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INTRODUCTION P *

Because of rod-sticking problems at IR Reactor a knuckle rod of B Reactor design
was installed in vertical safety channel number 28. The substitute VSR, which
has a smaller diameter than the original TR rod, has been tested for its opera-
tional feasibility including both drop time and reactivity effect. Although the
reactivity effect of the rod cannot be measured precisely in an irradiated fuel
loading, a reasonable estimate was possible by comparison of the reactivity
transient caused by insertion of the specific B-type rod after it was scrammed
into the pile. This trancient was then compared to similar transients caused by
the insertion of a normal vertical safety rod in an adjacent channel. This
document lists the indicated relative control strength of the rod as an empirical
basis for future safety calculations.
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SUMMARY

The results of the individual VSR comparison test indicate that the B-type knuckle
rod in IR Reactor is approximately 80 per cent as strong as a normal IR vertical
safety rod if used i1ndividually in an equivalent flux distribution and location.
These results make it reasonable tc conservatively assume that the local control
strength of the B-type knuckle rod is 98 ubt for application to nuclear safety cal-
culations.

DISCUSSION

1. Description Of The Tes1

PT IP—h35~C/l/ was performed at IR Reactor with the hope of demonstrating

that a B-type knuckle rod is as strong in DR Reactor as expected (i.e., approxi-
mately 80 per cent of ite stirength of the normal IR vertical safety rod).
Specifically, the test consisted of the rod-drop technique of measuring the
flux decay after several individual vertical rod scrams. The subcritical
monitors were used tc provide data for the individual rod measurements.

2. Results Of The Test

Although it is iuspossikle tc derive exact rod worths from a rod-drop test of
this type, a ressonatble comparison can usually be obtained. The comparison

of the specific reactivity transient compensating effect of the B-type knuckle
rod with the transisnt compensating effect of a normal IR vertical safety rod
in an adjacent safety channel is illustrated in Table 1

Table 1

Relative Strength of Two Different Vertical Safety Rods
Measured ZIn Coaparabls Safety Channels

Relavive Rod Worth Based On

Rod Channel _  Rod Typo Iransien’ Compensating Ability
28 E-Typ- Kruckle Rod 1.00
22 Normal DR VSR 1.20
26 Normal DR VSR 1.21

Frior to this test a rod comparisocn fest/g/ was perforued at D and IR

Rezactors in order to estimate the shadowing effect of the residual balls in
the graphite svtazk following <he July, 1961, ball drop at DR Reactor. During
the earlier test @ normal DR veritical safzty rod was in use in channel number
28 and it so happened tiat this rod was ftested as part of the comparison of
individual rods at D and DR Reactors This data is listed in Table 2 and
illustrates the relative differences in transient-compensating ability between

/1/ HW-75203, Produczrion Test IP-535-C, Test of Smaller VSR's in IR Reactor,
A D. Vaugan, October 9, 1963

/2/ HW-75407, Final Report PT IF-Li7-C, Rod Drop Transient Comparison, D and IR
Reactors - Redzfinizion of IR Vertical Safety System Strength,

A.D Vaughu, Ccroper 10, 1962
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a normal DR safety rod as measured in safety channel number 28 and a similar
VSR measured in adjacent channels during the same test.
Table 2

Relative Strengthn of Normal Vartical Safety
Rods Measured in Adjacent Channels

Relative Rod Worth Based On

Rod Channel Rod Type Transient Compensating Ability
28 Nermal DR VSR 1.00
23 17 1" 1" O. 95
20 " " " 0’96

The relative reactivi<y effect of a E-type knuckle rod in channel 28 compared
to a normal IR-type safety rod in the same channel is listed in Table 3. This
value has been estimated by comparing the relative differences listed in
Tables 1 and 2.

Table 3

Relative Worth of E-Type Knuckle Rod In Channel 28
In Comparison to Normal DR Safe<y Rod In Same Channel

Relative Rod Worth Based On

Rod Channel Rcd Type Transient Compensating Ability
28 B-Tvpe Knuckle Rod 0.80
28 Normal DR Safety Rod 1.00

3 Results of Theorerical Analysis cf Local Control Strength

A thecretical analysis of <the B-type rod in a IR safety channel gives a
calculated value of 130 ub for the lcral control strength:73 This is
&0 per cent of the gwirength calculaned for the normal DR safety rod in
tne same channel | Thnese calzclatvions are based on an equation derived
by J. A. Wheeler /%/ Tne values Geriveda from this equation are relative
and should he supporr:zd by experimental measurements.

4L Conclusions

kased on the resulits of tne comparison test as well as the theoretical
analysis, it is reasonatlie 10 use smaller vertical safety rods ia IR
Reactor provided a corresponding adjustment is made in the calculated
control strength of the VSR system

/3/ Lozal control strength 15 defined as the reduction in lattice material
buckling (within the area occupied by the control array) resulting from
insertion of the centrel.

/b/ W-~2292 - Principies of Nuclear Fower - Caapter 22: Control, P. 77
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Tne local control strength of the DR vertical recds used in total control
calculations has been 120 pb based on a conservative extrapolation of
atartup test results at C Reactor The local control strength of the
E-type vertical rods used in safety calculations has been 98 pb based on
B startup tests. Since “he measured values in this report are reasonably
rlose to “he values currenily in use, the local control strength of the
B-type rods ir. IR Reactor will be assumed to be 98 ub. There has been
essentially nc reduction in blackness and control area in going from the
rigid B VSR's %o the B knuckle-rods.

The contrel strength will be adjusted by assuming that any weaker rods will
be partially shadowed by adjacen*® safsty channels with stronger rods
Therefore any B-type rod in a 3x3 array of rods will reduce the strength of
the arrayby 2 S ub (i.e. 8x120 ub = 1x98 yb = 117 5 ub). In this case a

9 9
local control strength of 12C ub was assumed for the stronger control and
98 pb for the weaker control The system strength used in safety calcula-
+ions must be The strengrth of the wsakest 3x3 array of rods. The bases for
2cntrol system strength assumptions heve been developed in greater detail
in reference 5. The result of naving four B-type knuckle rods in DR Reactor
will increaze their supplementary control reguirements during extended out-
ages vwith pall 3X locktars iu place by approximately eight splines based on
the ~urrent fuel 1oading.
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