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ABSTRACT

This report contains a description and results of a second series of critical
experiments performed on the SM=2 core mockup, as additional to the first series
of experiments reported in APAE No. 54. The SM-2 core mockup contains 36.4kg
U-235 and an estimated 67.9 gm B-10. The equivalent diameter and the active

- height are about 22 in.; the metal-to-water volume ratio is 0. 344. Data is pre-

sented on activation, reactivity, and stuck rod measurements. All measurements

- were conducted on the open seven control rod array employing 38 stationary fuel

elements.

Activation measurements consisted of neutron flux measurements using
uranium fission foils for relative power distribution studies, the effect of flux
suppressors on reducing power peaks, blocked coolant channel measurements,
and gamma ray dose distribution. . Reactivity measurements were performed

- to determine the effect of flow divider, flux suppressors and simulated high temp-

erature and pressure operation; B-10 loadmg in the SM-2 core; and core material
coefficients. For the latter, the worth in cents per gm or cents per cc was
determined at simulated temperature of 510°F for B-10, U-235, stainless steel,
and .void:....Stuck yrod measurements. were :madé . to:.obtain an .lin=i: .. -
dication of the criticality margin in the eventone or more gontrol rads:should: stlc.k
in the operating position.
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SUMMARY

A second serres of critical experlments were: performed on the final SM=2
“mockup core to provide additional key data to that reported in APAE ‘No. 54 *.
Measurements cons1sted of: : . AR

A. REACTIVITY MEASU.REMENTS

The SM 2 mockup core contams an estimated 67.9 gm of B- 10 d1str1buted ‘
" uniformly, averaging 1. 552 gm per statlonary fuel element and 1. 282 gm per
control rod fuel element . , :

- Core matemal coefficients were determmed at s1mu1ated temperature of
510°Faa,ttamed.by inserting strips of aluminum between the fuel plates. The
estimated average worths of materials in thé core were 0.131 cents/gm for -
- U-235, 3.49 cents/gm for B- 10 0.0276 cents/cc for stamless steel and 0.0509
: ’cents/cc for v01d . _ o

The use of mockup flux suppressors at the bottom of the statlonary fuel
elements produced estimated reactivity changes.-for the entire core of -236
cents and -241 cents for 1/2-in. and 3/4-in. wide suppressors, respectively. .
The placing of 1/2-in. wide mockup flux suppressors above the active meat of
the fuel plates of the seven control rod fuel elements produced a negative re~- =~
activity change of 116.1 cents; the placing of these suppressors at the top of the
active meat increased the negative reactivity change by 38.9 cents to 155.0 cents.

... Reactivity measurements conducted with a flow divider show a core re-
actw1ty loss of 165 cents when the flow divider is installed with stainless steel
support plates; a loss of 143 cents results when it is attached to the reflector by

support pins. :

- B. ACTIVATION MEASUREMENTS

The relative power distribution for two SM- 2 mockup cores was.obtained
by foﬂ activation. One mockup employed a laminated steel reflector without
flow divider; the other employed-a laminated steel reflector, flow divider, and
flux suppressors at top of the active meat of control rod fuel elements. In each
case an extensive number of data points (approximately 1700) were taken and re-
ported for one quadrant of the core permitting the determination of an accurate
core average and a detailed description of local effects.

- * Noaks, J.W., et al, "SM-2 Critical Experiments - CE-1,'" APAE No. 54,
November 30, 1959.
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For both mockups the highest power density was in the region surrounding
the center of the core; the lowest along the outer ring of elements. Power peaks
occurred in stationary fuel elements at the bottom of the active core and about
5-7 in. above the bottom of the active core, near the critical bank position. In
~control rod fuel elements without flux suppressors the power exhibited a small
gradual increase until near the critical bank position when a very sharp rise
occurred, due to the water gap between the absorber and control rod fuel ele-
ment sections. The addition of flux suppressors to the top of the control rod
" fuel element sections eliminated this power spike and produced a noticeable
reduction in power generation in the region of the interface between the suppressors
and the meat. .Other power spikes normally occurring at the bottom of the
active core and at the radial core-reflector interface were effectively eliminated
by placing flux suppressors at the bottom of stationary elements and a thick
laminated steel reflector radially around the core. Peak power generation in
the final mockup core was 4.6 times the core average and occurred within the
central control rod fuel section. The minimum power generation of 0.1 of the
core. average occurred in element 21 at the edge of the core. :

- Blocked channel measurements were made to determine the effects on local
power generation that result from blocking a fuel element coolant channel with
various filler materials for purposes of in-core instrumentation. Results indicate
that a coolant channel-blocked with stainless steel or aluminumrproduces 4 slight
flux Suppressing effect: The aluminum was-used as a mockup substitute for
zirconium. : ' ‘ o : T i

. C. MISCELLANEQUS MEASUREMENTS

Gamma ray dose measurements indicate that the center of the core support
plate will receive a gamma dose about 0.26 of the maximum of 7.8 R/hr/watt
received by the steel reflector; the top and bottom of ithe fuel elements recelve
about the same amount of gamma radiation. : -

Simulation of SM-2 operating conditions (2000 psi and 510°F) resulted
in a 4.747 in. increase in the seven rod critical bank position from 8. 725 in. to
13.472 in. and a corresponding shift in the calibration curve, with a core reactivity
loss of about 7..7 dollars .compared to measurements under room conditions.

Stuck rod measurements demonstrated that the reactor will remain.sub-.
- critical upon full withdrawal of any two rods and certain three and four:rod
combinations. - Criticality positions for other conditions were tabulated and
reported. o ' Lo L



- INTROD UCTION

The experiments d'escribed'i.n this report wére performed as paft of the .

- SM-2 core and vessel development program under AEC Contract No. AT(30-3)-326.

These experiments were performed on mockups of the SM-2 core for the purpose
of investigating the power distribution and control characteristics of the reactor,
and to determine the core reactivity and power distribution effects that result
from design modifications and/or additions such as reflectors, flow dividers

and flux suppressors. :

This report includes the balaglge of the experimental work performed since
publication of APAE No. 54, CE-1 1) and concludes the currently planned program
on the SM-2 core.. The experiments described include foil activation measure-

- ments for determination of relative power distribution in the core. Data is pre-

sented on element mapping, effect of flux suppressors, and blocked channel
measurements.  In addition, reactivity measurements were made to deter-
mine the burnable poison loading in the SM-2 fuel elements and to evaluate
material coefficients in the core. Survey measurements on relative gamma
flux and critical rod configurations are also reported. :

Where possible all data is presented in both graphical and tabular fox"m,;

. All measurements were conducted at the Alco Products, Inc. Criticality Facility.

employing an open control rod array consisting of seven control rod assemblies
and 38 stationary fuel elements.
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1.0 SYSTEM DESCRIPTION

1.1 INTRODUCTION

A detailed description of the experimental assembly and its relationship
to this Facility(z) is presented in the Hazards Summary Report for the SM-2
Critical Experiments 3) and the Hazards Summary Report on the Zero Power
Experiments for the Army Package Power Reactor. (4§)

The content of this chapter includes a general description of the ex-
perimental techniques and core assembly, and a definition of the system nomen-
clature used, to facilitate interpretation of the balance of the report.

1.2 EXPERIMENTAL ASSEMBLY
1.2.1 Core Support Assembly

The core support assembly consists of a three-tiered stainless steel . -
table located over the center of the reactor tank floor at the Facility. Structural
support, alignment and position of the assembly are assured by tie. rods and
spacers as shown in Fig. 1.1.

The core support has the potential of accommodating reactor cores with
a total of 89 fuel elements and control rods, however, a maximum of 38 stationary
fuel elements and seven control rod assemblies were utilized in the SM-2 tests.
The elements were arranged in a 7 x 7 lattice utilizing an open seven control rod
array as shown in Fig. 1.2. Figure 1. 3 illustrates the SM-2 core mockup, in
place in the reactor tank, with a stainless steel reflector and with associated
nuclear instrumentation.

1.2.2 Control Rod Assembly

Reactor control is maintained by the insertion and withdrawal of control
rod assemblies which contain both nuclear fuel and box type boron absorbers in
a stainless steel basket, Fig. 1.4. The control rod assemblies are driven by
overhead drives and drop by gravity on scram. Guide rods and dashpot plungers
to act as guides and decelerative devices respectively, are attached to the bottom
of the control rod baskets. C

1.2.3 'Fuel Element Structure

- S‘tationary' fuel elements contain up to 18 stainless ste'el-UOZ matrix fuel
plates, each loaded with 46. 3 gm U=-235. Control rod fuel elements contain up
to 16 similar fuel plates,. each loaded with 42. 2 gm U-235. The individual fuel

5
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plates are composed of 26.5 w/o0 uranium oxide held:in a 0.030-in. thick matrix
of stainless steel and clad with 0.005-in. of stainless steel.

- Flexibility of number and distribution of fuel plates in both stationary and
control rod fuel elements is provided by extruded polystyrene grooves which -

* _ hold the fuel plates erect and maintain a center-to-center fuel plate spacing

of 0.163-in.. Figures 1.5 and 1. 6 show a stationary fuel element and control
rod fuel element in the partially assembled state. The complete specifications
for stationary fuel element, control rod fuel element and absorber sectlons '
are reported in APAE No. 54. (1 ) :

1.2.4 Steel Reflector Assembly

The reflector assembly consists of a number of 1/2-in. stainless steel
sheets along the reactor sides and triangular bars along the corners (Fig. 1.1).
Laminations of steel and water were obtained with the use of plexiglas. spacers.

1.2.5 Flow Divider

The mockup flow divider is a 1/8-in. thick stainleés steel plate inserted
between the outer two rings of fuel elements, Fig. 1.7.

- 1.2.6 Neutron Source

* A neutron source of encapsulated plutonium- berylhum with an emission
rate of 8 x 106 neutrons/sec is used during reactor operation at the Critical
- Facility. The source is inserted into and withdrawn from the reactor by means
of a frlctlon drive acting through an attached 1/4-in. rod :

1.3~ EXPERIMENTAL TECHNIQUES
1.3.1 Reactivity Measurements

All reactivity measurements were taken by measuring the difference in
control rod position to achieve criticality between some reference condition
and the condition under investigation.. In order to establish the worth of moving
a single rod or bank, ‘it was necessary to obtain a series of rod or bank calibra-
tions by the period-method. The time rate of change on the log N trace gives an
indication of the reactor period which in turn is related to the change 'in reactivity
through the in-hour formula. A relationship between the angle of the trace taken
during a reactor period measurement and the corresponding reactivity change in
cents is given in Fig. A.3. The rod worth obtained from a specific period mea-
surement is derived from Fig. A. 3 by dividing the reactivity change, in cents,
by the difference in rod motion, in inches. Control rod or bank worth measure-
ments were obtained at different rod or bank positions in order to.establish'a
calibration curve such as shown in Fig. A.1; for increased accuracy a least
square fitting was obtained using an IBM-650 computer. Thus it is possible

6 o
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to obtain the total worth of a given reactivity measurement by obtaining the dif-
ference in the critical position of a calibrated control rod or bank.

1. 3.2 . Boron Loading

The SM-2 mockup fuel elements were loaded with boron impregnated tape
cut into strips to fit over the uranium matrix of a fuel plate. The tapes are
sections of adhesive-backed Mylar film loaded with boron carbide, of approxi-
mately 1-3 micron particle size, dispersed in ferrous oxide, thereby providing
an ideal method of adding controlled amounts of B-10 to fuel plate surfaces.
These boron strips were applied by means of a simple wringer type tape dis-
penser shown in Fig. 1.8.

1.4 NOMENCLATURE AND EXPLANATIONS

1.4.1 Active Core

That region defined by the upper and lower average limits of the U-235
distributions in the stationary fuel elements and the cell boundaries of the outer
row of stationary elements.

1.4.2 Control Rod Withdrawal

Refers to the withdrawal of the absorber section of the control rod from
the active core and the consequent simultaneous insertion of fuel.

1.4.3 Control Rod Position
Control rod positions are reported as the distanee withdrawn from the po-
~ sition of deepest insertion measured in inches. Deepest insertion represents
‘the nominal alignment of the bottom of the active core with the top limit of the
+ U-235 distribution in the control rod fuel element, or the top limit of the flux
. suppressor if one is used.. Bank positions result from the average pos1t10n of
the individual rods comprising the bank. )
1.4.4. Control Rod Array
The open seven rod array referred to in th1s report is illustrated in Fig. 1.2.
1.4.5 Data Point,. Experimenta,l
All experimental data points are plotted as a point (circled, square'd or
other).. Points derived from experimental data by cross plot or integration are
represented by crosses. :

,1-. 4.6 Temperature

Unless otherwise not-ed, all measur'ements were taken at 68°F
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‘ - Figure 1.5 Stationary Fuel Element
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Figure 1.6

Control Rod Fuel Element
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. 2.0 REACTIVITY MEASUREMENTS

2.1 INTRODUCTION.

In order to properly evaluate the effects on SM-2 core reactivity resulting
from subsequent small changes in the core design or specifications, certain
reactivity measurements were performed using the SM-2 core mockup. A de-
tailed description of the core and individual fuel element compositions are pro-
vided in APAE No. 54, (1) Appendix A, reference loading number 53.

Using the SM-2 core mockup, reactivity measurements were performed
under both room temperature and simulated SM-2 operating temperature con-
ditions of 510°F. Reactivity measurements performed under room temperature
conditions included: (1) B-10 loading determinations in selected fuel plates and
fully assembled. SM-2 mockup fuel elements, .(2) reactivity comparisons between
SM-2 mockup. fuel plates and actual first-run SM-2 fuel plates, (3) reactivity worth
of flux suppressors, (4) flow divider worth, and (5) worth of fuel element side-
plates. Reactivity measurements under simulated conditions of operating temp-
erature included worth measurements for B-10, U-235, stamless steel, and
voids.

In geneir'al these reactivity worth measurements for various materials were
obtained for small variations in core mater1a1s about the final SM-2 core design -
point. .

2,2 . B-10 LOADING IN THE SM-2 CORE MOCKUP FROM CORE REACTIVITY
MEASUREMENTS

2.2.1 Introduction ' e

: .Control of excess core reactivity in the SM-2 is maintained at any time
durmg core life - by means of movable control rods.. In addition burnable nuclear
poison B-10 is added to the fuel matrix of each fuel plate during fuel plate fabri-
cation process for the purpose of extending core life expectancy. The amount of
excess reactivity controllable by the movable control rods is fixed by the number,
type, and distribution of control rods employed in the basic core design and cannot
be easﬂy changed after reactor startup. The burnable poison, on the other hand,
is depleted from the core more rapidly than the fuel and results in a maximum
control demand upon the movable rods near the core midlife. Considering these
plus other control demands resulting from temperature and xenon reactivity
effects, it becomes very important to specify to the closest possible tolerance

the burnable poison loading in the reactor core, if one is to be assured that adequate
system control is to be maintained over the core lifetime.
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A series of experiments were conducted at the Alco Critical Facility with
the objective of obtaining a more precise determination of the boron-10 loading
+ in the SM-2 core mockup than that previously reported.. These measurements
were based on physical methods of mass spectroscopy and core reactivity
changes; a comparison with the results from chemical analysis is presented

.2.2.2 Experimental Procedures and Results™-

The experimental procedures employed in these tests were basically that
of the standard sample technique in which a series of standard samples contain-
ing. known and varying amounts of B-10 were prepared and inserted, in succession,
into the reactor to generate a curve relating core reactivity change to B-10
loading. A second series of samples containing an unknown amount of B-10 were
then intercalibrated with the standards by inserting them into the reactor under
test conditions identical with those employed for the standards. The core re-
activity change was noted for each of the second series of samples and the B-10
loading obtained for each sample by reference to the curve of reactivity vs. B-10
loading.. Having obtained the B-10 loadings, the second series of intercalibrated
samples were employed in the various experiments described below..

-2.2.2.1 Preparation of the Standard Samples

Boron carbide obtained from the base material used in the manufacture of
the: Mylar film was utilized in the standard sample preparation. Four samples
of B4C were weighed: on an analytical balance and the amountdf B-10 in each
sample calculated using the total boron weight percent as obtained by chemical
analysis from Lucius Pitkin, Inc. and the AEC's New Brunswick laboratory,
and the a/o B-~10 as obtained from mass spectrograph isotopic analysis by the
New-Brunswick laboratory. These analyses of the base material have been re-
ported previously 1) and were in good agreement on the composition of the base
material.

The four ‘weighed: samples of B4C were combined with a lacquer-thinner
binder and applied uniformly over the surface of a polystyrene sheet of essentially -
the same width, thickness, and length as an SM-2 fuel plate. The ratio of thinner
to lacquer was approximately 10 to 1 and complete transfer of material was in-
sured by standard ¢chemicaltechiniques 6f multiple washing and palicing. . The surface
covered by the B4C. on the polystyrene sheets was held to the nominal fuel matrix
length and width specified for the SM-2 flexible critical experiments fuel plates
in order to maintain consistency of poison geometry in these and subsequent
intercalibrations:withMylar film. One blank sample of lacquer and thinner on
polystyrene was prepared as a zero reference piece; however, subsequent tests
demonstrated that this blank reference produced no measurable reactivity change
between it and the water whlch it displaced.
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2.2.2.2 Calibration of the Standard Samples

Using the four sta,ndard sal ples a,nd the -‘zéro..refferenee_ piece a curve was
generated of reactivity change, [AKg vs. B-10 loading of the samples (Fig. A. 2)
in the fgllqwing. manner: - . '

‘1. The blank was insetrted in the .center:of element.position :Na; 22..
(plate position "i""). All the fuel plates were removed from this ele--
‘ment position to increase the thermal flux peakmg and hence the
sensitivity of the method. ‘ :

- 2. The reactor was brought critical on calibrated control rod E, fiye .
- rod-bank at 5.75 1n w1thdrawn, and with control rod F fully with-
. drawn. o

3. The four standard sarnples mounted in an identical manner were then
substituted for the blank, one, at a t1me and cr1t1ca1 pos1t1ons for each
obtamed on calibrated rod E. : :

4. Control rod E was cahbrated by taking period: measurements durmg :
the above and subsequent operatlons

5. The reactivity differences obtained from measurements (4) and (5)
were plotted vs. the known B-10 content.of the standards and thus
- Fig. A.2 was generated.

The results of the above exper1ments (F1g A 2) were used as a ba51s for
the following B-10 determlna,tlons ; g

2.2.2.3 Intercalibratien of Tapes

A series of similar calibration runs were made with strips of boron im--
pregnated tapes mounted on polystyrene sheets in a manner identical with that
of the standard samples. The B-10 content of these tapes was determined rom
reactivity differences: :measured: ‘om calibrated control rod E, utilizing, A Kg
vs. B-10 loading curve, Fig. A.2. After calibration these tapes were carefully
strrpped from the plastic to prevent boron losses. Two tapes, with the approximate
- B-10 content of .an SM-2 reference fuel plate, were placed in layers on one side
of a mockup fuel plate of element No.. 22 for the purpose of intercalibrating -
additional fuel plates. Five others were used for B- 10 worth determma.tlon
and four were sent for chemical analysis. :

" The B- 10 loadmg of these tapes is given in Table 2.1 together with the
four obtained by chemical analys1s To 51mp11fy identification of tapes the follow-
ing nomenclature is used, for' example 1-2 #2 indicates: order 1, batch 2,
tape labeled #2..
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TABLE 2.1

B-10 LOADING OF INTERCALIBRATED
TAPES TESTED IN ELEMENT POSITION 22 FUEL PLATE "i

Tape No

1-2 #2

1-2 #3%

1-2 #4
2-1 #1°

2-1 #3**

2-1 #5%¥
2-1#6 .

9.1 #7E%’

2-1 #10%*
2-1 #11

2-1 #12%

2.1 41308

B-10 Loading by Inter-
comparison with Standard Tapes

" mg/cm?

0. 1560 54.4
4 o, 1590‘ : ' 554
0.1585 55.2
00770 26.8
0.0745 25.9
“0.0745" 7 25,9
v e
6. 0728 25.3
‘o,(')799_-A 27."8-
0.0735 2.6
0.0755 26,3
sl 27.

. “lI.I].‘ - i .

‘B-10 Loadmg by

Chem ical Analysis

* mg/cm?

01717t

“0.1408*+

0.0551%

% 0.0709+

* Tapes apphed to mockup fuel plate 139- S-3 to prov1de reference plate of
. known B 10 loadmg 4 oo

w3 Tapes applled to mockup fuel plates in plate pos1t10ns a, e J, n, and r of o

element No. 22 for B-10 worth’ determmatlon

+ Chemical analysis by Lucius Pitkin.

- *+*+Cheniical analysis by BMI.
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2.2.2.4 Intercalibration of Mockup Fuel Plates

Calibrated tapes 1-2 #3 and 2-1 #12 were placed on plate. 1398 3 in position
"i'" of element No. 22 for the purpose of establlshmg a reference fuel plate.
These two tapes were chosen because they have about the same B-10 loading

_as the SM-2 mockup fuel plates.. The calibrated tapes were placed one at atime

on the fuel plate and the net reactivity change produced by each was measured

“in order to obtain B~10 worth as a function of B-10 loading. The addition of

calibrated tape 1-2 #3 with 55.4 mmg B-10 produced a reactivity change equal
to 197.9 cents per gm B-10. The further addition of calibrated tape 2-1 #12
brought the total B-10 content to 81.7 mg and lowered the B-10 worth to 178.1
cents per gm B-10 for the two tapes and to 136. 4 cents per gm B-10 for the
second added tape 2-1 #12. This change in boron worth is attributed mainly
to boron self-shielding, flux depress1on effects and a slight hardening of ‘the
local neutron energy spectrum. -

: The remaining 17 fuel plates were loaded successively in position "i"
of element No. 22 and their B-10 loadings were determined from individual
reactivity changes between them and the reference fuel plate and utilizing the
estabhshed B-10 loading and worth in the reference.

.B- 10 loading for each of. the fuel plates is given in Table 2.2. The average
B-10 content amounted to 0. 0828 gm per: fuel plate for a total of 1.4905 gm
for 18 plates comprising stationary fuel element No. 22.

. B 10 worth for element 22 was determined by applying tapes 2-1 #3, 2-1
#5, 2-1 #7, 2-1 #10 and 2-1 #13 to plates a, e, j,n, and r respectively. The:mea-
sured reactivity difference réndereda B-10 worthof 56. 62 cents per gm for
element No. 22 in position 22.

2.2.2.5 Intercalibration of Mockup Fuel Elements

The B-10 loading of nine fuel elements was determined by intercalibrating
them with the element inposition 22..Eachelement was placed in turn in lattice
position 22; the difference in reactivity between the element under test and the
zero posmon -established by element No. 22 was assumed to be a medsure of
the difference in B-10 loading. Any variations in fuel contents were assumed
to be negligible; the B-10 loadings are given in Table 2. 3.

. The B-10 loadings of control rod fuel elements were calculated by ratioing
the average stationary fuel element B-10 loading by the differences in the number
of fuel plates and cross-sectional areas of the tapes applied. The average B-10
loading thus obtained was 1. 278 gm per control rod fuel element and the esti-
mated total B-10 content of the SM-2 mockup core was 67.9 gm.
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"TABLE 2.2
B-10 LOADING OF 18'INTERCALIBRATED FUEL PLATES
TESTED' IN ELEMENT POSITION 22, PLATE POSITION "i" -

Plate Position

~ In. Element 22%* o Plate No. - . B-10 Loading, gm
.a 57-S-6 .0.0867 -
b 138-S-1 - 0.0801 -
C 105-8-1 - 0.0851
.d 139-S-3* - 0.0817
e -137-8-1 . 0.0842
. - 138-S-4 ..0.0803
- g - 156-S-6 . 0.0828 .
~h . 139-S-6 0.0840:
i 137-S-3 0.0819
j 139-8-1 0.0812
k -137-S-6 0.0849
1 139-S-4 . 0.0778
m 138-S-6 0.0790
n- 111-S-1 - 0.0833
o -137-8S-5 0.0849
p 160-S-2 0.0856
a -162-S-4 .0.0828
r 156-S-2 0.0842
. Total s C : S : - 1. 4905
‘Average : o S o 0.0828

o ® Reference fuel plate, containing mtercahbrated tape Nos. 1-2 #3 and 2- 1 #12
- used to- intercalibrate the other 17 fuel plates

ok After 1nterca11brat1on, fuel plates were placed-in pos1t10ns indicated for the.
- purpose of obtammg a standard mockup fuel element.
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TABLE 2.3 .
B-10 LOADING OF 10 INTERCALIBRATED
.. SM-2 MOCKUP FUEL.ELEMENTS TESTED IN .
’ ELEMENT POSITION 22 :

Fuel Element No. L B-‘IO Loading,.gm .
12 . 1.498
22% 1.491
- 27 . .1.583
37 1.522
47 . 1.548
57 1.520
67 1.590
74 1. 659
15 1. 549
76 . 1.551
~Average ‘ - 1.551 . o -

* Aver_a"..ge refereu'ce fuel element used_to‘ intercalibrate the other,nine fuel elements..

2.2.2.6 Comparison Betwejen'_B'MI' Refereuce Element and Mockup
Element :

- Fuel element No. 22 was assembled w1th the 18 mtercahbrated mockup fuel
plates and. the critical position of calibrated control rod E determined. The mock-
up plates were then removed and 18 SM-2, BMI manufactured reference fuel plates
substituted, and the new. critical position determmed The change in reactivity
- was calculated from the difference in the critical pos1tnons :This change repre- -
sented the additional amount of B-10 required on the mockup fuel elements to '
match the worth of the integral B-10 of the reference fuel element; if the re-
activity change due to slight fuel loading difference was assumed to-be negligible.
This required additional B~10 was calculated to be 0.262 gm based on an ex-
perlmenta,lly determined B-10 worth of 56. 62 cents/gm for mockup element No.
22." Since the 18 mockup fuel plates contained a total of 1.491 gm B-10, there-
fore total B-10 required on mockup plates to have the same reactivity effect as
- BMI reference plates is.1.753 gm for an average B-10.loading of 0.0974 gm per
mockup fuel plate. This compares w1th the value of 0.0911 gm/plate reported
by BMI for the reference plates.

Further mterpreta,tmn of these data are: comphcated due to the larger fuel

‘atrix dimensions of th((= PMI reference fuel plates compa,red to those of the.
- SM-2 mockup pla,tes
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2.2.2.7 Conclusions _

In carrying out the preceding experiments, reactivity differences were
measured, then converted to equivalent grams of B-10.. However, reactivity dif-
- ferences are not all caused by differences in B- 10 loadmgs Other sources con-
tribute in varying degrees as follows: S

1. Contribution of fu€el loading difference to reactivity differences was
assumed to be negligible since U-235 loadings can be accurately
assayed and the difference in U-235 loadings were less than 0. 2%,.

2. Method of applying burnable poison; in BMI reference plates it was
incorporated in the fuel matrix as spherical particles of zirconium
diboride, while in the mockup it was applied to the surface of the fuel
plates as boron carbide coated Mylar tape.

3. Effect due to difference in particle size; the boron carbide in the Mylar
tapes hasa diameter of one to three microns, whereas zirconium di-
boride partlcles average about 100 microns. Also during manufacture,
mockup fuel plates were reduced about 12 to 1, thus containing uranium
oxide particles with an average diameter of 66 microns; the BMI refer-

. ence plates were reduced only about 6 to 1 w1th an average uranium

' - ‘oxide diameter of 112 microns. ,

4. Self-shielding of B-10 particles; in applymg burnable poison in layers,

- the B-10 particles tend to shield each other and ‘hence they become
less effective as neutron absorbers.. This is demonstrated by the change

"in'B-10 worth from-197.9 cents when one tape is applied to a fuel plate
to 136.4 cents when two are applied. The self-shielding effect on the’
worth of B- 10 when it'is mtegra.ted 1nto the fuel matrix wa.s not deter—
: mmed :

5. DLfference m B 10 worth due to external and mternal loadmg

6. 1D1fference in fuel matrix size between the reference and the mockup
-fuel plates :

- Aftér the above exper1ments were completed additional ‘chemical analyses
were made on tapes taken from the same orders and batches. The results show
the boron loading on the tapes to be very uniform; howeéver, the' results obtained
from the two independent laboratories differed by about 12% for the order 1 batch
2 tape and by about 2% for the order 2 batch 1 tape. The results of the chemical
analyses are given in Appendix C. ' S
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2.3 MATERIAL COEFFICIENTS
2.3.1 | Introduction -

React1v1ty worth mea,surements were made at a 51mu1ated operatmg temp-
erature of 510°F. The operating temperature was simulated by inserting aluminum
strips in the stationary and control rod fuel elements. A detailed discussion of
the temperature mockup is given in Section 4.2.3. The worth in cents per gm
or cents per cc was determined for B-10, U-235, stainless steel, and void through-
out one quadrant of the core, excepting the control rod fuel elements where only
B-10 worths were measured. To obtain an estimate of the average worth of U-235,
stainless steel and void in the whole core, the average for stationary elements was
multiplied by the ratio of the average B-10 worth in the core to that in stationary
elements only. This is justified since they were all measured in the same core
" under exactly the same cond1t1ons : :

i Pr;or to the.worth measurements., a short heterogeneity experiment was
performed to establish the adequacy of the experimental method, since usually .
it is not feasible to add a given material to a fuel element without introducing = -
. some heterogeneity.

v 2.,.‘3.@ 2 Procédure

-+ Reactivity differences were measured using calibrated control rods D and

. G as a two rod bank. The five rod bank (A, B, C, E, F) was placed at 12, 600 in.
withdrawn. This choice allows for measurements to be made in a quadrant of

the core that is least perturbed by rod motion. Also preliminary measurements
have indicated that the calibration curve for control rods D & -G is smooth and 3
essentially linear. A two rod calibrated bank was chosen instead of a single '
.calibrated rod because the reactivity differences are large for B-10 measure-

. ments. . All measurements were made relative to a zero posmon defined as the
critical position with SM-1 standard element in position No. 76 and SM-2 mock-
up €lement 76 in position No. 22. This procedure leaves element No. 22 free -
for substitution measurements into the other positions of the quadrant. The
zero position was taken at the begmnmg and end of each day to nullify effect of
temperature change. :

2.3.3 Heterogeneity Measurements

Since it is not usually feasible to add a given material to a fuel element
without introducing some heterogeneity, a short experiment was made to deter-
mine the size of this heterogeneity factor. The experiment was performed by
replacing six fuel plates (each.40 mils thick) by six 40-mil thick plates-(4-10
mil pieces) of stainless steel clad of essentially the same width and length.. The
size of the heterogeneity factor was determined by arranging the stainless stee]r :
plites in 6, 3,2 and 1 discrete bundles .and measuring the reactivity difference
for each arrangement in element position No. 33. Reactivity differences obtained
in this manner were converted into cents per gram of U-235 since the difference

25 -
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between the fuel plates and the stainless steel plates was U-235 (neglecting the. -

- U-238 and difference in particle size). This was done so that these results could
" be directly compared with the U-235 material coefficient later obtained using

" heavily loadedfuel plates. Figure 2.1 presents the data. The curve was linearly
extrapolated to 18 bundles (the number of fuel plates in an element). . The hetero-

. geneity effect is seen to be small after about 5 bundles. The uranium worth ob-
tained using 18 heavily loaded fuel plates is in good agreement W1th the value

' pred1cted from the extrapolated data. =

2. 3. 4 U-235 Worth

Uram.um worth measurements were made using 18 heavily loaded fuel plates
to avoid the poss1b111ty of heterogeneity effects.. First, element No. 22 was sub--
- stituted into each element position of one quadrant of the core and the critical:
position determined on calibrated rods D and G with the five rod bank (A, B, C,E, F)
at 12. 600 in. Then, element No. 22 was loaded with 18 heavily loaded fuel
plates and the same boron tapes and substituted through the same quadrant of the
~ core in the same manner. The resulting react1v1ty differences determmed the -
- uranium-worth for the quadrant.

Table 2.4 lists the worths thus obtained together w1th those prevmusly
obtained at room temperature.

It is noted that the average U-235 worth at simulated temperature (510-°F)
is approximately 24% less than the average U-235 worth at room temperature.

- 2.3.5 B-10 Worth
The boron impregnated Mylar tape was stripped off fuel plates a,e,j,n, and -
r of element No; 22. Then element No. 22 was substituted into the other stationary
fuel element positions of the quadrant.. For the control rods the boron tape was
stripped off fuel plates a, d, i, m and p. - The critical position for each measure-
ment was determined on the calibrated two rod bank D &G with the five rod bank
(A, B, C,-E, F) at'12.600 in. The B-10 worth was calculated from reactivity

dlfffelr)ences using B-10 loadings determined in the previous section and APAE-
54

Table 2.5 presents the B- 10 worth data obtained at simulated temperature
and that prev1ous1y obtained at room temperature

‘The average B-10:worth at simulated temperature (510°F) is about 24%
less than the average B-10 worth at room temperature which is the same amount
the' U-235 worth was decreased. This is the expected result since both U- 235
and B~ 10 are essentially 1/v absorbers
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TABLE 2.4
U-235 REACTIVITY COEFFICIENTS

"Element -~ - ' ¢ . U-235 Worth ¢/gm- -~ - - U-235¢/gm

Position - © . " At Simulated Temp. 510°F At Room Temp. 68°F(1)
12 - 0,052 0,067 -
13 = 0.065 0,098 -
14" - 0.091 ©0.110
21 0.048 0.057
22 0.115 0.146
.23 0.189 - 0.211
31 0.057 -~ - - - 0.084
33 - 0,213 v " 0.295
34 - 0.264 0. 321
41 -0.063 - 0.098
42 0.143 . 0..220
43 0.242 0. 312
. Average for stationary :
fuel elements : - 0.120 ' 0.157
Estimated Core Average 0,131
‘TABLE 2.5
B-10 REACTIVITY COEFFICIENTS
Element B-10 Worth in ¢/gm B-10 Worth in ¢/%m
- Position At Simulated Temp. 510°F AtRoom Temp. 68°F(1)
12 8.4 - 17.0
.13 : 21.17 -+ 25.6
14 : 22.5 28.0
21 ~ 7.2 14.6
22 29.1 38.6
23 45.5 57.0
31 16.3 22.6
33 59. 8 79.5
34 74.6 87.17
41 R T 20.4° °25.5
42 - C 42.4 58.9 .
43 . I - 71.8 - 87.5
Control Rod'A~ 50.0 SR
- Control Rod'F -~ - - 41,2 - ¢
ControlRod C ~ -~ ' 88.4 -
Average for stationary
fuel elements’ 32.0 42.0
- Estimated Core Average - 34.9 : C- ;
' 1 29
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2.3.6 Stamless Steel Worth

Stamless steel Worth or coeff1c1ent was determmed by replacing the aluminum
strips in element No. 22 by an equivalent volume of stainless steel clad. Reactivity
differences were measured in the same manner as for other worth measurements.
Since the stainless steel replaced an-equal volume of the aluminum the reactivity
differences measured were dué to the differences in nuclear cross sections of
aluminum and stainless steel only and did not include the effect of water displace-
ment.: The effect of water dlsplacement or void worth is discussed in the next
section.. Table 2.6 lists the stainless worth at simulated temperature (510CF).

TABLE 2.6
STAINLESS STEEL REACTIVITY COEFFICIENTS -
“EFFECT OF WATER DISPLACEMENT NOT INCLUDED

Stamless Steel Worth ¢/cc .

. Element No. at.Simulated Temp. .510CF.
12 0.0064
13 0.0083
14 0.0121
21 0.0068
22 0.0157
23 0.0312
31 - 0.0102
34 '0.0683
< 14l -0:0128
i 42 .0. 0422
Y43 0.0686

. Average for stationary
- fuel elements

o

. 0253

o

 Estimated Core Average . 0276

2 3 7 Void Worth

The void coefficient or worth was obtamed by removing the aluminum
strlps from element No. 22 and substituting it in the element positions of the
quadrant of the core being measured. The reactivity differences were mea-
sured on calibrated rods D and G with the five rod bank (A, B,C, E, F) at 12. 600
in. In calculating the void coefficient the cross section of alummum was as-
sumed negligible. Table 2.7 lists the coefficients obtained at s1mulated
temperature 5100F
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TABLE 2.7 :
- VOID REACTIVITY COEFFICIENTS

‘Element No.. - - Void Worth ¢/cc
12 - 0.0149
13 .. 0.0259
14 0.0250
21 - 0.0116
22 0.0365
23 0. 0767
31 0.0236
33 0.0910
34 ©0.1022
41 0.0298
42 0.0631
43 - 0.1071

Average for statiohary» o
fuel elements 0.0467

. -Estimated Core - - : oo
- Average 0.0509

The average void coefficient for the stat1onary fuel elements is 0. 0467
cents per cc. This value obtained by.a series of individual measurements com-
- pares very well with the average value of about 0.04 cents/cc obtained when
- the water was displaced from all of the fuel élements by inserting aluminum
strips to simulate the operating conditions (510CF.at 2000 psi).* The fact that
“thé average value (0.0467 cents/cc) obtained by individual measurements is

higher -than the value obtained from one single perturbatlon is to be expected °
since the sum of a series of small perturbations is usually larger than if the
: perturbation was made in a single step, due to changes in the neutron flux
spectrum. : , : -

- It should be noted that the void coefficients gi-ven- in Table 2.7 can be .
added to the stainless steel coefficients in Table 2. 6 if the total stainless steel
worth or coefficiént is desired, including water displacement. : :

2.4 REACTIVITY MEASUREMENTS USING FLOW DIVIDER
The basic SM-2 flow divider design has been reported previously. (6)
. This test provides data from which the reactivity effects resulting from the use of

. a.flow divider and flow divider support structures may be evaluated. - Flow di-
vider reactivity evaluation was made by inserting»ll/B—in. stainless steel sheets

- . % Refer to Section 4. 2 and APAE  No. 54(1), , - : 31
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between the outer ring of elements as :shown-in Fig. 1.7. The core was supported
on a 1-in. thick plastic sheet placed on.top of the:existing stainless steel core
support plate. The plastic insert was machined to accommodate the end boxes
‘of the stationary fuel elements so that the proper spacing was achieved for the
~SM-2 core design with flow d1v1der - Reéactivity: measurements were taken to
evaluate: ' :

1. The effect of raising the core upwards to accommodate the new plastic
support plate.

2. The effect of spreading the outer ring of elements by the installation
of the plastic support plateo

3. The. effect of mstallmg the flow divider between the outer ring of
elements.

4. The effect of attaching flow d1v1der to steel reflector by stainless
steel support pms

9. The effect of attachmg flow divider to steel reflectors by stainless
steel plates. - :

The results of these measurements are given in the following table.
TABLE 2.8

" REACTIVITY MEASUREMENTS EVALUATING THE
e INSTALLATION OF FLOW DIVIDER. - '

. Reactivity
. Change ..(cents)

1. Effect of ra1smg core l-m by means of plastlc strlps e -12
pla,ced under fuel elements o . . i S

2. Effect of sprea,dmg spacing of elements ;28
3. Eff_ect-i-of flow divider : S SR - .-110
4. Effect of ustng 32 pin supportsfor flow‘divider» ce -5

5. Effect of using 8 plate supports for flow divider - . -27

The first of these reactivity effects results from replacing the steel core
support plate: with an equivalent volume of water, ‘and hence establishes the
‘reactivity change resulting from the use of the 1u01te support plate.” Since this
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reactivity change results from equipping the experiment it should not be attributed
to effeécts introduced by the flow divider. However, the test data has potential
application in the event significant changes are incorporated into the final SM-2
core support plate design which result in a sighificant change in the volume of
steel in that region. Theremainder of these measurements indicate the effects
on'SM-2 core reactivity resulting from the use of a 1/8-in. flow divider 1nserted
as shown in Fig. 1.7. The individual reactivity effects result from mcreased
effective core diameter by increasing the fuel element spacing in certain regions
to accommodate the flow divider, insertion of the 1/8-in. thick flow dividér and
the' consequent displacement of some core moderator in that’ reglon and the use
of pm or plate type flow d1v1der supports.

Table 2.8 shows that the effect of placmg the flow divider. in the core sup-
ported by pins results in a loss of 143 cents reactivity; the substltutlon of sup-
port plates for pins increases reactivity loss to» 165 cents. The linear extrapo-
lation of previous measurements\*/ renders a comparative estimated core re-
activity change of 172 cents for a flow divider mockup, which did not provide
for a mockup of the flow divider supports or increased fuel element.spacing.
The above measurements were carried out using thé entire seven rod bank to
measure reactivity changes; the worth of the bank at varlous pos1t1ons 1s g1ven

"in F1g 2.2 ’

2.5 SUPPRESSOR REACTIVITY

The core reactivity change resulting from the use of mockup flux suppressors
was determined by comparing the relative control rod bank positions at criticality
to that obtained when testing "'blank' suppressors which contained no neutron ab-
sorbing material. Elements Nos. 12, 13, 14, 21, 22, 23, 33, 34 and 41 were
mocked up with Mylar tape as described later in Section 3. 2; the reactivity calcu-
lated from these nine elements was ratioed to the total number of elements in the
core. This produced estimated reactivity changes at room temperature for the
entire core of -$2. 36 and -$2. 41 for the 1/2-in. and 3/4-in. wide mockup sup-
pressors, respectively.

2.6 ADDITIONAL REACTIVITY MEASUREMENTS

The additional reactivity measurements discussed in this section were per-‘
formed on the final SM-2 mockup with flow divider at room temperature.

2.6.1 Effect of Mockup Control Rod Flux Suppressors
The control rod flux suppressors were mocked up by applying 26 layers of
boron impregnated Mylar tape to each side of the control rod fuel plates exactly

as the stationary fuel element suppressors (refer to Section 3.2). Two separate
measurements were made: (1) the 1/2-in. wide suppressors were placed directly
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above the top of the actlve meat of the fuel plates of the seven control rods; (2) the
+ 1/2-in. wide -suppressors were placed on thé upper 1/2 -in. portion of the actwe
meat ‘of the fuel plates of the seven control rods

The placmg of the 1/2 -in. W1de mockup flux suppressors above the actwe
meat of the fuel plates of the seven. control rods produced a negative. react1v1ty
" change of 116. 1 cents which changed the seven rod bank critical position from
7.845 1n to 8. 352 in. The placing of the 1/2-in. wide suppressors on the upper
1/2-in. portion of the active meat of the fuel plates of the seven control rods
produced a negative reactivity change of 155.0 cents which corresponded to a.
‘final seven rod bank critical position of 8. 531 in. The suppressors were left
in this latter position when the final foil measurements were made. It is thought
that this mockup is better than the first one as the spacing between the upper
edge of the mockup suppressors and the bottom edge. of the absorber sections is
more nearly correct. » ‘

2.6.2 ‘Worth of Side Plates

- The SM-2 mockup has an equivalent side plate thickness of 0.0327 in. . while
the design side plate thickness is 0.040 in. . Fifteen mils of stainless steel clad
was added to each of 38 stationary fuel elements (10 mils on east side and 5 mils
on west side) to bring the equivalent mockup side plate thickness to the 0.040 in.
design thickness. The net reactivity change due to the additional clad in 38 ele-

ments was -23.5 cents. « :
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3.0 ACTIVATION MEASUREMENTS

3.1 INTRODUC TION

The re1at1ve power d1str1but10n in the SM 2 core was obtamed by uranium
foil activation measurements throughout one quadrant of the core for two separate
SM-2 ¢ore mockups: ' ~ :

1. Preliminary mockup with 1am1nated steel reflected core W1thout flow
divider. , _

'2. Final mockup with laminated steel reflected core with 0.125-in. flow
-divider and 0. 5-in. mockup flux suppressors at the top of the actlve
meat of the control rod fuel elements. .

The resulting data yielded the core average for each mockup and enabled
a more definitive:fine structure study to be made of the 1nterce11 power distribu-
tion and/or fission flux, than those: prev1ously reported. (1) ‘

‘The effectiveness of both mockup and integral suppressors located at the
lower boundary of the stationary fuel elements in reducing the high power spikes
~ occurring near the bottom of the active meat was determined during a separate
series of measurements. Blocked channel measurements were also performed
to determine the effects on.local power generation that'result from blocking a
fuel element coolant channel.

3.2 CORE MAPPING
3. 2 1 1ntroduct1on

Actwatlon measurements were performed using bare uranium foils taped
d1rect1y to the fuel plates for the purpose of obtaining a ratio of measured ac-
tivity to that of a reference. The reference foil for all activation measurements
in this series was located at the centerline.of the south side of fuel plate "i'" of
) element No 34 at an ax1a1 elevation of 6 1n above the bottom of the active core.

Approx1mate1y 1700 data points were taken in one'quadrant of the core to
obtam an accurate core average based upon core symmetry and a detailed descrip-
tion of local effects.. Each data point was then normalized to the average activa-
tion; thus the core average becomes um.ty by definition.” -

3 2 2 Procedure :

The fuel element to.be mapped was mstrumented with 19 w/ o fully enriched
uranium-aluminum-alloy foils of approximately 12-14 mg in weight and 0. 25 in.
diameter. The foils were taped to five fuel plates each of 12 stationary fuel ele-
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ments and three control rod fuel elements, representing a-complete quadrant of
the full core. The five fuel plates chosen included the two outside plates and the
. center plate which were mapped extensively, and two other intermediate fuel
plates which were mapped as required and linsvarying degrées.: . This choice.. :*
- represents complete axial and-radial traverses of the core. Since the:core is
symmetrical, mapping of only one quadrant was necessary to determine the core
-average. Typical foil locations for a stationary fuel. element are shown.in Fig.
3.1, The foils were activated in the SM-2 mockup core for 30 minutes:at 30-40
watt power levels. The foils were then removed and counted with the aid of two
scintillation counters.

3; 2.3 Nomenclature

A}

The following nomenclature is used in this chapter to define foil locations.

-'1, Position: Location of foil -measured from the bottom of the active core
in inches.

..2. Axial plane-:' . Plane perpend,icnlar -to the core ax1s and rneasured from
the bottom of the active core in inches." ' :

- 3.- Central radial plane: Plane parallel to the north-south plane of the
'..core and passmg through the core centerline.

4, ';Radlal plane Plane parallel to the north-south plane of the core,
- distance measured from the central radial plane in inches.

9. Using the Tables: In the following tables all data pomts have been
normalized to a core average power generation of unity (ref. par. 3.2.5).
. Data plots of relative power vs. location may be obtdined in the follow-
ing manner.

Axial power distributions are obtained by reading the vertical columns
-in the appropriate tables. As an example; take the relative power dis-
tribution along the centerline of core position 42. . Reference to Fig.
-+ 3.2, 3.3 and 3. 4 indicates that these data points are located on fuel
_plate "j'" and on the. 5..88-in. west radial plane. of core position 42.
Thus, by referring to Table 3. 11 for fuel element position 42, fuel plate
-"j'" at the 5.88 WRP and plotting down the vertical columns, the curve
.- for Fig. 3.8 was generated where, the foil position.and relative power
- generatlon fall along the absc1ssa and ord1nate respectwely

Radial power d1str1but10n may be obtained by readmg the approprlate
table entries in the horizontal direction. As an example, take the
radial power distribution through fuel element positions 41, 42, 43
. and 44 (control rod C), and on an axial plane which is 5 in. above the bottom
- of the active core.. Again by reference to Fig. 3:2;. 3.3 and 3.4 it is
.established that these data points are located on. fuel plate "j'" for posmons
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41 .42 and 43 and on fuel plate "i-" for position 44, which is a control
rod and consequently has fewer fuel plates per element and a slightly dif-
~ ferent plate identification.. Reference to fuel plate "j".in Tables 3. 10,
3.11, 3.12 and fuel plate "i" in Table 3. 14.all at an axial position of 5
in. above the bottom of the active .core renders the curve in Fig. 3.10
where the relative power generation has been plotted as.a function of
radial distance. from the core centerline. : :

- If a radial power distribution is desired in a direction which is normal
. to the plane of the fuel plates and at a specific axial elevation, then
. the following procedure applies.. By reference to Fig. 3.3 and 3.4
~ the core position and fuel plates of 1nterest are established. Then by
reference to the appropriate tables the. relative power generation in
. the selected plates.at the selected axial elevation is obtained.. As an
example, -if the radial power. distribution through core positions 14,
24 (control rod A),-34, and 44 (control rod C) is desired at an ax1a1
elevation of 5 in., the following procedure applies. By reference to .
- Fig. 3.2, 3.3 and 3.4 it is established that all data points are located
.along the central radial plane in core positions 14, 24, 34 and 44 at an
axial position of 5 in,, and all. data points falling between plates "i'" . .
_ through "p" for core pos1tion 44, "a" through "r" for core position 34,
-."a" through "p" for core pos1t10n 24 and."a" through "r' for core po- .
. sition 14 are desired. .Then these data points may be obtained from -
f,Tables 3.3, 3.9, 3.13 and 3.14, and a radial power distribution normal
to the plane of the fuel plates. constructed ~

.. :+ As indicated, Fig:. 3.3 shows the locations -of various radial planes in the
west side of the core, these planes being perpendicular to the plane of the
figure. In the following tables, C.R.P. stands for central radial plane; W R.P.
stands for west radial plane; E.R. P. stands for east radial plane.

3. 2.4 Data Processing

' The data were processed in a manner 1dentical to that described in AP :
Note 246. (5) " This method yields the relative activ1ty of.the different f011s to that
of the reference, allowing corrections for weight,. counter background and radio-
active decay. All of the data reported in this chapter were normalized to the core
average thus permitting rapid inspection of high power areas.

o 3".2 5 Core 'Average' '

A useful relationship for purposes of core des1gn is the local power genera-
tion related to that of the core average. Since all power measurements were re-
lated to an arbitrary reference in the core, the procedure described below was
utilized 1n _obtaining a core average that is unity by definition.

. First, the relative power averages for each plate, then for each fuel ele-
ment, and finally for the power generating core volume were obtained. Fuel
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plate averages relative to that of the reference point were obtained from measure-
ments across the face of the fuel plates at several axial positions. These mea-

- surements were integrated by applying the 3-point- or 'the 5-point Simpson's rule
to obtain an average single set of values for the 3- and 5-point radial traverses
measured along the fuel plate at various positions above the bottom of the active
core. This procedure was followed for each of the five fuel plates selected to be-
mapped in each fuel element; the distances between radial traverse planes repre-
sented strips of equal width required for this integration,

Each set of average values obtained was plotted as a function of axial po-
sition for each fuel plate.. The curves were integrated by determining the areas
under them using a planimeter. These integrated values represented the average
- power along each fuel plate and within a fuel cell. The average activity of a
complete fuel cell was obtdined by plotting the average plate values obtained
against the distances between the fuel plates selected. The curve's were inte-
grated by again employing Simpson s rule giving the average power for each fuel
cell.

'The core average power value was obtained by summing all the fuel cell.
power averages and dividing by the power generating volume of the core. This
value was equated to 1.00, and the experimental data points were normalized
to this core average of unity. In determining the core average the cell averages
for the control rod fuel elements have been weighted to include only the portion
of the fuel plates actually inserted in the active core. A typical calculation for
obtaining the core average is outlined in Appendix B.

-'3.2.6 Experimental Results Employing Laminated Steel Reflector Without
Flow Divider (SM 2 Preliminary Mockup Core)

Figure 3., 4 gives the complete normalized power averages for each fuel
element in the core. Of the 45 core positions, 14 stationary fuel elements clustered
about the center of the core exceed the core average. The cell average for the
- control rod fuel elements are reported as less than the core average even though
they have a-higher than average power density over the region, since they'were
weéighted to include only the portion of the fuel plates actually in the active core’

' (ref Table B-2), the seven rod critical bank pos1tion being 6.94 in. '

Tables 3.1 through 3. 15 present the normalized activity distribution along
axial traverses of stationary fuel elements in positions 12, 13, 14, 21, 22, 23, 31,
33, 34, 41, 42, 43 and for control rod fuel elements A, C, and F in positions 24,
44, and 32 respectively. Plates a, e, j, n, and r were selected for these measure-
ments for the stationary fuel elements; plates a, d, i, m and p for the control
rod fuel elements. The data range from a normalized low of 0. 06 of the core
average for plate "r'" of stationary fuel element position 21-on the edge of the core
to a high of 7. 88 of the core ‘average for plate "i'"" of control rod C in position 44 in
the middle of the core.
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The power traverses shown in Fig. 3.5 through 3.8 are typical of the power
distribution axially along a fuel plate. Figures 3.5 and 3. 6 show the power of the
centerline traverses of plate "j'" normalized to the core average for stationary
fuel elements positions 12, 13, 14, and 21, 22, 23, respectively. Figures 3.7
and 3.8 show similar traverses for fuel element positions 31, 33, 34,and 41, 42,
43, respectively. It may be concluded from the above that all stationary fuel
elements exhibit a large power peak at the bottom of the active core when flux
suppressors are not employed, and a smaller axial peak about 4-6 in. above
the bottom of the active core. The power gradually diminishes as it approaches
the top of the active meat. For example in element position 43, along centerline
of fuel plate "j'"", this power peaking is about 4. 5 times the core average at the
 bottom of the active meat and 2. 24 times the core average at an axial position 5
in. above it, while it is only 0. 18 of the core average at the top of the active
meat of the core.

Figure 3.9 shows the normalized power of the centerline traverses of fuel
plate "j" of control rods A, C, and F for the portion of the fuel plates actually
in the active core. There is a very small uniform increase in the normalized
~activity from the bottom of the active core to near the critical bank position of
6.94 in. at which point the power exhibits a very sharp.increase shown by the
almost vertical lines in Fig. 3.9.

Figure 3. 10 shows a typical radial power traverse 5 in. above the bottom
of the active core along the center of stationary fuel elements in positions 41,
42, 43, and control rod C in position 44, indicating the overall rise in power
upon approaching the center of the core and the power minima along the center-
line of a fuel elementi.in relation to its outer edges.

The measurements of this configuration show an everall maximum-to-
average power generation of 7.88 to 1 where the maximum is in the central
control rod. The maximum-to-average considering the spike at the bottom
of the core is 5.50 to 1. Ignoring both of these spikes the internal maximum-
to-average is 4. 39 to 1 occurring within the central control rod fuel element.
These measurements indicate the need for flux suppressors.

3.2.7 Experimental Results Employing Laminated Steel Reflector,
Flow Divider and Flux Suppressors at the Top of the Active
Meat of the Control Rod Fuel Elemexnts(SM-2 Final Mockup Core)

To the preliminary SM-2 mockup core was added a 0. 125-in. stainless steel
flow divider inserted between the two outer rings of elements which were slightly
displaced, as shown in Fig. 1.7 and described in Section 2.4. In addition, 0. 5-in.
mockup flux suppressors were placed at the top of the active meat of all control
rod fuel elements. The relative power distribution for the final SM-2 core mockup
was obtained in the same manner as that described in the preliminary tests. The
critical bank position for these tests was 8. 54 in. withdrawn.
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Table 3.1
Relative Power Distribution Along Axial Traverses For Element in Position 1

SM-2 Preliminary Mockup Core

Plate 'a" Plate ""e" Plate "j" _

Position 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4,62 WRP 7.14 WRP 6.51 WRP 5.88 WRP- 5.25 WRP 4.62 WRP
0 - 1.43 2.06 2.39 0.87 1.41 ' 2.04
1 0.95 0.93 1.67 0.60 0.60 1.30
3 1.22 1.27 2.11 , 0.78 0.83 .o 1.69
5 1.34 1.24 1.39 1.48 2.36 1.13 1.11 1.06 1.50 2.11 0.85 0.83 0.90 111 1.69
6 ) : N
6.94 1.30 1.22 1.30 1.46 2.20 1.06 0.95 1.13 1.22 2.03 0.85 0.81 0.87 1.00. 1.76
7.64 : _
8.5 1.18 1.13 2.02 0.78 0.78 . 1.58
13 0.72 0.65 1 0.48 0.55 0.85
17 0.44 0.26 - oo
21 0.19 0.16 .27 0.13 0.15 0.25.

Plate "n” Plate """

Position 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP
0 0.56 0.74 1.04
1 0.53 0.46 0.83
3 0.56 0.63 1.02
5 0.81 0.74 0.85 0.91 1.48 0.63 0.58 0. 69 0.81 1.13
6 : -
6.94 0.76 0.617 0.72 0.87 1.34 0.60 0.63 0.69 0.76 1.06
7.64
8.5 0.56 0.58 1.06
13 0. 37 0.39 0. 67
17 0.21
21 0.09 0.10 0.17
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Table 3.2
Relative Power Distribution Along Axial Traverses For Element in Position 13
SM-2 Preliminary Mockup Core

Plate "a" Plate ""e" Plate "j"

Position 4.20 WRP 3.57 WRP 2.94 WRP 2,31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2:94 WRP 2.31 WRP 1.68 WRP

0 2. 56 2.31 2.93 . 2.06 2.08 2.41

1 1.67 1.20 2.08 o 1.27 0.76 1.61
© 3 2.24 1.55 2.68 ’ 1.57 1.02 1.94

5 2.23 1.64 1.176 1.74 2.87 2.20 S 1.32 1. 32 1.43 2.54 1. 69 1.13 1.15 1.28 2.08

6 .

6.94 2.13 1.28 1.52 1. 85 2.73 . 2.02 1. 30 1.22 1.37 2.22 1. 65 1.18 1.06 1.22 2.02

7.64 .

. 8.5 1.98 1.32 ) 1.99 ’ . . © 1.52 0.97 1.1
13 1.13 0.76 1.02 0.95 0.56 0.97
17 0.41 ) 0. 30
21 0.28 0.19 0.25 . 0.24 0.16 0.25

Plate "n" Plate '"r"

Position 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP

0 1.20 1.06 1.30
1 0.87 0.63 1.02
3 _ 1.09 0.83 1.28
5 1.65 1.00 0.95 1.13 1.65 1.30 0.85 0.90 0.95 1.32
. .

6.94 1.65 0.95 1.02 109 1.65 1.11 0.87 0.81 0.91 i. 30
7.64

8.5 0.97 0.83 i.15
13 0.58 0.48 0.67
17

21 0.15 0.11 0.19
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Position

Plate "a"

Table 3. 3
Relative Power Distribution Along Axial Traverses For Element in Position 14

Plate "e"

1

S\')Nl\?

QOO

.89

12
68

86
92
69
84

.81
.43

18

O.OOP‘NND—ID—IHHM

.26 WRP 0.63 WRP CRP

35
43
92
97
93
86

.59

18

.40

20

.08

1.26 WRP 0.63 WRP CRP

2.35
2,23

1.08

1.42

SM-2 Preliminary Mockup Core

Plate "r"

Plate 'j" Plate 'n"

1.26 WRP 0.63 WRP CRP 1.26 WRP. 0.63 WRP CRP 1.26 WRP 0.65 WRP CRP
2.62 2.17 2.28 1.32 1.29
1.50 0.94 0.94 .96 - 0.68
1.87 1.21 1.21 1.19 0.86
2.02 v1. 36 1.28 1.72 1.14 1.10 1.28 . 0.93 0.94
1.94 1.20 1.29 '0.94
1.86 1.21 1.13 1.68 1.05 -1.04 1.32 0.90 0.90
1.72 1.06 129 . 0.85
1. 60 1.05 0.95 1.14 " 0.81
0.94 0.57 0.53 0. 65 - 0.46
0.52 0.27 0.29 0.40 0.27
0.25 0.15 0.13 -0.17 0.

11
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Table 3. 4
Relative Power Distribution Along Axial Traverses For Element in Position 21
SM-2 Preliminary Mockup Core

. Plate "a" Plate "e" Plate "j"

Position 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 7.55 WRP 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 7.55 WRP 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 7.55 WRP

0 1.04 1.61 2.41 0.97 1.52 2.41
1 0.72 0.87 0.67 0.67 1.57
3 0.95 1.11 2.20 0.85 . 0.83 1.85
5 1.10 1.00 1.18 1.41 2.20 1.04 0.85 0.97 1.18 2.24 0.95 0.81 0.95 1.11 1.99
6 .

6.94 1.00 1.04 1.10 1.24 2.11 0.97 0.87 0.91 1.09 2,11 0.97 0.69 0.85 1.04 1.83

7.64 ’ .

8.5 0.90 0.91 1.67 0.81 0.74 1.61
13 0.53 0.50 G.72 0.50 0.39 0.90
17 0.26 0.30 0.28°° 0.32 a. 41 0..26 0.24 0.24 0.26
21 .0.13 0.12 0.10 0.10 Q.18 0.10 0.08 0.10 0.12 0.21

Plate '"n" Plate "r"

Position 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 7.55 WRP 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 17.55 WRP ] "

0 . 0.48 0.74 1.24
1 0.44 0.44 0.93
3 0. 46 0.58 .27
5 0.81 - 0.65 0.83 0.87 1.85 0.56 0.55 0.69 0.78 1.37
6 .
6.94 0.74 0. 69 0.76 0.90 1.65 0.55 0.50 0.69 0.74 1.37
7.64 R - .
8.5 0.53 0.53 1.18
- 13 0. 30 0. 35 0. 67
17 0.18 0.18 0.19 . 0.24 0.39
o, 21 0.06 0.11 0.08 0.12 0.18
o
Sy
oS
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Table 3.5
Relative Power Distribution Along Axial Traverses For Element in Position 22

SM-2 Preliminary Mockup Core

Plate "a" Plate "e" Plate njn
Position 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP 17.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP
0 2.26 2.20 3.37 2.39 2.28 3.70
1 1.65 1.55 2.56 1.43 1.09 2.26
3 2.20 2.04 - 3.45 1.80 1.32 2.72
5 2.43 1.64 2.20 2.45 3.45 2.26 1.57 1.57 1.74 2.93 1.96 1.34 1.43 1.69 2.82
6 2.36 2.15 3.49 2.13 1.41 2.84
6.94 2.35 2.26° 2.36 2.54 3.39 2.04 1.48 1.39 1.52 2.80 1.89 1.30 1.27 . 1.52 2.56
7.64 2.48 2.45 3.39 1.80 1.20 2.54
8.5 291 1.20 2.39 1.59 1.20 2.26
13 0.58 0.48 1.00 0.97 0.63 1.22
17 0.50 0.35 0.65
] 21 0.13° 0.12 2.48 0.25 0.17 0.27
o
e
(%) Plate '"n'"' Plate '"'r"
Position 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP
(D) 0 1. 67 1.78 2.77
(ep) 1 1.18 1.00 1.76
PO 3 1.39 1.27 2.28
A 5 1.98 1.22 1.32 1.48 2.72 1.52 1.22, 1.30 1.34 2.48
6 1.52 1.27 2.61
6.94 1.69 1.27 1.34 1.43 2.39 1.30 1.18 1.28 1.39 2.33
7.64 1.39 1.28 2.15
8.5 1.34 1.09 2.26
13 0.78 0.65 1.22
17
21 0.24 .15 3.07

15
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Table 3.6
Relative Power Distribution Along Axial Traverses For Element in Position 23
SM-2 Preliminary Mockup Core

Plate "a" : Plate "e" Plate "j"
Position 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68'WRP 4.20 WRP 3.57 WRP- 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP
0 3.82 - 3,56 4.00 3. 67 3.65 3.42
1 2.48 1. 65 2.78 . 1,34 2.62
3 3.08 2.04 3. 52 2.63 1.64 3.05
5 . 3.32 - 2.20 2.15 2.45 3.76 3.24 1.83 - 1.98 3.58 2.96 1.71 1.78 1.94 3.27
6 3.21 2. 20 3.74 2. 84 1.83
6.94 3.02 . 1.92 1.96 2.04 3.56 2.72 1.69 1.87 1.85 3.49 2.59 1.57 1.65 1.64 3.19
7.64  2.80 1.87 3.19 ' 2.52 1.61 3.02
8.5 2.24 § 2.48 2.31 1. 50 1.98
13 1.02 0.78 1.06 1.34 0.76 0.85
17 0.72 0.48 0.41
21 0.27 0.18 0.25 0. 39 0.20 0.24
Plate "n" . Plate "r"
Position 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP
o ' ‘ 2.96 2.80 3. 26
1 1.74 L.22 2.24
3 Lo : 2.28 1. 50 2.73
5 2:70° © 1.69. 1.74 1.1 2.96 2. 36 1.65 1.69 1.71 2.3
6 o 2.43 1.59 2.63
- 6.94 2.45 1.55 _ 3.21 2. 36 1.59  1.50 1.64 2.62
.C 7.64 2.26 1.48 2.68
e 8.5 1.99 1.32 2.02
w13 1.24 0.72 0.¢0
17 A
21 0.32 0.18 0.20
D
op
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Table 3.7
Relative Power Distribution Along Axial Traverses For Element in Position 31

. Plate ""a"

SM-2 Preliminary Mockup Core

Plate 'e" Plate "j"'
Position 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 7.55 WRP 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 7.55 WRP 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 7.55 WRP
0 1.32 1.99 2.65 1.46 2,22 2.59
1 0.93 0.95 1.83 .90 0.87 1.80
3 1.15 1.27 2,33 1.06 1.11 2.28
5 1.24 1.18 1.27 1.52 2.65 1.30 1.09 1.24 1.41 2.59 1.22 0.97 1.18 1.39 2.36
6 1.22 1.22 2.65 1.24 1.09 2.36
6.94 1.11 1.04 1.18 1.34 2.41 1.11 .91 1.04 1.28 2.52 1.11 0.93 1.00 1.24 2.56
7.64 1.02 1.09 2.48 1.18 0.95 2.61
-8.5 0.95 0.97 1.85 1.15 0.85 1.46
13 0.53 0.53 0. 60 0. 50 0.69
Y 0. 32 0.21 0.48
v 21 0.15 0.13 0.17 0.15 0.12 0.24
Plate ''n" Plate ''r"
Cf(:" Position 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 17.55 WRP 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 17.55 WRP
0 1.28 1.98 2,54
1 .81 0.87 1.78
3 1.04 1.09 2.08
5 1.48 0.93 1.20 1. 34 2.33 1.15 0.97 1.18 1.34 2.17
6 1.13 1.13 2.28
6.94 1.13 0.95 1.04 1.30 2.45 1.13 1.02 1.04 1.24 " 2.45
7.64 1.04 0.93 2.20
8.5 1.00 1.00 1. 67
13 0.55 0.53 0.65
17
21 0.13 0.11 0.17
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Table 3.8 .
Relative Power Distribution Along Axial Traverses for Element in Position 33
SM-2 Preliminary Mockup Core .

Plate "a" Plate "e" Plate "j"

Position 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57TWRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP

0 3.76 3.81 4.32 3.67 4.19 5. 00
1 2.87 1.85 2.91 2.72 1.57 .2.82
3 3.24 2.36 3.76 2.89 1.98 3.44
5 3.42 2.63 2.48 2.69 4.04 3.61 2.15 2.08 2.08 3. 49 4.04 2.08 2.11 2.28 3.58
-6 3.49 , 2.27 3.93 : : 3.28 1.96 3.52
6.94 3.37 2.15 2.24 2.41 3.45 3.81 1.94 1.92 2.04 3.15 3.33 1.89 1.96 1.94 3.30
7.64 3.12 1.87 3.58 3.17 1.7 3.00
8.5 2.36 . 1.74 2.91 2.48 1.52 2.36
13 0.95 0.85 1.41 1.02 0.74 1.30
17 R , ) 0.35
21 0.24 0.17 0.27 0.25 0.19
Plate '"n" Plate ''r"
Position 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP
0 3.70 3.81 3.91
1 2. 54 1.57 2. 56
3 2.82 2.02 3.19
5 3.58 1.94 1.83 2.02 3.49 3.19 2.08 2.11 2.22 3.52
6. _ : 3.21 2.02 - 3.26
} 6,94 3.63 2.06 - 1.96 2.22 3.54 3.00 1.98 1.89 1.98 3.26 N
- 7,64 - . 3.00 1.71 2.84
8.5 2.31 1.52 2.48
: 13 0.91 0.76 1.02
a n RN .
o2 - 0.26 0.17 0.25
(@S]
D

oD




Plate "a"

Table 3.9

Relative Power Distribution Along Axial Traverses For Element in Position 34

SM-2 Preliminary Mockup Core

Plate ""e" Plate "j" Plate ''n" ‘Plate.''r"" -~
Position 1.26 WRP 0.63 WRP CRP 1.26 WRP 0.63 WRP CRP 1.26 WRP 0.63 WRP CRP 1.26 WRP 0.63 WRP CRP "1.26-WRP .0.63 WRP CﬁD
0 4.46 3.21 5.22 4.39 5. 50 4.54 5.00 4.14. 4.14 0 3.44
1 3.63 2.24 3.10 1.67 2.78 1.67 2.96 1.76 3.08. 2.06
3 4. 32 2.70 3.70 2.13 3.33 2.15 3.63 2.13 2.15 . - - 2.41
5 4.32 3.15 3.02 3.89 2.33 2.36 3.63 2.20 2.20 3.67 2.28 2.26 3.70 2,170 1 2.56
6 4.23 2.84 3.63 2.13 3.58 2.15 3.70 2.11 3.84 2.54
6.94 4.30 3.47 3.37 3.24 2.20 2.04 3.47 2.36 1.96 3.21 2.20 2.11- 3.26 2.61 2.70
7.64 3.93 3.63 3.24 1.94 3.02 1.89 3.10 1.87 3.58 2.89
" 8.5 2.73 1.178 2.82 1.61 2.63 1.50 2.28 1.69 2.39 - 1:59 .
13 1.09 0.63 1.22 0.76 1.39 0.85 1.30 0.87 “1.24- -0.74
17 0.44 ' R 0.39
21 0.28 0.17 0.35 0.21 0.34 0.35 0.45 0.26 0.34 0.26
Table 3. 10 )
Relative Power Distribution Along Axial Traverses For Element in Position 41
SM-2 Preliminary Mockup Core -
= Plate "a! Plate "j Plate "n Plate ''r 7
CAposition 8.81 WPR 10.07 WRP 9.44 WRP 8.81 WRP 8.18 WRP 1. 55 WRP 10.07WRP 9.44 WRP 8.81 WRP 8.18 WRP 17.55 WRP 10.07WRP 9.44WRP 8.81 WRP 8.18 WRP. 7.55 WRP
0 2.24 1.48 2.31 3.54 1.37 2.36 3.49 1.55 2.35 3.00 -
o 1 0.91 0.93 0.93 2.13 0.97 .93 2.17 0.91 0.917 2.06
o 3 1.22 1.15 1.20 2.36 1.18 1.28 2.59 1.22 1.27 . 2.50
5 1.28 1.20 1.18 1.46 2.54 1.22 1.15 1.27 1.60 2.63 1. 30 1.18 1.28. 1.47 ©2.31
G ¢ 1.30 1.24 1.27 2.56 1.27 1.30 2.63 1. 34 1.37 ' 2.48 -
6.94 1.24 1.13 1.02 1.13 1.30 2.41 1.11 1.02 1.15 1.37 2.43 1.20 1.09 1.22 1.43 -2.43
7.64 1.22 1.13 1.13 2.15 1.15 1.15 2.22 1.11 - 1.22 2.28
8.5 1.00 0.95 0.97 1.96 1.09 0.95 1.96 1.00 1.00 1.61
13 0.53 0.58 0.58 1.09 0.56 0.55 0.95 0.63 0.63 0.78
21 0.16 0.19 0.18 0. 30 0.16 0.13 0.25 0.16 0.16 . - 0.21
[3)}
(9]
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Table 3.11

Relative Power Distribution Along Axial Traverses For Element in Position 42

SM-2 Preliminary Mockup Core

Plate "j" Plate '"'n"

Plate "r"
Position 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.20WRP 4.62 WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP
0 3.86 3.49 4.21 3.72 3.93 4.56 3.37 3.30 4. 50
1 2.31 1.41 2.52 2.31 1.39 2.61 2.73 1.69 3.00
3 2.82 1.80 3.15 2.87 . 1.98 3.33 2.73 2.24 3.72
5 2.82 1.83 1.83 2.13 3.39 2.84 1.96 1.92 2.36 3.00 2.17 2.35 2.54 3.44
6 2.68 1. 80 3.39 2.87 . 1.89 3.58 2.82 2.06 3.70
6.94 2.52 1.59 1.69 1.87 3.00 2.61 1. 67 1.87 2.43 3.82 2.96 2.24 2.45 2.70 3.52
7.64 2.33 1.52 2.84 2.50 1.80 3.00 2.84 2.76 3.56
8.5 1.99 1.34 2.91 2.02 1.61 3.00 2.17° 1.48 2.59
13 1.00 0. 67 1.27 0.90 0.63 1.20 0.72 0.44 1.06
17 .
21 0.25 0.16 0.27 0.25 0.18 0.26 0.18 0.12 0.26
Table 3.12
Relative Power Distribution Along Axial Traverses For Element in Position 43
SM-2 Preliminary Mockup Core
Plate "j" Plate "n" Plate ''r"
Position 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57T WRP 2.94 WRP 2.31 WRP 1.68 WRP 4.20 WRP 3.57 WRP 2.94 WRP 2.31 WRP |, 68 WRP

0 4.83 4. 54 4. 46 4.74 4.28 4.76 4.21 4.44 4. 46
1 2.70 1.64 3.28 2.59 1.71 3.39 2.65 1.65 3.24
c ‘3 3.26 2.13 4.02 3.24 2.17 4.02 3.28 2.70 3.63
oy 5 3.39 2.26 2,24 2.43 4.09 3.65 2.35 2.28. 2.36 4.21 3.19 2.33 2.39 1.80 3.98
(%) 6 3.44 2.17 4.04 - 3.58 2.26 4.13 3.42 2.22 3.91
6.94 3.07 1.94 1.92 2.20 4. 54 3.37 - 2.02 1.98 2.17 4.28 - 3.35 2.13 2.15 2.33 3.89
7.64 3.00 1.76 4.13 2.91 1.80 3.91 3.19. 1.96 3.67
— 8.5 2.63 1.67 2.48 2.56 1.64 2.54 2.39 1.69 2.68
’ /_‘ 13 1.27 0.72 0.90 1.22 0.78 0.85 1.02 0.85 1.06

<o :
-3 21 0.27 0 1_8 0.21 0. 26 0.18 0.18 0.26 0.18 0.22



Table 3.13 .
Relative Power Distribution Along Axial Traverses For Element in Position 24 (Control Rod A)
SM-2 Preliminary Mockup Core '

Plate "pt

£h9

830

Plate "a" Plate "d" Plate "i" Plate "m"

16 WRP 0.58 WRP CRP 1.16 WRP 0.58 WRP CRP 1.16 WRP 0.58 WRP CRP ) 1.16 WRP 0.58 WRP CRP 1.16 WRP 0.58 WRP CRP
0 2.89 1.99 1.92 2.41 1.37 1.39 2.31 1.24 1.18 1.99 1.27 1.18 2.36 1.39 1.39 '
1 2.59 1.99 3.72 2.54 1.61 1.59 2.39 1.59 1. 39 2.28 1.48 1. 46 2.17 - 1.64 1.55
3 3.45 2.48 2. 43 2.72 2.10 2.02 3.08 1.92 1.89 2.95 1.178 1.83 2.91 1.89 1.89
5 3.39 2.59 2.52 3.12 2.04 2.08 3.28 2.02 1.98 2.91 1. 94 1.85 2.84 2.04 2.04
6 3.39 2.59 2.41 3.21 2.13 2.08 3.43 1.99 2.04 2.95 2.13 1.89 3.08 2.13 1.99
6. 4.87 5.24 5.00 5.41 5.85 6.21 5.62 6.08 6. 43 5.17 5.89 6.19 4.52 - 4.54

© 4.76
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Position
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Plate "a"

CRP

1.98
2.15
2.59
2.76
2.59
5.52

Plate "'d"

CRP

1.50
1.92
2.22
2.41
2.41
6.80

Table 3. 14

Relative Power Distribution Along Axial Traverses For Element in Position 44 (Control Rod C)

SM-2 Preliminary Mockup Core

Plate "i"
1.16 WRP 0.58 WRP CRP 0.58 ERP 1.16 ERP
2.82 1.59 1.50 1. 59
3.24 1.94 1.89 1.98. 3.21 -
3.82 2.45 2.31 2.36 3.80
4.13 2.61 2.43 2.45 4.02
3.91 2.54 2.48 2.52 4.00
6. 33 6.98 7.88 7.49

Plate "'p"
1.16 WRP 0.58 WRP CRP 0.58 ERP 1.16 ERP
3.21 2.22 2 2.15 1.98 3.17
3.35 2.36 2.15 2.13 3.19
3.89 2.20 2. 68 2.68 4.00
4.17 3.08 3.00 2.84 4.39
4.32 - 3.00 - 2.82 2.89 4.16
5.99 6.33 6.82 6.78 5.96

Flate "m"

1.16 WRP 0.58 WRP CRP 0.58 ERP 1.16 ERP
2.96 1.59 1.48 1.52 2.91

3.07 1.96 1.78 1.94 3.10
3.74 2.35 2.31 2.31

3. 8¢ 2,48 2.48 2.52

3.82 2.33 2.33 2.43 4.04

6. 34 7.02 7.74 7.19 6. 28
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Table 3.15
Relative Power Distribution Along Axial Traverses For Element in Position 32 (Control Rod F)

SM-2 Preliminary Mockup Core

Plate "a" Plate "d" Plate "i"

Position 7.03 WRP 6.46 WRP 5.88 WRP 5.30 WRP 4.73 WRP 7.03 WRP 6.46 WRP 5.88 WRP 5.30 WRP 4.73 WRP 7.03 WRP 6.46 WRP 5.88 WRP 5.30 WRP 4.73 WRP
0 1.96 1.61 2.78 1.69 1.13 2.59 1.69 1.04 2,41
1 1.99 1.69 2.73 1. 80 1.39 2.61 1.85 1.34 2.63
3 2.39 3.28 2.26 1173 3.28 2.28 1.83 3.14
5 2.45 1.99 2.35 2.36 3. 37 2.45 1.64 1.65 1.92 3.47 2.45 1.74 1.83 2.02 3.21
6 2.54 2.08 3.45 2.43 1.83 3.44 2.45 1.80 3.26
6.94 3.60 4.69 4.91 4. 65 4.13 4.93 5.80 5.85 5./81 4.21 5.36 5.96 5.80 5.32

Plate '"m" Plate "'p"

Position 7.03 WRP 6.46 WRP 5.88 WRP 5.30 WRP 4.73 WRP 7.03 WRP 6.46 WRP 5.88 WRP 5.30 WRP 4.73 WRP
0 1.61 1.00 2,31 1.83 1.27 2.24
1 1.76 1.27 2.45 1. 69 1.43 2.36
3 2,11 165 3.21 2.13 1.78 2,91
5 2.17 1257 1. 69 1.80 3.02 1.78 1.87 1.87 3.00
6 2.28 1.65 3.21 2.28 1.78 3.08
6.94 4.21 5.086 5.39 5.39 5.13 3.58 3.95 4.44 4,16 4,35
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Figure 3.5 Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "j'", Elements in Positions 12,
13 and 14, SM-2 Preliminary Mockup Core
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Figure 3.6

Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "j", Elements in Positions
21, 22 and 23, SM-2 Preliminary Mockup Core
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Figure 3.7 Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "j", Elements in Positions 31,
33 and 34, SM-2 Preliminary Mockup Core
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Centerline of Fuel Plate "j'", Elements in Positions
41, 42 and 43, SM-2 Preliminary Mockup Core
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Figure 3.9 Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "i'" of Control Rods A, C and F,
SM-2 Preliminary Mockup Core




T a5E: | T T
: i ; I e H o e
: : , = Sy g ! H
i
e t : i : HHH
- : 1 :
EE It | I
!
¥ g
{
H {
I .. T - oot

T

b
s’;q.—gc
i
i

: p & =
i | 55 o6 i Mﬁ ; H
i B :
I mamailis auen
T n.1 T mE -
T - it = s
1 1 o ] i : i iwEe 1 o
F ettt - : HHH imans ; HHH , ! e

3
i
t

T
I

T

T

!
T
T
1
T
1
T

€
I

[_
!

!
T

i

i REEEE NS
5 EEEETEE,

saas;
: T
1on
T
T
T
1
™

FHE
1

T
e Sl Sl

e —

BEE B

Above Bottom of Active Core, SM-2 Preliminary Mockup Core

mentPoi

- !
Figure 3.10 Relative Power Distribution Along Radial Traverse 5 In.

A
e 8 c2% = L e
! b R : HHHE HH HH
T Ll 1 l H ..
A” geé T 1 : I —M t mEs
1 1 = A 1 T & B . ‘.wwr\[ H i an H
e @ e L1 il g g
fHI T f P : i
281 ER RS A8und anmn nE praus DY u.nﬂwa. i m L ‘
L3018 R e e S| MO Cas | HRHE I 4

. 65



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



Figure 3. 11 gives the complete normalized power averages in the core.

" Fourteen stationary fuel elements surrounding the center of the core exceed the

core average, while all elements at the core boundary are less than the core

" average. The control rod fuel elements which have higher than average power

density have been corrected to include only the portion of the fuel plates actually

-in the active core.

Tables 3.16 through 3. 30 present the activity distributions normalized
to a core average of unity along axial traverses of stationary fuel elements in
positions 12, 13, 14, 21, 22, 23, 31, 33, 34, 41, 42, 43 and for fuel elements
of control rods A, C, and F in positions 24, 44, and 32, respectively. Again

- plates a, e, j, n and r were selected for mapping for stationary fuel elements

and plates a, d, i, m, and p for the control rod fuel elements. -
‘) .

The use of the data tables is identical to that described i)reviously (ref.
par. 3.2. 3); however due to the relocation of the outer fuel elements in order
to-accommodate the flow divider mockup, the data points in these fuel-elements

- . are slightly displaced relative to those recorded in the preliminary SM-2 core
" mockup. '

- The data ranged from normalized lows of 0.09 and 0. 10 of the core average
for plate "r' ‘of elements 21 and 12 at the outer eédge of the core to highs of 4. 74

- for plate ''r'' of element position 43, 4. 62 for plate "p'" of control rod C, and
.4.57 for plate "a" of element position 34, all in the center of the core. As ex-

pected the flux suppressors placed at the top of the active meat of fuel elements
of control rods considerably reduced the power spikes (ref. Fig. 3.9) usually
occurring in that region.

- Figures 3.12 and 3. 13 respectively show the activity of the centerline
traverses of plate "j'" for stationary fuel elements in positions 12, 13, 14 and
21, 22, 23 normalized to the core-average. Figures 3.14 and 3. 15 show similar
traverses for fuel elements in positions 31, 33, 34 and 41, 42, 43 respectively.
Figure 3.16 shows the same traverses for plate "i'" of control rods A, C, -and F.

For the stationary fuel elements again there is a large power peak at the
bottom of the active core and a smaller axial peak about 5-7 in. above it. The
power diminishes gradually until a low is reached at the top of the active core.
As an example, along the centerline traverse of plate "j'" of element position
43 the power peaking is about 4. 3 times the core average at the bottom of the
active core and 2. 3 times at an axial position 5 in. above it. It is only 0.2 ‘of
the core average at the top of the active core. For the portion of the control rod
fuel elements actually in the core, only one power peak is apparent at an axial
position 5-6 in. above the bottom of the active core with a large dip at the bottom

of the flux suppressors. Taking the centerline traverse along plate 'i'" of control

rod C, the highest normalized relative power of 2. 47 occurs 6 in. above the bottom
of the active core while it is only  0.95 at the bottom of the flux suppressor.

Figure 3. 17 illustrates a radial power traverse 5 in. above the bottom of

the active core along the center of stationary fuel elements in positions 41, 42, 43
and control rod C in position 44. The rise in power operation is evident as the

63 07T o
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SUPPORTED BY PLATES

(HEAVY LINE INDICATES FLOW DIVIDER)

N
12 3] [1a] |15 16
0.596 | 0.792 | 0.857 | 0.792 | 0.596
2] 22 |2 A 25] 28] |27
0589 | 0.963| 1.176 | 0.554 | 1176 | 0.963 | 0.589
3) F 3] [34] |35 B 37
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51 E 53] |54 |55 6 57
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Figure 3.11 Relative Power Distribution in the SM-2 Final Mockup Core,
Normalized to Core Average
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. Table 3. 16
Relative Power Distribution Along Axial Traverses for Element in Position 12
""SM-2 Final Mockup Core"

Plate "a" Plate "e" . __Plate "j"

Position 7.27"WRP 6.64"WRP 6.01"WRP 5.38"WRP 4. 75"%WRP 7.27"WRP 6.64"WRP 6.01"WRP 5.38"WRP 4.75"WRP 7.27"WRP 6.64"WRP .6. C1"WRP 5.38"'"WRP 4.75"WRP

0 1.32 1. 80 2.14 0. 69 0.¢2 1. 66

1 0. 85 0. 83 1.44 0. 49 0.55 1.20

3 1.12 1.95 0. 67 0.76 1.41

5 1.22 1.17 1.29 1. 44 2,22 0.99 0. 88 0.97 1. 06 i. 87 0.74 . 0.76 0. 88 0.92 1.71

. 6 1.34 1.32 2. 02 0.79 0. 85 1. 69
6. 94 1.29 1.12 1.22 1. 41 2.05 0.92 0.95 1.13 1. 85 0. 81 0.81 0.85 0.92 1.59
8.5 1.19 1.10 1. 85 0.72 0.69 1.48
13 - 0.76 0.7 1.12 0. 46 0. 46 0.95
17 .. 0.39 0.37 0.58 0.28 0. 28 0.53

: 21 0.19 - 0.117 0.27 0.12 0.12 0.23

Plate "'n" ) Plate ''r'

Position 7.27"WRP 6. 64"WRP 6.01"WRP 5.38"WRP 4. 75'""WRP 7. 27"WRP 6.64"'WRP 6.01"WRP 5.38"'WRP 4.75"'"WRP

0 0.50 0.76 0.95
1 0.36 0.43 0.76
3 . 0.52 : 0.52 0. 90
5 0.67 . .0.65 0.67 0.85 1.34 0. 64 0. 57 0. 64 0.74 0.98
.6 - o 0. 62 C. 64 1. 02
6.94  0.67 - 0. 67 0. 69 0.88 ©1.32 0. 62 0. €0 . 62 0. 69 1.02
8.5 : - 0. 62 0. 60 0. 90
13 0.36 0.36 0.€2
17 0. 24 0.21 0.36
21 0. 0.10 0.17

14
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Table 3. 17
Relative Power Distribution Along Axial Traverses for Element in Position 13

"SM-2 Final Mockup Core"

Plate "a' Plate e Plate "j"

Position 4.33'WRP 3.70"WRP 3.07"WRP 2.44"WRP 1.81"WRP 4.33"WRP 3.70"WRP 3.07"WRP 2.44"WRP 1.81"WRP 4 33"WRP 3.70"WRP 3.07"WRP 2.44"WRP. 1. 81"WRP
0 2.10 2.33 2.75 1.76 1.55 1.99
1 1. 50 1. 20 1.92 1.06 0.76 1. 46
3 1.85 1. 62 2.717 1. 36 ) 0. 99 1. 66
5 2.03 1.76 1. 62 1.80 2.73 1.87 1. 39 1. 34 1. 46 2.59 1. 66 1. 06 1.13 1.-34 2.15
6 2. 26 1. 80 2. 86 1.18 : T 1.06 . " 2,01
6.9 2.29 1. 64 1. 64 1. 87 2.59 1.71 1.22 1.25 1.36 2.45 1.52 1. 02 1.11 1,52 2. 10
8.5 2.36 1.48 2.26 1.39 . 0.95 1.99
13 1.16 2. 61 1.04 0.90 0. 65 1.11
17 0.62 0. 44 0.55 0.51 0. 30 0.51 -
21 0.30 0.18 0.23 0.25 0.16 0.28

Plate '""'n" Plate ''r"

Position 4. 33"WRP 3.70"WRP 3.07"'WRP 2.44"WRP 1.81"WRP 4.33"'WRP 3.70"WRP 3.07"WRP 2.44"WRP 1.81"WRP
0 0.92 0.90 1.39
1 0.79 0.62 1. 02
3 0.95 0.79 1.27
5 1. 27 0.97 1. 04 1.11 1. 87 1. 06 0. 88 0.90 0.95 1.43
6 1.18 0. 92 1. 46
6.9 1. 27 0.95 0.95 1.06 1.87 1.04 0.83 0. 83 0.88 1. 41
8.5 0.99 0.83 1.18
13 0. 60 0.55 0. 67
17 0.39 0.25 0.39
21 0.14 0.12 0.14
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Table 3. 18

Relative Power Distribution Along Axial Traverses for Element in Position 14

"SM-2 Final Mockup Core"

Plate "a" Plate "e" ’ Plate "j'" - Plate "n" ) Plate "r"
Position 1.26"WRP 0, 63"WRP CRP 1. 26"WRP 0.63"'WRP CRP 1. 26"WRP 0.63'WRP CRP 1. 26"WRP 0.63"WRP CRP 1. 26"WRP 0.63'WRP CRP
0 2. 86 1.86 2.08 1.71 1.07 0.95
1 2.17 1. 45 1. 46 0.83 J.71 0.55
3 2. 77 1. 95 1.92 1.04 J.90 0. 86
5 2.97 2.38 2.10 2.38 1.41 1.32 1.92 1.18 1.18 1.94 1. 06 " 1.04 1.37 0.90 0. 86
6 2.90 2.21 2.06 1.18 1.39 0. 88
6. 94 2. 80 1.99 1.99 1. 84 1.24 1. 34 1. 80 1.18 1.13 - 1. 06 0.92 1.18 0.88 - 0.80
8.5 2.45 1.7 1. 69 1.11 0.95 0. 84
13 1.08 . 0.59 0. 85 0. 60 0. 61 0. 40
17 0. 54 0.317 0.51 0.30 0.27 0.23
21 0.24 0.15 0.23 0.14 0. 0.15

13
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Table 3. 19
Relative Power Distribution Along Axial Traverses for Element in Position 21

""SM-2 Final Mockup Core"

Plate "j"

Plate "a" Plate "e"
- Position 10.20"WRP9.57"WRP 8.94"WRP 8.31"WRP 7.68"WRP 10.20"WRPY.57"WRP 8.94"WRP 8.31"WRP 7.68'WRP 10.20"WRP9.57"WRP 8.94"WRP 8.31"WRP 7.68"WRP
0 1.18 1.78 2.13 0. 87 1. 00 1. 85
1 0.81 0.74 1.46 0. 60 0.62 1. 29
3 1.02 0.97 1.94 0.87 0.78 1. 54
5 1.11 0.95 1.1 1.25 2.06 1.13 0.81 0.92 1. 09 1. 94 0.89 0.71 0. 87 0.96 1. 90
6 1.18 1. 06 2.01 0.96 0.83 1. 90
6. 94 1.13 0.92 0.99 1.16 1. 82 1.13 0.83 0.90 1. 09 1. 80 1. 00 0.76 0.78 0.98 1.69
8.5 1.09 . 0.88 1.71 0. 87 0.76 1. 56
13 0. 67 0.55 0.79 0.62 0. 47 0.94
17 0. 37 0.28 0. 44 0.38 0.25 0. 49
21 0.18 0.12 0.21 0.16 0.13 0.22
Plate ""n" Plate "r"

Position 10. 20"WRP 9. 57"WRP 8. 94"WRP 8.31"WRP 7.68"WRP 10.20"WRPY.57"WRP 8.94'WRP 8.31"WRP 7.68"WRP

0 0.53 0. 69 1.18

1 0.39 0. 37 0.83

3 0.53 0.51 0.99

5 0.83 0.67 0.74 0.90 1.55 0. 42 0.51 0.58 0.69 1.18

6 0. 62 0. 60 1.13

6. 94 0. 85 0.65 0.76 0.95 1.52 0.55 0.51 0.53 0.67 1.16

8.5 0.58 0.53 1. 06

13 0.37 0.32 0. 58

17 0.25 0.16 0. 42

21 0.12 0.09 0.18

€L
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Table 3. 20
Relative Power Distribution Along Axial Traverses for Element in Position 22
) '""SM-2 Final Mockup Core" .

Plate "a" Plate "e" Plzte "j"

Position 7.27"WRP 6. 64"WRP 6. 01"WRP 5. 38"'WRP 4.75"WRP 17.27"WRP 6.64"WRP 6.01"WRP 5.38"WRP 4.75"WRP 7.27"WRP 6.64"WRP 6.01"WRP 5.38'WRP 4.75"WRP

0 2.22 2.06 2.5 2.17 1.80 2. 47
1 1.69 1.57 2.31 1.32 1.02 _1.82
3 2.10 1.96 2.73 1.52 1.22 2.31
5 2.33 2.01 2.17 2.33 3.14 2.03 1. 41 1.57 1.71 2. 86 2.01 1.25 1.34 1.48 2. 54
6 2.33 2.08 3.16 1. 87 1.32 2. 49
6.94  2.22 1.82 2.10 2.22 3.00 1.92 1.39 1.43 1.57 2.70 1.87 1.20 1.18 1.43 2.38
8.5 1.78 1.66 2.52 1.66 1.18 2.10
13 0.176 0.53 0.97 1.02 0. 62 1.20
17 0.42 0. 30 €. 51 0.44 0.37 0.62
21 0.18 . 0.14 .21 0.23 0.18 0.25
Plate "n" Plate "r"

Position 7. 27"WRP 6.64"WRP 6.01"WRP 5.38"WRP 4.75"WRP 7.27"WRP 6.64'WRP 6.01"WRP 5.38"WRP 4.75"WRP
0 1.32 1.39 1.96
1 0.97 0.88 1.48
3 1.217 1.13 1.99
5 1.69 1.20 1.25 1..36 2.54 1.48 1.25 1.25 1.29 2.13
6 1.43 1.25 2.15
6.94 1.64 1.11 1.22 1.43 . 2.40 1.39 1.20 1.22 1.25 2.24
8.5 1.32 1.06 1.89
13 0.74 0.62 1.06

- 17 0.49 0. 37 0.53

C 21 0.18 0.14 0. 23

j.;:
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Table 3. 21
Relative Power Distribution Along Axial Traverses for Element in Position 23

"SM-2 Final Mockup Core"

Plate '"a" Plate ""e" Plate "'j"
Position 4. 20"WRP 3.57"WRP 2.94"WRP 2 31"WRP 1.68"WRP 4.20"WRP 3.57'WRP 2.94'WRP 2.31"WRP. 1.68"WRP 4.20"WRP 3.57"WRP 2.94"WRP 2.31"WRP 1. 68"WRP
0 3.863 3.95 3.19 2. 86 2.54 3.07
1 2. 56 1.57 2. 80 1.92 1.20 2. 36
.3 3.23 2. 06 3. 40 2.36 1.52 2.89
5 3.81 2.45 2,43 2.96 3.88 3.19 1.96 1.94 2. 06 3.53 2.70 1.71 1. 69 1. 85 3.21
6" 3.49 2.26 3.12 2. 56 1.69 3.00
©.6.94 3.33 2.26 2.17. 2.59 3.63 3.05 1.92 1.76 1.94 3.49 2.52 1. 69 1.59 1.176 2.96
. 8.5 2.91 1. 85 2. 86 2.29 1.39 2. 47
13 . 1.27 0.97 1.13 1.25 0. 69 0.79
17 0. 62 0. 46 0. 60 0. 62 0.35 0. 42
- 21 0. 28 0.23 0. 28 0.28 0.16 0.16
Plate "n" Plate "'r"
Position 4.20"WRP 3.57"WRP 2.94"WRP 2.31"WRP 1.68"'WRP 4.20"WRP 3.57"WRP 2.94"WRP 2.31"WRP 1.68"WRP
0 2.45 2. 31 2. 86
.1 1.78 1. 32 2.03
3 2.10 1.43 2. 56
5 . 2.70 1.59 1. 64 1. 82 3.16 2. 40 1. 66 1. 69 1. 64 2. 80
6 ’ 2. 26 1. 64 2.52
6. 94 2. 56 1.62 1.57 1.73 3.03 2.36 1. 69 1. 64 1.85 2.59
8.5 1.92 1. 36 2.08
13 1.11 0.79 0.95
17 0. 60 0. 42 0. 44
21 0.28 0.16 0. 23
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Table 3. 22 :
Relatize Power Distribution Along Axial Traverses for Element in Position 31

"SM-2 Final Mockup Core"

. Plate "a" Plate "e" Plzte "j"
“Position 10: 20"WRP 9. 57"WRP 8.94"WRP 8.31"WRP 7.68"WRP 10. 20"WRPY.57"WRP 8.94'WRP 8.31"WRP 7.68"WRP 10.20"WRP9.57'WRP 8.94'WRP 8.31"WRP 7.68"WRP
0 1.29 1.62 2.15 2. 71 1.92 2.19
1 1. 02 0.95 0.90 0.74 1.73
3 1.36 } 1.34 2.56 1.52 0. 97 2.15
5 1.50 1.39.° 1.59 1.96 2.96 1.27 0.95 1.06 1.43 2.10 1.36 1.16 1.11 1.27 2.36
6  1.39 o 1.52 2.84 1.71 1.06 ) 2.29
6.94 1.39 1.25 . 1.48 1.76 2.66 " 1.20 0.95 1.06 1.25 2.2 1.27 0.88 1.92 1.20 2.10
8.5 1.32 . 1.27 2.24 1.29 0.33 1.85
13 0. 81 0.72 C. 85 0. 65 0. 49 0. 62
17 0. 42 0.35 0.37 0.58 0.30 0.35
21 0.21 0.14 0.16 0.21 0.14 0.18
Plate '"'n" Plate "'r"
Position. 10. 20'WRP 9. 57"WRP 8.94"WRP 8.31"WRP 7.68' WRP 10. 20"WRPY. 57"WRP 8.94"WRP 8.31"WRP 7.68"WRP
0 ' 0.90 1.41 1.€9
1 0.79 0.72 1. 66
3 : - 0.90 2.15
5 1.25 0.90 0.97 1.16 2.36 1.27 1.11 1.02 1.16 2.22
6 : - 1.04 2.24
6.94 1.32 0.95 0.95 1.13 2.29 1.18 0.90 1.02 1.25 2.29
8.5 0.88 0.95 -
13 - 0. 49 0.74
17 0.35 0.25 0. 39
~ 21 0.21 0.14 0.18
o
£
oo,
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Table 3. 23

Relative Power Distribution Along Axial Traverses for Element in Position 33

""SM-2 Final Mockup Core"

Plate "a" Plate "e" Plate "'j"
Position 4.20"WRP 3,57"WRP 2.94"WRP 2.31"WRP 1.68"WRP 4.20"WRP 3.57'WRP 2.94"WRP 2. 31"WRP 1.68'WRP 4.20"WRP 3.57"WRP 2.94"WRP 2.31"WRP 1.68"WRP
0 3.97 3.79 4.00 3.86 3.83 -
1 2.68 1.71 2.1 2.73 1.57 2.82
3 3.56 2.24 3.4 . 3. 67 2.08 3. 67
5 3.79 2. 47 2.47 2.70 4.09 3.71 2.17 2.19 2.29 3.97 3.56 2.-26 2.22 2. 45 3.60
6 3.60 2. 47 3.72 : 2.13 3.28
6.94  3.53 2.33 2.17 2.38 ‘3. 44 3.49 2.08 2.01 1.92 3.58 3.58 1.78 2.03 2.19 3.16
8.5 2.86 1.94 3.12 3. 14 1.69 3.14
13 1.13 0.92 1.20 0. 81 0.72 1.32
‘17 0. 49 0.39 0. 60 0. 42 0.37 0.58
21 0.23 0.16 0.30 0.18 0.16 0.30
Plate "'n" Plate "'r"
Position 4.20"WRP 3.57'WRP 2.94"WRP 2.31"WRP 1.68"WRP 4.20"WRP 3.57"WRP 2. 94'WRP 2.31"WRP 1.68"WRP
‘0 3. 42 3.35 4.04
i1 2.49 1.52 2.73
3 ‘ ‘ 3.19 2.01 3. 40
5 3.30 2.19 2.22 2.40 3.67 - 2.29 2.15 2.38 3. 42
6 3.51 2.19 3.40
6.94  2.84 2.10 1.92 1.94 3.49 3.60 2.17 2.10 2.29 3.23
8.5 2.89 1.85 2.10
13 1.04 0.88 1.20
17 0.55 0.44 0. 60
21 0.22 0.28
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Plate "a"

Table 3. 24
Relative Power Distribution Along Axial Traverses for Element in Position 34
"'SM-2 Final Mockup Core"

Plate "e" Plate "j" Plate "n"

26"WRP 0.63'WRP CRP

Position 1.
0 © 4,

1 3.

3 4,
5. 4.
6 4,
6.94 ' 4,
" 8.5 3.
©13 - 1.
17 0.
0.

50
a7
41
57

50

23

40
.25.

60

25

cooMLwLPN WL

44
40
91
33
26
10
29

65

32
14

1. 26"WRP 0.63"WRP CRP

1. 26"WRP 0.63"WRP CRP 1. 26"WRP 0.63"WRP CRP

3.97
3. 47

- 3.65
- 1. 64
: - 2.08
2,45 - - 2.33 2.29 3.44 2,31 2.24
3.65 2.22
2.33 - 3.49 2.31 2.10 3.53 2,22 2.01
' 2.91 1.82
1. 36 0.83
0.76 0. 42
0.30 0.14

Plate "'r"

—

SO wwww L w

42
59
47
86
86
40
82
13
60
28

2.173
2.49

.26"WRP 0.63"WRP C

cCoporphpNEN



Table 3. 25
Relative Power Distribution Along Axial Traverses for Element in Position 41

""SM-2 Final Mockup Core"

Plate "j" Plate "n" = ’ Plate """ :
Position 10. 20"WRP9.57"WRP 8.94"WRP 8.31"WRP 7.68"WRP 10.20"WRPY.57'WRP 8.94"WRP 8.31"WRP 7.68"WRP 10.20"WRP9.57"WRP 8.94"WRP .8.31"WRP 7. 68"WRP -
0 1.36 2.22 2.84 1.34 2.19 2,52
1 0.95 ‘0.83 1.99 0.97 0.99 2,01
3 1.18 1.04 2.29 1.13 118 . . 2.38.
5 1.18 1.04 1.18 1.39 2.59 1.29 1.09 1.18 1.48 2.70 1.29 1.25 .32 ° 1.64 254
6 1.43 1.20 2.66 A 1.29 1.39 , .2.43
6.94  1.34 1.04 1.13 1.41 2.38 1.29 1.04 1.18 1.34 2. 54 1.13 1.22 129, - 157 - 2.40
8.5 1.22 0.95 2.10 ‘ 1.16 111 - © 1,96
13 0.76 0. 49 1.04 0. 67 0.65 . - .0.92-
17 0.37 0.28 0.58 - 0.42 0.32° . - 0.49.".
21 0.18 0.12 0.25 0.16 0.14 0.21 - -
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: Table 3. 26
Relative Power Distribution Along Axial Traverses for Element in Position 42
""SM-2 Final Mockup Core"

.

Plate "'j" Plate '"'n" . Plate ""r"

Position 7.14"WRP 6. 51"WRP 5.88"WRP 5.25"WRP 4.62"WRP 7.14"WRP 6.51"WRP 5. 88"WRP 5.25"WRP 4.62"WRP 7.14"WRP 6.51"WRP 5, 88"WRP 5.25"WRP 4. 62"WRP
0 3.05° 2. 68 3.88° 2.22 . 1. 96 3.72
1 2.01 1. 41 2.59 2.01 1.55 2.89
3 2.45 1.78 . 3.16 . . 2. 56 1.¢9 3. 60
5 2.75 1.94 1.94 2.24 *3.51 2.73 1.87 1.94 2. 1.9 B 3.86 2.91 2.10 2.19 2.33 4. 04
6 2.61 1.92 3.65 2. 86 ' 2.15 4,13
6. 94 2. 61 1.78 1.89 - 2. 06 3.40 . 2.49 1.78 1.82 2.08 3.44 2. 66 1.82 2.01 2.10 3.74
8.5 2.03 1.46 3.00 - 2.10 1.59 : 2.98

13 1. 06 "0.72 1.41 0.176 0. 42 -1, 04

17 0.53 _ 0. 35 0.74 0. 46 0.25 0.55

21 0. 23 0.14 0. 30 . 0.21 0.i2 0.21
(972
J:.
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060
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Position 4.

Plate "j"

Relative Power Distribution Along Axial Traverses for

Element in Position 43

""SM-2 Final Mockup Core"

Plate "'r"

20"WRP 3.57"WRP

2:

94"WRP 2. 31"WRP

—

.68"WRP. 4.20"WRP 3.57"WRP 2.94"WRP 2.31"WRP 1.68"WRP 4.

20"WRP 3.57"WRP-

2.

68" WRP

17
21

— .
WEDDU WO
Corpwwwwnw

58
80
40
47
58
40
66
29
65
23

coorMpPPM A

32
71

19

29
19
13
87
81
42
21

SO wH A WW R

16
12
90
39
11
79
10
88
44
18

COrHNMwWwWWwWN R

16
63
40
63
81
35
80
13
53
25

coorpPNPN~w

94"WRP 2. 31"WRP 1.

79
78
24
45
38
29
99

85 .

46

16 -

COHWWwWi hwih

74 L
00
04
07
95

‘86

21 .
16 -
58
23
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. Table 3. 28 o
\ - Relative Power Distribution Along Axial Traverses for Element in Position 24 (Control Rod A)
"SM-2 Final Mockup Core" : -
Plate "a" . . Plate "'d" - Plate "i" Plate "m" Plate "'p"
Position 1.16"WRP 0.58"'WRP CRP 1. 16"WRP 0.58"WRP CRP 1. 16"WRP 0.58"WRP CRP 1. 16"WRP 0. 58"WRP CRP 1. 16"WRP 0.58"WRP CRP
3 1. 20 0. 92 : 0.88 0.42 ' ' 0.83 0.55
-1 3.14 2.24 2.10 0.85 2.19 1.25
] 2.84 1.96 ~ 2.03 1.06 1.99 "1.22
1 2.96 1.96 - 2. 24 1.32 2.08 1. 69
3 3.40 2. 43 - 2.91 1. 69 2.66 1.82 .
5 3.83 2. 84 2.7 3. 47 2.03 2.06 -3. 30 1.99 1. 89 2.89 1.76 1.69 2. 89 2.10 2.13 ’
6 3.563 2.52 ' 3.23 . 1.85 2.98 ' 2.03
6. 94 3.40 2. 47 2.33 3.42 1.85 "1.78 3.42 1.69 1.71, 2.63 1.62° 1.62 2.66 1.87 1.85
8.04 1.85 1. 69 1. 87 0.74 . 1.89 0. 81
8.54 - 3.33 1.94 . 2.89 1.94 2.47 1.57
: i
|
- . i
1 ' .
Vo
. C\ !
- .
wl
o . .
48] '
1
. /
< / . :
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Position

-3
-1
0

Relative Power Distribution Along Axial Traverses for Element in Position 44 (Control Rod C)

~

—

R
QLB Wb e WD DD

CPRo U W
9O W

.20
.41
. 52
.52
.23
.02
.02
.70
.33
.00

NOMNDMDN DN O

.16"WRP 0.58"WRP CRP

58

.18

43
87

.38

40
47

.29
.95
.08

"SM-2 Final Mockup Core'"

Plate "p"

1.16"WRP 0.58"WRP

0.58"'WRP CRP

@00 B 0 0 0o
O OO OWE R
AW O WM W W AW

0.99
.08
.15
.31
LT
.05
.07
;56
.11
69

3.37

2.80

R WW N NN N




38

Y

00

. Table 3. 30
Relative Power Distribution Along Axial Traverses for Element in Position 32 (Control Rod F)
"SM-2 Final Mockup Core"

Pla‘teA"a" Plate "'d" Plate "j"

Position 7.04"WRP .6. 46"WRP 5.88"WRP 5.30"WRP 4.72"WRP 7.04"WRP 6.46"WRP 5. 88"WRP 5.30"WRP 4,72"WRP 7.04"WRP 6.46"WRP 5.88"WRP 5.30"WRP 4. 72"WRP
-3 0.85- 0.83 1.16 0. 65 0. 42 0.99
-1 2,22 1.7 3.19 1.43 . 2.43
0 2.03 1.59 2.80 1. 64 0.92 2.45
.1 .2.08 1.52 2.56 1.87 1.22 2.63
3 2.61 : : 2.01 3.30 2.54 1.69 2.89
5 . 2.86. - .2.29 2.26 2.66 3.70 2.59 1.7 1.89 1.94 3.30 2.68 1.78 1.179 2.01 3.33
6 27 . . . 2.22 3.28 ) . 2.47 1.179 3.28
6.94 2.56 ° 2.10 2.13 2.31 3.26 2.22 1.55 1.62 1.76 2.96 1.80 1.59 1.66 1.78 2.98
8.04 1.69 1.22 2.29 1. 06 0. 65 1.69
8.54 1.92 1.64 2.43 1.66 1.20 2.03

. Plate "'m" Plate "'p"

Position '7.04"WRP 6.46"WRP 5.88"WRP 5.30"WRP 4.72"'WRP 7.04"WRP 6.46"WRP 5.88"WRP 5.30"WRP 4.72"'WRP

- 23 -0.76 0.53 1.08

o -1 1.85 1.18 2.73
0 1.76 1.48 2.40

1 1.89 1.48 2.52
.3 : 3.05 1.96 3.23
5 2.77 1.69 1. 69 1.92 3.40 2.56 1.99 2.17 2.31 3.79
6. 2,56 1.92 . 3.42
6.94 2.33 1.43 1.52 1171 3.03 2.31 1.82 1.82 2.19 3.7¢4
© 8.04 1.32 0. 90 2.10
© 8.54 1.85 1.78 3.00

£60

VN



Figure 3.12 Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "j", Elements in Positions 12,
13 and 14, SM-2 Final Mockup Core
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Figure 3.13 Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "j", Elements in Positions 21,
22 and 23, SM-2 Final Mockup Core
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Figure 3.14 Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "j", Elements in Positions 31,
33 and 34, SM-2 Final Mockup Core
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Figure 3.15 Relative Power Distribution Along Axial Traverse on
Centerline of Fuel Plate "'j"", Elements in Positions 41,
42 and 43, SM-2 Final Mockup Core
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center of the core is approached. Power minimas occur as expected along the

centerline with maximas along the edges. The overall maximum-to-average

power generation in the core is 4. 74 to 1 occurring as aispike at the bottom of

fuel element in position 43. The internal maximum of 4. 62 to 1 occurs within the

central control rod fuel element. \
3.2.8 Conclusions

A survey of the power producing characteristics of the SM-2 core was
obtained from activation measurements. The highest power density was in the
region surrounding the center of the core, the lowest along the outer ring of
elements. In stationary fuel elements power peaks occurred at the bottom of
the active core and 4-7 in. above it in the vicinity of the critical bank position,
with power gradually diminishing as the top of the active core was reached. In
general, minimum power generation occurred along.the centerline of fuel ele-
ments and maximum at the edges. The data of Fig. 3.4 and 3. 11 differ from
that previously reported(l) since these data include the control rods in the core
average, include more detailed mapping and in the latter case include a flow
divider mockup.

In control rod fuel elements without flux suppressors, the power exhibited
a small gradual increase until near the critical position where a very sharp rise
occurred corresponding on the average to more than a threefold increase in power.
The addition of flux suppressors at the top of the active meat eliminated this peak
in power, dropping the power by as much as 90%. Maximum suppressor effect
of 9.2 to 1 occurred at the centerline of plate ''i" of control rod F while it was
8.3to 1 and 7.3 to 1 on the centerline of plate "i'" of control rod C and A, respec-
tively. This demonstrates the usefulness and effectiveness of suppressors in
eliminating sharp power spikes, thus permitting maximum power to be generated
within an appreciable volume of the fuel element.

Figure 3. 18 shows the relative power distribution along an axial traverse
on centerline of plate "i" of control rod C with and without suppressors. Figure
3.19 illustrates radial traverses at the top limit of the active meat for plate ''i"
of control rods A, C and F for the two mockups. Considerable reduction in power
in the suppressor region is evident in the above two figures.

An examination of the power distribution in the vicinity of the flow divider
and the resulting outward displacement of the outer ring of fuel elements indicates
in general only a slight decline and a more even distribution of power in the flow
divider region.

Among individual elements in the preliminary mockup core, a peak-to-
average power density of 2.6 to 1 occurred within the portion of the central
control rod in the active core while average-to-minimum power density of 1.7
to 1 occurred in element position 21 at the corner of the core. The use of
flow divider and control rod flux suppressors in the final mockup slightly changed
the overall power distribution in the core allowing for a more even distribution
and lesser power spikes. Again,peak and minimum. power densities occurred
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within the active portion of the central control rod and the corner element in po-
sition 21; the peak-to-average ratio was reduced to 2. 3 to 1 while average-to-

-minimum remained at-1.7 to 1. An indication of the overall change in power dis-
- tribution is given by the changes in the normalization factor which increased
- from 2.18 for the preliminary to 2. 31 for the final mockup. :

. 3.3 FLUX SUPPRESSOR MEASUREMENTS

3.3.1 Introduction

~ The effectiveness of both mockup and integral suppressors located at the
lower boundary of stationary fuel elements, was demonstrated in reducing the
high power peaks occurring at the bottom of the active core. The relative.power
measured in these regions with flux suppressors was reduced to approximately

.1/8 the value obtained without suppressors, bringing the local power well below

the core average. Tables 3.31, 3.32, 3.33 and 3. 34 summarize the measure~
ments, made on elements 41, 42 and 43 respectively, using 1/2- and 3/4-in.
long suppressors, normahzed to a core average-of unity. Comparison of foil

~activations with and without suppressors is given in Fig. 3.20, 3.21, and 3. 22

through the centerline of plate "'j'"" of elements 41, 42, and 43, respectively;
Fig. 3.23 compares the effectiveness of mockup flux suppressors at the edge
of fuel element 43 at pla,te e, :

The effectweness ‘of the suppressors extend up to-an 1 axial pos1t10n of

. about 2 to 3 in. from the lower boundary of the active core.

.3, 3, 2 Mockup,- Suppress.ors

The mockup flux suppressors consist of multi-layers of Mylar filrh im-

- pregnated with boron. The Mylar film was appzlted to both sides of the fuel plates

to an aerial density of 0.0045 gm B-10 per cm# on-each side. This B-10 density
was equivalent to the europium density of 1.529 gm Eu/cc in the design europium
flux suppressors. The width of the' mockup suppressors was identical to the
specified fuel matrix width and the upper suppressors boundary was at the lower
a.ctl,ve core:limit. :

The use of Myla,r tape on the plate surface to mockup the suppressor flllS
50% of the coolant channel between the plates.. This would presuppose a reduc-
tion in neutron flux, thus tending to improve the apparent neutron absorption
efficiency of the mockup suppressors over equivalent integral suppressors. How-
ever, subsequent data obtained with integral europium suppressorsindicatedthat’
this effect was more apparent than real, and the foil activations with both types

.of suppressors were: approx1.mate1y the same: (F1g 3. 22)

A compar:.son of runs usmg a "blank" suppressor, i.e., AMyla,r tape without
boron impregnation, with those in which no tape.at all was used, produced little

- differences in relative foil activations (Fig. 3.-20-3.22). This indicates that the

effect of placing the uranium foils farther out in the water gap is not readily dis-

- cernable in the region directly below the active core boundary.
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3. 3. 3 Flux Suppressor Effectweness

The use of 1/2 in. long suppressors reduces the flux peaks near the bottom
of the active core by a factor of approximately eight. However the 50% increase
-in suppressor length to 3/4 in. did not produce a further flux suppression above the
bottom of the active core nor extend the range of flux suppression beyond the
2 in. to 3 in. axial position, thus demonstrating essent1a11y an equ1valence between
.1/2- and 3/4-in. long flux suppressors. : :

3.3.4 Integral Suppressors

- Subsequent to the mockup suppressor tests, 18 SM-2 fuel plates containing
integral suppressors were made available for testing. These fuel plates had an
average EugO3 loading in the suppressor region of 0.780 gm. This was about
33% less europium than-the ‘design loading of 1 gm of europium per plate or 1.529
gm Eu/cc. The integral suppressors had an average length of 0 549 in. and an
average w1dth of 2. 686 m ‘ \

Since only 18 plates:containing flux suppressors were available, flux mea-
surements could.be made only with a single fuel ¢lement containing the suppressors.
Hence,  the environiment was not quite identical to that obtained using:Mylar tape
mockups where the fuel elements surrounding the foil instrumented element all
contained suppressors. Nevertheless, reasonable agreement between the mockup
and integral suppressor measurements was obtained. Figure 3.22 shows that the
integral flux suppressors were only slightly less effective than the 1/2-in. long
mockup suppressorsz. This is probably due to the combination of effects resulting
from the slightly lower effective. loading of the integral suppressors and the fact
that integral suppressors did not extend into the coolant passage as the mockup
suppressors did.

3 4 BLOCKED CHANNEL MEASUREMENTS

‘ - . LN co . ~

3 4, 1 Introductlon

' The ob]ectwe of these survey experiments was to determine the effects on
local power generation that result from blocking a fuel element coolant channel
with various filler materials. The blocked channel method.is used for installa-
tion of thermocouples for fuel plate temperature profile measurements during
reactor power operation. The experimental runs consisted of measuring the
- foil activations when blockmg the central channel of element position No 42 w1th

‘a metal f111er ~ . » :

Measurements were made in the SM-2 core mockup both with a water reflector
and with a stainless steel reflector ~ Stainless steel and aluminum fillers were
used in the experlment - o v :

-
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Position

-1/2
0

wmo

Table 3.31"
Relative Power Distribution Along Axial Traverses For Element in Position 41;

.SM-2 Preliminary Mockup Core with Suppressor Mockups .

Plate "a" o Plate "j"

9.97 WRP 8.81 WRP 7.65 WRP 9.97 WRP 8,81 WRP 7.65 WRP
Operation With Blank Flux Suppressors
1.96 3.47 3.86 : 2.33 3.60 4,58
1.28 2.33 3.05 1.34 1.85 2.82
0.83 0.93 | 1.65 0.76 0. 85 1.69
1.02 1.18 2.06 1.00 1.09 1.96
Operation With Half Inch Flux Suppressors
0.50 0. 66 1.00 a 0.39 0.49 0.81
0.33 0.30 0.58 T 0.27 0.26 0.36
0.56 0.74 , 1.24 . " 0.60 0.65 1.23
0.91 1.08 1.71 0.84 0.95 1.77
Operation With Three Quarter Inch Flux Suppressors
0.25 0.25  0.41 0.22 0.21 0.43
0.27 0.27 | 0. %2 0.26 0.26 0.46
0.65 0.77 1.30 0.71 0.76 1.34
0.92 1.06 1.7 0.95 0.99 1.96
e Operation Without Flux Suppressors

2,24 2.31

0.91 0.93

1.22 1.20

Plate "r"
9.97 WRP 8.81 WRP 7.65 WRP
1.98 3.30 3.98
1.27 1.92 2.33
0.81 0.91 1.48
1.02 1.13 2.02
0.43 0.53 0.56
0.22 0.26 0.41
0.64 0.74 1.21
0.94 1.03 1.58
0.21 - 0.34
0.29 0.26 0.47
0.75 0.78 1.33
1.02 1.01 1.72

2.35 .

0.97

1.27
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Position

-1/2
0
1
3

IV, SR
0.

WO

Table 3.32
Relative Power Distribution Along Axial Traverses For Element in Position 42

SM-2 Preliminary Mockup Core With Suppressor Mockups

Plate "a"

7.04 WRP

5.88 WRP "4.72 WRP

Plate "j"

Plate "r"

7.04 WRP 5.88 WRP 4.72 WRP

Operation With Blank Flux Suppressors

5.13
3.10
1.1
2,08

Operation With Half Inch Flux Suppressors

5.57
2.65
1.39
1.74

0.36°
0.45
1.28
1.80

0.80
0.39
1.02
1.48

6.56
4,30
2.15
2.20

Operation With Three Quarter Inch Flux Suppressors

7,04 WRP

5.88 WRP 4.72 WRP

1.08
0.73
1.38
1.95

0.29 0.47
0.45 0.58
1.28 1,80
1.79 2.54




Table 3.33
Relative Power Distribution Along Axial Traverses For Element in Position 43

SM-2 Preliminary Mockup Core With Suppressor Mockups

Plate "a'" . Plate "j" N
Position
Above Bottom of
Active Core-Inches 4.10" WRP 2.94"WRP 1.78" WRP 4.10"WRP 2,94"WRP 1.78" WRP
Operation With Blank Flux Suppressors
-1/2 5.33 6.33 5.67 6.71 7.07 6. 65
0 3.98 4,26 4.11 4,19 4.50 4,63
1 2.41 1.80 2.45 2.24 1.57 2,36
3 2,82 2.24 2.89 2,89 2,02 3.05
Operation With Half Inch Flux Suppressors
: -1/2 1.96 1.38 1.47 1.39 1.67 1,43
0 0.85 0. 63 0.95 0.60 0.57 0.97
1 1.93 1.46 2.03 1.64 1.37 2.03
3 2. 60 2.15 2.96 2,39 1.92 2.82
Operation With Three Quarter Inch Flux Suppressors
-1/2 0.67 0.54 0.78 0.46 0.38 0.67
0 . 0.77 0.53 0.176 0.57 0.44 0.84
I 1.93 1.56 2,08 1.72 1.32 2.00
3 2.71 2.20 2.88 2.41 1.85 2.74
Operation Without Flux Suppressors'
0 4,54
N 1 1.64
4= 3 2.13
w .
>
(@]
—~

" 66

Plate "r"

2,94 WRP 1.178" WRP'

4.10" WRP
¥
6.01 6. 63. 5. 96
. 3.89 4,19 4,37
2.13 1.69 2.33
' 2.52 2.24 2.96
1.75 1.53 2.04
0.55° 0.43 0.72
1.70 1.41 2.06
2.39 1.95 2.81
0.39 0.26 0.48
0.52 ° 0.4 0. 64
1.66 1.3¢ - 2.06
2.22 1.92 -
4.44
1.65 -
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Table 3.34
Relative Power Distribution Along Axial Traverses For Element in Position 43;
SM-2 Preliminary Mockup Core With Integral Suppressors in Element Position 43

Plate "a" Plate "'f" Plate "j" Plate '"'n" Plate "'r"

Position 4.27"WRP 2.94"WRP 1.61"WRP 4.27"WRP 2.94"WRP 1.61" WRP 4,27" WRP 2.94"WRP 1.61" WRP 4.27"WRP 2.94"WRP 1,61"WRP 4.27'WRP 2,94"WRP 1. 61" WRP

Operation With Integral Suppressors

3.10 3.60 2.07 1.41 2.13 3.11 2,26 2.43 2.33

-1/2 2.67 1.87 . 1.68 2.74 2,74 3.11
0. 1.79 1.47 1.86 1.64 0.178 1.53 1.41 0. 63 1.25 1.44 1.1% 1.65 1.68 1.08 1.90
1 2,12 1.62 - 2.41 1.94 1.44 2,27 1.99 1.51 2.32 2,02 1.5% 2.51 1.97 1.60 2,54
3 2.73 2.26 3.23 2.70 1.83 3.24 2.69 2,08 3.07 2.67 2.20 3.34 2.72 2.12 3.58
5 2.31 2.15 2,22 2,26 2.32
7 - 2.12 1.98 1.97 2.00 1.97
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Figure 3.21 Relative Power Distribution Along Axial Traverse of Fuel

Plate "j'", Element in Position 42 Using Flux Suppressors,

SM-2 Preliminary Mockup Core
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Figure 3.22 Relative Power Distribution Along Axial Traverse of Fuel
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Figure 3.23 Relative Power Distribution Along Axial Traverse at 1.78 In.

W.R.P. of Fuel Plate '"r'", Element in Position 43 Using Flux

Suppressors, SM-2 Preliminary Mockup Core



3. 4 2 Experlmental Method

A Two stamless steel or aluminum filler plates were used to block the water
channel between fuel plates "i" and"j" of the element in position 42. Stainless
steel sheathed chromelalumel thermocouples were inserted between the aluminum-
filler plates which were specially grooved for this purpose. It was felt that the
cross section of the stainless steel filler satisfactorily approximated that of the
thermocouples. The fillers were 0.063 in. thick and 22- 15/16 in. long. Figure

3.24 is a drawing from which the fillers or thermocouple plates were made.

Figure 3. 25 shows the cross section of the central portion of the fuel element with

and without the blocked channel.

The center of the blocked channel plus the south sides of fuel plates 'n"
and "r' were instrumented with uranium foils. The foils were activated, counted,
and the data’ processed as descrlbed in AP Note 246. (5)

' 3.4.3 Water Reflected Core Measurements

Figure 3. 26 shows that the blocked c¢hannel produces a flux suppressing
effect. - In addition, the relative foil activity measured in the run using stainless
steel filler plates was less than the corresponding run with aluminum. It is
estimated that a maximum flux reduction of 20% occurred between the unblocked
and the aluminum blocked charmel; the foil activity measured in the run with
stainless steel filler was about 9% less than that obtained:when using the aluminum
filler plates. Because of time limitations, a zero run ‘mapping the flux in a clear
channel was not performed. However, data was available from previous experi-

“ments to establish the unperturbed flux distribution along plate "i". To facilitate
data comparison, all measurements were normalized to a core average of unity.
Table 3. 35 lists the normalized foil activation.for blocked channel measurements
using aluminum and stainless steel filler materlal It also presents earlier
unblocked channel measurements ' a

3.4.4 Steel Reflected Core'Measurements"

The blocked channel measurements using stainless steel fillers were re-
peated using a steel reflected core. - To-offset any variances in bank positioning,
foil courting, ‘etc., which must bé allowed for when different runs-are compared,
it was decided that element 46, symmetrical in core geometry to element 42
which contained the blocked channel, be also instrumented with uranium foils.
This permitted flux measurements for the same clear and blocked channel to be

made simultaneously. Tables 3.36, 3.37 and 3. 38 present the data. Figure 3.27
shows the axial flux traverses with and without the stainless steel blocking plates.
A comparison of Fig. 3.26 and 3.27 shows that the effect of blocking one channel
‘is similar in the water and steel reflected cores. The largest difference in the
- ratio between clear and steel blocked channel measurements is about1. 38 at
the 5 in. axial location above the bottom of the active core (refer to Table 3. 38).
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Table 3.36
Relative Power Distribution Along Axial Traverses For Element in Position 42 - Blocked Channel Measurements
SM-2 Preliminary Mockup Core :
Blocking Material Stainless Steel

Between Plate "i'" and "j" - ) Plate ''n" Plate ''r"

Position 7.14 WRP 6.51 WRP 5,88 WRP 5.25 WRP 4.62 WRP 7.14 WRP 6,51 WRP 5. 86 WRP 5.25 WRP 4,62 WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP

%._J

(@8

0 2.53 2.39 3.27 2,53 5.10

1 1.58 1.00 2.16 1.25 1.59

3 1.97 1.20 2.60 2.30 1,62 3.38 2.58 ’ 2.06 3.43

5 2.05 1.28 1.29 1.50 2.79 2.45 1.7 1.7 1.89 3.38 2.68 2,06 2.20 2.48 3.68

6 1.88 1.19 2.52 1.65 ' 2,17

6.94 1.76 1.14 1.20 1.29 2.42 2.26 1.50 1.53 1.67 3.04 2,72 5.03 2,18 2,52 3.61

7.64 1.71 1..05 2.23 1.43 : 2.51

8.5 1,47 0.94 1.93 1.42

13 . 0.73 0.44 0.93 0.53 0.41

21 0.16 0.10 0.20 0.11 0.11

Table 3.37
Relative Power Distribution Along Axial Traverses For Element in Position 46 - Clear Channsl Measurements
SM-2 Preliminary Mockup Core
Between
Plate "j" PL"i" & Plate "'n" . Plate "r" -
7.14 ERP 6.51 ERP 5.88 ERP 5.25 ERP 4,62 ERP 5.88 WRP 7.14 ERP 6.51 ERP 5.88 ERP 5.25 ERP 4.62 ERP 7.14 ERP 6.51 ERP 5,88ERP 5.25ERP 4.62ERP

0 3.23 ' 2.65 4,26 . . 2.91 2.88 4

1 199 1,34 2.71 1.33 1.52

2 N ) 1.64

3 2.55 1.7 3.25 2.46 1.80 3.23 2,68 2.02 3.34
4 . ) 1.96

5 2.7 1.85 1.78 2.05 3.52 2.50 1.81 1.77 2.05 3.35 2.28 2.09 1.97 2.3 3.54
6 2. 64 3.46 1.80 1.70 . 2.06

6. 94 2.54 1.62 1.65 1.81 3.20 2,35 1.62 1.7 1.61 3.00 2,95 2.14 2,26 2.39 3.51
7.64 2.33 2.81 1.61 1,56 2.45

8.5 1.94 1.27 : - 1,34 1.37

10 1,09

13 0.95 0.65 1.27 0. 62 0.45

15 ) 0.46 .
20 0.21
21 0.24 0.17 0.32 0.15 0.16



Table 3.38
Ratios of Clear Channel to Blocked Channel Relative Power Measurements for Elements in Positions 46 and 42
SM-2 Preliminary Mockup Core
Blocking Material - Stainless Steel

Plate ""j" and Between plates "i'" and "j" : Plate '"n" Plate "'r"

7.14 ERP 6.51 ERP 5.88 ERP 5.25 ERP 4.62 ERP 7.14 ERP '6.51 ERP 5.88 ERP 5.25 ERP 4.62 ERP 7.14 ERP 6.51 ERP 5.88 ERP 5.25 ERP 4.62 ERP
to to - to to to to to to to . to to to to to to
Position 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP 7.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP 17.14 WRP 6.51 WRP 5.88 WRP 5.25 WRP 4.62 WRP

.27 .11 . .30 .15 ' 0.56
.26 .35 .25 .06 : 0.96
.30 .42 .25 . 1 . . 0.98
.35 ; .38 . .26 - 1, . .03 . . . 0.90
.40 .37 .03 . ~0.95
.45 . .37 . .32 . . .12 1. . . 1.04
36 : .53 .09 . 0.98
32 "1.35 ) : 0.96
.31 .49 .36 1.17 1.03
.50 .67 .61 1.30 1.40

[ e e Ll e e




THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



9 (=2 ALLOWABLE

E i6 RUNOUT
|2 .._4_..1 | ol 2.002

, .035
: — s | 1 s 45//
2 . —— == — 12770
et

PR - A J

C » 15 24 ~ 063 .

: 227 "3 1STocK 0335202
" (ALL GROOVES)
}__J-

Figure 3.24 Thermocouple Plate, SM-2 Critical Facility Test

LEL




82 (B RENENCNGNC NG RN NS TR N RN RN R e e S N N S

==. |

A
A\A\\

= I

FILLER PLATES

- T T R Y T T R T T R O TR T TR

TOP VIEW
W
E

N T N NN RN RN N T N NG NN O N SO, TR )

SR S T T TV T T TV TR TR T W TR

T T T TR TP L O T R TR T T R |

FUEL PLATES

T O R T, R T T L R R T R T TR TR TR R

BLOCKED CHANNEL FILLER POSITION

NORMAL FUEL PLATE ARRAY

(NOT DRAWN TO SCALE)

Figure 3.25 Blocked Channel Filler Position and Normal Fuel Plate Array

112



mamEy

T

£
Buy eenBw F RN

g

puaaE; Faas e
Tt A

e

I}

T
!
e
S
T
H
t

.
T
T
i5 80 A NAREEEE SN ERuI
1R ESNERE SRS SRl

HHE

1

F

T

t

]

H

}

H

}

f

i
S
I L
1

T+

bt

FrH

i
£y
SN EER
:
i
,
+
,
R - INI

:
S IESEETTe IS

to e

t
a3 depEzcn
T
1
T
!
T
SEd EaEEaERE
T
S
nas HHH
: HH
I = omm:
i
T
T
i}
1
a1 £ :
T
wRga:
T
T
T
1
=
T
bt
I
t
I
T
i
en e ani
; T
1o
e aes 183!
iwaa o
i
SHETES
+
B8 amn b

T
STHIHAH
I
e etd et 4 +
T
o
1
ik

T
1
1
T
T
T
:
T 1
AlL
b
I
T

S anaed Anse e R

,
st

:

:

i
:

T
1
i I
t
8t
s
T
1
t
1
T
ETION |
- ]
S
RESEIaiERay

HHEE

i
HH

L

T
]
1 Taas
yun i

P
T

T

of Fuel Plates "i'" and "j'" Blocked Channel Measurements Made

in SM-2 Core Mockup with Water Reflector, Without Flow Divider

imi
NSNS
=
I

masusuEmEEEE suy S
1

HIJI‘
tHH
T
T
i
T
1
1
i
T
i’

NN ERAR

s
T

Figure 3.26 Relative Power Distribution Along Axial Traverse on Centerline

t
T

e

T
T
T
I

:
samma s
i

ke &%) 2



FIT

t T H
T HT s
i g
T ¥ . T
! g i
s T T T 1
. : B :
1 I I A
b . 1 et f
3 f 1
: :
: :
T e T
+ T | + - T I
25ee sEEEE
; : O e pr i :
.
-t PRSpS I EREE IS e
t } } B
¥ e
T HH T T ¥
‘ e et
f e o T N
: :
:
: :
>
oricr T
H FH H
L T s AT I
S SiEms syt
1 e B w i EREERE- L ! 4 &t
' L : Stal ks
HEE H
: G i
' Jrogition:
et . 3 1
1 I I 1 i o I -
HEH + : "
. :
- a mam : I IEE B
i : Average
i :
‘
: .
T 1 HHT & T t
I T
! 81 1 1
[ |
:
T T oty
lement Position HE I it Vgl HEH RS
= SEEEEE ERaERaNi 28 1 : =
. i ,
H S2583 + ol " v - .
Bi il T T o T
HI
m n E ‘Vm_ b
- i 1
S S T der e P e

Figure 3.27 Relative Power Distribution Along Axial Traverse on Centerline
Between Fuel Plates "i'" and "j", Elements in Positions 42 and
46, Blocked Channel Measurements Made in SM-2 Core Mockup
With Steel Reflector Without Flow Divider




4.0 MISCELLANEOUS MEASUREMENTS

4.1 GAMMA RAY DOSE MEASUREMENTS

An indication of the gamma heating. distribution expected in the SM-2
core and vessel was obtained by a survey using film badges as radiation
dosimeters. The location of these film badges is shown in Fig. 4.1 and 4. 2
and Table 4.1 and 4. 2. The reactor was operated for 10 minutes at a power
level estimated at 10 watts and the badges removed within 30 minutes after
shutdown. The integrated gamma dosage is given in Tables 4.1 and 4. 2 and
plotted in Fig. 4.3, 4.4 and 4. 5. As expected, the maximum gamma heating
occurred in the steel reflector adjacent to the core with the flux dropping
rapidly toward the outer edge of the reflector.

4.1.1 Experimental Techniques

The film badges were located so that symmetry would give duplication
of data. Each film was encased in Mylar tape to prevent water contact, and
attached in the following locations:

1. Radially along the steel reflector midway between the top and core
support plates.

2. Radially on the upper edge of elements 14, 34, 41, 42 and 43 just be-
low the top plate.

3. Axially along the rod guide of control rod ""C'" which was kept fully
withdrawn.

4. Radially in the water channels of the perforated core support plate
just below elements 41, 42, 43, 54, 74 and the reflector.

5. Other miscellaneous locations on the core support plate.

Tables 4. 1 and 4. 2 present the radiation dose rate in terms of R/hr/watt
for the run. These results are merely estimates and should be treated as such.
For instance, the relationship between radiation dosage and power level could
not be ascertained since absolute reactor power measurements had not been made.
Hence, the estimate of 10 watt power operating level may have a rather large
uncertainty factor. Secondly, each of the film badges received additional radia-
tion after reactor shutdown, which, while of lesser magnitude, would still contri-
bute to the total reported gamma dosage. Furthermore, it should be appreciated
that the film badge cannot differentiate between the types of radiation it receives —
the presence of other types of radiation which affect film exposure but whose
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Figure 4.2 Location of Film Badges on Core Support Plate for
Gamma Ray Dose Measurements
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" TABLE 4.1

GAMMA RAY DOSE MEASUREMENTS AND . FILM BADGE* LOCATIONS

Location - Repfé)rted‘

',Axial Lbcafion ,
from bottom

Radial Location from
. Reactor Center, in..

24

» Dosage of active core, .. e .
Number Dosage,R R/ hr/watt 1n _ " West North South
1 0.185 0, 11 478 14. 69 |
2. . 1.4 0.84 a8 .1i,75
3 " 3.8 2.3 -5.53 .57
4 6.0 3.6 5.53 -14.63
5 . 5. 0 3.0 -5.53‘ "1.69
6 6.0 3.6 _5.53 1..69
;7 4,0 - 2.4 -5.58 §7;57f
8 0.85 °  0.51 478 14,69
11 0.60  0.36 ;6.23  , 14, 69 5. 88 f
12 0. 48 0.29 6.28 . 14.69 5.8
13 4.8 2.88 -5.53 4. 63 ' 4.63
14 1.3 0.78  -4.78" 8. 82 - 8.82
15 4.6 - 2.76 -5.53 4,63 463
16 0. 308 ﬁ. 0.18 -4,178 8;82 8. 82
26 0. 50 0. 30 -6.28 5.88 ',:14.69
40 3.2 1,92 -5.53 110.50
~ * Exposed at estimated 10 watt power level for 10 mi'r.lﬁtes,.
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: ' TABLE 4. 2. ~ :
GAMMA RAY DOSE MEASUREMENTS AND FILM‘BADEE* LOCATIONS : -

Axial Location Radial Location
S : from bottom of from Reactor Center, in.
Location Reported Dosage active core,

Number Dosage,R R/hr/watt . in, . - West . North . _South
9 4.6 2.6 9.22 12,03 |
10 3.2 1.92 9,22 13, 28
17 .0.058  0.035 _26.78 0. 63
18 0.36  0.216  -21.28 - . 0.63
19 0.175 0.450 =~ -14.28° 0.63
20 1.2 0.72 -10.28 . 0. 63
21 3.4 3. 04 ~7.28 . 1.4
22 .. 3.4 °2.04 7,28 1.4
23 0.91 0.55 - -10.28. 0. 63
24 . 0.48 0. 29 -14. 28 0.63
25 0.30 0.18 _21. 28 0.63
27 5. 00 3. ¢ 22.25 2. 94 h
28 4. 00 2. 22,25 5. 88
29 3.20 1,92 . 22.25 8. 81
30 . 850  5.10 9, 22 10.78
31 0.70 -~ 0.42 2225 1L75
32 5.50 - 3.30 22. 25 - 2. 94
33 3.40 2.04 . 2225 v 8.81
34 ¢ .0.80 0.48 . 22.25 - | 11,75
35 10.00 6.00 . 9.22 10.28 |
36 . 3.60 2.16 . 9.22  13.28
37 4.80 2.88 . . 9.22 . . 12,03
38 8. 50 510 - 9.22. 10. 78
39 13. 00 7.80 ° 9.22 . 10. 28

* Exposed at estimated 10 watt power level for 10 minutes.

.
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contribution to the reported dosage cannot be distinguished from that produced
solely by gamma rays. Thus, the results obtained in these measurements

- should be interpreted merely as an indication of the trend and order of magni-
tude of the gamma flux expected without attaching quantitative importance to the
‘reported dosage values. ~

4.1.2 .Experimental Results

The experimental results have been plotted on Fig. 4.3, 4.4and 4.5
with the appropriate film badge location numbered for convenience. From the
data it can be seen that the gamma dosage in the center of the reflector drops
rapidly from a high of 13 R/hr/watt to a low of 2.R/hr/watt at its outer edge
and that the axial measurements along the guide of controlrsd C showed the ex-
pected decrease in gamma flux as the distance from the bottom of the active core
increased. The flux along the core support plate decreased from 3. 6 R/hr/watt
to 0.1 R/hr/watt on a center to core edge traverse. Dosage measurements made
at either end of the stationary fuel plates appear to have the same gamma field,
reading a maximum of 3 R/hr/watt on element No. 43.

4.2 SEVEN ROD BANK CALIBRATION AT SIMULATED ELEVATED
o TEMPERATURE AND PRESSURE

4, 2.1 Introduction

Since it' is not possible-to operate the ALCO Critical Facility at the design
operating conditions of the SM-2 reactor, it was necessary to simulate these
effects in order to obtain an estimate of the characteristics of the control rod
bank in this region. Operation at 2000 psi and 510°F causes a loss of reactivity
from operation at room conditions due to differences in moderator density; this
results-in a larger withdrawal of the control rod bank to achieve criticality.

- The experiments described below were run in order to calibrate the control rod
bank in the desired SM-2 operating range with the flow divider in place. The
calibration curve obtained is presented in Fig. 4. 6. The data were corrected by
1 in. dial displacement incurred due to use of a plastic core-support plate re-
quired for mockup operation with flow divider.

' 4.2.2 Calibration Technique

Operation 8f 2000 psi and 510 F causes a change in the density of water
from 62. 3 lbs/ft” at 70°F and 1 atmosphere-to 48. 9 lbs/ft3. To simulate the
loss in moderator density, it was calculated that 40 aluminum strips were re-
quired to be placed in each .stationaryfuel element and 38 in each control rod
. fuel section to displace the proper amount of water. The resulting reactivity
measurements indicated approximately a 5 in. shift in bank position. In order
to obtain a complete calibration of the bank as a function of bank location, some
of the fuel plates were removed and stainless steel strips of equal thickness sub-
stituted. These strips were covered with 2 layers of #1-2 boron tape to replace
the boron loading. These substitutions caused a further loss of reactivity; the
effects of these additions to the mockup are given in Table 4. 3.
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(3)

(4)

(5)

(6)

(7)

(8)

(9)

TABLE 4. 3

SIMULATED OPERATING CONDITIONS
OF 2000 Psi and 510°F

CALIBRATION OF CONTROL ROD BANK UNDER

Simulation Technique

Initial Zero Run

Addition of 40 strips of 15-mil thick
aluminum to each stationary fuel
element and 38 strips to each control
rod fuel section.

Same as (2) but with the addition of 23
aluminum strips per reflector water gap
for a total of 92 strips in the reflector
region.

Substitution of bundles of four 10-mil
thick stainless steel strips in plate
position a, j, and r of elements 34, 43,
45 and 54 with appropriate boron
loadings.

Same as (4) above except that stainless
steel bundles were also substituted in
plates e and n in addition.

Same as (4) above except that stainless
steel bundles were also substituted in
elements 33, 35, 53 and 55 in addition.

Same as (6) above except that stainless
steel bundles were also substituted in
elements 23, 25, 63 and 65 in addition.

Same as (7) above except that stainless
steel bundles were also substituted in
element 46 in addition.

Same as (8) above except that stainless
steel bundles were also substituted in
element 42 in addition.

Average 7T Rod Bank
Critical Position Dial
Reading, Inches

8.725

13.

13.

15.

16.

1%.

19.

19.

21.

540

472

216

458

140

467

930

867
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4, 2.3 Simulation of Operating Conditions

The relationship of moderator temperatures vs density is presented
in Fig. 4. 7. The number of aluminum strips required to displace an amount
of water equal to the moderation loss incurred at the operating conditions
due to density difference was calculated from the following:

2 A
Ni= (E%—OQ) (A_;) F

where N = No. of aluminum strips required

Py = density at T0°F and 1 atmosphere

p = density at the desired conditions

Aq = Cross-sectional area of fuel cell

Ag = Cross-sectional area of aluminum strip

F = Fraction of fuel cell cross section filled with water.

Using data presented in APAE No. 54 and Fig. 4. 7, calculations were per-

formed to relate the number of aluminum strips to the water temperature
as shown in Fig. 4. 8.

To illustrate the calculation at 510°F, the number of strips "N re-
quired for a stationary element:

Po-p  62.3-48.9
SI0E 62. 3 =il
Ay = (2.9375 in)2 = 8.629 in2
Ay = (0.0154) (2. 266) = 0. 0349 in2
A - (18 x plate area + 2 x gide plate area)
F 5
a9
8.629 - (18 x 2.77 x 0. 0408 + 2 x 2. 863 x 0. 0327)
i 8. 629
= 0.742
N = (0. 215) (8. 629) (0. 742) = 39. 4 or 40 strips

{
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Figure 4.9

Composite Seven Rod Bank Calibration Showing Calibration
at 2000 psi and 510°F
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4 2. 4 React1v1ty Change Due- to Operatlon at 510°F and 2000 Psi.

The dashed port1on of the seven rod bank posmon curve in. F1g 4, 9

represents the bank worth from:7T0°F:to:5100F, -extrapolated to: slope- s1m11ai'1y o

to Fig. 4. 3 in APAE No. 54.° 1) :Although no.measurements were taken in this.
region, integration by Simpson's rule produced an average bank worth of 162
cents per inch at 11.1 in. Thus, the determinedZK due to increasing the
core temperature is calculated from Table 4. 3 as:

Ak = 162.(8.725 - 13. 472) =-769 cents

4.3 STUCK ROD MEASUREMENTS

Stuck .rod measurements were made using the open seven control rod
array SM-2 final mockup core, utilizinga.2. 5-in. laminated stainless steel
reflector, and a 0. 125-in. stainless steel flow divider as shown in Fig. 1. 2
and 1.7, Table 4. 4 presents the critical control rod configurations.and rod .-
worth for various cases tested. Rods omitted in table were-fully inserted and
the reactor was brought critical on the critical rod(s) indicated for each case.

. TABLE 4. 4

CRITICAL ROD CONFIGURATIONS
o Rod:..(s) Fully Critical Critical Worth
Case Withdrawn Rod(s) = Position(in. ) cents/in.
1 C A,D 15. 616 42.4 @ 15. 809 in, 4
2 C A, F 13. 443 68. 2 @ 13. 587 in. |
3 C A,G © 17,282 30.0 @ 17. 504 in.
4 C E,F 14.778 55.5 @ 14. 964 in.
5 C B,D, F 12. 481 75.9 @ 12. 609 in.
6 A,D C 14. 891 37.4 @ 15. 155 in. -
7 AE F '18. 482 11.9 @ 19. 319 in.
8 A,D,E B 13.704 . 19.1 @ 14.087 in.
.9 B, C, E D 4,959 32.7 @ 5.263 in.
10 B,D, E F 12. 440 25.9 @ 12. 781 in.
11  B,E,F,G C 1.088 18.8 @ 1.775 in.
4 4 133
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The critical rod configurations reported above are -much different
from those-in APAE No. 54(1) because of increase in B-10. loading and addi-
tion of flow divider and reflector. The-following rod combinations were *
found to be subcritical when fully withdrawn: anytwo rods;. three rod arrays -
ADE BCE BCF, BDE, EFG and four rod array, BEFG
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, | APPENDIX A

CALCULATION PROCEDURES USED TO DETERMINE B-10 LOADINGS

Al CALIBRATION OF BORON STANDARDS

The repos1t1on1ng of control rod E w1th the 1nsert1on of a standard sample
-in-place of a ''blank'' establishes a method of relating boron loading:to core re-
activity change. The following presents a typical calculat1on used to calibrate
standard samples in-terms of reactivity. =

Reactivity, ¢ =.‘_[1/2.(W1 + Wz)] Py.- Py - (1)

where P31 = Position of control rod E with standard No. 1 placed in.
plate iof element No. 22, i.e. measurmg ‘position

'.Pz _Position of control rod E with blank standard placed in: .
- plate i of element No. 22 i. €., zero position. SRR

Wi1= ‘Worth of the-'rod E at Py, in ¢/in.
- Wg= Worth.of rod E at Pg in.¢/in.: -

- In the following computations several Rod E calibration curves were
used because of change:in the bank position for the different-measurements. .-
A typical curve-is shown in: Fig. A. 1 which represents a ''least squares'' aver-
age taken from data points obtained by period measurements. Figure A. 3-
was used in period computations. '

~ From Reactor Log Data Book, for runs No. 147 and 148:

B-10 Content' of Tape

Rod E Position .~ mg/em?2 .~  Rod E Worth -
P, = 13.395 in. 0.186 - Wy=24.14
Py = 13. 008 in. 0 ... Wg=25.47

'B-10 Worth = [1/2,(24. 14 + 25.47)| (13. 395 - 13, 008) - -
| = (24.81) (0.387) = 9. 60 ¢

Repeating these measurements for the other standard samples, ‘l3,‘-10
worth vs,B-10 loading is plotted in Fig. A-2,




A.2 INTERCALIBRATION OF TAPES‘

The B-10 loading of tape-2-1 #6 (Ref. Table 2. 1),. substituted in plate:i
of element No. 22, for example, was s1m11ar1y obtained from equat1on (1) and
Fig. A-2.

From the reactor log book, runs No. 149 and 150:

Rod. E Pos1t1on Tape v Rod E Worth

P;=13.146  Tape2-146 - W;=24.99
Py =12, 994 Blank Tape “Wg =25. 52

- B-10 Worth = 3. 847 ¢
From Fig. A 2 a core- react1v1ty change of 3.847 ¢ under these test
conditions corresponds to a boron loading of 0. 0717 mg B-10/ cm?2. 'In this

fashion, data for the other intercalibrated tapes was calculated which is given -
in Table 2. 1.

A3 'INTERCALIBRATION OF SM-2 MOCKUP FUEL PLATES

The: substltutlon of fuel plate 139-S-3 in plate i of elemernt ZZ,WIth and |
w1thout 1nterca11brated tape 1-2 #3 resulted 1n the- followmg ’ :

Runs No. 166 167

Rod E Position . Tape | Rod E Worth
P;=11.201 ~  With Tape 1-243 Wy = 31. 66
Py=10.861- =~ No Boron on plate W21='-3,2. 82

. Reactivity by equation (1) = 10. 962 ¢

_B_
M =AG
R = reactivity, cents from equation (1)

2

B-10 Worth of tape on fuel plate, ¢/g
A = area of boron tape-applied, cm

G-= boron loadmg for tape, mg/ cm?

.B-10 Worth = 10 962/ (348 4) (0. 1590) = 197 9 ¢/gm

/S



‘ -A:similar calculation for the addition of t'ape‘-'z-l' #12 produced a boron
‘worth of 136. 4 ¢/gm. The total loading on plate 139S-3 is 55.4 + 26.3 = 81. 7

- The substitution of fuel plate - 156S-2 in place of reference plate 139S-3
(containing tapes 1-2. #3 and 2-1 #12) produced the followmg

Runs No 168 169

Rod.E Position - Plate No. . " Rod E Worth

Py-11. 326 1568-2. - - - Wy =31.23

Py-11. 315 _ 1398-3 - o v We = 31,27
'..-.';React.ivity from equation'.(l)- = - 0.344.¢ = - |
The B 10 dlfference between plates 139S-3 and 1568 2 is- found by
'B 10 Mass leference O 344/ 136 4 =+ 0 0025 gm |
~, Total loadmg on plate 1568S- 2 is then = 0 0817 + 0. 0025 0. 0842 gm

. The results of S1m1lar calculat1ons for the other fuel plates of element
.22 is given in‘Table 2. 2. - :

'A.4 INTERCALIBRATION OF ELEMENTSA.

A similar calculation was performed to obtam the boron loadmgs of other -
‘elements. . Instead of using 136. 4.¢/gm, which is-the boron warth of a. single
tape on a fuel plate in.the center of an unloaded fuel element as described in para-
‘graph 2. 2. 2.4, the value of 56. 62.¢/gm was determined by the ac{d1t1on of 5 )
calibrated tapes on element No. 22 .as the worth of uniformly distributed boron
in a fully assembled fuel element. For element 47, for example,

Reactivity = [-’1/‘2,-(W1+W2)J (Pq- P2) =:(30. 06 (0.109) = 3.28 ¢

Additional boron on element 47 over that on element 22:

. e
s

Weight Diff. = 3. 28.¢/56. 62 ¢/gm = + 0. 0579 gm

Total loading of element 47 = 1, 4905 gm + 0. 0579 gm = 1. 5484 gm.
Results for other elements are- given in Table 2. 3.




A.5

B,—,10‘ Loading ‘of, BMI Element =1, 4905

A-4

B-10 WORTH CALCULATION OF ASSEMBLED MOCKUP ELEMENT.

Runs No 195 199 200

Rod .E Position. - R o Rod E Worth
~Pq =10. 492 Element 22 with 5 Tapes W1 = 35, 61
Py = 10. 284 Element 22 without these Wg = 36. 35
-5 Tapes P

- total loading of 5 tapes = 0. 1321 gm-B-10

Reactivity from equation (1) = 7. 48.¢

..B-10 worth of tapes =7.48 ¢/0.1321 gm = 56. 62 ¢/gm .

COMPARISON OF BMI REFERENCE AND MOCKUP ELEMENTS

"Runs No 195, 196 199

Rod E Positioh o - Rod E Worth

Py =10.701 BMI Element W, =34.92
P, =10, 284  Element 22 W3 = 36. 35

Reactivity, from equation (1) = 14. 86.¢

14. 86

56, 62¢/ 1753gm

/43
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APPENDIX B

TYPICAL CALCULATION PROCEDURE FOR OBTAINING
THE CORE AVERAGE

N .

B:1 EXPERIMENTAL DATA OBTAINED USING PRELIMINARY MOCKUP AS
AN EXAMPLE :

_ The relative foil activation data for element 12, plate a is typical for these
runs.- . Table B-1 below presents the relative flux data in raw form; these have
been normalized by the procedure outlined below to form part .of Table 3.1.

TABLE B. 1

EXPERIMENTAL FOIL ACTIVATION DATA FOR ELEMENT 12
Axial : " Radial Foil Location from Center of Reactor, Inches
Foil Location '
above bottom 7.13 WRP. ' 6 51 WRP 5. 88 WRP, 5. 26. WRP 4, 64 WRP
of active core,
inches R Relatlve Power D1str1but10n on plate ax*
0 . 0.656 0. 954 o 1111
1 7 o.a3 . o.as0. . 0.74
3 0.559 . . - 0.530 . . ., 0.965
5 | 0.616  0.574.  0.640 - 0,684 1.089 . .
6.9¢ .. - 0593 0.5 . 0,600 . .0.673. . 1,011
8.50 - 0.536 - 0.530 . - 0,929
13.0 0.328 © 0.300 0. 515
17.0 ‘ 0. 203
2.0 - . 0.0863 - o072 T e 10.125

.* The relative power at a specific test point is established by the ratio of the
-induced activities of test foil to that of the reference foil (paragraph 3. 2.1).
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'B.2 CALCULATION OF AVERAGE POWER ACROSS PLATE "a' IN
RADIAL DIRECTION USING SIMPSON’ S RULE

~ For axial positions 0, 1, 3, 8. 5, 13, and 21, the 3-point Simpson's
rule-was employed

' For axial pos1t10ns 5 and 6. 94, the 5- po1nt Slmpson s rule was em-
ployed.

a. Usmg 3-point Slmpson s rule of ax1a1 pos1t10n O as a typlcal example
. of its application: »

A = 1/3h[yo+vyg+4yy]
where
yo = 0.656, yg=1.111, yq = 0. 954
- 7.13 WRP -'5. 88. WRP 1. 25
1/3h ‘= = = 0.1667 " -
/ h. 1/3( 7.13 WRP - 4.63 WRP) 1/3 (2.5 ) 0. 1667
A = 0.931

b Using ‘5-point. Simpson’s rule- at 5-in. axial position.as a typlcal
‘example of its application:

"“A = 1/3h [Yo + yv4 +4 (V1 + y3) + 2 YZ] .
.where o
Yo = 0.616, yg=1.089, y; = 0.574, y3 = 0. 684, y, = 0. 640
; 7.13 WRP - 6.51 WRP | _ 1/3 [0:62)_ o 0833
1/3h=1/3 (7. 13 WRP-4.63.WRPJ / (2.‘50) '
~A = 0,67

In this fashion, the expgx‘iméntal dat'agiven- in TableB-l was reduced -
to the following:



Axial location - .- Average radial

above bottom - . -activity for
of active core, , plate a
inches . ;
0 0.94
1 0. 49
3 . 0. 64
o 0.67
6.94 . ~ 0. 64
8.5 0.59
13.0 0. 34
-17.0 0. 23
21.0 0. 08

B.3 CALCULATION OF AVERAGE POWER ALONG PLATE "a" IN AN
AXIAL DIRECTION

A pldt of the above data produced a curve shown in Fig. B-1. | Using a.plani- ::
meter, the-area under the curve was obtained. This procedure was repeated for R
all the plates of element. 12, g1v1ng the following:

Plate . o . =
-~ Position S Average Power Density
‘a 0. 427
e _-0. 383
j - 0. 300
n 0. 260
r 0. 216

A similar procedure was employed for all the stationary elements. The
control rod curves, however, were plotted up to 7 in. instead of 21. 6 in., since
only 7 in.. extended into theactive core. S ‘ P
"“B/4 'CALCULATION OF CELL AVERAGE

The average: power of element 12 was obtained by applying Simpson's

"7 ./5-point rule to the above data across the element in a.north-south :direction.

. This gave-a cell average of 0. 313. However the use of the Simpson formula is
only an approximation; the use of graphical 1nteg1;at10ns produces a- cell average
of about 5% lower value. To compensate for the use of Simpson's approximation,
all cell averages were multiplied by 0. 946. -These cell averages for all elements
-and control rods are given in Table B-2. ~

- B-3
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- B.5 CALCULATION OF CORE AVERAGE -

The core average was obtained by weighting the cell average of each fuel
element in the quadrant and dividing the sum of the weighted cell average by the
-weighting factor. The results, given in Table B-2, give a core average of 0. 459.

TABLE B-2
DATA FOR OBTAINING THE AVERAGE POWER OF THE SM-2
PRELIMINARY MOCKUP CORE

: Fuel Element ***
Weighted “Averages NormaliZéd to

Element ‘Cell * Weighting ** Cell Core Average Equal to One
No. Average Factor - Average (Relative Power)
12 0. 296 1 -0, 296  0.645
13 0. 373 1 . 0,373 0. 812
14 0. 385 1/2 0.192" 0. 839
21 0. 267 1 : 0. 267 ©0.581
22 0. 443 1 - 0.443 - 0.965 -
23 0. 548 1 0. 548 1. 193
31 0. 334 1 0. 334 0.728
33 0. 587 1 0. 587 1. 278
34 0. 653 o 1/2 - 0. 326 1. 423
41 0. 376 1/2 0.188 . 0.818
42 0. 545 1/2 0. 272 1.187
43 0. 621 1/2 0. 310 1. 353
Rod A 0. 948 '1/2.x0.265 0.126 0. 547
Rod F 0.883 1 x0.265 0.234 0. 509
Rod C 1. 177 1/4x0.265 0.078 0.679
9.965 4.574
* Average foil activation in element obtained by a combmatlon of Simpson's

"rule averagmg and graphical 1ntegrat10n

B Symmetry factor for the elements in one core quadrant. - For control rods,
this value is reduced by the ratio of the volume of uranium in a control rod
actually inserted in the active core (a depth of 7in.) to the volume of uranium
in a stationary fuel element (length of 21. 6 in.). - T :

V control rod _-16 plates x 2. 32" wide x 0. 03" tk.x 7 O" in active core__0 265
V fuel element " 18 plates X 2 52” w1de x 0. 03" tk x 21.'6" long ‘

. ¥*% . The core. average is obtained from the followmg

| | _ ZWelghted cell averages - _ 4. 57 - 0. 459
Core average= ZWelghtmg factor - 9,965 -

B-4




- From this, the relative power of each element related to the core-average is
obtained by the following:

cell average for stationary element
core average

Relatiireapower of stationary element =

cell average for control rod x 0. 265

Relative power of control rod =
core average

B.6 .NORMALIZATION OF DATA

-Preliminary mockup data presented in this report have been normalized
to this core average. Thus, for example, the activation data shown in Tables
3.1 to 3.15 are the raw data points divided by 0. 459 to perm1t 1ntercompar1son

-to a common reference. ,

Final mockup data presented in Tables 3. 16 to 3. 30 were normalized to

a final mockup core-average of 0. 432 obtained in a similar manner to that de-
scribed in this Appendlx
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APPENDIX C

DETERMINATION OF B-10 CONTENT OF BORON TAPES

Table C. 1 lists the results of the B-10 determination obtained from re-
activity measurements and from chemical analysis. The experiments and
analysis were performed on two sets of boron impregnated Mylar tape, for
reference: order one batch two (1-2), and order two batch one (2-1).

It should be noted that two separate chemical analyses were performed
independently by Lucius Pitkin and by BML

TABLE C. 1

B-l(_) ANALYSIS
Method of B-10 B-10 Content Mg/cm?
Determination Tape (1-2) Tape (2-1)
Reactivity measurements 0.1578%* 0. 0752%*
Chemical Analysis Lucius Pitkin (1) 0.1717 0. 0709
Chemical Analysis Lucius Pitkin (2) 0. 1591 0.0574
Chemical Analysis BMI (1) 0. 1408 0. 0551
Chemical Analysis BMI WO ) 0.1417 0. 0559

* Average of 3 measurements
** Average of 9 measurements

It is apparent that no clear and definite result could be derived from the
above measurements because of the large variation among them. Although re-
sults obtained from reactivity measurements are in close agreement among
themselves, they differ considerably from those obtained by chemical analysis.
The same is true for the BMI results; they are consistent among themselves
but inconsistent with the others. The Lucius Pitkin results are neither consistent
among themselves nor fully agree with the other two. The method of manufacture
of the boron tape precludes such large discrepancies. The choice of the reactivity
measurements as the basis for estimating the B-10 content of the SM-2 mockup
core was made because of their reproducibility.
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