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A loss-of-flow (LOF) accident of increasing interest in current LMFBR
safety studies is a total loss of pumping power coupled with a failure of the
reactor shutdown system (RSS). Another accident of current interest is a
loss-of-heat sink for the primary system without involving the RSS. Both
types of transients are included in the Shutdown Heat Removal Tests (SHRT)
presently being conducted in the Experimental Breeder Reactor II (EBR-II). An
initial series of tests in EBR-II was successfully completed in June of 1984
which included investigation of the inherent reactivity feedback characteris-
tics. In these tests, the reactor was perturbed at various power levels by
independent variations in primary flow and reactor inlet temperature and the
reactor power and temperature response were measured. The reactor and balance
of plant are extensively instrumented and measurements were recorded on a data
acquisition system. The results show that the plant responds safely without
any external control and confirm that the effects of reduced primary flow or
reduced heat rejection are mitigated. More specifically, the data provide a
basis for model validation and confidence in predictions of an upcoming series
of unprotected LOF and loss-of-heat sink tesJ;s. In this paper, the pretest
predictions, measured results, and posttest analyses are described in detail.
Finally, the application of this feedback model to future EBR-II core loadings
and implications for other LMFBR1s are discussed.

Certain features of the EBR-II will first be mentioned which are very
important in assessing the impact of unprotected LOF transients on core tem-
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peratures. It should be noted that a total loss of station power causes both
primary and secondary flow systems to coast down simultaneously and also re-
sults in a slowly changing reactor inlet temperature. Other important fea-
tures of the reactor are that it contains uranium metallic fuel in the driver
and depleted natural uranium plus built-up plutonium in the outer blanket. An
intermediate radial zone consists of a stainlrss steel reflector which in-
creases the system reactivity and flattens the medial power distribution. The
EBR-II core configuration exhibits a rapid thermal response of the driver
region during an LOF event in contrast to a slow response of the reflector and
blanket regions. Since the EBR-II is a form of pool-type LMFBR, the dynamic
response of the primary-tank sodium is also wery slow due to its large inven-
tory of sodium. Most of the reactivity feedback is associated with the fast
responding driver fuel; however, a significant amount of feedback can be
driven by temperatures in the reflector region and at the core inlet.

The analytical studies were performed with the aid of the NATDEMO system
code^ ' which provides a neutronic-thermal-hydraulic simulation of the pri-
mary, intermediate, and steam heat transport systems of the EBR-II plant. The
model is shown schematically in Fig. 1. Additional detailed studies of driver
response were done with a coupled thermal-hydraulic code (HOTCHAN) to deter-
mine peak temperatures in the hottest channels as well as to predict the be-
havior of a special subassembly (XXO9) instrumented with thermocouples and two
flowmeters. An important part of the study was designing the tests to have an
adequate dynamic response while not compromising reactor safety. Most of
NATDEMO has been extensively validated with measured data from numerous EBR-II
tests and plant transients. However, additional data were required to confirm
the feedback model for core loadings of the type planned for the jpcoming SHRT
series in 1985.

The NATDEMO reactivity model comprises a total of nine feedbacks. Most
of these effects have been verified by prior rod drop, reactor oscillator, or
ongoing power reactivity decrement test data. The feedbacks are all negative
with the exception of the subassembly bowing component which can vary from
positive to negative, depending upon the particular reactor configuration.
The "linear" (or non-bowing) reactivity components are basically independent
of core loading and are essentially linear with steady-state changes in power.
The Doppler effect, also negative, is very small although the fuel temperature
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(expansion) effect is significant and operates on the same time scale. Host
of the linear effects are proportional to local power/flow ratio and thus are
related essentially to sodium temperatures in the driver, reflector and
blanket zones as well as the lower and upper regions of the axial reflectors.
The feedback model also takes account of changes in the radial grid spacing of
subassemblies which are related to temperature changes at the reactor inlet
plena. Calculations of the magnitude as well as the dynamic response charac-
teristic of bowing have large uncertainties in EBR-II, The results of a pre-
liminary feedback validation study indicate that a positive bowing component
was present for the June 84 loading but that most of the feedback in NATDEMO
is linear and could be left unchanged. Based on the recent test data, the
driving force for bowing was found to be weighted predominately by the driver
with the remainder being driven by the reflector zone. In the final analysis,
we hope to verify that the feedback model is applicable for both types of
disturbances and for the power level range of interest. Since a similar core
loading will be installed for the unprotected LOF test series, the upcoming
tests will be analyzed with the model derived herein, which includes uncer-
tainties on most of the individual components.

Both the reactor flow and inlet temperature change tests were performed
at 25, 50 and 70% of full power, and the initial power/flow ratio was unity in
each case. The flow tests were performed by increasing the primary pump
speeds to specified values, waiting for steady-state conditions to be achiev-
ed, reducing the pump speeds to their initial values and again waiting for
steady-state conditions. The inlet temperature tests varied the bulk sodium
temperature in a time-varying manner similar to that in the flow tests. An
important control objective was essentially achieved such that each disturbing
variable was exclusive of the other. Thus, all of the reactivity effects were
involved in the inlet temperature tests, whereas the feedbacks related to in-
let plena temperature changes were not involved in the flow change tests. For
the latter, the amount of change varied from 20 to 30% of the initial flow
value and, in the inlet temperature tests, the amount of change varied from 8
to 11°C.

As is generally the case in an LMFBR, it was impossible in EBR-II to
devise tests that allow reactivity effects to be directly isolated from one
another. Thus, the reactivity model must be validated in a semi-aggregate
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manner wherein the prompt and delayed effects are analyzed in separate groups.
The contributions within each group can then be determined by theoretical neu-
tronic modeling. This procedure was applied in EBR-II and was challenged pri-
marily by the bowing component because of its apparent non-linearity and in-
termediate rate of response.
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