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ABSTRACT

Fluence rate, fluence, and activity calculations are pre-
sented for each of three exposures (two surveillance capsules
and a pressure vessel capsule) performed during the two-year
metallurgical blind test experiment at the ORR-Poolside Facility
in Oak Ridge. This expe“iment is intended to serve as an inter-
national metallurgical benchmark, and the spectral fluence
celculations described in this report have been made available
tc the international community in pressure vessel dosimetry to
be used in their damage assessment studies and/or adjustment
procedures.

Following the same simplified calculational methods intro-
duced and described in a reanalysis of the startup experiment,
fission source distributions were obtained from 3-dimensional
diffusion theory for most of the 52 cycles active during the
course of the complete experiment, combined in small groups, and
the resultant ex-core group fluxes calculated by two-dimensional
discrete ordinate transport theory. Dosimeter activities at the
end of each of the three irradiations were calculated by decaying
the saturated activities obtained for each group of cycles and
summing over the pertinent cycles. Calculations indicated that
cycle-to-cycle variations of the saturated activities could be
as much as 40%.

Comparisons of the dosimeter end-of-irradiation activities
with HEDL measurements indicate agreement generally within 15%
for the first surveillance capsule, 5% for the second, and 10%
for three locations in the pressure vessel capsule, which are as
good as if not somewhat better than comparisons in the startup
experiment, The calculations thus validate the trend of the
measurements in both the startup and the two-year experiments,
and confirm the presence of a significant cycle-to-cycle
variation in the core leakage. The tape containing the unad-
justed spectral fluences for each of the three exposures that
can he used in the metallurgical analysis is thus considered to
be accurate to within about 10%.

vii



REVISED STARTUP CALCULATIONS

The dosimeter saturated activities for the startup experiment
performed at the PSF using cycle 151-A in the fall of 1979 have been
recalculated. The original calculations, which have been documented
(1,2), involved use of a DBZ option in the DOT transport code (3) that
provided modeling of the complication of the finite dummy simulated sur-
veillance capsule (SSC) geometry (see Figs. 1 and 2). At the time the
original calculations were made, it was believed that the streaming of
the fast neutrons through the water surrounding the SSC could strongly
influence the midplane fluenze rates in the simulated pressure vassel
capsule (SPVC). This belief was based, first, on the results of a DOT
scoping calculation which indicated that fluence rate levels at the three
midplane locations in the SPVC were about 40% too low if the SSC were
simply represented as a slab of infinite height and width, and second, on
the easily demonstrable fact that the transmission of neutrons above
about 2 MeV through water is higher than through comparable thicknesses
of steel. It was decided, therefore, to use the approach outlined in the
papers referenced above. Ailthough the theory employed was correct and
should lead to accurate results whether streaming is important or not,
the complicated manipulations of the leakage data required and approxima-
tions used in the cross section spatial weighting procedure did not lead
to a high degree of confidence in the final calculated activities.

The new calculations were inspired by this growing dissatisfaction
with the original calculations and by the fact that the importance of
streaming through the water arocund the SSC on the midplane dosimeters
seemed inconsistent with the results of a channel theory calculation that
M. L. Williams had done and which showed no such importance (4).
Furthermore, C. A. Baldwin had obtained what he considered to be satis-
factory agreement between calculations and PCA measurements in a geometry
similar to the present one without resorting to such a complicated proce-
dure (5). A further consideration in performing the calculations was the
desire that a simpler procedure than the original one might be found so
that it could be applied to the analysis of the long term experiment. In
case this latter application became necessary, the procedure would have
to be repeated many times over the course of the experiment.

The “streaming" problem was thus reexamined in more detail than pre-
viously, and the conclusion was reached that, for detectors located in
the pressure vessel near the midplane, there was little or no effect pro-
duced by the water (7.e., ~1%) (6). Subsequent calculations also indi-
cated that the horizontal voids in the SSC and in the SPVC had a
negligible effect on the midplane and near-midplane fluence rates (i.e4,
the l-inch void in the SSC and the 1/4-inch voids in the SPVC do not
influence the midplane fluence rates). Thus, the XY and YZ DOT calcula-
tions required in the fluence rate synthesis procedure (see the
following) can be made completely independent of each other. For
example, in regions where more than one material is present at the same
radial location (SSC locations where void, steel and water occur and the
SPVC where void and steel occur), the near midplane fluence rates will
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not be changed if an infinitely high and wide steel slab is modeled in
the calculation. This conciusion is consistent with everything except
the results of the original scoping calculation previously described,

r

which indicated that C values in the neighborhood of 0.6 would result
if such a pair of calculations were used. However, these scoping calcu-
lations were based on a single XY run, the remaining YZ/Y factor being
estimated from earlier PCA calculations; thus the resulting calculated
activities were only approximately correct.

The results of these new calculations are presented below, where in
addition to the complete decoupling of the XY and YZ calculations, the

yther change made from the previous calculations is the use of the ELXSIR

cross section library (7) in place of the VITAMIN-C library. The same
jiffusion tneory (VENTURE) fission source that was previously calculated
was used (&). As in the previous calculations, only neutrons down to 100
Kev were considered, so that any subthreshold contributicns to the
237Np(n,f) activity from neutrons below 100 Kev were not calculated. The
ise of th: ELXSIR library implies also the use of a revised set of

ENDF /B-V dosimetry cross sections developed by Fu (9), which differ
somewhat from the ENDF/B-V set used in the )rwiwnal calculation. The
major differences in the two sets lie in the ¢’At(n.,a), © ,a', and
*°Ti(n,p) reactions, the Fu set being about 5%, 9% and 4% lower than the

CNUF /B=-V set, respectively.

0 v
~ N

able 1 contains a summary of all the results of the individual
-

saturated activities from each of the three revised runs employing XY,
YZ, and Y (ANISN) geometry. The combined results contain a reaction
rate-and location-independent bias factor of 1.057 coming from three
ffects: 1.024 from a heterogeneous transport correction to the plate
1d water homogeneously mixed element representation of the core, 1.01
from a slightly inconsistent source normaiization of the YZ DOT run rela-
tive to the Y ANISN run, and 1.022 from a renormalization of the neutron
urce in VENTURE using 7.71 x 10*'® neutrons/sec per MW rather than
.545 x 10*®, Thus, using the same fluence rate synthesis prccedure as
v‘)l‘)",
P ‘,1.41 i AeJ - Vel . y ’ i
v ) - J J
V.18 t the f wing equation reiat the AS~correcteq ymoined
iturated activities with the ) ent activities alculated for ea of
' tnree rur
K = 1, KXY ZYy/RY VY/VXYVY »
J 3 > I p. ¢ r 4 o YY 3 "‘5‘ r 2 the V “ . YY I o
teqrated , the irce for the Y alculatior the VENTURE XY




Table 1. Component Saturated Activities, Combined Saturated Activities,
and Comparison with Measurements®

®3Cu(n,a)  “®Ti(n,p) S“Fe(n,p) 5ENi(n,p) 238U(n,f) 237Np(n,f)?
Ss¢
Rxy 2.521-13% 4.818-12 3.870-11 5.294-11 2.091-10 1.637-9
Ryz 2.317-13 4,399-12 3.493-11 4,769-11 1.865-10 1.477-9
Ry 5.115-12 9.599-11 7.508-10 1.025-9 3.997-9 3.142-8
C,RR 2.58 -15"" 5.00 -14 4,07 -13 5.,57-13
E,RR 3.07 -15"* 6.12 -14 4,67 -13  6.45-13
C/E 0.84 0.82 0.87 0.86
T/4%*
Rxy 2.531-14 4.354-13 3.149-12 4.344-12 1.793-11 1.745-10
Ryz 2.372-14 4.062-13 2.917-12 4.018-12 1.649-11 1.597-10
Ry 5.756-13 9.722-12 6.856-11 9.443-11 3.868-10 3.896-9
C,RR 1.90 -16 3.31 -15 2.44 -14 3.36 -14 1,39 -13 1.30 -12
E,RR 2.10 -16 4,04 -15 2.75 -14 3,90 -14 1.56 -13 1.40 -12
C/E 0.9 0.82 0.89 0.86 0.89 0.93
124
Rxy 9.566-15 1.591-13 1.163-12 1.642-12 7.542-12 9.870-11
Ryz 9.009-15 1.494-13 1.085-12 1.531-12 6.998-12 9.115-11
Ry 2.225-13 3.638-12 2,.598-11 3.668-11 1.681-10 2.326-9
C,RR 7.05 -17 1.19 -15 8.84 -15 1,25 -14
E,RR 7.97 -17 1.47 -15 1.02 -14 1.49 -14
C/E 0.88 0.81 0.87 0.84
s
Rxy 3.396-15 5.447-14 3,983-13 5.7¢3-13 2.902-12 4,984-11
Ryz 3.228-15 5.165-14  3,759-14 5.433-13 2.722-12 4.643-11
Ry 8.118-14 1.280-12 S.162-12 1.327-11 6.697-11 1.244-9
C,RR 2.46 -17 4,00 -16 2.97 -15 4,30 -15
E,RR 2.81 -17 5.30 =16 3,74 -15 5,56 -15
C/E 0.87 0.75 0.80 0.7

*All measurements performed by ECN except Sjii(n,p) in the 3SC which was
performed by CEN/SCK.
TNeglecting the ~3% contribution below 100 Kev coming from subthreshold

fiss

#Read 2.521x10-13,

ion.

Units are reactions per atom per second integrated

LLover the detector zone volume.
Units are reactions per atom per second.

ttThe symbols T/4, T/2, and 3T/4 refer to approximate one-quarter, one-
half, and three-quarter depth locations into the pressure vessel.



source integrated over X, and the source for the Y calculation is the
(ENTURE XYZ source integrated over X and Z, and where the V's represent
volumes of the detector zones used in the integration of the edited zone
activities for each run. The factor 1.057 Vy/VxyVyz has the value 0.2263
for the SSC detector and the value 0.1820 for each of the three SPVC
detectors (T/4, T/2, and 3T/4). It should be pointed out that Egq. (2) is
not derivable from Eg. (1), but is an exceilent (within 1%) approximation
to activities calculated directly from Eq. (1). A further description of
this approximation is given in the discussion of the long-term experiment
analysis presented later.

The conclusion from this final set of comparisons is that the
agreement is generally within 15% for the SSC, 10% for the T/4, 15% for
the T/2 and 20% for the 3T/4 locations. This averages only about 5%
better than the original calculations, but one has far more confidence in
these latest results. It would seem that there is about a 10% underesti-
mate of the ORR leakage caiculated by VENTURE. In agreement with conclu-
sions derived from the PCA confrontation (10) there is again an
indication that the total iron inelastic cross sections from ENDF/B-IV
used in the calculations are about 8% high.
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Irradiation History

The history of the two-year irradiation is presented in Table 2,
where the data originally supplied was altered slight’ to include the
effects of setback in the duration of each cycle. Thus the column headed
"Atup" is simply t(retracted)-t(inserted), the column headed "setback" is
the difference between Atup and the "Delta-t" column in the original data
which didn't include setback, and the column headed "average power
including setback" replaces the "average power" column in the original
data. In this way, the effects of setback, though small, have been
included into the time history of the irradiation. The kgff values in
Table 2 are those calcuiated using VENTURE and a modified VIPOR in which
the axial partially burned fuel profile correlations were renormalized
whenever they went negative (5). It should be noted that only a middle-
of-cycle VENTURE calculation was made for each cycle, the assumption
being that the departure of the within-cycle source variation from
linearity about the middle-of-cycle distribution is small compared to the
cycle-to-cycle variation. The data and times in Table 2 given are
assumed to include the %1 hour adjustments from changing to daylight
saving time and back to standard time. These adjustments are assumed to
have occurred on October 26, 1980, April 2€ and October 25, 1981 and
April 25, 1982, all at 2 AM. No leap days occurred during the irra-
diation, so that the total elapsed time between the first insertion of
the experiment and the last retraction was:

1980: 10.433+24(31+30+31+31+30+31+30+31)+1=5891.43 hrs
1981: 24(365,= 8760.00 hrs
1982: 24(31+28+31+30+31)+24(22)-1=4151.00 hrs,

for a total of 18802.43 hrs. This agrees within C.22 hrs=13 min. of the
retraction time in cycle 161C relative to the insertion time in cycle
1538. This difference is ~ompletely negligible and not worth the trouble
of tracing. It is to be noted that tie irradiation consisted of 52 fuel
cycles of which all but a few (155G, 155H, 156A, 156B) had VENTURE calcu-
lations performed for them. Ir addition to these four, VENTURE source
distributions were not used for cycles 154H and 155D because they were
late in beirg caiculated and nominal distributions were used instead.

The effect of using nominal source distributions for these six cycles
instead of calculated ones should result in an estimated maximum uncer-
tainty in the calculated fluences in the SPVC and simulated void box cap-
sule (SVBC) locations (the only locations these cycles affect) of 2.4%,
with somewhat smaller values for the calculaied dosimeter activities.
Hence no significant uncertainty is introduced into the analysis by the
cavalier treatment of these six cycles.

Since it was subsequently discovered that the void box developed a
leak early in the irradiation history, thus destroying the usefulness of
the measured SVBC results, the analysis next to be described will not
dwell on any of the details of the SVBC calculations which assumed void
rather than water in the region between the rear of the pressure vessel
and the VEPCJ capsule.



Table 2. Irradiation History and Cycle Parameters

Down Time
After Previons Average Power
Time and Date Time and Date frradiatics tlfoserted) tiretracted) Atup setback including
Cycl» L Inserted Retracted At‘ (hrs) (bhrs) (hes) (hrs) At (brs) sethack(Mw)

Start Irrediation of §5C-1, SPVC, and SVBC

1538 1.0242 30-Apr-80 13:34 8-May-80 7:00 0 185 .43 185.43

1.00 29.822
153C 1.0251 8-May-80 16:43 14-May-80 13:30 9.712 195 .14 335.90 140.76 0 29 800
153¢C 1.0251 16-May-80  9:57 21-May-80  2:17 44,45 380.35 492 .68 112.33 0 29.957
153D 1.0162 22-May-80 10:4§ 6-June-g0 24:00 32.53 525.21 898.39 373 18 2.55 29.69%7
153F 1.0224  12-June-80  9:20  23-June-80 12:55 129.33 1027.72 1295.30 267.58 0.43 2931

End Irradiation of S5C-1

153G 1.0042  27-June-80 18:30 S-July-80  3:30 101.58 1396 .88 1573 .88 177.00 2.32 28.855
153G 1.0042 7-July-80 13:55 E-July-80  9:40 58.42 1632.30 1652.05 19.75 0.18 29.058
1536 1.0042 8-July-80 15:18 13-July-80 8:00 5.63 1657 .68 1770.38 112.70 1.01 29.565
154A 1.0047 18-July-80 17:00 18-July-80 18:32 129.00 1899.38 1900.70 1.32 0.82 3.7112
154A 1.0047 18-July-80 22:50 21-July-80 4:26 4.30 1905.00 1958.60 $3.60 1.26 28.319
154A 1.0047 22-July-* 05 31-July-80 7:00 29.65 1988 .25 2201.17 212.92 13.39 28.200
1548 1.0066  31-July » « 20 12-Aug-80 19:02 11.33 2212.50 2501.20 288.70 0.33 30.335
154C 1.0019 15-Aug-80 w3 15-Aug-80 16:07 61.717 2568.97 2570.29 1.32 0.05 28.977
154D 1.0024 21-Ang-87 26-Aug-80 16:00 138 .80 270%.09 2834.17 125.08 0.39 28.849
154E 1.0016 27-Aug-% (4 ) 1-Sept-80  3:29 22,50 2856 .67 2965.62 108,95 0 29.799
154E 1.0016 3-Sept-~ -Sept-80  5:00 54,40 3020.02 3162.14 142,12 0.517 30 031
154F 1.0007 10-Sept-«- I7-Sept-80  4:00 27.37 3189.51 3494 .14 304 .63 1.73 29 4N
1546 9993 23-Sept & 15:32 $-Oct-80 21:32 9.87 3504.01 37199.6° 295.67 0.44 29.909
1548 1.0190 7-0ct-80 15:4% (7-0ct-80 17:50 40.23 31839.91 4083 .95 244 .04 0 29.908
1541 9858 21-0ct-80 12:-4s 29-0ct-80  4:00 90.97 4174.92 4359.05 184.13 1.00 29.486
154) .989%0 29-Oct-80 18:47 B8-Nov-80  8:00 14.78 4373.83 4603 .05 229.22 0.29 29.223
1558 .9983 3-Dec-80 14:51 9-Dec-80 0:26 606 .85 $209.90 5339 .48 129.58 0.90 28.786
155¢C .9920 10-Dec-80 12:54 18-Dec-80  5:15 36 .47 $375.95 $560.30 184 .35 0 28.247
155D 99136 18-Dec-80 17:46 30-Dec-80 8:00 12.52 5572.82 $851.59 278.77 0.54 27.832
155E .9891 30-Dec-80 16:11 7-Jan-81  B8:00 8.18 $859.77 6043 .59 183 .82 0.29 26 .823
155F .9922 7-Jan-81 21-8% 15-Jan-81  4:00 13.92 6057 .51 6231.59 174.08 0.22 27.118
155G 16-Jan-81 11:41 19-Jan-81 20:22 31.68 6263.27 6343 .95 80 .68 0.21 30.066
1558 21-Jan-8' 9:02 22-Jan-81  7:16 36.67 6380.62 6402 .85 22.23 0.89 29.311
1558 22-Jan-81 16:18 2-Feb-81  8:00 9.03 6411.88 6667 .58 255.i¢ 0.61 30.346
156A 9-Feb-81 13:3§ 24-Feb-81  8:00 173.58 6841.16 7195.58 3154 .42 2.92 27.219
1568 24-Feb-81 15:00 13-Mar-81  8:04 7.00 7202.58 7603 .65 401.07 2.9 27.223
1568 13-Mar-81  8:47 16-Mar-81  7:00 0.72 71604.37 7670.59 66.22 0.61 27.168
156C 1.0052 19-Mar-81 10:13 30-Mar-81 .2:40 79.22 7749.81 8026 .26 276 .45 0 26.447
156C 1.0052 31-Mar-81 11:33 2-Apr-81  4.00 12.88 8039.14 8079.59 40 .45 1.08 29.55%
156D 1.0076 2-Apr-81 16:10 19-Apr-81 8 00 12.17 8091.76 8491 .60 399.84 0 30.2%0
1574 1.0021 27-Apr-81  11:12 11-May-81 3 12 194.20 8585.80 9013 .80 328.00 2.50 30.174
1578 1 0184 11-May-81 17:24 27-May-81  4:9%0 14.20 9028 .00 9398 .60 370.60 0 30.338
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Table 2.

(cont'd)

Time and Date

Cycle l." Ioserted
157C 1.0166 29-May-81 11
157C 1.0166 1-June-81 11
157D 1.0127 10-June-81

157E .9756 25-June-81 12:
158C 1.0018 22-July-81 13:
158D L9997 7-Aug-81 19:
158E 1.0101 21-Aug-81 15:
158F 1.0076 2-Sept-81 19:
158G 1.0274 11-Sept-81

1588 1.0126 25-Sept~-81 23:
1581 1,0206 13-0ct-81 20
158 1.0142 23-0ct-81 13
158) 1.0142 27-0ct-81

158K 1.0173 4-Nov-81 16
159A 1.0156 24-Nov-81 14:
1558 1.0037 18-Dec-81

159C 1.0054 31-Dec-81 21
159%¢C 1. 0054 6-Jan-82 14
155D 1.012) 21-Jan-82 15
159E 1.00258 1-Feb-82 16:
160A 1.0020 12-Feb-82 17:
1608 1.0064 18-Feb-82 18:
160C 1.0175 9-Mar-82 15§:
160D 1.0166 26-Mar-82 18:
160E 1.0108 S-Apr-82 18
1618 1.0149 29-Apr-82 17
161C 1.0223 27-May-82 22

Dowa Time

After Previous
Time and Date

Average Power

End Irradiation of SPVC and SVBC

irradiation t(inserted) tiretracted) Atup setback incleding
Retracted At‘ (bes) (brs) (hrs) (hrs) At. (brs) setback(Mw)
Start Irradtation of SSC-2
39 29-May-81 20:45 1565 9454 .25 9463 .35 9.10 0 30.048
49 9-June-81 8:10 63.07 9526 .42 9714.77 188.35 0.94 29.997
15 23-June-81 4:23 24.08 9738.85 10046 .98 308.13 0 30.352
20 10-July-81 12:00 35.98 10102.93 10462 .60 359.67 0 30.044
47 6-Aug-81 6:30 289.7% 10752.38 11105.10 i52.712 0.15 27.082
0s 20-Aug-81 4:00 36.58 11141 .68 11438 .61 296 .93 0 27.008
17 30-Aug-81 24:00 35.28 11473.89 11698 €1 224.72 0 30.354
01 B-Sept-81 16:52 67.02 11765.63 11907 .48 141.85 0.22 30.136
17 25-Sept-81 2:00 63.42 11970.90 12300.62 329.72 0 30.260
End Irrsdistion of SSC-2

10 13-0ct~-81 3:20 21.17 12321.79 12733.96 412.17 0.12 30.180
io0 23-0ct-81 3:00 17.17 12751 .13 12973 .63 222 .50 0.57 30.174
28 26-0Oct-81 20:13 10.47 12984 .10 13063 .85 719.78 0.12 29.819
41 4-Nov-81 4:00 13.47 13077 .32 13263 .64 186 .32 1.43 30.267
10 15-Nov-81 8:00 12.17 13275.%1 13531 .64 255.83 0.09 3o.an
12 12 Dec-81 6:00 222.20 13753 .84 14177 .64 423 .80 0 30.287
<47 28-Dec-81 13:20 147.78 14325 .42 14568 .97 243 .55 0.43 30.009
21 6-Jan-82 8:36 80.02 14648.99 14780 .24 131.25 0.71 29.794
18 14-Ja2-82 3:00 5.70 14785 .94 14966 .64 180.70 0.37 30.234
36 1-Feb-82 2:58 180.60 15147.24 15398 .61 b1 % B | 0 30.256
56 7-Feb-82 8:00 13,97 15412.58 15547 .65 135.07 0 30.126
33 18-Feb-82 9:00 129.58 15677.20 15812.65 135.45 0.07 29.987
59 8-Mar-82 8:20 9.98 15822 .63 16243 .98 421 .35 0.14 30.173
33 25-Mar-82 3:00 31.22 16275.20 16646 .65 371.45 1.44 30.113
55 S-Apr-82 3:00 39.92 16686 .57 16910.65 224 .08 0.34 30.223
140 16-Apr-82 15:05 15.67 16926 .32 17186.74 260.42 0.69 29.856
142 24-May-82 3:30 313.62 17500.36 18086 .16 585.80 0.88 30.0€62
128 22-Jone~82 24:00 90.97 18177.13 18802 .66 625.53 1.73 30.116



Method of Calculation

The sequence of calculations in the VENTURE-DOT method is shown in
Fig. 3, where the introduction of the source combining procedure over
groups of cycles allows one to perform a single DOT calculation (actually
two, an XY and a YZ) for a group of cycles, rather than for each indi-
vidual cvcle, thus cutting down significantly the cost and time of the
analysis. The source combining should not include too many cycles at a
time or the variation from cycle to cycle, if significant, would be
almost lost. For this type of analysis, where as much of the (unknown)
source time variation should be retained as possible within the limiting
framework of the costly DOT calculations, it was decided to do little or
no combining of cycles near the end of an irradiation period (i.e.,
cycles active immediately prior to the removals of the SSC-1, the SSC-2,
and the SPVC and SVBC), to aliow a more accurate calculation of the
shorter-lived dosimeter activities at the end of irradiation. For the
longer-lived activities as well as for the shorter-lived ones several
half-lives removed in time, the cy.le sources may be combined in ever
increasing groups of cycles. For the fluence calculation no decay
complications need to be considerei, so that if it weren't for the dosi-
metry considerations all the cycle sources active during a given irra-
diation period (i.e., SSC-1, SSC-7, or SPVC + SVBC exposures) could be
combined and only one pair of DOT calculations performed for each. The
combining was based on weighting each cycle by its average power (each
VENTURE calculation was normalized to 30 MW), duration, and calculated

Keff:

L(G) s. P,
SG = 1.0225 | & M IR Tk { Atup(i)]/[tf(retracted)-t?(inserted)] . (3)
j=1 keff 30

In Eq. (3), the symbols 5. and S represent the combined and individual
cycle sources as function of either x and y, y and z, or y, depending on
which transport calculation is to be made. The factor 1.0225 represents
a renormalization of the VENTURE neutron source to reflect updated infor-
mation on (v/K); the denominator represents the total time interval that
the group of cycles represents the core source, and includes the down time
between each cycle At4(i). One is thus replacing L different sources,
each active for Atup(i), by a single reduced source of extended duration
J[atup(i) + atq(i)] = tL (retracted) -t] (inserted). If one chooses the
group of cycles such that Atq(i) << atup(i) for all i in the group, the
decay can be very accurately calculated as coming from a constant source
Sz extending over the period represented by the denominator of Eq. (3).
If a particularly large down time occurred, the group wa: terminated with
the cycle immediately preceding, so that all cycle sources in the group
are properly decayed through this common down time interval. A case in
point is cycle 158C in the SSC-2 irradiation (see Table 2); there was a

11
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delay of 289.78 hrs after cycle 157E before cycle 158C commenced. Thus
if one were to combine the sources from any cycles before 158C with those
after 157E, the decay based on the combining procedure illustrated by Eg.
(3) would be somewhat overcalculated for cvcle 158C and any cycles in the
group occurring after 158C. Thus a natural dividing line separating the
groups occurs between cycles 157E and 158C. Table 3 illustrates the
grouping of the cycles used in this analysis together with the various
weights for each cycle.

The component fluence rates calculated in each of the two DOT runs
as well as in the ANISN run were svnthesized in a manner completely ana-
logous to the procedure followed in the startup experiment analysis,

G G G G
og(x.y.z) ¢g(x.y)¢g(y.z)/og(y) . (4)

These synthesized fluence rates were calculated as axial profiles
for specific values of x and y for each group of cycles appearing in
Table 3. Fluence rates were calculated using the same ELXSIR library as
was used in the startup analysis, and were followed down only to 0.098
Mev (i.e., only the first 38 groups of the library were used). These
fluence rates were then multiplied by the total duration of the group,
ti (retracted)-t1(inserted), which includes the intercycle down times if
any, and summed over all the cycle groups to yield the spectral fluences,

og(x,y,z) = 1.039 ] ¢g(x,y,z) [tf(retracted)-t?(inserted)] ,  (5)
a

where the factor 1.039 represents an energy- and spatially-indenendent
bias factor that accounts for the combined effects of the plate and water
fuel element geometry and of a slightly inconsistent normalization be-
tween the DOT YZ and ANISN Y sources.

These spectral flueace axial profiles appear on tape X13850 in fifty
files for possible use in spectral adjustment codes and/or analysis of
the metallurgical specimens. A complete description of the contents of
thic tape is relegated to the appendix.

Calculations of the measured dosimeter activities were made as both
saturated activities from each cycle group as well as decayed end of
irradiation activities.

Saturated activities for the 53Cuén,a), “5Ti(n§g), S“Fe(n,p), and
58Ni (n,p) dosimeters as well as the 238%U(n,f) and 23’Np(n,f) fission

dosimeters were calculated for each cycle group by synthesizing the acti-
vities calculated in each of the transport runs,

RS (x,y,2) = [RRS(x,¥)RRE(y,2) /RRS(y) ] x [Vy/¥xyVyz] (6)

13
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Table 3.

Cyclc Croup Combinations and Reduced Individual “ycle Weights

Group Cycles Eti::i::ﬁ:::: Source Combination
jatup(i)
1
1 15384153 1.124 0.373525)538+0.510175) 53¢
2 7 153 1.0 0.9947151530
3 @ 153F 1.0 0.977865)153F
4 153G-154C 1.353 0.260715163+0.217615154+0.252715)54p+0.001115)54¢
5 1540-1540 1.159 0.0862651“000.15650515.500.182935154500.1807351“500.120595154100.14337515“'
6 1558-155F  1.07%  0.189775)1553+0.240245 550 +0.231415) 55¢+0.223835 5557
7 155G-1568** 1,192  0.5U81251655.155F*+0.464525)56C-1578""
8 156C-1578 1.165 0.197725156(+0.248475)56p+0.2041651574+0.228205) 578
9 157C-1576  1.165  0.196955157¢+0.312165157p+0.374395157¢
10 5 158C+1580  1.056  0.473565)58C+0. 3983851580
11 @ 158E -1586 1.187 0,27R405 ) 5gg +0. 174915158 +0.400365) 586
12 158H-158K  1.046  0.346075)5g1*+0. 1853251541 +0.22270555+0.214745 158«
13 159A-159C 1.239  0.355185)594+0.204645]59p+0.262025)59¢C
14 1590-160C  1.141  0.170815)59p+0.092275]59¢ +0.092145) 604 +0. 287155 608 +0 . 249895 1 60
15 160D+160E  1.032 0.453955 60p*0. 524165 60§
16 1618 1.0 1.009651618
17 161C 1.0 1.00415)61C

;gmu assumed to be 81540'21545'215“’21546;5}541’SIW)N
1550 assumed to be (S1658+5155C*S1556*5155F )/
*8155G-1568 assumed to uesg.s ?35.1%/39.7 1558-155F*0.5(28.15/30.3)%)56¢-1578



where the last term represents the inverse of the volumes used in the
integration of the edited saturated activities. These synthesized
saturated activities are easily extracted from the region edits of the
transport runs, and agree to within negligible error of the activities
calculated using Eq. (4) in conjunction with folding with the reaction
cross section,

RRg(x,y,z) i g’g(xi.Y:z)og . (7)

Thus synthesizing the activities by using Eq. (6) is an excellent approx-
imation to Eq. (7) and is more readily performed. Hence for a given
group of cycles G,

G G
t (retracted)-t(inserted)

dl
RRg = 1.039

x [RRS(x,y)RRY (y,2) /RS (y)]

§G> (8)
iAtup(i) [Vy/VxyVyz] ,
where the time factor represents a correction to the original source com-

bining prescription, Eq. (3), in order to properly renormalize the source
and to provide a correct saturated activity.

These saturated activities are excellent indicators of the magnitude
of any cycle-to-cycle variation, which is one of the most important ques-
tions to be answered by this analysis. Table 4 presents comparison of

Table 4. Cycle Group-to-Cycle Group Variation of Some Saturated
Activities at the T/2 Location, x=-53.7, y=337.8, z=-8.5 mm

Capsules
Cycles Irradiated >“Fe(n,p) ®3Cu(n,a) 237Np(n,f) Np/Cu
153B8+153C SSC-1+ 7.59-15* 5.87-17 6.17-13 1.05+4
153D SPVC+ 7.58-15 5.87-17 6.16-13 1.05+4
153F SVBC 7.38-15 5.71-17 5.99-13 1.05+4
153G-153C 7.83-15 6.05-17 6.35-13 1.05+4
154D-154J SPVC 7.47-15 5.79-17 6.06-13 1.05+4
1558-155F + 9.15-15 7.06-17 7.42-13 1.05+4
156C-1578 SVBC 8.65-15 6.68-17 6.,99-13 1.05+4
157C-157E SSC-2+ 8.82-15 6.80-17 7.14-13 1.05+4
158C+158D SPVC+ 9.65-15 7.45-17 7.83-13 1.05+4
158E -158G SVBC 8.24-15 6.36-17 6.64-13 1.04+4
158H-158K 3.14-15 6.33-17 6.50-13 1.03+4
159A-159C SPVC 8.42-15 6.54-17 6.73-13 1.03+4
159D-160C + 7.83-15 6.10-17 6.24-13 1.02+4
160D+160E SVBC 7.27-15 5.69-17 5.76-13 1.01+4
1618 7.14-15 5.62-17 5.65-13 1.01+4
161C 6.86~15 5.40-17 5.41-13 1.00+4
Startup(151A) SSC+SPVC  8.84-15 7.05-17 7.04-13 1.00+4

*Read 7.59x107%> reactions per atom per second at 30 MW, etc.
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these saturated activities, corrected to a power of 30 MW, at the same
T/2 11 ation, together with the corresponding startup values. The coor-
1ina'.> sy:tem defining the x,y,z values appears in Fig. 4.

A

ORR +Y (WESﬂ

b
+X"’“

TER
(NORT"V WATE

—— -

Fig. 4. Definition of the Cartesian Codrdinate System. The Origin
is Located 50.8mm below the Reactor Horizontal Midplane on the Outside
Surface of the Aluminum Win ow.

Tabie 4 indicates that the variation is as much as 40%, with cycle
groups 158C+158D and 161C representing the extremes. The spectrum
remains essentially unaltered from cycle to cycle, however, since the
last columr represents the ratio of two markedly different responses.
Further studies have shown that the constancy of the spectral shape with
cycle at a1 given detector location remains valid for all such locations
in the pressure vessel inward to and including the surveillance capsule.
The spectral shapes are thus time-independent but remain space dependent.
The rms standard deviation of the intensity at T/2 is about 10%. The
straight averages of the two-year activities in Table 4 are 8.00-15,
6.21-17, and 6.44-13 respectively - about 10% lower than the startup
activities. Thus it seems indicated that the differences in the HEDL and
ECN measurements noted earlier for the two-year irradiation experiment
and the startup experiment respectively are due to source variations and
not differences in measurement techniques or water gap thicknesses.

Calculated Results and Comparisons with Measurements

To compare calculated activities with measurement, recourse must be
made to cecaying the saturated activities from each cycle group to the
ends of irradiation, and summing over all pertinent cycle groups. Thus,
for each cosimeter,

16



o LiG)
RRs(x.y.Z)i_IAtup(i)

Ag0i(x,Y,2) 'Z [ ] x Y x
G tf(retracted)-t?(inserted)

(9)

0.69315 G 0.69315
- e (tEO1* - e = :
b T2 (PEOITtL), rym (teor-tf) ]

where Y is the yield of the reaction product. Notice the "up" time frac-
tion factor in Eq. (9) is needed to reestablish the reduced fluence rate
levels over tie extended periods of time expressed by Eq. (5). In Eq.
(9), 1172 ia the half life of the decaying reaction product in days and
the (tgor-t“) values must also be expressed in days. Table 5 shows the
decay factors (i.e., the last bracket in Eq. (9)) calculated for the
cycle groups in Table 4 for the end of SSC-1 irradiation.

Tables 6-8 present the results of the calculations using Eq. (9) and
comparisons with some of the measurements as reported by HEDL for the
SSC-1 irradiation (6).

Table 5. Decay Factors to the End of SSC-1 Irradiation for the
Various Cycle Croups

11/2(days)* Y 1538+153C 1530 153F
63Cu(n,a) 1925 1.0 .007275 .005549  .004006
“6Ti(n,p) 83.85 1.0 1184 .1052 .08805
S4Fe(n,p) 312.5 1.0 .04133 .03268 .02443
S8Ni (n,p) 70.85 1.0 1312 .1200 .1033
238Y(n,f)137Cs 11023 .06000 .001287 .000976  .000701
238y(n,f)?52r 64.10 .05105 .1387 1294 1136
238(n,f) 03y 39.43 .06229 .1683 .1788 1780
238y(n,f)1%0Ba  12.79 .05948 .1096 .2323 .4535
237Np(n,f)137Cs 11023 06267 .001287 .000976  .000701
237Np(n,f)%52r  64.10 .05699 .1387 .1294 .1136
2370p(n,f)103Ry  39.43 .05584 .1683 .1788 .1780
237Np(n,f)140Ba 12.79 .05489 .1096 .2323 .4535

*Values are the ones used by HEUL in their data reduction procedures.
(i.e., ENDF/B=-V).
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Table 6. Contributions of the Cycle Groups to
Activities at the End of Irradiation
with HEDL Measurements

the Calculated SSC-1
and Comparison

Axial Profiles at x

=0, y = 131.5 m*

Egor  1538+4153C 1530  153F  Cgoy  C/E
S4Fe(n,p): z= 122.2mm' 3.70-14% 1,30-14 1.14-14 0.82-14 3.26-14 0.88
z= 62.0  4.06-14 1.44-14 1,26-14 0.91-14 3.61-14 0.89
2= -1.5  4.01-14 1,46-14 1.29-14 0.93-14 3.68-14 0,92
z= -65.0  3.27-14 1.41-14 1.24-14 0.90-14 3.55-14 0,92
2=-125.3t  3.36-14 1.25-14 1.10-14 0.80-14 3.15-14 0.94
S8Ni(n,p): z= 122.2mm' 1.86-13 0.57-13 0.57-13 0.48-13 1.62-13 0.87
2= 62,0 2.01-13 0.63-13 0.64-13 0.53-13 1.80-13 0.90
2= -1.5  2.04-13 0.64-13 0.65-13 0.54-13 1.83-13 0.90
z= -65.0  1.95-13  0,61-13 0.62-13 0.52-13 1.75-13 0.90
2=-125,3t  1.73-13  0.55-13 0.55-13 0.46-13 1.56-13 0.90
“6Ti(n,p): z= 122.2mm' 1.51-14  0.46-14 0.45-14 0.36-14 1,27-14 0,84
z= 62,0 1.63-14 0.51-14 0,50-14 0.40-14 1.41-14 0.87
z= -1.5 1.68-14 0.51-14 0,51-14 0.41-14 1,43-14 0,85
z= -65.0  1.58-14 0,50-14 0.49-14 0.40-14 1.39-14 0.88
2=-125.31  1.35-14 0.43-14 0.43-14 0.35-14 1,21-14 0,90

iAll locations are referred to the codrdinates defined by HEDL.
tThe calculations for the 2=122.2mm location were actually performed for
2=96.9mm and those for z=-125.3mm actually performed for 2z=-100.0mm, and

were approximately corrected for the measurement location.
corrections amounted to approximately five and six percent decreases

respectively.

*Units are disintegrations per second per atom.
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Table 7. Contributions of the Cycle Groups to Additional Calculated SSC-1
Activities at the End of Irradiation and Comparison with HEDL Measurements

(x,y,z)mn*  Egop 153B+153C 153D 153F Ceor  C/E
SYFe(n,p): (-50,133,0) 3.92-14¢ 1.31-14 1.16-14 0.84-14 3.41-14 0.84
(+#50,133,0) 3.92-14 1.37-14 1.20-14 0.87-14 3.44-14 0.88
(+40,139.9,-67,5)% 3.21-14 1.16-14 1.02-14 0.74-14 2,92-14 0.91
“6Ti(n,p): (-39,133,0)** 1.67-14 0.46-14 0.46-14 0.37-14 1.29-14 0.77
(+39,133,0)** 1.68-14 0.48-14 0.47-14 0.38-14 1.33-14 0.79
S8Ni(n,p): (-50,133,0) 1.98-13 0.57-13 0.58-13 0.49-13 1.64-13 0.83
(+#50,133,0) 2.01-13 0.60-13 0.61-13 0.51-13 1.72-13 0.86
(+50,139.9,-67.5) 1.63-13 0.48-13 0.49-13 0.41-13 1.38-13 0.85
63Cu(n,a): (-50,133,0) 4.46-17 1.45-17 1.24-17 0.87-17 3.56-17 0.80
(+50,133,0) 4.48-17 1.52-17 1.29-17 0.90-17 3.71-17 0.83
(+42,139.9,-67.5)% 3.64-17 1.24-17 1.06-17 0.75-17 3.05-17 0.84
*See Table 6.
tSee Table 6.
*Calculations were performed for the location (+50,139.9,-67.5). No

..corrections to the measured locations were made.
Calculations were performed for the location (%50,133.0,0.0). No
corrections to the measured locations were made.
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The slight differences in vertical or crosswise locations of the
measured and calculated activities that are compared in these and suc-
ceeding tables have little or ru effect on the cumparisons (at most
several percent in the case of the axial profiles in Tables 6 and 10).

A general conclusion from inspection of Tables 6-8 is that the agree-
ment between calculation and measurement is within about 15%, which is
about the same as the comparisons in the startup experiment. Since the
5>3C-1 measurements averaged about 10% lower than the startup ones, we
have verified that this difference is due to source variations over
the duration of the two experiments, and not to geometric differences or
differences in the measurement techniques between ECN and HEDL. The
axial profiles are well calculated, but there is evidence from Table 6
that the fluence rate synthesis procedure is beginning to underestimate
at 12 c¢cm above the y axis (~7 c¢m above the horizontal midplane). The
calculated “®Ti(n,p) activities are generally a little low, a cir=
cumstance noted in previous anaiyses. Finally, the effect of the decay
on relative importance of each cycle group is clearly indicated in the
tables, especially Table 8. Here it is apparent that the last cycle
(153F) is becoming more and more important in its relative contribution
to the end of irradiation activities as the half life decreases; indeed,
it contributes better than half of the calculated '“%8a activity (1,2 =
12.79 days) whereas only about a fourth of the !37Cs activity (t),2 =
11023 days).

Following an identical analysis of the end of irradiation measure-
ments for the SSC-2, (6), the next four tables, Tables 9-12, summarize
similar results to those in Tables 5-8 for the SSC-1 exposures.

Table 9. Decay Factors to the End of SSC-2 Irradiation
for the Various Cycle Groups

157C-157€ 1586 +1580 158E -1586
63Cu(n,a) .01464 .01014 .01236
“6Ti (n,p) .1558 .1565 .2479
S4Fa(n,p) .07499 05667 .07345
S8Ni (n,p) .1593 1717 .2861
237Np (n,f)137Cs™ 002626 001792 .002164
237Np(n,f)952r* .1595 .1804 3110
237Np (n,f)103Ry* 1359 .2101 4542

*Decay factors for 238U(n,f)X are of course identical to those for
237Np (n, )X,
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Table 10. Contribution of the Cycle Groups to the Calculated SSC-2 Activities
at the End of Irradiation and Comparison with HEDL Measurements

Axial Profiles at x = O,y = 13'.5 mm*

EEOT 157C-157€  158C+1580  158E-1586  Cggj C/E

22

S“Fe(n,p): 2z = 122.2mm' 7.09-14% 7 cn-14 2.12-14 2.22-14  6.92-14  0.98
z = 62.0 7.74-14 2.90-14 2.36-14 2.52-14  7.78-14  1.01
z= -1.% 7.97-14 2.96-14 2.37-14 2.67-14  8.00-14  1.00
z = -65.0 7.63-14 2.86-14 2.27-14 2.62-14  7.75-14  1.02
z = -125.3t 6.53-14 2.52-14 2.00-14 2.34-14  6.86-14 1,05

S8Ni(n,p): 2z = 122.2m' 2.89-13 0.76-13 0.87-13 1.17-13  2.80-13  0.97
z = 62.0 3.15-13 0.84-13 0.97-13 1.33-13  3.14-13  1.00
z = -1.5 3.24-13 0.84-13 £.98-13 1.41-13  3.25-13  1.00
z = -65.0 3.09-13 0.83-13 0.94-13 1.39-13  3.16-13  1.02
z = -125.37 2.73-14 0.73-14 0.83-14 1.24-14  2.80-13  1.03

“6Ti(n,p): z = 122.2m' 2.37-14 0.65-14 0.71-14 0.92-14  2,28-14  0.96
z = 62.0 2.80-14 0.73-14 0.79-14 1.04-14  2.56-14  0.91
z= -1.5 2.81-14 0.75-14 0.80-14 1.09-14  2.64-14  0.94
z = -65.0 2.71-14 0.72-14 0.76-14 1.08-14  2.56-14  0.94
z = -125.3t 2.38-14 0.64-14 0.67-14 0.96-14  2.27-14  0.95

*See Table 6.

tSee Table 6.

#See Table 6.



Table 11. Contributions of the Cycle Groups to Additional Calculated SSC-2 Activities
at the Enc of Irradiation and Comparison with HEDL Measurements

€2

(x,y,2)mm* EEOT 157C-157E  158C+1580  158E-1586G CEOI C/E
S5Fe(n,p): (+50,133,-0.6) 7.56-14%  2.69-14 2.14-14 2.41-14  7.28-14  0.96
(-50,133,-0.6) 7.83-14  2,75-14 2.23-14 2.49-14  7.47-14  0.96
(25.3,135,-12.7)% 7.28-14  2.24-14 1.95-14 2.20=14  6.39-14  0.88
(-25.3,135,-12.7)% 7.52-14  2.48-14 2.00-14 2.23-14  6.71-14  0.89
“8Ti(n,p): (+39,133,-8.5)** 2.73-14  0.68-14 0.72-14 0.99-14  2.39-14 (.88
(-39,133,-8.5)** 2.80-14  0.70-14 0.75-14 1.02-14  2.47-14  0.88
58Ni (n,p): (+43,133,-0.6)™" 3.09-13  0.78-13 0.88-13 1.28-13  2.94-13  0.95
(-43,133,-0.6)** 3.20-1.  0.80-13 0.92-13 1.32-132  3.04-13  0.95
63Cu(n,a): (+43.5,133,-0.6)** 8.91-17  3.20-17 2.41-17 2.56-17  8.27-17  0.93
(-43.5,133,-0.6) 9.i7-17  3.38-17 2.51-17 2.63-17  8.52-17  0.93
*See Table 6.
tSee Table 6.

*Calculations were performed for the locations ($25.3,139,-12.7). No corrections to the measured

locations were made.
ttCalculations were performed for the locations (+50,133,-0.6). No corrections to the measured
locations were made.
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Table 12.

Contributions of the Cycle Groups to the Calculated SSC-2 Fission Product

Activities at the End of Irradiation and Comparison with HEDL Measurements

(Xy¥o2)n" Ecor? 157C-157€ 158C+158D 158E -1586 CEOl C/E

238(n,F)137Cs:  (+45,133,-8.5)% 1.07-15** 3.08-16 2.22-16 2.33-16 7.63-16 0.71

(-45,133,-8.5) 1.15-15 3.15-16 2.32-16 2.39-16 7.86-16 0.68
238y(n,f)952r:  (+45,133,-8.5) 8.71-14 1.56-14 1.96-14 2.76-14 6.28-14 0.72

(-45,133,-8.5) 9.38-14 1.59-14 2.04-14 2.83-14 6.46-14 0.69
2381 (n,F)103Ry: (+45,133,-8.5) 1.41-13 1.71-14 2.54-14 5.17-14 9.42-14 0.67

(-45,133,-8.5) 1.55-13 1.74-13 2.66-14 5.31-14 9.71-14 0.63
2378p(n,f)137Cs: (+40.5,133,-8.5) 6.71-15 2.46-15 1.76-15 1.85-15 6.07-15 0.90

(-40.5,133,-8.5) 6.91-15 2.50-15 1.84-15 1.91-15 6.25-15 0.91
237Np(n,f)952r: (+40.5,133,-8.5) 5.87-13 1.36-13 1.60-13 2.38-13 5.34-13 0.91

(-40.5,133,-8.5) 5.96-13 1.38-13 1.67-13 2.45-13 5.50-13 0.92
237949 (n,f)103Ry (+40.5,133,-8.5) 7.20-13 1.14-13 1.84-13 3.44-13 6.42-13 0.89

(-40.5,133,-8.5) 7.29-13 1.16-13 1.92-13 3.54-13 6.62-13 0.91
*See Table 6.

TThe 238y(n,f)X measurements have not been corrected for possible effects of 239y burn-in, which

may be significant.
*a11 calculations were performed for the locations (£50,133.0,-0.6).

measured locations were made.

**See Table 6.

(See text).

No corrections to the



With the exception of the 238U(n,f)X activities, which will be
discussed later, the agreement between calculations and measurements
averages about 10% better for the SSC-2 than for either the SSC-1 or
startup comparisons. This better agreement (within about 5%) is caused
by average increases in the calculations of about 15% and average
increases in the measurements of about 5% over the corresponding SSC-1
values. As will be discussed again later, it begins to appear that the
more cycles that are introduced into the calculation, the better the
agreement. So far the analysis has proceeded from one cycle (startup) to
four cycles (SSC-1) to eight cycles (SSC-2) with improvement i, the com-
parisons with measurement each time. This suggests either that the
calculated VENTURE source for a given cycle requires a bias factor which
tends to be uncorrelated with that of other cycles, or that some impor-
tant geometric dimension is changing with the insertion and retraction of
the experiment during each cycle but its average value tends to agree
with the value assumed in the calculation.

Using the same analytical procedure as outlined for the analyses of
the SSC-1 and S5C-2 exposures, but now extended over the full two-year
time span, the following results for the calculations in the SPVC were
obtained and are shown in Tables 13-19, where comparisons with HEDL
measurements (6) also appear.

From an inspection of Tables 14-17, it is evident that the calcula-
tions and the measurements agree at "OT", lie within about 5% at T/4, and
within about 10% at T/2, with the “5Ti£n.p) as usual about 5% more
discrepant than either the 5®Ni(n,p), ®3Cu(n,a), or the 5“Fe(n,p) com-
parisons. (Apparently, the “®Ti(n,p) cross sections used in the calcula-
tions are about 5% too low.) This agreement is about 5% better at both
the T/4 and T/2 locations than in the startup comparisons. Since the
two-year measurements average from 10 to 25% lower than the startup in
the SPVC on a saturated activity basis, we have shown that this effect is
reasonably calculable and is again due to a cycle-to-cycle source
variation, especially near the end of the irradiation. The ®3Cu(n,a)
activities reflect truer integrals over the entire irradiation period
than any of the other three activities do, again from Tables 14-17,
although there seems to be a slight inconsistency at T/4 in the ®3Cu(n,a)
counting rate. The measured 5“Fe(n,p) saturated activities averaged
about 13% lower in the two common SPVC locations (T/4 and T/2) for the
two-year exposure than for the startup experiment. A glance at Table 4
verifies that the saturated activities over the course of the two-year
exposure average about 10% lower than for the startup experiment. For
the 5®Ni(n,p) and “®Ti(n,p) measured saturated activities, the two-year
exposure values in the SPVC average about 25% lower. From Tables 15 and
16, better than 90% of these calculated activities at the end of the two-
year irradiation come from cycles 158H-158K and later. From Table 4,
the saturated activities averaged over these last six cycle groups are
about 20% lower than for the startup experiment. This effect of decay
can be even more pronounced for some of the fission product activities as
is evidenced in Tables 13, 18, and 19. Comparisons of the measured and
calculated fission induced activities at the end of irradiation in the
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Table 13. Decay Factors to the End of the SPVC + SVBC Irradiation
for the Various Cycle Groups

Cycle Growp ®¥u(n,a) “*Ti{n,p) Fe(n,p) ™Wil(n,p) (0. 0)'¥Cs (0. F)¥2r (0, 7)1%%u (n,r)'%%8,

1538+153C 0.005606 2.847-4 0.00819% 1.043-4 0.001230 5.202-5 4.538-7 7.425-19
1530 0.004268 2.530-4 0.006480 9.55-% 9.325-4 4.855-5 4.822-7 1.574-18
153F 0.003081 2.118-4 0.004844 8.22-5 6.694-4 4.261-5 4.800-7 3.073-18
1536-154C 0.01368 0.001237 0.02295 5.085-4 0.002942 2.736-4 3.956-6 1.120-16
1540-154) 0.02269 0.003592 0.04325 0.001642 0.0u4769 9.558-4 2.281-5 1.171-14
1558-155F 0.01262 0.003899 0.02821 0.002027 0.002%87 0.001280 5.281-5 4.228-13
1556-1568 0.01772 0.008289 0.06198 0.004669  0.003577 0.003115 1.850-4 1.160-11
156C-1578 0.02122 0.1696 0.05926 0.01059 0.004205 0.007575 7.150-4 5.8%8-10
1S7C-157E 0.01328 0.016%7 0.04116 0.01125 0.002582 0.008521 0.001161 $.943-9
158C+1580 0.009153 0.1664 0.3110 0.1213 0.001762 0.06963% 0.001795 4.728-8
158E -1586 0.01121 0.0263” 0.04031 0.02020 0.002127 0.01661 0.003881 3.553-7
1581-158K 0.01666 0.05543 0.06495 0.04541 0.003122 0.03909 0.01237 6.333-6
159A-159C 0.019%7 0.1016 0.08465 0.04541 0.003122 0.03909 0.01237 6.333-6
1590-160C 0.02139 0.1920 0.10%9 0.18%9 0.00389%8 0.1859 0.1374 0.007425
1600-160E 0.007316 0.09073 0.03886 0.09546 0.001304 0.09742 0.09392 0.01761
1618 0.008680 0.1428 0.04925 0.1586 0.001530 0.1680 0.2064 0.1455%

161C 0.009366 0.1939 0.05609 0.2251 0.001638 0.2456 0.3676 0.756%




Table 14, Contributions of the Cycle Groups to the Calculated SPVC
and SVBC Activities at the End of lrradiation and Comparison
with HEUL Measurements for 5“Fe(n,p)

Cycle Group "gres T/4* T/2* VEPCO*
1538+153C 3.65-16" 1.53-16 5.59-17 3.07-18
1530 3.21-16 1.35-16 4,92-17 2.70-18
153F 2.32-16 9.73-17 3.55-17 1.93-18
1536-154C 1.53-16 3.57-16 1.30-16 7.09-18
1540-154J 1.81-15 7.58-16 2.77-16 1.54-17
1558-155F 1.44-15 6.02-16 2.20-16 1.22-17
155G-1568 2.81-15% 1.18-15% 4.29-16% 2.38-17%
156C-1578 2.87-15 1.20-15 4.40-16 2.42-17
157C-157€ 2.04-15 8.53-16 3.12-16 1.71-17
158C+1580 1.65-15 6.91-16 2.52-16 1.43-17
158E -1586 1.83-15 7.64-16 2.79-16 1.42-17
158H-158K 3.29-15 1.38-15 5.02-16 1.43-17
159A-159C 3.75-15 1.57-15 5.71-16 3.03-17
1590-160C 4,75-15 1.98-15 7.22-16 3.89-17
1600 +160E 1.78-15 7.45-16 2.72-16 1.48-17
1618 2.32-15 9,72-16 3.54-16 1.89-17
161C 2.53-15 1.06-15 3.87-16 2.10-17
SUM, CALC. 3.46-14 1.45-14 5.29-15 2.88-16
MEASURED 3.40-14 1.51-14 5.87-15 e
C/E 1.02 0.96 0.90

*The SPVC locations "OT", T/4 and T/2 have coordinates (x,y,z) of
(+ 53,7, 241.3, -8.5) mm, (t 53.7, 286.4, -8.5) mm, and (* 53.7, 337.8,
-8.5), respectivel,. based on the HEDL coord1nate system, and the SVBC
location in the VEPCO capsule has coordinates (-72.6, 765.0, 55.3) mm.
Both the measured »nd calculated activities vary little between the
+ 53.7 and -53.7 lorations, so that only the average of the activities
at the two x locations appears in this table.

tRead 3.65 x 10-!® aisintegrations per second per atom, etc.

*stimated
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Table 15. Contributions of the Cycle Groups to the Calculated SPVC
and SVBC Activities at the End of Irradiation and Comparison
with HEDL Measurements for “®Ti(n,p)

Cycle Group . T/4* T/2* VEPCO™*
1538+153C 1.73-18t 7.08-19 2.55-19 1.56-20
1530 1.72-18 7.03-19 2.52-19 1.55-20
153F 1.39-18 5.70-19 2.04-19 1.24-20
1536-154C 6.30-18 2.57-18 9.23-19 5.60-20
1540-154J 2.06-17 8.43-18 3.02-18 1.88-19
1558-155F 2.72-17 1.11-17 3.97-18 2.47-19
155G-1568 5.14-17% 2.10-17% 7.51-18% 4,66-19%
156C-1578 1.13-15 4.60-17 1.65-17 1.01-18
157C-157€ 1.12-16 4,58-17 1.64-17 1.01-18
158C+1580 1.21-16 4.92-17 1.77-17 1.12-18
158€ -1586 1.64-16 6.68-17 2.38-17 1.43-18
158H-158K 3.86-16 1.58-16 5,64-17 3.40-18
159A-159C 6.18-16 2.53-16 8.96-17 5.33-18
1590-160C 1.18-15 4,82-16 1.73-16 1.03-17
1600+160E 5.75-16 2.34-16 8.40-17 5.09-18
1618 9.32-16 3.81-16 1.37-16 8.07-18
161C 1.22-15 4,95-16 1.78-16 1.07-17
SUM, CALC. 5.53-15 2.26-15 8.10-16 4,85-17
MEASURED 5.90-15 2.57-15 9.45-16 .-
C/E 0.94 0.88 0.86

*See Table 14,
tSee Table 14,
¥See Table 14.
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Table 16. Contributions of the Cycle Groups to the Calculated SPVC
and SVBC Activities at the End of Irradiation and Comparison
with HEDL Measurements for S8Ni(n,p)

Cycle Group sgpe* T/4* T/2* VEPCO*
1538+153C 6.29-181 2.69-18 1.01-18 5.52-20
1530 6.40-18 2.75-18 1.02-18 5.62-20
153F 5.34-18 2.28-18 8.55-19 3.63-20
1536-154C 2.68-17 1.15-17 4,28-18 2.32-19
1540-154J 9.71-17 4,17-17 1.56-17 8.62-19
1558 155F 1.45-16 6.19-17 2.31-17 1.28-18
155G-1568 2.95-16% 1.27-16% 4.74-17% 2.60-18%
156C-1578 7.12-16 3.05-16 1.14-16 6.26-18
157C-157€ 7.54-16 3.23-16 1.21-16 6.60-18
158C+1580 8.68-16 3.73-16 1.40-16 7.86-18
158E -158G 1.24-15 5.31-16 1.98-16 1.07-17
158H-158K 3.12-15 1.34-15 4,97-16 2.68-17
159A-159C 5.44-15 2.33-15 8.67-16 4,59-17
1590-160C 1.15-14 4,93-15 1.83-15 9,82-17
1600+160E 5.92-15 2.54-15 9.48-16 5.13-17
1618 1.00-14 4,33-15 1.62-15 8.57-17
161C 1.38-14 5.87-15 2,21-15 1.19-16
SUM, CALC. 5.39-14 2.31-14 8.64-15 4,64-16
MEASURED 5.44-14 2.45-14 9.61-15 -
C/E 0.99 0.94 0.90
*See Table 14,
tSee Table 14,
¥See Table 14,
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Table 17. Contributions of the Cycle Groups to the Calculated SPVC
and SVBC Activities at the End of Irradiation and Comparison
with HED. measurements for ®3Cu(n,a)

Cycle Group “gre* T/4* T/2* vEPCO™
1538+153C 1.91-18t 8.00-19 2.95-19 1.96-20
1530 1.62-18 6.78-19 2.51-19 1.66-20
153F 1.13-18 4,73-19 1.75-19 1.15-20
153G-154¢ 3.90-18 1.63-18 6.01-19 3.94-20
1540-154J 7.26-18 3.04-18 1.13-18 7.55-20
1558 -155F 4.90-18 2.05-18 7.57-19 5.07-20
155G-1568 6.13-18% 2.57-18% 9.47-19% 6.33-20%
156C-1578 7.88-18 3.31-18 1.22-18 8.09-20
157C-157€ 5.02-18 2.10-18 7.75-19 5.12-20
158C+1580 3.71-18 1.55-13 5.75-19 3.93-20
158€ -158G 3.88-18 1.62-18 5.98-19 3.87-20
158H-158K 6.49-18 2.72-18 9.99-19 6.50-2)
159A-159C 6.66-18 2.79-18 1.02-18 6.52-20
1590-160C 7.43-18 3.10-18 1.14-18 7.38-20
1600+160E 2.59-18 1.09-18 4.01-19 2.63-20
1618 3.17-18 1.33-18 4.90-19 3.13-20
161C 3,29-18 1.38-18 5.09-19 3.32-20
SUM, CALC. 7.70-17 3.70-17 1.19-17 7.82-19
MEASURED 8.24-17 3.64-17 1.39-17 -
C/E 0.93 1.02 0.86

*See Table 14,
tSee Table 14,
¥See Table 14,
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Table Al.

Contents of the Spectral Fluence Axial Profile Tape

File No. Description™

1 Energy grid of the first 38 ELXSIR groups in eV (39 entries)

2 Axial locations at which the profiles are given, in cm. (21)

3 Accumulated fluences in neutrons/cm? as a function of energy
and axial location for the SSC-2 exposure.
(x,y)=(-10.37,12.221)cm. (798)

4 Same as for file 3 except (x,y)=(10.37,12.221)

5 Same as for file 3 except (x,y)=(0.0,12.655)

6 Same as for file 3 except (x,y)=(-4.572,13.290)

7 Same as for file 3 except (x,y)=(4.572,13.290)

8 Same as for file 3 except (x,y)=(0.0,13.925)

9 Same as for file 3 except (x,y)=(-10.37,14.359)

10 Same as for file 3 except (x,y)=(10.37,14.359)

11 Accumulated fluences in neutrons/cm? as a function of energy
and axial location for the full two-year exposure. This is a
special point 1/4 inch inside the aluminum window:
(X.y)'(0.0,°0.685)cm.

12 Same as for file 11 except (x,y)=(0.0,19.606), another special
point 2.264 cm in front of the SPVC

13 Same as for file 11 except (x,y)=(-10.37,22.,981) "OT" location

14 Same as for file 11 except (x,y)=(10.37,22.981) "OT" location

15 Same as for file 11 except (x,y)=(0.0,23,415) "OT" location

16 Same as for file 11 exceot (x,y)=(-4.572,24.050) "OT" location

17 Same as for file 11 except (x,y)=(4.572,24.050) "OT" location

18 Same as for file 11 except (x,y)=(0.0,24.685) "0T" location

19 Same as for file 11 except (x,y)=(-10.37,25.119) "OT" location

20 Same as for file 11 except (x,y)=(10.37,25.119) "OT" location

21 Same as for file 11 except (x,y)=(-10.37,27.491) T/4 location

22 Same as for file 11 except (x,y)=(10.37,27.491) T/4 location

23 Same as for file 11 except (x,y)=(0.0,27.925) T/4 location

24 Same as for file 11 except (x,y)=(-4.572,28.560) T/4 location

25 Same as for file 1l except (x,y)=(4.572,28.560) T/4 location

26 Same as for file 11 except (x,y)=(0.0,29.195) T/4 location

27 Same as for file 11 except (x,y)=(-10.37,29.629) T/4 location

28 Same as for file 11 except (x,y)=(10.37,29.629) T/4 location

29 Same as for file 11 except (x,y)=(-10.37,32,631) T/2 location

30 Same as for file 11 except (x,y)=(10.37,32.631) T/2 location

31 Same as for file 11 except (x,y)=(0.0,33.065) T/2 location

32 Same as for file 11 except (x,y)=(-4.572,33.70) T/2 location

33 Same as for file 11 except (x,y)=(4.572,33.70) T/2 location

34 Same as for file 11 except (x,y)=(0.0,34.335) T/2 location

35 Same as for file 11 except (x,y)=(-10.37,34,769) T/2 location

36 Same as for file 11 except (x,y)=(10,37,34.769) T/2 location

37 Same as for file 11 except (x,y)=(0.0,38.455), a special point

5.945 cm inside the

SPVC as measured from the back face; a
nominal 3T/4 location
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Table Al. (coat'd)
File No. Description™

38 Same as for file 11 except (x,y)=(0.0,43.925), another special
point 0.475 cm inside the SPVC as measured from the back face;
a nominal full T location

39 Same as for file 11 except (x,y)=(-10.37,76.709) SVBC(VEPCO)
location

40 Same as for file 1l except (x,y)=(-4.872,76.709) SVBC(VEPCV)
location

41 Same as for file 11 except (x,y)=(4.872,76.709) SVBC(VEPCO)
location

42 Same as for file 11 except (x,y)=(10.37,76.709) SVBC(VEPCO)
location

43 Accumulated fluences in neutrons/cm? as a function of energy

and axial location for the SiC-1 exposure.
(‘.y)-(‘10.37.12.221)cm

44 Same as for file 43 except (x,y)=(10.37,12.221)

45 Same as for file 43 except (x,y)=(0.0,12.655)

46 Same as for file 43 except (x,y)=(-4.572,13.290)
47 Same as for file 43 except (x,y)=(4.572,13.290)

46 Same as for file 43 except (x,y)=(0.0,13.92%)

49 Same as for file 43 except (x,y)=(-10,.37,14,.359)
50 Same as for file 43 except (x,y)=(10.37,14.359)

*The origin for the x-axis is the same as the HEDL scheme with negative
values to the south. The origin for the y-axis also folijows the HEDL
scheme, but the y-dimensions are based not on the nominal values used by
HEDL but actually measured water gap thicknesses, as used by C. A. Baldwin
in his description of the absolute notch locations of the metallurgical
specimens. The transport calculations assumed the thermal shieid to be
6.00 cm. thick instead of 5.99 used by Baldwin and the thickness of the
biggest water gap to be 6,17 cm. rather than the 6.13 used by Baldwin.
A1l locations within the 55C, SPVC, and SVBC have been adjusted in the
calculations to reflect these slight differences, and no further adjust-
ment of the calculated values to either the HEDL locations for dosimetry
or the Baldwin locaticns for metallurgy are necessary.

The fluences are read from file YY by such statements as

D@ 1 K=1,21
1 READ(XX,2)(FLUENS(IG,K),1G=1,38)
2 FYRMAT(6ELZ2.5)

REWIND XX
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wher2 XX is the logical tape number assigned to file YY.

Thus the

fluence spactrum ar each axial location constitutes a logical record.
The fluences above ' MeV (grps. 1-27) for each of the 21 axial locations
in files 6, 16, 24
parisons previously shown in Tables 6 and 10, the fluence rate synthesis
procedure expressed by Eq. (4) may be beginning to underestimate the
fluences in the neighborhood of z=12.2cm and above, and perhaps overesti-
mate the fluences in the neighborhood of 2z=-12.5cm and below.

Table A2.

22, 40, and 46 appear in Table A2.

From axial com-

Fluence Above 1MeV Axial Profiles Near x =-4.572 for Typical
SSC-1, "OT," T/4, T/2, SVBC, and SSC-2 Metallurgical Specimen Locations

*

z SSC-1 oT T/4 T/2 SVBC SSC-2
27.94 7.02+18"  2,08+19 1.14+19 5.43+18 3.64+17 1.62+19
23.02 9.44+18 2.65+19 1.44+19 6.84+18 4.05+17 2.19+19
20,165 1.37+19 3.01+19 1.63+19 7.82+18 4.14+17 3.21+19
18,735 1.68+19 3.17+19 1.75+13 8.40+18 4,25+17 3.94+19
17.465 1.70+19 3.39+19 1.94+19 9.25+18 4.30+17 3.98+19
16.195 1.68+19 3.33+19 1.83+19 8.71+18 4.40+17 3.94+19
13.97 1.84+19 3.44+19 1.87+19 8.81+18 4.53+17 4.32+19
11.43 1.96+19 3.55+19 1.92+19 8.97+18 4.77+17 4.64+19

9.69 2.02+19 3.61+19 1.94+19 9.08+18 4.98+17 4,79+19
8.42 2.07+19 3.67+19 1.97+19 9.17+18 5.17+17 4.93+19
6.20 2.13+19 3.77+19 2.02+19 9.32+18 5.22+17 5.09+19
3.66 2.17+19 3.83+19 2.04+19 9.42+18 5.18+17 5.20+19
1.27 2.19+19 3.86+19 2,06+19 9.47+18 5.13+17 5.26+19
-0.85 2.18+19 3.86+19 2.05+19 9.44+18 5.07+17 5.25+19
-3.665 2,17+19 3.85+19 2.04+19 9.38+18 5.07+17 5.23+19
-6.625 2.10+19 3.73+19 1.98+19 9.13+18 5.00+17 5.08+19
-8.56 2.04+19 3.63+19 1.93+19 8.91+18 4,93+17 4.93+19
-10.0 1.97+19 3.54+19 1.88+19 8.71+18 4.73+17 4.76+19
-11.6 1.9C+19 3.44+19 1.83+19 8.51+18 4.49+17 4.59+19
-13.97 1.76+19 3.26+19 1.75+19 8.19+18 4.26+17 4,26+19
-16.195 1.58+19 3.03+19 1.67+19 7.91+18 4.10+17 3.83+19

*Centimeters above the approximate axial location of peak flux, 5.08 cm

below the reactor horizontal midglane.
TRead 7.02x10'8 neutrons/cm?, etc.
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