
A paper to be presented at the 7th International Meeting On Nuclear Reactor Thermal- 
Hydraulics in Saraioga Springs, NY, September 10-15, 1995 

e 

ASSESSMENT OF THE SE2-ANL CODE 
USING EBR-11 TEMPERATURE MEASUREMENTS 

W. S. Yang and A. M. Yacout 

Reactor Analysis Division 
Argonne National Laboratory 

9700 South Cass Avenue 
Argonne, IL 60439 

(708) 252-5490 

or wroduce  the published form of this 
contribution, or allow others to do 8, for 
U. S. Government purpores. 

DISCLAIMER 

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

~ - ~ _ _ _ ~  * Work supportedby the U.S.- Department of Energy, Nuclear Energy Programs under 
Contract W-3 1-109-ENG-38. 

4 



DISCLAIMER 

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

I 



- 1 -  

ASSESSMENT OF THE SE2-ANL CODE 
USING EBR-I1 TEMPERATURE MEASUREMENTS 

W. S. Yang and A. M. Yacout 
Reactor Analysis Division 

Argonne National Laboratory 
Argonne, Illinois 60439 

Abstract 

The SE2-ANL code'is a modified version of the SUPEWNERGY-2 code [l]. This code is 
used at Argonne National Laboratory (ANL) to compute the core-wide temperature profiles in 
Liquid Metal Reactor (LMR) cores. The accuracy of this code has recently been tested by com- 
paring the prcdicted temperatures with measured values in the Experimental Breeder Reactor II 
(EBR-II). The detailed temperature distributions in two experimental subassemblies and the 
mixed mean subassembly outlet temperatures were used in this validation study. The SE2-ANL 
predictions were found to agree well with measured values. It.was also found that SE2-ANL 
yields results with accuracy comparable to the more detailed COBRA-WC [2] calculations at 
much lower computational cost. 

I. Introduction 

The SE2-ANL code is used at ANL to compute the core-wide temperature profiles in 
LMR core geometries for a given flow distribution and to determine the assembly flow rates 
yielding a desired (assembly-wise) peak temperature distribution. SE2-ANL is a modified version 
of the SUPERENERGY-2 thermal-hydraulic code, which is a multi-assembly, steady-state sub- 
channel analysis code based on the simplified energy equation mixing model [3]. At Argonne, the 
SUPERENERGY-2 code was interfaced with ANL heating calculations [4]. Reactor hot spot 
analysis methods as well as fuel and cladding temperature calculation models were added-to this 
code. An orificing scheme was also incorporated in SUPERENERGY-2 in order to determine the 
coolant flow rates that yield a desired peak temperature distribution. These modifications to the 
SUPERENERGY-2 code led to the SE2-ANL code. 

The accuracy of the SE2-ANL code has recently been tested by comparing the predicted 
temperatures with measured values in EBR-11, which is a small sodium cooled fast reactor system 
with a nominal power rating of 62.5 MWt. The three-dimensional sodium temperature distribu- 
tions within two experimental subassemblies were calculated and compared to the values mea- 
sured by thermal expansion difference temperature monitors (TED'S) installed in these 
subassemblies. The sodium temperature distributions predicted by SE2-ANL for the experimental 
subassemblies were also compared with the results obtained by the COBRA-WC code which in- 
cludes more detailed thermal hydraulics models. 
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Subassembly outlet temperatures were also calculated for three reactor runs and compared 
with recorded plant data for 21 coolant outlet thermocouples installed in the upper plenum. The 
effects of interassembly heat transfer on the subassembly outlet temperatures were also studied by 
comparing the SEZANL results with the temperatures determined with an adiabatic treatment. 

In this paper, the results of this validation study of the SE2-ANL, code is presented. Sec. II 
briefly describes the main characteristics of the EBR-II. Sec. III discusses the overall computa- 
tional procedures and methods. The comparisons between the predicted and the measured temper- 
atures are made in Sec. W. Finally, a summary of the .work and conclusions are provided in the 
last section. 

11. Characteristics of EBR-I1 

EBR-II is a small sodium cooled fast reactor system with a nominal power rating of 62.5 
MWt. There are 637 subassemblies arranged in 16 rows of hexagonal rings within the reactor ves- 
sel. The core loadings in EBR-II are quite heterogeneous, consisting of various types of subas- 
semblies with distinctly different hydraulic characteristics. As shown in Fig. 1 for a reactor cycle 
(Run 163A), a typical core loading consists mainly of drivers plus a few structural or experimen- 
tal test subassemblies in the first seven rows, followed by three rows of stainless steel reflector 
subassemblies in Rows 8 through 10, which are surrounded by depleted uranium blanket subas- 
semblies in Rows 11 through 16. Often a few stainless steel dummy subassemblies are also loaded 
in the blanket regions. 

The subassembly positions within the reactor grid are designated by row, sector, and posi- 
tion within the row. The rows are numbered radially outward'fi-om the center. The grid is divided 
into six sectors which are identified as A through F as shown in Fig. 1. The position number in 
each sector of each row increases clockwise starting from the dividing line of each sector. The 
central position is identified as 1Al. 

The pitch of each hexagonal subassembly is 2.32 inches and the effective core radius is 
approximately 12 inches. The active length of the cold, unirradiated driver fuel is 13.5 inches. 
There is a plenum directly above the core and a lower axial reflector directly below the core. An 
upper axial reflector is located above the plenum. The active length of the depleted uranium blan- 
ket is 55 inches. The stainless steel reflector subassembly consists of hexagonal .prism stainless 
steel blocks and is 61.42 inches long. 

The core cgntains two safety rods in Row 3 and eight to ten control rods in Row 5. All 
control rods are specially manufactured fuel subassemblies, and they reside in the core in normal 
reactor operating conditions. Control rods are withdrawn from the core to remove reactivity and 
shut down the reactor. In a typical core, there is only one "normal" control rod in Row 5; the other 
rods are High-Worth Control Rods (HWCRs). The HWCRs contain B& followers that are locat- 
ed above the core in the rods-inserted position. ~ ' 

The primary sodium is drawn from the primary tank and circulated through the system by 
two main centrifugal pumps. The discharge from each pump exits into a main pipe where it is di- 
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vided into high and low-pressure streams. High-pressure sodium is piped from each pump outlet 
directly to the high-pressure inlets of the reactor grid plenum assembly, where it flows upward 
through the core region subassemblies in rows 1 through 7. The remaining sodium from each 
pump discharge is routed through a branch line equipped with a throttle valve, and this low-pres- 
sure coolant is then fed to the low-pressure plenum. From there, it flows upward through the sub- 
assemblies in rows 8 through 16. The high- and low-pressure streams merge in the outlet plenum 
as they come out of the top of the subassemblies. The mixed coolant exits from the reactor vessel 
through a 14-inch nozzle in the side near the top of the reactor vessel. It then flows through the 
electromagnetic auxiliary pump and enters the shell side of the heat exchanger, is cooled to 
-370" C , and returns to the primary tank. 

III. Computational Methods 

For a given combination of mass flow rate, linear heat generation rate, and axial and radial 
power profiles for each assembly, SE2-ANL calculates detailed core-wide coolant temperature 
profiles based on the subchannel analysis method and the simplified energy equation mixing mod- 
el [3]. Thus, coupled heating, flow, and temperature calculations need to be performed in order to 
compute the temperature distribution. This section-briefly describes the computational methods 
and procedures of these coupled calculations. 

A. Heating Calculation 

The heating calculations were done with coupled neutron and gamma heating calculations 
[4] based on three-dimensional full core models which explicitly modeled each hexagonal subas- 
sembly through row 16. An additional row of hexagons (Row 17) was included in this model to ~ 

represent the sodium pool. Each subassembly was radially homogenized into the following axial 
regions: lower axial reflector, lower grid plate, lower core, middle core,.upper core, fission gas 
p1enum;upper grid, and upper axial reflector. Using this reactor model, the neutron and photon 
fluxes were calculated by multigroup diffusion theory. 

The coupled neutron and photon heating calculation is done in several steps. The neutron 
flux is first calculated using the finite difference triangular-z option of the DIF3D code [5]. This 
neuron flux is next used by the GAMSOR code to compute the photon source. The gamma flux is 
then calculated with this gamma source by using the finite difference triangular-z option of the 
DIF3D code once more. Using these neutron and gamma fluxes as well as the respective energy- 
deposition conversion factors [4], the neutron, photon, and total heating rate densities are calcu- 
lated. 

' Two different methods were used in calculating the pin power distributions within each 
subassembly for the sodium outlet temperature and the TED temperature calculations. For the so- 
dium outlet temperature analysis, they were .determined by the low-order polynomial interpola- 
tion scheme implemented in SE2-ANL. On the other hand, for the analyses of the spatially more 
detailed TED experiments, they were calculated with the RCT code [6] to take into account the 
different types of pins constituting a subassembly and the intra-assembly burnup gradients. 
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B . Flow Calculation 

The flow rate of each subassembly was calculated using the EBRFLOW code [7]. This 
code is based on simple balances of flow rates and pressure drops in the EBR-11 primary system, 
and on suitable input information from flow-modeling studies and engineering estimates of the 
leakage flow rates. The hydraulic characteristic of each subassembly is represented by a power- 
law relationship of the type AP = KQ", where AP is the total pressure drop across the subas- 
sembly, Q is the flow rate through the subassembly, K is a dimensional constant, and n is a di- 
mensionless exponent. The flow coefficients K and n are determined by calibrating the 
experimental data obtained from water and gas flow tests conducted on subassembly models or 
the actual subassemblies. The data from water and gas flow tests are scaled to sodium flow, at 
427 O C , through similarity principles. 

The flow partition between the high- and low-pressure plenums are calculated by conserv- 
ing the total flow rate and the total pressure drop through the two parallel flow paths between each 
pump discharge and the outlet plenum. The flow rates through the individual subassemblies are 
also determined with the equal pressure drop across each subassembly. In order to account for the 
radial pressure gradients existing in the high pressure inlet plenum, the experimentally determined 
effective pressure drop fractions are applied to the subassemblies in the high-pressure plenum [7]. 

C. Temuerature Calculation 

The SE2-ANL, calculations were performed using the power distributions and subassem- 
bly flow rates determined by the above procedures. A full core model was used in these SE2-ANL 
calculations for the sodium outlet temperature analysis, whereas a seven subassembly model con- 
sisting of the subassembly of interest and its six neighboring subassemblies was employed for the 
analyses of TED experiments. 

SE2-ANL, calculates detailed core-wide coolant temperature profiles based on the sub- 
channel analysis method and the simplified energy equation mixing model. The energy model is 
based on solving the energy equations for the coolant temperatures without explicitly solving the 
momentum and continuity equations. The momentum coupling between coolant channels is indi- 
rectly taken into account using enhanced eddy diffisivity and the swirl velocity ratio.[3] The der- 
ivation of the model starts by dividing the rod array of an LMR subassembly into two 
predominant regions, the central and wall regions, and by assuming characteristic flows in each 
region. Energy transport equations are then derived based on four parameters: two -axial velocities 
in the central and wall regions, one circumferential velocity in the wall region, and one enhanced 
eddy diffusivity for heat. The resulting equation for each subchannel accounts for axial convec- 
tion, lateral heat exchange with neighboring subchannels due to conduction and wire-wrap sweep- 
ing flows (represented by an enhanced eddy diffusivity for heat), and volumetric heat source. For 
the subchannels in the wall region, two terms are added to the equation to account for the lateral 
convection due to circumferential swirl flow and the heat transfer from the duct wall. 

In order to couple flow channels on either side of a duct wall, a one-dimensional resistance 
model is employed by ignoring axial and azimuthal conductions inside a duct wall. The bypass re- 
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gion of the double-ducted assembly is assumed to have no circumferential swirl flow, and inter 
nodal mixing within the bypass gap is assumed to occur by conduction only. The interassembly 
coupling is achieved by either a flowing interassembly gap or a resistance coupling.[l] In the 
flowing gap model, the interassembly gap flow is treated in a similar way as the bypass flow of 
double-ducted assembly, and the gap channels couple with the neighboring assemblies through 
the adjacent duct walls. In the resistance model, the interassembly gap sodium is considered to be 
stagnant, and a one-dimensional resistance model is used. 

The four parameters involved in the energy equations are obtained based on experimental- 
ly determined correlations. For a particular total flow rate, the two axial velocities in the central 
and wall regions are obtained from the flow split correlations determined by hydraulic diameter 
flow analysis of Novendstern [SI and experimental data. The flow velocity split is correlated as a 
function of subchannel equivalent diameters. The circumferential swirl velocity in the wall region 
is also determined using a correlation for the ratio of the transverse swirl velocity to the average * 

axial velocity. The enhanced eddy diffisivity for heat is obtained from a correlation for the di- 
mensionless enhanced eddy diffusivity. Both the ratio of the transverse swirl velocity to the aver- 
age axial velocity and the dimensionless enhanced eddy diffusivity are correlated as functions of 
subchannel geometry only. The correlation functions in Ref. 10 were employed in the analysis of 
TED experiments, while those in Ref. 9 were used in the sodium outlet temperature analysis. 

IV. Comparison of Calculations with Measured Data 

A. TED Experiments 

The experimental subassemblies X494 and X495 were irradiated in the EBR-II during 
Run 152D. The subassemblies X494 and X495 were located in grid positions 4C2 and 6C4; re- 
spectively. Each of these subassemblies is a 61 pin .driver subassembly that contains 11 dummy 
pins. The positions of these dummy pins in the subassembly are. shown in Fig. 2 (the positions are 
the same for X494 and X495). The sodium temperature distributions within these subassemblies 
were measured using TED's mounted in the dummy pins. 

. 

Each TED consists of a stainless steel or Inconel capsule filled with sodium. As the sodi- 
um in the reactor passes around a TED, the sodium within the TED and its material expand. Since 
the thermal expansion of the two materials is different, a permanent plastic deformation into the 
capsule's material will appear. This deformation is correlated with temperature, and gives an aver- 
age value for the sodium temperature over the length of the TED. Fig. 3 shows a MK-III dummy 
element which is used in this study. Each dummy pin contains three 1-inch long TED's which are 
located at the center of core, the top of core, and the top of the fuel element. The measured tem- 
perature is the peak temperature that TED experiences during a reactor cycle. 

Table I shows the temperatures collected from the two experiments. Each temperature rep- 
resents the average value over the one inch length of a TED. The data for the pins 31 and 61 in 
X494 were not used in this study, since they showed unreasonably large deviations from their 
counterparts in X495 and from the other pins close to them. For example, the TED at the core cen- 
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ter location of pin 3 1 in X494 has a temperature -60 "C higher than the corresponding TED in 
X495, while the maximum difference between any other two corresponding TED'S at the core 
center location is -21 "C. 

SE2-ANL calculations were performed for the two experiments. The SE2-ANL results 
were compared with the measurements. The deviation between the calculated and measured tem- 
peratures are shown in Table 11. The maximum deviation was -15°C for X494 and -20°C for 
X495. The root mean square deviation was -8°C for both subassemblies. The relative maximum 
deviation was -3% for X494 and -5% for X495, and the relative root mean square deviation was 
-2% for both subassemblies. 

The accuracy of the thermal hydraulics computational methods of SE2-ANL was also test- 
ed by repeating the same calculations using the COBRA-WC code [2] which includes more de- 
tailed thermal hydraulics models. The maximum difference between COBRA-WC predictions 
and measurements was -18°C for both subassemblies, and the root mean square difference was 
-8 "C for X494 and -6°C for X495. The maximum difference between SE2-ANL and COBRA- 
WC predictions was -8°C for X494 and -13°C for X495, and the root mean square difference 
was -4°C for X494 and -6°C for X495 as shown in Table III. These comparison results show 
that the accuracy of SE2-ANL is comparable to that of the COBRA-WC code, which is about fifty 
times slower than SE2-ANL. 

B. Subassembly Outlet Temperatures 

In EBR-II, coolant outlet thermocouples are installed on the underside of the reactor ves- 
sel top cover. The thermocouple sensors are located one quarter inch above the subassembly out- 
let. They had initially been installed for 26 selected subassembly positions, but only 21 of them 
are currently functioning. These thermocouples monitor the sodium temperatures exiting from the 
subassemblies in the reactor. The mixed mean subassembly outlet temperatures were calculated 
for three reactor runs (Runs 163A, 164A, and 165A) by SE2-ANL and compared with the record- 
ed plant data for these coolant outlet thermocouples. 

Since SE2-ANL is applicable only to forced-convection turbulent flow conditions and the 
wire-wrapped pin bundle geometries, several modeling approximations were made in this analy- 
sis. First, the axial heterogeneity of each subassembly was neglected by extending its pin geome- 
try from the bottom to the top of the subassembly. Second, potential buoyancy effects in the 
stainless steel rod outer blankets were neglected. Finally, wire wraps of near zero (0.001 inch) di- 
ameter were artificially introduced to the subassemblies composed of bare rods. These approxi- 
mations were tested by performing sensitivity studies and found to have little effect on computed 
values for the mixed mean subassembly outlet temperature. 

Table IV shows the measured sodium outlet temperatures and the deviations of the SE2- 
ANL results from the measured values. Excluding the four subassemblies in grid positions 2B 1, 
7A3,7D4, and 16E9, the root mean square deviation between the calculated and measured tem- 
peratures was -6"C, and the maximum deviation was -12°C. The difference in the subassembly 
coolant temperature increment above inlet between SE2-ANL and measurement is thus within 
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- 10% of the measured temperature increment. Considering -10% uncertainties in subassembly 
power and flow rate, this deviation is well within 1-0 uncertainty of the calculated temperature 
increment. 

The unreasonably large deviations between calculated and measured outlet temperatures 
observed in the aforementioned four subassemblies appear to be due to either biased thermocou- 
ple readings or pronounced flow mixing effects. The thermocouples for the subassemblies 2B1, 
7A3, and 7D4 are believed to be biased based on the inconsistency of the thermocouple readings 
with the power-to-flow balances. As an example, consider the calculated and measured outlet 
temperatures, as well as the calculated power-to-flow ratios, shown in Fig. 4 for the subassembly 
in position 2B 1 and its six surrounding subassemblies in Run 163A. The subassembly in position 
2B 1 is a nonfueled experimental subassembly, whereas its neighboring subassemblies are fueled 
ones. The calculated power-to-flow ratio of this subassembly is only 28 to 37% of the correspond- 
ing ratios of its neighboring subassemblies. Hence the outlet temperature of this subassembly is 
expected to be lower than the neighboring subassembly outlet temperatures, as predicted with 
SE2-ANL. However, the measured temperatures indicate that this subassembly is hotter than the 
neighboring ones. Similar results were obtained for Runs 164A and 165A. Consequently, these 
contradictory results suggest that the coolant outlet thermocouple for the subassembly position 
2B 1 is either malfunctioning or systematically biased. 

The subassembly 16E9 is located in the part of the region where the flow baffle has its 90" 
opening. In this 90" opening region of the flow baffle, the coolant from the high pressure plenum 
region flows to the outer annulus between the inner and outer shells of the reactor vessel through 
the upper portion of the plenum, while the relatively low-temperature coolant from the low pres- 
sure plenum region.exits to the outer annulus through the lower portion of the plenum. Hence it is 
very likely that the thermocouple for the subassembly position 16E9 is affected by the coolant 
flowing outward from the low pressure plenum region. In fact, the measured temperature for the 
subassembly in 16E9 are closer for each run to the calculated low pressure plenum average outlet 
temperatures than to the outlet temperature of the subassembly in 16E9 itself. 

The effects of interassembly heat transfer on the subassembly outlet temperatures were 
also studied by comparing the SE2-ANL results with those determined with an adiabatic treat- 
ment. The SE2-ANL code generally gave better agreement with the measurement than adiabatic 
temperatures, especially for those subassemblies where interassembly heat transfer is relatively 
important. The interassembly heat transfer considered in SE2-ANL calculations reduced the out- 
let temperature of the hottest subassembly in the core and blanket region by -17 to 40°C. The 
structural subassemblies embedded in the core region showed the largest interassembly heat 
transfer effect. The outlet temperature underprediction in these structural subassemblies due to 
neglecting interassembly heat transfer was as large as 50" C. Most of the experimental subassem- 
blies also showed a large discrepancy in subassembly outlet temperatures predicted by SE2-ANL 
and with an adiabatic treatment. The largest temperature difference in fueled experimental subas- 
semblies was -36°C. On the other hand, the interassembly heat transfer effects on the driver sub- 
assemblies were observed to be small, with the temperature overprediction in driver 
subassemblies due to neglecting interassembly heat transfer being at most 6" C . 
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V. Conclusions 

Comparisons have been made between SE2-ANL estimates and measurements for the so- 
dium temperature distributions within subassemblies and the mixed mean subassembly outlet 
temperatures. All the comparisons made in this study indicate reasonably good agreement be- 
tween the SE2-ANL and the measurement. In addition, the code yields results with accuracy com- 
parable to the more detailed COBRA-WC calculations at much lower computational cost. It was 
also observed that interassembly heat transfer needs to be considered even in computing the sub- 
assembly-average quantities such as mixed mean outlet temperatures. In conclusion, the valida- 
tion studies summarized in this paper show that the SE2-ANL code can be used to perform 
accurate core-wide steady-state thermal hydraulics calculations with low computational cost. 
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Table I. Measured Temperatures ("C) for Subassemblies X494 and X495 

Pin No. 

5 

7 

19 

24 

~~~~ ~ 

Subassembly X494 I Subassembly X495 

Core Core Element Core Core 
Center TOP TOP Center TOP 

409 459 467 418 475 

418 475 471 439 484 

403 442 456 400 452 

426 488 488 436 498 

Element 
TOP 

479 

485 

464 

508 



Table XI. Deviations of SE2-ANL Computed Subchannel Sodium Temperatures ("C) from Measured Values 

Row No. Pin No. 

1 -  1 1 31 

Root Mean Square 

5 

7.8 8.5 

I Column Average 

Core 
Center 

-0.8 

5.8 

1.9 

5.1 

1 .o 
-5.9 

-1.7 

10.2 

-14.5 

0.2 

Subassembly X494 Subassembly X495 

Core Element Row Core Core Element 
TOP Top Average Center TOP TOP 

I I I 1.8 I -1.4 I 0.3 

-2.3 
-0.3 -2.0 

~~~ ~~ 

-4.4 1.1 -9.0 0.2 0.3 

-14.7 -11.3 -9.6 -17.7 -11.3 -5.1 
-13.0 -3.8 -0.5 -1.8 6.5 

-11.0 -9.1 -6.3 -16.0 -7.7 

13.3 7.3 19.7 16.7 12.8 -1.5 
-4.1 -4.2 -10.4 -4.6 -1.4 

5.4 4.1 5.8 

-5.5 , -3.5 , , -0.9 , -2.1 , 0.4 

Row 
Average 

0.2 

-0.5 

-4.8 

1.5 

I 
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Table ID. Deviations Between SE2-ANL and COBRA-WC Predictions of Subchannel 
Sodium Temperatures ("C) 

Subassembly X494 I Subassembly X495 
Pin No. 

E; I El;:;t I Core 
Center 

-2.1 

E; 1 El;.., I 
-4.2 -1.4 

Row No. 

1 

Core 
Center 

31 

24 -6.9 -6.1 I -4.4 I -5.6 -11.5 I -8.2 I 
29 0.3 -2.0 -0.6 I 2.8 I 3 
48 -0.2 0.3 -3.1 I -0.7 I 
7 -1.0 -6.5 -1.9 

-11.0 -8.5 

0.5 -2.9 

-3.5 -6.3 

-2.7 

-5.8 34 -2.9 4 
53 -0.9 -4.1 1.7 2.6 

1.8 -3.3 

-2.1 1.7 

0.3 -0.2 5 2.7 5.7 

19 4.1 7.7 I 8.4 I 6.9 12.9 I 12.8 I 5 
44 3.3 2.6 I 0.2 I 0.7 

61 I 2.1 

Root Mean Square 
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Table IV. Deviations of SE2-ANL Computed Subassembly Mixed Mean Outlet 
Temperatures ( O  C) from Measured Values 

16E9 433.4 -48.1 430.5 -45.2 428.7 -43.3 

Measured Sodium Outlet Temperature 
Calculated Temperature - Measured Temperature 

-,., ... ,.. . . . ,. , p-- ._T_._ ~ .. ,.., . -. ., . . . *-?-----. ,. . ’ 
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B 

E 

0 MK-IIIDriver Structural Assembly 
~~-11cont ro1  0 Radial Reflector 
Safety Rod I@ Experimental Assembly 
Radial Blanket 

Fig. 1. Core Loading Diagram for EBR-11 Run 163A 
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Fig. 2. Position of the 3 TED Dummy Elements in Subassemblies X494 and X495 

TOP OF CORE 

ALL DIMENSIONS IN inches 

Fig. 3. MK-IIIA 3 TED Dummy Element Design 
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MK-IIIA MK-B7A MK-D61 
476.9 442.7 

I m-m. SIA Position 
SIA Type 

PowerFlow 

.MK-D61 
450.1 ' 455.7 ' ; 
6.07 6/25; .: c 

458.2 

7.18 1.99 

Fig. 4. Calculated and Measured Outlet Temperatures ('0 of Subassembly 2B 1 (Run 163A) 

5.45 


