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ABSTRACT

This document presents a detailed discusgsion of the
reactor including the mechanical and nuclear design char-
acteristics, Also presented are the complete results of
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are given for such parameters as control element integral
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relative to the core, Subcritical reactivity measurements
made during the approach to critical generally proved to
be in reasonably good agreement with design values due to
the good source-fuel-detector geometry possible with a
reactor of thig type. Subsequent dynamic measurements
for reactivity worths are shown to be in good agreement
with calculated results,
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RESULTS OF THE INITIAL TEST PROGRAM FOR THE
SANDIA PULSED REACTOR, I1I {SPR IIT)

CHAPTER I

INTRODUCTION AND GENERAL DESCRIPTION OF THE SPR IiI

. Introduction

The Sandia Pulsed Reactor III (SPR III) is the third generation of fast pulse~type reactors

deaigned, constructed, and operated by Sandia Laboratories,

This document summarizes the program for the initial loading to critical experiment and
other zero- and low-power tests conducted with the reactor to establish basie nuclear properties
and parameters, The experimental values obtained are compared to the design (calculated) values
uged in the Sandia Pulsed Reactor III (SPR III) Final Safety Analysis Report, W -

The predecessor reactor, SPR II, has been in operation gince 1967 and is used primarily for
fuel-material studies and evaluation of radiation effects on materials, The SPR I in-core (central)
experiment volume is limited in dimenaion and geometry, and the performance characteristics of
the reactor are limited because of physical restrictions imposed by fuel integrity, control element
drive systems, and core support structure, The SPR III core is degigned tc reduce or eliminate

these problems,

General Reactor Description

The (original) core design of the SPR III provided for 18 cylindrical stacked fuel rings
divided into two integral parts at the horizontal midplane, The operational core configuration
congists of 16 fuel rings (see Chapter II}), The upper nine plates are held stationary and the lower
nine plates are mounted on a movable support which allows movement over a range of 8,89 cm,
Each agsembly of nine plates is mechanically fastened by four 2,54-cm-diameter steel bolts
which clamp the plateé between two nonfissile material support rings, Fuel plates are fabricated
of 93 percent enriched U-235 alloyed with 10 weight percent molybdenum (U-10 wt % Mo). This
is the same fuel material as used in the SPR 0O core fuel plates, A cutaway view of the SPR Il

coré and some support structures is shown in Figure 1.
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Figure 1. The Sandia Pulsed Reactor IIlI (SPR IIl}: Cutaway View

Below the core is an aluminum support structure housing variocus control-element drive
mechanisms, burst-element drive mechanism, the safety-block drive mechanism, and position
monitors. Thig structure is mounted on a hydraulic elevator that can be lowered into a concrete

pit to provide shielding of persomnel when the reactor is not in operation.

Core Design Bases

This section primarily discusses the criteria for the core nuclear design and the reactivity
control system. Other features and respective criteria are discussed briefly but only to the extent

that these systems relate to the above items. The reactor design bases are summarized as follows:
1. Large fluence (> 1014 nvt) of high energy neutrons, that is, greater than 10 keV,
2. High yield pulse with minimal duration.
3. Modified pulse techniques {delayed-tail).
4. Steady—stat;e power capabilities,
5, Large central experiment cavity.
6. Negative temperature coefficient of reactivity.

7. High degree of inherent safety.



The extent to which the SPR 1il design can satisfy these bases is predicated on the following

parameters:
1. State-of-the-art fuel alloy materials.
2. Fuel material time-at-temperature.
3. Fuel material expangion shutdown coefficient.
4, State-of-the-art core configuration.

5. Experiment capabilities.
The following sumimary of these items is discussed by Reuscher in Reference 1,

State-of-the-Art Fuel Alloy System -- On the basis of fuel alloy studies and the experience

with the SPR II, the fuel used in the SPR III is uranium, 93 percent enriched in U~235 and alloyed
with U-10 wt % Mo, The major advantages of this material for fast-pulse reactor application are

as follows:

1. Its static yield strength is greater than that of mosgt uranium alloys
(9.3 x 10° Pa at 20°C to 2.3 x 10° Pa at 700°C).

2. It is gamma-phase gtabilized at room temperature,
3. It is not gubject to ratcheting during thermal cyecling.
4., It exhibits an isotropic thermal expansion coefficient.

5. It is not subject to gross segregation of alloy constituents.

The microsegregation of molybdenum which occurs during casting of the alloy is eliminated
by a homogenization treatment, In addition, the susceptibility of U-10 wt % Mo to stress corrosion
cracking is countered by aluminum ion plating of the fuel and operation ii a nitrogen gas en-

vironment.

Fuel Time-at-Temperature Limit -- The basic limit for all types of SPR III operations can

be expressed as a temperature and a time-at-temperature limit, which is imposed by the need
to retain the gamma-phase structure of U-10 wt % Mo, The gamma phase is subject to total
transformation to the alpha phase with a minimum isothermal transformation time of about 9 -
hours at 4500C. Furthermore, the maximum operating fuel temperature is always kept signif-

icantly below the melt temperature of U~10 wt % Mo (1130°C).

Fuel Expansion Shutdown Coefficient -- The inherent pulse-~termination protection for the

SPR III is the fuel expansion gshutdown which is determined by a negative temperature coefficient

of reactivity. Measurements on the SPR II(Z) have shown that during pulse operation the shutdown

coefficient is about -$0, 0005/°C at the pulse peak over a temperature range from 50° to 400°¢;

13
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during steady-state operation the shutdown coefficient is ~$0. DOB/OC. The SPR 1II, with its

similarity in configuration, should exhibit similar values for these shutdown coefficients.

State-of-the-Art Core Configuration Design ~- The design experience gained during more

than 5000 operations with the SPR II was utilized in the design of the SPR III. The SPR 11 design

features that caused operational difficulties have been either eliminated or improved in the SPR IIi.

The absence of belt holes and control rod holes in the SPR III fuel plates eliminates stress
concentrations. The plates are held togéther with four external bolts, and external reflectors
provide reactor control. The plates are aluminum-ion-plated, since this plating has proved
usgeful in preventing fuel oxida:tion and in reducing alpha contamination of the reactor building.
Limited contact between adjacent plates also is employed to reduce axial stress-wave propagation
in the fuel assembly. Improvements in fuel-fabrication techniques, resulting from experience

with the SPR II, have been incorporated into the fabrication of the SPR III fuel plates.

Experiment Capabilities -- Experiment capabilities of the reactor must accommodate two

distinct types of programs, First, thoge experiments conducted either by or on the reactor to
investigate properties and parameters of the reactor, Second, and the more important of the two,
are those features of the reactor which allow experiments to be performed with the reactor where-
in the reactor is utilized, for example, as a high energy neutron source, In this regard, the main
performance criterion is to provide in the central irradiation cavity, which ig 17,78 cm in diam=
eter by 40, 64 em in height, a neutron fluence of 6 x 1014

width of about 60 s,

nvt {> 10 keV) per pulse with a pulse

Calculated Nuclear Performance Characieristics

This section summarizes (Table I) the nuclear performance characteristics as calculated

to satisfy the foregoing criteria.

TABLE 1

SPR III Operational Design Characteristics

Maximum AT 4500C

Pulse width at 1/2 max power 54 us

Peak-to-average AT 1.8

Neutron fluence at center 6 x 101‘l nvt

of cavity

Gamma dose 1.4 x 105 rads (H2O)
Peak Neutron flux 1.1 x 1019 nt/cmz-sec
Peak Gamma dose rate 2.5x 10g rads (H20)/sec



Pulse width characteristics of the SPR III as a function of maximum fuel temperature rise
are shown in Figure 2. Algo shown on this figure for comparison purposes is the plot for SPR II

of the same.parameters.
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Figure 2. Pulse Characteristics of the SPR III Compared with Those of the SPR II
Mechanical Design

This section discusses the design of the fuel plates, characteristics of the fuel material

important to the mechanical integrity and nuclear behavior, and the reactivity control systems.
Fuel Plates

Design Bases -- The main design requirement is to assure that the fuel plates will retain
their mechanical integrity throughout the expected range of operating (design) conditions. A
second, and equally as important, requirement is for the fuel material to be of such composition

and geometry to assure that a reactivity feedback coefficient exists which will act in a self-limiting
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manner to nuclear output, These design requirements are satisfied by the following characteristics

and properties of the fuel plates:

1. A prompt negative temperature coefficient, sufficient to inherently

terminate super-prompt critical pulses.

2, Metallurgical properties of the fue} that would insure integrity of -
the material during high temperatures and especially during fast
temperature transients experienced in pulsing; in particular,

(a) high static and dynamic yield strengths, (b) ability to with-

gtand thermal cycling, and (c} isotropic linear expansion.

3. A core configuration designed to minimize stresses and thermo-

mechanical shock during super-prompt critical pulses.

4. A core configuration degigned to be fail-safe for "off-design"

operational transients.

Description of Fuel Plates -- The fuel material is uranium enriched to 93 percent with

U-235 and alloyed to U-10 wt % Mo, This fuel material is selected becaU.sre:

1. Its yield strength is considerably greater than that of most uranium

alloys.
2. It is gamma phase stabilized at room temperature.
3. Tt is not subject to dimensional changes during thermal cyecling.
4. It exhibits an isctropic coefficient of linear expansion.
5. Tt is not subject to gross segregation.

6. It is within the scope of an existing fuel fabrication technology.

The phase diagram for uranium-molybdenum alloys is shown in Figure 3. Pure uranium
exists in three forms: alpha, beta, and gamma, each with a unique lattice structure and stability
regime. Alpha phase uranium exists at temperatures up to about 6650(3(3) in orthorhombic
crystalline form. Beta phase uranium exists in the temperature range of 665° to 7700C in
tetragonal ¢rystalline form, Gamma phase uranium exists in the temperature range of 770° to
11300C (melting point) in body-centered cubic crystalline form. Alloying uranium with molybdenum,
using proper heat treatment technique, maintains the gamma phase throughout the entire tem-
perature range, thereby eliminating the anisotropic expansion characteristic of the alpha phase.
Therefore, under thermal cycling, the U-10 wi % Mo alloy is gamma stabilized and has the di-
mensional stability characteristic of the body-centered cubic crystal, Further, U-10 wt % Mo

(4, 5)

has a higher strength and a lower modulus of elasticity than unalloyed uranium. A time-

(6)

temperature-transformation (TTT) curve for uranium-molybdenum alloys is shown in Figure 4,

Minimum time to start of phase transformation is about 9 hours at a temperature of 450°C. The

(7) (8, 9)

transformation rate is sluggish, requiring about 200 hours at 470° for completion, Studies



have shown that transformation may indeed be annealed -out by radiation, that is, alpha transformed
material reverts to the gamma phage, Other properties of the U-10 wt % Mo alloy important to

the design are shown in Figures 5, 6, and 7, The one undesirable characteristic of U-10 wt % Mo
ia the tendency for stress corrosion, thus the decrease in tensile strength, Stress corrosion is
esgentially eliminated by aluminum-ion-plating the fuel plates and using a nitrogen gas to produce

an inert atmosphere around the reactor, particularly if high fuel material temperature is expected,
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Figure 3, Uranium-Molybdenum Alloy Phase Diagram
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Figure 5, Yield and Ultimate Strength for As-Cast U-10 wt % Mo
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Figure 6, Modulus of Elasticity for U~10 wt % Mo
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Figure 7. Thermal Expansion for U-10 wt % Mo

Fuel Agssembly ~- The SPR III fuel plates are assembled to form a right circular cylinder.
The total core consists of 18 plates {16 fuel rings and 2 steel rings, see Figure 8) and the core is
composed of two halves each containing nine plates. Overall dimensions of the agsembled core
are 40,60 cm high by 29.7 cm OD, with an inner irradiation cavity 17. 78 cm diameter (see
Figure 9). Steel bolts and support rings are used to mechanically hold the nine plates together.
The upper nine rings are holted with four high strength steel bolts and are held stationary by four
steel posts fixed to the lower support ring. The lower nine rings are similarly bolted by support
rings; however, the lower support ring is attached to a support flangé which is part of a drive
mechanism for raising and lowering the bottom core half. This portion is referred to as the

"Safety Block, "

A detailed crosg section of the upper half of the core is shown in Figure 8, Most of the
plates are identical in size and shape except for the plates near the parting plane of the core. At
the center of the core is the A plate, which has a smaller outside radius than the other fuel
plates. This plate is inserted into the support ring and has a circular projection at its inside
radius which mates with a recess on the adjacent B plate. The remaining plates, C and D,
have projections and recesses at the outside radius of the core to insure that the reactor con-

figuration is repeatable from pulse to pulse.
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SPR-111 CORE HALF HE1GHT:

FUEL HEIGHT FIXED 16.510 cm
12. 446 cm 3.175¢m |
|
1.905 ¢m \ Steel Support Ring
[ 1. l
1 | 3.810 cm
Steel Ring 0.109 cm [N

20.320cm

1 16,510 cm 2.019 cm

I
. 8.8%0cm i
| 14.859 ¢m c7

| 1.B79cmy A2
| o635 cm

1
"'IL Z?(Jl. 016'1_2701.2701. 210°0.635 cm

Figure 8. Final Agsembly of Upper Half of SPR III
Core

The concept of axial segmentation of the fuel assembly to reduce stresswave propagation and
the induced bolt stresses has been successfully employed with the SPR II, This concept is used
for the SPR 11T, Adjacent fuel plates are in contact only at the outer core radius {except for the
central fuel plates), Circular projections and recesses, 1,27 cm wide, maintain 2 0.0508-cm
spacing over 75 percent of the horizontal plate area. This limited contact reduces bolt stresses
by a factor of two over the bolt stress for a core with full contact. Caleulations indicate that a
pulse with a maximum temperature rise of 500°C and a pulse width of 50 ys will produce a peak
bolt stress of 5.7 x 108 Pa for 2,54-cm-diameter bolts, The bolt material chosen has a yield
strength of at least 9.1 x 108 Pa, to insure elastic behavior up to a pulse with a maximum tem-

perature rise of 650°C,
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Figure 9. SPR III Fuel Assembly

The stregses induced in the fuel plates have been calculated for the temperature-rise con-
ditions in the SPR III during pulse operation. The stress conditions are much less severe than
those in the SPR II, The static yield strength at temperature of U-10 wt % Mo fuel (4,0 x 108 Pa}
is reached for a pulse with a maximum temperature rige of 565°C and a width of 48 us. This
pulse yield is considerably above the pulse of 4500(3 necessary to produce the design fluence of
6 x 1014 nvt. Since the SPR III fuel plates are free of the bolt and control-rod holes that cause
stress risers, cracking of the plates, such as was experienced with the SPR II, ig reduced in

severity if not eliminated.

The three different fuel plates are illustrated in the accompanying drawings: Figure 10
shows the smaller-radius A plate, which is inserted into the steel support plate; Figure 11 shows
the adjacent B plate; and Figure 12 shows the C and D plates, which are identical in size. All
the plates have circular projections and grooves which maintain the 0. 0508-cm spacing between
adjacent plates. The projections are interrupted at 45-degree increments over a 1, 27-cm width
to provide access to the gap between plates for experimental purposes and to allow a passage for

the cooling gas.
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The temperature of the core is measured with four thermocouples, two near the center of
the core and one each at the top and the bottom of the fuel assembly., FEach half of the core con-

taing two chromel-alumel thermocouples. The temperature of the A plate in both core halves is

monitored by a thermocouple inserted through the steel support plate and into a 0. 3175-cm-diameter

hole in the plate; the thermocouple is fixed in position by a threaded connection in the steel plate,
At the top and the bottom of the core, a chromel-alumel thermocouple is inserted vertically about

1.3 ecm into the end fuel plates and is held in place by a threaded connection in the plate.

The bolis for the core are machined from A-286 steel, which has been used successfully for
the nonfigsile parts in the SPR_ Il core, The bolts have a yield strength of at least 1,1 x 10g Pa
(180 Ksi), The support ring at the center of the core is constructed of type 304 steel and is de-
signed to elastically absorb the 0,102-cm I:adial expansion of the B plate during a 500°C pulse,
The A and B plates are keyed together at the inside radius, and the A plate expands freely into
a 0.127-cm gap beitween the ocutside rading and the inside of the steel support ring, As shown in
Figure 10, the A plate is supported by a circular lip on the steel support ring, The A and B
plates are also machined o provide a limited contact area, with a gap of 0,0508 cm, between
the {wo core halves when the safety block is fully raised, The two steel support rings at the

center of the core are machined {o contact only at the bolt locations,

The approximate masses of the four different SPR III fuel plates are listed in Table IL

TABLE II

SPR III Fuel Component Masses

Plate U-10 wt % Mo Mass (kg) U Mass (kg)
A 6.8 6.1
B i5.0 13.5
C 15.3 13.8
D 15.4 13,9

The design core consisted of two A, two B, twelve C, and fwo D plates, for a total mass of 258 kg
of U~10 wt % Mo or 232 kg of uranium; however, the operational core will have only ten C plates

for a total mass of about 227 kg of U~10 wt % Mo,

Accurate reproducibility of the safety-block seating (a must in fast pulse reactor systems)
is achieved by (1) operation below the bolt elastic limit, (2} a four-point contact of the safety
block and stationary core half, (3) over-driving of the safety block after contact, {4) an anti-
rotation device on the safety-block mechanism assuring azimuthal alignment, and (5) an accurate

radial alignment through a bearing mounted in the top plate of the reactor stand.



Safety Block -~ The safety block consists of the loﬁrer nine plates (eight fuel and one steel
ring) bolted together and mounted on a movable flange, and as such, is the only movable fuel
component in the SPR III core. It also constitutes the primary reactor shutdown device that is
employed to mechanically remove reactivity from the system. The flange on which the safety
block is mounted ig fixed to the drive shaft, which is part of an electromechanical drive system

that drives the safety block through its travel distance of 8,89 e¢m.

Reactivity Control Systems

Reactivity control systems for the SPR III are grouped into three categories: safety block,
control elements, and burst element, A unigue feature of this reactor is that reactivity control
for operation does not utilize the standard technigues of either poison rods or fuel rods, but

utilizes reflector elements.

Desgign Bages ~- The principal criteria for the mechanical design of the reactivity control
systems is to provide a system that is rugged, dependable , has a high degree of reliability and

repeatability, and can respond rapidly to input signals.

Nuclear Desigh

Details of the nuclear design pararmeters for SPR III have been defined by Schmidt(lo) and

only the highlights of the design values as pertinent to the startup, and zero and low power

testing program are summarized helow,

Core Size and Worth

(10}

Criticality calculations performed based on a core model representative of the reactor

predicted a total fuel inventory of 263 kg and that the assembled bare core would be approximately

$8. 00 subcritical.

Control Element Reactivity Worth

Reactivity worth of the control elements are calculated by Schmidt,(lo)using the gimplified
R-Z and R-8 core models, Two blade thicknesses, 2,54 cm and 3.81 cm, are evaluated for
copper reflector material, Based on a 38, 8—-c_:m stroke, reactivity worth is calculated to be
about $2, 90 for the 2,54-cm reflector and about $3, 60 for the 3, 81-cm reflecter, based on a

0. 83-cm spacing between reflector and core,
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Burst Element Reactivity Worth

Similar calculations performed for the agluminum burst element result in a predicted worth

of $1,26 for the 3.81-cm burst element with a 21,59-cm stroke,

Safety Block Worth

(11)

The calculated reactivity worth of the safety block is shown in Figure 13 as a function-of
core separation distance., Maximum negative reactivity worth of the safety block at full separation
distance (8.89 cm) is calculated to be $15,82, At a separation distance of 2.54 cm, the
worth is estimated to be about. -$7, 00 baged on an average 1. 27-cm-thick stainless steel support
condition. (NOTE: Actual stainless Steel-thickness varies from 1. 78 cm at the thickest portion

to 0.83 cm at the thinner portions. )

| i 1 I
INTEGRAL REACTIVITY WORTH WITH 7
CORE SEPARATION
D=17.78CM
FUEL H=30.48CM

0.0

|

o

(o]
|

.27 CM S5.S.

INTEGRAL REACTIVITY WORTH (DOLLARS)

-10.0- —
-15.0p~
NO S.S.
0 2.54 5.08 7.62 10,16

CORE SEPARATION (CM)}

Figure 13. Reactivity Worth of Core Separation With and Without Stainless
Steel Support



Total Worth of Reactivity Control System

The reactivity control gystem is considered to be the three copper control elements and
the aluminum burst element. Combined calculated worth of the three control elements ranges
from $8.70 to $11. 40 for thicknesses of 2,54 em to 3,81 cm, respectively, Worth of the burst
element ranges from $0. 94 to $1.38, with $1.26 (3,81 cm thickness) the most likely value,
Hence, total reactivity worth in the control system is $9.96 to $12. 66, with the most likely value
to be $9.96, which is the calculated value corregponding to the geometries actually selected for
control element and burst element gizes. Excess reactivity for the cold, clean critical core is

calculated by Schmidt(lo) to be about $6,00 with the shroud and thimble in place,

Caleulated integral reactivity worth and differential worth for the 2.54 cm-thick copper

reflector is shown in Figure 14,
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Due to the removal of the outermost fuel ring, it is of interest to note here that the eati-
mated loss of reactivity to the system when replacing these fuel rings with stainless steel rings is
about $1.19 per plate, Actual obaerved data, suberitical measurements, showed the net loss of
reactivity to be about $2,55 (total); and rod worth reactivity measurements indicate a net change
to be $1.55,

Reactor Shroud and Thimble

The reactor shroud and thimble are discussed separately because of their importance to the
nuclear characterigtics of the reactor. Primarily, these two items are placed on the reactor to
decouple the core neutronically from the effects of extracore neutrons, that is, neutrons that could
be returned to the core due to scatter interactions. A neutron-absorber material, boron, ig used
in the fabrication of the shroud and thimble. The shroud is covered with a 0.635-cm-thick layer
of a boron-Silastic @ mixture and because of the 1/v capture cross section of boron, neutrons
returned to the reactor are, for all practical purposes, lost to the system and do not affect pulse
characteristics. The thimble also contains a layer of B-10 which acts in a similar way to decouple

experiments in the central cavity.

Reactivity Effects of Shroud and Thimble -~ Calculated reactivity effects of the shroud and

0
thimble made by S‘::hrnidt(:l ) show that the combined shroud/thimble worth is between $0.68 and

$0. 97 for the design (18 fuel plates) core. Actual measuremenis performed with delayed critical
control element configurations to determine reactivity worth show the shroud to he worth a
positive $0.88, the thimble to be worth a positive $0,14, and combined worth to be $1.02 for the

eperational (16 fuel plates) core.

Summeary of Degign Specifications

This section sumnmarizes (Table III) the paramount design parameters discussed in the

foregoing sections.

TABLE III

Summary of Design Specifications

I. Core Geometry

No. of fuel plates upper half . g
No. of fuel plates lower half 9
(safety block)
Overall dimensions 29.72 ecm OD x 40.64 ¢m high
Inner cavity dimensions 17.78 em OD x 40. 64 cm high

Experiment tube (inner shroud) 17,62 ¢m OD x 45. 56 c¢m high



I1. Fuel Plates

Uranium 10 wt % Mo 93 percent enriched in U-235 Al clad, Fuel

plate masses:

Design Operational
A plate (2) 13.8 kg A plate (2) 13,6 kg
B plate (2) 30.0 kg B plate (2) 30.0 kg
C plate (12)183.6 kg C plate (10)152. 9 kg
D plate (2) 30.8 kg D plate (2} 30.8 kg
Total 259.0 kg Total 227.3 kg

III. Control Elements and Burst Element-Mechanical

Number of Control Elements 3

Material Ni clad copper

Control element mags . . 25.86 kg (final 23,13 kg)
Number of Burst Elemeunts 1

Material Anodized AL

Burst element mass 11.79 kg

IV. Control Element Drive

Type Electro-mechanical
Total travel 36,83 cm
Insertion rate (max) 0.333 cm/sec
Reactivity rate (max) 4 ¢/sec

V. Burst Element Drive

Type Prneumatic/hydraulic
Total travel 21.59 cm
Ingertion rate {(max) - ~250 cm/sec
Reactivity rate (max) $30/sec

VI. Safety Block Drive

Type Electro-mechanical
Total travel 8.89 cm
Fast 5.6 sec 1.59 em/sec

Ingertion rate
slow 112.0 sec 0.08 cm/sec
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VIL

VIIL

Core Nuclear

Safety block worth @ 8. 89 ecm ~ -« 16 §
Safety block reactivity rate 5 §/sec
Excess reactivity ~4 8§

Total control element bank 8.70 - 11.40 8
Control element {integral - 2,54 em thick) ~ 2,90 §
Control element (differential-max) ~ 0.12 $/cm
Control element rate 0.04 §/sec

Burst elemnent~ (integral dynamic - 3, 81 cm thick) ~ 1.26 §
Burst element reactivity rate 30 $/sec

Temperature coefficient of reactivity _ .
{steady state) ) 0, 300 cents/°oC

Operational Characteristics - Design Pulse

Maximum AT - 450°¢C
Pulse width at 1/2 max power 54 us
Peak-to-average AT 1.8

14
Neutron fluence - center of cavity (> 10 keV} 6 x 10 nvt
Gamma dose (HZO) 1.4 x 105 rads
Peak Gamma dose rate (HZO) 2.5 x 109 rads/sec
Peak Neutron flux (> 10 keV) 1.1 x 1019nv



CHAPTER II

INITIAL CRITICAL LOADING

General

The purpose of performing an "initial critical loading, "' or "approach to critical' as pre-
ferred by some experirrzenters, is to determine the minimum critical mags required for an
effective multiplication (kogp) equal to 1 for a given geometry, The geometry of interest for the
SPR III is that geometry referred to as the 'free field" configuration, In this configuration, the
safety block is in the full-up position, no extranecus materials are present to perturb the system,
and the control elements are utilized to establish a delayed critical state. Two delayed critical
states are determined: one with the burst element fully inserted and the second with the burst
element fully withdrawn. Determination of the "free field" criticality state is very important for
SPR IIl because this data provides the fundamental reference line from which all future reactiv-
ity evaluations can be made, should perturbations induce reactivity changes that are difficult to
interpret on a bases relative to some other perturbed state, Further, the "free field" measure-

ment provides a basic tool for future long term reactivity evaluation of the reactor,

Loading the SPR III core to critical is atypical in the senge that the system does not contain
provisions for neutron absorbing (poison) materialg either in or out of the core that can be placed
beforehand in the core to assure subcriticality, and then be removed for the measurement.

"yods in'' and "rods out" measurements, In lieu of the

Typical of this type approach are the
poison control technique, mechanical devices are utilized during the aggsembly of the SPR III core
fuel plates to assure that fuel masses cannot be brought together inadvertently, but rather can be

asgembled together as and when desired.

All nonnuclear test programs were completed prior to start of the loading to critical, and

all mechanical, pneumatic, hydraulic, and electrical systems operated as designed,

Technique for Experimental Determination of Core Size

(12) which congists of

The basic techtique used is the reciprocal multiplication method
plotting 1/ M as a function of fuel material mass and extrapolating the plot of 1/ M to zerc after
each loading increment. The parameter M is the multiplied count of a neutron source in proximity
of a mass of fissionable material. The ratio of the total neutrons (or neutron rate) from the
source=-plus-fuel material condition to the source-only condition ig a measure of the neutron

multiplication characteristic of the system. In effect, the multiplication factor M is a reactivity
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measurement, characteristic of the composition and geometry of the system as defined by the
relationghip of the source, fuel mass, and detector, The multiplication factor can then be de-

fined as

M = o of neutrons in one generation _ CR
no, of neutirons in previous generation CRo

: (1)

Assuming CRO represents the neutrons present for the source only condition, then CR0 x keff

2
neutrons will be present at the end of the first generation, CRo bq keff at the end of the second

generation, and so on, The total neutrong present in the generation CR is:

2 .
= ' n-1
CR=CR + CR xk_ . +CR_ x keff +... tCR_xk .
_ ; 2 n-1
= CR, (1 Fhoprt Kegr oot Kepp ) (@)
and‘the multiplication factor, M, becomes
2 n-1
. CRo(1 T Reapp T Kepp Teer thog ) )
CR
o .
- 2 n-1
Sl Koppt Kepr Teer T Ko . (4)

M, the multiplication factor, is the total number of neutrons present in the assembly per source

neutron as seen from Eq. (3), and noting that Eq. (4) is g binomial geries, M can be expressed as

M = 1. (5)

B 1
off 1 i (6)
and
CRo
keﬁ. =1- roi 7)

The above relationships apply only for the subcritical state since, as seen from Eq. (5), M

approacheg infinity as k approach 1. This fact makes the 1/M versus fuel method a valuable

eff
technique since 1/M is equal {o CRO/ CR, and this term approaches zero as keff approach 1. The

term CRO/ CR can be plotted on ordinary rectangular graph paper from a maximum (normalized)

f-a-].) and would

value of 1 to 0, whereas a plot of M could not be made (M tending to infinity as kef



yield limited information. Thus, ag fuel material is added to the system and CR changes
(increases), a series of datum points can be obtained and plotted which represents 1/M az a

function of fuel mass,

Extrapolation of the plot afier each step to zero produces a prediction of critical mass as
defined by the extrapolated intercept on the abscissa (x-axis). Typically, the parameter CRis a
neutron count rate or total neutron count for a gpecified time period measured with a low-level
neutron detection system, Complete data acquisition requires that several neutron detectors be
placed in and around the fuel material so that different source-fuel-detector geometries are
obtained. It is desirable to always assure that fuel material is between the source and detector;
however, depending on the geometry, it is not always possible in practice to have the detector
completed ghielded by fuel material.- Because of this limitation, detector response to fuel

addition behaves differently for the various geometries.

Typical plots are shown in Figure 15 for various geometries. As indicated, caution is re-
quired in interpreting and applying the predicted values resulting from the plot. Curve 1
demonstrates typical behavior of a geometry that has too great a separation distance between
source and detector or the fuel material doesg not entirely shield the source. In other words, the
multiplied count is not representative of the early fuel additions because the source contribution
masks the effect of fuel. Early predictions, dotted line A, for this geomeiry would result in a
very nonconservative approach. Curve 3 represents the plot of data for a geometry wherein
either the fuel masks the source contribution or the separation distance between the source and
detector is too small, Early predictions with this geometry, dotted line B, resgult in an under-
estimate of critical mass and is a somewhat conservaiive approach. Curve 2 represents the
ideal geometry. Obviously, combining all plots provides a satisfactory guide for a safe approach
to critical.. Finally, as shown, all plots terminate at the same critical magg gince the distortion
effects become progressively smaller in the vicinity of delayed critical so that as 1/M approaches
zero, the extrapolated critical points become more reliable, The _1/M method applied to sub-

critical systems provides a convenient measurement for the degree of subcriticality.

Initial Critical Loading Experiment

The initial loading to critical utilizes the standard 1/M technique, as discussed in the

' preceding section, to control the incremental fuel additiong, Complete procedures used for the
loading are given in Appendix A. Basgically, the procedures provide for two major loading
sequences: first, to load the bottom half of the reactor (nine plates) which is the safety block,
and second, to load the top half of the reactor (nine plates). This method assures that there is
substantial reactivity worth that can always be removed from the system in that the safety block
is movable. Further, as the control elements and burst element are added, all fuel loading

increments are added with these elements in their least reactive positions (fully withdrawn),
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Figure 15, Typical 1/M Plots for Various Source-Fuel
Detector Geometries

This procedure assures that the assembly is on the order of $4 subecritical (based on design
calculations) even when all fuel plates are in place and the safety block in the full-up position,
Hence, conservation is inherent in the method of approach, and gince the safety block is part of

the protection gystem, it also can be scrammed to provide shutdown at any stage of loading.

Fuel plates are loaded manually and one at a time onto the assembly; that is, two or more
fuel plates are not simultaneously added to the assembly even though the 1/M plot and caleulations
may predict the allowable addition of several fuel plates. TFuel plates that make up the safety
block are assembled first on the upper stationary part of the reactor stand. Feollowing assembly,
these nine plates are removed and placed on the safety block drive mechanism. The upper core
half of nine plates is then assembled in a step-by-step procedure, The specific loading sequence
and number of fuel plates to be added between each set of multiplication measurements is based
on previous physics caleculations and the 1/M plot. Procedures {as set forth in Appendix A) are
esgsentially the same loading to critical procedures previously used by Sandia Lahoratories

operations personnel for other reactors of this type at the Sandia Pulsed Reactor Facility.



After each fuel plate addition, the criticality state of the core is determined, that is, the 1/M

plot is extended based on the new datum point.

Four channels of neutron detection are used (two

B¥, chamber and two fission chambers) located in fixed pbsitions around the core/source geometry

3
as shown in Figure 16.

Figure 17, The neutron source is a standard Am-Be source emitting about 1.47 x 106 neuts/sec.

A represgentative schematic of the neutron detection channels is shown in

This source is positioned on the reactor stand at the geometric center of the core such that ag

fuel material is added, the fuel material will be between the source and detectors thereby pro-

viding an optimum system geometry. Total neutron count data (a counting time of 100 seoonds

is used throughout the experiment) on each channel provides information for determining the

multiplication factor which in turn allows ke

ff

to be calculated for each loading increment.

The

1/M plots thus developed are used o evaluate the physics calculations and from this composite

examination, the next incremental ldading can be determined by extrapolating the data to obtain an

estimate of the critical loading,
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Figure 17, Typical Instrument Equipment
Arrangement

Experiment Geometry and Equipment

The physical relationghip of the source, fuel material, and detectors is shown in Figure 16,
Three detectors are located around the periphery of the core and one detector is located on the

lower part of the reactor stand. Detectors for the four systems are:

System 1 BF3

Sysgtem 2 - CIC

System 3 - BF

System 4 - BF

Figure 17 shows a typical equipment arrangement used for all four channels. The neutron source
iz 2 0.65-¢ci (0.189 gms of Am) Am-Be neutron source and emits 1.47 x 106 neuts/sec based on a

calibration of this source made December 1974.

The geometry for channels 1, 3, and 4 provides optimum neutron multiplication characteristics
for the physical limitations inherent in the facility because fuel material is always between the
source and detector. Channel 2 geometry provides less than optimum characteristics since the

observed neutron count will be biased on the high side due to the fact that there is always more



fuel material between this detector and source as compared to the geometries for the other
channels., The 1/M plot for this channel would be expected to follow the type of curve for this
geometry (see curve 3, Figure 15) and thereby provide the early conservatism in the approach

to eritical (this is discussed later in this section).
Summary of Regults
Actual data for the approach to critical and subcritical reactivity worth measurements are
given in Tables IV through XI, and the approach to critical results are plotted in Figures 18

through 21.

Approach to Critical

The critical assembly is achieved with a total core loading of 258,485 kg with control
element 1 at 3318 units (9000 to 0 units fwll travel with 9000 units full down position}, control
elements 2 and 3 full down and the burst element full up. The desired configuration is to have
all control elements at about mid-range {0 accommodate experiments and on this basig, the
core loading is reduced to 227. 747 kg. Representative conirol element positions for this loading
are 4200, 5853, and 5883 units respectively for control elements 1, 2, and 3 {(burst element
down). This indicates that the combined worih of the two outermost fuel plates iz about $1,55

based on the integral worth curves shown in Chapter III,

Subcritical Reactivity Worth Measurements

Suberitical reactivity worth measurements are significantly affected by such factors as
source-fuel-detector geometiries, sensitivity of the instrumentation system, ete. As a result,
each parameter measured with a subcritical core cannot be characterized by a single value but
can (and should) be considered as only representative of the true value, Although, a perfect set of
conditions--geometry, detectors, no external influence, etc. --would produce irue and accurate
values. Perfect conditions cannot be obtained and as a result ithe gubecritical reactivity worths
have an inherent large error factor, Reactivity worth values shown below are the "best' values
measured based on data obtained for the least perturbed condition possible; normally, as near

critical ag the particular measurement can be made,

Subcritical Reactivity Worth Measurement of Reactor Pit -- The reactor is mounted on an

elevator which is used to raise and lower the reactor. The elevator can be lowered into a con-
crete pit such that at the bottom of its travel, the reactor is completely below grade and entirely
housed inside the pit, A large steel-cased lead-filled (20,3 cm~thick) shield door can be closed

over the pit to effect complete enclosure of the reactor for personnel shielding purposes. Reactivity
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effects of the concrete pit are measured with the shield door open and closed. Representative

data for these measurements show that the reactivity worths are as follows:

Pit with door cloged: -$ 3.00
Pit with door open: - $ 15.17
Shield door: +$ 12,17
Elevator full down: - $ 15,17
Elevator full up: - $ 24,33
Pit worth: +$ 9.16

As indicated, the above'values are representative only of the relative change and can be
considered as approximate "true' values since datum points at selected loadings result in
reactivity worths which can vary from the above values by as much as $2,00. However, the
noted values are the '"best" estimate based on the fact that the data obtained for determining

these reactivity worths are taken as near critical as possible.

Suberitical Reactivity Worth Measurement of Safety Block -~ The 'best" estimate of the

saféty block reactivity worth is based on measurements made for a total core loading of
243, 107 kg (17 fuel plates) with all control elements and the burst element fully down. The

reactivity worth calculated from the corresponding set of data yields a value of $19. 95,

Other data obtained for different core configurations, such as a smaller core loading and/for
different control element positions, result in safety block reactivity worths different than the
above by a factor of almost twice the "best' value, which illustrates the care that must be taken

in evaluating the results of subcritical measurements.

Total Worth of all Reactivity Control Elements -~ The worth of all reactivity control

elements, three control elements plus the burst element, without the shroud is about $17.17,

based on an average value determined from the data obtained with channel 3 and channel 4.

The burst element worth as determined with subcritical measurements varies over a range
of roughly $0. 90 to $1.45. Channel 4 appears to provide the mogt reliable data for this measure-

ment, which yields the $1.45 value.



Approach to Critical-Subcritical Measurements
Reactor Out of Pit/Safety Block Up/Elements Down

Number of Total
Plates . Mags (kg)
Source . -

1 6.778

2 21.818

3 32.107
4P 43.892

5 58, 940

8 74,241

7 89.580

3 104,917

9 120, 254
10 135,594
11 150,990
12 166,359
10°¢ 136.030
11 151.070
12 168,359
13 181,721
14 197,077
15 212,409
i8 229,765
17 243,107
18 258,485

a. Corrected for background.

TABLE IV

Channel 1
Total
Counts® 1/ M k
5475 - -
5873 0, 9322 0.0678
6374 0.8603 0. 1387
7026 0.7792 0. 2208
6783 0.8072 0.1928
7699 0.7111 0.2889
9147 0.5985 0.4015
10841 0, 5050 0. 4950
12827 0.4268 0.5732
15048 0.3638 0.6352
17506 0,3127 0.6863
20470 0,2674 0. 7326
24188 0, 2264 0. 7736
22020 0. 24886 0.7514
26584 0. 2060 0, 7940
33370 0.1641 0.8359
42331 0.1293 0.8707
33821 - 0.1015 0, 8985
69884 0.0783 0.9217
93569 0,0585 0.9415
131581 0.04186 0. 9584
207939 0.02863 0, 9737

b, First three plates inverted to safety block pogition.

c. Plates 4 through 12 inverted to safety block; plates 2 and 3 removed.
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TABLE V

Approach to Critical-Subcritical Measurements
Reactor Out of Pit/Safety Block Up/Elements Up

Channel 1
Number of Total Total
Plates Mags (kg) Counts® 1/M k
Source - 5475 - -
1 * 6.778 5873 0.9322 0,0678
2 21.818 - 6374 0.8603 0,1387
3 31.107 7026 0.7792 00,2208
4P 43,892 8783 0.8072 0.1928
5 58.940 7699 0.7111 0, 2889
8 74,241 9147 0.5985 0.4015
T 89. 580 10841 0.5050 0, 4850
8 104,917 12827 0.4268 0.5732
9 120,254 15048 0, 3638 0, 68352
10 135,594 17506 0.3127 0.6863
11 150, 990 20470 0.2674 0,7328
12 186,359 24188 0.2264 0,7736
10¢ 138.030 40330 0,1358 0.8642
11 151.070 58785 0.0431 0. 9069
12 166.359 102117 0.0536 - 0.9454
13 181,721 278543 0.0197 0.9803
14d 197,077 1632059 0, 0034 0. 9966

Corrected for background.
First three plates inverted to safety block position.
Plates 4 through 12 inverted {o safety block; plates 2 and 3 removed.

Control element 3 at 5200 units.
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Approach to Critical~Subcritical Measurements
Reactor Qut of Pit/Safety Block Up/Elements Down

Number of Total
Plates Mass (kg)
Source -

1 . 68.778
2 21.818
3 31.107
4P 43,892
5 58, 940
6 74.241 -
7 89, 680
8 104, 917
9 120,254
10 135.594
i1 150, 9580
12 186, 359
10° 136. 030
11 151,070
12 168,359
13 181,721
14 197,077
15 212.409
16 22’7.7765
17 243.107
18 258,485

a. Corrected for background.

TABLE VI

Channel 2
Total
Counts? 1/M k
13340 - -
14530 0.9181 0.0819
16030 0.8322 0.1678
18109 0.7367 0, 2633
19341 0. 6897 0.3103
21204 0. 6291 0.3709
23308 0.5723 0. 4277
25778 0,5175 0.4825
28704 0. 4647 0.5353
31382 0.4251 0.5749
34633 0.3852 0.6148
37944 0.3516 0. 6484
42280 0.8155 0. 6845
28781 0.4635 0. 5365
34173 0. 3904 © 0.6098
41442 0.3219 0.6781
50887 0.2621 0.7379
63013 0.2117 0.7883
78934 0.1690 0.8310
102587 ©0.1301 0.8699
139994 0.0953 0. 9047
214597 0.0622 0.9378

b. First three plates inverted to gafety block position.

c. Plates 4 through 12 inverted to safety block; plates 2 and 3 removed,



TABLE VII

Approach to Critical-Subceritical Measurements
Reactor Out of Pit/Safety Block Up/Elements Up

Channel 2
Number of Total Total
Plates Mass (kg) Counts® /M k
Source ' - 13340 - -
1 6.778 14530 0.9181 0,0819
2 21.818 16030 0.38322 0,1678
3 31.107 18109 0.7367 0,2633
4b 43.892 19341 0.6897 0,3103
] 58. 940 21204 0.6291 0, 3709
6 74,241 23308 0.5723 0, 4277
7 89. 580 25778 0.5175 0,4825
g 104.917 28704 0.4647 0.5353
9 120,254 31382 0,4251 0. 574_9
10 135,594 34633 0.3852 0.6148
11 150, 890 37944 0.3516 0, 6484
12 166. 359 42280 0,3155 0. 6845
10¢ 136.030 65204 0.2046 0.7954
11 151.070 92464 0.1443 0.8557
12 166,359 155917 0.0856 0. 9144
13 181,721 405330 0.0329 ) 0.9671
144 197,077 2072426 0. 0084 0. 9936

Corrected for background.
First three plates inverted to safety block position.
Plates 4 through 12 inverted to safety block; plates 2 and 3 removed,

Control element 3 at 5200 units.
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TABLE VIII

Approach to Critical-Subcritical Measurements
Reactor Qut of Pit/Safety Block Up/Elements Down

Channel 3
Number of Total Total
_Plates Mass (kg) Countg? 1/ M k
Source . - 5491 - -
1 6.778 5979 0.9184 0.08186
2 21.818 6486 0. 8466 0.1534
3 31.107 . 7304 0.7518 0. 2482
4P 43.892 7502 0.7319 0. 2681
5 58, 940 ‘ 8693 0.6317 0. 3683
6 74,241 10354 0. 5303 0.4697
7 89, 580 12397 0. 4429 0.5571
8 104. 917 14606 0. 3759 0. 6241
9 120. 254 17399 0.3156 0. 6844
10 135,594 20175 0.2722 0.7278
11 150, 98¢ 23691 0.2318 0.7682
12 166. 359 28099 0.1954 0. 8046
10¢ 136.030 27273 0.2013 0.7987
11 151.070 33372 0.1645 0. 8355
12 166, 359 41694 0.1317 0.8683
13 181,721 52748 0.1041 0. 8959
14 197,077 67239 0.0817  0.9183
15 212,409 86596 0.0634 0. 9366
16 221,65 116427 0.0472 0.9528
17 243,107 162160 0.0339 0. 9661
184 258, 485 2553544 0.0022 0.9978

Corrected for background.
Iirst three plates inverted to safety block position.
Plates 4 through 12 inverted to safety block; plates 2 and 3 removed.

Control element 1 at 3319 units.
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TABLE IX

Approach to Critical-Subcritical Measurements
Reactor Out of Pit/Safety Block Up/Elements Up

Channel 3
Number of Total Total
Plateg Mass (kg) Counts® 1/ M k
Source - 5491 - -
1 LT 5979 0.9184 0. 0816
2 . 21.818 6486 0.8468 0.1534
3 31,107 7304 0.7518 0. 2482
ab 43,892 7502 0.7319 0. 2681
5 58,940 8693 0.6317 0.3683
6 74, 241 10354 0. 5303 0. 4697
7 89, 580 12397 0.4429 0. 5571
8 104, 917 14608 0.8759 0. 6241
9 120, 254 17399 0.3156 0. 6844
10 135,594 20175 0.2722 0.7278
11 150, 990 23691 0.2318 0. 7682
12 166. 359 28099 0.1954 0. 8048
10° 136, 030 46611 0.1178 0. 8822
11 151,070 67943 0.0808 0. 9192
12 166. 359 117665 0.0467 - 0,9533
13 181,721 - 320365 0.0171 0. 9829
144 19%, 077 1986326 0.0028 0.9972

h.

c.
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Corrected for background,
First three plates inverted to safety block position.
Plates 4 through 12 inveried to safety block; plates 2 and 3 removed.

Control element 3 at 5200 units,
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TABLE X

Approach to Critical-Suberitical Measurerments
Reactor Out of Pit/Safety Block Up/Elemenis Down

Channel 4
Number of Total Total

Plates Mass (kg) Counts® 1/M k

Source . - 8791 - -

1 6. 778 5922 1. 1467 -

2 21,818 6430 1.0561 -
3 31.107 7457 0.9107 0.0893
4P 43,892 9900 0. 8860 0. 3140
5 58,940 10989 0. 6180 0, 3820
6 74,241 13012 0.5219 0.4781
7 89, 580 15518 0,438 0. 5624
8 104,917 18281 0.3715 0., 6285
9 120,254 21394 0.3174 0,6826
10 135,594 25147 0.2700 0. 7300
11 150. 990 29438 0.2307 0.7633
12 166. 359 342170 0.1982 0.8018
10° 136.030 34929 0.1944 0. 8056
11 151,070 41974 0.1618 0, 8382
12 166.359 52662 0.1290 0.8710
13 181,721 66551 0.1020 0, 8980
14 197.077 84572 0.0803 0. 9197
15 212. 409 108642 © 0.0625 0. 9375
16 227.765 145712 0.0466 0. 9534
17 243,107 203421 0.0334 0.9666
19 258, 485 320166 0.0212 0.9788

a. Corrected for background.

b. First three plates inverted to safety block position.

c. Plates 4 through 12 inverted to safety block; plates 2 and 3 rernoved.
d. Control element 1 at 3319 units.



TABLE XI

Approach to Critical-Subcritical Measurements
Reactor Out of Pit/Safety Block Up/Elements Up

Channel 4
Number of Total Total
Plates ] Mass (kg) Counts? 1/M k
Source - 6791 - -
1 6.778 5922 1.1487 -
2 21.818 6430 1,0581 -
3 31.107 7457 0.9107 0, 0893
4b 43,892 9900 0. 6860 0.3140
5 58, 940 104989 0.6180 0, 3820
B 74,241 13612 0.5219 0, 4781
7 89, 580 15518 0.4376 0, 5624
8 104,917 18281 0.3715 0,6285
9 120,254 21394 0.3174 0.6826
10 135,594 25147 0. 2700 0, 7300
11 150,990 29438 0.2307 0.7693'
12 166.35% 34270 0,1982 0., 8018
10° 136. 030 54612 0.1243 0. 8757
11 151.070 79808 0.0851 0.9149
12 166.35%9 7 139738 0.0486 - 0,9514
13 131,721 382800 0.0177 0.9823
14d 197.077 2335014 0.0029 0. 9971

Corrected for background,
b, First three plates inverted to safety block position,
c. Plates 4 through 12 inverted to safety block; plates 2 and 3 removed.

d. Control element 3 at 5200 units,
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Evaluation of 1/M T’lots -- The plots for the 1/M data are shown in Figures 18 through 21.

Fach figure shows all elements DOWN and all elements UP plots. Two features (offsets) in the
"eurve'' are important to note since these changes occurred due to physically relocating the fuel
material with respect to the detectors at two prescribed intervals in the loading procedures.
Relative to the second offset, Channels 1, 3, and 4 exhibited the same behavior, that is, an in-
crease in the multiplication, whereas channel 2 exhibited initially a decrease, The increase in
channels 1, 3, and 4 is due to the positioning of more fuel material clogser on a relative basis to
the reflector elements as compared to the same amount of fuel material mounted in the upper core
half posgition. The apparent decrease in the channel 2 multiplication is most likely due to a slightly

increased shielding (or g,e]f absorption) affect of the fuel material.

All of the figures show a nearly linear plot for the major portion of the loading range in-
dicating good source-fuel material-detector geometry. The worst plot is that data from channel 2,
which has the poorest geometry (see Section on Technique for Experimental Determination of Core
Size) and, as indicated above, is significantly affected by the proximity of fuel material and its
relative change in mass. [t should also be nofed that the first few data points for chammel 4 show
a 1/M value greater than 1.0, indicating some degree of self-ghielding as fuel material is initially

added.
The predicted critical masses based on an extension of the 1/M plot to "0" for the four
channels are about 284, 288, 280, and 288 kg, respectively, with all elements down; and 187,

190, 187, and 188 kg, respectively, with all elements up.

Physical Loading Sequence

The actual loading sequence followed for addition of the 18 fuel plates is given in Table XII
and the completed core geometry is shown in Figure 22, 'The operational core consists of only

16 fuel plates, the outermost two plates (upper and lower core halves) being removed and replaced

with steel rings,

Total core loading with sixteen plates is as follows:

1l

Uranium = 227.7 kg

U-235

n

190.9 kg
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TABLE XII

SPR III L.oading to Critical Sequence

Unplated Mass
Mass Uranium Mass U-235
Step Plate Plate ID No. (grams) (grams) (grams)
1 A-2 7880-46-0845 6778 6105 5887
2 B-2 7880-50-0848 15040 13541 12615
3 c-7 C-5008 15289 13736 12798
4 A-1 7880-46-0853 6785 6115 5696
5 B-1 7880-50-0854 15048 13512 12584
8 C-1 C-5009 15301 . 13725 12793
7 c-2 C-5010 15339 13821 12881
8 C-3 C-5011 15335 13771 12834
9 Cc-4 C-5005 15339 13768 12833
10 C-5 C~5041 15340 13781 12840
11 C-8 C-5020 15396 13887 12941
12 D-1 7880-54-0850 15369 13838 12893
13 Plates B-2 and C-T7 removed, S. B. Inverted
14 B-2 7880-50-0848 15040 13541 12615
15 c-7 C~5008 15289 13736 12798
16 C-8 C-5019 15362 13856 12503
17 C-9 C-5016 15356 13836 12886
18 C-10 C-5050 15332 13803 12856
19 C-11 C-5025 15356 13836 12895
20 Cc-12 C-5015 15342 13755 12813
21 D-2 7880-54-0847 15378 13877 12931
22 Plates C-6 and C-12 removed
23 Total Mass In Core 227747 204921 150925

Accumulated
Mass
{grams)

6778
21818
37107
43892
58940
74241
89580

104915
120254
135584
150990
166359

151070
166359
181721
197077
212409
227765
243107
258485

227747
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CHAPTER III

ZERO AND LOW POWER TESTS

The zero and low power tesis are defined as those experiments conducted with the
reactor to determine nuclear characteristics of the control elements, burst element, various
materials in the experiment cavity, safety block, and shroud. Tests are conducted in accordance
with the procedures given in Appendix A entitled Test Series Proposal No. 2, Purpose of this
series of tests is to provide the static data required for proceeding into the dynamic, that is,

pulse regime.
Reactor operating limitations observed during these tests are summarized below:

1. Maximum reactivity configuration < 95¢
2. Minimum period not shorter than 150 ms

3. Maximum fuel temperature < 100°¢c.

Control Element Calibration

The reactor utilizes three 2,54-m~thick copper reflectors mounted externally to the core
and pogitioned 90 degrees relative to each other. Several coarse calibration curves (integral
worth) were made during the early stages of measurements with Control Element 1, and from
t]ﬁs data it was recognized that positions of the other control elements with respect to the control
element being calibrated affects the measured total worth; hence, it became necessary to define
an operational configuration of the control elements and then perform the associated calibrations.,

On this basis, the following configurations were chosen for final calibration:

1, Control element 1 calibrated with control element 2 fixed at the

delayed critical position with control element 3 fully inserted,

Mass adjusiments made with control element 3 only,

2. Control element 1 calibrated with control elements 2 and 3
banked at their delayed critical positions, Mass adjustments
made with the banked elements,

3, Control element 2 calibrated with control elements 1 and 3
banked at their delayed critical positions. Mass adjustments

made with the banked elements,



4, Control element 3 calibrated with control eiements 1 and 2 banked at their
delayed critical positions, Mass adjustments made with the banked

_elements,

All control element calibrationg are made by using the positive period technique. In
order to obtain a positive period with this reactor, the burst element is fired to the fuli-inserted
position to initiate the reactivity input after the control element position is changed. The period
is measured with the reactor congole log-N ingtrumentation systems. Resulis of the calibrations
are shown in Tables XIII, XIV, XV, and XVI and Figures 22 through 28. The shroud and boron-

loaded thimble are in place for all measurements,

TABLE XIII

Control Element I Calibration Using Control Element 2
Fixed and Control Element 3 for Mass Adjustment

Differential Worth

Control Element 1 Position ' Cents/ Cents/ Cents/

Units cm Inches Ap(cents  Unit cm Inch Total Worth (cents)
92000 36,83 14,50

8000 32,14 12.89 12,48 0.0125 3.050 7,747 12,48
7700 31.51 12,41 6,70 0.0223 5,458 13.863 19.18
7400 30. 28 11.92 8,12 0,0271 8.614 16,799 © 27,30
7100 20.05 11.44 9,83 0,0328 8. 007 20.338 37.13
6800 27.83 10. 96 11. 38 0,0379 9, 253 23.508 48. 49
6500 26. 60 10,47 12.83 0.0428 10. 451 26,546 61, 32
6200 25,37 9.989 14. 31 0. 0477 11. 656 29.6086 75. 63
5900 24. 14 9.51 14. 66 0.0489 11,942 30.333 90,29
5600 22,92 9,02 15.49 0. 0516 12,618 32.080 - 105,78
5300 21. 69 8.54 16,01 0.0534 13,041 33.124 121,79
5000 20. 486 8.08 15,23 0, 0507 12.406 31,511 137,02
4700 19,28 7.57 15.18 0, 0506 12, 365 31,407 152,20
4500 18.42 7.25 9. 45 0.0472 11. 546 29.327 161. 65
4200 17.18 6.77 14. 58 0, 0484 11. 836 30,083 176,18
3900 15,96 6.28 13.70 0, 0457 11,160 28,346 . 189, 88
3800 14.73 5,80 14.03 0.04868 11. 428 29.027 203, 91
3300 13. 50 5.32 14,79 0.04903 12.047 30. 600 218,70
3000 12,28 4.83 13.61 0. 0454 11.086 28.158 232.31
2700 11.05 4,35 13,05 0, 0435 10. 630 27.000 245. 36
2400 9.82 3.87 12. 33 0, 0411 10,044 25,512 257,69
2100 8.59 3.38 11.13 0,0371 9,066 23.028 268,82
1800 7. 37 2.90 9,70 00,0323 7,902 20.068 278,52
1500 6.14 2.42 8.17 0, 0272 6. 855 16,904 286, 69

(Continued next page)
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TABLFE XIII {Continued}

Differential Worth

Control Element 1 Position Cents/ Cents/ Cents/
Units cm Inches Ap (cents) Unit cm Inch Total Worth (cents)
1200 4. 91 1.93 6. 64 0.0221 5.409 13.739 293,33
0900 3. 868 1.45 4,85 0.0165 4,032 10. 241 208.28
0800 2,45 0.97 3.46 0.0115 2.818 7.158 301.74
0000 0 0 2.21 0.0037 0. 9500 2.28§ 303.95
TABLE XIV
Integral Worth--Conirol Element 1
Control Elements 2 and 3 Banked
Total  Differentigl Worth

_ Period  Worth Ap Offset Warth Cents/ Cents/
No. 1 MNo. 2 No.3 (sec) {cents) (cents) (cents) (cents) Unit Inch
9000 40869 4069 - - - - 0 - -
§100 84. 37 10.85 10. 85 0 10, 85 0.0121  7.483
7800 42,66 17.55 6,70 17.55 0.0223 13.862
7500 22,78 25.65 8.10 25.65 0.0270 16.758
7200 11,98 35.64 B, 99 35.64 0.0333 20.668
6900 8, 30 46,88 11.24 46,88 0,0375 23,255
6600 v v 3.05 60.03 13.15 ‘r 60.03 0.0438 27,207
6900 45'70 4570 1.04 - - -
68800 72,83 12.11 - 60.03 - -
68300 22,08 26.11 14,00 74,03 00,0487 28,0686
6000 8.76 41. 00 14. 89 88.92 0.0496 30.807
5700 | 3.63 56.91 15,91 104.83 0.0530 32.917
6000 4989 4989 0.78 - - -
5700 53. 26 15,13 - 104,83 - -
5400 16. 52 30,45 15, 32 120.15 0.,0511 31.897
5100 8. 37 46, 68 16.23 136.38 0.0b41  33.579
4800 ‘r 2,75 81.86 15.18 “ 151,56 0.0506  31.407
5100 5437 5@37 0.'41 - - -
4800 55.15 14.77 - 151.56 - -
4500 18. 20 28,96 14.18 165,75 0.0473 29,359
4200 7.73 43,21 14. 25 180.00 0.0475 29,483
3900 V 1’ 3.50 57.57 14. 36 ’ 194,36 0,0479 29,710

{Continued on next page)



TABLE XIV (Continued)

Control Total Differential Worth
Element Position Period  Worth ap Offget Worth Cents/ Cents/
No, 1 No. 2 No. 3 (sec) (cenig) {cenis) {centa) (cents) Unit Inch
4200 5853 5853 1.25 - - -
3900 65.28 13.11 - 194, 36 - -
3600 20. 46 27,21 14.10 208,46 0. 0470 29,172
3300 8. 44 41,65 14.44 222. 90 0,0481 29,876
3000 V 3. 98 55, 24 13.59 236,49 0, 0453 28,117
3300 6270 6270 0,33 - - -
3000 64. 26 13,26 - 236,49 - -
2700 22.22 26'. 01 12,75 249.24 0,0425 26. 37¢
2400 10. 33 38.15 12.14 261.38 0.0405 25,117
2100 5,43 49, 58 11.43 272,81 0.0381 23, 648
1800 3.18 59,296 ‘9. 71 282, 52 0,0324 20, 090
1500 1. 97 87. b4 8,25 290,77 0,0275 17,060
1200 1.28 74, 26 6.72 297,49 0,0224 13,903
900 0. 85 79,85 5,59 303.08 0.0186 11. 566
600 0,63 83. 33 3.48 306. 58 0.0116 7.200
300 0, 51 35, 52 2,19 308,75 0.0073 4,531
0 ' Y 0. 50 85, 68 6.16 | 308.91 0, 0005 0.331
TABLE XV
Integral Worth--Control Element 2
Control Elements 1 and 3 Banked
Control Total Differeniial Worth
Element Pogition Period Worth Ap Offset Worth Cents/ Cents/
No, 1 No, 2 No. 3 (sec) (cents) (cents) {cents) {cents) Unit Inch
4044 9000 4044 - - - - 0 - -
8100 78. 10 11,50 11,50 0 11.50 0.0128 7.931
7800 40. 90 18,04 6,54 18,04 0.0218 13.531
7500 21.72 26, 34 8. 30 26.34  0.0277  17.172
7200 11, 47 36. 38 10,04 36.38 0.0335 20,772
6900 5.86 48, 20 11.82 48. 20 0.0394 24,455
6600 2.76 61.786 13.58 ]’ 61.76 0.0452 28,055
4582 8900 4562 - - - 1.39 - - -
68600 72. 30 12.17 - 61.76 - -
8300 21. 49 26. 50 14,33 76,09 0.0478- 29. 648
6000 8,40 41,73 15.23 91, 32 0,0508 31. 510
5700 3.43 57,93 16.20 107, 52 0. 0540 33. 517
5400 1.22 74,96 17.03 V 124, 55 0.0568 35.234

(Continued on next page)
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TABLE XV (Contirmued)

Integral Worth-~-Control Element 2
Conirol Elements 1 and 3 Banked

Control Total = Differential Worth
Element Position  Period Worth 4p Offset Worth Cents/  Cents/
No. 1 No. 2 No. 3 (sec) {cents) (cents) {(cents) {cents) Unit Inch

5141 5700 5141 - - - 1.46 - - -
5400 51,05 15,57 - 124. 55 - -

5100 16,09  30.86 15.29 139.84 0.0510 31.634

4800 6.59 46,05 15.19 155,03 0.0506 31.428

4500 2,91  60.88 14.81 169.84 0. 0494 30. 641
5578 4800 5578 . - - Co- . 87 - - -
4500 60,80 13,82 - 169.84 - -

4200 19,71 27,76 13.94 183.78 0, 0465 28,841

3900 8.54  41.43 13.867 197,45 0. 0456 28.283

3600 3.92  55.52 14.09 ' 211. 54 0.0470 29,152

‘ 3300 1.71 69,83 14,31 ' 225. 85 0. 0477 29, 607
6113 3800 6113 - - - 0.74 - - -
3300 62,20 13,57 - 225.85 - -

3000 21.30 26,62 13,05 238, 90 0.0435 27,000

2700 9.68 39,25 12,63 251, 53 0.0421 26.131

2400 5.03 50,99 11,74 263,27 0. 0391 24,290

2100 2.75  61.83 10,84 Y 274.11 0. 0361 22.428
6525 2700 6525 - - - 1. 63 - - -
2100 31.05  21.43 - 274,11 - - -

1800 16.32  30.64 9.31 283,32 0.0307 19.055

1500 10.13 38.46  7.82 291.14 0. 0261 16.179

1200 7.14  44.83  6.17 207, 31 0.02086 12.766

200 5,52  49.28 4,65 301. 96 0. 0155 9.621

600 4,64  52.45  3.17 305.13 0.0108 6. 559

300 4.38  53.51 1.06 306,19 0.0035 2.193

0 4,43  53.20 -0.22 Y 305, 97 0. 0007 0.455




TABLE XVI

Integral Worth--Control Element 3
Control Elements 1 and 2 Banked

Control Total Differential Worth
Flement Position Period Worth Ap Offset Worth Cents/ Cents/
No, 1 No. 2 No. 3 {sec) (cents} (cents) (cents) (cents) Unit Inch
4041 4041 2000 - - - 0 0 - -
8100 83,13 10. 97 10.97 10,97 0.0122 7,568
7800 42.03 17.72 6.75 17.72 0.0225 13.966
7500 22.2b 25. 99 8.27 25. 29 0,0276 17.l 110
7200 11.87 3b. 80 9,81 35. 80 0,0327 20, 296
6900 6.12 47, 40 11.60 47, 40 0, 0387 24, 000
! 6600 2.93 60. 74 13,34 60.74 0. 0445 27. 600
4547 4547 6900 - - - 0.71 - - -
6600 68.171 12. 63 - 60.74 - -
6300 21. 52 26, 48 13.85 74. 59 0, 0462 28,655
6000 8, 33 ‘41. 88 15,40 89, 88 0.0513 31. 862
5700 3.43 57. 93 16.05 106. 04 0.0535 33.207
4979 4979 6000 - - - 0.92 - - -
5700 53. 25 15,13 - 106, 04 - -
5400 15. 67 31. 28 16.15 122,18 0, 0538 33,414
5100 6. 20 47.17 15,89 138.03 0.05306 32.8786
4800 2. 97 63.04 15,87 153.95 0.05b29 32.834
5435 5435 5100 - - - 0,78 - - -
4800 53. 45 15,08 - 153,95 - -
4500 17,865 29, 44 14,35 168. 30 0.0478 29.690
4200 7.30 44, 23 14.79 183. 09 0. 0403 30. 600
3900 3.25 58. 90 14,867 197,76 0.04889 30,352
h861 5861 4200 - - - 0,97 - - -
3900 61, 36 13.70 - | 197. 76 - -
3600 19. 59 27.85 14.15 211,91 0, 0472 29. 2786
3300 8.15 42, 27 14,42 228,33 0,0481 290.834
3000 3. 74 56, 37 14,10 240, 43 0,0470 29.172
6280 6290 3300 - - - 0,58 - - -
3000 62. 52 13.52 - 240, 43 - -
2700 21,61 26,42 12.90 253,33 0.0430 26. 690
2400 0.78 39. 08 12.66 265, 99 0.0422 26,193
2100 5. 23 50. 26 11.18 277. 17 0.0373 23,131
1800 3.05 60.03 9. 77 286. 94 0.0326 20.214
1500 1,88 68. 31 8,28 295,22 0,0276 17,131
1200 1. 20 75,20 6.89 302,11 60,0230 14, 255
900 0.79 80, 62 5,42 307, 53 0.01381 11,214
600 0. 57 84. 50 3.88 311.41 0.0125 8.028
300 0, 48 86. 16 1.66 313.07 0. 0055 3.434
0 0, 47 86. 46 0. 30 313,37 0.0010 0.621
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Burst Element Calibration

Burst element reactivity worth is measured in three modes: differential worth, static
worth, and dynamic worth, The worth measurements are performed in a manner similar to
integral worth determination for a control element, that is, reactivity worth is measured as a
function of burst element position, Primary purpose for measuring the worth is to agsure that
the maximum worth of the burst element does not occur at some position other than when the el-
ement is fully inserted. Pulse operations of the reactor are performed with the burst element in
only the full-stroke mode, that is, from full-withdrawn to full-inserted, The burst element
drive mechanism is not designed to permit pulsing the element to an intermediate position; hence,
an integral worth curve is useful only for determining the relationship of maximum reactivity
worth and position. The two measurements that are of value for reactor operations are the static
worth and dynamic wdrth meagurements, These two measurements provide necessary calibra-
tion data for routine operations, and provide the reactor operator with a benchmark for evaluat-

ing pulse operations in the super-prompt region,

All reactivity worth meagurements for the differential worth (which is then used for an in-
tegral wérth) and dynamic worth are made with the SPR Control Console Log-N instrumentation
systems. The static worth is determined by obtaining two delayed critical (equilibrium) measure-
ments with the burst element in the full~withdrawn and full-inserted positions and evaluating the
reactivity change with the control element 1 calibration curve, Burst element worth is shown in
Table XVII and Figure 30, The total reactivity worth of the burst element for the integral worth
measurement is about 108 cents, It should be noted that thig value is not representative of the
burst element worth for the reactor in its normal operating configuration because these measure-
ments are made with the shroud removed, Normal operating configuration includes the shroud
with the B-10 loaded thimble installed and with these conditions the measured reactivity worths

are:

Static worth - 110, 90 cents
Dynamic worth - 112,98 cents



TABLE XVII

Burst Element Integral
Worth Calibration

Control FElement

Pogition (Units) Burst Element Reactivity Spacer Worth Burst Klement
No. 1 No. 2 No. 3 Pogition (cm) (cents) (cents) Worth {cents}
3000 4462 4462 0.0 (Down} - - 0
3415 2,54 19.11 -0, 38 18.73
3634 3,81 29, 65 -0.38 29, 27
3858 5,08 40.17 -0, 38 39.79
4085 ' 8,35 50. 99 -0, 36 50,63
4295 7.62 61,02 -0, 32 60,70
4483 8.89 69,93 -0, 20 69.73
4664 10,16 78. 50 -0.11 78. 39
4835 11,43 86.70 +0.25 86. 95
4966 12,70 ‘ 93.38 +0, 61 03. 94
5059 13,07 98.08 +0.71 98,77

" bl148 15,24 102,71 +0.81 103. 52
5216 16,51 106. 39 +0.76 107.15
5237 17,78 107.52 +0.786 108, 28
5250 19,94 108,23 +0.76 ©108. 29
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Figure 30, Burst Element Integral Worth Calibration
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Reactivity Effects of Various Materials

This part of the zero and low power experiments investigated the reactivity effects of

different materials in the experiment cavity and outside the reactor, The materials used are:

1. B-10 ball

2. U-10 w/o Mo 278 g sample

3. SPR 11 Control rod (U-10 wt % Mo)
4. Lead

5. BSteel

6. Polyethylene

7. Copper

8. Aluminum

All reactivity worth measurements are made with the experiment gstand in place and the

B-10 loaded thimble in the shroud unless otherwise noted.

Experiment Cavity

Reactivity effects of all the materials listed ahove are shown in Tables XVII through
XXV and Figures 31 through 38. All samples are mounted on the SPR IIl experiment stand which
is equipped with a positioning device that permits both vertical and uni-axis location with respect
to the experiment tube (which fits inside the thimble). All plots are shown from the '"full down'
to the "full up'’ positions of the vertical drive unit. The common reference position for all
samples as a function of sample location is the "full up" position of the experiment stand drive

mechanism. With the drive mechanisms at this stop, the drive rod/sample holder is positioned

g0 that the tip of the sample holder is about 0,76 cm down from the top of the uppermost steel
ring. Nominal full-strcke travel distance on the experiment stand is 36,52 cm; however, this
stroke is inherently reduced by the thicknessg of the sample if it restricts travel at the bottom

of the experiment tube, As an example, the SPR II control rod measurement illustrates the

reduction of travel due to sample size,



TABLE XVIII

1
Reactivity Worth Change of Boron Ball™ as a
Function of Centerline Position in the

Experiment Tube

Position Control Element 1 Worthz Reactivity
{cm) Posgition (units) {cents) Change (cents)
0 (full down) 4000 185.31 -
1,27 3924 188.78 -3.47
2,b4 3718 188. 39 ~-13.08
3.81 3594 204. 21 -18,90
5,08 3437 211.85 -26.64
6,35 3258 220.61 -35.30
7,62 3138 226.05 ~40.74
8.89 3028 231.18 ~-45. 87
10.16 2954 234,31 -49,00
11.43 2897 236.79 -51.48
12,70 2878 237.62 ~-52,31
13, 97 2887 236,789 -51.48
15,24 2925 235. 57 -50.26
16.51 2081 233.14 -47,83
17,78 3075 228.91 ~-43. 60
12,05 3207 222.92 -37.61
20,32 3313 218.06 -32.75
21.59 3467 210. 47 .=-25.16
22,86 3592 204. 30 -18.99
24,13 3685 199,93 -14. 62
25,40 3790 195.02 -9.71
28,67 3896 190,07 -4,76
27,94 3995 185. 54 ~0.23
29,21 4080 182, 57 +2.74
30.48 4104 180, 56 +4.75
31.75 4112 180,20 +5.11
33.02 40986 180.93 +4, 38
34.29 4048 183.12 +2,19
35,56 4008 184.95 +0, 36
36,83 3966 186,87 -1.56

1. Boron ball 4,76 cm diameter,

2. Worth as determined by DC measurement with control element i,
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TABLE XIX

Reactivity Worth Change of a U-10 Wi % Mo Sample (278 g)
as a Function of Centerline Position in the
Experiment Tube

Posgition Control Element 1 Wor‘ch1 Reactivity
(cm} Position (units) {cents) Change (cenis)
0 (full down) 4000 185,31 -
1,27 3995 185, 54 -0.23
2,54 39867 186. 82 -1.51
3.81 . 3953 187.46 -2.15
5.08 3026 188.69 -3.38
6.35 3905 189,65 -4.34
7.62 3893 190.21 -4. 90
8.89 3891 190. 30 ~4.99
10.186 3886 190.53 -5.22
11.43 3886 190,53 -5.22
12,70 3888 190, 44 -5.13
13,97 3898 189.97 -4, 66
15.24 3904 189.70 -4, 39
16,51 3920 188, 97 -3.68
17.18 3940 188.05 -2, 74
19.05 3960 187.14 -1.83
20,32 3977 186.36 -1.05
21,59 3993 185.63 -0.32
22,86 4004 185.15 +0,18
24.13 4006 185,04 40, 27
25,40 4005 185.08 +0. 23
26, 67 4000 185.31 )
27,94 3988 185.86 -0. 55
29.21 3966 186.87 -1.56
30,48 3935 188,28 -2.97
31.75 3905 189, 65 -4.34
33.02 3870 191.28 -5, 97
34,28 3831 193.11 -7.80
35.56 3798 194.65 -9.34
26,83 3777 195.63 -10. 32

1. Worth as determined by DC measurement with control element 1.



TABLE XX

Relative Reactivity Worth of SPR II Control Rod as a Function of
Position on Centerline of Experiment Tube with Shroud in Place

Sample 1 ‘
Position Control Element 1 Worth Reactivity
(cm) Posgition (units) (cents) Change (cents}
0 {(full down) 4000 185.31 -
1.27 4030 183. 94 +1.37
2,54 4052 182.94 +2.37
3.81 | 4053 182. 89 +2. 42
5.08 4045 183. 26 +2.05
6,35 4030 183, 94 +1.37
7.62 4010 184, 88 +0, 45
8,89 3980 186.23 ~0,92
10.16 3964 ’ 188, 96 -1, 65
11,43 3930 188. 51 -3.20
12,70 3884 190.64- ~5.33
13,97 3844 192. 50 -7.19
15,24 3805 194,32 -9.01
16.51 3757 196. 57 -11.28
17,78 3688 198,79 ~-14,48
19,05 3647 201.71 -16.490
20,32 3587 204, 55 -19. 24

1. Worth as determined with control element 1 to obtain a DC measurement.



TABLE XXI

Reactivity Worth Change of a Lead Sample1 as a Function of
Centerline Position in the Experiment Tube

Sample 9
Pogition Control Element Positions Worth Reactivity
(cm) No. 1 No, 2 No., 3 {cents) Change (cents)
0 (full down) 4500 6458 6458 165,85 -

2,54 3778 200,09 -34.34
3,81 3274 224.08 -58.33
5.08 2813 . 244, 44 -78.69
6.35 2333 . 263,93 -98,18
7.62 1794 282. 68 ~116.93
8.89 1187 297.73 -131.98
10.16 0682 305.62 -139,87
11,43 : 0 6433 : 310.06 ~144.31
12.70 0 8397 311.72 -145,97
© 13,97 0 8416 » 310. 84 ~145.09
15,24 0384 6458 308.14 -142.39
16,51 0843 303.74 -137.99
17,78 1450 291.89 -126,14
19,05 1703 285.19 -1192. 44
20,32 2045 274.59 -108, 84
21,58 2418 280,65 -4, 80
22,86 2806 244,73 -78.98
24,13 3182 228,25 . -82.50
25.40 3476 214,43 -48. 68
28, 67 37567 201.08 -35.33
27.94 4072 186.13 -20,38
29.21 4290 175.72 -9, 97
30.48 4388 171.07 -5.32
31.75 4317 174, 44 -8.69
34.04 3804 198. 87 ~33.12

1. Lead sample is a disc 16,76 ¢m diameter x 2,54 cm,

2. Total worth of system measured from full down position.



TABLE XXIL

Reactivity Worth Change of a Steel Sample1 as a Function
of Centerline Position in the Experiment Tube

Sample 9 .
Position Control Flement Positions Worth Reactivity
{cm) No. 1 No., 2 No. 3 {cents) Change (cents)
0 (full down} 4500 6603 6603 287,98 -
2,54 3750 323.64 -35.66
3.8 3213 349.07 -61.09
5,08 - 2705 371.26 -83.28
6,35 2171 | 392.33 -104. 35
7,62 ) 1538 411.95 -123.97
8.89 0586 428. 94 -140. 96
10,16 0 6447 438.33 ~-150.35
11,43 0 6331 443.68 -1556.71
12,70 0 6287 445,79 -157.81
13,97 0 6305 444,89 -156.91
15,24 0 6358 442,44 -154.46
16,51 0 £448 438,29 -150.31
17,78 0842 6603 425,99 ~138,01
19,05 1262 418,33 -130.35
20,32 1732 406, 862 ~118.64
21.59 2222 390. 39 -102.41
22,886 2664 372,93 -84.956
24,13 3078 355.14 -67.18
25,40 - 3419 339.40 . -51.42
28, 67 3728 324,67 ~-36. 69
27,94 4087 ' 308, 60 -20,82
29,21 4293 297.81 -9.83
30. 48 4396 ' 292. 92 4,94
31,75 4299 297,53 -9.55
34,04 3737 324.25 -38.27

1. Steel sample is a disc 16,76 cm diameter x 2,54 cm,

2. Total worth of system measured from full down position.



14

TABLE XXII

Reactivity Worth Change of Polyethylene Sample1 as a
Function of Position in the Experiment Tube

i,am.p }e Cont?‘?l Elen?ent ! Reactivity (cents)
osition Pogition (units) 5 3
(cm} Thimble No Thimble Worth Change Worth Change

0 (full down) 7839 9000 16.08 0 0 ]
1,27 7511 9000 24. 30 ~8,22 0 0
2.54 5622 8125 56,10 -40.02 10, 92 -10,92
3.81 5735 7381 98. 81 -82.73 27.92 -27.92
5,08 5021 5902 135. 95 -119. 87 44, 83 -44.63
6.35 4229 6502 174,78 -158. 70 61.23 -51.23
7. 62 3570 6236 205, 39 -189, 31 73.91 -73.91
8.89 2936 6029 235.09 -219.01 83.99 -83.99
10,16 2549 5980 251, 57 -235, 49 87.36 -87,36
11,43 2266 5987 262, 66 -2486, 58 86,04 -86.04

- 12,70 2253 8025 263,14 -247, 06 84.18 -84.18
13,97 2330 6085 260. 29 -244, 21 81.25 -81.25
15,24 2515 6137 252, 96 -236, 88 78.71 -78.71
16,51 2839 8184 239. 31 -223, 23 76.41 -76.41
17,78 3175 6228 224. 37 -208.29 74.29 -74.29
19,05 3703 8294 199.09 -183.01 71.15 -71.15
20,32 4184 6364 176.91 -160. 83 67.81 -87.81
21,59 4581 6442 157.82 -141.74 64.09 -64,09
22, 86 5025 6563 135.75 -119. 67 58. 63 -58,63
24,13 5506 68736 110. 80 -94.72 51.23 -51.23
25,40 5996 6938 85, 60 -69.52 43.26 -43.28
26, 67 6505 7165 61.11 -45,03 35.00 ~35. 00
27,94 7005 7252 40.73 -24, 65 28. 87 -28.87
29,21 7609 7508 21.64 ~5.56 24,38 -24.38
30,48 8341 7503 8,22 +7.86 24,51 -24,51
31.75 8751 7120 3.11 +12, 97 36.47 -36.47
33,02 8151 6546 10. 60 +5,48 59,35 -59,35
34.28 7565 5975 22,83 -6.75 86. 62 -88, 62
35.56 - 7402 5804 27.25 -11.17 95.25 -95.25

1. Polyethylene sample is 16,768 em diameter x 2,54 cm thick mounted in horizontal plane,
2. DC worth of control element 1.
3. Relative worth of incremental change in position. To obtain absoclute change subtract

these values from 172. 38 for the B-10 thimble case and 358.49 for the no-thimble case;
these DC free field values include worth of experiment stand (+44 cents),
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TABLE XXIV

. 1
Reactivity Worth Change of a Copper Sample as a
Function of Centerline Posgition in the Experiment Tube

Control Element Posgitions Worth2
No. 1 No. 2 No. 3 {cents)
5000 6690 6690 255,87
4104 290,03
34238 381.17
‘2798 359, 50
2146 385.49
1269 410, 37
0 §454 434,08
0 6167 448,02
¢ 6008 456. 28
0 5939 459, 85
0 5961 458.68
0 6025 455, 31
0 6141 449, 35
0 6442 434.63
0 6624 426,27
1288 6690 409, 72
20563 388,176
2665 365.009
3201 341.81
3623 321.81
4028 - 302.66
44783 281,46
4777 267.08
4950 258.40
4883 ' 261.79
4245 292.29

Copper sample ig a disc 16,76 cm diameter x 2,54 cm,

Total worth of system measgured from full down position.

Reactivity

Change (cents)

-43.16
-75. 30
-103. 63
-129. 62
-154.50
-178.21
-1982.15
~200. 41
~-203. 98
~-202. 81
-199. 44
-193. 48
~178. 76
-170. 40
-153. 85
-132. 89
-109. 22
-85. 94
~65, 94
-46.79
-25.509
-11.21
-2.33
-5, 92
-36.42
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TABLE XXV

Reactivity Worth Change of an Aluminum Sample1 as a Funcfion
of Centerline Position in the Experiment Tube

Sample 2 y
Position Control Element 1 Worth Reactivity
(em) Pogition (units) (cents) Change (cents)
0 (full down) 4500 161,65 -
2,54 3800 194, 56 -32. 91
3.81 3323 217,51 -55. 86
5.08 . 2871 237,982 ~76.27
6.35 2439 256,09 -94.44
7. 62 1953 275,517 -111. 92
8.89 1489 286.93 -125.28
10.16 1192 - 293.48 -131.81
11.43 0998 296. 66 -135.01
12.70 0858 297.32 -135. 67
13,97 1046 295,87 -134.22
15,24 1192 293,46 ~-131, 81
18.51 1390 289,12 -127. 47
17,78 1770 279, 34 -117, 82
19,05 1967 273,12 -111, 47
20,32 2241 263.59 -101.94
21,59 2564 250, 95 -89. 30
22,86 2911 236,18 -74,53
24,13 3243 221.29 -59. 64
25,40 3519 207.90 ~-46. 25
28, 67 3783 195,35 ~-33,170
27.94 4074 181. 93 =20, 28
29.21 4278 172,40 -10,75
30.48 4368 168,04 -6, 39
31,75 4298 171.43 -9,78
34,04 3785 195, 26 -33. 61

1. Aluminum sample ig 16,78 cm diameter x 2.54 cm.

2. Worth ag determined by DC measurement with control element 1,
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Polyethylene Liners in Experiment Tube

The reactivity worth measurements in the foregoing sections use a constant mass in the
experiment tube, and only the position relative to the core is changed. The series of measure-
ments presented in this section consist of placing full length (~ 35,6 cm) polyethylene liners into the
experiment tube in various geometries to determine relative reactivity effects. The experiment

gtand is removed for these series of measurements.

Increasing Thickness of Liners -~ Polyethylene liners are added gequentially to the experiment

tube by placing the first liner adjacent to the ingide diameter of the tube and adding successive layers
to build up a composite polyethylene liner with a decreasing inside radius, The firgt thickness is
0,24 cm and resulted in a net reactivity increase of 121,57 cents, The final datum point simply
repregents the available reactivity to offset the negative worth as it is anticipated that further
additions would result in at least no gignificant change, The B-~10 loaded thimble ig in place in

the shroud for these meagurements, Results are shown in Table XXVI and Figure 39,

TABLE XXVI

Polyethylene Cylinder Worth as a Function of Thickness
Ingide the Bxperiment Tube

Thickness Total Contrel Element Sample
{cm) Reactivity Worth (cents) Reactivity Worth (cents)

Base Data 443, 98 ————

0,24 322, 41 +121. 57

0,48 288,75 +175.23

0,71 340. 83 +103,15

0,95 438, 54 +5, 44

1,19 565, 67 ~121.69

1.43 844.79 -400. 81

1. As measured inward from an ocuter radiug of 3. 29 inches.
Inside radius of experiment tube is 3, 309 inches.
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Figure 39, Polyethylene Cylinder Worth as a Function
. of Thickness in the Experiment Tube

Fixed Location of Single Thickness Liners -- It is necessary to know the reactivity effects

on the system of a particular experiment as a function of material and spatial pogition. Thig

reactivity effect (perturbation) is normally performed on the operational reactor by evaluating
the reactivity change determined by delayed critical measurements and comparing to the free-
field (unperturbed) condition. Prior to performing these delayed critical measurements, it is

desirable to estimate the reactivity effects of the experiment. To do this, some basic guideline

values are obtained as described below which {should) result in an envelope of maximum changes

due to material and position,

A family of polyethylene liners is used which have been fabricated in such a manner as to
nest one inside the other and thereby build up single thicknesses at different places inside the
experiment tube. These measurements differ from those given previously in the paragraph on

increasing thickness of liners in that only the reactivity worth of one thickness is measured,

whereas the other data is based on a continually increasing thickness.



Reactivity rneasurements are made for each thickness, in some cases two or more nested
liners, at its particular fixed location iuside the experiment tube. In all measurements, the axial
centerline of the liner(s) is coincident with the axial centerline of the experiment tube. Since each
liner has a fixed geometry, the spatial location with respect to the core ig thereby fixed, and itis
. this relationship that provides useful guideline reactivity worths for the evaluation of experiment
reactivity effects as a function of position inside the experiment tube. Results of measurements

are shown in Table XXVIL
TABLE XXVII

Effects of Polyethylene Liners Inside the Experiment Tube as a
Function of Position

Equivalent 9
Ring Radius Thickness - Massg Surfai‘e Reactivity Specific
No. {em) {cm) (grams) (cm?) (cents) Reactivity

SINGLE.LINER MEASUREMENTS

8 0,95 0. 95 110,00 247. 90 +45.33 0.412
7 1,80 0.95  336.61 379,28 +71. 90 0. 214
8 3,05 1,14 897. 56 650. 83 +73. 91 C. 106
5 . 4,62 1,58 1486.00 1015. 18 -55.90 0.038
4 5.78 1,18 1501. 68 1377.68 +53.16 0,085
3 6.82 1,03 1516. 80 1875. 37 +81. 30 0. 050
2 7.62 0.79 1409.10 1907, 84 +147.58 0.105
1 8.36 0.74 1458. 00 2110, 20 +108.15 0.071
COMPOSITE LINER THICKNESSES
8+7 1,80 1,89 448, 61 251, 61 +41, 22 0,092
6+7 3.05 2,09 1034.17 527. 74 -60.05 0. 058
6+7+8 3.05 3.04 1144.17 401. 87 -113.66" 0. 099
5+ 6 4,62 2,71 2183, 56 860. 56 -366.55 0. 168
5+6+7 4,62 3.65 2520, 17 735. 84 -481,27 0.191
5+6+7+8 4.62 4,60 2648.17 814. 09 -512,73 0,194
445 5.78 2.72 2969, 68 1162.19 -553. 41 0,186
4+5+6 5.78 3.87 3667.24 1010. 99 »-1048.07 >0. 286
3+4 6,82 2,19 3118.28 1517. 47 -515, 96 0.185
2+ 3 7.62 1,82 3025,70 1776.16 -434, 32 0.144

1. Mass divided by density (p = 0,938 g/cd and thickness.

2, Ratio of absolute reactivity divided by the mass of the liner(s).
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External Effect of Materials

Two different types of materials, one high-Z (lead) and one low~-Z (polyethylene), are
placed directly behind the burst element and control elements 2 and 3 outside the shroud to
observe the relative effect of these materials on the burst element reactivity worth, The lead
is standard 10.2 em x 20,3 cm x 2,5 cm bricks stacked to form a 20,3 em high shield 10,2 cm
thick, The polyethylene is cut 20,3 cm high and 5,24 ¢m thick, In all meagurements, the sample
is located with respect to the core so that the core length reflected is exactly the same relative
core length covered by the burst element travel (21.6 cm), Results (Table XXVIII) show that
the unperturbed worths measured of 116,61 and 112,44 are not consistent with the true burst
element worth given previocusly in the section on burst element configuration, since the values
shown in Table XVII are before the element was modified for the lower warth; however, the
relative change is the item of concern and.iotal worth should not have any appreciable effect on

these values.

TABLE XXVIII

Effect of Matei'ials Placed Outside the Shroud
on Burst Element Worth

Burst
5 Control Elements (units) Element
Material Location No. 1 No, 2 No. 3 (cents)
None - 1000 5783 6000 -
4116 5783 6000 116, 61
3000 5223 5223 -
5338 5223 5223 112,44
{Polyethylene Burst element 3000 5729 5729 -
fhz“;':% b2 em 5184 5729 5720 104.63
Contral element 2 1000 6778 6000 . -
4074 6778 8000 114,70
3000 5739 5738 -
5318 5739 5738 111,48
Control element 3 1000 6747 6000 -
4166 6747 6000 118.90
3000 5759 5759 -
5385 57569 5759 115. 086
Lead bricks, Burst element 3000 5718 5718 -
20.3 cm high 5008 5718 5718 100, 27
Conirol element 2 1000 6702 6000 -
4151 6702 6000 118.21
3000 5735 5735 -
5373 5735 5735 114,42
Cantrol element 3 1000 6807 6000 -
4078 6807 6000 114, 88
3000 5744 5745 -
5318 5744 5745 111,48

1. Sample materialg stacked adjacent to shroud direetly behind control
element or burst element,



Safety Block Reactivity Worth

Integral worth of the safety block as a function of separation distance from the upper core

half is shown in Table XXIX and Figure 40. The measured values are obtained by placing shim

stock material at the four contact areas between the two core halves and then obtaining a delayed

critical configuration with the use of control element 1 to compensate for the reactivity loss. The

measurements are concluded at 1,27 cm separation, since the differential rate is of such

magnitude that further (meaningful) data cannot be obtained with control element 1 ag the

compensating reactivity worth,

In fact, the last datum point at 1,27 cm is cbtained by

off-getting control elements 2 and 3 to provide additional reactivity adjustment for control

element 1,

TABLE XXIX

Safety Block Calibration Worth of Safety Block as a
Function of Separation Distance Between
Safety Block and Upper Core Half

Separation

{em)
0,0

0,005
0,010
0.015
0,025
0.047
0,188
¢, 305
0,635
1,270

Rea.ctivi’c:y'i

{centa)

121.04
122, 60
123. 482
125.09
127.68
132,60
178. 51
169. 56
284. 54
445. 34

Reactivity Differential

Change (cents) (cents/cm)
1.56 312
2,78 278
4,05 270
6.64 286
11. 56 246
57,47 ' 306
78. 52 257
168, 50 265
324,30 255

1. Reactivity determined as a function of contrel element 1 position,
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Figure 40. Integral Reactivity Worth, Safety Block and Upper Core Half Separation
with no Shroud

Variation of Burst Element Worth

During the initial tests conducted to determine the static worth of the burst element, it was
observed that the relative position of materials inside the experimental tube resulted in a change
of the burst element reactivity worth. The results of a series of measurements with a
polyethylene sample (16,76 cm diameter x 2,54 cm) in the experiment tube are shown Table XXX
and Figure 41, The reader will notice that the static worth of the burst element is given as -
116. 50 cents, whereas the operational static worth given previously is 110. 90. The difference
is due to a change in physical size of the burst element made after this series of measurements;
however, the information of interest is the magnitude of reactivity change which will not be
effected to any large extent by this physical change in size. Only the polyethylene material is
used to determine the effect of materials and location on the burst element reactivity worth,
since the material will have the greatest influence on the system and should thereby encompass

the effects of other materials.



TABLE XXX

Effect of Polyethylene Sa,n'lple1 on Burst Element Worth

1.

2.

Sarr%p‘le 9
Posgition Worth
(cm) (cents)
(full down) 116. 50
2.54 116.82
3.81 117. 35
5.08 117, 46
6.35 117.78
7.62 117, 62
8.89 117,51
10.186 118.76
11,43 115, 59
12,70 114.286
13,97 112,60
15,24 110.89
16,51 110.08
17.78 108. 24
19.05 107.78
20,32 107.22
21.59 107.27
24,13 108. 59
25.40 108,71
26.87 111.46
27,94 113.54
29,21 116.21
30,48 118. 39
31,75 119. 36
34,04 119,09

as a Function of Centerline Position in
Experiment Tube

Reactivity
Change

{cents)

+0. 32
+0. 85
+0. 96
+1.28
+1.12
+1.01
+0, 26
~0.91
-2.24
-3, 90
-5, 61
-6,44
-8.26
-8,72
~9.28
-9.23
-7.91
-6,79
-5,04
-2.98
-0.29
+1.89
+2.86
+2. 59

Differential Worth
(cents/inch)

0. 32
1. 06
0,22
0.64
0.32
0.22
1. 50
2,34
2.66
3.32
3. 42
1. 66
3.64
0.92
1.12
0.10
1.32
2.24
3. 50
4.16
5.34
4. 36
1.94
0.30

Polyethylene sample is 16,76 cm diameter x 2,54 ecm mounted in horizontal

plane.

Worth as determined by using static worth of burst element,
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CHAPTER IV

CONCLUSIONS

Primary characteristics of the SPR III for both design and experimental values are
summarized in Table XXXI. Experimenial results are those parameters measured for a k
16-fuel-plate core, whereas the design values are based on a full 18-fuel-plate core. The
difference in critical mass is 35 kg which is the largest deviation between design and experi-
mental values; however, it should be-recognized that the reactor actually achieved critical with
258 kg for a reai difference of only 5 kg. The fuel mass is deliberately lowered to provide for
adequate control margin, that is, system reactivity worth in control elements to accommodate

the reactivity worths (either positive er negative) of experiments.

TABLE XXXI

Comparisen of Experiment and Design Values

Parameter Expeeriment1 Design
Control element $%, 06 to $3.13 $2. 90 to $3.60
integral worth
Control element $0,13/em- $0.12/cm
differential worth
Burst element worth $1.13 $1.26
Safety block worth »=$6, 503 - - $7.00
at 2,54 cm separation
Shroud/thimble worth +$1, 02 + $0. 97
Critical mass 228 kg (258 kg)4 ' 263 kg

4
Excess reactivity $5.63 {~ $7.00) ~ $6. 00
Total reactivity $10,48 . ~ $9. 965

1. Based on 16 fuel plate core with ghroud in place.

2. Calculated for an 18-fuel-plate core. Actual operational core size
fixed at 16 fuel plates.

3. DBased on differential measured at 1,27 ¢m separation,

4. Actual critical assembly achieved with 258 kg.

5., DBased on the 2,54-em-~-thick Cu reflector element,



Other measured characteristics are summarized in Figures 42 through 45. Figure 42
shows both a typical differential worth and integral worth plot for a control element. The
maximum observed different worth ig about 13¢/cm (33¢/inch) which is in good agreement with
the calculated value at 12¢/cm. The integral worths are algo in good agreement; however, the
physical shape of the control element (see drawing T24058 in Appendix B) was changed slightly by
remaoving the beveled cuter face and machining the ends so that the end face is perpendicular to
the tangent. Removal of reflector material was continued until the integral worth was reduced
to the above (Table XXXI) values. - Original observed subcritical measurements indicated that

the conirol element worth to be in the range $3. 60 to $4.75, which was judged too high; hence,

the decision to remove material. Figure 43 shows a composite plot of the reactivity worth of
various materials (see Chapter III for details) as a functicn of experiment cavity location. The
plotted values are normalized to the reactivity change relative to the empty cavity., All materials
exhibit similar behavior and are characterized by an absolute reactivity swing of about $2. 60,
except for the polyethylene without the B-10 loaded thimble in place. All materials observed in
the experiments cavity can be characterized by strong positive peaking at both ends of the cavity,
indicating good reflection. TFigures 44 and 45 show reactivity worth of iwo distinet geometries
when using polyethylene cylinders in the experiment cavity. The main characteristic observed

is a strong negative worth effect which can be attributed to the moderating effect of polyethylene,

coupled with the boron in the B-10 loaded thimble.
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Figure 42. Integral and Differential and Control Element Calibration
Curves



Reactivity Change from Empty Cavity, (dollars)
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Figure 43, Reactivity Measurements in Central
Cavity :
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PART1

SPR III

Test Series Proposal No. 1
Initial Critical Experiment

Purpose

The pﬁrpose of the initial SPR III critical experiment is to carefully assemble the reactor
for the first time in order to establish the critical configuration of the core. This experiment

will also verify the design neutron physics calculations.

General Procedures

The Integrated Plant Test will be completed prior to the start of the critical experiment.
The SPR III stand with mock-up fuel rings will be placed on the elevator platform and connected
to the SPR control system. The proper functioning of all drive mechanisms will be verified as a

part of the Integrated Plant Test.

The critical experiment will be performed by ‘adding the fuel elements in single unit in-
crements and by observing the increase in neutron count rate due io multiplied neutrons from a
gource at the center of the assembly. The reciprocal multiplication technique (1/M) will be used
to determine the eritical configuration of the core for each fuel addition, The assembly procedures
will follow ANS-STD 1;-1967, "A Code of Good Practices for the Performance of Critical Experi-
ments. " Hand-stacking of fuel will be allowed up to a multiplication of 10; this practice is used

at other laboratories.

In addition to the neutron multiplication measurements for the critical determination, an
evaluation of the reactivity worth of the pit will be conducted. A neutron detector will be attached
to the reactor stand, and at gseveral points in the loading the gtand will be lowered into the pit and
the shield door closed. A source multiplication measurement will be taken and compared with

results for the case with the reactor fully raised out of the pit.

Cylindrical aluminum spacers have been fabricated to be used during the experiment to
take the place of fuel plates in the core. These spacers allow the structural components of the

core (support rings and boltg) to remain in the same location for each fuel plate loading.
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Responsibility

The responsibility for the safe conduet of this experiment rests with the supervisor of the
Reactor Source Applications Division. The procedures will be reviewed and evaluated by the

SPR Committee. This test series propoged will be audited by Quality Assurance personnel.

General Regulations

eNo more than two people will be allowed within 12 inches of the fuel assembly

during the fuel loading procedure,

eNo fuel component will be removed from its container or the vault until it
is ready to be assembled. Only one fuel component will be handled at any
given time, except when the safety block is moved from the bench to the

reactor stand.

e After assembly of the safety block and its placement on the reacter stand
with the four control elements, no manipulation of the control elements or
safety block will be permitted while there are persons in the kiva until it

hag been demonstrated to be safe to do so.

e Addition of fuel compeonents is fo be performed slowly, and personnel are
not to position themselves between the fuel agsembly and the neutron detecior

for the audible counter.

oIn the event the assembly cammot be completed in one operation, unassembled
fuel components shall be stored in a geometrically safe configuratiom in the
reactor building vault or in the kiva. TUnassembled components may be

stored in a plane array with a spacing of 30 or more inches between them,

Assembly Hardware

A SPR IIl Reactor Stand - The stand will be mounted on the elevator in the SPR kiva.

6
A Neutron Source with an Intensity of 10 n/sec - The source will be located in such a

position that it will be shielded from the neutron detectors by the reactor fuel,

A BFgy Neutron Detector - This detector will be equipped with a count-rate meter, an

audible counter, and a scaler, and will serve as the principal monitoring device in the kiva during
assembly operationg. The detector will be installed where it will be shielded from the source
by the reactor fuel. This detector is to be fixed in place and is not to be moved until the reactor

is fully assembled.



SPR Start-up mstrumentation - This equipment will be used as a continuous check on the

neutron multiplication. The period measuring instrument will be set to detect the fission chamber
output in order to obtain useful data in the event of an excursion. The count~rate meters will be

operated in the linear mode for greatest sensitivity.

Additional Neutron Detectors - At least four additional neutron detection channels will be

available to monitor neutron multiplication, The detectors will be positioned at various distances
from the assembly. BF3 detectors will be surrounded with polyethylene to improve counting
efficiency., The scalers and timers for these detection channels will be located in the instrument

shack. The neutron detector placed in the pit will not use a polyethylene geometry.

Tocls and Handling Gear - All necessary tools and handling gear will be made accegsible

before loading begins.

Personal Requirements

¢The Critical Assembly Coordinator will be respongible for the interpretation

of the data taken during the experiment and will coordinate all activities during

the critical experiment,

s A Health Physicist or Health Physics Monitor will be required in the kiva

during all fuel-handling activities.

eThe reactor console will be attended by a SPR Supervisor during all loading

operations. Both an Operator and a Supervisor will be present in the control

room during any manipulation of the controls.

s A Fuel Control Officer will be responsible for the control of fuel during

loading operations and can assist in fuel loading.

+The Loading Supervisor will direct all fuel-loading operations.

#One or more Loaders and Assemblers will remove the fuel from its containers

and assemble each component on the reactor stand as directed by the Loading

Supervisor,

#One or more Data Recorders will be located in the instrument shack to operate

the additional neutron detectors,

eThere will be an independent analysis of the multiplieation data by at least
three persons after each step in the operation. These individuals must concur

before any step in the loading sequence can be undertaken,
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Core Configuration

The final SPR III core configuration is given in Figure Al; the identifier on the plates in-

dicates its location in the core.

The nominal plate masses are given in Table A-1.

The serial

numbers of the plates and actual masses will be supplied before the start of the experiment.

_.l - I._
~12
11
. -10
'C
oA =
21 A- 9
C-
o
3
I
Figure Al, Final Configuration

TABLE A-1

SPR III Fuel Plate Masses

Plate Posgition

D-2
C-12
C-11
C-10
Cc-9
c-8
c-7
B-2
A-2

A-1
B-1
Cc-1
C-2
C-3
C-4
C-5

D-1

Mass (kg)

15.4 6.8
15.4 15.0
15.4 15.4
15.4 15.4
15.4 15.4
15.4 15.4
15.4 15.4
15.0 15.4

6.8 15.5

Total 259.2



Detailed Procedures

A theoretical 1/M curve is given in Figure A2; these results were obtained with TWOTRAN
for several steps in the critical assembly loading, The neutron multiplication measurements
will be taken with the lower core half in the fully raised position. The detailed procedures are
ag follows:

1, The Integrated Plant Test will be completed with the mockup core on the

reactor stand. All contrel element drives will be checked for proper
operation.

2. Remove the mockup core from the stand, and remove the control and

pulse element drive mechahisms.

3. Take background count raies on all detectors with the neutron source

removed from the reactor stand.

6
4, Position a neutron source with a gtrength of 10~ neut/sec at the center

of the core and obtain reference counts {M=1) with the elevator fully up.
5. Lower the stand into the pit and obtain the M=1 count rate with the

shield door closed.

6. The actual critical assembly beging with this step. Position plate A~2
as gshown in Figure A3, replace the neutron source at the center and

obtain count rates.
7. Position plate B-2 as shown in Figure A4 and obtain count rates.
8. Position plate C-T7 as shown in Figure Ab and obtain count rates.

9. Disassemble the three plates from the reactor stand, reassemble
them on the work bench as a maodified safety block, place this lower
half assembly on the safety block spider. Leoad plate A-1 in the

upper half as shown in Figure A6 and obtain count rates.

10. Lower the reactor stand inte the pit, close the shield door, and

obtain count rates on the pit detector. (Four plates loaded.)

11. Raise elevator to full-up position, pogition plate B-1 ag shown in

Figure A7, and obtain count rates.
© 12. Pogition plate C-1 as shown in Figure A8 and obtain count rates.
13. Position plate C~2 as shown in Figure A9 and obtain count rates.

14, Lower the reactor stand into the pit, close the ghield door and

obtain count rates on the pit detector. (Seven plates loaded.)

15. Raise elevator to full up position, position plate C-3 plate as shown

in Figure Al10, and obtain count rates.
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16. Position plate C-4 as shown in Figure A1l and obtain count rates.
17. Position the plate C-5 as shown in Figure Al2 and obtain count raies.

18. Lower the reactor stand into the pit, close the ghield door, and

obtain count rates on the pit detector. (Ten plates loaded. )}

19. Raise the elevator to the full-up position, position plate C-6 as shown

in Figure Al13, and obtain count rates.
20. Position plate D-1 as shown in Figure Al4 and obtain count rates.

21. Disassemble all 12 plates and place them in storage containers or

on the kiva floor with at least 30 inches between plates.

22. Assemble plates A-1, B-1, C-1, C-2, C-3, C-4, C-5, C=-6, and
D-1 as the safety block on the work bench. Install thermocouples
in the safety block and position it on the gpider. Bolt safety block

to spider.
23. Install pulse element and three control elements.

. 24. Position plate A-2 as shown in Figure Al5 and obtain count rates.

Insert thermocouple through support ring into plate.
25. Position plate B-2 as shown in Figure Al6 and obtain count rates,
26, Position plate C-7 as shown in Figure A17 and obtain couﬁt rates,
27. Position plate C-8 as shown in Figure Al18 and obtain count rates.

28. Lower the reactor stand into the pit, close the shield door, and

obtain count rates on the pit detectors., (Thirteen plates loaded.)

29. Raise elevator to the full-up position, position plate C-9 as shown

in Figure A19, and obtain count rates.
30, Position plate C-10 as shown in Figure A20 and obtain count rates.
31. Position plate C-11 as shown in Figure A21 and obtain count rates.

32, Lower the reactor stand into the pit. close the shield door, and

obtain count rates on the pit detector. (Sixteen plates loaded.)

33. Reaise the elevator to the full up position, position plate C-12

as shown in Figure A22, and obtain count rates,
34. Posgition plate D-2 as shown in Figure A23 and obtain count rates.

35. Lower the reactor stand into the pit, close the shield door, and

obtain count rates on the pit detector. (Eighteen plates loaded.)

36. Raise elevator to the full-up pesition, The neutron multiplication
measurements are complete since all the fuel elements will have

been loaded.
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37,

Haise control elements one at a time until criticality ig achieved.
Do not insert an element more than 1000 divisions without pausing

to ocbgerve the time behavior of the neutron level,

=l

38, If a critical configuration ig achieved, scram reactor and remove
gource from the center of the core,
39. Transfer source to source tube so remote positioning is possible,
40, Run d.c. and drop source to confirm critical.
41. If critical is achieved, the design calculations are confirmed and
the SPR III startup should prdceed to the low power testing.
L0 I I I I 1 |
0.5 . P
0.6 —
L1 A-2
0.4 -
0.2 -
o ] ] | | | }
50 100 150 200 250 300
Fuel Mass, kg
Figure A2. Figure A3.
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Figure 9.

Figure 8.
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Figure 11.

Figure 10,
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SPR I

Critical Assembly Checklist

1. Complete Integrated Plant Test.
2. Remove mockup core and control element drives.
3. Source only count rate with elevator up
Instrument shack: Ch 1 Ch 2
Ch 3 Ch 4
Console: Chl Ch 2
Ch 3 Ch 4
4. Source only count rate with elevator down
Pit detector: Chs

B, Background count rates.

Instrument shack: Ch 1 Chz_
.Ch 3 Chd __
Console: Ch1l Ch 2
Ch 3 Ché4
Pite Ch b
6, Posgition plate A-2.
Instrument Shack: Ch1 Ch 2 Ch 3 Ch 4
M1 M 2 M3 M 4
Console: Ch1 Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M 4
7. Position plate B-2.
Ingtrument Shack: Ch 1l Ch 2 Ch 3 Ch 4
M1 M2 M3 M4
Console: Chi Ch 2 Ch 3 Ch 4
M1 M2 M 3 M 4
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8. Pogition plate C-T.

Ingtrument Shack: Ch 1 Ch 2 Ch 3 Ch 4

M1 M2 M3 M 4
Console: Ch1 Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M 4
9. . Plates A-2, B-2, C-7 in lower half; plate A-1 in upper half.
Instrument Shack: Ch 1 Ch 2 Ch 3 Ch 4
M1 M2_ M 3 M4
Console; Ch1 Ch 2 - Ch 3 Ch 4
M1 M 2 M 3 M4
10. Count rates in pit.
Ch 5 M5

11. Position plate B-1.

Instrument Shack: Ch 1 Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M4
Console: Chl Ch 2 Ch 3 Ch 4
Mi1 M 2 M3 M 4
12. Pogition plate C-1.
Instrument Shack: Ch1 Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M 4
Console: Ch 1 Che2 Ch 3 Ch 4
M1 M 2 M 3 M 4
13. Position plate C-2.
Instrument Shack: Ch 1 Ch 2 Ch 3 Ch 4
M1 M2 M 3 M 4
Console; Ch1 Ch 2 Ch 3 Ch 4
M1 M 2 M3 M 4
14, Count rates in pit.
Ch 5 M 5
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15, _ Position plate C-3.

Instrument Shack: Ch 1 Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M4
Console: Ch 1 Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M 4
16. Pogition plate C-4,
Instrument Shack: Chl Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M 4
Console: Ch1l .Ch 2 Ch 3 Ch 4
M1 M 2 M3 M4
17. Position plate C~5.
Instrument Shack: Ch 1 Ch 2 ) Ch 3 7 Ch 4
M1 M 2 M3 M 4
Console: Chl Ch 2 Ch 3 Ch 4
M1 M 2 M3 M4
18, Count rates in pit.
Ch 5 M5
19. Pogition plate C-6.
Instrument Shack: Ch1l Ch 2 Ch 3 Ch 4.
M1 M2 M3 M 4
Console: Ch 1 Ch 2 Ch3 Ch 4
M 1 M 2 M 3 M 4
20. Position plate D-1.
Instrument Shack: Ch 1l Ch 2 Ch 3 Ch 4
M1 M2 M 3 M 4
Console: Ch1l Ch 2 Ch 3 Ch 4
M1 M 2 M3 M 4
21. Disassemble core,
22. Assemble safety block and position on spider.
23, Install reflectors.

111



112

24.

26.

27.

28.

29,

30.

Pogition plate A-2.

Instrument Shack: Ch 1 Ch 2 Ch 3 Ch 4
M1 M 2 M3 M4
Console: Ch1l Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M 4
Pogition plate B-2,
Instrument Shack: Ch i Ch 2 Ch 3 Ch 4
M1 M 2 M3 M 4
Console: Chi1 . Ch 2 Ch 3 Ch 4
M1 M2 M 3 M 4
Position plate C-7.
~ Ingtrument Shack: Ch1 Ch 2 Ch 3 Ch 4
M1 M 2 M3 M 4
' Censole: Ch1 Ch 2 Ch 3 Ch 4
M1 M2 M 3 M4
Pogition plate C-8.
Instrument Shack: Ch1l Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M 4
Congole: Ch1 Ch 2 Ch 3 Ch 4
M1 M 2 M3 M4
Count rates in pit,
Chb M5
Position plate C-9,
Instrument Shack: Ch 1l Ch 2 Ch 3 Ch 4
M1 M2 M 3 M 4
Console: Chl Ch 2 Ch 3 Ch 4
M1 M2 M 3 M 4
Pogition plate C~10,
Instrument Shack: Ch1 Ch2 Ch 3 Ch 4
M2 M 2 M 3 M 4
Console: Ch 1 Ch 2 Ch 3 Ch 4
M 1 M2 M 3 M 4



31.

32,

33,

34,

35.

36.

317.

38.

39.

40.

41.

Pogition plate C-11.

Instrument Shack: Ch 1l Ch 2 Ch 3 Ch 4
M1 M2 M 3 M 4
Console: Chl Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M4
Count rates in pit.
Ch 5 M5
Pogition plate C-12,
Instrument Shack: Ch 1 ) Ch 2 Ch 3 Ch 4
M1 M 2 M 3 M4
Console: Chi Ch 2 Ch 3 Ch 4
M1 M2 M 3 M4
Position plate D-2.
Instrument Shack: Ch 1l Ch 2 Ch 3 Ch 4
M1 M 2 M3 M4
Consele: Chi1 Ch 2 Ch 3 Ch 4.
M1 M z M3 M4
Count rates in pit.
Ch b M3

Raise reactor out of pit.

Use contral elements to achieve criticality.

Scram reactor and remove source from center of core.

Place source in source tube,

Bring reactor to d. ¢. and drop source.

Secure reactor.
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SPR 11

Critical Experiment Personnel

1. Critical Assembly Coordinator - Reuscher

Coats

2. SPR Supervigor ~===========-- Snyder

Cenant
3. ©SPR Operator~----r===cmee-a-= James

4, Health Physicigty ~---===aw-w= Abbot
Statzula

" Berglund

5, TIfuel Control Officer ~=-------- Estes
Philbin

8, Loading Supervigsor ==------= - Conant

Snyder

7. Loader and Assembler-------- Domingues
Merriott
James
Cox

Gonzalez

8., Data Recorders ~-=~~=r=c=mwa- Merriott

Domingues

9, Independent Analygis -~=--=---- Reuscher
Coats
Schmidt
Philbin

Other individuals in 5221 and 5222 may be called on to assist in the loading

operation.



PART 11

SPR III
Test Series Proposal No., 2
Zero and Low Power Tests

Purpose

The purpose of the zero- and low~power tesig ig 1o provide the static data required for
pulse operation, These data include the reactivity worths of the pulse element, control elements,

safety block, shroud, and materials in the irradiation cavity.

General Procedures

The initial critical experiment will be completed prior to the start of the zero and low
power tests, The system reactivity will not exceed prompt critical, the maximum reactivity
configuration will not exceed 95¢, the minimum period will not be shorter than 150 milliseconds,
and the maximum fuel temperature will not exceed 100°C. Qperating procedures used for SPR 1T
will be used with these tests when applicable. The fission product activity of the core will be
maintained as low as possible to minimize personnel exposure during preparations for the

fiducial tests.

Responsibility

The responsibility for the safe conduct of this experiment rests with the Supervisor of the
Reactor Source Applications Divigion. This test series proposal will be reviewed and evaluated

by the SPR Committee and audited by Quality Assurance personnel.

Agsembly Hardware

The following hardware, in addition to the assembled SPR III, will be required.

1. SPR III shroud
2. Glory hole thimble
3. Extra reflector elements

4, SPR III experiment stand with remote sample positioning mechanism
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5, Spacers for pulse element

6. Samples for reactivity measurements.

Personnel Requirements

The normal SPR operating erew will be required., In addition, one other individual will

agsist in data handling and analysis.

Test Objectives

The following tests and measurements will be conducted during the zero- and low-power

tests.

1. Control and pulse element reactivity worths
2, BSafety block worth
3. Shroud worth
4. Reflector coupling effects
5. Effect of experiments on reflector worths
6. Shutdown and excess reactivity
7. Worth of glory hole liner
8, Worth of various materials in glory hole
9, Set safety block and reflector drive speeds

10. Scram delay time

11. Reactivity worth of pit

Procedures

¢ The control and pulse element reactivity worths will be determined by measuring
the stable reactor period as a function of element position. The rod bump technique
will be used to cover the entire travel of each element. Spacers will be used to
hold the pulse element at intermed-iate positions so that it can be calibrated as a

function of position,

e The safety block worth will be determined with gspacers and delayed critical

element positions and pulse die-away technique.

116



sThe worth of the shroud will be determined with delayed critical element

positions. The effect of the shroud on reflector worths will be checked.

sReactivity coupling effects between reflectorg will be determined. Control
element reactivity worths will be measured by period techniques with one

reflector in the full-up, full~-down, and an intermediate position.

#The effect of external experiments on the reactivity worth of a reflector
will be determined with period measurements, The decoupling effect of the

shroud will also be determined,

#The shutdown and excess reactivity values will be calculaied from the

integral measured worths.

eThe reactivity worth of the glory hole liner will be measured by the

d. ¢. element positions.

oThe worths of various materials in the glory hole will be determined by
d. c. measurements. 'The remote conirolled glory hole stand will be used
to locate small samples as a function of diameter and vertical position,

In addition, nested cylinders of polyethylene will be used in the glory hole

to determine the effectiveness of the glory hole liner,

¢The various drive speeds will be get to comply with the reactivity insertion

rates specified in the SPR III Tech Specifications.

eThe scram delay times will be measured to insure that 285 milliseconds is

not exceeded.

¢The reactivity worth of the pit will be determined using the same procedures

recently employed with SPR II,
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APPENDIX B
OPERATIONAL DRAWINGS

FOR
SPR IIIl REACTOR
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