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POWER-BURST FACILITY (PBF) 

PREFACE 

At the request of the Idaho Operations Office of the U. S. Atomic Energy 
Commission 21, 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 fuei assembly meltdown, and 
containment. 

This report on the conceptual design of thePBF 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 lor 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 a s  presently conceived a s  well a s  the basic specifications for the 
architect-engineer . 

The third and final part of the report is comprised of Sections VIII through 
X, which include (a) the list of references, (b) a se t  of appendices covering 
supplementary material on the physics design of the facility, and (c) the figures 
for the report, grouped together for convenience. 

iii 



POWER-BURST FACILITY (PBF) 

CONCEPTUAL DESIGN 

ABSTRACT 

A description i s  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 a s  short a s  
1 msec, producing energy releases large enough to destroy entire fuel sub- 
assemblies placed in a capsule o r  flow loop mounted in the reactor, all without 
dnmngc to thc rcactor itself. The facility will providc a much-nccded 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 l-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 

I. 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, o r  reactors for terrestrial  o r  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 i s  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 o r  fuel ignition, and reactor containment. For 
the purposes of reactor design and prediction of safety behavior, experiments 
a re  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 
o r  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-19509s, it was recognized that if the utilization of 
nuclear energy for large-scale power generation, propulsion, and test applications 
were not to be ynduly 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 outset that a detailed unders tmding of the various processes 
involved had to be obtained, and that "differential" o r  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 
f i rs t  a program of integral-core reactor dynamic testing. Among the reasons for 
this decision were, the following: 

Firs t ,  given the strong impetus to accelerate the development of a nuclear 
power industry, there was an urgent need for gross answers .to a. nu.m.her 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 c0nsi.dere.d necessary to obtain gross 
demonstratinns nf: 

(1) The inherent stability of reactors of different basic designs when 
operated a t  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 meaningf~il suhassernbly tests and to develop an 
efficient subassembly test program, it was necessary first  to obtain some general 
"scoping" information, to define in a generalway those parameters o r  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 
against which models and predictions based on the detailed information obtained 
in the subassembly experiments could be tested. 

As a result of the integral-core dynamic tests conducted in the past [4 - 141 a 
considerable amount of useful information has been developed 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 cnnseqlzences of core 
damage. It is evident that continued studies of this type a re  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 a s  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 a re  physically 
realizable, and establishment of the existence of significant threshold 
effects in the destructive domain. (Again such effects a r e  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 o r  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 i s  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 [ 7,151 and at TREAT [ 141, using an existing power-excursion reactor 
facility a s  a driving source for experiments placed in capsules and mounted 
within o r  adjacent to the reactor core. As a result of this work considerable 
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 a r e  somewhat similar 
to those of the TREAT reactpr [I4], 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 r'ate effects which must be 
duplicated for an understa.nding of a BORAX [51, SL-1 [l61. or  Spert-I 



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 11, 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 is to ca,rry out in-pile subassembly 
studies of basic reactivity-feedback mechanisms associated with non-destructive 
power excursions in reactors of various types. Included here a re  such 
mechanisms as fuel and moderator expansion, moderator boiling, Doppler effects 
in the fuel, rod bowing o r  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 i s  to make this capability generally 
available a s  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 i s  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  baseduponproven technology and requires no 
major development program. This i s  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 i s  proposed to begin in September 1964, and to be completed 
within approximately 20 months. 

Future-generation PBF cores, which will require a significant development 
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 operationof 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 a s  a sensitive reactivity detector to monitor geometrical o r  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. Theachievement 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 a s  a continuing design effort for 
the PBF. 



11. 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 first-generation core a r e  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 
o r  subassemblies placed in a test space within the reactor 

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

(3) Provide initial conditions in the test space which simulate a s  
nearly a s  possible the environment in which the test fuel assemblies 
a r c  dosignecl to be used 

(4) Provide a test space of sufficient size to accommodate fuel 
s~~hassemblies  o r  fuel element clusters representative vf the entire 
range of current and presently planned reactor designs 

(5) Permit per1urmance of the destructive subassembly tests with- 
out damage to the PBF reactor itself 

(6) Permit design and construction of the  facility with a minimum 
of development delays. in order to meet the present urgent needs 
for high-performance subassembly testing a s  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 
PBF; 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 o r  the conditions within the test space), so that 
different test assemblies may be easily subjected to comparable 
reactor bursts to facjl itate interpretation, of t h e  tcst. results, so 
that the operational characteristics of the reactor (eg, control rod 
position for criticality) a r e  not markedly altered from one test to 
 noth her, and to avoid the greatcr 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 t h e  reactor itself, so that 
programmed scramming of the control rods o r  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 CORES 

As indicated earl ier ,  the possibility also has been considered of designing 
a PBF core to have a variable rather than a fixed neutronic coupling from the 
test space to the core. ('Coupling" is  again defined a s  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 o r  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 a s  a reactivity-change detector, 
serving to measure directly the reactivity changes associated with meltdown 
o r  other physical o r  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 i s  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 
o r  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 thepresent needs for high-performance subassembly 
testing, and since these needs a r e  urgent, this simpler concept has been selected 
fur the first-generation core. Study of more complex systems for possible use 
in later-generation cores will be carried on a s  a continuing design effort. 

Among other features which later-generation cores in the PBF facility might 
embody are  provision for creating an epithermal o r  fast neutron spectrum in the 
test space (as upposed 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 



the first-generation core to achieve a variable neutron spectrum in the test 
space. (If sound arguments for a variable spectrum a r e  developed, again this 
concept could be incorporated in future-generation PBP 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 
a r e  discussed below a s  they relate to the appropriate design objectives. 

3.1 Generation of Sufficient Enerpy 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 r ise  as  short a s  one millisecond, 
either the prompt neutron lifetime of the reactor must be kept relatively 
short o r  the injected reactivity must be relatively large. Experience has shown 
that it i s  difficult to achieve a step increase in reactivity larger than a few 
dollars [a ] .  Hence, it is desirable that the prompt neutron lifetime be kept 
below about 25 ysec. (If the prompt-neutronlifetime were 100 psec, for example, 
the required reactivity step to achieve a 1-msecperiod would be about 12 dollars.) 
To achieve lifetimes a s  short as  25 psec, 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 viuinit;y of 10 to 20 psec a r e  
considered to provide a satisfactory 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 is  necessaryto provide these same conditions 
in thc tcot opacc of thc rI3F in order for the meltdown tests tcr be useful 
in evaluating safety hazards associated with accidents in reactors using 
the fuel assemblies tested. This requires thzt 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 co re  During Meltdown.Tests 

In order to avoid damage to the reactor during power bursts in which 
fuel samples a r e  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, UO2, andgraphite can sustain the highest energy densities 
without damage, while aluminum, zirconium hydride , zirconium metal, and 
beryllium metal a re  relatively poor in this respect. 

TABLE I 

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

Material 

A 1  

Zirconium hydride 

Zr 

Be 

Fe ( stainless steel) 

U02 (density = 10.95) 

C (density = 1.7) 
Be0 

watt-sec/cm3, 2 5 " ~  to Melting 
or Decomposition Temperature 

1,800 

3,500 

3,700 

5, 500 
7,900 
10,400 

10,500 

20,000 

Also to avoid damage to the reactor during a meltdown test, it is important 
that the average energy density developed in the 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 under~noderated and the test assembly is  placed in a hole in the core 
and surrounded by an annular moderating region. As a result, the thermal neutron 
flux in the vicinity of the test assembly is  substantially peaked a s  compared 
with that within the core. 

There a r e  two final considerations which a re  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 i s  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 a r e  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 a re  about 4-1/2 in. in diameter o r  smaller. However, 
the test space must be significantly larger than this i r o r d e r  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 suppressol.. 

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 [41), moderator 
expansion when the solid moderator i s  intimately mixed with the fuel (as in 
TREAT [I4]), direct radiolytic gas formation, in a solution of fuel in a liquid 
moderator (as in KE WB [ lo]) ,  prompt gamma and neutron heating of the moderator 
(as in Spert I11 [ T I ) ,  hardening of the neutron spectrum by heating of a moderator 
containing bound hydrogen mixed intimately with the fuel (as in T r i m  [I l l ) ,  o r  
Doppler broadening of U-238 resonances by fission heating of a low enrichment 
fuel (as in the Spert oxide core 1251). 

Thc rcaoon for opccifying self-termination of power builsts is: associaled 
with thc fact that thc P D F  core n~ust be relatively large  boll^ l o  pr'oviclt: an 
adequate test space and to provide a large source of neutfons leaking into the 
test space). ~t is 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 gOwer bursts. it i s  
desirable to use a liquid coolant such a s  water o r  a liquid metal rather 
than a gaseous coolant. Since liquid metals a re  more difficult and more 
expensive to handle, ordinary water is the preferred coolant, other things 
being equal. 

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 a s  low a s  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 



total prompt neutron lifetime of the reactor a s  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 a s  background information 
relevant to the oolootion of thc FDF dcsigu cuucepl. 

In the case of the TREAT reactor, the 600-psec prompt-neutron lifetime 
limits the practically achievable period of power r ise  to about 40 msec or  
greater, while the limitations of the a i r  cooling system ,permit only one o r  
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-ysec 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 short periods that pressure generation by the radiolytic 
gas would begin to present a containment problem. Furthermore, the 60-l~sec 
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 a re  much too small to be of value for meltdown studies. Also, 
although very short periods are  easily attainable because of the 0.01-psec 
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 a i r  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, @) that modification of these facilities to meet the PBF 
design objectives (if indeed possible) would entail a design and development 



effort on a scale comparable to that required for the construcliorl 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-~nrichment, UOZ-H~O System 

As discussed in detail in an earlier report [25], power-burst experiments 
with a small, low-enrichment U02 core in the Spert I facility resulted in the 
achievement of periods of power r ise  a s  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 psec. The principal reactivity-compensating 
mechanism responsible for self-shutdown atperiods belowabout 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 peak energy 
density in the U02 was about 3300 watt-sec/cm3 (as compared with a value of 
about 10,500 watt-sec/cm3 required to melt a stainless-steel test fuel sample 
having 290 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 a s  short a s  15 min o r  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 UO2-BeO-H20 System 

Some consideration was given also to a variation of the system discussed 
in the previous section. As noted in Table I, Be0 has a higher limiting energy 
density than U02 by about a factor of two. Consequently, a fuel element made 
of a mixture of U02 and Be0 would seem to have a significant advantage over 
a fuel element made of pure U02 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 Be0 would 
have to be mixed with the U02 that the neutron spectrum in the vicinity of the 
U02 would be severely degraded, rendering the Doppler shutdown mechanism 
ineffective. In addition, the generation of neutrons by the (y,n) reaction in the 
beryllium 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 Be0 to the 
fuel would significantly increase the fuel development costs. For these reasons, 
a s  well a s  the fact that the pure U02 system appears to be capable of meeting 
the PBF design objectives without the addition of BeO, it was decided not to 
include Be0 in the fuel. 



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. 



Ill. 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 in Sections W, 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 is  not 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. 

PBF CONCEPTUAL DESIGN PARAMEll~KS 

- -.-. .. ,., ..,.... > .... . . ..-, .,#..Is 

Reactor type Open tank 

Tank s i ze  15 f t  I D  by 25 Pt  high 

Core s i z e  3.6 ~t diameter by 5 f't high 

Experiment space 8 - i n . - 0 ~  hole through core v e r t i c a l l y  

Fuel 3% enriched U02 i n  pins 

Metal-to-water r a t i o  1.3 
La t t i c e  Triangular, 0.344-in. p i tch 

Fuel p in  s i ze  

Fuel cltliici.Lng 

0.7.5 in. oTl 
28 mil s t a i n l e s s  ~ t e e l  

Fuel thermal insu la t ion  1/16 i n .  Zr02 (between f u e l  and c lad)  
I 

Peak f u e l  temperature = 22500~~  

Coolant flow r a t e  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, o r  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. 



1. GENERAL FACILITY DESCRIPTION 

Because of the nature of some of the experiments to be performed in the 
PBF, the reactor has been designed 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, a s  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 instrumentat ion required for remote operat ion 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, U02 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 a r e  
shown ?n 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 a r e  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 i s  depicted in Figure 52. 

3.2 Fuel Element 

The conceptual PBF fuel element is  a 0.75-in. -diameter pin having an active 
length of 3 ft. The fuel is 3% enriched U02. The fuel is coated with approximately 
1/16 in. ZrO2, which serves a s  a thermal insulator, and is clad with stainless 
steel. The fuel element is  shown in Figure 53. 

3.3 Transient Rods 

Power excursions a r e  initiated by. 'rapidly driving three poison rods from 
the core by means of pneumatic mechanisms. These transient rods ar.e 7.5-in.- 
wide blades having three 2-in. r ibs for stiffening a s  shown in Figure 52. 
They a re  made of hafnium and have full length followers of stainless steel. 
The transient' rods a r e  surrounded by a sheath and operate entirely in a i r  in 
order to minimize drag forces during the rapid motion required to initiate a 
transient. All transient rods operate simultaneously. 



3.4 Control Rods 

Control rods a r e  used to adjust criticality of the reactor so that the 
desired excess reactivity is  attained when the transient rods a re  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 a r e  shown in Figure 52. 

3.5 Safety 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 a r e  fully withdrawn and a re  
cocked in preparation for scram. The safety rods a re  of 3/4-in.-diameter 
hafnium and have full ,length fuel followers. They operate in water and are located 
a s  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 a s  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 a r e  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. 

Though capsule experiments have provision for only minimal coolant flow, 
they can have provision for elevated temperature and pressure. The basic re- 
quirements a r e  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 a re  required for capsule experiments. A cross  
section of a typical pressurized water capsule experiment i s  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 a s  liquid metals, gases, o r  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 
o r  flow loop. The techniques involved have been used with success in the past 
by the Spert Project in connection with capsules pressurized to 2500 psi [ 7* 151. 



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 o r  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 a s  follows: Firs t  the 
safety rods a r e  withdrawn and cocked. Then the control rods are  adjusted to a 
position which, upon ejectionof the transient rods, will result in the desired.initia1 
reactor period. The transient rods a r e  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 a r e  then inserted, constituting 
termination of the test. Since for short-period power bursts the dominant shut- 
down mechanisms a r e  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. 

l ~ o w a r d  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 
i s  required 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 hursts in which a smaller amount of energy is released, 
the temperature stabilization time will be correspondingly smaller. 

The concept.11~1 P R F  f irst-generation core has been designed so that the peak 
temperature in the U02 fuel is  slightly less than the melting temperature of U02 



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 UO2 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 in the PBF test program and subjecting them to repeated power bursts which 
cause melting of the UO2 in these pins. 



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 a re  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 tho 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 @) 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 s t ress  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 i s  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 o r  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. Succepsive thermal cycling of the fuel would result in a 



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. 1261. . 

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 
i s  feasible and is capable of meeting the fuel element design objectives. The 
potential problem areas  and the means by which they can be examined a re  
di8t;un8r;d i l l  R s s : l i r ~ ~ ~  TV. 4. 

2.1 Properties of Urania 

Urania has been used successfully a s  a fuel in many reactor applications, 
and it therefore has been subjected to intensive study. An excellent compilation 
of the properties of uranium dioxide and its nuclear applications i s  available [271. 
Those properties which a r e  of interest in the design of the PBF fuel element 
a r e  given in Table 111. 

A major consideration in the seleation of the fuel for the PBF is thc cnergy 
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 a s  high o r  higher than all commonlyused reactor materials with the exception 
of beryllia (see 'I'able I, and also Section 11, 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 i s  to retain the heat 
released in a power burst for a s  long a s  possible within the fuel so that explosive 
boiling of the water does not occur. Retention of the heat within the fuel also 

TABLE -111 

l?ROI'mTIE3 OF LlRlNa [27 1 

llhermal conductivity 0.027 cal/"C-cm-sec (at 20°C) 
=. 0.008 cal/"~-cm-~ec (at > 1000"~) 

Uensity = 10 g/cc 

Specific heat 
0.063 c ~ / ~ - ' c  (at 100"~) 
0.082 c ~ / ~ - " c  (at 1500'~) 

Thcrmal expansion coefficient ~O'~/'C 

Melting point = 28oo0c 



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) i s  that of spalling 
o r  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 o r  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 o r  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 a re  of importance in the PBF fuel element design a r e  listed 
in Table IV. 

TABLE IV 

PROPERTIES OF ZIRCONIA [281 
, . 

Thermal conductivity 0.006 ~ a l / ~ ~ - c m  sec a t  2 0 ' ~  

~ e n s i  ty( a) 5.4 g/cc 

Specific heat  0.10 cal jg-"c  

Thermal expansion coeff ic ient  ~ o ' ~ / " c  

Melting point  2 7 0 0 ' ~  

(a )  Maximum value. The densi ty  of the  zirconia insu la tor  w i l l  depend 
upon the method of fabr ica t ion .  

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, ZrO2 i s  not subject to significant radiation 
heating (as is depleted U02;, which had earlier been considered a s  a potential 
thermal- insulator material). Finally, there is  considerable experience with Z rO2 
in non-nuclear applications. (For example, coatings of ZrO2 have been success- 
fully applied to various materials by flame spraying, and solid ZrO2 components 
of high strength have been fabricated in a variety of shapes, including cylindrical 
rings.) 



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 testing.program a s  
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 o r  other ceramics without significantly 
reducing the melting temperature of zirconia l281. 

2.3 Properties of the Urania-Zirconia System 

Because the urania and zirconia will be in intimate contact, the properties 
of the urania- zirconia system a re  of importance. Fortunately, the eutectic 
temperature of urania-zirconia is 255UuC, so  that if an elitectic 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 
puinl UP 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 on the 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 [271. 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 [271. For 
example, at 1700bC the self-diffusion coefficient of urania is 6 x cm2/sec, 
while a t .  1450°C the coefficient i s  down to 5 x 10-l5 cm2/sec. Finally, the 
fuel tompcraturc will bc ncnr the melting point for only a few secoilds 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 
a t  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 wiil release its internal energy to the surrounding water slowly enough 
to prevent explosive steam formation, and which will not require an extensive 
testing am. The results of a recent series of tests in the Spert I reactor 
facility as8rindicate 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. Or), 0.028-in. clad thickness, 67-in. active length, 4% enriched) similar 



to those used in the N. S. Savannah core. As mentioned earlier, periods a s  
short a s  3 milliseconds were achieved with no evidence of damage to the core. 
In the most severe tests the peak energy density in the U02 was about 3300 watt- 
sec/cm3. The natural-convection water cooling of the core was relatively 
rapid, permitting a time interval between tests a s  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 Spert Ioxide 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, a s  discussed above. Calculations described below indicate 
that zirconium dioxide is a very effective insulator for this purpose and that 
no difficulty should occur a s  long a s  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 pr.ogram for the IBM 650 computer [291. 
The geometric model, shown in Figure 1, consisted of an inner heat-source 
region of UO2, an insulating annulus of zirconia, a clad region of stainless 
steel, and a water region. The heat source distribution in the U02 due to fission 
by slow and fast neutrons was obtained by a four-grou neutron diffusion calcu- 
lation using Muft- and Sofocate-derived constants 311. Prompt heating 
effects in the rod and moderator due to 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 i s  given by 

where 

Ai is the cross-sectional area of the region, and 

a. is  the relative stopping power of the region, 
1 

and that the fractional neutron slowing-down contribution in the water i s  given by 

For each time step, the program computed temper~ture-dependent input 
values for the conductivity (X) and specific heat (Y) of each region by solving 
equations of the form 



and - (3) 

where the coefficients of the respective equations for conductivity and specific 
heat vs temperature ( 8 )  were obtained by a least-squares fit of each equation to 
published experimental data. Values for the conductivity of U02 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 [ 3 31,. 
The corresponding values for ZrO2 were taken from Ryshkewitch's data [34Ii. 
The coefficients of Eqilation (3) ~vhish wero uood in thc prapas~i ace p1-eseni;ed 
in Table V. . , 

COEFFICIENTS FOR EQUATION 3 USED I N  THE HEAT-1 PROGRAM 

uo2 
Zr02 

S.S. 

H20 

UO2 , 

Zr02 

S.S. 

H20 

Thermal Conductivity (calories/cm- sec- "c) 

Specific Beat (calorj.es/cm3- "c) 

5.6 x lo-' 4.37 x lo-" -1.83 x lo-7 
4.125 x lom5 1.16 x I -o '~  0.0 

8.83 x 10" 8.07 x 0.0 

9.98 x 10" 0.0 0.0 

The HEAT-1 program has heen successfully used[35] to prrdict the temper- 
ature behavior observed during Spert I tests from clad-surface and central-U02 
thermocouples for an appreciable range of initial reactor periods (f,o I 200 msec). 
From results of the digital calculations, it was computed that ~~laxirrium heat 
fluxes from a rod into the surrounding water reached about 2 x l o 6  ~ ~ ~ / h r - f t 2  
for a brief period following the shortest-period (T, = 3.2 msec) 3pert I oxide 
core test, and that the clad s t ress  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 linitially) cold worked clad re tahed a minimum ultimate strength 
of 1.5 x lo5  psi, . and that at no place did it show any loss of its cold-worked 
microstructure, even in the region adjacent to the U02 fuel. It may.be con- 
cluded that reactor .excursions with initial periods below about 2 msec might 



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 presei.lt a reasonably severe test of 
the fuel rods. 

The results of the calculations a re  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 a s  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 s t ress  
in the clad, and clad surface temperature a s  functions of time. The hoop stress,  
00, was calculated by numerical integration of the formula 

where 

r i s  the radius at  the point in question, 

a is the inner clad radius, 

b is the outer clad radius, 

a is the coefficient of thermal expansion = 17.1 x ~o-~/'c, 

6 E i s  modulus of elasticity = 29 x 10 lb/in2, and 

v is Poisson's ratio = 0.305. 

The heat flux into the water was computed from 

where 

E ' i s  the total energy in the water coolant, 

S i s  the prompt source of energy in the water ( y  and neutron moderation), 



A i s  the surface a rea  per  unit length of clad, and 

h i s  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 s t ress  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 s t resses  on the number of such s t ress  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 he accommodated with the calculational. 
approach used) should further wideil this margin of safety. 

'rhree radial teixperature profiles for the 314-in. fuel rod with a l/ltj-id. 
insulator a r e  presented in Figure 5, with time a s  a parameter. The effects of 
prompt heat sources on the profile at at ime near the peak of the burst (t = 10-3 
sec) a r e  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 ZrO2 insulator a s  a parameter. The merit of the increased thickness of 
the insulator is readily apparent when one considers that the surface temperature 
r i s e  at the selected time is superimposed upon the prompt heating of the clad 
during the power burst (about 55OC in. all cases). At the same time after the 
3.2-msec-period burst, the rate of r ise  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 a s  thick a ZrO2 annulus a s  possible, consistent with the other 
requirements discussed above. 

4. FUEL ELEMENT TES-TING 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 Section IVY 1. Although a literature search and calculatio~ls performed 
on the characteristics of the U02-ZrO2 system indicate feas,ibility 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 
a re  (a) the diffusion of U02 into the ZrOZ insulator; (b) axialratchettingof 
the clad, (c) the loss of Zr02 $palling into the a i r  gap, and (d) deternlinatio~l 
of a satisfactory method of fabrication. 

Extensive diffusion of U02 into the ZrOZ would negate the desired effect 
of the Zr02 insulator. While the indications a re  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 



fuel .element development program is the investigation of the diffusion of U02 
into ZrO2. 

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 Zr02 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 ratchettingphenomenon. 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 Zr02 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 ZrO2 flakes, and 
portions of the fuel may come into contact with the clad. Such an occurrence 
could result in an intolerable thermal s t ress  in the clad. The extent to which 
spalling and displacement of the ZrO2 occurs must be determined during 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 o r  sintering 
slip fit rings of ZrO2 to mate with sintered U02 pellets. 

The testing program a s  presently visualized would consist of the following 
phases: 

Phase 1: Ten sintered pellets and 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 each fabricatingmethod a re  to 
be furnace heated to a steady state temperature roughly equivalent 
to the calculated UO2-ZrO2 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 
Zr02-U02 system can be evaluated at  this time. 

Phase 3: The fuel pins a r e  to be subjected to several hundred 
power bursts in a tcst reactor in ordcr to proof-test the  pin^ 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 
U02 and Zr02  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.) 



On the basis of the results of the above program, the final selection of fuel 
for the PBF will be made. 



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 a r e  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, o r  (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 in the 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 limitingbymeans of an inherent 
prompt shutdown coefficient, in order to obviate the need for a 
programmed scr'am 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 a s  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 is  permissible (and in some cases 



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 a r e  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 ca~able a% ini.ti.n.1 peri.ods nf the 
order of 1 msec dictates that the prompt neutron lifetime be of the order of 
10 to 20 .Ilsec. A lifetime substa~~tially 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 rcgnrd to the third primary objective (a suCfioittntly 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 beingaslarge .as 7-1/2 by 7-1/2 in., 
the .larger fuel assemblies normally consist of bundles.of rods, and hence, 
meaningful experiments can be- run on pa.rtia1 bundles. Moreover, since a large 
portion of the increase in gawer densi.ty in the test assernh1.y over that in the 
core is produced by the thermalisation af neutrons, there i s  a tendency tnwa.rd 
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 a s  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 he placed. With a pressure 
in the container of 2500 psi, test assemblies as  large as 4 in. square o r  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 a s  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 
i s  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 in the changing of experiments. If, further, 
the substitution of one experiment for another caused a large change in the core 



reactivity, an operational inconvenience would ar ise  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 a s  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 in the present case a r e  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 must be 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 i s  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 a re  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 withobtainingapower density in the test assembly 
which is  high with respect to that in the core. 



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 01 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 a.re summarized, the resulting conceptual core 
design is outlined, and recommendations a re  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 parameter8 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, etc, 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-meritw 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 "couplingw has been defined as 
the change in the eigenvalue (essenti.ally the reactivity) whiah results when 
the test fuel assembly and its capsille are  removed from. the test space and 
replaced with water. 

- 
In order to reduoo the number of physics calculations requii'ed to obtain 

a preliminary optimization for conceptual, design purposes, a number of 
simplifying approximations have been made. These a re  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 repla.ced b fuel, as shown in Figure 7. Calctdational studies 
of the Spert I U02 core Y2511 and of the MARTY core [361, 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 I11 fuel assembly 171 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 111 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 [381, and various arrays of PBF fuel pins were, then considered to be 



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 
111 assembly rather than some other type of fuel assembly a s  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 a s  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 
a s  used in the one dimensional computations are  given in Table VI. 

TABLE V I  

STAINLESS STEEL PlTESSW PIPE DIMENSIONS 

Outer Diameter Outer Radius Wall Thickness Ins ide  Radius 
( i n . )  ( cm) ( em) ( cm) 

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

2.2 Figure-of-Merit and Coupling 

The figure-of-merit has been defined earlier a s  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 power bursts, the storage of heat in the core fuel pins and 
in the fueled portion of the experiment is  essentially adiabatic. Hence, the 



most meaningful power densities for use in determining the f igure-of-mer it 
a r e  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, a r e  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 bv using the entire metal 
volume (including structural parts; such as ,  side plates) a s  the power pro- 
ducing vollime. 

To obtain a measure of the effect of the experiment upon the core, a 
coupling parameter has been defined. "Coupling" has been defined a s  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, a.nd 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 uDon 
the figure-of-merit and coupling a re  shown in Figures 8 and 9. ~ a r i a t i o i  of 
the enrichment has a relatively large effect, nn 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 t h e  3% enrichment curve indicates 
that there i s  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 studv 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 
a s  shown schematically in Figure 7. Flux suppressors with four boron con- 
centrations were considered: (a) a "heavy Inoron" sul-ppreasor with 2.85 x 1021 



atoms of B-10 per cm3, (b) a"mediumboron" suppressor with 0.95 x 1021 atoms 
of B-10 per cm3, (c) a "light boronn 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 a s  measured by the coupling would be decreased. However, a s  
shown on Figure 10, the study indicated that as  the boron concentration in the 
flux suppressor was increased, the coupling f i rs t  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 in a 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 a s  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) i s  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 n~a in  furlctions 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 a s  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 a r e  shown in 
Figures 12 and 13, f o r  3% and 5% enriched f u e l . ~ h e s e  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 i s  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 f igure-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-crn 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 
80% stainless steel and 20% water, the keff is lowered 0.6% while the figure- 
of-merit i s  increased 2%. For this same change in annulus material, the 
ratio of maximum core power density to 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, 20% water reflector. 



'I'o investigate the feasibility of reflector co11t1-01 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 a s  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 

3.41 Dopplcr Effcct Studics. For power b u ~ s t s  laaviz~g an i~iilial periucl 
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 U02 remains in the U02. Thus, in order to calculate the effective Doppler 
temperature coefficient during short-period bursts, all regions other than 
the U02 fuel a r e  considered to be at  room temperature. The GAM-1 c0de[3~1, 
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 
U02 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 a s  a function of temperature is  shown 
in Figure 15 for a core having a metal-to-water ratio of 1.3 and a file1 enrichment 
of 3%. The keff for this core a s  a function of fuel temperature is shown in 
Figure 16. The change in reactivity resultillgfronl changing the Puel tenlperature 
from 20°C to 2200°C is shown in Figure 17 a s  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, wns 
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 sever a1 temperatures. The calculated eigenvalue for this 
U02 temperature distribution was 0.9749. For this same temperature distribution, 
the average U02 temperature in the core was 996°C. Usingfast 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 U02 temperature distribution is roughly 
8% higher than that for the uniform temperature distribution. 



The studies described in Section V, 2.2 indicate that the best overall 
operational characteristics a re  obtained if there i s  no boron in the flux sup- 
pressor. However, the calculated Doppler effects described above were obtained 
for the case o1 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 
i s  -2.3 x 10-5/O~ for the PBF core with metal-to-water ratio of 1.3 and fuel 
enr ichme~il; of 3%. 

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 was a 
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 1391 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 a r e  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 o r  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 



VOID COEFFICIENTS FOR THE TmEE PF,RCENT EN3ICHF,D COIIE 
WITH 600 gm U-235 STAINLESS STEEL ASSEMBLY IN TEST SPACE 

&/kefi/$ 
Description of .voided Region keff k / k e f  f &/keff/k void void/cm2( a) . Comments 

Void i n  ent i re  water f i l l e d  1.06693 
t e s t  region (No. t e s t  assembly 
i n  t e s t  space) 1.06709 +1.6 x ' + ~ . l  x +1.4 x 

1.06728 +33.3 x +3.3 lo-' +1.5 x lo-' 

1.06799 +?LO. 0 x +4 .o x +I. 8 x 

1.08044 +127.2 x +l3.4 x lo-' +6.1 x 

Void i n  tcat aaocmbly only 1.0706C 
1.07065 iO.2 x 10'' +0.5 x PO" +O.8 x 

1.07064 +0.2 x +0.2 x +0.3 x 

1.07060 -0.2 x -0.1 x lo-' -0.1 x lo-' 
1.07007 - 5 . 2 x 1 0 - ~  -0.7 'x lo-' -1.3 x lo-' 

No void base case 
546 void 
l O q b  void 
2546 void 

9 s  void 

No void baat cant 

5% void 
10$ void 

25% void 
9546 void 

Void i n  both t e s t  assembly 1.07062 
and water annulus (600 gm, 
s ta in less  s t ee l )  1.07098 

1.07132 
1.07'40 
1.08077 

Void i n  both t e s t  assembly 1.08143 
and water annulus (No boron 1.08454 i n  f lux suppressor) 

1.09596 

No void base case 
546 void 
1Oqb void 
25% void 

95% void 

No void base case 
25% void 

95% void 

(a) Ak/kcff/$ void/cm2 refers  t o  void coefficient per square cm of area, i n  the region specified. 

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 25% 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 a s  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). 



TABLE V I I I  

VOID COEFFICIENTS FOR THE FIVE PERCENT ENRICHED CORE 
WITH ETR FUEL ASSEMBLY IN Y1S'SII1 SPACE 

Description of Voided Region keff 

Void i n  t e s t  assemblies only 1.03837 

1.03833 
1.03828 

1.03811 

HomoReneous void throqhout 1.03837 
core 1.01840 

1.00187 

0.93800 

Coments 

No void base case 

5% void i n  experiment 

10$ void i n  experiment 

25% void i n  experiment 

No void base case 

5% void 

lC$ void 

25% void 

void i n  water annulus only 1.03837 No void base case 

1.03938 +9.7 x +1.94 x +12.2 x 5% void 

1 .Oh357 +50.1 x +0.20 x +1.3 x 25% void 

25% void i n  5 core sections 1.03837 No void base case 

1.01851 -191.3 x -7.65 x -10.3 x Void i n  region 5 
1.01179 -256.0 x -10.24 x -U.8  x lo-' Void i n  region 6 
1.01893 -187.2 x -7.49 x -10.1 x Void i n  region 7 

1.02353 -142.9 x -5.72 x -7.7 x Void i n  region 8 
1.03004 -80.3 x -3.21 x -4.3 x Void i n  region 9 

25% void i n  core region 5 1.06959 Base case 
'(No boron i n  flux suppressor) 1.04875 -194.9 x -7.79 x -10.5 x 25% 

( a )  &/keff/% void/cm2 re fe rs  t o  void coefficient  per square cm of area i n  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 M, 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 M 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, 



TABLE IX 

TEMPERATURE COEFFICIENTS FOR TKE FIVE PERCENT ENRICHED CORF: 
WITH ETR FUEL ASS-Y I N  TEST SPACE 

Problem Description keff &lkeff &lkeff &/kef f/0c/cm2 
Base case, 20°C . 1.03837 
90°c i n  experiment 1.03797 -3.9 x 10'~ -0.056 x 10'~ -0.95 x 10'~ 

90°c i n  water annulus 1.03925 +8.4 x 10'~ +0.12 x 10'~ +0.75 x 10'~ 

90°c ihroughout core 1.02588 -120.2 x -1.72 x -0.46 x 

2.5 Prompt-Neutron Lifetime Studies 

The prompt-neutron lifetime for the PBF reactor was calculated by 
computing the change in eigenvalue when a l /v  absorber was added to all 
reactor regions. The calculational details a r e  given insection M, 1. The prompt- 
neutron lifetime i s  dependent primarily upon the core composition, ie, metal- 
to-water ratio and fuel enrichment. Other variables, such a s  the composition 
of the reflector, the diameter of the test space, the boron content of thc 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 a r e  generally within 
the 10 to 20 psec 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, a r e  
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 111 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 a re  shown in Figure 23. 

The effect on the flux distribution of changes in the reflector composition 
is illustrated by n comparison o f  Figure 20 with Figure 21. The removal of 
the stainless steel from the 2-cm-thick annlil~ls s1.1rrounding 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. 



The effects of changing the boron concentration in the flux suppressor 
are  illustrated by a comparison of Figure 20 with Figure 22. It i s  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 a re  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 l /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 i s  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 is 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 a r e  given in Table X, 

For all the plate-type assemblies studied, the f igures-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 



PERFOI~MANCE CHARACTERISTICS OF THE OPTIMIZED PBF( a) 
FOR TYPICAL TEST ASSEMBLIES 

Metal- Figure of Total Metal- 
Type of to-Water Merit ('l'otd to-Fuel Plate 

Tcst ~saembly(b) Ratio Coupling Metal ~asls) Eigehvalue Volume Ratio 

Spert 111, stainless steel 0.298 
(638-13 U-235 

0.0072 3.26 

Stainless steel assembly 
(300-t3 U-235 0.429 0.0048 1.24 1,0476 1.13 

Stainless steel assembly 
( 1~235 j o .!I.c~ 0.0064 r .oC 1.0492 1 .IJ 

EISH, aluminum (40bg U-235) 0.644 0.0075 2.76 1.0503 1.47 
PBF, 3$ enriched fuel 
( r a d i u s  = 1.27 cm) 

PbF, 3s elwicheb riiel 
(radius = 4.3 cm) 
kB1,  346 enriched fuel 
(radius = '6.0 cm) 1.3 0. 0099 1.15 

E'IGR element, as designed 
(~g.l-~ u-235 + - 0.0016 0.67 1.0444 .- 
178-g ~h-232) 

HTGR modified element. - o . no45 
(207-g U-235, no thorium) 2 -53 

( 8 )  Optimized PBF design parameters: Metal-to-irater ratio = 1.3; Fuel enrichment = 3$; 
8-in.-~iameter test space; Unborated stainless steel flq 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 ter~lperature in the core reaches the U02-Zr02 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 be considered to be sonlewhat con- 
servative (see Section V, 2.2). 

To evaluate the performance of the conceptual PBF reactor with respect 
to slightly enriched U02 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 a s  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 ZrO2 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 f i rs t  generation core will. be to aid in 
the development of fuel elements for a second generation PBF core having 



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 couldbe obtained. Such a 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 in reactivity which occurs 
when one test assembly i s  replaced by another (indicated in Table X bythe 
eigenvalue) a r e  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 discussedbelow should be taken 
a s  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 111 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 



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 alurriinum 
follower sections of the transient and control rods to 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, a re  shown in Figure 25 a s  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 
a re  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 8%. 

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 i s  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 i s  at a radius of 28 to 29 cm. In this position, the indicated 
total worth i s  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 i s  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% a s  the control rod annulus is  moved 
tnward the center of the core. 

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

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



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 a re  
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 a re  sufficiently accurate for conceptual 
design purposes, and all indications a r e  that the design selected is capable 
of meeting the design objectives. 

SUMMARY OF PBF CONCEPTUAL FUNCTOR DESIGN 

Core height ' 

Core diameter 

Test space 

Fuel 

Moderator 

Fuel element 

Clad 

Expansion gaps 

Thermal insu la t ion  

La t t i ce  

Control and t r ans i en t  rods 

Safety rods 

Flux suppressor 

8-in.-diameter v e r t i c a l  hold ... 
through center  of core 

3% enriched, s in te red  U02 , 
. ?  

H20 .. . 
. . 

0.75-in.-OD pins  ( see  Figure 53) .':' ,. . 
.' 

28 m i l  ' s t a in less  s t e e l  

8 - m i l  annulus, 0.5-in. ax ia l  

Triangular, 0.944 i n .  p i t ch  

Ribbed hafnium blades with s t a in -  
l e s s  s t e e l  followers ( see  Figure 52) 

0.75-in.-diameter hafnium pins  with 
fueled followers 

1/4-in. -unborated s t a i n l e s s  s t e e l  
su-rounding 'Les-L space 

Water with ~ i n g l c  row of otainlcoa 
s t e e l  p ins  surrounding core 

6.2 Selectiol~ of the Conceptual 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 a r e  summarized, and the compromises 
leading. to the conceptual design and the reasons for them a r e  briefly discussed. 



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 a r e  
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 a r e  apparently 
obtained at metal-to-water ratios substantially greater than 2.8, The maxima 
in the figure-of-merit obtainable at these higher enrichments a re  much greater 
thanthoseattainable with a fuel enrichment of 3%. With respect to maximizing 
the - figure-of-meri't , then, Figures 8 and 9 indicate that the metal-to-water 
ratio should be as  large a s  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 vaiue of the metai-to-water ratio 
is unimportant with respect to minimizing the coupling. An increase in the 
fuel enrickmellt, 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 a s  low a s  
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: 

where a i s  the initial asymptotic inverse reactor period and A i s  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 a re  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 resultingfrom 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 



by a straight line passing throu h the origin. In the present case the desired 
maximum value of a is 1000 sec-f 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-1. For combinations above this line, an 
inverse period larger than 1000 sec-1 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 o r  a fuel enrichment of 3% and a metal-to-water ratio 
slightly iess 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 a re  satisfactory in this regard. 

Consideration of the shutdown reactivity from Doppler broadening dictates 
that the metal-to-water ratio should be 1.3 o r  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 wourd 
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 in the 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 a re  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, a s  indicated in 
Table VII, the reactivity effects of voids within the test space a r e  reduced when 
the flux suppressor contains boron, and further studies of the flux suppressor 
composition a re  requircd bcforc the final ~eleotion 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, a s  shown in Figure 52. 

The peak power of the conceptual PBF first-generation core during a l-msec- 
period power burst is  approximately 500,000 Mw. The total energy release is  



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 a re  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 cal~.uliilluns 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 rnethods for determining the resonance escape probability, etc). 

In addition to a repetj.tion of previous calculations with more sophisticated 
techniques in order to better evaluate control rgd worth, carner effects in 
square o r  rectangular test assemblies, etc, several possible methods of 
improving .the reactor performance should be investigated further. Among these 
a r e  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 Doppler coefficient 
of reactivity. As a result, the metal-to-water ratio in the present design n~nnot  
be large? than 1.3, and the figure-of-merit which results i s  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 U02 and then diluting it with ZrO2. (The properties of fuel materials 
consisting of mixtures of UO2 and ZrO2 have been studied extensively [@I). 
This approach will be investigated during the final design. 

Since the magnitude of the Doppler cueffluient is  crucial, 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 UO2 and the other containing a mixture of U02 and ZrO2. The Doppler 
coefficient would then be adjusted by changing the relative numbers of the 
two types of fuel pins in the core. During thc final design, an investigdtlun 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. 



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. CONTROLCENTER 

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 
a s  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 controllabilityduring nuclear tests,  data gathering 
systems for the experiments, necessary office space for operating and experi- 
menting personnel, 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 a re  included. The Control 
Center Building plan and elevations a r e  shown in Figures 30, 31, and 32. In 
addition, fallout shelter space will be providedfor 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 Officialsy Conference 
a s  required by Section 9.02, Par t  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 shall be carried to undisturbed soil. In the event 
that excavations a re  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 lb/ft2. The floor shall be smoothly 
finished and treated to reduce dusting. All floors, except those in the shop 



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 f ree  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 a r e  fire resistant in final assembled form. The floor system shall be 
designed and constructed to support a uniformly distributed load of at least 
250 lb/ft2 and a concentrated load of 1000 lb/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 
car ry  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 la..rger than nine square 
feet. The entire f1oo.r 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 o r  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 
t6 the roof. 'l'he size of the blocks shall be a s  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 constructio~~ 
with a f i re  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-it-wide 
gypsum board face panels, finished on one side. The face panels shall be 
separated and bonded to a core composed of I-in.-thick by 6-in.-wide gypsum 
board ribs spaced on 1-ft centers. The walls shall he 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 shall be 4 ft wide and the other two 3 ft wide. 



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 a'ir. 

The large 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 res t  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 f t  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 frosted 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 f t  from the floor. 

A sliding glass window shall be provided in the 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 f t  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 lb/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 



the shop area. Columns should be kept out of the office area in order not to 
. res t r ic t  the movable partition versatility. All of the columns used for roof 
support shall be of f ire resistant const'ruction. 

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, a s  required by the Idaho Operations 
Office Standard Health and Safety Requirements. In the areas where ceilings. exist, 
fixtures may either be of the recessed o r  hung type. 

Electrical Power Distribution. All installations of electrical wiring 
and equipment shall be in accordance with the ~ a t i o n a l  Electrical Code 
a s  required by Section 2 , l l  of . the Idaho Ogeretisna Office Stanrla,rrl FTe~ l t~h  
and Safety Requirements. 

A minimum of one 110-volt electrical out le t  s h a l l  h e  pmvided on each wall 
of -the various offices, control room, and conference room. Where the walls a r e  
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, l s ampere ,  Duplex type 
that will take either a 3-blade NEMA grounding plug o r  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 partitions. 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 architect-engineer's 
Title I drawings a r e  being prepared. 

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

(1) One 1-112-in. f i re  hose station with 75 ft of hose. 

(2) Five 20-lb ABC Type f i re  extinguishers. 

Heating, Ventilating, and Air Conditioning. Heating shall be provided by 
a forced circulation, warm a i r ,  oil-fired furnace to maintain the building air  
temperature at 70°F. Heat load calculations shall be based on good engineering 



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 -20'5' and 8 mph from the southwest, respectively. 
Approximately 7 air changes per hour should be supplied to each room. About 
45% of the supply a i r  is returned for recirculation. The excess a i r  is  to be 
released through roof ventilators located over the res t  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 a i r  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 a i r  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 ai r  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 ID0 safety practice. 

An "adequately sized water-cooled ai r  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 res t  roomy lavatories, water closets, 
floor drains, and the drinking fountain shall be connected to the sanitary 
drain. The cooling water out of the a i r  conditioner may be tied into the drainage 
8yst6111 d ~ w ~ l s t t e a ~ ~ l  from lhe 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 a s  required. A 2-in. line 
i s  required for the supply to the fire hose station. 

A room with a cot is to be provided adjacent to the women's res t  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 use; 110 volt, 1 phase; a s  required 

General use; 480 volt, 3 phase; as required 

Instrument use; 110 volt, 1 phase; 25 kva (isolation) 



Water 

Raw water a s  required for fire protection and general use 

Fuel Oil # 

Underg~ound 3000-gal tank for No. 2 fuel oil 

3. REACTOR FACILITY 

3.1 Reactor Area Description 

The site selected for the PRF Reactor Building is shown in Figure 28, and 
a proposed plot plan of the a rea  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 a s  the heat exchanger 
and oil storage tank shall be located as  feasible to minimize cost. The chemical 
waste le,aching pond shall be located a s  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 a s  feasible to minimize cost 
and a minimum of 2OU ft from the reactor area. Surfaced roadways shall be 
provided to service the outside equipment and provide vehicle parking facilities. 

3.2 Reactor Rililrling Layout 

The proposeci PBF Reactor Building is a 79- x 84-ft building divided into 
two wing annexes, a main reactor room. basement, ~ n d  silb-pile room as indioatod 
in Figures 34, 35, 36, 37, 38, and39. The figures a r e  intended to convey only the 
approximate space requirements and the general layout desired. The architect- 
engineer is to investigate the space requirements of the varinij,~ equipment 
items and revise the layout a s  required. It is essential that experimental 
instrumentation be .located on the opposite side of the building from electrical 
switchgear and motor control equipment. 

\ 

The east wing of the building includes an electronicwork area (No, I), 
experirneniai 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 a re  to be interconnected with instrumentation 
raceways such a s  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.vesse1 and canal. 
Rails shall extend along each side of the reactor vessel and canal to support 



and guide a reactor control bridge and two working bridges. Structural members 
a r e  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 f t  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 o r  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 shall be constructed 
in the floor a s  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 shalr' 
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 
a re  to be provided from theprocess 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 a re  to be a minimum of 2 f t  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  udustproof" a s  
is  economically feasible. 

A.11 buil.ding construction shall conform to the Type I classification of 
the Uniform Building Code by Pacific Coast Building Officials' Conference 
a s  required by Section 9.02, Par t  A, of the Idaho Operations Office Standard 



Health and Safety Requirements. The occupancy classification a s  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 1oa.d bearing sections 
such a s  column footings shall be carried to undisturbed soil. In the event 
that excavations a r e  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 a s  indicated in Figures 34,35, and 36. The floors shall 
be smoothly finished and treated to reduce dusting. 

All extorior wallo shall be 12-in. pumice block o r  equal. 

The interior walls of the furnace room shall be 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 blocks shall be a s  necessary to provide a stable 
wall section. 

The exterior entrance doors shall be steel doors with safety upper light. 
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, overheadrolldoorsprovided 
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. ~ x t e r i o r  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 bottomof these windows should be approximately 
4 ft from the I'loor. 

The roof shall be structurally supported for a minimum superimposed live 
load of 50 lb/ft2. The structural 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. 

All of the columns used for roof support shall be of f i re  - resistant 
construction. 

3.4 Electrical Services 

3.41 General. Adequate and well designed fluorescent lighting shall be 
located in all areas of the building. Illumination shall conform to the provisions 



of the Illuminating Engineers Society 1961 Standards, a s  required by the Idaho 
Operations Office Standard Health and Safety ~equirements .  An electrical 
schematic drawing i s  shown in Figure 40. 

All installations of electrical wiring and equipment shall be in accordance 
with the National Electrical Code a s  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 a r e  exceptionally long, additional outlets shall 
be provided a.t reasnnqhle intFtrva.1~. Outlets 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 o r  a standard 2-blade plug. 

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

. - 
Several 480-volt, 3-phase, ac convenience outlets for welders shalibe 

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 inveatigat.Ftrl this problem repeatedly over the past eight 
years and have developed an effective system for transmitting the required infor- 
mation over a distance 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 a s  to keep the length of non- 
shjel.rl~td 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. 



The construction contractor shall wire beyond the terminating junction 
boxes only on those systems for ,which the architect-engineer i s  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 a.nd 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 o r  control 
purposes and identifies (signal trench o r  control trench) routing and termination 
of the cable. 

Spare numbers have been left at, the erlduf tho nurnbcring stqiiewe f u r  use hy 
the architect-eugiueer in identifying cables and wires sprtr!ified by him, 

Table XI1 is a list of t he  required junction boxco, their l ~ i : i ~ . I . i ~ ~ r ~ s ,  2nd the tjrpe 
01 cables terminating in them. This table also identifies the detail drawing for each 
junction box. The junction box installation requirements a re  shown in Figure 60. 
The architect-engineer 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 XI11 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 a r e  to be specified by the 
architect-engineer. 

(2) Cable Numbering System. The number for each cable will s tar t  with the 
prefix C* or  * S)) denotilig 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 two terrnln~ting junction boxczs and the last set of 
numbers will be a numerical l ist  of all PBF and control cables. 

Example: 

Cable Number C - 101 - 1. - 12 

cable trench number 

Connects to J l O l  i.n Gon~~ecta to J1 111 
Control Building Reactor Building 

(3) Wire Numbering System. The wire numbering system will identify on 
each wire the cable of which i t  is a part. Wire numbers will run numerically 
starting with the number 1 for  each ;able. 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. 



TABLE: X I 1  

PBF JUNCTION B3X LIST 

Junction 
Box No. Location 

1 . Transient instrument room 

2 Transient instrument room 

3 Transient instrument room 

4 Transient instrument room 

5 Transient instrument room 

6 Transient instrument room 

7 Transient instrument room 

8 LOOP process control room 

9 Loop process control room 

10  Loop process control room 

11 Loop process control room 

12 Plant  process control room 

U Plant  process control room 

14 Plant  process control  room 

15 Plant  process control room 

16 Spare numbers 

17 Spare numbers 

18 Spare numbers 

19 . Spare numbers 

20 Spare numbers 

101 Tape room 

102 Tape room 

103 Tape room 

104 Tape room 

105 ' Control room 

106 Control room 

107 Control room 

( a )  STP - Shielded Tvisted P a i r  

Box Drawing 

Figure 58, panel type 1. 

Figure 58, panel type I1 

Figure 58, panel type I11 

Figure 59, panel type I V  

Not i n s t a l l e d  

Mot i n s t a l l e d  

Architect-Engineer t o  specify 

Architect-Engineer t o  specify 

Architect-Engineer t o  specify 

Figure 59, panel type I11 

Figure 58, panel type V 

Not i n s t a l l e d  

Figure 59, panel type V 

Figure 58, panel type I11 

Not j nst.aJ 1 . d  

Not i n s t a l l e d  

Not i n s t a l l e d  

Not i n s t a l l e d  

Not i n s t a l l e d  

Not i n s t a l l e d  

Figure 58, panel type I 

Figure 58, panel type 11. 

Figure 58, panel type I11 

Figure 59, panel type V I  

k'igure 59, panel type V 

Figure 59, panel type V 

Figure 58, panel type I11 

Type Cables 

Signal - coaxial 

Signal - coaxial and t r i a x i a l  

Signal - S T P ( ~ )  

Signal - STP 

Architect-Engineer t o  specify 

Control 

Signal. 

Control - 19-conductor 

Signal - STP 

Control - 19-conductor 

Signal - STP 

Signal - coaxial 

Signal - coaxial and t r i a x i a l  

Signal - STP 
. . 

Signal - STP coaxial and t r i a x i a l  

Control - 19-conductor 

Control - 19-conductor 

Signal - STP 

Examples: 

14 - 1 

Cable number i4 Specific - ;s\ Indicates shield 
wire for wires No. 
number 1 and ,2  

(4) Plant and pressurized water loop process control cabling. All cabling 
required by the plant and pressurized water loopprocess control equipment shall 
be specified by the architect-engineer. It is, however, requested that the same 
type of cables described in the previous section be used, if suitable. The number- 
ing system and general philosophy of termination described previously shall be 
used by the architect-engineer in designing the process control and signal cabling. 



CABLE! SYSTEMS SPECIFICATIONS 

Terminating  u unction Boxes 

Control Reactor Type Terminations 
Cah.l,e No. Building Euilding Type Cable To be Used 

S-101-1-1 
t h u  I ~1.1 J1 Coaxid  IEG 8 A/U See f ootnote(a) 

S-101-1-80 

s-102-2-81 
th ru  1 JlO2 J2  Coaxial RG 8 A/U coaxial(d) 

s-102-2-90 

S-104-2-91 
t t ~ r ~  1 ~ 1 0 4  3'e Coaxial M: 8 A/U ( : O R X ~  $1 I b 1 

3-104-2-100 

s-104-2-101 
thru-  J, 

s=.ao11 2 105 
I 

S-102-2-106 
t h r u  

3-102-2-110 

S-102-2-111 
thru  1 ' J102 

s-102-2-115 

S-.~.m-l04-u8 
thru  1 d1,CQ t o  5104 ' 

S-102-104-132 

S-10"-lob-133 
thru  1 JlO2 t o  5104 

S-102-104-137 

S- -140 
thru  1 

:S- . -149 

32 Triaxia l  amphenol 21-583 Tl.idjZf d( O )  52 ohm . 

53 

J3 

x3 

53 

J l l  

Jl l  

Tr iaxia l  amphenol, 21-583 
52 ohm ~ r i a x i . n ; ~ (  c )  

p i a x i d  amphenol 21-529 Triaxial(c) 
75 ohm 

Tr iaxia l  amphenol 21-529 Triaxial(c) 
75 ohm 

STP - 19 pa i r  no. 16(d) 

STP - 19 pa i r  no. 16(d) 

STP - 1.9 pe,ir no. 16(d) 

STP - 19 pa i r  no. 16(d) 

SW - 19 pa i r  no. 16(d) 

STP - 19 pa i r  no. l d d )  

STP - 19 pa i r  no. 16(d) 

coaxial 58 C/U 

Coaxial IEG 59 A/U 

Terminal s t r i p  cinch - 
Jonco aeries 140 

Terminal s t r i p  cinch - 
Jones ~ e r i e ~  140 

Te~minal  s - t r ip  cinch - 
Jonefi Gcriea 140 

Terminal s t r i p  cinch - 
Jones se r i e s  140 

Terminal s t r i p  cinch - 
Jones se r i e s  140 

Terminal s t r i p  cinch -' 

Jones se r i e s  140 

Terminal &r ip  cinch - 
Jones se r i e s  140 

J3 t o  5111. STY - 13 pa i r  no. 16 Terminal s t r i p  c nch - t Jones se r i e s  140 d )  

53 t o  J l l  STP - 19 pa i r  no. 16 Terminal s t r i p  cinch - 
Jones series. 140(d) 

.Spare signal  cable numbers - 
( continued) 



TABLE XI11 (continued) 

Terminating Junction Boxes 

Control Reactor Type Terminations 
Cable No. Building Building Type Cable . To be Used 

C-106-9-150 
thru 1 ,106 ~ 1 0  19 conductor( f Terminal s t r i p  

c-106-9-159 

Spare control  cable numbers - 
C-105-13-168 1 ,105 513 19 conductor( f ) Terminal s t r i p  
C-105-U-176 

J10 t o  J13 19 conductor( f ) Terminal s t r i p  

J ~ O  t o  ~ 1 3  19 conductorifj ' Terminal s t r i p  

Spare control  cable numbers - 

c - l o g - ~ - 2 0 0  ~ 1 0 5  Insulated ground cable 
AWG00(,) Insulated ground bus, 

( 8 )  Cables t o  be tr~miaal;cd on tc~vl iaa l  slripe a s  inrlica(;ed i l l  F igwe 50, pa l e l  -byye I; 

( b )  Cables t o  be terminated with connector W; 290 A/U ( o r  approved subs t i tu te)  mounted on . . insulat ing board (See Figure 58, panel type 11 ) .  

( c )  cables t o  be terminated with t r i a x i a l  panel jack o r  IPC connector: 53125 mounted on 
insulat ing board (See Figure 58, panel types I and 11). 

(d) Multiple pa i r  shielded (STP) - 19 individually shielded and insulated twisted pa i r .  Each. 
wire t o  be AWG 16 stranded. Insulat ion between conductors o r  conductor t o  sh ie ld  t o  be 
grea ter  than 109 ohms per thousand f e e t .  Each pa i r  t o  have drain wire. Cable t o  be over- 
all shielded and insulated f o r  d i r ec t  bur ia l .  

( e )  Cablcs t o  bc terminated a s  indicated i n  Figure 58, panel! types I and 11, with coaxia l .  ,, 

panel. j a c k s  . 
( f )  Nineteen conductor overall  shielded cable. Each conductor t o  be AWG 16' stranded with 

insula t ion  color coded and ra ted  a t  600 vo l t s .  Outer insula t ion  sui table  fo r  d i r e c t  
bur ia l .  

(g)  Ground cable t o  be AWG 00 stranded with overall  insula t ion  sui table  f o r  direc, t  bu r i a l .  

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 Sneaisl Power Renl~irernents. 

(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 a s  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 abreaker shall be included 
in the process control room (No. 7) exclusively for this purpose. This circuit 



must be switched to emergency power upon power outage (see electrical schematic 
drawing, Figure 40). 

3.44 Controlled Convenience Outlets. Individually controlled convenience 
outlets a r e  required to which the power is individually controlled by means 
of relays. several outlets of this type for obtaining 130~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 a s  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 a:rw 
iilcluded in the design, Power to t h e  hclrns 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 t h i s  contract. P ~ w e r  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 
a r e  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 o r  approved equal. 

8i.x flasl~iug red lights located in and about the reactor building a s  shown 
in Figures 41 and 42 shall also be included in the design. Wiring shall be 
run from the lights to a flasher unit. The flasher unit chnll hc mounted in the 
motor control center (W~orn No. 7). Ccmtrnl 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 a re  a s  follows: 

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

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

3.46 Scram Switches. Eight outlet boxes contaitlirig face mounted switches 
a re  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 thc outlet boxes 
and switches are a s  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 



circuit, w/o name plate, type DGA (Bulletin 8007), 
o r  approved equal. 

3.47 Radiation Monitoring Systems. Three systems for radiation monitoring 
a re  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 a i r  monitors a r e  located as  
shown in Figures 41 and 42 and are  portable radioactive a i r  monitors of com- 
mercial design similar to Nuclear Measurements Corporation, Model Am-2, 
o r  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 a i r  activity may be 
read directly, (b) provide alarm circuits which give an audible signal in the 
event of high ai r  activity, and (c) provide a remotely located recorder on the 
control center building process panel from which the a i r  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 ai r  
damper in the cold a i r  return to the furnace from the main reactor room. 
The fans and blowers in the heating and ventilating system (Figure 47) a r e  
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, a basic control and readout unit, and a remote readout station. 
The seven sensing units (chambers) a re  located a s  shown in Figures 41 and 42. 
The basic control and readout unit is  located 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 o r  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 consistingof 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 f t  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 a r c  to bc opecificd by thc 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. 



Instruction and operation. The veridvr 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 
par ts  list. 

Sensing Unit. 

Sensitivity. The sensing units shall be halogen quenched GM-tubes 
sensitive to gamina 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 
o r  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 r ise  above fi.111 scale and to 
a maximull1 of 2 x 105 r /hr  for short pcriods of time. Wien the probe is 
returned to fields within i ts  range, the calibration must still be correct. 

Ambient onvironl.r.rci~t. The seuslog units shall be,of waterproof design 
and capable of operation under ambient. conditions of 0 to 160°1?, 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 imit and the basic control unit. The conaectors 
at  the sensing units shall be spla.sh proof. The  cable^ ohall bc supplied in 
200-ft lengths. 

Alarms. There shall be a light and an audible bell at each probe, -- 
Dasic Coi'~tt:.~I Unit. 

Generali Tho baoic co11t1-01 w~il;  shall lnclude a 115-volt, 60-cycle power 
supply to operate the complete system, meters iiidicating 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-i.n. relay rack. 

Response. The system shall have a speed of response sufficient to 
provide an indication change from initin.1 dose rate to 90% 01 lhe  ncw dose rate 
within 8 sec or  less. 

Indjcating meters. The sevcn meters for indicating the dose rate at  the 
sensing chambers shall have decade logarithmic scales, which shall be designated 
from 0.1 mr/hr t.o 100 r/hr.  Thcoc 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 2 20% of the true dose rate. 



Ambient environment. The control system shall be capable of continuous 
service operation in ambient temperatures between 50 and llO°F. 

Recorder provisions. Each channel shall have an output of at least 10 mv 
which can be used a s  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 mc/hr to 100 r/hr.  These meters shall provide readings 
within 2 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 o r  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 commercialpower. 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 a re  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, @) 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 a s  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 a re  as  follows: 



(1) Central Station Terminal Box: Square "Dn 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, o r  approved 
equal. , . 

(3) Intercom Cable: Intercom cable, B e 1 d o  n No. 
8768, 6 individual shield and 
insulated pairs. 

3.5 --..- Plant .. Process Instruinentation 

Since remote operation of the nuciear reactor from the central control area 
is essential, it i s  required that the pl.a.nt inst,r~unentation be designed to permit 
operation of certain plant equipment arid control of certain process parameters 
from the PBF control building. The instrumentation designed by the architect- 
engineer shall prqvide for the remote control of process parameters and the 
remote operation of plant equipment a s  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 Lo record o r  indicate both parameters 
at  the control center. The recording o r  indicating of other information which 
i s  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 nperetion ga pool 
cleanup be accomplished at the same time that reactor operation is  in progress; 
therefore, control of the equipment associated with thcse 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 thnt 
the quality of the water in the pool and 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 PI-I and co~lductivity calls in all three places and a three-point 
selector switch. 

' 

The method of control of the hkat exchanger exit water temperature shown 
in Figure 43 is schematic only. It is  recommended that the architect-engineer 
investigate 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 



instruments a re  in proper calibration and in operating condition 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 that acess for 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 design prepared by the architect- 
engineer shall provide for the following operating requirements: 

(1) Service requirements 

Capacity - 15 ton 

Span - Approximately 36 ft 
. , 

Hook lift - 35 f t  (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 a s  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 fireprotection system, domestic and sanitary 
uses, a i r  conditioner cooling, a i r  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. 



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 a r e  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 a s  needed from a pump.header. Regeneration 
waste from the demineralizer flows directly to the corrosive waste leaching pond. 

Raw water from the Spert f ire protection system i s  available at a f ire 
hydrant and hose house outside the reactor building. Hose stations a r e  located 
inside the building. 

3.64 Makeup Demineralizer (Figure 45). Demineralized water with' a 
specific conductivity ~f less than two minrnmhns i s  produced by flowing raw 
water down through two 3-ft-diameter , plastic lined,. 100-~si~-design,  mixed 
bed demineralizers. The system is designed for either continuous (alternating 
regeneration) o r  parallel operation o r  for cantinuous operation by alternating 
regeneration of the units. Each 50-gpm unit will run approxirnatel.y 5 hr  (15,000 
gal) o r  longer per regeneration and require 4 h r  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 i s  maintained at  60°F by two temperature controlled 3-kw 
electric heaters.   he tank is  equipped with an overflow, a water level indicator, 
and high- and low-level alarms. The demineralized water service pu.mp (75 gpm, 
230 f t  TBH, 5 hp) supplies demineralized water a t  100 psig to the stainless steel 
plant demineralized water system. 

Concent.rated sulphuric acid for rogcncration is supplied f r o n ~  an existil~g 
500-gal portable carbon steel tank which is filled from the MTR acid supply. The 
acid i s  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 a re  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 Svstem. 

(1) Primary Loop. The reactor primary system provides the necessary 
facilities to remove the energy generated during the power burst a s  well a@ 
pravidiiig flow velocities through the core sufficient to prevent excessive boiling 
after a maximum power burst. The flow diagram for the reactor primary system 
is shown in Figure 43. Primary cooling system operating conditions a r e  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 
 rian nu ally operated flow control valves to a heat exchanger. The positions of the 
control valves a r e  set prior to start-up. Since only steady flow conditions a r e  
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 



. . TABLE X I V  . . 

PRIMARY COOLING SYSTEM OPERATING CONDITIONS 

Maximum bu r s t  energy 3000 Mw-sec 

Heat cycle f o r  temperature s t a b i l i z a t i o n  1 h r  
a f t e r  maximum energy bu r s t  

Reactor coolant s t a b i l i z a t i o n  temperature 86 O F  

Reac.tor i n l e t  temperature 

Reactor e x i t  temperature 

Measurable reac to r  flow r a t e  500 t o  15,003 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  
86OF 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 
Mw-sec (2.8 x l o6  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 a r e  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 



Stainless Steel in Nuclear Reactor Systems". Allpipingradiography 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 
~ t u / h r .  A maximum of 500 gpm raw water is to be used for the secondary cooling 
water. However, other methods of cooling a re  to be studied by the architect- 
engineer in ordcr to determine the most economical design. This study should 
include the possibility of designipgone system to take c a r e  nf hnth the  reactor and 
the pressurized water loop cooling requirements. All metalparts of the primary 
heat exchanger in contact with the primary water are stainless steel. 

(4) Primary Pumps. The three primary pumps a r e  single-stage, 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 i s  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 a re  used for filling the reactor and 
canal. The 1-1/2-in. drain lines ark routed from the react& and.cana1 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 i s  estimated at 7 gpm. The 
purge water is removed through scum drains. Four drains, o n e  in each quadrant, 
a r e  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 Steam Plant (Figure 46). One 2000-lb/hr heating boiler i s  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 oil. l 3 e m i n e r a . i  water is  supplied 
for makeup. A potable water line for makeup is also provided for emergencies. 

Auxiliary equipment includes a 100-gal condensate tank a11d 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 a re  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 



the building. This storage volume is sufficient to f ire the boiler a t  a maximum 
rate for approximately 30 days. Oil is trucked to the storage tank. 

3.68 Heating and Ventilating System (Figure 47). The heating andventilating 
system is designed to provide 100%freshair at 50°F to the reactor building when 
needed, eg, during experimental runs. A damper, capable of being remotely 
controlled from the control room, can be opened during other times to provide for 
recirculation of part of the reactor room air. All fresh a i r  passes through 
flow sensitive louvers and a filter, then over a finned preheat coil into a supply 
plenum. The ai r  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-lb 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 a i r  changes per hour to the reactor 
room which is maintained at  70°F. This a i r  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 a i r  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 a i r  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 a r e  routed 
to each room. Manual dampers a r e  provided on each branch duct. Air flows 
from the wing rooms into the reactor room. This a i r  is then routed to the process 
equipment room, experimental cubicles, and sub-pile roomfor exhausting through 
the waste gas system. 

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

A 7-1/2-hp refrigerated a i r  conditioner is' provided in the loop instru- 
mentation room. 

3.69 Plant and Instrument Air System (Figure 48). One 60-scfm, single- 
stage,3 oil-less, reciprocating a i r  compressor delivers a i r  at 150 psig to a 
350-ft receiver. The one-inch plant a i r  header is supplied directly from the 
receiver through a motor valve which automatically closes if the receiver 
pressure drops to 100 psig. An adequate a i r  supply is  thus preserved in the 
receiver at  all times to operate instruments and motor valves. Plant a i r ,  on 
leaving the receives, i s  reduced to 100 psig by means of a pressure-controlled 
motor valve. The.instrument a i r  is dried by a dual-tower, electrically regenerated 
dryer. The instrument air, after leaving the dryers, i s  reduced to 50 psig by 
means of a pressure-controlled motor valve and routed via a one-inch a i r  
header throughout the building. Instrument a i r  is  further reduced to 20 psig 
by small locally mounted reducing valves. 



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 sepa.rat.e corrosion-re- 
sistant line. 

Spent cooling water from the a i r  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 o r  the 
hot waste tank. 

The reactor and canal main and scum drains and the building floor d r a i n s  
all flow by gravity to the warm sump. The experimental loops can also be drained 
to the warm sump. All water entering thewarm sump passes through a s t r a i n e r .  
H 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 f t  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 f a r  mixing and samplfnng 
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 a i r  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 roughhg filter and a high-efficiency filter (minimi~m 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 vent line 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. he designed so that the high activity 
collected on the filters does not create a personnel radiation exposure p r o b l e ~  
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 a re  recorded in 
the process control room. A manual start-stop switchfor the blower is locntrrl in 
the reactor control room. 

In the event of a.i.r activity in the reactor room and basement, the reactor 
room heating and ventilating fan and the reactor room roof exhaust fans a r e  
automatically shut down hy the constant a i r  monitors. Thcnall nir.fTows froni 
the work spaces into the reactor room, from there to the process equipment 
room, experimental cubicles and the sub-pile room, and.then throl,~,gh the waste 
gas system, provided that the remotely controlled damper for recirculation of 
reactor room air has been closed. 



3.72 Solid Waste Disposal. The .existing NRTS burial ground is adequate 
for the small amount of solid waste expected from this facility. Handling equip- 
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 o r  selectively and can transfer a call from 
one working area to 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 a re  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 f ire station a s  well a s  
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 step down transformer (13.8-k~- 
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 isplation transformer (13.8-kv, 120/240-v, 1-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 f t  deep (Figure 51) with a 2:l elliptical bottom head. The vessel 
has a minim& shell and head thickness of 1/2 in. The reactor vessel is  



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 f t  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 o r  canal to be drained o r  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 ~iozzle has. an 8.075-in. ID with 150-lb ASA flanges and a I-in* drain. The 
side nozzles a r e  also for loop penetrations a.nd are 10-in. standard pipe with 150- 
lb flanges. The loop nozzles a re  blind flanged. All final vessel penetration 
specifications will be supplied t~ the architect-engineer hy Phillips Petsolc~un 
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 a r e  located and installed to satisfy the 
requirements shown in Figure 43. The 3-in. reactor vessel bottom drain 
and the bottom loop nozzle drain a r e  provided with remotely operated valves 
controlled from the Reactor Building Proce,ss Control Panel. 

The top of the core support ri.ng 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 o r  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 c a r r y  the load of the v e ~ ~ e l  
filled with water, plus the 70,000-lb core load. 

The reactor vessel, core and vessel rings, all nozzles, and other equipment 
exposed to the demineralized water a r e  constructed of 304, 321, o r  347 stainless 
steel. All shell and head seams a r e  double butt welded. All welds, including 
support ring and nozzle welds, a r e  to be radiographed wherever possible. Welds 
which cannot be radiographed a re  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). 

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 
U02 core. The lower grid, as  well a s  the flow skirt, is supported by an I-beam 
bridge which i s  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. 



The flow skirt i s  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 a re  moved. The guides a r e  attached to the lower 
and upper grids. Since the guide tubes extend above the upper grid, the upper 
ends of the guide tubes a r e  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 a r e  stiffened blades having a cross section as  shown in 
Figure 52. Hafnium is used a s  the control material. The three'control rods 
a r e  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 a r e  essentially inverted control rods with the 
stainless steel portion above the poison section. Inorder to obtain a reproducible 
burst, the transient rods a r e  yoked together and a re  driven by a single 
drive unit. The transient rods operate in a i r  in order to reduce drag forces 
during scram. 

4.5 Safety Rods 

There a r e  six safety rod sets in addition to the control rods. These rods 
a r e  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 ofvariable-speed 
motor-driven inverted worm screws for positioning a standard magnetic 
latch. Shock absorbers are  used on each rod drive to decelerate the rotis 
at the end of their free travel. A full complement of indicators i s  used to 
indicate rod position, magnet contact, upper and lower limit, etc,for each 
rod. The control motors a r e  controlled such that any combination of rods 
may be moved simultaneously o r  singly. 

Cnnt.ro1 rod drive characteristics a r e  a s  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 



5. Mounting - control bridge 

6. Shock absorber - integral . 

The transient rod drive has an unbalanced pneumatic piston drive with 
lead screw positioning. Ejection i s  effected by rapidly' discharging the, a i r  
on the bottom side of the piston and using the energy of the compressed a i r  on 
the top side of the piston for acceleration. One drive is used to actuate all 
transielit rods. The shock absorber for deceleration is an integral part of 
the drive system. Approximately one foot of "pre-runn 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 i s  used to indicate rod position, 
piston contact, upper and lower limit, etc, for the rods. 

Transient rod drive characteristics a r e  a s  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 - i~itegral 

4.7 Fuel 

Fuel for the PBF consists of 3/4-in.-OD x 36-in.-long fuel pins a s  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 a re  
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. 

~ L e l  end clearance - 0.500 in. 

Insulation .material - Zr02 (sprayed o r  sintered) 

Insulation thickness - 0.062 in. 

Fuel - sintered enriched U02 pellets 

Enrichment - 3% 



4.8 Stainless Steel Reflector Pins 

Stainless steel pins, having the same external dimensions a s  the fuel 
pins, a r e  used to surround the active core and act a s  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 a re  plugged 
to prevent coolant flow through this portion of the grid. 

4.9 Canal 

The 8- x 16- x 20-ft-deep canal i s  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 allow the 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 lb/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 8411.-diameter through hole in the center of the reactor core is  designed 
to accommodate a wide variety of experiments ranging from single fuel plates 
o r  pins to complete fuel subassemblies. The environmental conditions for 
these experiments can be varied to include any desired pressure, temperature, 
flow rate, o r  type of coolant, independent of the reactor core conditions. 

Two types of experiments a re  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 C a ~ s u l e  

Among the first  experiments planned for the PBF a re  the pressurized 
water capsule type. The cross section of a typical pressurized water capsule 
i s  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 a s  a 
thermal insulator so that excessive thermal stresses a r e  not developed in the 
pressure container when the contents of the capsule a r e  at elevated temperatures. 
'I'he gas in the annulus is pressurized to insure that water does not leak into 
the annulus. 

The pressure container i s  designed to withstand operating pressures 
of 2500 psi at 650°F o r  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 a re  made at the top of the capsule so that the capsule can be 
both inserted and removed from the top of the core. 



Transparent windows a re  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 a6 an 
integral part of the PRF.  Two shielded cubicles a re  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 
a s  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 laop, and the tota.1 cnat nf 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 this purpose, periscopes which penetrate 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 rcmoving 
the regular fuel pins along the ra.dius on which the peri~oope is to be located. 
Partial length fuel pins a re  then inserted above and helaw the desired location 
of the periscope. 

The provision for placing periscopes at 6'0' 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. PRFSSURI!ZED WATER LOOP 

6.1 General Description 

The PBF pressurized water loop is  afacilityfor 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 tuhs i s  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-puritywaterthrougha test fuel assembly with'up to 60 psi 
pressure drop across the assembly. 



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 a r e  included for cleaning the system 
following fission-product release resulting from the testing of such an element. 
However, because of the infrequency o'f 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 a r e  
to be removed from the in-pile tube, the in-pile tube will be transferred from the 
reactor to the canal throughthe 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 a r e  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 o r  instrumentation, or  for decontamination, the in-pile 
tube will be removed from the reactor. During such periods, the reactor can be 
used 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 t i h e  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 PBk' 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 pipingicode. 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 Weldingof 
Austenitic Stainless Steel in Nuclear Reactor Systemsn. 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 on the weldingof the process equipment and piping shall 
be qualified in accordance with Phillips Petroleum Co. Specification PPCS-245, 
entitled "Welders Gualification Procedure for Austenitic: Stainless Steel.". The 
required number of copies of the above Phillips Petroleum Co. specifications 
will be furnished 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 arid flushed in 
order to remove any foreign material. 

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

TABLE XV 

PRFISSTTRL7aRll WATER LOOP DESIGN PARAMETERS ' 

Uesign pressure 2500 psig 

Design temperature 6 7 0 ' ~  

In -p i l e  tube d i f f e r e n t i a l  pressure at  1090 gpm 80 psi(")  

Maximum burs t  energy released i n  t he  experiment 50 Mw-sec 

(a) This f igure  w i l l  be ve r i f i ed  when the  design of the  i n -p i l e  tube i s  
f ina l ized .  

The process equipment shall be sized by the architect-engineer according to 
good engineering practices. The piping and equipment sizes indicated in Figure 55 
a r e  presented only to show the basis of this conceptual design. In all cases where 
Ieasible, 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 
par ts  stores. 

All equipment surfaces in contact with the process coolant shall be made of 
type 321 o r  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 o r  347 stainless steel. 



6.33 Equipment Arrangement. The primary loop equipment and piping, the 
pressurizer, and the cleanup equipment a re  located within the basement cubicle. - - -  
LOW pressure equipment that is  not to contain radioactive coolant shall be located 
outside the shielded cubicle. Equipment arrangement must be such that any major 
component can be installed o r  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 s t ress  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 a re  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 a s  leak-tight a s  possible. Therefore the use of f1ang.s 
should be reserved only for those pieces of equipment which must be removed 
from the loop frequently. No leakage at  design 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 
o r  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 a s  start-up, shut- 
down, cleanup, and decontamination is not necessary, since these operations will 
be conducted at the reactor building. 

Those instrument transmitters which a re  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 res t  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. 



The architect-engineer shall inclu'de in his instrument specifications a 
thorough instrument check-out procedure to be followed in order to insure that 
all instruments a r e  in proper calibration and in operating condition.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 deconta.minatjon. 

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

All fl.rca.s where lnnp prnness coolant is containcad shall be oxhauotod 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 shall be 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 operate 
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 equipmsnt 

(4) Five copies of recommended spare parts lists andmaintenance 
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 
loop 

, (7) Five copies of all specifications 

6.4 In-pile 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 



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 the top. 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 during the detailed design of the reactor 
vessel interaals. 

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 i s  controllable from 100 to 
1000 gpm by a flow control valve positioned by a hand controller. Primary flow 
is monitored using a flow tube. The flow transmitter is  temperature compensated. 

6.52 Temperature Control. The coolant temperature is automatically con- 
trolled from 150 to 600°F by varying the primary coolant flow through the primary 
heat exchanger. Electric line heaters a r e  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 
sllock. A "U" tube o r  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 a r e  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 o r  internally 



mounted electric heaters. The heaters a re  sized to 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 a r e  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 densitychanges. The level wi.1.l. be control.lsd 
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 a s  low 
a s  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 o r  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 i s  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 a s  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 
o r  to charge decontamination solutions into the loop. This pump is sized to 
completely fill the loop in 15 min. 

Check valves a r e  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- 



exchange columns, and a sample bomb. All of the& 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 a r e  drained to the 
chemical waste leaching pond. Contaminated demineralizer regeneration liquids 
a r e  drained to the warm drain o r  hot waste tank. Highly radioactive resins a re  
flushed from the ion exchange columns to a shielded cask for disposal. This cask 
is  considered a s  part of the design. 

The sample bomb is to be sized to contain a one-pint sample. The sampling 
equipment i s  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 flughing 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 cooled in a heat exchanger 
supplied with cooling water from an atmospheric cooling tower. Water for the 
cooling tower system i s  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 in the section describing the 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, 
o r  to the shielded cask. 

6.58 Crossover System. Two removable spool pieces a re  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 



monitor will pass through 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. 



VII. DIVISION O F  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. 

T r n  XVI 

D I V I S I O N  OF DESIGN F E S P O N S I B I L I T Y  FOR PEF 

~ivision Design Procurement Installation Meeting Point 

Bablc buildings Architect-Engineer Architect-Engineer Architect-Engineer None 

Proccoo cquipmcnt Architect-Enginccr Architcct-Enginccr Architcct-Enginccr Nonc 

Services (except high Architect-Engineer Architect-Engineer Architect-Engineer None pressure air) 

High Pressure air system Phillips Petroleum Co. Architect-Engineer Architect-Engineer Bridges 

Rcactor vessel Architect-Engineer Architect-Engineer Architect-Engineer 'Ore structure Integral 
wlth vessel 

Reactor fuel, control rods, and transient rods Phillips Petroleum Co. Phillips Petroleum Co. Phillips Petroleum Co. None 

Core structure Phillips Petroleum CO.  hilli ips Petroleum CO.  hilli ips Petroleum CO. 'Ore otructurc meet 
mounts integral vlth vessel 

Control bridge Phillips Petroleum Co. Phillips Petroleum Co. Phillips Petroleum Co. Floor-mounted rails for bridge 

and transient rod Phillips Petroleum CO. Phillips Petroleum CO. Phillips Petroleum CO. kone drive units 

Reactor circuitry Phillips Petroleum Co. Phillips Petroleum Co. Phillips Petroleum Co. Junction boxes in control mom and console 

Signal and control cables Phillips Petroleum Co. Architect-Engineer Architect-Engineer ~ ~ ~ ~ ~ a b ~ ~ ~ ~ ~ ~ e ~ ~ a ~ , " ~ ~ ;  'On- 

Transient instrumentation 
(includi data-recording Phillips petroleum Co. Phillips Petroleum Co. Phillips Petroleum Co. : ~ ~ ~ ~ ~ n ~ ~ ~ m : n  
n r l l l ~ , p m P n ~  

Intercomunlcation system Architect-Engineer Architect-Engineer Architect-Engineer None 

In-pile tube Phillips Petroleum Co. Phillips Petroleum CO. Phillips Petroleum CO. "let and 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 
i s  sufficiently accurate for purposes of the conceptual design of such systems. 
The few-group constants for the diffusion calculations were obtained using 

. . 

exioting oomputor progrnmo.' Void, Ccmpcrntu~c, and Dopp1,er effeeh as  well 
a s  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 [a l l  program. For the core region, the assumption was made 
that the spatially independent average thermal spectrum seen by the core 
was the Wiper-Wilkins spectrum calculated by homogenizing the atom densities 
throughout the core volume. The cross sections C a, Ct, and C s ,  for each of 
the regions of U02 fuel, ZrO2 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, Pg spherical harmonics program 1411 
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, C a andCf, 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 witin the 650 SOFOCATE progra.m by homogenizing 
the atom densities and performing the standard Wigner-Wilkins spectrum 
calculation. The procedure for pure metal regions, such, a s  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 [391, was used to obtain the fast group constants. 
This code was written specifically for lumped, low enrichment fuels similar 
to the type under consideration' for the PBF reactor. One important feature 
of this code is that the temperature to be used in computing the Doppler broaden- 
ing of the U-238 absorption resonances is specified as  an input. Therefore, 



the fast constants which result have been adjusted for the resonance absorption 
in the U-238 as well a s  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 regionsof the core. The magnitude 
of the fictitious. cross-section is a/v, where a 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 fictitiqus 
absorption present in all reactor regions. 

The change in eigenvalue produced by the addition of an a /v  absorption 
cross-section to all regions of the reactor can be used to evaluate this prompt 
neutron lifetime in the reactor [421. If one defines the reactivity (p )  by 

A - A  
0 

p  E A A (1) 
0 

where h is  the eigenvalue obtained with addition of the a/v cross-section, and 
A. is the eigenvalue obtained without the added a/v cross-section, then the 
prompt-neutron lifetime (A) can be obtained from 

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 [251 and the MARTY critical experiment [361. 
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, 
U02 cores employing cylindrical fuel rods. The specific studies which were 
done included criticality, prompt-neutron lifetime, and Doppler coefficient 
of reactivity calculations. Agreetaenl with experimentally determined values 



was good in each case, thereby supporting the validity of the calculational 
methods used in the PBF conceptual design. . ' 

T A r n  XVII 

SPERT I OXIDE CORF: ROD PARAMETERS [25] 

Total length of rod 

Active length 

Outside diameter of rod 

Cladding thickness (stainless steel) 

Fuel 

Fuel enrichment 

Effective U02 dens l  ly-  

M ~ E E  U02 per fuel rod 

center-center fuel pin spacing 

Metal-to-water ratio 

71.5 in; 
66.9 in. 
0.5 in. 
0.028 in. 

Cuipressed U02 powder 

4.02 w t %  U-235 

3.45 g/cc 

1600 g 

0.663 in. 
o .81 

2.2 Calculational Methods 

Insofar as possible, the same calculational methods were applied a s  those 
used for the PBF; ie, the fast and thermal reactor constants in grou diffusion P equations were obtained from the GAM-1 [3yl and SOFOCATE 311 codes, 
respectively. In the diffusion-theory calculations the core was treated a s  
being homogeneous once the flux-weighted thermal constants were obtained, 
as elssc~ibcd in Eootion X,  1, Thermal constants for the contml mrl hlades 
(aluminum-boron alloy) of the SPERT Oxide Core were obtained by-using 
blackness theory, while the fast constants were obtained by adding a l /v  
absorber to the absorption cross  section of pure aluminum a s  follows: 

where 

= average speed of neutrons in group i,, and 

N(B-10) = atom density of boron-10 in control rod blades. 

oath (B- 10) = thermal microscopic absorption cross seclioli of boron- 10, taken 
to be 4010 barns at 2200 m/sec. 

2.3 Criticality Studies 

It was determined from the MARTY Critical Experiments '361 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. 



A four-grou , one-dimensional, criticality calculation was made for this using B MDMM-1 [ 3 9  441. The core radius used in the problem was 19.19 cm. With 
an axial buckling of 0.0003 cm-? corresponding to the 66.9 in. core height, 
the resulting eigenvalue was 1.021. 

In criticality experiments with the operational, unconstrained SPERT I 
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 [451 and MDMM-1 1441. Specifically, 
the procedure was a s  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 [461 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 calcalations for this 
type of core, an eighteen group AIM-6 [471 problem was also run for the MARTY 
Core. The resulting eigenvalue of 1.0 193 indicated that insofar a s  criticality 
is  concerned, four-group calculations a r e  adequate for the PBF. 

2.4 Prompt-Neutron Lifetime Study 

Using PDQ-4 [451, 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/(;~)~ absorption 
cross section was added to each region of the problem, where: 

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

- 1 1000 = the inverse asymptotic reactor period in sec . 
Addition of the poison resulted in a reactivity change of 0.02633, where the 
reactivity (p), i s  defined as inSectionX, 1. The resultant prompt neutron lifetime 
was 26.3 Ilsec. From step-transient tests on the unconstrained Spert I Oxide 
Core [241, an experimental value of A/B effwas determined to be 3.61 + 0.05 msec. 
The value of Peff 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 be 2.2 x ~ o - ~ / " c  [241. 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 Peff = 0.0080. If one also assumes, a s  a first approximation, that 



the energy i s  uniformly distributed throighout the U02 in the "rods outn section 
of the core, then the resultingtemperature r ise  is  calculated to be approximately 
600°C. Therefore, an average Doppler coefficient 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 outn region of the base problem 
resulted in a Akeff of -0.0137, giving a calculated value of -2.19 x 10-5 ~ k / k  
per  degree' centigrade for the average Doppler coefficient of reactivity. 

r' 
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FIG. 42 ELECTRICAL OUTLETS. COMMUNICATIONS, AND WARNING SYSTEM. 
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FIG.  46 PLANT STEAM SYSTEM FLOW DIAGRAM. 
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F IG.  53 CONCEPTUAL FUEL PIN. 



FIG. 54 TYPlCAL P F E S S U R I Z E D  WATER EXPERIMENT 



FIG. 55 PRESSURIZED WATER LOOP PROCESS FLOW DIAGRAM. 
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