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ABSTRACT 

Modern nuclear facilities will have significant process monitoring capability for their operators. 
These systems will also be used for domestic safeguards applications, which has led to research 
over new diversion-detection algorithms. Curiously missing from these efforts are verification 
and validation data sets. A tri-laboratory project to locate the existing data sets and recover their 
data has yielded three major potential sources of data. The first is recovery of the process 
monitoring data of the Idaho Chemical Processing Plant, which now has a distributable package 
for algorithm developers. The second data set is extensive sampling and process data from 
Savannah River National Laboratory’s F- and H-canyon sites. Finally, high fidelity data from the 
start-up tests at the Barnwell Reprocessing Facility is in recovery. This paper details the data sets 
and compares their relative attributes.  

INTRODUCTION  

Nuclear energy and technology is one of the most promising long term alternatives to 
petroleum and other nonrenewable fuels. However, due to the dangers of radiation exposure and 
nuclear-weapons proliferation, measures must be taken to protect operators and the surrounding 
areas from radiation exposure and to ensure that nuclear facilities are not misused. While the 
former has already been addressed by safety-design measures within facilities, the creators of 
nuclear safeguards are working to develop an even more effective ways to achieve the latter. 

Modern nuclear facilities will include process monitoring for safeguards in addition to such 
monitoring for safety and efficiency. Process monitoring for safeguards will use state-of-the-art 
diversion-detection algorithms and methods. Creating methods which can be employed in 
practice requires the comparison and test of the designed algorithms with real data from a 
nuclear reprocessing plant for validation of the algorithms. Because there is no active 
commercial reprocessing facility in the United States, and the existing data from large-scale 
reprocessing in the past had not been recovered, current algorithm developments are testing on 
synthetic data that is not expressly verified and validated. The recovery of historic data will 
prevent the loss of a major capability, validated simulation, in the United States to support the 
international safeguards systems. 

Three major potential sources of validation data are described in summary: the Idaho 
Chemical Processing Plant (ICPP), the F Canyon of the Savannah River Site, and start-up tests 
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from the Barnwell Reprocessing Plant. Each of these data sets provides a different level of 
fidelity, timing, and potential value to algorithm developers. 

 
OVERVIEW OF THE DATA SETS 
 

Three data sets are presented. The first dataset is recovery of the process monitoring data 
associated with the ICPP. The ICPP data consists of 395 analog signals that were gathered by 
scanivalve controllers and four analog multiplexers. Four digital controllers gathered 484 on/off 
signals for pumps, jets, airlifts, and samplers. All of this information was recorded once per 
minute and stored in an on-line database for one year, which was made available to operations, 
security, and safeguards staff. After one year, data from every fourth minute was permanently 
stored on magnetic tapes. This data set has been mostly recovered, as described in Appendix A. 

The second dataset is from the F- and H- canyon operations at the Savannah River Site. 
Process data is available from 1953 to the present. The physical form and format of the data 
varies over the years as instrumentation was upgraded and computerization was implemented. 
Process information consists of process run logs, strip charts, sample cards and, later, electronic 
result reports for process samples. Product quality reports are also available.  

The third dataset is from the start up tests at the Barnwell Reprocessing Plant that have been 
recovered at Oak Ridge National Laboratory. This data set should have the most fidelity of the 
sets of data, but also is the most obscure at this time. This material was from the first cold start 
up tests, including example operation for the full scale facility. 

 
DATA RECOVERY TO DATE 
 

To date, only the ICPP data has had significant recovery. The raw data and the metadata 
describing the data have been compiled and organized in an easily maneuvered manner. A DVD 
has been created for research use. It includes a three dimensional (3-D) model of the fuel 
dissolution process, metadata for two campaigns (38 and 40, in the late 1980s), and access to the 
process-monitoring raw data. More details of this disc and the available dataset are available in 
Appendix A.[This needs a reference] 

Small amounts of data from the Savannah River Site have been recovered. The raw data 
sources and the metadata describing the data have been compiled and organized in a document 
that provides the information relative to where the data is, the main contact, and what format is 
to be expected. The main source of data was compiled in a data bank for the supported fault tree 
analysis of the Canyons operations. There are more than 150 boxes of data that have been 
located and are available for data retrieval and scanning.  

Oak Ridge Data for Barnwell has unfortunately been determined to be unrecoverable at this 
time until a “Rosetta Stone” can be discovered. This has made the data unavailable until a later 
date.  

A summary of the data sets is presented in Table 1 on the following pages. 
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Table 1. Overview of Available DOE Data.
Chemical Separations Process Monitoring Data Available at the DOE Sites 

 Savannah River Idaho National Laboratory Barnwell Reprocessing Plant 
Description The Savannah River Site was 

created in the early 1950s to 
produce plutonium and tritium for 
national defense. Two chemical 
separation facilities (canyons) 
produced approximately 36 metric 
tons or 40% of the U.S. plutonium 
supply from 1953 till 1988. The 
canyons have processed fuel from 
the six onsite reactors as well as 
national and international power 
and test reactors. 

The ICPP discontinued uranium 
recovery in 1996 after operating off 
and on for 43 years. For the last 16 of 
those years, the ICPP employed what 
was then, and still is, a state-of-the-
art process-monitoring system. Since 
1996, all existing process-monitoring 
data was stored in either paper files 
or on magnetic tapes. 

Some archived data tapes exist at 
Oak Ridge and offer the potential 
for recovery and use in the 
process-monitoring applications 
being discussed in this paper. The 
data is from the commissioning 
tests at the Barnwell Nuclear Fuel 
Plant. 

Operational 
History  

Both F- and H-Canyons initially 
operated using the Purex process on 
natural uranium fuels. In 1959 the 
H-Canyon process was modified 
(HM) to handle enriched uranium 
fuels. In 1963, the HM process was 
again modified to provide for the 
recovery of neptunium. Aluminum-
, zirconium-, stainless–steel- and 
alloy-clad fuels and legacy 
materials have been processed in 
either one or both of the Canyons 
during their operational lifetime. 

Completed in 1953, the ICPP 
processed several types of fuel: 
aluminum-clad fuel from the Material 
Test Reactor, unclad Experimental 
Breeder Reactor I (EBR-I) fuel, and 
Hanford neutron-producing fuel. The 
amount and type of fuels processed at 
the ICPP expanded throughout its 
operational history. During forty 
years of operation, the facility 
reprocessed fuel from nearly 100 test 
and research facilities around the 
world and ultimately recovered 
approximately 32 metric tons of 
uranium. 

The Barnwell facility was 
completed in 1978, but 
government policies prevented the 
plant from commencing 
commercial operations. 
Commissioning tests, in support of 
non-proliferation investigations 
continued from 1979 to 1983 using 
natural uranium. The IET facility 
was operated from 1983 to about 
1990 in support of advanced 
reprocessing equipment 
demonstrations and 
non-proliferation investigations. 

Instrumentation Various instrumentation has been The process-monitoring computer Both the Barnwell facility and the 
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Chemical Separations Process Monitoring Data Available at the DOE Sites 
 Savannah River Idaho National Laboratory Barnwell Reprocessing Plant 

used over the lifetime of the canyon 
facilities to maintain control of the 
process and ensure safe operations. 
Examples include nitric-acid-
concentration monitors, uranium 
calorimeters, neutron monitors, 
boron-concentration monitors, 
pressure transducers, specific-
gravity monitors, liquid level 
monitors, vacuum monitors, current 
and power monitors, cooling-water-
flow monitors, etc. However, 
operation of the canyon processes 
relied heavily on laboratory 
analyses for nuclear criticality 
safety and process quality. 

system (PMCS) was a set of 
programs used to store, analyze and 
graph process information and was 
installed on multiple VAX 11/780 
and MicroVAX II computers within 
buildings CPP-601 and CPP-6028. 
395 analog signals were gathered by 
scanivalve controllers and 4 analog 
multiplexers. 4 digital controllers 
gathered 484 on/off signals for 
pumps, jets, airlifts and samplers. 

IET had modern digital 
instrumentation and computerized 
data collection. Barnwell had an 
interface to the laboratory to 
include analytical information in 
the data collection. Data from the 
IET lacks analytical information 
but does include a number of 
binary signals to indicate 
activation of various transfer 
equipment. 

Data 
Accessibility 

Process data is available from 1953 
to present. The physical form and 
format of the data varies over the 
years as instrumentation was 
upgraded and computerization was 
implemented. Process information 
consists of process run logs, strip 
charts, sample cards and later 
electronic result reports for process 
samples. Product quality reports are 
also available. 

The raw data obtained from magnetic 
tapes contain over six gigabytes of 
information and spans from October 
of 1986 through April 1996. Over 
this 10 year period, data was recorded 
from many tanks, centrifuges, 
evaporators, valves, jets, and air lifts. 
Some of this data simply consisted of 
either a 1 or a 0, indicating whether a 
piece of equipment was or was not 
activated.  

A number of magnetic tapes were 
saved from the facilities, covering 
certain test periods. Categorization 
of the amounts and types of 
information remains to be 
accomplished. To date, one tape 
has been successfully read and 
digitized. It remains to interpret 
the data. Additional tapes will be 
read in the future. 

Metadata There is extensive metadata 
available for the entire history of 
the separation facilities at SRS. 

The metadata for the ICPP is 
extensive. Included in these data are 
isotope concentrations, isotope ratios, 

The only existing data is on the 
tapes. There is no additional 
metadata to be mined. 
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Chemical Separations Process Monitoring Data Available at the DOE Sites 
 Savannah River Idaho National Laboratory Barnwell Reprocessing Plant 

Material control and accountability 
(MC&A) records, process manuals, 
process procedures, photographs, 
fuel reports, calculations, monthly 
reports (1953-1980), engineering 
records, and event reports are a few 
examples of the types of 
information that can be accessed. 

chemical make-up of the fuel being 
reprocessed, shipper/receiver 
differences, campaign summaries, 
and product can outputs. The 
metadata are currently organized in 
PDF format by campaign, month, and 
batch number. 

Use of the Data Process control data was used by 
the facility operators to ensure 
product quality and nuclear safety. 
MC&A personnel used the data to 
account for the movement, storage 
and form of nuclear material. Site 
engineers and scientists used the 
information to monitor and make 
improvements to the process. 

The 4 minute intervals of the ICPP 
data make it the best data available 
for calibrating reprocessing codes 
and evaluating diversion-detection 
algorithms. Any large-scale effort 
requiring real data of significant 
fidelity can benefit from the use of 
this data as the base test set. 

The data was used for extensive 
data evaluation in non-
proliferation development 
programs. Extensive evaluation 
software was developed, and some 
of this software may also still exist 
as a basis to go forward. 

Data Quality Data quality is generally good to 
excellent. The electronic records 
from the process laboratory is 
easily available and of high quality. 
Earlier process run data is legible 
whether in hardcopy or electronic 
images. Strip charts are hardcopy 
only and would require skilled 
personnel for interpretation. 

Data quality is excellent. The 
available records are available for 
comparisons between the data and 
metadata. All electronic data has 
been recovered, with an active 
campaign to ensure that the data was 
recorded accurately. Additional strip-
chart data is available for 
corroboration. 

The single tape read to date was 
completely recovered. It remains 
to attempt to interpret the data as 
the format of the recovered data is 
simply ASCII. The data will have 
to be interpreted into proper 
floating-point numbers as well as 
other data forms. 
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Appendix A 

 
Idaho Chemical Processing Plant Data Recovery 

A-1.1 Process-monitoring system 

In order to decrease inadvertent transfers and operator error, and to test the utility of process 
monitoring for safeguards, the ICPP was retrofitted with monitoring instruments and a computer 
system. Information such as pressure, flow rate, and on/off status of valves and samplers was 
recorded. The instrumentation was updated as new technologies were developed throughout the 
next decade. By the end of the 1980s, this retrofit was capable of monitoring 1500 variables from 
125 different process vessels throughout the extraction process. A description of the PMCS and 
its accompanying instrumentation is discussed below. 

A-1.1.1 PMCS 

The PMCS was a set of programs used to store, analyze and graph process information and 
was installed on multiple VAX 11/780 and MicroVAX II computers within buildings CPP-601 
and CPP-602. Three hundred and ninety-five analog signals were gathered by scanivalve 
controllers and four analog multiplexers. Four digital controllers gathered 484 on/off signals for 
pumps, jets, airlifts, and samplers. All of this information was scanned once per minute and 
stored in an on-line database for one year and made available to operations, security and 
safeguards staff. After one year, data from every fourth minute was permanently stored on 
magnetic tapes. Further information concerning forms and procedures used can be found in “The 
User’s Guide to the PMCS,” Revision 3. 

A-1.1.2 Instrumentation 

A-1.1.2.1 Scanivalves 

Scanivalves are pneumatic devices that convert analog signals, such as pressure, into digital 
signals usable by the PMCS. Three 64-bit scanivalves were installed in the ICPP in 1982. With 
an accuracy of 1%, the scanivalves were the best technology of the time. However, they often 
encountered electrical noise problems and occasionally reported false, short-duration changes in 
their readings. Because of the nature of the nuclear material, the scanivalves had to be operated 
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remotely. This was accomplished by using AMDUX-12 recording devices, which also did on-
line pressure-correction computations. 

 

 

A-1.1.2.2 Precision Level/Density Scanner 

The precision level/density scanners (PLDSs) recorded accurate measurements of the 
solution densities and tank levels throughout the process. Four PLDSs were installed outside of 
E, G, J, and N Cells, and one inside of Z-Cell. Through scanivalves, the pneumatic pressures 
were multiplexed into two Digiquartz high-precision differential-pressure transducers. For a 
given tank, three dip tubes measured pressure at various points within the tank. (R) measured the 
reference pressure, (D) measured the pressure at a given depth within the tank, and (L) measured 
the pressure at a specific height above the bottom of the tank as is demonstrated in Figure A-1, 
below. These Digiquartz transducer output electrical signals, representing pressure differences 
(LR and DR) and temperature, were later interpreted by a computer11. 

 
Figure A-1 Crude diagram of the dip tube set-up within a tank. R measures reference vapor 
pressure, D measures pressure at one depth in the tank, L measures the pressure at a set height 
above the bottom of the tank, and H is a known distance between L and D. 

A-1.1.2.3 Liquid-in-Line Sensor 

The liquid-in-line sensors detected the presence of a fluid in air or instrument lines. They 
were placed in areas that would only contain liquid during emergencies, mechanical failures, or 
diversion attempts. Three different types of sensors were tested between 1980 and 1981. The 
ultrasonic sensor could detect the presence of liquid in pipes smaller than 1/2 in. thick. The 
thermal sensor checked for temperature changes that would occur as liquid flowed through the 
pipe. Finally, the vacuum sensor was an invasive way of testing, whether or not solution was 
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siphoned out. The ultrasonic and thermal sensors were non-intrusive, whereas the vacuum sensor 
was, by nature, intrusive. 

A-1.1.2.4 Pressure Switches 

Pressure switches monitored steam jets, sample air jets and remote-controlled valves. These 
were prone to provide false indications, however, when the control valves were leaking. 

A-1.1.2.5 Flow Monitors 

Process-liquid-flow monitors were used to track fluid moving throughout the process. They 
were non-intrusive and detected temperature changes by moving fluid through a heated, 
insulated section of pipe. Air-flow monitors were used to observe air sparge mixing, sampler air 
lifts and process air lifts where the flow rate exceeded 1.5 cfm. However, nothing suitable was 
found for monitoring sample air lifts because the flow rates were too low. 

A-1.1.2.6 Jet Temperature Detectors 

Stainless-steel clad, the jet temperature detectors helped to ensure that the jets started 
correctly. 

A-1.1.2.7 Pressure and Temperature Transducers 

Pressure and temperature transducers were installed to enhance the monitoring capabilities in 
the remote areas of the plant. 

A-1.2 Raw Data Available 

The raw data obtained from magnetic tapes contain over six gigabytes of information and 
span from October 1986 through April 1996. Over this 10 year period, data was recorded from 
many tanks, centrifuges, evaporators, valves, jets, and air lifts. Some of this data simply consists 
of either a 1 or a 0, indicating whether a piece of equipment was activated or not. The centrifuges 
only had speed indicators and dissolvers and only contained information for off-gas control 
signals or charge soot hydraulics.  

The most valuable process-monitoring data is associated with the accountability tanks, feed 
tanks, and sample pots, which consists of raw, measured data obtained from Digiquartz 
transducers. These transducers measure pressure and temperature differences in the tanks or pots. 
These LR and DR pressure differences are used to calculate density/specific gravity, volume, and 
level of material in the tank. 

Density is calculated by taking the difference between LR and DR and dividing that by the 
product of the acceleration due to gravity (g) and a known height (H) between dip tube D and dip 
tube L, as shown in the equation below. Volume and level are calculated with added constants 
and coefficients not described in detail here. 

gH
DRLR �

��  EQ. 1 
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The raw data is currently accessible in either Microsoft Excel or text format. The 
pressure-measurement error associated with the dip tubes is extremely small. With no noise, 
level calculations from pressure measurements reach less than 0.015%. 

A-1.3 Metadata Available 

The collected metadata were from campaigns 38 and 40, which covered September 1982 
through January 1983 and September 1985 through January 1986, respectively. Included in this 
data is isotope concentrations, isotope ratios, chemical make-up of the fuel being reprocessed, 
shipper/receiver differences, campaign summaries, and product can outputs. The metadata is 
currently organized in .pdf format by campaign, month, and batch number. 

Several different forms have been recovered. Many of the measurements in the metadata are 
in milligrams per gram of uranium or grams per liter of solution. However, the meanings of some 
of the acronyms and units are currently unknown. An attempt to describe the basic use of the 
forms and other necessary clarifications will be presented. The goal is to provide the interested 
researcher with enough information to deduce the meanings of those indicators that are not 
explained. 

A-1.3.1 Summaries of the SRD(NRC)-741s 

This form recorded who shipped the spent nuclear fuel, who received it, and when it was 
received by the ICPP. In order for the ICPP to receive spent nuclear fuel, the shipper was 
required to account for the amount of 235U and 238U fuel. Since this is a very difficult 
measurement to make, the best accuracy achievable was about 20%. These values declared by 
the shipper were recorded on the 741 and were legal until the product was dissolved and 
accounted for in the plant. Once the accounting analysis was completed, the new values became 
the official value for how much uranium was present in the fuel assemblies. 

A-1.3.2 Shipper/Receiver Differences 

Several different versions of this form exist in the data package, but all follow a similar 
format. This form verified that what the shipper sent to the ICPP was received. Usually, the type 
of fuel and the date that it was received were recorded in the first two columns, followed by the 
amounts of 238U and 235U claimed by the shipper and the amount measured by the ICPP. The first 
column of values (ELEMENT) is the amount of 238U in grams and ISOTOPE, the second column 
of values, is the amount of 235U in grams (see Figure A-2). The final columns noted the 
difference between the declared amounts and the measured amounts. They are generally within a 
few grams of each other. Some of the forms list the difference measurements by fuel element, by 
batches, or by fuel type. 
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Figure A-2. Example of a Sender/Receiver Form. ELEMENT is the amount of 238U in grams and 
ISOTOPE is the amount of 235U in grams. The differences between the ICPP measured values 
and the shippers values are in the final column, DIFFERENCE. 

A-1.3.3 PMCS Photographs 

Fifty-six photographs were taken in 1984 of the PMCS instrumentation in CPP-601. They 
show the pressure, temperature, and density analog recorders, valves, hallways, switches and 
pipes that were used during this time period. Photographs can be associated with individual cells 
and processes. See Figure A-3. 

 
Figure A-3. 1984 photograph of the PMCS equipment. Shown are the strip charts recording LR 
and DR measurements for G Cell. 
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A-1.3.4 Operational Reports 

A Hexone extraction system flush, a flush and sample of G-116, and a G-Cell vessel flush 
were recovered with the help of Phil Winston. These three operational reports explain clean-out 
operations which occurred in 1993 and 1994. They give detailed process information, such as 
how the fluid moved throughout the process, what valves were to be opened and in what 
sequence. This information can be used with the raw computer data to verify that the material 
was in the correct place at the correct time. Unfortunately, there is little information describing 
what type of material was in the tanks at that time. 

A-1.3.5 Strip Charts and Process Manuals 

Strip charts recorded analog readings of many tanks, valves, and other operating vessels. 
Charts relating to campaigns 38 and 40 are available in hard copy at the INL’s safeguards record 
storage facility.  

Several manuals and reports describing the ICPP and its operations in detail have also been 
found which, despite the fact that they will not be fully included in the data package, are useful 
in describing key areas of interest within the plant. Among these include the Precision 
Level/Density Scanner report, several annual reports, and fuel campaign reviews, a Failure Rate 
Database, the User’s Guide to the PMCS and manuals for plant operators.  


