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-INTRCDUCT-ON O

g oup  eoo=en ed(R M
control rods _n the septlfolls of the reactor be Q_
ented In order to improve the flux shaping. _o

_s .made cf burnout. This memorandum re-examlnes %
problem of or_entatlon of the control rods cons ,_

not only flux shaping but also burnout. OZ il iST/M_IARY

It Is suggested that the central position of each
septifoil contain a cadmium control rod and that these rods
be the first ones removed from the reactor during the start-
up procedure. All of the remaining rods will be in the
peripheral positions° The orientation of the full rods
and the half rods should be changed by 60" on golng from
one ple-shaped segment of the re_ctor to another, thereby
preserving radial symmetry and reducing the flux tilt.

It !s believed that this method of orienting the
control rods, not only gives good control of the flux tilt
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but also provides maximum protection against control rod
burnout. Some minor difficulty for the electricians is
foreseen in obtaining a different orientation in each pie-
shaped segment but once this crlentation has been achieved
it need never be changed.

it is suggested further that the helium bubbler
monitor be instated as the ful!-tlme flow detection system
for septifoil _oolant. This measure will insure that melt-
ing of a control rod cannot occur at power levels attainable
with the Byron-Jackson pumps.

DISCUSSION

I. _iI._UXShaping

Works Technical memorandum (RTM-951) recommends that
the full control rod remaining in the reactor during power
operation be placed in the central channel of the septlfoil.
The two half-rods are to be placed in peripheral c_annels so -"
that the three rods are arranged in a straight llne. This
rod orientation exists in C and R reactors, and has been found
to reduce the flux tilt markedly.

The elimination of flux tilt Is desirable if i_ can
be accomplished without affecting adversely the cooling provided
the control rods. It is believed that this can be accomplished
by placing the active control rods in the peripheral positions
of the septlfoils and orienting the septlfoils in a radially
symmetrical manner.

II. Heat Transfer

The experimental work summarized in DPST-56-136,
simulates the heat generation in 3.5% lithlum-alumlnum control
rods and, specifically, in the full rod which remains in the
septifoil during operation. These data clearly show that the
central channel of the septifoil is most vulnerable to boil-
ing and to burnout. The table below summarizes the reactor
power at which boiling a d burnout will occur in the two types
of septifoil channels unaer two conditions of reduced coolant
flow.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their
employee.s, 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-
enc¢ 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.
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Z_c_5% LI--AI Control Rods

:{eat '?tangler Result of Postulated Flow Condition*
FIow Cond itIon _ _-_ _-_'J_i_}1.a/7,%I _entr.ai 9hanne 1

A. Loss of Ccolan_ __olling at 2h: .MW _oliir_ at 170 MW
to one _ub- Burnout at 13"', MW Burnout at i000 MW
channe i (*'='_,

B. Total loss of Boiling at 240 MW Boiling at lO0 MW
coolant to Burnout at 860 MW Burnout at 340 MW
S-Foil.

* Based on the heat flux at the point of maximum heat generation
in the rod and 80_:?,coolant supplied.

** S-fell flow in reduced to ._2gpm (85% of normal) and the re- _.
mainlng full ccntr.ol rod i._placed In the starved channel.

The monitoring devices available for detecting reductlons
In flow to the indlvldml septlfoils are -

a) a Unlted-Electrlc Co. pressure switch connected to the
base of upflow pln. and

b) a helium bubbler that actuates a "Meletron" pressure
switch attached to the "forest" guide tube. The U.-E. pressure
switch is a coarse detector and it is doubtful that a 15% reduction
in flow (all flow may be lo_t to one channel) can be indicated
reliably. The heli_n bubbler is more sensitive, but is subject
to extraneous complicating effects, such as, positions of the rods
In the septlfoils, variations in the gas plenum pressure, and
tightness of Juncture of the "forest" matching plate. Since the
existing monitor instruments are more than adequate for determining
gross (> 50%) reductlons in flow, peripheral placement of the rod
will protect against melting However, to mlnlmlze the possi-
bility of boiling on the rod surface, it wlll be necessary to
monitor closely with the helium bubbler system.

Slnce 1% lithium-alumlnum control rods are to be in-
stalled In all areas during the next 3 or _ months, it is pertinent
to review the heat transfer characteristics of these rods. Ex-
periments In the PDP (DPST-55-17-5) have shown that the heat gener-
ated by neutron capture in the 1% lithium rods will be about one-
half that in the 3.5% lithium rods. Therefore, the above tabu-
lation becomes:
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!% Li-AI Control Rods

Heat Transfer Result of Postulated Flow Condition*
Fl_w Condition ?eripheral C__annei Central Channel

A. Loss of coolant Boiling at 4_3 MW Boiling at 320 MW
to one sub- Burnout at > 2000 MW Burnout at 1900 MW
channel. **

B. Total loss of Boiling at %_0 MW Boiling at 190 MW
coolant to Burnout at 1600 MW Burnout at 570 MW
S-Foil.

t,z-_-Notes as before.

Thus, peripheral placement of the control rods in the reactor
during operation will protect against rod melting at power levels
up to the maximum attainable with the Byron-Jackson-pumps.

Use of the septifoils as distributors for cold moderator
to eliminate the "hot-spot" problem probably will not affect
adversely their heat transfer characteristics, and the lower coolant
temperature will permit higher power levels.

Installation of the Bingham pumps and the attendant
piping changes should result In more flow to the control clusters
and should, therefore, further reduce the likelihood of boiling
and burnout.
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