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RESULTS FROM THE FIRST WASTE AND 
RESIDUE NDA MEASUREMENTS SCHOOL' 

N. Ensslin, M. Abhold, K. Coop, T. Prettyman, 
P. Rinard, G. Sheppard, and H. A. Smith 

Los Alamos National Laboratory 
Los Alamos, NM 87545 USA 

ABSTRACT There are many training resources available at Los 
Alamos, including dedicated training office staff, 

The first Waste and Residue Nondestructive Assay training facilities and laboratories, and access to well- 
(NDA) Measurements School was given at Los characterized NDA standards. However, the most im- 
Alamos on June 3-7, 1996. This school is a new part 
of the DOE Office of Safeguards and Security, Safe- 
guards Training Program, with additional instructor 
support from the National Transuranic Waste Program, 
Idaho National Engineering Laboratory, Oak Ridge 
National Laboratory, Portsmouth Gaseous Diffusion 
Plant, Westinghouse Savannah River Company, 
Pajarito Scientific Corporation, and Canberra Indus- 
tries. The school was attended by 22 safeguards and 
waste measurement personnel from DOE facilities, 
and included lectures on waste characterization re- 
quirements, the WIPP Performance Demonstration 
Program, waste and residue NDA techniques, and a 
workshop discussion on waste assay issues. Hands-on 
training modules with 55-gallon-drum waste assay sys- 
tems were held using a Segmented Gamma-ray Scan- 
ner, a Tomographic Gamma-ray Scanner, two Add-a- 
Source Waste-Drum Assay Systems, a Californium 
Shuffler, and a Differential Die-away system that in- 
cluded Combined Thermal-Epithermal Neutron Inter- 
rogation (CTEN). This paper will describe the new 
school and report on the measurement results obtained 
during the school with the above-mentioned waste- 
drum assay systems. 

, * I. INTRODUCTION 

The DOE Office of Safeguards and Security sponsors a 
series of DOE Safeguards Technology Training Semi- 
nars at Los Alamos National Laboratory (LANL,). 
Several of these seminars include training with some 
of the nondestructive assay (NDA) systems used for 
waste and residue assay. However, there has not been 
a seminar devoted specifically to waste and residue 
NDA that provided hands-on training on the major pas- 
sive and active neutron and gamma-ray measurement 
systems. During the past few years, new state-of-the- 
art waste-drum assay systems have become available 
at several Los Alamos facilities, and it has now be- 
come possible to offer this training seminar. 

portant feature of this new seminar was the participa- 
tion of safeguards and waste measurement experts 
from other DOE facilities and private companies that 
manufacture NDA instrumentation. These experts 
served as instructors or lecturers, and provided an out- 
standing breadth and depth of expertise and 
knowledge. They also helped to determine course 
content by providing input on the issues important to 
their agencies or facilities. This gave all seminar par- 
ticipants-both students and instructors-the opportu- 
nity to exchange information on safeguards and waste- 
characterization issues and on different activities and 
experiences at facilities across the country. 

There are a number of important waste-characteriza- 
tion issues associated with DOE Waste Acceptance 
Criteria, such as fissile content for nuclear criticality, 
identification of radionuclide inventory, determination 
of total waste curie content, surface dose rate, and 
thermal power. There are also important safeguards 
and security issues associated with the measurement 
of radioactive waste and residue materials, including 
material balance closure on waste streams, detection 
of special nuclear material (SNM) diversion scenar- 
ios, assay of unmeasured inventories of low-mass 
process residues, and safeguards termination on waste 
as. facilities transition to environmental restoration. 

The goal of this school was to demonstrate the use of 
NDA radiation measurement techniques and instru- 
ments for both waste characterization and safeguards 
applications. Objectives included helping DOE facili- 
ties address waste characterization and safeguards is- 
sues with NDA, providing more trained facility NDA 
personnel, and increasing the use of state-of-the-art 
NDA systems for rapid, nonintrusive measurements of 
TRU waste and process residues. Potential benefits of 
the school include faster, more accurate, and more 
cost-effective nuclear material safeguards and waste 
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characterization, and better transfer and sharing of 
NDA technology for waste and residues. 

The school was directed toward experienced radioac- 
tive measurement technicians who operate waste as- 
say instruments, or technical supervisors, auditors, or 
regulators who must judge measurement results. The 
school began and ended with a series of lectures and 
workshops. In between, students rotated through a se- 
ries of training modules on the major NDA systems 
available. Each training module covered topics such 
as calibration procedures, matrix effects, technique 
limitations and corrections, response variation due to 
radioactive material distribution, and detection sensi- 
tivity. 

The following sections of this paper describe the 
school lectures, workshops, and training modules. W e  
describe some of the calibration procedures used, im- 
portant matrix effects and correction factors, and 
measurement results obtained during the training exer- 
cises. Section X concludes with a summary of 
planned improvements for future sessions of this 
school. 

II. WORKSHOP ON NDA DRIVERS 

The school began on Monday morning with a half-day 
workshop of lectures and discussions intended to pro- 
vide the students and instructors with a perspective on 
why waste and residue measurements are needed. 
First, attendees received a copy of a report by David 
Crawford, DOE Office of Safeguards and Security Ma- 
terial Control and Accountability Program Manager, 
entitled “Safeguards on Nuclear Waste at DOE Facili- 
ties.” The report described the graded safeguards ap- 
proach used to terminate safeguards on SNM that is 
determined to be at attractiveness level E. Waste 
streams leaving a facility must be monitored, and 
scrap and residues must be measured to address diver- 
sion concerns, and must be sufficiently dilute and not 
easily recoverable. The paper also summarized Inter- 
national Atomic Energy Agency (IAEA) criteria for 
safeguards termination on waste. These criteria may 
become relevant for US facilities that may come un- 
der MEA safeguards. However, David Crawford sent 
word that the procedures described in his paper were 
still under discussion, and had not yet been imple- 
mented. 

Bill Weston and Amber Clay of the DOE Carlsbad 
Area Office(CAO)/National Transuranic Waste (TRU) 
Program Office spoke on “Waste Isolation Pilot Pro- 
ject (WIPP) Requirements for Waste Characteriza- 
tion.” Bill Weston described the regulatory require- 
ments for waste assay, which are now fixed. Then, 
Amber Clay, CAO Waste Acceptance Manager, 
spelled out the Waste Acceptance Criteria that are 

driven by the regulatory requirements, and that in turn 
drive the NDA measurement requirements. Bill 
Weston also reviewed the four levels of Quality As- 
surance Objectives that apply to TRU waste. Specifi- 
cations for safeguards termination are not yet included 
in the WIPP Waste Acceptance Criteria, and more 
communication is needed between safeguards and 
waste facility personnel to coordinate the two sets of 
requirements. It was also pointed out that additional 
measurement technology development is needed for 
remote-handled waste. 

Mike Connolly, Idaho National Engineering Labora- 
tory (INEL), spoke on “INEL and PDP Requirements 
for Radiological Waste Characterization.” The WIPP 
Quality Assurance Objectives for radioassay must be 
demonstrated and documented by a Performance 
Demonstration Program. INEL has prepared the matrix 
drums and standards that will be used during this pro- 
gram. Initially, the program is limited to 55-gallon- 
drum assay systems, and seven DOE sites are partici- 
pating. The first measurement cycle will test only 
weapons-grade plutonium in empty or noninterfering 
matrices. Later cycles will test other isotopes in real- 
istic mock-waste forms. The results of the first round 
of measurements will be announced soon. In 1997, all 
available mobile NDA systems will be tested to de- 
termine their suitability for use at small DOE sites that 
do not have their own assay systems. 

The Monday morning workshop concluded with a dis- 
cussion period facilitated by Mike Connolly. The stu- 
dents and instructors discussed several waste and 
safeguards measurement issues. Currently, WIPP re- 
quires assay of all drums. Because many facilities 
already measure all drums for safeguards purposes, the 
WIPP requirement may be changed to statistical sam- 
pling. Waste is categorized at Attractiveness Level E 
on the basis of process knowledge, but it was pointed 
out that waste drums from process upsets should be 
measured for diversion detection and environmental 
considerations. Measurements are also needed to 
avoid underestimating the quantity of SNM in waste, 
thereby generating inventory differences. Should the 
same measurement system try to meet both safeguards 
and waste requirements? Yes, if the system can pass 
both the WIPP Performance Demonstration Program 
and DOE safeguards and security audits. 

III. NDA AND WASTE ASSAY LECTURES 

Monday afternoon was devoted to a series of lectures 
that summarized and reviewed the major neutron and 
gamma-ray based NDA techniques in preparation for 
the upcoming training modules. Jeff Chapman, Oak 
Ridge National Laboratory (Om), gave an introduc- 
tory lecture entitled “Waste Characterization and As- 
say Overview” that linked measurement techniques to 



regulatory needs. Joe Wachter, Pajarito Scientific 
Corporation, spoke on “Neutron NDA Techniques for 
Waste and Residues,” and Richard Thomason, West- 
inghouse Savannah River Company, gave a lecture on 
“Gamma-Ray NDA Techniques for Waste and Resi- 
dues.” 

On Friday morning, Richard Mayer, Portsmouth Gase- 
ous Diffusion Plant, gave a lecture on the “Portsmouth 
Waste Crate Assay System.” He began by asking the 
students what techniques they would recommend for 
waste crate assay, based on their measurements during 
the week. Richard then reviewed the Portsmouth ap- 
proach, which consists of portable NaI detectors, a 
high-purity germanium detector for enrichment deter- 
mination, and a neutron counter. They have obtained 
a lower level of detectability of better than 35 pi- 
cocuries per gram for B-25 boxes. 

Larry Blackwood, INEL, spoke on “Uncertainty As- 
sessment for Waste Assay at the INEL.” He described 
the process used to quantify the total uncertainty in 
waste assays carried out by the INEL passive/active 
neutron assay system. INEL uses a flexible, hybrid ap- 
proach consisting of computer simulation models 
benchmarked against an extensive measurement data 
base. This statistical modeling/simulation approach is 
the most thorough used to date. 

IV. DIFFERENTIAL DIE-AWAY TRAINING 
MODULE 

This training module was taught by Ken Coop 
(LANL), Jeff Chapman (ORNL), Sheila Melton (Y- 
12), and Charles Hollas (LANL,). Measurements were 
made using the Combined Thermal-Epithermal Neu- 
tron (CTEN) differential die-away system located a t  
LANL’s Advanced Nuclear Technology Group.’ Fig- 
ures 1 and 2 are scenes from this training module. 

The moming session of the training module was taken 
up by lectures covering a brief history of the tech- 
nique, a general description of the second generation 
DDT/passive/active neutron (PAN) instrument, active 
and passive measurement methods, measurement in- 
terferences, range of application, matrix-specific and 
wide-range calibration, and new developments. The 
new developments described were the list-mode neu- 
tron counting module, active coincidence measure- 
ments, epithennal neutron interrogation, the ORNL 
APNEA system, the Pajarito Scientific P A N  system, 
CTEN, and neutron imaging. A 48-page handout cover- 
ing the lecture material, with additional depth, was 
provided to the students as part of the course material. 

In the afternoon session, students were divided into 
three groups; each group was assigned the task of 

collecting data using the CTEN instrument (an im- 
proved DDT-type instrument under development at Los 
Alamos) for a particular simulated waste drum, 

Fig. 1. Instructor Ken Coop (LANL, far right) describes 
the CTEN differential die-away system to (left to right) 
Clifford Stanley (INEL), Steve Mettler (Canberra), 
Mark Schanfein (LANL), Dan Menkhaus (INEL), and 
Raymond Dewberry (WSRC)). [RN96193-0031 

Fig. 2. Instructor Jeff Chapman (ORNL, foreground), 
Steve Mettler (Canberra), Mark Schanfein (LANL), Dan 
Marsh (K-25). and Dan Menkhaus (INEL) (left to right) 
watch Dave Quisenberry (NFS) operate the CTEN com- 
puter. [RN96193-0301 



containing either a benign, moderating, or absorbing 
matrix. Students were encouraged to obtain as much 
“hands on” time with the instrument as feasible. A 
plutonium source was located at several specified po- 
sitions in the different drums. Multichannel scaler data 
were collected during some active assays to demon- 
strate the “die-away times” of different types of detec- 
tors. Students sorted through the data lists generated 
by time-gated scalers to obtain the data required for 
the laboratory exercise sheets, and later shared their 
data with the rest of the class. After students filled out 
the laboratory exercise sheets, the last part of the day 
was spent in reviewing, with an instructor leading the 
review, the significance of the data and results t‘hey 
had obtained. The results generally demonstrated the 
large biases that can result from self-shielding in the 
calibration source (if not accounted for), and source 
position and matrix composition uncertainties. 

V. CALIFORNIUM SHUFnER TRAINING 
MODULE 

This training module was taught by Phil Rinard 
(LANL) and Jeff Gross Portsmouth) using the 55-gal- 
Ion-drum shuffler located in the Ch4R uranium facility 
at LANL.= Figures 3 and 4 show the Californium 
Shuffler and some of the activities that took place. 
The objective of this training module was to under- 
stand shuffler operating principles‘ and delayed neutron 
counting for the assay of fissile materials. The stu- 
dents measured the effects of different waste matrices 
on delayed neutron count rates from fissile materials 
located at different positions within the drum. 

The students observed the effects of nonhydrogeneous 
matrices like iron and steel, low hydrogen densities 
(less than O.O3g/cc), and hydrogen with absorbers. 
Table I is an example of the magnitude of the effects 
observed. During actual shuffler assays of real waste, 

Paper matrix (21 kg), SNM centered 
Paper matrix (21 kg), SNM at edge 
Paper + borax, SNM centered 

435 countsls 
308 countsls 
301 countsls 

Paper matrix (21 kg), SNM centered 
Paper matrix (21 kg), SNM at edge 
Paper + borax, SNM centered 

435 countsls 
308 countsls 
301 countsls 

Fig. 3. -Matt Newel1 (Pajarito Scientijk) and Don 
Sorenson (Hanford) watch as instructor Phil Rinard 
(LANL) places a calibration sample into the shufjler 
cavio. [RN96193-014] 
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Fig. 4. Don Sorenson (Hanford), instructor Jeff Gross 
(Portsmouth), and instructor Phil Rinard (LANL) watch 
as Wamick Keman (Remote Sensing Lab) operates the 
shufler computer. [RN96193-017] 



these effects are corrected by using bare and cad- 
mium-lined flux monitors in the assay chamber or by 
other techniques. During the measurements, Phil 
Rinard described the procedure used to apply the cor- 
rections. 

Position effects were studied by placing uranium sam- 
ples at different radial and vertical positions in the 
drum. An example is included in Table I. Phil Rinard 
described the algorithms used by the CMR shuffler to 
correct for SNM position by using the counts in 
different detector banks. Jeff Gross shared his 
experience with the Portsmouth shdfflers, where they 
segregate their waste by matrix types and calibrate for 
each type. Faye Hsue, from the CMR facility 
measurements group, described how the CMR shuffler 
is used for waste and inventory verification 
measurements. 

VI. SEGMENTED GAMMA SCANNING 
TRAINING MODULE 

Both the Segmented Gamma Scanning and Tomogra- 
phic Scanning modules were taught using the Mobile 
Tomographic Scanner from the Los Alamos Waste 
Measurements Group. The Mobile Tomographic 
Scanner is installed in a 30-foot trailer that in- 
cludes the assay system, electronics, computer sys- 
tem, and drum loading system. The mobile scanner 
includes a special Variable Aperture Collimator that 
makes it possible to configure the system for either 
segmented or tomographic gamma scanning. Figure 5 
shows a 55-gallon drum being loaded into the rear of 
the trailer during the school. Steven Betts and Carlos 
Rae1 from the Waste Measurements Group served as 
instructor and operator for the system, and provided a 
series of mock waste matrix drums for calibration and 
assay. 

. The Segmented Gamma Scanning (SGS) module .in- 
cluded several additional instructors: Greg Sheppard 

Fig. 5. Blaine Hadden (Pajarito Scientijic, lefi) and 
Richard Mayer (Portsmouth, right) observe the loading 
of a 55-gallon drum into the mobile Segmented To- 
mographic Gamma Scanner. [RN96193-084] 

(LANL), who wrote the training module, Richard 
Thomason of the Westinghouse Savannah River Com- 
pany, Robert Likes (Fort Lewis College, Duango, 
Colorado), and Skip Friar. The SGS was calibrated 
for both uranium and plutonium assays. A series of 
dilute uranium pillow standards were used for the ura- 
nium calibration, and a series of plutonium oxide 
standards mixed with diatomaceous earth, ranging 
from 10 to lOOg Pu, were used for the plutonium cali- 
bration. Measurements of "unknown" combinations of 
standards were used to demonstrate linearity, attenua- 
tion correction factors, and segment correlations: The 
matrix drums used, and the amounts of uranium.or plu- 
tonium in each, are summarized in Table II. Many of 



the matrix drum combinations were purposefully se- 
lected with high densities (0.32 to 0.67 g/cc) and ex- 
treme inhomogeneities to illustrate features of to- 
mographic gamma scanning. As a result, many of the 
SGS measurements were biased much lower than 
would be the case for the low-density matrices usually 
considered appropriate for the SGS technique. 

VII. TOMOGRAPHIC GAMMA SCANNING 
TRAINING MODULE 

After each group of students completed SGS meas- 
urements in the morning, the Variable Aperture Colli- 
mator in the Mobile Tomographic Scanner was set for 
tighter collimation, and tomographic scanning meas- 
urements were carried out in the afternoon. Instructor 
Steven Betts was joined by Tom Prettyman (LANL), 
and the students were given additional lecture and 
demonstration materials on tomographic scanning.' 
Figure 6 shows data analysis activities underway in- 
side the trailer. 

Fig. 6. Dan Brochu (Canberra, lefi) and Jim Benetti 
(EPA, right) watch as instructor Tom Prettymn (LANL) 
demonstrates the Tomographic Gamma Scanner analy- 
sis sofrware. [RN96193-068] 

The TGS measurements were carried out with the 
same matrix drums used for SGS, with the same series 
of plutonium oxide standards mixed with diatoma- 
ceous earth, ranging from 10 to lOOg Pu. For to- 
mographic scanning the count times were increased to 
the standard 1-hour TGS scan. Plutonium and uranium 
standards were placed inside the drums at different 
locations to provide a test of TGS accuracy. Results 
of the assays are shown in Table II. As expected, the 
TGS technique was found to be better suited for the 

relatively dense (0.32 to 0.67 g/cc) polyethylene, 
aluminum, and iron matrix drums. The TGS also 
yielded good results for a polyethylene/iron mock 
waste drum with polyethylene loaded in one vertical 
half, and iron pipe in the other half. One plutonium 
standard was placed in the center of the drum at the 
boundary between the polyethylene and the iron, and 
another was placed inside the polyethylene. The 
polyethylene density was about 0.8 g/cc, which is 
much higher than actual combustible waste. 

The information obtained from the waste school assays 
was also used to estimate emission scan times re- 
quired for two fundamentally different screening tasks: 
TRUAow-level waste screening and the measurement 
of the smallest accountable quantity of SNM for safe- 
guards. In both cases, the maximum count time re- 
quired to perform the screening task was determined, 
which is the count time required if the material was 
placed at the point in the drum with the lowest overall 
counting efficiency. For 30% overall statistical uncer- 
tainty, the worst-case emission scan times required to 
screen for 60 nCi/gram of weapons grade plutonium 
ranged from 15 to 69 hours. For safeguards assay of 
0.5 g of Pu-239, the count times ranged from 3 minutes 
to 4 hours, depending on the matrix material, with 
most matrices yielding acceptable results within the 
standard 1-hour TGS scan time. 

WI. ADD-A-SOURCE TRAINING MODULE 

This training module was taught by Lynn Foster 
(LANL Nuclear Materials Management Group) and 
Norbert Ensslin (LANL) using two different waste 
d e m  assay systems. Both systems were designed to 
operate as Add-a-Source waste drum counters, with 
several additional features. One system is a High-Ef- 
ficiency Neutron Counter (HENC) built by Canberra 
Industries under a joint LANLlCanben-a cooperative 
research and development agreement to evaluate de- 
tector design concepts. This counter has a neutron 
detection efficiency of 3096, and a die-away time of 
52 microseconds, and can be operated with segmented 
Add-a-Source matrix correction capability, or as a 
neutron multiplicity counter. The HENC is temporar- 
ily located at the Los Alamos Safeguards Science and 
Technology Group site, and is shown in Fig. 7. 

The other Add-a-Source counter used during the school 
is a multiple-purpose research system built into a 
shield cell at the Los Alamos Safeguards Science and 
Technology Group laboratories! . The assay system 
can serve as a californium shuffler for active neutron 
assay, and as a passive neutron multiplicity counter 
with the segmented Add-a-Source matrix correction 
capability. The 5-foot-thick wall of the shield cell is 
used to store the shuffler and Add-a-Source califor- 
nium neutron sources. The shield cell assay system 



Fig. 7. Instructor Lynn Foster (LANL, standing) re- 
views Add-a-Source data from the Canberra HENC with 
Don Sorenson (Hanford), Ed Eclrfeld (NRC), and 
Richard Bramblett (Pinellas) (lefr to right). tRN96193- 
0521 

has a neutron detection efficiency of 28% with die- 
away time of 78 microseconds. The movable entry 
door and drum loading platform for this system is visi- 
ble in Fig. 8. 

The first major objective of this training module was 
to study the application of passive neutron coinci- 
dence counting to waste assay. Students determined 
the background count rates, detection efficiency, and 
die-away time of their assay system. The calibration 
procedure was reviewed, and a plutonium standard 
was assayed -to verify the installed calibration curve. 
From this data, the students were able to-calculate the 
minimum detectable mass. Assuming a 1000-s count- 
ing time, the three-sigma detectability limit was 
roughly 0.5 mg of Pu-240 for totals counting, and 3.6 
mg of Pu-240 for coincidence counting. For weapons- 
grade plutonium, this corresponds to 9 mg of Pu for 
totals counting and 60 mg of plutonium for coinci- 
dence counting. The application of neutron multiplic- 
ity counting to assay of scrap and residues was also 
discussed briefly. 

The second major objective of this training module 
was to become familiar with the add-a-source matrix 
correction algorithm. Students and instructors re- 
viewed data taken earlier that related the volume- 
averaged perturbation on the coincidence response 
caused by the matrix (y) to the effect of the matrix on 
the californium add-a-source (x). Data taken with 

Fig. 8. Warnick Kernan (Remote Sensing Lab, le#) and 
instructor Norbert Ensslin, (LANL, right) load plutonium 
calibration standards into a mock waste matrix drum for 
assay with the shield cell Add-a-Source system. 
[RN96193-043] 

drums containing Raschig rings, aluminum/ 
polyethylene, vermiculite with 30 kg polyethylene, 
and vermiculite with 60 kg polyethylene are plotted in 
Fig. 9. The add-a-source response (x) was found to be 
roughly 10 to 20% less that for earlier counters that 
can position the source at the bottom of the drum as 
well as along the side? The volume-averaged 
perturbation (y) was, as expected for passive co- 
incidence counting, affected only by hydrogen con- 
tent, and was not appreciably different from 1 unless 
the hydrogen density was greater that 0.02 g/cc. The 
students and instructors then assayed several 
“unknown” combinations of matrix drums with small 
plutonium sources inserted into them, as illustrated in 
Fig. 8. On the shield cell counter, assay results were 
not as good as hoped for because the drum was not 
being rotated during the assay. 

M. WORKSHOP ON SCHOOL RESULTS AND 
APPLICATIONS TO FACILITIES 

The school concluded with a final workshop session 
between the students and instructors on Friday morn- 
ing that summarized some of the measurement results 
from the training modules. Because of time limita- 
tions and other constraints, the workshop concentrated 
on SGS/TGS results and their applicability to screen- 
ing waste for WIPP requirements. Tom Prettyman 



on how we can improve future offerings of this semi- 
nar. 

Fig. 9. Plot of the volume-averaged perturbation on 
neutron coincidence caused by the waste drum matrix 
(y) vs, the effect of the matriw on the californium &-a- 
source (x). The data points are (le$ to right) empty 
drum, Raschig ring drum, vermiculite with 30 kg poly- 
ethylene, drum with I/2 aluminum and 112 polyethylene, 
and vermiculite with 60 kg polyethylene. 

reviewed the results of the SGSEGS measurements 
given in Table II. 

The workshop concluded with the students generating 
a list of the major waste and residue categories of in- 
terest to them. For each major category, they listed 
the isotopes to be measured at their facility, the at- 
tribute to be measured, and some of the potential NDA 
techniques. Material categories included paper wipes, 
plastic bags, rubber boots, metal and wood, respirator 
cartridges, aluminum tubing, clothing, and PuF,. The 
containers listed were 55-gallon drums, B-25 boxes, 
vitrified waste cylinders, and cemented waste drums. 
This information will be very valuable in improving 
future sessions of this seminar by focusing on the 
waste and residue categories of most interest to 
facility personnel. 

X. PLANS FOR FUTURE IMPROVEMENTS IN 
THE SCHOOL 

This new school received many favorable comments 
from the students, particularly with regards to the in- 
structors. However, both the students and the instruc- 
tors from other DOE sites provided valuable feedback 

Areas for improvement include the following: provid- 
ing more time for those measurement techniques that 
only had a half day scheduled; saving more time for 
discussion by providing the students with data taken 
earlier; adding training modules on other techniques 
such as isotopic analysis, low-level waste counting, or 
assay of B-25 boxes; modifying the workshop lecture 
and discussion schedule; providing more information 
on safeguards applications; providing more information 
on residue measurements; and providing students with 
a choice of training modules most closely related to 
their facility needs. 

We plan to incorporate as many of the attendees’ sug- 
gestions as possible into future sessions of this school. 
Also, each instructor has in mind a list of detailed im- 
provements to the training materials or to the meas- 
urement system that he or she worked with. We will 
continue to invite experts from other facilities to help 
teach this class, and we hope that future sessions will 
continue to generate the same high level of enthusi- 
asm, discussion, and questions that we all enjoyed in 
this first school. 
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