
__ _v_ _ Assoclationfol_loof_arymatAiv°nua?dui_go0 Management __ _ ,,,_,,_ _+_0"

_, ,., SilverSpring.Maryland20910

__ ,_,__'_" _._ 301/587-8202 _ _4,_r____'_ "<' " ' ,,_

Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

Iltll '°"+Inches .0 ,_
.. ,+,.m IIII1_

IIIII',' " IIIll_

IIIIINlllll_llili_





k ira..-

,.

....

.,

... ¢__,g.lL _

lnde!;alt'_P,::_,t,on.._._, 5i:_iaulD.,_..____
Authority.... -

_,-_ooo-a,,o(3-s_) ...._..,_.... o *..- _U_OItry_---'-"--_

---. ,S ,r!ro(CLASSIFICATION) _ _ ,!

p{a , . .:



• DI IIL/ISlIIFIEII

f its

This document classified This document consists of

4 pages. No. ,,,

by: 24 copies.
I

Distribution

l-O_. AEC-RLO0 Attn: AT Gifford/RL Plum 14. AK Hardin

3o DG Albertson __ 15. /g Hedges
h. TW Ambrose 16. AR Maguire

5. ER Astley l?. R Nilson
to. JT Baker 18o CA Priode

7_ CE Bowers 19. RW Reid
8. RD Carter 20. 0C Schroeder

9. MA Clinton 21. SM Skidmore

i0. EJ Filip 22. AD Vaughn
ll, GC Fullmer Cam_mkm_a_C_To 23. 300 File

1213, ABOHGreagerGreninger DE_L__IFI[D 24. Records Center--

- ,

FINAl REPORT, PT IP-535-C" __A_,.,-. _,__"_'°_
TEST OF SMA_ VSR'S IN IR REACTOR ,. c'_'_ ''c

__..... ::_._ _.: ./ ., _"_ _._,_c L_'_'_

IN'I_ODUCTION _ _

Because of rod-sticking problems at I_ Reaator a knuckle rod of B Reactor design

was installed in vertical safety channel number 28. The substitute VSR, which
has a smaller diameter t_an the original DR rod, has been tested for its opera-

_.ional feasibility including both drop _.,imeand reactivity effect. Although the

reactivity effect of the rod canno_ be measured precisely in an irradiated fuel

loading, a reasonable estimate was possible by comparison of the reactivity

•.ransient caused by insertion of the specific B-type rod after it was scrammed

inzo the pile. This transient was then compared to similar transients caused by

the insertion of a normal vertical safety rod in an adjacent channel. This

document list,s the indicated relative control strength of the rod as an empirical

basis for future safety calculations,
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SUMMAR_

The results of the individual VSR comparison test. indicate chat the B-type knuckle
rod in I_ Reactor is approximately 80 per cent. as strong as a normal DR vertical

safety rod if used indivldually in an equivalent flux distribution and location.

Tnese results mak¢ it reasonable tc conservatively assume that the local control

strength of the B-type knuckle rod is 98 _b for application to nuclear safety cal-
culations.

DISCUSSION

1. .De.scription Of __%._eo..+

PT IP-h35-C/1/ was performed at DR Reactor with the hope of demonstrating

that a B-type knuckle rod is as strong in DR Reactor as expected (toe,, approxi-

ma¢ely 80 per cent of tk.e streng't.hof the normal DR 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 xc provide data for ?_he individual rod measurements,

2. Results Of The Tesz

Although it is i_possih.l.eto derive exact rod worths from a rod-drop test of

this type, a reasonable comparison can usually be obtained. The comparison

of the specific reactivity transient compensating effect of the B-type knuckle
rod with t_r.e_ransient __ompensa_ing effect of a normal I_ vertical safety rod

in an adjacent safety channel is illustrated in Table 1

Table 1

Relative _=_,,_*,_.._...o....of T_o Different Vertical Safety Rods

Measured in Comparable Ssfe_y Channels

Reianive Rod Worth Based On

Rod Channel Bo4 l[_fr2i__- Iransieni Compensating Ability

28 B-'fyp:- Kr.._ch!_ Rod 1,00
22 Normal DR VSB. !,20
26 Normal I_ VSR 1.21

Prior to this Test a rod comparison _est/2/ was perfoz:_ed at D and DR

R_actors in order _o estimate the shado_.;in_effec_ of the residual balls in

the _raphite s%a-_ fol_e_nC _.neJuly. 1961; bali drop at DR Reactor_ During
the earlier test. s normal DE vert_eai saf--ty rod was in use in channel n_nber

28 and it so f_appened t_-a* _o_s Yod was tested as part of the comparison of
indlvidual rods a_ D and DR Reaciors Thls data is listed in Table 2 and

illustrates the relative differences in transient-compensating ability between

/I/ HW-75203, Pro'au_,.ton'_', Test IP-535-C, Test.... of Smaller VSR's in DR Reactor,
A D. Vaugma; October 9, 1963

/2/ HW-7540V, Final Report_.PT IP-h47-C; R..o.dDrop..T/ransient Comparison; D and DR

Reactors -.Rede-fini-uion of I_ Vertical Safety Sy..stemStrength,
A,D Vau_.nn, Oc_.o'oeri0, 1962
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a normal DR safaty rod as measured in safety channel number 28 and a similar

VSR measured in adjacen: char,nels durlng the same test.

Table 2

Relatlv_ S+rength of No_'mal Vertical Safety
Rods Measured in Adjacent Channels

Relative Rod Worth Based On

Rod Charmel Rod Type -. Transient Compensating Ability

_08 Ncrmal DR.VSR 1,00

23 " " " O. 95

22 " " " O,96

The relatlve re.activlty effect.,of a B-type knuckle rod in channel 28 compared

to a normal DR-type safexy rod in +.he same channel is listed in Table 3o This

value has been esiimated by comparing the relative differences listed in
Tables 1 and 2.

Table 3

Relative Worth of m-Type Knuckle Rod In Channel 28

In Comparison to No._m.al DR. Safety Rod In Same Channel

Reiative Rod Worth Based On

Rod Cnannei Rod Type Transient Compensating Ability

28 B-_/-pe Knuckle Rod 0.80

28 Normal DR Safety Rod io00

3 Results of Tneoreticai Analysis cf Local Cont,r,,ol.S_rength

" "_" t" _ '
A ¢._J.e_,re.lcalanalysis of the B-type rod in a DR safety ch_nr_el gives a

calculated value of 130 Wb for the io,:al control s_rength0/3/ This is

80 per cent of _he sr,rength calculated for _he normal DR safety rod in

_he same =hapnqe! These cal.zc!at¢ons are based on an equation derived

by J_ A_ Wheeler./a_ The val_es der-_ved from this equation are relative

and should be s_pport_d by expernnental measurements.

4 Conclusions

Based on the re.sults of _ne _ompar._son tes_. as well as the theoretical

analysis_ ix is ree_onaci.e _o use smaller vert.lcal safety rods in DR

Reactor prov_aed a corresponding adjustment is made in the calculated

control strengtn of i.%eVSR sysC.em

/3/ Local con¢r.ol sCzengc.lnis d.f_.a_d as the reduction in lattice material

buckling (within the a_ea oc_upled by the control array) resulting from
iuse_Lion of the ccn+.rol.

/I_/N-2292 - Principles of Nuclear _ower - _apter 22: Control_ P. 77



The local control s_.reng_h of the fIR vertical rods used in total control

calculatlons .has been 120 _b based on a ¢onservaZive extrapolation of

srartup test results at C Reactor T._e local control strength of the

B-type ver-tlcal rods used in safety calculations has been 98 Bb based on
..... h, measured values Zn this report are reasonably,8 startup *_sts Since .'_

close to ;.hevalues c.urxently in use, the local control, st.reng+-hof the

B-type rods in I_ Reactor will 'be assumed to be 98 _b. There has been

essentially no reduction in blackness and control area in going from the
rigid B VS_'s to t_%eB knuckle-rods,

The control strength will be ad_ius'tedby assuming that any weaker rods will

"be par%tally shadowed by adjacent safety channels with stronger rods

_Jerefore any B-,_ype rod. in a 3x3 array of rods will reduce the strength of

th_ arrayby 2 .5_b (i ,e= 8x120 _o_ "'_x_ = 117 5 _b). In this case a
9 9

local c.on.,.¢ls_.rengtb of 120 _b was assumed for tlle stronger control and

98 wb for the weakez control T_e system strength used in safety calcula-
tions mus?. be _ne s*/r-enGrlhof +.heweakest 3x3 array of rods, The bases for

control system strength assumptions ihave "oeen developed in greater detail
in reference 5.. The result of having fouT B-t_-p_ knuckle rods in I_ Reactor

will increase theft- supplementary control requirements during extended out-

ages with Ball 3X lockt,ars i,._place by approximately eight splines based on
the ?urrenL fuel loading.
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