainless steel box
which forms the exterior portion of the fuel element and the organic
between the fuel elements. The sources for each region are obtained using
two-neutron-group diffusion theory with MUFT III and DONATE constants to
determine the average fast flux in each region. The source for a region
is the product of the average fast flux and removal cross section for the
region. The input data for the P, program are taken from the tabulation
of Maxwellian cross sections used with the double Py program.

The P3 correction factors are designated Céa and
C%f. These factors are significant and cannot be neglected. The P
approximation introduces an unknown amount of error into the determination
of the flux depression. The one-dimensional model and the .assumption of
zero leakage between cells introduce further errors. These effects may
be significant in detcrmining reactivity coefficients. However, it is
doubtful 1f the use of two-dimensional higher order approximations to
transport theory is justified until the cross sections and their vari-
ation with temperature are better known.

_— : : The one-dimensional calculations of the effective’
multiplication factor are made by two-neutron-group diffusion theory.

The DMM code for the IBM-650 is used to obtain the eigenvalue and flux
distributions.2 It is assumed that in the axial direction a reflector
savings can be added and the reactor represented by an equivalent bare
core. The actual core for the EOCR is represented by an equal-area
cylindrical model so that the actual three-dimensional problem is re-
duced to one dimension. '

1. J. Weil and P. Cabral, "P3 Flux Distribution", 650 Program Library,
File Number 8.2.01Lk.

2. E. J. leshan, et al., "Diffusion Multigroup Multiregion, DMM",
650 Program Library, Filc Number 8.2.015.
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The constants required are obtained from the
MUFT III and DONATE progrems for the IBM-650. The thermal absorption,
Loy, from DONATE is multiplied by the product of ck and Cga before
being put into DMM. A similar correction is used %or Zop. The value
of the removal cross section, IR, as obtained from MUFT III is modified
by using the age as determined in Section 14.121 in place of the age
from MUFT III. The relative flux distributions from the DMM program
are normalized using the‘relationship between power and flux shown below:

= (B) 2gp + B, Zpp)
P is the total power produced in the core.
V is the volume of the core.

C is the flSSlOgS per seccond to produce a unit of power: A value
of 3.15 x lO fissions per second to produce one megawatt is used.

The entire core is homogenized and represented by a single region. Ar-
essentially infinite reflector of organic is placed beyond the core.

14.112 Two-Dimensional Calculations. The two-dimensional
flux distributions are obtained from the PDQ program for the IBM-701+.l
Two-neutron-group diffusion theory is used without transport theory
corrections. MUFT III and DONATE constants are used without modification
of the thermal-absorption or fission cross sections. The removal cross
section from MUFT III is adjusted by the same method as used for the
one-dimensional calculations. The core is represented in rectangular
geometry with equal area approximations for the circular test facilities,
Each fuel element including the fuel plates, ‘organic in the coolant
channels and the box is individually homogenized. The same axial
reflector savings is used as for the one-dimensional calculations, and
an infinite organic reflector is placed outside of the core.

14.120 Constants A ’

14.121 Age In Hydrocarbons. The Fermi agc in hydro-
carbons has not been measured to date at high temperatures. In particular
no experimental data exist at any temperature for the ages in Santowax 0-M
and Santowax R. The Fermi ages for pure diphenyl and a stainless steel -
diphenyl mixture with a volume ratio of 0.2 at 185°F have been measured, 2
The terphenyl compounds Santowax O-M and Santowax R are quite similar to
diphenyl in slowing down neutrons.

The following equation was used to obtain the
Férmi sges for pure diphenyl and for a stainless steel - diphenyl volume
ratio of 0.2 as a function of temperature (see Fig. 14.1A).

1. ' G. G. Bilodeau, et al., "PDQ an IBM-704 Code to Solve the Two-
Dimensional Few-Group Neutron Diffusion Equations', WAPD-TM-TO,
August 1957.

2. R. 0. Williams, Jr., et al,, "Reactor Analysis of the Organic

‘ Moderated Reactor Experiment and Comparison with Experimental
Results", Paper No. 630, Second United Nations International Con-
ference on the Peaceful Uses of Atomic Energy, 12, 518-524, 1958.
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2

(1) = 7 12 ¥ o (1)
+ BV
o Po ..
(T) = age in mixture at temperature T.
To = age in pure diphenyl at experimental temperature To,.
V = metal-to-diphenyl volume ratio.
Lo = diphenyl density at temperature To.
©(T) = diphenyl density at temperature T,
B = a constant, independent of temperature. p

The quantity B was determined by nonnalizing.to the experimental age .
values for pure diphenyl and for the stainless steel - diphenyl volume
ratio of 0.2 at 185°F,

The variation of age with temperature for Santowax R
and Santowax 0-M was obtained by multiplying the age of diphenyl by the
"square of the ratio of the hydrogen atom density cf diphenyl to . that of
the terphenyl. The calculated age curves are.shown in Fig. 1k4.1A.

When the age for a mixture of Santowax and metal
is desired at a ‘Particular temperature, the ages for pure diphenyl and
stainless steel - diphenyl are used to determine the effect of the stain-
less steel in the Santowax. The effect of adding stainless steel to the
Santowax compounds is assumed as being the same as adding stainless steel
to diphenyl.

The MUFT III program for fast group constants
gives a lower age than determined from these curves especially at high
temperature. As discussed in Section 14.200 and shown in Fig. 14.24A,
the calculaped keff valves for OMRE using Fermi ages based on Fig. 14.1A
appear at present to be too high. Thus, if we' were to use the MUFT III
ages directly the calculatlons would be even further in disagreement
with experlment

lh 122 Reflector Savings. A total axial reflector
savings of lh cm has been used in all calculations of EOCR and OMRE
reactivity. This value is consistent with that determined for a
highly enriched reactor with stainless-steel fuel elements but with
light-water moderation and reflection. The axial leakage is suffi-
ciently small that any reasonable value for the reflector savings
used ie. eatisfactory for determining kerf. However, the change of
reflector savings with temperature may be significant in the calcu-
lation of reactivity coefficients. The calculation of the reflector
savings involves an iterative comparison of bare and reflected cores,
and time has not permitted -a determination of it as a function of
temperature. . ct
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14.123 Vertical Maximum-to-Average Flux Ratio. A vertical
maximum-to-average ratio of 1.4 is used in determining maximum fast- and
thermal-flux values from the average values. This ratio is computed
assuming a cosine vertical flux distribution extending from the center of
the core and becoming zero 7 cm, half of the total refléctor savings,
beyond the core. The average flux is found by integrating the cosine
from the center to the edge of the core and the maximum-to-average
ratio found from the following equation.

i

1 L ﬁk
T J s Frmy 9

(e}

Maximum-to-Average =

where: L is 1/2 the length of the active core.
R is 1/2 the total axial reflector savings.
A value of 1.39 is found and rounded to 1.k4.

14.124 Discussion and Tabulation of Constants. The fast-
group cinstants are obtained exclusively from MUFT III program for the '
IBM-6507 with the removal cross section modified as described in Section
14.110. For all diffusion-theory calculations the thermel-group constants
are obtained from the DONATE program for the IBM-65O.2 This program
averages the cross sections over a Wigner-Wilkins Spectrum. The Wigner-
Wilkins spectrum is known to be quite satisfactory for water-moderated
systems but may not be as applicable with organic because of the different
chemical bonding and molecular mass. However, for this study it is
considered satisfactory to assume that a hydrogen atom in organic is
equivalent to one in water. The cross sections required as input data
for MUFT III and DONATE are taken from Westinghouse decks. The Maxwellian
cross sections used in cglculating the transport-theory corrections are

taken from a tabulation.d> A value of 2.47 is used for Vv in the thermal
group.

Table 14.1A contains the constants for the
homogenized EOCR core. The correction factors are described in Section
14.110. Table 1L4.1B lists the constants for Santowax R used as the
reflector in calculations on the EOCR. Table 14.1C contains the con-
stants for the homogenized fuel element including the organic in the
coolant channels. For computations such as the temperature coefficient
the differences in the constants are important and more significant
figures are carried in Tables 14.1A and 14.1B than justified by the
accuracy of the measurements from which the coustants are obtained.

1. R. L. Hellens, et al., "Multigroup Fourier Transform Calculation
of MUFT III Code", WAPD-TM-L.

2. H. Amster and R. Suarez, "DONATE", 650 Program Library, File
Number 8.2.005.

3. AlW Physics Tables of Maxwellian Averaged Thermal Cross Sections, ’
Second Issue, September 1958.
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Table 1k.1A

HOMOGENIZED CORE CONSTANTS

Tempefétﬁré» 300°F. 350°F LOO°F 500°F 600°F
M/0 Ratio 0.12377 0.12377 0.12377 0.12377 0.12377
Atom Densities x 10724 atoms/_cms
H 0.32778 0.031996 0.031344 0.029911 0.028542
C 0.0421hk 0.041137 0.040300 0.038456 0.036698
Us3s 0.00018736 |0.00018736 | 0.00018736 |0.00018736 |0.00018736
U238 - 0.00001303 |0.00001303 | 0.00001303 | 0.00001303 |0.00001303
oxy 0.0004007T | 0.000400TT | 0.000400TT | 0.000400TT | ©.000MOOTT
Fe 0.0059639 |0.0059639 | 0.0059639 [0.0059639 |[0.0059639
Cr 0.0016537 |0.0016537 | 0.0016537 |0.0016537 |0.0016537
Ni 0.00088059 | 0.00088059 | 0.00088059 | 0.00088059 | 0.00088059
Mn 0.00014295 | 0.00014295 | 0.00014295 | 0.00014295 | 0.0001k295
© Diffusion Code Constants
VIif 0.00kkh1 0.004440 0.004439 0.004438 0.004436
Dy 1.5282 1.5572 1.5822 1.6402. 1.6998
IR 0.02283 0.02246 0.02197 0.02082 0.01983
. Tia 0.00307k 0.003069 0.003065 0.003055 0.003045
Viof Uncorrected 0.1541 011497 0.1k497 0.1383 0.1318
Visfp.g Corr. 0.06658 0.06688 0.06697 0.06701 10.06707
Vir B2 & 0.06231 0.06284 0.06315 0.06358 0.06395
Do 0.3271 0.3384 0.3487 0.3716 0.3952
Z5; Uncorrected 0.09766 0.09485 0.09238 0.08778 0.08388
Zogp-a Corr. 0.04825 0.04807 0.04786 0.04735 0.04kT700
223P52_§ Core 0.04528 0.0L4528 0.04523 | 0.04503 0.04491
P-3 Transport Correction Factors
C3p 0.43206 0.44673 0.45966 0.48450 0.5088Y
C3a 0.49408 0.50675 0.51803 0.53941 0.56038
uble P1 Transport Correction Factors
C3r 0.93579 0.93959 C.94286 0.94885 0.95362
c3s 0.93849 10.94210 0.94522 0.95092 0.9554l
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‘Table 1k

.1B

SANTOWAX "R" CONSTANTS

500°F

Temperature 300°F 3500F LOOOF. 600°F
Atom Densities x 1072% atoms/cm3
H 0.036835 0.035956 0.035224 0.033613 0.032075
c 0.047360 0.0k4k6229 0.045268 0.043216 0.041240
Diffusion Code Constants

‘ Dl 1.7513 1.7941 1.8314 1.9191 2.0112
Xp 0.02971 0.02919 0.02858 0.02718 0.02576
s 0.000176 0.000171 0.000168 0.000160 0.000153
la ) \

D5 0.2901 0.3045 0.3179 0.3473 0.3896

S 0.009007 0.008526 0.008112 0.007341 ~ 0.006598 |
Table 14.1C

CONSTANTS . FOR HOMOGENIZED FUEL ELEMENT AT 500CF

LY

AtoE Density
Atom x 1072 ~ Atoms/cm3 Diffusion Code Constants
H 0.02596 VI 0.008996
C 0.03338 D, 1434
U-235 0.0003872 Zg 0.01532
U-238 0.00002692 Z1g 0.006084
Oxy 0.0008281
Fe 0.01232 Ve 0.2464
Cr 0.003417 D, 0.4618
Ni 0.001820 S0y 0.1527
Mn 0.0002954 *
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14.200 OMRE Calculations

‘Calculations have been made of kers at four temperatures for. ‘the
OMRE 3l-element core and compared with measured values. The results
have been used to provide an experimental basis for the EOCR calculations.
As nearly as. possible, identical methods have been used for the EOCR and
OMRE determinations of k.pe. Fig. 14.2A shows calculated and measured
curves of keff versus .temperature for the OMRE and indicates that the.
measured keff 1s slightly lower than the calculated value throughout the
range considered. In comparing them it should be kept in mind that
there is some uncertainty in the measured curve because it depends on
control rod calibrations and was plotted from three points given in
Table 7-11 of reference 1.

The agreement is such that the methods appear adequate for
determining the EOCR fuel loading. However, the difference in shape
of the calculated and measured curves casts some doubt .on calculated
temperature coefficients because these depend on the slope of the
curve. Indications:are that the actual temperature coefficient is
more positive than calculated. The reported value of the measured
OMRE temperature coefficient is approximately 0.0025% Ak/k per OF2
at SOOOF, The value taken from the measured curve of Fig. 14.2A is
approximately half of this. Thus, any conclusion from comparison of
actual and calculated values of the temperature coefficient is some-
what doubtful. .

14.300. Supplementary EOCR.Calculations

~ 14.310 Effect of Moderator Annulus on Flux in Test. The thermal
flux- in a test can be markedly increased above that in the core by sur-
rounding the test with an annulus of moderator. Since this flux-trap
principle has been extensively investigated for lﬁght- and heavy-water
moderators, the following description is brief.3’ I

'

1. J. R. Dietrich and W. H. Zinn, "Solid Fuel Reactors", 696-727,
Addision Wesley,.1958.

2. R. 0. Williems, Jr., et al., '"Reactor Analysis of the Orgenic
Moderated Reactor Experiment and Comparison with Experimental
Results", Paper 630, Second United Nations International Con-
ference on the Peaceful Uses of Atomic Energy.

3. R. J. Howerton, et al., "Parameters of High Flux Testing Reactors",
IDO-16406. :

L, C. F. Leyse, et al., "An Advanced Engineering Test Reactor", AECU-3775.

S. M. Feinberg, et al., "An Intermediate Reactor for Obtaining High
Intensity Neutron Fluxes", Paper 2142, Second United Nations Inter-
national Conference on the Peaceful Uses of Atomic Energy.
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Consider first a.case in which the core is packed
tightly around a test. The thermal neutrons in the test come from
leakage out of the core and thermalization in the test. Thus for
loops such as are used in the EOCR the thermal flux in the test is
depressed below that in the core. When an annulus of moderator is
placed around the test, the thermal flux in the annulus rises above
that in the core because of thermalization of fast neutrons. This
effect increases the source of thermal neutrons flowing into the test.
As the thickness of the moderator annulus is increased, the ratio of
the test flux to the core flux increases, goes through a maximum and
then decreases as the loss to absorption in the moderator becomes
excessive.

The neutrons coming into the moderator annulus or flux
trap arise to a large extent from the fuel in an annulus of limited
thickness nearest the flux trap. Thus, as the thickness of the moder-
ator annulus is increased, the volume of the core contributing neutrons
to the test is also increased, and at constant core power density the
core power rises. Therefore two optimizations are possible. First,
the attainment of the maximum thermal flux in the test per megawatt of
core power and second, the attainment of the maximum ratio of test flux
to core flux. In general, the second type of optimization, which pro-
duces the highest test flux, requires a considerably thicker moderator
annulus and higher amount of core power ascribed to the test than for
the first type of optimization. The optimization depends upon the
properties of the.core, flux-trap moderator and the test and for highest
fluxes must consider the problem of heat removal. The situation in a
multi-loop core such as the EOCR is complex, but in general the EOCR
core corresponds to the optimization for maximum test flux per megawatt
of core power. The alternate flux-trap arrangement of the EOCR core
represents more nearly the second type of optimization for the central
loop. Provision of the large énnulus for the other loops would greatly
increase the core size. : »

Limited studies have been made of the variation of test
flux with thickness of the moderator annulus using a one-dimensional
model with Santowax R as the moderator. For a large central loop the
maximum test flux per megawatt of core power occurs with a flux trap
thickness of about 2.5 cm and the maximum ratio of test to core flux
at approximately 8 cm. For the small loop these thicknesses are about
6 cm and 12 cm, respectively.

The equivalent equal-area moderator thickness in the
EOCR core is 2,5 cm .for a large laop and 7.5 em for a small loop.
The thermal flux with a large loop is increased approximately 30%
above that which would exist if no flux trap were used. That in the
small loop is increased about 300%. The power densities of Section
5.320 computed on a more exact model of the core show the ratio of
the thermal fluxes in the small and large loops to be about 1.6 in-
stead of 2.3 as determined from these flux trap calculations.

4
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The alternate flux-trap arrangement has an equivalent
moderator annulus of 6 cm with a large loop, and the test thermal flux

is increased gout 25% above that in the EOCR core. This factor is
reasonably consistent with the results of Section 5.320.

In general slowing down power is the most important
property of a moderator, provided the neutron absorption is.reasonably
low,for use in a flux trap. Thus cold water is more efficient in the
flux-trap region around the test. The advantage from using water must
be weighed against the neutron loss in the structural material required
to separate the water from the organic moderator of  the core. If in
the future an alternative arrangement such as the flux-trap core of
Section 11.00C is used, this method of increasing the thermal flux
in the test should he considered.

14.320 Effect of Fuel Element Spacing. The properties of the
EOCR are quite dependent on the lattice structure, that is the size of
fuel element, the amount of stainless steel in the elements and the
spacing between the fuel elements. ILimited studies have been made on
one method of changing the lattice structure. The variation of keff
with fuel element spacing has been determined for a one-dimensional
representation of the EOCR reference core. The results are shown in

Fig. 14.3A.

It is apparent that the 1.75 in. spacing between fuel
elements in the EOCR is considerably larger than that at which the
maximum kKety§ occurs. A change in the fuel elcment spacing produces
a number of effects, and a compromise is necessary in selecting the
spacing which best meets the EOCR objectives. Reduction of the
spacing to the point where korp is maximized minimizes the required
fuel loading and thus maximizes the thermal flux in the driver elements.
The decreased spacing makes the temperature coefficient more negative,
and this may be desirable. However, decrease of the spacing reduces
the size of the loops and test elements which can be placed in the
core and thus reduces the flexibility. In addition for the same
size tests the moderator annulus around them is decreased and this
reduces the thermal flux in them as discussed in Section 14.310.

An alternate approach for modifying the lattice struc-
ture is to hold the cell size constant while the size of the fuel
element is increased. If the metal-organic ratioc and U-235 content
of the fuel element are held constant as its size is increased the
kerr Of the reactor will decrease. The temperature coefficient becomes
more negative, but the change is smaller than for the method of placing
elements closer together because the leakage does not increase. This
method does not reduce the flexibility to the extent that decreasing
the spacing does, but it -still produces the harmful effect of removing
moderator from around the test.

In general, the most desirable lattice structure for
the EOCR is the one that produces maximum thermal test fluxes per
megawatt of core power while maintaining an acceptable temperature
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coefficient. It is probably desirable to have the temperature coeffi-
cient negative with the smallest absolute value that permits safe
operation. This allows the moderator channel between elements to be
as large as practical which improves the test fluxes.

14.400 Gamma Heating Calculations
AY
The results and general remarks concerning the gamma and neutron-
heating calculations are given in Sections 5.330 and 5.340 for the
standard core and a 220-Mw power reactor core, respectively. The
following discussions of the gamma-heating calculations are also divided
into these two major subdivisions. ] -

14.410 Gamme Heating and Shielding Calculations for a Power
Reactor Core. As stated in Section 5.3&0, the shield design was based
on a 220-Mw power reactor core with the following dimensions and
properties.

Height 4.5 ft
Diameter ' L.o ft
Volume 1.6 x 100cc
Enrichment of Uranium 1.85% U-235
Mass of U-235 118 kg
Power Level 220 Mw

- Average Power 138 watts/cc
Moderator Santowax R

- - Moderator Temperature 600°F

The macroscopic thermal-absorption neutron cross sections
for the fuel elements were obtained bX using the volume fractions for the
330-Mw Nucleate-Boiling Fuel Element.

14.411 Heating From Core Sources. In order to determine
the 'average gsmma source density in the core, it is necessary to deter-
mine the approximate neutron balance among thermal-neutron captures in
. core materials. The neutron balance is determined on a per-fission basis
in order tpat all gemma ray source densities may be simply ratioed to
core power. The absorption cross sections were Maxwellian-averaged at
a temperature of 600°F. The following equations determine the average
thermal-neutron balance among core materials.

Average Leakage Neutrons _ szeP 3 za _ 41 Neutroné
‘ Fission - e B Fission
Zg = 0.1056 em-1
e = 0.0676 em~1
e = 0.80

1. Bechtel Corporation and Atomics International, "Organic Cooled
Power Reactor Study - 300 Mw Power Plant Conceptual Design",
Report TID-8501 (Part 2), July 1959.
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Thus on the average. there are 2.47-1.41=1.06 neutrons per fission avail-
-able for'fasténeutron capture in U238 and thermal radiative capture

among core materials.
are captured by U%38 resonances, leaving O.56;neutrons available

for radiative capture among ¢ore materials.

With anep.of 0.80, -0.50.neutrons per fission

The total radiative

capture cross section of the core materials- including U235 is 0.038 cm'l.
The distribution of the 0.56 neutrons per fission among core materials

is given by the following egquation.

Events per fission in element i

ai

0.56

0.038 em-1

where Zg is the thermal radiative capture cross section of the ith element.
The gemme energy produced by the ith element in the core is given by

Mev
fission

Binding ehergy of neutron x

events.
fission

~

Three average gamma-ray energies were chosen as

representative of the gamma sources in the core due to both fission and

radiative capture processes.

The sources per fission are detailed in

Table 1li4.4A, and the volume sources of the three energies for a mid-
plane power density of 180 watts/cc are given in Table 14.4B.

DETAILED POWER REACTOR CORE GAMMA SOURCES

. A ) Total Gamﬁa
Binding Event per | Energy Mev/ | Energy
Element £a, cm™l | Energy, Mev | Fission Fission Group, Mev
Hydrogen 0.00k41L 2.20 - 0.06 - 0.134 3
Carbon 0.00051 k.95 . 0.007k - 0.0037 3
Iron 0.0035 10.16 0.051 0.52 7
Aluminum | .0 00089 7.72 0.013 0.10 3
U238 (Thermal) | 0.0L7 5.50 0.25 1.37 3
U238 (Fast) 6. 00 0.50 3.0 3
y235 - 0.012k 6.80 0.182 .24 3
Fission 0.0676 1.0 13.0 1
Leakage 0.4
Table 14.L4B
SUMMARY POWER REACTOR CORE GAMMA SOURCES

Photon Energy, Mev Mev/fiséion Core Gamma Power, watts/cc

1 o 13.0 19.9

3 5.85 5.3

7 0.52 0.48
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The core was assumed to be a fairly homogeneous
source. of gamma rg {s with the gamma-ray power density listed above.  The
following equationt will give the gamma-ray flux at points outside of
the core for various- shielding thicknesses, for each gamme photon energy
arising in the core.

2

P - FCLS—  F (o bp)

The gamma-ray flux has the dimensions watts/cm2 when the core source
density has the dimensions watts/cm3. The gamma-ray flux from core sources
was calculated at the inner tank, pressure vessel and concrete, and the
results are listed in Table 5.3.

The mass absorption coefficient for the homogeneous
mixture of core materials is glven by

o)
TR o /1
=
P ? AiNi
! e 1
pt o= (%5)/0' o
AiNi
p! = I =
i 6.025 x 1077
A; = Atomic weight of element i
Ni = Atom density of element 1 homogenized over the core
(59 =  Mass absorption coefficient of element i for one
P photon energy
] “
(E=) = Mass absorption coefficient for the mixture for one '
P photon energy
uw' = Linear absorption coefficient for the mixture for one
photon energy
p' =  Homogenized density of the mixture

14.412 Heating From Reflector and Shield Sources. For
the three gamma photon energies considered above, the core diameter is
many mean-free paths and, thus can be effectively approximated by an
infinite slab geometry. This approximation is useful in considering
theegamma-~ray flux due to thermal-neutran capture in the reflcctor and
the shield regions. To obtain an upper-limit estimate of the gamma
heating at the inner reactor tank, reactor pressure vessel, and concrete,
the reflector was considered to be a homogeneous source of 2.20-Mev
gamma photons due to a fairly uniform thermal-nuetron flux throughout
the 9-in. reflector. The 0.41 neutrons per fission leaking from the
core give an average leakage current from the core of 3.6 x 1013

1. Theodore Rockwell IIT, "Reactor Shielding Dcocign Manual" 1st Edition,
Von Nostrand Company, Ch. 9, Section I-6, 360. ‘ ' o
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k]

A neutrons/cm .These are essentially all fast neutrons because the net

thermal-neutron current- at the core interface has 'a negative gradient.
At the inner reactor tank ‘vessel most of the fast leakage current from.
the core has been. thermalized in the 9-in. hydrogen veflector so that
the thermal neutron source throughout the shielding region can be
neglected. The. thermal neutron flux throughout the shielding region
will therefore be considered to be that due to diffusion of an infinite-
plane thermal source at the inner reactor tank. The value of the thermal
flux at the inner reactor tank was taken to be 2.5 x 1013 n/cm2-sec. The
average value of the thermal flux throughout the 9-in. reflector was
estimated at 8 x 1013 n/cm ~-sec. These flux values have been compared
with those for the Piqua OMRL and have been found to be reasonable for
the assumed operating power and reflector thickness.

. The above approximations are admittedly a
51mp11f10at10n of the problem, however they are close enough to actual -
conditions to give a good estimate of the shielding which will be
required. The gamma flux throughout the shielding region due to the-
2.2-Mev ganma photons originating in the homogeneous reflector will
then be given by

B S
P s 1 - E, (ugd)

2ug

and the gamma flux throughout the shielding region from the contribution
arising in the homogenized shielding region due to exponential attenuation

of the thermal -flux in the iron and moderator will be given by3
. -k
B k.d i

0y SR G )

. The gamma-flux and -heating were determined at
the inner réactor tank, the reactor pressure vessel, and the concrete
biological shield for a number of thermal- and' lead-shield thicknesses,
and the final values arrived at were three 1 in. steel thermal shields
and 3 in. of lead between the pressure vessel and biological concrete.
The gamma-fluxes and -heating are listed in Section 5.000, Table 5.3H.
The gamma heating in the bilological concrete without the 3 in. of lead
shielding is far in excess of permissible limits. The fast-neutron
heating in the structural members is not listed because it was deter-
mined to be negligible in comparison to the gamma heating. Because of
the scarcity of buildup-factor data for organic-moderated heterogeneous
mixtures, the buildup factors weﬁe estimated from curves for infinite-
plane sources in water and iron. For the reflector, the buildup
factors were obtained from the curves for water; for the shielding
region and the core bulldup factors were obtained from the turves

for iron.

1. D. S. Duncan, "Results of Preliminary Shield Analysis for the 45.5-
Mw OMR", Report NAA-SR-2234.

2.  Theodore Rockwell III, "Reactor Shielding Design Manual", 1st Edition,
Von Nostrand Company, Ch. 9, Section I-4.2, 353.

3. Theodore Rockwell III, "Reactor Shielding Design Manual", 1lst Edition,
Von Nostrand Company, Ch. 9, Section II=L.2, 397.

4., Price Horton and Spinney, "Radiation Shielding", 1lst Edition, Pergamon

Press, Ch. 2, 48.
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14.420 Gamma Heating Calculatins for the Standard Core. Limited
calculations were made to determine whether the heating rates stated in
the design objectives could be mets By inspection of the data shown in
Sections 5.000 and 6.000 it was determined that the power density averaged
over about two relaxation lengths from the center of the core is about
200 watts/cc at the start of the cycle. This average power density was
assumed in calculating the source and methods similar to those in Section
14,410 used to calculate the heating rate near the core center. The
source densities of 1, 3 and 7 Mev gammas for an ayerage power density
of 200 watts/cc and the standard core composition are shown in Table 1k.LC.

Table 1k.4C
GAMMA' SOURCES IN CORE CENTER .
Photon Energy, Mev Mev/Fission Core Gamma fbwer,
watts/cc
1 - 13.0 13.5
3 2.2 2.3
7 ‘ 2.9 3.1

Using these sources the values shown in Section 5.000, Table 5.3F, were
computed for the core center. "The core boundary value shown in the source
table was computed by assuming & power density of 95 watts/cc in elements
on the edge of the core.

Some local values of gamma heat may be higher than those
shown in Table 5.3F due to the very high local power density (up to 600
watts/cc) in the inner plates of the driver assemblies; however, the
values presented are considered sufficient for the conceptual design.
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lS.OOO HEAT-TRANSFER-SUPPLEMENT

A LA summary of the results of the heat transfer calculatlons using
fuel elements with mon-uniform plate spacing is presented in Section
6.000. A more detailed discussion of the calculations and results for
an alternate fuel ‘element design are presented in this section along
with a discussion of the heat transfer correlations used in this study.
The traditional hot-spot hot-channel analysis used in water-cooled reac-
tor design was omitted in the EOCR heat-transfer calculatlons for reasons
given in Section 15.400. :

15.100 Study Bases and Objectives

‘ The EOCR is designed to provide experimental facilities to test
fuel in power density regions in excess of those expected in organic-
cooled power reactors. Thus, the driver fuel ‘elements operate at higher
power densities than normally encountered in organic reactor designs
and the driver fuel element coolant requirements are relatively high.
Flux peaking in driver fuel elements is severe because of the open lat-
tice core design., This flux peaking also increases the driver fuel
elemernit coolant requirements. In order to keep the reactor coolant
requirements (and also the size of processing equipment) to a minimum,
driver fuel element cooling was optimized by: (1) optimizing the in-
let temperature of the coolant, (2) orificing the fuel elements so
that elements in all positions operate at the same maximum surface
temperature, and (3) spacing fuel plates to adjust cooling in each
channel to permit each plate to operate near the maximum allowable
surface temperature. -

15.200 Heat Transfer Correlations

15.210 Forced Convection Correlation. The most extensive work.
on heat transfer with polyphenyl coolants was done by Silberberg and
Huber! with unirradiated diphenyl, a 2 to 1 mixture of ortho- and meta-
terphenyl, and Santowax R. They obtained the correlation: . .

0.85 Pro.3

= 0.015 Re

Their correlation was based on fluid propertieé which have, since been
superseded. A revision of their work was made by Martini,™ who prepared

1. M..Silberberg and D. A, Huber, "Forced Convection Heat Transfer
Characteristics of Polyphenyl Reactor Coolants", Report NAA-SR-2796,
January 15, 1959. ‘

2. W. R. Martini, "Summary of Organic Coolant Heat Transfer", Report
NAA-SR-MEMO-418%, July 23, 1959.
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a graphical correlation for unirradiated Santowax R ahd for Santowax R
containing 30% HB, which is shown in Fig. 15.2A. Since irradiated
Santowax R was not available for performing heat transfer tests, the
coeff1c1ent for Santowax R with, 30% HB was obtained by assumlng HB. to-
affect .Santowax R similarly to OMRE coolant,: for which this effect was
measured. This. correlation, which is given in terms of coolant bulk:@ -
temperature, is independent of coolant property values, since it is
merely. a plot of the data based on the exponents of V and D obtained
by Huber and Sllberberg Film coefficients at bulk coolant temperatures
less than 500 F were obtained by extrapolation of this curve, All
forced convection calculations given in this report are based on the
correlation given in Fig. 15.2A. :

15.220 Burnout Correlation. Core_ and Sato have measured burn-
out heat fluxes with diphenyl, Santowax R,l and Santowax OMP.2 The cor- -
relation for Santowax R, based on ten experiments, was

, 2/5
55? ATsub v

+ 152,000

Q/Aé

and for Santowax OMP,

. ) 2/3
Q/A .M07 AT o V7 +100,000

c.
where Q/Ac = the critical or burnout heat flux.

The Santowax OMP used in the tests contains 12. 6, 58. 6
and 27. 9 weight per cent ortho-, meta-, and para-terphenyl respectively,
and differs from Santowax R primarily 1n that the OMP is free of pyro-
lytic polymers which commercial Santowax R contains to a varying de-
gree., Both correlations were based on properties of Santowax R. The
discrepancy in the two correlations, up to 35%, is not explained in
the references. The more conservative OMP correlation was ‘used to
determine burnout heat flux for this report. :

15.300 Reactor Coolant Flow Requirements

The first fuel element studied for the selected core was similar
to the final elements except that the fuel plates were equally spaced. v

1. T. C. Core and K. Sato, "Determination of Burnout Limits of Poly-
phenyl Coolants" Report IDo- 28007, Azusa, -California, February 1k,
1958.

2. T. C. Core and K. Sato,v"Detérmination of Burnout Limits of Santowax

OMP", Report No. 1672, Space Technology Division, Aercjet General
Corporation, Azusa, California, September 15, 1959.
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This arrangement results in velocities in excess. of those recuired in all
but one channel of each element. A varied spacing arrangement was then
chosen which reduced excessive velocities and total flow significantly.

15.310 Flow Requirements of Equispaced Plate EOCR Element.
Operation of EOCR .fuel elements with equispaced fuel plates was based on
orificing of the elements so that the velocity in all channels of each
element was that required to remove tile maximum heat flux in the element.
Since peaking of heat fluxes within the élements' is high, this condition
results in flows in excess of the minimum required to maintain all fuel
plates below the maximum surface temperature. The flow requirements are
given in Table 15.3A., Fuel element numbers refer to Fig. 6.2A. Total
flow requirements for the driver elements are 24,500 gpm.

Table 15.3A

' COOLANT ‘VELOCITIES AND FLOW RATES
'IN EQUISPACED PLATE EOCR FUEL ELEMENTS

‘Element (Refer to Fig. 6.2A) 1 2|3 | & 5 6

Reqpired_Coolant Velocity, ft/sec . 33 30.5 ol L 2] 13.7 12

Required Coolant Flow per Element,gpm 1270 | 1270 1180 940 | 530 502

Total Flow Requirements ok, 500 gpm

. 15.320 Flow Required in Core with Fuel Elements with Non=Uniform
Plate Spacing. The simplest method of improving cooling efficiency, within
the limitations imposed by physics and mechanical design of the element, is
to space the plates to provide high coolant velocities in coolant channels
adjacent to fuel plates having high heat fluxes relative to the other fuel
plates in the element. 8inde the highest flux peaking occurs at one end

of the element in all positions, the first three channels in the high flux
region were widened. Thus the hottest fuel plate may occur in one or all
of the first four channels or in the last, unspaced channel, depending upon
the flux distribution in the core position in which the element is used.
The arbitrary plate spacing given in Table 6.2A was chosen, based on one

of the highest-heat-flux core positions. Flow rates in the element were
based on the flow required by the hottest channel. Heat transfér calcu- .
lations were made for all channels operating near SSOOF, and the required
flows per element given in Fig. 6.3A, are based on the velocity required
by the channel found to be the hottest. No attempt was made to achieve

a compromise spacing better adapted to all core positions. Such a spacing
should reduce core flow further. The present driver element flow, 20,500 gpm
is considered satisfactory from the standpoint of process system economics.

>

- 219 -



15.400 Boiling and Burnout

The common practice of designing water-cooled reactors on the basis
of "hot-spot hot-channel" temperatures has been abandoned in this study.
The objective of hot-spot analyses is generally to preclude to a high
probability the danger of operating .conditions or fuel failures seriously
affecting the plant or its operation or resulting in a catastrophé. The
conditions to be avoided are generally extensive boiling, which can affect
reactor control seriously, fuel element failures resulting in fission
product release and requiring plant shutdown, and metal-water reactions
resulting in the destruction of large parts of the core.

In EOCR, nucleate boiling may occur on limited areas of fuel ele-
ment surfaces if all of the conditions generally postulated in a hot-spot
- hot-chennel analyses should occur in the same place. Because of the large
subcooling (about 500°F) micleate boiling void-fractions are insignificant
and bulk boiling is extremely improbable unless blockage of a coolant
channel occurs. Thus boiling should have no effect on EOCR operation.
Extensive fuel plate burnout has. oceurred in OMRE without detection for
long periods of operation, emphasizing the minor effect upon plant opera-
tion. The danger of core meltdown is extremely small in this reactor
since excessive transients are obviated by the control system and no
exothermic reactions occur between fuel element materials and coolant.

The heat flux factors given in Table 15.4A were applied to the
maximum heat flux to determine the hot-spot heat flux, which is estimated
to be the maximum heat flux that might occur at any spot &n a fuel plate
providing all the factors of Table 15.4A occur simultaneously. This hot-
spot heat flux was compared to the burnout heat flux in Table 6.4A, and
‘the comparison indicated an adequate margin of safety between the hot-
spot and burnéut heat fluxes.

Teble 15.4A

HEAT FLUX FACTCORS

Power Measurement and Control 1.05
Heat Transfer Area per Plate 1.04
Fuel Content per Plate 1.03
Local Fuel Core Thickness ' 1.05
Local U-Density of Fuel Core 1.05
Error in Flux Calculations 1.15

Total Heat Flux Factor 1.43
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16.000 ALTERNATE REACTOR ARRANGEMENT WITH CASK HANDLING

During the early studies conducted in an attempt to find a rapid
and economical fuel handling scheme, a cask handling method was investigated.
Since that time tests have been made of the water flooding technique, and
it appears that water flooding is acceptable for this reactor. Water
flooding is described in the main body of this report, but a short descrip-
tion of a cask handling method is presented in this section as supplementary
information.

Figure 16.0A shows a vertical cross section of the reactor vessel
utilizing cask handling techniques. The vessel is mounted approximately
flush with the building main floor with provisions for placing the lead-
filled cask over the reactor. Thus, the elevation of the reactor vessel
in the building and the cask with associated equipment are the only major
differences between the two reactor arrangements. The vessel internals
remain basically the same. Some tanks, pumps, etc., associated with the
water flooding may be eliminated with the cask handling alternate.

" The cask and its shielded indexing head are patterned after
the Piqua OMR . power reactor fuel handling method. The prime difference
is that,by maintaining hot organic in the reactor vessel at a level just
below the fuel element upper end-box, handling tools are kept out of the
organic¢. This minimizes fouling and ‘contamination problems associated
with submerging the tools in-the organic. By means of . a slotted shielding
head and a traveling shielding cover plate, the cask is positioned over
any required point. The cask is transported to the unloading station in
the canal by the overhead crane, a trolley, or other means. The unloading
station consists of a shielding ring that serves as a shield to personnel
while the fuel element is being discharged into the canal receiver. The
element is then moved to its canal storage rack.

The cask handling alternate does not appear as attractive as’
water flooding for the following reasons:

1. The EOCR is primarily a test reactor, and, as such, should
have maximum simplicity and flexibility built into all phases of its
operation, handling equipment and procedures, capacity to accept varied
types of experiments, etc. It is'antiqipated that the majority of reactor
shutdown time will be expended on the installation and removal of in-pile
experimental facilities and experiments. Under these conditions, visual
handling is more acceptable and is probably less expensive since it’
requires a minimum of indexing devices, casks, etc., to precisely
position or contain experiments prior to insertion or removal. Also,
tools, bolts, nuts, or other miscellaneous items will be unintentionally
dropped into the reactor in the course of this in-tank work. This
material would be very hard to locate and remove from the opague
organic coolant with remote handling methods.

2. With the reactor pit located over the reactor vessel, flooding

of this pit and water flooding of the reactor are compatible. It is
anticipated that most fuel, experiment, and other transfers to the
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water-filled reactor canal can be effected under water without utilizing
cask handling. Direct visual handling is.more satisfactory since operations
personnel can see what is happening in the reactor and can control movement
of components by feel rather than by the more purely mechanical remote.
handling methods. -

3. The remote handling arrangement shown on Fig. 16.0A would
make it necessary to insert handling'tools through a cask and then pull
the component up into the cask. The cask, its locating, transfer and
indexing mechanism, etc., is estimated to increase the cost of this
project by $300,000 to $400,000. It might also be necessary to increase
the building height above the reactor to compensate for increased tool
length and travel. ’

L. The removal and replacement of large reactor vessel internal
components introduces shielding problems when using the cask handling
method. Either large shields are required or the building must be evacu- .
ated except for shielded crane personnel. In the water flooding method, .
all large components would be handled entirely under water.
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- 17.000 . MATERTALS OF COINSTRUCTION

The primary coolant loop and reactor vessel are the only portions
of the reactor complex which require special consideration of nuclear and
corrosion effects on materials. Standard industrial practice in selecting
materials for the remainder of the installation suffices. AISI type 347
stainless steel is selected as the material composing the inner tank,
internal thermal shields, reactor pressure vessel, and piping up to and
including the block valves -on the primary-coolant inlet -and outlet lines.
Preliminary corrosion tests with a few specimens and strength considera-
tions, however, indicate the possibility of the use of a low alloy steel
such as Croloy l~l/h for these structural parts.* The adherent protective
film formed in the organic during the corrosion tests was not adversely

~affected during the replacement with water. Should further corrosion

tests show no localized breakdown of the protective film, the use of a
low alloy steel such as Croloy 1-1/& could be recommended for the vessel,
internal thermal shields, and piping.

Beyond the block valves, carbon steel is used throughout the
remainder of the primary system; however, trim on valves and the pump is
ATST 347 steel. '

17.100 Reactor Vessels and Internal Thermal Shields

ASME designation SA-240 type 347 18-8Cb-stabilized stainless
steel is selected as the material of construction for the inner tank,
internal thermal shields, and pressure vessel. Corrosion resistance to
alternate contact with organic coolant and water and the attendant need
to guarantee vessel life are the main considerations in choosing stain-
less steel. '

Stainless-clad carbon steel was rejected because the effect of
the large temperature cycle, approximately 800°F, on the bond between
base metal and cladding is unknown. In any case, the ASME Code, Section
VIII, for Unfired Pressure Vessels specifically does not recommend this
type construction for operating temperatures over 800CF.

The possibility of the use of mild cteel ao the otructurel
material exists because the iorrosion of conventional structural materials
in irradiated organic fluids™ is relatively minor. Stainless sleel,
aluminum, and mild steel_exhibited insignificant weight changes in
dynamic corrosion tests. There was slight surface discoloration of

1. J. R. Dietrich and W. H. Zinn, Solid Fuel Reactors, Ch. 7, "Organic
Cooled and Moderated Reactors", p. 695. Addison-Wesley Publishing’
Company (1958).

2. H. E. Kline, N. J. Gioseffi, W. N. Bley, "Dynamic Corrosion in
Polyphenyls Under Irradiation', Report NAA-SR-2046, May 15, 1958.

. ¥ See Section 20.000.
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the aluminum and stainless steel specimens and blackening of the surfaces
of the mild steel. Very similar results were obtained (see Section 20.000)
in alternate contact of Santowax R and water; however, the number of
specimens tested and length of testing time was inadequate for a recom-

. mendation of Croloy 1-1/4 as the structural material. A further

corrosion testing program may provide the basis for this recommendation.

A search through the literature was made to evaluate the carbu-
rization effect from the hydrocarbon coolant on Cb-8tabilized AISI 347
steel. The theory generally advanced to explain carbide precipitation
and the accompanying intergranular corrosion in austenitic steels. of the
18-8 type is chromium depletion of grain boundary layers. Chromium
carbide is believed to be precipitated along the grain boundaries and
in the slip planes when these steels are heated to the sensitization
range (900°F to 1400°F). The result of the loss of chromium from a
grain periphery is to render this region susceptible to corrosion, and
intergranular failure will then occur readily in service. Columbium,
being a more active carbide-~former than chromium, tends to prevent
depletion of the corrosion-resistant chromium from 18-8 steels stabi-
lized with this element. Type 18-8 steels have been used for years in
high temperature-refining applications up to 1600°F maximum metal
temperatures. However, service life versus operating temperature
data is rather meager. Tests conducted by Republic Aviation Corporation
in 1946 in evaluating steels for aircraft exhaust manifolds show that
carburization is practically nil until metal temperatures reach the
1300°F-t0-1400°F temperature range.l However, these were only 3-hour
tests and were run at normal atmospheric pressure. It is known that
carburization increases with increase in pressure of the carburizing
gas. The carbon availability of the atmosphere (carburizing-decarbu-
rizing potential), the température, and time are the important variables
.affecting carburization of a particular steel. The temperature not
only influences the diffusion rate but determines the equilibrium
concentration of carbon in the steel.

.-Tests conducted by Timken at 1680°F show maximum carbon pene-
tration of .025 in. These tests had a duration of 36 hours, and each
specimen was subjected to 20 cycles.

The design temperatures of the EOCR results in metal surface
temperatures in the 850°F-to—900°F temperature range, or just under
the 900°F lower limit of the sensitization range (900°F to 1400°F).
Therefore, in view of the above data the EOCR vessel should have a
satisfactory dife-span. A metallurgical evaluation program, with
emphasis on weld samples, can be carried out in conjunction with the
operation of the reactor.

1. W. Kahn, H. Oster, and R. Wachtell, "Investigation of a Type of
Failure of 18-8 Stabilized Stainless Steel", Transactions of the
American Society for Metals, 37, 567, (1946).

2. “Resume' of High Temperature Investigations Conducted During 1943-L4lk,
The Timken Roller Bearing Company, Steel and Tube Division, 194k,
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17.200 Primary Loop -

The primary loop external of the block valves next to the
reactor vessel is composed of mild steel: Where trim'is'requifed,
as in .valves, 347 stainless steel is used. Since this part of the
primary loop is.never in direct contact with water during refueling

.-operations as is the reactor vessel, there is no need for the cor-

rosion resistance of stainless steel. Mild steel possesses satis-
factory corrosion resistance to organic coolants. While it is true,
that for short periods of time the primary coolant may be saturated
with water, preliminary corrosion tests reveal this will not result

in any.significent metal loss. In any case indications are that the
mild steel portion of the primary loop is satisfactory from a service-

.life standpoint.

oo



18.000 DESIGN OF PRESSURE VESSELS AND THERMAI, SHIELDS

18.100 Design Summary

Fig. 7.1A is a vertical cross-section view of the EOCR pressure
vessels and thermal shields. The inner reactor tank immediately sur-
rounding the core is 5 ft 11 in.-ID by 0.5-in. thick and the reactor pres-
sure vessel is 7 f+ O in.-ID by 1.25-in. thick. In the annulus between
these shells are three 1-in. thick thermal shields. The diameters of the
thermal shields are such that the coolant channels between them are of
the same thickness. Table 18.1A summarizes the design features of each
component except the magnetite-concrete biological shield. Section 7.180
gives the dgsign basis for choosing 6 ft O in. of magnetite-concrete -for
the biological shield. As far as strength is concerned, the design
parameters for the biological shield are less severe than those for the
ETR biological shield; therefore, stress calculations were not made. The
pressure vessels and internal thermal shields are calculated by ASME Code
rules to be safe for operation at 220 Mw reactor power, 8500F primary
coolant temperature, 300 psig maximum operating pressure and 4O psi core
pressure drop. Calculations of the neutron and gamma internal heat
generation rates are in Section 5:340.

18.200 Stresses and Temperatures

'18.210 Pressure Vessel. The 1.25-in. pressure-vessel shell
thickness is designed according to the ASME Code, Section VIII, Unfired
Pressure Vessels, using the following design parameters.

Vessel ID 7 £t O in.
, Material , SA-2L0 Type 347 SS
Maximum Operating Pressure 300 psig
Design Pressure BBOOpsig
Maximum Metal Temperature 900 F
Makimum Allowsble Stress - 14,100 psi at 900°F

(Table UHA-23, ASME
Code Section VIII)

The thermal stress is calculated using the following
equation and assuming uniform internal /heat generation of 0.05 w/g or
22.4 Btu/hr-cu in. and a flat plate not free to bend.

£2 B
¢ = iy | +T2'T1_},

where: 6 = thermal stress in the circumferential or longitudinal
’ direction .
= modulus of elasticity
coefficient of thermal expansion
Poisson's ratio
uniform internal heat generation rate
plate thickness
= thermal conductivity
difference in temperature of the two faces of the plate.

cta T e ]
;ﬁ w d? e
i

To -
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Table 18.14

DESIGN OF VESSELS AND SHIELDS

Inner :
Reactor Internal Pressure External
Tank Thermal Vessel Thermal Biological
Shell Shields Shell Shield Shield
Material SA-240 SA-240 SA-240 Lead Magnetite
Type 347 | Type 347 | Type 347 Concrete
Maximum Oper,
Pressure —_———— ————— 300 psig _———— T _———
Design Pressure L8 psig O psig 330 psig ‘0 psig O psig
external
Design o o ° _1200F - -
Temperature 900°F 900 F 900 F -———— inside
T0°F
outside
‘Wall 0.5 in. | % shells | 1.25 in. | 3 in. 6 ft
Thickness each 1 in. .
Uniform Internal <0.5 /g | <0.3 w/g <.05 w/g |<.03 w/g | < 00046 w/g
Heat Generation at inner
Rate face
Mechanical 14,100 0 14,100 0 S
Stress psi psi
Thermal 7,645 4,580 4,770 ---- ———-
Stress psi psi psi
Maximum Metal 900°F 900°F 900°F | ----- -
Temperature .
Max. Allowable #21,150 *21,150 *21,150 - ———-
Stress ' psi psi psi
Minimum Film Assumed | 284 Btu/hr-| 120 Btu/hr- Cooled by Cooled by
Coefficient =0 ££2.0F ££2-OF water in  air under
h Inside 5S tubes forced
. . cast in convection
Minimum Film 6852Bgu/hr-,2842Bgu/hr- Assumed the lesd. at imner
Coefficient ft ->F fte-*F =0 .
X face; by
h Outside ’ _ air under
. Available Film 8uogBtu/hr- 840 Btu/hr-| Tnside natural
Coefficient | ££°-°F ££2-OF 810 _Btu/hr- convection
h ££2-Op at outer
face.

* Maximum allowsble stress = 1.5 times applicable value in Table UHA-23,
Section VIII, ASME Code for Unfired Pressure Vessels (Case No., 1273-N).

~ 229

-,




The calculated maximum thermal stress is h,770 psi tension which occurs
at the inside surface of the shell, Since the mechanical stress is
14,100 psi, the total maximum stress is then 18,870 psi, which is

less than the maximum allowable stress for nuclear vessels (ASME Case
No. 1273N) of 1.5 times the s-value or 1.5 x 14,100 = 21,150 psi.

The calculated temperature difference from inner to
outer surface is 16.5 OF based onO. 05 w/g. Since the maximum bulk coolant
temperature is 850°F, organic-film heat transfer coefficient, h, of
120 Btu/hr- £t2-OF on the inner vessel surface is required to remove the
heat generated and keep the maximum metal temperature below 900 °F. A
coefficient of 840 Btu/hr-ft°-OF is calculated for the immer surface of -
the vessel which provides adequate cooling for the design conditions.

18.220 1Internal Thermal Shields. The diameters of the thrce
1-in., thick internal thermal shields are based on equal coolant
velocities in the four annuli. Equal coolant velocities on both sides
of a shield tend to make metal skin temperatures equal on both sides,
thus keeping thermal stress at a minimum. Since the outside diameter
of the inner tank is 5 ft'1l1 in., the inside diameters of the internal
thermal shields are 73.5 in., 77.0 in., and 80.5 in., respectively, a

total flow rate of 25,000 gpm results in a coolant velocity of 11.0 ft/sec.

Assuming equal skin temperatures and no mechanical or
pressure stress and with an internal heat generation rate of 0.3 w/g,
the maximum stress is 4,580 psi and occurs at both surfaces. This is
well within the maximum allowable stress of 21,150 psi at 900°F. An
average film heat transfer coefficient of 28& Btu/hr £t2-OF is required
to kéep maximum metal temperatures below 900 F, and the calculated
coefficient is 840 Btu/hr-ft2-°F,

18.230 Inner Tank. The inner tank is subjected to an external
operating pressure of LO psig due to the pressure drop across the reactor
core. A design external pressure of 48 psig was chosen, and the vessel
wall thickness was calculated to be 0.5 in. per Paragraph UG.28, ASME
Code for Unfired Pressure Vessels. Maximum metal temperature was
assumed to be 9O0CF.

Assuming the inner wall to be insulated and with internal

heat generation rate of 0.5 w/g, the thermal stress is 7,645 psi. Although

~ the total stress .shown is about 900 psi over the maximum allowable, it
is still considered a safe design since no credit was taken for cooling
on the inside surfac¢e in calculating thermal stress. Also, if the
internal heat generation rate assumed in the calcula¢1on had been
0.43 w/g instead of 0.5 w/g, the total stress would be less than the’
allowable stress, Table 5.3G actually lists a value of 0.37 w/g for
the heat generation rate in the inner tank vessel wall‘

18.240 External Thermal Shield. An external thermal shield is
required to reduce the heat generation rate in the biological shield to
an acceptable value. A 3-in. thickness of lead is chosen, based on the
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ETR design of 5-1/2 inches. ‘Assuming that a hollow cylinder of lead
h_ft high and 3-in. thick with a mean diameter of 7 ft 6-1/2 in. has
a uniform internal heat géneration rate of .03 w/g, the cooling water

‘requirement for cooling tubes in the lead is 258 gpm with a S50°F

temperature rise. Design figures for the ETR are 50 gpm of cooling
water with a lO.8°F rise. Actual ETR operating conditions at the
present time are 150 gpm with a 2°F to 3°F rise.

- i

18.250 Concrete Biological Shield. No attempt is made to
calculate the thermal stress in the concrete biological shield because
(1) the calculated gemma heating incident to the inside face is less
than the value used 'in designing the ETR shield, and (2) the thickness
for the EOCR shield is 6 ft O in. of magnetite concrete. compared with
8 ft 0 in. of magnetite concrete for the ETR. Both of these factors
reduce thermal stress in the concrete biological shield, especially the
smaller thickness because stress is approximately proportional to
thickness squared. Cooling is provided at the inner face of the
concrete shield by forced convection to air flowing in the annulus
between the lead and concrete. The reinforcing steel required in the
concrete biological shield will be computed by the design ergineer
contractor. '
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19.000  DEVELOPMENT PROGRAM TO SUPPORT EOCR DESIGN - -

The EOCR design was based on known technology wherever possible;
however, there are specific tests which will contribute markedly toward
improving the final EOCR design. The obJectives of thls experimental
work are to:

(1) study problems of water flooding unique to the EOCR mechanical
design; .

(2) experimentally determine certain heat transfer information for
Santowax not presently available; -

(3) test the driver fuel elements proposed;

(4) test the control rod assemblies and drives; and,

(5) perform additional corrosion tests on low alloy steels which
might provide the basis for their selection as structural materials

instead of stainless steel.

Exploratory water-flooding and corrosion tests have already been
completed.

19.100 Water-Flooding Tests.

The tests performed to date to explore the feasibility of dis-
placement of organic with water for fuel-handling operations hsave been
discussed in Section 12.000. Since water flooding has such potential in
expediting the introduction and removal of fuel and experiments, fullest
development of this concept is planned. Tests should be performed with
the simulated end fittings of the final design of various reactor
internals such as control-rod dash pots and fuel-element end-fittings.
These tests can be carried out in the facilities described in Section
12.000.

19.200 Experimental Heat Transfer Program to Support EOCR Concept.

The heat transfer studies with organic coolants conducted to
date by several experimenters in out-of-pile tests have not answered all
of the specific questions encountered in this design concept. Additional
out-of-pile heat transfer tests are recommended before final design.
These tests are required to (1) determine the rate of fouling of fuel
elements exposed’ to EOCR shutdown heal [luxes witlh coolant velocitics
of 0.1 to 2.0 ft/sec, (2) determine the natural convection burnout
heat flux with natural convection flow rates similar to those expected
in the EQCR tank, and (3) determine the best heat transfer correlation
that applies to irradiated Santowax R or OMP coolant at EOCR design
conditions. The need for each of these tests is discussed below and
conditions recommended for each of the tests are outlined in Table 19.2A.

’
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Teble 19.2A

RECOMMENDED TEST CONDITIONS FOR EOCR
EXPERIMENTAL HEAT TRANSFER STUDIES

Note: Irradiated Santowax R with 30% HB should be used
for all tests if available

Test 1 2 3
Natural
: , Low Velocity Circnlation Forced
Test Condition Fouling Tests Burnout Convection .
Test Cross "~ Tube 0.134" x 1.9" Tube
Section 0.25" ID Rectangular 0.25" ID -
Channel '
Coolant )
Temperatures; 350 to 700 350 to 500 500 to ‘100
Coolant
Velocity, 0.1 to 2.0 Natural 10 to 35
ft/sec Circulation ft/sec
Heat Flux, 20,000 Max Burnout 700,000 Max
Btu/hr-ft 50,000 - 100,000
Pressure, psi Atmospheric Atmospheric 150
Number of Tests 3 to 6 2 to 6 10
Required ~ (130 Hours Reproducible
Max Duration) Data Points

19.210 Fouling at Reactor Shutdown Conditions. Heat flux of
about 5000 Btu/hr-ft< is obtained in EOCR driver elements during extended
shutdown periods. Fouling data are not available at the low velocity,
temperatures, and heat flux which obtain during shutdown although some
evidence of fouling has occurred in OMRE elements. It is recommended
thHat the gouling.rate on heated surfaces with heat fluxes up to 10,000
Btu/hr-ft be determined with EOCR coolant containing 30% HB at coolant
velocities between 0.1 and 2.0 ft/sec and coolant inlet temperatures to
the test section between -350°F and 7TOO°F. These data are also needed
for the overall organic reactoéor program. The results of these tests
will be used to determine whether or not provision for forced convection
shutdown cooling will be necessary for the EOCR.
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19.220 Natural-Convection Burnout Tests. There is no published
information on burnout with natural circulationccooling using organic
" coolants under conditions similar to those encountered in a shutdown
reactor with the tank isolated from the process system. These values
are available for water-cooled systems and are useful in determining the
time at which forced flow is no longer required. Experiments are
proposed to measure the burnout heat flux in a loop that permits natural
convection cooling. -

The most extreme shutdown conditions expected in the
EOCR are those encountered when the reactor is ‘at atmospheric pressure
with the coolant at 500°F. Burnout tests should be conducted with test
sections 0.12 in. by 2.0 in. in cross section and 36 in. in height. The
test section could be connected in parallel to an unheated leg and
heated to burnout, thus allowing natural convection cooling of the
burnout test section. Santowax R or OMP with 30% HB should be used as
coo%ant for these tests with coolant temperatures between 350 F and
500~F.

19.230 Forced-Convection Heat Transfer. The forced-convection
heat transfer correlation recommended by Atomics Internationall is
based on data obtained with unirradiated Santowax R coolant and data
obtained with irradiated Santowax OM in the OMRE heat transfer loop.
Tests were conducted with a maximum coolant velocity of 15 ft/sec and
maximum heat flux of about 300,000 Btu/hr—fte. Fue) elements in the
EOCR operate at heat fluxes up to 660,000 Btu/hr-ft“ and are cooled
with Santowax R containing 30% HB at coolant velocities up to 35 ft/
sec. It is recommended that forced-convection heat transfer tests |
be performed with Santowax R coolant containing 30% HB at coolant
velocities of 10 to 35 ft/sec at heat fluxes up to 700,000 Btu/hr-ft2.
These deta will also be useful to the overall organic-cooled-reactor
- program, specifically the DpO-moderated organic-cooled system.

19.300 Fuel Element Testing and Development.

The fuel element shown in Fig. 4.2A was designed so that very
little development work would be necessary for fabrication and, use of
the element in the EOCR. However, extensive hydraulic testing of this
fuel elément is recommended (1) to determine whether the element is
strong enough to resist the hydraulic forces developed with unequal
thicknesses of coolant channels and the pressure differences between
fuel and moderator and (2) to obtain proper orificing for the different
regions of the core. Additional hydraulic tests are recommended to °
prove the design of flow monitors (and pessibly temperature monitors)
that will be used in the EOCR. '

1. M. Silberberg and D. A. Huber, "Forced-Convection Heat Transfer
Characteristics of Polyphenyl Reactor Coolants", Report NAA-
SR-2796, January 15, 1959.
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Several fuel elements have been proposed to improve the heat
removal efficiency in the EOCR; these fuel elements are discussed in
Section 13.000. One of them, using flat fuel plates without the center
support plate, may be developed for use in the initial EOCR core.
Fabrication of this element is less expensive than the proposed element
because of fewer fuel plates, and some development work is recommended
to determine the feasibility of this design. Calculations indicate
that the box required with a 4 in. unsupported span would have to be
about 0.150-in. thick to withstand the lateral pressure differences
between fuel and moderator. Because of the complexity of this type
of calculation, there is some uncertainty in the results; therefore,
it is recommended. that a fuel element of this design be fabricated
and tested.

The problem of thermal stress in the fuel elements may make it
necessary to provide for expansion of the fuel plates. Methods of
fabrication mey have to be developed (e.g., adaptation of the proven
OMRE fabrication technique) and tests performed to evaluate the
performance of the fuel elements

19.400 Control Rods and Drives.

The test program for the control rods and drives is very
dependent upon the final design. ' If a drive is chosen which has been
tested, no testing should be required except pre-operational checking
in the reactor to determine drop-time characteristics and to establish
operability of components such as mechanical disconnects.

If an untried control rod design is used, a test facility should
be built to prove the mechanical reliability of the control-rod-and-
drive combination, determine the drop-time of the rod, and establish its
hydraulic characteristics. Two control-rod-drive test facilities are
available at NRTS which might be adapted to this testing.

19.500 . Corrosion Tests on Low Alloy Steels.

Preliminary corrosion tests on several structural materials
(Seetion 20.000) with allerusle Suntowax R aud water contact showed
the formation of a protective film and low corrosion rate. The
possibility of the use of a low allqgy steel such as Croloy 1 1/k4 as
structural material for the reactor exists. Since the number of
specimens tested was small (only two), it was not deemed advisable to
recommend this material without further corrosion tests; therefore,
additional corrosion tests are recommended to determine the probability
of localized attack of low carbon steels. :
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20.000 CORROSION EXPERIMENTS

In the EOCR design it is advantageous in the handling of ex-
periments and the changing of fuel elements to replace the Santowax
with water. The behavior of conventional structural materials in.
alternate contact with Santowax and water was unknown. There is some
corrosion of structural parts of the OMRE that are exposed to organic
and then to the atmosphere. It was therefore desirable to place samples
of some structural materials in a corrosion enviromment such that they
would be subjected to contact with organic and then Vater.

Two specimens of each of several conventional structural materials

were placed in an autoclave and subjected to alternate contact with
organic and water. The good corrosion resistance of conventional struc-

tural materials in Santowax R or OMRE-irradiated coolant was not adversely

affected by replacement of the organic with water at 330°F to 3SQ°F for
periods of time up.to 55 hours. It is well known that the initial film
formation affects the subsequent corrosion rate and, in addition, an
organic film remains which at least partially protects the metal.. Some
corrosion of exposed areas of the OMRE carbon steel structural parts
has been observed, so that some breakdown of the film apparently does
occur in localized areas; however, with the small number of specimens
tested in the autoclave no breakdown of thé film occurred.

The replacement water does increase in chloride ion concentra-
tion upon contact with the organic. For approximastely equal volumes of’
organic and water the chloride ion content in the replacement water was
between 1.5 and 2.2 ppm. ,

The corrosion of the structural materials tested in ten Santowax R-
water replacement cycles was low with 8 weight galn of 1.4 mdd for 336 honrs

of testing occurring for APM alloy M-257.

One U-bend specimen of sensitized type 304 stainless steel and
one galvanic couple of type 304 stainless steel and APM alloy M-257
wvere also subjected to the alternate contact with organic and water with
no evidence of stress corrosion and little galvanic attack.

. The corrosion of the structural materials tesfed in one OMRE
coolant-water replacement cycle was also low.

20.100 Introduction

Austenitic stainless steel (as well as some other siructural
materials) is susceptible to stress corrosion cracking in high-
temperature chloride water environments. Intermittent wetting (whereln
the chloride ion concentrates on the specimen) with steam and water
produced cracksl with water containing as little as 1 ppm chloride ion.

1. D. J. DePaul, ed., "Corrosion.and Wear Handbook", AEC, 187-223,
McGraw Hill Book Company, N.Y., 1957. '
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Oxygen appears to be a strong acceleratorl of stress corrosion of
austenitic stalnless steels in hot-water - enviromments. 'Some corrosion
tests on stainless steelsl with’ plain chloride-bearing water (degassed)
show ro stress corrosion cracks -aftér 14 days in 300 ppm chloride ion
and after 25 days in 80 ppm chlorlde ion w1th type 3lO and 347 stain-
less steel.

The possibility for the replacement water in organic-water re-
-l placement cycles picking up chloride ion does exist as the organic
(Santowax R and OMRE coolant?) contains2 ppm chloride ion.

The corrosion resistance of APM aluminum alloy M-257 is reported3
to be as good as 1100 and 3003, and superior to 201L4-T4 and 6061-T6.

-20.200 Test Procedures.

" - Semples of APM alloy M- 257, stainless steel types 304 and 347,
and mlld steel types A-201 and Croloy 1- l/h were prepared by machining
and rough polishing through 3/0 emery paper (see Table 20. 2A). A
galvanic couple of type 304 stainless steel and M-257, and U-bend
specimens from sensitized type 304 stainless steel were also prepared.

The samples were suspended with quartz hooks from a stainless
steel rack (except the stainless steel specimens for which stainless
steel wire was used). The U-bend specimen was placed in the bottom
of the stainless steel autoclave. The organic was heated to 3509F and
introduced by nitrogen pressure into the autoclave. The temperature
was 1ncreased to above TS50°F and held for 1/2 hour, then cooled to
330 F. The water (demineralized - 2.5 megohm resistivity) was heated
to 350°F and used to replace the organic in the autoclave. The samples
were left in contact with the water at, 330°F to 350°F from 12 to 55 hours.
The autoclave was then cooled and the samples removed.

The samples were cleaned in benzene and weighed and the cycle
repeated.

1. D. J. DePaul, ed., "Corrosion and Wear Handbook", AEC, 187-223,
s McGraw Hill Book Company, N.Y., 1957 ‘

2. J. R. Dietrich and W. H. Zinn, Solld Fuel Reactors, Ch T,
"Organic Cooled and Moderated Reactors', Addison-Wesley Publishing
Company, 1958 : ' -

-
-

3. J. P. Iyle, Jr., "Alumlnum Powder Metallurgy Products" Materials
and Methods, 106, April 1956.
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Table 20.2A

MATERIALS TESTED

Material and Condition Composition (per cent) . - B
APM M-257 ~ A1,0 -7.8, (nominal) ]
Strip, as Received 3 . '
Stainless Steel Type 30k C-.08 max.; Mn-2.0 max.;
Annealed 5i-1.0 max.; Cr-18; Ni-8
: ~ (nominal)
Stainless Steel Type 37 : C-+08 max.; Mn-2.0 max.; -
Annealed . Cr-18; Ni-10 (nominal)
Low Alloy Steel, Croloy 1-1/4 C-.15; Cr-1.25; Mo-0.5; o
Hot Rolled : Si-0.75; Mn-0.45; Fe-bal. :
(nominal)
Mild Steel, A201 Grade B C-.17; Mn-.48; P-.017;
Firebox, Hot Rolled . S-.028; Si-.15; Bal. Fe R
Galvanic Couple of
Type 30k, S5 and APM M-257
U-Bend Specimens, 1.5 in.
Radius, 0.188-in. Thicknesss
Sensitized by Heating to : - i
12250F for 2 Hours ' :

20.300 Results.

All of the samples cycled at high temperature developed an
adherent film which differed in color and thickness. The color of the
filmon the aluminum samples was brown (Fig. 20.3A View-1), and that on
the stainless steel was thih and yellowish (Views-2 and ~3) while that
on the mild steel samples was bluish-black (Views-4 and -5). The film
was removed with 4/O emery paper and found to be very tenacious, faa
which agrees with results of bend tests. - ’

The maximum weight addition occurred during the first cyéle and o
over the remaining nine cycles increased but little, so that the cal- -
culated welght chenge (Table 20.3A) after the first cycle is much
higher than the weight change calculsted on the basis of the total
weight gain for the total time. o . -

1. H. E. Kline, N. ,. Gioseffi, and W. N. Bley, "Dynamic Corrosion
in Polyphenyls Under Irradiation', Report NAA-SR-2046, May 15, 1958. 5
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CORROSION TEST RESULTS IN SANTOWAX R AND WATER

Table 20.

A

Total Time
Corrosion |Corrosion In Organic
Wt Change |Wt Change |Rate During|Rate During|and Water
Material and After FirstjAll Cycles{First Cycle|{All Cycles |Above 330°F
Sample No. Cycle (mg) |(mg) (mdd )2 (mdd )2 (hours)
M257- C +3 +5 20.7 1.3 336%
- D +h +6 oh.7 1.h4 336
Type 30L4- G +1 +1 5.3 0.2 336
8s - H +1 +1 5.3 0.2 336
Type 347- M 0 +1 0.0 0.2 323%%
SS ~ N +2 | +2 2.8 0.4 323
Steel, A201- K +3 +6 9.6 0.7 336
- L +2 +6 6.5 0.8 336
Steel,
Croloy 1-1/4- 0O +4 +5 9.8 1.1 205%%*
- 27A +1 +h 7-7 1.2 336

* Total time includes 141 hours in organic at 330°F - 350°F; 5 hours in
organic at T50°F - 800°F; and 190 hours in water at 330°F - 350°F. -

*¥% Total time includes 135 hours in organic at 330°F - 350°F; 4.5 hours in
organic at 750°F - 800°F; and 183.5 hours in water at 330°F - 350°F.

¥¥%% Total time includes 91.5 hours in organic at 330°F - 350°F: 2.5 hours
at 750°F - 800°F; and 111 hours in water at 330°F - 350°F.

(a) See below.
Table 20.3B

CORROSION TEST RESULTS IN OMRE~IRRADIATED COOLANT AND WATER

Total Time in
, Wt Change Corrosion Organic and
Material After One Rate During Water at 330°F -
and Sample Cycle (mg) One Cycle (mdd)® 350°F (hours)
M257- - A +1 1.2 BlL*
- Bl  +1 1.2 - 64
Type 304- F 0 0.0 6k
88 -
Steel,
Croluy 1-1/4- P +1 0.7 64
26A 0. 0.0 64

* Total time includes 18.5 hours in organic at 330°F - 350°F, and
45.5 hours in water at 330°F - 350°T. '

(a) Corrosion "rate" as weight change for comparison purposec only. _
Weight losses after film was removed were comparable to weight gain.
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The samples (Table 20.3B) cycled in OMRE-irradiated coolant and
water at 330°F to 350°F for 64 hours showed very little film formation and
insignificant weight changes. The APM alloy M-257 samples showed slight
localized film formation and the mild steel a slight brown color. A
.U-bend specimen placed in the bottom of the autoclave as with the Santowax R
test also showed insignificant corrosion.

The U-bend specimen in Santowax: R showed negligible intergranular
corrosion upon visual and metallographical examination at 100X after
sectioning, polishing, and etching with an etchant of nitric and hydro-
flouric acids. The galvanic couple developed the same type of film as
in the individual samples, except in the area under the bolt head-and
between the dissimilar metals, where slight pitting attack of the M-257
took place.

The water after contacting the organic and samples during ua cycle
was analyzed for chloride ion concentration and found to contain from
1.5 to 2.2 ppm chloride ion. The water after contacting the OMRE-irradiated
coolant contained 1.7 ppm chloride ion.

20.400 Discussion. '

The corrosion of conventional structural materials exposed first
to Santowax R and then water at 3300F to 750°F (organic at higher temper-
ature) is relatively low and not greatly different from results:cobtained
in in-pile and out-of-pile tests with polyphenylsl at 550°F to 600°F.

For example, the calculated corrosion rate over a ll-day period is given
in Table 20.4D for comparison purposes only. These values are not signifi-
cantly different from those given in Table 20.3A for somewhat similar
materials for a comparable period of time, except in the case of aluminum
alloys M-257.-and 25. These values differ by less than a factor of three.

Table 20.4D

CORROSION RATES FOR COMPARISON PURPOSES ONLY

8brrosion Rates for
Material 14-day Period (mdd)
Type 410 8BS . ‘
(in Santowax R) : 0.4
Type 304 SS .
(in Diphenyl) 0.1
- 1130 Alloy Steel
(in 'l'erphenyl) Ok
ASTM AT Carbon Steel .
(in Terphenyl) - 0.9
25 Aluminum \
(in Santowax R) - 0.5

1. H. E. Kline, N. J. Gioseffi, and W. N. Bley, "Dynamic Corrosion in
Polyphenyls Under Irradiation", Report NAA-SR-20L46, May 15, 1958.
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The initial rapid corrosion rate is normal for protective film
formation. Comparison of these initial corrosion rates (Table 20.3A)
with data in the literature reveals that these rates are low; e.g., in
HoO mild steel (o.lg%c) at 195°F with negligible CO, and Op corrodes at
a rate of 16.4 mdd.l The corrosion rate of 99.0% aluminum alloy® would
be calculated as 22.9 mdd for 334.5 hours testing at L8OPF in water.
The weight gains given for the stainless steels in Table 20.3A are
insignificant.

The chloride ion apparently does concentrate in the water,
since approximately equal volumes of organic and water were used; but
the resultant concentration would be expected to cause stress corrosion
in stainless steels only in those areas alternately wet with steam and
water.

20.500 Summary

The corrosion of the conventional structural materials tested
in alternate organic-water autoclave tests was relatively low. The
film formed on the carbon steels and aluminum was protective in that
the overall corrosion rates were much lower than the initial corrosion
rate. The film formed on the carbon steels was bluish black with no
FepO3 formation observed.

The concentration of the chloride ion in the replacement water
of 1.5 to 2.2 ppm did not produce any indication of stress corrosion in
the sensitized type 304 stainless steel U-bend specimens tested. The
galvanic couple of type 304 SS and M-257 showed slight pitting attack
of the M-257 under the bolt head and between the metals where the film
did not form.

The corrosion rates in this section are for comparison purposes
only. The film was removed with M/O emery paper and the weight loss
was comparable with weight gain (within a factor of 3).

1. H. H. Uhlig, "The Corrosion Handbook", 128, John Wiley and Sons,
1948.

2. P. 0. Strom, L. M. Litz and M. H. Boyer, "Reproducibility of

L8O°F Static Aqueous Corrosion of Pure Aluminum", Report IRL-112,
March 195k.
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(1)
ALUMINUM ALLOY
M257

(2)
STAINLESS STEEL
TYPE 304

(3)
STAINLESS STEEL
TYPRE! 347

(4)
MILD STEEL
A201

(5)
MILD STEEL
CROLOY 11/4

FIG. 20.3A
CORROSION SPECIMENS FROM ORGANIC-WATER AUTOCLAVE TESTS
ERCo.
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