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ACRONYMS

A/D Analog-to-digital

b Intercept, linear equation

CBFO DOE Carlsbad Field Office

CD Compliance Decision

CSv Comma Separated Value

CV Control Variable

DAS Data Acquisition System

DOE Department of Energy

HMI Human Machine Interface

Hp Horsepower

ID Identification

I/O Input or Output modules used in the DAS
m slope, linear equation

mA milliamp

msec milliseconds

M&TE Measurement and Test Equipment

NP Nuclear Waste Management Procedure
Pa Pascal

PID Proportional, Integral, Derivative

psig Pounds per square inch, gage

PSL Sandia’s Primary Standards Laboratory
PV Process Variable

QA Quality Assurance

RTU Remote Terminal Unit

SEDFlume II Sedimentary Erosion channel system, version II
SP Setpoint

TP Test Plan

WIPP Waste Isolation Pilot Plant

VAC Voltage Alternating Current

VDC Voltage Direct Current
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1.0 INTRODUCTION

1.1 BACKGROUND

The U.S. Department of Energy Carlsbad Field Office (DOE/CBFO) has directed Sandia
National Laboratories to develop an experimental program that will determine the critical shear
stress for the initiation of erosion of surrogate waste samples subjected to a hydrodynamic
stress. This testing assesses the critical shear stresses that might be experienced as the result of
a human intrusion scenario.

The following test parameters will be measured and or controlled by the SEDFlume II system:

e The flowrate of the water through the flume erosion channel. The flowrate when
combined with channel dimensions can be used to determine the shear stress applied to
the sample.

e The erosion rate of the specimen at its interface with the fluid in the channel by
correlating the sample travel over time at a given shear.

e Water conductivity and temperature which verifies the consistency of the fluid used to
apply the shear stress to the specimen.

e Specimens that have been developed under various compaction levels designed to
simulate the loads expected in the WIPP repository.

To achieve the test objectives, a SEDFlume II system was developed by the SNL WIPP
organization. The SEDFlume II system was also referred to as the vertical erosion flume, VEF
in TP 09-01, but throughout this report it will only be referred to as the SEDFlume II.  This
SEDFlume II system differs from previous generations of flume systems in that the SEDFlume
II channel was built so that testing could occur in either a vertical or horizontal orientation using
the same flume channel. The flow rate would also be controlled by the SEDFlume II data
acquisition system (DAS) using closed loop flow control. The advancement of the specimen
into the flow stream is accomplished using computer control and the precision displacement is
accurately measured by the DAS. By moving to a DAS system and computer interface, several
software applications were developed to perform these functions. Additional detail regarding
the test objectives and the SEDFlume II design requirements can be found in Test Plan TP 09-
01. The plan for validating the performance capabilities of the SEDFlume II DAS system is
contained in AP-148, Analysis Plan for Demonstration Test Process: WIPP Sixnet SixTRAK
Data Acquisition Systems.

1.2 TECHNICAL OBJECTIVE AND SCOPE

This data report documents the results of testing conducted per the steps identified in AP-148,
rev 0 and to describe the test procedures and equipment used in the performance of this analysis
plan. Furthermore, this report serves to qualify the DAS for acquiring data from the SEDFlume
IT system. The data acquired from SEDFlume II erodibility testing is used to derive parameter
estimates which can be used in WIPP compliance recertification analyses and thus the software
used to operate the DAS is considered to be Compliance Decision (CD) software. Qualification
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of all CD DAS software must meet the requirements of NP 19-1, Sofiware Requirements, unless
the DAS software is an integral part of an off-the-shelf system and not subsequently modified.
Under this exception, DAS software is qualified using the requirements of NP 20-1, Test Plans.
specifically states that the qualification requirements for off-the-shelf commercial software used
without modification are limited to documentation of the software name, version, and hardware
for which it is used.

This plan implements a series of test cases to evaluate the operation and performance of the
fully assembled SEDFlume II, including both the off-the-shelf software and hardware
components. By using this system configuration, an end-to-end assessment can be made
directly without relying on inferences drawn from tests conducted on individual components
and/or software packages.

Although five test cases were initially identified in AP-148, rev 0 and are listed below, during
the final implementation of the plan, Test Case #2 was not performed. AP-148 was written for
use in qualifying several DAS systems built using the SixTRAK hardware platform, but each
system is customized to accomplish only those functions necessary for the applicable test
system. For the SEDFlume II, none of the instrumentation required the use of Signal Value
conversion using the equation y = [(Max — Min) * (x / 32768)] identified in Test Case #2.

Initial five test cases are summarized as follows:

1. Evaluated the system’s ability to measure an analog input signal, convert the value to an
engineering unit using calibration coefficients, and display the feedback at the human
machine interface (HMI).

2. Evaluated the system’s ability to measure an analog input signal, convert the value to
engineering units using Min/Max ranges, and display the feedback at the HMI.

3. Evaluate the system’s ability to control/operate devices using an analog input signal as
the process variable and for adjusting the output used to drive the control variable. This
process is managed using a proportional, integral, derivative (PID) Loop control
function in the software.

4. Evaluated the system’s ability to let the user enter High and Low alarm limits that when
exceeded will notify the operator of an off-normal condition.

5. Evaluates the total system performance in an end-to-end demonstration of the
SEDFlume II by eroding a specimen with well understood erosion properties.

Test Case 1 focuses on the ability of the SEDFlume II to measure various types of raw data and
convert these raw data to engineering units using simple algorithms and user-supplied
coefficients. Test Case 3 demonstrates the ability of the SEDFlume II to perform PID control of
the flowrate parameters. Test Case 4 evaluates the HMI software by testing the SEDFlume II’s
ability to acknowledge user inputs correctly and display alarm limits based on the user input.
Finally, Test Case 5 evaluates the complete system under conditions that duplicate the testing of
a specimen using materials with well understood erosion properties.

During the performance of the test cases, relevant information including: a list of equipment
used, calibration status of instrumentation, operator name(s), date/time/conditions of the test and
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the data acquired during each test is recorded on the forms (see Appendix C). As appropriate,
hand calculations, unit conversions, and data manipulations were performed and the results
reviewed, checked, and documented on the standard forms included in Appendix C. This report
will receive technical, management, and QA reviews before it is submitted to the Sandia
Records Center.

1.3 REPORT ORGANIZATION

Including the introduction, this report is organized into 8 sections, three appendices, and two
attachments. The next section, Section 2.0, lists all of the documents that controlled the
performance testing activities including test plans (TPs), Nuclear Waste Management
Procedures (NPs), and the DAS analysis plan AP-148. Test dates/times, locations and
responsible test personnel are listed in Section 3.0. Section 4.0 describes utility software used
to evaluate data acquired during the testing and is followed by Section 5.0 which describes, in
general terms, the SEDFlume II DAS including software and hardware. Section 6.0 presents
the results of the four test cases conducted to assess DAS performance. Next a summary and
conclusions are presented in Section 7.0. The report concludes with a list of cited references in
Section 8.0, three appendices which contain the program listing, system addressing and test
results respectively and finally two attachments, one containing the as-built electrical and
mechanical drawings and one containing sketches of the frame and flume channel hardware.

2.0 CONTROLLING DOCUMENTS

Table 1 lists the documents that control the development and testing of the DAS. These
documents include: the test plan (TP) that defines the types of data to be acquired during the
waste erodibility experiments, applicable NPs, and the DAS analysis plan AP-148. The test
plan, Roberts and Herrick (2009) identifies the use of Section 2.0 of NP 19-1, Sofiware
Requirements, for the qualification of the DAS software and the exception in Section 1.0 which
allows for DAS software to be qualified using NP 20-1, Test Plans. In addition, because the
program only performs simple calculations that can be verified by hand calculations, NP 9-1
Analyses process was used to develop and document the plan for validating the functions of the
DAS software.

Table 1 Controlling Documents

Document Document Applicable Features
LD. Title
TP 09-01, Rev. 0 Waste Erodibility with | Details the test objectives, the parameters to

(July 7, 2009) be measured and the general configuration of

the test equipment/systems.

Vertical and
Horizontal Erosion
Flumes

NP 9-1, Rev. 8
(November 19, 2009)

Analyses

Provides requirement for documenting routine
hand calculations needed to verify simple data
manipulations, formulae, and unit conversions
performed by the DAS software
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NP 19-1, Rev 12 Software Describes requirements for qualifying off-the-
(June 21, 2006) Requirements shelf DAS software that is not subsequently
modified.
NP 20-1, Rev. 5 Test Plans Describes requirements for qualifying off-the-
(September 17, 2008) shelf DAS software that is not subsequently
modified.
AP-148, Revision 0 Analysis Plan for Provides the technical approach for testing the
(May 11, 2010) Demonstration Test performance of the Sixnet DAS and
Process: WIPP documenting the results from the testing.
SIXNET SixTRAK
Data Acquisition
Systems

3.0 TEST DATA, LOCATION, AND PERSONNEL

All performance tests were conducted on the SEDFlume II system and DAS installed in the Soil
and Sediment Laboratory, Room 804 of the Sandia National Laboratories, Carlsbad, NM
facilities. The tests were performed using the SEDFlume II system, instrumentation, hardware
and equipment that will comprise the final configuration of the system for the Waste Form
Erodibility experiments. The testing was completed on March 23, 2011. The Sandia National
Laboratories Carlsbad facility is located at 4100 National Parks Highway, Carlsbad, NM.

The testing was performed by Michael Schuhen (Sandia), Department 6712 and Jesse Roberts
(Sandia), Department 6122. Mr. Schuhen served as the DAS design engineer for the system and
the author of the analysis plan AP-148 under which the data was collected.

4.0 UTILITY SOFTWARE

During performance testing of the DAS software described in analysis plan AP-148, the only
software product utilized in addition to the Sixnet DAS software was Excel Version 2007.
Excel was running on a computer using Microsoft Windows XP, Service Pack 3 operating
system. The Excel software utilized basic cell math functions to calculate the expected results
and test personnel compared these results against the values displayed and recorded from the
HMI during the implementation of the software validation plan. Excel was also used to
document the test cases described in Section 6.0 (reference Appendix C).

Page 8.0f 19

|nformation Only



5.0 DATA ACQUISITION SYSTEM DESCRIPTION

5.1 HARDWARE DESCRIPTION

The SEDFlume 11 DAS was designed to control a flume channel in which specimens would be
gradually inserted through an opening in the channel, as a means of measuring the erosion rate
while the specimen is exposed to various shear stresses created by the re-circulating fluid. The
variables controlled by the SEDFlume II include the flow rate of the re-circulating fluid and the
amount and rate at which the specimen is advanced into the channel and exposed to the shearing
force. The system is based on a continuous flow design which develops and maintains a stable
flow of water that can be equated to a shear stress. The shear stress is determined by the fluid
flow rate and the dimensions of the rectangular channel (4.125” x 2.125”). The system is
monitored in real time by the data acquisition system to continually assess various test and
operational parameters. These parameters include system pressure, fluid temperature and fluid
conductivity.

The basic flume channel consists of a clear rectangular Lexan channel of approximately 95”
length. The inside dimensions of the channel are 4.125” x 2.125” and the specimen insertion
point is located approximately 83.5” downstream from the channel inlet. The flume channel
was designed and built by SNL staff from pre-cut Lexan sheets with %4 thickness. The details
and dimensions of the fabricated SEDFlume II channel can be seen in sheet 16 of SNL drawing
package DWG 09-01. The flume channel is mounted on a frame system developed from a
commercial product called 80/20 material. The designed frame is capable of orienting the flume
channel either horizontally or vertically depending on the requirements of the testing program.
The general frame layout and dimensions is included in the sketch of Attachment II of this
report.

All of the control panels, data acquisition system components, and most of the hardware
equipment are off-the-shelf items. The primary control panel houses the programmable logic
controller, data acquisition I/O, rail table motor control module, and the power supplies for the
instrumentation.  The data acquisition system is designed around a VT-IPM-241-D
programmable controller supplied by Sixnet Corporation based in Clifton Park, NY. Embedded
in the processor is a LINUX operating system running on a Motorola Power PC utilizing a 32-
bit data bus. This processor is supplied with 512K of retained static RAM memory and 16
megabytes of dynamic memory. The Sixnet VT-IPM-241-D can be programmed using any
LINUX-compatible programming software or the system can be programmed using an IEC
61131-qualified code similar to [SaGRAF. For this project, the ISaGRAF programming
software was used to develop an application that controls the flow controllers and scales the raw
analog signals for display on the HMI. A listing of the ISaGRAF program is contained in
Appendix A. The processor is interfaced via an Ethernet to a laptop computer.

For complete details on system layouts, components and electrical schematics for these controls
and instrumentation, refer to SNL Drawing package #DWG 09-01-1, sheets 1-16 contained in
Attachment I. These drawings represent the as-built configuration of the system during the
implementation of this analysis plan.

Pag
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5.2 SOFTWARE DESCRIPTION

The primary data acquisition computer system was developed to operate on an Intel Core i7
CPU running a Microsoft operating system. For this application, the computer uses Windows
XP (Service Pack 3) operating system. In addition, the software described in Table 2 must be
installed as part of the overall system. With the exception of the ISaGRAF and Wonderware
software, there are no configuration files or custom developed programs involved with these
software products. These software products are used to configure the system hardware and to
facilitate communication between the DAS hardware and computer. The user is required to
develop configurations using functions contained within the applications. These configuration
files are subsequently down loaded to the processor or automatically initiated at startup of the
computer.

The primary function of the SEDFlume II software is to acquire/measure the raw signal levels
from the instrumentation, convert these signals to an engineering unit, and store these data to a
file. This function is accomplished using a Sixnet DAS as detailed in SNL Drawing package
DWG 09-01, sheets 1-15, provided as Attachment 1. The Sixnet input/output (I/0) modules read
the voltage or current outputs from calibrated laboratory instrumentation. For voltage or current
input signals, the Sixnet I/O reads these values as digital bytes. The Sixnet hardware provides
16-bit resolution; therefore, the raw voltage or current signal from the instrumentation is
typically read as -32768 to +32768 bits. The DAS converts these raw signals to an engineering
unit using calibration coefficients entered via the HMI by the operator of the system. This HMI
software was developed using the Wonderware product series. This plan details the verification
of the HMI’s interface with the DAS, the accuracy of the DAS in measuring the instrumentation
signal levels, the accuracy of the equations used to convert these raw signal values to
engineering units, and the storage of these data to a comma separated value (CSV) file.

Both ISaGRAF and Wonderware provide the capability to develop unique applications using
their logic tools. For this system, a separate ISaGRAF program was developed (see Appendix
B). This program performs the math functions that convert raw data to engineering values and
it also controls the flow controllers using manual user inputs. The Wonderware HMI
application was developed to interface with the Sixnet DAS and provide a user-friendly HMI
from which the system operator can control and monitor the experiments.

Table 2 Software Utilized in SEDFlume Il DAS

Software Version Function Comment
Name
ISaGRAF 3.47 Program Sixnet ISaGRAF is an IEC61131 compliant off-the-shelf

and controls humidity and CO, concentrations

RTU (Processor) | programming package used to develop a program in the
RTU which converts the raw values to engineering units

Tool Kit higher Hardware that is used to configure the Sixnet hardware. This

addressing, etc.

Sixnet 110 34o0r Configure Sixnet | Sixnet I/O Tool Kit is an off-the-shelf software package

capability includes configuration of I/O channels, ports,

by Invensys higher Interface by the system operator to create a custom set of

Wonderware 95o0r Human Machine | Wonderware is an off-the-shelf software package used
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Systems Software operator-interface screens that allow the user to view
and input parameters to the program running in the

Sixnet RTU.
KepWare 4,100.239 OPC Data KepWare is device-driver software used during data
Exchange exchange between the Wonderware HMI software and

the Sixnet Universal Driver Resource (UDR) using OPC
client protocol.

6.0 RESULTS

6.1 TEST CASE RESULTS

The software validation plan was implemented as detailed in AP-148, with the exceptions as
noted. The results were collected and documented in Excel spreadsheets contained in Appendix
C. As demonstrated in the spreadsheets, four test cases were successfully implemented and the
readings were within the tolerances established in Analysis Plan AP-148. It should be stated
that a deviation from AP-148 occurred in that Test Case #2 was not implemented as part of this
validation process. AP-148 was written for use in qualifying several DAS systems built using
the SixTRAK hardware platform, but each system is customized to accomplish only those
functions necessary for the applicable test system. For the SEDFlume II, none of the
instrumentation required the use of Signal Value conversion using the equation y = [(Max —
Min) * (x / 32768)] identified in Test Case #2 therefore this test case does not apply to the
SEDFlume II system.

6.1.1 Test Case 1

Michael Schuhen performed Test Case #1 starting on 03/22/2011. This test case evaluated the
conversion of the analog data channels raw outputs to engineering units using the equation y =
mx + b. The coefficients (m & b) were either derived from the calibration results or the
manufacturer’s recommended values. The Excel spreadsheet is the tool used to independently
verify the calculation performed by the SEDFlume II DAS. The formula in the excel
spreadsheet was verified by the technical reviewer as a routine calculation in AP-138 report,
issued in April 2008. The results from this test case indicate the error between the calculated
values and the values displayed on the HMI were distributed within £0.044 %. The acceptance
criterion for the test case was £0.5%. This test case was successfully implemented and it meets
the acceptance criterion.

6.1.2 Test Case 3

Test case #3 was implemented by Michael Schuhen on 3/22/2011. For the SEDFlume II
system, fluid flow rate is the single parameter controlled by the DAS using the PID
functionality in the software. The DAS controls the pump motor speed by supplying a 4-20 ma
signal to a variable frequency drive which in turn controls the pump motor speed. The flow rate
measured by the Endress Hauser flow meter is used as the process variable in the PID loop.
The test case was implemented as written and all functions in the PID loop performed correctly.
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6.1.3 Test Case 4

Michael Schuhen performed Test Case #4 on 3/23/2011. This test case was developed and
implemented as a verification of the system alarms that would be displayed on the HMI. The
alarm notifications perform an important function as part of the HMI software. With proper
alarm notification, an operator is provided an early warning when conditions exceed normal
operating parameters. This warning gives operators the ability to mitigate the condition before
it impacts the test or equipment. At this time, only a high pressure alarm condition (> 4 psig) is
programmed to shutdown the pump. This safety was required to prevent over pressurization of
the SEDFlume II channel. The rest of the alarms provide operator notification, which the
operator will then determine if the test should be stopped. In performance of this test, the
operator entered either a High and Low alarm set-point for each channel of data. Then a signal
was applied to the applicable channel which caused the input value to exceed the high or low
alarm limit entered by the operator. Visual observation of the HMI alarm screen was performed
to verify the correct alarm was displayed as the signal was adjusted. This observation was
annotated on the spreadsheet with an ‘OK’ entry. All alarms were successfully tested/displayed
at the HML.

6.1.4 Test Case 5

Michael Schuhen and Jesse Roberts performed Test Case #5 on 03/13/2011. This test case was
implemented to evaluate the operation of the SEDFlume II system with a specimen that has
known erosion properties. Also during the testing of the specimen, the DAS was setup to log
the data to memory. A specimen was prepared on site using #4 sand placed inside a 3.124 inch
LD. cylinder of approximately 12” length. The specimen cylinder was inserted into the sample
holder on the flume channel and using the rail table motor system the specimen was advanced
into the flow stream of the channel. This process was repeated at multiple flow rates (i.e. shear
stresses). It was noted that the #4 sand specimen had minimal erosion at shear stresses below
0.35 Pa and that by 0.5 Pa the specimen had consistent erosion occurring. As expected, with
increased shear stresses above 0.5 Pa, erosion was near instantaneous.

To document the test case the data was extracted from the data file contained in the Sixnet data
logging utility. This data is stored in a *.CSV file format and was imported into an Excel
spreadsheet for presentation in this report. In reviewing the printout of the data in Appendix C,
the system was able to log the data successfully in each test run. The resulting data displayed in
the spreadsheet indicates no changes or impacts to the data. This test case was successfully
implemented with no identified impacts to system performance.

7.0 SUMMARY AND CONCLUSIONS

This report documents the results of performance testing described in analysis plan AP-148
conducted to evaluate the capabilities of the DAS (hardware and software) to acquire high-
quality data from the SEDFlume II system. As described in the analysis plan, five test cases
were identified, of which only test cases 1, 3, 4 and 5 were implemented. Test Case 2 was not
implemented as this equation is not utilized by the SEDFlume II software. The test cases
performed were designed to assess the DAS’ ability to: log analog signals and convert these
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signals to engineering units, display and store acquired data through a HMI, and display these
ranges through the HMI, interpret High and Low alarm limits for control and process variables,
and demonstrate the data could be logged reliably. The performance testing concluded with
testing of a sand sample with an established erosion rate.

All test cases were successfully completed as planned or with exceptions as noted. Data from
the test cases were evaluated against prescribed acceptance criteria. For some test cases, the
acceptance criteria were expressed in terms of quantified tolerances. For example, logged
converted and displayed data from analog modules needed to be within +0.5% of reading. For
other test cases, the acceptance criteria were simply observations that an event occurred as
planned, e.g., an alarm was observed when an alarm limit was exceeded. Using the data
acquired during the performance testing, all established acceptance criteria were achieved.
Based on the analysis plan requirements and the documentation of test results provided in this
report, the Sixnet DAS (hardware and software), as currently configured, meets prescribed
acceptance criteria and is qualified for use in WIPP experiments that measure the erosion of
surrogate waste samples as detailed in TP 09-01
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APPENDIX A

ISaGRAF Program Listing
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SIXNET ISaGRAF - SOIL_LAB

5/6/2011

6/6/2011

CJ international

SIXNET ISaGRAF - SOIL_LAB

5/5/2011
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Scaling: Source code

These function blocks are used to scale the
raw Sixnet value into an engineering
feedback value using User Supplied Slope
and Intercept coefficients.
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Scaling: Source code

Press_LoAlm_Stpt

p1<<

¢
IN2 Qf

—
pa—

Real /
aiTemp—inN IN1 *
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Slope_Temp———
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>
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VFD PID: Source code

Program Contains the Logic to Control the Pumps
using a PID Loop in either automatic or manuat mode.
The PID loop can use either Flowrate or Well Level
as the process variable and valve position or pump
speed as the control variable.

The assignment of the VFD_PID_PV
(process variable) & VFD_PID_CV
(control variable) are set from program
block called Move CMD.

VFD_PID_Auto sxpid1r
{ } uto
VFD_PID_PV lpv
VFD_PIDAuto_Stpt etpo
VFD_PID_PGain Pgain
VFD_P'D___'Ga"‘I Igain
VFD_PID_DGain iDgain
Ana VFD_PID_LoopTime ime
VFD_PID_Mode—in de
VFD_PIDMan_Stpt anua
VFD_PID_Bias ibias

PID_Internal_DB
VFD_PIiD_MaxChg
VFD_PID_MaxLmt

eadb

max_c

VFD_PID_MinLmt

iax_o

min_o pid ¢——VFD_PID_CV
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PmpCntrl: Source code

This Program Block contains the logic to perform the Start / Stop function
for the pump motor.

doPmpStartCmd
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Pump_Running
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