
T. R. Wilson, Ed. 

QUARTERLY TECHNICAL REPORT 

SPERl PROJECT 

January, February, March, 1960 

IDO -16617 

~:1ASTER 

March 31, 1961 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



PRICE $ , 7'1 

Available from the 
Office of Technical Services 

U.S. Department of Commerce 
Washington 25, D. C. 

LEGAL NOTICE 

This report was prepared as nn accouul uf Government sponsored work. Neither the United 
States, nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes auy warranty or representation, express or implied, with respect to the accuracy, 
completeness, or usefulness of the information contained in this report. or that the- use of any 
information , appatalw, method , or process disclosed in this report may not infringe privately 
owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use 
of any information, apparatus, method, or process disclosed in this report. 

As used in the above, 11 person acting on behalf of the Commission" includes any employee or 
contrac tor of the Commission , or employee of such contractor, to the extent that such employee 
or contractor of the Commission, or employee of such contractor prepares, disseminates, or 
provides access to, any information pursuant to hls employment or contract with the Commission, 
or his employment with such contractor. 

Print ed i n USf.. 



.. ~, . 

'I 

) ~-
, .. , 

.... 

ID0-16617 
AEC Research and Dev~lopment·Report 

Reactor Technology 
TID-4500 (16th Ed.) 

QUARTERLY TECHNICAL REPORT. 
SPERT PROJECT 

January, February, March, 1960 

T. R. Wilson, ed. 

APPROVED: 

PHILLIPS PETROLEUM COMPANY 
Atomic Energy Division 

Idaho Falls, Idaho 
Contract AT(l0-1)-205 

IDAHO O:rERATIONO OFFICE 
· U. G. Atomic Energy Commission 

i 



., 

.Pi'evious, Quarterly Reports 

Spert Project. 

,1957 

Quarter Report No. 

3 ID0-16416 
4 ·ID0-16437 

1956_ 

1 ID0-16452 
2 ID0-16489 ., 
3 ID0-16512 
4 ID0-165~7 

;, 
1959 

l ID0-165~~ 
2 ID0-1G5 · 
3 llJU-l.66u6 

·4 ID0-16616 

•, I 

ii 



) . 

~· 

I. 

II. 

:)::II. 

TV. 

v. 

TABLE OF CONTENTS 

SUMMARY 

SPERT I 

A. Low Level Startup 

B. BSR-II Safety System 

SPERT II • • . • . 

A. Prepara.tj.ons for Nu.clear StA.rtups 

B. Spert II Startup with the 24-Plate "B" Core -

c. Positive Void Coefficient Core 

SPERT III .. 

A. Measurement of the Neutron Flux Distribution 

B.. Power Calibration 

ENGINEERING 

A. 

B. 

Preliminary Hydraulic Investigation of the T,Ype. "D" 
Fuel Assembly • . . . . . . . . . 

Calculation of the Hydraulic Characteristics of the 
Type "B" Assembly 

VI. REFERENCES 

TABLE 

Page No. 

1 

'3 

3 

5 

7 

7 

10 

12 

14 

14 

18 

·19 

19 

23. 

27 

Table No. Title Page No. 

1 Summary of Initial Period and Rod Worth 
Data in Spert II 24-Plate Core . . . . . 

iii 

11 



Figure No. 

1 

2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 

13 
14 
15 
16 
17 
18 
19 

20 

21 
22 

23 

24 

25 

27 
28 

29 

LIST OF FIGURES 

Title 

Estimated Waiting Time for Attainment of Stable 
Reactor Period Versus Reciprocal Period . . . . 
.BSR-II Safety System for the $pert Installation 
Spert II Core Coordinate-System . . • . ... 
Block Diagram of Spert II Startup Instrumentation 
Neutron Count Rate vs Counter Voltage for Typical 

10 . B -Lined Pulse Counter . . . . . . . . . • . . . 
Neutron and Gamma Ray Discriminate~ ~ves for 
Typical BlO_Lined Pulse Counter . . . . . . . 
Spert II 24-Plate Operational Core and Critical 
Configuration . . . . . . . . . • . 
Initial.Spert II Core Configuration for Positive 
Void Coefficient Core . • • . • . . . . . 
Details of Central Core Region for Positive Void 
Coefficient Co:r·e • • . • • • • . • . . • . . . 
Spert II Critical Core Configuration for Positive 
Void Coefficient Core . . . . • . . . • • . . 
Location of Flux Monitors in Spert III Core • 
Details of Flux Suppressor Installation in the 
Spert III Control Rods . . . • . . . . . 
Spert ·III Vertical Flux Profile by Cobalt-60 Wires 
Spert III Vertical Flux Profile by Cobalt-60 Wires 
Spert III Vertical Flux Profile by Cobalt-60 Wires 
Spert III Vertical Flux Profile by Cobalt-60 Wires 
$pert III'Horizontal Flux Profile by Cobalt-60 Wire 
Spert III Horizontal Flux Profile by Cobalt-60 Wire 
One Quadrant of Spert III Core Showing Relative Flux 
Distribution . . . • . . , , , , , , , , , , • • . 
Spert III Vertical Flux Profile Comparing Gold Foil 
·w·i th Cobalt-60 Wire . . . . . . . . . . . . 
Cross Section of the Spert Type "D" Fuel Assembly . 
Experimental and Calculated Pressure Loss Relation­
ship for the Spert Type "D" 18-Plate F\tel Assembly . 
Schematic Diagram of the ETR HYdraulic Test 
Facility . . • • . . . . . . . . . 
Channel Static Pressure Distribution 23-1/2 j_n. from 
the Bottom of the Fuel Plate . . . . 
Channel static Pressure Distribution 12-1/2 in. from 
the Bottom of the Fuel Plate '. . . . 
Cross Section of the Spert Type "B" Fuel Assembly . . 
Cross Section of the Spert Type "B" Control Rod . . 
Calculated Pressure Loss Relationship for the 8J '12J 
and 24-Plate Spert Type "B" Fuel Assembly . . . . 
Calculated Pressure Loss Relationship for the 5J 12J 
and 17-Plate Spert Type "B" Control Rod . . . 

iv 

Page No. 

4 
5 
7 
9 

9 

9 

11 

12 

13 

15 
15 

15 
15 
15 
16 
16 
17 
17 

1'7 

18 
19 

20 

21 

22 

23 
24 
25 

26 

26 



I. 81JivlMARY 

SPERT I - A series of experiments relating to the problem of reactor 
startup from very low initial power has been· performed with a cold., 
clean, stainless steel core in the Spert I facility. The intrinsic 
neutron source level for this cor~ was measured and found to be approxi­
mately 500 n/sec. Time delays were observed between the step-wise 
injection of reactivity at power levels of about lo-5 watts and the 
attainment of a stable period. In some cases these delays, which are 
attributed in part to the statistical properties of neutron chains, were 
as long as 2 seconds. In one sourceless startup test, control rods were 
withdrawn at a rate of 20¢/sec with period and level scram circuits 
operative. The period circuit scrammed the reactor at a trivial power 
level before the reactor period became shorter than 50 msec. 

SPERT II - Construction of the Spert II facility was completed February 1, 
1960. Initial criticality was achieved in light water with 24, type "B" 
fuel assemblies containing 24 plates each and 8, 17-plate, control rod 
assemblies. The total U-235 mass of this initial core was 4.69 kg. On 
the basis of differential rod worth data, the critical mass for this 
configuration was estimated to be 4.6 kg of U-235. An operational core 
loading containing 6.03 kg of U-235 was found to have an available excess 
reactivity of about $2 at a temperature of 400°F and about $6.8 at ambient 
temperature. 

In anticipation of. future transient testing of a core with a central 
positive void coefficient, a core loading was investigated in which the 
plate spacing was increased for the central fuel assemblies. The central 
void coefficient of approximately + 2 x lo-2 ¢/cm3 was measured for this 
core. 

SPERT III - In. order to obtain power calibration data for the Spert III 
neutron chambers and to provide information for future use in the analysis 
of transient data, the neutron flux distribution has been measured at 
ambient tem~erature in the Spert III operational core by activation of 
cobalt wires. The average power level during the irradiation was calcu­
lated from the measured flULx values and combi.ned with the neutron chamber 
output data to yield approximate calibration factors for each chamber. 
The results indicate that power levels from 5 w to 20 Gw can be measured 
with the present arrangement of four ch&~bers. 

E1'ifGTIJEERING - The hydraulic characteristics of the type "D" fuel assemblies 
have been investigated. These loose-plate-type assemblies have been de­
signed for use in the Spert IV reactor. The pressure drop as a function 
of flow was calculated and found to agree very well with the experimental 
data obtained in the ErR flow test loop. Plate flutter is not excessive 
with flow rates up to 610 gpm through the assembly and it is concluded 
that the type "D" assembly will be acceptable hydrodynamically for.use 
in Spert IV. 

Pressure-flow relationships have been calculated as a function of 
water temperature for type "B" fuel assemblies with 8, 12, and 24 fuel 
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plates. The calculations agree with available experimental data at 85°F 
for the 24-plate assembly. 
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II. SPERT I 

A. Low-Level Startup (F. L. Bentzen) 

A series of experiments relating to a basic safety problem of 
reactor startup or runaway from very low initial power has been per­
formed with the Bulk Shielding Reactor (BSR-II) stainless steel core 
in the Spert I facility.(l) In these experiments, the intrinsic 
neutron source level was measured, the delay in initiating a sus­
taining fission chain was determined for a series· of step transients 
and a sourceless startup test was performed in which the control rods 
were withdrawn at the maximum rate available. 

The general problem of concern in these experiments arises from 
the possibility that the reactivity added to the system during startup 
from a very low source level might significantly exceed safe limits 
before the power level is great enough for.inherent reactivity com­
pensating mechanisms to be effective or before detectable signals 
appear. The problem is a consequence of the low neutron population 
in the system and the statistical nature of fission chains. Usually 
an artificial neutron source of sufficient magnitude is placed in the 
core to obviate these problems. The source insures that a sufficient 
number of neutrons is available to immediately_ start a continuing 
neutron chain and provides the signal required by the operator or 
control system. Information related to the source problem was 
obtained in the experiments described below. 

1. Inherent Neutron Source Level 

The inherent source level in the cold BSR-II core was de­
termined by comparing the neutron counting rate at multiplications of 
approximately 10, 250, and 500, both with and without a Ra-Be source 
of 1.5 x 103 n/sec in the core. Although the relative importance of 
the point source as compared with the inherent distributed source 
was not taken into account in this rather elementary experiment, the 
values obtained--~70_, 540, and 410 n/sec--indicate that a value of 
500 n/sec can be used as a reasonable approximation for the inherent 
source level. 

@. Statistical Delay Times 

Certain of the power excursion tests, performed with the 
BSR-II core, required starting powers in the milliwatt region. An 
artificial neutron source was not used and the neutron level in the 
reactor was a1lowed to decay to a very low value prior to the initiation 
of the excursion. The estimated starting power level was lo-5 w but 
was not necessarily identical for all the tests. Measurements were 
made of the elapsed time between the seating of the transient rod, 
which initiated the power excursion, and the attainment of a 100 kw 
power level. The time required for the reactor power to rise on the 
measured asymptotic period from the estimated starting power level to 
100 kw was calculated and subtracted from the observed elapsed time. 

' .3 
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Fig. 1 -·Estimated Waiting Time 
for Attainment of Stable Reactor 
Period Versus Reciprocal Period 

Negative values of the difference 
indicated that the power rise had 
been initiated before the rod was 
'seated. Positive values indicated 
the possible existence of a delay 
time in the initiation of the power 
rise. The positive values are de­
noted "waiting time" and are shown 
in Fig. 1 as a function of recipro­
cal period. While.the complexity 
of the .statistical problem prevents 
this waiting time from being identi­
fied as the delay time in initiating 
a continuing chain, the waiting time 
can be used as the effective time 
during which unwanted reactivity 
could be added to the system. 

The scatter in.the data is due 
in part to the statistical nature 
of the delay, uncertainties in the 
actual starting power, and the 
calculational approach. It is 
evident from the data that in some 
tests considerable time delays did 
exist between the injection of reac­
tivity and the attainment of a stable 
period. The waiting time as defined 

above and the rate of reactivity injection are determining factors in the 
potential hazards of reactor operation at very low power levels. 

Rapid withdrawal of control rods from a cold reactor with no 
artificial source present and no indication of neutron level is generally 
considered to be a dangerous or at least an unwise procedure to follow. 
Further consideration indicates that this is not necessarily true. But 
since such a procedure may constitute a potential accident for many 
reactor systems, a single test following these procedures was performed 
on the BSR-II core in Spert I with all of its safety scram circuits in 
operation. The level safety was set to scram at 100 kw, the period 
circuit was set to scram on all periods shorter than 1 sec, and reac­
tivity was inserted at a rate of 20i/sec which was the maximum available. 
Under normal conditions this ramp rate would result in a minimum period 
of 20 msec. A shorter period would be expected if a significant delay 
in initiation existed. In the one test that was perfonned, the period 
circuit scrammed the reactor ·and the burst was terminated at a trivial 
power level before the period became shorter than 50 msec . 

. 4. · Conclusions 

Broad conclusions regarding the operation of an experimental 
i'acility without a neutrop source cannot be madP. on the basis of these 
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tests. However, the following specific points are worth noting: 

a) After preliminary tests, operation of the reactor was under­
taken without an artificial neutron source in the core. 
Several months of such operation produced no special prob­
lems or incidents. 

b) The one sourceless, blind startup test that was performed by 
withdrawal of the control rods at the maximum rate resulted 
in shutdown by the .safety system at a trivial power before 
the period became shorter than 50 msec. 

c) Significant delays can exist between the injection of reac­
tivity and the attainment of a stable period. While 9u~h 
delays are well-known for fast systems such as Godiva\2) 
the present experiment£: demonstrate that significant delays 
can also exist for thermal reactors. · 

B. BSR-II Safety System (K. E. Krauter) 

The reactor safety system utilized during the experiments discussed 
in the pret.:e<ling section is described in this section. The system, shown 
in block diagram form in Fie. 2, is similar to that ·used at the MTR and 
many other reactors. 
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CATHODE FOLLOWER 

LINEAR~----~------CEC 
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Fig. 2 - BSR-JI &tfety System for the [)pert Installation 
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The BSR-II safety controls installed for t.he Spert tests ·incorpo-· 
rated two reactor power level channels. Each power level scram channel 
consisted of an ORNL parallel circular ·plate .ion. chamber, a safety pre­
amplifier, and sigilla amplifier. The safety pre-a;mpltfier is a simple 
cathode follower which presents· a very high impedance load fo the chamber. 
The sigma amplifier is a nonlinear cathode follower which.drives the 
sigma bus. The additional power level scram and the period scram all 
drive the common sigma bus. The sigma bus· is normally held at 37 v by 
the sigma amplifiers. However, when the sigma amplifier voltage rises 
above 44 y or falls below 33 v the reactor is scrammed by·the magnet 
current amplifiers. 

. A typical malfunction warning system, as u,sed thr.oughout the safety 
system, is incorporated in the sigma amplifier;.. The malfunction system 
is a current--sensitive relay i~ the plate of the cathode follower which 
senses a failure of the power supply, cables not connected, faulty tube 
filaments and various tube and resistor failures. 

T.b.e safety system vas equipped with strip-chart recorders and e. 
recording oscillograph to record system behavior during the transient 
tests. 
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III. SPERT II 

A. Preparations for Nuclear Startups (J. E. Grund) 

1. Introduction 

Construction of the Spert II facility was completed on February 1, 
1960. From this date until early March, the installation and checkout of 
equipment proceeded and various minor plant modifications were undertaken. 
This section describes those activities which were-directly related to 
the nuclear startup of the reactor using several core configurations. 

2. Startup Neutron Source 

The startup neutron source was a Ra-Be source with a neutron 
yield of approximately 2 x 106 n/sec. The source was contained in a 
double-walled stainless-steel capsule that was.mounted in a dummy 
transient rod. With the source mounted in this manner, it was posi­
tioned at the approximate center of the reactor core structure. 

3. Reactor Core Coo::cuinate System and Core Designation 

The 96 lattice positions in the Spert II reactor have been 
assigned numbers as shown in Fig. 3· The coordinate system can be 
described by considering the core to be divided into four quadrants 
(N, E, S, and W) by the cross. Numbers are assigned to each lattice 
position by considering each quadrant separately as the first quadrant 

TRANSIENT 
ROD --

N5· 3 N5·2 NS-1 El-5 E2-t E3·5 

N4-~ N4·3 N4·2 N4·1 El-4 E~-4 E3·4 E4·4 

N3-~ N3·4 N3·3 N3·2 CRI·B 

N2-~ N2-4 N2·3 CRI·A NZ-1 

INI-6 Nl-5 Nl-4 Nl-3 Nl- 2 NI-l ~-· EZ-1 CR2·8 E4·1 ES-1 E6-l I 

52-1 CR(•A 52·3 $2·4 52·5 

1-+--+-t-t--i 
WS-3 W4·3 W3·3 W2·3 Wl·3 CR3-8 5.3\ 53·3 53·4 53·5 

W5·2 W4-2 W3·2 CR4•A Wl-2 

L-+--r~-r-~~-~~~~-r-~ 
W4-4 W3·4 W2•4 WI· 4 

CONTROL 
ROD No.3 

Fig. 3 - Spert II 
Core Coordinate System 

60·3385 
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of a normal cartesian coordinate 
system with the origin at the 
center of the core. A given 
position is designated by quad­
rant, and qy X- and Y- coordi­
nates within the quadrant; e.g., 
W4-2. Thus the fuel-poison 
control assemblies are located 
in positions 2-2 and 3-1 in 
each quadrant and like-numbered 
positions are symmetric. Control 
rods are d~signated by number: 
Number 1 Control Rod in the 
North Quadrant, Number 2 in the 
East QMadrant, etc. 

The fuel assemblies are 
referred to as B-24, B-8, etc. 
This indicates that th~y are Spert 
type B fuel assembliesU) with 24, 
8 or other designated number of 
fuel plates per assembly. The 
control rods have a similar nota­
tion to that of the fuel assemblies, 
i.e., CR-17, CR-8, which indicates 
the number of fuel plates in the 
fuel section of the rod. 



4. Instrumentation for Nuclear Startup 

The instrumentation used in the startup of Spert II consisted 
of five neutron pulse-counting systems and two compensated ion chambers. 

Each pulse system consisted of a Bl0-lined chamber and associated 
pre-a~plifiers, power supplies, linear amplifier and scaler. There 
were two pulse chambers per scaler, Fig. 4, the chambers being selected 
individually by a switch on the control room nuclear console. Prior 
to startup of the reactor, each pulse-counting system was calibrated 
to obtain a curve of the counting rate as a function of counter voltage. 
The chamber was inserted in an aluminum canister and paraffin poured 
in the space between the canister and the chamber, or the chamber was 
inserted in a block of paraffin, depending upon the fut~re location of 
the chamber in the reactor. The canister or paraffin block was then 
exposed to a Po-Be neutron source. A typical curve of counting rate 
as a function of voltage is shown in Fig. 5. Once the operating 
voltage had been selected for the counter, discrimination data were 
obtained by exposing the chambers separately to the neutron source 
used above and to an 8o r/hr gamma source. Typical curves are shown 
in Fig. 6. 

The five pulse chambers were placed in the following positions: 
Chamber 1-A was placed in an aluminum canister, filled with paraffin, 
and the canister then placed in a modified filler piece in the w4-2 
position; chamber 2-B was similarly placed in the Wl-6 position; 
chamber 3-C was placed in a canister and hung in a position 30? west 
of south, on a bracket just outside tl:J.e flow skirt; chamber 1-D was 
placed in a thimble that ran from the outer vessel wall to the.flow 
skirt, the chamber being placed 12 in. from the mouth of this thimble; 
chamber 2-E was placed 2 ft west of the thimble against the outside of 
the vessel ·w~:tll. 

All of the chambers were placed so that the sensitive volume of 
the chamber was on a horizontal plane passing through the center of 
the reactor. A logarithmic count-rate circuit was provided, with a 
meter on the reactor control console so that any of the five chamber 
channels could be monitored. 

Two BlO_lined compensated ion chambers were also used during the 
startup to provide log and linear neutron level information at high 
multiplication~ and for operation near criticality. The ion cha~bers 
were used uncompensated for the nuclear startup. The linear ion chamber 
was placed inside the thimble as close to the flow skirt as possible 
in order to give the maximum indication of neutron flux. The log ion 
chamber was inserted in a paraffin block and hung on a bracket at the 
mouth of the thimble. Neither of these chambers showed detectable 
readings when positioned near the reactor vessel with the startup 
neutron source in the water-filled vessel and all control rods seated. 
The ion chambers had previously been calibrated for neutron sensitivity 
and gamma compensation in the MTR thermal column and gamma facility.(4,5) 
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B. Spert II startup with the 24-Plate "B" Core ( J. G. Crocker~ 

The initial loading of a critical configuration in the Spert II 
reactor was accomplished using "B" type assemblies fully loaded with 
24 plates each and eight 17-plate fuel-poison control rods. The 
purpose of the initial experiments was. to find the minimum critical 
configuration, approximate critical mass, operational configuration, 
and approximate control rod worth with light water. 

The procedure for determining the critical arrangement of this 
core was, in general, divided into three sequences of operation: 
fuel loading, data taking and data analysis. The fuel .assemblies 
and fuel plates were those that had previously been used in the 
Spert I "B" core tests, each plate containing 7 g of U-235, making 
a fully loaded assembly of 168 g. The fuel section of a typical 
control rod contained about 81.6 g of U-235 or about 4.8 g per 
plate. The loading procedure maintained polar symmetry as nearly 
as possible at a.U times. 

At the completion of each loading, the reproduction factor, k, 
of the core was determined by comparing the relative neutron flux 
level, C, for that loading with the relative neutron level with 
only the Ra-Be neutron source in the core, c0 . The factors, C 
and C0 , are the average count rates f'rom three counting channels. 
The reproduction factor was determined from these count rates by 
use of the following relationships: 

Co 
c 

1 

M 

l 
where M is the multiplication, and k : 1 -

M 

Measurements were made at three rod positions for each loading: 
0 in., or just when the fuel sections of the rods start into the 
core, 12 in., and 24 in., when the fuel sections are exactly mated 
with the core, in order to obtain information on the control rod 
worth. A graph of the experimentally determined 1/M values versus 
mass of U-235 in the core was constructed for each counting channel. 

Initial criticality was achieved with the rods at 22.05 in. with 
the configuration shown in Fig. 7. These 24 fuel assemblies and 8 
control rod fuel sections represent a total of 4.6SJ kg ot· U-:235. 
The exLraJJulaLion of the ~4 in. red :pooition uurv~::~ J:!n::ulc:ted a. 
critical m~s~ of about 4.6 kg. This compares with the critical mass 
of 4.34 kg~3J found in Spert I using the same fuel assemblies but 
different, blade type control rods~ 

For the operational core it was deemed necessary to have enough 
excess reactivity at ambient cohditions so that at least two dollars 
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Fig. 7 - Spert II 24-Plate Opera­
tional Core and Critical 

Configuration 

TABLE 1 

of excess would be available at 
maximum conditions of 375 psi 
and 4o0°F. The minimum opera­
tional core that fit this re~uire­
ment is also shown in Fig. 7. The 
total mass of U-235 in the core 
was 6.03 kg. 

The approximate differential 
worth of the ganged control rods 
was measured by the period method. 
The data for several core loadings 
are given in Table 1. From these 
data it was determined that the 
operational core contained approxi­
mately 6.8 dollars of excess reac­
tivity at ambient temperature and 
pressure. Water-filled, aluminum, 
filler pieces were added to the 
core to completely fill the 
grid as would be the case under 
conditions of flow, temperature, 
and pressure. By the shift in 
the critical position it was 
determined that 35 cents of 
reactivity was lost due to this 
addition. 

SUMMARY OF INITIAL PERIOD AND ROD WORTH 
DATA IN SPERT II 24-PLATE CORE 

Average Differential 
Rod Position Period Rod Worth 

Run No. Core (in. withdrawn) (sec) ($/in.) 

1 Initial Critical Core 22.10 18o 0.35 
2 Initial Critical Core 22.16 104 0.32 
3 Initial Critical Core 22.26 54 0.31 
4 Initial Critical Core 

plus 3-3 positions 18.15 76 0.81 
5 Initial Critical Core 

plus 3-3 positions 18.19 29 0.85 
6 Initial Critical Core 

p~us 4-~ positions 17.25 81 0.92 
7 Initial Critical Core 

plus 4-1 positions 17.30 26 0.97 
8 Operational Core 14.45 6o 0.37 
9 Operational Core 14 .47 33-5 0.40 
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c. "Positive Void Coefficient" Core (J. E. Grund) 

A second critical loading was initiated to obtain a "Positive 
Void Coe:fftcient" Core for the purpose of checking theoretical pre­
dictions\6) of the effect of a positive reactivity coefficient on 
reactor kinetic behavior. The implications of the theory have a 
bearing on general reactor safety philosophy. For example, the 
existence and magnitude of a strong negative coefficient of reac­
tivity has been widely used as a measure of reactor safety; however, 
the theory implies that even this simple requirement should not be 
used without qualification. The experiments with this core are 
intended to yield information which will assist in putting the formu­
lation of such general criteria on a sounder basis. 

~ B-8 FUEL ASSEMBLIES 

~ B-24 FUEL ASSEMfiL!ES 

60-3382 

Fig. 8 - Initial Spert II Core 
Configuration for Positive 

Void Coefficient Core 

The gem'!rR.l l nan inc; pro­
cedures for this approach to 
critical were the same as 
those followed in the B-24 
loading and the instrumenta­
tion was identical. The first 
loading consisted of B-8 
assemblies in the central 
twelve lattice positions, 
17-plate control rods, and 
B-24 assemblies around the 
periphery of the core. The 
maximum loading for this 
approach to critieal was 
6.04 kg in the configuration 
shown in Fig. 8. The loading 
was still subcritlcal and pre­
dictions of the critical mass 
ranged from 6.5 to 7.4 kg. 

It was necessary to go to 
another variation of this load-
ing as insuffir.i P.nt. fuel was 
available to proceed further. 
For the variation, the core was 
loaded with B-8 assemblies ln 
the central four lattice posi­
tions. ThP ad,iacent ei(;ht 
assemblies were loaded with 

16 plates per assembly, such that the plate spacing for the inner half 
of each was typical of B-8, and the outer half typical of B-24 assemblies 
as shown i n Fig. 9· The remainder of the core was completed with B-24 
assemblies. This loading was critir.R.l wi.th a total mace of 6.48 kg 
of U-235 in the core and the control rods at 20.8o in. The extrapola­
tion of the 1/M curve for the 24 in. rod position predicted a critical 
mass of about 6.3 kg . The final configuration of this core is shown 
in Fig. 10. 
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Fig. 9 - Details of Central 
Core Region for Positive 

Void Coefficient Core 

CR-28 

s 1-3 

~ B-8 FUEL ASSEMBLIES 

~ B- 24 FUEL ASSEMBLIES 

60-3502 

Fig. 10 - Spert II Critical Core 
Configuration for Positive 

Void CoP.fficient Core 

A preliminary void coefficient measurement was made to determine 
if the desired objectives had been achieved . This measurement was done 
with 5 in . x 1 in. x 0 .100 in. magnesium strips which were placed in 
the B-8 fuel assemblies. They were positioned so that the centerline 
of the strip was at the reactor fuel centerline. With a single strip 
in each of the B- 8 fuel assembly channels a positive void coeffici ent 
of approximately 1.9 x lo-2i/cmj was measured . When single strips 
were in the channels of only the central four B- 8 fuel assemblies a 
void coefficient of 2 .7 x lo-2i /cm3 was measured. A voi d coefficient 
of this magnitude and extent is sizeable enough that subsequent transient 
tests should allow an evaluation of its effect on the safe' operation 
of the system . 
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TV. 8PERT III 

A. Measurement of the Neutron Flux Distribution (W. J. Neal and 
R. W. Garner) 

As a part of the power calibration described in Section B, below, 
and to provide information for future use in the analysis of transient 
data, the neutron flux distribution has been measured in the Spert III 
C-19/52 core.* The activation measurement utilized l!Obalt wires which 
were irradiated for 10 minutes at a power level of about 270 kw. Wires 
were placed vertically in the center of each fuel assembly, in the center 
of one control rod of the south quadrant of the core and in other selected 
locations of the core and reflector region as shown in Fig. 11. In the 
figure the crosses indicate positions used for vertical profiles and 
the dotted lines show where horizontal profiles were obtained. In order 
to obtain information on the flux profile across an individual assembly, 
three vertical wires were irradiated in core position 8-ll, one near 
the transient rod, one in the cent~r of' the assembly, and or1P. away from 
the transienL rod. Data :D.·om these three wires were essentially the 
same. 

For the fuel-poison control rod(7) in position 8-13 a wire was 
placed in the center of the assembly extending from the top of the 
poison section to the bottom of the fuel section. The control rods are 
provided with flux suppressors in the region between the end of the 
poison section and the top of the fuel plates as shown in Fig. 12. The 
portion of the rod labeled point "A" in Fig. 12 is used as a reference 
point in determining the vertical position of the control rods with 
resped; to the flJP..L in the core. Fig. 13 shows the ef'i'ectiveness of 
the flux suppressors by comparj ne; the shape of the vertical flux profile 
from the control rod in position 8-13 with the vertical profile from 
the Euel assembly in position 8-12. 

Representative plots of the vertical profiles for several positions 
in the core and reflector are shown in Figs. 14, 15 and 16. 

As shown in Fig. 11, for· the horizontal flux profile three wires 
were placed in the water channP.l s beti·reen fuel assemblie::; ln the follow­
il~ positions: one wire placed horizontally in the water channel between 
the north and west qundrants from positions W-21 to W-51 at the core hori­
zontal centerline, a second wire in the same horizontal position but at 

* The notation L-N1/N2 core is consistent with that used for all cores 
tested in Spert reactors. The letter L denotes the type of fuel assembly 
used; the number N1 denotes the number of fuel plates ~er assembly, and 
N2 io the nwuuer of core lattice positions occupied by both fuel assemblies 
and the fuel-poison control rods. Hence C-19/52 designates a loading of C­
type fuel assemblies having 19 fuel plates per assembly, and a total of 
44 fuel assemblies plus 8 control rods in the reactor, i.e., 52 core 
positions occupied. 
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Fig. 16 - Spert III Vertical Flux 
Profile by Cobalt-6o Wires 

the peak of the flux approximately ll-l/2 in. below the core horizontal 
.centerline, and a third wire placed horizontally in the north and east 
g_uadrants from E-51 to N-15 at the core horizonta.l centerline. The 
horizontal flux profiles are shown tn Figs. 17 and 18 for these Lhree 
wires. 

For the Spert III C-19/52 core, the peak to average flux ratio 
for each fuel assembly position is about 2.1. The ratio of maximum 
core flux to average core flux i s about 2.8. Fig . 19 shows the rela­
tive peak and relative average fluxes for the vertical profiles in the 
south g_uadrant where the peak flux value of position 8-ll has been 
taken as unity. Average neutron flux (arbitrary 1lnit.R) for the variou3 
positions in the core and reflector were determined by integration of 
the vertical profile for each position nver the active core length. 
For the control rod in position 8-13, the average flux was determined 
by integration only over the 10.25 in. of control rod fuel in the core. 

A preliminary i'lux map had been obtained by the gold foil activation 
method. The gold foils were placed in the E-21 core position on a plastic 
foil holder and were irradiated at a power of approximately 33 w for 8 
minutes. A comparison was made between the flux profiles obtained from 
gold foils and Co wire for core :pnRit.ion E-21 and ia 3hown in Flg. 20. 
The excellent agreement in the shape of the flux profiles obtained by 
the two methods indicates that the differencP.R in the activation cross 
sections for gold and co59 have no appreciable effect on the shape of 
the measured flux profile. 
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B. Power Calibration (c. R. Toole) 

'l'he flux distribution data described in the preceding section were 
used to obtain yuwer calibrat.i nn f'8.ctors nt ambient lemJJerai.1Jl'e !'or the 
b'pert III neutron chambers used to measuxe J)OWP.r tl11ri ng trancient t.(.,'St::.. 
DLu .i11g lrrtl.diatlon of the cobalt wires at a constant power level, the out­
put of each of the neutron chambers was recorded on an oscillograph. These 
detectors were mounted in reproducible locations near the reactor. The 
energy release for the irradiation wac calculated from the relationship 

where 

and 

the total energy released in watt-sec 
2.97 x 1011 watt-sec / fission 
the average integrated flux over the core in nvt. 
Lhe macroscopic fis:::;ion cross section for the core 
the volume of the core = 2.46 x 105 cm3. 

0 . 11 cm-1 

Segments from three cobalt wires were counted in a calibrated chamber 
at the MTR, thus providing a conversion factor from count rate to nvt . The 
wire activation measurements were converted to flux values and the average 
nvt was obtained. By substituting into the e~uation, the total energy re­
lease for the irradiation and, hence, the average power was calculated . 
Combining the power level with the current output of the neutron chambers 
yields an approximate calibration number for each chamber in Mw/f-La. The 
results indicate that powers ranging from 5 w to 20 Gw can be measured under 
ambient conditions with the present arrangement of four chambers. 
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V. ENGINEERING 

A. Preliminary Hydraulic Investigation of the Type "D" Fuel Assembly 
(J. F . Koenig) 

l. Introduction 

The tY])e "D" fuel assembly was designed for use as the initial 
core of the Spert IV reactor. The primary design consideration was to 
provide a core whose nuclear and hydraulic characteristics could be 
readily altered, thereby providing maximum experimental flexibility. 
The resulting fuel assembly is shown in Fig . 21 . A SQuare aluminum 
tube contains removable fuel plates and removable side plates . The 
fuel plates are positioned by the side plates and are supported at the 
bottom by the end box and at the top by a removable hold-down bar. 

The Spert IV reactor has been designed for a flow rate of 5000 gpm . 
An investigation was undertaken to calculate the over all pressure drop 
of the assembly and to experimentally verify the pressure drop rel ation­
ship, met:ha.nical integrity and thP. pressure distribut i on between water 
channels across an assembly. 

FUEL PLATE 
1-4-------- LENGTH 25~· ..I 

60-3140 

Fig. 21 - Cross Section of the Spert Type "D" Fuel Assembly 

2. Calculated Hydraulic Characteristics 

The pressure drop versus flow relationship was calculated by 
using conventional prPRRure drop techniQues. I n the calculation_. the 
following assumptions were made: 

a ) The flow outside of the assembly was neglected. 

b) It was assumed that the channel width was the average width, 
0.092 in. Since the fuel plates have a 0.013 in. clearance 
in the reta1ning sluLo uf the aide plates 1 thP. r.hannel width 
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may vary from 0.079 in. to 0.105 in. Although the instantane­
ous channel width may vary from 0.079 to 0.105 in., the pres­
sure drop may be approximated by assuming the average value 
of 0.092 in. 

The :t"uughness of the end box, fuel plates, and a support tube 
is that of drawn tube. Previous calculations on the type "B" 
element, which agreed with the experimental data, substantiated 
this assumption. 

The pressure drop through each channel was the same. 

100~------------------n 
The results of the calcula­

tions for l atm pressure and 850p 
are shown in Fig. 22 . 80 
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j. Description of 1\pparatus 

An experimental test was 
conducted on Lhe type "D" assembly 
in the ETR Hydraulic Test Loop in 
order to verify the calculated 
overall pressure drop versus flow 
relationship and to determine the 
pressure distribution between 
channels. 

A schematic diagram of the 
hydraulic loop is shown in Fig. 23. 
The fuel ~ssembly was inserted into 
the test jig and the flow varied 
from 130 gpm Lo 860 gpm in order 
to obtain hydraulic characterlstics 
over a wide range of flows. In 
the first series of tests, static 
pressure points were located in 
each channel 23-l/2 in. from the 
bottom of the dummy aluminum fuel 
plates and the pressure profile 
was mt7asured. In addlLlun, static 
pressures were measured at the 

Fig. 22 - Experimental and Calculateu 
Pressur e Loss Relationship for the 

Spert Type "D" 18-PlatP. 

top and bottom of the fuel assembly 
from which the overall pressure 
drop was determined . Observation 
winnows vrerc l n(·at.ed 111 the side 
plates in order to visually observe 
the extent of fuel plate vibration. 

F'Ue.l Assembly 

In the second series of tests, the 
static tubes were removed and the aluminum fuel plates replaced with 
d1Jlmilly fuel plates made of Al-U-238 alloy clad with alwninum. Movies were 
made o±' the fuel plate vibration for flow rates up to 610 gpm in order 
to obtain a permanent record. In the third series of tests, stat ic tubes 
were again attached to aluminum fuel plates and placed in a support tube 
without observation windows. The pressure taps for this test we:r·e 
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Fig. 23 - Schematic Diagram of the ETR Hydraulic Test Facility 

located 12-1/2 in. from the bottom of the plates. 

Further tests are planned to obtain static pressures near the bottom 
of the fuel plate channels and to obtain the flow through each channel. 

4. Discussion 

In Fig. 22, the overall pressure drop is plotted as a function 
of flow. The experimental results compare ~uite closely with the calcu­
lated relationship. In Fig. 24 and Fig. 25, the channel pressure pro­
file is plotted for the top and middle of the fuel assembly, respectively. 
The pressure profile for the top of the assembly is ~uite flat: This is 
probably due to the ability of the fuel plates to move axially in the 
slot, thus e~ualizing the pressure differences. The pressure profile 
for the middle of the assembly is much more erratic. This was the 
reverse of what was expected since the entrance effects would be at a 
minimum at this point. The variation may be due to velocity effects 
on the static pressure points. 

From Figs. 24 and 25 it can be seen that there is a pressure rise 
at both sides and the center. The increased pressure in the center of 
the assembly is probably due to flow restriction caused by the location 
of the lifting bail. The pressure increase at sides of the assembly is 
due to the reduced flow rates in the outside channels caused by the drag 
effects of the support tube walls in conjunction with entrance and exit 
geometry. 
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from the Buttom·of the Fuel Plate 

Study of the motion pictures_indicated the following: 

;;~.) ·All the plates vibrated in a random fashion in the slots. 

b) The amplitude of plate vibration was not a function of the 
flow. More quantitative analysis indicated the amplitude 
of vibration was approximately the same as the channel 
tol~ranc~8 1 0.013 in. 

c) No bending of the fuel plates could be detected. 

It can be concluded that the fuel assembly is acceptable for the 
design flow rate of the $pert IV reactor, which is about 300 gpm per 
assembly. However, the flow depression in the center of the assembly 
should be eliminated by redesign of the lit'ting baLL. 
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B. Calculation of the Hydraulic Characteristics of the Type "B" 
Assembly (J. F. Koenig) 

l. Introduction . 
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An investigation was undertaken to calculate the pressure drop 
versus flow relationship for the type "B" fuel assembly and control rod. 
This study was desirable since the flow relationship was needed t.o pre­
dict. the flow pattern and pressure drop in a core composed of the "B" 
type assemblies and control rods at elevated temperatures and pressures. 

The type "B" fuel assembly is shown in Fig. 26. It is composed of 
a lower end box extension, a lower end box, a fuel plate section and an 
upper lifting bail section. The fuel plate section contains the .side 
plates to which four fuel plates are permanently brazed. The side plates 
have slots that will accommodate an additional 20 plates. The side plate 
grooves are such that an 8, 12, or 24 plate assembly can be assembled 
while retaining a uniform charmel spacing. Hydraulic calculations were 
made for each of these configurations at a pressure of .4oo :psi and tempera­
tures of l00°F, 200°F, 300°F, and 4oo°F. 
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s 7- 2667 

Fig. 26 - Cross Section of the Spert Type "B" Fuel Assembly 

The control rods for the Spert II type "B" core are shown in Fig. 27. 
Each control rod contains a lower end box,. a fUel section, a flux sup­
pressor section, and a poison section. The two control rods are connected 
to a common yoke which is, in turn, connected to the control rod drive 
unit. The control rods are available with either 5, 12, or 17 fUel plates 
in the fUel section. HYdraulic calculations were made on each o~ the ·con­
figurations at a pressure of 4oo psi and temperatures of l000F, 200°F, 
300°F, and 4o0°F. · 

2. Method of Calculation 

The pressure drop versus flow relationship for each component 
was derived by standard pressure drop relation::;hips. In the calculations 
for the.fUel assembly the following assumptions were made: 

a) There is no flow around the outside of the end box extension. 
The only flow through the lower grid is caused by the unevenness 
of tbe lower .q;rid and f'nel aBRPmhl y P.nc'l hnx P.xtension. Since 
this flow would be small and difficult to accurately predict, 
it was neglected. 

b) The flow on the outside.of the side plate section can be neg­
lected. When the flow reaches the fUel plate section, part of 
the flew me.Y travel.along the outside side plate of the assembly. 
Since this channel dimension is quite small, the calculated pres­
sure drop_s were quite large for a small flow rate. However, this 
channel flow." was a small part of the total flow (less than 0. 5%) 
and the fi.ow was neglected.. · 
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Fig. 27 - Cross Section of the Spert Type "B" Control Rod 

c) The pressure drop in each channel of the fuel a~sembly wa.s 
assumed to be equal. The previously reported(8J experimental 
pressure profile at the top of the assembly, which is an ind~­
cation of the flow distribution, was quite flat. This is 
probably due to the lack of obstructions in the lower end box 
and upper end box and the fact that the end boxes were square. 
Also, any unequal pressure distribution would cause the fuel 
plates to move in the slot, thus equalizing the channel pres­
sure differences. Therefore, the assumption of equal.pressure 
drops is a valid assumption. 

The assumptions made for the control rod calculation are: 

a) FloW on the outside of the side plate section was neglected. 

b) The pressure drop in each fuel channel was assumed to be the 
same. 

3. Results 

The results of the calculation are shown in Fig. 28 for an 8 
plate, 12 plate, and 24 plate fuel assembly for 4oo psi pressure and 
temperatures of l00°F; 200oF, 300°F and 4o0°F. The experimental pressure 
drop-flow relationship for the 24 plate assembly is plotted for comparison 
purposes. 

The results of the calculation for the 5, 12, and 17 plate control 
rod are shown in Fig. 29. The calculations were made for a pressure of 
4oo psi and water temperatures of l00°F, 200oF, 300°F and 4oooF. 
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Fig. 28 - Calculated Pressure Loss Relationship for the 
8, 12, and 24-plate Spert Type "B" Fuel Assembly 
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