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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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NEUTRON AND GAMMA~RAY NONDESTRUCTIVE EXAMINATION
OF CONTACT-HANDLED TRANSURANIC WASTE AT THE ORNL
TRU WASTE DRUM ASSAY FACILITY

F. J. Schultz, D. E, Coffey, L. B. Norris, K. W. Haff

ABSTRACT

A nondestructive assay system, which includes the Neutron
Assay System (NAS) and the Segmented Gamma Scanner (SGS),
for the quantification of contact-handled (<200 mrem/h
total radiation dose rate at contact with container)
transuranic elements (CH~TRU) in bulk solid waste contained
in 208-L and 114-1L drums has been in operation at the Oak
Ridge National Laboratory since April 1982. The NAS has
been developed and demonstrated by Los Alamos National
Laboratory (LANL) and the Oak Ridge National Laboratory
(ORNL) for use by most U.S. Department of Energy Defense
Plant (DOE-DP) sites. More research and development is
required, however, before the NAS can provide complete
assay results for other than routine defense waste.

To date, 525 ORNL waste drums have been assayed, with
varying degrees of success. The isotopic complexity of
the ORNL waste creates a correspondingly complex assay

problem.

The NAS and SGS assay data are presented and discussed.
Neutron matrix effects, the destructive examination
facility, and enriched uranium fuel-element assays are
also discussed.

INTRODUCTION

Contact-handled transuranic (CH-TRU) waste, packaged in stainless-
steel and mild-steel drums, has been retrievably stored in concrete
bunkers at ORNL since 1970. Contact-handled TRU wastes are those as
defined in DOE Order 5820.2. In addition, 233U and 226Ra contaminated
wastes are handled by ORNL as TRU wastes. The majority of TRU waste at
ORNL is generated by research laboratories; and, typically, only small
quantities {a fraction of a gram to several grams) of the TRU isotopes

are contained in large quantities (kilograms) of discarded material.!l



The CH-TRU waste is stored in 208-L and 114-L drums and has a measured
radiation dose rate at the container surface of less than 200 mrem/h.
Consequently, the drums do not require shielding. Approximately 1% by
volume of the stored TRU waste is categorized as remote-—handled (RH~TRU).l
This waste, which contains high neutron and/or beta-gamma radiation
levels — up to 30,000 rem/h — is stored in concrete casks of varying
thicknesses. Remote-handled TRU waste will not be addressed in this
document.

A nondestructive assay system for the quantification of contact-~
handled transuranic elements in bulk solid waste contained in 208-L and
114-L drums has been in operation at the ORNL since April 1982. The
major objectives of the ORNL-Los Alamos National Laboratory (LANL)

cooperative program are the following:

1. demonstrate, evaluate, and field test the nondestructive neutron assay
technique developed by the LANL Advanced Nuclear Technology Group;

2, provide a training facility for those parties interested in the new
technology;

3. reduce the volume of CH-TRU waste retrievably stored on site by
reclassification of that material which is improperly classified; and

4, ddentify the radionuclide content of ORNL CH-TRU waste.

Each of these objectives will be discussed in more detail in the body of
this report.

The ORNL CH-TRU waste is complex in isotopic composition, with more
than 20 alpha-emitting isotopes having been identified. This isotopic
complexity creates a correspondingly complex assay problem. It must be
recognized that for a percentage of waste drums it will not be possible
to quantify all TRU isotopes present. A contributing factor to the assay
problem is the large population of drums possessing a high passive-
neutron source strength. Thirty-nine percent of the drums assayed to

date contain a net passive neutron source strength greater than
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1.0 x 10" n/s. Passive neutron data analysis becomes more difficult

under these conditions. In most cases, however, the neutron assay
system provides an upper-limit estimate of the total TRU activity based

on the passive and active neutron measurements.
ORNL GAMMA-RAY AND NEUTRON ASSAY INSTRUMENTATION

A two-tier system, which consists of a Segmented Gamma Scanner (SGS)
and a Neutron Assay System (NAS), has been employed at the TRU Waste Drum
Assay Facility (TWDAF)'for the examination of CH-TRU waste generated at
ORNL., A detailed description of both instruments can be found in the
literature.?Z>3,%

The SGS provides the facility operators with a list of the gamma-—
emitting isotopes, present in sufficient quantities, contained in the
waste drum. The NAS provides the total fissile mass, expressed in
milligram 239py equivalent, contained in the drum. Estimates of the
upper-limit quantities of the spontaneous fission emitters and (a,n)
nuclide contributions to the total TRU content of the drum are also
supplied by the NAS assay. Thus, the data obtained from both the SGS and
the NAS allow the facility operators to determine the upper limit TRU
content of a waste drum and the identities of the gamma-emitting isotopes
present. This information is then used to classify a drum as low-level
waste (LLW) or TRU waste. However, there are complications involved, and

these are discussed later in this report.
SEGMENTED GAMMA SCANNER

The SGS (see Figs. 1 and 2) identifies gamma-ray-emitting isotopes
which are present in sufficient quantities in the waste. It has been
demonstrated® that a detection limit better than 100 nCi/g of waste
exists for the transuranic isotopes 237Np/233Pa, 239py, 24lAp, and
2l+3Am/239Np, for the long-lived fission products lszb, 13“’13705, 154Ey

and 60Co.
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Before the cooperative program with LANL began, ORNL had purchased a
Canberra Segmented Gamma Scanner.* However, the system was limited to
assaying only two isotopes, 235y and 23%pu. Under the cooperative
program, the capability of this instrument has been greatly expanded.

For simplicity in data-handling and computer software compatibility,
it was decided to process the gamma-ray data through the LeCroy 3500
multichannel analyzer system, thereby resulting in a single data-
acquisition and analysis system for both the neutron and gamma-ray assay
measurements. All existing electronics for the SGS, except for the scan
table control circuitry, have been replaced with CAMAC-compatible modules
interfaced to the LeCroy 3500, The Canberra hardware for mechanically
moving the waste drum and the solid-state detector and its associated
electronics remain intact (Figs. 3 and 4).

A second LeCroy 3500 analyzer has recently been added to the assay
facility (see Figs. 3 and 4). It replaces the sequential neutron and
gamma-ray data acquisition and analyses procedures used previously with a
simultaneous or concurrent capability. Also, a new computer peak-search
program has been introduced which identifies photon energy peaks and
correlates each with its parent radionuclide.

Each drum is scanned in three segments with data-collection time, as
well as live-time determination, for each segment controlled by the com-
puter software. See Appendix A for the SGS system software printout. If
the dead-time is greater than 207%, a message informing the operator is
printed on the line printer. In these cases, the drum is transferred
from the SGS rotating table and suspended by a forklift truck approxi-
mately 1 m from the detector. Each segment's spectrum, along with a sum-
mation spectrum, is stored on floppy magnetic disks.

The SGS is also capable of quantitative scanning in the 100-nCi/g

range using a 1525y /154y transmission source.> Work in this area will

continue in the next fiscal year.

*Canberra Industries, Inc., 45 Gracey Avenue, Meriden, CT 06450
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NEUTRON ASSAY SYSTEM

The NAS (see Figs. 5-8), which was developed by the LANL Advanced

Nuclear Technology Group, is an active and passive 41 neutron-detection
system. The active assay [differential dieaway technique (DDT) ]2 refers
to interrogating the waste container with an external source of neutrons,
such as a portable neutron generator6 or an electron linear accelerator
(LINAC). The fast neutrons (14 MeV) produced by the neutron generator
are then moderated by the graphite walls of the assay chamber. The
resulting interrogating thermal neutrons induce fission reactions in the
fissile material contained in the waste., The induced radioactivity
(prompt and delayed fission neutrons) is proportional to the fissile TRU
content (e.g., 235y and 239pu). The passive assay refers to monitoring
the radioactivity already occurring naturally in the sample [e.g.,
spontaneous fission neutrons from 252¢cf atoms, (a,n) reaction neutrons,
etc.]. The neutron—-detection packages consist of moderated
(cadmium-shielded) and bare 3He proportional counters embedded in the
assay chamber walls.

Three neutron time-histories [counts per channel vs detector dwell-
time (10 ps/ch)] are acquired for each drum during the NAS active scan.
A total of 1023 channels, having a total dwell-time of 10.23 ms, are

scanned. The three time-histories are listed below.

1. Shielded detectors total count from time interval 0.71 ms to 4.70 ms
and 5.71 ms to 9.70 ms (background).

2. Thermal-neutron flux monitor count from time interval 0.71 ms to
4,70 ms.

3. 14-MeV monitor count (outside the assay chamber opposite the neutron

generator) from time interval 0.10 ms to 0.20 ms.

The ratio of the net shielded totals (background corrected) to the

flux monitor totals taken in the same time interval is proportional to
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the fissile content of the waste container. The 14-MeV monitor count
rate is an indication of the neutron generator performance. The neutron
generator output varies less than 107%.

An exponential least-squares fit to the thermal-neutron flux monitor
time-history is performed on the interval 1.5 ms to 3.0 ms. Two variables
are obtained from the fit to the data: A, and T1/2' A, 1s the neutron
amplitude normalized to time = 0 and is related to the matrix-moderating
characteristics. Tj/p is the thermal-neutron flux half-life obtained
from the slope of the fitted line and is related to the matrix absorption
characteristics. These twe variables are then used to determine the
degree of matrix correction, if any is required, for a waste drum.3
Approximately 30% of the ORNL waste drums assayed require a matrix
correction.

Since starting the operation of the NAS in April 1982, a con-
siderable number of modifications to the instrument have occurred. These

modifications are listed below.

1. Additional stress-relieved, high~density, polyethylene shielding has
been affixed to the assay chamber walls and ceiling (3 in. to each of
four walls and 5 in. to the ceiling). This was done in response to
the higher—-than-expected neutron background encountered in the
facility. The background due to effects other than cosmic radiation

was reduced by a factor of four.

- 2. The detector packages' linear amplifiers were transferred from the
control room (approximately 50 ft from the NAS assay chamber) to a
position atop the assay chamber. The power cables had increased the
electronic noise level in the preamplifier signal cables, which had
been placed in an adjacent conduit. After the transfer, the elec-

tronic noise was reduced to a minimum.

3. A second-generation neutron-generator control chassis was installed.
The major advantage of the second unit was that the pulse-forming
network (PFN) circuitry and power supply have been removed from the

control chassis and placed adjacent to the assay chamber. This
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eliminated an intense magnetic field in the control chassis, which
had caused intermittent problems with the reservoir control circuitry
and feedback loop. Another advantage of the second unit was that it

allowed for more precise control of the reservoir circuitry voltage.

4, Three inches of stress-relieved, high-density, polyethylene shielding
was added to the l-ft-thick concrete walls surrounding the drum
storage areas in the TWDAF (see Fig. 9). Neutron background levels

were reduced to a minimum in the facility, consistent with operator

safety and the ALARA (as low as reasonably achievable) principle.

5. A program of updating NAS computer software continued throughout the
reporting period. The latest NAS system software version is called
SNEUT (see Appendix B). This program was written by LANL personnel
and was used originally at the Rocky Flats Plant for the neutron
interrogation of waste crates (4 ft x 4 ft x 7 ft). The program

contains subroutines which are extraneous to ORNL operations.

6. A magnetic-streamer tape-drive unit has been added to the data
acquisition and analysis subsystem. It provides a more permanent

archival storage medium than do the magnetic floppy disks.
ASSAY RESULTS

As of August 1984, 525 ORNL waste drums have been analyzed for their
TRU content by the SGS and NAS., Of those drums assayed, 383 have been
categorized TRU (i.e., »100 nCi/g TRU concentration) and returned to
retrievable storage in anticipation of further characterization and even-
tual shipmént to the Waste Isolation Pilot Plant (WIPP). Twenty-nine
drums have been categorized low-level waste (LLW), suitable for shallow-
land burial at ORNL. The LLW category represents 5.5% of the drum popu-
lation. This percentage could change since the drums assayed were not
selected as representative of the general drum population. Presently,

approximately 120 waste drums are assayed each month at the TWDAF.



Fig. 9.

Technician Transferring Waste Drums
to the Shielded Drum Storage Area
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Table 1 presents the basic active and passive neutron data set
obtained from the assayed waste drums. Column 1 lists the drum iden-
tification number (the number assigned by the burial-ground operators).
The second column lists the results, before matrix corrections are
applied, as the weight of 23%py in milligrams equivalent to the fissile
mass in the drum. The third column lists the net total passive neutron
source strength in neutrons per second. The fourth and fifth columns
list the results of the least-squares fit to the flux monitor time-
history data. Ao is the normalized neutron amplitude, and Tl/2 is the

thermal-neutron lifetime. The sixth column lists the ratios of the

passive neutron-shielded total count rates to the system total count
rates (an indication of the amount of moderator contained in the waste
drum influencing the passive neutron source signal). Column 7 lists the
matrix-corrected fissile mass in units of milligrams of 23%Pu content.

The total TRU content of each assayed drum has not been determined
in most cases. However, if the net passive neutron source strength is
sufficiently low (20 neutrons/s or lower) and if the fissile inventory is
less than 100 mg, these data suffice to qualify the drum for the LLW
category. Thirty-six waste drums fall into this category. However, if
the gamma-ray assay data indicate the presence of 241Am, the drum is
removed from the LLW category and reclassified as unknown.

There exists a sizable drum population wherein resides a fissile
inventory of less than 100 mg, but each drum contains a large passive
neutron source (>20 n/s, <105 n/s). One hundred two waste drums are in
this category. A more refined and detailed interpretation of the compli-
cated passive neutron data is required before the quantities of spon-
taneous fission emitters and those contributions from (a,n) reactions due
to such isotopes as 252Cf, 240pu, and 241lAm can be assessed. The task is
further complicated by the number of isotopes typically present in each
waste drum. Los Alamos National Laboratory and ORNL will begin a program
in early FY 1985 to unravel the complicated passive neutron data and pro-

vide the total TRU content of each ORNL CH-TRU waste drum.



Table 1. ORNL waste drum active and passive neutron data

Uncorrected Passive net Thermal Thermal (Passlve neutron Matrix corrected
L I R e G RS
equivalent, mg n/s ’ Ags cfs/IO’us Ty/2s p.'s (sysfe.m totals) factor ! e?nl; valent,
2291 <10 1.31 % 106 3355 374 0.287 1.87 <10
2357 <10 6.73 x 10° 4015 398 0.251 2.66 <10
2098 <10 3.03 x 108 4488 484 0.260 1.00 <10
2080 <10 1.71 x 103 4748 540 0.236 1.00 <10
2327 16 9.08 x 10% 2913 441 0.278 1.16 19
2156 : 8,853 3.00 x 103 4218 461 0.246 1.00 8,853
2157 2,700 2.51 x 103 2870 405 0.270 1.14 3,078
2158 41,433 6.35 x 10% 4096 405 0.273 1.75 72,508
2290 <10 5.08 x 10" 6588 466 0.217 1.00 <10
2327 <10 8.92 x 10t 3417 423 0.279 1.41 <10
2402 1,089 4.29 x 102 4452 538 0.250 1.00 2,402
2289 <10 2.65 x 10t 5347 471 0.219 1.00 <10
2344 6,003 3.47 % 103 2898 558 0.276 1.00 6,003
2287 2,554 1.02 x 103 4838 507 0.238 1.00 2,554
2331 13,244 1.80 x 10% 2898 546 0.273 1.00 13,244
2332 1,344 5.66 x 102 4502 493 0.239 1.00 1,344
2335 24,157 1.31 x 104 2970 528 0.274 1.00 24,157
2409 1 4.25 x 10" 4718 475 0.246 1.00 1
2337 12 2.37 x 10" 3904 392 0.256 2.52 30
2334 7,083 2,21 x 101 6524 458 0.191 1.00 7,083

81




Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Idengrl-:‘ml‘caﬂon ";;:sgspu neu‘sr:r?gnsc;:rce neufrﬂ flux neu‘rr(l): f lux shleldei totals) :;Z’;’;L’;e ,bissile mass
gth, monitor, monltor, : Pu equlivalent,
equlivalent, mg n/s Ags Cts/10 us Ty/20 BS (system totals) factor mg
2328 <10 3.11 X 103 3534 412 0.330 1.47 <10
2329 1,132 1le11 X 103 5105 506 0.439 1.00 1,132
2338 1,811 1.04 x 109 3373 386 0.261 1.89 3,423
2404 <10 4.32 x 106 5010 538 0.280 1.00 <10
2288 725 8.94 x 105 3656 439 0.27M 1.53 1,109
2084 79 1.68 X 105 6512 469 0.204 1.00 79
2401 <10 5.76 X 106 2266 394 0.329 1.20 <10
2293 15 1.61 X 106 6075 479 0.215 1.00 15
2405 41 1.24 X 105 5492 497 0.224 1.00 41
2283 <10 6.90 X 105 4733 531 0.238 1.00 <10
2294 <10 1.43 x 105 6304 491 0.202 1.00 <10
2345 <10 5.54 X 106 3684 435 0.315 1.54 <10
2340 213 1.52 X 106 3766 425 0.227 1.58 337
2095 <10 9.36 x 10t 5121 475 0.229 1.00 <10
2092 <10 1.13 x 106 3242 383 0.277 1.73 <10
2297 5 1.91 x 105 5862 495 0.213 1.00 5
2407 12 3.16 X 105 4514 491 0.242 1.00 12
2400 <10 6.08 x 106 4501 501 0.293 1.00 <10
2292 <10 2.50 x 106 4818 546 0.248 1.00 <10
2382 161 1.11 x 102 2769 460 0.313 1.00 161

61



Table 1« ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Drum flss}&s neutron source neutron flux neutron flux shlelde? totals) Jﬁi*;:ie 23Blsslle mass
Identification mass Pu strength, monitor, monitor, + p Pu equivalent,
equivalent, mg n/s Ags cts/10 ps Ti/2s Us (system totals) factor mg

2385 479 1.87 X 103 4281 392 0.263 2.98 1,427
2159 119 82 3968 506 0.463 1.00 119
2295 962 5.94 x 102 4613 484 0.276 1.00 962
2162 1,167 3.25 x 102 4585 519 0.287 1.00 1,167
2160 259 <2 4101 531 - 1.00 259
2330 17,913 1.30 x 10t 2856 524 0.274 1.00 17,913
2348 2,439 2.34 x 103 2853 549 0.285 1.00 2,439
2096 33 1.19 x 102 4464 544 0.271 1.00 33
2163 663 2.79 x 102 4679 524 0.254 1.00 663 25
2342 5,195 2.21 x 103 2835 565 0.277 1.00 5,195
2160 259 85 4101 531 0.275 1.00 259
2346 147 75 3450 477 0.340 1.00 147
2298 32 9.86 x 102 4621 539 0.238 1.00 32
2408 <10 5.70 x 103 4359 503 0.233 1.00 <10
2299 35 8.59 x 103 4531 541 0.237 1.00 35
2403 1,644 2.86 x 102 3834 408 0.293 1.62 2,663
2333 2,661 1.29 x 104 3619 492 0.256 1.00 2,661
2341 362 1.49 x 102 3162 387 0.320 1.63 590
2356 438 1.64 x 102 3804 381 0.317 2.40 1,051
2343 10,037 4.34 x 103 2960 546 0.278 1.00 10,037




Table 1. ORNL waste drum actlve and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passlve neutron Matrix corrected
Drum flss}%s neutron source neutron flux neutron flux shleldeil totals) r’g‘?';:;e 235'55”9 mass
Identification mass Pu strength, monitor, monitor, %+ P Pu equivalent,
equivalent, mg n/s Ags €ts/10 us Ty 2, Us (system totals) factor mg
2354 19 < 5136 446 - 2.27 43
2161 718 2.95 x 102 4768 517 0.249 1.00 718
27286 20 4.85 x 104 6197 472 0.215 1.00 20
2336 17,469 1.73 x 104 2987 480 0.283 1.00 17,469
2326 <10 3.40 x 10 3527 423 0.279 1.46 <10
2410 9 2.84 x 103 5805 494 0.213 1.00 9
2355 27 4.93 x 109 5247 432 0.242 2.32 63
2374 3,314 6.85 x 10 3532 370 0.258 2.08 6,893
2325 5 9.17 x 10% 3200 430 0.271 1.30 7
2097 <10 6.60 x 10% 4400 487 0.245 1.00 <10
2439 5 4.79 x 10% 4758 518 0.229 1.00 5
2376 9 1.76 x 10% 4586 418 0.242 1.99 18
2390 356 3.58 x 102 4301 512 0.249 1.00 356
2398 3,860 1.71 x 1ot 2944 599 0.268 1.00 3,860
2393 718 3.34 X 102 3821 464 0.258 1.00 718
2445 2,455 1.77 x 10 3293 377 0.263 1.79 4,394
2383 56 1.62 X 102 3086 445 0.294 1.24 69
2458 2 4.99 x 10 5461 487 0.216 1.00 2
2444 9 8.89 x 104 5806 489 0.212 1.00 9
2396 2,242 1.03 x 10t 3672 416 0.267 1.54 3,453

1C



Table 1. ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
lden?";lf"?caﬂon m:;:s}ASPu neu::::;n;?:rce ne:;:?goilux ne:;:?:o:‘-lux shleldei fotals) ,_':as';';:;e 23 ;’?'elzlr:aaﬁin'r
equivalent, mg ns Ags cts/10 us Ty/20 Hs (system totals) factor m ’
2507 5,505 1.35 x 103 4069 454 0.251 1.00 5,505
2453 <10 8.61 X 10° 4659 521 0.239 1.00 <10
2502 1,333 4.68 x 109 2812 392 0.262 1.21 1,613
2397 1,770 5.64 x 108 2873 399 0.307 1.29 2,283
2459 <10 5.97 x 106 2201 375 0.331 1.20 <10
2456 1" 8.93 x 102 5688 489 0.217 1.00 11
2454 <10 5.33 x 106 3911 489 0.285 1.00 <10
2451 1 1.24 x 108 5888 479 0.215 1.00 1
2389 585 1.72 x 10° 4296 476 0.239 1.00 585
2449 <10 6.02 x 106 2413 379 0.319 1.20 <10
2452 19 1.94 x 105 4674 517 0.238 1.00 19
2442 390 2.56 x 105 2839 397 0.262 1.25 488
2437 <10 6.15 x 108 4423 509 0.285 1.00 <10
2441 1,212 1.33 x 106 4763 514 0.234 1.00 1,212
2447 <10 ) 3.20 X% 105 4189 539 0.244 1.00 <10
2443 <10 4.46 x 10° 4835 529 0.245 1.00 <10
2448 <10 1.92 x 10° 5890 487 0.214 1.00 <10
2435 421 2.64 x 106 2880 402 0.279 1.14 480
2365 7 2.41 x o4 4166 403 0.242 1.78 12

2380 3,513 6.59 x 102 4083 415 0.277 1.74 6,113

(44




Table 1. ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Therma Thermal (Passive neutron Matrix corrected

Drum flss}%s neutron source neutron flux neutron flux shleldec.i totals) rhgzﬂ(‘):;e 235155”9 mass
Identification mass Pu strength, monitor, monitor, + P Pu equivalent,

equlvatent, mg n/s Ags cts/10 ps Ti/20 Bs {system totals) tactor mg
2399 5,155 4.52 X 103 2877 551 0.271 1.00 5,155
2099 23 9.48 X IOI’ 5317 468 0.207 1.00 23
2367 <10 9.23 X 10J+ 3435 395 0.249 1.96 <10
2413 116 2.97 X 106 2777 467 0.286 1.00 116
2412 1,301 1.61 x 10° 2764 408 0.264 1.10 1,431
2202 121 7.20 x 104 5116 477 0.218 1.00 121
2220 <10 1.36 x 106 4827 495 0.215 1.00 <10
2436 <10 6.15 x 106 2102 443 0.322 1.10 <10
2415 <10 3.26 x 106 2019 368 0.313 1.20 <10
2364 37 3.98 X 105 3813 432 0.241 1.61 60
2363 47 2.19 X 105 3265 413 0.263 1.33 63
2360 1,932 3.28 x 103 3553 416 0.258 1.48 2,859
2361 131 6.84 X 101 3118 464 0.285 1.00 131
2421 0 <2 2569 460 - 1.00 <10
2428 <10 <2 3014 478 - 1.00 <10
2424 <10 <2 3086 470 - 1.00 <10
2422 <10 3.12 X 102 3230 517 0.242 1.00 <10
2433 <10 <2 3415 491 - 1.00 <10
2373 239 1.79 X !Ol’ 3127 437 0.244 1.26 301

2358 1,067 9.83 x 103 3289 424 0.261 1.34 1,430
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Table 1. ORN. waste drum active and passive neutron data (cont.)

Uncorrected Passlve net Thermal Thermal (Passive neutron Matrix corrected
Drum flss}%s neutron source neutron flux neutron flux shlelde? totals) J:Z;ZLze 235155||e mass
Identlification mass Pu strength, monttor, mon [ tor, + Pu equivalent,
equivalent, mg n/s Ags Cts/10 pus Ti/2s bs (system totals) factor mg

2430 <10 <2 3062 468 - 1.00 <10

2420 <10 1.56 X 10l 3587 426 0.327 1.49 <10

2418 4 7.81 X 103 3771 452 0.229 1.00 4

2378 239 2.07 x 102 3547 434 0.276 1.47 351

2379 3 <2 3137 411 - 1.27 4

2386 1,170 2.96 X% 102 4266 446 0.264 1.83 2,141

2387 1,355 2.62 x 102 4344 47 0.264 1.00 1,355

2375 165 1.15 x 103 3362 440 0.261 1.38 228 o
2377 9 1.44 x 10" 4023 378 0.249 2.67 24 =
2501 2,586 2.73 x 103 2743 573 0.273 1.00 2,586

2388 289 2.08 % 103 4192 414 0.265 1.80 520

2381 2,891 2.37 x 103 3829 413 0.249 1.61 4,655

0904 4,431 2.28 x 102 3075 483 0.256 1.00 4,431
0974~3 3,075 7.63 X 102 2946 480 0.273 1.00 3,075

1076 20,223 1.03 X 103 3822 435 0.233 1.61 32,559

1139 2,974 1.88 x 102 2731 495 0.263 1.00 2,974

1140 24,043 1.27 x 103 3611 486 0.246 1.00 24,043

1115 1,183 6.14 x 10l 3045 477 0.293 1.00 1,183
0976-4 3,199 1.01 x 102 2957 491 0.282 1.00 3,199

1142 6,715 3.45 x 102 2708 510 0.260 1.00 6,715

»



Table 1. ORNL waste drum active and passlve neutron data (cont.)
Uncorrected Passive net Thermal Thermal (Passlve neutron Matrix corrected
Drum flss}%s neutron source neutron flux neutron flux shle|de<3 totals) rh;as;r;ln);e 23§|ssile mass
{dentification mass Pu strength, monitor, mon [ tor, <+ Pu equiva lent,
equivalent, mg n/s Ags cts/10 us Ty/2s Us (system totals) factor mg
0974-1 1,825 6.73 x 101 3209 484 0.261 1.00 1,825
2368 4 3.78 x 103 3210 421 0.240 1.31 5
2431 <10 8.94 X 101 2923 534 0.297 1.00 <10
2432 <10 <2 3351 451 - 1.00 <10
2362 1,783 4.63 x 103 3154 499 0.244 1.00 1,783
2419 0 6 3754 407 0.555 1.58 <10
2429 <10 6 3184 473 0.466 1.00 <10
2359 <10 2.73 X 10“ 28M 396 0.253 1.29 <10
2427 <10 6.35 X% 102 3506 489 0.237 1.00 <10
2425 1 <2 3226 477 - 1.00 1
2423 0 1.04 x 102 3078 460 0.275 1.00 <10
2426 0 4.34 X 101 3756 444 0.955 1.58 <10
2411 27 1.97 X 10" 4438 482 0.216 1.00 27
2165 553 2.28 X 102 3864 509 0.250 1.00 553
2164 337 1.17 X 102 3329 540 0.262 1.00 337
2169 315 8.94 x 101 3525 473 0.273 1.00 315
2167 1,381 5.36 X 102 3746 516 0.245 1.00 1,381
2166 3,645 1.96 x 103 3429 521 0.240 1.00 3,645
2168 1,417 5.37 X 102 3474 522 0.251 1.00 1,417
2440 #1 2.26 x 109 5751 473 0.205 1.00 41
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Table 1.

ORNL waste drum actlve and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Drum flss&%s neutron source neutron flux neutron flux shle\deq totals) ;22*2223 23§Isslle mass
Identification mass Pu strength, monitor, monitor, + P Pu equivalent,
equivalent, mg n/s Ay, cts/10 ps Tij2> Us (system totals) tactor mg
2416 69 3.27 % 10"* 5946 458 0.206 1.00 69
2207 170 1.75 X 105 2877 381 0.275 1.29 219
2214 13 1.69 X 106 4238 535 0.243 1.00 13
1080 1,234 1.35 x 102 2605 518 0.176 1.00 1,234
1082 2,149 3.61 x 102 3574 456 0.213 1.00 2,149
1267 645 3.30 x 102 4024 364 0.231 2.67 1,722
0798 19 2.09 x 10% 3029 411 0.245 1.21 253
1268 3,131 1.55 x 103 3211 408 0.248 1.31 4,102
0977-2 8,820 4.67 x 102 4002 475 0.235 1.00 8,820
0976-1 2,188 5.13 x 101 3458 475 0262 1.00 2,188
0977-3 731 1.46 x 101 2760 495 0.271 1.00 131
11 3,942 1.00 x 102 3361 460 0.250 1.00 3,942
1061 2,753 8.08 x 10l 3102 443 0.259 1.25 3,441
1064 16,375 7.41 x 102 4238 488 0.227 1.00 16,375
1065 20,041 1.02 x 103 3998 465 0.227 1.00 20,041
1063 3,150 1.09 x 102 3080 475 0.261 1.00 3,150
1157 1,160 6.44 x 10l 3167 440 0.274 1.28 1,485
1164 1,095 2.26 x 10l 3232 469 0.274 1.00 1,095
0998 2,095 5.32 x 101 3075 467 0.287 1.00 2,095
1056 1,369 3.66 X 101 2879 482 0.239 1.00 1,369

97




Table 1. ORNL waste drum active and passive neutron data (cont.)

Uncorrected” Passive net Thermal Thermal (Passive neutron Matrix corrected

Drum flssi%g neutron source neutron flux neutron flux shlelde? totals) rh;as:;)'n);e 235[55“3 mass
identificatlon mass Pu strength, monitor, monitor, + Pu equivalent,
equivalent, mg n/s Ags cts/10 us Ty/2s bs (system totals) factor mg
1059 1,457 1.49 x 102 2598 488 0.244 1.00 1,457
1051 12,025 9.67 x 102 3355 388 0.250 1.87 22,487
0961-1 479 1.16 x 10l 2592 502 0.454 1.00 479
0969-2 11,647 3.36 x 102 2356 537 0.268 1.00 11,647
1159 875 2.72 x 101 3190 470 0.368 1.00 875
1162 778 1.83 x 101 3073 470 0.314 1.00 778
0970-1 451 1.00 x 101 2988 483 0.228 1.00 451
0959-4 740 8.46 x 10} 3344 455 0.377 1.00 740
0977-4 895 1.08 x 101 3074 479 0.404 1.00 895
1074 22,801 1.22 x 103 2887 526 0.243 1.00 22,801
0977-1 6,725 6.53 x 102 2634 411 0.267 1.10 7,398
0989 1,789 3.65 x 101 3260 484 0.275 1.00 1,789
1146 5,757 1.96 x 102 3289 483 0.255 1.00 5,757
1119 1,770 1.49 x 103 2781 471 0.241 1.00 1,770
0667 10,630 2.10 x 10" 3479 390 0.244 2.01 21,366
0736 448 2.93 x 109 2891 452 0.257 1.00 448
0815 123 1.24 x 106 3135 389 0.268 1.60 197
0703 3 7.21 % 10° 3201 403 0.273 1.30 4
0734 <10 4.73 x 108 3106 415 0.304 1.25 <10
0869 <10 1.13 x 10° 3189 430 0.256 1.29 <10
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Table 1.

ORNL waste drum actlive and passlve neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Drum flss&%s neutron source neutron flux neutron flux shleldeq totals) rgasd:)rc.)'r;e 235155119 mass
identification mass Pu strength, monttor, monitor, + Pu equivalent,
equivalent, mg n/s Ags cts/10 us Ti/2s Us (system totals) factor mg
0733 39 3.46 x 104 3082 399 0.266 1.54 60
0403 349 2.68 x 10" 2955 478 0.240 1.00 349
0870 <10 7.26 x 10° 3186 433 0.262 1.29 <10
0704 <10 1.52 x 107 917 127 0.508 1.00 <10
0723 <10 1.63 x 108 3257 413 0.276 1.33 <10
0813 63 5.93 x 10° 3781 401 0.253 1.59 100
1280 21 1.56 x 10" 2907 425 0.260 1.15 24
1235 10 2.58 x 1ot 3224 412 0.248 1.31 13
0888 <10 <2 6002 385 - 5.04 <10
0887 <10 <2 4276 481 - 1.00 <10
0580 48 5 3115 386 <0.001 1.58 76
0587 22 1.20 x 101 3520 356 0.536 2.06 45
0699 4 9.03 x 102 3766 416 0.260 1.58 6
0586 385 3.74 x 102 4094 343 0.238 4.44 1,709
0895 10,195 4.44 x 102 3866 510 0.239 1.00 10,195
0577 1Al 1.20 x 102 4547 346 0.260 5.12 364
0573 121 1.33 x 102 3636 408 0.241 1.52 184
0898 14 <2 3801 482 - 1.00 14
0583 55 1.39 x 10t 3769 357 0.432 3.95 217
0740 54 5.56 x 102 2774 365 0.257 1.20 65
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Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Drum flssigs neutron source neutron flux neutron flux shleldeq totals) J:i*er ,3bissile mass
Identiflcatlon mass Pu strength, monf{tor, monitor, + ponse Pu equivalent,
equivalent, mg n/s Ags cts/10 us Ty/2s Bs (system totals) factor mg
0741 255 4.56 X 103 3305 347 0.237 3.26 831
0578 28 2.22 x 10! 3411 340 0.433 3.42 96
0588 " 2.54 X 101 4270 358 0.433 4.71 52
0735 173 9.43 X 103 2954 383 0.244 1.38 239
0688 87 7.64 x 103 3162 355 0.238 3.04 264
1243 ) 1 1.90 x 10% 4290 436 0.227 1.85 2
2525 352 4.38 x 103 3089 417 0.260 1.53 539
2526 78 1.90 x 102 3715 478 0.247 1.00 78
2522 1,226 5.48 X 102 3083 421 0.274 1.24 1,520
2527 149 1.20 x 10 3795 405 0.255 1.60 238
1238 <10 <2 4222 438 - 1.81 <10
0385 <10 1.92 X 10“ 3367 456 0.250 1.00 <10
0383 69 4.63 x 102 3434 470 0.251 1.00 69
2500 550 2.21 X 104 2617 550 0.275 1.00 550
1244 273 9.28 X 102 3401 468 0.253 1.00 273
2524 6,797 5.62 X 10l 3654 492 0.246 1.00 6,797
2391 26 5.48 X 103 2659 508 0.270 1.00 26
2469 17 3.48 X 10° 4088 525 0.231 1.00 17
0792 619 1.90 X 102 3913 461 0.180 1.00 619
0929 386 1.44 X 102 3935 482 0.177 1.00 386
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Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Therma | (Passive neutron Matrix corrected
Drum fissi%s neutron source neutron flux neutron flux shlelde? Yotals) :ﬁ:g;:;e 235'55"9 mass
Tdentification mass Pu strength, monitor, mon{tor, + Py equivalent,
equivalent, mg n/s Ay CtTs/10 ps Ty 2s WS (system totals) factor mg
0930 751 2.61 X 101 3683 491 0.212 1.00 751
0926 8,069 3.83 x 102 4690 503 0.232 1.00 8,069
Q0917 5,105 1.16 X 103 3956 418 0.263 1.68 8,576
1019 1,554 4.59 x 101 3736 464 0.227 1.00 1,554
1020 927 1.69 x ol 3186 497 0.177 1.00 927
0984 1,638 3.04 x 10! 3833 463 0.251 1.00 1,638
1024 1,189 2.46 x 101 3697 476 0.255 1.00 1,189
1036 2,560 6.08 x 10! 3625 476 0.239 1.00 2,560
1403 2,400 1.25 x 102 4094 427 0.251 1.75 4,200
1015 12,813 5.41 x 102 4194 497 0.245 1.00 12,813
1014 13,272 5.27 x 102 3818 526 0.250 1.00 13,272
0997 1,345 2.89 x 10l 3518 488 0.228 1.00 1,345
1022 2,013 5.11 x 101 3574 480 0.267 1.00 2,013
1021 1,296 3.81 x 10l 3499 503 0.228 1.00 1,296
1011 15,681 7.40 x 102 3334 534 0.256 1.00 15,681
0990 1,727 2.96 x 101 4029 474 0.284 1.00 1,727
1043-1 55 1.30 x 10 2898 512 0.253 1.00 55
0232 16 8.57 X 103 2694 568 0.242 1.00 16
0175 6,227 3.32 x 103 2362 589 0.272 1.00 6,227
1043-2 <10 2.93 X 103 2778 534 0.246 1.00 <10

0t




Table 1. ORNL waste drum active and passive neutron data (cont.)
Uncorrected Passive net Thermal Thermal (Passlve neutron Matrix corrected
Drum flss}%s neutron source neutron flux neutron flux shleldec.! totals) r_“;as*';‘n’; 23§lsslle mass
identification mass Pu strength, monitor, monitor, + ponse Pu equlvalent,
equivalent, mg n/s Ags cts/10 ps Ty/2s bs (system totals) factor mg
2533 627 8.10 X 10t 3183 474 0.246 1.00 627
2532 425 6.38 X 102 3832 457 0.226 1.00 425
2529 1,683 4.36 X 102 3020 457 0.252 1.00 1,683
2530 950 1.61 X 103 3139 432 0.257 1.27 1,207
2531 719 1.69 X 102 3992 431 0.241 1.70 1,222
1008 401 7.90 % 106 2138 593 0.352 1.00 401
0620 29 2.00 X 105 2650 497 0.265 1.00 29
1070-2 <10 5.05 X 106 2205 546 0.308 1.00 <10
1070-1 163 7.65 X% 106 2119 578 0.336 1.00 163
0448 8,661 6.62 x 104 2784 540 0.239 1.00 8,661
0022-3 19 1.74 X 106 2949 498 0.267 1.00 19
2479 62 1.10 x 105 5252 458 0.205 1.00 62
0950~-1 10 6.34 X 105 2680 508 0.275 1.00 10
0021 1,302 2.29 x 10% 3342 422 0.236 1.37 1,784
0386 37 7.45 x 10" 3394 383 0.267 1.91 71
0948-1 47 1.60 X 10° 3186 440 0.257 1.29 61
0016-2 11,955 3.22 X 104 2609 549 0.261 1.00 11,955
0265 1,790 3.33 x 104 2763 381 0.229 1.20 2,148
2476 100 1.27 X 105 4541 436 0.238 3.37 337
0592 <10 1.18 X 107 1881 564 0.411 1.00 <10
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Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Drum flss}és neutron source neutron flux neutron flux shleldei totals) ::2;;;26 3bissite mass
fdentification mass Pu strength, monitor, mon I tor, 5 Pu equivalent,
equivalent, mg n/s , cts/10 us Ty/2s Us (system totals) factor mg
2478 8 7.68 X 106 3666 527 0.219 1.00 8
0209 1,987 1.24 X 103 2827 572 0.257 1.00 1,987
0463 5 3425 X 102 2848 491 0.253 1.00 5
0024-2 693 9.60 X 103 2837 518 0.255 1.00 693
0979-1 <10 2.29 x 102 2649 515 0.272 1.00 <10
0979-2 <10 5.93 X 101 3192 509 0.294 1.00 <10
0948-3 1 <2 2748 500 - 1.00 1
0027-1 5,983 5.86 X 103 2996 524 0.249 1.00 5,983
0027-3 2,727 3.17 X 103 2837 580 0.256 1.00 2,727
0976-3 23,841 8.38 x 102 3219 550 0.239 1.00 23,841
0014-3 <10 2.85 x 101 3227 495 0.268 1.00 <10
0242 552 6.87 X 102 2794 366 0.255 1.20 662
0264 215 4,02 X 103 2869 386 0.245 1.28 275
0944 22,176 1.10 X 103 3216 507 0.247 1.00 22,176
0287 <10 1.48 X 101 3191 482 0.317 1.00 <10
2477 7 1.03 x 104 4038 518 0.227 1.00 7
2480 393 1.08 x 10 3426 408 0.244 1.41 554
0950-2 <10 7.99 x 102 3126 530 0.236 1.00 <10
0950-4 1 6.76 X 101 5052 481 0.216 1.00 1
0243 1,133 9.25 x 102 3354 370 0.262 1.86 2,107
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Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
y Erl-tfxr;\ " fIssHs neutron source neutron flux neutron flux shleldeci totals) r':z;ngse ,sbissile mass
en cation mass Pu strength, mon {tor, monitor, : factor Pu equivalent,
equivalent, mg n/s Ags cts/10 us T1/2’ us (system totals) mg
0261 209 2.17 x 103 2941 356 0.275 1.37 286
0397 43 7.18 x 102 3458 419 0.257 1.43 61
241 56 2.59 x 105 4927 485 0.204 1.00 56
2464 5 5.10 x 106 3351 549 0.283 1.00 5
0429 <10 3.16 X 105 2762 504 0.248 1.00 <10
2511 947 3.73 x 102 2727 505 0.228 1.00 947
2462 <10 6.98 x 105 4036 524 0.244 1.00 <10
2465 1 5.46 x 10" 5389 473 0.206 1.00 1
2470 <10 1.30 x 105 4162 525 0.229 1.00 <10
2468 46 1.26 X 105 5293 476 0.205 1.00 46
2466 <10 1.33 X 105 3671 548 0.230 1.00 <10
2472 27N 3421 X 105 2590 370 0.267 1.20 325
0553 <10 1.48 X 105 3638 399 0.272 1.20 <10
2463 59 5.74 x 10° 5567 467 0.212 1.00 59
2467 49 2.22 x 108 2393 374 £ 0.280 1.20 59
2517 3,146 3.07 x 103 3529 451 .0.241 1.00 3,146
1261 3,011 4.94 X 103 3148 472 0.248 1.00 3,011
2510 133 7.80 X 101 3579 416 0.280 1.49 198
0910 7 1.84 X 10t 3487 401 0.258 1.44 10
0928 367 <2 2787 495 - 1.00 367

£e
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Table 1. ORNL waste drum active and passive neutron data (cont.)
Uncorrected Passive net Thermal Thermal (Passlve neutron Matrix corrected
Drum fiss}%s neutron source neutron flux neutron flux shielded totals) rh;‘?';:‘se o3hissite mass
Identification mass Pu strength, monltor, monitor, + P Pu equivalent, .
equivalent, mg n/s Ags cts/10 us Ty/2s bis (system totals) factor mg -

0918 98 <2 277 488 1.00 98

0916 767 <2 3056 493 1.00 767

0961-2 839 1.04 X 10l 3269 462 1.00 839

0970-2 1,187 1.75 X 101 3182 461 1.00 1,187

0896 13,516 5,27 X 102 3910 499 0.243 1.00 13,516

0961-3 692 8.4 3032 483 0.753 1.00 692

0911 4,236 1.69 x 102 4278 461 0.246 1.00 4,236

0914 953 1.29 X 101 3702 456 0.439 1.60 953 w
1053 5,051 2.01 x 102 3354 483 0.274 1.00 5,051 =
1054 8,316 3.47 x 102 3627 438 0.260 1.51 12,557

0992 915 1.82 x 101 2758 493 0.311 1.00 915

0902 1,368 2.07 x 10! 2661 508 0.332 1.00 1,368

0991 15,955 7.66 x 102 3678 496 0.232 1.00 15,955

0974-2 1,175 4.53 x 10l 3259 454 0.272 1.00 1,175

0999 926 1.30 x 101 2610 496 0.391 1.00 926

1045 54 7.97 X 103 3639 375 0.258 2.21 119

1042 1,408 1.19 x 10° 3351 430 0.257 1.38 1,943

1154 2,598 2.87 x 103 3843 456 0.240 1.00 2,598

1029 21 2.17 x 103 3361 480 0.248 1.00 21

0982 51 9.59 x IO3 3269 388 0.253 1.76 90




Table 1. ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Drum flss}%s neutron source neutron flux neutron flux shleldec.j totals) rh;i:’(‘)'n’;e o3hissile mass
ldentification mass Pu strength, monitor, monitor, + Pu equivalent,
equlvalent, mg n/s Ags cts/10 s Ty/2s s (system totals) factor mg
1266 2,074 1.76 x 103 4697 492 0.214 1.00 2,074
1205 <10 5.24 x 102 3656 475 0.209 1.00 <10
1151 207 5.82 x 105 3223 433 0.262 1.31 27N
0903 485 1.88 x 102 2969 488 0.187 1.00 485
0913 6,916 4.53 x 102 3286 468 1.00 6,916
0892 6,861 5.78 x 102 3501 465 - 1.00 6,861
0912 3,703 5.03 X 102 4022 423 ) 1.71 6,332
1068 4 1.13 x 103 3993 481 1.00 4
1083 11,962 7.93 x 102 3370 484 1.00 11,962
0974-4 999 1.87 x 101 3891 484 0.262 1.00 999
1116 722 1.09 x 101 4668 464 0.166 1.00 722
1112 2,242 5.86 x 'IOl 4293 447 0.246 1.85 4,148
1035 506 2.13 x IOl 4203 440 0.195 1.80 91
1034 1,013 2.26 x 101 3918 474 0.207 1.00 1,013
1016 15,873 629 X 102 4680 500 0.238 1.00 15,873
1010 16,051 8.14 x 102 3663 536 0.228 1.00 16,051
1079 4,347 1e11 X 102 5354 445 0.254 2.38 10,346
1057 18,425 1.33 x 103 3806 382 0.254 2.41 44,404
0970-3 1,252 2.09 x 10l 4153 473 0.183 1.00 1,252
1138 1,520 1.01 x 102 3542 516 0.247 1.00 1,520
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Table 1. ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
o fertionwiti MRy, T Sree e o eyt Do shlelieg Torels) G5, pglastle pas
equivalent, mg n/sg ! Ao cts/10” us "T'ol/z,or;fs (system totals) factor ! ecllntglvalenf,
0537 144 2.63 X 103 3145 388 0.246 1.61 232
0615 31 4.90 X 102 4143 418 0.254 177 55
0622 1,667 2.89 x 10 4167 361 0.240 2.84 4,734
1409 3,549 1.47 x 102 4562 518 0.232 1.00 3,549
0616 79 3.21 X 102 4225 405 0.252 1.81 143
1407 11,659 5.64 x 102 4407 502 0.238 1.00 11,659
1408 7,993 3.47 X 102 4753 4N 0.237 1.00 7,993
1410 5,046 2.98 x 102 4792 486 0.228 1.00 5,046
0794 8,317 1.45 x 103 4191 391 0.255 2.87 23,870 &
0795 3,779 1.08 x 103 4090 405 0.256 1.75 6,613
0791 6,059 5.26 % 102 3964 505 0.242 1.00 6,059
0790 3,141 3.13 X 102 2879 534 0.220 1.00 3,141
0923 8,439 6.35 % 102 3918 456 0.233 1.00 8,439
0793 11,861 1.50 x 103 3620 486 0.224 1.00 11,861
0810 <10 1.42 X IO6 3036 382 0.266 1.48 <10
1269 195 7.29 X 101 2816 460 0.337 1.00 185
1239 1 <2 4530 419 - 1.97 2
0924 403 <2 3131 488 - 1.00 403
0927 537 <2 3404 460 - 1.00 537
0925 6,105 2.64 x 102 3811 473 0.248 1.00 6,105



Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Therma | (Passive neutron Matrix corrected
Drum flss}%s neutron source neutron flux neutron flux shleldec'i totals) r22+;L2 235Issne mass
identification mass Pu strength, monitor, monitor, + ponse Pu equivalent,
equivalent, mg n/s Ay, cts/10 ps Ty/2s Us (system totals) factor mg

0818 2,483 8.92 X 101 3314 477 0.281 1.00 2,483
0874 802 4.79 x 10l 3772 467 0.316 1.00 802
1422 9,460 4.65 X 102 3693 507 0.240 1.00 9,460
0808 0 1.82 X 103 2750 418 0.260 1.10 <10
1423 725 1.76 x 102 2479 463 0.286 1.00 725
0758 6,603 3.67 % 102 2611 532 0.265 1.00 6,603
0757 4,529 3416 X 102 3888 463 0.245 1.00 4,529
0875 29 6.86 x 103 3647 440 0.239 1.52 44
0411 <10 <2 3912 452 - 1.00 <10
0824 15,461 1.08 x 103 3225 518 0.233 1.00 15,461
0806 129 1.21 X 103 2945 489 0.254 1.00 129
0821 5,265 2.31 X 102 3020 538 0.260 1.00 5,265
0807 6 3.94 X 103 2538 447 0.268 1.10 7
2484 <10 3.11 x 102 4100 447 0.229 1.75 <10
2483 180 3.90 % 105 3550 382 0.251 2.10 378
2485 <10 1.20 X 107 1270 569 0.425 1.00 <10
0249 7 <2 4131 344 - 4.50 32
0948-2 3 4.75 x 101 3197 501 0.285 1.00 3
0541 151 4.07 X 103 3600 348 0.252 3.70 559
0188 1,087 3.76 x 103 2378 423 0.252 1.10 1,196

LE



Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Pass;fglg neutron Matrix corrected
Drum flssi%s neutron source neutron flux neutron flux shiélgque;c? totals) r_':aS;";L’;e 23§|ssl le mass
fdentification mass Pu strength, monitor, monitor, I Pu equlivalent,
equlvalent, mg n/s Ags cts/10 ps Ty/2s Us (system totals) factor mg

2473 3 6.18 X 10“ 3949 540 0.227 1.00 3
0945 10,770 5.39 X 102 3262 481 0.258 1.00 10,770
0398 10 6.98 X 101 4486 432 0.280 1.94 19
0595 4 1.70 X 103 3721 403 0.252 1.56 6
0946 671 9.3 3091 432 0.464 1.25 839
0435 10,851 6.89 X 103 2970 541 0.246 1.00 10,851
0975-3 7,955 3.33 X 102 2688 581 0.255 1.00 7,955
0022-4 <10 5.28 X 102 3015 537 Q.255 1.00 <10

0161 <10 <2 2668 569 - 1.00 <10

2051 7 3.6 x 10° 5378 518 - 1.00 7
2057 24 1.2 X 105 6115 485 - 1.00 24
1940 1" 1.2 X 10° - - 0.246 - n
2081 28 4.0 X 105 5599 496 0.230 1.00 28
2075 9 1.9 X 105 4665 548 0.267 1.00 9
1934 1" 6.5 X 105 5500 524 0.222 1.00 1
1928 15 1.8 X 105 4825 510 0.237 1.00 15
2039 7 1.0 x 10° 4775 472 0.247 1.00 7
2005 25 1.5 X 105 5994 483 0.234 1.00 25
2112 12 3.1 X 105 5220 472 0.265 1.00 12
1929 22 2.1 % 105 6636 483 0.197 1.00 22
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Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passlve net Thermal Thermal (Passive neutron Matrix corrected

Drum flssé%s neutron source neutron flux neutron flux shlelde? totals) rz;;;;ze 23 issile mass
Identiflcation mass Pu strength, monitor, mon i tor, + Pu equlvalent,

equivalent, mg n/s Ag» cts/10 ps Ti/2s WS (system totals) factor mg
2013 5 2.3 % 10° 5064 525 - 1.00 5
2001 8 1.1 X 105 4708 542 0.246 1.00 8
2010 7 1.3 X 105 5215 532 0.228 1.00 7
1926 - 2.7 x 10° - - 0.197 - -
2003 52 5.9 X 105 2575 354 0.286 2.50 130
1951 75 3.6 X 105 5840 490 - 1.00 75
2052 83 5.5 X 105 6389 480 - 1.00 83
1950 449 4.0 x ‘IO5 4891 534 - 1.00 449
2109 3,200 8.8 x 10° 3587 402 1.49 4,768
0749 30 2.5 x 108 2910 551 1.00 30
2044 0 4.4 x 108 4088 535 1.00 <10
1998 0 7.6 X 106 3478 459 - 1.00 <10
2094 4 2.0 x 106 3318 377 0.270 1.81 7
1933 56 2.2 x 106 4770 526 0.271 1.00 56
2110 0 2.5 x 106 4305 476 0.200 1.00 0
1959 - 3.0 x 106 - - - - -
1936 63 2.1 X 106 3323 372 0.260 1.82 115
1938 50 5.7 X 106 2617 463 - 1.00 50
1948 n 1.4 X 106 3152 376 0.293 1.62 115
2019 41 1.3 x 108 2821 365 0.270 1.85 76
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Table 1. ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermat (Passlive neutron Matrix corrected
ot fleation  mpas Wb, TCUIRGEATCS MRSl reven Thec stletdeg Tofels)  iinly pbfsslle nese
equivalent, mg n/sg ! Ags c+s/10’p,s Ty /2 p,’s (sys+e'm totals) factor ?ng '
1939 467 6.0 X 106 3869 545 0.133 1.00 467
1945 2 0 4518 503 - 1.00 2
1921 1 0 3593 484 - 1.00 1
1924 1 0 4119 481 - 1.00 1
1922 3 0 4337 469 - 1.00 3
1919 4 0 4403 452 - 1.00 4
1208 1 0 4678 466 - 1.00 1
1788 49 3 3449 551 - 1.00 49
210 11 0 - - - - kR
1923 1 0 5075 458 - 1.00 1
2321 7 6.6 103 3670 410 0.266 1.54 1
2318 13 1.0 103 3784 360 0.251 3.18 41
2323 337 1.1 103 4319 417 0.256 1.90 640
2281 32 2.3 103 4955 527 0.229 1.00 32
2324 9 3.7 103 4534 417 0.252 1.99 18
2282 3 9.9 10t 4725 4253 0.252 2.06 6
2312 1 4.2 102 5253 438 - 2.33 2
2280 32 2.5 104 6411 476 0.206 1.00 32
2027 9 2.3 104 4810 542 - 1.00 9
2201 7 1.9 104 5540 418 - 257 18

oY




Table 1.

ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Idenar;l;'?cafion m;;:sigsp neuf;on s?rj]rce neufrc‘): f lux neufr?: flux sh leldeg totals) rl\::s;rogxse 235;,5] le mass
u strength, mon [ tor, monitor, : u equivalent,
equlivalent, mg n/s Ag» cts/10 us Ty 25 Us (system totals) factor mg
1946 12 1.4 X 103 4012 501 - 1.00 12
1374 19 1.3 x 10" 4511 387 - 3.22 61
2018 5 5.4 X 101* 4960 507 0.238 1.00 5
2025 23 1.8 x 10" 6021 493 0.199 1.00 23
2030 1" 1.4 X 10"* 6052 489 0.211 1.00 11
2016 21 1.2 x 10“ 5586 497 0.223 1.00 21
2035 31 2.3 X 10“ 5330 503 0.218 1.00 31
2047 25 3.1 x 10 5608 510 0.216 1.00 25
1935 15 4.8 x 'l0l+ 5764 496 0.219 1.00 15
201 27 8.5 x 10% 5788 446 0.221 2.69 73
1944 1 1.5 X 104 4208 437 0.253 1.80 2
2042 7 3.0 x 10" 5290 522 0.186 1.00 7
2083 47 2.2 X 10% 6374 487 0.204 1.00 47
2004 45 1.5 X 'IO"+ 4926 538 0.254 1.00 45
2017 55 2.5 X 103 5141 525 0.227 1.00 55
1917 39 8 X 103 3381 372 0.159 1.89 74
1925 35 1.3 X ‘02 3540 352 - 3.61 126
2006 43 3.5 x 104 6500 491 0.210 1.00 43
1956 37 1.8 X 104 3650 442 0.258 1.52 56
1955 73 2.2 X 104 3938 469 0.256 1.00 73
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Table 1. ORNL waste drum active and passive neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
lden?“r;l;r;‘caflon m;;:sigspu neu:;c;gns$:rce neufrc;: flux neu+r<'3;1- flux shleldei totals) rhgas:gn);e 235'55' le mass
gth, monitor, moni+tor, $ Pu equlvalent,
equivalent, mg n/s Ay, cts/10 ps Ty/2s s (system totals) factor mg
2014 79 7.2 X 10'* 5077 530 0.228 1.00 79
2151 205 3.6 X 101 4259 532 - 1.00 205
2029 176 3.2 X ‘IO'* 4866 529 0.192 1.00 176
2009 186 1.9 x 104 4893 530 0.232 1.00 186
1918 133 1.9 x 10% 3419 367 0.260 1.93 257
2031 166 1.0 x 102 2577 345 - 2.50 415
1932 121 1.2 x 10t 3728 366 0.248 2.30 278
1676 327 4.7 x 101 5178 528 - 1.00 327
1996 123 5.4 x 102 4806 445 - 2.10 258
2026 627 3.4 x 102 4706 534 - - 1.00 627
1817 476 2.1 x 103 4635 495 - 1.00 476
1947 360 2.0 x 102 4028 528 - 1.00 360
2107 427 0 4781 505 - 1.00 427
1949 495 4.7 x 102 3491 418 - 1.89 936
2015 394 5.7 x 102 4193 527 - 1.00 394
2045 653 3.2 x 101 4089 454 0.258 1.00 653
1927 367 1.6 x 102 4778 494 - 1.00 ‘ 367
2008 606 3.9 x 102 4975 492 - 1.00 606
2021 380 1.7 x 103 4574 534 0.256 1.00 380

1060 606 1.4 x 103 4165 458 0.278 1.00 606

[



Table 1.

ORNL waste drum active and passive neutron data (cont.)

«t

Uncorrected Passive net Thermal Therma (Passlve neutron Matrix corrected
Drum fissile neutron source neutron flux neutron flux shielded totals) rhgas;gn);e osbissile mass
ldentification mass Pu strength, monitor, monitor, + Pu equivalent,
equivalent, mg n/s Ay, cts/10 s Ty gs US (system totals) factor mg
1954 318 1.5 X 102 4300 457 0.266 1.00 318
1920 44,019 1.4 x 10* 3727 435 0.257 1.56 68,670
1952 272 3.6 % 103 4201 439 0.254 1.80 490
2053 936 3.2 x 103 2881 475 0.285 1.00 936
1772 11,200 4.9 X 102 4613 514 0.227 1.00 11,200
1771 9,133 4.3 x 102 4630 517 0.227 1.00 9,133
1957 1,400 3.4 x 10" 3881 345 0.255 4.12 5,768
1930 1,200 1.2 X 103 3753 428 0.284 1.58 1,896
1977 853 5.6 X 102 4558 481 0.243 1.00 853
1776 2,367 2.4 x 102 4329 417 - 1.86 4,403
2153 13,533 7.4 x 103 3864 459 0.245 1.00 13,533
21 733 1.4 x 10" - - 0.249 - 733
1770 9,267 3.5 x 102 4938 524 - 1.00 9,267
1961 4,247 2.5 X 1ot 4527 432 0.251 1.96 8,324
1777 2,000 8.0 Xx 10l 4493 428 - 1.95 3,900
2046 943 1.2 X 104 8186 495 - 1.00 943
1631 3,209 1.5 x 10" 3693 380 - 2.25 7,220
1798 1,800 1.7 % 103 4315 477 0.242 1.00 1,800
1789 27,600 1.1 % IO3 3907 527 - 1.00 27,600
2059 1,733 1.4 X 103 4487 510 0.246 1.00 1,733

1%




Table 1. ORNL waste drum actlve and passlve neutron data (cont.)

Uncorrected Passive net Thermal Thermal (Passive neutron Matrix corrected
Drum flssi%g neutron source neutron fiux neutron flux shielded totals) Matrix 23§|ssl|e mass
Tdentification mass Py strength, monitor, monltor, + response “““Py equlvatent,
equivalent, mg n/s Ags cts/10" ps Ty/2s Us (system totals) factor mg
2108 847 9.0 X 102 4609 451 0.239 1.50 1,271
1783 867 5¢3 X 102 5365 464 - 1.00 867
1941 4,267 6.7 X 103 3430 509 0.282 1.00 4,267
1791 27,200 3.4 X 10“ 4771 501 0.211 1.00 27,200

a7
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As mentioned above, the interpretation of the passive neutron data
can be a difficult task. However, in some cases the task is simplified
by the availability of information detailing the elemental and isotopic
content of a particular waste drum., The following examples will
illustrate the methods employed in the interpretation of these passive
neutron data. The elemental and isotopic data for these drums were
obtained from ORNL Nuclear Materials Intra-Laboratory Transfer sheets
(UCN-2681). These sheets contain a compilation by the generator of the
amounts of accountable isotopes contained in the drum, such as uranium

and plutonium isotopes.

Example 1 ~ Drum ATN-2396

Net passive neutron source strength: 9.94 x 103 n/s,

SHTOT/SYSTOT = 0.267,

SYSCOINC = 127,7 cps,

SYSTOT/SYSCOIN = 10.9,

P3/P2 = 0.071 % 0.010,

P1/P2 = 10.395 *+ 0.190,
where

SHTOT = net shielded detectors total count rate (cps),
SYSTOT = combined net shielded and net unshielded detectors

(ie., system) total count rate (cps),
SYSCOINC = net system coincidence count rate (cps),
P3/P2
P1/P2

neutron multiplicity ratio, triples to doubles,
neutron multiplicity ratio, singles to doubles.

n

The ratio SHTOT/SYSTOT is an indicator of the amount of moderating
material contained in the waste drum. If the calculated ratio is 0.260
or greater, the matrix contains little moderator; and a "bare model” can

be used as an aid in data interpretation.
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The ratio SYSTOT/SYSCOINC is an indicator of the contribution by
uncorrelated neutron sources [(a,n)reactions] to the total passive
neutron source strength. A ratio of 13 or greater indicates the presence
of a significant amount of (a,n) reactions, such as those caused by the
alpha decay of 241am,

The gamma-ray data acquired from drum ATN-2396 indicate the presence

of the following isotopes: 2"‘lAm, 239py, 24lpy, 235U, and 235y
daughters.

The gamma-ray data are used in conjunction with the passive neutron
data to identify the fissile material and spontaneous fission emitters
contained in the waste drum.

The nuclear material transfer sheet data are given below.

Element Weight Isotope
6 g Pu ' 11.,5% 240py

For 6 g of 11.5% 2"0Pu (or 0.7 g of 240Pu), one would expect a
SYSCOINC rate of 8.8 cps. From the data, SYSCOINC = 127.7 cps.
Therefore, 93% of the spontaneous fissions can be attributed to some
isotope(s) other than 2%0Py, The neutrom multiplicity ratio P3/P2 is
very close to that obtained for a pure 24%Cm source. Also, the neutron
multiplicity ratio P1/P2 indicates the presence of a mixture of 240Puy and
244ecp, Consequently, the passive neutron signal is dominated by the
radioisotope 2“%Cm. From calibration data previously obtained, the net
passive neutron signal, after accounting for the small 240Pu contribu-
tion, indicates the presence of 1 mg of 2%“Cm.

The assay report for drum ATN-2396 can be found in Appendix C.
Example 2 - Drum ATN-2399
Net passive neutron source strength: 4,38 x 103 n/s,

SHTOT/SYSTOT 0.271,
SYSCOINC 31.99 cps,
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SHCOINC = 3.184 cps,
SYSTOT/SYSCOINC = 19.2,

P3/P2 = 0.053 + 0.010,
SHTOT/SHCOINC = 52.2,

where SHCOINC = net shielded coincidence count rate (cps).

The gamma-ray data indicate the presence of the following isotopes:
ZHlAm’ 239Pu, and 235y,

The nuclear material transfer sheet data are given below.

Element Weight Isotope
22 g Pu 11.50% 240py
10gU 93.37 235y

For 2.5 g of 2‘*OPu, one would expect a net passive neutron source
strength of 4.35 x 102 n/s. The data show approximately ten times that
amount (i.e., 4.38 x103 n/s). The SHTOT/SYSTOT ratio allows one to use
the "bare” model in the calculations, The high SHTOT/SHCOINC ratio
implies a large source of (a,n) neutrons. This implicatidn is corro-
borated by the strong 59.5 keV 241pm 1ine in the gamma-ray spectrum.

The neutron multiplicity ratio P3/P2 is very close to that obtained
from a calibration source containing 1.24 g of 240pu (i.e.,

0.054 *+ 0,004). For 1.24 g of 2%0Pu, one would expect a shielded coin-
cidence rate (SHCOINC) equal to 1.30 cps. From the data, SHCOINC = 3.18
cps. Therefore, a shielded coincidence rate of 3.18 cps implies the
presence of approximately 3 g of 2%0Pu. This conclusion is consistent

with the information supplied by the nuclear material transfer sheets.
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Example 3 - Drum ATN-2500

Net passive neutron source strength: 2.21 x 10% n/s,

SHTOT/SYSTOT = 0.268,
SYSTOT/SYCOINC = 11.6,

P3/P2 (system) = 0.118 + 0.038,
P3/P2 (shielded) = 0.0338 + 0.049,
SHCOINC = 29,56 cps,
SHTOT/SHCOINC = 28,

The gamma-ray data indicate the presence of the following isotopes:
2u1pp, 239y, 24lpy, and 238py,

The nuclear material transfer sheet data are given below.

Element Weilght Isotope

38 g Pu 41.87% 240py

For 15.9 g of 2L’oPu, one would expect a net passive neutron source
strength of 2.77 x 103 n/s. The passive neutron data show approximately
ten times that amount (i.e., 2.21 x 10% n/s).

The SHTOT/SYSTOT ratio allows the use of the "bare” model in the
calculations. The high system multiplicity ratio P3/P2 indicates the
presence of 252Cf, This indication is confirmed by the high shielded
multiplicity ratio P3/P2. Consequently, the passive neutron source
signal is dominated by the 252¢f spontaneocus fission neutrons. The low

SHTOT/SHCOINC ratio indicates few excess (a,n) neutrons.
Example 4 — Drum ATN-2501

Net passive neutron source strength: 2.64 x 103 n/s
SHTOT/SYSTOT = 0.273

SYSTOT/SYSCOINC = 19.7

P3/P2 = 0.070 + 0.009
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The gamma-ray data indicate the presence of the following isotopes:
2‘+1Am’ 239}?1.1, ZHIPu, 235U, and 237U.

The nuclear material transfer sheet data are given below.

Element Weight Isotope
16 g Pu 8.4% 240py

For 1.34 g of 240py, one would expect a net passive neutron source
strength of approximately 2 x 103 n/s. Since the net passive neutron
source strength is 2.64 x 103 n/s, one can assume that the overwhelming
majority of the detected neutrons originate from 240py. This assumption
is confirmed by the neutron multipliciiy ratio P3/P2 and the system
neutron coincidence rate SYSCOINC of 18.83 cps. This rate corresponds to
approximately 1.5 g of 240py, Therefore, the passive neutron data veri-
fies the presence of approximately 1.5 g of 240py,

In each of the above cases, however, the active neutron data did not
accurately reflect the fissile content (23%Pu and/or 235U) as reported in

the nuclear material transfer sheets. This trend is shown in Table 2.

Table 2. NAS active scan results for selected drums

Drum ID NAS results SNM transfer sheet data
(mg 239py equivalent) (mg 239py equivalent)
ATN-2396 3.4 x 103 21.0 x 103
ATN-2399 5.1 x 103 26.0 x 103
ATN-2500 5.5 x 102 20.0 x 103
ATN-2501 2.6 x 103 17.7 x 103

The NAS-DDT was originally designed to assay very low levels of
TRU-burdened waste (i.e., <10 nCi/g TRU content). Gram quantities of
fissile material can cause difficulties, especially if the material is in

dense form, such as a radioisotope source. Interrogation of the waste in
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the NAS is accomplished by thermal neutrons. The mean free path of a
thermal neutron in, for example, plutonium oxide is approximately

0.001 m. Consequently, fissile material that is more than 0.001-m thick
is not accurately assayed.

In the case of the drums listed in Table 2, however, there is another.
method available for obtaining the fissile mass content, namely, the SGS.
Drum ATN-2501 contains an essentially pure 24%pu passive neutron source
signal and, consequently, can be used as a calibration source. The
passive neutron data confirmed the presence of 15 g of 23%u in

drum ATN-2501. Based on this information, the assumption that the gamma-

ray attenuation is approximately the same for each drum (a good approxi-
mation for high-energy gamma rays), one could use the 23%Pu gamma-ray
peak areas (325.04 and 413.71 keV) obtained from drum ATN~2501's
spectrum as being proportional to 15 g of 23%Pu., The plutonium gamma
rays obtained from the spectra of other waste drums (if available) would
then yield the quantity of 239py contained in that drum. This
synergistic relationship between the NAS and SGS illustrates the impor-
tant role each instrument plays in the characterization of ORNL waste.
Table 3 presents the data and the results obtained from the assay of
SRP 238py-contaminated glove box waste contained in four 208-L galvanized
steel drums. These assays represent the case where the elemental and
isotopic content of the waste is firmly established and does not vary
from drum to drum. Only the element plutonium in its 238, 239, and 240
isotopes is present to any appreciable extent in a waste drum. The plu-
tonium isotopic ratios are also known. The assay results are, therefore,

easier to interpret, and meaningful results can be obtained.
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Table 3. Passive and active neutron assay measurements
on SRP 238py waste drums

Av net passive pass?ﬁenEZutron Acg%ge mg Drum 23?pu
Drum ID systems totals coincidence Pu weight, actlYity,
rate, cps rate, cps equivalent kg nCi/g
S/N-139 8.30 + 0.32 0.53 +0.06 0+1 72.3 410 + 16
S/N-140 281.2 + 0.9 0.93 + 0.31  15.5 + 5% 109.5 9168 + 29
S/N-141 16.9 + 0.35 1.12 + 0.07 -0.5 + 1.0 54,3 640 + 13
S/N-138 -0.50 + 0.28 0.03 + 0.04 -1.5 # 1.0 70.5 =25 + 14
Background 25.00 + 0.16 0.30 + 0,02 - - -

a . R
The increase in the total error is the result of uncertainties in

the matrix correction factor.

The final column depicts the calculated 238py activity contained in
each drum in units of nanocuries per gram, using the approximate experi-
mental relationship that each millicurie of alpha activity should
generate a total neutron source of approximately 2 n/s from the reaction
17’180((x,n). Each drum was weighed, and this total drum weight was used
in the 238pu activity calculation.

The active measurements indicated less than 1 mg of 23%Pu in three
of the four drums. Drum S/N-140 was assayed to contain (after matrix
correction) 15 + 5 g of 239py, From data obtained from the Savannah
River Laboratory (SRL), it was indicated that the 238Pu glove box waste
would be expected to contain the following plutonium isotopes: 238py
(80% to 84%), 240pu (2%), and 239py (14% to 18%). If midrange values are
assumed, then 15 * 5 mg of 23%py (23%py assumed to be 16% of total pluto-
nium and 23%Pu assumed to be 82% of total) implies the presence of
77 + 9 mg of 238py, 4

Using a measured 238py half-life of 87 years, one calculates that
1 mg of 238Py has a total alpha activity of 17.2 mCi. Thus, 77 * 9 mg

of 238py corresponds to a total drum alpha activity of
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12,000 + 1500 nCi/g. This agrees within error limits with the direct
passive neutron value of 9200 + 2000 nCi/g, allowing for an overall
systematic error in the passive measurements of +20%. This example
illustrates the importance of both the active and passive neutron assays
in obtaining meaningful results and how each can serve as a check for

the other.

It should be noted that for the other three drums, the fissile
masses of 239y expected, based on the indicated 238py activities, all
correspond to well under 1 mg. Thus, the measured "zero" 23%Pu values
are consistent with the measured 238Pu activities from the passive
neutron data.

It should also be noted that all data obtained were "routine” in the
sense that all passive neutron assays on the four drums were 400 s in

duration, and all active assays used 2000 pulses of the neutron generator

(40 s elapsed time).

WASTE MATRIX EFFECTS ON NEUTRON DATA

Waste matrix compositions can have a profound effect on the active
and passive neutron experimental data. For the NAS, the moderation and
absorption of the interrogating thermal-neutron flux and moderation of
the signal prompt-fission neutrons are important factors. As briefly
discussed in another section of this report, two parameters (A, and TI/Z)
are presently used to determine the effects of absorber and moderator
material contained in the waste drum. These variables are then used to
effect a matrix correction to the assay data. Over 20 208-L drums were
filled with varous matrices to simulate a wide range of absorber and
moderator loadings. A calibration source was placed in 30 different
locations in each drum and were assayed by the NAS. A set of matrix
response factors, K, was determined for a range of T]/p. Approximately
70% of the waste drums assayed do not require a matrix correction.

Matrix corrections have been discussed in more detail in previous reports

(see References 3 and 4).

)
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In order to achieve a better understanding of the effects of the
matrix on the neutron response of the system — in particular, the
response to the prompt-fission neutrons — 2 new in-cavity neutron detector
[drum flux monitor (DFM)] has been developed by LANL. The DFM is posi-
tioned in the right-hand corner of the assay chamber and is surrounded by
cadmium metal on all sides except that directly facing the drum. The
cadmium shields the detector (a low-pressure 3He proportional counter)
from the interrogating thermal-neutron flux.

Mock-up matrices containing calibration sources have been assayed at
LANL by an NAS equipped with a DFM, The mock-up matrices are listed

below:

1. 17.5 kg polyethylene and 20 kg vermiculite,

2. 29 kg peat moss,

3. 450 1b iron scrap,

4, 29 kg peat moss and 0.25 kg borax,

5. 52.5 kg polyethylene and 12.2 kg vermiculite,

6. 17.5 kg polyethylene, 22.5 kg vermiculite, and 2.0 kg borax,
7. 29 kg peat moss and 0.5 kg borax,

8. 900 1b iron scrap,

9. 29 kg peat moss and 1.0 kg borax, and

10. 29 kg peat moss and 2.0 kg borax.

All matrices were in 208-L stainless steel drums. The polyethylene
beads and peat moss were used as moderator matrices, while the borax and
iron were used as absorber matrices. The vermiculite was used as a
substrate.

Three matrix correction equation$s have been developed for computing
the corrected fissile content of a waste drum. Each equation is used for
a defined range of the ratio FM/DFM. These equations are given below in
Table 4.
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Table 4. NAS fissile mass matrix—correction equations

Matrix—corrected fissile mass

FM/DFM (ng 235U equivalent)
2,0 [(A - B)/C - D]/0.187
>2.0 and {[(A - B)/C - D]/0.187}[0.133 + 1.2507 1n(C/E)]
<15.0
>15.0 [(A - B)/E - F]/0.833
where,
A = SHTOT (0.71 ms to 4.70 ms),

SHTOT (5.71 ms to 9.70 ms),

FM (0.71 ms to 4.70 ms),

[SHTOT (0.71 ms to 4.70 ms) - SHTOT (5.71 ms to 9.70 ms)]/
FM (0.71 ms to 4.70 ms),

= DFM (0.71 ms to 4.70 ms), and

= {SHTOT (0.71 ms to 4.70 ms) — SHTOT (5.71 ms to 4.70 ms)]/

DMF (0.71 ms to 4.70 ms).

oOow

el e ]
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The matrix correction for the assay data is thus obtained. The DFM
allows the assay data to be corrected by smaller increments, 15 vs 4,
with just the flux monitor tube alone, Matrix corrections will be more
precise and sensitive.

The DFM is to be installed in the Oak Ridge system in early FY 1985.
TECHNOLOGY TRANSFER

One of the major objectives of the cooperative program between LANL
and ORNL is to provide a demonstration and training facility for person-
nel from DOE and its contractors. The high interest in the NAS and SGS
continued this year as evidenced by Table 5, which lists visitors to the

TWDAF .
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Table 5. Visits to TRU Waste Drum Assay Facility,
September 1983 - August 1984

Date Representative Affiliation
09/13/83 J. S. Sanchez, F. C. Ruesgas, Spanish nuclear agency
A, C. Gomez, A.G. de la Huebra
Gordo

11/01/83 B. Schappel, R. Taylor Oak Ridge Gaseous
Diffusion Plant (ORGDP)

11/08/83 B. R. Barré French Embassy,
Washington, D.C.

11/08/83 F. Bres Commissariat Energie
Atomique (CEA), Paris,
France

11/09/83 L. F. Hary GAT, Portsmouth, Ohio

11/09/83 D. Ziegler Rockwell International/
Rocky Flats Plant

11/09/83 J. L. Williams Paducah Gaseous
Diffusion Plant (PGDP)

11/09/83 R. Salazar Lawrence Livermore
National Laboratory (LLNL)

11/09/83 B. D. Helton SRP

11/09/83 J. D. Wells EG&G

11/09/83 R. B. Weidner FMPC, Cincinnati, Ohio

11/09/83 J. Couch Fermilab

11/11/83 0. Towler Savannah River Llaboratory
(SRL)

11/11/83 J. L. Warren LANL

11/11/83 J. Dugger DOE - Headquarters

11/11/83 F. J. Homan ORNL
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Table 5. Visits to TRU Waste Drum Assay Facility,
September 1983 - August 1984 (Cont.)

Date Representative Affiliation
11/11/83 J. Cortella, J. Ohmann, CEA, Valduc
D. Mangin
11/11/83 R. Gros, F. Delobeau, CEA, Paris, France
H. Kerviler
02/14/84 J. DuBois General Accounting Office
02/14/84 L. Jones Inspector General's
Office
02/17/84 K. E. Mersman, T. R. Herold SRP
02/23/84 A, Stubbs New England states co-~

alition for radioactive
waste management

02/24/84 Major Gemeral W. W. Hoover Office of Military
Application, DOE

03/27/84 G. D. Baudin, P. ®. Pottier CEA. France

04/04/84 L. Stewart WATE-TV

04/11/84 T. Fabian Nuclear Waste News

04/26/84 - L. Shope, M. 0'Neall Sandia National

04/27/84 Laboratory (SNL)

06/01/84 S. Neuhauser SNL-TT(

06/01/84 G. Daer Waste Isolation Pilot
Plant (WIPP)

06/01/84 M. H. McFadden DOE/ALO

66/01/84 S. W. Woolfolk v WIPP/TSC

06/12/84 K. Witte Waste Chemicals,

Ramsey, New Jersey
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Table 5. Visits to TRU Waste Drum Assay Facility,
September 1983 - August 1984 (Cont,)

Date Representative Affiliation
06/12/84 E. W, McDaniel, J. O. Blomeke ORNL
07/13/84 R. J. Greer, B. J. Campbell, DOE - Oak Ridge
R. E. Green Operations (DOE-ORO)
08/24/84 W. R. Morris, C. W. Mallory, Westinghouse

J. W. Peel, D. A. Wilkie

08/24/84 D. E. Large DOE-ORO

Further activities included:

in October 1983, an ORNL Public Relations Department News Release

on the TRU Waste Drum Assay Facility was completed;

on February 21, 1984, K. W. Haff presented a history and current
status of the TRU assay program at ORNL to J. DuBois of the U,S.
General Accounting Office and L. Jones of the U.S. Inspector
General's Office;

F. J. Schultz presented a review of the ORNL TRU Waste Assay Program
to attendees of the TRU Waste Management Seminar held at ORNL May 17;
on August 17, 1984, F. J. Schultz gave a presentation on nondestruc-—
tive assay of transuranic wastes to Dr. T. Okada, Power Reactor and
Nuclear Development Corporation, Tokai-mura, Japan;

F. J. Schultz attended the MC&A Representatives Meeting held in Oak
Ridge, August 21, 1984, and presented a discussion to the par-
ticipants on nondestructive assay activities at ORNL; and

on August 23, 1984, F. J. Schultz presented a technical discussion on

TRU waste assay to a Federal Republic of Germany waste management

group.,
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AN INTERESTING APPLICATION

An interesting application employing the active scan of the NAS was
recently undertaken at ORNL. Enriched uranium reactor fuel elements were
assayed prior to placement in the core of the Oak Ridge Research Reactor
(ORR). The 235y content of each fuel element was verified by the assay
for safeguards accounting.

One fuel element was chosen as a "standard” to establish the calibra-
tion constants used in calculating the fissile mass. Additional elements
were considered "unknowns"” and were assayed based upon the calibration
constants obtained from the assay of the first fuel element. The results

are presented in Table 6. The accepted fuel element loading is 285 g of
235y,

Table 6. NAS examination of ORR fuel elements

Fuel element 935
identification Grams U
T470 286
T473 288

Average grams 235U = 288,0 + 1.4 g

Percent error = 1.17%

Future experiments will encompass the assaying of fuel elements con-
taining smaller loadings of 235U in the 250- to 275-g range. This will
establish the sensitivity of the measurement technique. That is, does
the NAS possess the ability to detect a difference of *10 g (or less) on
a total loading of 285 g (a 3.5% sensitivity)?
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TRU WASTE DRUM SAMPLING FACILITY

As mentioned in the previous topical report ORNL-6007, a validation
study has been undertaken at ORNL to determine the ability of the NAS to
accurately predict the known concentration of TRU isotopes contained in a
waste drum. Drums would be nondestructively assayed at the TWDAF and
then transferred to another facility for a destructive examination.

This examination would include removing the waste from the drum, segre-
gating the waste according to waste type (cellulosics, plastics, metals,
and glass and ceramics), preparing the waste for sampling (shredding and
crushing), and analyzing representative samples for TRU isotopic
content.

A facility, the TRU Waste Drum Sampling Facility, has been built at
ORNL to perform the operations described above. The operational proce-
dures,7 as well as the equipment, have been examined and reviewed by
various ORNL safety committees and were found to meet all safety and
radiation-hazard criteria set forth in the ORNL safety and health physics
manuals. Permission has been given to the facility operators to begin
"hot" operations, that is, to examine waste drums.

Recently, after much deliberation and discussion, ORNL has recom-
mended to DOE-ORO to discontinue the destructive examination of waste
drums.8 Several reasons were given for this decision. They are briefly

discussed below.

1. Operating personnel would be exposed to safety and radiation hazards
during drum opening and loading procedures. These risks are minimal,

but still exist.
2. A nondestructive verification involving calibration sources in known

matrices would establish the accuracy of the NDA technique more

directly and at less cost.

3. Early cost estimates for the destructive examination have increased

by 60%. More manpower and time are required for the examination than

were previously estimated.
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It has been recommended® that the following be implemented:

l. the pace of the ORNL-LANL nondestructive verification program be
accelerated, and

2. a meeting with personnel from the TRU Waste Systems Office (TWSO),
DOE-ORO, ORNL, and LANL be held to discuss the above topics and

determine the course of action.

The facility remains in a standby condition until a final decision

is made.

CONCLUSIONS

The neutron assay system for the examination of bulk transuranic
waste in 208-L and 114-L drums has been sufficiently developed and
demonstrated by LANL and ORNL for use by most DOE-DP sties. Other sites,
such as the Savannah River Plant and the Rocky Flats Plant, generate a
minimum number of isotopes per waste drum. The plutonium isotopes,
mainly 239y and 24%Pu, and 235y are the dominant species.
Interpretation of the active and passive neutron data 1is greatly
simplified in these cases (see data interpretation of SRP drums in pre-
vious section). Also, in many instances, the waste matrix is better
characterized and more homogeneous than is the ORNL waste.

The ORNL CH-TRU waste is the most complex in the system. Over 20

alpha-emitting TRU isotopes, several of which are spontaneous fission
neutron emitters as well, have been identified. The higher neutron
backgrounds generated by some of these isotopes interfere to various
degrees with the nondestructive neutron assay of many waste drums.
The system is now capable of assaying the majority of the CH-TRU wastes
in the DOE-DP system. Work planned for fiscal year 1985 will determine
if those complex portions of ORNL CH-TRU waste can be examined with the
data produced being of the same quality that the system is capable of

producing for the less complex waste at other sites. It is clear,
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however, that more research in the area of passive neutron data

interpretation is required before an accurate estimate of the total TRU

content of ORNL CH-TRU waste is achieved.
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APPENDIX A

Segmented Gamma Scanner System Software Program, CAN
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I can offer vou Lhe ortions before wue bhedin: of zesing
z checklisi for the =zcanner and date scouisiticsn herduare.
No w=ou want to cee that checklicsl? Fleazsze lurs "YES" or
"MO%; with z cerrizge return. YYESES
Thie iz the setur/elariur checklist for the Loz alemos/ ORML Zamms
raw scanper Frosram. This srosrasp will orsrzsie Lhe CAMBERREA Rarrel
Scanner Lo oblein one A000-channe!l zrecirum from ezch verticsl sesgmen
in the waste drum. Theze crecirz zre slored op the diskelle sou sreci
in the form readeshle by the LRS 33040 Multi-Channel Ansluzer {(MCAD
rrosrams. He will now €9 through the scenner harduare ster be sler,
Firsts Lupn on the CANBEREA 2225E GCAN TARLE CONTROLLER’= AC rouwer
Then touch the sreen hutlon for msrked "tahle rotztion on". The bharre
should start tn rotate. If the herrel does not rotztes the most
srobahle cause iz 2 "LOCKUP® cauced by over-running the verlical trav
ctors. This harrens when iLhe controller receives 2 confusing seauence
asf manual-oreration sisnsls. IL 2lso harrens if Lhe CAMAC wss lurned
of f witn Lhe CONTROLER on. The SCAN TARLE CONTROLLER documentaztion
itells how Lo aren the back of Lhe scenner awd drive the tzble bhack into
the normal oreratins range. IT the harrel is rotatinsgs tesi the
verticsl molion he sushing Lhe ADVANCE and EET”PM hyttons. Fush then
onl= one a2t 2 time-—--do not sush spother uptil werlicel muuicn has
storred.

When wou have done this rush the CONTinue Kew on the Kewrsd.

il

The Lithium-Drifted Germanium delector (Geli} is rouwered from NIM
bin numher 1. Yerifue Lhat the AC rouwer ic OM. Note that there 15 &
High Yoltzse {HY) rower surrly for the Geli in thal NIM bin and 3
cireuit brezker on the AC esouwer line, If the AC rouer chould g0 of
{he circuit bresker will Keer the AC rower off Lo Keer Lhe deteuta
from heing damzsged when the HY suysrlu comes back on. If the AC row
hae Zone offy 2ou must turn on the dectector high vollase =z follows!
1) Turn the HY rouwer suprle down Lo zero znd then OFF,

Recpl the AL circuit breaker.,
Y Yerify that NIM AC suitch is ON a2nd rouwer ic QON.
Y Turn the HY supple OM,
Y Verify that HY solarity ic POSITIVE.
) Raisze the high woliade to +2800 veltss no fzsier than 109 wvoll
rer second.

[ R S AR RS |

(G

~y ¢+
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Geli rresmrlifier rower comes from the hack of Lhe CAMRERERA 2020
r in NIM bin numbher 1. The Geli signzl connects Lo the 2020

ier inrul. The amrlifier outrul connecls Lo the Lelrow 2512

g-ltigital Converter (ANC) in Lhe CAMAC mini-crate. Please

11 that.

T> o
T3oW o

s prws fems fos wud
boas

~h 0 e
ul

3
B B 7 I S &

rs

When wou zre reade Lo rroceed touch CONTinue.

The Geli signal from lhe CANRERRA 2020 zmelifier should connect o
Lhe inrut of the Lelrow 3512 AIC in the mini-crale slote 1 and 2. The
3312 connects to 2 Lelrow 2551 scaler in slobl number 4 by 2 rear-ranel
connection cable. The 2531 inrult number zero should connect to the
JOERGER 10-MHz clock in slot 5.

The 2351 rollects the crectrum zceuisition timess both live Lime
{corrected for ANC digitizing time) and clock time {normal alersed
Limeld. Those lLimes are erinted for each zezment’s sreclrum st the close
af the segment’s crectrum aoeuicition time. Cherk Lhose on the rrintoul
to verify Lthat these modules azre working.

The KINETIC SYSTEMS 2042 in zlol & connects to Lhe 2225H SCAN TABLE
CONTROLLER. Thet zllouws the LeCrow 3500 Lo rconlrol the verticsl! molion.
Hhen Lhe 35300 rrodram bedins to rosition the scan tzble wztch for Lhe
table’s motion. Successful rositioning verifies that connection.

Touch CONTinue when uou are resde Lo rroceed.

Fzeh srectrum file I write caen have the srecirum enersz calibration
huilt into the file. To do thics I need 2z file named CALIR.OO stored on
thic diskelte. Ane time the Celi celur is chandeds and rerferrably
evere mornings Lhis file should bhe re-made so that ils enerds
czlibrztion is correct. Here’s how to make Lthat file!

1Y Put this disketle in drive B 3nd GCAMMA mKIIIA in drive A

2) Hoot the MCADOS orerzting suzlem znd run GOTOMCA

3) Boot the oreraling sustem {a2d2in) and run GAMMA

4) Selecl SYSTEM ARCHETECTURE znd set ur fort

2) el ur 2 3511 in slot 1 of Lhe mini~crate
%) Resel and select MODULE SETUP and seb ur Lthal 3511 for
2} Srectrum name CALIR
b} Srectrum cize 8K
c¢) Select the BK memore sesmpent

&) fcwuire 2 srectrum of ¥nown sources 2nd initiste zn enerswe

calibration 22 described in the MCA Orerztor’s Manusls, charter XI-C.
7Y Use function DISK to celect drive H.
8) Use funclion SAYE to record the crectrum 2s ewreriment "00",

{Touch CONTinue Lo conltinue)
Thank wou. I will be zhle to rroceed uwith the dats =couisition nou.
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Now 1 will ask the line erinter for 2 new &
Plezee uwalech for the rage edection. If Lhe
POMLINE® or if Lthe rrinter ic clheruwice unz
T will not be zble to rroceed either. You cs s
srinter by turning the erinter OFF 2nd OH. That wil
the rrinter’s internsl microrrocessor. Then =ou cho
simyltzneously ture "RESET® and "HERE IS" @n the 350
Thet will reset the 3500's microrrocessor. Then boot
orerating swstem and stari the CAM =rodram aszin.

[o2=R- 2 ]
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The rrinter seems to have resronded normally.
T will rroceed Lo collect the information I need Lo set up
this scan.

I cen rlol the srectra. I can rlobl 311 the srectrz

or I can rlot onle the first srectrums or I can rlot

none of the srecira. Flease lure "ALL” or "ONE™ or "NONE"s
and end il with 2z carrizge return. NONKE

How many sesments do vou want to meacure?
Ture Lhe nusber with 2 carriade return. 1

I a2m designed to orerate from z disketie in Lhe "A*
dicketle drives butl 1 can record the cedment srectra on the
A drive or the B drive., Please select the drive on which
the srectrz will be recorded. Ture "A" or "H"s 2nd end with
2 carriade return. (Incideniallvwy if this rrodram is not
running from the A diskelte drives simulatneously ture
CONTROL znd C. Then move Lhe diskelte Lo the A drive and
start the rrogram agzin.) Note Lhat T will need to read
your diskette for aveilable sraces so uou must have the
dickelle in ihe drive and the drive door closed before uou
tell me which drive zou uwanl the srecirs recorded on, B

The MCADOS orerzting sustem (under which the
anzlusis rrodrams orerzste) would find 400 Kilobules
of srace available on diskatie R,

1 find enoush srace Lo record the srectra.

Plesse do not oren the diskelie drive door zgzin until
I have Tinished recording the srectra. If you oren the
door Lhe orerslind sustem will declare the diskette

to be READ ONLY (R/0) which will stor me 2itenrt to
record the srectrs.

Fleezse set Lhe SEGMENT SIZE CONTROL on the CANBERRA

sodel 2225R SCAN TARLE CONTROLLER to the value 3425

I cannot checlk that when I authorize the TARLE CONTROLLER

to move the bharrel. Conseauentlu that must be set correctly.

T will wait until wou check il and ruch the *START® KEY.

Then 1 will set ur the scanner’s startindg location,

That should take onlu 5 few seconds.

I will monitor Lhe "STOP" kew if uwou want to stor the setur erocess,
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How manw ceconds maw 1 crend on each cedment?
Ture tLhe numher of seconds with 2 cerrizde return. 190

The Lotzl lime recuired will be areproximatelvw
52. seconds,
The run should finish at arprovimatelw 16! 0112

g name of this herrel?® The nawe =ou
sive me will he used Lo lashel the date clorzde filec.
Ture the name followed hw 2 carrizde return. TEST

Can =can s=rocedure for herrel TEST

Basun 8729784 1515012

Tuse a2nu comments wzou have aboul this barrel.

You may use 28 ¢ linee ac =ou went. End eech line
. . :

i
ge return. Ture "¥" at the stzrt of 2 line
finished luring comments.

Thank wou. 1 2m reade to bedin the scan now. I hore wou
are confident that 211 the eeuirment is rezadv. Remember
wou can stor the scan wilh the STOP Kew on the Keurzd.

I will stert the scan when uou rush the START Kew on the
Yourad. ’
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Scan in rrocesss now in sedment 1

Srectrum for sedment 1 comrleled B/29/84 16} 0 0
Live- Time=  10.0 Clock Time=  10.0

fead Time= oL

File name is TEST 01

Sreclrum has enerdw rande from 52,19 to 1B33.00

Scen ended normally

Scan ended normallu.
I will sum Lhe srectra.

Summed srectrz written in file TEST + 99
File has totzl live Lime of 10,

Srecirum has enerds range from 52.19 to 1833.00
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APPENDIX B

Neutron Assay System Software Program, SNEUT
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nisk Formel Vercion 4.1

Format dick in drive B 7 Y

Format DM ouble)y S(indle)y or O{1d) 7 D
Formatting

Verifeind

Coruing Suslem Tracke

Format dick in drive B 7 N

COPYING -
NEUT.COM

AMEUT . COM
ACONF . COM
FIP.COM

FORMAT .COM
SNEUT .COM
PNEUT.COM

B-SNEUT

PROGRAM SNEUT OF 7-31-84 O0AK RIDGE NATL LAB
PROGRAM NEUT OF 7-31-84 O0AK RIDGE NATL LAER

HAIN MENU

ST--INITIAL CONFIGURATION

DD--DISPLAY DATA SAVED IN SUMMARY DATA BASE
EX--EXIT TO CP/M

AS—-ASSAY IN STAND ALONE MODE

AD--ASSAY IN REMOTE COMPUTER MODE
RD--RETRIEVE DATA IN REMOTE COMPUTER MODE
ID--INITIALIZE SUMMARY DATA BASE
PB--ACQUIRE PASSIVE RACKGROUND
RC--RECALCULATE ASSAY FROM RAW DATA
SELECT OPTION7ST
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FOLLOWING OPTIONS ARE IN EFFECT
PRINT OPTION--SH

ACTIVE ASSAYS--YE

PASSIVE ASSAYS--YE

PASSIVE BACKGROUND' CORRECTIONS--YE
PASSIVE COUNT TIME(SEC)-- 500.
SELECT OFTION TO MODIFY

PO--PRINT OPTION

AA-—-ACTIVE ASSAYS

PA--PASSIVE ASSAYS

PE-~PASSIVE BACKECROUNE CORRECTIONS
PE--PASSIVE COUNT TIME

NO--NONE

ENTER OPTIONTPO

LO--LONG PRINT OUT

SH--SHORT PRINT OUT

NO--NO PRINT OUT

SELECT ASS5AY PRINT OFTIONTLO

FOLLOWING OPTIONS ARE IN EFFECT
PRINT OFPTION--LO

ACTIVE ASSAYS--YE

PASSIVE ASSAYS--YE

PASSIVE BACKGROUND CORRECTIONS--Y
PASSIVE COUNT TIME(SEC)-- 500,
SELECT OPTION TO MODIFY

PO-~PRINT OPTION

Af--ACTIVE ASSAYS

PA--PASSIVE ASSAYS

PR--PASSIVE BACKGROUND CORRECTIONS
PC-—-PASSIVE COUNT TIME

NO-—NONE

ENTER OPTION7AA

DO YOU WISH TO PERFORM ACTIVE ASSAYSTYES/NOYE

FOLLOWING OPTIONS ARE IN EFFECTY
PRINT OPTION--LO

ACTIVE ASSAYS--YE

PASSIVE ASSAYS--YE

PASSIVE BACKGROUND CORRECTIONS--YE
PASSIVE COUNT TIME(SEC)-- 500,
SELECT OPTION TO MODIFY

PO--PRINT OPTION

AR--ACTIVE ASSAYS

PA--PASSIVE ASSAYS

PB-~-PASSIVE BACKGROUND CORRECTIONS
PC--PASSIVE COUNT TIME

NO-—NONE

ENTER OFTION?PA
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D0 YOU WISH 70 PERFORM PASSI!

€«

FOLLOWING OPTIONS ARE IM EFFECT
PRINT OPTION--LD

ACTIVE ASSAYS--YE

PASSIVE ASSAYS--YE

PASSIVE EACKGROUND CORRECTIONS--YE
PASSIVE COUNT TIME{SEC)-- 00
SELECT OPTION TO MODIFY

PO--PRINT CPTION

#A-—ACTIVE ASCAYS

PA--PASSIVE ASSAYS

PR--PASSIVE BACKGROUND CORRECTIONS
PC--PASSIVE COUNT TIME

NO--—NONE

ENTER OFTIONTFR

+

mrn

ARE PASSIVE ASSAYS TO BE MADE WITH A BACKGROUND
CORRECTIONTYES/M

NOTE THAT A YES ANSWER REGUIRES THAT A BACKGROUND
PREVIOUSLY TAKEN IN MODE PR EXIST IN A FILE
CALLED RACKGROU

ALSD NOTE THAT CALIRRATED MASS MEASUREHMENTS ARE
MADE DNLY WHEM A BACKGROUNI CORRECTION IS MmIE
ENTER YOUR ANSWER?YES/NONO

FOLLOWING OPTIONS ARE IN EFFECT
PRINT OPTION--LO

ACTIVE ASSAYS—--YE

PASSIVE ASSAYS--YE

PASSIVE KACKGROUNI CORRECTIONS--NO
PASSIVE COUNT TIME(SEC)-- 500,
SELECT OPTION TO MODIFY

PO--PRINT OPTION

AA--ACTIVE ASSAYS

PA--PASSIVE ASSAYS

PE--PASSIVE BACXGROUND CORKECTIONS
PC--PASSIVE COUNT TIME

NO-—NONE

ENTER OPTION?FC

ENTER NEW PASSIVE COUNT TIME7T(SEC)60
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FOLLOWING OPTIONS ARE IN EFFECT
PRINT OPTION--LO

ACTIVE ASSAYS--YE

PASSIVE ASSAYS--YE

PASSIVE BACKGROUND CORRECTIONS--NO
PASSIVE COUNT TIME(SEC)-- 60,
SELECT OPTION TO MODIFY

PO--PRINT OPTION

AA--ACTIVE ASSAYS

PA--PASSIVE ASSAYS

PB--PASSIVE BACKGROUND CORRECTIONS
PC--PASSIVE COUNT TIME

NO-—NONE

ENTER OFTIONTNO

MAIN MENU

ST--INITIAL CONFIGURATION

BD--IISPLAY DATA SAVED IN SUMMARY DATA BASE
EX--EXIT TO CP/M

AS--ASSAY IN STAND ALONE MODE

AR--ASSAY IN REMOTE COMPUTER MODE
RD--RETRIEVE IIATA IN REMOTE COMPUTER MODE
ID--INITIALIZE SUMMARY DATA BASE
PB--ACQUIRE PASSIVE BACKGROUND
KC--RECALCULATE ASSAY FROM RAW DATA
SELECT OPTIONTIL

[IATA EASE BEING INITIALIZED

MAIN MENU

ST--INITIAL CONFIGURATION

DB--DISPLAY DATA SAVER IN SUMMARY DATA BASE
EX--EXIT TO CP/M

AS-—-ASSAY IN STAND ALONE MODE

AD--ASSAY IN REMOTE COMPUTER MODE
RD--RETRIEVE DATA IN REMOTE COMPUTER MODE
ID--INITIALIZE SUMMARY DATA BASE
PB--ACGUIRE PASSIVE BACKGROUND
RC--RECALCULATE ASSAY FROM RAW DATA
SELECT OPTION?TAS

ENTER RUN NUMRER?[1,25131

ENTER PRIMARY IDENTIFICATIONTL1S CH§R]SNEUT TEST
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ENTER SECONDARY IDENTIFICATIONTIIS CHARIFRINT OUT
ENTER CONTENT CODETL10 CHAR]

ENTER CONTAINER BT IN KG?1

RUN NUMEER 1

PRIMARY ILi SNEUT TEST

SECONDARY 1IN PRINT QUT

CONTENT COIE

CONTAINER BT(KG) 1.

IS ABOVE INFORMATION CORRECTTYES/NOY

RUN NUMBER FROM NEUT 1

PROGRAM ANEUT OF 7-31-84--0AK RIDGE NaTL LAK
CONFIGURATION FILE ANSETUF NOT FOUNL.

[0 YOU WISH TO CONFIGURE? YES/NO YE

FROGRAM ACONF OF 7-31-84--0AK RIDGE NATL LAK

THIS PROGRAM READS ANY PRESENT CONFIGURATION FILE
ANSETUP FOR PROGRAM ANEUT AND ALLOWS THE USER TO
CHANGE THE CONFIGURATION AT WILL.

NOTE THAT ANY FRESENT CONFIGURATIOM FILE WILL BE
DESTROYELt UPON TERMINATION OF THIS FROGRAM.

THIS PROCRAM WILL DISPLAY DEFAULT VALUES FOR THE
PARAMETEFR QUESTIONS. A CARRIAGE RETURN WILL RETAIN
THE DISPLAYEDI DEFAULT.

INPUT DATA IS CHECKED' IN A CURSORY FASHION FOR
VALIDITY. USE THIS PROGRAM CAUTIOUSLY. YOU HMAY
VIEW THE DATA IN FILE ANSETUP AFTER CREATION.

USE THIS PROGRAM TO [0 THE VIEWING ANI' MAKING

ANY CHANGES.

10 YOU WISH TO CONTINUE?T YES/NO YE

CRATE NUMBERT?: 0
SLOT MNUMERER OF SH TOT 35217! 1

SLOT NUMBER OF FM 352171

L8]

SLOT NUMBER OF 14 MEV 3521710 3

NUMEER OF PULSES FIRED BY NEUTROM GENERATORT:
2000

INTEGRATION LIMITS IN CHANNELS OF SHTOT
FISSILE SIGNAL?: 71 470

INTEGRATION LIMITS IN CHANNELS OF SHTOT
BACKGROUND SIGNALT! 5715 %70
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INTEGRATION LIMITS IN CHANNELS OF FHM
SIGNALT! 1y 470

INTEGRATION LIMITS IN CHANNELS OF
14 MEY MONITOR?! 10s 20 715470

LIKITS IN CHANMELS OF LEAST SQUARES CURVE
FIT TO FM SIGNAL?! 150, 300

ENTER PROPORTIONALITY CONSTANT AND OFFSET
RESFECTIVELY FOR CALIBRATIONT: 3000.0s 13,0

ENTER LAREL IDENTIFYING CALIEBRATION ISOTOFE?

uU-235 3

SAVE SHTOT DATA IN DISK FILEST YE/NOIYE
SAVE FM DIATA IN DISK FILEST YE/NOUY

SAVE 14 MEY DATA IN DISK FILES? YE/NOIYE

LARELTL 20 CHART:

CONFIGURATI
0 YOU WISH

ON IS COMPLETE
T Anl

TC
0 CHANGE THIS CONFIGURATIONT YE/NO YE

PROGRAM ACONF OF 7-31-84--0AK RIDGE MNATL LAR

THIS PROGRAM READS ANY PRESENT CONFIGURATION FILE
ANSETUP FOR PROGRAM ANEUT AND ALLOWS THE USER TO
CHAMGE THE CONFIGURATION AT WIL

NOTE THAT ANY PRESENT CONFIGURATION FILE WILL BE
DBESTROYED' UPON TERMINATIOM OF THIS PROCRAM.

THIS PROGRAM WILL DISPLAY DEFAULT VALUES FOR THE
PARAMETER QUESTIONS., A CARRIAGE RETURN WILL RETAIN
THE LISPLAYED DEFAULT.

INFUT DATA IS CHECKED IN A CURSORY FASHIGM FOR
VALIRITY. USE THIS FROGRAM CAUTIOUSLY. YOU HAY
VIEW THE DATA IN FILE ANSETUP AFTER CREATICH.

USE THIS PROGRAM TO I'0 THE VIEWING AND HMAKING

ANY CHANGES.

[0 YOU WISH TO CONTINUE? YES/NO YE

CRATE NUMRER?! 9
SLOT NUMBER OF SH TOT 33217 1

SLOT NUMRER OF FM 33217

(5]

/
SLOT NUMBRER OF 14 MEV 332172

wl
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NUMKER OF PULSES FIRED RY NEUTRON GENERATORT!
2000

INTEGRATION LIMITS IN CHANNELS OF SHTOT
FISSILE SIGNALTS 71y 79

INTEGRATION LIMITS IN CHANNELS OF SHTOT
o7

RACKEGROUND SIGNALT: 571 9
INTEGRATION LIMITS IM CHAMNELS OF FM
SIGNALTE 713 470

INTEGRATION LIMITS IN CHANNELS OF

14 MEV MONITORT: 71y 470
LIMITS IN CHANNELS OF LEAST SQUARES CURVE
FIT TO FM SIGMALT!E 150, 304

ENTER FROPORTIONALITY CONSTANT AND OFFSEY
RESPECTIVELY FOR CALIERRATIONT! 3000.0s

[y
Ll
-

<>

ENTER LAKEL INENTIFYING CALIBRATION ISOTCRE?
U-235 ¢

SAVE SHTOT DATA IN DISK FILES? YE/NOIVE
SAVE FM DTATA IN DISK FILES?T YE/NOIYE
SAVE 14 MEY DATA IN DISK FILEST YE/NOIYE

LABELTL20 CHARI:

M

CONFIGURATION IS COMP
0 YOU WISH TO CHANGE

LETE
THIS CONFIGURATIONT YE/NO WO

[0 YOU WISH TO EXECUTE ANEUT? YES/NO YE

RUM NUMEER FROM NEUT 1
FROGRAM ANEUT OF 7-31-84--0AK RIDGE NATL LAR
RUN H DRUM SNEUT TE St54% 2 /28/84

FIRE 2000 PULSES FROM NEUTRON GENERATOR WHEN REAIVY
ACOUISITION WILL CONTINUE FOR SFECIFIED NUMRER OF FULSES
OR UNTIL STOP RUTTON IS PRESSELD

ACQUISITION EMDED--SCAN LIMIT-- 2000, PULSES REAL
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ACTIVE NEUTRON INTERROGATION REFORT

RUN 1 DRUM SMEUT TE  15:54; 2 8/28/84

KA TIATA

SHIELBED TOTALS! 715 470) 121,
SHIELDED TOTALS! 5715 970 34,
FLUX HONITOR( 715 470) 52327,
NI FLUX MONITOR! 715 470) 58044,

CURVE FITTING RESULTS

151 POINTS HERE FITTED TO 1290, 5EXF{ =+ 001090%T)
DWELL TIME 0.0 MICROSECONIS/CHANNEL
CHI SQUARE 131.1 WITH 148 DEGREES OF FREEELOM
CHI SQUARE/DEGREE +89
MAX RESIDUAL 2.818 AT TIME 1503, MICROSECONDS
IIE ANWAY TIME 917,57 MICROSECOMDS
HALF LIFE 635.88 MICROSECONDS

U-233 FISSILE EQUIVALENT (CORRECTEDD -9, MILLIGRAMS
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ACTIVE NEUTRON INTERROGATION REPORT

RUN 1 DRUM SNEUT TE  15:54

FAW DATA

SHIELDED TOTALS( 71y 479) H
SHIELDED TOTALSL 571s 9703 4.
FLUX MOMNITOR( 715 470) 52327,

2NL FLUX MOMITOR( 715 470) 38044,

CURVE FITTING RESULTS
151 POINTS WERE FITTED TO 1290 . SEXF
DHELL TIME 10,0 MICROSECONDS/CHANNEL

28]
[sn]
<.
J
(s]
~
v]

~vQ01090%T 3

CHI SQUAFE 131.1 WITH 148 DEGREES OF FREEELOM

CHI SQUARE/DEGREE .89

HAX RESIDUAL 2,818 AT TIME 1505,

DIE AWAY TIME 17,57 MICROSECONDS
HALF LIFE 635.83 MICROSECONDS
U-235 FISSILE EQUIVALENT (CORRECTEL)

SHIELDED TOTALS DATA SAVED IN SHTCT 01
FLUX MONITOR DATA SAVED IN FH 01

2ND FM DATA SAVED IN 14MEV 01

FROGRAM NEUT OF 7-31-84 OAK RIDGE NATL LAR
PROGRAM PNEUT OF 7-31-84

OAK RIDGE NATL LAE VERSION

RUN 1 IRUM SNEUT TE 15156329

COUNT STARTED
COUNT ENDED--END OF TIME

MICROSECONDS

-9, HILLIGRAHS

B/28/84
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PMEUT OF 7-31-84--0AK RIDGE NATL LAE
RUN 1 DRUM SNEUT TE 151548129

/28/84
GATE CORRECTION FACTORS 1.000000 (70 USEC GATES)
FOLLOWING DATA IS NOT BACKGROUNDN CORRECTEL

COUNTING TIME IS 54.14 SECONDS

BETECTOR COUNT RATE LETECTOR COUNT
BARE DOOR 34 211, 3.29 SHLLt DIOOR 501 31
BARE RGHT 502 197. 3.07 SHLEL: RGHT 503 21,
BARE RACK 504 138. 2:15 SHLD! BACK 505 29.
BARE LEFT 306 205, 3.20 SHLL LEFT 507 34,
BARE TOP 508 176, 2.7 SHLD TOP 509 26,
BARE HOTH 0. 0.00 SHLD EOTH 511 47,
FLUX MONITOR 0. 0.00 14 MEV MONITO 1.
SYSTEM TOTALS RATE 17.38 SHIELDED' TOTALS RATE
NEUTRON COINCIDENCE
SHIELDED TOTALS 188.+/- 13.71
SYSTEM TOTALS 11154/~ 33,39
1ST N 250 USEC CATES 1098,
18T N 70 USEC GATES 186.
RANLOM 70 USEC CGATES 641361,
RANLIOM 230 USEC GATES 54136,
18T N GATER 70 USEC TOTALS 2.
FANLOM GATED 70 USEC TOTALS 1390,
18T M GATEL 230 USEC TOTALS 17,
RANDIOM GATEDR 250 USEC TOTALS 285,

FANLIOM COINCIDENMT MEUTRONS/230 USEC GATE

RANLIOM COINCIDENT NEUTRONS/70 USEC GATE

230 USEC GATE LIVE TIME $3.86 SEC

70 USEC GATE LIVE TIME 54,12 SEC
NET COIMCIDENT NEUTRONS/250 USEC GATE

+11039E~01+/~
NET COINCIDENT NEUTRONS/70 USEC GATE  J10BSDE-014/-

+44437E-02
+20269E-03

SYSTEM TOTALS RATE 17 .385 /= 32064
SHIELDEDR TOTALS RATE  2.9313 ¥/~ J21378B

NET COINCIDENT 250 USEC GATE NEUTRONS/LIVE TIME  .18981 +

NET COINCIDENT 70 USEC GATE NEUTRONS/LIVE TIME

REDUCED UARIANCE
Y= ,15184E-01 = 30778E-05
MASS FROM COINCIDENCE COUNTING

USING 70 USEC GATE 0.00 GRAMS
USING 250 USEC GATE 0.00 GRAMS
USING RED ¥AR Q 0.00 GRANMS

SELECTED BY CONTENT COIE AMDI COUNT RATE

0.00 GRAHS

+30602E-014/ -

1.800000 (230 US

2.93

+ 37643E-02
+76033E-02

EC GATES)

RATE

.48
33
45
33
41
W73
02

(FROM FARTS)

+64724E-01

o2

2055E-01
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PNEUT OF 7-31-84--0AK RIDGE NATL LAE

RUN 1 DRUM SNEUT TE 15158129 8/28/84

GATE CORRECTION FACTORS 1.000000 (70 USEC GATES) 1.000000 {250 USEC GATES)
FOLLOWING DATA IS NOT BACKGROUND CORRECTEL

COUNTING TIME IS 44,14 SECONIS

HETECTOR COUNT RATE DETECTOR COUNT RATE
BARE [OOR 500 211, 3.2 SHLLD DGOR 501 31. +48
BARE RKEHT 502 197, 3.07 SHLD RGHT 503 21 W33
RARE BACK 504 138. 2.15 SHLD BACK 305 29, W45
RARE LEFT 3506 205, 3.20 SHLL LEFT 307 34 a3
BARE TOP 508 178, 2.7 SHLD TOP 309 26, W41
BARE BOTHM 0, 0.00 SHLD BOTH 511 47 W73
FLUX MONITOR 0. 0.00 14 MEV NONITO 1. 02
SYSTEM TOTALS RATE 7.38 SHIELDED TOTALS RATE 2.93 (FROM FARTS)
NEUTRON COINCIDENCE
SHIELRED TOTALS 188.4/~ 13.71
SYSTEM TOTALS 11154/~ 33.39
IST N 230 USEC GATES 1098,
1ST N 70 USEC GATES 1Bs.
RANIIOM 70 USEC GATES 541361,
RANLIOM 250 USEC GATES 64136,
IST M GATED' 70 USEC TOTALS 2
RANLIOM GATEDN 70 USEC TOTALS 135,
1ST M GATED' 250 USEC TOTALS 7.
RANLIOM GATED 250 USEC TOTALS 285,
RANDION COINCIDEMT NEUTRONS/250 USEC GATE L 44437E-02
RANLIGM COINCIDENT NEUTRONS/7D USEC GATE . 2028%E-03
230 USEC GATE LIVE TIME 53.86 SEC
70 USEC GATE LIVE TIME 54,12 SEC
RET COINCIDENT NEUTRDNS/Q&C USEC GATE 11539E-014 v 37643E-02
NET COINCIDENT MEUTRONS/70 USEC GATE .105505 41+/ W7 8033E-02
SYSTEM TOTALS RATE 17.385 - 32054
SHIELDED TDTALS RATE  2.9312 /= 21378

NET COINCIDENT 250 USEC GATE NEUTRONS/LIVE TINE  ,18981 t/-  (64724E-G1
MET COINCIDENT 70 USEC GATE MEUTRONS/LIVE TINE  J30802E-01+/-  22055E-01

FELDUCED VARIANCE

Y= .13184E-01 = 30776E-035

HASS FROM COIMCIDEMCE COUNTING

USING 70 USEC CGATE 2,00 GRANMS
USING 2350 USEC CATE §.00 GRAMS

USING RED' YAR @ 0.
SELECTEL BY CONTENT CODE AND C

<
aZ
—f
"'.1
_.4
La}
<
-
<
<
G
pcn ]
I
ot 4
83
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KULTIPLICITY REPORT
PROGRAN PNEUT OF 7-31-84--0AK RIDGE NATL LAR

RUN 1 DRUM SNEUT TE 15186129 8/48/84
RAW HULTIPLICITIES
1ST NEUTRON 70 USEC GATE
184, 2, 0. 0, 0. 0.
RANDIOM  NEUTRON 70 USEC
641233, 128, 1. 0. Q. 0,
0. 0. 0, 0, 0. 0.
0. 0. 0.
1ST NEUTRON 250 USEC GAT
1081, 17. 0. 0. 0. O
RANLIDM NEUTRON 250 USEC
63858, 271, 7 0, 04 0,
PILEUP CORRECTED MULTIPL
70 USEC GATES
184 .4/~ 13.567 2,04/~ 1,415 =04/~ +000
- 04/~ . 00% Kt/ +00x 0.0+/~ 0,000
250 USEC GATES
1086, ¢/~ 33.023 12,54/~ 4,153 =24/- 1049
=04/ +001 W0/~ +00x 0,04/~ 0.000
LIVE TIME(S) 64,1 63.9
70 USEC GATES
BACKGROUND CORRECTIONS
NO BACKGROUND COUNTING TIME 1.
GATE LENGTH 70000. GATE DELAY
2000, 1ST N GATES 0. RAN N GATES 0. LIVE TINE 0.
MULTIPLICITY RATIOS
93.721 +/- 67,864 1.00000 /- 1.0187 ~+34577E~034/~ ~,24907E-03

~+14905E-05¢/~ +B3876E-09/-

MULTIPLICITY RATES

-+10734E-05

+9314BE-09

0.0000 +/-

2,8701 +/- 21158 +30623E-01+/~  ,22059E-01 ~,103B9E-04+/-
- 45643E-074/-  .5BB71E-07  ,25624E-104/-  (22545E-10  0.0000 +/-
250 USEC GATES
FACKGROUND CORRECTIONS
NO BACKGROUND COUNTING TIME 1.
GATE LENGTH  250000. GATE DELAY
2000, 18T N GATES 0. RAN N GATES 0. LIVE TIME 0.
NULTIPLICITY RATIOS
87.090 /- 29,132 1,00000 /- 47111 = 13790E~014/- -
=.51095E-044/- ~.17021E-04  .1728B5E-05+/~  .94897E~06  0.0000 +/-
HULTIPLICITY RATES
17,001 +/- 51710 »19321 +/-  J65029E-01 -.26920E~02+/-

~99742E-054/-  L11275E-04 . 3II743E-06+/-

+14725E-06

0,0000 +/-

0.0000

+63106E-05
0.0000

+45939E-02
0.0000

+76030E-03
0,0000
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RaW PASSIVE NEUTRON DATA SAVED IN FILE FASSIVE .01
PROGRAM NEUT OF 7-31-84 OAK RIDGE NATL LAE

ASSAY SUMMARY REPORT

PRIMARY I SMEUT TEST

RUN NUMHRER 1
TIME/DATE OF ACTIVE 151540 2
TIME/DATE OF PASSIVE 15156129
FAS FILE NAME PASSIVE 01
ACT FILE NAMES SHTOT 01
CONTENT CORE

FISSIL MASSING) -.20587E4+01
T POW DENCW/CFTY  -.10000E401
T ALPHA ACT(CD) - 10000E401
SYSTEM TOT RATE +17385E+02
SH ACT SIG +12100E403
FM SI6 +52327E+05
AZERD +12905E+04
P COUNT TIME(S) +H4136E402
250 CO RATE +18981E4+00
RED VAR O 3077 6E-05
CHISQ/DEG +88550E4+00

ASSAY SUMMARY REPORT

PRIMARY II SNEUT TEST

FUN MUMBER 1
TIME/DATE OF ACTIVE 1515410 2
TIME/DATE DBF PASSIVE 151556129
PAS FILE NAME FASSIVE 01
ACT FILE NAMES SHTCT 01
CONTENT CORE

FISSIL MASS(MG) - 905387E4+01
T POW DENCW/CFT) - 10000E401
T ALFHA aCT(CD) -+10000E4CL
SYSTEM TOT RATE +17383E+02
SH ACT SIG +12100E403
FM SIG «S2327EHDS
AZERD L12905E+04
F COUNT TIME(S) +54136E+02
250 CO RATE +18981E+00

KED VAR @
CHISQR/DES

+30776E-03
+88350E+00

87

SECONDIARY I

8/28/84
8/28/84

F¥ 01

CONTAINER UWT(KG)
G TRU ACTINCI/G)
T FISS MG

T THER FOW(WJ
SHIELD TOT RATE

SH ACT BKR
THALFLUS)
2ND FM 816

NG ACT FULSES

70 CO RATE
KED YAR Y

SECONDARY IL

/28/84
8/28/84

FM 01

CONTAINER WT(KG)
G TRU ACT{NCI/E)
T FISS M{G>

T THER FOW(W?
"SHIELL TOT RATE

SH ACT EKR
THALF(US)
2NN FM 516

NO ACT FULSES

70 CO RATE
RED VAR Y

FRINT OUT

01
1,

-+10000E4+01
-+10000E+01
-.10000E+01

+29313E401
+34000E+02
+&63588E+03
+38044E405

2000
+30502E-01
+15184E~01

PRINT OUT

01
1.

-+10000E+01
-+16000E+01

+10000E+01
+29313E+01
+34000E+02
+63588E403
+OB044E+05

2000
+30602E-C1
+15184E-01
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[0 YOU WISH TO FERFORM ANOTHER ASSAYTYES/NONO

MAIN MENU
ST--INITIAL CONFIGCURATION
DD--DISPLAY DATA SAVEDl IN SUMMARY DATA BASE
EX--EXIT TO CP/H
AS--ASSAY IN STAND ALONE MODE
AD--ASSAY IN REMOTE COMPUTER MOLE
kD--RETRIEVE DATA IN REMOTE COMPUTER MODE
In-~INITIALIZE SUMMARY DIATA RASE
PE--ACQUIRE PASSIVE BACKGROUND
RC-~RECALCULATE ASSAY FROM RAW DATA
SELECT OFTIONTEX

STOF
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Assay Report
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ORNL TRU WASTE DRUM ASSAY FACILITY (TWDAF)
BUILDING 7824

Assay Report page 1
Drum ATN- 2396 Report date 9/19/84
Batch No. 021684 Building of origin 3038
Weight of drum 67 kg (waste generator)

E — ————————————————— —

Segmented Gamma Scanner (SGS) Data Date of Assay: 2/24/84

SGS gamma-ray data indicate presence of the following radionuclides:

23%py  x Pu K X rays x 249¢f
235y X 137¢g "x lulbce
233y T 2287H — 15kg, —
241py /237y “x 231p, % 60co
it gEm e — R o —
Pu Pb Ag
241am T x 250gKk 125gy
- - 134

Comments:
Fissile: 239%u and 235y

Presence of 235U gamma indicates significant quantity is
present (D5 g)

Neutron Assay System (NAS) Data Date of Assay: 2/24/84

1, Active NAS Scan
Total corrected fissile mass content: 3,400 mg 23%Pu equivalent
Comments: matrix correction factor: 1,54
Disagreement with Item 3's information 1is probably due to thermal
neutron skin effect. Plutonium and uranium are probably in source

form; and, consequently, majority would not be "seen"” by interrogating
flux.
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ORNL TRU WASTE DRUM ASSAY FACILITY (TWDAF)
BUILDING 7824

Assay Report page 2

P

2,

Passive NAS Scan:

Total net passive neutron source strength: 9.94 x 103 n/s

SHTOT/SYSTOT 0.267
SYSTOT/SYSCOINC 10.9
SHTOT/SHCOINC -

P3(SYS)/P2(SYS) 0.071 + 0.010
P1(SYS/P2(SYS) 10.395 + 0,190
P3(SH)/P2(SH) -
P1(SH)/P2(SH) -

Note: Mark NA if data are unavailable or unusable.

Comments: P3/P2 ratio indicates presence of 244Cn,

P1/P2 ratio indicates presence of 2%40Pu and 2““Cm mixture.
SYSTOT/SYSCOINC ratio indicates no excess neutrons from

(a,n) reactions.

Elemental and/or isotopic content of waste container, if available
from sources other than NAS and SGS:

Note: If not available, check block and continue to Item 4 [::I

Element Element wt (g) Wt% Isotope Isotope Wt
Pu 6 11.5% 240py 5g 239py
U 26 93.3% 235y 24 g 235y

Source of information: ORNL Nuclear Materials Intra-Laboratory
Transfer 1/23/84, Transaction No. 7278.

Comments: Large amounts of plutonium and uranium suggest discarded
sources; thermal neutron skin effect will play a role.

@ "
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ORNL TRU WASTE DRUM ASSAY FACILITY (TWDAF)
BUILDING 7824

Assay Report page 3

e
4, Interpretation of Data and Results:

For 6 g of 11.5% 240Pu (or 0.7 g 240Pu), one would expect a SYSCOINC
rate of 8.8 cps. From the data, SYSCOINC = 127.7 cps. Therefore, 93%
of the spontaneous fissions can be attributed to some isotope(s) other
than 240Pu. The neutron multiplicity ratio P3/P2 is very close to
that obtained for a pure 244Cm source. Also, the neutron multiplicity
ratio P1/P2 indicates the presence of a mixture of 2“40Pu and 2“%Cm.
Consequently, the passive neutron source signal is dominated by 2“%Cm.
From calibration data, the net passive neutron signal, after
accounting for the small 240py contribution, indicates the presence of
1 mg of 2h4hen,

Specific Activity

Wt. Isotope (Ci/g) nCi/g
3,400 mg 239y 6.2094 x 1072 3.15 x 103
700 mg 240py 2.2806 x 1071 2.38 x 103
(non-TRU) 1 mg 244Cm 8.1017 x 10! 1.21 x 103

Total TRU content: 5,500 + 1,100 nCi/g
Drum category: TRU
Color code: Red
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