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TRANSITION FROM HEU TO LEU FUEL IN ROMANIA'S
14-MW TRIGA REACTOR
M. M. Bretwscher and J. L. Snelgrove

Argonne National Laboratory
Argomne, [llinois 60439 USA

ABSTRACT

The 14-MW TRIGA steady state reactor (SSR) located in Pitesti, Romania,
first went critical in the fall of 1979. Inidally, the core configuration for full
power operadon used 29 fuel clusters each containing a 5 x 5 square array of
HEU U (10 wt%) - ZtH - Er (2.8 wt%) fuel-moderator rods (1.295 cm o.d.) clad
in Incoloy. With a total inventory of 35 HEU fuel clusters, burnup
considerations required a gradual expansion of the core from 29 to 32 and finally
to 35 clusters before the reactor was shut down because of insufficient excess
reactivity. At this ime each of the criginal 29 fuel clusters had an average 235U
burnup in the range from 50't0 62%..

Because of the U.S. policy regarding the export of highly eariched
uranium, fresh HEU TRIGA replacement fuel is not available. After a number of
safety-related measurements, the SSR is expected to resume full power operation
in the near future using a mixed core containing five LEU TRIGA clusters of the
same geometry as the original fuel but with fuel-moderator rods containing 45
wi% U (19.7% 235U enrichment) and 1.1 wi% Er. Rods for 14 additional LEU
fuel clusters will be fabricated by General Atomics..

In support of the SSR mixed core operation numerous nNEULrOnic
calculations have been performed. This paper presents some of the results of
those calculations..

INTRODUCTION

The Steady State Reactor (SSR) located in Pitesti, Romania, is a 14-MW TRIGA research
reactor and is operated by the Institute for Nuclear Research (INR). It is equipped with two beam
tubes, one radial and one tangental, and an underwater thermal column used for research
purposes. Radioisotopes are also produced for both medical and industrial applications.
However, the reactor is mcstly used for long-term irradiation testing of power reactor fuel
components including CANDU-type UO; fuel pellets. This is an important part of a
development program for the fabrication of CANDU fiel.

Each of the SSR fuel clusters consists of a square 5 x 5 array of fuel rods each with an
active diameter of 1295 cm and an active height of 55.88 c¢m. The cylindrical
uranium-zirconium hydride-erbium fuel/moderator pellets are tightly enclosed within Incoloy 800
tubes having a 0.0406 cm wall thickness. A square aluminum shroud, 8.89 c¢m on a side, encloses
the 25 fuel pins and spacers. Each of the 8 control assemblies consists of a square annular
arrangement of sintered natural B4C compacts and an aluminum follower rod. Unclad beryllium
reflector blocks, some containing a central irradiation hole, make up the radial reflector.
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The SSR first wenr critical in November 1979.1 Full pover (14-MW) operation began in
1980 with 29 HEU fuel clusters. As burnup proceeded, the ccre size was first increased to 32
clusters and Iater to 35 clusters which used the endre fuel inventory. After about 13,600 MWD's
of operauon— the SSR was shur down in 1990 because of insufficient excess reactivity’ and
because of the unavailability of fresh HEU TRICGA replacement fuel. Figure 1 shows the present
configuration of the SSR core.3

After 13,200 MWD's of reactor operamon the fuel pins were gamma-scanned o measure
their axially-averaged total MWD exposures.* Some shuffling of pins within fuel clusters was
done to raaximize the available reactivity. The best estimated for the total MWD's exposure for
each of the 35 fuel clusters used in the Fig. 1 core configuration is given in Table 1. This table
also includes the cluster-averaged 235U burnups which were calculated from the MWD exposure
data by methods to be discussed later.

The SSR is expected to resume operation in the near future beginning with five fresh LEU
clusters i a 35-cluster HEU/LEU mixed core configuration. Within the next year 14 additicnal
LEU fuel elements will become available. Table 2 surnmarizes the fuel specifications for both
the original HEU and the new LEU clusters.

This paper is mostly concerned with an evaluation cf the expected lifetime of the
HEU/LEU mixed-fuel SSR cores. Calculations of important safety parameters for mixed core
operations are incomplete at this tme. Using special instrumented pins, numerous fuel
temperature measurements will be made as a function of reactor power at important locations
before full-power operation begins. These measurements are needed to assure that no fuel pin
temperature exceeds 750 OC at full-power steady state operation.

ATOM DENSITIES, CROSS SECTIONS, AND MODELING METHODS

Before calculating fuel lifetimes, it is worthwhile to compare analytical results for excess
reactivities with corresponding measured values. This provides an indication of the magnitude
of biases which may be present in the calculations. For the case of the SSR, measured excess
reactivities have been determined for the initial critical configuration and for the standard
29-cluster core, both with fresh HEU fuel.! Also, an estdmate of the excess reactivity for the
current core configuration (Fig. 1) has been made by the SSR staff.2

However, before such calculations and comparisons can be made it is necessary to
determine representative atom densities in the fresh uranium-zirconium hydride-erbium fuel rods.
This requires some knowledge of the fuel fabrication prc>cedures.,6 The process begins by mixing
pure powders of uranium, erbium, and zirconium in the weight fractions specified in Table 2.
This mixture is arc-melted in a graphite crucible during which time a small amount of carbon
(typically about 0.4 wi%) is taken up from the crucible into the molten alloy. After casting intn
molds, the fuel pellets are machined to the proper dimensions. Thereafter they are hydrated under
carefully controlled conditions of hydrogen pressure, temperature, and time. Some final
machining is necessary to assure close contact between the pellets and the Incoloy tubing before
sealing the fuel tubes under a helium ammosphere.

While the fuel is in the molten state the available carbon unites with zirconium to form
ZrC. During the hydration process the balance of the zirconium forms the zirconium hydride
phase, ZrH, .. In addition, erbium hydrde forms, although whether it forms ErH, . or ErH, is

uncertain. For the purpose of calculations we assume the state i0 be ErH,. Analyses of the end
product show that UC, and Uxl, are not present. Knowing the weight fractons (WF) of
uranium, erbiurn, and zirconium :in the initial powder (Table 2) and assuming the alloy contains
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04 wi% C, the weight fractons of U, ZRC, ZrH,,, and ErH, in the final product can be
calculated. The density (p_) of the fuel/moderator material may be expressed in terms of these
weight fractions by using the principle of volume conservation. Thus,

1 Yy WEF(ZrH W D1t
o= [ WE(U) . WE(Z:C) + (ZrH, ) + 'F(EFH_)]

pU prC pz.'HLﬁ pE‘.‘HQ_

where p; =673, ppg =5.64, and pgg, =8.36 gec.

The density of uranium metal varies somewhat with enrichment but can be expressed in
terms of the density of natural uranium (19.05 g/cc). The above equation for the density neglects
the void fraction because it is negligibly small. It also neglects small and unpredictable erbium
volatlity losses which may take place while the fuel is in the molten state. With the weight
fractions and density determined, it is a simple matter to calculate the required atom densities in
the fuel pin. Table 3 shows these results for the unirradiated HEU and LEU fuels.

The broad, multigroup, burnup-dependent cross sections used in this study were generated
by the EPRI-CELL code.” The EPRI-CELL fine group libraries were derived from the ENDE/B
data files (some cross sections from Version V but most from Version [V) using the processing
codes NJOY8 for the thermal library and MC2-29 for the fast library. Cross section sets were
generated at fuel temperamures corresponding to 296K, 500K, and 800K in both 3 and 8 groups.
Table 4 shows the group energy boundaries for each set. Because of the strong absorpton
resonance in 107Er at low energy (0.46 eV) it was felt that the additional thermal groups in the
8-group set would be needed for more accurate calculations.

For the calculations reported here the SSR was modeled in XYZ geometry. Details
concerning the dimensions of the fuel elements, the beryllium reflector pieces, the B4C control
rods, and the aluminum followers are given in Ref. 10. M. Ciocanescu? provided the information
needed to model the experimental loops AL6 and C-1 shown in Fig. 1. In the XY plane each fuel
cluster is represented by a square homogenized fuel region surrounded by a thin square annulus
of aluminum and water representinig the shroud regior. The height of the active fuel column was
divided into five axial segments of equal length. For diffusion and burnup calculations the
DIF3D!! and REBUS-31Z codes were used. Relative to a detailed continuous-energy Monte
Carlo calculation using the VIM codel3 for a 29-cluster model of the SSR, the best DIF3D
calculations are obtained when the shroud region is explicitly modeled and when the 8-group
cross section set is used, as Table 5 shows. For these reasons all the remafning neutronic
calculations given in this report are based on the use of 8-group cross sections and explicit
representations of the shroud and fuel regions for each cluster.

CALCULATED VERSUS MEASURED EXCESS REACTIVITIES FOR SSR
FRESH FUEL ASSEMBLIES

As a test of the adequacy of these cross sections, modeling procedures, and computational
methods, calculared and measured excess reactivities have been compared for two SSR
assemblies each with all fresh HEU fuel clusters. The first assembly is the configuration obtained
during the initial approach-to-critical experi‘ments,l Figure 2 shows the SSR fuel cluster loading
sequence. With all experimental regions and unoccupied grid positions filled with water, the SSR
went critical upon the addition of the 17th fuel cluster. Based on an estimated value of B of
0.007 and the elevations of the calibrated control rods, the measured excess reactivity for this
17-cluster core was $1.43.9 After these measurements were completed the core was expanded to
the standard 29-cluster configuration, which is also shown in Fig. 2. This larger core serves as
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our second test case for which the excess reactivity was found to be $7.78.1 Table 6 compares
our calculated values with these measured results. A direct comparison between calculation and
measurement independent of B will be made when we obtin information regarding the

elevation of the control rods at criticality for each of these cores. Table 6 shows that the
calculations are in reasonable agreement with the measurements.

EXCESS REACTIVITY FOR THE PRESENT SSR CORE CONFIGURATION
WITH 35 BURNED HEU FUEL CLUSTERS

This core configuration is illustrated in Fig. 1. Before calculations can be made, however,
it is nmecessary to obtain bumup-dependent atom densities for the homogenized fuel region for
each of the fuel clusters beginning with the MWD exposure data given in Table 1. This was
accomplished by first performing a non-equilibrium REBUS-3 burmup calculation beginning with
the 35-cluster SSR core configuration (Fig. 1 but with all fresh HEU fuel). The calculation
covered a total burnup span of 1000 full power (14-MW) days. Burmup-dependent atom densities
were printed out at numerous intermediate burn steps. These data of axially-averaged cluster
atom densities versus MWD's exposure were fit by the least squares process to polynomials so
that the fiming coefficients could be used o interpolate bumup-dependent atom densities
corresponding to the MWD's exposure for each of the 35 fuel clusters listed in Table 1. Some
typical fits and interpolated results are shown in Figs. 3-7. The same procedure was used to
obtain the average 235U percent bumnup for each of the 35 clusters. These results are given in
Table 1 and displayed in Fig. 8. Similar procedures were followed to obtain exposure-Gependent
concentrations of SH, 3He, and OLi in the beryllium reflector (see Fig. 8). These poisons result
from the *Be(n,ct)®He fast neurron reaction, the ®Li(n,ct)’H thermal neutron reaciion, and the
beta-decay of tritium into *He. After about 1000 EPD's of reactor operation these poisons have a
reactivity effect of about 0.25% Ok/k. Following a two-year shutdown perivd this reactivity

increases to about 0.37% 8k/k due to the buildup of 3He, which has a very large thermal neutron
absorption cross section.

The atom densities found from the above procedure are axially-averaged values. For
three-dimensional calculations it is necessary to superimpose on these average values an
appropriate axial burnup distribution. Figure 9, supplied by M. Ciocanescu, 5 shows such an
axial distribution of the measured 137Cs fission produst. activity. This distribution was
numerically integrated over each of the five equal axial fuel segments to obtain
segment-to-average burnup ratios. These ratios, combined with the data in Table 1, were used to
construct axially-dependent exposure data for each of the 35 fuel clusters. Corresponding
axially-dependent atom densities were then obtained using the methods already described subject
to the constraint that the total number of atoms for each burmup-dependent isotope in each fuel
cluster be preserved. in this manner burnup and axially-dependent atom densities were obtained
for each of the fuel clusters for 2H, 149sm, 166gr, 167gr, 23415, 235y, 236y, 238y, 23%py,
240py, 241py, 242py and the lumped fission products.

These axially-dependent atom densities were used in a three-dimensional diffusion
calculation for the 35-cluster core shown in Fig. 1 with all the control rods fully withdrawn. The
eigenvalues obtained without and and with equilibrium xenon (at 14 MW) were 1.0326 and
1.0067, respectively. At the time the SSR was shut down the estimated excess reactivity at full
power with equilibrium xenon was about $1.2 As mentioned earlier, the cross sections used for
these calculations were generated for an average fuel temperature of 227 9C. From Ref. 3, the
SSR average core fuel temperature is 170 9C at 10 MW. Thus, our calculated results agree quite
well with Romania's best estimate for the present state of the SSR.
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FUEL LIFETIME ESTIMATES FOR PROPOSED SSR HEU/LEU MIXED CORES

Having established the validity of the cross sections and modeling methods used for SSR
neutronic calculations, estimated lifetimes of proposed mixed cores will now be evaluated. With
the expectation that the Institute for Nuclear Research (INR) will soon receive five LEU fuel
clusters, M. Ciocanescu3 proposed the core configuration shown in Fig. 10 for their use.
Following the procedures and methods discussed earlier, three-dimensional non-equilibrium
REBUS-3 burnup calculations were carried out for this core configuration. The results of these
calculations are illustrated in Fig. 11. They were done with the 8-group cross sections for an
average fuel temperature of 227 OC at 14 MW. The sudden initial drop in reactivity in Fig. 11 is
the result of the rapid buildup of equilibrium xenon. Figure 11 shows that if no changes other
than burnup occur during the total bum cycle, the five LEU elements are expected to extend the
SSR core lifetime by about 250 full-power (14 MW) days. Nearly the same result is obtained if
control rods 1 and 2 are fully withdrawn while the others are bariked together and adjusted to near
critical throughout the burn cycle. Although the caiculation has not been performed, some
improvement in lifetime would be expected if the total bum cycle were divided into a few shorter
cycles with the fuel shuffled between cycles so that elements of minimum burnup would be
located in positions of maximum worth.

Within a year the Institute for Nuclear Research is expected to receive a shipment of 14
additional LEU fuel elements from General Atomics for use in the SSR. When these elements
arrive, M. Ciocanescu proposes to reconfigure the core from the 35-cluster arrangement shown in
Fig. 10 to the more standard 29-ciuster configuration described in Fig. 12. Beginning with atom
densities corresponding to 20C FPD's of operation of the Fig. 10 core, the results of
three-dimensional calcularions for the lifetime of the 29-cluster core are summarized in Fig. 13.
Clearly evident from this figure is the dramatic improvement in the core lifetime which results if
after each subcycle of 126 FPD's the reactor is shutdown for 7 days and the fuel shuffled in a way
so that, at least approximately, the least bumed clusters are located in positions of maximum
worth and visa versa. Figure 13 shows that by such a procedure the core lifetime is extended
from about 310 FPD's without fuel shuffling to about 560 FPD's with shuffling. How the fuel
elements were shuffled from cycle to cycle is indicated in Tatle 7. The final axially-averaged
burnup status for each of the HEJ and LEU fuel clusters after 546 FPD's of operation of the last
core (Fig. 12) is summarized in Table 8. Peak axial 235y burnups are estimated to be as high as
94% for the HEU and 47% for the LEU fuel.

CONCLUSION

The 14-MW TRIGA research reactor in Pitesti, Romania, has been shutdown because the
fuel is too highly bumed to continue operations. However, 125 unirradiated LEU fuel pins for
five clusters have been shipped te the reactor site to allow the SSR to resume activities for which
it was intended. Based on neutronic methods tested against known SSR critical configurations,
the five LEU clusters located in Ligh worth positions in a 35-element core should allow the SSR
to operate up to 250 full-power days. This will allow the time needed by General Atomics to
fabricate fuel pins for 14 additional LEU clusters. Returning to the standard 29-cluster
configuration but with a mixed HEU/LEU core with 19 LEU bundles, our calculations show that
by periodically reshuffling the fuel the SSR could operate for an additional S60 full power days.
At this time new fuel will be needed. However, some additional operation time may be possible
by expanding the core from 29 t 35 fuel elements, although no calculations of this nature have
been undenaken.
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Before the SSR will resume operations at full power with mixed HEU/LEU cores, important
safety-related measurements will be made at low power. These measurements are designed to
assure that at 14 MW operation no fuel pin will have a maximum temperature exceeding 7509C
and that adequate shutdown margins are always available. This temperature limit for the safe
operation of the TRIGA fuel under steady state conditions has been set by General Atomics!0
and is a conservative limit based upon radiation and fission-product-pressure-induced swelling of
the erbium-uranium-zirconium hydride matrix. In addition to the experimental studies, numerous
safety parameters (power peaking factors, temperature coefficients, control rod worths, shutdown
margins, and kinetic parameters) are being calculated and thermal hydraulic studies will be
undertaken as part of an ANIL/INR joint study program.

After a shutdown period of two vears, full power operation of the SSR is expected to resume
in the near future with a mixed HEU/LEU core configuration.
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TABLE 1. SSR HEU FUEL CLUSTER EXPOSURES AND

U-235 BURNUPS

(BASED ON GAMMA-SCANNMING MEASUREMENTS)

Fuel Cluster MWD’s Exposure % U-235 Burnup
H11 4395 62.4
HOS 479 60.4
H25 475 59.9
HO1 464 58.6
HO4 460 58.0
HO7 453 57.3
H13 453 57.2
H23 448 56.6
H22 447 56.5
H21 444 56.2
HOo2 440 55.6
H12 438 55.4
H18 433 54.8
H24 433 547
H26 431 54.6
HO3 431 54.5
H17 428 54.1
H27 427 54.0
H29 426 53.9
H19 426 53.8
HO8 425 53.8
H15 422 53.4
H10 422 53.4
H20 418 52.9
H28 416 52.7
HO6 411 52.0
HQ9 406 51.5
H16 399 50.5
H14 393 49.8
H31 246 31.4
H30 245 31.3
H32 195 249
H35 35 4.5
H34 33 4.2
H33 29 3.7




TABLE 2. SSR TRIGA FUEL PIN LOADINGS
(Before Alloy Formation and Subsequent Hydration)

Element/iisotope | 3% HEU Clusters 5 LEU Clusters 14 LEU Clusters
Wt % Wt % Wt %
u 10.0 45.0 45.0
234 1.00 0.15 0.15
235 93.09 19.79 19.7
236 0.43 0.25 0.25
238 5.48 79.81 79.9
Er 2.8 1.1 1.3
162 0.14 0.14 0.14
164 1.58 1.58 1.58
166 33.33 33.33 33.33
167 22.90 22.90 22.90
163 26.91 26.91 26.91
170 15.14 15.14 15.14
Zr (Balance) 87.2 53.9 53.7
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TABLE 3. ATOM DENSITIES IN FRESH SSR TRIGA FUEL PINS

Element/Isotope

35 HEU Clusters
atoms/barn-cm

5 LEU Clusters
atoms/barn-cm

14 LEU Clusters
atoms/barn-cm

H 5.4867 E-02 4.4714 E-02 4.4700 E-02
C 1.2154 E-03 1.6517 E-03 1.6535 E-03
Zr 3.4747 E-02 2.9201 E-02 2.9111 E-02
Er 6.0841 E-04 3.1719 E-04 3.8436 E-04
166 2.0442 £-04 1.0658 E-04 1.2915 E-04
167 1.3963 E-04 7.2796 E-05 8.8211 E-05
U 1.5455 E-03 9.3621 E-03 9.3723 E-03
234 1.5532 E-05 1.4247 E-05 1.4263 E-05
235 1.4396 E-03 1.8720 E-03 1.8652 E-03
236 6.6680 E-06 2.3543 E-05 2.3569 E-05
238 8.3664 E-05 7.4523 E-03 7.4693 E-03
Pin Density: 6.1522 8.3106 8.3196

(g/cc)




-11-

TABLE 4. BROAD GROUP STRUCTURES

Group Number

Upper Energy of Group (eV)

3-Group Set 8-Group Set
1 1.00000E+07 1.00000E+07
2 5.53084E+03 6.39279E+05
3 1.85539E+00 9.11882E+03
4 1.85539E+00
5 1.16643E+00
6 4.17035E-01
7 1.45728E-01
8

5.69250E-02




TABLE 5. SSR EIGENVALUE COMPARISONS FOR A
29-CLUSTER HEU TRIGA CORE

Quantity VIM-Monte DIF3D-DIFFUSION
Carlo
No.. of Groups: Continous 8 3 8 3
Explicit Shroud Reg.? | Yes -~ No No Yes Yes
K-Efiective: © 1.0306+0.0019 | 1.0427 | 1.0426 - 1.0300 | 1.0360 |

TABLE 6. SSR EIGENVALUES AND EXCESS REACTIVITIES
FOR ROOM-TEMPERATURE, FRESH FUEL,

HEU CRITICALS

QUANTITY 17-CLUSTER CORE 29-CLIUSTER CORE
Kett (C) 1.0103 1.0597
K (E) 1.0101 1.0576

P’ excess (C) $1.45 $8.05

P oxcess. (E) $1.43 $7.78

Note: Results are based on: B,,=0.007 (Ref. 10).




TABLE 7. FUEL SHUFFLING FOR THE 29-CLUSTER SSR
CORE BEGINNING WITH 14 UNIRRADIATED LEU
TRIGA ELEMENTS

Grid | Figure 10 | Fuel Cluster Location for Each 126 FPD Subcycle
‘ Location : Care + Cycle1 | Cycle2 | Cycle3 | Cycle4 | Cycle5
D4 H16 Ha7 H21 H30 HO1 HO1
D5 Log H22 H23 H22 H25 Ho5
D8 Log H23 Ho7 H23 H31 H31
D9 H23 H21 H22 H21 H11 H11
E3 H28 H33 H34 H35 H33 H33
ES Lo7 Lo2 Lo3 L03 Lo2 Lo3
ES L06 H35 H32 H32 H32 H32
E10 L10 H32 H30 Ho7 | HOS H25
F4 L11 L17 L06 Loe | Lt4 Los
F5 Lo4 L1 L14 L13 | Lo7 L16
F& H32 L14 11 | L7 | Li2 L14
F7 H30 L18 Loz | L7 | L10 L18
F8 Lo5 LO5 Lo4 | LO5 L03 Lot
F9 L12 H34 H33 H34 | H35 H35
G3 H14 Lo4 LO5 Lo4 | LeCE Lo4
G4 L13 L13 L12 Lte | Los L19
G6& H33 Lo& L17 Lo | L18 L12
GS Li6 LO3 Lo2 Lo2 Lo4 Loz
G10 L14 H31 H31 [ H31 | HO4 Ho4
H4 L15 L16 Los | Li9 | L13 L11
H5 Lo3 LO7 Lt | L1t | L17 L13
H6 H34 LO8 L19 L14 | LO8 L15
H7 H31 L10 L15 2 | L9 L10
H8 H35 L15 L10 Los | Li5 LO6
H9 L18 H30 H35 H33 | H34 H34
14 L17 L19 Lo8 L18 L11 L17
6 Lo2 L09 L16 L15 LO6 Log
17 LO1 L12 L13 LOg L16 Lo7
19 L1g LO1 LO1 LO1 LO1 LO5
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TABLE 8. FINAL BURNUP STATUS OF THE SSR FUEL FOLLOWING
546 FPD’S OPERATION OF THE FIG. 12 CORE

HEU Fuel LEU Fuel
Cluster % U-235 Burnup Cluster % U-235 Burnup
HO1 ’ 63.0 LO1 “ 32.8
HCc2 60.0 Lo2 | 35.4
HO3 59.2 L03 | 34.7
HOo4 62.8 L0o4 34.1
HO5 67.1 | LoS | 35.9
Ho6 ‘ 60.1 06 \ 31.5
HO7 65.0 Lo7 31.7
Ho8 59.5 LO8 ; 31.8
HO9 60.6 LOg 30.9
H10 69.4 L10 : 33.0
H11 65.1 L11 31.1
H12 60.4 Li12 32.1
H13 60.2 L13 j 31.1
H14 : 58.8 L4 31.5
H15 59.1 , L15 ‘ 325
H16 ‘ 60.6 L16 31.0
H17 60.4 L17 32.3
H18 59.4 L18 32.3
H19 60.6 ‘ L1g 31.4
H20 59.2
H21 69.2
H22 68.0
H23 73.9
H24 62.3
H25 63.8
H26 59.3
H27 62.7
H28 61.2
H23 62.6
H30 60.1
H31 63.1
H32 60.1
H33 46.8
H34 47.6
H35 43.9
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SSR CURRENT CORE CONFIGURATION
(35 HEU Fuel Clusters)

Grid
Index: — J | H G F E D

Pool 7

n

Pool

CR = Control rod assemblies

AL6 = Experiment loop with 6 Candu fuel elements
C-1 = C1 type capsule with 1 Candu fuel element
H,O = Water hale

HO1 = HEU fuel cluster

FIGURE1
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SSR GRID LOCATIONS FOR THE INITIAL CORE LOADING SEQUENCE

NEAR CRITICAL CONFIGURATION
N\

H,O REFLECTOR

ALL EXPERIMENT LOCATIONS (XL-1, 2, 3; XC-1, 2, 3;
AND THE HOLES IN THE BERYLLIUM REFLECTOR) ARE FILLED WITH WATER

FIGURE 2
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SSR BURNUP-DEPENDENT ATOM DENSITIES IN HI'U "'ULL
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AXIAL BURNUP DISTRIBUTION IN SER HEU FUEL PINS
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PROPOSED SSR CORE CONFIGURATION
WITH 5 FRESH LEU AND 30 BURNED HEU FUEL CLUSTERS

- T
Grid
Index: — J | H G F E D C

Pool 7 Pool

CR = Control rod assemblies

AL6 = Experiment loop with 6 Candu fuel elements
C-1 = C1 type capsule with 1 Candu fuel element
H,O = Water hole

LO1 = LEU fuel cluster

FIGURE 10
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PROPOSED SSR CORE CONFIGURATION WITH 14 FRESH LEU,
5 BURNED LEU, AND 10 BURNED HEU FUEL CLUSTERS

Grid
Index: —
5
11
1.0
9
8
~ Poal 7
6:
5
4
3
5
CR = Control rod assemblies
ALS = Experiment loop with 6 Candu fuel elements
C-1=C-2 = C1 type capsule with 1 Candu fuel element
H,O = Water hole:
H30 = HEU fuel cluster
L19 = LEU fuel cluster

FIGURE 12
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14 MW SSR FIG. 12 CORE WITH CONTROL RODS WITHDRAWN
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