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FOREWORD 

This report is one of a s e r i e s of repor t s on the low-power (up to 1 
Mwt) and high-power (up to 200 Mwt) nuclear test ing of the Enrico F e r m i 
fast b reede r r eac to r . The Nuclear Test P r o g r a m is planned, directed, and 
evaluated by Atomic Power Development Assoc ia tes , Inc. (APDA). The 
t es t s a r e conducted by Power Reactor Development Company (PRDC). The 
reac to r proper is owned and operated by PRDC. The s team genera to rs and 
e lec t r ica l generation facili t ies a re owned by The Detroit Edison Company 
(DECo), 

Many people have contributed to the success of the nuclear test ing of 
the F e r m i r eac to r . Listed below a re the names of those people, exclusive 
of the authors , who made a significant contribution to some phase of the wor 
repor ted in this document. 

APDA PRDC 

C. E. Branyan E. L. Alexanderson 
D. Erdman 

R, E, Home L. A. Haigh 
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SUMMARY 

The reproducibil i ty of the Enrico F e r m i reac to r core was studied by 
means of nuclear measu remen t s made during the period October 19 to 23, 
1963. In the tes t , the fuel subassembly hold-down mechanism was ra i sed , 
rotated, and re turned to i ts original operating position a number of t i m e s . 
Cri t ical rod and positive period react ivi ty measu remen t s were made after eac 
movement to determine whether any significant core per turbat ion resul ted 
fronni operation of the hold-down mechanism. The p r i m a r y purpose of the test 
was to determine whether an exper imenta l e r r o r due to the movement of the 
hold-down mechanism will occur in those nuclear t e s t s where fuel handling is 
requi red . 

The tes t r esu l t s show that no significant change in the react ivi ty state 
of the reac tor was caused by movement of the hold-down nnechanism. The 
tes t , therefore , verified that the core configuration was highly reproducible , 
and that no e r r o r due to hold-down movement will occur in subsequent nuclear 
t e s t s . These resu l t s a re consistent with those obtained e a r l i e r in the p reop­
erat ional t igh t -core tes t . The t igh t -core tes t consisted of mechanical m e a ­
surements made under preopera t ional reac to r conditions. In the t igh t -core 
tes t , it was found that the core was tight to within i 1 mil on the average 
core d iameter . The resu l t s of the nuclear measu remen t s made in this tes t , 
under actual reac to r operating conditions, indicated that the react ivi ty is 
reproducible to within i 0, 35 cents . This also cor responds to a change in 
the average core d iameter of about _ 1 mi l . 
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I. PURPOSE OF TEST 

The reproducibi l i ty of the Enrico F e r m i reac tor core was studied to 
determine whether any significant change in the react ivi ty state of the reac tor 
occur red when the fuel subassembly hold-down mechanism (HDM) was ra ised , 
rotated, and then re turned to i ts original operating posit ion. These data a re 
neces sa ry for evaluation of those subsequent nuclear t es t s in which fuel load­
ing changes will be made and the react ivi ty effect of the changes will be 
measured . Because the HDM will be operated during these t e s t s , it is im­
portant to be cer ta in that the react ivi ty effect measu red will be due only to 
the per turbat ion made in the core loading. In the core reproducibil i ty tes t , 
therefore , the reproducibil i ty of the relat ive position of the fuel subassem­
blies in the core was checked after hold-down movement . If a significant 
nonreproducibil i ty was found, as indicated by a change in the react ivi ty state 
of the reac tor , this would have to be incorporated as an additional source of 
experimental e r r o r in those nuclear t e s t s which requi re hold-down mechanism 
operation. 

Core t ightness had been checked e a r l i e r in t e s t s made during the r e ­
ac tor preoperat ional tes t program,•'• In the t ight -core tes t , naechanical m e a s ­
urements of core t ightness were made in an air a tmosphere at an ambient 
t empera tu re , with dummy subassembl ies in the r eac to r . Therefore , the 
core reproducibil i ty resu l t s obtained in this tes t by means of nuclear m e a s ­
urements made in sodiuna at a t empera tu re of 517 F with fuel subassembl ies 
in the reac to r , could also be compared to the t igh t -core tes t resu l t s to de­
te rmine whether general agreement with those resu l t s existed. Core t ightness 
is innportant because it a s s u r e s that the react ivi ty effects due to subassembly 
bowing and radial core expansion will be negative. 

The data obtained in the tes t also allowed an indirect es t imate to be 
made of the exper imental e r r o r associa ted with cr i t ica l rod and positive 
period react ivi ty m e a s u r e m e n t s . 
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II. DESCRIPTION OF THE ENRICO FERMI REACTOR 
AND ITS FUEL SUPPORT SYSTEM 

A. GENERAL DESCRIPTION 

A detailed descript ion of the Enrico F e r m i fast b reeder reac tor is 
2 given in the Enrico F e r m i Atomic Power Plant Hazards Summary Report . 

The reac tor and i ts associa ted s t ruc tu res a r e shown in perspect ive in Figure 
1. F igure 2 is a c ros s - sec t iona l view of the reac tor core and blanket. 

The reac tor is contained in a cylindrical s ta inless steel reac tor 
vesse l sealed at the top by a rotating shield plug made of borated graphite 
and s teel . The shield plug supports the control rod mechan i sms , the fuel 
subassembly hold-down mechanism (HDM), and an offset fuel-handling mech­
an ism (OHM). The rotating shield plug is used in conjunction with the OHM 
to load and unload the reac tor fuel. The p r i m a r y function of the HDM is to 
prevent the subassembl ies located in the central latt ice posit ions, that a r e 
fed from a h igh -p re s su re plenum, fronn being lifted by the p r e s s u r e drop 
from the sodium coolant flowing through the co re . The HDM also se rves as 
a guide for the control rod d r ives . When the HDM is lowered into operating 
position it gathers the subassembl ies together to form a tight core . 

The reac tor is controlled by two operating control rods and seven 
instal led safety rods located near the center of the r eac to r . Provis ion for 
an eighth rod has been included in the design and construction of the r eac to r . 
The rods a re driven and actuated from the top. They a r e all of the poison 
type, containing boron carbide (B^C) in which the boron is enriched in boron-
10 (B-10). The two control rods have react ivi ty worths of approximately 
46 cents each. The seven safety rods a r e worth more than $1.00 each. 

B. FUEL ARRANGEMENT IN THE LOWER REACTOR VESSEL 

The core and blanket subassembl ies a r e located in the lower reac tor 
vesse l in a square la t t ice , and a re a r ranged to approximate a cylinder about 
80 inches in d iameter by 70 inches high. There is a total of 149 central core 
lat t ice positions (Figure 2) that a r e occupied by core and inner radial blanket 
subassembl ies , the neutron source , and the 10 control rod and safety rod 
channels. All of these posit ions a re supplied with sodium coolant flowing 
upwards from a h igh -p re s su re plenum. The lat t ice positions surrounding the 
inner radial blanket contain the outer radial blanket subassembl ies . Beyond 
the outer radial blanket a re lat t ice positions used for s ta inless steel filled 
the rma l shield bar subassembl ies which provide the rma l and neutron shielding 
for the reac tor vesse l . The outer radial blanket and shielding lat t ice pos i ­
tions a re both supplied with sodium coolant from a l ow-p re s su re plenum. 
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The core subassembly design is shown in Figure 3. Both the core 
and inner radial blanket subassembl ies have exter ior spacer pads located on 
their subassembly wrapper cans a few inches above the core midplane. These 
spacers prevent the subassembl ies from bowing toward the center of the r e ­
actor when subjected to a radial the rmal gradient . Inward bowing of the sub­
assembl ie s would c rea te a posit ive power coefficient of react ivi ty . 

The two support plates in the lower reac tor vesse l provide the basic 
definition of the reac tor la t t ice . The support plates a re Z inches thick and 
a r e spaced 14 inches apar t . The subassembl ies a re supported in the lat t ice at 
their lower ends by the support plates (Figure 4). Each core and blanket 
subassembly has an 18-inch-long nozzle attached to i ts base for inser t ion in 
the holes provided in the two support p la t e s . The holes in both support plates 
a re spaced in a square a r r a y on 2. 693-inch cen te rs and thei r d iamete r s 
correspond to the subassembly nozzle dianneters. Since the support plates 
provide positive support only along the lower port ions of the subassembl ies , 
the upper ends of the subassembl ies have a slight tendency to lean outwards 
when the hold-down mechanism is not down in place. 

C. HOLD-DOWN MECHANISM 

The centra l lat t ice positions used for core subassembl ies , inner 
radial blanket subassembl ies , and control e lements a re supplied with sodium 
coolant flowing upward from the h i g h - p r e s s u r e plenum. Because of the high 
p r e s s u r e drop, subassembl ies located in this region requi re downward 
mechanical r e s t ra in t , in addition to thei r own weight, to prevent their ejection 
from the lower support p la tes ; this r e s t r a in t is provided by the hold-down 
mechanism. The lat t ice positions occupied by the outer radial blanket and 
shielding subassembl ies a re supplied with sodium coolant from the low-
p r e s s u r e plenum and the p r e s s u r e drop force acting on these subassembl ies 
i s l e s s than thei r weight; therefore , no mechanical r e s t r a in t i s requi red . 

The hold-down mechanism (Figure 5) is mounted on the rotating 
shield plug located in the neck of the reac tor vesse l and is comprised of the 
hold-down plate spider assembly and the hold-down actuator assembly . The 
actuator assennbly provides the react ion force to the hold-down spider a s s e m ­
bly n e c e s s a r y to r e s i s t the upward hydraulic forces . The res t ra in ing force 
on the subassembl ies is adnainistered by means of hold-down f ingers , attached 
to a hold-down plate, which engage the subassembly handling heads and r e ­
s t ra in the subassembl ies both ver t ical ly and horizontal ly. The force is 
supplied by a dr ive motor and ba l l - sc rew dr ives acting through a set of 
spr ings which t r ansmi t the force to the hold-down pla te . The actuator a s ­
sembly is also used to ra i se the hold-down plate during refueling opera ­
t ions . During these operat ions , the hold-down plate is ra i sed approximately 
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9 inches to c lear the tops of the subassembl ies , thus pernnitting the shield 
plug to be rotated. 

The hold-down mechanism also provides support for the upper ends of 
the subassembl ies . The method of support used a s s u r e s that a tight core will 
exist during reac tor operat ion. This was accomplished by designing the HDM 
with a slight inward offset of the hold-down fingers and with the pitch for the 
spacing between the cups in the f ingers being l e s s than that for the lower 
support plate and the subassembly spacer pads . Thus, when the HDM is 
lowered into position and the fingers engage the subassembly handling heads, 
the tendency of the subassembl ies to lean outwards at thei r upper ends is 
overcome. As the HDM is lowered further , the subassembl ies a re gathered 
together to form a tight core , assur ing that full contact will exist between 
adjacent subassembly spacer pads during reac tor operat ion at all power 
leve ls . The total amount of gathering is approximately 42 mi ls on the core 
radius at the elevation of the handling heads, and 20 mils on the core radius 
at the core midplane. 
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III. EXPERIMENTAL PROCEDURE 

A. DESCRIPTION OF THE TEST 

The core reproducibil i ty tes t for the Enrico F e r m i reac tor was c a r -
3 r ied out in accordance with a detailed tes t p rocedure . This procedure 

was the basis used by the reac tor operating staff for the prepara t ion of an 
operating guide for the conduct of the t e s t . 

The react ivi ty changes due to movement of the HDM were invest i ­
gated by making a s e r i e s of HDM movements and taking cr i t ica l rod and pos i ­
tive period react ivi ty measu remen t s after each movement . Thus, any 
changes in the react ivi ty state of the reac tor because of core nonreproduci­
bility would be evidenced by a change in the cr i t ica l rod and positive period 
react ivi ty data after hold-down movement . Two cr i t i ca l rod and two positive 
period measu remen t s were made after each movement to improve the 
s ta t is t ical accuracy of the data. 

The tes t consisted of a s e r i e s of seven separa te sets of react ivi ty 
m e a s u r e m e n t s . F i r s t , to obtain an a r b i t r a r y react ivi ty base , the react ivi ty 
state of the reac tor was determined with the HDM down. Next the HDM was 
ra i sed and the shield plug was rotated 20 to 30 degrees away from its opera ­
ting position, the shield plug was re turned and the hold-do-wn mechanism \vas 
lowered to i ts original operating position; react ivi ty measu remen t s were 
taken. This specific HDM operation was repeated five t imes and react ivi ty 
measu remen t s were obtained after each operat ion. One last react ivi ty 
measu remen t was made after the HDM was ra i sed and lowered with the plug 
rotation elinainated. 

The reac tor t empera tu re was measured whenever a c r i t ica l rod or 
positive period react ivi ty measuremen t was taken so that the data could be 
cor rec ted for t empera tu re - r eac t iv i t y feedback due to t empera tu re drift. Also, 
the power drift ra te was measu red at the t ime of the cr i t ica l rod measu remen t s 
and the c r i t i ca l data was co r rec t ed accordingly. Because a re t rac tab le neu­
t ron source was instal led in the reac tor during the tes t (Section III, C. 1), 
source react ivi ty effects were negligible and had no effect on the data. 

1. Base Reactivity Measurement 

The steps followed in making the initial a r b i t r a r y base react ivi ty 
measu remen t for the tes t were as follows: 

(a) With the r eac to r shut down (all safety and control rods fully 
inser ted) and the hold-down mechanism in its operating down 
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position, the p r i m a r y sodium flow rate was adjusted to the 
equi l ibr ium value ('v.6. 0 x 1 0 Ib/hr*) required to maintain 
an i so the rmal reac tor t empera tu re of '^517 F with minimum 
drift . 

(b) The safety rods were fully withdrawn, the shim rod was with­
drawn 5 inches, and the reac tor was brought to cr i t ical i ty on 
the regulating rod at a power level of approximately 500 
wat t s . The neutron source was then re t r ac ted and slight ad­
jus tments v^ere nnade in the cr i t ica l regulating rod position to 
account for i ts withdrawal. The cr i t ica l regulating rod pos i ­
tion was measured (^7-1/4- inch elevation), as were the p r i ­
m a r y sodium flow ra t e , the reac tor t e m p e r a t u r e , the power 
drift ra te , the shield plug and HDM posit ions, and the spring 
loading on the hold-down column. 

(c) The regulating rod was withdrawn from its c r i t ica l position 
to a position (~10-inch elevation) which put the reac tor on an 
approximate 100-second positive per iod. The reac tor period 
was measured , as well as the p r i m a r y sodium flow ra te , the 
reac tor t empera tu re , the regulating and shim rod posi t ions, 
the shield plug and HDM posit ions, and the spring loading on 
the hold-down column. 

(d) The regulating rod was re inse r ted , the reac tor power was 
reduced, and the cr i t ica l rod and period measu remen t s of 
Steps (b) and (c) were repeated to improve the s ta t is t ica l 
accuracy of the data. 

(e) The reac tor was shut down. 

2. Reactivity Measuremen t s after Hold-Down Mechanism Movement 

The following steps outline the exper imental p rocedure used for 
each of the six HDM movements . The steps were the same in each case , 
except that the shield plug was rotated in opposite direct ions on a l ternate 
movements (Step (b) below) and the plug was not rotated on the las t move­
ment. The steps were as follows: 

(a) With the reac tor shut down (all safety and control rods fully 
inser ted) and the hold-down mechanism in i ts operating down 
position, the p r i m a r y sodium flow rate was adjusted to the 
equil ibrium value ('\'6. 0 x 106 Ib/hr) required to maintain an 

All p r i m a r y sodium flow ra tes given refer to 3-loop operation unless 
otherwise stated. 
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i so thermal reac to r t empera tu re of '^'Bl? F with minimum 
drift . It was known that with this flow ra te the subassem­
blies would not float when the hold-down mechanism was 
r a i s e d . ^ 

(b) The hold-down mechanism was ra ised to i ts refueling e le­
vation ('\,9 inches) and the shield plug was rotated 20 to 30 
degrees away from its no rmal operating position. The 
shield plug was then re turned to i ts operating position and the 
HDM was lowered and locked into place. 

(c) The safety rods were fully withdrawn, the shim rod was with­
drawn 5 inches , and the reac tor was brought to cr i t ica l i ty on 
the regulating rod at a power level of ~500 wat ts . The neu­
t ron source was then re t r ac ted and the cr i t ica l regulating 
rod position was adjusted slightly to account for i ts with­
drawal . Because of the re t rac tab le source , it was not nec ­
e s s a r y in this step to repeat exactly the cr i t ica l power level 
attained in Step (b) of the base react ivi ty measu remen t . The 
cr i t ica l regulating and shim rod posit ions were measured , 
along with the p r i m a r y sodium flow ra te , the r eac to r t e m p e r ­
a ture , the power drift r a te , the shield plug and hold-down 
naechanism posi t ions, and the spring loading on the hold-
down column. 

(d) The regulating rod was withdrawn to the same elevation that 
was used previously in making the base react ivi ty period 
measu remen t (Step (c) of Section III, A. 1), and the resul t ing 
positive per iod was measu red along with the p r i m a r y sodium 
flow ra te , the r eac to r t empera tu re , the regulating and shim 
rod posi t ions, the shield plug and HDM posit ions, and the 
loading on the hold-down column. 

(e) The regulating rod was re inse r ted , the reac tor power was 
reduced, and the cr i t ica l rod and period measu remen t s of 
Steps (c) and (d) above were repeated to improve the s t a t i s ­
t ical accuracy of the data. 

(f) The reac tor was shut down and Steps (a) through (e) were 
repeated for the remaining five movements of the HDM. 

B. REACTOR PLANT CONDITIONS 

The reac tor fuel loading configuration during the tes t is shown in 
F igure 6. A total of 99 core fuel subassembl ies were loaded into the core 
la t t ice . The excess react ivi ty (all safety and control rods fully withdrawn) 
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with this loading was measured , and found to be approximately 59 cents* at 
517 F with the antimony section of the re t rac tab le neutron source r e t r ac ted 
30 inches . With this loading, cr i t ical i ty could be achieved with the shim and 
regulating control rods located in the middle th i rd of thei r total t r ave l . 

Whenever possible , the p r i m a r y sys tem was maintained at an i s o ­
the rma l t empera tu re of 517 F during the tes t and the t empera tu re drift 
between reactivi ty measu remen t s was kept to a minimum. The reac to r 
t empera tu re was controlled by maintaining a balance between the heat input, 
which resul ted from p r i m a r y sodium pump operation, and the heat removal 
which resul ted from the operat ion of the below-floor ventilation sys tem. 
The p r i m a r y sodium flow rate that was required to maintain a t empera tu re 
equil ibrium of 517 F was approximately 6. 0 x 10" Ib /h r . With this flow 
ra te , the t empera tu re drift ra te was kept to within _ 0.25 F / h r . The 
auxil iary system, consisting of the overflow pumps and the p r i m a r y sys tem 
cold t r ap , was also operated when required to reduce the upward drift in 
t e m p e r a t u r e . 

The cr i t ica l r eac to r power maintained during the tes t var ied between 
400 and 800 wat ts . The power was purposely kept low to minimize the 
activation of the r eac to r components. When reac tor period measu remen t s 
were being made, the t rans ient power was allowed to r i se approximately 
one-half of a decade above the cr i t ica l power before the regulating rod was 
re inse r t ed and the power reduced. Because a re t rac tab le source was used 
during the tes t , source react ivi ty effects were negligible at all power levels , 
and it was not n e c e s s a r y to accura te ly reproduce the power for each cr i t ica l 
or period measu remen t . 

The low sodium flow rate t r ip setting of the reac tor safety sys tem 
was reduced during the tes t from its normal setting of 75 per cent of the 
200-Mw(t) design flow to 40 per cent of the 200-Mw(t) design flow. This was 
done because the flow rate requi red for t empera tu re equil ibrium, 6 . 0 x 1 0 
Ib /h r or 68 per cent of the 200-Mw(t) flow ra te , was l e s s than the normal 
t r i p point setting. Another modification was made for the test ; the s c r a m 
levels for the in termedia te and power range were set at flux levels cor ­
responding to powers l e s s than 1 Mw(t). 

* The reactivi ty conversions for the F e r m i reac tor a r e : 

1 cent = 3. 19 ih 
1 ih = 2. 08 x 10-5 ^ ^ / k 
Peff = 0. 00662 
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C. NEUTRON SOURCE AND INSTRUMENTATION 

In place of safety rod No. 5, a re t rac tab le neutron source was located 
in the reac tor during the tes t . A t empora ry , prec is ion t empera tu re readout 
station was set up in the reac tor control room so that an accura te record of 
reac to r t empera tu re could be maintained. The positive period and power 
drift rate information were acquired using the data obtained from specially 
instal led neutron de tec to rs . The remaining tes t data, i. e. , the p r i m a r y 
sodium flow r a t e s , the control rod and safety rod posi t ions, the rotating 
shield plug and HDM posit ions, and the hold-down column loading, were 
obtained from the permanent plant ins t rumentat ion. 

1. Neutron Source 

Throughout the core reproducibil i ty tes t a re t rac tab le antimony-
beryl l ium (Sb-Be) neutron source was located in the reac tor in place of 
safety rod No. 5 in core position P03-P00 (Figure 6 ) .* The re t rac tab le 
radioactive antimony-124 portion of the source is a rod approximately 0. 7 
of an inch in d iameter by 25 inches long. The antimony rod fits inside a 
hollow beryl l ium cylinder which is approximately 30 inches long and contains 
3.4 kg of beryl l ium. The beryl l ium cylinder is in turn located inside a 
square , steel can which has the external dimensions of a normal lower safety 
rod guide tube. To r e t r ac t the source from the core , the handling head of 
the antimony section is engaged with the gr ipper of the safety rod drive 
extension. 

The presence of the re t rac tab le source during the tes t permi t ted 
accura te react ivi ty measu remen t s to be nnade at low power, thus minimizing 
the activation of core components. The reac to r could be s tar ted up safely 
with the antimony source rod fully inser ted and, after cr i t ical i ty was attained 
at low power, the source could be withdrawn from the core to el iminate source 
react ivi ty effects in the subsequent react ivi ty m e a s u r e m e n t s . Calibrat ion 
measu remen t s made at the t ime the re t rac tab le source was instal led had 
shown that, with the source r e t r ac ted 30 inches, source react ivi ty effects 
were negligible. 

2. Instrumentat ion 

The instrumentat ion used to monitor the neutron fitrx-dttring the 
tes t was essential ly the same as that descr ibed in detail in APDA-NTS-1 . 
However, in this tes t no in -core instrumentat ion was used because the tempora 

* The coordinate sys tem used to locate subassembl ies in the core lat t ice is 
shown in Figure 6. The f i rs t position number given is the X-coordinate 
and the second is the Y-coordinate . " P " stands for positive values and 
"N" for negative values; the core center is POO-POO. 
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ins t rument thimble which was normal ly instal led for the low-power t e s t s in 
place of safety rod No. 5 had been replaced by the re t rac tab le source . All of 
the nuclear instrunnentation used in the tes t was t empora ry instrumentat ion, 
instal led for the low-power test p r o g r a m . Briefly, it consisted of two high-
sensit ivity BF3 proport ional detector channels and six B-10 lined ion chamber 
channels . All of the detec tors were located inside six neutron counter tubes 
embedded in the graphite shield that surrounds the reac tor vesse l (Figure 1). 
The two BF3 detec tors were connected to mechanical s ca l e r s located in the 
reac tor control room. They provided the data from which the reac tor per iods 
were determined in the tes t ; they were also used to supply both count rate 
and period signals to the source range safety sys tem of the r eac to r . Five of 
the six B-10 lined ion chambers provided power level protect ion for the 
in termediate and power r anges . The in termedia te range detectors also 
provided period protect ion. The sixth ion chamber provided a l inear cur ren t 
signal to a Keithley m i c r o m i c r o a m m e t e r r eco rde r located in the r eac to r 
control room. This r eco rde r gave period information during the tes t and it 
was also used to m e a s u r e any drift in power which took place during the 
cr i t ica l rod position react ivi ty m e a s u r e m e n t s . 

The t empera tu re of the p r i m a r y sys tem was monitored during 
the tes t by use of the normal plant t empera tu re sensing e lements . These 
sensing e lements consist of i ron-constantan thermocouples and platinum 
res i s t ance t empera tu re de tec to r s . The thermocouples a r e instal led on the 
fuel support plates located below the core and on the hold-down plate located 
above the co re . They m e a s u r e the t empera tu re of the core inlet and outlet 
sodium, respect ive ly . The res i s tance t empera tu re de tec tors a r e located in 
the p r i m a r y sodium piping leading to and from the r eac to r . They m e a s u r e 
the tenaperature of the reac tor inlet and outlet sodium. In the tes t , the data 
from all of these t empera tu re sensors were relayed via special c i rcui t s to 
the t empora ry prec is ion t empera tu re readout station located in the reac tor 
control room. The thermocouples were connected to a high-sensi t ivi ty 
potentionneter, and the res i s t ance de tec tors were connected to a res i s tance 
br idge . With the equipment used, t empe ra tu r e s could be read to an 
accuracy of i. 1 F . 

The permanent plant instrumentation'^ was used to obtain the 
remaining data required, i . e. , p r i m a r y sodium flow r a t e s , control rod and 
safety rod posi t ions, rotating shield plug and hold-down mechanism posi t ions, 
and the hold-dov;m column spring loading. The p r i m a r y sodium flow m e t e r s 
in the control room could be read to within 1 0. 05 x 10^ Ib /h r / l oop . The 
positions of the operating control rod and safety rod dr ives were read on 
Gilmore position indicators located in the reac tor control room. The rod 
dr ives a r e equipped with digital readout, fine-position indication sys tems 
capable of showing the elevation of the drive extensions to within i. 0. 03 
inch. The position of the rotating shield plug was indicated by the azimuth 
position readout on the plug console. This indicator could be read to the 
nea re s t i 0. 1 degree . The position of the hold-down column was indicated 
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by the hold-down ver t ica l position indicator located on the HDM console. It 
could be read to the nea re s t i 1/8 inch. The applied loading on the hold-down 
column was read from the spring compress ion indicator on the HDM console. 
This indicator could be read to the nea re s t jl 1/32 inch. 
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IV. METHOD OF ANALYSIS 

A. DETERMINATION OF CORE REPRODUCIBILITY 

The determinat ion of the react ivi ty effect of hold-down mechanism 
movement (core reproducibil i ty) was made using the cr i t ica l rod position and 
posit ive period data obtained after each movement . The data were analyzed 
in the following way. F i r s t , the cr i t ica l rod position and positive period 
data were converted to cr i t ica l and period react iv i t ies using the rod ca l ib ra­
tion curves and the inhour relat ionship for the r eac to r . These data were 
then cor rec ted for any react ivi ty per turbat ions which existed between the 
measu remen t s due to t empera tu re drift, power drift or rod position e r r o r . 
Because the r eac to r per iods were all measured with the operat ing control 
rods set at the same position (Section III,A), any change in the core configura­
tion due to movement of the HDM could then be determined by noting whether 
the period and cr i t ica l reac t iv i t ies obtained before and after the movements 
were significantly different. 

1. Relationship Between Cri t ical Rod Posit ion, Reactor Per iod 
and Reactivity 

The c r i t i ca l rod positions were obtained from the Gilmore indi­
ca tors in the reac tor control room (Section III, C, 2). The cr i t ica l rod posi ­
tion data were converted to react ivi ty data using the rod cal ibrat ion cu rves . 
Because the shim rod was maintained at the same elevation during all c r i t ica l 
measu remen t s (Section III, A), the react ivi ty change due to HDM operation 
could be determined from just the change in the cr i t ica l regulating rod posi ­
tion. The relat ionship between cr i t ica l regulating rod position and reac to r 
react ivi ty is shown in the rod cal ibrat ion curve given in Figure 7, 

Three separa te determinat ions of the reac tor period were 
obtained. Reactor per iod infornaation was obtained from the count r a t e s 
of each of the two BF3 proport ional detector channels and from the ion cham­
ber current t r a c e of the Keithley m i c r o - m i c r o a m m e t e r (Section III, C. 2). 
The count ra te data from the BF3 channels were plotted as a function of t ime 
to obtain the per iods and, in the case of the Keithley r eco rde r , the per iods 
were obtained direct ly from its c lock- t imer which was set to t r ip on e-fold 
power i n c r e a s e s . The th ree per iods were averaged and these data converted 
to react ivi ty data using the inhour relat ionship for the r eac to r . This r e l a ­
tionship is shown in Figure 8 ' . In the actual analysis , a detailed tabular l i s t ­
ing of the data shown in F igure 8 was used so that small differences in the 
per iods could be accura te ly re la ted to react ivi ty . 

25 



45 

40 

35 

V) - 30 
UJ O o ^ 

n o 
> Q-

Hi 2 
Q: — 

o 

UJ 

> 

V) 
UJ 
o 
X 
UJ 
tr 
o b I - < 
O - I 
< UJ 
ui a: 

25 

20 

15 

10 

k 
> 

k 
\ 

%. 

^ 

\ 
1 

7-

k 
\ 

^ 

1 

1 1 
i 

1 

1 

1 

, 

1 
1 

1 

; T 
i 
I 

1 1 
_. _ 1 

^ ^ 

6 8 10 12 14 

CRITICAL REGULATING ROD POSITION , INCHES WITHDRAWN 

16 18 2 0 

FIG.7-REACTIVITY VERSUS CRITICAL REGULATING ROD POSITION 



6 9 12 15 

POSITIVE REACTIVITY, CENTS 

18 21 

FIG.8-REACTIVITY VERSUS REACTOR PERIOD 

27 



2. Correc t ions to the Data 

To determine core reproducibil i ty, the cr i t ica l rod and positive 
period react ivi ty data obtained after each HDM movement were compared to 
the cr i t ica l rod and positive period data obtained after the other movements 
to establ ish whether any significant react ivi ty changes had taken place . To 
make a valid comparison, the data had to be cor rec ted for spurious react ivi ty 
per turbat ions that occur red between m e a s u r e m e n t s . The react ivi ty p e r t u r ­
bations considered were those due to (a) t empera tu re drift, (b) flux or power 
drift and (c) rod position e r r o r . In the case of the cr i t ica l measu remen t s all 
th ree per turbat ions had to be considered. However, for the per iod m e a s u r e ­
ments only i tems (a) and (c) a re important . No correc t ion for source r e a c ­
tivity effects was needed in ei ther case because of the re t rac tab le source . 

a. Tempera tu re Drift - Each t ime a cr i t ica l rod and period 
react ivi ty measu remen t was made, the t empera tu re s were slightly different 
because of the unavoidable t empera tu re drift which occur red . Therefore , to 
make the data consistent , a cor rec t ion was made to account for the react ivi ty 
feedback due to t empera tu re drift. In applying this correc t ion , the reac t iv i ­
t ies obtained after each HDM movement were cor rec ted to the t e m p e r a t u r e s 
of the initial base cr i t ica l and period react ivi ty m e a s u r e m e n t s . 

The t empera tu re cor rec t ion for a cr i t ica l react ivi ty m e a s u r e ­
ment was found as follows: 

5R^ij = -0 .26 (t§i - tfj) (1) 

where; 

6R4.;; = the react ivi ty cor rec t ion for t empera tu re drift for the ^tij 
j ' - ^ c r i t ica l rod measuremen t made after the î -'̂  HDM 
movement, cents 

t^ j = the average i so the rmal r eac to r t empera tu re at the t ime 
of the initial base cr i t ica l react ivi ty measurenaent , F 

t-^ = the average i so thermal r eac to r t empera tu re at the t ime 
of the j * - " c r i t ica l rod measu remen t made after the î '̂  
HDM movement, F 

-0 . 26 = the i so thermal t empera tu re coefficient of the reac tor , 
cents per degree F ° 

Similar ly, in the case of the period react ivi ty me a s u rem en t s , 
the t empera tu re cor rec t ion was: 

< i j = -O-^MtP^ - tP) (2) 
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where all t e r m s a r e defined as in Equation (1) except that the supersc r ip t "p" 
now refers to the period reactivity m e a s u r e m e n t s . 

To co r rec t the cr i t ica l and period react iv i t ies for tennpera-
tu re , the values calculated from Equations (1) and (2) were added to the r e ­
activity values actually measured . 

b. Power Drift - When the cr i t ica l rod react ivi ty measu remen t s 
were made, the regulating rod was not always adjusted to prec ise ly cr i t ica l 
conditions. Consequently, when sonae of the cr i t ica l nneasurements were 
made, the reac tor was actually slightly subcri t ical or supercr i t i ca l ; this was 
indicated on the Keithley r eco rde r t r a c e as a downward or upward drift in 
power, respect ively . To make all the c r i t i ca l react ivi ty data consistent , the 
data were co r rec t ed to the cr i t ica l condition of zero drift. The cor rec t ion 
used was: 

5R^g = 0. 18 Dij (3) 

where: 

c th 
5R .. = the react ivi ty correc t ion for power drift for the j 

c r i t i ca l measurennent made after the i HDM move­
ment , cents 

D^: = the power drift ra te measu red on the Keithley r e c o r d e r 
for the j ^ ' ^ c r i t ica l measurement made after the i HDM 
movenaent, t. per cent drift per minute 

0. 18 = the corre la t ion between excess react ivi ty and drift, 
c en t s / pe r cent dr i f t /minute 

To co r rec t the cr i t ica l react iv i t ies for drift, the values calculated from Equa­
tion (3) were added to the cr i t ica l react iv i t ies actually measured . 

c. Rod Posit ion E r r o r - When the cr i t ica l rod and positive per iod 
react ivi ty m e a s u r e m e n t s were made after HDM movement, it was not always 
possible to reproduce exactly the reference position of the control rods used 
in making the base react ivi ty m e a s u r e m e n t s . Consequently, for those m e a s ­
urements in which the posit ions were not exactly repeated, react ivi ty cor ­
rect ions had to be made for rod position e r r o r . 

The cor rec t ion for shim rod position e r r o r in the cr i t ica l 
measu remen t s was found as follows: 
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5 R ^ i . = - 3 . 3 0 ( P g i : - P g ^ ) (4) 
•SIJ •^- - " V- s i j 

w h e r e : 

6 R g - = the r e a c t i v i t y c o r r e c t i o n for s h i m r o d p o s i t i o n e r r o r 
for the j th c r i t i c a l m e a s u r e m e n t m a d e a f t e r the i^h 
HDM m o v e m e n t , c en t s 

Pg i j = the s h i m r o d pos i t i on at the t i m e of the j th c r i t i c a l 
m e a s u r e m e n t m a d e a f t e r the i^h HDM m o v e m e n t , 
i n c h e s of w i t h d r a w a l 

P g r = the r e f e r e n c e s h i m r o d pos i t i on , 5 i n c h e s of 
w i t h d r a w a l 

- 3 . 30 = the s lope of the s h i m rod c a l i b r a t i o n c u r v e in the 
r e g i o n of i t s r e f e r e n c e pos i t i on , c e n t s p e r inch 
of w i t h d r a w a l 

Two c o r r e c t i o n s for rod p o s i t i o n e r r o r had to be c o n s i d e r e d 
for the p e r i o d r e a c t i v i t y m e a s u r e m e n t s ; the s h i m rod c o r r e c t i o n g iven by 
Equa t i on (4) above , and a s i m i l a r c o r r e c t i o n for dev i a t i ons of the r e g u l a t i n g 
rod f r o m i t s r e f e r e n c e p o s i t i o n . The r e g u l a t i n g rod p o s i t i o n e r r o r c o r r e c t i o n 
w a s : 

5RP.J . - 3 . 1 0 ( P r i j - P^^ ) (5) 

w h e r e a l l t e r m s a r e def ined a s in Equa t i on (4), excep t tha t the s u p e r s c r i p t 
" p " now r e f e r s to the p e r i o d m e a s u r e m e n t s and the s u b s c r i p t " r " r e f e r s to 
the r e g u l a t i n g r o d . 

To c o r r e c t the c r i t i c a l and p e r i o d r e a c t i v i t i e s for rod p o s i ­
t ion e r r o r the v a l u e s c a l c u l a t e d f r o m E q u a t i o n s (4) and (5) w e r e added to t h e 
c r i t i c a l rod and p e r i o d r e a c t i v i t i e s a c t u a l l y m e a s u r e d in the t e s t . 

E q u a t i o n s (6) and (7) s u m m a r i z e the c o r r e c t i o n s naade to the 
c r i t i c a l rod and p o s i t i v e p e r i o d r e a c t i v i t i e s a c t u a l l y m e a s u r e d , (RP. and Rf. ) 
to a c c o u n t for t e m p e r a t u r e dr i f t , p o w e r dr i f t , and rod p o s i t i o n e r r o r ; 

Rf- ( c o r r e c t e d ) = R?. ( m e a s u r e d ) + 6R5-- + 6R^-- + 5R^.- (6) 

R^. ( c o r r e c t e d ) = R P . ( m e a s u r e d ) + 5 R P . + 5 R P . . + 6R^. . (7) 
i j ' i j ' t i j s i j r i j 

3. Da ta Reduc t ion and A n a l y s i s 

To d e t e r m i n e c o r e r e p r o d u c i b i l i t y , the t e s t da ta w e r e a n a l y z e d a s 
fo l lows . F i r s t , t h e c r i t i c a l r o d and p e r i o d r e a c t i v i t i e s ( c o r r e c t e d v a l u e s ) 
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obtained after each HDM movement were averaged to determine the average 
cr i t ica l and period react iv i t ies of all the m e a s u r e m e n t s , including the base 
measuremen t . Then the deviation from the average was found for each 
individual c r i t i ca l and period measu remen t . If the deviations were within 
the l imits of the s ta t is t ica l variat ion expected, based on experimental e r r o r , 
it could be concluded that no change in the core configuration had occured 
and that the core was reproducible . 

a. Average Cr i t ica l and Per iod Reactivi t ies - The average 
cr i t ica l and period react iv i t ies of all the measu remen t s were calculated as 
follows: 

2 6 
R^ = 1/14 X) L R .̂ (8) 

j= l i=0 i j 

RP= 1/14 2 J2 Rfi 
j=l i -0 

ij (9) 

where: 

R - the average cr i t ica l reactivi ty, cents 

R P = the average period react ivi ty, cents 

R-- = the cor rec ted cr i t ica l reactivity (Equation 6) of 
the j c r i t ica l measu remen t made after the i"-" 
HDM movement (i = 0 re fe rs to the base m e a s ­
urement) , cents 

p 
R.. = the cor rec ted period react ivi ty (Equation 7) of the 

i j j period measu remen t made after the i^" HDM 
movement, cents 

b. Deviations from Average Reactivi t ies - The deviation of each 
individual c r i t i ca l and period react ivi ty from the average react ivi ty was ca l ­
culated as follows: 

ARfj = Rij - R^ (10) 

A R P =. R - R ^ (11) 
ij ij 

where: 

AR.. = the deviation from the average cr i t ica l react ivi ty 
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of the j c r i t i c a l m e a s u r e m e n t m a d e a f t e r the 
i*" HDM m o v e m e n t , c e n t s 

A R P = the dev i a t i on f r o m the a v e r a g e p e r i o d r e a c t i v i t y 
of the j * " p e r i o d m e a s u r e m e n t m a d e a f t e r the i 
HDM m o v e m e n t , c e n t s 

c . E s t i m a t e d E x p e r i n n e n t a l E r r o r and C o r e R e p r o d u c i b i l i t y - If 
the d e v i a t i o n s of the ind iv idua l c r i t i c a l and p e r i o d m e a s u r e m e n t s f r o m the 
a v e r a g e r e a c t i v i t i e s w e r e wi th in the l inai ts of the s t a t i s t i c a l v a r i a t i o n e x p e c t e d 
b a s e d on e x p e r i m e n t a l e r r o r , it could then be conc luded tha t no change in the 
c o r e conf igu ra t ion had o c c u r r e d b e c a u s e of HDM naovement , and tha t the c o r e 
w a s r e p r o d u c i b l e . 

The e x p e r i m e n t a l e r r o r in the c o r e r e p r o d u c i b i l i t y m e a s u r e ­
m e n t s depended on the a c c u r a c y wi th wh ich the c r i t i c a l r o d and p o s i t i v e 
p e r i o d r e a c t i v i t i e s could be m e a s u r e d . 

In R e f e r e n c e 3 the u n c e r t a i n t i e s in the b a s i c n a e a s u r e m e n t s 
a r e e s t i m a t e d to be a s fo l lows: 

Rod pos i t i on I 0. 03 in. 
R e a c t o r p e r i o d + 1 s ec 
T e m p e r a t u r e dr i f t t 1 F 
P o w e r dr i f t + 0. 2 % / m i n 

When t h e s e a r e conabined, the u n c e r t a i n t i e s in the c r i t i c a l rod and p o s i t i v e 
p e r i o d d e t e r m i n a t i o n s of c o r e r e p r o d u c i b i l i t y (Equa t ions (10) & (11) a r e + 0 . 3 5 
c e n t s and t 0 . 2 5 c e n t s , r e s p e c t i v e l y . T h e r e f o r e , wi th in the l i m i t a t i o n s of 
the t e s t , the cond i t ions for c o r e r e p r o d u c i b i l i t y w e r e : 

A R ^ - <t 0.35 c en t s 

A R P < 1 0. 25 c e n t s . 

The v a l u e s for e x p e r i m e n t a l e r r o r shown above r e p r e s e n t the s m a l l e s t r e ­
ac t i v i t y c h a n g e s due to c o r e n o n r e p r o d u c i b i l i t y tha t could be m e a s u r e d in the 
t e s t . The r e a c t i v i t y change for a + 2 m i l change in the a v e r a g e c o r e d i a m e t e r 
w a s c a l c u l a t e d and found to be ^ 0. 56 c e n t s " . T h e r e f o r e , the a c c u r a c y of the 
t e s t w a s suff ic ient to d e t e c t v a r i a t i o n s in the a v e r a g e c o r e d i a m e t e r of a p ­
p r o x i m a t e l y t 1 m i l . 

The da ta ob ta ined f r o m the t i g h t - c o r e t e s t , by m e a n s of 
m e c h a n i c a l m e a s u r e m e n t s conduc t ed in a i r a t a m b i e n t t e m p e r a t u r e s wi th 
d u m m y s u b a s s e m b l i e s in the r e a c t o r , i n d i c a t e d tha t r e p e a t e d l o w e r i n g and 
r a i s i n g of the HDM could r e s u l t in a m a x i m u n a change in the a v e r a g e c o r e 
d i a m e t e r of a p p r o x i m a t e l y t 1 m i l . 
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B. DETERMINATION OF EXPERIMENTAL ERROR 

The es t imated uncer ta int ies in the cr i t ica l rod and positive period r e ­
activity measu remen t s given above were based upon es t imated inaccurac ies in 
the measurement of rod position, reac to r period, t empera tu re drift and power 
drift. F r o m the tes t data, a check on the accuracy of the es t imated exper i ­
mental e r r o r could be obtained indirect ly by assuming that the core configura­
tion was highly reproducible and remained unchanged throughout the tes t . 
As will be seen la ter in Section V, this assumption appears to be valid based 
on the exper imental data. In this case , the apparent react ivi ty changes m e a s ­
ured give an indication of the experimental e r r o r of measu remen t . 
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V. E X P E R I M E N T A L R E S U L T S 

A. CORE R E P R O D U C I B I L I T Y M E A S U R E M E N T S 

The r e s u l t s of the c o r e r e p r o d u c i b i l i t y m e a s u r e n a e n t s a r e s u m m a r i z e d 
in T a b l e s I t h r o u g h III. T a b l e s I and II l i s t the p e r t i n e n t c r i t i c a l rod and p o s i ­
t ive p e r i o d da ta , r e s p e c t i v e l y , for e a c h of the h o l d - d o w n n a e c h a n i s m m o v e ­
m e n t s naade du r ing the t e s t . The b a s i c c r i t i c a l rod p o s i t i o n and p o s i t i v e 
p e r i o d da ta ob ta ined a r e given in the t a b l e s a s we l l a s the r e s u l t i n g u n c o r ­
r e c t e d c r i t i c a l and p e r i o d r e a c t i v i t i e s . A l s o l i s t e d a r e the c o r r e c t i o n s for 
t e n a p e r a t u r e dr i f t , p o w e r dr i f t , and rod p o s i t i o n e r r o r t ha t w e r e app l i ed to the 
u n c o r r e c t e d r e a c t i v i t i e s . The l a s t colunan of T a b l e s I and II l i s t s the f inal 
c o r r e c t e d c r i t i c a l and p e r i o d r e a c t i v i t y v a l u e s for e a c h HDM m o v e m e n t . 

T a b l e III s u m m a r i z e s the c o r r e c t e d r e a c t i v i t y r e s u l t s g iven in T a b l e s 
I and II and it shows the r e a c t i v i t y dev i a t i ons for e a c h HDM m o v e m e n t c o m ­
p a r e d to the a v e r a g e c r i t i c a l and p e r i o d r e a c t i v i t i e s . The r e a c t i v i t y d e v i a ­
t i ons g iven in T a b l e III a r e p r e s e n t e d g r a p h i c a l l y in F i g u r e 9. T a b l e III and 
F i g u r e 9 a l s o give the e s t i m a t e d m e a s u r e m e n t e r r o r s . As can be s e e n , the 
s p r e a d in the r e a c t i v i t y dev i a t i ons i s l e s s in a l l c a s e s than the e s t i m a t e d 
e r r o r of m e a s u r e m e n t . T h e r e f o r e , it can be conc luded tha t the c o r e con ­
f igu ra t ion i s r e p r o d u c i b l e to wi th in + 0 . 5 m i l on the a v e r a g e c o r e r a d i u s 
(Sect ion IV, A. 3C). 

B . E X P E R I M E N T A L ERROR 

B a s e d on the t e s t r e s u l t s , it a p p e a r s r e a s o n a b l e to a s s u m e tha t the 
c o r e i s h igh ly r e p r o d u c i b l e . A s s u m i n g t h i s to be t r u e , the r e a c t i v i t y d e v i a ­
t ions tha t w e r e m e a s u r e d a r e a p p a r e n t c h a n g e s only, and r e p r e s e n t the 
e x p e r i m e n t a l e r r o r s of m e a s u r e m e n t . F rona T a b l e III, t h e r e f o r e , the e x ­
p e r i m e n t a l e r r o r s for c r i t i c a l rod and p o s i t i v e p e r i o d r e a c t i v i t y m e a s u r e ­
m e n t s a r e a p p r o x i m a t e l y t 0. 25 c e n t s and t 0. 18 c e n t s , r e s p e c t i v e l y . 
Al though t h e s e v a l u e s a r e about 30 p e r cen t l e s s than the p r e d i c t e d e r r o r s of 
+ 0. 35 cen t s and + 0 . 2 5 c e n t s (Sect ion IV, A. 4), t hey a r e in a g r e e m e n t wi th in 
the l i m i t a t i o n s of the t e s t da ta wh ich a r e b a s e d on a r e l a t i v e l y s m a l l n u m b e r 
of m e a s u r e m e n t s . 
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TABLE I CRITICAL DATA FROM CORE REPRODUCIBILITY TEST 

Basic Data Reactivity Corrections 

Measure 
No. of HDM ment 
Movement, i Type of HDM Movement No., ] 

None (Arbitrary Base) 

Critical Shim 
Rod Position, 

Pg, Inches 
Withdrawn 

5.00*^ 

5.00 

Critical 
Regulating 

Position, IV, 
Inches 

Withdrawn 

7.24 

7.23 

Power 
Drift Rate, 
D, Per Cent 

Average 
Temperature, 

t'^.Fb 

517.14<^ 

517.12 

Uncorrected 
Critical 

Reactivity from 
Regulating Rod 

Calibrataon 
Curve, R^, Cents 

23.25 

23.28 

Temper­
ature 
Drift, 
6 R i 
Cents 

Power 
Drift, 
6Rg, 

Cents 

Shim 
Rod 

Posi­
tion, 
6Ri, 
Cents 

Corrected 
Critical 

Reactivity 
on Regulahng 
Rod, RC, Cents 

-0.01 

23.25 

23.27 

Raised, rotated, and 1 
returned to original 
position 2 

Raised, rotated, and 1 
returned to original 
position 2 

Raised, rotated, and 1 
returned to original 
position 2 

Raised, rotated, and 1 
returned to original 
position 2 

Raised, rotated, and 1 
returned to original 
position 2 

Raised and lowered only 1 

2 

5.00 

5.00 

5.05 

5.05 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

7.28 

7.26 

7.13 

7.12 

7.16 

7.21 

7.20 

7.22 

7.21 

7.21 

7.20 

7.13 

0.04 

0.15 

0 

0.50 

-0.07 

0.10 

0.20 

0 

0.22 

0 

1.00 

0.08 

518. 27 

517.86 

517.84 

516.83 

517.00 

517.25 

517.54 

517.79 

517.64 

517.86 

516.77 

516.40 

23.12 

23.18 

23.62 

23.65 

23.52 

23.35 

23.38 

23.32 

23.35 

23.35 

23.38 

23.62 

0.30 

0.19 

0.18 

0.08 

0.04 

0.03 

0.11 

0.17 

0.13 

0.19 

0.10 

0.19 

0.01 

0.03 

0 

0.09 

-0.02 

0.02 

0.04 

0 

0.04 

0 

0.18 

0.02 

0 

0 

-0.16 

-0.16 

0 

0 

0 

0 

0 

0 

0 

0 

23.43 

23.40 

23.64 

23.50 

23.46 

23.40 

23.53 

23.49 

23.52 

23.54 

23.46 

23.45 

a. Obtained from Keithley recorder chart. In most instances the measurements were made over 5-minute time intervals. 

b. Average of the thermocouple and resistance temperature detector readings. 

c. Reference shim rod position, Pgi-, for rod position e r ro r reactivity corrections. 

d. Reference temperature, tgi , for temperature drift reactivity corrections. 



TABLE n - PERIOD DATA FROM CORE REPRODUCIBILITY TEST 

Basic Data Reactivity Corrections 

No. of HDM 
Movement, i Type of HDM Movement 

None (Arbitrary Base) 

Raised, Rotated, and 
Returned to Original 
Position 

Raised, Rotated, and 
Returned to Original 
Position 

Raised, Rotated, and 
Returned to Original 
Position 

Raised, Rotated, and 
Returned to Original 
Position 

Raised, Rotated, and 
Returned to Original 
Position 

Raised and Lowered Only 

Measure­
ment No., ] 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

Shim Rod 
Position, Pg, 

Inches 
Withdrawn 

5.00"* 

5.00 

5.00 

5.00 

5.05 

5.05 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

Regulating Rod 
Position, Pj., 

Inches Withdrawn 

10. 00 " 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Average 
Temperature, 

fP .F^ 

517.12* 

517.19 

517.86 

517.45 

517. 84 

516.83 

516.98 

517.23 

517.54 

517.44 

517.64 

517.86 

516.77 

516.40 

Average 
Period,T, 
Seconds 

103.0 

103.4 

104.8 

104.0 

100. B 

100.0 

100 5 

102.4 

102.3 

103.0 

101.5 

101.7 

99.9 

99.4 

Uncorrected 
Period 

Reactivity, 
R P , Cents 

8.51 

8.49 

8.40 

8.45 

8.66 

8.71 

8.68 

8.55 

8.56 

8.51 

8.61 

8.60 

8.72 

8.75 

Temperature 
Drift, 

6 R P , Cents 

0 

0.02 

0.19 

0.08 

0.19 

-0 .08 

-0.04 

0.03 

0.11 

0.08 

0.14 

0.19 

-0.09 

-0 .19 

Shim Rod 
Position 

6RP Cents'" 
&i 

0 

0 

0 

0 

-0 .16 

-0 .16 

0 

0 

0 

0 

0 

0 

0 

0 

Corrected 
Period 

Reactivity, 
RP, Cents 

8.51 

8.51 

8.59 

8.53 

8.69 

8.47 

8.64 

8.58 

8.67 

8.59 

8.75 

8.79 

8.63 

8.56 

a. Average of the thermocouple and resistance temperature detector readings. 

b. Average of the data from the ion chamber and two source range channels. 

c. The regulating rod position e r r o r reactivity correction, 5 R P , is zero m all cases because i ts reference withdrawal 
position (10 inches) was always reproduced exactly. 

d. Reference shim rod position, Pgj., for shim rod position er ror reactivity corrections. 

e. Reference regulating rod position, Pj-p, for regulating rod position e r ro r reactivity corrections. 

f. Reference temperature,fP-,, for temperature drift reactivity corrections. 



TABLE in - REACTIVrrY EFFECTS DUE TO MOVEMENT OF THE HOLD-DOWN MECHANISM 

Reactivity Deviations of Individual Measurements Compared to Average Reactivities 

No. of HDM 
Movement, i 

0 

1 

2 

3 

4 

5 

6 

Type of HDM Movement 

None (Arbitrary Base) 

Raised, Rotated and 
Returned to Original 
Position 

Raised, Rotated and 
Returned to Original 
Position 

Raised, Rotated and 
Returned to Original 
Position 

Raised, Rotated and 
Returned to Original 
Position 

Raised, Rotated and 
Returned to Original 
Position 

Raised and Lowered Only 

Measure­
ment No., j 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

Critical Rod Measurements 

Corrected 
Critical 

Reactivity, 
RC, Cents 

23.25 

23.27 

23.43 

23.40 

23.64 

23.50 

23.46 

23.40 

23.53 

23.49 

23.52 

23.54 

23.46 

23.45 

Average 
Critical 

Reactivity, 
R'̂ , Cents 

1 

j 

23. 45 

Deviation 
From 

Average 
Critical 

Reactivity, 
A R ^ , Cents 

-0.20 

-0.18 

-0.02 

-0.05 

0.19 

0.05 

0.01 

-0.05 

0.08 

0.04 

0.07 

0.09 

0.01 

0.00 

Estimated 
Experi­

mental Error , 
Cents 

iO. 35 

Positive Period Measurements 

Corrected 
Period 

Reactivity, 
R P , Cents 

8.51 

8.51 

8.59 

8.53 

8.69 

8.47 

8.64 

8.58 

8.67 

8.59 

8.75 

8.79 

8.63 

8.56 

Average 
Period 

Reactivity, 
R P ; Cents 

1 

I 

8.61 
1 

i 

Deviation 
From 

Average 
Period 

Reactivity, 
ARP, Cents 

-0.10 

-0.10 

-0.02 

-0.08 

0.08 

-0.14 

0.03 

-0.03 

0.06 

-0.02 

0.14 

0.18 

0.02 

-0.05 

Estimated 
Experi­

mental E r ro r , 
Cents 

to. 25 

i 

Conclusions 

No 
Measurable 
Effect Due 

to HDM 
Operation 
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VI. CONCLUSIONS 

R e a c t i v i t y m e a s u r e n a e n t s naade in the E n r i c o F e r m i r e a c t o r , a f t e r a 
s e r i e s of h o l d - d o w n m e c h a n i s m m o v e n a e n t s , show that no s ign i f ican t e x p e r i -
naental e r r o r s due to HDM m o v e m e n t wil l be i n t r o d u c e d in t h o s e n u c l e a r t e s t s 
r e q u i r i n g o p e r a t i o n of the HDM b e t w e e n r e a c t i v i t y n a e a s u r e n a e n t s . The t e s t 
r e s u l t s show tha t the r e a c t i v i t y change , if any, i s wi th in the e x p e r i m e n t a l 
e r r o r of 1 0. 35 c e n t s . Th i s c o r r e s p o n d s to a n a a x i m u m change in the a v e r a g e 
c o r e d i a m e t e r of about + 1 m i l . The c o r e r e p r o d u c i b i l i t y t e s t r e s u l t s , o b ­
t a i n e d by n u c l e a r m e a s u r e m e n t s m a d e unde r a c t u a l r e a c t o r o p e r a t i n g cond i ­
t i o n s , a r e c o n s i s t e n t wi th the r e s u l t s of the e a r l i e r m e c h a n i c a l m e a s u r e m e n t s 
m a d e in the t i g h t - c o r e t e s t unde r p r e o p e r a t i o n a l r e a c t o r c o n d i t i o n s . In the 
l a t t e r t e s t , it w a s found tha t the c o r e w a s t ight to wi th in + 1 m i l on the a v e r a g e 
c o r e d i a m e t e r . 
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