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POWER-BURST FACILITY (PBF)
CONCEPTUAL DESIGN

PREFACE

At the request of the Idaho Operations Office of the U. S. Atomic Energy
Commission [1, 2], the Atomic Energy Division of Phillips Petroleum Co. has
prepared a conceptual design for a new reactor facility called the Power-
Burst Facility (PBF). This facility will provide information in direct support
of several important facets of the USAEC Nuclear Safety Program, including
aspects of reactor kinetics, consequences of fuel assembly meltdown, and
containment. ‘

This report on the conceptual design of the PBF is divided into ten sections,
which may be grouped roughly into three separate parts. The first part, com-
prising the first three sections of the report, includes (a) a discussion of the
need for and functions of the PBF in the context of the overall Nuclear Safety
Program of the Atomic Energy Commission, (b) the general design philosophy
for the PBF including the basis for selection of the general concept chosen, and
(c) a summary description of the entire facility and its parts. Thus, the first three
sections present a general picture of the background and design of the facility.

The second part of the report, comprising Sections IV through VII, includes
(a) a detailed discussion of the considerations leading to the particular fuel

- element design chosen for the- PBF; (b) a discussion of the reactor physics

calculations leading to the core configuration selected; (c) a detailed engineering
description of the entire facility, including site, buildings, reactor, auxiliary
facilities, and pressurized water loop; and (d) the proposed division of final design
responsibility. Thus, the second part of the report gives the technical basis for
the design as presently conceived as well as the basic specifications for the
architect-engineer. S

The third and final part of the report is comprised of Sections VIII through
X, which include (a) the list of references, (b) a set of appendices covering
supplementary material on the physics design of the facility, and (c) the figures
for the report, grouped together for convenience.
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POWER-BURST FACILITY (PBF)
CONCEPTUAL. DESIGN

-ABSTRACT

. A description is presented of the conceptual design of a new, high-
performance, pulsed reactor called the Power Burst Facility (PBF). This reactor
is designed to generate power bursts with initial asymptotic periods as short as
1 msec, producing energy releases large enough to destroy entire fuel sub-
assemblies placed in a capsule or flow loop mounted in the reactor, all without
damage to the reactor itself. The facility will provide a much-necded additional

"tool for the AEC Nuclear Safety Program, It will be used primarily to evaluate
the consequences and hazards of very rapid destructive accidents in reactors
representing the entire range of current nuclear technology as applied to power
generation, propulsion, and testing. It will also be used to carry out detailed
studies of non-destructive reactivity feedback mechanisms in the short-period
domain. .

Because of its ability to achieve very large energy releases during 1-msec-
period power excursions, the initial PBF reactor design makes a major advance
over the performance of any existing pulsed reactor. The facility has been de-
signed to be sufficiently flexible to accommodate future cores of even more
-~ advanced design. The design for the first reactor core is based upon proven
technology; hence, completion of the final design of this core will involve no
significant development delays. Construction of the PBF is proposed to begin
in September 1964, and is expected to take approximately 20 months to complete.
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'POWER-BURST FACILITY (PBF)
CONCEPTUAL. DESIGN

1. INTRODUCTION

1, REVIEW OF AEC NUCLEAR SAFETY PROGRAM! )

Nuclear safety is of necessity an overriding consideration in the design,
construction, and operation of high-power nuclear systems, whether they be
power reactors, test reactors, or reactors for terrestrial or aerospace pro-
pulsion. In the absence of adequate information regardingthe dynamic capabilities
and ultimate hazards of these systems, nuclear reactor design and siting must
necessarily be conservative. The AEC nuclear safety program is intended to
develop the necessary information to provide a sound technical basis for safe
engineering design and reactor siting in the nuclear industry and thereby to
contribute to a lowering of the costs involved in the useful application of nuclear
energy.

The activities sponsored by the AEC nuclear safety program include a
wide range of fundamental experimental and analytical studies in reactor
safety and related problems. The overall program may be divided conveniently
into three major categories: reactor kinetics, chemical and physical effects
associated with fuel meltdown or fuel ignition, and reactor containment. For
the purposes of reactor design and prediction of safety behavior, experiments
are being carried out to model nuclear excursion behavior, reactor instability,
loss of coolant effects, metal-water reactions, and fission product release.
Studies in the field of reactor containment include missile and blast effects,
energy releases due to loss of coolant, shock effects, and studies related to
the evaluation and improvement of advanced containment concepts.

To obtain the needed detailed information on various aspects of reactor
kinetics, meltdown effects, and fission-product release, a new pulsed reactor
facility is required which is capable of achieving repeated power bursts with
periods of the order of 1 msec and with energy releases sufficient to melt down
or decompose entire fuel subassemblies of many different types. The Power-
Burst Facility has been designed to fulfill this need. '

2. NEED FOR THE PBF FOR IN-PILE SUBASSEMBLY TESTING

In the early- and mid-1950’s, it was recognized that if the utilization of
nuclear energy for large-scale power generation, propulsion, and test applications
were not to be unduly hampered by uncertainties regarding reactor accident
hazards, it was necessary to obtain a better understanding of the interplay of
the various dynamic processes involved in reactor transient behavior. Specifically,
information was needed on the relation between reactor design parameters and
reactor response, both in the non-destructive and in the destructive ranges, in
order to permit an evaluation of the safety of proposed nuclear systems and to



permit the application of safety considerations as a constraint in the engineering
design of reactors.

Because of the complex interrelation between the neutronic and thermal-
hydraulic processes involved in the dynamics of high-power reactor systems,
. it was evident at the outsetthat a detailed understanding of the various processes
involved had to be obtained, and that “differential” or subassembly tests in a
reactor environment were required for this purpose. In such tests the thermal
processes can be decoupled from the neutronic processes and studied separately
under carefully simulated reactor conditions.

For a number of important reasons, however, it was decided to emphasize
first a program of integral-core reactor dynamic testing. Among the reasons for
this decision were the following:

First, given the strong impetus to accelerate the development of a nuclear
power industry, there was an urgent need for gross answers .to a number of basic
nuclear safety questions, in advance of the detailed understanding and prediction
capability which would follow from a program which included extensive sub-
assembly testing. For example, it was considered necessary to obtain gross
demonstratinns nf;

(1) The inherent stability of reactors of different basic designs when
operated at steady state at high power levels

(2) The inherent self-shutdown capabilities of reactors of different
basic designs when subjected to step and ramp insertions of re-
activity simulating accident conditions of various types

(3) The consequences of destructive transient behavior, both of the
excursion and of the stability type.

The second reason for emphasizing integral-core testing initially was that,
in order to permit the design of meaningful snhassembly tests and to develop an
efficient subassembly test program, it was necessary firstto obtain some general
“scoping” information, to define in a general waythose parameters or processes
which were most important in determining the overall behavior of the system in
various time-scale domains.

Finally, integral-core test results were needed to provide reference data
agamst which models and predictions hased on the detailed mformatmn obtained
in the subassembly experiments could be tested.

As a result of the integral-core dynamic tests conducted inthe past{4 -14] a
considerable amount of useful information has beendeveloped relating.to stability
and self-shutdown characteristics of a number of different types of reactors, in
addition to a limited amount of valuable information on the consequences of core
damage. It is evident that continued studies of this type are necessary. Among
the specific achievements of the integral-core tests which strongly pointed up .
the limitations of those tests unless complemented by a vigorous program of
subassembly testing, were:

(1) Demonstration that satisfactory correlations of the non-
destructive transient data for a given reactor can be developed on



the basis of a.- number of very different physical models. (This
finding strongly emphasized the need for subassembly testing to -
establish uniquely the physical processes actually involved and to
obtain a detailed understanding of their dependence on the time
scale of the power burst.)

(2) Demonstration that detailed multi-node calculations of the shut~
down reactivity due to thermal and radiation-induced expansion
effects during short-period, non-boiling transients, using statically .
measured values of the void coefficients, temperature coefficients,
and flux distributions, do not account fully for the observed self-
shutdown of plate-type, water-moderated reactors. (This result
again pointed up the need for controlled subassembly tests to study
the details of transient heat transfer effects and to determine if
important mechanisms were missing from the detailed physical
models used as a basis for the calculations.)

(3) Establishment of the threshold of reactor period for the transition
from non-destructive to destructive behavior in a given class of
reactors,  approximate determination of the range of asymptotic
reactor periods in the destructive domain which are physically
realizable, and establishment of the existence of significant threshold
effects in the destructive domain. (Again such effects are most
" efficiently studied in detail in a subassembly test program.)

It remains evident that, to establish a balanced program for obtaining a
fundamental understanding of the important mechanisms of energy release, heat
flow, pressure generation, and fuel element failure during violent power-
excursion or instability tests of different types of reactor systems, it is necessary
to complement the integral-core test program with a strong subassembly test
program which will involve the subjection of fuel components to short-period
tests with large energy releases. Such an addition to the program will increase
the rate at which the desired information is obtained and will materially reduce
the total number of the more expensive integral-core tests required.

3. EARLIER SUBASSEMBLY TRANSIENT TESTS

Some subassembly testing has been performed during the past few years,
both at Spert{7, 15]and at TREAT[14], using an existing power-excursion reactor
facility as a driving source for experiments placed in capsules and mounted
within or adjacent to the reactor core. As a result of this work ¢onsiderable
experience has been gained in capsule design, instrumentation, and photographic
techniques required for effective subassembly testing. In addition, the limited
test results obtained thus far have clearly demonstrated the value of subassembly
testing for obtaining information on mechanisms of both destructive and non-
destructive reactor dynamic behavior in the short-period domain.

(Although the functions of the Power-Burst Facility are somewhat similar
to those of the TREAT reactor [14], the TREAT reactor itself would not be
suitable for many of the applications considered chiefly because it is limited to
periods longer than about 40 msec; whereas the rate effects which must be
duplicated for an understanding of a BORAX [9], sL-1[16], or Spert-1 [17]



‘destructive test require a facility capable of much shorter periods. Further
discussion of the limitations of the TREAT and other existing reactors for the
present application is given in Section II, 4.1.)

4. FUNCTIONS OF THE PBF

The primary purpose of the Power-Burst Facility is to study the various
phenomena associated with the rapid destructive heating of fuel assemblies
designed for use in a variety of reactor systems. The objective is to obtain
a basic understanding of such phenomena as the onset of shock, explosive
steam generation, fuel disruption, fission-product release, and metal-water
reactions, and their effects on the reactivity of the system. The reactor will
also serve as a proof-test facility for confirming analytical predictions of such
effects when they are presented in the safety analyses of new reactors,

The second important purpose of the PBF isto carry out in-pile subassembly
studies of basic reactivity~feedback mechanisms associated with non-destructive
power excursions in reactors of various types. Included here are such
mechanisms as fuel and moderator expansion, moderator boiling, Doppler effects
in the fuel, rod bowing or other distortion of the fuel geometry, and neutron
energy upgrading by bound hydrogen in the fuel. Studies will be made of the
effects of various operating parameters (such as, initial system pressure,
temperatures, and coolant flow rate) and also of the effects of perturbations
in. fuel subassembly design (such as, changes in material composition, fuel
enrichment, and geometrical configuration).

The third major purpose of the PBF is to make this capability generally

available as determined by the needs of the AEC nuclear safety program, and to
permit special fuel-element and instrumentation development studies.

5. FLEXIBILITY OF THE FACILITY

The PBF is intended to be a flexible facility, designed to accommodate
several successive cores, each core yielding an improvement over its prede-
cessor in performance and versatility for subassembly testing.

The performance of the proposed first-generation core far exceeds that of
any existing pulsed-reactor facility in achieving large energy releases at very
short periods. The design chosen is based uponproven technology and requires no
major development program. This is of especial importance in view of the need
for a more extensive and more stringent fuel subassembly program than is
possible with existing test reactor facilities. The design chosen will permit
completion and effective utilization of the PBF at the earliest possible date. Con-
struction of the PBF is proposed to begin in September 1964, and to be completed
within approximately 20 months.

Future-generation PBF cores, which will require a significant devel_opment
effort, may be expected to achieve even larger energy releases at shorter



periods than the first-generation core. Such cores may also be designed to in-
clude variations in the -mode of operation of the facility. One such variation would
be to decrease the self-shutdown coefficient of the core and to increase the re-
activity coupling from the test space to the core. This would permit use of the
core as a sensitive reactivity detector to monitor geometrical or other important
changes taking place in the experiment during a power burst. Another variation
would involve the provision of a fast rather than a thermal neutron flux spectrum
in the test space for special tests. The achievement of these and other variations
in the mode of operation will require the solution not only of the problems of basic
technical design, but also the problems of maintaining the production of large
energy releases at short periods, of insuringoperational safety, and of establish-
ing the interpretability of the experimental results obtained. It is proposed that
study of these advanced concepts be carried on as a continuing design effort for
the PBF.



I1. PBF DESIGN PHILOSOPHY

1. DESIGN OBJECTIVES FOR THE FIRST-GENERATION PBF CORE

To perform its intended functions, the PBF must meet a number of design
objectives. The principal design objectives for the f1rst-generat1on core are to
provide a facility which will

(1) Produce power bursts in which sufficient energy is released
to cause destruction of a wide range of representative fuel elements
or subassemblies placed in a test space within the reactor

(2) Produce power bursts having initial periods as short as one
millisecond (in order to permit understanding of destructive behavior
in the millisecond time domain characteristic of runaway accidents)

(3) Provide initial conditions in the test space which simulate as
nearly as possible the environment in which the test fuel assemblies
arc designed to be used

(4) Provide a test space of sufficient size to accommodate fuel
subassemblies or fuel element clusters representative of the entire
range of current and presently planned reactor designs

(5) Permit performance of the destructive subassembly tests with-
out damage to the PBF reactor itself

(6) Permit design and constructlon of the facility with a minimum
of development delays, in order to meet the present urgent needs
-for high-performance subassembly testing as rapidly as possible.

In addition to these major design objectives, several important additional
constraints have been imposed on the design for the first-generation core in the
PBTF; namely,

(1) To minimize the neutronic coupling from the test space to the
core (ie, the sensitivity of the reactivity of the system to variations
of the contents of or the conditions within the test space), so that
different test assemblies may be easily subjected to comparable
reactor bursts to facilitate interpretation of the test resunlts; so
that the operational characteristics of the reactor (eg, control rod
position for criticality) are not markedly altered from one test to
another, and to avoid the greater development effort which would
be required in a more complex system

(2) To limit the magnitude of short-period power bursts by means
of the inherent shutdown mechanisms of the reactor itself, so that
programmed scramming of the control rods or some other means
of artificially limiting the shortest-period power bursts is not
required (although some shaping of power bursts by control rod
movement may be performed for longer-period bursts)



(3) To provide a short cooling time between power bursts so that
an appreciable number of tests may be carriedout in a single work
day. :

2. COMMENTS ON FUTURE-GENERATION PBF CCRES

As indicated earlier, the possibility also has been considered of designing
a PBF core to have a variable rather than a fixed neutronic coupling from the
test spacetothe core. (“Coupling” isagaindefined as the degree to which physical
changes within the test space affect the reactivity of the reactor.) Variable
coupling would permit two different modes of operation: minimized and maximized
coupling.

With minimized coupling (as in the design chosen for the first-generation
core), the power pulses produced by the reactor would be precisely reproducible,
independent of the nature or condition of the contents of the test space, thus
facilitating interpretation and comparison of the results of tests on fuel sub-
assemblies of different types.

With maximized coupling, on the other hand, it might become possible to use
the reactor both as a power-burst source and as a reactivity-change detector,
serving to measure directly the reactivity changes associated with meltdown
or other physical or chemical processes occurring in the test fuel. However,
precise interpretation of experiments of this latter type would present difficulties.
Even if these difficulties could be overcome (say, by reducing the self-shutdown
coefficient of the core itself to a very small value), the design of a reactor to
achieve variable coupling is necessarily more complex than one with fixed
coupling, and would require a substantial development effort. Furthermore, if the
self-shutdown of the core were reduced, this would pose new operational safety
problems if the reactivity effects due to changes in the test space were small
or positive. Finally, it might prove to be impossible to achieve large power
bursts if the reactivity effects due to changes in the test space were large and
negative, thus seriously compromising the basic performance of the facility.

Since the reactor with fixed (minimum) coupling between the test space and
the core will fulfill most of the present needs for high-performance subassembly
testing, and since these needs are urgent, this simpler concept has been selected
for the first-generation core. Study of more complex systems for possible use
in later-generation cores will be carried on as a continuing design effort.

Among other features which later~generation cores inthe PBF facility might
embody are provision for creating an epithermal orfast neutron spectrum in the
test space (as opposed to the thermal spectrum provided by the first-generation
PBF core design). This might be done inorder to develop a nuclear environment
in the test space similar to that infast reactors. However, it is not at all certain
that a fast neutron environment is necessary for a detailed study of the physical
and chemical phenomena involved in fast reactor fuel meltdown. Indeed, some
useful fast-reactor fuel-meltdown studies have been carried out in the TREAT
reactor, in which the neutron spectrum provided in the test space is highly
thermalized. It would appear that the principal limitation of TREAT for fast-
reactor safety studies has been its inability to achieve periods shorter than 40
msec, rather than its thermal spectrum. For these reasons and, again, because
of the immediate need for the PBF, no attempt has been made in the design of
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the first-generation core to achieve a variable neutron spectrum in the test
space. (If sound arguments for a variable spectrum are developed, again this
concept could be incorporated in future-generation PBF cores for which an
extended development program could be justified.)

" 3. IMPORTANT FEATURES REQUIRED TO MEET DESIGN OBJECTIVES

To meet the design objectives listed above for the first-generation PBF core,
the reactor concept selected must have certain general features. These features
are discussed below as they relate to the appropriate design objectives.

3.1 Generation of Sufficient Energy to Melt Test Assemblies

In order to be able to generate sufficient energy in a power burst to melt
fuel samples placed in the test space, the prompt reactivity shutdown coefficient
of the reactor (ie, the reactivity compensated by the prompt internal shutdown
mechanisms in the reactor, per unit of energy generated) must be relatively
small. Also, it must be possible to initiate the power bursts from very low
starting power levels. This requires a low natural source level in the reactor.

3.2 Attainment of a One-Millisecond-Period of Power Rise

In order to achieve periods of power rise as short as one millisecond,
either the prompt neutron lifetime of the reactor must be kept relatively
short or the injected reactivity must be relatively large, Experience has shown
that it is difficult to achieve a step increase in reactivity larger than a few
dollars [8]. Hence, it is desirable that the prompt neutron lifetime be kept
below about 25 usec. (If the prompt-neutronlifetime were 100 usec, for example,
the required reactivity step to achieve al-msecperiod would be about 12 dollars.)
To achieve lifetimes as short as 25 usec, the macroscopic absorption cross
section and the mean neutron speed in the core must be relatively large and
the slowing down time must be short. This dictates a relatively undermoderated
core with a hardened neutron spectrum.

The prompt neutron lifetime should not be so short, however, that the
reactor period becomes very sensitive to small reactivity changes leading to
difficulties in control., Values of lifetime in the vicinity of 10 to 20 usec are
considered to provide a satistactory compromise between the requirements
of attaining short periods and of maintaining ease of control.

3.3 Provision of Proper Environment in Test Space

Since each type of fuel assembly to be tested is normally used with a
specific type of coolant and within some specified ranges of elevated temperature,
pressure, and coolant flow rate, it isnecessaryto provide these same conditions
in thc teot opacc of the¢ PBF in order for the meltdown tests to be useful
in evaluating safety hazards associated with accidents in reactors using
the fuel assemblies tested. This requires that the reactor be designed to
accommodate the installation of special capsules and flow loops. It is also
important that installation and removal of these capsules and flow loops
be achieved safely and conveniently and with a minimum of disturbance to
the reactor itself.



3.4 Prevention of Damage to PBF éore During Meltdown Tests

In order to avoid damage to the reactor during power bursts in which
fuel samples are melted in the test space, it is important that the energy
density required to damage the fuel in the core be large relative to that required
to melt (or decompose) the fuel in the test sample. Table I lists a number of -
fuel element materials of particular interest for the PBF core along with the
energy density required to reach the melting (or decomposition) temperature.
It is evident that BeO, UOg, and graphite can sustain the highest energy densities
without damage, while aluminum, zirconium hydride, zirconium metal, and
beryllium metal are relatively poor in this respect.

TABLE T

LIMITING ENERGY DENSITY FOR VARIOUS REACTOR MATERIALS [18-24]

Watt-sec/cm®, 25°C to Melting

Material or Decomposition Temperature
Al 1,800
Zirconium hydride . 5,500
zZr : 3,700
Be ' 5,500
Fe (stainless steel) 7,900
U02 (density = 10.95) 10,400
¢ (density = 1.7) 10,500
BeO ' 20,000

" Also to avoid damage to the reactor during a meltdown test, it is important
that the average energy density developed inthe test fuel be large compared with
the peak energy density developed in the core fuel. One effective method for
achieving this is to use the “flux trap” approach in which the core is kept
relatively undermoderated and the test assembly is placed in a hole in the core
and surrounded by an annular moderatingregion. As a result, the thermal neutron
flux in the vicinity of the test assembly is substantially peaked as compared
with that within the core.

There are two final considerations which are important in avoiding damage
to the reactor core. First, if a liquid coolant is employed to remove the heat
from a solid-fuel core, it is necessary to keep the peak rate of heat transfer
from the fuel elements to the coolant relatively low in order to avoid explosive
vaporization of the coolant during or shortly after the power burst. Second,
if the core fuel elements are sheathed in some type of cladding, the cladding
may have to be thermally insulated from the fuel in order to avoid severe
thermal gradients and associated thermal stresses in the cladding during
or after the power burst.



3.5 Provision of Sufficiently Large Test Space

In order to provide a test space large enough to-accommodate fuel sub-
assemblies representative of the entire range of reactor technology it is
necessary that the PBF reactor core itself be relatively large. Typical sub-
assemblies to be tested are about 4-1/2 in. in diameter or smaller. However,
the test space must be significantly larger than this in'order to accommodate
the moderating annulus and the thick-walled pressure capsule or flow loop.

3.6 Reduction of Sensitivity of Core Reactivity to Contents of Test Space

The presence of a moderating annulus between the test assembly and the
core tends to minimize the sensitivity of the reactor characteristics to the
nature of the experiment. To further reduce the sensitivity of the reactor to
the experiment, it may be useful to surround the test space by a thermal
flux suppressor,

3.7 Self-Limitation of Power Bursts

In order for the power bursts to be self-terminated by the internal shutdown
mechanisms of the reactor in short-period excursions, it is necessary that the
pertinent shutdown mechanisms be essentially prompt in their response to the
fission energy release in the core. Mechanisms which fall into this category
include fuel expansion in a bare, solid assembly (as in Godiva [4]), moderator
expansion when the solid moderator is intimately mixed with the fuel (as in
TREAT [14]), direct radiolytic gas formation_in a solution of fuel in a liquid
moderator (as inKEWB [10]) , prompt gamma and neutron heating of the moderator
(as in Spert I11 [7]), hardening of the neutron spectrum by heating of a moderator
containing bound hydrogen mixed intimately with the fuel (as in Triga [11]), or
Doppler broadening of U-238 resonances by fission heating of a low enrichment
fuel (as in the Spert oxide core [25]),

The rcagon for spccifying self-termination of power bursts is associaled
with thc fact that the PDF core must be relatively large (buth to provide an
adequate test space and to provide a large source of neutrons leaking into the
test space)., It 1s impractical, for example, to pass a fuel slug through the
core for the purpose of both initiating and terminating a power burst because,
in order to provide a large enough reactivity pulse, the fuel slug would have
to be unreasonably massive. This point is discussed in greater detail in
Section V, 1.

3.8 Provision of High-Duty-Factor Operation

In order to provide a short cooling time between power bursts. it is
desirable to use a liquid coolant such as water or a liquid metal rather
than a gaseous coolant. Since liquid metals are more difficult and more
expensive to handle, ordinary water is the preferred coolant, other things
being equal. S

, To minimize the cooling time between bursts it is also necessary to
keep the total energy release in the core during the most severe allowable
power burst as low as possible. This requires that the core should be no
larger than that necessary to provide a sufficiently large test-space. Hence,
a suitable neutron reflector should be provided around the core to permit
the required excess reactivity in a core of moderate size to be achieved.
However, since the lifetime of neutrons in the reflector contributes to the
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total prompt neutron lifetime of the.reactor as a whole, the reflector must
be chosen to minimize its lifetime contribution while maximizing its reactivity
contribution. ‘ '

4. CHOICE OF REACTOR DESIGN CONCEPT

4.1 Review of Capabilities of Existing Pulsed Reactors

In an earlier feasibility study for a PBF, it was pointed out that none. of the
existing pulsed-reactor facilities can meet all of the design objectives specified
for the PBF. That discussion is reviewed here briefly as background information
relevant to the solooction of the PDIM desigu cuucepl.

In the case of the TREAT reactor, the 600-usec prompt-neutron lifetime
limits the practically achievable period of power rise to about 40 msec or
greater, while the limitations of the air cooling system permit only one or
at most two power bursts per 8-hr work day.

In the case of the Triga reactor, since the zirconium hydride moderator .
has a decomposition temperature of 800°C, the maximum energy density
achievable without damage to the reactor is too low to permit destruction of -
test samples representing the range of present fuel technology (See also Table I).
Furthermore, the 80-usec prompt-neutron lifetime is too large by about a
factor of three or four to permit attaining a one-millisecond period with a
reasonable reactivity insertion.

In the case of the KEWB reactor, the very large shutdown coefficient due
to radiolytic gas formation in the fuel solution severely limits the energy which
is produced at a given period of power rise, making meltdown experiments
impossible except at such shortperiods that pressure generation by the radiolytic
gas would begin to present a containment problem. Furthermore, the 60-usec
prompt-neutron lifetime of this system is still sufficiently large that excessive
reactivity additions would be required to achieve the short periods needed to
obtain the energy releases for meltdown tests. Finally, the small size of the
core severely restricts the sizes of the test fuel samples which could be used
in the meltdown tests.

For the Godiva - fast reactor, the shutdown coefficient due to thermal
expansion of the solid fuel sphere (or cylinder) is again so large that the
energy releases are much too small to be of value for meltdown studies. Also,
although very short periods are easily attainable because of the 0.01-usec
prompt-neutron lifetime, the lifetime is so short that the system is very
sensitive to minor perturbations, leading to problems of control and safety.
Further, the system is so small that, again, only very small samples could be
melted in this reactor. Finally, the natural air cooling characteristic of this
system again leads to very low duty factor operation.

It was concluded, therefore, (a) that the stringent requirements of the
PBF with respect to energy release in the experiment, minimum period,
size of experiment, and pulse repetition rate could not be met in any of these
existing facilities, (b) that modification of these facilities to meet the PBF
design objectives (if indeed possible) would entail a design and development
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effort on a scale comparable to that required for the construction of a new
facility, and, therefore, (c) that a new facility must be designed for the PBF
which represents a significant improvement over present-generation, pulsed-
reactor technology.

4.2 Basis for Choice of a Low-Enrichment, UO2-H20 System

As discussed in detail in an earlier report [25], power-burst experiments
with a small, low-enrichment UO2 core in the Spert I facility resulted in the
achievement of periods of power rise as short as 3.2 msec for a reactivity in-
sertion of about $2, with no damage to the reactor. The prompt-neutron lifetime
of this system was about 25 usec. The principal reactivity-compensating
mechanism responsible for self-shutdown atperiods below about 10 msec was the
prompt Doppler broadening of the U-238 capture cross-section resonances with
increasing fuel temperature.

In the shortest-period test, the peak power was about 7500 Mw, the peak-to-
average neutron flux ratio in the-core was about three, and the peuk energy
density in the UOg was about 3300 watt—sec/cm (as compared with a value of
about 10,500 watt-sec/cm3 required to melt a stainless-steel test fuel sample
having 200 g of U-235 per foot of length). Measurements made with a small
water channel in the core indicated that the thermal flux developed in the water
channel was a factor of three higher than the peak value in the core. The
natural-convection water cooling of the core was rapid, permitting a time
interval between tests as short as 15 min or less.

From the results of these tests, it was concluded that, with minor improve-
ments in design and with proper optimization, this type of system could meet
the initial design objectives for the PBF, and the general directions for the
required optimization were, therefore, specified. The present conceptual design
has resulted from the execution of that recommended optimization program.

4.3 Limitations of a U02-BeO-H20 System

Some consideration was given also to a variation of the system discussed
in the previous section. As noted in Table I, BeO has a higher limiting energy
density than UO2 by about a factor of two. Consequently, a fuel element made
of a mixture of UO2 and BeO would seem to have a significant advantage over
a fuel element made of pure UOg in that higher energy densities could be
generated in the test fuel assembly without melting of the fuel in the reactor
core. However, to achieve a significant gain in this way, so much BeO would
have to be mixed with the UO2 that the neutron spectrum in the vicinity of the
UO2 would be severely degraded, rendering the Doppler shutdown mechanism
ineffective. In addition, the generation of neutrons by the (y,n) reaction in the
beryliium would not permit the achievement of very low starting power levels
for the energy bursts. As a result, unnecessarily stringent requirements would
be imposed upon the design of the transient rod drive mechanism in order to
achieve a true step input of reactivity., Further, the addition of BeO to the
fuel would significantly increase the fuel development costs. For these reasons;
as well as the fact that the pure UOg system appears to be capable of meeting
the PBF design objectives without the addition of BeO, it was decided not to
include BeO in the fuel.
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5. PROPOSED LOCATION FOR THE PBF

The PBF will be located in the Spert I area at the National Reactor Testing
Station in Idaho, following the planned deactivation of the Spert I reactor in the
summer of 1964,
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lII. GENERAL DESIGN FEATURES AND PHILOSOPHY OF OPERATION

In this section, a summary description is given of the conceptual design of the
PBF including the first-generation core. More detailed descriptions of the reactor
facility and its component parts are given inSections IV, V, and VI. A summary of
the conceptual design parameters of the PBF is given in Table IL Final optimiza-
tion of the core design isnot yet complete and it is to be expected that changes in
the core configuration and the test facility will occur during final design. Never-
theless, the reactor described here appears capable of fulfilling the objectives
of a first-generation core for the PBF.,

TABLE II

PBF CONCEPTUAL DESIGN PARAMEYERS

Reactor type Open tank

Tank size 15 ft ID by éS It high

Core size . 5.6 tt diameter by 3 t't high
Experiment space 8-in.-0D hole through core vertically
Moderator-coolant ' Ho0

Fuel 3% enriched U0, in pins
Metal-to-water ratio 1.%

Lattice Triangular, O.Ohk-in. pitch

Fuel pin size’ 0.75 in. ON

Fuel cluddlng 28 mil stainlese steel

Fuel thermel insulation 1/16 in. 2r0s (between fuel and clad)
Peak fuel temperature ~ 2500°C

Coolant flow rate 15,000 gpm

The facility has been designed so that future-generation cores, capable of
extending the performance of the PBF beyond the present objectives, can be
accommodated without major modification of the reactor vessel, process equip-
ment, or building facilities.

As stated in Section VII, Phillips Petroleum Co. has responsibility for final

design of the core and associated control equipment. Final design of the reactor is
expected to be completed during fiscal year 1964,
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1. GENERAL FACILITY DESCRIPTION

Because of the nature of some of the experiments to be performed in the
PBF, the reactor has been désigned for remote nuclear operation in a manner
similar to that used for the Spert reactors. The facility, therefore, includes
two buildings: a reactor building and a control center, as shown on the Spert
General Site Plan, Figure 28. The reactor building houses the reactor, associated
process equipment, experimental facilities, fuel storage and handling facilities,
and the controls and instrumentation required for remote operation and experi-
mental measurements. A floor plan of the reactor building is shown in Figure 34.
The - control center shown in Figure 30 contains the control room, limited
shop facilities, and office space for personnel required to operate the PBF.

2. REACTOR AND PROCESS EQUIPMENT

- The conceptual PBF first-generation reactor is alight-water-moderated and
-cooled, UOg fueled, open-tank-type reactor. Provision has been made for forced
circulation of the coolant in order to control the initial temperature of the water
and also to remove the energy released during a power burst. A canal separated
from the reactor tank by a removable gate is provided for storage and handling
of test assemblies and reactor fuel. The essential features of the reactor are
shown 1n Figures 34, 35, 36, 37, 38, and 51.

3. FIRST-GENERATION REACTOR CORE

3.1 Core Configuration

The active reactor core is an approximate right circular cylinder 3 ft high
and 3.6 ft in diameter. The test space is a concentric axial hole 8 in. indiameter
passing entirely through the reactor. The test hole is surrounded by a 1/4-in,~-
thick stainless steel flux suppressor. The fuel rods are arranged in a triangular
lattice having a pitch of 0.944 in., giving a metal-to-water ratio of 1.3. A plan
of the core is depicted in Figure 52.

3.2 Fuel Element

The conceptual PBF fuel element is a0.75-in.-diameter pin having an active
length of 3 ft. The fuelis 3% enriched UO5. The fuel is coated with approximately
1/16 in. ZrOg, which serves as a thermal insulator, and is clad with stainless
steel. The fuel element is shown in Figure 53.

3.3 Transient Rods

Power excursions are initiated by rapidly driving three poison rods from
the core by means of pneumatic mechanisms. These transient rods are 7.5-in,-
wide blades having three 2-in. ribs for stiffening as shown in Figure 52.
They are made of hafnium and have full length followers of stainless steel.
The transient rods are surrounded by a sheath and operate entirely in air in
order to minimize drag forces during the rapid motion required to initiate a
transient. All fransient rods operate simultaneously.
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3.4 Control Rods

Control rods are used to adjust criticality of the reactor so that the
desired excess reactivity is attained when the transient rods are fully ejected
from the core. The geometrical cross section of the control rods is identical
with that of the transient rods. Like the transient rods, the control rods will
operate in air. The locations of the control rods are shown in Figure 52,

3.5 Safetz Rods

In order to provide sufficient negative reactivity to rapidly shut down the
reactor in the event of an emergency, a set of safety rods has been incorporated
into the design. During operation the safety rods are fully withdrawn and are
cocked in preparation for scram. The safety rods are of 3/4-in.-diameter
“hafnium and have full length fuel followers. They operate in water and are located
as shown in Figure 52,

3.6 Reflector

The conceptual PBF core is surrounded by a stainless steel and water
reflector. The stainless steel consists of a single row of rods surrounding the
outer periphery of the fuel rods and-in the same lattice configuration as the fuel
rods. This type of reflector was chosen in order to reduce reflection of thermal
neutrons so that a peak in the power density does not occur at the edge of the
core. The reflector configuration is shown in Figure 52.

4. EXPERIMENTAL FACILITIES

From the point of view of the process equipment involved, two general types
of experiments are planned for the PBF: Those in which the experlment is placed
in a sealed capsule and those in which the experiment is placed in a flow loop.

Though capsule experiments have provision for only minimal coolant flow,
they can have provision for elevated temperature and pressure. The basic re-
quirements are that the capsule be capable of withstanding the initial and transient
temperatures and pressures associated with a given experiment. Only minor
amounts of process equipment are required for capsule experiments. A cross
section of a typical pressurized water capsule experiment is shown in Figure 54.

For those experiments in which flow of the coolant is a parameter, an experi-
mental loop is required. The first loop tests will be made in the pressurized
water loop. The proposed design for this loop is included in this report. Since
it is intended that experiments be performed with a variety of other coolants,
such as liquid metals, gases, or organic fluids, provision is made for two
shielded loop cubicles in the reactor building.

In order to perform high-speed stereoscopic photography of events occurring
in the test assembly during a power burst, periscopes will penetrate the core at
locations which will permit alignment with special windows built into a capsule
or flow loop. The techniques involved have been used with success in the past
by the Spert Project in connection with capsules pressurized to 2500 ps1[7 15],
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5. PRESSURIZED WATER LOOP

The PBF pressurized water loop is a facility for destructive testing of a wide
variety of experiments in a high-pressure, high-temperature water environment.
The loop is capable of operating at temperatures and pressures up to 600°F
and 2200 psig, respectively. The in-pile tube is designed to withstand transient
pressures of 5000 psig. The loop is designed to deliver up to 1000 gpm of water
flow through a test fuel assembly, with up to 60 psi pressure drop across the
assembly. The loop is also designed to permit destructive testing of previously
irradiated fuel elements. A process flow diagram for the pressurized water loop
is shown in Figure 55.

6. PHILOSOPHY OF OPERATION

The PBF first-generation reactor has been designed to be safely self-limiting
for power excursions with initial reactor periods as short as 1 msec or less.
The magnitude of a power burst is determined by the excess reactivity introduced
by ejection of the transient rods and by the shutdown reactivity resulting from
Doppler broadening of the U-238 resonances and the prompt heating of the water.
For power bursts having a relatively long initial period, the shape of the burst
may be controlled by programmed manipulation of the control rods.

The reactor has been designed to be sub-critical with the poison sections of
the control and transient rods inserted and the safety rods withdrawn. Thus, the
principal steps in a typical operating procedure would be as follows: First the
safety rods are withdrawn and cocked. Then the control rods are adjusted to a
position which, upon ejection of the transient rods, will result in the desired.initial
reactor period. The transient rods are then rapidly ejected and the resultant power
excursion allowed to continue until it is terminated by the inherent mechanisms of
the reactor. At a convenient time, the control rods are then inserted, constituting
termination of the test. Since for short-period power bursts the dominant shut-
down mechanisms are prompt and result in a compensating reactivity roughly
proportional to the energy released, the shape of the power burst will be approxi-
mately symmetric about the power peak.

Both for operational reasons and to facilitate interpretation of test results,
it is highly desirable in a facility of this type that the critical position and
calibration of the control rods not change during a series of experiments.
!Toward this end, the core has been designed to minimize the effects of the
contents of the experiment space on the reactivity of the core. In addition it
is requiréd that the initial reactor temperature be stabilized at a specific
value (30°C) prior to each transient test. Provision for temperature control
has therefore been made in the reactor process loop design. The temperature
stabilization time will be approximately one hour for the shortest period power
burst. For longer period bursts in which a smaller amount of energy is released,
the temperature stabilization time will be correspondingly smaller.

The conceptnal PRF first-generation core has beendesigned so that the peak
temperature in the UO2 fuel is slightly lessthan the melting temperature of UOg
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during a power burst with a 1-msec period. However, it may prove possible to
achieve even shorter periods (and higher energy releases) if some limited melting
of the UOy is permitted. It is plannedto test the feasibility of thus improving the
performance of the facility by installing some PBF fuel pins in the test space
early inthe PBF test program and subjecting them to repeated power bursts which
cause melting of the UOg in these pins.
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IV. FUEL ELEMENT DESIGN CONSIDERATIONS

~'1. DESIGN OBJECTIVES AND FUEL ELEMENT DESCRIPTION

Because of the unique character of a power-burst facility, the design
considerations entering into the selection of the fuel element are quite different
from those normally encountered in reactor design. The primary fuel element
design objectives for the PBF first-generation core are:

(1) To obtain an element capable of withstanding thousands of
rapid thermal cycles over the temperature range from ambient
to near thc molting point of the fuel

(2) To prevent the rapid escape of heat from the element to the
water moderator in order to avoid explosive steam generation.
Secondary objectives have been to obtain an element (a) which can be relatively
easily constructed and (b) which does not require a great deal of developmental
effort.

The fuel element selected appears capable of satisfying the above objectives.

The conceptual fuel element consists of a 0.75-in.-OD. pin having an
active length of 3 ft. The fuel is uranium dioxide having an OD of 0.553 in.
The uranium dioxide is coated with a layer of zirconium dioxide approximately
1/16 in. thick. The pin is clad with 0.028 in. of stainless steel. An 8-mil gap
between the surface of the zirconium oxide and the inside surface of the clad
is provided for thermal expansion of the fuel, but no provision is made to maintain
a uniform gap. The fuel element configuration is depicted in Figure 53.

Uranium dioxide was chosen for the fuel because of (a) its high melting
point (2800°C), (b) its relatively high volumetric heat capacity, (c) its relatively
low thermal conductivity, and (d) the considerable amount of practical experience
which exists with this fuel material at the present time,

The purpose of the zirconium dioxide coating is (a) to prevent the clad
from reaching excessive temperatures, (b) to prevent rapid conduction of heat
to the water so that explosive steam formation cannot occur, and (c) to reduce
the thermal stress in the clad substantially below the yield point of stainless
steel. In determining the required thickness of the zirconium oxide coating,
no credit was taken for the thermal insulation provided by the gap since no
provision is made to maintain a uniform gap between the zirconium dioxide
and the clad. It is to be expected that, because of the rapid thermal cycling of
~ the fuel, the fuel will crack; thus it does not appear feasible to maintain a
uniform gap. '

The 8-mil gap is provided to allow room for thermal expansion of the
fuel. This is necessary to prevent excessive hoop stresses in the clad and
to prevent creep after many cycles of operation. If no gap or an insufficient
gap were provided then the axial expansion of the fuel, coupled with the friction
between the surface of the fuel and the inner surface of the clad, would cause
the clad to stretch. Successive thermal cycling of the fuel would result in a
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ratchetting effect in the clad, and the effective life of the fuel would be reduced.
This effect has been the cause of failure in the EGCR fuel element under
in-pile testing [26]. -

2. PROPERTIES OF FUEL ELEMENT MATERIALS

The severity of the service to which the fuel elements of the PBF will be
subjected . requires that the properties of the materials from which the fuel
element is constructed be examined in detail. While a considerable amount of
information is available about the properties of urania and zirconia, separately
and in mixtures, no specific information has been found in the open literature
on systems in which urania is clad with zirconia. The available information
indicates that the fuel element configuration chosen for this conceptual design
is feasible and is capable of meeting the fuel element design objectives. The
potential problem areas and the means by which they can be examined are
discussed in 3ection TV, 4.

2,1 Properties of Urania

Urania has been used successfully as a fuel in many reactor applications,
and it therefore has been subjected to intensive study. An excellent comp11at1on
of the properties of uranium dioxide and its nuclear applications is available [27]
Those properties which are of interest in the design of the PBF fuel element
are given in Table III.

A major consideration in the selection of the fuel for the PBF is the energy
density required to raise the fuel temperature to the melting point. The combi-
nation in urania of a high heat capacity and a high melting point results in a
limiting energy density of approximately 104 watt-sec/cc. This energy density
is as high or higher than all commonly used reactor materials with the exception
of beryllia (see Table I, and also Section II, 4.3). With respect to this consider-
ation, then, urania is an ideal fuel for a PBF application,

One primary objective of the fuel element design is to retain the heat

released in a power burst for as longas possible within the fuel so that explosive
boiling of the water does not occur. Retention of the heat within the fuel also

TABLE .ITT

IROIERTIES OF URANIA [27]

0.027 cal/°C-cm-sec (at 20°C): -

Thermal conductivity ~ 0,008 cal/°C-cm-gec (at > 1000°C)

n

Density ~ 10 g/cc

0.063 cal/g-°C (at 100°C)
0.082 cal/g-°C (at 1500°C)

Thermal cxpansion coefficient 1075 /°c
Melting point =~ 2800°C

Specific heat
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aids 'in reducing thermal stresses in the clad and permits maximum utilization
of the Doppler broadening of the U-238 resonances as the principal prompt
shutdown mechanism. The relatively high heat capacity of urania coupled with
its relatively low thermal conductivity makes urania quite satisfactory from
this standpoint,

A potential difficulty (inherent in all ceramic materials) is that of spalling
or fracturing of the urania when subjected to high thermal gradients. This
behavior is the result of the low thermal conductivity and the relatively high
thermal expansion coefficient. Fracturing of urania in reactor fuel elements
has been encountered previously in reactor applications, but no severe re-
strictions on reactor operation or performance have resulted. However, because
of the type of service envisioned for the PBF (that of repetitive power excursions)
and because of the necessity for including a gap between the fuel and the clad,
spalling or fracturing of the urania could result in reduced fuel element
lifetime. This potential problem will be investigated in the fuel element testing
program discussed in Section IV, 4.

2.2 Properties of Zirconia

Zirconia is used in many applications as a thermal insulator. The properties
of zirconia which are of importance in the PBF fuel element design are listed
in Table IV, :

TABLE IV

PROPERTIES OF ZIRCONIA [28]

Thermel conductivity 0.006 cal/°C-cm sec at 20°C
_Density(a) 5.4 g/cc

Specific heat 0.10 cal/g-°C

Thermal expansion coefficient 1073/°c

Melting point , 2700°C

(a) Maximum value. The density of the zirconia insulator will depend
upon the method of fabrication.

Its relatively high heat capacity and extremely low thermal conductivity
make zirconia a very effective thermal insulator. In addition, zirconia’s great
chemical stability, its compatibility with urania, and its high melting point make
it a very good insulator for PBF applications. Further, being composed of atoms
of relatively low mass number, ZrOs is not subject to significant radiation
heating (as is depleted UOg, which had earlier been considered as a potential
thermal-insulator material), Finally, there is considerable experience with ZrOg
in non-nuclear applications. (For example, coatings of ZrOg have been success-
fully applied to various materials by flame spraying, and solid ZrOg components
of high strength have been fabricated ina variety of shapes, including cylindrical

rings.)
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As previously discussed, the spalling characteristics. inherent in ceramic
materials pose a potential problem in maintaining the integrity of the insulator.
The problem will be investigated during the fuel element testmg prog'ram as
discussed below. :

Because of changes in crystal structure, the thermal expansion of zirconia
is quite peculiar. However, zirconia can be stabilized in a cubic lattice by the
addition of small amounts of calcium oxide or other ceramics without significantly
reducing the melting temperature of zirconia [28

2.3 Projerties of the Urania-Zirconia System

Because the urania and zirconia will be in intimate contact, the properties
of the urania-zirconia system are of importance. Fortunately, the eutectic
temperature of urania-zirconia is 2550°C, so that if an eutectic is formed at
the 'urania-zirconia interface no significant restriction will be placed on the
operating characteristics of the PBF as a result of a lowering of the melting
puint of the fuel.

The possibility does exist, however, that the insulating properties of the
zirconia could be impaired by the diffusion of urania into it. The presence of
fissionable material within the insulator would result in energy release directly
in the insulator, thus reducing its effectiveness. At the present time, no
information is available onthe relative diffusion of urania into zirconia. However,
it is known that the diffusion coefficient of most oxides at the melting point is
of the order of 10-7 cm2/sec [27], If a diffusion coefficient of this order applies
at the zirconia-urania interface, then, after maintaining a PBF zirconia-clad
fuel pellet at the melting point for one day, the concentration of urania halfway
through the zirconia coating would be 2-1/2%, Moreover, the self-diffusion
coefficient of oxides falls rapidly with decreasing temperature [27], For
example, at 1700°C the self-diffusion coefficient of urania is 6 x 10-4 cm2/sec,
while at. 1450°C the coefficient is down to 5 x 10-19 cm2/sec. Finally, the
fuel temperaturc will bc ncar the melting point for only a few seconds after
each maximum power burst. For these reasons, the destruction of the effec-
tiveness of the insulator by diffusion of urania does not appear to be a problem
at the present time. However, this effect will be studied during the fuel element
testing program discussed in Section IV, 4,

3. HEAT TRANSFER AND THERMAL STRESS CONSIDERATIONS

As indicated in Section IV, 1 the major design objectives for the PBF
require a fuel rod which can withstand many extreme temperature cycles,
which will release its internal energy to the surrounding water slowly enough
to prevent explosive steam formation, and which will not require an extensive
testing }froFram The results of a recent series of tests in the Spert I reactor
facility indicate that these requirements may be satisfied with a modified,
stainless steel clad, uranium oxide pin. In the Spert I tests, the core was
constructed of stainless steel clad, compacted uranium dioxide rods (0.5
in. OD, 0.028-in. clad thickness, 67-in. active length, 4% enriched) similar
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to those used in the N. S, Savannah core. As mentioned earlier, periods as
short as 3 milliseconds were achieved with no evidence of damage to the core.
In the most severe tests the peak energy density in the UOg was about 3300 watt-
sec/cm3. The natural-convection water cooling of the core was relatively
rapid, permitting a time interval between tests as short as 15 minutes. The
rod surface temperature increased from ambient to a steady-state value of
about 100°C shortly after the nuclear burst and remained near 100°C until
the energy stored in the fuel rods had escaped. At no time did steam formation
become sufficient to block coolant channels or to eject large volumes of water
from the core, ' '

Calculations have indicated that in the SpertIoxide reactor energy densities
in the fuel substantially higher than 3300 watt-sec/ cm3 could not have been
attained without rupture of the clad as a result of excessive thermal stresses.
Since the maximum specific energy release in the PBF is expected to be about
10,000 watt-sec/cm3, steps have been taken in the present design to insulate
the clad from the fuel, as discussed above. Calculations described below indicate
that zirconium dioxide is a very effective insulator for this purpose and that
no difficulty should occur as long as the maximum fuel temperature is kept
below the urania-zirconia eutectic temperature (2550°C),

A brief study of thermal behavior in several low-enriched uranium dioxide
rods with and without insulating annuli has beenperformed by numerical solution
of the heat diffusion equation for one-dimensional cylindrical geometry. Solutions
were obtained by means of the HEAT-1 program for the IBM 650 computer [29]
The geometric model, shown in Figure 1, consisted of an inner heat-source
region of UOg, an insulating annulus of zirconia, a clad region of stainless
steel, and a water region. The heat source distribution in the UOq due to fission
by slow and fast neutrons was obtained by a four-group neutron diffusion calcu-
lation using Muft- and Sofocate-derived constants 30, 31], Prompt heating
effects in the rod and moderator dueto neutron slowing down and prompt gamma
absorption were included in the calculation by using the gross.formulation that
the fractional prompt gamma source in the ith region is given by

A

Y _ 1.5 i 1

& T192 T A % (1)
1 1

where

Ai is the cross-sectional area of the region, and
A is the relative stopping power of the region,

and that the fractional neutron slowing-down contribution inthe water is given by

noo_ 2 ] @
g0 = ToB 2.6% (2)

For each time step, the programcomputed temperature-dependent input
values for the conductivity (X) and specific heat (Y) of each region by solving
equations of the form
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X =

@l

+ B + CO + Do?

and Lo a - 3
Y = A+ B6 + 62 + Do3

where the coefficients of the respective equations for conductivity and specific
heat vs temperature (9) were obtained by a least-squares fit of each equation to
published experimental data. Values for the conductivity of UO9 as a function of
temperature were taken from Kingery’s data [32] with extrapolation to higher
temperature made by means of Bates’ radiation heat transfer approximation [33].
The corresponding values for ZrOg were taken from Ryshkewitch’s data [34].
The coefficients of Fqanation (3) which were usced in the program are presenied
in Table V. .

WALLY Y

COEFFICIENTS FOR EQUATION 3 USED IN THE HEAT-1 PROGRAM

II'ljlex'mal Conductivity ( calories[cm- sec-"°C)

A B c D
U0z 4.913 x 10°1 1.495 x 1072 -1.385 x 10°5  4.7985 x 10°°
702 0.0 b, x 10 1. x10% . 0.0
S.3. U.0 3.01 x 107= 2.23 x 107° © 0.0
Ho0 0.0 1.435 x 1072 0.0 0.0
Specific Heat (calories/cm®-°C)
U0z . 5.6 x 1071t L.37 x 107% -1.85 x 1077 0.0
ZrOz 4,125 x 1073 1.16 x 107% 0.0 0.0
S.S. 8.83 x 1071 8.07 x 107% 0.0 0.0
Ho0 9.98 x 1071 0.0 0.0 0.0

The HEAT-1 program has heen successfully used[3%] to predict the temper-
ature behavior observed during Spert I tests from clad-surface and central-UO,
thermocouples for an appreciable range of initial reactor periods (1o < 200 msec).
From results of the digital calculations, it was computed that maxitnum heat
fluxes from a rod into the surrounding water reached about 2 x 106 BTU/hr-ft2
for a brief period following the shortest-period (1, = 3.2 msec) Spert I oxide
core test, and that the clad stress reached a maximum value of 9.5 x 104 psi,
exceeding the ultimate strength reported for soft-annealed type 304 stainless
steel. However, subsequent hardness tests and microstructure analysis revealed
that the (initially) cold worked clad retained a minimum ultimate strength
of 1.5 x 105 psi, ‘and that at no place did it show any loss of its cold-worked
microstructure, even in the region adjacent to the UO2 fuel. It may be con-
cluded that reactor excursions with initial periods below about 2 msec might
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have resulted in permanent clad deformation of some of the fuel rods used
in the Spert I oxide core.

Four proposed rod configurations for the PBF were studied using the
digital approach: these were 0.75-in. and 1.0-in.-OD rods, each with 1/16-in. and
1/32-in. insulating annuli of zirconia. All rods were clad with 0.028-in. stainless
steel. A metal-to-water ratio of 1.0 was selected for all calculations together
with an arbitrary symmetric power burst with a 0.1-msec initial period and
sufficient magnitude to generate integrated energy densities of ~ 104 watt-
sec/cm3 in the fuel, since this should present a reasonably severe test of
the fuel rods.

The results of the calculations are shown in Figures 2 to 6. In Figure 2,
the time behavior of the temperatures at the rod center and at all interfaces
is shown for a 0,75-in.-OD rod with a 1/16=~in, insulator. This is typical of
the shapes observed for the other rod configurations in the study, although
the change in temperature at the rod surface was about twice ds rapid for the
rods with a 1/32-in. insulator. Figures 3 and 4 show heat flux into the water,
temperature difference across the 28-mil clad, resulting thermal hoop stress
in the clad, and clad surface temperature as functions of time. The hoop stress,
og, was calculated by numerical integration of the formula v

2 2 b T
_C(E 1 r + a 2 . 4
Oy =T -7 3 [—2 2[Trdr+fTrdr—Tr] @)
r b a a

- a

where
r is the radius at the point in question,
4 is the inner clad radius,
b is the outer clad radius,
o is the coefficient of thermal expansion = 17.1 x 10_6/°C,
E is modulué of elasticity = 29 x 106 lb/inz, and
v is Poisson’s ratio = 0,305,

The heat flux into the water was computed from

dq _E(t +h) - B(t) - S(¢+h) . (5
dt [(t +h) -(¢t)TA

where
E is the total energy in the water coolant,

S is the prompt source of energy in the water (7 and neutron moderation),
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A is the surface area per unit length of clad, and
h is the time increment.

Time increments were selected sufficiently small that energy changes in
the water were relatively small during any time step.

The maximum clad stress observed shortly after the onset of boiling
appears to be safely lower than the peak value observed in the Spert I oxide
core during a 3-msec excursion, and indicates that there is no apparent limitation
due to hoop stresses on the number of such stress cycles which this fuel rod
can undergo. Maximum heat flux into the water also-occurs shortly after the
onset of boiling, and is also considerably (about a factor of two) below the
peak value calculated for the Spert oxide core. The provision of forced coolant
flow in the PBF (which could not be accommodated with the calculational
approach used) should further widen this margin of safety.

Three radial temperature profiles for the 3/4~in. fuel rod with a 1/16-in.
insulator are presented in Figure 5, with time as a parameter. The effects of
prompt heat sources on the profile at atime near the peak of the burst (t = 10-3
sec) are evident in regions 2, 3, and 4. Within about 2 sec the profile is sccn
to approach its asymptotic relaxation shape.

Figure 6 shows the clad-surface temperatures at a time shortly after
the burst has subsided, for each of the four rods studied, with the thickness
of the ZrOg insulator as a parameter. The merit of the increased thickness of
the insulator is readily apparent whenone considers that the surface temperature
rise at the selected time is superimposed upon the prompt heating of the clad
during the power burst (about 55°C in all cases). At the same time after the
3.2-msec-period burst, the rate of rise of clad surface temperature (both experi-
mental and calculated) for the Spert I oxide fuel rod was about a factor of 5
greater than that calculated for the insulated rods. Figure 6 clearly shows the
advantage of using as thick a ZrOg annulus as possible, consistent with the other
requirements discussed above.

4. FUEL ELEMENT TESTING PROGRAM

The fuel proposed for the PBF is unique in that an inert insulating shield
will be used between the active fuel and the stainless steel cladding for reasons
explained in SectionIV, 1. Although a literature search and calculations performed
on the characteristics of the UO9-ZrOg system indicate feasibility of the
design, it will be necessary to perform a limited fuel testing program in
order to verify the calculations and references. Possible fuel element problems
are (a) the diffusion of UO2 into the ZrOs insulator, (b) axialratchettingof
the clad, (c) the loss of ZrO2 spalling into the air gap, and (d) determination
of a satisfactory method of fabrication.

Extensive diffusion of UOg into the ZrOy would negate the desired effect
of the ZrOg2 insulator. While the indications are that diffusion will not be
extensive in the PBF (see Section IV, 2), no experimental information on this
type of ZrO2-UO2 system is presently available. Hence, one portion of the
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fuel -element development program is ‘the investigation of the diffusion of UOo
into ZrOs.

Axial ratchetting of the clad, caused by thermal expansion of the fuel, has
been known to result in substantial axial growth of the clad and eventual clad
failure [26],  The conceptual PBF fuel pin has incorporated a gap between
the ZrOg and clad in order to avoid ratchettingeffects. However, because of
the type of service to which the PBF fuel elements will be subjected, sub-
stantial cracking of the fuel is expected, and it is not clear whether the gap
will eliminate the ratchetting phenomenon. In addition, it is desirable to minimize
the gap size in order to obtain a high overall fuel density in the reactor and
to minimize the possibility of insulator loss by spalling. Thus, a proof test
of the PBF fuel element design is necessary.

During  maximum bursts in the PBF, the ZrOg2 insulator will develop very
high thermal stresses and may tend to spall. The presence of a gap between
the insulator and the clad permits potential axial motion of ZrOg flakes, and
portions of the fuel may come into contact with the clad. Such an occurrence
could result in an intolerable thermal stress in the clad. The extent to which
spalling and displacement of the ZrOg occurs must be determined durmg the
fuel element testing program.

Of secondary importance from the reactor standpoint but of equally great
concern from the fabrication and procurement view is the method of fabricating
a practical fuel pin. Two methods appear feasible at the present time. These
include forming the ZrO2 layer by the powder-spray technique or sintering
slip fit rings of ZrOg to mate with sintered UO2 pellets.

The testing program as presently visualized would consist of the followmg
phases:

Phase 1: Ten.sinteredpelletsand twenty full scale fuel pins of each
fabricating method will be manufactured by potential fabricators of
the full core.

Phase 2: The ten sintered pellets of eachfabricatingmethod are to
be furnace heated to a steady state temperature roughly equivalent
to the calculated UO9-ZrOg interface temperature and held at
that temperature for varying lengths of time to determine the
diffusivity constant for each fabricating method. Diffusivity will
be measured by destructive analysis of the pellets. Integrity of the
Zr09-UO, system can be evaluated at this time.

Phase 3: The fuel pins are to be subjected to several hundred
power bursts in a tcst reactor in order to proof-test the ping with
respect to clad ratchetting and insulator flaking. It is planned
that the enrichment of the fuel in the pins be so adjusted that
design maximum operating conditions of the pin can be attained
at the longer periods and/or lower fluxes available in other
pulsed reactors. (Note that the long thermal time constant of the
UCy and ZrOg makes it possible to obtain meaningful results from
tests in an existing reactor like TREAT which is limited in the
minimum period it can achieve, but which can produce substantial
energy release in a power burst.)
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On the basis of the results of the above program, the final selection of fuel
for the PBF will be made. '
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V. REACTOR PHYSICS OF THE FIRST-GENERATION CORE

1. PHILOSOPHY AND OBJECTIVES

The purpose of the Power~Burst Facility is to provide a test reactor in
which typical reactor fuel assemblies can be tested to destruction during short-
period power excursions and under initial conditions which closely simulate
the operating environment for which the fuel has been designed. In order to
achieve this purpose, design objectives have been specified for various aspects
of the facility design. From the point of view of the nuclear design of the reactor,
there are three primary objectives for the first~generation core:

(1) During a maximum burst the energy density achieved in the
fueled regions of the assembly under test must be sufficient to
melt the fuel, while the energy density released in the fuel element
of the core must be less than that required to raise the fuel
temperature to the melting point.

(2) In order to test the fuel assemblies under conditions which
simulate a severe accident, the reactor must be capable of
achieving an initial reactor period of the order of one millisecond.

(3) The facility must provide a test space large enough to ac-
commodate full-size fuel assemblies typical of those used throughout
the industry, or (in the case of very large fuel assemblies) to
accommodate partial assemblies of sufficient size to constitute
a meaningful experiment. '

Consideration of the need for flexibility inthe experimental program and for
convenience of operation has resulted in several secondary objectives for the
first-generation core. Among these are:

(1) Variation of the contents of or the conditions within the test
space should have a negligible effect on the reactivity of the core.
This objective is necessary in order to be able to subject various
test assemblies to comparable transients and to ensure that the
placing of the various types of experiments within the test space
does not markedly alter the characteristics of the reactor.

(2) The power burst should be self limitingby means of an inherent
prompt shutdown coefficient, in order to obviate the need for a
programmed scram or other means of artificially limiting a power
burst at the shorter periods.

(3) Consistent with obtaining the necessary energy release within
the experiment, the energy release in the core should be as small
as possible, in order to minimize the heat removal requirements.

The first of the primary objectives, that of achieving a sufficiently high

power density in the fuel in the test assembly with respect to that in the core,
leads to the following considerations: While it ispermissible (and in some cases
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necessary) to produce a high power density in a test assembly by increasing
the fuel density in the assembly, such an approach is inconvenient and in certain
cases not possible. Therefore, the approach taken in the design of the PBF
reactor has been to provide a large thermal flux peak in the test space.
Accordingly, the test space is located along the central axis of a cylindrical
core to take advantage of the natural peaking due to geometric effects. In
addition, the core is designed to operate with a rather high fast-to-thermal
flux ratio in order to provide a current of fast neutrons to the test space.
The fast neutrons are thermalized in a-moderating annulus surrounding the
test assembly, thus producing a large thermal flux peak in the test space.
While the neutron spectrum within the test space may be quite different from
that in which the assembly undergoing test is normally expected to operate,
this difference is of no major consequence since the primary concern is with
the thermal and mechanical effects resulting from very high power and energy
densities within the fuel elements.

The objective that the reactor should be capable of initial periods of the
order of 1 msec dictates that the prompt neutron lifetime be of the order of
10 to 20 pusec. A lifetime substantially longer than this would require reactivity
additions of a magnitude which would be difficult to achieve. On the other hand,
lifetimes substantially shorter than this would make the reactor so sensitive
to small reactivity changes that control would be difficult. :

With rcgard to the third primary objective (a sufficiently large test space)
a review of the various reactor designs in the United States Atomic Energy
program has indicated that the most common cross sectional dimension for
fuel elements is approximately 3 by 3 in. While there is considerable variation
from this dimension, with some assemblies beingas large as 7-1/2 by 7-1/2 in.,
the larger fuel assemblies normally consist of bundlesof rods, and hence,
meaningful experiments can be run on partial hundles, Moreover, since a large
portion of the increase in power density in the test assemhly over that in the
core is produced by the thermalization of neutrons, there is a tendency toward
substantial power density variations within the test assembly. As a result,
meaningful experiments involving assemblies much larger than about 3 to 4 in.
in diameter are not feasible. Thus, for very large fuel assemblies it is necessary
to use partial assemblies. For these reasons, a 3 by 3 in, cross section was
chosen as the basis for optimization of the test space size. This consideration
resulted in a diameter for the test space of 8 in., within which the test assembly,
pressure container, and moderating annulus must bhe placed. With a pressure
in the container of 2500 psi, test assemblies as large as 4 in. square or 4-1/2 in.
in diameter can be accommodated without undue reduction in the maximum
power density achievable within the test assembly. The height of the core has
been specified as 3 ft. This imposes no undue restriction on the axial length
of the experiment; pressure effects resulting from very long channels can be
studied by positioning the test assembly such that the flux peak occurs at the
desired axial location along the test assembly.

The secondary design objectives of the PBF first-generation core stem from
a variety of considerations. For reasons of safety and operating convenience, it
is desirable that the condition and contents of the test space have a negligible
effect upon the reactivity of the core. For example, if the insertion or removal
of a fuel-containing capsule from the test space were to cause a large change in
reactivity, a safety hazard could exist inthe changing of experiments. If, further,
the substitution of one experiment for another caused a large change in the core
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reactivity, an operational inconvenience would arise from the resultant changes
in critical position and calibrations of control and transient rods. Such a
situation would require the performance of extensive critical experiments
after the insertion of each new test assembly. Finally, if the changing conditions
within the experimental capsule during a transient (for example, the generation
of voids) were to cause a large change in the reactivity of the core, two dif-
ficulties would result. If, the reactivity change were positive, a safety hazard
could be created, but, if the change in reactivity were negative it could affect
the shape of the power burst and thus cause difficulties in interpreting com-
parative experiments. For these reasons, one guideline in the conceptual design
of the PBF core has been that the reactivity coupling between the experiment
and the core should be as small as possible consistent with meeting the
primary objectives.

One possible method for producing a power burst in a reactor is to pass
a fuel slug at high speed through the reactor. In the present case this approach
does not appear to be practical since the fuel slug would have to be very large
to be sufficiently effective. In addition, the presence of the test space at the
center of the core eliminates the optimum location for such a fuel slug. As a
result, in order to ensure that severe azimuthal perturbations in the flux
during a transient be avoided, several such fuel slugs would have to be moved
through the core in symmetrical locations, simultaneously, and at high speed.
The practical difficulties involved in such a scheme are considerable. Therefore,
the approach taken in the conceptual design of the PBF core has been that
transients will be initiated by ejection of poison-type “transient” rods and will ‘be
limited by inherent shutdown mechanisms. Because transients will typically be
initiated from very low power levels, the speed of the transient rods need not be
excessive. The principal shutdown mechanisms inthe present case are the prompt
Doppler effects in uranium-238 and the prompt gamma and neutron heating of
the water moderator.

The magnitude of the prompt shutdown effect mustbe such that the maximum
allowable burst (that which causes the hot spot in the fuel to reach ~ 2500°C)
is achieved at an initial reactor period of approximately 1 msec. If the magnitude
of the shutdown effect were too small, then the maximum allowable burst would
be achieved at an initial period longer than 1 msec. If the magnitude were too
large, then a shorter initial period would be required to achieve the maximum
burst. However, because of the speed required of the transient rods, periods
substantially shorter than 1 msec would be difficult to achieve. Thus, the
magnitude of the reactivity effects resulting from Doppler broadening of
U-238 resonances and prompt heating of the water is crucial, and core design
parameters such as fuel enrichment, test space size, metal-to-water ratio,
etc, must be adjusted in the design to yield the desired amount of reactivity
compensation,

Radial flattening of the power distribution in a reactor of the PBF type
has an advantage only if it increases the ratio of the average power density
in the experiment to the maximum power density in the core. If power flattening
does not increase this ratio, then excessive amounts of energy are released
without resulting in any advantage from the point of view of the experiment.
Therefore, in the conceptual design of the PBF core, the approach has been
taken that the peak-to-average power density ratio within the core should be
as high as possible consistent withobtaininga power density in the test assembly
which is high with respect to that in the core.
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In Sections V, 2 through V, 5 the results of calculations made to obtain
a preliminary optimization of the core design are presented and discussed.
While the design obtained as a result of these calculations is a conceptual
rather than a final design, it appears fully capable of meeting the objectives
.of a first-generation power-burst facility. In Section V, 6 the results developed
in Sections V, 2 through V, 5 are summarized, the resulting conceptual core
design is outlined, and recommendations are made for further physics studies
leading to the final core design.

2. OPTIMIZATION STUDIES

2.1 Introduction

From the above discussion, it is apparent that in order to meet the objectives
of the PBF the various core parameters must be optimized with respect to
several measures of core performance. In addition to such measures as the
prompt-neutron lifetime, reactivity coefficients, power distribution, ete, two
quantities having special meaning with respect to the performance of a PBF
core have been defined:

First, as a measure of the ability to destroy a test fuel element without
damage to the core, a “figure-of-merit” has been defined as the ratio of the
average power density in the experiment to the peak power density in the
core, (This quantity is defined more precisely in Section V, 2.2).

Second, as one measure of the effects of the contents of the experiment
"space on the reactivity of the reactor, the “coupling” has been defined as
‘the change in the eigenvalue (essentially the reactivity) which results when
the test fuel assembly and its capsule are removed from the test space and
replaced with water.

In order to reduce the number of physdics calculations regiired to obtain
a preliminary optimization for conceptual design purposes, a number of
simplifying approximatlons have been made. These are as follows:

Since the shape of the core can be closely approximated by a cylinder,
all of the optimization studies were made with the aid of one-dimensional
diffusion theory codes using cylindrical geometry. For simplicity, these
studies were done with the control rods and transient rods completely removed
from the core and replaced b?' fuel, as shown in Figure 7. Calculational studies
of the Spert I UOg core L25] and of the MARTY core [36], summarized in
Appendix A, indicate that for a just critical arrangement an eigenvalue of
about 1,02 should be obtained. Thus, for about 3% excess reactivity in the
PBF core, the calculated eigenvalue should be about 1.05. The core radius
was adjusted with each parameter change in order to obtain this eigenvalue.

The Spert III fuel assembly [7] was chosen arbitrarily as the test element
in the optimization studies. The effect of varying other reactor parameters
was then studied at an eigenvalue of 1.05 with the Spert III assembly in the
test space. An aluminum ETR assembly [37], two stainless steel assemblies
with different U-235 concentrations, a gas-cooled assembly of the HTGR
type [38], and various arrays of PBF fuel pins were then considered to be

32



inserted successively into the test space in place of the Spert III assembly
in order to determine the changes in eigenvalue and to obtain the power distri-
butions with these experiments. There was no special reason for using the Spert
III assembly rather than some other type of fuel assembly as the test fuel for the
bulk of the optimization calculations. Indeed, the results of the calculations ob-
tained with other fuel assemblies in the test space showed that the optimum values
of the design parameters of the core were not a significant function of the type of
test fuel assembly used in the calculations.

Since cylindrical geometry was used for all the calculations it was necessary
to approximate the test fuel assembly as a cylinder of cross-sectional area
equal to the actual fuel assembly area. Thus, for rectangular fuel assemblies,
corner effects were neglected.

For studies in which the diameter of the test space was varied, it was
assumed that the stainless steel pressure pipe must be strong enough to
contain a pressure of 5000 psi at a temperature of 400°F, The necessary wall
thickness for various pipe diameters was then computed by means of the
membrane theory. The pipe outer diameter, wall thickness, and inside diameter
as used in the one dimensional computations are given in Table VL

TABLE VI

STAINLESS STEEL PRESSURE PIPE DIMENSIONS

Quter Diameter Outer Radius Wall Thickness Inside Radius
_(in.) (cm) (cm) (cm)
6 L 7.62 1.369 - 6.251
7 8.89 1.598 7.292
8 10.16 1.826 8.334
9 11.43 2.055 9.375
10 ‘ 12.70 2.284 10.416
12 15.24 2.741 12.499

In the following paragraphs the effects of change in the reactor design para-
meters upon each measure of performance are treated. The reactor configuration
selected for the conceptual design and the reason for its selection are given
in Section V, 6.

2.2 Figure-of-Merit and Coupling

The figure-of-merit has been defined earlier as the ratio of the average
power density in the experiment .to the peak power density in the core. This
ratio has been chosen as a measure of reactor performance because it indicates
the potential ability to destroy a test fuel assembly without damaging the core.

During short powér bursts, the.storage of heat in the core fuel pihs and
in the fueled portion of the experiment is essentially adiabatic. Hence, the
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most meaningful power densities for use in determining the figure-of-merit
are based upon the actual fuel volumes rather than the total metal (and/or
oxide) volume, The power density in the core has been determined on this
basis.

In certain types of experiments, however, it has been necessary to use a
somewhat different definition of the power density for the following reason: The
present study has been performed using one-dimensional diffusion theory
in cylindrical geometry. Plate-type test assemblies have been represented
by homogeneous cylindrical regions. Consequently, effects due to geometrical
differences among fuel assemblies have been ignored, and fuel assemblies
having the same metal-to-water ratio, materials, and fuel loading, but differing
in geometry, are represented in exactly the same way. In order, therefore,
to obtain a conservative value for the figure-of-merit, the power density for
plale-lype fuel assemblies has been determined by using the entire metal
volume (including structural parts; such as, side plates) as the power pro-
ducing volume,

To obtain a measure of the effect of the experiment upon the core, a
coupling parameter has been defined. “Coupling” has been defined as the change
in keff resulting from removing the experiment and its stainless steel pressure
pipe from the test space and replacing them with water. In all cases studied
the eigenvalue was higher where the experiment was present than when it was
replaced with water. The optimization studies have therefore been directed
toward obtaining both a high value for the figure-of-merit and a low absolute
value for the coupling.

To achieve these two objectives, several reactor variables were investigated.
These included the core metal-to-water ratio. (the ratio of the total fuel pin
volume to the water volume), the fuel enrichment, the boron concentration in a
thermal flux suppressor surrounding the experiment capsule, and the re-
flector composition.

2.21 Effects of Variation in Core Metal-to-Water Ratio and Enrichment.
The effects of variations of the metal-to-water ratio and fuel enrichment upon
the figure-of-merit and coupling are shown in Figures 8 and 9. Variation of
the enrichment has a relatively large effect on the coupling but only a small
effect on the figure-of-merit. Variation of the metal-to-water ratio has a
significant effect on both the coupling and the figure-of-merit. Figures 8 and
9 indicate that the core should have a high metal-to-water ratio in order to
maximize the figure-of-merit and a low fuel enrichment in order to minimize
the coupling. However, in both figures the 3% enrichment curve indicates
that there is a maximum attainable value of the figure-of-merit for a given
enrichment. Hence, for a given tolerable value of coupling, the figure-of-merit
can be increased by the simultaneous increase of the enrichment and the
metal~to-water ratio.

2.22 Effects of Variation in Thermal Flux Suppressor Poison. A para-
metric study has been made of the effect of an annular thermal neutron flux
suppressor placed between the pressure pipe and the core to reduce the re-
activity effect of the experiment on the core. The flux suppressor consisted
of a 1/4-in.-thick boron-stainless steel cylinder surrounding the test space
as shown schematically in Figure 7. Flux suppressors with four boron con-
centrations were considered: (a) a “heavy horon” suppressor with 2.85 x 1021
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atoms of B-10 per cm3, (b) a “medium boron” suppressor with 0.95 x 1021 atoms
of B-10 per cm3, (c) a “light boron” suppressor with 0.29 x 1021 atoms of
B-10 per cm3, and (d) a stainless steel suppressor containing no boron.

It was postulated that, by eliminating the transfer of thermal neutrons
between the core and the test space, the effect of the experiment on the reactivity
of the core as measured by the coupling would be decreased. However, as
shown on Figure 10, the study indicated that as the boron concentration in the
flux suppressor was increased, the couplingfirst increased, reached a maximum,
and then decreased.

A possible explanation for this behavior is that the coupling is the sum
of two opposing effects. The removal of fuel from the test space removes a
source of fast neutrons and results ina loss in reactivity. However, the associated
removal of the pressure pipe eliminates some thermal neutron poison and
results in an increase in reactivity. The addition of a thermal neutron poison
such as boron to the flux suppressor reduces the positive effect of removing
the pipe. Since the negative effect predominates in this core, an increase in
poison results in a larger absolute value of the coupling. However, if sufficient
boron is added to cause significant absorption of epithermal neutrons by
the flux suppressor, the negative effect due to the removal of the fast-neutron
source represented by the test fuel is decreased, resulting in an overall
decrease in the absolute value of the coupling. As is indicated on Figure 11,
the figure-of-merit is largest when there is no boron in the flux suppressor.
The gain in coupling and figure-of-merit (to be realized by use of a non-
borated stainless steel flux suppressor) is also apparent when Figure 9 is
compared with Figure 8. Figure 8 represents a core with a heavy boron flux
suppressor while Figure 9 represents a core with a stainless steel flux sup-
pressor. Therefore, the main functions of the flux suppressor are: to limit
the reactivity effects of removing the experiment capsule, to reduce the power
peaking at the edge of the core, and to act as a guide for inserting the experi-
ment capsule.

2.23 Effects of Variation in Pressure Pipe Diameter. The effects of the
size of the pressure pipe on the coupling and figure-of-merit are shown in
Figures 12 and 13, for 3% and 5% enriched fuel. These figures indicate that
for metal-to-water ratios less than 1.8 the optimum pipe OD is about 7 in.
However, for a metal-to-metal ratio of 1.3, the coupling is substantially
reduced with very little reduction in the figure-of-merit by increasing the
pipe OD to 8 in. A further increase in the pipe size, however, substantially
reduces the figure-of-merit.

2.24 Effects of Variation in Reflector Composition. The effect of the
reflector composition was studied by varying the relative amounts of stainless
steel and water in a 2-cm annulus adjacent to the periphery of the core, The
results show that variation of the proportions of stainless steel and water in
the reflector has very little effect on the reactivity and figure-of-merit.
Specifically, in changing the reflector annulus material from pure water to
809 stainless steel and 20% water, the keff is lowered 0.6% while the figure-
of~merit is increased 2%. For this same change in annulus material, the
ratio of maximum core power densityto average core power density is increased
by about 8%. However, the ratio of peak core power density to the density
adjacent to the reflector changes from 1.3 with the pure water reflector to
3.0 with the 80% stainless steel, 209% water reflector.
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To investigate the feasibility of reflector control of the PBF reactor, the
effect of replacing a 2-cm-thick annulus of water adjacent to the periphery
of the core by heavily borated stainless steel was examined. This change
lowered the keff by only 1.8%. Since 1.8% is considerably less than the amount
of control required in this system, it was concluded that reflector control
is not feasible. ‘

2.3 Core Radius

The core radius required to attain an eigenvalue of 1.05 is plotted in
Figure 14 as a function of metal-to-water ratio, with fuel enrichment and
boron concentration in the flux suppressor as parameters. Figure 14 indicates
that, at low values of fuel enrichment, the core radius is strongly dependent
upon the metal-to-water ratio.

2.4 Reactivity Coefficients

2.11 Doppler Effcct Studics. Tor power bursts having an initial period
of the order of 1 msec, the principal prompt shutdown mechanism is that
resulting from Doppler broadening of the U-238 resonances. The long thermal
time constant of the fuel element selected for the conceptual PBF core is such
that during a short-period power burst essentially all of the heat released
in the UOg remains in the UOg. Thus, in order to calculate the effective Doppler
temperature coefficient during short-period bursts, all regions other than
the UOg2 fuel are considered to be at room temperature. The GAM-1 code[39],
which takes into account the Doppler broadening of the U-238 absorption
resonances, was used to obtain fast group constants for various values of the
UOg temperature. These constants were used with the room-temperature,
flux-weighted thermal constants to obtain the change in keff resulting from
a change in fuel temperature.

The Doppler temperature coefficient as a function of temperature is shown
in Figure 15 for a core havinga metal-to-water ratio of 1.3 and a fuel enrichment
of 3%. The keff for this core as a function of fuel temperature is shown in
Figure 16. The change in reactivity resultingfrom changing the fuel temperature
from 20°C to 2200°C is shown in Figure 17 as a function of metal-to-water
ratio and U-235 enrichment.

All of the above results were obtained assuming a uniform temperature
distribution throughout the core. The more realistic case of a non-uniform
temperature distribution was studied by considering the average power density
in each of eight radial regions of the core. The temperature, taken at the peak
of the power burst in the radial region with the highest power density, was
1300°C. The temperature in each of the other regions of the core was assumed
to be proportional to the average power density in that region. Fast constants
were determined for the various radial core regions by interpolation of GAM-1
results obtained at several temperatures. The calculated eigenvalue for this
UOg2 temperature distribution was 0.9749. For this same temperature distribution,
the average UOg temperature in the core was 996°C. Using fast constants
determined for this average temperature, the resultant eigenvalue was 0.9764.
The eigenvalue for the base case (20°C uniform core temperature) for this
model was 0,9942. The results of these calculations indicate that the negative
Doppler effect for the non-uniform UOg temperature distribution is roughly
8% higher than that for the uniform temperature distribution.
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The studies described in Section V, 2.2 indicate that the best overall
operational characteristics are obtained if there is no boron in the flux sup-
pressor. However, the calculated Doppler effects described above were obtained
for the case of the heavily-borated flux suppressor. To determine whether
these results were equally valid for the non-borated flux suppressor case, a
few calculations of the Doppler effect for the core with the non-borated sup-
pressor were made. The results of these calculations showed that the Doppler
effect was relatively insensitive to changes in the boron concentration in the
flux suppressor; the Doppler effect decreased by 4% when the boron was removed
from the heavily-borated suppressor.

The average Doppler temperature coefficient between 20°C and 400°C
is ~2.3 x 10-5/°C for the PBF core with metal-to-water ratio of 1.3 and fuel
enricluneut of 39,.

2.42 Void Coefficient Studies. Because of the high peak power levels
to be attained in the PBF and the consequent possibility of void formation,
void coefficients for void volumes ranging between 5 and 95% of the water
volume were obtained throughout the experiment and core regions. The studies
were made on two cores: one containing 3% enriched fuel in the fuel pins and
the other containing 5% enriched fuel in the fuel pins. The metal-to-water
ratio in both cores was 1.3. In both cases, the 2-cm annulus of the reflector -
adjacent to the core perimeter consisted of 80% stainless steel and 20% water.

The experimental fuel assembly used with the 3% enriched core wasa -

stainless steel assembly containing 600 g of U-235. For the studies of the 5%
enriched core, the experimental assembly was a standard aluminum ETR fuel
assembly containing 400 g of U-235. For both cores studied, the pressure
pipe OD was 8 in. Most of the studies were made with the heavily borated
flux suppressor surrounding the test space; however, several calculations
were also performed with the unborated stainless steel flux suppressor in

order to determine the effect of the boron on the void coefficient in the test

space and in the core.

All calculations were based on four neutron-energy groups. Fast constants
were obtained with the GAM [39] code, and thermal constants were averaged
over a Wigner-Wilkins spectrum and flux weighted as described in Section IX, 1.
A homogeneous void was introduced into a particular region by reducing the
density of the water in that region. In all cases where a 95% void was introduced
into a region (ie, the water density was reduced by 95%), a zero value of the
vertical buckling was used in that region in order to avoid an excessively
large value of end leakage. Since there will be some end leakage, the use of
a zero vertical buckling results in an eigenvalue which is too large and, con-
sequently, yields a void coefficient which is algebraically greater (eg, less
negative) than the true coefficient.

The results of these studies are given in Tables VII and VIII. For both
cores studied, the overall void coefficient of the cores is negative. The void
coefficient associated with voids in the water annulus surrounding the test
assembly, however, Is positive. The void coefficient within a test assembly
may be either positive or negative, but in all cases it is quite small.

The removal of boron from the flux suppressor results in a substantial
increase in the positive void coefficient associated with the water annulus in

37



TABLE VIT

VOID COEFFICIENTS FOR THE THREE PERCENT ENRICHED CORE
WITH 600 gm U-235 STAINLESS STEEL ASSEMBLY IN TEST SPACE

(=) Ak/keff/% void/cm® refers to

1073

void coefficient per esquare cm of area in the region specified.

Ak . Ak/keff/%
Description of .Voided Region keff B /keff Ak/keff/% void void/cmz(a) . _Comments
Void in entire water filled 1.06693 ' No void base case
test region (No.test assembly -4 - -5 7
in test space) - 1.06709 +1.6 x 10 +3.1 x 10 +1.4 x 10 5% void
1.06728 +33.3 x 10°% +3.3 x 1075 +1.5 x 10”7 10% void
1.06799 +10.0 x 10™¢ +4.0 x 1075 +1.8 x 10"7 25% void
1.0804k +127.2 x 10™*  +13.4 x 10°°  +6.1 x 1077 95% void
Void in tcat aoocmbly only 1.07060 i No veid base case
1.07065 +0.2 x 107 +0.5 x 10™2  +0.8 x 107 5% void
1.07064  +0.2 x 10™*  +0.2 x 1075 +0.3 x 107 10% void
1.07060 -0.2 x 1074 -0.1 x 105 -0.1 x 1077 25% void
1.07007 -5.2 x 1074 -0.7x 1075 -1.3 x 10”7 95% void
Void in both test ?ssembly 1.07062 No void base case
and water annulus (600 gm, -4 -5 -7
stainless steel) 1.07098 +3.3 x 10 +6.7 x 10 +3.1 x 10 5% void
1.07132 +6.5 x 107% +6.5 x 10°5 . +3.0 x 10”7 10% void
1.07240 +16.6 x 1071 +6.6 x 107%  +5.0 x 1077 25% void
1.08077 +94.8 x 10™%*  +10.0 x 105  +4.6 x 10-7 95% void
Void in both test assembly 1.08143 - No void base case
and water annulus (No boron _a -5 _7
in flux suppressor) 1.08&5% +31.1 x 10 +12.4 x 10 +7.9 x 10 25% vold
. 1.09596 +145.3 x107%  +15.3 x +9.8 x 107 95% void

the test space; however, there is no significant effect on the void coefficient
within the core. .

To determine the radial variation of void worth, the core containing 5%.
enriched fuel was divided into five regions of equal volume, as shown in Figure 18,
and a 25Y% homogeneous void was introduced separately into each region. For
both cores, the void coefficient is positive in the water annulus surrounding
the experiments. The core as a whole and all five individual regions of the
core possess negative void coefficients. The largest negative void coefficient
with the boron flux suppressor present occurs in region 6 of the reactor
core (Figure 18).
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TABLE VILIL

VOID COEFFICIENTS FOR THE FIVE PERCENT ENRICHED CORE
WITH ETR FUEL ASSEMELY IN TES1 SPACE

-
Description of Voided Region keff /. keff &/ kef‘f/ % void void/cmz(a) Comments
Void in test assemblies only 1.03837 No void base case
1.03833  -0.k x 10"  -0.08 x 10™*  -1.3 x 107 5% void in experiment
1.03828 -0.9 x 100%  -0.09 x 10~% -1.5 x 107 10% void in experiment
1.03811 -2.5 x 100%  -0.10 x 10™% -1.7 x 10°7 25% void in experiment
Homogeneous void th}oughout 1.03837 ) No void base case
core 1.01850 -192.4 x 10™% -38.48 x 10-*  -10.4 x 10°7 5% void
1.00187 -351.6 x 107%* -35.16 x 107% -9.5 x 107 10% void
0.93800 -966.6 x 10~% -38.66 x 10"* -10.k x 10”%* 25% void

Vdid in water annulus only 1.03837 No void base case
.03938 +9.7 x 107 +1.94 x 10™%*  +12.2 x 107 5% void
04357  +50.1 x 10™*  +0.20 x 10°%*  +1.3 x 1077 25% void

o

03837 No void base case

25% void in 5 core sections 1
1.01851 -191.3 x 10”¢ -7.65 x 10"*  -10.3 x 10~7 Void in region 5
1.01179 -256.0 x 10% -10.24 x 10™%* -13.8 x 10°7 Void in region §
1.01893 -187.2 x 10”%  -7.49 x 10°%  -10.1 x 10”7 Void in region 7
1.02353 -142.9 x 10™% -5.72 x 107% -7.7 x 107 Void in region 8
1.0300k -80.3 x 10°% -3.21 x 107% -4.3 x 107 Void in region 9

25% void in core region 5 1.06959 Base case
"(No boron in flux suppressor) ) ougrs _1gh.9 x 107%  -7.79 x 107*  -10.5 x 10°7 254 void

(a) Ak/keff/% void/cm® refers to void coefficient per square cm of area in the region specified.

For voids in the test space, the largest positive void coefficient is obtained
with an unborated flux suppressor and no experiment in the test space. The
values in Table VII indicate that for this case a positive reactivity of about
2% would be obtained with a 95% void in the test space.

2.43 Temperature Coefficient Studies. With 5% enriched fuel in the core,
-the temperature coefficients in the ETR fuel assembly, the water annulus,
and the core were determined individually by changing the temperature from
20°C to 90°C only in the region under study. The model used for these studies
is shown in Figure 18. As indicated in Table IX, a negative temperature co-
efficient was obtained in both the experiment and the core, but'a positive co-
efficient was obtained in the water annulus. Thus, from Table IX a power burst
generating sufficient prompt gamma radiation to raise the core and experiment
temperature 20°C will reduce the Ak/keff of the core by about 0.23%. Since this
reactivity loss is prompt, it must be included with the Doppler shutdown
coefficient in computing the total prompt shutdown coefficient of the core,

39



TABLE IX

TEMPERATURE COEFFICIENTS FOR THE FIVE PERCENT ENRICHED CORE
WITH ETR FUEL ASSEMBLY IN TEST SPACE

Ak ° 2
Problem Description keff Ak/keff Ak/keff /keff/ C/cm
Base case, 20°C - 1.03837

90°C in experiment 1.03797 -3.9 x 10™% -0.056 x 10°%* -0.95 x 10”7

90°C in water annulus 1.03925 +8.4 x 107% +0.12 x 10°%*  +0.75 x 10”7
90°C throughout core 1.02588 -120.2 x 10~% -1.72 x 10°%* -0.46 x 10~7

2.5 Prompt-Neutron Lifetime Studies

The prompt-neutron lifetime for the PBF reactor was calculated by
computing the change in eigenvalue when a 1/v absorber was added to all
reactor regions. The calculational details are given inSection IX, 1. The prompt-
neutron lifetime is dependent primarily upon the core composition, ie, metal-
to-water ratio and fuel enrichment. Other variables, such as the composition
of the reflector, the diameter of the test space, the boron content of the stainless
steel flux suppressor, etc, have only a minor effect on the lifetime. The de-
pendence of prompt-neutron lifetime on metal-to-water ratio and fuel enrichment
is shown in Figure 19. The lifetimes obtained in this study are generally within
the 10 to 20 isec range specified as desirable for a PBF core.

3. NEUTRON FLUX AND POWER DISTRIBUTION

3.1 Steady State

Three typical sets of four-group radial flux distributions, illustrating the
effects of changes in the reflector and flux suppressor compositions, are
shown in Figures 20, 21, and 22. These distributions were obtained for a core
with a metal-to-water ratio of 1.3 and a fuel enrichment of 3%. The test space
contained a Spert III fuel assembly. In all cases, the core radius was adjusted
to obtain an eigenvalue of- 1.05. The three sets of flux distributions were all
normalized to the same maximum core power density, The power distributions
corresponding to the three sets of flux distribution are shown in Figure 23.

The effect on the flux distribution of changes in the reflector composition
is illustrated by a comparison of Figure 20 with Figure 21. The removal of
the stainless steel from the 2-cm-thick annulus surrounding the core results
in a substantial increase in the thermal flux distribution near the outer edge
of the core. The associated power density near the core periphery is also
increased, as illustrated in Figure 23. In the core interior and test space,
however, the flux and power distributions are not significantly altered by the
change in the reflector composition. In addition, the core radius required
for an eigenvalue of 1.05 is not changed.
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The effects of changing the boron concentration in the flux suppressor
are illustrated by a comparison of Figure 20 with Figure 22. It is evident
that the removal of boron from the flux suppressor substantially increases
the thermal flux within the test space. As indicated in Figure 23, the increase
in the thermal flux in the test space results in an increase in the power density.
in the test assembly. The removal of boron from the flux suppressor also
reduces the core size. '

In all three cases the spatial variation of the power density within the
test assembly is significant. This variation is a consequence of the use of
‘the flux trap principle to obtain the required average power density in the
test assembly. Since the neutrons supplied to the core are thermalized in
the water annulus, the outermost fuel in the test assembly effectively shields
the fuel in the center of the test assembly. Although large spatial variation
of the power density within an experiment is not generally desirable, the
variations indicated in Figure 23 do not preclude the performance of meaningful
experiments. In fact, in many experiments (particularly in those in which a
photographic record of the experiment is desired) it is advantageous to produce
the maximum power density in the outermost fuel.

3.2 Transients

As discussed in Section IX, 1, the flux distribution for a reactor in which
the power is increasing exponentially with time can be approximated by the
addition of a 1/v absorption cross section to all regions of the reactor. The flux
-distribution is then computed in the usual manner. In a typical case, the addition
of the amount of poison required to simulate an exponential period of 1 msec
results in a reduction of the figure-of-merit by about 5%. Thus, the flux distri-
bution when the reactor power is increasing on an asymptotic period is not
significantly different from the steady-state distribution.

4. PERFORMANCE CHARACTERISTICS OF THE
OPTIMIZED PBF REACTOR WITH TYPICAL TEST ASSEMBLIES

As 1is discussed in detail in Section V, 6, the results of the optimization
studies described in Section V, 2, indicate that optimum performance is obtained
when the core has the following characteristics: a metal-to-water ratio of 1.3,
a fuel enrichment of 3%, and an 8-in.-diameter test space surrounded by an un-
borated, stainless steel flux suppressor. '

In order to further evaluate the performance capabilities of this core, the
figure-of-merit and coupling have been calculated with various test assemblies
in the test space. These included four different highly enriched, plate-type
assemblies, three different sizes of PBF fuel pin clusters, and two gas-cooled
fuel elements of the HTGR type with different fuel loadings. The results of these
calculations are given in Table X,

For all the plate-type assemblies studied, the figures-of-merit were
satisfactorily high. The lowest figure-of-merit obtained (1.24 for the stainless
steel assembly containing 300 g of U-235) is approximately 50% greater than
that required. to raise the average temperature of  the test assembly to the
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TABLE X

PERFORMANCE CHARACTERISTICS OF THE OPTIMIZED PBF(a)
FOR TYPICAL TEST ASSEMBLIES

‘ Metal- Figure of Total Metal-
Type of to-Water Merit (‘l'otal to-Fuel Plate
Tcot Assembly(b) Ratio Coupling Metal Basis) Eigenvalue Volume Ratio
Spert III, stainless steel
0.298 0.0072 . . .
(638-g U-235) 29 T 3.26 - 1.0500 1.73
Stainless steel assembly
(300-g U-235) 0.429 0.0048 1.24 1.0476 1.13
Stainless steel assembly ] - -
(600-g 11-235) | 0.409  0.006k £.06 ‘ 1.04k92 1.13
¥R, aluminum (400-g U-235) 0.6k 0.0075 2.76 1.0503 1.47
PBF, 3% enriched fuel 5 . - .
(redius = 1.07 cu) 1.3 0,0005 . 1.043D 1.90
PEF, 3% ehriched luel
(radius = 4.3 cm) 1.3 0.0059 1.37 1.0487 1.00
YBF, 3% enriched fuel 1.3 0.0099 1.15 1.0527 1.00

(redius = 6.0 cm)

HIGR element, as designed
(29.1-g U-235 + — 0.0016 0.67 1.044L —_
178-g Th-232)

HTGR modified element.

(207-g U-255, no thorium) — - 0.0045 2.53 1.0473 —

(a) Optimized PBF design parameters: Metal-to-water ratio = 1.3; Fuel enrichment = 3%;
8-in.-Dismeter test space; Unborated stainless steel flux suppressor; Core radius =
49.6 cm.

(b) Indicated U-235 loadings are for 3-ft-long test assemblies.

melting point of stainless steel during a maximum power burst (ie, a burst
in which the peak temperature in the core reaches the UO2-ZrOg eutectic
temperature). Further, for the plate-type assemblies, the figure-of-merit is
determined from a power density based on the entire metal volume rather
than just the fuel volume, and hence may he considered to be somewhat con-
servative (see Section V, 2.2).

To evaluate the performance of the conceptual PBF reactor with respect
to slightly enriched UOj fuel assemblies, calculations of the figure-of-merit and
coupling have been made for three different sizes of clusters of the conceptual
PBF fuel pins as the test fuel. These pins, while not truly typical of the slightly
enriched fuel elements in current use in the nuclear industry, were chosen
for this portion of the design evaluation for two reasons. First, the presence
of ZrOg in the fuel pin dilutes the fuel (in the homogeneous model) and thus
results in a severe test of the performance capabilities of the conceptual
reactor. Second, one probable use of the first generation core will be to aid in
the development of fuel elements for a second generation PBF core having
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substantially improved performance characteristics. Thus, the ability to perform
destructive tests on PBF fuel elements is a highly desirable goal for the first
generation core. As indicated in Table X, the figure-of-merit obtained with
PBF fuel pins inthe test space is satisfactory if the cluster size is not excessive.
(In Table X, the PBF test fuel assembly radius of 6 cm corresponds roughly to
a cluster containing 22 pins.) Note that the figure-of-merit could be increased
by increasing the enrichment of the fuel in the test assembly.

To evaluate the conceptual PBF reactor performance with respect to
gas-cooled fuel elements, calculations were performed with an HTGR fuel
element in the test space. The calculational model used was necessarily
different from that used for the other test assemblies, and is shown in_
Figure 24. For the unmodified HTGR element, the computed figure-of-merit (0.67)
is rather unsatisfactory. This low value is a result of the very low fuel density in
the element. If the thorium carbide inthe fuel annulus of the HTGR element were
replaced by highly enriched uranium carbide, calculation indicates that a very
satisfactory figure-of-merit of 2.5 could be obtained. Sucha substitution of U-235
for thorium should not significantly affect the validity of the test results, except
possibly with respect to certain chemical reactions which might accompany
a meltdown.

In all cases considered, the coupling and the change inreactivity which occurs

when one test assembly is replaced by another (indicated in Table X by the
eigenvalue) are satisfactory.

5. CONTROL, TRANSIENT, AND SAFETY ROD STUDIES

To determine the optimum positions in the core for control poison and
an estimate of the amount of control poison required, a series of reactivity
calculations based upon one-dimensional diffusion theory was performed.
Since one-dimensional diffusion theory is generally not adequate for the accurate
determination of control rod worths, the results discussed below should be taken
as being only qualitatively correct, but indicative of important trends.

The reactor model used in this study had a metal-to-water ratio of 1.3,
a fuel enrichment of 3%, an 8-in.-OD pressure pipe containing a Spert III fuel
assembly, and a reflector consisting of a 2-cm-thick annulus of 60% stainless
steel and 40% water adjacent to the core and surrounded by water.

The control and transient rods were located in an annulus 2.09 cm thick,
corresponding to the width of a single row of fuel pins. The control and transient
rods were assumed to be made of hafnium and to operate in air inside a stainless
steel sheath. For calculational purposes these materials were homogenized
within the control rod annulus. The control and transient rods were assumed
to have full-core-length aluminum followers.

The safety rods, consisting of 3/4-in.-diameter pins of hafnium with
full-core-length fuel pin followers, were placed in another annular region of
the core. From the reactor physics standpoint, an optimum rod configuration
is obtained with the safety rod annulus placed inside the control rod annulus.
However, for mechanical reasons, it may be more desirable to place the safety
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rod annulus outside the control rod annulus. Such a change in rod configuration
would not substantially alter the conclusions resulting from this study.

Core radii corresponding to an eigenvalue of 1.05 were determined for
several radial positions of the control rod annulus. These calculations were
made assuming the fuel follower sections of the safety rods and the alumiinum
follower sections of the transient and control rodsto be in the core. For various
radial positions of the control rod annulus, the computed core radius varied
from about 54.3 to 55.4 cm, indicating that the reactivity of the core with all
rods withdrawn is relatively insensitive to the control rod annulus position.

The control and transient rod worths, with the safety rods withdrawn
and replaced by fuel followers, are shown in Figure 25 as a function of the
control rod annulus position. (For convenience, rod worth has been defined
in this study as the change in eigenvalue which results when the rod followers
are replaced by the poison sections of the rods.) The optimum annulus position
is at a radius of 30 cm from the center of the core. For this configuration the
indicated total reactivity worth is approximately 11.8%, The rod worth required
for adequate reactor control is estimated to about 6 to 89%.

The worth per unit weight of the rods is important with respect to the force
required to eject the transient rods. In the present design, the total control
and transient rod weight is proportional to the radius of the control rod annulus.
With respect to the worth per unit weight, then, the optimum location of the
control rod annulus is at a radius of 28 to 29 cm. In this position, the indicated
total worth is well above that required for adequate control of the core.

As ‘shown in Figure 25, the safety rod worth is also maximized when the
safety rod annulus is placed at a radius of 30 cm. The indicated worth of
14.5% is well in excess of the 5 to 6% considered adequate for safety rods
in the PBF, While the results shown were obtained with the control rod annulus
placed at a radius of 48.4 cm, other results have indicated that the safety rod
worth is reduced by not more than 1.5% as the control rod annulus is moved
toward the center of the core.

Also shown in Figure 25 is the total rod worth with the control rods located
at a near-optimum position, Again, the worth obtained is much larger than
that required for adequate control.

The location of the control rod annulus has an effect on the figure-of-merit,
as shown in Figure 26. The reduction in the figure-of-merit when the control
rod annulus is placed at the optimum position for rod worth is the result of
a thermal flux peak which occurs in the fuel adjacent to the annulus when the
rods are withdrawn. This detrimental effect can be eliminated by a slight
increase of the thermal absorption cross section of the control and transient
rod followers (eg, the use of stainless steel rather than aluminum), Since the
results discussed above indicate that the control and transient rod worths
are more than adequate, the resultant loss in rod worth would be of no concern.
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6. SUMMARY AND RECOMMENDATIONS

6.1 Summary of Conceptual Reactor Design

The results of the physics calculations discussed above have permitted an
initial optimization of the reactor design with respect to the objectives outlined
.in Section V, 1. This -optimization constitutes the conceptual design of the
PBF reactor. The pertinent design parameters of the conceptual reactor are
summarized in Table XI, and a plan view of the reactor is shown in Figure 52.
Since many of the physics calculations have necessarily been approximate,
it is to be expected that the final reactor design will differ somewhat from
the conceptual design. The studies described in Section IX, 2, however, have
shown that the calculational methods used are sufficiently accurate for conceptual
design purposes, and all indications are that the design selected is capable
of meeting the design objectives. '

TABLE XI

SUMMARY OF PBF CONCEPTUAL REACTOR DESIGN

Core height 3 £t

Core diameter 3.6 £t

Test space ‘ 8-in.-diameter vertical hold

' , through center of core

Fuel 3% enriched, sintered UOs

Moderator H=-0 -

Fuel element 0.75-in.-0D pins (See Figure 53) ;?
Clad 28 mil stainless steel .
Expansion gaps 8-mil annulus, 0.5-in. axial
Thermal insulation ~ 1/16-in. Zr0s

Lattice Triangular, 0.944 in. pitch

Control and transient rods Ribbed hafnium blades with stain-
' less steel followers (See Figure 52)

Safety rods ' 0.75-in.-diameter hafnium pins with
fueled followers

Flux suppressor l/h-in.-unborated stainless steel
surrounding test space

Reflector Water with eingle row of otainlcas
steel pins surrounding core

6.2 Selection of the Concepfual Design

As in all reactor designs, optimization is the result of a series of compro-
mises made in order to best satisfy the design objectives. In this section, the
principal results obtained in Section V, 2 are summarized, and the compromises
leading to the conceptual design and the reasons for them are briefly discussed.
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As shown in Figures 8 and 9, an increase in the metal-to-water ratio
tends to increase the figure-of-merit and to reduce the coupling. (Both are
desired effects.) For a fuel enrichment of 3%, however, there is a maximum
in the figure-of-merit at a metal-to-water ratio of 2.3 and a further increase
in the metal-to~water ratio would decrease the figure-of-merit. For higher -
values of fuel enrichment, maxima in the figure-of-merit are apparently
obtained at metal-to-water ratios substantially greater than 2.8. The maxima
in the figure-of-merit obtainable at these higher enrichments are much greater
thanthose attainable with a fuel enrichment of 3%. With respect to maximizing
the figure-of-merit, then, Figures 8 and 9 indicate that the metal-to-water
ratio should be as large as possible, and that the fuel enrichment should be
5% or greater.

Also shown on Figures 8 and 9 is the effect of the metal-to-water ratio and
the enrichment on the coupling. Evidently, the coupling is a rather weak function
of the metal-to-water ratio, and hence the value of the metal-to-water ratio
is unimportant with respect to minimizing the coupling. An increase in the
fuel enrichment, however, produces a substantial increase in the coupling.
Thus, with respect to minimizing the coupling, any reasonable value of the
metal-to-water ratio is satisfactory, but the enrichment should be as low as
is feasible.

The results shown in Figure 14 indicate that a low fuel enrichment and a
high metal-to-water ratio can result in an excessively large reactor. Since
one of the design objectives is that the total energy released in the core should
be as small as possible in order to reduce heat removal requirements, a large
core size is undesirable. As indicated in Figure 14, the core size may be
reduced by increasing the fuel enrichment and reducingthe metal-to-water ratio.

The major inherent prompt shutdown mechanism in a slightly-enriched,
water-moderated reactor is the Doppler broadening of the U-238 absorption
resonances. Since the magnitude of the power bursts is to be limited by inherent
reactivity mechanisms, a major consideration in the selection of a core design
is the amount of reactivity compensated by Doppler broadening. It can be
shown that the compensating reactivity required to terminate a short-period
power burst (ie, to stop the power increase) is:

p = QA (1)

where « is the initial asymptotic inverse reactor period and A is the prompt
neutron lifetime. Thus, the amount of compensating reactivity required is
a function of the prompt neutron lifetime, which, in turn, is a function of the
metal-to-water ratio and enrichment. The amount of compensating reactivity
obtained is dependent upon the Doppler coefficient, which is also a function
of the metal-to-water ratio and the enrichment.

The functional relationships among the metal-to-water ratio, the enrichment,
the prompt neutron lifetime, and the compensating reactivity resulting from
Doppler broadening are indicated in Figure 27. Since Figure 27 was constructed
on the basis of heating the fuel from 20°C to 2200°C, a conversion factor must be
applied to obtain the Doppler reactivity resulting from heating the fuel from 20°C
to 1000°C (the estimated average fuel temperature at the time of peak power
during the maximum burst), This conversionfactor (= 0.7) may be obtained from
Figure 16. The relationship between the required compensating reactivity and
the prompt neutron lifetime (givenby Equation 1) can be represented in Figure 27
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by a straight line passing throufh the origin. In the present case the desired
maximum value of o is 1000 sec™1, and the relationship is very nearly approxi-
mated by a straight line from the origin through the intersection of the 5% fuel
enrichment curve with the 1.1 metal-to-water ratio curve.

For combinations of fuel enrichment and metal-to-water ratio which lie
on the straight line between the origin and the point representing 5% enrichment
and a 1.1 metal-to-water ratio, the maximum power burst is obtained when the
initial inverse period is 1000 sec-l. For combinations above this line, an
inverse period larger than 1000 sec~l would be required in order to obtain
the maximum power burst. These considerations, then, indicate that desirable
combinations would be, for example, a fuel enrichment of 5% and a metal-
to-water ratio of 1.1 or a fuel enrichment of 3% and a metal-to-water ratio
slightly less than 1.3.

As suggested in Section V, 1, the prompt neutron lifetime of the reactor
should be approximately 10 to 20 psec in order that the reactivity required
to initiate bursts and to control the reactor is neither too small nor too large.
The lifetimes obtained for all combinations of fuel enrichments and metal-to-
water ratios shown in Figure 27 are satisfactory in this regard.

Consideration of the shutdown reactivity from Doppler broadening dictates
that the metal-to-water ratio should be 1.3 or less. If a higher metal-to-water
ratio were chosen, the required reactivity compensation could be obtained only
by reducing the fuel enrichment, and, as a result, an excessive core size would
be required for criticality. Since at metal-to-water ratios less than 1.8 the
figure-of-merit is insensitive to the fuel enrichment, and since the figure-
of-merit increases with metal-to-water ratio, the metal-to-water ratio should
be as highaspossible, ie, about 1.3. With a metal-to-water ratio of approximately
1.3, Doppler coefficient and coupling considerations both indicate that the fuel
enrichment should be approximately 3%.

Having fixed the metal-to-water ratio and fuel enrichment, Figure 12
indicates that the figure-of-merit is maximized by a test space diameter of
about 7 in. However, the coupling can be reduced without a substantial reduction
of the figure-of-merit by a slight increase inthe test space diameter. Therefore,
an 8-in.-diameter test space has been selected for the conceptual design.

Figures 10 and 11 indicate that the smallest values of the coupling and
the largest values of the figure-of-merit are obtained when the flux suppressor
surrounding the test space is unborated, and an unborated flux suppressor has
been tentatively selected for the conceptual design. However, as indicated in
Table VII, the reactivity effects of voids within the test space are reduced when
the flux suppressor contains boron, and further studies of the flux suppressor
composgition are requircd before the final selection is made.

As indicated in Section V, 2 and V, 3, the relative amounts of stainless steel
and water in the reflector have a significant effect only on the flux and power
distributions near the core periphery. To reduce the power peak at the core
periphery and the energy released during a burst, a single row of stainless
steel rods have been placed around the core periphery, as shown in Figure 52.

The peak power of the conceptual PBF first-generation core during a 1-msec-
period power burst is approximately 500,000 Mw. The total energy release is
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approximately 2000 Mw-sec. The peak thermal neutron flux in the test space is
strongly dependent upon the nature of the contents of the test space. With no
experiment installed (ie, the test space filled with water only) the peak thermal
neutron flux is calculated to be in excess of 1018 neutrons/ cm2-sec.

6.3 Recommendation for Further Study -

As previously mentioned, the calculational techniques used in developing
the conceptual reactor design, while quite appropriate for parametric studies,
were necessarily approximate in many respects. For example, the representation
of the control and transient rods by a homogenized annular region in the core
is a rather gross approximation and, while the calculational results are ex-
pected to be qualitatively correct, the quantitative evaluation of rod worth could
be considerably in error. Thus, as-is the usual procedure in reactor design,
the calculitlons performed by approximate methods to obtain near-optimization
of the design must be repeated using more sophisticated methods (eg, using
two- and three-dimensional diffusion theory rather than one dimensional;
Monte-Carlo methods for determining the resonance escape probability, etc).

In addition to a repetition of previous calculations with more sophisticated
techniques in order to better evaluate control rod worth. corner effects in
square or rectangular test assemblies, etc, several possible methods of
improving the reactor performance should be investigated further. Among these
are the following:

From the previous section, it is apparent that -the reactor design is to’
a large extent determined by the required magnitude of the Dappler coefficient
of reactivity. As a result, the metal-to-water ratio in the present design cannot
be larget than 1.3, and the figure-of-merit which results is considerably smaller
than that which could be achieved if the metal-to-water ratio were increased. It
may be possible to increase the metal-to-water ratio without changing the Doppler
coefficient by reducing the amount of U-238 in the core without changing the
amount of U-235. This could be accomplished by increasing the enrichment
of the UOg and then diluting it with ZrOg2. (The properties of fuel materials
consisting of mixtures of UOg and ZrOgz have been studied extensively [40]),
This approach will be investigated during the final design.

Since the magnitude of the Doppler coellicient is ¢rucial, it would be highly
desirable to have some means of adjusting it in the actual PBF reactor. One
possible approach would be to construct two types of fuel pins, one containing
undiluted UOg and the other containing a mixture of UO2 and ZrOg. The Doppler
coefficient would then be adjusted by changing the relative numbers of the
two types of fuel pins in the core. During the final design, an investigation of
this and other physical methods for adjusting the Doppler coefficient will
be investigated.

As mentioned in Section V, 6.2, the composition of the flux suppressor
surrounding the test space requires further study during the final design effort.
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Vi. ENGINEERING DESCRIPTION

1. SITE .

The PBF will be located at the National Reactor Testing Station (NRTS) near
Arco, Idaho. The PBF Reactor Building will be constructed in the Spert I area,
and the PBF Control Center will be constructed at the Spert Control Center
area. A general site plan for the Spert area is shown in Figure 28.

The Spert I reactor will be deactivated prior to the beginning of the con-
struction of the PBF. The existing Spert I area electrical substation, the single
road presently serving Spert I, and the three-strand barbed wire fence sur-
rounding the area will be utilized for the PBF. Use of the road providing access
to the area will be controlled from the Control Center area.

2. CONTROL CENTER

2.1 General Layout

The PBF Control Center building is an 88-ft by 62-ft single story pumice
block building which is to be located in the present Spert Control Center area
as shown in Figure 29. Space is provided in this building for the reactor
console, control consoles for those operations of the reactor plant and test
loops which require remote controllability during nuclear tests, data gathering
systems for the experiments, necessary office space for operating and experi-
menting personn€l, health physics office space, a conference room, and a
minimal amount of space for experiment pre-assembly and electronic instru-
mentation maintenance. Rest room facilities in accordance with Idaho Operations
Office Standard Health and Safety Requirements are included. The Control
Center Building plan and elevations are shown in Figures 30, 31, and 32. In
addition, fallout shelter space will be provided for 450 people, in accordance with
the requirements of fallout criteria established in AEC Manual Appendix 6316.

2.2 Construction Details

General. All building construction shall conform to the Type I classification
of the Uniform Building Code by Pacific Coast Building Officials’ Conference
as required by Section 9.02, Part A, of the Idaho Operations Office Standard
Health and Safety Requirements. The occupancy classification as referred
-to in the Uniform Building Code shall be Group F, Division 2,

Footings. Spread footings for columns, certain walls, grade beams, etc,
shall be in accordance with accepted engineering practice. Main load bearing
sections such as column footings shallbe carriedto undisturbed soil. In the event
that excavations are required below the level required for footings, concrete
shall be used for fill to the required grade.

Floors. Floor slabs shall be reinforced concrete, adequate to support

a’ minimum superimposed live load of 150 1b/ft2. The floor shall be smoothly
finished and treated to reduce dusting. All floors, except those in the shop
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area, furnace room, control room, and tape system and instrumentation room,
shall be covered with asphalt tile, The shop area and furnace room floors
shall be left bare.

The floors in the control room and the tape system and instrumentation
room shall be heavy duty free access floors similar to those furnished by
the Harford Metal Products, Inc. The subflooring shall be concrete and provide
a minimum clearance of 12 in. beneath the finished floor. The floor system
shall not have any exposed metal on the surface. The finished surface shall
be vinyl floor covering. All of the removable floor system shall be of materials
which are fire resistant in final assembled form. The floor system shall be
des1gned and constructed to support a un1form1y distributed load of at least
250 lb/ft and a concentrated load of 1000 1b/ft2 at any point of the removable
panel. Panel strength shall enable the making of cable cut-outs in any portion
of the panel without placing additional underfloor reinforcing members to
carry the load. The weight of the removable panels, including the vinyl floor
covering, shall not exceed 6 lb/ft2. The panels shall not be fastened to the
framing system in any way and shall be capable of removal by means of a
surface lifting device without disturbing adjacent panels and without permanently
breaking the bond between the vinyl floor covering and the metal panel. The
panels shall not be smaller than four square feet nor larger than nine square
feet. The entire floor system- shall be capable of leveling to within 1/16 in.
with no slope exceeding 1/16 in. in 10 ft.

Walls. All exterior walls shall be 12-in. pumice block or equal. The
interior surface of the pumice block walls shall be painted to match the interior
wall portions,

The interior walls of the furnace room shall be a minimum of 8-in. pumice
block extending to the roof.

The interior walls surround the shop area shall be of pumice block extending
to the roof. 'I'he size of the blocks shall be as necessary to provide a stable
wall section. :

The interior walls surrounding the men’s and women’s rooms shall be
of 4-in, pumice block.

All other interior walls shall be of movable gypsum-type construction
with a fire rating of one hour and a minimum sound reduction of 35 decibels.
Both sides of the wall sections shall be faced with 5/8-in.-thick by 2-ft-wide
gypsum board face panels, finished on one side. The face panels shall be
geparatéd and bonded to a core composed of 1l-in-thick by 6-in.-wide gypsum
board ribs spaced on 1-ft centers. The walls shall be fastened to the floor and
ceiling with the use of non-exposed metal runners.

The exposed surfaces of all interior walls, with the exception of the
furnace room, shall be painted.

Doors. The three exterior entrance doors shall be steel doors with safety
glass upper light. These doors shall be equipped with panic hardware inside,
thumb latches for outside actuation, and outside locks keyed to the Spert master
key system. The east entrance door shallbe 4 ft wide and the other two 3 ft wide.
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The door on the furnace room shall be a 4-ft-wide, hollow metal, all steel
door and shall have fixed louvers sized to admit sufficient furnace combustion air.

The lafge truck door in the shop area shall be a 12-ft by 12-ft, all metal,
motor operated, overhead roll door provided with adequate weather-stripping.

The two interior doors on the rest rooms and the one between the shop
area and office hallway shall be solid wood paneled doors. The door between
the shop area and the store room shall be a solid wood, sectioned, Dutch
door with a 12-in.-wide shelf on the lower half. All of these doors shall be -
3 ft wide, except for the door between the shop area and the office hallway.
This door shall be 4 ft wide or a double door.:

The control room door shall be a 4-ft-wide, wood paneled door: with DSA
glass upper light. The door between the tape system and instrumentation
room and the adjacent office shall be a 3-ft-wide, wood paneled door with
DSA glass upper light. ' ’

All other interior doors shall be 3-ft-wide wood doors with DSA glass
upper light and fixed louvered lower light.

Windows. All exterior windows shall be glazed with DSB glass, bedded
in putty, and secured with glazing clips. Opening-type steel frames will be
used throughout the building. All windows shall have clear glass except for
the rest rooms. These windows shall have trosted glass. Exterior windows shall
be sized to provide adequate lighting and ventillation.

The interior window in the control room is for visual access to the control
room from the hall and should be sized accordingly. It shall be of the non-
opening type with a metal frame and glazed with DSB glass. The bottom of
this window shall be approximately 4 ft from the floor.

A sliding glass window shall be provided inthe tape system and instrumenta-
tion room wall above the CEC island for vocal communication between the
rooms. It shall have metal frames and be glazed with DSB glass. In addition,
metal access doors shall be furnished below the window to provide access in
the tape system and instrumentation room to the back of the CEC island.

Ceiling. The ceiling shall be of framed type. The ceiling height for the’
entire building shall be 9 ft except in the furnace room and shop area. These
areas shall not have a ceiling. The underside of the ceiling shall be painted with
an off-white flat paint,

Any walkways provided in the space between the ceiling and the roof shall
be constructed of non-combustible material.

Roof, The roof shall be of reinforced concrete beam design capable of
supporting a future second floor and a minimum superimposed live load of
150 1b/ft2. The concrete beams shall be covered with a non-combustible vapor
barrier, two 1-in. layers of rigid asphalt impregnated fiber insulation board,
and a 5-ply built-up asphalt impregnated rag-felt roofing.

The roof beams shall span the building in the east-west direction. The
beams may be either continuous span or a double span with one section spanning
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the shop area. Columns should be kept out of the office area in order not to
‘restrict the movable partition versatility. All of the columns used for roof
support shall be of fire resistant constructmn

2.3 Utilities

Lighting. Adequate and well designed fluorescent lighting shall be located
in all areas of the building. Illumination shall conform to the provisions of Illumi-
nating Engineers Society 1961 Standards, as required by the Idaho Operations
Office Standard Health and Safety Requirements. Inthe areas where ceilings. exist,
fixtures may either be of the recessed or hung type.

Electrical Power Distribution. All installations of electrical wiring
and equipment shall be in accordance with the National Electrical Code
as required by Section 2,11 of the Idaho Operations Office Standard Health
and Safety Requirements,

A minimum of one 110-volt electrical outlet shall he provided on each wall
of .the various offices, control room, and conference room. Where the walls are
exceptionally long, additional outlets shall be provided at reasonable intervals.
Outlets should also be provided in hallways, rest rooms, and furnace room.

Outlets shall be provided on all walls of the shop area and electronic
shop at 4-ft intervals.

All of the above outlets shall be of the 125-volt, 15~ampere, Duplex type
that will take either a 3-blade NEMA grounding plug or a standard 2-blade
plug. Wiring for rcceptacles located on movable partitions, with the exception
of the electronic shop walls, shall be run within the part1t1ons All other
wiring shall be carried in plug-in strips.

Two 480-volt, 3~phase, 30~-ampere wall plugs shall be provided on the east
wall of the shop area.

A 25-kva isolation transformer shall be provided to supply 110-volt in-
strument power to the control room and electronic shop. Circuit panels shall
be provided in both these areas.

Communication. Telephone conduit and wiring shall be run to each office,
the control room, the conference room, the electronic shop, and the shop area.
The location of the outlets will be specified at the time the arch1tect-engmeer s
Title I drawings are being prepared.

Fire Protection. The following fire protection equipment shall be provided
and suitable hangers installed at locations shown in Figure 30.

(1) One 1-1/2-in. fire hose station with 75 ft of hose.
(2) Five 20-1b ABC Type fire extinguishers.
Heating, Ventilating, and Air Conditioning. Heating shall be provided by

a forced circulation, warm air, oil-fired furnace to maintain the building air
temperature at 70°F, Heat load calculations shall be based on good engineering
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practice as recommended by The American Society of Heating and Ventilating
Engineers, using the following design criteria. The outside design temperature
and wind velocity shall be -20°F and 8 mph from the southwest, respectively.
Approximately 7 air changes per hour should be supplied to each room. About
45% of the supply air is returned for recirculation. The excess air is to be
released through roof ventilators located over the rest rooms and shop area.

The distribution system shall consist of main supply headers with branch
ducts routed to each room and the shop area. Each branch duct shall be equipped
with manually adjustable dampers located in the supply register. Overhead
return air ducts shall be located in the hallways.

The heating and ventillating equipment shall be located in the furnace
room and consists of manually adjustable, outside and return air louvers and
an oil-fired, forced-air heater equipped with washable high efficiency filters.
The heater fan shall be provided with a manual on-off switch to control forced
ventilation of unheated air in the building during warm weather periods.
Automatic heat control is to be maintained by use of a tamper-proof thermostat
located in the main hallway near the hose station.

A buried 3000-gallon fuel oil storage tank shall be located adjacent to the
building near the furnace room. Location of the tank, with respect to the building,
shall be according to standard IDO safety practice.

An adequately sized water-cooled air conditioner shall be located in
the control room as shown in Figure 30 to handle the heat load from the in-
struments. This shall include the instruments located in the tape system and
instrumentation room. Cooling ducts shall be provided, if required, and may
be carried above the ceiling or under the floor.

Sanitary Facilities and Plumbing. Adequate sanitary drains, a septic tank,
and a drain field shall be provided to handle the original installation and future
expansion. A service sink in the men’s rest room, lavatories, water closets,
floor drains, and the drinking fountain shall be connected to the sanitary
drain. The cooling water out of the air conditioner may be tied into the drainage
system dowustrearn from the septic tank.

The water supply for the building may be obtained from the 4-in. Spert I
water line located near the north end of the building. Adequately sized water
piping shall be installed and connected to the equipment as required. A 2-in. line
is required for the supply to the fire hose station.

A room with a cot is to be provided adjacent to the women’s rest room.

Summary of Basic Utility Requirements. The following is a summary of
the basic utility requirements for the PBF Control Center Building. '

Electric Power

General uée; 110 volt, 1 phase; as required

General use; 480 volt, 3 phase; as required

Instrument use; 110 volt, 1 phase; 25 kva (isolation)
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Water
Raw water as required for fire protection and general use -
Fuel 0il ‘ .

Underground 3000-gal tank for No. 2 fuel oil

3. REACTOR FACILITY

3.1 Reactor Area Description

The site selected for the PBF Reactor Building is shown in Figure 28, and
a proposed plot plan of the area is shown in Figure 33. The architect-engineer
shall obtain topographical and subsurface data as required to locate the PBF
Reactor Building to minimize excavation cost and provide adequate drainage.

Equipment and facilities located outside the PBF Reactor Building include
the acid tank, electric substation, 10,000-gallon fuel oil storage tank, sanitary
septic tank, chemical waste leaching pond, process water waste leaching pond,
and the cubicle exhaust stack. Equipment items such as the heat exchanger
and oil storage tank shall be located as feasible to minimize cost. The chemical
waste leaching pond shall be located as feasible to minimize cost and at a
minimum of 100 ft down prevailing wind from the PBF Reactor Building. The
process water disposal lake shall be located as feasible to minimize cost
and a minimum of 200 tt from the reactor area. Surfaced roadways shall be
provided to service the outside equipment and provide vehicle parking facilities.

3.2 Reactor Ruilding Layout

The proposed PBF Reactor Building is a 79- x 84-ft building divided into
two wing annexes, a main reactor room, basement, and suh=pile room as indioated
in Figures 34, 35, 36, 37, 38, and 39. The figures are intended to convey only the
approximate space requirements and the general layout desired. The architect-
engineer is to investigate the space requirements of the various equipment
items and revise the layout as required. It is essential that experimental
instrumentation be -located on the opposite side of the building from electrical
switchgear and motor control equipment. A

The east wing of the building includes an electronic work area (No, 1),
experimentai instrumentation room (No. 2), test loop control room (No. 3), and
mechanical work area (No. 4). The west wing of the building includes a furnace
and equipment room (No. 6), process room (No. 7), office (No. 8), and change
room (No. 9). The experimental instrumentation room, test loop control room,
process control room, and areas near each of the bridge tracks on the east-
west centerline of the reactor are to be interconnected with instrumentation
raceways such as cable trenches or hollow subflooring. Internal doors leading
to these rooms must have the capability of being sealed against the admittance
of water vapor. ‘

The main reactor room (No. 5) shall contain the reactor vessel and canal.
Rails shall extend along each side of the reactor vessel and canal to support
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and guide a reactor control bridge and two working bridges. Structural members
are to support the rails sufficiently to withstand a total load of 6000. pounds
carried to wheels on 4-ft centers at any location along the length of the rails,
except for the sections 10 ft on either side of the reactor east-west centerline.
This 20-ft section of rail must be capable of supporting a total load of 300,000
pounds applied either up or down and carried by wheels on 6-ft centers. The
entire area of the main reactor room is to be serviceable by a 15-ton traveling
crane with a 35-ft minimum hook height. A 6- by 6~ft hatch shallbe constructed
in the floor as a dry dock area in which the control rod drive cluster may be
set for check-out and maintenance. A hatch or hatches of sufficient size shall
also be constructed in the floor to allow installation and removal of the equipment
located in the basement.

The basement shall include a process equipment room (No. 12), two loop
cubicles (No. 10 and 13), and a waste gas blower room (No. 11). The process
equipment room shall house the reactor process equipment. Escape ladders
are to be provided from the process equipment room to the process control room
and from the test loop equipment area to the test loop control room. Access shall
also be provided to the process equipment room from the main reactor room by
means of a stairway.

Loop cubicle (No. 10) consists of a shielded room of sufficient size to house
the equipment shown in Figure 55. Loop cubicle (No. 13) is to be of equal size.
The walls and ceiling are to be a minimum of 2 ft thick.

The waste gas blower room consists of a shielded room of sufficient size to
house the exhaust blowers shown in Figure 50.

A sub-pile room is to be provided below the reactor vessel to allow access
for removal and insertion of experimental in-pile assemblies. Access to the sub-
pile room is provided through a water tight door by way of an access pit from
the process equipment room. A warm sump and strainer shall be located below
the floor of the access pit to enable the removal of highly radioactive particles
from the reactor vessel. Sufficient access shall be provided to the strainer to
enable its removal in a cask.

A hot waste tank is also located belowthe basement level in order to provide
drainage for the experimental loops. Access must be provided for removal of
this tank. Two-foot-thick shielding walls must separate the area occupied by the
warm sump and hot waste tank from the sub-pile room and access pit.

3.3 Reactor Building Construction Details

It is proposed to use pumice block construction above grade and rein-
forced concrete construction below grade for the PBF Reactor Building.
Previous experience indicates this type of construction economically fulfills
the building requirements for the prevalent weather conditions. Special con-
sideration is to be used in constructing the building to be as “dustproof” as
is economically feasible.

A1l building construction shall conform to the Type I classification of

the Uniform Building Code by Pacific Coast Building Officials’ Conference
as required by Section 9.02, Part A, of the Idaho Operations Office Standard
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Health and Safety Requirements. The occupancy classification as referred to
in the Uniform Building Code shall be Group F, Division 2.

Spread footings for columns, curtain walls, grade beams, etc, shall be
in accordance with accepted engineering practice. Main load bearing sections
such as column footings shall be carried to undisturbed soil. In the event
that excavations are required below the level required for footings, concrete
shall be used for fill to the required grade.

Floor slabs shall be reinforced concrete adequate to support a minimum
superimposed live load as indicated in Figures 34, 35, and 36. The floors shall
be smoothly finished and treated to reduce dusting.

All exterior walls shall be 12-in. pumice block oi equal,

The interior walls of the furnace room shall he a minimum of 8-in, pumice
block extending to the roof.

All other interior partition walls shall be of pumice block extending to
the roof. The size of the blecks shall be as necessary to provide a stable
wall section.

The exterior entrance doors shall be steel doors with safety upper ligﬁt.
These doors shall be equipped with panic hardware inside and thumb latches for
outside actuation.

‘The outside door on the furnace room shall have fixed louvers sized large
enough to admit sufficient furnace combustion air.

The large truck doors at each end of the high bay shall be 14-ft 8-in, wide
by 16-ft 7-in. high, all metal, motor operated, overhead rolldoors provided
with adequate weatherstripping.

All exterior windows shall be glazed with DSB glass, bedded in putty,
and secured with glazing clips. Opening-type steel frames will be used throughout
the building. All windows shall have clear glass except for the change room.
These windows shall have frosted glass. Exterior windows shall be sized to pro-
vide adequate lighting and ventilation.

The interior windows shall be of the non-opening type with metal frames
and glazed with DSB glass. The bottom of these windows should be approximately
4 ft irom the lloor.

The roof shall be structurally supported for a minimum superimposed live
load of 50 1b/ft2, The structural beams shall be covered with a non-combustible
vapor barrier, two 1l-in. layers of rigid asphalt impregnated fiber insulation
board, and a 5-ply, built-up, asphalt impregnated, rag-felt roofing.

All of the columns used for roof supporf shall be of fire-resistant
construction.

3.4 Electrical Services

3.41 General. Adequate and well designed fluorescent lighting shall he
located in all areas of the building. Illumination shall conform to the provisions
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of the Illuminating Engineers Society 1961 Standards, as required by the Idaho
Operations Office Standard Health and Safety Requirements.. An electrical
schematic drawing is shown in Figure 40.

All installations of electrical wiring and equipment shall be in accordance
with the National Electrical Code as required by Section 2.11 of the Idaho
Operations Office Standard Health and Safety Requirements.

A minimum of one 125-volt electrical outlet shall be provided on each wall
of the office, change room, process control room, furnace and equipment
room, test loop control room, experimental instrumentation room, and process
equipment room, Where the walls are exceptionally long, additional outlets shall
be provided at reasnnahle intervals. Qutlets shall be provided on all walls of
the mechanical work area and the electronics work area at 4-ft intervals. All
of the outlets shall be of the 125~-volt, 15-ampere, Duplex type that will take either
a 3-blade NEMA grounding plug or a standard 2-blade plug.

The. preferred locations for 120-volt, single-phase, ac convenience outlets
are shown in Figure 41. When located near the reactor pools or on the reactor
bridge, the outlets shall be a weatherproof type. In addition to the standard
convenience outlets, several outlets shall be provided which are controlled
by 120-volt, ac relays located in the motor control center. Relay control
wiring of the 120-volt relays will not be included as part of this contract.

Several 480-volt, 3-phase, ac convenience outlets for welders shall be
provided. These shall consist of a 60-amp and a 30-amp receptacle at each
station. In addition, .one 480-volt, 3-phase, 30-amp relay controlled outlet shall
be provided for motorized equipment. The relay control coil shall be 120 volt, ac.

3.42 Interconnecting Cables and Junction Boxes

The PBF reactor will normally be operated remotely from the control center
and most of the information obtained will be recorded: at the control center. There-
fore, the method for transmitting information between the reactor building and the
control center must receive very careful consideration. The operatingpersonnel of
the Spert facilities have investigated this problem repeatedly over the past eight
years and have developed an effective system for transmitting the required infor-
mation over adistance of several thousand feet. This system includes transmitting
cables and terminating junction boxes. In order that the PBF may benefit from
previous Spert experience with signal and data transmission systems, the detailed
design of the intercabling system, including terminating junctionboxes, has been
completed and is presented in this section.

(1) General. In order to operate the reactor and process equipment and to
record plant and reactor parameters, a great many cables must be run between
the reactor building and the control building. These cables must be suitable
for direct underground burial as described in Figure 33. The general philosophy
to be used for all interconnecting cabling is that each cable will terminate at
a permanent wall-mounted junction box in a professional manner. All shielded
cables shall be terminated in such a manner as to keep the length of non-
shielded conductor to an absolute minimum. Each cable and wire shall have
a number assigned and attached to it. Each wire and shield shall have separate
terminations in the junction box. Shields will never be made common un-
less specified. ' ~
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The construction contractor shall wire beyond the terminating junction
boxes only on those systems for which the architect-engineer is providing the
complete design. Wiring beyond the junction boxes for the remaining systems
will be completed by the operating contractor at a later date.

All cables between the reactor building and the control building shall
be continuous runs without splices.

A cable and wire numbering system hasbeendeveloped for the PBF facility.
The system gives a number to each cable and wire used for signal or control
purposes and identifies (signal trench or control trench) routing and termination
of the cable,

Spare numbers have heen left atthe endof the numbcering sequeuce fur use hy
the architect-engineer in identifying cables and wires specified by him,

Table XII is alist of the required junction boxca, their localiuns; and the type
of cubles terminating in them. This table also identifies the detail drawing for each
junction box. The junction box installation requirements are shown in Figure 60.
The architect-enginéer may make use of spare junction box locations for
terminating cables specified by him as part of the plant process instrumentation,
radiation monitoring instrumentation, and pressurized water loop process in-
strumentation. He shall, however, specify the cables to be run.

Table XIII is a list of the cables to be installed for reactor control and
transient measurements. The cables for the radiation monitoring instrumentation,
plant process instrumentation, and pressurized water loop process instru-
mentation, have not been specified. Such cables are to be specified by the
architect-engineer.

(2) Cable Numbering System. The number for each cable will start with the
prefix “C” or “S” denoting routing between the reactor building and control
building, ie, laid in signal trench, S, or control trench, C. The next two sets of
numbers will be those of the fwo terminating junction boxes and the last set of
numbers will be a numerical list of all PBF and control cables.

Example:
Cable Number C-101-1-12
Laid in control \Specific cable
cable trench number
Connects to J101 in Connects to J1 In
Control Building ' Reactor Building

(3) Wire Numbering System. The wire numbering system will identify on
each wire the cable of which it is a part. Wire numbers will run numerically
starting with the number 1 for each cable. Shields will also receive a number
followed by the letter “S”. The shield number will always follow the wire
numbers it shields. Where shielded and unshielded wires in a single cable are
used the unshielded wires will be assigned the highest wire numbers in the
particular series. Coaxial and triaxial shields will receive only cable numbers,
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‘TABLE XTT

PBF JUNCTION BOX LIST
Junction
Box No. Location Box Drawing _Type Cables
1 Transieﬁt instrument room Figure 58, panel type I- Signal - coaxial
2 Transient instrument room Figufe 58, panel type II Signal - coaxial and triaxial
p) Transient instrument room Figure 58, panel type III Signal - sre(a)
i Transient instrument room Figure 59, panel type IV Signal - STP
5 Transient instrument room Not installed
6 Transient instrument room Not installed
7 Transient instrument room Architect-Engineer to specify Architect-Engineer to specify
8 Loop process control room Architect-Engineer to specify Control v
9 Loop process control room Architect-Engineer to specify Signal
10 Loop process control room Figure 59, panel type III Control - 19-conductor
11 Loop process control room Figure 58, panel type V Signal - STP
12 Plant process control room Not installed
13 Plant process control room Figure 59, panel type V Control - 19-conductor
1h Plant process control room Figure 58, panel type III Signal - STP
15 Plant process control room Not installed
16 Spare numbers Not installed
17 Spare numbers Not installed
18 Spare numbers Not installed
19 Spare numbers Not installed
20 Spare numbers Not installed
101 Tape room Figure 58, panel type I Signal - coaxial
102 Tape room Figure 58, panel type IL Signal - coaxial and triaxial
103 Tape room Figure 58, panel type III Signal - STP
10k Tape room Figure 59, panel type VI Signal - STP coaxial and triagial
105 ' Control room Figure 5Y, panel type V Control - 19-conductor
106 Control room Figure 59, panel type V Control - 19-conductor
107 Control room Pigure 58, panel type III Signal - STP
(8) STP - Shielded Twisted Pair
. Examples:
14 -1
14 - 2
14 - 38

Cable number/ Spefcif:c\lndicates shield

wire
number

for wires No.
1 and 2

(4) Plant and pressurized water loop process control cabling. All cabling

required by the plant and pressurized water loop process control equipment shall
be specitied by the architect-engineer. It is, however, requested that the same
type of cables described inthe previous sectionbe used, if suitable. The number-
ing system and general philosophy of termination described previously shall be :
used by the architect-engineer indesigningthe process control and signal cabling.
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TABLE XIIT

CABLE SYSTEMS SPECIFICATIONS

" Terminating Junction Boxes

Control Reactor Type Terminations
Cahle Na. Building Building Type Cable To be Used
§-101-1-1
thru J101 J1 Coaxial RG 8 A/U - See footnote(a)
§-101-1-80
5-102-2-81 ,
thru J102 J2 Coaxial RG 8 A/U Coaxial(b)
5-102-2-90
8-104-2-91 : .
thru J1ok J2 Coaxial RG 8 A/U Caaxial(b)
3-104-2-100
5-104-2-101 . ,
thru. [ . J10L 32 « Triaxial amphenol 21-583% Trisxial(0)
$-100 2 105 27 ohm
$-102-2-106 N
thru s Jioe J2 Triaxiel amphenol 21-583 p . .. 1(c)
8-102-2-110 52 ohm '
$-102-2-111 .
thru | " 7102 J2 Triaxial amphenol 21-529 Tria.xial(c)
§-102-2-115 75 ohm .
5-104-2-116 Triaxial henol 21-52
thru ! J10k J2 riaxial amphenol 21-329 ;o xia1(c)
§-104-2-120 5 ohm
. . Terminal strip cinch -
-10%-5-121 - . 16(a
5-10%-%-12 J103‘ J3 STP - 19 pair no. 16(d) Jonos aeries 1ho
- = _ e a) Terminal strip cineh -
§-103-3-122 TJ103 J3 STP - 19 pair no. 16( Jones series 140
10ka7 e \ _ (a) Terminal strlp cinch -
5-104a%=123 J104 J3 STP - 19 pair no. 1% Jones series 140
_ a Terminal strip cinch -
S-104-3-124 J104 I3 STP - 19 pair no. 16(d) Jones seriee Tuo
_ 0. ' _ . a Terminal strip cinch -
§-107-10-125 J107 J11 STP - 19 pair no. 16(d) Tonen certee ovo
10721015 amp a Terminal strip cinch -~
§-107-10-126 J107 Ji1 STP - 19 pair no. 16(d) Tones serice Tho
5- - . _ . (4) Terminal strip cinch =
5-103-104-127 J103 to J10k4 STP - 19 pair no. 16 Jones series 140
§-102-104-128
thru J102 to J10k4 Coaxial RG 58 C/U Coaxial(e)
$-102-104-132
§-102-104-133
thru } J102 to J10k Coaxial RG 59 A/U Coaxial(e)
§-102-104-137
- e Terminal strip cjnch -
“3-1l- b STP - 16 ¢
$-3-14-138 J3 to J14  STP - 19 pair no. 16 Jones series 140(3
. Terminal strip cinch -
§-3-10-139 J5 to J11  STP - 19 pair no. 16 Jomes series 140l
S- -140 \
thru E ‘Spare signal cable numbers

8- -1k9

(continued)
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. TABLE XIII (Continued)

Terminating Junction Boxes

Control Reactor Type Terminations
Cable No. Building Building Type Cable T To be Used
€-106-9-150 . . .
thru § J106 J10 19 conductor(f) Terminal strip
€-106-9-159 )
c- - -160
thru Spare control cable numbers
C- -167
C-105-13-168
thru i J105 J13 19 conductor(f) Terminal strip
C-105-13-176 ‘
C-9-13-177 J10 to J13 19 conductor(f) , Terminal strip
€-9-13-178 J10 to J13 19 conductorif) ' Terminal strip
C- -179
thru Spare control cable numbers
C- -199 :
_ TS Insulated ground cable
C-105-13-200 J105 J13 awG oolg) Insulated ground bus

(a) Cables to be terminated on terminal slrips as indicabed in Figure 58, panel type I.

(v) Cables to be terminated with connector UG 290 A/U (or approved substitute) mounted on
insulating board (See Figure 58, panel type Ll).

(e) Cables to be terminated with triaxial panel jack or IPC connector: 53125 mounted on
insulating board (See Figure 58, panel types I and II).

(d) Multiple pair shielded (STP) - 19 individually shielded and insulated twisted pair. Each
wire to be AWG 16 stranded. Insulation between conductors or conductor to shield to be
greater than 109 ohms per thousand feet. Each pair to have drain wire. Cable to be over-
all shielded and insulated for direct burial.

(e) cables to be tcrminated as indicated in Figure 58, panel types I and II, with coaxial
panel jacks. o

(£) Ninéteen conductor overall shielded cable. Each conductor to be AWG 16'stranded with
insulation color coded and rated at 600 volts. Outer insulation suitable for direct
hurial.

{g) Ground cable to be AWG 00 stranded with oversll insulation suitable for direct burial.

The architect-engineer shall specify in which cable trench the process
cables shall run (signal or control), However, in no case may cables carrying
alternating current be laid in the signal cable trench.

3.43 Special Pawer Requirements,

(1) Experimental instrumentation room (No. 2). A special power supply is
required for electronic instruments which will be installed in Room 2 of the
reactor building following acceptance of the facility. For this purpose, 120-volt,
ac, single-phase, power shall be supplied to a breaker panel in the room by
means of a transformer directly connected to the 13.8-kv line. The breaker
panel shall contain twelve amp breakers. Power from each breaker shall be run
to twistlock convenience outlets located above the intended instrument rack
locations as indicated in Figure 41. This power shall be switched to emergency
power upon failure of the 13.8-kv line (area plot plan, Figure 33).

(2) Reactor control power. A source of power is required at the reactor
building for operating the reactor control rod drives and other equipment. A 480-
volt, 3-phase, 100-amp branch circuit terminating in a breaker shall be included
in the process control room (No. 7) exclusively for this purpose. This circuit
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must be switched to emergency power upon power outage (see electrical schematic
drawing, Figure 40).

3.44 Controlled Convenience Outlets. Individually controlled convenience
outlets are required to which the power is individually controlled hy means
of relays. Several outlets of this type for obtaining 120-volt, single-phase ac
power, and 480-volt, 30-amp, 3-phase power shall be located as shown in
Figures 41 and 42. The relays for controlling the power to these outlets shall
have 120-volt, ac control coils and shall be installed in the motor control
center (Room No. 7). Relay control wiring will not be accomplished as part
of this contract.

3.45 Warning Lights and Horns. Two warning horns, one inside the reactor
building and one outside the reactor building, located as shown in Figure 41 are
included in the design. Power to the horns shall be supplied by means of
120-volt ac relays located in the motor control center (Room No. 7). Relay
control wiring will not be accomplished as part of this contract. Power to
the horns must be supplied through effective filters to stop high frequency
noise from feeding back into the power line. The specifications for the horns
are as follows:

Inside Horn: Faraday Industrial, No. 133L, 120 v, ac with loop
protection or approved equal,

Exterior Horn: Faraday Industrial, weatherproof, No. 136, 120 v,
ac or approved equal.

Bix flashing red lights located in and about the reactor building as shown
in Figures 41 and 42 shall also be included in the design. Wiring shall be
run from the lights to a flasher wunit. The flasher unit chall hc mounted in the
motor control center (Room No. 7). Cantrnl wiring for the flasher will not
be included as part of this contract. This system shall have a filter to stop
high frequency interference in other, systems. The specifications for the
lights and flasher units are as follows:

Lights: Crouse Hinds - Vapor Light Industrial Lighting Fixture,
bracket type VGR 216, form 200 with red globe (VO 205)
and guard (V 912), or approved equal.

Flasher: Flasher unit, Reco silver contact type, one cycle per
second, Catalog No. LDBS-4 with cabinet for wall
mounting (GE Supply Catalog No. 102 WP=-p.811), or
approved equal.

3.46 Scram Switches. Eight outlet boxes containing face mounted switches
are included In the design and located as shown in Figures 41 and 42. Wiring
shall be run from the switches to one side of a terminal strip located in the
motor control center (Room No. 7). The specifications for the outlet boxes
and switches are as follows:

Boxes: Outlet box, 3 x 3 x3 in. minimum, sized to accommodate
' switches.

Switches: Allen-Bradley, push button switch, mushroom head, red
button, one normally closed and one normally open
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circuit, w/o name plate, type DGA (Bulletin 8007),
or approved equal. :

3.47 Radiation Monitoring Systems. Three systems for radiation monitoring
are included in the design as follows: (a) a constant air monitoring system,
(b) a gamma radiation monitoring system, and (c) two portal monitoring systems
for detecting radioactive contamination transported by personnel.

(1) Constant air monitors. The three constant air monitors are located as
shown in Figures 41 and 42 and are portable radioactive air monitors of com-
mercial design similar to Nuclear Measurements Corporation, Model Am-2,
or approved equal. Each unit is a complete installed system supplied with
the necessary equipment to accomplish the following objectives: (a) provide
an integrally mounted recorder by means of which the air activity may be
read directly, (b) provide alarm circuits which give an audible signal in the
event of high air activity, and (c) provide a remotely located recorder on the
control center building process panel from which the air activity may be read
directly. The constant air monitor located on the main floor provides the
necessary signal from high radiation levels to automatically close an air
damper in the cold air return to the furnace from the main reactor room.
The fans and blowers in the heating and ventilating system (Figure 47) are
automatically shut down upon coincident high radiation level signals from the
main floor monitor and one basement monitor.

(2) Gamma radiation monitoring system. The gamma radiation monitoring
system is a complete system consiting of seven sensing units with built-in
calibration sources, abasic control and readout unit, and a remote readout station.
The seven sensing units (chambers) are located as shown in Figures 41 and 42.
The basic control and readout unit islocated in the experimental instrumentation
room (Room No. 2) of the reactor building, and the remote readout station is
located on the process control panel at the PBF control center building.

General Specifications.

Basic system: Tracerlab remote area monitoring system or approved
equal. The basic system provides a seven-channel gamma sensing unit which
may be located up to 200 ft from a basic control unit consisting of a power
supply and the necessary cabinet space for the seven-channel control unit.
There is also a seven-channel remote readout station unit to be located approxi-
mately 3000 ft from the basic control unit. The 3000-ft cable assembly between
the basic control unit and the remote-readout unit will be supplied by the
contractor. This cable will consist of a 19-conductor, overall shielded cable
with No. 16 AWG conductors. Provision should be made for adding three
additional monitoring chambers and associated readout equipment at a future
time. All cabling and necessary couplings between the sensing units and the
oontrol unit are to be specified by the vendor.

Materials and workmanship. The equipment supplied must be new and
of first-class design. Construction, workmanship, and materials must be of
the best quality, free from any defect that would render the equipment in-
operative or inaccurate.

Adjustments. The design of the remote area monitoring system shall
be such as to make all parts readily accessible for ordinary adjustments,
repair, and cleaning,
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Instruction and operation. The vendor shall furnish operator’s instruction
manuals and.schematics in duplicate for the proper installation, adjustments,
and operation of the system. This manual shall include a complete replacement
parts list. ‘

Sensing Unit.

Sensitivity. The sensing units shall be halogen quenched GM-tubes
sensitive to gamma radiation and capable of operation in fields from 0.1 mr/hr
to 100 r/hr. The sensing units shall be gamma energy independent within plus
or minus 10% for gamma ray energies between 80 kev and 1.2 Mev.

The probe may be subjected to high fields of radiation for short intervals
of time. The instrument indicator must be able to rise ahove full scale and to
& maximum of 2 x 109 r/hr for short pcriods of time. When the probe is
returned to f{fields within its range, the calibration must still be correct.

Ambient onvironment. The seusluy units shall be-of waterproof design
~and capable of operation under ambhient conditions of 0 to 160°F, up to 95%
humidity, and at an altitude of approximately 5000 ft ahove sea level. ‘

Calibration. Each sensing unit shall include a self-contained, remotely
operated calibration source. Calibration must be indcpendent of cable length.

Cabling. The vendor shall supply the cable assemblies for use between
sensing units and the basic control unit. These .cables shall be supplied with
connectors at both the sensing unit and the basic control unit. The connectors
at the sensing units shall be splash proof. The cables shall bc supplied in
200-ft lengths. '

Alarms. There shall be a light and an audible bell at each probe,

Bagic Control Unit,

General. Tho basic control uuit shall Include a 115-volt, 60-cycle power
supply to operate the complete system, meters indicating the dose rate at each
sensing chamber, controls for the calibration sources, calibration adjustment for
each channel, audible bell alarm, recorder output for each channel, and a multi-
point recorder having one point for each channel. The basic control shall be
capable of being rack mounted in a standard 19-in. relay rack.

Response. The system shall have a speed of response sufficient to
provide an indication change from initial dnse rate to 90% of the new dosc rate
within 8 sec or less.

Indicating meters. The seven meters for indicating the dose rate at the
sensing chambers shall have decade logarithmic scales, which shall be designated
from 0.1 mr/hr to 100 r/hr. Thcsc meters shall have adjustable set points
so that the alarm can be set to ring at any point on the mcter scale.

Calibration. Each channel shall have separate calibration adjustments
and remote control of the calibration source. Each channel shall be calibrated
by the vendor over its appropriate range to within X 20% of the true dose rate.
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Ambient environment. The control system shall be capablé of continuous
service operation in ambient temperatures between 50 and 110°F,

Recorder provisions. Each channel shall have an output of at least 10 mv
which can be used as an input to a recorder. A multipoint recorder having
one point for each channel shall be provided.

Remote readout unit. The remote readout unit shall consist of seven
meters with decade logarithmic scales. All of these meters shall indicate
dosage rates of 0.1 mr/hr to 100 r/hr. These meters shall provide readings
within ¥ 20% of the true dose rate at the sensing units. Each of the meters
shall provide simultaneous indication with the meters at the control unit, and
the corresponding meters must agree to within the nominal accuracy of the
meters with the 3000 ft of cable described above included in the system. The
seven readout meters shall be supplied on a 19-in. panel for rack mounting.
This panel shall have a height of 3-1/2 in.

(3) Portal radiation monitors. Two independent portal radiation monitors shall
be installed on the two doorways indicated in Figure 41. The equipment to be
supplied shall be quintector units complete with the necessary associated
items, such as manufactured by Eberline Instrument Division or approved.
equal. The unit shall be constructed for installation on door frames for the’
purpose of detecting radioactive contamination on personnel or articles passing
through these exit doors. Each monitor shall be equipped with an audible alarm
actuated when radioactive clothing, tools, etc, are passed through the doorways.

(4) Health Physics Emergency Generator. The Health Physics emergency
generator will provide power for continuous radiation monitoring for the pro-
tection of personnel working in the reactor area in the event of a commercial
power failure. This generator will consist of a small compact power generator
that will automatically start on loss of commercial power. The evacuation alarm
located at the reactor building also will be connected to this emergency power
source.

3.48 Intercommunications System. The architect-engineer shall include
in the design the necessary cable, station boxes, etc, which are part of a
portable intercommunications system to be completed by the operating contractor
following acceptance of the facility. The design shall provide for installing
the following: (a) one central station terminal box, (b) eleven intercom station
boxes, and (c¢) conduit and communications cable between the central station
terminal box and the eleven intercom station boxes. The communications cable
will not be connected to the additional portable equipment required to complete
the system either in the central station box or the individual intercom boxes.

The central station terminal box and the eleven intercom station boxes
shall be located as shown in Figures 41 and 42. One cable consisting of
six shielded pairs shall be pulled from the central station terminal box to
each of the intercom stations. This cable shall be run in conduit installed
exclusively for this use; ie, no other wiring will be run in these same conduits.

The specifications for equipment are as follows:
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(1) Central Station Terminal Box: Square “D” circuit breaker box
: " No. MH-41 with front No, DF-
~ 142F, or approved equal.

(2) Intercom Station Boxes: Appleton Unilet Box, Type FDC-

' : Deep No, 16636 with blank .
metal vapor-tight cover and
gasket No. 7986, or approved
equal.

3) Infercom Cable: Intercom cable, Beldon No.
8768, 6 individual shield and
insulated pairs.

3.5 Plunt Process Instrumentation

Since remote operation of the nuclear reactor from the central control area
is essential, it is required that the plant instrumentation be designed to permit
operation of certain plant equipment and control of certain process parameters
from the PBF control building. The instrumentation designed by the architect-
engineer shall provide for the remote control of process parameters and the
remote operation of plant equipment as follows: (a) control of the reactor
pool temperature (heat exchanger outlet) from 70 to 90°F, (b) control of the
reactor pool drain, and (c) control. of the reactor pool water inlet flow rate
(that is, control of the pool water height).

Both the pool water height‘ and temperature distribution influence reactor
behavior, and it is therefore necessary to record or indicate both parameters
at the control center. The recording or indicating of other information which
is considered by the architect-engineer to be necessary for the safe remote
operation of plant equipment shall also be included,

It -is not considered essential .that the pool purging operation or pool
cleanup be accomplished at the sametime that reactor operation is in progress;
therefore, control of the equipment associated with these functions is required
only from the reactor building. The architect-engineer shall select the
necessary instrumentation to permit normal operation of this equipment
based on this criterion.

The deionized water system shall be designed for manual operation and
regeneration. The minimum information considered necessary for proper
operation and quality control is effluent conductivity, effluent pH, effluent
flow rate, and the capacity remaining in each bed. Since it is necessary that.
the quality of the water in thepooland canal be closely controlled, it is proposed
that the pH and conductivity indicators used to monitor the deionizer effluent
also be used to check the quality of the water in the reactor pool and canal
by providing pH and conductivity calls in all three places and a three-point
selector switch, :

The method of control of the heat exchanger exit wafer temperature shown
in Figure 43 is schematic only. It is recommended that the arch1tect-engmeer
mvest1gate other methods of control.

The architect-engineer shall include in his instrument specifications a
thorough instrument check-out procedure to be followed to insure that all
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instruments are in proper calibration and in operatingcondition upon completion
of plant construction.

3.6 Mechanical and Process Equipment

3.61 General. The mechanical and process equipment to be installed
in the reactor building shall be- sized by the architect-engineer according to
best engineering practices. In all cases where feasible, each item shall be
of a standard manufacturer’s design and all identical items shall be of the
.same make and model to simplify maintenance and spare parts stores. The
manufacturer of each piece of equipment will furnish certified prints of the
equipment, operating manuals, spare parts ‘lists, and maintenance manuals.
The architect-engineer will furnish a loose leaf type Plant Operations Manual
which shall be in sufficient detail to assure safe operating procedures. The equip-
ment shall be located so thatacessfor maintenance is provided. For those pieces
of equipment which may require changeout, a method of removing the piece of
equipment and replacing it with the new equipment shall be provided.

3.62 Crane. The overhead traveling crane designprepared by the architect-
engineer shall provide for the following operating requirements:

(1) Service requirements

Capacity - 15 ton
Span - Approximately 36 ft
Hook 1ift - 35 ft (min)

Duty - the crane shall raise the designed load the full hook height at
lowest speed without stopping.

Speeds - Two speeds at full load capacity as follows:
Hoist ~ 6 and 25 ft/min
Bridge - 20 and 60 ft/min
Trolley - 20 and 60 ft/min
(2) Crane controls. The crane shall be furnished with two plug-in control
stations located on opposite sides of the reactor pool. A single push-button
type pendant controller with a 45-ft 'extension cable shall be supplied. The

pendant cable shall be equipped with suitable quick disconnect plugs for rapid
connection to either of the two plug-in stations for operation of the crane,

3.63 Water Supply, Usage, and Disposal (Figure 44). The chlorinated raw
water for the PBF shall be supplied by a new 8-in, line to be run from the raw
water distribution pumps in the Spert Control Center Area to the PBF. This
line will furnish raw water for the fire protection system, domestic and sanitary
uses, air conditioner cooling, air compressor cooling, reactor primary heat
exchanger secondary cooling, reactor emergency fill, and influent for the de-
mineralizer system, the steam plant, and the experimental loops.
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The secondary cooling water for the main heat exchanger is pumped from
a small surge tank through the exchanger to waste. This precludes any possible
contamination of the raw water supply. All other connections between the raw
water supply and possible contaminated water are mechanically isolated
to prevent contamination of the raw water supply.

A demineralized water system serves the reactor, canal, experimental
loops, and the steam plant. Water from the mixed bed demineralizing units
is stored, then distributed for use as needed from a pump header. Regeneration
waste from the demineralizer flows directly to the corrosive waste leaching pond.

Raw water from the Spert fire protection system is available at a fire
hydrant and hose house outside the reactor building. Hose stations are located
inside the building.

3.64 Makeup Demineralizer (Figure 45). Demineralized water with a
specific conductivity of less than two micromhos is produced by flowing raw
water down through two 3-ft-diameter, plastic lined, 100-psig-design, mixed
bed demineralizers. The system is designed for either continuous (alternating
regeneration) or parallel operation or for cantinuous operation by alternating
regeneration of the units. Each 50-gpm unit will run approximately 5 hr (15,000
gal) or longer per regeneration and require 4 hr for the manual regeneration
process. Water from the demineralizers is piped to an insulated type 304 stainless
steel, 10,000-gal storage tank located outside the reactor building. The stored
water temperature is maintained at 60°F by two temperature controlled 3-kw
electric heaters. The tank is equipped with an overflow, a water level indicator,
and high- and low-level alarms. The demineralized water service pump (75 gpm,
230 ft TDH, 5 hp) supplies demineralized water at 100 psig to the stainless steel
plant demineralized water system.

Concentrated sulphuric acid for rogencration is supplied from an existing
- 500-gal portable carbon steel tank which isfilled from the MTR acid supply. The
acid is transferred to a mixing drum by pressurizing the tank with low pressure
instrument air when necessary. Flake caustic is mixed with demineralized
water to provide the caustic dose for regeneration. Acid and caustic regeneration
doses are mixed in separate open-top 55-gal. plastic lined drums and diluted
through separate eductor valves during regeneration of the beds.

3.65 Reactor Process System,

(1) Primary Loop. The reactor primary system provides the necessary
facilities to remove the energy generated during the power burst as well ag
providing flow velocities through the core sufficient to prevent excessive boiling
after a maximum power burst. The flowdiagram for the reactor primary system
is shown in Figure 43. Primary cooling system operating conditions are listed
in Table XIV, '

The primary pumps draw reactor water from the bottom of the reactor vessel
at a point outside of the flow skirt. The pumps discharge up to 15,000 gpm through
manually operated flow control valves to a heat exchanger. The positions of the.
control valves are set prijor to start-up. Since only steady flow conditions are
required, only minor adjustments of these valves should be required during
operation. Water flow is measured between 500 and 15,000 gpm by conventional
meter runs. The reactor inlet coolant temperature is controlled by a temperature
recorder-controller which automatically positions two control valves. The position
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TABLE XTIV

PRIMARY COOLING SYSTEM OPERATING CONDITIONS

Maximum burst energy 3000 Mw-sec

Heat cycle for temperature stabilization 1 hr
after maximum energy burst

Reactor coolant stabilization temperature 86°F

Reactor inlet temperature 8% to 93°F
Reactor exit temperature 88 to 98°F
Measurable reactor flow rate 500 to 15,000 gpm
Number of primary coolant pumps 3

of the control valves determines the fraction of primary flow which passes
through the heat exchanger. The water is then returned to the bottom of the
reactor at a point inside the flow skirt. Flow through the reactor core is upward.
All primary piping is series 300 stainless steel.

The reactor temperature is increased to 86°F prior to a power burst by use
of pump heat and the line heaters. The reactor temperature is maintained at
86°F prior to a power burst, and the heat from the power burst is removed by
the primary heat exchanger. The maximum power burst will add about 3000
Mwe-sec (2.8 x 106 Btu) of energy to the system. (For design purposes, this
number has been taken 50% higher than that obtained from physics calculations.)
This energy is removable from the system within one hour. The architect-
engineer will prepare a study of other ways of maintaining the reactor tempera-
ture at 86°F and arrive at the most economical design.

(2) Codes and Specifications. The reactor process system piping is to be
designed, inspected, and tested according to the latest revision of the ASA piping
code. The system vessels and heat exchangers are to be designed, constructed,
and tested according to the latest revision of the ASME Pressure Vessel Code.
Code stamping is required.

All welding in the reactor process system shall be in accordance with Phillips
Petroleum Co. Specification PPCS-243, entitled “Manual Welding of Austenitic
Stainless Steel in Nuclear Reactor Experiment Systems”. All piping welds shall
be inspected in accordance with Phillips Petroleum Co. Specification PPCS~-244,
entitled “Acceptance and Quality Control Standard for Manual Welding of Austenitic
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Stainless Steel in Nuclear Reactor Systems?”. All piping radiography shall be done
in accordance with Phillips Petroleum Co. Specification PPCS-253, entitled
“Radiographic Technique Requirements for the Inspection of Piping”. All welder
operators utilized in the welding of the process equipment and piping shall be
qualified in accordance with Phillips Petroleum Co. Specification PPCS-245,
entitled “Welders Qualification Procedure for Austenitic Stainless Steel”. The
required number of copies of the above Phillips Petroleum Co. specifications will
be furnished to prospective architect-engineers upon request.

(3) Heat Exchanger. The proposed primary heat exchanger is a single-pass
counterflow heat exchanger designed for a maximum heat load of 3.9 x 106
Btu/hr. A maximum of 500 gpm raw water is to be used for the secondary cooling
water. However, other methods of cooling are to be studied by the architect-
engineer in order to determine the most economical design. This study should
include the possibility of designingone systemtotake care of hoth the reactor and
the pressurized water loop cooling requirements. All metal parts of the primary
- heat exchanger in contact with the primary water are stainless steel.

(4) Primary Pumps. The three primarypumps are single-gtage, 5000-gpm,
100-ft TDH, deep-well-type, centrifugal pumps driven by 150~hp, 2400~v, 3-phase
motors. The pumps shall be located so that flow can be established when the
reactor water is at any level between one foot above the core and the scum
drain level.

3.66 Reactor and Canal Fill, Drain, and Cleanup Systems, Separate 2-in.
lines from the demineralized water system are used for filling the reactor and
canal. The 1-1/2-in. drain lines are routed from the reactor and canal to a
common header and then to the warm sump.

A continuous purge stream is added to the reactor and canal. The reactor
purge is estimated to be 15 gpm. The canal purge is estimated at 7 gpm. The
purge water is removed through scum drains. Four drains, one in each quadrant,
are located in the reactor. Two scum drains are located in the canal.

In the cleanup systems for the reactor and the canal, continuous side streams
are pumped through cartridge filters. A 15-gpm, 100-ft TDH, 1/2-hp pump is
provided for each system.

3.67 Stcam Plant (Figure 46). One 2000-lb/hr heating boiler is located
in the furnace and utility room. The boiler supplies 15-psig steam to the heating
coils. The boiler is a package unit, equipped with the conventional safeties
and controls, and is fired with No. 2 diesel 0il. NDemineralized water is supplied
for makeup. A potable water line for makeup is also provided for emergencies,

Auxiliary equipment includes a 100-gal condensate tank and two boiler
feed pumps (each 4.5 gpm, 125 ft TDH, 1/2 hp). A chemical addition station
is also provided to. treat the boiler water with phosphates for pH control and
sodium sulfite for residual oxygen removal.

A fuel oil transfer pump (0.5 gpm, 200 ft TDH, 1/2 hp) and a duplex fuel

oil strainer are located in the furnace and utility room. This system supplies
clean oil to the boiler from the 10,000-gal fuel oil storage tank buried outside
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the building. This storage volume is sufficient to fire the boiler at a maximum
rate for approximately 30 days. Oil is trucked to the storage tank.

3.68 Heating and Ventilating System (Figure 47). Theheatingandventilating
system is designed to provide 100%freshairat 50°F to the reactor building when
needed, eg, during experimental runs. A damper, capable of being remotely
controlled from the control room, canbe opened during other times to provide for
recirculation of part of the reactor room air. All fresh air passes through
flow sensitive louvers and a filter, then over a finned preheat coil into a supply
plenum. The air temperature in the plenum is controlled by automatically
positioned air deflectors in front of the preheat coil. The preheat coil has
a constant supply of 15-1b steam with the flow regulated by a standard trap.
A pressure switch on the preheat coil trips relays to stop the three supply
blowers on low steam pressure. Remote thermostats which actuate steam
control valves to the respective tempering coils on the three discharge ducts
from the preheated supply plenum as provided in each wing and the reactor room.

The reactor room is provided with a separate heating and ventilating
supply system discharging about four air changes per hour to the reactor
room which is maintained at 70°F. This air is exhausted to the atmosphere
by two electric exhaust fans located on the reactor room roof. The roof exhaust
fans and supply blower are wired to constant air monitors located on the
reactor building main floor and basement. The fans and blower will shut off
after the main floor monitor and one basement monitor have alarmed, allowing
the flow sensitive dampers to close, and forcing all air to be discharged through
the waste gas system. Remote control of the fans and blower, overriding the
monitor alarms, is provided in the control rooms. :

Separate heating and ventilating units furnish about eight air changes
per hour to each wing of the reactor building, also maintained at 70°F, The
distribution system consists of main ducts from which branch ducts are routed
to each room. Manual dampers are provided on each branch duct. Air flows
from the wing rooms into the reactor room. This air is then routed to the process
equipment room, experimental cubicles, and sub-pile room for exhausting through
the waste gas system.

In addition to the normal start-stop controls for the three blowers, emergency
start-stop switches are located in the reactor control room.

A 7-1/2-hp refrigerated air conditioner is provided in the loop instru-
mentation room. ’

3.69 Plant and Instrument Air System (Figure 48). One 60-scfm, single-
stage, oil-less, reciprocating air compressor delivers air at 150 psigto a
350-ft° receiver. The one-inch plant air header is supplied directly from the
receiver through a motor valve which automatically closes if the receiver
pressure drops to- 100 psig. An adequate air supply is thus preserved in the
receiver at all times to operate instruments and motor valves. Plant air, on
leaving the receiver, is reduced to 100 psig by means of a pressure-controlled
motor valve. Theinstrumentair is dried by a dual-tower, electrically regenerated
dryer. The instrument air, after leaving the dryers, is reduced to 50 psig by
means of a pressure-controlled motor valve and routed via a one-inch air
header throughout the building. Instrument air is further reduced to 20 psig
by small locally mounted reducing valves.
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3.70 Liquid Waste Disposal Systems (Figure 49).. The sanitary waste
disposal system is sized for approximately 10 persons, and consists of a con-
ventional septic tank and leaching pit system with adequate drainage.

The acid and caustic regeneration wastes from the demineralizer flow
directly to the corrosive waste leaching pond in a separate -corrosion-re-
sistant line.

Spent cooling water from the air compressor, air conditioner, and primary
heat exchanger flows (approximately 600 gpm) directly to the fenced leaching
pond approximately 40,000. square feet in area. Spent cooling water from the
primary heat exchanger can be alternately routed to the warm sump or the
hot waste tank.

The reactor and canal main and scum drains and the building floor drains
all flow by gravity to the warm sump. The experimental loops can also be drained
to the warm sump. All water entering the warm sump passes through a strainer,
A sump pump (300 gpm, 70 ft TDH, 7.5 hp) pumps the waste to the leaching pond.
Continuous flow proportional sampling is provided for the monitoring of the
radiation level of the waste effluent stream. Contents of the warm sump can be
pumped to the hot waste tank if necessary.

The experimental loops can be drained through a strainer into the 1000-gal
stainless steel hot waste tank, A sump pump (10 gpm, 70 ft TDH, 1/2 hp) transfers
the hot waste into an existing shielded tank truck for transport and final disposal
at ICPP. Contents of the hot waste tank can be circulated for mixing and sampling
prior to disposal. The hot waste tank design will include provision for periodic
sampling of the crud from the bottom of the tank.

3.71 Waste Gas System (Figure 50). All air from the process pit, experi~
ment cubicles, and sub-pile room is routed to the waste gas blower room where
it is filtered by a roughing filter and a high-efficiency filter (minimum DOP
efficiency of 99.97% at 0.3 micron). It is then exhausted to atmosphere by a
blower (500 cfm, 10 hp) through an 80~ft~high, 12~-in.-diameter, carbon steel
stack. The ventline from the hot waste tank ties directly into the waste gas header
upstream of the filters. Spent filters will be handled with existing NRTS solid
waste disposal facilities. The filters shall be designed so that the high activity
collected on the filters does not create a personnel radiation exposure problem
during the removal of the filters. The pressurized water loop vapor header ties
into the waste gas header downstream of the blower. The gaseous waste discharge
is monitored for gaseous and particulate activity. Activities are recorded in
the process control room. A manual start-stop switch for the blower is lacated in
the reactor control room.

In the event of air activity in the reactor room and basement, the reactor
room heating and ventilating fan and the reactor room roof exhaust fans are
automatically shut down hy the constant air monitors. Thenall air flows from
the work spaces into the reactor room, from there to the process equipment
room, experimental cubicles and the sub-pile room, and then through the waste"
gas system, provided that the remotely controlled damper for recirculation of
reactor room air has been closed.
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3.72 Solid Waste Disposal. The.existing NRTS burial ground is adequate
for the small amount of solid waste expected from this facility, Handling equ1p-
ment for this waste is also adequate.

3.73 Communications. A commercially installed and serviced telephone
system connected to the existing NRTS commercial system provides for primary
operational communications. In addition, an intercom system with two-way
units located in all normal working areas and a master station in the reactor
control room serves the reactor building area. This master control unit can
speak to all locations collectively or selectively and can transfer a call from
one working areato another. This total system can be overridden by an emergency
unit at the control center, establishing communication between the control
center and the reactor building intercom stations. :

Manual~automatic coding fire alarm systems are installed at the control
center and the reactor building and consist of alarm boxes connected to
centralized relay and terminal strip units. The coded fire alarm annunciates
at the Spert security station and at the NRTS central fire station as well as
at the reactor and control center areas.

An evacuation siren is located in the reactor area. It can be actuated from
the reactor building and from the control center.

3.74 Electrical (Figure 40). The reactor site is supplied with 13.8-kv
commercial electrical power from the Spert substation. A separate 13.8-kv
to 2400-v, 3-phase, 750-kva transformer furnishes power to the three 150-hp
primary pumps. A power bus supplied by a 13.8-kv, 480-v, 3-phase, 750-kva
transformer distributes the main plant loads. A stepdown transformer (13.8-kv-
120/240-v, 3-phase, 75-kva) supplies lighting and general purpose requirements
from this bus. Battery-powdered standby light packages furnish an emergency
light source. A separate isolation transformer (13.8-kv, 120/240-v, 1l-phase,
25-kva) normally furnishes all transient instrumentation requirements direct
from the main 13.8-kv supply line.

An engine-generator set (480-v, 3-phase, 60-kva) is supplied. The engine
will. be started and running under no load on a governor controlled throttle
prior to every reactor test. In the event of a commercial power failure, the
waste gas blower and the control rod drive and instrument loads will be
automatically switched to the emergency bus. All instrumentation will be served
. from this emergency bus through a480-120/240-v, 1-phase, 25-kva transformer.
The sole purpose of the emergency bus is to ensure control of the reactor at
all times by providing a source of power to shut down the reactor in the event
of a commercial power failure. Such power failure will automatically scram
the reactor and stop any experiment in progress.

4. REACTOR

4.'1 Reactor Vessel -

The reactor vessel is an open top tank, constructed of stainless steel,
15 ft ID by 29 ft deep (Figure 51) with a 2:1 elliptical bottom head. The vessel
has a minimum shell and head thlckness of 1/2 in. The reactor vessel is
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designed and constructed in accordance with the latest revision of the ASME
Pressure Vessel Code to withstand pressure surges of up to 100 psig, plus the
static water head of 29 ft and temperature variations of 50°F, The vessel is to
be code stamped. A level indicator is installed on the reactor vessel.

A 6- by 10-ft watertight removable gate designed to withstand 50-psig
"pressure surges and an expansion joint to compensate for differential movement
serves to separate the reactor vessel from the canal. The gate is designed to
enable the vessel or canal to be drained or filled independently. Removal of the
gate and use of the building crane permits the underwater transfer of radioactive
equipment and materials between the vessel and canal under water.

The bottom nozzle located in the center of the vessel is for loop penetration.
The nozzle has an 8,075-in, ID with 150=1b ASA flanges and a 1-in, drain, The
side nozzles are also for loop penetrations and are 10-in, standard pipe with 150~
Ib flanges. The loop nozzles are blind flanged. All final vessel penetration
specifications will be supplied to the architect-engineer hy Phillips Petroleum
Co. after the core design has been finalized.

The reactor vessel has a 3-in. bottom drain and scum drains. Coolant
nozzles and other additional openings are located and installed to satisfy the
requirements shown in Figure 43. The 3-in. reactor vessel bottom drain
and the bottom loop nozzle drain are provided with remotely operated valves
controlled from the Reactor Building Process Control Panel.

The top of the core support ring is located 19 ft 6 in. down from the vessel
rim. The support ring is designed to withstand a total core load of 70,000 Ib,
either up or down, imposed by four I-beams. (This figure will be verified when
the core design has been finalized.)

The reactor vessel support ring is designed to carry the load of the vessel
filled with water, plus the 70,000-1b core load.

The reactor vessel, core and vessel rings, all nozzles, and other equipment
exposed to the demineralized water are constructed of 304, 321, or 347 stainless
steel. All shell and head seams are double butt welded. All welds, including
support ring and nozzle welds, are to be radiographed wherever possible. Welds
which cannot be radiographed are to be dye-penetrant and/or ultrasonic tested.
All welding, weld inspection, and radiography shall be in accordance with
Phillips Petroleum Co. Specifications PPCS-243, PPCS-244, PPCS-253, and’
PPCS-245 (See Section 3.65).

4.2 Core Structure

The reactor core structure, as shown in Figure 51, consists of a lower
grid, two intermediate grids, an upper grid, a pin hold down mechanism, a flow
diverter, control and transient rod guides, and a removable flux suppressor.

The stainless steel lower grid supports the 44-in-diameter by 36-in-high
UOg core. The lower grid, as well as the flow skirt, is supported by an I-beam
bridge which is mounted on the reactor vessel walls. Coolant to the core is
admitted through the lower grid by broached holes that also act as the lower
support for the fuel pins. The upper face of the lower grid, furnished with
0.760-in.-diameter holes bored 3/4 in. deep on a 0.944-in. triangular pitch,
also furnishes lateral retention of the individual fuel pins.
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The flow skirt is used to direct the coolant flow through the core. The flow
skirt is also used to support the two aluminum intermediate grids, the aluminum
upper grid, and the fuel pin hold down mechanism. The four grids restrict lateral
movement of the fuel pin. Each grid fuel pin hole is broached in order to permit
coolant flow through the grid.

Control and transient rod guide tubes are used to guide the control and
transient rods when they are moved. The guides are attached to the lower -
and upper grids. Since the guide tubes extend above the upper grid, the upper
ends of the guide tubes are interconnected to prevent any lateral movement.

A removable stainless steel flux suppressor, 8 in. ID, is placed in the
center of the core structure as shown in the plan view of the core, Figure 52.

4.3 Control Rods

The control rods are stiffened blades having a cross section as shown in
Figure 52. Hafnium is used as the control material. The three control rods
are individually driven and utilize a magnetic latch and gravity drop. The
control rods have full length stainless steel followers to provide flux suppression.
4.4 Transient Rods

The three transient rods are essentially inverted control rods with the
stainless steel portion above the poison section. Inorder to obtain a reproducible
burst, the transient rods are yoked together and are driven by a single
drive unit. The transient rods operate in air in order to reduce drag forces
during scram.

4.5 Safety Rods

There are six safety rod sets in addition to the control rods. These rods
are the poison fuel-follower type. Each safety rod set consists of five fuel
pins and poison sections. Each rod set is individually driven and utilizes a
magnetic latch and gravity drop.

4.6 Control, Safety, and Transient Rod Drives

The control rod drives and safety rod drives consist of variable-speed
motor-driven inverted worm screws for positioning a standard magnetic
latch. Shock absorbers are used on each rod drive to decelerate the rods
at the end of their free travel. A full complement of indicators is used to
indicate rod position, magnet contact, upper and lower limit, etc,for each
rod. The control motors are controlled such that any combination of rods
may be moved simultaneously or singly.

Caontral rod drive characteristics are as follows:

1. Speed of withdrawal - 6 to 12 in./min
2. Scram time (36 in. travel) - 300 msec
3. Effective travel - 36 in.

4. Release mechanism - electromagnet
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5. Mounting - control bridge
6. Shock absorber - integral .

The transient rod drive has aﬁ unbalanced pneumatic piston drive with
lead screw positioning. Ejection is effected by rapidly discharging the air
on the bottom side of the piston and using the energy of the compressed air on
the top side of the piston. for acceleration. One drive is used to actuate all
transient rods. The shock absorber for deceleration is an integral part of’
the drive system. Approximately one foot of “pre-run” will be required to
attain the velocities necessary for a step insertion of reactivity in the 1-msec
period region. A full complement of indicators is used to indicate rod position,
piston contact, upper and lower limit, etc, for the rods.

Transient rod drive characteristics are as follows;

1. Speed of withdrawal ~ 6 to 12 in./min
2. Scram time (36 in. travel) - 40 msec
3. Effective travel ~ 36 in. (64 in. total travel)
4. Release mechanism - air release
- 5. Mounting ~ control bridge

6. Shock absorber - integral

4.7 Fuel
Fuel for the PBF consists of 3/4-in.-OD x 36-in.-long fuel pins as shown

in Figure 53, The lower beveled end rests in the lower grid guide holes.
The physics of the fuel was discussed fully in Section IV. The following are
the mechanical characteristics of the fuel pins:

Outside diameter - 0.75 in.

Cladding material - type 304 cold~drawn stainless steel

Cladding thickness - 0.028 in,

End cap material - 304 stainless steel

Insulation clearance - 0.008 in.

Fuel end clearance - 0.500 in.

Insulation material -~ ZrOg (éprayed or sintered)

Insulation thickness - 0.062 in,

Fuel - sintered enriched UOg pellets

Enrichment - 39
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4.8 Stainless Steel Reflector Pins

Stainless steel pins, having the same external dimensions as the fuel
pins, are used to surround the active core and act as a fast neutron reflector.
Placement of these reflector pins is shown in Figure 52. The additional unused
holes in the grids outside of the stainless steel reflector pin ring are plugged
to prevent coolant flow through this portion of the grid.

4.9 Canal

The 8- x 16- x 20-ft-deep canal is constructed of reinforced concrete and
is completely lined with stainless steel (see Figures 34 and 37). The north end
of the canal is 32 ft deep to allowthe experiment to be removed from the in-pile
tube after being removed from the reactor to this area. A means should be pro-
vided for covering this deep section of the canal at the 20-ft depth. The canal
floor is designed to withstand 2500 1b/ft2. The canal has provisions for storing
the 6- x 10-ft gate in its south end. The canal has 3-in. bottom drains and
scum drains.

5. EXPERIMENTAL FACILITIES

5.1 General

The 8-in.-diameter through hole inthe center of the reactor core is designed
to accommodate a wide variety of experiments ranging from single fuel plates
or pins to complete fuel subassemblies. The environmental conditions for
these experiments can be varied to include any desired pressure, temperature,
flow rate, or type of coolant, independent of the reactor core conditions.

Two types of experiments are planned for the PBF: those in which the
experiment is placed in a sealed capsule and those in which the experiment
is placed in a flow loop.

5.2 Pressurized Water Capsule

Among the first experiments planned for the PBF are the pressurized
water capsule type. The cross section of a typical pressurized water capsule
is shown in Figure 54. This cross section is also typical of the in-pile portion
of a pressurized water flow loop.

The capsule consists of a pressure container and a thin outer shell. A
gas annulus between the outer shell and the pressure container serves as a
thermal insulator so that excessive thermal stresses are not developed in the
pressure container when the contents of the capsule are at elevated temperatures.
The gas in the annulus is pressurized to insure that water does not leak into
the annulus.

The pressure container is designed to withstand operating pressures
of 2500 psi at 650°F or 5000 psi at 400°F. The fittings required for positioning
the fuel assembly to be tested and for instrumentation are included in the
pressure container. All connections to the capsule for instrumentation and for
post-burst cooling are made at the top of the capsule so that the capsule can be
both inserted and removed from the top of the core. ‘
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Transparent windows are provided at specified locations on the capsule in
order to permit high-speed photography of the events occurring within the capsule
during the power burst. -

Following completion of a severe test the capsule in its entirety is removed
from the test hole and transferred to the reactor building canal. Depending on
the extent of the inspection required, the capsule may then be transferred
to a hot cell for radiolytic gas analysis, metallurgical examination, and any
other examinations that may be indicated.

5.3 Loop Experiments

The loop experiments permit destructive testing of fuel assemblies in a flow
environment. A pressurized water loop is to be designed and constructed as an
integral part of the PBF. Two shielded cubicles are located in the reactor base-
ment area for placement of loop out-of-pile equipment. The pressurized water
loop will initially occupy one of these cubicles. The other cubicle will be used
for future loops involving coolants other than water. Testing with such coolants
as liquid metals, gases, and organic fluids is being considered. The amount of
equipment required for testing with any of these coolants is comparable to that
of the pressurized water loop, and the total cnst of each of the loops would be in
the same range as the cost of the pressurized water loop.

5.4 Periscopes

High-speed photography of the events occurring within the capsule during
the power burst will be useful in determining and evaluating the results of
an experiment. For thispurpose, periscopes whichpenetrate the core at locations
which permit alignment with windows in the capsule or in-pile loop are required.
Periscope penetrations of the core can be made between the two intermediate
grids at 60° azimuthal intervals. The periscope penetration is made by removing
the regular fuel pins along the radius on which the periscope is to be located.
Partial length fuel pins are then inserted ahove and helow the desired location
of the periscope. .

The provision for placing periscopes at 60° azimuthal angles permits
the stereoscopic examination of events within the capsule by means of monoscopic
periscopes. The feasibility of a single stereoscopic periscope. will also be
examined. :

6. PRESSURIZED WATER LOOD

6.1 General Description

The PBF pressurized water loop is a facility for destructive testing of a wide
range of experiments in a high-pressure and high-temperature water environment.
The process flow diagram for the loop is given in Figure 55.

The loop is capable of operating at a temperature and pressure of 600°F
and 2200 psig, respectively. The in-pile tube is designed to withstand transient
pressures of 5000 psi without damage to the tube. The loop is capable of delivering
up to 1000 gpm of high~purity water througha test fuel assembly with up to 60 psi
pressure drop across the assembly. ’
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The major equipment contained in the primary loop consists of a primary
circulating pump, line heaters, a primary heat exchanger, a pressurizer vessel,
and an in-pile tube, ‘

6.2 Operating Philosophy

Most of the experiments to be run in the pressurized water loop do not
present a radiation problem. However, the loop does have the capability for the
testing of previously irradiated fuel assemblies. Ion exchange columns, a
strainer, and decontamination equipment are included for cleaning the system
following fission-product release resulting from the testing of such an element.
However, because of the infrequency of this type of a test, a low shielding
approach has been used in the layout of equipment and in the routing of lines.

Normally an experiment will be removed from the in-pile tube without re-
moving the in-pile tube from the reactor. When highly radioactive elements are
to be removed from the in-pile tube, the in-pile tube will be transferred from the
reactor to the canal through the canal gate. The tube will be lowered into the deep
section of the canal where the experiment will be lifted out of the tube. The
experiment will then be placed in a transfer cask for shipment to other areas.
The reverse procedure will be followed for the insertion of a highly radioactive
fuel element into the in-pile tube. As transfer casks are normally available at
other areas at the NRTS for moving fuel assemblies between different areas of
the NRTS, a transfer cask is not included in the design of the pressurized water
loop. If a particular experiment is to be run that requires a special cask, this
cask will be included in the design of the experiment.

The pressurized water loop has been designed to provide a basic facility
for conducting a wide variety of experiments. However, no attempt has been made
to include all instrumentation and equipment that might conceivably be necessary
for conducting special tests. As the loop cubicles have been sized for the inclusion
of additional equipment, such items can be added as required for special tests.

When it is necessary to shut down the pressurized water loop for repairs,
for addition of equipment or instrumentation, or for decontamination, the in-pile
tube will be removed from the reactor., During such periods, the reactor can be
uséd for capsule experiments or for experiments in a (future) loop using a non-
aqueous coolant. This can be accomplished by appropriate scheduling of the loop
work, Because this can be done and because the operating time required for a
power burst test is short compared to the operating time in a static high-power
test reactor, the duplication of equipment and instrumentation that is required
in some parts of pressurized water loops in static test reactors is not necessary
in the PBF pressurized water loop.

During the execution of loop experiments the loop will be controlled from
the PBY Control Center. Adequate instrumentation will be located at the Control
Center to meet the experiment requirements and to meet loop safety require-
ments. However, such operations as loop start-up, shutdown, cleanup, and
decontamination will be conducted at the reactor building. Alarms at both the
reactor and the control center will alert the operators of abnormal conditions.

6.3 General Design Consideratons

6.31 Design Codes. The loop process system piping shall be designed, in-
spected, and tested according to the latest edition of the ASA piping\code. All
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vessels shall be designed and constructed according to the latest edition of the
ASME Pressure Vessel Code, and code stamping is required.

All welding in the loop process system shall be in accordance with Phillips
Petroleum Co. Specification PPCS-243, entitled “Manual Welding of Austenitic
Stainless Steel in Nuclear Reactor Experiment Systems”. All piping welds shall
be inspected in accordance with Phillips Petroleum Co. Specification PPCS-244,
entitled “Acceptance and Quality Control Standard for Manual Welding of
Austenitic Stainless Steel in Nuclear Reactor Systems”. All piping radiography
shall be done in accordance with Phillips Petroleum Co. Specification PPCS-253,
entitled “Radiographic Technique Requirements for the Inspection of Piping”. All
welder operators utilized onthe weldingof the process equipment and piping shall
be qualified in accordance with Phillips Petroleum Co. Specification PPCS-245,
entitled “Welders Qualification Procedure for Austenitic Stainless Steel”, The
required number of copies of the above Phillips Petroleum Co. specifications
will be tfurnished prospective architect-engineers upon request. ‘

In addition to the cleaning and testing of components required by the codes
mentioned above, the entire loop system shall be pressure~-tested and flushed in
order to remove any foreign material.

6.32 Equipment and Piping Design. The primary loop equipment and piping
is designed according to the design parameters listed in Table XV.

TABLE XV

PRESSIRIZEN WATER LOOPVDESIGN PARAMETERS

Controllable flow rate 100 to 1000 gpm

Design pressure 2500 psig
Design temperature : 670°F

In-pile tube differential pressure at 1000 gpm 80 psi<a>
Maximum burst energy released in the experiment 50 Mw-sec

(a) This figure will be verified when the design of the in-pile tube is
finalized.

The process equipment shall be sized by the architect-engineer according to
good engineering practices. The pipingand equipment sizes indicated in Figure 55
are presented only to show the basis of this conceptual design. In all cases where
feasible, each item shall be of standard manufacturers’ design and all identical
items shall be of the same make and model to simplify maintenance and spare
parts stores.

All equipment surfaces in contact with the process coolant shall be made of
type 321 or 347 stainless steel because of the resistance of these materials to
decontaminating solutions. All piping shall be seamless and shall be made of
type 321 or 347 stainless steel.
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6.33 Equipment Arrangement. The primary loop equipment and piping, the
pressurizer, and the cleanup equipment are located within the basement cubicle.
Low pressure equipment that isnotto contain radioactive coolant shall be located
outside the shielded cubicle. Equipment arrangement must be such that any major
component can be installed or removed without affecting adjacent equipment.

, Care must be taken in the layout of the loop piping because of expansion
problems resulting from high-temperature operation. A detailed stress analysis
of the piping shall be performed to _establish the piping supports needed.

Dead legs or pockets which can trap corrosive or radioactive products must
be avoided in the primary piping layout. The piping should be laid out so as to
minimize the number of low spots and high spots. All low spots shall be equipped
with a drain line, and all high spots shall be equipped with a vent line. All drains
and vents shall be of the double~block-and-bleed type.

Provisions are included so that the venting, draining, cleanup, degassing,
and decontaminating operations can be conducted from outside the shielded
cubicle. Past experience indicates that reach rods extending through the cubicle
walls to the critical valves is a satisfactory method of operating these valves.

The loop must be as leak-tight as possible. Therefore the use of flanges
should be reserved only for those pieces of equipment which must be removed
from the loop frequently. No leakage atdesign conditions shall be allowed across
the seat of block valves located in lines connected to the primary loop system.

6.34 Instrumentation. Since remote control of the loop from the central
control area is essential, it is required that plant instrumentation be designed
to permit adjustment of certain operating conditions from the PBF Control Center.
The instrumentation designed by the architect-engineer shall provide for remote
control of loop temperature, pressure, flow, and pressurizer level. The recording
or indicating of other information which is necessary for safe remote operation
shall also be included. Alarms at both the reactor and the control center shall be
included to alert the operators to abnormal conditions.

The instruments recording loop temperature, pressure, flow, and pres-
surizer level will be equipped so that they can be tied into the reactor control
circuitry when needed.

Instrumentation at the control center for such operations as start-up, shut-
down, cleanup, and decontamination is not necessary, since these operations will
be conducted at the reactor building.

Those instrument transmitters which are in direct contact with the loop
process coolant are located in an exhausted cabinet outside the shielded cubicle,
With this arrangement it will be possible to work with the instrumentation without
entering the shielded cubicle. :

Pressure safety valves shall be located on all primary piping containing a
heat source which may be isolated from the rest of the system. The safety valve
shall be isolated from the process water by a rupture disc. A rupture disc leak
will be detected by a pressure switch which will actuate the alarm system.

81



The architect-engineer shall include in his instrument specifications a
thorough instrument check-out procedure to be followed in order to insure that
all instruments are in proper calibration and in operating cond1t1on upon com-
pletion of plant construction.

6.35 Cubicle. In order to facilitate the decontamination of the cubicle in the
event of a spill of contaminated water, the floor, walls, and ceiling of the cubicle
shall be treated to produce a smooth surface and shall be coated with an im-
pervious paint. All piping in the cubicle shall be a minimum of 18 in. above the
floor to facilitate draining and decontamination.

"The cubicle shall include an overhead monorail for equipment maintenance.

All areas where lnnp process econlant is ¢ontained shall be exhaustod to
the gaseous waste system. These areas include the shielded cubicle, the sampling
glovebox, and the transmitter cabinet. A minimum face velocity of 150 ft/min
at any opening is required in all evacuated areas.

The cubicle ambient temperature shallbe less than 130°F. Refrigeration may
be necessary.in order to meet this requirement.

6.36 Operating Manual. A detailed manual containing the philosophy, pro-
cedures, etc, necessary for safely carrying out all loop operations shall be
supplied by the architect-engineer. Included in the manual shall be an analysis
of system behavior and protection provided in the event of power failure or
component failure. This report shall also include an analysis of system
capabilities.

6.37 Information to be Supplied the Reactor Operator. The reactor operator
shall be supplied with the following information in order to maintain and aoperate
the experimental equipment safely and economically:

(1) One copy of all design calculations

(2) Three copies of a list of all purchase order numbers and the
suppliers

(3) Reproducible “as-built” drawings of all facilities and equipment

(4) Five copies of recommended spare parts lists and maintenance
manuals for all equipment, including vendor drawings

(5) Three certified copies of all inspection reports on components

(6) Ten complete, detailed copies of the operating manual for the 4
loop

. (7) Five copies of all specifications

6.4 In—Eile Tube

The initial in-pilc tube for the pressurized water loop is of the top re-
entrant type, ie, the coolant will enter and leave from the top of the tube. The
tube will be designed for 2500 psigand 670°F. In addition, that section of the tube
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which is in the core region will be designed for transient pressures of 5000 psig
without damage to the tube. The tube shall be designed to accept a 4-1/2-in.-
OD sample surrounded by a water annulus approximately one inch thick. Those
portions of the tube in contact with the loop cooling water will be constructed
of 347 stainless steel. Insulation between the pressure tube and the reactor cooling
water will be necessary to prevent boiling of the reactor cooling water. All in-pile
tube welding will conform to the Phillips Petroleum Co. welding specifications
listed in section 6.31.

Experiments will be inserted into the in-pile tube through the top. Experiment
instrumentation will leave the tube from thetop. A particle trap will be built into
the bottom of the tube. The initial in-pile tube will not contain a periscope window.

As the in-pile tube is a part of the reactor vessel internals, it will be de-
signed, procured, and installed by Phillips Petroleum Co. In order to facilitate
the removal of the tube from the reactor, the inlet and outlet lines will contain
flanges. These flanges will be supplied by the architect-engineer. The exact
location of the flanges will be established duringthe detailed design of the reactor
vessel internals.

6.5 Component Design Considerations

6.51 Flow Control. The primary circulating pump has a capacity of 100
to 1000 gpm while operating at water temperatures ranging from 70 to 670°F.
The pump is of the canned rotor type because of the minimum leakage require-
ment. High-pressure demineralized water is provided for pump cooling. The
pump is automatically shut down on low pump cooling water flow. A flush stream
of demineralized water can be injected into the pump to protect the bearings
during loop decontamination. A shutdown switch for the pump is installed at the
control center and at the control panel in the Reactor Building,.

The coolant flow through the in-pile tube is controllable from 100 to
1000 gpm by a flow control valve positioned by a hand controller. Primary flow
is monitored using aflow tube. The flow transmitter is temperature compensated.

6.52 Temperature Control. The coolant temperature is automatically con~
trolled from 150to 800°F by varying the primary coolant flow through the primary
heat exchanger. Electric line heaters are provided to heat the loop water to
operating temperature. -

The primary heat exchanger is to be sized to cool the primary system (ex-
cluding the pressurizer) from 670 to 150°F in two hours. The primary heat
exchanger cooler shall be constructed to withstand high thermal expansion and
shock, A “U” tube or spiral type of design should be evaluated.

The line heater capacity is sufficient to heat the primary system from 70 to
670°F in eight hours. Heaters of both the internal and clamp-on types are to
be evaluated.

6.53 Pressure Control. The purpose of the pressurizer is to provide a
means for (a) controlling the pressure in the primary loop from atmospheric to
2200 psig, (b) totally containing the expanded volume of loop coolant from 70 to
600°F, and (c) degassingthe coolant. Pressure is maintained by steam generation.
Heat for the steam generation is supplied either by externally or internally
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mounted electric heaters. The heaters are sizedto raise the pressurizer temper-
ature from 70 to 650°F in eight hours.

Pressure is automatically controlled by means of the pressure controller
which actuates the pressurizer heaters in a manner which will insure the mixing
of the water in the pressurizer vessel. Automatic shutdown of the pressurizer
heaters will occur on low pressurizer level, high pressurizer pressure, high
pressurizer temperature, and high heater element temperature. Temperature
measurements are made at six points in the tank. All instrumentation pertinent
to the operation of the pressurizer have their in-service switches interlocked
with the pressurizer heater breakers.

The water level is measured by means of a system which will accurately
detect the level regardless of water density changes. The level will he controlled
automatically by using the makeup pump. In the event of a high level, water can
be drained from the loop by a remote, manually controlled drain valve.

A degassing line from the primary flow loop to the top of the pressurizer -
serves for coolant degassing and system depressurization. The approximate rate
for degassing is 2.5 gpm. The rate for depressurizing is 10 gpm. An auxiliary
heat interchanger may be necessary to control thermal shock to the pressurizer
vessel, since the temperature of the depressurizing stream may be as low
as 150°F

6.54 Makeup System. The makeup system supplies the high-purity de-
mineralized water for the loop. The makeup system consists of a fill pump, de-
contamination tank, and makeup pump. This equipment is located outside the
shielded cubicle. ‘

The loop system can be filled directly from the plant demineralized water
system or from the decontamination tank. A small ion exchange unit consisting
of a deoxygenating resin column followed by a mixed resin column can be used
to condition the plant demineralized water before it is introduced into the loop.
A helium blanket in the decontamination tank is provided to keep oxygen
from the water. The makeup pump is used for loop pressure testing and for
adding water to the loop during loop operation. The makeup pump will be a
positive displacement pump with a capacity sufficient to maintain a safe level in
the pressurizer.

The decontamination tank serves not only as a makeup tank but as a tank for
mixing and heating of decontamination solutions. The tank should be sized to
contain liquid volume equal to the volume of the loop excluding the pressurizer
volume. The fill pump can be used to charge demineralized water into the loop
or to charge decontamination solutions into the loop. This pump is sized to
completely fill the loop in 15 min,

Check valves are to be provided in the water supply and water transfer
systems to prevent loop water from entering the demineralized water system.

6.55 Cleanup System. The purpose of the cleanup system is threefold.
It provides a facility for controlling the water chemistry of the loop, for cleanup
of the loop water following a power burst, and for taking of loop water samples.
The system consists of a cleanup loop interchanger, a cleanup cooler, ion~-
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exchange columns, and a sample bomb. All of these pieces of equipment will
be located inside the shielded cubicle with the exception of the sample bomb.

The cleanup system is designed for a maximum flow rate of 2/3 of the
primary system volume (excluding the pressurizer volume) per hour. The size
of the ion exchange columns shall be designed so that the contamination level in
the total primary loop volume can be reduced by a factor of 350 in eight hours.
The type of resin placed inthe ion exchange columns will depend upon the experi-
ment to be run. Because of the temperature requirements of the resins, the
temperature at the inlet to the ion exchange columns cannot exceed 140°F,

Uncontaminated demineralizer regeneration liquids are drained to the
chemical waste leaching pond. Contaminated demineralizer regeneration liquids
are drained to the warm drain or hot waste tank. Highly radioactive resins are
flushed from the ion exchange columns to a shielded cask for disposal. This cask
is considered as part of the design.

The sample bomb is to be sized to contain a one-pint sample. The sampling
equipment is in a glove box located outside the shielded cubicle. A coolant sample
can be procured and contained at the system operating pressure. A bypass is
installed around the sampling location for the purpose of flushing the sample
lines. The sample bomb can also be used for the injection of chemicals into
the primary loop.

6.56 Auxiliary Cooling Water System. The cooling water for the primary
heat exchanger, the primary pump, and the cleanup cooler can be supplied by a
high~-pressure demineralized cooling water system. The flow diagram for this
system appears in Figure 56.

The piping material of the demineralized water cooling system can be of
carbon steel if the water is treated with chemicals to minimize corrosion. Water
in the high~pressure demineralized cooling system is cooledin a heat exchanger
supplied with cooling water from an atmospheric cooling tower. Water for the
cooling tower system is from the PBF raw water supply header. The cooling
tower circulating system is constructed of carbon steel. The cooling water in
the cooling tower is treated with corrosion inhibitor and sulfuric acid as re-
quired. As stated inthe sectiondescribingthe reactor cooling water requirements
(Section VI, 3.65), the architect-engineer is to study methods of satisfying the
cooling requirements of both the reactor and the loop in order to determine
the most economical design. It may be that one system can take care of the
requirements of both the reactor and the loop.

6.57 Strainer. A Y-type strainer in the primary system is located in the
outlet line from the in-pile tube. This standard mesh strainer will be used for
collection of particles in the loop. The strainer drain piping will be designed
so that the particles can be flushed to the hot waste tank, to the warm drain,
or to the shielded cask.

6.58 Crossover System. Two removable spool pieces are provided in the
primary loop such that by replacing them with spool pieces of a different design
it will be possible to reverse the coolant flow through the in-pile tube.

6.59 Fission Product Monitor. - A fission product water monitor (such as
the Tracer Lab MWPIA monitor) will be provided. The sample stream to the
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monitor will passthrough apressure reducer and a sample cooler before entering
the monitor. The sample, approximately two gallons per hour, will be drained
to the hot waste tank. The monitor is located outside of the shielded cubicle.
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VII. DIVISION OF DESIGN RESPONSIBILITY

In the construction of a specialized reactor facility there are of necessity
certain areas in which the architect-engineer must assume prime responsibility
for design and other areas in which the reactor designer must assume prime
responsibility. Table XVI presents the breakdown of design responsibility for
the PBF along with the pertinent interfaces between the work of the architect-
engineer and that of the reactor designer.

TABLE XVI

DIVISION OF DESIGN RESPONSIBILITY FOR PBF

Division

Design

Procurement

Installation

Meeting Point

Basic buildings
Proccas cquipment

Services (except high
pressure air)

High pressure air system
Reactor veasel

Reactor fuel, control
rods, and transient rods

Core structure

Control bridge

Control and transient rod
drive units

Reactor control circuitry
and console

Signel and control cables

Transient instrumentation
(including data-recording
eqnipmpn??

Intercommunication system

In-pile tube

Architect-Engineer
Architecct-Engincer

Architect-Engineer
Phillips Petroleum

Architect-Engineer
Phillips Petroleum

Phillips Petroleum
Phillips Petroleum

Phillips Petroleum

Phillips Petroleum

Phillips Petroleum

Phillips Petréleum

Architect-Engineer

Phillips Petroleum

Architect-Engineer
Architect-Engincer

Architect-Engineer
Architect-Engineer

Architect-Engineex
Phillips Petroleum

Phillips Petroleum
Phillips Petroleum

Phillips Petroleum

Phillips Petroleum

Architect-Engineer

Phillips Petroleum Co.

Architect-Engineer

Phillips Petroleum

Co.

Co.

Co.

Co.

Co.

Architect-Engineer
Architect-Enginecr

Architect-Engineer
Architect-Engineer

Architect-Bngineer
Phillips Petroleum

Phillips Petroleum
Phillips Petroleum

Phillips Petroleum

Phillips Petroleum

Architect-Engineer

Pnillips Petroleum

Architect-Engineer

Phillips Petroleum

None

None
None

Bridges

Core structure mounts integral
with vessel

None

Corc otructurc mounto to mecct
mounts integral with vessel

Floor-mounted rails for bridge

None

Junction boxes in control room

Junction boxes in reactor, con-
trol, and instrument rooms

Junction boxes in
instrument rooms
None

Flow inlet and outlet flanges
at reactor vessel face
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IX, APPENDIX

1. PHYSICS CALCULATIONAL METHODS

1.1 Introduction

The reactor physics calculations for the PBF conceptual design have been
based entirely upon four-neutron-energy-group, one-dimensional diffusion theory.
It is realized that the diffusion theory approximation is subject to question for
systems that have regions of widely differing nuclear properties and dimensions
of the order of the neutron mean free path. However, comparison of the results
of calculations and experiments performed with systems similar to the PBF
reactor, summarized in Section X, 2 below, have indicated that diffusion theory
is sufficiently accurate for purposes of the conceptual design of such systems.
The few-group constants for the diffusion calculations were obtained using
existing oomputor programo. Void, temperature, and Doppler effects as well
as lifetime and control studies were made by determining eigenvalue changes
for complete reactor systems.

1.2 Thermal Constants

Constants for the thermal energy group were obtained by using the 650
SOFOCATE [31] program. For the core region, the assumption was made
that the spatially independent average thermal spectrum seen by the core
was the Wigner-Wilkins spectrum calculated by homogenizing the atom densities
throughout the core volume. The cross sections £, £t, andZg, for each of
the regions of UO2 fuel, ZrOg insulator, stainless steel cladding, and surrounding.
moderator, were obtained by averaging the measured energy-dependent cross-
sections over the spectrum obtained for the homogenized core, These constants
were then used with a cylindrical-geometry, P3 spherical harmonics program [41]
to obtain the thermal flux distribution in the fuel pin and surrounding moderator.
A typical thermal flux distribution, for a fuel enrichment of 3% and a metal-
to-water ratio of 1.3, is shown in Figure 57. The thermal macroscopic absorption
and fission cross sections, & 3 andzf, were then flux weighted by this distribution.
The thermal diffusion coefficient was determined by utilizing the homogenized-
core thermal spectrum. The determination of the flux-weighted thermal constants
and the diffusion coefficient allowed the core to be considered as a homogeneous
region with respect to thermal neutrons.

The thermal constants for hydrogen-moderated regions other than the
fueled region were obtained with the 650 SOFOCATE program by homogenizing
the atom densities and performing the standard Wigner-Wilkins spectrum
calculation. The procedure for pure metal regions, such as the pressure pipe
surrounding the experimental region, was to average the constants over either
the spectrum obtained for the homogenized core or the spectrum obtained
for water, depending upon the surrounding environment.

1.3 Fast Constants

An IBM 7090 code, GAM-1 [39], was used to obtain the fast group constants.
This code was written specifically for lumped, low enrichmeént fuels similar
to the type under consideration for the PBF reactor. One important feature
of this code is that the temperature tobe used in computing the Doppler broaden-
ing of the U-238 absorption resonances is specified as an input. Therefore,

92



the fast constants which result have been adjusted for the resonance absorption
in the U-238 as well as the localized geometry effects of lumped fuel surrounded
by moderator.

The fast constants for regions other than the core region were determined
in a manner similar to that described above for the thermal constants. For
example, constants for stainless steel were obtained by averaging over the
spectrum appropriate to the surrounding environment.

1.4 Flux Shape During a Transient and Prompt-Neutron Lifetime

During extremely rapid transient conditions, the neutron flux distribution
in a reactor is somewhat different from that under steady state conditions.
Since, in the PBF reactor, a change in the flux shape during a transient could
reduce the figure-of-merit, it is important to estimate the magnitude of such
a change. The flux distribution under transient conditions may be estimated
by assuming the reactor power to be increasing with an asymptotic exponential
period. This assumption is represented in static calculations by the addition
of a fictitious absorption cross-section to all regions of the core. The magnitude
of the fictitious cross-section is o/v, where Q is the inverse asymptotic period
and v is the neutron speed. The flux shape during the transient condition is
then obtained by performing the normal static calculation with the fictitious
absorption present in all reactor regions.

The change in eigenvalue produced by the addition of ana/v absorptic;n
cross-section to all regions of the reactor can be used to evaluate this prompt
neutron lifetime in the reactor [42]. If one defines the reactivity (p) by

AN o= A

o .
o

where A is the eigenvalue obtained with addition of the o/v cross-section, and
7‘0 is the eigenvalue obtained without the added o/v cross-section, then the
prompt-neutron lifetime (A) can be obtained from

A=2 | @

2. VALIDATION OF PHYSICS CALCULATIONAL METHODS

2.1 Introduction

‘In order to test the validity of the calculational methods used in the con-
ceptual design of the PBF reactor, physics calculations have been carried
out for the Spert I Oxide Core [25] and the MARTY critical experiment [36].
Both of these cores were constructed of fuel rods having the parameters
summarized in Table XVII. These cores were similar to that proposed for
the PBF in that they were water-moderated and -reflected, low-enrichment,
UOg cores employing cylindrical fuel rods. The specific studies which were
done included criticality, prompt-neutron lifetime, and Doppler coefficient
of reactivity calculations. Agreement with experimentally determined values
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was good in each case, thereby supporting the validity of the calculational
methods used in the PBF conceptual design. '

TABLE XVII

SPERT I OXIDE CORE FUEL ROD PARAMETERS [25]

Total length of rod 71.5 in;

Active length 66.9 in.

Outside diameter of rod : 0.5 in.

Cladding thickness (stainless steel) 0.028 in.

Fuel : Cumpressed U0z powder
Fuel enrichment 4 .02 wth U-235
Effective U0s densily 9.45 g/ua

Mase UO- per fuel rod 1600 g

Center-center fuel pin spacing 0.663 in.
Metal-to-water ratio 0.81

2.2 Calculational Methods

Insofar as possible, the same calculational methods were applied as those
used for the PBF': ie, the fast and thermal reactor constants in group diffusion
equations were obtained from the GAM-1 [39] and SOFOCATE [31] codes,
respectively, In the diffusion-theory calculations the core was treated as
being homogeneous once the flux-weighted thermal constants were obtained,
as described in Scotion X, 1. Thermal constants for the contral rad hiades
(aluminum-boron alloy) of the SPERT Oxide Core were obtained by.using
blackness theory, while the fast constants were obtained by adding a 1/v
absorber to the absorption cross section of pure aluminum as follows:

= (1/v) = N(B-10) c;h (B-10) v(2200 ggg)'/(ﬁ)i

where
(x_r)1 = average speed of neutrons in group i, and
N(B-10) = atom density of boron-10 in control rod blades.

o_th (B-1U) = thermal microscopic absorption crouss section of boron-10, taken
to be 4010 barns at 2200 m/sec.

2.3 Criticality Studies

It was determined from the MARTY Critical Experiments [36] that 408 fuel
pins (of the type indicated in Table XVII) arranged in cylindrical geometry
with essentially infinite water reflection were necessary to achieve criticality.
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A four—groxip, one-dimensional, criticality calculation was made for this using
MDMM-1 [43, 44], The core radius used in the problem was 19.19 cm. With
an axial buckling of 0.0003 cm-2 corresponding to the 66.9 in. core height,
the resulting eigenvalue was 1.021. ‘ .

In criticality experiments with the operational, unconstrained SPERT 1
Oxide Core, the critical control rod insertion depth was found to be 43.5 in.
To calculate an eigenvalue for this insertion depth, a conventional flux synthesis
technique was employed using PDQ-4 [45] and MDMM-1 [44]. Specifically,
the procedure was as follows: Two four-group, 2500-mesh-point PDQ problems
were run, each representing radial planes of the reactor.in the two dissimilar
vertical regions of the core; ie, “rods in” and “rods out” sections. A group-
independent axial core buckling was used such that each problem was near
critical. The group-dependent radial core bucklings calculated by PDQ were
then used in a four-group, axial MDMM-I problem, in conjunction with the
FLUSY [46] program to calculate the group-dependent axial core bucklings.
Using these bucklings as input to PDQ-4, the iterative procedure was repeated.
The converged eigenvalue obtained by this method was 1.015.

As a check on the validity of four-group diffusion calculations for this
type of core, an eighteen group AIM-6 [47] problem was also run for the MARTY
Core. The resulting eigenvalue of 1.0193 indicated that insofar as criticality
is concerned, four-group calculations are adequate for the PBF.

2.4 Prompt-Neutron Lifetime Study

Using PDQ-4 [45], a prompt neutron lifetime calculation was made for the
vertical section of the SPERT I Oxide Core containing no control rods. The
method used was identical to that used for the PBF; ie, a 1000/(vy)! absorption
cross section was added to each region of the problem, where:

=i . - .

(vr) = average neutron velocity for group i in region r.

1000 = the inverse asymptotic reactor period in sec-l.
Addition of the poison resulted in a reaétivity change of 0.02633, where the
reactivity (p), is defined as inSection X, 1. The resultant prompt neutron lifetime
was 26.3 psec. From step-transient tests on the unconstrained Spert I Oxide
Core (24], an experimental value of A/B eff was determined to be 3.61 + 0.05 msec.
The value of Beff is estimated to be 0.008 [48], so that:

A = 28.9 microsec (experimental)

A = 26.3 microsec (calculated)

Considering the approximations involved in the calculation, the 9% discrepancy
is well within the expected range of agreement.

2.5 Doppler Coefficient of Reactivity Study

An experimental average Doppler coefficient of reactivity for the SPERT
Oxide Core was found to he 2.2 x 10~9/°C [24], This value, determined for the
3.2 msec period test, was based upon the assumption that the energy produced
to peak power was generated and contained only in the “rods out” section of the

core and that Beff = 0.0080. If one also assumes, as a first approximation, that
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the energy is uniformly distributed throughout the UO2 in the “rods out” section
of the core, then the resultingtemperature rise is calculated to be approximately
600°C. Therefore, an average Doppler cocfficient of reactivity for temperatures
up to 600°C was calculated using the MDMM-I and GAM programs as discussed
in Section V, 2.4. One difference from the PBF calculational procedure was
that the diffusion calculations were performed in the axial rather than the
radial directions, the base problem being the converged axial problem of the
flux synthesis series. Inserting core constants calculated by the GAM program
for a U-238 temperature of 600°C into the “rods out” region of the base problem
resulted in a Akggs of -0.0137, giving a calculated value of -2.19 x 10-° Ak/k
per degree centigrade for the average Doppler coefficient of reactivity.

96



.. X. FIGURES

Region | Region 3
UOo | ~ Stainless Steel
|
Region 2 Region 4
Zy 02 —\\ Water

AAAHHMIIIIIDDDS

l | l

l‘)'l
C (

—

RADIAL DISTANCE FROM ROD CENTERLINE

FIG, 1 MODEL FOR THERMAL CALCULATIONS,

F1



cd

)

O
o

TEMPERATURE

3000

2500

Canter Temperofure

~Z.0,- Clad

2000 /,/ Interface Temperature B
/ |

1500 U0,-2, 0, -
b\ Interface Temperature

1000 — Clad Surface ]

Temperature
500
7 y
S Gl wi i e S s E—
O 10 20 30 40 50 60
TIME (sec)

FIG, 2 TRANSIENT TEMPERATURES WITHIN THE FUEL ~IN,



ed

CLAD (°C)

ACROSS

TEMPERATURE DIFFERENCE

7
l I l I
12 —60
/—Arbitrary Power Input
10— __—{50 ‘(/ —6
S I '
< | i !
w Temperature Difference
- w I' ‘. /_Across Clad
4
8 —140 i \| , Clad Swerface Temperature 5
w I a4
)2 ]
< ]
ul
6— a 430
3 .I \\ Hoop Stress in Clad
— ! . \\‘\( —la
w ’ -~
b ! ..
41— L 20
g ’ \-§\-
(%] ! ~—
O l
< | P
2 © Hio
o | | |
0 0.5 1.0 1.5 2.0 2.5 3.0 35 40

TIME (gsec)

FIG, 3 THERMAL STRESS AND TEMPERATURE BEHAVIOR IN THE CLAD,

(psi x 103)

HOOP STRESS



P

CLAD SURFACE TEMPERATURE (°C)

Lo

/—Clod Surface Temperature Rise

o
o
)
303 15
90} Terperature Difference 10 fe
Across 28 Mil Clad " o
' [42]
(@) x
@
© n
~Thermal Stress in Clod. < - a
\ W
80 N\ —20Q 410 9
- \ &J &]
K™ P 6
AN b n
. ~ b
Heat Flu ~ = o
into Water <<
Ll |
x 3]
Solll —1o E 5
1)
\\\ H:J
- S~ %
-
! \-\ ~— o
-~ \\\\ (ot
W
A ' T =
0] 10 .20 30 40 50
TIME (sec)

FIG, 4 THERMAL STXESS AND TEMPERATURE BEHAVIOR IN THZ CcLAD.

10
=
Q
x
o
8
[T
]
14
T
~
D
|._
6
_x
(58]
)_
<.
=
4o
|_
Z
x
=)
|
2LL
T e
<
w
I
o.



TEMPERATURE RISE (°C X 10%)

- \
5 \
. \

T 1 T L l T I 1

30 —
Region | iRegion 2 - Region 3
uo Z. 0 Stainless
2 ? ’j Steel
25 ___ ]
TS~o_ 1= 3 sec
\\ . .
N Region 4
N
o0l N Water
\
\
\
\
\
\
\
1S \ -
t = 000l sec ____ﬁ
\
I
10 \ m
\
\

N

0 | 1 ] | | I

O 02 0.4 06 08 1.0
RADIAL DISTANCE (cm)

FIG, 5 TEMPERATURE DISTRIBUTIONS WITHIN THE FUEL PIN,

F5



70

—~ 65

(&

e

Lol

(_f_)

x

ul

ac

>

|—.

bt

(0

o

S 607

w

}.—

w

O

X

L.

ac

-

(]

O

<

-

(&)
55
50

| In. Rod

0.05

0l
THICKNESS OF Z,0, BLANKET (cm)

0.15

FIG, 6 EFFECT OF ZpOp3 INSULATOR THICKNESS ON CLAD SURFACE TEMPERATURE.

F6



REGION
Experiment

Pressure Pipe — Stainless Steel Constants Averaged Over A H»0
Spectrum

Pressure Pipe — Stainless Steel Constants Averaged Over A Core
Spectrum

Boron — Stainless Steel Flux Suppressor

Core

Stainless Steel — HpO Reflector

HoO Reflector

NGO b G-

FI1G, 7 REACTOR MODEL FOR OPTIMIZATION STUDIES,

F7



8" 0.D. Pressure Pipe
Spert II Experiment
Heavy Boron Flux Suppressor

=

o e

1l I-<—I

= x

TR (s

© e

! <

w =

o [

“. O

(TR -
|
-
Pt
}_
V8]
=

ENRICHMENT (% U-235)
| I l l :
0 - 0.0l —-0.02 -0.03 —-0.04

COUPLING

761-8888-45-706-071278

FIG, 8 EFFECTS OF METAL—-TO-WATER RATIO AND ENRICHMENT ON FIGURE—-OF—-MERIT AND

COUPL.ING,

- F8



S o
'—-
<t
o
a
L
|._
<
=

= |

x4 @)

Ll st

= |

| -

w <
l,_.

7 .

[99)

[0

o

)

3 5 8
ENRICHMENT (% U-235)

2 —
8" 0.D. Pressure Pipe
Spert I Experiment
Stainless Steel Flux Suppressor
, | | |
0 — 0.0l -0.02 -0.03 —0.04

- COUPLING
761-8888-45-706-07128|

FIG, 9 EFFECTS OF METAL=TO-WATER RATIO AND ENRICHMENT ON FIGURE—OF—MERIT AND
COUPLING,

F9



—-.05

—-.04

<

M/w 8% Enriched
—

~
~

T~—

I
O
>

N

\

M/w 5% Enriched

\

COUPLING (X exp — Awater)

I

Q

R
———

v 1.l M/w 3% Enriched
A (<]

L3

——

M/w 3% Enriched

~—

N/

L

—

8 M/w 3% Enriched

oL |
O 0005 00l 005 002 0025 003
B8'© CONCENTRATION (atoms/barns—cm)

761-8888-45-706-071279

FIG, 10 EFFECTS QF BORON CONCENTRATION IN FLUX SUPPRESSOR ON COUPLING,

F10



5
4 \\\
\\ | 1.8 M/W 3% Enrlched
\ \&T 3 M/w 8% Enriched
o \
w \\
= \\ \
3 Z\\
w2 s : .3M/w 5% Enriched —
|.3M/w 3% Enriched
~1.1M/w 3% Enriched -
|
0

O 0005 .00l 0015 .002 0025 .003
B'© CONCENTRATION (atoms/barns - cm)

761-8888-45-706-071280

FIG, 11 EFFECTS OF BORON CONCENTRATION IN FLUX SUPPRESSOR ON FIGURE-OF-MERIT,

Fi11-



| l
Spert I Experiment
Heavy Boron Flux Suppressor
3% Enriched Fuel
4 |— ]
’_
e 3 —]
W
=
|
L
o
[
W
ac
o
= 2 © —]
o)
/ IS
&
N
282318 1311\ |
METAL-TO -WATER
RATIO
o | | |
0 - 0.0l —0.02 —-0.03 —-0.04

COUPLING

761-8888-45-706-071282

FIG, 12 EFFECTS OF METAL-TO-WATER RATIO AND PRESSURE PIPE DIAMETER ON FIGURE~

OF=MERI'T AND CUUF}LING.

F12



l I
Spert II Experiment
Heavy Boron Flux Suppressor
- 5% Enriched Fuel
4 — ]
=
axd— ]
Ll
=
I
[T
e}
"
o
o
w2l -
I— ]
o | | |
0 - 0.0l -0.02 -0.03 —-0.04
COUPLING

FIG., 13 EFFECTS OF METAL~-TO-WATER RATIO AND PRESSURE PIPE DIAMETER ON FIGURE—

OF=MERIT AND COUPLING,

F13

761-8888-45-706-071283



90 | T

80— ' .3% Enriched

T

BIO= 00285 —

L 8% 00095~
\

B°- 00029 /
8°- o 0

= 0- / B =.00285—

- 8= 00095
B°= 00029

()]
(@)
|

CRITICAL CORE RADIUS (cm)
3
o)

-

N
O

8°: 00285
B°= 00095

30 B°- 00029

5% Enriched

"~ 8% Enriched |

T N R R DR
“% E 2.0 2.5 3.0

CORE M/w RATIO

761-8888-45-706-071284

3.5

FIG, 14 EFFECTS OF METAL-TO-WATER RATIO, ENRICHMENT, AND BORON CONCENTRATION

IN THE FLUX SUPPRESSOR ON THE CRITICAL CORE RADIUS,

Fi4



ST

3.5%107° I —

|

7 30107 o |

g 3.0xI0 1.3 Metal To Water Ratio

— 3% Fuel Enrichment
2 Spert IIT Experiment

w -5

o 2.5xI10 —

o

o

L

o -5

© 2.0xI0 —

w

@

S

< 15x107° |—

I 1.5x

L
a

o

E Loxio™® -

@

W

. -5

& 0.5x10 ° —

o

a

o | 1 | | | | 1 | |

G 300 6C0 900 1200 1500 1800
U0, FUEL TEMPERATURE (°C)

F1G, 15 DOPPLER TEMPERATURE COEFFICIENT OF REACTIVITY,

2100 2400 2700

761-8888-45-706-071286




9Td

Keff

.05

.04

1.03

1.02

1.OI

.00

0.99

|

.3 Metal-To—Water Ratio
3% Fuel Enrichment
Spert Il Experiment

[

| |

300

600

900 1200 I5OO 1800 2100 2400 2700

UO, FUEL TEMPERATURE (°C)

. 18 VARIATION OF Kepp WITH FUEL TEMPERATURE, ’

761 -8888-45-706-071287




AR

Ry

(%)

REACTIVITY

FIG,

3%
Enriched —

5%
Enriched
-4 ]
8%
Enriched
_3 JE—
-2 = ]
_I . —_
0 | | | | | | | |
[.1 .3 1.5 1.7 1.9 2.1 2.3 2.7 2.9
METAL-TO-WATER RATIO 761-8888-45-706-071288

17 EFFECTS ODF MITAL-TO-WATER RATIO AND ENRICHMENT ON DOPPLER REACTIVITY (FUEL TEMPERATURE CHANGED FROM

20°C TO 2230°C)..




REGION

E xperiment
Water Annulus
Stainless Steel Pressure Pipe

Flux Suppressor
Core

SN N

Fi1G, 18 MODEL FOR VOID

F18

6. Core
7. Core
8
9

Core
Core

10. 80% Stainless Steel 8
20% Wuler

It. Water Reflector

761-8888-45-706- 071296

COEFFICIENT STUDIES,



6T

(107% sec.)

NEUTRON LIFETIME

25

?.Ol
N\,
15
3% Enriched
10
- 5% Enriched
8 % Enriched
5
5 | | | | | |
O 5 1.O 1.5 2.0 2.5 30 35

METAL -TO- WATER RATIO

FiG. 19 EFSECTS OF METAL=TO-WATER RATIO AND ENRICHMENT ON THE PROMPT NEUTRON LIFETIME,




/
4
Ai/ Region Contents

Heavy Boron Flux Suopressor 5 Spert Il experiment.
60% Stainless Steel + 40% Water Reflector

Water.
Pressure pipe- constants

TN

02d

W BH
o4 o

W
&)

NEUTRON FLUX (relative units)
0

O

N
o1

o
O

JR—

averaged over the water
spectrum.

Pressure pipe-constants
averaged over the core
spectrum.

Heavy boron stainless
steel flux suppressor.
Core-1.3M/W, 3% enriched.
60 % stainless steel plus
40% water reflector.
Water reflector.

Yoo
vy -

I N N N S B

@_.__

60 65 70 75

N
Ol

10 15 20 25 30 33 40 45 50
CORE RADIUS (cm)

F1G, 20 FOUR—-GROUF NEUTRXRON FLUX DISTRIBUTION,



124

50

4.5

R T S T SV N
o o v O » O

NEUTRON FLUX (relative units)

O

2 3+

-4 5 l 6
. ‘//
1 Region
Heavy Boron Flux Suppressor |
Water Reflector 2‘
3.
4,

Contents

Spert IIT experiment.
Water..

Pressure pipe- constants
averaged over water spectrum.
Pressure pipe - constants
averaged over core spectrum, |
Heavy boron stainless steel
flux suppressor.

Core 1.3 Metal-to-Water ratio

3 % enriched. —
Water.

10 15 20 25 30 35 40 45 350
CORE RADIUS (cm)

FIG, 2% -FOUR—GROUP NEUTRON FLUX DISTRIBUTION,

761-8888-45-706 -07129I



¢cd

'NEUTRON. FLUX

45—

40—

(relative units) -
— M) ) N &
o @) o O O

o

o

2’\ 3

4 57

/ Stainless Steel Flux Suppressor

-]

5

560% Stainless Steel + 40% Water Reflector

Rzgicn Contents

I A N

l.
2.
3.

~

Spert J]I_' experiment.
Water . o
Pressure pipe - constants

averaged over the water
spectrum.

Pressure pipe - constants
averaged over the core
spectrum.

Stainless steel flux
suppressor.

Core- 1.3 M/W, 3% enriched.
60% stainless steel plus
40% water reflector.

Water reflector.

|

5 20

25 30 35 40 45
- CORE RADIUS (cm)

F1G, 22 FOUR~-GROUP NEUTRON FLUX DIST®RIBUTION,

70 75

76l -8888-45-706-071292




ged

POWER DENSITY (relative units)
([@\]

w

AN

N

CORE RADIUS (cm)

B © Stainless Steel Flux Suppressor —
_Core . 60% Stainless Steel & 40% Water Reflector
49 60 cm. Core Radius
& Heavy Boron Flux Suppressor
/Flux Suppressor 60% Stainless Steel 8 40% Water Reflector
— |/ 1% 52.58 cm. Core Radius —]
<
| || ~Pressure Pipe ® Heavy Boron Flux Suppressor
.;; Pure Water Reflector
5 52.58 cm. Core Radius
! 7 /Woter ]
//
o 4
2 _Spert T Experiment
//
,/ /o
Ao /
- o |
0 S 10) 1S 20 25 - 40 45 50 55 60 65 70 75

761-8888-45-706-071293

FiG, 23 POWER DENSITY DISTRIBUTICNS,



REGION No. COMPOSITION
I Graphite
2 Graphite And Fuel
3 Graphite .
4 Void :
5 Stainless Steel (Constants Averaged Over H>O Spectrum)
6 H20
7 Stainless Steel (Constants Averaged Over HoO Spectrum)
8 Stainless Steel (Constants Averaged Over Core Spectrum)
9 Core (Out To A Radius Of 52.58 cm.)

Balance Of Model Same As Shown On Figure 7

FIG, 24 MODEL FOR HTGR-TYPE TEST ASSEMBLY,

F24



Gcd

.25

ROD WORTH

20—

05—

Control And Transient Rod Worth
(Fuel Section of Safety Rods in Core)

| | | l |

Total Rod Worth With Transient And Control Rods at 31.7 ¢m.

vSafety Rod Worth (Aluminum Section of Transient And
\ Control Rods at 48.4 cm.)

|

20 25 30 35 - 40

ROD ANNULUS POSITION (Radial distance in cm:)

FIG, 25 ROD WORTH AS A FUNCTION OF CONTROL ROD ANNULUS POSITION,

45 50

761-8888-45-706-071294



924

FIGURE OF MERIT

5.0

40—

o1
O
|

T

B | L |

| _

25 30 - 35 40 45

50 55

FOD ANNULUS POSITION (Radial distance in cm.)

FIG. 26 EFFECT OF CONTROL ROD ANNULUS POSITION ON THE FIGUFRE—-OF~MERIT,

76]1-8888-45-706-071295



Led

DOPPLER REACTIVITY (fuel temperature changed from 20°C to 2200°C )

05500
.04400—
Q. 28
)_
<
(e
03300 (— 2.3
(@
=
- 1.8
=
<,_|3 13 3
02200 +— 5‘ Il g 5
W ENRICHMENT (%)
=
Ool1'o0r—
2 0 Z 4 5 8 10 |1z 14 16 8 20 22 24

PROMPT NEUTRON LIFETIME {microseconds)

761- 8888- 45 -706- 071297

FI1G, 27 EFFECTS OF METAL—=TO-WATER RATIO AND ENRICHMENT ON DOPPLER REACTIVITY AND PROMFT NEUTRON LIFETIME,



8cd

£OI¥-3-_d§ A D E F G H 1 J K & M
| | [ [ |
| [ | | — = 1 692
|
| |
‘ ! | |
[
! \ | 1
| (I g — i 1 i = S I 691
| | | /t/\ ‘
| | \ e Y :
|
1 | \ \
| B il | N ! e
i | e
| \\\‘ 3
/ DEACTIVATED 3 ! e
K REACTOR AREA REMCTOR A2EA 8
(N N 1 sPeRTL | SPERT I _ B b
{
77 LEACH POND —=gF \ {
4 F N |
| J = . |
{ & SERAEs™ EXISTANG B8 KV SUBSTATION ‘ "‘»7
—— — \ i = | 1( +— . boe
NEw vence |
o REACTOR AREA
36 | f
il - L . | f 687
I |
‘ :
|
| |
e i
T = e G /‘ ,,,,, . 686
» ROLINE_
| ppisTinG 125 SV POWER 5 »‘V/ | ‘
e (RBANDINED) reesioe I | /
i |
R ) 7
—— e ! = ! - — A 685
|
/" |
i | 684
- REAGTOR EREA
SPERTE
H |
%, / [ ! GENERAL NDTES:
x| ' 1 ALL FENCING IS TO BE 3- STRAND
oSS : 688 GALVAN ZED DARBED WIRE WiTH
5 i STEEL POSTS
| 1 2 COORDINATES SHOWN ARE NRTS COORDINATES,
| N . |
S \
0/
e o2
| -
\ | ! s o s s i,
| | 2o o scaLk Tom saswe.
| | H % o
o : | i o1 5 ey i
H H : H 3 3 z 3 & 2 SPERT.
J GEN=RAL_SITE PLAN
7] ADOED REFERENCE DRAWINGS | o ) S -
e R ] P E 0z
A D E F G H J )
FIG, 28 SFERT GENERAL SITE PLAHN,



6cd

#OIP-3-1dS A B c

E F G A

*.
73 MINIMUN GRAVEL COVER
> g

/ DAND CADLES TOGETHER EVERY
3

_~"20" WITH COTTON TAP!
s

X aiocer pea craved

GRADE
=

T
PROPO:EQ“LEACN!Mg)x_(I I
™
! \ CONTROL CABLESS._ Y

TO P3F REACTOR %

2
PROPOSED SEPTICL ‘\
TANK =%

RELOCATED FENCE~_
~

SIGNAL
AL el
:

Q PEF
REACTOR

5\

PROPOSED FUEL OIL
STORAGE TANK

o
Ve

et s e e S e

(3000 ©GAL)
\ |
— { ~=~NEW 8° WATER LINE
* % VERIDSWEEE \\ g | d"/To SPERT I (WILL SERVE
‘ B | PBF REACTOR)
X :
X EXISTING FUEL |
1 PROP WATER LIN
EXISTING FENCE LINL\ ‘ STORAGE — &4 To PBOFSEC[ONYRGE atvcE
5 — BUILDING . T
J | .
£X STING STOAer |
BUR-DING | | PROPOSED ASPHALT
? i = = - | APRON !
EXISTING ~ | .
— SERVICE ROAD - 8 |
|
| .
|
! —EXISTING 138KV POWER LINE
|
i
|
i |
Exlsgx#g@ EXISTING s
UILDI H
e |
—— PARKING LOT
a
WALK {10
®
o
z GENERAL NOTES:
% 1- SEE DRAWING SPT-E-4i03 FOR REFERENCE DRAWINGS
X 2. ALL VALUES MARKED WITH AN ASTERISK APE
o CRITICAL TO THE FACILITY
e [ @ ILLIPS PETROLEUM cowunva
'ATomic ENERGY DIVISION
Tond PALL, oA,
G s SPERT
CONTROL CENTER
%= ADEA PLOT DLA
== o
==
==l evision B
A B (3 G E F G H T 7 (3

FIG, 29 SPERT CONTROL CENTER AREA,

N



0€d

00Iy-3-1dS A B

c D E F [ H ! J [ L M
PN ——L/
*
880"
WOMEN'S
80" x10%0"
OFFICE
| Avea Wi CLAS: B FIEE
| Dok
l ot ~Zl-coLuan ¢ if regn.
7
*
31 CONFERENCE CrricE STORES Oormce v
o| 288 < 128 " 123« 12- 8" 1% 126" 2
| Y r-e<ar-e
I N’ /= 7 : 'y
& e - "?
HALLWAY g Sesize wite
"GENERAL NOTES:
|

1- SEE DRAWING SPT-E-4103 FOR REFERENCE DRAWINGS

2v.AEC —INDICATES AN ABC RATED 20 LB.FIRE EXTINGUISHER

3. FOR JUNCTION BOX LAYOUTS AND INSTALLATICN DETAILS
SEE SPT-E-4134, SPT-E-4135 & SPT-E-4136

4 ALL VALUES MARKED WITH N ASTERISK ARE
CRITICAL TO THE FACILITY

CON-ROL _ROOM rrrT + szeTy. JEEICE
44"« . |G- O L 10-0"x 16-0"
: CONTROL ;
CONSOLE

7 T A

EE]
SIGNAL ¥ FLODR PLAI‘

CABLE 3cALE Y4lalia"
CONTROL
CABLE
==
== TS T5oR CanTRGT P
o REvision
A B c D E F G H 1

FIG, 3¢ PROPOS=ZD COMTROL CENTER FLOOR PLAN,



10I#-3-1dS A B c D E ¥ S H I J K £ M

Ted

[AST _CLTVATION

cavie Jaei-

;E;— QT ¥ £~ BOTTOM OF EDOF BEAM
s AR
S = = ] pornier came
e ——r GENERAL NOTES!
= - — = 3 o E= T . 1-SEE DRAWING SPT-E-4/03 FOR REFERENCE DRAWINGS
b
E‘ l F lTY ‘ _]l [ ] } I I lq )
HH l:[H:H b{jbb 4 9
- 0 1 1 - T ri [
TS = 1 —=— J
= =t L
~ = Ero = 1 rriooR

WEST  CLEVATION

2cace puorvo

o ] & PHILLIPS PETROLEUM COMPANY
o

= PBE
PROPOSED CONTROL CENTER
T = CLEVATIONS
T o S DRAWING NO.
%Tm g A spr-E-4101
A B [ D E * [} H 1 J K

FIG, 31 PROPOSED CONTROL CENTER ELEVATIONS,



(458

201-3-1dS A B < D E F S H ! J K L ™

iy IF o | S %

-1

”11;_"‘1‘.‘ '

SOUTH ELEVATION

DEALL V4'aler

BESE' HH HH /= =11 @ SUERCE L e oo

ETAO e e ‘___—r:ﬁ

NORTH _ELEVATION T ———

wcarm Ygriigt

ROPOSED CONTROL CENTER
ELEVATIONS

FIG, 32 PROPOSZD CONTROL CENTER ELEVATIONS,



€ed

B

€117 -3-1dS a B c D E F G 1 J K %o ™
£ COVER AS REQ'D FOR HEAVILY
LOADED TRUCK TRAFFIC
CHEMICAL
WASTE FIN. GRADE
LEACH ke
SOND I' ﬁ
]
FUE. OIL s
10,0m0 GAL %(
e— - = | —1 01A. WEEP HOLE ¢-0" O.C.
NG, i i G s o [ “F",.| ~ SLOPE TRENCHMES }/FT
&, [ELooD LiokT '\: Q1) on poLE i o2 | o ele WITH PREVAILING GRADE
\°4< N
Xa e Lol L]
e gise 4
Ny, |- -
S
section A=A
TO LEACH POND \\ SCALE: 1}
R DEIONIZED WATER
% STORAGE TANK N
- N 10002 GAL. \
b RIPEs AUST K *a" MIN. DEPTH GRAVEL COVER
EXHAUST, STAC ) LES - BAND TOGETHER AT
\ 20 FT. INTERVALS WITH
COTTON TAPE
; ZBURIED N, * 7 oEpTH oF _
‘. CONDUIT \ PEA GRAVEL /7 3RAE
PORTABLE e
SULPHURIC
GASOLINE TANK ACID TANK |
50 GAL. |
)
E i ACTOR BUILDING \ SECTION l;‘l’
MERGENCY . | RE. Y I
SENERATOR ~ | R _—— SCALE: 13701~
BUILDING L T (Ol = coveren
FF— L,/ TReNCH
H L e
i -
BURIED CONDUIT | = v—v
L . %
He
COVER i {  sioNAL \
TRENCSD ! CABLES 4
5 T
‘ IV | \
& = v
ROSE HOL SE
SEE GEN.NOTE \‘\
" WATH
e | —rme = NEW & WATEZ LINE
SUB- STATION g Y2 HYDRANT
y __— SURFACED o
g 4 AREA—
v
GENERAL NoTes:
v NG SPT-E-410%
FLOOD LIOHT FOR REFERENCE DRAWINGS
ON POLE 2- ;OS!Z"WSE EQUIPMENT !
00" 25°Hose , 200" If"wose , (2) i}
ol S e _‘“u& os zf!) i§'COMBINATION
GATED WYE 23'(PEMALE) TO (2) 14" (MALE
(1) HYDRANT WRENCH , (4) SPANNER WRENCHES
3 @ABC INDICATES AN ABC RATED 2¢1b FIRE EXTINGUISHER
4 ALL VALUES MARKED WITH AN A5 T
CONTROL CABLES TO CONTROL CENTER Carrreat 1O ThE. Faciidy, ASTERISK e
Vi _~TO CONTROL CENTER
« [ coor mpueen
v [l 5.8 e si7ioidoi 701 3
SEPTIC TANK ~ xamucs s o srcren racrows Secn s
\ Pt anes A STANEARD.
o e o o
= @ PHILLIPS PETROLEUM COMPANY
'ATOMIC EMERGY DIIBION
| Ny
| PBF
L AREA PLOT PLAN
3 PROFOSAL
LEACHING PI \\-/ \
\ ,l g CENERRL REVISION
S e REVISION :
A B (3 5 E F G T 3 K (% ™

FIG, 33 PBF AREA PLAN,



yed

SOIY -3-1cS A

o

SECTION Y Y(’YYP 5 PLACES)

i
i | S .
__________ .
NORTH +
_REACTOR AREA | SST LNING: 250075 F
e AL ~_twoorsr | L 4 GA.(078) smr.f
— HATCH — : \ N B
i (SN i - giqu-of care® L — GATE
SEE-GEN-NOT 45 STORAOE

. 4 CANAL WALL

*s-gel
Nou T

7

LADDER § cAcE
ACCESS WIT4 COVER
SEE GEN NCTE %6

MECHANICAL WORK
AREA

——=—7950"
B AcAnE TRENGH
O — \ J:m anLb|NG(5|ﬁ~AL cApLes)
o
i

EXPERIMENTAL T
N3TRUMENTATION FOOM |

AIR CONDITIONIH G
uNT

ELECTROINIC
ORK AREA

250 PSR

106 PSF

2PE sierves
X;»m Floon
Y-

) QT H———

L chnn from.omain WS A

| .

— | [

S su
<o

7 BRIDGE TRACK RAIL

ILT IN FLOOR WITH
VER

REACTOR AREA (5)

= 150 s

ScALE ©

oao ror wnn‘rnu-
Acio TAR

LaNAL

Touey

COUNTEF,

sai v LI

~HANC -4 FOOT

ok

ALMM cneculzo t

\ig ok GanE WOLE EAOH SIDE

\

18-4°

aENFORCE Asaraps| . -t
VELDED TOCOVER R |-

o 7

SLAB- 4 TEEN,
" REINFORCING

AS REQUIRED

2 BARs eACH

n:a:L

J

t “DEAW 4-0'TT9C TO SUME
2o

TYPICAL CABLE TRENCH DETAIL
o

scaLE

P

/»mm covea &

DRAIN 4-0° T -
T SUMP.

BRIDGE _RAIL_SECTION XX

ScALE: if"= I"=

GENERAL NOTES:

® Aicsges MaRkEo WITH A ASTERISK ARE
CRITICAL TO THE FACIL

| SE= SPT-E-4103 FOR n:r:n:nc: DRAWINGS

2 ALL EXTERJOR DOORS TO BE EQUIPPED WITH PANIS
HARDWARE . NORT®- 4 S0UTH DOORS IN REAGTOR
AREA { EXTERIOR CHANGE RM.DCOR TO HAVE ADDITIONAL LA™CH
OPERATOR ON OUTSIDE ; ALL OTHERS TD OPEN FICM
INSIDE ONLY .

VERTICAL LIFT DOCRS TO BE MANUAL OPERATED

3.(0) INDICATES ROOM NUMBER

4 @asc INDICATES AN ABC RATED 2018 FIRE EXTINGU SHER|

SPROVIDE HANDHOLDS (MAY BE REMOYABLE) ABovE
TOP RUNG *OR SAFETY IN GETTING ON OR OFF
LADDER

6 EVEAGENCY LADDER OPENING THAU FLOOR TOBE
COVERED WITH LIGHT METAL COVER THAT CAN BE
EASILY OPENEL FROM BELOW AND WiLL REMAIN
IN GPEN POIITIEN

7. FLOGR DRAIMS TO HAV2 DEEP
TRAPS TO MINIMIZE GAS
FLOW FROM SUMP INTO
ROOMS

Forg fas PBF
PROPCSED REACTOR BUILDING,

| SENeTAL_TEVISION.

i MAIN FLOOR PLAN

————
8] spT-E-4105[ T

FIG, 34 REACTOR BUI_DING

MAIN FLOOR PLAN,

L M




ged

v . i *
90/F-7-LdS5 A B8 c D E F ¥ G H ] J L M
= — e = mWe—— — -
s — ~seien
I T
\ '
N-——+=
UNEXCAVATED
2
. R ,A;Ell CEIB’I R ——— e ]
W/ HOIST M pOCK| 3
/ 'IMIIITIIIY ('VIAMIEIS SYLT INTO KdlL KATOH TRRY
/ IWNELS TO START ABOVE | MAN.prO0R
/ Vesses nipon UND rECNINATE BN i, !
| — L2 N
] darch 1 \PirEwaY] : 71—
/ “ Ml £Look . |
¥ 3 % Ve S R i
I! i :CAA/AL | l!
\ |
4 5 ppEwAY] rh ‘ | ‘ 4
sere-qi06 | ~
| |
88" |
840" [+
| 5
M GENERAL NOTES:
I SEE SPI-£-4/03 FO0R REFFRENCE NRANINGS
) 2. () INDICATES QOOAT NUMBERS
— T N i P e i e e
Vadr NeaR CENING SE m worE '9 2 1 JacUE LELL
4 For FUTURE HOIST ,E ‘/&j et et ) obe sreeves 1k coueere \ CAITICAL To THE FACLLITY. 6
e ieL e > 48 can s 4. /1 \
FURNISH REMOVABLE PREFON 10 PIJIT coviks =
oo, tumas @ ‘
|
- Iy
- PROCESS | EQUIR &M (/7)
ALLOWARLE ALDOT (04D 230 REF
! 22°8"
| ! ?
RAIL NEAR CEILING W] HoisT ™ ‘
~—Se i I
o il
WASTE 645 BLowez 2m. (1) || wsozed (V1|
) TLx | . s Ll L] @uee p:
L f
serE-d107
T RB.F °
-~ PROPOSED REACTOZ BUILDING
ut BASEMENT FLOOR  PLAN
g i e -
» ',«‘p s Fivio § VEokAvy il Ty T
il [ REVISION B | SPT-Edigel s
A B 3 G E F T G H T ) K T ™

FIG, 35 REACTOR BUILDING BASEMENT FLOOR PLAN,




9ed

6222 -3-Ld8 A

B
L

K L

/\-)u TeH
I |

| e

241 NERR CEUING |-
FOR HOIST W] PIVOT W 2

PROCESS EQUIP eﬁ D)

R il
CE 1

"\ Lodr PIFE yceEss|
s RS IR »

“j.L,—A.

SPR-E- 4108
1000 841 3T
WASTE Teitk
SEF SPT S
YT rooe ..
WARM SLx*0 f PUID |
TRD INTC RASTE 645
SYSTEM h
SEE SET-E-4II8
| 00 3 S r
¥ - .
1 TN ST, L secrron G-
[ 7
L4 =5£° GEN NOTE 5 1
| (~PT-£-410%) |
|
i rI ! , GENERAL NOTES -
| ki€ L SEE SPT-£-4103 FOR JEFEAENCE DRAWMOS.
b e — e — — — s s I 2. ()/MDICATES FOOM MUMBERS J
=5 il | 5 GABC INDICATES 4 JBC 2ATED 2018. FiRE EXTINOUS)
"’ o e e |
|
| \
1 il |
1 |
M L |
Lo o e = | B R
L5 TS e = e e T |
LA\
sPre-4/0
TET EBE
PROPASED REACTORZ BUILRING
5UB-PILE ROOM FLOOR PLAN
I = = T229™
——— SATE-4229
o 5E
[y B T B E F T G H T ) K L ™ :

FIG, 36 REATTOR EUILDING SUE-PILE

ROOM FLOOR PLAN,



LeA

L07p-7 /oS A c o B F H 1 J K M
[ rrem | owa.no. | maTi DESCRIPTION ary.
S L a—
e T 13 T
_craws
’7 7 (srou
d | Ve
. . i
_3 13
I_I
¥1J‘-0 MIN
& |
= c0f
/f)uw
La SLOPE DOWN 5LOPE DOWAL, N
g 7 b
i | ST T
B T H
; TEST L0OP !
" _CONTZOL Z0oM || prOCESS
&"BASE
MAIN FLOOR
1 YN
=
‘ 3
e UNEXCAVATED 1
s g
— CENERAL NOTES.
= — L SEE SPT-£-9103 FOF REFERENCE DRAWNGS
i —4 2 ALL VALUES MARKED WITH AN ASTEesd
— ARE CRITICAL TO THE FACILITY.
L =il S ASEL T
S
PRICESSE |
PUMP |
e
CROSS5S SECTION M-
(SPT-£-4105 { SPT-£-4106)
e R B.E
PROPOSED FEICTOR AUILDING
o, CZOS5 SECTION
— T ———
s S M G sPrELI07| R
il e nEvision > |
3 3 £ E F H T 3 K 3 ™
FIG, 37 REACTOR BUILDING CROSS SECTION,



864

SCly-3-1dS A B c D E F [ H i J L M
1 i
i i
| RANE
| {1sTon can) !
l§
| , ]
|
ouron) { |
- | ;
f ! |
[
|
| L}
| |
|t tdonER § CasE | |
LOCATED " ON DPOISITE I} ! \
wALL H 1
proey l
i =
! ‘ u
‘| REACTOR AREA |
i ! ; s
| | | 2
o = ‘ | §
= ! ! £
| . I )
= §
;\GMN rLooR — JE- sreme | Wi
; - |
\ REACTOR
H VESSEL
I
174" |
20-¢ | e SETLIKING: (I 6,
! p lf/g?(i - 20 o B Frbe sl oSt s
1 i > il
| i 2
| {|Goa 21008
— t
1 j
EASEMENT | :
FLOCR 1
- B GENERAL NOTES
W, ¥ | | SEE SPT-E£- 4IC3 FOR REFERENCE DRAWINGS
| = 2. SEE GEM NOTE 2, SPT-E- 4107
| 3 ANY PENETRATIONS TWRU VESSEL PIT { SUB PLE
00 ! POOM WAL MUST BF SEALED. VESSEL PIT 4
LOOP PIPE SUB PILE 200M MAY BE FLOODED TO LE/EL
ACCESS OF UPPER LOOP PIPE ACCESSSS.
ol v : . ; e
! L susaiteimoal Lt LT LY « f S T A Tk e
I il ! =Vt Sl
T 7 ¥
= [« 5 . ‘ -
t e i
! i s
| [ [
| I
| |
Lenomuzival section 3-8 i it e i rmeon
(<PT-£-4105 ¢ SPT-E-4106 1 = st e s
—r e PHILLIPS PETROLEUM COMPANY
IR B
10O PALLS, 1oAY
= PBF
2B PROFOSED REACTOR BUILDING
4] LONGITUDINAL SECTION
A r ORAWING MO,
onam 55 SPT -E-4/08 A
A B C) E F G A [ m

FIG, 38 REACTTOR BUILLCING LONGITUDINA_

SECTION,




£2/¥-7-LdS A

9
=
=
g =|
g i e
205234 EF
338Lg~ 47
- T 13
S LZ-88¢ =
= W 2528, 5, G
3 fg, 8 58¢ g
3 g5892%ay 5
= Swu3kosd
e = JBEa§2E
w = w a E.&Mﬂwmm
2 S N zloxal8B3
- ¥ o I
= 0y 9 o)
0 B N
z4— e} SN[ LNIISNVAL
= Sz
(782l 9
= ﬁ\/xll_ dOHs
=
& 2 \JIO 43933 o._us_
a Ll <
) ~
WII\J'Q aNGD A1 | i
’ l)‘O 3o¥Nang | ™
o S i
i W \./'D LSN/ dooT Jompzoo‘ (Iﬂ@\ﬁzwz_muuxf I
z IS oW
3 Wl —{]  3sodand ‘N9 % oNILHOIT f\l@ uwm/mw-
3
m |>|D ISNI 102INOD 883904d |[X I@ SdWnd Adyiidd \
wo, I\./IAD ¥IMOd  3TOSNOD @L
G .
m VAN 515 —~ =
\ ioe .
e ——&) dnoo uIv Lhvid
5 " I\J’I@ "SALH 39VFOLS NINIQ LN B aziaa wv invid
<
L 0 N —, N
|/ | / :
3 m —S)  dANd dWns 3LeYM LOH |® A08% 31033 Q1IM 5
. .
- () anne anns susvm wawm l\JlO A
m B 123 .
Z e
il I\Jl@ dWNd dN NY31D TYNVD @ < g 2
X Y ) _MMN w a
o 3 (&) awng an nvato zosovay . 2-8 8§ |
838 L —= & E3f 8
(S o3 ¥3LVIH A0LOVIY ga V=N
M@ 35
L ‘ANOD Y1y "HLISNI 5 2
\/|@/_J 28 m
l\J'@ dNd 301A¥3S "NIN3Q ﬁ\/ a ) L
O (F) Nvd HX3 WY 3oNWHO | = < (&
" )'W..MM_ T = B
I 0 w
2 - (® GLERCTUCERRLLFN RN @h o l\./m = 2
@ — = =
i ; I‘ a 3 AIMOS | @
oL =6 IiX3 WOOY ¥oLov3y | o | ¢ SAANC R M
> M . —® ~ -
ot ||AHV HX3 WOOd A0LovVIY E L (<) 3IN™a a0y | Z
2 e l\/l@ SM I@ 10U INOD Bt
> < “ a = Z
2 @ NvS Gns oNIM |~ &3 Z
g i : Q > a =
z ! I|AU NY4 dNS ONIM | a
5 e /é M &
M\
() N WOy 3oLovaY |~
= ’AU NV4 Yy 3708 | [ ] s1311nonoze
L\ (a
/M s SN
— |AHV dWnd 0334 ¥37108 @ ¥ Qv “A3NW D1LSNYD k
%y s l\./l@ dWnd 7304 ¥IT109 5] §1371N0 % ‘011 @OLOVIY
° 2 M
- Al
g S — VAN 2927 >
was > L /M) /4 3
® X a [u@ dWNd NOLLYT0ST H3LYM My ‘l S
. 0 L1 <
> q - S
) z 2
B s 9
S s 9
L - o o ~N o o

F40

FiG, 40 ELECTRICAL SCHEMATIC



664

4 » »
60Iy-3-1dS A D 2 E: G & 1 J K [ M
1
2
3
4
WEST ELEVATION SCUTH ELENVATION
NG ﬂiéf\L ]
’
Raoe
e
sco!
=ty GENERAL NOTES :
I SEE SPT-E-4103 FCR REFERENCE DRAWINGS
7
7/ UV
MAIN FLOOR LitE . 5
Tvea AL LirT DoOR
NORTH ELEVATION
m—— L - T o'
PROPOSED REACTOR BUILDING
& e ELEVATIONS
/,;,7_‘3 g e - = Ci o —
s o e REVISION o | 35e SPT-E<sl09: |
G E F G Gl T 5 K |5 W

FIG, 39 REACTOR BUILDING ELEVATION,



I9d

Wy -3-ids A

AIR CONDITIONER
UNT

iCEPTACLE
YR 2 PLAcEs
(SEE NoTE 1)

MA  MONITOR
5vSTEM @ACK

J =

mw—|

X0

we (Dur

L]

|~ SIREN (TIED INTO
SPERT EVARUATION
SYSTES

HEl

Bg

CONTROL SYSTEM PCWER
BREAKER PANEL

MAIN FLOOR PLAN

CRANE PLUGIN
CONTROL STATION

“—HAND ¢ FOOT COUNTER
(EBERL NE |NSTRUMENT coRP)

LEGEND
_t)ﬂll"i’:&s{mkﬁélshﬂv 120 V,DUPLEX CONVENIENCE RECEPTACLE WITH
[Bwe DUPLEK CONVENIENCE OUTLET, 120 V.,1 4 (WEATMERPROCE SEE NOTE 3)
WEATAERPROOF WELDING RECEPTACLE , 480V, 34 (3£E NOTE 3)
, ESSAY, CouTaouLen (FRoM(D) CONVENIENCE QUTET,OV.if 5AP CONTAGTOR
BB sramion
N,
@ WARNING LIGHTS - QED BUNKING LIGHT
scaam
ST MRS TMERA SRS 0
ST’ n Mo e EAR ok s eor,
R Liowrron wine LocaL kg - coEaUNE v, Cour,
3 WIRE, 3 POLE, 60 AMP,480V. RECEPTACLE
WEATHERPROOF 3 WIRE, 3 POLE, 60 AMP., 460V RECEPTACLE
WEATHERPROOF RELAY CONTROLLED (FROM (3)) CONVENIENCE GUTLET dsovsy]

sTATION

4] FiRe aLarm PuLL Box
® EVATUATION SWITCH
ety

WIREMOLD (SEE NOTE 2)
| NN 120V, 14 INSTRUMENT PANEL 12 CIRCUITS, 20 AMDS, EACH(SEE NOTE))

INTERCOMM. CENTRAL STATION TERMINAL BOW

ENERAL NOTES : L]
I SEPARATE 2.8 KV TO 120/240 VOLT POWER TRANSFORMER
Ao MREAER PANEL Usto ExcLusweLY ron
sup TWELVE 20 AMP. INSTRUMENT POWER CIRCUITS
ERNATNG 1 Teey Cock “Rectpracies  ABovE
INSTRUMENT  RACKS.
Yahehoto S ssos uAczwAv WITH STANDARD DUPLEX RECEPTACLE,
GROUNDING
(EACH  4BOV. 8§ CONVENIENSK. OUTLET WYATION SWALL BE
PIOVIDED WITH ONE 5 WIRE, 4 POLE, 60 AMP, RECEPTACLE,
Ao ONE B wike, 54, 80 AN
CROUSE WINDS WO,
4.4LL a9 AECEPTACLE® ARE To BE EQUIEPED wiTh scREw
caps

"
(3
o
<

14, CONVENIENCE  OUTLETS TO BE 2WiRE,
2.00LE, s AR RECEPTACLES  WiTw " swAve arouND.

se YSTEM YO BE CAPABLE OR
KDDING mus TRRTURE sAONITORING, BERS N
ADDITION TO THE SEVEN cm\»\an.s&f]) SHOWN Tuis

Eaproe- ok

7 SEE DRAWING SPT-E-4103, FOR REFERENCE DRAWINGS
ZIGHTING SWALL BE AS REQUIRED bY.

% 108 JUNCTION BOX LAYOUTS aND WATALLATION DETAS sEe ST,

PT-E-4135 ¢ S

>

REFERENCE
SPT-E- 42, P8
=

DRAWING :

ELICTZNAL DUTLETS, (OMMUNICATIONS , AND WARNING $YCTEM,
L.

PHILLIPS PETROLEUM COMPANY
ATOMIC ENERGY DIVISIoN

ELECTRICAL OUTLETS COMMUNICATIONS|
AND WARN NG SYSTEM

iy
o

PRODPO SAL

BEVISED BUNKOING LAY UT

FIG, 41

b e
1

E] K L ™

ELECTRICAL OUTLETS, COMMUNICATIONS, AND WARNING SYSTEM,



(48

21re-7-1ds

[OL

we

st

» (D

i
it

51 @)

®

BB @ e T

BHSEMENT PLAN

we

SYB-PIUE ROOM PLEN

I SEF DRRWING SPT-E-9103 Foe
REFERENCE DRIWINGS

eEncE e

SPr-E-GUI  PEE SLECTRICHL OUTLETS,
COMMINICRTION RND ¥RRNING
SYSTEM PROPOSPL

N 2 VI § LRI
= =

e =
spr-e-an2 |

0 K]

FIG, 42 ELECTRICAL OUTLETS, COMMUNICATIONS, AND WARNING SYSTEM.

5 M




€vd

Qliy -3 -1dS A B

3" RAW WATER EMERGENCY FIiL

P

(oursioe surtomG) ——

TER EAW WATEE |SOLATION
i PUMP 500 GPM

I50FT 1DA 25HP

REACTOR CLEAN-UP PUMP
15 6PM H 5 HP.

®

100 FT. TD,

BUTTERFLY
FLOW CONTROL
VALVES

0N

e)

[ L
[ owa. vo. T mare |

DESCRI

PTION orY.

L -2 Lé*}

ZEACcTOR
VESSEL

Scium

0.
SKI12T—w1

Eas
2" (4 REGD.

WARM SUMP HEADER

PUIFS
*5,000° GPM EAcH

100 FL
150 HP EFACH

PURGE - 1"
[~Scom ozdins -z7 (2 269 D)

T /7ED WRTER|

CANAL

15 5PM

CLEAN-UP PUMP

100 Fr. TOH | K-

\

T0 HAZM SUMP

e
S

k} LOCAL MOUNTED

e e 7O pAE
LEACHING POND

]

D AT

P

i

4]

LEVISED § REORANA
REVISION

GENERAL NOTES.

1 SIZING WAS DoNE ~oR cOST
ESTIMATING PURPOSES. FINAL
RESPONSIBILITY FOR SIZING AND
SPECIFYING EFQUIPMENT RESTS
WITH THE AE

2 SEE OWe SPT-£-9193 FoF
REFERENCE DRAWINGS

3 ALL VALUES MARKED WITH AA
ASTERISK ARE CorTICAL TO THE

Facr

REACTOR BUILDING CONTROL
ARD

CONTROL CENTER

e

e m PHILLIPS PETROLEUM COMPANY &
ATOMIC ENERGY DIVIBION
: 1DAWO FALLE:

ABF

1oANS

REACTOR PROCESS SYSTEM.

FLOW DIAGRAAM PROPOSAL

s

SAwa e

sPr-Ed110 |

H T

FIG, 43 REACTOR PROCESS SYSTEM FLOW DIAGRAM,




z2ziy -3-1dS A B c c E £. G H ! J K 15 M

Py

RAW WATER

SUPPLY
FIRE
SANITARY LEACHING
DEMESIRIE WASTE PIT
AIR CONDITIONER
COOLING Y
[ AIR CoMPRE SSOR
< L -
CCOLING
_; e — X
PrOPORTIONAL
<AMPLING
PRIMARY HEAT LECORDING X
2ADIATION
EXCHANGER o
1
2 -l LEACH
FLOOR POND
REACTOR DR INS
O 2S . X
DEMINERALIZER +——»— | ‘—’1 wead ||
| SULAP
T CANAL I
P
§CE:¥ E XPERIMENTAL
HEAT EXCHAMGER R
:5575 7[)@)1?391"5'“03 FOR
REFERENCE DRAWINGS
EXPERIMENTAL
LoOP
X ey
CORRCSIVE
WASTE
LEACH TRUCZ LDADING
POND
L o
— > B.F .
T 'WATER SUPPLY, USAGE AND DISPOSAL
AM
s vom (
o REVISIGN
——— Y B T G E T G H T b K

FIG, 44 WATER SUPPLY, USAGE, AND DISPOSAL FLOW DIAGRAM,



LIp-3-1dS A B c D E F G H 1 J K L M

Svd

BLANT INSTRUMENT AIR
3 T

@)

RAW P
WATER
3 P8t
PORTABLE 500 GAL
SEA0R% ¥
[ STORICE TANK
toucTon ’
VALVE
DRAIN TO
50 GPM (36" DIA) LEACHING] 50 GPM (367DIA)
MIXED BED FOND MIXED BED
JEMINERALIZED DEMINERALIZER DEMINERALIZER
= WATER
' STORAGE
L e e I —— _qu S SR
PLANT g
(13 é: Y| BT
;Q P/ o]
osive
| eemdd s, SRR @) f
oo TN Lok . 4
@» Y1 _G) Lue
| S —— 4
Fo 1
CAUSTIC
MIX TANK
55 GAL
B (FLAKE cAUSTIC)
Lo oy
FLOW_TOTALIZING f@:muz:m
METER GENERAL NOTES:
%10 GPM RECD. 1'SEE DRAWING SPT-E-4103 FOR REFERENCE DRAWINGS
DRAIN TO COROSIVE ORAIN TO 2.HEAD LOSS, H.P. REQUIREMENTS,ETC, SHOWN WERE USED FOR
TS s s e T COST ESTIMATING PURPOSES. FINAL RESPONSIBILITY FOR
& SIZING 4 SPECISYING EQUIPMENT RESTSWITH THE AE
100 P51 DEMINERALIZED 2 %
WATER HIADER
75 GPM
20 F7. TOM
s W
= P.8 F
o 0 MAKE UP DIMINERALIZER
[ FLOW DIAGRAM PROPOSAL
-~ nmnan o DRAWING NO. —
Co=o co TVEOR u,::,_]‘C = 5PT-E-4H7I
=S ry B < D E F G H T g 3 (5

FIG, 45 MAKE—-UP DEMINERALIZER FLOW DIAGRAM,



9%

A

K L M
CONDEN4ATE HEADER.
1
VENT DEMINERALIZED
DEMINERALIZED  WATER WATER
(P
4TEAN  HEADER ccum,,m ML[W&V. CHEMICAL ADDIT ON STATICA
L
2
PRO)
® "
—COMBU-TION_,
TF BerLER 2000%HF 15 P4lg
3
e b Btk EED PSS 4DL9LEX)
o0 45 o ,HP 125 A T
DUALEX
STRANER ‘
FOEL QIL PuMP
05 3PM P
: s
2 VEN" W/FLASH ARRE4TER
BUL ¢ GAGE PIPE
GENERAL NOTES: =
1-SEE DRAWING §PT-E-4/03 FCR aa;saeucz muwmss
2.CAPACITIES, EQUPMENT SIZES. ETC. SHOWN WERE USED Feg
0ST ESTIHATIMG PURPOSES .~ F'IMAL IZESDONSIBILJTV
F'DHE SIZEIMG AND SPECIFYING EQUIPMEWT RESTS WITH
[
{ ;'ZFLEL OIL 4TORAGE 10300 GAL.
i
1y
I
i 7
L
BN BT e e s sl e s’ s
o o St e s
——r w—-—,-,‘_n @ PHILLIPS PETROLEUM CWW&
rowc exenay
z Ty
e P ®
PLANT STEAM SYSTEWM
FLOW DIAGRAM PROPO4AL
1 = S
e Con  one = e I O T
Smcre free REVISION
A B 5 o E [ G H 1

FIG., 46 PLANT STEAM SYSTEM FLOW DIAGRAM,




AL

B-T1d B c D E F G | J K i M
‘ 75 TON_ AIR CONDITIONER
4000 CFM e, f
~——MANUAL DAMPER (TYP,
q il ;
MECHANICAL TEST EXPERIMENTAL |
i WORK AREA LOOP INSTRUMENTATION  ELECTRONIC
s @) CONTROL ROOM ROOM
I
WING BLOWER *{
1000 CFM 25 HP /
/
frssss s = DAMPER CONTROLLED
FROM CONTROL CENTER,
| 2- 4000 CFM
| ~—CONDENSATE EZXHAUST FANS
TEMPERING | 15% STEAM |
I}_ COIL o s [ PRESSURIZED TO WASTE
e - A | WATER LOOP [ ™ GAS SYSTEM
| FILTER B {T}—= convenswte S 1% JeusicLe
| B O/(/O/ REACTOR. ROOM b A
O\ : RLOWER 8000 CEM I | CUBICLE FOR T0 WASTE
: Y { TEngR,NC, SHP : |REACTOR AREA 3000 CFM s FUTURE LOOP GAS SYSTEM
olL
—*——»& — L__.,,_® : | VCFM
| PREHEAT (D '—O|
) =l 7 . 0 WASTE
: 6 egi-" =0 | AN e _@‘_/’_m 1060 SUB-PILE ROOM — GAS SYSTEM
CFM
I DAMPERS (TYR ! O\O\C\ st wore ¢/
| -15% STEAM |
| TEMPERING
| ~—CONDENSATE —, S Aé;”—*—@*T _______ —}
| 15* STEAM 5% STEAM | | o TO WASTE
I_ __________________________ i 2000 CFM 7 PROCESS, PIT GAS SYSTEM
* |
| WING BLOWER*2 i 1 ENERAL NOTES:
P EXHAUST FA ) EXHAUST FAN 5
L. = j%_up SeeE ?HP | A IOOOMééM FA . I SEE DRAWING S91-E-4103 , FOR REFERENCE
| 2 2. oo F&!ﬁ‘n!ém‘g.s’w DURING EXPERIMENT
] S R i Tl
FURNACE AND PROCESS CHANGE ROOM USED Fo coaT ESTIATING. BURFOSES:
EQU|PMENI RmM CONTROL ROOM 3FF|CE rINALvl’?LE;SDgSISIIBILVL‘{r rgR5$I7'NGTAND
4. FANS AND BLOWERS :ra LIE" Derw] iRTSENASDI
AND ONE BASEMENT CONSTANT AIR MONITOR /cw)
DAMPER' W/ ~y RETURN AR AMPER. 70, CLOSE 1 AA FLOSR,
FUSIBLE LINK / y CAM ALARMS.
4000 CFM o - e S i iy i
:—_-.n-u-’-—-s—
PHILLIPS PETROLEUM COMPANY
~omc ey amen
ok e
gl CENERTL REVISION = =
%/ A o caoy e SPT -E-dng |7
A B [ D E [ G H [ = = J K (5 = M

FIG, 47 HEATING AND VENTILATING

FLOW DIAGRAM,




8%

INTAKE FILTER

TO WASTE

RAW WATER

~

SEPARADR

PUNT AR COMPRES$IR 1 )
GO CFM_ 150 PHIG 75 k0
i e
)T
2AW RATER
ORAIN
SET 10 CLOAE AT 100 P16
COMPRESEL IR RECEIVER
- 1
—
AR JRVERS
\_ (E_ECT AICALLY HEA"EL
FOR RECENERATIOF )
P
150 P416 10 50 P4l
REDUCE 150 P416 TO 100 P4I6 ek
GENERAL NOTES:
I-SEE DRAWING SPT-E-4103 FOR
s REFERENCE DRAWINGS
2 PIPE AND EQUIPMENT SIZES SHOWN
WERE USED FOR COST ESTIMATING
PURPOSES. FINAL RESPONSIBILITY
e iR e FOR SIZING AML SPECIFVING EGUIPMENT
I IhoTRUMENE ———— | RESTS WITH THE AE.
et REACTOR AREA B EOTRATR
[t 11T AREA FELTOR AR e e
e 3R0cE45 P11 LRI 1T G S— E—
[ JRESSURIZED WATER LOOP ROCESS Pl e < e
e e FUTURE LOOP PRESSURIZER JATER 100" e e
FLTURE LoOF ‘—D«Q—J
R —
Vg mevmon =
B [ D E G 1 J K L )

FI1G, 48 PLANT AND INSTRUMENT AIR SYSTEM FLDW DIAGRAM,



6%4

siy-3-1ds B c D E F G H 1 4 K E ™M
PLANT & INSTRUMENT AIR COMPRESSOR GCOCLING WATER
\/ AIR _CONDITIONING COOLING WATER
v
PRIMARY HEAT EXCHANGER SECONDARY COOLING
TO LEACHING POND < é —lk
| SANITARY WASTE TO CONVENTIONAL 0
@R _______ o1 SEWAGE CISPOSAL SYSTEM
PRESSURIZED WATER VENT
LOOP DRAIN —b-
DEMINERALIZER REGENERATION =
WASTE TO CORROSIVE WASTE LEACHING POND =
FUTURE LOOP DRAIN —p><G—
VENT TO WASTE GAS.SY'STEM =

FUTULRE LOO> CUBICLE DRAIN ’
_PRESSURIZED WATER LOOP CUBICLE DRAINS s

REACTOR CRAIN =

REACTOR SCUM DRAIN —

CANAL DRAIN
CANAL SCUM DRAIN
FLOCR DRAINS o
HOOD TO WASTE GAS SYSTEM ? s— g

|

FLEXIBLE CONN
FOR TRUCK LOADING

—><t—P= SAM 2LE

GENERAL NOTES:
I'SEE DRAWING SPT-E-4/03 FOR

2 STRAINER 2EFERENCE DRAWINGS
. =% 2-S51ZING WAS DONE FOR COST ESTIMATING
SUE-PILE DRAIN o
PURPOSES. FINAL RESPONSIBILITY FOR
s SIZING AND SPECIFYING EQUIPMENT
STRAINER . RESTS WITH THE AE.
(O rocar vounteD
6 REACTOR BUILDING CONTROL
E_\_ B0ARD
2 — — i 9 CONTROL CENTER
WA 1 UMP.
UMP SPM
70 FT._TDH 7.54P \/
o Unised St weives oo SN
e T el
o s s o
HOT WASTE TANK (1000 GAL) e =) PHILLIPS PETRCLEUM COMPANY
HOT WASTE PUMP 10 6PM_ AT raa, e 8
: ,
70 FT. TDH )3 HP | STolw
LIQUID WASTE D SPOSAL_SYSTEM
o =] FLOW DIAGRAM PROPOSAL
p,»;‘;/v UN| ENERRL REVISION = = oL sauag W |_
e DT INE] CoE REVISON = SPT-E-4118 A
A B c D E 3 G H 1 J K L ™M

FIG, 43 LIQUID WASTE DISPOSAL SYSTEM FLOW DIAGRAM,




0S4

1y -3 -Ld4S A B C D } 3 G A 1 J K L M
- FROM HOT WASTZ S™OKAGE TANK
FROM PRESSURIZED WATZR
MANUAL [ LocP VAPGR 4E- CER q
PROCESS | ( 'DAMPER(TVF
FROM_REACTOR { DANPER(TY)

—-—R—m_“ 3
PIT ocrv

WARM
SUMP 200 CFM

o~ ROUGHING FILTER

~—HGH EFFIZIENCY FILTER

STEEL STACZ 12" DIA.
80' MiN. HEISHT

A30VE GRACE —————»=

5
PRESSUR!ZED
WATER — . 530C CFM
LcoP ¢ L
—={CLBICLE 5
{("}DOCFM 5000 CFM ” e —
O\
WESTE cAS BLOWER | B 10
DOP SMOKE 7 000 CFM
EUTURE ADDITION 5TATION— ’ o 3‘3@;"«% LEACH PoND
_FROM REACTORY | £ 00F poP AP —~ g
Y = CLBICLE [~ Pl b
L ) GENERAL NOTES:
1" SEE DRAWING SPT-E-4103 FOR REFERENCE
- DRAWING S
SUB-PILE y. 2-31ZING WAS DONE FCR COST ESTIMATING
ROOM PURPOSES. FINAL RESPONSIBILITY FOR
1002 CFM SIZING AND SFEG!IFYING EQUIPMENT
RESTS WITH THE AE.
l’“,."' f&‘.- CENEXRL FEVISION
e e=aean nevon
A B c o E G H 1 J K

FIG, 50 SASECUS WASTE SYSTEM FLOW DIAGRAM,




A

L2iy-3-1dS

JERE
e
- ol LS
< ] i
g | 22 L
oi Ct; Iz
] O] <8 £
. zgg + a
F T TR b
)
H g! | | 7 ] Bl
T 3 2 ) ofd
H § o| < of
i g N wif ] o
N - 9
RS HA
S i I
‘ ;E i &> ]
B Z i
i E i! 5 i
i[5 NI
|| T o5t
Ll FFd s
FT i ;i "
H
_~TRANSIENT ROD ;ﬂ i i
/. DRIVE UNIT :
N
3
N
NF3
¥la
_~CONTROL ROD H
{, DRIVE UNIT N
‘ §
3
- SAFFTY ROD 3
| DRIVE UNIT
TRANSIENT ROD YOKE |
|
1
[ 1 ’\JJ L AT TIT 1T
1 i ‘
H H
11 |
DRIVE DRILSE —— .
MAIN FLOOR
I .y 4
- I
SAFETY ROD—] i | -tooe nozzLe
TRANSIENT ROD~_| _~CONTROL ROD
N ] GUIDE TUBE GUIDE TUBE
KEALTOR
VESSEL |
\
i
N\
3 /~PIN_HOLD DOWN
/ MECHANISM
7 = ! 1,m_-l//-L,um:ux GRID
3 | REMOVABLE FLUX
REFLECTOR PIN—} |t — SUPPRESSOR 2
= |
LT
FLOW SKIRT- A INTERMEDIATE
GRIDS
. FUEL PIN |
3 =i | LOWER GRID
A= = [
L
4 ) ., &
g % ¥
>4 X z§
8 3
3 o
a3
3 - - a5
433
/ 293
/[ ey
g%y
HPR
a8
. ]
BTN
ARz g
w3t
. | Q%<
O Teeit
Z u.E‘E
e
21433
o o it
B wi| e
cooeme wareR> z|heT
cooume waree: mer V] e
ovrier oor NORILE L]
- ~ o L L o © ~ o

F51

SIMPLIFIED REACTOR LAYOUT — VERTICAL SECTION,

FIG, 51



Fb52

- o " < n ° ~ ©
Z
8 <
z |
2 ol
M wf |
g @<
1912
g 18
B 4 g%
o « m
: s 3
Z 5 ele 14
z P o|Y
: £ s i i
-4 b ¥ <3
o § o & § & 3 8y
2 ¢ ¢ £8 ;% ¢ El , 8-
z 3 5 ccs—s~trra,
9 ¢ EF ipail .
w < z S ¢ w B oz
4 g 8 & 5 2 2 &
Se00e0O m
. . OO eCS0R0R0R030
1 & _ H.Ecﬁ«f%@@@@ﬁ@..rgoﬁ o e 2e EN 3
8 O RTOYOYD O)MWA:V.OOOO \
O~ ORONOaO=O=<O=0) R i
| ) ONV“.OOOOOOOO il
CEOROGORO=0O=0A i
i
T
\
ol
.
\, Ul
&l
A
<
- o " T n o ~ o o

FIG, 52 REACTOR CORE FLAN,



eqd

szhy-a-1d5 A [ E F G M ) 3
t 4if
% PAD, Zr O
250 .500 7 CLEARANCE -\_
~—l 1750 i 26
250
062 2r Oz FUEL PELLET % 156° CHAM
| 008 CLEARANCE R =
;
= - —= 7 @% ——w 750
1
_: \-304 5.5T/.028 WALL
SEAMLESS TUBE
FUEL PIN ASSEMBLY GENERAL NOTES:
| SEE SPT-E-410> FOR REFERENCE DRAWINGS
TOLERANCES UNLESS OTHERWISE SPECIFIED FRACTIONS.S ~ DECMALE £ ~
BREAK ALL SHARF EDGES UNLERS GTHERWSSE SPECIIED
o
@ PHILLIPS PETROLEUM COMPANY
ATOMIC ENERGY GIVISION
ariT IDAMO FALLS, IDAH
werven i P B.F
a2 FUEL PIN
f e PROPOSAL
==N 1 = ==
O, SCALE | DATE DRAWING NO.
THECKED [REV_APFD. [omawn | =5-5Z] 3PT -D-4125
wav.ey | barx OJ REVISION ————JcuseKin. 2
A D E F G H 1 J

FIG, 53 CONCEPTUAL FUEL PIN,



o4

eavr-d —LaS i

< D E G H | J
S WATER CLANNEL
ppc:suqe ~uB:T
T / SPCRT g e
/r‘uc mSz.HBLV £S5
\ //sn)-wa’\l”r 2AS (ANBULATICN)
Y
\\/‘ EEN'OVABLE FLUX =UPPRESS OR
\
AL ;\\\; /
J
V4 g
&) //
GENERAL NOTES!.
’ | SEE SPT-£-4103 FOR REFERCINCE
DRAWINGS
TYPICAL PRESSURIZED WATER EXFERIMENT. e
(45 INSTOLLED IN CORE) \ FUEL PIM
\—core sreRUCTURE TE ROD
TOLERANGES UNLESS CTHERWIRE SPEGIMED PRACTIONS  DECIMALS +
ANEAR ALL SHARF EDGES UNLERS OTHERWISK SPECIFED.
‘Ao sTanoARD.
50 NGT SCALE T DAY
PETR COM
= oA @ PH'LL":?omc :ugnLEGquMwmou FANY
= IBAHO FALLS, IDANO.
g I 28
s TYPICAL Plzfs URIZED WATER
3 ENPERIMENT
famwm | - Fam L-/OQIZCAIT L. SECTION
T e P T TE BRAWING NG
—1 |:nv
- w1 o 1O REVISION x rai; SP7-D-4/28
B 3 D F G H 1 ]

FIG, 84 TYPICAL PRESSURIZED WATER EXPERIMENT



GG

1026-3-145

>

eercToR

CURLE WAL

v
o/

A

25 cPM 2ecassiNG
10 com oot ooww

[ = [ owa. vo. T mare

DESCRIPTION ary.

[ crossoven unes <

€

0.0 &

7Y & rEMP POINTS

&
i
®

®®

-

€

X scow

(s

CLEAN-UP LoOP

_®
3@

8

HDW HIGH PRESSURE

DEMINERALIZED
WATER

K1 VAVLE WITH REACH

ROD HANDLE

EXTENDING THRU

CUBICLE WALL

O o wownreo
& aeeron avios o
0ARD

CONTROL CENTER

L 46€ SPT-E-4103 FOR REFERENCE DRAWINGS.

L ESTIMPTED SYSTEM VOLUME EXCLUSIVE

OF PRESSURIZER 15 907 ERL.
1. SIZING WRS DONE Fok COST ESTINATING
PURPOSES. FINRL RESPONSIBILITY FOR

SPECIFVING EQUIAMENT

RESTS WITH THE A £

PETROLEUM COMPANY
ENERGY DIVIBION
IBAO PALLS, IDANO

LBE
PRESSURIZED WATER LOOP
PROCESS FLOW DIAGRAM

N

SPT-E-420/

H
i
I
i INTERCHANGER
I Hx
! 2500 P51
: awF
|
|
i
N i
T O3 |
@ R |
A :
2 3 @& (@& '
@ @ 3 & & ¥ .
@ @ @ v T Rosa| | |
\ . ) ) 1
§ \ et (3 )
~ g i |
S HEATER |
- i o §
— o Ly | @2
o Foaey, 1
| + i f w7 TON-EXCHANGER
L 800" T 1 ) CoLcuns
. 126_MNR :
‘ - : ' : .
<) = Calk T WA i
v N i ik
; i
@ ® ¥ |
)
Y i
CUB.CLE WALL CUBICLE WALL [ CUBICLE WALL
Fission ProovcT T 1 L
Mowitor & X SAMPLE BoM8
HOW sl 00%E i@@a !
R oW O |
!
H
T2 CASK )
DRAIN HELIUM SLaWET
z
HEADER L
oA S GENERAL NOTES
Pl 0 S1Zive mve
T PESIH COLUMNS
N — AEE—
/ =
o ot S
o wASTE TN e -
Com
DEMINERAL ZED PHILLIPS
25 pa ap s =) rowc
A 100 75t
70" F
REvision
A B c D £ Ld + G H 1 J K L

FIG, 55 PRESSURIZED

WATER LOOP PROCESS FLOW DIAGRAM,




9¢d

L

HDW FRESSURIZING PUMP
2 5Fm

et ron
o2 kP

2

oM. wareE woR

15 HP- 2 SPED

REVERSIBLE fP @

200 rs

90 120 GPM
cocune romer 130 ' TDH
s60 com /‘\\ 15 HP
TS WATER IN

PRINBEY COOLER

PemmEy PUMP
MOroR JHCKET

ésc w eur

557 wer vy /
A HDW HEAT EXCHANGER
" | 245 FT' SURFACE
— 152 FSI SHELL

| 2ce PSI TUBE
er

¢
=AU ING TOWER

CLOZULRTION PUME

o cPM
v EE &3
=0 NP

DEM. WATER HDR

CHEWERL
RODITIVE
raxx
10 €me

o sy

—

&

cwamica 70 cemm
/5 CFHN
b 7

cLemv-ve
coocew

Fission Prooucr Mowitor
Sampee Coorer

Cl Locae mounTED
6‘ RERCTOR BUIOING CONTROL
070

e conrroL CENTER

Generae Note:

l. Sizine Was Done For CostT Esvimarting
PurPoses, Finaw Responsisiury Fom Sizine
£ Specirine EquipmenT Rest Witk Tue AE

2 Ses Owe SPT-£-9103 For Cerceswcs Dewwmwas.

7 WRTER P
L NHIGH PRESSURE DEM. NERALIZE]
T

E | COULING WATER SYSTEM

=D —
#f| SPT-E-4227]
Evision g

FIG, 56 FLOW DIAGRAM OF HIGH—-PRESSURE CEMN INERALIZED COOL ING WATER SYSTEM

J K L Cl

FOF PRESSURIZED WATER LOOP,



JAN

RELATIVE THERMAL FLUX

FIG, 57 THERMAL FLUX IN FUEL PIN,

42+
40— Thermal Flux in Fuel Pin
3% Enrichment
38 .3 M/W, O.75 Dia. Pin
/ Zr O, Insulator
36— /
34 —
D2
HZO
D =
| Zqu!
28— Fuel /-S'rn. Stl.
27 1 ' |
0 0.5 10 15 761-8888-45 -706-071298
RADIUS OF CYLINDER (cm)



861

HIy-3-1dS A B c D E = G H ! J L ™
AX|A . RECESTACLE INDUSTRIAL PRODUCTS CO.
MIL. M, UB-2:0A /U 48 REQ". TRIAXIAL RECESTACLE
/ sEE oETaIL v SPT-E-a185 -53125  4s3ra'n
e T — sze oeraie [\ ser-e-aiss
27 r-‘/—u 27
/ CINCH-JONES TERMINAL 3STRIP
*21-140, 16 REQ'D
; ; , | | /. , | | | —
1+ 4 | + Iz & i*%- t=1 1 : f
o QR o [T [ ¥ s o [ - >
oMt o | = o | - ® + + [
9 ! -+ ‘ + o i - pe » 4 i + i
-+ o= +- -+ ‘ N + af i . f
-+ —+ t | i (1] 4+ i i g g
HeE || L] 2 - = H|
e [ +1 += | + — i +
i ‘! == -+l =+ . —f= a e 4
»_-f\ i B I jE 5 " N
T S, + == — — - IS
+ e+ + + T ! A5 " + o+
5t e 11 Wl I s - T 4 + =il Fi| *)
t HH : I il x f - + — + +
47 =t o=+ 2 tt ol = + B
_\r-_f ! = == -+ B = - ‘777ﬁ+; 45 PR E N | ] #
EE | Sy T o R = S 4 = B R ¢
A 1] = = 9 £ 1
i S =il =l + I B
+ = -+ ‘ | | . i B I
i + =t ‘ |~ MARATHON 4 i + H
2 i t ‘ =t A m?.-ggx;csmv — = +- -+ —+
+ P ! ' :
T i [ el T [ L=t 2'ReQ'D. B g: + = 1 H
* == & 1 :
s Bl el % ° + B 3
+ 2= ~+ + 1 @ - i :
o + - + -
0e -+l -+ -+ + ¢
e e 4| 11 -+ R
AR S LUl oLy el 8- 9 :
=) —plfl - O | i 1) e ]
H T T T : -
13:! e, sscnov{ BELOW ’ \‘f >LOTH REINFORCED | ‘ |\~.‘c{.:m REINFORCED [5“ 1‘,w “‘I.IJN BELOW ‘ \ﬁ'cx.m'n REINFORCED

BAKELITE PANEL BOARD

FANEL TYPE 1
SCALE: L '= 1

TYPICAL SECTION, 120 PL,
SCALE: FULL Si1z8

3AKELITE PANEL BOARD
PANEL TYPE

ScALE D 30" ScA.E: et

R

1
fou. |-
!

178

TYPICAL SECTION, 12 PLACES

SCALE! PULL uizs

|

AKELITE PANEL BOARD

PANEL TYPE I
= T L

GENERAL NOTES :

L FOR MOUNTING BAKELITE PANEL BOARD
TO JUNCTION 80X SEE DETAIL'X'ON
SPT-E- 4135

2 ALL DIMENSIONS SHONM ON DRAVING ARE
CRITICAL TO FACILITY.

REFERENCE DRAWINGS:

SPT-E-41% P.b F, ELECTRICAL JUNCTION bOX DETAILS,
AND INSTALLATION PROPOSAL

FOR COMPLETE LIST OF REF. DWGS. SEE SPT-E-4i03

PB.F
b4 ELECTRICAL JUNCTION BOX DETAILS

PROPOSAL

FI1G, 58 ELECTRICAL JUNCTION BOX DETAILS,




694

A B [ ) 3 F G H ] J K L M
COAXIA_ RECEPTACLE
MIL NO.UG-250A/U, 29 REQ'D.
/ SEE DETAIL THIS SHEET
- SESMETME YT 2l
27 27
('1257F) / (rEF)
CINCH-JONES CINCH -JONES /IkDUSTHVAL PRODUCTS CO. CINCH-JONES TERM\NAL STRIP
ERMINAL STRIP TERMINAL STRIE 7/ TRIAXIAL RECEPTACLE *20-141,12 RE
18 -141, 12 REQ'D "2 - 140, 6 REG'D C.-S3125 , 22 REQ'D
se= DETAIL “‘ THIS SHEET |
1L i ! | e e ks
73 : ¥ o F s ‘ S
e g B
i [ =
| . 2
= @
+ L
Fo+
s )
4+ 0
~—= (i
T
45 (e .
| )
E 45 (REF) - - — —He 2 o
| | _+ . I + 45 0
{ I +— B
|- ;e
1 5.2 i
| ! RS @ i
& R = Y
&
|
|~ MARATHON P
ERMINAL STRIP | 1 t
*10024 -3 K- i
- < |
| e - y |
—1= i 2 | Y - —Je— &
T T T T —
N METAL PANEL | N §clomn RemroRcED | NmeTa. paneL
{FURNISHED WITH BAKELITE PANEL BOARD (FURNISHED WITH
JUNCTION BOX ) JUNCTION BOX )
PANEL TYPE . PANEL YPE NT PANEL TYPEY
PANEL TYPE NI PANEL TYPE V.
ScALe: ScALE 1§ SCALE !
¢ JUNCTION BOX (RErR)
4 N
JUNCTION BOX (REF) TS
Y GENERAL NOTES !
F TALL VETAL PANEL BOARDS ARE FURNISHED
H ‘x[' ! 4 WITH JUNCTION DO%ES AND NO SPECIA
—a | /uznn—: (R:r) i L MOUNTING IS REQ
4 =S == 4% ¢ FOR MOUNTING BAKELITE PANEL BOARDS
i | Ty I | z 14 z SEE DETAIL 'X' THIS SHEET
H ai nﬁ') TYPICAL FOR CLOTH REINF. P : L‘I 2 ALL DIMENSIONS SHOWN ON DRAWINGS ARE
|
- | | SAKELTE PANEL B0OARDS ONLY (= — — CoITICAL TO FACILIT)
Sutrycdonzgie 3-ionc AP THR GROUND BUS S
%A,..«.m stuo, ‘ eeion BoARa BLAN_VIEW {Rerd
BAKELITE PANEL BOARD MOUNTG DETAIL X (ros saneLtvees 1.2,x b ) — coppeR
ScaLEl £ 1" *10-24NC XL L. BINDING KD. o\n;u:wmp] / REFERENCE DRAWINGS:
SPT-E-413% PB.F, ELECTRICAL JUNCTION BOX DETAILS
AND INSTALLATION PROPOSAL.
FOR COMPLETE LIST OF REF. DWGS. SEE SPT-£-4/03
DRILL RECEPT. 3PLACES tiom remrorced
4,7/' FOR MOUNTING SCREWS J BAKELITE
N\ RUBbER SRmET \ L _20NCx§ Lo, HEX HD. CAP SCREW
SuReriond o soTroMh W/ FLAT WASHER & LOCK WASHER
= (RE z v 4
SECT. SECTION
SCALE: FULL SizE SCALE : FULL SiZE I wrases onamves sresens reicnow s —~ seches
norE:
4 GROUND BUS 15 To BE INSTALLED W e [ PHILLIPS PETROLEUM COMPANY
I CcLiP ON ONE 55:,:;5(“,:&;5{3 30KE5 U121 J13 ONLY. A COMMERCIAL 345 i ‘aTomc enexay &
N scaew For wine et 32 S SIMILAR To THE BUS $4OWN ABOVE ey
\CoNNECTION o 15 ACCEPTABLE. €
I
i > CLIP ON ONE SCREW 7 ELECTRICAL JU}
L i .. " (FOR 352 WiRE CONNECTION ) 21 PRCPOSAL
COAXIAL RF EPT. me TriaxiAL Receot pera W s
SeALE © FULL Size ScAie : rulL size T o
A B < G E F G H T J K

FIG, 59 ELECTRICAL JUNCTION BOX DETAILS,



094

9ely-3-1dS A B [ D E F H ' K L ™
JUNCTION BOX SCHEDULE
N aeR X [LocaTion| owe. no | PANEL TYPE | DWG. NO
TeAcTon
g1 =
::EST‘E: STl L SPT-E-4134
J 1ol N 4100
J2 B5ATRE —4ut i
Jloz CONTER 4100 i
CUT OPENING IN BCX
Rt BOTTOM ( EXCEPT J&, J3, 01 3 J14 BGASTAE 411t x
SEE NOTE 1) J103 § Jlo7 CENTER —4100
+ REACTOR
1 1 ] a4 RohamR -4 x SPT-E- 4135
T ¥ Jio, Jiz 413 841 bine -4l
7‘[ 3 SoRTaOL 4
(o= 106, J105, EeNTE -4100
CONTROL
i l i CENTER =4l .
| g}
30
(REF)
f ' 4 |
48(rex) L

NEMA TY®E 12 JUNCTION
80X W.TH OPENING CUT

&l, ARGEA, M1
il

y S
e |
DANEL, SEE SSHECULE
RUBBER GROMMET THLE SHERT

AROUND OPE

N

ING
(MAY BE SPLIT TUBING)

TYPICAL JUNCTIOd BOX DETAIL

NotE:

T =
SCALE: ¢ 1

ALL PROPOSED JUNCTION BOIYS ARE OF THIS
TYPE { ALL WAYE A BOTTOM CUTOUT EXCEP~
U4 (SEE GEN NOTE!). FOR'THE TYPE OF
PANEL THAT MOUNTS IN EACH BOX, SEE
SCHEDULE TWIS DWE.

Lo

RECT. CONDUIT
" As OPENING IN

@ TS-MOUNT BOX TO WALL

(SAME sizE
X BOTTOM

WITH HINGED FRONT. FASTEN
TO WALL(EXCEPT
J4, SEE NOTE |) GENERAL NOTES:

N

OF TRENCH 2R PANEL FLOOR OPENING.

TYFICAL JUNCTIZN BOX IMSTALLATION

EE GEVERAL NOT= | )
EAE SN O S

L JUNCTION BOXES ARE TO STRADDLE CABLE
TRENCHES WITH THE FOLLOWING EXCEPTIONS:
BOXES IN THE CONTROL CENTER (5PT- 00)
ARE TO STRADDLE A PANEL FLOO ova ING

J

THE COMMUNICATIONS JUNCTION BOX
SPT-E-4111 ) MCUNTS IN THE WALL § DOES NOT
HAVE A CONDUIT TO A CABLE TRENCH.
INDIVIDUAL CONDUITS ARE TO BE RUN TO

2 AL SYOWN ON Azé
CRITICAL TO FACILITY .

5 P.B.F ELECTRICAL OUTLETS COMMUN ICATION:|
AND WARNING SYSTEM , PROPOSAL

P.b.F, ELECTRICAL JUNCTION BOX DETAILS
~4135 pROPOSAL

45PT-

SPT-E-4100 PD.F.. PROPOSED CONTROL GENTER,
F.00R P_AN

FOR COMPLETE LIST OF REF. DWGS. SEE SPT-

-4103

= ELECTRICAL JUNCTION BOX DETAILS
AND INSTALLATION
| == == =
=
== 53] SPT-E-4136 | ™
A B c D E F H 1 J 3 [ ™

FI1G, 60 ELECTRICAL JUNCTION

BOX DETAILS AND INSTALLATION,



PHILLIPS
PETROLEUM
COMPANY






