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FOREWORD 

One o f  a series of  reports on research and development in  connection with the design 
of the Pathfinder Atomic Power Plant, this particular report describes xenon-samarium 
poisoning reactivity measurements (Test 335) carried out during the rise-to-power phase 
of the reactor startup. The Pathfinder plant i s  located at a site near Sioux Falls, South 
Dakota; i t  reached init ial  cr i t ical i ty early i n  1964 and attained approximately 85% of 
the design power objective of 190 Mwt. in early.1967. Northern States Power i s  the 
owner and operator o f  the ~ l a n t .  Allis-Chalmers i s  responsible for the design and con- 
struction of  the plant and for performance of research and development projects.. 

The U . S. Atomic Energy Commission, through Contract No. AT(11-1)-589 with. Northern 
States Power Company and Central Util i t ies Atomic Power Associates [(CUAPA), are 
sponsors of  the research and development program. The plant's reactor i s  of the Con- 
trolled Recirculation Boiling Water type with nuclear superheat. 
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1,. INTRODUCTION 

This report contains the results of xenon poisoning reactivity measurements (Test 335) 
carried out as part o f  the in i t ia l  startup and testing o f  Pathfinder plant, which in- 
cluded a programmed gradual increase of reactor power to the fu l l  design power objec- 
t ive o f  190 Mwt. The objective o f  the xenon tests was to determine the reactivity 
associated with xenon at intermediate and fu l l  power levels. The reactivity associated 
with samarium buildup was a Iso determined. However, power escalation was limited 
to 88 percent o f  the proiected fu l l  power of 190 Mwt . The test results are used to 
verify analytical calculation methods, to derive control rod calibration data, and to 
determine the capability of the reactor to startup after shutdown. Xenon measure- 
ments were conducted as part o f  startup test procedure 335.* 

Ini t ial  measurements were made at a reactor power o f  76 Mwt, or at approximately 
40 percent o f  fu l l  power. The measurements were repeated with slightly reduced 
scope a t  reactor powers of 114 Mwt and 153 Mwt, or 60 and 80 percent, respectively, 
o f  fu l l  power. Additional measurements were then taken at the maximum achieved 
power level, which was 162 Mwt. 

"Test Procedure. No. 335, "Pathfinder Atomic Power Plant Xenon Radioactivity, " 
Rev. 1, dated June 3, 1966; A l  [is-Cha imers Atomic Energy Division? 



. 2 .  GENERAL.TEST METHOD 

Xenon buildup to equilibrium conditions at several reactor power .levels was measured 
by following the movement of a calibrated control rod group. Xenon buildup to peak 
and subsequent decay after shutdown from power was similarly measured. The detailed 
procedure . is presented as part of  Test Procedure 335, "Pathfinder Atomic .Power Plant 
Xenon Reactivity, " (Rev. 1, dated June 3, 1966). The reactor was brought to the de- 
sired power under normal operating conditions. The power level was then held con- 
.stant at steady-state conditions until equilibrium xenon.concentration in  the core was 
reached. . The positions of  the control rods and other operating data were recorded as 
the xenon approached equilibrium. 

. After xenon. reactivity approached its equilibrium value, the reactor was shut down and- 
immediately brought cr i t ical again at  low power. . Reactor water temperature was main- 
tained near' the reference operating tempera ture. ~ h e ' r e a c t i v i t ~  worth of  xenon build- 
up to maximum, and the subsequent decay to .low concentrations, was determined by 
periodic measurement o f  the cri t ical position of the calibrated rod bank; this bank i s  in  
control at low power during the xenon.transient. 



3. APPLICABLE THEORY AND ANALYTICAL- CALCULATIONS 

The most important fission product in the reactor i s  Xe-135 because of  i t s  exceptionally 
6 large absorption cross section for thermal neutrons (-2.7 x 10 barns). The presence of  

Xe-135, therefore, has a significant effect on core reactivity. The main proportion of  
Xe-135 i s  produced from the precursor 1-135 by beta decay: 

-1 min 
Te- 135 - 9.2 hr Xe- 135.-----o Ba- 1.35 stable. 

I ., . . From the above,. because of the short half-life of  Te-135, i t  may be assumed that 1-135 
. . 

i s  formed directly by the fission process. The fission decay chain . i n  which Xe-335. i s  
formed .is: - 

/'-I3\- . ,  

.pG 

fission . : Xe- 135 ..., 
yield 0.3 % 

The,differentiaI equations describing the rate of change of xenon concentration 'for a 
point reactor system are given below: 

dNI-135 1-135 1-135 1-135 = , q %  y - N  . A , and - dt 

where 

0 
3 

= reactor fission rate (fissions/cm sec) 
1-1 35 

Y = fission product yield of  1-135 (atoms/fission) = 0.061 

X 
1-1 35 

= decay rate of I - 135. (!/set) 

35 = fission product of Xe-135 (atoms/fission) = 0.003 Y 
" h Xe-l 35 

= decay rate of  Xe-135 (I/sec) 
1-1 35 . 3  

rr concentration of  1-135 (atoms/cm ) 
,,,Xe-135 , 3  

= concentration of Xe-135 (atoms/cm ) 
: Xe-135 

'a 
  microscopic absorption cross section of Xe-135 (barns) 



A brief review o f  these equations shows that the equilibrium concentration of Xe i s  
generally dependent on thereactor flux. However, for flux levels above 1014 neu- 

2 .trons/cm .sec, i t  remains essentially constant. 

Another important fission product that affects core reactivity because of  its relatively 
high cross section for thermal neutrons i s  Sm-149. This .is a stable isotope and the end 
product o f  the decay chain: 

1.8 hr 53 hr 
Nd-149- Pm-149.- Sm-149 which occurs in about 1.4 percent of  fissions. 
Because Sm-1493 not radioactive, equilibrium concentration during reactor operation 
i s  independent of  the neutron flux and reaches a limiting equilibrium value. 

Of primary concern in reactor operations i s  the amount of  reactivity controlled by the 
equilibrium xenon poison at  different power levels and the rate o f  change of  poison 
after reactor shutdown. After about 40 to 60 hr o f  continuous operation at constant 
power, the xenon concentration w i l l  reach an equilibrium value, Production by direct 
fission and by decay of  1-135 w i l l  be balanced by neutron absorption and by radioactive 
decay. The reactivity effect of xenon poison buildup to equilibrium was calculated 
for three different power levels. The results are shown in  Fig. 3.1 for power levels of 
25, 50, and 100 percent of the ful l  design power, which i s  190 Mwt. A t  fu l l  power 
the reactivity lost due to equilibrium xenon was calculated to be 3 percent a k. 

Immediately after shutdown from power, xenon .concentration i n  the core begins to in- 
crease. This increase occurs because 9-135 has a shorter half-l i fe than Xe-135. At  
shutdown, 1-135 forms Xe-I35 by radioactive decay at  a rate much faster than the rate 
of  decay of Xe-135,. almost none of which .is now being lost by burnup due to neutron 
capture. . Therefore, the concentration of xenon after.shutdown w i l l  increase and w i l l  
reach a peak after approximately 6 to 8 hr. At  peak xenon.concentration, the produc- 
tion o f  Xe-135 by 1-135 decay exactly matches Xe-135 decay to Cs-135. After reach- 
ing peak concentrations, the xenon concentration~will start to decrease, since the 
buildup of Xe-135 by 1-135 i s  less than its radioactive decay because of the fact that 
no more 8-135 i s  being produced. Figure 3.2 shows the reactivity worth of xenon 
po.ison as a function of  time after shutdown for power levels of  25, 50, and 100 percent 
of  fu l l  design power. Peak xenon :worth was calculated to be 5.61 percent a k, and 
i t  occurs approximately 8 hr after shutdown from ful l  power operation at  equilibrium 
conditions. 

. Calcuiations also indicate that the absolute worth.of both equilibrium and transient 
xenon i s  only s,lightly dependent on .the control rod configuration. This was deter- 
mined using successive two-dimensional (RZ) diffusion ca lculation. for the. Pathfinder 
core, 
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4;. XENON REACTIVITY AT 76 MWT, OR 40 PERCENT OF FULL.POWER 

A programmed reactor power increase to 76 Mwt, or 40 percent o f  fu l l  power, was 
initiated on August 5, 1966 and was completed at 0700 on August 18, 1966. The re- 
actor had been operating at a constant power o f  76 Mwt wi th equilibrium xenon con- 
centration in the core for 9 hr prior to shutdown. The rod configuration during this 
period was that for normal startup (Groups I90, PV and V at 73 in.; Group IP fully in; 
and Groups1 controlling). Group I reached 73 in. at 0700 on August 18, a t  which 
time the reactor was shut down. The reactor was then returned to cr i t ical a t  0924 
on August 18 with Groups I and II fully in, Group Il I controlling, and Groups I V  and 
V a t  73 in'. The reactor water was held at 450 * 5 F; cr i t ical i ty was maintained unti l  
1400 on August 20. Group Ill was controlling during this period of approximately 55 
hr, and Group Ill differential worths were measured for approximately every inch of 
rod motion. The Group 119 heights during this xenon transient.are plotted on Fig. 4.1. 
A l l  heights are corrected to 450 F. The poYnts at 0 and 60 hr are extrapolated from 
the data. A point i s  also plotted a t  0 hr for equilibrium xenon a t  478 F. 

Using period data taken during the xenon transient test, a Group Ill differential worth 
.curve was constructed as shown on Fig. 4.2. The dashed curve abdve 58 in. i s  esti- 
mated. The integral o f  this curve i s  also shown on Fig. 4.2. 

. Calculations were done to exactly match the power histor- just prior to the reactor 
shutdown from 76 Mwt for performance o f  the xenon test. The calculated worth of 
xenon*is shown on Fig. 4.3. Also on Fig. 4.3 the measured worth of xenon i s  shown. 
To obtain the measured curve, the reactivity worth between the Group 119 heights 
shown on Fig. 4.1 and the xenon free position was determined using the integral worth 
on) Fig. 4.2. The xenon-free position was determined by correcting the extrapolated 

. Group Ill height at 60 hr shown on Fig. 4.1, using a calculated xenon worth of 0.144 
percent k at 60 hr. The xenon-free Group Ill height i s  31.3 in. at 450 F. 

Since the calculated and measured xenon worth curves are in good agreement from 3 
to 60 hr, the calculated worth was taken to be the measut-ed value at shutdown. This 
assumption gives a Group Ill height o f  50 in. at shutdown for conditions of zero power 
and 450 F. As can be seen on Fig. 4.1, this point fits the measured data wel l .  I't i s  
also the same height that Group. 1 9 9  had at 17.8 hr after shutdown. This time agrees 
wel l  with calculations which predicted that the xenon worth at 17 ha after shutdown 
would be the same as its worth at shutdown. This point in time i s  called the xenon 
return time. 

Table 4-1 summarizes calculated and measured results o f  this test. The first column 
o f  calculated,numbers i s  for conditions which.simulate this test. The third column 
presents the results of calculations done for the reactor at equilibrium xenon at 76 
Mwt. 



TABLE 4-1 

XENON TRANSIENT AT '76 MWT TEST SUMMARY 

Xenon: Worth .(% 4 k) 

Calculated for 
Ca I cu la ted Measured Eqwi.l.. at 76 Mwt 

Worth at shutdown 2.03 2.03 ? .28 
: Maximum worth 2.70 2.75 3.10 
Time of maximum worth 7.0 hr 7.8 hr 
Return time 17.0 hr 17.8 hr 

Calculated results in Table 4-1 also show that the worth of Group I I  control rod from 
zero to 14 in. i s  0.25 percent A k, since at equilibrium xenon for 76 Mwt the Group 
II position i s  14 in. 

. As an additional check on. the xenon.calculations and on the Group 189 rod worth.shown 
on Fig. 4.2, .calculations were done to follow a measured.xenon buildup.for.28 hr at  
40 Mwt. These calculations predict a xenon.worth o f  1.56 percent. . This compares wel l  

' .  with a Group III worth o f  1.60 percent /\ k.for movement fmm 42.0 to 56.2 in. - 
In.summary,. the xenon-free Group Ill height at  450 F.is estimated to be 3;113 in. A 
clean. core Group.l l l  height at  450 F'is estimated to be 28.0 in. This estimate uses a 
,420 F.clean core Group Ill height o f  24.5 in. and a temperature coefficient of -1.55 
x A k / ? F .  The worth of G roup l l l  from 28.0 to 31.3 in. i s  0.41 p e r c e n t A k .  
 he calculated worths of sarnarium.at shutdownand at  60 hr are 0.31 percent's k and 
0.34 k. Thus, 0.07 percent /\ k : is  attributed to fuel burnup and long term fission 
product burnup. A t  this time the fuel exposure in the boiler core i s  estimated to be 
762. Mwd. 
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PATHFINDER I GROUP Ill WORTH FIG. 4.2 
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5. XENON REACTIVITY AT 114 MWT, OR 60 PERCENT OF FULL POWER 

Reactor power increase to 114 Mwt, or to 60 percent of fu l l  powerrwas initiated on 
December 1, 1966 from the 40 percent power level. Starting at 1000 hr on December 
3, 1966, the core power level was held approximately constant for 31 hr to achieve 
equilibrium xenon. The core was shut down at 1700 hr on December 4, 1966, and 
the xenon transient followed at zero power. The core power history prior to this 
shutdown i s  summarized in Table 5-1 . 

TABLE 5-1 

EQUILIBRIUM XENON BUILDUP 

Date and Time 

December 3: 1000 
2340 

December 4: 0300 
0700 
1100 
1600 

. 1700 

Power (Mwt) Group II Height (in.) 

The xenon transient test was done after a shutdown from 60 percent power. The Con- 
trol Rod Group. Ill rod heights after shutdown from 60 percent power are plotted on 
Fig. 5.1 . Period data taken during the test provide Group II I differential worth as 
a function of group height. 

This data, with data taken during the xenon transient following a shutdown from 40 
percent power, provides a Group Ill differential worth curve for the upper half of the 
core. A composite Group Ill worth curve i s  shown in  Fig. 5.2. 

Using this curve, the reactivity worth of 60 percent power xenon was computed in  the 
same manner as for 40 percent power, as described in Sec. 4. These results are listed 
in Table 5-2. Also listed in  Table 5-2 are calculated results based on simulation of 
this test for equilibrium conditions at 114 Mwt. 

TABLE 5-2 

XENON TRANSIENT AT 114 MWT TEST SUMMARY 

Worth at shutdown 
Maximum worth 

Xenon Worth (% A k) 

Calculated for 
Calculated Measured Equil. at 114 Mwt 



Unlike the findings at 40 percent power, where agreement was very good, the meas- 
ured values are low relative to the calculated values. The calculations listed in 
Table 5-2 and those performed at 40 percent power are results of an analysis in  which 
the reactor i s  treated as a one-point reactor. For this analysis, equilibrium xenon is 
worth 3.0 percent A k at  ful l  power and with a l l  rods out. For other than ful l  power 
conditions, the xenon worth relative to the worth at fu l l  power i s  directly proportional 
to the ratio of the xenon inventories existing at  the actual conditions and at fu l l  power, 
based on the one-point model. 

Two-dimensional RZ calculations were done simulating the 60 percent power condi- 
tions. The worth of xenon was computed for the operating core at  60 percent power 
and for the zero power core with the 60 percent power xenon inventory. The control 
rods were at  near-critical positions. These calculations yielded xenon worths of 2.04 
and 2.57 percent A k for zero power and for 60 percent power core respectively. 
Becguse of these results, i t  appears that the one-point model i s  less valid at the higher 
power levels, and hence at  higher voids in  the core. 



PATHFINDER I TEST 335, 60 PERCENT POWER FIG. 5.1 
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6, 'XENON.:MEASUREMENTS AT 153 MWT, ,OR 80 ,PERCENT OF: FULL. PO,W.ER 

Xenon: reactivity measurements were not scheduled.for 80 percent o f  power) however, 
on December 25,. 1966 a t  1500 a scram.occurred from. 153 Mwt. . Group il rods were a t  
48.8 in. . Zero power cr i t ical i ty was achieved a t  2100;with Group .I.I at 14.4 in. and 
wi th the moderator'temperature at 462 .F. . This permitted another tesf and evaluation 
of xenon: transient reactivity after shutdown from 80 percent o f  fu.ll power. 

Test results indicate a peak xenon reactivity value o f  3.90 percent a k. This rneas- 
urement i s  based onlzero power, 450 F, rod position o f  Group l l l  at 37.3 in. for the 
xenon-free condition and Group II at 0 in. for the 6-hr xenon.condition. Calculations 
using the one-point model gave a xenon reactivity worth of 4.80 percent A k 6 hr after 
shutdown from 80 percent o f  power. Thus, l ike the measurements at 60 percent of power, 
the one-point model overestimates peak xenon worth by about 25 percent for the hot 
zem power standby condition. However, these same methods worked very wel l  at 76 
Mwt, or 40 percent of power, where the voids were low and where less difference 
existed i n  control rod worth between the zero power and power conditions. 



7. XENON :MEASUREMENTS AT 162 MWT, OR 85'PERCENT 0 6 .  POWER 

Additional xenon reactivity measurements were performed at a reactor power level of 

162 Mwt (85 percent of power). This power was reached at 1300 February 23, 1967; 
and i t  was held constant unti l equilibrium conditions were attained. Control Rod 
Group II was controlling and reached 68.5 in. withdrawal a t  the time of reactor shut- 
down. Group II had moved less than 0.5 in. in the 4 hr preceding the shutdown. 
Control Rod Groups 1, 191, IV, and V were at 73 in. Normal reactor shutdown was 
begun at 0000 on February 25, 1967. Reactor shutdown was completed in approxi- 
mately 1 hr, and the reactor was cri t ical again at zero power 4 hr after shutdown, at 
which time Control Rod Group I I  was controlling and a l l  other rods were ful ly with- 
drawn. Thereafter the xenon transient was followed ini t ial ly with Control Rod Group 
, II unti l fu l l  insertion; then wi th Control Rod Group. l unti l fu l l  insertion; and finally 
wi th Control Rod Group Ill to a cr i t ical position of 42.5 in., achieved 56.5 hr after 
shutdown. Crit ical zero power control rod positions were recorded at frequent inter- 
vals during xenon buildup to a peak and subsequent decay. . Control rod worth was 
determined at approximately 2-in. intervals for a l l  three rod groups from period data 
measured during the xenon transient. Reactor water temperature was held close to 
450 F throughout the test. 

Figure 7.1 gives. control rod group.height as -a function of xenon concentration. in the 
core. , Extrapolation o f  the Control Rod Groupl l l l  curve gives a .crit ical position o f  
40.9 in. for the xenon-free core condition.. However, after shutdown to zero power, 
samarium builds up to greater than its equilibrium value. . Calculations predict that 
the worth bf samaiium at 60 hr after shutdown for this transient i s  0.15 percent a k 
.greater than immediately following shutdown. Thus,. 0.15 percent /\ k should be 
added to the xenon.worth values obtained from .the control rod heights o f  Fig. 7. . I .  
Figures 7.2,. 7.3, and 7.4 give differential and integral worth plots constructed from 
period data taken, during xenon transient far Control Rod Groups 9,. 11, and. 111, 
respectively. . 

From plots of control position vs. time after shutdown and control rod worth vs. posi- 
tion, a reactivity curve o f  the xenon transient was generated. Figure 7.5 gives the 
reactivity worth of xenon as a function o f  time after shutdown from a power level of 
162 Mwt. The xenon transient peaked at 4.45 percent k about 9 hr after shutdown. 
This i s  corrected to 4.60 percent A k, which i s  approximately 6 percent less than ex- 
pected. Equilibrium xenon worth was estimated to be 2.40 percent 4 k by extrapola- 
t ion o f  test data. This i s  corrected to 2.55 percent A k, which i s  10 percent lower 
than the calculated value of 2.85 percent A k .  The xenon transient returned to 
equilibrium value about 25 hr after shutdown; 24-ha return time was expected. Table 
7-1 summarizes calculated and measured results of this test. 

.The worth o f  Control Rod Groups 9 1  and 9lI was lower than had been previously meas- 
ured or estimated. For comparison among calibration data, a composite Group I l l  
worth plot showing a l l  hot (450 F) zero power data obtained during the various tests 
i s  presented i n  Fig. 7.6. As can be seen from Fig. 7.6, the Group I I P  data taken 



during the 85 percent xenon follow yields worths 10 to 20 percent lower than data 
taken during tests following shutdowns from lower power levels. No  valid explana- 
tion based on presently developed information could be given for this. Group.Il data 
taken during the 85 percent xenon transient also yield worths lower than values in- 
ferred from data taken during power operation. These data are changes in power per 
increment o f  rod movement, and rod movement required to match xenon buildup during 
reactor operation wi th Control Rod Group ! I  control. The explanation for the lower 
Control Rod Group I I worths under zero power conditions i s  thought to be caused by 
neutron flux axial distribution effects. A t  zero power and with no voids, the thermal 
neutron flux peaks in  the upper half o f  the boiler core. During power operation, void- 
ing in  the upper half of  the boiler shifts the flux into the lower half, thereby increasing 
the control rod worth in the lower half of  the core. A t  low power this effect would not 
be discernable. A quantitative evaluation of redistribution on the axial shape o f  the 
Contml Rod Group II worth curve as a function of power (or void level) has not been 
made. 

Finally, because o f  these. same differences between measured and calculated valves, 
an RZ PDQ analysis was made at 60 percent power to test the one-point model. This. 
analysis showed that a xenon inventory distribution in a nonvoided heavily-rodded core 
was worth approximately 85 percen.t of  the reactivity worth of the,same xenon i n  a 
voided lightly-rodded core. This effect may also provide the explanation for the dif- 
ferences pbserved i n  that, here again at 85 percent power, xenon measurements are 
made for the nonvoided condition; whereas the calculations were real istical ly made 
for the voided condition. 

TABLE 7-1 

XENON TRANSIENT AT 162 MWT TEST SUMMARY 

Xenon Worth (% A k) 

Worth at  shutdown 
Maximum worth 
Time of  maximum worth 
Return time 

Calculated Measured 



PAWINDER I ROD GROUP HEIGHT VS. TIME AFTER SHUTDOWN; 
TEST 385, 450 F, 85 PERCENT POWER 



PATHFINDER I GROUP I WORTH; TEST 335, 450 F I  85 PERCENT POWER FIG. 7.2 
I 



Gmup I I  height (in.) 

PATHFINDER I GROUP II WORTH; TEST 335, 450 F, 85 PERCENT POWER FIG. 7.3 
I II 
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PATHFINDER I TEST 335, 85 PERCENT POWER; XENON REACTIVITY FOLLOWING SHUTDOWN FIG. 7.5 
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8. EVALUATION OF SAMARIUM WORTH 

The reactivity worth of equilibrium samarium in  Pathfinder was determined using the 
change in  control rod positions as a function of core bumup. The height of  Control 
Rod Group Ill for criticality at zero power and at approximately 450 F has been de- 
termined at the end of each xenon test, as well as at  other times following a core 
shutdown. Group Ill heights were measured b r  six approximately xenon-free condi- 
tions as a function of core burnup in  Mwd. These heights, corrected to 450 F and to 
the xenon-free condition, are plotted on Fig. 8.1 as a function of Mwd. Control 
Rod Groups I and II are fully in, and Control Rod Groups IV and V are fully out. 

Also shown on Fig. 8.1 are Control Rod Group Ill heights calculated for equilibrium 
and maximum samarium as a function of core burnup. These curves use experimental 
data for the clean coreControl Rod Group Ill height (28.0 in.) at 450 F and experi- 
mental data for the Control Rod Gmup Ill reactivity worth as a function of group 
height. Calculated values for reactivity changes due to fuel depletion, long term 
fission product buildup, and boron-stainless steel shim depletion are then used in 
conjunction with calculated values of the samarium buildup reactivity worth. 

Pathfinder operation for approximately 1500 hr at 50 percent power results in 
equilibrium samarium. This i s  approximately 5600 Mwd. Thus, the last two meas- 
ured points on Fig. 8.1 are at equilibrium samarium. The measured reactivity loss 
at 7000 Mwd i s  1.35 percent A k (Control Rod Group Ill worth from 28.0 to 40.9 
in,). The calculated reactivity net loss due to fuel depletion, long-term fission 
product buildup and 8-S.S. shim depletion i s  0.50 percent A k. The increase in 
samarium inventory above the equilibriwm value for the point measured at 40.9 in. 
i s  0.1 percent A k. Thus, equilibrium samarium is' determined to be 0.75 percent 

k. The calculated value i s  0.80 percent A k. 

Consistency between calculated and measured values on Fig. 8.1 can also be seen 
from a comparison between the line labeled "equil. Sm extrapolation" and the calcu- 
lated curve of Group Ill height. The extrapolated line passes through the two meas- 
ured points and intersects the 0 Mwd axis at 35.3 in. The reactivity worth of Con- 
trol Rod Group III from 28.0 to 35.3 in. i s  0.85 A k. This difference also 
represents the reactivity worth of equilibrium samarium. 

The reactivity worth of  equilibrium samarium in the Pathfinder reactor i s  thus taken 
to be 0.80 * 0.05 percent k. 



PATHFI NDER I REFERENCE CORE, 40 BORON-STAINLESS STEEL SHIMS FIG. 8.1 



9. SUMMARY 

The reactivity effect o f  xenon concentration in the Pathfinder reactor was measured 
at various reactor power levels from 40 percent of design power (76 Mwt) up to and 
including 85 percent of design power (162 Mwt) .. In genera I, measured data agreed 
well with calculations at  the lower power levels and were slightly less than expected 
at the higher power levels. This latter i s  attributed mainly to the difference between 
calculations done for a voided unrodded core and measurements done for a nonvoided, 
rodded core. However, the control rod worth data generated during the test, from 
which the xenon worth was determined, also introduces a margin of uncertainty. The 
results indicate that the amount and distribution of voids present in  the core have an 
appreciable effect on the magnitude and shape of the worth measurements. Based on 
results of measurements at the highest power level reached (162 Mwt), i t  i s  estimated 
that at the ful l  design power of 190 Mwt equilibrium xenon w i l l  be worth approximately 
2.7 percent a k, and peak xenon w i l l  be worth about 5 percent a k. This i s  appmxi- 
mately 10 percent leu  than the calculated values at ful l  power of 3 percent a k and 
5.6 percent k, respectively. However, these extrapolations are based on measure- 
ments with a solid water reactor. It seems reasonable to expect that the effect of 
voids, if factored into the measurements, would yield higher measured values. Thus, 
i t  i s  recommended that the calculated values continue to be used. 

Good agreement was achieved between measurements and calculatiorls in determining 
the worth of equilibrium samarium in the core. In both instances the worth of equilib- 
rium samarium was established as 0.8 ~ercent  A k. 




