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1.0 EXECUTIVE SUMMARY

1.1 TANK 18 AND TANK 19 WALL SAMPLING

Wall samples were successfully machined from Tanks 18 and 19 in FTF (F-Area Tank
Farm), Savannah River Site (SRS). Samples were required to establish the residual activity
(uCuries) prior to permanent closure of these two 85 feet diameter, 1.3 million gallon, steel
wall, radioactive waste storage tanks. To collect samples, an improved Oak Ridge and West
Valley design was used, which was attached to a complex robotic arm assembly. Based on
their work, SRS developed a simplified and improved design. A significant cost savings was
realized by SRS from the novel design changes, provided through a joint effort between
SRNL and SRR.

1.1.1 SRNL Sampler Fabrication and Evaluation

Savannah River National Laboratory (SRNL) was contracted by Savannah River
Remediation (SRR) to fabricate and test a sampling device to obtain the wall samples. A
sampling device was adapted for SRS use, which was previously designed by Oak Ridge
National Laboratory (ORNL) and used on concrete tanks. That sampler design was modified
for use at West Valley to sample steel walled tanks. To perform Tank 18 and Tank 19
sampling, the West Valley design was further modified by SRNL.

SRNL provided the initial design concept for the sampling process, and a joint effort between
SRR and SRNL resulted in the invention of the final sampler and mast assembly. SRNL
modified the ORNL sampler design to ensure success in SRS waste tanks, and then tested the
sampler and evaluated performance. Modifications included an innovative identification and
correction of equipment resonance problems, which would have caused failure of the sampler
in SRS tanks.

1.1.2 SRR Mast Assembly and Tank Sampling

SRR Site Construction services designed the mast assembly to mount the sampler, and then
built, tested, and installed the mast and sampler assembly in the waste tanks. One of two
fabricated samplers was attached to a cantilevered arm controlled by a cable and winch,
which lowered a hinged arm from a vertical mast to drill wall samples. After testing the
sampler at EDL (Engineering Development Laboratory), the sampler was attached to the
mast assembly by SRR. The fully assembled sampler and mast assembly were then installed
by crane and tested at the non-radioactive Full Tank Facility in T-Area, which is an 85 feet
diameter tank with overhead structural steel platforms. Once testing was complete in the Full
Tank, the sampler and mast assembly were transported to FTF, and samples were taken from
the Tank 18 and Tank 19 walls at two different elevation ranges in each tank. In tank 18,
waste was observed on the walls, while waste was not observed on the Tank 19 wall. EDL
provided technical support throughout SRR activities.
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1.1.3 Project Objectives

This report provides a description of sampler fabrication, testing, and evaluation as well as a
description of sampling in Tanks 18 and 19. The primary outputs of this report are
determinations of sampler collection efficiencies and estimates of the surface areas of the
samples taken in Tanks 18 and 19. Collection efficiencies were determined for steel and salt
coated samples, but efficiencies were not determined for rust only, thin salt layers, or waste.
Surface areas were conservatively estimated to be less than the actual surface areas, where
the actual surface area of collected material may exceed the calculated surface area by as
much as 75% or more. Surface areas were estimated to determine the activity (uCuries) per
unit area for the sample areas only. Additional analysis will be provided by SRNL to quantify
the total activity and radionuclides in the collected samples, which were transported to
SRNL. Those test results will be identified in a separate report.

2.0 INTRODUCTION

2.1 TEST REQUIREMENTS

The primary purpose of sampling was to provide data to SRR to evaluate existing
calculations with respect to contamination levels in the waste tanks. Wall samples were
required from two, FTF, Type IV tanks to evaluate potential contamination contained in the
corrosion layer on the waste tank wall surfaces. The Type IV waste tanks have a single, 3/8
inch thick, 85 foot diameter, steel wall construction, as shown in Figure 1. The steel walls are
encased by a concrete wall, and the walls are below ground level.

As specified by SRR (Ref. [1]), samples were obtained for at least two different locations at
each of two different elevation ranges in each tank to provide representative samples for
analysis. At least two samples were required at a time in a common sampler head, which
contains samples for transport to SRNL for analysis. Five sampler heads were actually
required for sample collection in Tanks 18 and 19. Sample location requirements are
summarized in Figure 1. The five samples for activity analysis are referred to in this report
as: Tank 18 scale sample, Tank 18 upper sample, Tank 18 lower sample, Tank 19 upper
sample, and Tank 19 lower sample. The latter four samples collected material from the
corrosion layer, while the scale sample collected waste from the wall.
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Figure 1: Construction and Elevation View of Mast Installation in Tanks 18 and 19

2.2 SAMPLER DESCRIPTION

Fabrication of two identically designed wall samplers and a performance evaluation were
required from SRNL (Savannah River National Laboratory) for FTF Engineering (Thaxton,
D. [1]), SRR (Savannah River Remediation, LLC). In addition, technical support for full
scale testing in T-Area and sampling activities in Tank 18 and Tank 19. A sampler is shown
in Figure 2; the sampler mast assembly is shown in Figure 3; and the FTF Tanks 18 and 19
are shown in Figure 4.

Although the fabrication and installation of the mast were the responsibility of FTF
Engineering and SRR Construction, the mast installation is discussed in this report to
summarize SRR project results, as well as SRNL research. In short, the sampler machined
small samples from the tank walls, and the mast positioned the sampler into the waste tanks
to machine these wall samples to establish the activity of waste tank wall surfaces.

-10 -
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Much of the testing was performed using the same sampler that was installed in the waste
tanks to collect samples. The other sampler was used to complete EDL testing in parallel
with SRR installation and testing.

Electromagnets
Vacuum pump
Sampler head
Drill motor

Figure 2: SRNL Sampler Assembly (unmodified)

-11 -
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Figure 3: Elevation View of Mast Installation in Tanks 18 and 19
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Figure 4: Tanks 18 and 19

2.3 SAMPLE REQUIREMENTS

The sampler and the mast were used to collect samples from the tank walls at two different
elevations in each tank. Numerous references document the requirements and work
performance (Leishear, R., Fowley, M. France, T., and Jackson, M. [2 - 10]). At each
elevation, the sampler was designed to drill shallow holes (0.500” diameter by 0.060
maximum depth) in the walls of the 1.3 million gallon, nuclear waste storage tanks to obtain
samples of the waste on the wall, the corrosion layer on the wall, and the base metal below
the corrosion. Samples areas were selected to ensure that the samples provide representative
corrosion for tank surfaces above and below typical waste levels in the tank during waste
storage. One set of samples was collected above typical waste levels in the tanks where more
corrosion was expected (Wiersma, B. [11 - 12]), and the other set of samples was collected
below typical waste levels in the tanks where less corrosion was expected. Success was
achieved when: 1) the sampler machined down to exposed shiny steel surfaces, 2) materials
were collected from the surfaces; 3) and sample surface areas were determined.

2.4 WASTE TANK SURFACES

Sampling was performed which collected both corrosion and waste from the tank walls.
Corrosion and waste accumulation on the walls of Tank 18 and 19 are shown in Figure 5,
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Figure 6, and Figure 7. Note that salt accumulation in Tank 19 appears to be negligible, while
waste may be as thick as 3/8 inch, or more, in some areas of Tank 18. The exact thickness of
waste was difficult to distinguish, but the shadows from the nuts on the 5/8 “ diameter bolts
on the wall stiffener were compared to the shadows of the waste to provide a crude
approximation of the waste thickness. Thick waste on the walls prevented the sampler
electromagnets from holding the sampler to the wall for collecting a corrosion sample of the
wall surface. To collect steel corrosion samples, the sampler was positioned to ensure that
samples were collected in locations where waste deposits were thin on the wall surfaces,
since a primary goal of sampling was to discern the activity contained in the tank wall
corrosion layer. To collect a scale sample, the sampler was located on the thicker waste
deposits on the wall, and samples were collected from the wall without drilling into the steel
surface.

Transfer pump

Zoom of tank wall

Figure S: Tank 18 Wall and Tank Bottom
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Figure 6: Tank 18 Wall Details
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Figure 7: Tank 19 Wall and Tank Bottom

2.5 ANALYSIS

Activity analysis was the reason for obtaining the tank wall samples discussed in this report,
where the micro-Curie content will be measured for the samples, and radionuclides will be
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identified in a separate report. To better handle the wall samples, a removable sampler head
was part of the sampler (Figure 8). Once the wall samples were collected in this head, the
radioactive samples were transported to SRNL for analysis. Along with the surface areas
associated with the samples, those test results will be provided to SRR engineering to further
evaluate residual nuclear waste activity on the tank walls in Tank 18 and Tank 19.
Consequently, this report is confined to a discussion of the fabrication and testing of the
sampler at SRNL as well as the collection of samples from the waste tanks.

In particular, the sampler collection efficiency and the estimated surface area for each sample
were required. What percentage of material drilled from samples was collected by the
sampler in laboratory conditions? What was the surface area for waste tank samples
transported to SRNL for analysis?

Disassembled sampler head

As delivered sampler head

Tank 18
Figure 8: Sampler Head Delivered from FTF to SRNL

3.0 SRNL SAMPLER DESIGN AND OPERATION

3.1 SRNL EQUIPMENT DESCRIPTION
The SRNL equipment required for testing consisted of samplers, removable sampler heads

for the samplers, a wall plate installed in EDL to mimic the tank walls, and sample coupons
used to validate sampler operation. The equipment setup is shown in Figure 9. Two samplers
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were fabricated: one to complete testing at EDL, and one for use by FTF after extensive
testing of the sampler to validate operation. Attached to each sampler was a removable
sampler head, which contained a drill bit to obtain the samples and a filter to collect
machined particles as they are vacuumed from the wall surface. These heads were self
contained units, designed to be removed and transported to SRNL for processing after tank
samples were obtained. The wall plate was a 4 feet by 3 feet curved plate installed at EDL,
and the sample coupons were 1 inch by 1 inch by 3/8 inch thick steel plates, which were
bolted to the wall plate for machining by the sampler. The sampler was attached to the wall
plate by electromagnets while samples were drilled from the plate. The mast assembly was
not installed at EDL.
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Curved steel test plate

1" % 1" Sample coupon

Figure 9: EDL Test Setup and Sampler Components
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3.1.1 SRNL Sampler Assembly

The sampler was originally designed by Oak Ridge National Laboratory (ORNL),
subsequently modified by West Valley (Thomas, T., and Drake, J. [13 - 14]), and modified
again by SRNL. The ORNL design is also discussed in detail in Appendix A (Killough, S.).
Although referred to here as a sampler, the equipment is also referred to as a burnishing tool
or an end effector, which is the action component deployed by a robotic arm. The sampler
was successfully used at Hanford to obtain samples from a concrete walled tank and then
modified at West Valley to obtain samples from a steel walled tank. The SRNL
modifications included changes in the controls, the mounting plate, springs, filter selection,
and added electromagnets.

The main components of the sampler are the drill motor, the linear motor (drive motor), the
vacuum pump, sampler head, and controls, as shown in Figure 10 and Figure 11. Material is
machined from the wall, and passes through the sampler head where it is collected on the
sampler filter. The work instruction for operating the sampler at EDL is provided in
Appendix G. A discussion of the sampler components and controls provided later in this
report clarifies sampler operation.

il

Wt L1 |

Figure 10: Sampler Assembly Installed for Testing (modified)
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\
N

i

Figure 11: Sampler Assembly with Sampler Head Removed, Front View

3.1.1.1 Final Sampler Design

The final sampler design is shown in Figure 12 through Figure 15. Not only were the controls
redesigned, but springs were changed to compensate a resonance problem, which is discussed

in Section 5.2 of this report. The equipment was air operated, and supply pressures were
altered after testing began.
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Figure 13: Sampler Assembly with Sampler Head Installed
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Figure 14: Delivered Sampler Assembly
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Figure 15: Delivered Sampler Assembly Without Sampler Head
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3.1.1.2 Electromagnets and Springs

Two, 1500 pound force, electromagnets held the sampler to the wall when energized. For
design, the magnets were first derated to 750 pounds each, since they were rated for a one
inch thick plate. The actual tank wall was only 3/8 inch thick, which lowered the magnetic
force. They were again derated for a potential 0.030 inch gap. Per the manufacturer, a 0.030
inch air gap causes a 90 % reduction in force, which yielded a 75 pound force for each
magnet for a 0.030” air gap. Although electromagnetic properties of waste are unknown, this
distance provides an approximation of the working distance from the wall at which the
electromagnets are expected to operate. The springs on the sampler each provided a
counteractive maximum force of 37 pounds when fully extended during sampler operation.
Consequently, for waste thicknesses over approximately 1/32°, the electromagnets were not
expected to effectively hold the sampler to the waste tank wall.

The electromagnets caused other effects that were observed during testing. The
electromagnets caused some residual magnetism in the wall plate which deteriorated slowly,
but the magnets could be tilted slightly to break the small residual magnetic field. Also, the
collected metal chips in the sampler head were all magnetized, which caused collected steel
samples to cling together as a single mat of fibers attached to the sampler filter (Figure 22).

3.1.1.3 Operating Parameters

The EDL sampler operating parameters (Figure 16) for the air driven components (vacuum,
drill motor, and linear motor) were initially chosen to simulate operating conditions expected
at the tanks, which were based on the available air supply and the requirements of the
components. However, testing at T-Area yielded different parameters, since the final SRR
design of the mast assembly had higher tubing pressure drops than anticipated, and the SRNL
design was already complete. To minimize costs, the SRNL operating pressures were
changed to equal the operating pressures and drill speeds of the final SRR design. In short,
EDL operating pressures were selected to provide comparable flow rates and drill speeds to
those measured in T-Area on a fully assembled mast and sampler assembly with installed
controls, hoses, and tubing.
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Linear motor confrol Drill motor control Vacimmun Eductor control

T,

Figure 16: EDL Sampler Controls

The initial settings at EDL were 80 psig (15.2 scfm) for the vacuum supply, 90 psig (22.0
scfm) for the drill motor supply, and 40 psig (1.3 scfm) for the linear motor supply, which
was controlled by a pressure regulator. These flow rates initially optimized sampler drilling
and collection performance.

When the sampler system pressures and flow rates were changed, some parallel testing was
already completed at EDL. Consequently, tests performed at earlier flow rates were
performed again. Some of the data for sampling steel coupons is recorded in this report for
both before and after flow rates were changed. In other words, some tests were re-performed
as required to ensure that test results were consistent with FTF sampler operations. The
details ensuring that test pressure and flows were conservative with respect to expected waste
tank flows and pressures follow in the next paragraph.

Comparable supply pressures were 100 psig at T-Area, EDL, and FTF. Final flow rates were
measured during full scale testing where supply pressures were 100 psig, and EDL operating
conditions were set accordingly.
e The drill speed was 450 rpm and air flow was set to obtain this speed at EDL.
e The T-Area vacuum flow rate varied between 9.7 to 11.2 scfm, and the EDL vacuum
flow rate was set slightly below this range to provide conservative test results. The
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reference vacuum flow rate was measured on a rotameter operating at 100 psig on the
full scale equipment, with rotameter readings of 3.5 — 4.0 cfm. Consequently, the
minimum vacuum scfm was found to equal 3.5 scfm / 0.358 = 9.7 scfm, where 0.358
is a conversion factor to change pressurized flow rates to flow rates in terms of
standard atmospheric conditions (see Appendix F).

e The linear motor operating pressure was set to 70 psig, which was the operating
pressure of the full scale sampler assembly. Comparable conversions were applied to
find scfm requirements for required flows used for rotameters in EDL, and the lab
notebooks record operating pressures and flows for all tests.

e To ensure conservative test results, the final EDL settings were 100 psig (24.4 scfm)
for the drill motor supply, 50 psig (9.4 scfm) for the vacuum supply, and 70 psig (2.1
scfim) for the linear motor supply. These final test pressures were used to obtain the
test results reported in the conclusions of this report.

3.1.1.4 Drill Motor

The drill motor was a non-lubricated, air operated motor. The drill was operated at
approximately 450 rpm, which was in the typical speed range required to drill steel.
Lubricating the motor temporarily increased the speed by about 100 rpm when occasional
lubrication was required. Since multiple holes were drilled with some of the sampler heads at
EDL, lubrication was required. An original design assumption was that lubrication would not
be required, since few holes were planned. Although the introduction of oil into waste tanks
is prohibited, FTF determined that minimal oil lubrication was not a concern for these tanks
undergoing closure. Only a few drops of oil were added, and most of this oil discharged
through the vacuum eductor before the sampler was operated in the tanks.

3.1.1.5 Drill Bit Design

The drill bit design was the same as the original ORNL design, and the drill depth at the tip
was 0.060 inches to provide at least 0.030 inches of sample depth at the drill perimeter for
most testing and sampling. Deeper 0.125 inch holes were used for only one sampler head.
Primary requirements for drilling were:
¢ A minimum depth is drilled into the tank wall to ensure that damage does not affect
structural integrity of the wall.
e Drilling is performed without lubrication to prevent mixing of oil with nuclear waste,
which could potentially generate mixed waste.

The drill bits were modified, 1/2 inch diameter, HSS (high speed steel) end mills, which were
tapered 0.025 inches from the center to the outer radius of the bits, resulting in a slightly
conical tip with a drill point angle of 169° (Figure 17). The recommended drill point angle for
drilling steel is 118°. Using a sharper drill point angle results in a deeper hole, and
minimizing the depth of the hole was a requirement for sampling the tank wall. Initially,
ORNL used a flat tip end mill to minimize the depth of cut into the tank wall, but chattering
of the end mill prohibited drilling the concrete wall. Modifying the end mill permitted
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effective drilling. West Valley also experienced chattering on the steel walled waste tanks
and difficulty with drilling. To improve drill performance they increased the drill speed,
changed the spring, and increased the drill point angle, but those drill point and speed
changes were not included in the SRS (Savannah River Site) design. West Valley also found
that the tank walls had to be cleaned additionally to remove waste before samples could be
collected. Other improvements to the drill bit design were also possible and were related to
the relief and rake angles of the bit, and the angle of the bit with respect to the wall.
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Figure 17: Drill Bit Terminology
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The relief angle is the angle of cutting edge with respect to the surface, and this angle directly
affected drill bit chattering. EDL testing showed that as the relief angle between the surface
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and the bit decreased, drilling performance improved as the size and length of the chips
increased. This observation agrees with machine tool literature, and can be explained in
terms of vibration and drill bit surface area.

Refer to Figure 17 to see the relief angle surface. As more relief surface area is pressed
against the wall material, more force is applied to the drill bit. When either a rusted or
painted surface is drilled, the relief surface presses into the softer material. Accordingly,
more force is impressed on the drill bit. more force is impressed on the drill bit. When the
relief angle is increased, less surface area is exposed to the rust, and forces are decreased,
which may seem counter intuitive since increasing the relief angle actually sharpens the
cutting edge. However, the contact area between the drill and surface is the dominating effect
for chattering. Also, chatter decreases as the material hardness increases, and the contact area
between the drill and wall surface decreases.

For this design, chattering occurred when rusted surfaces were drilled. Since the magnitude
of vibration due to chattering is related to the forces on the relief surface, vibration increased
as the relief angle decreased. Then the vibration increased, the drill bit spent less time in
contact with the surface, and drill bit life decreased.

The rake angle is the angle machined in the two drill flutes, which is typically 90° to the
surface. The rake angle is different than the helix angle, and is machined into the helix
surface near the drill point. Again, see Figure 17. Material is cut by the chisel edge between
the relief and rake surfaces. Theoretically, a decrease in the rake angle to the surface
increases material removal as the sharper rake angle cuts a deeper groove in the base
material. This effect was not investigated.

The angle of the drill bit centerline to the surface also affected drilling. When the drill was
perpendicular to the surface, an angle of 5.5° existed between the conical bit surface and the
wall. When the drill bit was slightly tilted, the angle between the bit and the surface
decreased on one side of the drill, and drilling performance decreased as indicated by smaller
chip sizes. Sampler assembly was controlled to ensure that the bit was perpendicular, and
each sampler head was tested at EDL where the depth of a single drilled hole was measured
around its circumference to ensure that the drill was normal to the surface and performed
properly before shipping to FTF. In full scale testing in T-Area, the mast position was
intentionally changed to cause one magnet to touch the wall, while the other magnet was 1/ 8
inch from the wall. When this action was taken, drill chips were compared to chips obtained
with a properly aligned drill bit, and the chips were noticeably smaller indicating decreased
performance. Therefore, camera inspections at the waste tanks ensured that the sampler was
properly aligned to the wall before electromagnets were energized. Once the electromagnets
were turned on, the force on the drill bit was controlled by the linear motor and the springs.

3.1.1.6 Linear Drive Motor and Spring Control

The linear drive motor is also a non-lubricated, air operated motor. It actuated an ACME
screw to slowly advance the sampler head toward the wall in about 30 seconds. The total
time to drill a hole in the EDL test plate typically varied from 2 — 3 minutes. Four minutes
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was the total operating time recommended to SRR for waste tank sampling, since sampler
drilling progress cannot be directly monitored or observed.

The spring force applied to the drill directly affected the size of the chips. The control system
forced the drill bit against the wall, and then fully extended the springs, so that the springs
exerted the only forces on the drill bit tip. Increasing the force increased the size of the
drilled chips. Depending on the spring force, a range of chip sizes was obtained that varied
between small particles to long curls, similar to the effect of changing the relief angle on the
drill bit.

3.1.1.7 Vacuum Eductor

The vacuum eductor had an adjustable air flow and vacuum pressure to pull air through the
sampler head from the drill bit. The vacuum eductor acted as an air pump, as shown in Figure
18. A vacuum is produced in the entrainment section of the eductor, which draws air from the
suction. Then the air exits the eductor discharge. The flow rate at EDL was adjusted to obtain
a maximum suction, and the adjustment nut was then glued in place to prevent accidental
maladjustments of the vacuum.

Tnlet \__\//// Outlet
Ve

Supply —pee Entrainment —= Discharge tc
pressure Dnffisser attnosphere

}

Suction

Figure 18: Typical Eductor Design

Testing at EDL showed that the vacuum collected all material that was drilled. To verify
vacuum performance, the sampler was attached to the wall test plate, and a white tape was
stretched between the bottom of the electromagnets to capture any falling particles. The tape
was replaced between several tests, and typically no particles were captured. In one set of
tests a few minute particles were captured as shown in Figure 19 and Figure 20, but these
particles were considered to have negligible effects on testing. Also, during salt testing,
material surrounding the drill site was observed to break loose from the wall and be pulled
into the sampler head. In other words, not only did the sampler collect all of the material
within the sample area, but there was potential to collect material outside of the sample area.
Consequently, SRNL recommended to SRR that the vacuum be turned off immediately after
drilling was complete, and before the sampler was retracted from the wall.
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Figure 20: Chips from Drill Bit Following Drilling of Three Holes

3.1.1.8 Sampler Heads

Nine sampler heads were manufactured at SRNL for testing and sampling. They were
identified and stamped as TK 18-1, TK 18-2, TK 19-1, TK 19-2, and SP1 through SP5. Each
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sampler head consisted of a small aluminum block containing a drill bit in the upper portion
and a filter in the lower portion (Figure 21). Figure 22 through Figure 25 show the basic
construction of a sampler head.

Prior to shipping to SRR, all fabricated sampler heads and drill bits were tested, including
verification of drilled hole depths which were typically 0.060”+ 0.005”. The minimum hole
depth was then 0.055”, which ensured that at the minimum depth requirements were met.
That 0.050” requirement equaled 0.025” for the drill angle plus 0.030” inches to ensure an
adequate depth for the drill sample through the waste and corrosion layers.

Although most testing and sampling was performed for 0.060” holes, the depth was
increased. For the last sample at Tank 18, a 0.125” drill bit depth setting was used. Since the
electromagnets were releasing from the tank wall during testing in T-Area, an increased
drilling depth was added to the design to aid in drilling. The primary problem with drilling
during test was found to be associated with resonance, and changing the drill bit length added
little improvement to the design.

The drill bit was driven by a multi-jaw coupling connected to the drill motor, which rotated
in a bronze, oil impregnated thrust bushing. The tip of the drill bit protrudes from the front
of the head but was surrounded by an aluminum, spring-actuated collar, or shroud, which
permits air flow through the sampler and prevents loss of material at the drill bit. The air flow
through the sampler head passed though the openings (four equally spaced holes) in the drill
bit collar. The flutes of the drill bit directed the shavings and debris removed from the wall
surface into the drill cavity and then into the filter cavity, where the material was captured by

the filter.
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Figure 21: Flow Path Through the Sampler Head
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Figure 23: Sampler Head and Filter Housing
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Figure 24: Sampler Head Drill Bit Shroud

Figure 25: Sampler Head Drill Bit
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3.1.1.9 Filters

HEPA filters were used by ORNL and West Valley, but fiber material filters were used at
SRNL. Thin High Efficiency Particulate Air filters (HEPA filters) were fabricated from a
particulate fiber glass material (Pall Filters, 0.3 micron, 0.014 inch thickness), which was
rather fragile. Initial testing at EDL demonstrated that when the filters were compressed
between the sampler housing and the filter retaining plate, the filters were cut along the
compression line (Figure 26). Since there was a risk of lost material passing through the cut
and around the filter, a different filter was selected (Cole Parmer, polypropylene felt, 5
micron, 0.060 inch thickness). The filters were cut 1 - 3/4" X 1 - 3/4". The surface area
exposed to the vacuumed material was 1 - 1/4" x 1 - 1/4" with 1/4" radii on all 4 corners. The
opening in the sampler head, downstream of the filter, was 3/4" diameter. Although the
sampler design could have been altered to use the HEPA filter, a thicker fibrous filter was
expedient and was shown to provide equivalent results during steel sampling at EDL. Three
fibrous filters would have provided filtration similar to the HEPA filter, but one filter was
initially considered adequate. In retrospect, the sampler may have been readily adapted for
multiple filter use, since the sampler housing was later modified.

That modification included spacers that were added to ensure uniform compression of the
fibrous filter between the sampler housing and the filter retention plate. To minimize
personnel radiation exposure at the FTF tank tops, the spacers were installed by EDL.
Spacers were also required to prevent tilting of the drill bit. Tilting of the drill caused the drill
bit to lie flatter to the wall, and drill smaller chips, or not drill at all. To prevent tilting, the
filter required uniform compression. At EDL compression was controlled by careful
assembly of the sampler to ensure that the drill bit did not tilt with respect to the wall surface
and drill improperly.
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Figure 26: Unacceptable HEPA Filter Design

3.1.1.10 Sampler Controls

The control system Process and Instrumentation Diagram (P&ID) for the EDL sampler is
shown in Figure 27. Testing showed that the sampler controls needed modification. An
additional limit switch was installed to prevent the sampler from jamming at the end of
retraction. Without control system changes, the sampler would have failed in the waste tank.

The P&ID shows pertinent components. As mentioned, the vacuum eductor, drill motor and
linear motor were all powered by the EDL air supply at 100 psig. The supply pressure to the
eductor was set by manual valve V3. The supply pressure to the drill motor was set by
manual valve V1. The supply pressure to the linear motor was set by regulator R1 and
isolated by manual valve V2. Advance and retract operations were controlled by the 4-way
valve V4 and by the two limit switches in the linear motor flow control loop. Advance
moved the sampler toward the wall, and retract withdrew the sampler. The limit switches
prevented the linear motor from driving to either full travel position. The limit switches were
two Mead Fluid Dynamic, Inc., model LTV-15 4-way control valves. They were engaged by
depressing a roller leaf and disengaged by releasing the roller leaf. The limit switches are
shown in Figure 28.
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Figure 27: EDL Sampler Controls, P&ID
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Figure 28: Sampler in the Fully Retracted Position

The sampling sequence started with the linear motor fully retracted. The 4-way valve V4
was off (positioned between ports), switch 1 was not actuated and switch 2 was actuated
(roller leaf compressed by trigger), as shown in Figure 29. The terms actuated and not
actuated are terms provided in the vendor literature for the controls.

NOT ACTUATED

—
e SWITCH |
VENT -
V4 NOT ACTUATED %—l PLUGGED
VENT — ACTUATED

g SWITCH 2 ] R
LINEAR MOTOR

VENT - . "

S PLUGGED

ACTUATED

Figure 29: SRNL Linear Motor, Fully Retracted

Sampling was initiated by manually setting V4 to the ADVANCE & SAMPLE position.
Switch 1 remained not actuated and switch 2 was actuated initially (with air venting out of

-37 -



SRNS-STI-2009-00416, REVISION 0

the switch) then became de-energized (with the air venting out of V4) as the linear motor
advanced towards the plate and released the trigger (Figure 30).

NOT ACTUATED
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ADVANCE - -
& SAMPLE VENT ‘
%—4 PLUGGED
VENT ACTUATED
VR
NOT ACTUATED LINEAR MOTOR
SWITCH2 [ F

VENT

s Sr— PLUGGED
ACTUATED

Figure 30: SRNL Linear Motor, Advancing

The sample was taken and switch 1 was actuated as the linear motor reached the fully
advanced position (the roller leaf was depressed by the trigger). Switch 2 remained de-
energized and V4 was manually set to the off position (Figure 31).

3.1.1.11 Drill Advancement

During drilling, the final 2 minutes of the initially recommended 4 minute drill time were
required to advance the drill only 1/16”. The widely spaced black lines on the sampler were
inadequate to gauge this slight motion of the sampler head. Even so, the bulk motion of the
sampler prior to, and after, drilling could be judged by the relative motion between markings
on the sampler. Some insight into advancement of the drill was discerned from the rotation of
the ACME screw on the linear drive motor. In general, the drill obtained material as the
screw rotated. However, there were times when rotation occurred periodically, and minimal
material was collected. At EDL, screw motion was easily observed, but in the waste tank, the
motion could only be observed by camera. Camera positions were recommended by EDL
Engineering to FTF Engineering to view the ACME drive screw advancement in the waste
tanks. Even so, drill advancement could not always be discerned.
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Figure 31: SRNL Linear Motor, Fully Advanced

Retraction was started by manually setting V4 to the RETRACT & PARK position. Switch 1
was initially actuated (with air venting out of the switch), then became not actuated (with air

venting out of V4), as the linear motor retracted away from the plate and released the trigger
(Figure 32).
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Figure 32: SRNL Linear Motor, Retracting
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Switch 2 was actuated when the linear motor reached the fully retracted position (the roller
leaf was depressed by the trigger). Switch 1 remained not actuated and V4 was manually set
in the off position to complete the sequence and prepare for the next sample.

3.1.2 EDL Sampler Evaluation

Nearly 100 holes were drilled at EDL and T-Area to evaluate the performance of the
samplers, 41 holes were drilled in the EDL test plate alone. Holes were drilled in the EDL
test plate and at T-Area to validate sampler operation before waste tank installation, and test
coupons were drilled at EDL to assess sampler performance.

The test setup is shown in Figure 33. The test plate was built of A36 steel (Figure 34), which
has a comparable hardness to the A285 steel sample coupons, and the steel plate used to
fabricate the waste tanks. The test plate was rolled to an 85 foot diameter, which was equal to
the waste tank diameters. A recess was machined into the test plate, so that the flat test
coupons could be flush mounted to the plate, using bolts at two corners of the coupons. Four
milling machine mounting holes were drilled into the test plate to ensure precision machining
of the recess and proper mounting of the test coupons. A metal frame with brackets was
installed on the plate to assist alignment of the sampler to the coupons.
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Figure 33: EDL Sample Setup
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Figure 34: EDL Test Plate

3.1.3 Sample Coupons

To simulate tank conditions, several different sample types were evaluated, using sample
coupons. Each set of sample coupons was made from A285 steel, which is similar to the steel
used for tank construction per T. Hooper, SRR. The tanks were constructed to the 1952
ASME Boiler Construction Code, where the 1960 DuPont specification for tank construction
specified that tank walls met the Boiler Code material requirement for P-1, UCS-23. One set
of samples were rusted steel plates with a layer of salt; one set of samples were electronic
discharge machined (EDM) steel plates with a salt layer on each coupon; and one set of
samples were polished plates without salt coatings. Sample preparations are described in
Appendix C.

After the sample coupons were machined, masses of the coupons and filters were weighed
before and after drilling for comparison. For the metal samples, only steel chips were
collected and weighed. For the salt samples, only salt was machined and weighed with the
filter. For the rusted samples, combined corrosion, steel and salt were weighed with the filter.
Sample coupons are machined for testing as shown in Figure 35, and a typical coupon coated
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with salt is shown in Figure 36. The coupons are later drilled during testing, as discussed in
Sections 4.2.4 and 4.2.5.

Rusted (Corroded) Sample Coupons

Polished Sample Coupons

EDM Finished Coupons for Salt Deposition

Figure 35: Prepared Test Coupons
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Figure 36: Typical Sample with Salt Deposition

3.1.4 Waste Characteristics and Test Samples.

Residual salts were expected in the tanks, since salts often collected on the tank surfaces in
addition to a corrosion layer. The salt layer in waste tanks is hygroscopic, and absorbs
sufficient moisture in summer months to become transparent on wall surfaces. For test
purposes, salts were built up on sample coupons where salt deposition thickness was poorly
controlled within the 0.030 inch thickness, as described in Appendix C. Although additional
chemicals are present in waste tank salts, the salts used for sampling provided a comparable
salt simulant. Salts may have been present on the walls of Tank 19, but the waste observed in
Tank 18 was significantly different than salt. The salt tests performed at EDL are not
representative of actual tank conditions, but tests were performed for the best simulant
available. Tests were also performed in parallel with sampling of the tanks, and material
differences between test and tank conditions were identified while salt testing was in
progress, just prior to sampling of the waste tanks.
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As noted, the actual waste characteristics for Tank 19 may have included salt, and Tank 18
contained waste on the walls that was not initially considered for sampler design. The
sampler was initially designed to collect samples from a surface with 0.004” — 0.006” of
corrosion and a maximum salt thickness of 0.025”. EDL sample coupons were prepared
accordingly for evaluation of collection efficiencies. Even though salt accumulation on the
walls was not observed during waste tank sampling, EDL testing with salts provided
considerable insight into sampler performance and collection efficiencies.

4.0 EDL TESTING

4.1 SAMPLER COLLECTION EFFICIENCIES

How much of each type of material is collected? The efficiency of the sampler to collect
material can be determined for individual materials. The efficiency is calculated from the
masses measured before and after drilling, where the collection efficiency of the sampler is
expressed by the percent of material collected by the sampler head compared to the amount
of material removed from the coupons. Collection efficiencies were determined by the
following equations.

CEZIOO'MS/MC (1)
Ms = Ms, —Ms; (2)
Mc = Mc; —Mc> 3)

CE is the collection efficiency of the sampler expressed as a percentage; Mg is the total mass
of material collected by the sampler head; Ms; and My, are the sampler head masses before
and after sampling; M is the total mass of material removed from the coupons; M¢; and M
are the coupon masses before and after sampling.

From these equations an uncertainty analysis was conducted prior to testing to determine the
optimum coupon size that would provide the greatest accuracy of the results. Consequently,
the size of the sample coupons was chosen to reduce the uncertainty but also to ensure
machinability during sampling.

Collection efficiencies were markedly affected by salt properties. The collection efficiency
was 99.6 +0.4 / - 2.2 % at expected operating conditions. Calculated efficiency values over
100 % are due to the theoretical uncertainties of the instrumentation. For the salt samples, the
measured collection efficiency was 82.1 +17.1 / - 24.9 %. The salt simulant used for testing
was expected to be similar to salt coatings on the tank walls, where the salts are very
hygroscopic. That is, the salts liquefy somewhat during short term testing. Overnight, the
samples liquefy completely at standard shop conditions. In the waste tanks, the salts have
been observed to liquefy during the summer into a transparent film, and solidify to a white
film on the walls in cooler months. Tank 18 was spray washed in 2002 using low pressure
and low volume. Tank 19 was spray washed in 2001 and was pressure washed using high
pressure in 2009. A thin film of salt may, or may not, be present after pressure washing.
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Waste tank sampling was performed during summer, and the thin transparent film (0.004”)
was initially expected in the waste tanks.

In EDL testing, a test anomaly was noted due to salt liquefaction. The liquid passed through
the filter, and salt accumulation was observed in the tubing downstream of the sampler head,
following tubing disassembly. The effects of this phenomennon were not investigated for
other than test conditions. Tests for the rusted, salt coated coupons are also affected by salt
properties. Neither salt liquefaction effects on efficiency or efficiency of corrosion alone
were investigated. Given this limitation of the rusted, salt coupon results, the collection
efficiency 1s 99.3 + 0.7 / - 3.7 %. The following discussion supports these statements.

4.2 TEST PREPARATION

4.2.1 Test Specifications

Required testing consisted of three series of tests; one series using polished steel coupons,
one series using coupons with a layer of salt, and one series using coupons with a layer of
corrosion and a layer of salt (Table 1). A series consisted of three separate sample pairs,
where two coupons were sampled using one filter. Two samples per filter duplicated the
sampling technique initially planned for Tanks 18 and 19.

Table 1: Test Specifications

Series | Test Test Coupon Number of Coupons
Number | Number | Name Coating Sampled per Test
1 Polished Steel None 2
1 2 Polished Steel None 2
3 Polished Steel None 2
4 Salt Salt 2
2 5 Salt Salt 2
6 Salt Salt 2
7 Salt + Rust Corrosion + Salt 2
3 8 Salt + Rust Corrosion + Salt 2
9 Salt + Rust Corrosion + Salt 2

4.2.2 Test Procedure

Testing consisted of installing a sample coupon into the test plate, and drilling a sample to
the required depth. To document test results, sampler heads, filters, and coupons were
weighed before and after sampling, and the depths of sample holes were measured.

After weighing, the filter was installed in the sampler head. The head was attached to the

sampler. The coupon was attached to the test plate. The sampler, which was mounted to a
mobile lift table, was moved to place the electromagnets against the plate. The sampler was
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then operated. A metal frame, attached to the EDL test plate, aided the alignment of the
sampler to the coupon. Sampler position was verified and then the electromagnets were
energized. The flow to the eductor was first initiated and set to test conditions. Then the
flow to the drill motor was started and set to test conditions. The flow to the linear motor
was started to advance the drill to the coupon. The supply air to the linear motor was set and
maintained by a pressure regulator. A stopwatch was started when the linear motor was
started to measure the advance time. The advance time was complete when the cone-head
screws contacted the plate. A feeler gauge was used to determine when contact was made,
and in addition, the vibration of the drill bit could be felt through the plate, which was a good
indicator of completion of the sample. At the end of the sample, the vacuum and drill motor
were stopped. The linear motor was started in retract and the stopwatch was started to time
the retract event. At the end of the retraction, the air supply to the linear motor was stopped,
and the equipment was put in a safe condition.

Final weights were obtained after sampling was complete. The head was carefully
disassembled to remove the filter and loose debris, and the loose debris was added to the
filter and weighed. The coupons were weighed and the sampler head was then weighed. The
pre-test and post-test masses were used to determine the collection efficiencies of the tests.

4.2.3 Mass of Material Collected by the Sampler Head

As testing progressed, it became apparent that all of the material removed from the coupons
was not collecting on the filter. During initial testing of steel, a small portion of material
passed through the filter as indicated by staining of the downstream side of filters. A
somewhat larger portion was retained in the internal passageways of the head. Some
material was deposited on the surfaces of the passageways (Figure 37), and some continuous
chips from the drill bit were entangled with the collar spring and the drill bit (Figure 38).
From this EDL finding, two efficiencies were presented in this report: collection efficiencies
of the filters only and collection efficiencies of the entire sampler heads. These efficiencies
are reported in the conclusion of this report. Also, as a result of this finding, sampler heads
were completely disassembled and thoroughly emptied at EDL during testing and in the
SRNL lab after delivery of samples from Tank 18 and Tank 19. The filter cavity, the drill
cavity, and the passage between them were all carefully cleaned to obtain all sampled
material from the tanks.
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Figure 37: Material Coating the Sampler Surfaces Following Steel Sampling
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Figure 38: Large Chips Clogged in Drill Cavity

For the filter only collection efficiency, the mass of material collected by the filter only (Msr)
was determined by subtracting the pre-test mass of the filter (Msr;) from the post-test mass
(Msp2).

Msp = Msr> — Msr; (filter only) 4)

For the entire head collection efficiency, the mass of material collected by the entire head
(Msr) was determined by subtracting the pre-test mass of the head (Msy;) from the post-test
mass of the head (Msy;) and included the mass collected by the filter (Msr).

MSH = MSHZ — MSH] + MSF (entire head) (5)

4.2.4 Mass of Material Removed from Steel Sample Coupons

The mass of material removed from the polished steel coupons (Figure 39 and Figure 40)
was determined by subtracting the post-test coupon mass from the pre-test coupon mass. To
duplicate planned sampling operations of sampling in the tanks, two coupons were sampled
for each test. Therefore, the mass removed from the coupons (M¢) was the post-test mass of
each coupon (Mc,, and Mcp;) subtracted from its corresponding pre-test mass (Mc,; and
Mcwy).

Mcp = Mcar — Mca2 + (Mcpr — Mcn2)
or (polished steel coupons)

Mcp = Mcar + Mcpr — (Mcaz + Mcy) (6)

Mcp is the mass removed from the polished steel coupons.
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Figure 39: Typical Drilled Steel Sample Coupon
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Figure 40: Collected Steel Sample Removed From Sampler

4.2.5 Mass of Material Removed from Salt Sample Coupons

Determining the mass of material removed from the coupons was complicated for those with
salt residue. The salt cake was hygroscopic, which made acquiring a stable pre-test and post-
test mass difficult. Techniques were developed to minimize liquefaction of salts, and ensure
that pre-test weights did not change during measurements. A salt sample liquefying at
atmospheric conditions is shown in Figure 41. Another complication with the salt and
corrosion/salt coupons arose during initial testing. The salt layer was structurally unstable,
and the salt had a tendency to crumble or break apart upon contact. Crumbling and breakage
was noticed when the collar contacted the salt layer and while drilling into the steel of the
coupon, due to vibrations caused by the bit. Figure 42 shows a Salt + Rust coupon after
sampling; a portion of the left side of the salt layer, outside of the collar, broke off during the
sample operation. An undamaged Salt sample is shown in Figure 43, and a typical sample
collected on a filter is shown in Figure 44, where some of the salt was shown to liquefy and
pass through the filter.

Collection efficiencies were shown to be directly related to the mass of the sample collected
as compared to the mass of the salt collected: the larger the sample, the greater the efficiency.
One implication is that, an excellent efficiency may be obtained by simply increasing the size
of the sample collected (i.e. increase drill depth).
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Figure 42: Salt + Rust Sample Coupon with Portion of Salt Cake Detached
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Figure 44: Collected Salt Sample
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Figure 45: Collection Tray Mounted on EDL Test Plate

The problems associated with structural instability of the salt layer were addressed by
different methods. First, a collection tray was attached to the plate directly below the
coupons. Any salt material falling from the coupon was caught by the tray (Figure 45). The
amount of material that fell into the collection tray was determined by subtracting the pre-test
mass of the collection tray (Mcr;) from the post-test mass (Mcr2). The mass of the material
that fell into the collection tray was added back to the post-test masses of the coupons.
Therefore, for coupons with salt, Equation 6 yields:

Mcr = Mcar + Mcpr — [Mcaz + Mcpz + Mcerz - Mery)]
or (coupons with salt residue)
Mcr = Mcar + Mcpr + Meri — Mcaz - Mcpz - Mer (7

Second, the operating sequence of a sampling process was changed. During initial testing
with salt, some loose material outside of the collar was vacuumed into the head as it retracted
from the coupon. This produced a biased result due to the additional material collected. The
sequence of operation was changed so that the vacuum and the drill motor were stopped prior
to retraction. This allowed loose material outside of the collar to fall into the collection tray
during retraction.

-54 -



SRNS-STI-2009-00416, REVISION 0

Several actions were taken to limit the hygroscopic effects on sampling, and resolve the mass
instability issue of the salt coupons. Samples were transported to and from testing in sealed
containers. The items with salt (coupons, filters, sampler head, and collection tray) were kept
in a desiccator when not used for testing. Trays of desiccant were placed in the enclosure of
the analytical balance when the items with salt were being weighed (Figure 46 and Figure
47). Samples were allowed to dry after coupon drilling and before weighing. These practices
established and maintained a relatively consistent moisture level of the salt for the weighing
process. Also, an uncertainty due to hygroscopic effects was derived from multiple, repeated
masses of items with salt and applied to the uncertainty of the collection efficiency
(Appendix B).

—
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P

Figure 46: Sampler Weighing Station
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Figure 47: Sampler Weighing with Installed Dessicant

4.3 EDL TEST RESULTS

Collection efficiencies constitute the required EDL test results. Before considering the
collection efficiencies, closing comments about EDL sampler operation are provided.
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4.3.1 Sampler Operation and Testing at EDL

Much of the sampler operation was discussed above to describe the basic sampler operation.
Sampler adjustments were made during testing, which affected material drilling and sampler
operating times.

4.3.1.1 Sampler Material Removal

The amount of material removed was affected by the depth of the drilled hole, which was set
by adjusting the two cone head screws on the sampler head adjacent to the drill bit. By
adding or subtracting shims to the base of two cone head screws, the drill depth was
controlled since the sampler is designed to advance the drill bit until the two points touch the
wall. The Salt coupons had a drill depth of 0.00 inches, i.e. only the salt cake was removed;
and the other coupons had a drill depth of 0.060 inches or 0.125 inches. The 0.0 inch drill
depth removed a relatively small amount of material compared to the other coupons, where
the mass of sample the sample material was approximately 0.3 grams for salt coupons versus
as much as 2.5 grams for the Salt + Rust coupons. Salt collected on the filter had a tendency
to liquefy, wick through the filter, as evidenced by observation of the passageway
downstream of the filter which revealed very fine particulates of a salt residue.

4.3.1.2 Operating Times for the Sampler

During testing, the sampling time was measured for different materials and operating
conditions to establish the completion time for a sample. In addition to monitoring the
sampling time, measuring the gap between the cone-head screws, or points, and the plate or
coupon was another method to determine when sampling was complete. Sampling was
complete when the points touched the plate, and sampling times were initially on the order of
3 minutes or less, and a sampling time of 4 minutes was established to ensure a complete
sample. Later, after changing operating parameters and changing the drill-force springs with
stiffer springs, the sampling was typically complete in about 1 minute. Even so, a 4 minute
operating time was still conservatively recommended to SRR. Occasionally, sampling took
longer than 4 minutes due to dulling of the drill bit, and a shallower hole was drilled. Before
bits dulled, up to a dozen holes could typically be drilled in the A285 steel coupons or the
A36 wall plate, which had comparable hardness. When drilling in steel twice as hard as the
A285 steel, only a few holes were drilled per bit, and the bits were significantly dulled after
the second hole. The effect of harder steel can be seen in coupons Spare 6 through Spare 11
(Figure 48). A significant amount of drilling data was obtained.

4.3.1.3 Drilling

Drill data was obtained for test coupons and the steel test plate, as shown in Figure 48. The
figure shows the drill depth setting and the corresponding actual depth of drilled holes. Since
the settings varied from the actual drilled depths, all samplers were tested for drill depths at
EDL to ensure that samples were drilled to the correct depths in FTF and T-Area.
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Figure 48: Hole Depths of Samples
4.3.2 Calculated Collection Efficiencies

Collection efficiencies are listed in Table 2 and are graphically depicted in Figure 49. The
figure also includes results from initial testing with sample coupons prior to changing the
operating parameters. Results are listed in the table from two different calculation
procedures. The first calculation procedure determined the efficiency using only the masses
of the filter and the collected sample material. The second calculation procedure used the
masses of the sampler head, the filter, and the material. From the table, consistently higher
efficiencies were calculated from the second calculation procedure. Consequently, EDL
endorsed this procedure, and recommendations were followed during SRNL disassembly of
all FTF samples to clean out the entire sampler assemblies instead of only the filter cavities
of the samplers. Both efficiencies and uncertainties are listed in the table.

The calculated efficiency results strongly reflect material properties. The calculated
efficiencies listed in the table reflect instrument uncertainties, and the efficiencies
theoretically exceed 100 percent. However, actual efficiencies are limited to a maximum of
100 percent. Consequently, the efficiencies are noted in the body of the report to be limited to
100 %. Then, efficiencies for polished steel (99.6 +0.4 / - 1.5 and %, and 99.6 +0.4 % / - 2.2
%) were comparable both before and after operating parameters were changed at EDL. The
possibility of efficiencies greater than 100 % is due to instrument errors. The salt efficiencies
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varied widely (82.1 +17.1 % / - 24.9 %). High efficiencies were obtained (99.3 +0.7 % / -3.7
%) for the Salt + Rust samples, but efforts to specifically evaluate rust capture by the filters
or the effects of salt thickness on efficiency were not pursued.

Calculated uncertainties are listed along with collection efficiencies in Table 2. The
uncertainty of each individual test was calculated using the tolerances of the respective
instruments and, in the case of coupons with salt, included a large uncertainty due to
hygroscopic effects. The uncertainty of the average was based on the standard deviation of
the three respective tests and also included the instrument uncertainty and hygroscopic
uncertainties (Appendix B). Note that the average uncertainties are considerably larger than
the individual uncertainties. The increase in uncertainty is due to the small sample population
of three tests. The accuracy of the uncertainty could have been increased with a greater
number of tests, but the required accuracy requested from SRR was met with three samples.
For example, the recommended 95 % confidence level for the three initial steel coupons
listed in Table 2 is + 2.2 %. If only two coupons were tested at EDL, the total uncertainty
would have been on the order of + 6.4 %, assuming a similar distribution of test results. If ten
or thirty coupons were used, the uncertainty would have been on the order of 1.2 % or 1.1 %,
respectively. Accordingly, three tests are commonly performed in laboratory testing to
achieve reasonable accuracy, while limiting costs.
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Figure 49: Collection Efficiencies
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Table 2: Collection Efficiency Test Results from EDL

Filter and material Head, filter, and material
Test Collection +/- Uncertainty' | Collection +/- Uncertainty'
Efficiency (%) (%) Efficiency (%) (%)
Polished®
steel, before 98.3 0.2 99.9 0.2
changes
Polished®
steel, before 99.0 0.2 99.8 0.2
changes
Polished®
steel, before 97.5 0.2 99.0 0.2
changes
Average 98.3 3.2 99.6 2.2
Salt 85.8 8.3 88.3 8.5
Salt 42.4 6.6 79.1 7.8
Salt 74.3 6.5 78.7 6.7
Average 67.5 97.2° 82.1 24.9°
Polished
steel, after 101.0° 0.2 99.5 0.2
changes
Polished
steel, after 71.0 0.1 99.4 0.2
changes
Polished
steel, after 75.5 0.1 100.0 0.2
changes
Average 82.5 69.7" 99,6 1.5
Salt + Rust 88.7 0.9 99.0 0.9
Salt + Rust 96.5 0.8 100.3° 0.8
Salt + Rust 94.6 0.8 98.8 0.9
Average 93.3 17.5° 99.3 3.7

1. The uncertainty of each individual test included the instrument uncertainty and hygroscopic uncertainty, which was
applied only to coupons with salt. The average uncertainty was based on the standard deviation of the three respective
tests and included the instrument and hygroscopic uncertainties (as applicable).

2. A large variation in collection efficiencies was evident. The salt coupon tests collected salt only (no metal), which meant
a much smaller mass of material collected compared to the other tests. Significant variations in the efficiency were
caused by small salt masses compared to relatively large instrument errors, hygroscopic material changes, and lost
material through the filter.

3. This efficiency greater than 100% was caused by added material shaved from the ID of the collar surrounding the drill bit.
The drill bit cut into the drill collar on only one occasion.

4. The unexpectedly large uncertainty for the second set of polished steel coupons and the Salt + Rust coupons was due to a
significant amount of material becoming entangled in the components of the sampler head for a few of the tests.

5. This efficiency greater than 100% was most likely due to cumulative instrument uncertainty.

6. Two polished steel tests were conducted, one prior to EDL operational changes resulting from T-area tests and one after.
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5.0 SRR MAST DESIGN AND INSTALLATION

5.1 MAST AND SAMPLER COMPONENTS

The SRR mast design used the EDL supplied sampler and sampler heads. The completed
assembly consisted of several major components, shown in figures (Figure 50 and Figure
51).

The installation procedures for Tanks 18 and 19 consisted of numerous steps, related to the
equipment. The mast assembly was encased in a flexible plastic sleeve to maintain
radioactive contamination control. Although not used in T-Area, the sleeve connected to a
yellow plastic hut built for working with the sampler. As the mast was lowered, the sampler
was accessed in the hut. The base of the sampler was a 3 inch thick plate designed to cover
23 inch openings at the tank tops, referred to as risers. The vertical mast was raised, or
lowered through this plate and fixed in position to obtain required heights for wall samples.
A cantilevered arm was hinged at the bottom of the mast, and the controls were connected at
the top of the mast. The sampler was positioned near the end of the arm, and was lowered
into position using a cable connected to a manually operated winch, which was located above
the tank. On the arm the bubble in a leveling device was observed. This device was
fabricated from a carpenter’s level. When the arm was lowered, the bubble in the level was
observed with a remote camera to level the arm to ensure perpendicularity to the wall at
either T-Area or FTF. Once the arm was leveled, an air actuated cylinder then guided the
sampler along the arm until the electromagnets touched the wall. The mast mounted camera
was then used to ensure that the electromagnets were properly aligned before energizing the
electromagnets. The level was re-checked, and sampling was performed. To obtain samples,
the sampler control system, though different from the EDL control system, performed the
same functions as the EDL controls. The SRR control system is shown in Appendix H. A
mast mounted camera and a fixed focal length camera mounted to the bottom of the sampler
were used to determine that the sample was complete. The recommended time to machine a
sample was used to direct the sampling effort, but success was established by simply looking
at the wall surface after drilling, i.e., shiny steel was the objective. After collecting a sample,
the mast was raised until the sampler head was accessible in the hut. Extended tools were
used to disassemble the captive hardware on the sampler head and minimized personnel
radiation exposure. The head was then placed in a paint can for transport. The sampler head
was then changed to repeat the process for other samples, or the mast was removed from the
tank.
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Figure 50: Installation Procedure for Tank 18

(T. France)
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WALL SAMPLER SEQUENCE FOR TKIS SE RISER
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Figure 51: Installation Procedure for Tank 19

(T. France)

5.2 MAST AND SAMPLER EVALUATION IN T-AREA

To ensure sampling success in the waste tanks, the completed mast, sampler, and controls
were evaluated at full scale in T-Area. Evaluation consisted of installing the mast by crane
through a full scale riser opening, lowering the mast into position, operating the sampler,
removing the mast assembly by crane, and removing and packaging a sample. These steps
were performed using the same mast mounted camera equipment available to FTF. Other
than the huts at the tank tops and contamination concerns, T-Area testing conditions were
comparable to FTF. Installation of the assembly in T-Area is shown in Figure 54 through
Figure 60. A few minor changes were made to the mast, but it functioned as designed, and
workers learned to operate the equipment efficiently before working in FTF. The first holes
were successfully drilled in a clean ground surface on the Full Tank wall, (Figure 61). Initial
attempts to drill rusted surfaces were ineffective.
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5.2.1 Rust Concern in T-Area

The sampler was shown to be unreliable on rusted surfaces, which meant that similar results
could be expected in FTF. Typically, only one or two holes could be drilled before the bit
became dull and drilling could not proceed. Occasionally, the mast was pushed by hand
toward the wall to obtain a sample. In one case, a tested sampler would not drill a hole, and
the sampler head was returned to EDL where it successfully drilled a hole in the EDL test
plate, using the spare sampler. Also, a standard portable drill successfully drilled holes in the
wall in T-Area. EDL investigated and resolved the problem as discussed below.

5.2.2 Resolution of for Sampler Resonance Failure Mechanism

Materials testing and vibration analysis were used to resolve the fact that the sampler would
only drill one hole in a rusted surface, and even one hole was not certain. First, hardness
testing showed that the hardness of the Full Tank wall was comparable to materials tested at
EDL. Portable Vickers hardness testing equipment was used to measure the force on a small
striker. This data was converted to Brinnel hardnesses, and materials were eliminated as a
major contributor to drill bit failure. Following hardness testing, vibration analysis was
performed to resolve the problem. The root cause of inadequate drilling was identified as
drill bit chattering, induced by the coupling of the resonant frequency of the spring with a
critical speed of the motor.

The vibration of the drill motor was measured, the natural frequency of the spring was
measured, and the two frequencies were compared to show that the system was resonant. For
resonance to occur, one of the natural frequencies of a structural component must be excited
by a cyclic force of the same frequency. In this case, the frequency of drill bit chattering due
to motor rotation equaled the spring frequency (cycles per second), and the system was
unstable. The soft rust material permitted chattering to start at the drill bit tip, and the bit
oscillated on and off of the surface, which increased the wear rate of the drill bit. This
resonant condition is typically referred to as a motor critical speed.

Although operating at a critical speed was not previously identified, the chattering problems
at West Valley, Oak Ridge, and now SRS were clearly related to system resonance of the
drill / spring system. The springs were replaced with stiffer springs, which permitted drilling
of six holes in the rusted tank wall surfaces in T-Area. Since only two holes were planned to
be drilled with each sampler head, this improvement was adequate to move the sampler
assembly to FTF. Further improvements to drill bit life could have been made by modifying
the drill bits, using a different spring design, or other alternatives, but the design was
complete. Holes were successfully drilled in rusted surfaces.

With respect to the critical speed problem for this design, vibration analysis clearly showed
that drill bit chatter occurs in some cases for the initial design of the Tanks 18 and 19 wall
sampler. Changing the spring increased end mill bit life during testing by reducing
resonance. Figure 52 shows vibrations for drilling a hole, where expected vibrations occurred
at multiples of running speed at approximately 485 rpm (cpm, cycles per minute). The lower
frequency rubbing vibrations due to drilling are seen at the left of the figure. Some minor
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vibrations at multiples of one times running speed are observed, which were due to normally
expected vibrations due to motor rotation. Of interest to chattering, vibrations at multiples of
two times running speed (f = 485 rpm - 2 = 970 cpm, cycles per minute) occurred, which are
the result of chattering, or tapping, of the two drill bit flutes during each revolution. In T-
Area drilling of rusted surfaces, the springs were also observed to vibrate excessively at
higher mode frequencies during chattering.
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Figure 52: Motor Vibration Before Spring Change

To determine modal frequencies, the first mode was measured by hanging a weight on each
spring, letting the weight drop, and counting the vibration cycles. First mode frequencies, f;,
were identified as approximately 120 cpm and 180 cpm for the two springs; McMaster -
Carr, 94135K44 and 94135K46 respectively. Higher mode frequencies were calculated from
1= (i) - (first mode), where i equals the mode and f'equals the frequency.

The resonant condition is described by Figure 53. In the figure transmissibility is shown,
which is described in detail in Appendix E. Appendix E develops new vibration theory to
explain the sampler resonance problem, where Figure 15 of the attached paper is the basis for
Fig. 53. In this case, the transmissibility shows the amplification of vibration due to
chattering. The effects of replacing the spring are also shown in the figure. To use the figure,
f/ fi is required, where f/ f; = critical speed / natural frequency. For the original spring, the
frequency equals // f; = 970 / 120 = 8.08. Assume damping of { = 0.005, which is a typical
minimum for springs. Then, the transmissibility is read directly from the figure as 56.8. This
value means that any vibration at the drill bit tip is multiplied by a factor of 56.8, or more.

For the replacement spring, the relationship between the two springs is required, and this
relationship is defined by the spring equation, and the transmissibility, 7R, equation

F=-k-x (8)

TR = Xpax " k/ F )

where £k is a spring constant, x is the deflection, x,,, is the maximum deflection, and F'is an
applied force. Per manufacturer’s data, the original spring deflects 5.75” for a 21.39 pound
force, and the spring operated with a 5 deflection on the sampler. The replacement spring

deflects 5.50” for a 37.13 pound force, and operated with a 77 deflection. To use the figure, a
ratio of spring constants is required. Using the above data,
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5/
ki _x1-F 24‘75 21.39
ka  Fixpo 02373

=0.5844 (10)

A second transmissibility curve is generated by multiplying 0.5844 (Equation 10) times the
original spring response curve to obtain the replacement spring response curve in the figure.
Using 1/ f; = 970 / 180 = 5.39, the transmissibility is read directly from the figure as 8.3.
Accordingly, the transmissibilty was decreased from 56.8 to 8.3; a factor of 684 %. The
forces induced during chattering were reduced by a factor of more than six.
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Replaced sprng 1‘espmls;—1‘\ | /

100

)
)
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L]
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Figure 53: Sampler Resonance

In other words, the soft layer of rust permitted the start of chattering and the interaction of the
chattering with the resonant spring caused the spring to resonate as observed by excessive
vibrations during sampler operation. The increased surface area in contact with the drilled
material increased the force on the bit to initiate chattering. The spring vibration in turn
exaggerated chattering and rapidly dulled the tip of the bit to reduce the number of drilled
holes. On unrusted plates, 10 - 12 holes were drilled with a single bit before getting dull. Bits
that would not drill a rusted plate were later found to easily drill an unrusted plate. The
unique test results were explained through resonance.
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The replacement spring decreased resonance affects and increased the number of drilled
holes. Changing the relief angle on the drill bit also improved drilling, but was not fully
investigated. West Valley noted that changing the drill bit point angle also improved
performance. Replacing the spring resulted in successful drilling of six holes in steel, which
concluded testing. Testing at T-Area also concluded that the sampler does not operate
properly near 100° F, which were well above the expected tank temperatures during testing.
Heating of components may have loosened parts, and decreased damping, thereby increasing
resonant effects. Vibration data was not collected after the springs were replaced. Again,
further investigation was not pursued, since the sampler drilled half a dozen holes at expected
design conditions.

Recommended improvements to minimize drill bit chattering are to further investigate drill
bit relief angle and drill point angle effects, increase the spring force, and install damping to
lower the resonant response of the sampler. Drill changes seem to be the most promising
recommendation. The springs could be eliminated, but low frequency resonant vibrations
from the mast would then couple to the sampler and affect chattering. A stronger
electromagnet can be used to improve drilling of thick materials on the tank walls, but
significant increases in force are limited by the size of the electromagnets with respect to the
riser opening in the tank top.

o\l

Figure 54: Sampler Lowering into a Simulated Riser Opening
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Figure 56: Plan View of Installed Sampler in T-Area
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Figure 57: Mounting Plate and Mast in T-Area
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Figure 58: Mast Arm in Vertical Position
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Figure 59: Mast Arm in Leveled Position

Figure 60: Sampler Attached to Wall in T-Area
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Figure 61: Samples at T-Area on an Unrusted Surface

5.3 MAST AND SAMPLER INSTALLATION IN FTF

The mast assembly was lowered by crane into the two tanks until the desired sampling
elevations were reached in each tank. FTF engineering established the recommended
elevations to acquire representative samples for characterization of the activity in the tanks
(Table 3). Sampler operations were similar to those performed in T-Area, but an additional
video camera was installed in other tank risers to provide an overall view of the mast and
sampler. Photos of sampler installation above and inside the tank are shown in Figure 62
through Figure 65.

Table 3: Elevation Requirements for Tank Samples

Sample Tank 18, Upper | Tank 18, Lower | Tank 19, Upper | Tank 19, Lower
requirement

Elevation from | >15 6 -15 >7 6-7

tank bottom, ft
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Figure 62: Mast and Sampler Installation in Tank 19
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Figure 63: Mast and Sampler Installation in Tank 19
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Figure 64: Sampler Installed in Tank 18, Upper Sample
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Figure 65: Close-up of Sampler Installed in Tank 18

6.0 FTF SAMPLING RESULTS

6.1 FTF SAMPLING

Samples were obtained below the Northeast riser in Tank 18 and Southeast riser in Tank 19.
The performance of the sampler varied between Tank 18 and Tank 19. Even so, samples
were collected from each tank at the required elevations. Results that completely fulfill
sampling requirements are referred to as the Tank 18 upper sample, Tank 18 lower sample,
Tank 19 upper sample, and Tank 19 lower sample. One of the sample attempts provided
negligible sample material, and is listed in the table as the second sample attempt. Performed
testing is summarized in Table 4, Figure 66 and Figure 67. These test results are discussed
below.

-75 -



Table 4: Tank 18 and Tank 19 Test Summary

SRNS-STI-2009-00416, REVISION 0

Sampler | Tank | Elevation | Drill | Rad Figure Date | Results
Head from tank | time, | rates, @ | number
Number floor min | 2” mrem,
ft extremity
TK 18-2 | 18 19° 8-7/16” | 0.17 2000 Figure 80 | 9/2 | Scale sample: Brown
6’ 3” 2 material, 1/16” — 1/8”
6’6" 5 diameter stone shaped
6> 9” 4.5 material, similar to
707 6 dried clay. Two shallow
holes and some chips
from the waste on the
wall. One shallow hole
appeared black at the
bottom of the hole.
SP3 18 10° 3-7/16” | 4 --- Figure 82 | 9/3 | Second sample attempt:
9°9-7/16” |13 Two small waste chips
removed. Negligible
material.
TK 18-1 | 18 17°0” 8 1500 Figure 68 | 9/3 | Tank 18 Upper
7 1 0.32 Figure 84 sample: Bare metal on
one hole. Exposed
corrosion in the bottom
of the second hole.
Reddish brown dust
like material and some
metal chips.
SP4 18 10’ 7/16” 10.5 4000 Figure 70 | 9/24 | Tank 18 Lower
11°6-7/16" | 24 Figure 72 sample: Bare metal on
Figure 89 one hole, black
crystalline material and
some metal chips, small
chip on second hole.
Drill depth was
changed to 0.125”.
TK19-1 |19 73" 4.32 13 10/7 | Tank 19 Upper
80~ 4.45 sample: Two complete
Figure 74 holes drilled, numerous
metal chips.
TK 19-2 | 19 6’ 9” 4.43 37 Figure 90 | 10/7 | Tank 19 Lower
70”7 4 sample: Two complete

holes drilled, numerous
metal chips.
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Tank 18 Northeast Wall Sampled solids Material removed
Approximate sample locations on collection filter from wall

A First zampler attemypts

B. Second sampler attempts

D. Tank 18 lower samples

Figure 66: Tank 18 Wall Sampling Results

Note: Location C is above the stiffener.

-77 -



SRNS-STI-2009-00416, REVISION 0

Tank 19 Southeast riser, Approximate sample locations

ik
i

Lower samples 88

Moo I —

—

removed from the wall

Sampled metal on collection filter Material

Figure 67: Tank 19 Wall Sampling Results
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6.1.1 Tank 18 Samples

In Tank 18, at least one sample was obtained at each of the required elevations, and sufficient
material was collected for SRNL analysis. The walls were not pressure washed, and
accumulated waste on the walls prevented the electromagnets from operating properly.
Several samples were collected.

For the scale sample, material was collected at several locations, and most of the material
was collected between 6 feet and 7 feet, where the scale thickness appeared to be about 3/8
inch thick. The scale sample was the first sample to be collected using the sampler.

The second attempt failed to collect an adequate sample.

When the upper sample was collected, the sampler and arm were wedged between the tank
wall and an abandoned transfer pump, as shown in Figure 64. When the sampler was
operated to collect the upper sample, a large vibration response due to drill bit chattering
shook the sampler between the wall and the transfer pump. The effects of resonance had been
reduced, but not eliminated. The sampler would have vibrated with forces many times higher
if the spring design had not been changed, and a sample would not have been collected. Even
so0, a sample was ground from the wall steel surface as the drill bit scraped horizontally along
the tank wall.

For the lower steel sample, the sampler did not initially collect material. The mast was
shaken at the tank top, and the drill bit scraped down along the wall and ground off a sample,
which included surface steel from the tank wall.

6.1.2 Tank 19 Samples

In Tank 19, the walls were cleaned by pressure washing and the sampler drilled holes as
expected. Two holes were drilled with each of two samplers and the samplers were
transported to SRNL.

The only concern with respect to sampling occurred when the arm of the mast was
inadvertently lowered to a vertical position during the Tank 19 lower sample, and chips could
have fallen from the sampler drill opening. One sample hole was drilled for the sampler head,
and the arm was lowered while raising the mast before the second hole was drilled. To
determine if metal chips could have fallen from the drill opening, one of the actual sampler
heads full of radioactively contaminated metal chips was demonstrated to retain chips after
delivery to SRNL. The sampler head was vigorously struck with a screw driver with the drill
opening facing downward, and no chips fell from the sampler. The magnetic properties of the
chips prevented any material loss from that sampler head.

To complete the FTF experimental results, discussions follow to consider surface area
calculations which provide a description of the sampler performance in the tanks, a
discussion to describe sampler materials delivered to SRNL for activity analysis, and finally
a concise summary of the FTF sampling.
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6.2 SURFACE AREA ESTIMATES FOR TANK 18 AND TANK 19 WALL SAMPLES

The sampler design used for obtaining wall samples for these two tanks was successful in
both Tank 18 and Tank 19 for collection of material down through coatings and corrosion to
steel surfaces. In Tank 19, two ’2 inch diameter by 1/16 inch deep holes were drilled into the
wall for each of two sampler heads: a total of four holes. The surface area for each sampler
equals the area of two 0.500 + 0.0207-0.000” diameter holes, based on the fact that
laboratory testing showed that all holes drilled with the sampler were within these tolerances.
Pairs of samples were taken above and below 7 feet in Tank 19. In Tank 18, holes were not
drilled at all, but instead the sampler drill bit scraped, or ground, material down to bare steel
on the tank wall. Although more than one sampling was attempted at the upper and lower
levels, only one sample attempt at each level collected wall material down to bare steel.
Additional material was removed from the wall and collected in the sampler heads, but its
volume cannot be calculated, and was conservatively neglected here. That is, only the area of
exposed steel was used here to conservatively estimate surface areas. Surface areas were
estimated to determine the activity (uCuries) per unit area for the sample areas only.

The Tank 18 surface area estimate is conservative since the use of a smaller surface area
increases the prediction of total activity per unit area. That is, the radioactive material
collected in the Tank 18 sampler heads was collected from a larger surface area than the
surface areas provided in this report, and consequently any activity calculated using the
material collected in the sampler and this surface area will yield a higher activity per unit
area, which may be conservative by as much as 75%, or more, in Tank 18. Inspection of the
lower Tank 18 sample in Figure 71 shows that the exposed steel area is nearly %4 of the total
area machined by the sampler. Considering the fact that a second hole was also attempted
with the sampler head, the 75% estimate is reasonable. Inspection of the upper Tank 18
sample shows that the calculation error is probably much less than 75%, but the error cannot
be determined since the amount of material scraped from the wall outside of the bare metal
area is undetermined as is the material collected at the second drill site. In short, surface area
calculations were based on minimum calculated areas. For the Tank 18 upper samples, the
calculated surface area exceeded 0.196 in® (0.00136 ft*), and for the Tank 18 lower samples,
the surface area exceeded 0.063 in® (0.000437 ft%).

In Tank 19, the calculated areas were in the range of 4% less than actual surface areas. This
error is based on the errors observed in testing at EDL, where test holes varied in size due to
wobbling of the drill bit in the sampler head. The surface area for the upper samples was
0.393 in® (0.00273 ft%), and the surface area for the lower samples was the same, 0.393 in’
(0.00273 ft*). Billy West (Certified Visual Testing Level II, ASNT SNT-TC-1A,
ANSI/ASNT Cp-189-2001, and NAS 410), who performs SRR camera and video inspections
and evaluations for waste tanks, reviewed the draft calculation area estimates, and agrees
with the surface area estimates for the wall samples collected from Tank 18 and Tank 19.

6.2.1 Tank 18 Wall Samples

Surface areas were required for Tank 18 samples at both the upper and lower sample
elevations. Those calculated areas follow.
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6.2.1.1 Tank 18 Upper Wall Samples

This conservative surface area estimate considered only one of the sample attempts, which is
shown in Figure 68. Figure 69 shows a small chip collected for the second sample. The only
discernable dimensions in the photo are the widths of the stamped characters in the sampler
head and the vertical diameter of the ground area. The character widths (No. 8, letter punch)
vary from 0.200 — 0.250 “depending on the stamping depth. The vertical diameter equals the
% inch diameter drill bit hole, which was measured during numerous EDL (Engineering
Development Lab) shop tests to vary between 0.504 and 0.520 inches, where the minimum
hole diameter could be 0.500”, depending on wobbling of the drill bit in the sampler head.
The character size can be used to scale the size of the cleared area. The slight ridges of
material at the edges of the ground area are caused by the squared edge of the drill bit. These
deductions demonstrate that the vertical dimension of the ground area equaled, or exceeded
% inch diameter. The cleared area was nearly 11/16 inch long, but the shadowed areas on the
steel surface were chatter marks from the drill, which may contain corrosion products or
waste on the surface. Since the shadowed areas were indiscernible, only the shiny steel
surfaces were considered. Consequently, the surface area was estimated as the area of a 2
inch diameter circle, such that

2
Surface Area(Tank 18 upper) = % = 0.196_in2
Also note that a scarred area about % of an inch to the left of the bare steel may be the
beginning of sampling, when the sampler started to vibrate between the wall and transfer
pump. Additional material may have been collected by the sampler as it moved along the
tank wall.

-81 -



SRNS-STI-2009-00416, REVISION 0

Figure 68: Tank 18 Upper Sample, Steel Removed from the Wall
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Figure 69: Tank 18 Lower Sample, Small Chip of Waste Removed from the Wall

6.2.1.2 Tank 18 Lower Wall Samples

Again, only one sample attempt was conservatively calculated here, since only one sample
exposed a shiny steel surface on the tank wall, as shown in Figure 70 and Figure 71. Figure
72 shows the second hole, which was drilled down to the corrosion layer, as indicated by the
dark spot at the bottom of the hole where the color change from light to dark indicates the
interface of two different materials. Figure 73 shows the approximate surface area of the
hole. For this figure, the exposed steel diameter was smaller than the drill bit diameter, and
the only reference dimension was the stamped character height on the sampler head (No. 4
letter punch). Again, measured dimensions for these punches vary between 0.200 and 0.250
inches, depending on the depth of the punch. Conservatively assuming that the character is
0.200 inches, the exposed steel area slightly fills more than half of a 0.400 inch diameter
circle. Material removed from the surface above the exposed steel was also conservatively
neglected, since the amount of material cannot be quantified. Then,

2
Surface Area(Tank 18 lower) = % =0.063 in 2
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During this lower sampling, the mast was moved horizontally at the tank top, the drill bit
moved down the wall, and then collected the sample to bare metal.

Figure 70: Sampler Head and Tank 18 Lower Sample Area
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Figure 71: Tank 18 Lower Sample Area

(Same as Figure 70, but without sampler head)
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Figure 72: Partially Drilled Hole at Upper Level in Tank 18
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Figure 73: Dimensioned Tank 18 Lower Sample Area
6.2.2 Tank 19 Wall Samples

Since holes were completely drilled in Tank 19 as shown in Figure 74 and Figure 75, the
surface areas were calculated directly from the diameters of the drilled holes, which were
noted to equal 0.500 — 0.520 inches. Both the upper and lower samples each contained
material from two drilled holes and the total surface area for collected material therefore
equaled

1-0.5007 )

Surface Area( Tank 19 _ upper) = Surface Area( Tank _19 _ lower) =2 =0.393 in

_87-



SRNS-STI-2009-00416, REVISION 0

Figure 74: Typical Drilled Hole in Tank 19
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Figure 75: All Four Drilled Holes in Tank 19

6.3 SAMPLER MATERIAL COLLECTION FOR TANKS 18 AND 19

After delivery to SRNL, all sampler heads were disassembled and carefully cleaned to ensure
that all material was collected for analysis. A delivered sampler head, and initial disassembly
is shown in Figure 76, Figure 77 and Figure 78. In Tank 18, sample material thicknesses
varied from 1/16” to approximately 3/8” during testing, where the exact thickness was not
determined. In Tank 19, material was not observed on the tank walls. Sample results varied
for each sampler head.

Five discrete locations were sampled for the Tank 18 scale sample, and two locations were
selected for each of the other samples. The Tank 18 scale sample collected a material which
looked like small, reddish brown, dried clay like, pebbles about 1/8 of an inch in size. The
dust from this sample was easily cleaned from the sampler head surfaces (2000 mRem
extremity) (Figure 79 - Figure 81). Although this sampler head was used at multiple locations
at both higher and lower sample elevations, and the collected sample is referred to as the
scale sample. The second sample attempt collected negligible material even though chips
appeared to be removed from the waste during sampling (Figure 82 and Figure 83). The Tank
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18 upper sample collected steel chips from machining the surface and also collected a fine,
brown, dust like material (1500 mRem extremity), which could not be brushed from the
sampler head surfaces and (Figure 84 - Figure 86). More material than usual passed through
the filter for this sample. Figure 80 shows material being cleaned downstream of the filter.
For steel testing, filters were noticed to be stained on the downstream side of the filters due to
incomplete filtering, but particles did not accumulate downstream. This sample indicated that
particle size may affect filter efficiency. Further investigation was not pursued. The Tank 18
lower sample collected a small amount of black, dust like, perhaps crystalline, material in
addition to some steel chips machined from the surface (4000 mRem extremity) (Figure 87 -
Figure 89). In other words, the material was visually distinct in each sample. Also, negligible
extremity radiation rates were expected from the corrosion layer, and dried waste on the tank
wall surfaces varied up to perhaps 3/8 inch or more at different wall locations. While holes
were not properly drilled like those drilled at EDL and T-Area, Tank 18 sampler heads
clearly collected corrosion products from the tank wall. Sampling occurred on several days
over several weeks in FTF.

In Tank 19, two holes were drilled with each sampler head (13 and 37 mRem extremity), and
samples were machined similar to EDL test results (Figure 90 and Figure 91). All Tank 19
sampling was completed in less than a day.

Figure 76: Delivered Sampler Head
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Figure 77: Sampler Head Disassembly

Figure 78: Disassembled Drill Collar
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Figure 79: Filter Cavity, Tank 18 Scale Sample, TK 18-2

Figure 80: Collected Material, Tank 18 Scale Sample, TK 18-2
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Figure 81: Drill Cavity, Tank 18 Scale Sample, TK 18-2

Figure 82: Collected Sample, Second Tank 18 Sample Attempt, SP3
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Figure 83: Drill Cavity, Second Tank 18 Sample Attempt, SP3

Figure 84: Collected Sample, Final Tank 18 Upper Sample, TK 18-1
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Figure 85: Filter Cavity, Final Tank 18 Upper Sample, TK 18-1

Figure 86: Filter Plate, Final Tank 18 Upper Sample, TK 18-1
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Figure 87: Filter Cavity, Final Tank 18 Lower Sample, SP 4

Figure 88: Drill, Cavity, Final Tank 18 Lower Sample, SP 4
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Figure 89: Collected Sample, Final Tank 18 Lower Sample, SP 4

Figure 90: Collected Sample, Final Lower Sample, Tank 19, TK 19-2 (Upper Sample
showed similar results)
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Figure 91: Filter Cavity, Final Lower Sample, Tank 19, TK 19-2

6.4 SUMMARY OF DESIGN IMPROVEMENTS

SRS corrected the resonant frequency chattering problem in order to make the sampler
operate as designed. The design was also simplified to minimize cost.

SRS success showed that the steel was bright and shiny as expected once the corrosion layer
was machined through. In the West Valley report, a key assumption of their analysis was
“that the dark center of the burnish indicated penetration into the base metal since very little
of the burnish locations appeared to reflect light as a shiny surface would with the optimal
lighting and cameras angle.” Testing at SRS showed that vibrations prevented adequate
drilling, and that the black hole at the center of the burnish, or hole, was in fact the corrosion
layer. An essential element of success was the use of an electromagnet by SRS. The magnet
eliminated additional resonant vibrations from the long mast, hanging from the tank top. The
West Valley design successfully collected material from tank walls, but one may conclude
that their report indicates that corrosion material was not effectively collected. A description
of typical equipment used at West Valley and other facilities is shown in Figure 92.

In contrast to the complex robotic system, the SRS design was simplified. The design used
manual controls, a sampler and mast with attached cameras, and a single truck equipped with
video equipment. From the video truck, directions were remotely reported by radio to the
technicians operating the equipment in the hut on top of the tanks.
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Figure 92: Oak Ridge and West Valley Wall Sampler Design

6.5 SUMMARY OF TANK 18 AND TANK 19 WALL SAMPLING

The FTF sample collection results are summarized in Table 4, Figure 66 and Figure 67.
Several conclusions may be drawn:

For Tank 18:

1.

Drill site characteristics varied at different locations, i.e., no evidence of drilling;
small chips were removed from the waste on the wall; or shallow holes were drilled.
In one case a shallow hole was drilled down to the wall surface as evidenced by black
material in the bottom of the hole, where the material characteristics changed from
waste attached on the wall to corrosion at the surface.

In some cases, the sampler was pushed from the wall when the drill bit was advanced.
Initial sampling attempts failed to drill down to steel, but a sample of the scale
material was obtained for analysis, during the first sampling attempt.

The second sampling attempt collected negligible material.

In Tank 18, a sample was successfully machined at both required elevations. Shiny
steel was observed for one location for both the upper and lower samples.

The Tank 18 sample surface areas were ill defined since the samples were ground
from the wall, rather than drilled. Surface area determination therefore required
additional calculation.

The materials were visually different at different sample locations in Tank 18.
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8. Radiation rates were expected to be negligible but were as high as 4000 milliRem
extremity, measured within two inches of the sampled materials on the filters. Rates
were measured for a disassembled sampler.

For Tank 19:

9. In Tank 19 final sampling results, two holes were drilled at each required elevation,
and the holes were similar to those drilled during testing.

10. The surface areas of the Tank 19 samples were well defined by the diameter of the
drilled holes.

11. Radiation rates were less than 37 mRem extremity, measured on the filters.

General observations:

12.
13.
14.
15.

16.

17.

18.

Sampling was successful.

Thick waste coatings, or scale, on walls diminishes sampler performance.

Salt liquefaction effects on efficiency were not investigated for other than test
conditions, and efficiency of corrosion alone was not investigated.

Drill bit chattering was reduced, but not eliminated. Novel techniques were developed
to evaluate chattering with respect to resonance.

Resonance was not previously identified as a principle design flaw of the sampler,
although both West Valley and ORNL recognized that the drill bit chattered, and
numerous changes were investigated and implemented in the final West Valley
design.

Additional SRS research and experience furthered the understanding of wall sampling
in waste tanks. Of particular interest, the West Valley sampler apparently did not drill
into the tank wall corrosion layer, but only collected a sample down to the corrosion
layer. According to the West Valley report (Drake, J. [13]), the researchers assumed
that the black circles at the bottom of the holes were exposed steel. SRS sampling
clearly showed that exposed steel is bright and shiny as expected. The black circles
were the corrosion layer on the wall surface.

How can corrosion sampling be improved on waste coated walls? One
recommendation is to locally clean the area to be sampled. Only a few hundred
gallons of water would be required to pressure wash the areas to be tested, and the
design issues for drilling through waste would not need to be resolved. As noted,
electromagnets can be increased in size somewhat. Increasing the stiffness of the mast
may, or may not, improve sampler performance.
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7.0 CONCLUSIONS

7.1 Tank 18 and 19 Wall Samples

Wall samples were successfully obtained from FTF Tanks 18 and 19. An SRNL provided
sampler was attached to a cantilevered arm, and lowered by cable from an SRR built mast
assembly to drill samples from the tank walls at two different elevation ranges in each tank.
SRR mounted the sampler and mast assembly by crane on the steel structure on top of Tank
18. After samples were collected, the sampler and mast were moved by crane to the top of
Tank 19. To collect samples at different tank levels, the mast and sampler were raised and
lowered by crane and pinned or clamped in place while sampling was performed.

7.1.1 Wall Sampler Design

The ORNL designed sampler required several modifications before successful operation
could be demonstrated. Electromagnets held the sampler to the wall, and the sampler’s
drilling components were mounted to a guide rail and were forced against the wall by a pair
of springs. A ' inch diameter drill bit with a slightly tapered point was driven by a drill
motor to drill a sample of material from the tank wall, which was expected to include, steel,
rust, and salt. Controls advanced the drill 1/16 of an inch, or less, into the wall surface and
coatings until stops on the sampler prevented further drill travel. During drilling, all material
was collected by a vacuum system, where air flowed through a collar surrounding the drill
bit. Particles were extracted from the drill site and transported to a filter section for
collection. The drill bit, collar, and filter section assembly are referred to as a sampler head.
These removable sampler heads were transported from FTF to SRNL for disassembly and
further processing, after radioactive samples were machined from the tank walls.

7.1.1.1 Wall Sampler Improvements

SRNL design modifications prevented certain failure of the previous sampler design. At SRS,
multiple 2 inch diameter by 1/16 inch deep sample holes were required. The sampler
frequently jammed at completion of the first hole, and system controls were modified as
required. The filters sheared when installed in the sampler heads. More importantly, the
initial design had an inherent flaw, which was evident only under certain conditions.
Specifically, rust or thick wall coatings like those found in waste tanks caused resonant
vibrations of the spring due to drill bit chattering, which induced resonant vibrations. SRNL
identified the resonance problem, and changed the spring design to reduce chattering.
Without these changes performed during testing, the sampler would have failed to collect
samples in either tank, since the sampler was required to machine down to bare steel.

The Oak Ridge and West Valley design was an essential step toward SRS success. Without
their foundation design, SRS costs could have reached additional millions of dollars. SRS
was able to improve the design through additional experience. Even so, SRS design
improvements ensured success to overcome inherent design flaws in the equipment.
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7.1.1.2 EDL Sampler Operation

At EDL, a curved steel plate was used to validate sampler operation. The sampler was shown
to drill as many as 12 holes using a single drill bit without dulling the bit.

7.1.1.3 T-Area Sampler Operation

Testing in the T-Area, Full Scale Tank Facility provided an opportunity to completely
investigate the sampler before installing it in the waste tanks. Without this crucial testing, the
sampler would have failed when installed. At the Full Scale Tank, initially only a single hole
was drilled per drill bit before the drill bits became dull, and even a single sample hole was
not assured. The replacement spring design reduced resonance effects and increased the
number of drilled holes per drill bit to six before the drill bit dulled. Further improvements
were possible, but spring changes were considered adequate to obtain two holes in Tanks 18
and 19. The sampler and mast were demonstrated and ready for tank installation.

7.1.2 EDL Sample Results

Sample coupons were attached to a curved test plate at EDL to evaluate the collection
efficiency of the sampler. Several tests were performed on one inch square test coupons. The
before and after masses of the coupons and sampler heads were compared to determine the
percentage of material collected in the sampler from the coupons. All material was collected
at the wall surface, but some material escaped through the filters. Evaluated material
conditions included: polished steel coupons with machined surfaces to evaluate steel removal
by the sampler; steel coupons with a salt layer to evaluate the removal of salt only; and rusted
steel coupons with a salt layer to evaluate machining all three materials in discrete samples.

Collection efficiencies were markedly affected by material properties. For the steel samples,
the collection efficiency was above 97.4 % at expected operating conditions. For the salt
samples, the measured collection efficiency was above 57.2 %, and testing was not
performed to evaluate efficiencies for different salt thicknesses. Tests for the rusted, salt
coated coupons were also not investigated for different salt thicknesses or for corrosion by
itself. Given this limitation for the rusted, salt coupon results, the collection efficiency was
above 95.6 %.

7.1.3 FTF Sample Results

Sampler results were also affected by the residual waste on the tank walls. The assumption
that the wall was coated with salt was shown to be incorrect for Tank 18. An important
aspect on the application of EDL testing relates to Tanks 18 and 19 conditions. Tank 19 was
pressure washed, and Tank 18 was not. In Tank 18 a layer of waste coated the wall, and the
waste thickness appeared to vary between 1/32 inches and 3/8 of an inch throughout the tank.
In Tank 19, waste was removed from the walls, and corrosion seemed to be the principal
coating on the walls, with perhaps a thin, transparent salt film.
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7.1.3.1 Tank 18 Sampler Operation

The sampler was held to the wall by electromagnets, which were selected to operate within
0.030 inches of the wall. At this distance, the magnetic force of 750 pounds per magnet
reduces to 75 pounds per magnet, which is opposed by the 37 pound maximum force of each
spring. In Tank 18, the excessive waste thickness prevented the sampler from attaining
proper attachment to the wall. As the drill bit advanced, the sampler released from the wall,
and holes could not be effectively drilled. Even though holes could not be drilled into the
wall, samples were successfully collected when the drill bit acted as a grinder to scrape
samples from the wall at the two required elevations.

7.1.3.2 Tank 18 Sample Results

Sufficient material was collected for analysis, material was removed down to an exposed
steel surface, and sampling was considered successful by FTF Engineering. All that was
required for this report was an estimate of the surface area of exposed steel. Even though
more than one hole was attempted, and the drill bit scraped along the wall in one case, the
use of the exposed steel surface as a basis for radioactive contamination provides a
conservative estimate for radiation per unit area. The contents of the sampler will be used to
find the total radioactivity (Curies), and dividing this quantity by the steel surface area will
provide a significantly higher value for activity per unit area. Subjectively, the calculated
radiation level per unit area may actually be 75 % more than actual. The surface areas were
found to conservatively equal 0.196 in” at the upper sample area in Tank 18 and 0.063 in” at
the lower sample area in Tank 18

7.1.3.3 Tank 19 Sampler Operation and Results

In the absence of significant waste on the tank wall, the sampler drilled holes in the wall as
designed. Consequently, the surface area was determined from two drilled holes collected by
each sampler. The minimum possible hole size was used to establish a conservative value for
the surface area of collected material. For samples at both the upper and lower sample areas,
the area equaled 0.393 in”. Samples were successfully collected from both tanks.
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APPENDIX A. OAK RIDGE NATIONAL LABORATORY, INITIAL
DESIGN OF WALL SAMPLER

A SAMPLING END EFFECTOR FOR STEEL WASTE TANK WALLS®

Stephen Killough
Oak Ridge National Laboratory
P.O.Box 2008
Oak Ridge, TN 37831
killoughsm@ ornl gov
(B63) 574-4537

ABSTRACT

As part of a remediation project of underground waste tanks at the West Valley
Demenstration Project (WWVDP), Oak Ridge Natonal Laboratory (OFNL) has developed a
samnpling device to characterize the cleanup efforts of the West Valley tanks. This device will
take 2 representative scrape sample from inside the tank. From flus sample, the per-sguare-inch
contamination of the tanks and an estimate of the total contamination inside the tank can be
deternuined.

The goals for the sampler were to take an accurate sample and yet mininuze any damage
to the tank walls. Furthermore, the device had to be compatible with the high-radiation tank
environment and must not add any undesirable oils mto the tank. Since the sampler will be
lighly radicactive after a sample 1s taken, the sampler must be small, lightweight, and quick to
retrieve to minimize exposure to personnel

The sampler takes a scrape from the tank walls using an end-mull-type milling machine
bit. The bt makes an essentially flat cut 0.3-mn. in diameter and 0.030 m. deep. This shallow
penetration collects all of the surface contamination while still being a near nen-destructve test.
A wvacuum and filter system is used to collect all of the scraped shavings and a collar around the
bit is used to collect any shavings that are fhmg out. The bit and filter are in a small housing
aszembly, which can be detached from the sampler base such that the sample will fit in a small
lead container for shielding The assembly 1z designed to be easily detachable from the sampler
baze using long-handle tools.

1. INTRODUCTION
The remediation activifies at the WWDP high-level waste (HLW) tanks and the Guute

and Associated Tanks at OFNL are similar in that both efforts needed a measurement of the
remaining contamination in the tanks after the cleanup process was completed. OFINL

*Oak Ridze National Laboratory, menazed by UT-Battelle, LLC, for the US. Department of Energy under contract DE-ACDS-
ODOR-12725
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developed a device for sampling its tanks and offered its expertise to the WWVDP to help
characterize the West Valley tanks. The two situations are different i that the OFNL tanks are
concrete and the WWDP tanks are carbon steel; also the WWVDP tests were to be mostly non-
destructive as compared to the OFNL tests. In late 1999, the two facilities began collaborating
on & design for a sampling system for the steel tanks, with OENL concentrating on the sampler
device itself and WVDP concentrating on the deplovment robot.

Unlike the concrete tanks at OQBINL, it 15 azsumed that the waste materials in the West
Valley tanks have not permeated mnto the steel walls; therefore, only a surface scrape is necessary
to characterize the tank. The new device takes this surface scrape with a plunge-cutting type
end-mill bit and collects the scraped material in & filter for delivery to a laboratory for analysis.
The area to be scraped 15 2 0.3-in. diameter circle, and the average weight of the collected sample
03 g

The development of such a sampler was an enginesnng exercise that took infe account
the aceuracy needed, cost, compatibility with the chemicals and radioactivity in the tank,
reliability, and simple, safe, low-exposure operation for personnel.

2. OVERALL CONCEPT

The heart of the sampler is the milling bit, which 13 mownted in a tube similar to a
vacuum cleaner nozzle so that the vacuum will cellect any material scraped up by the bit. The
vacuum draws the material into a filter, which retains it for delivery to a laboratory. Because of
the expected radicactivity of the sample, the filter system must be small enough to fit inside a
lead-shielded contamer. Furthermoere, to prevent cross contamination, a new milling bit and
filter will ke used for each sample. The system 13 modularized such that the disposable bit and
filter s=ction (also known as the sample housing) is compact and easily detachable from the
system's base unit.

The base umit consists of hardware, which drives the sample honsing. The base unit
centains the drill metor for tuming the dnll bit, a linear slide to axially advance the bit, a moter
to drive the slide, & spring system to linut the axial drive force, and a vacuum generator. The
motors are lightweight, pneumatic units, and the vacuum generator 1s an ar-driven venturi unit.

3. DESIGN DETAILS

The complete sampler device 15 shown in Fig. 1. The base attaches to a rebotic arm,
which will deploy the device into the tank and up to the tank walls. This arm 13 a water-
bydraulic wmt, which s provided by West Valley Nuclear Services (WWVNS). Mounted to the
base 15 a lnear shde table, which 15 driven by an ACME serew and & small pnewmatic bi-
directional motor to advance the sampler to contact the wall. A second slide on the table
connects with a force-limiting spring mechanism to limit the forces that the sampler can press on
the wall. This foree limit is presently 22 b, although this value could easily be changed with
different springs. The dnill motor is a 0.5-hp pneumatic unit, which spins at 225 rpm and the
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VENIII VACUIUII puanp fenerates up to sU-f/mumute fow.  Lhe poneumanc systems are driven by
100-ps1 air and 21l of the custom parts are made of anodized ahminum.

Fig. 1. Complete grab sampler system.

To minimize the size of the equipment that transports the sample to the laboratory, the
but, filter, and sample housing were made compact and easily detachable from the base, as1s
tllustrated in Fig. 2. The sample housing is held to the base by two captive screws, a simple
mechanieal coupler engages the drill shaft, and an O-ring gasket is used to seal the vacuum
comnection. A threaded hole 15 also provided to allow the screwing in a temporary handle so that
the device can be grasped with long-handle tools. The overall size of the housing s 3.5 x 34 x
23 in.. and the weieht 1z about 300 =
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Fig. 2. Sample housing detached from base.

Dunng the design process, components were selected that would survive the radioactive
and cormosive environmen: inside the tank. Stainless steel and anodized aluminum parts were
selected where possible, and the pneumatic motors were studied to identify any internal
radiation-sensitive parts. The dnll motor (s carbon steel and will need to be painted, and
radiation-tolerant air hoses will eventually be selectad by WWNS.

A direet view of the milling bit 15 shown in Fig. 3. The bit 1s a standard 0.3-in. diameter
two-flute umt with 2 3/8-in. shaft. Other standard bits could be used without changing the
housing design. Unlike conventional drilling, ne lobricants are permitted in the tank, so the dril
15 m dry.
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Fig. 3. View of the milling bit.

The sampler has other features that support the drilling operation. The collar around the
bit is telescoping and spring-loaded in order to swround the bit uonl it 1s pressed against the wall
during drilling. Air vents on the end of the collar permit suction arr to flow in while catching amy
particles that are flung from the bit. To prevent the bit from drilling too deeply into the wall,
cone-shaped bolts, which are 0.030-m. behind the end of the bit, are mounted on the housing.
These bolts could alse be adjusted for special cases, such as for dnlling mto columns and other
non-flat surfaces. Since the 0L030-in. depth linit 1s for the steel wall and not for any scale that
may be present, sharpening the bolt cone tips may be necessary to penetrate the scale.

The filter 15 m a mulled out pocket i the lower half of the sample housing, as 15 shown in
Fig. 4. The volume of this cavity is 0.8 in.*, and the surface area of the filter is 1.5 in” Although
this may seem large for shaving only 0.030 in. of material, experience has shown that the shaved
sample 15 fluffed up and cccupies a larger volume than expected; also, scales of significant
thickness may also be encountered.

The filter media 15 based on a fiberglass high-efficiency particulate air (HEPA) element.
Paper-based elements were alse tried; however, the paper was degraded by wet sampling
surfaces, and the dust particle capture performance was not as good as that of the HEPA
elements. The WVDP also had concems about the cellulose in the paper degrading its analysis
results.
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Fig. 4. Filter cavity area.

4. TESTRESULTS

The test arrangement consisted of the sampler base, which was clamped to a tabletop, and
a test piece of steel, which was clamped to an adjoiming table. Two tables were used to simulate
compliance effects between the wall and the robot arm. Other tests were conducted to make sure
that the sampler housings could be swapped using long-handle tools. Example operations with
these tools showed that these operations could be performed without diffieulty.

An operations concem 13 whether the operators will be able to adequately view the device
through television cameras well enough so as to operate it comectly. To make sure the sampler is
pressed perpendicular to the wall, WWNS added a compliant wrist to its robot. This wrist presses
stouts agamst the wall to ensure perpendicular operation. Since the operators cannot see well
enough 5o a5 to advance the bit into the steel at the same rate as the zctual steel milling, the
techmigue was changad to allow the operators to mstead rely on the foree-limiting mechanizm to
apply a constant force with the bit. Since the depth-limiting belts will prevent the sampler from
cutfing too desply, the operators only need to advance the sampler onto the wall and wait a few
minures until the muilling is finished

The key test of the system was to precisely weigh the sampler housing and a test piece of
steel and measure them again after & sample was taken from the steel. Ideally, all of the weight

that disappeared from the test stzel would appear in the sample honsing. For tests on dry painted
ataal the remltz wera verv onnd—vith all af tha weioht that dicarmeared from the ctesl
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appearing in the sampler. Since we are near the accuracy limit (0.01 g) on our scale, we are
claiming the recovery to be 90+%:. Weights collected for these samples were about 0.5 g.

Other tests were conducted to simulate performance for walls coverad with thick scales.
WVDP expects up to 0.25 in. of sodium hydroxide seales, and bars of hand soap 0.23 in. thick
were used to simmilate these tests. The sampler appeared to collect the simulated scale very well;
howewver, welght measurements showed only 80 to 85% collection efficiency becanse of
compounds evaporating from the soap. Tests were alse conducted with the soap wetted down to
simulate wet conditions; however, the vacuum system evaporated the water such that the
efficiency appeared to be cnly 30%. However, the mam consideration for the wet tests 15
whether the sticky and wet soap gums up the sampler and prevents 1t from collecting its sample.
Tests have shown that the sampler will still collect the gummy soap; however, the material
becomes suck throughout the inside of the sampler instead of only on the filter paper. This
material is still refrievable in the analysis lab although it will need tD be su:rap-eu:l out of the
sampler head The weights of materials collected for these tests are 2 to 3 -

Another consideration 13 the efficiency of extracting the material from the sample head
and getting it into the containers in the a.uah'tu:fal labc-ramn Tests in this area show an
efficiency of 83 to 90%, althu::rugh this Eﬂin:lenc‘. Tequires ma.uualh scraping the material out of
the sampler head 1f the material is sticky.

5. DEPLOYMENT PLANS

Present plans are to deploy the sampler in one of the West Valley HLW tanks in early
2001. The sampler itself is operational although further testing will be required to achieve NQA-
1 certification for the device. Further tests with the full robot and sampler system will need to be
conducted to verify that the robot is stuff ensugh to hold the sampler steady during the milling
operation. In the future, new versions of the sampler may be considered for tank-floor samplhing
where the floor 15 under a few inches of water.

6. CONCLUSIONS

The West Valley Grab Sampler has been a very successfil design activity and i3
anticipated to be an accurate, a reliable, and a robust device for samples at the WVDP tanks.
Expenence gamed from designing and operating this device in an actual waste environment will
be valuable for fufure work in waste-tank remediation at other U.S. Department of Energy and
industrial sites.

- 111 -



SRNS-STI-2009-00416, REVISION 0

APPENDIX B. Uncertainty Analysis for Test Data

Table 2 shows collection efficiencies and corresponding uncertainties (Coleman, H., Taylor,
B. [15 and 16]). There is a collection efficiency for each test and an average collection
efficiency for each set of tests (three tests for each set). There is also an uncertainty
associated with each test and an uncertainty associated with the average. The efficiencies
and uncertainties are further broken down into those corresponding to material captured on
the filter only and those corresponding to material captured in the entire head. The derivation
of the uncertainties is described in the following sections.

Uncertainty of the Average

The uncertainty associated with the average (ocg4) 1s based on the standard deviation of the
three collection efficiencies in the set of samples. o¢rs also included an uncertainty
associated with the test ocgr (maximum of the three values). It should be noted that Gcga
was typically much greater than ocpr. ocgs was therefore a Root-Sum-Square (RSS)
combination of the standards deviation (at 95% confidence level) and ocgr, as follows:

ocea = +/- [(T- SD)* + max ocer’ ]’ (BO)
where, T is the Student T-Factor to provide a 95% confidence level, and
SD is the standard deviation of the three test results that make up a set.

Uncertainty of the Test

The uncertainty associated with the collection efficiency for each test (ocgr) consists of the
combined uncertainty of the masses used to derive the efficiency. Included in ccgr is the
uncertainty due to hygroscopic effects.

The uncertainty of the masses that were used in determining the collection efficiency (CE)
was determined using Equation 1 (Section 4.1) and the concept of the Law of Propagation of
Uncertainty (Taylor, B. [15 and 16]). Note that the resulting equation is analogous to the
Root-Sum-Square (RSS) method of combining uncertainties.

ocer = +/- 100 - [(oys (ECE/EMs))* + (owc (ECE /AMc))* ] (B1)

where, ocgr 1s the uncertainty of the collection efficiency for each test,
expressed as a percentage.
ous 1s the uncertainty in the mass of material collected by the sampler
head.
ACE/dMs is the sensitivity coefficient for the mass of material
collected by the sampler head.
owmc 1s the uncertainty mass of material removed from the coupons.
ACE/dMc is the sensitivity coefficient for the mass of material
removed from the coupons.
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Simply stated, the sensitivity coefficient relates an incremental change (i.e. uncertainty) in
the collection efficiency (ACE) to an incremental change in the variables (mass collected by
the sampler head, dMs, or removed from the coupon, JM¢). Note that the higher order terms
from the Law of Propagation of Uncertainty equation are assumed to be negligible.

Solving the partial differential equations in Equation Bl and using Equation 1, yields the
following:

acgr = +/- 100- [(ovs /Mc)” + (~ouc+ Ms/Mc)’]" (B2)
Uncertainty of the Mass of Material Collected by the Sampler Head (o))

As stated before, two collection efficiencies are reported; that of the filter only and that of the
entire head. Several different masses are used for each case and the uncertainty of each mass
was considered.

Filter Only

Using the Law of Propagation of Uncertainties for Equation 4 (Section 4.2.3) and solving the
partial differential equations, the uncertainty of the material collected by the filter only yields
the following;

Ooumsr = /- (Osr2 >+ G 2)1/2 (filter only)  (B3)
where, oysr 1s the uncertainty of the mass of material from the filter only,
omsr2 18 the uncertainty of the post-test filter mass, and
omsr1 1s the uncertainty of the pre-test filter mass.

The post-test filter was weighed in a weighing tray since the filter contained loose material
from the sample. The post-test filter mass was determined by subtracting the tray mass from
the overall mass. Therefore, equation B3 becomes;

Ouse = /- (Guspz > + Oprr’ + Osr1 2)1? (filter only)  (B3A)
where, o,rris the uncertainty of the weighing tray mass.

All associated filter masses were measured by the same analytical balance (M&TE # WP-
1007), the tolerance of which was +/- (0.01 % of reading + 0.3 mg). To simplify the
calculation of the uncertainty of the filter masses the tolerance of WP-1007 was stated as +/-
0.75 mg [+/- (0.01% of 4.5 g + 0.3 mg), where 4.5 g is a conservative representation of the
filter mass for all testing]. The uncertainty of the tolerance of WP-1007 was stated as +/- 0.5
mg [+/- (0.01% of 2 g + 0.3 mg), where 2 g is a conservative representation of the tray mass
for all testing]. The uncertainty of the filter only mass becomes;

ouse = +/-(0.752+0.57 +0.75%)"? =+/-1.17 mg (filter only)
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Entire Head

Using the Law of Propagation of Uncertainties for Equation 5 (Section 4.2.4) and solving the
partial differential equations, the uncertainty of the material collected by the entire head
simplifies to;
Omsy = +/- (O_mHQ 2 4 OmH]I 24 OMSF 2)1/2 (entire head) (B4)
where, oy is the uncertainty of the mass of material from the entire head,
omp2 18 the uncertainty of the post-test head mass,
omm 18 the uncertainty of the pre-test head mass, and
ousr 1s the uncertainty of the mass of material from the filter only.

Both the pre-test and post-test head masses were measured by the same analytical balance
(M&TE # SL-1004). The tolerance of SL-1004 used for this uncertainty calculation was
derived from calibration data before and after use, and was determined to be +/- 1.2 mg in the
range measured (~500 g). The uncertainty of the entire head mass becomes;

ousy=+-(1.2%+12%+1.17H"* =+/-2.06 mg (entire head)

Uncertainty of the Mass of Material Removed from the Coupons (o))

Using the Law of Propagation of Uncertainties for Equation 6 (Section 4.2.4) and solving the
partial differential equations, the uncertainty of the material removed from the polished
coupons simplifies to;

Ovice = +/- (Oucar > + Oucor > + Oncar” + Guewr )"’ (BS)
(polished coupons)
where, oy 1s the uncertainty of the mass of material from polished coupons,
Omcai 18 the uncertainty of the pre-test mass of the first coupon,
omcp1 18 the uncertainty of the pre-test mass of the second coupon,
Omca2 18 the uncertainty of the post-test mass of the first coupon,
omcp2 18 the uncertainty of the post-test mass of the second coupon,

Using the Law of Propagation of Uncertainties for Equation 7 and solving the partial
differential equations, the uncertainty of the material removed from the salt coupons
simplifies to;

Oucr = +- (Oucar* + Onchi” + Omert* + Oncar” + Onepr” + Omer2 )" (BSA)
(coupons with salt residue)
where, oy 1s the uncertainty of the mass of material from coupons with salt,
omcr 18 the uncertainty of the pre-test mass of the collection tray.
omcr?2 18 the uncertainty of the pos-test mass of the collection tray.
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All of the above masses were measured by the same analytical balance (M&TE # WP-1007).
To simplify the calculation of the uncertainty of the masses associated with the coupons, the
tolerance of WP-1007 was stated as +/- 2.1 mg [+/- (0.01% of 18 g + 0.3 mg), where 18 gisa
conservative representation of pre- and post-test coupon masses for all testing]. The
uncertainty of the mass associated with the coupons becomes;

omep=+-2.12+212+21? 421" =+/-420 mg (polished coupons)
In the case of test with coupons with salt, the tolerance of WP-1007 for the collection tray
was stated as +/- 0.45 mg [+/- (0.01% of 1.5 g + 0.3 mg), where 1.5 g is a conservative

representation of pre- and post-test tray masses for all testing], and uncertainty of the mass
associated with the coupons becomes;

Oucr=+-(2.17+217+045°42.1°+2.1°+0.45%)"> =+/-425 mg
(coupons with salt residue)

Uncertainty Due to Hygroscopic Effect

To quantify hygroscopic effects, multiple masses were recorded for items having salt. The
items with salt were kept in a desiccator when not used and trays of desiccant were placed in
the enclosure of the analytical balance to establish and maintain a consistent moisture level of
the salt. However, even with these measures the masses fluctuated for repeated
measurements. From the repeated measurements an uncertainty of the mass of each item was
determined. The multiple uncertainties were compared and a conservative estimate was
chosen to represent the uncertainty of all items with salt due to hygroscopic effects. The
representative uncertainty was +/- 15 mg.

Example of Uncertainty Calculation

The following is an example of the process for determining a collection efficiency and the
uncertainty of that collection efficiency.

The pre-test and post-test masses of a filter and polished coupon are shown in the table
below. Two sets of coupon masses are shown to represent the pair of coupons sampled per
test.

Filter Mass Filter Mass Coupon Mass Coupon Mass
Pre-test (mg;) Post-test (mg;) Pre-test (mcy) Post-test (mcy;)
(4] (4] (2 (2
0.63428 - 16.39022 15.34034

- 2.70924 16.44033 15.37953

Using Equations 3 and 6 (Section 4.2.3 — 4.2.4) respectively the quantity of material
collected on the filter and the quantity of material removed from the coupons is found.

Msp = Mspy — Msp; = 2.70924 — 0.63428 = 2.07496 g
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MCP = MCa] + Mij — (Mcag + Mcbg) = 16.39022 + 16.44033 — 15.34034 — 15.37953 =
2.11068 g

Using Equation 1 the filter only collection efficiency is found (Ms would be Mgy in this case
since it is for the filter only).
CE=100-Ms/Mc=100-2.07496 / 2.11068 =98.3 %

Using equation B2 the filter only instrument uncertainty is found (oys would be +/- 1.17 mg
in this case since it is for the filter only, and omc would be +/- 4.2 mg in this case since it is
for polished coupons).

ocer = 100:[(ous /Mo + (-oucMs /Mc )] 100-[(0.00117/2.11068)* +

(0.0042-2.07496/2.11068%)*]" =0.203 %

Material Mass Material Mass Collection Instrument Unc.
Collected on Removed from Efficiency (CE) (GcET)
Filter (Ms,) Coupon (M¢) (filter only) (filter only)

() () (%) (%)
2.07496 2.11068 98.3 +/- 0.20

The pre-test and post-test masses of the sampler head are shown in the table below. Using

Equation 5 the mass of the material in the head can be found.
Msy = Msp> — Msp; + Mgp=517.2313 —517.1978 + 2.07496 = 2.10846 g

Using Equation 1 the collection efficiency for the head plus the filter plus the sample is found

(Ms would be Mg in this case since it is calculated for the head plus filter).
CE =100 Ms/ Mc=100-2.10846/2.11068 =99.9 %

Using equation B2 the entire head instrument uncertainty is found (oys would be +/- 2.06 mg
in this case since it is for the entire head, and Gy c would be +/- 4.2 mg in this case since in is

for polished coupons).

ocer = +-100- [(ous/Mc)* + (-omeMy/Mc 2)2]1/2

+/-100-[(0.00206/2.11068)> -+

(0.0042-2.07496/2.11068%)*]" =+/-0.218 %
Mass of Collection Instrument Unc.
Head Mass Head Mass Material in Head Efficiency (CE) (Ocg)
Pre-Test (My;) Post-test (Mpy;) (Msp) (entire head) (entire head)
(® ® (4] (%) (%)
517.1978 517.2313 2.10846 99.9 +/-0.22

The table below shows three typical, filter only, collection efficiencies for a test series. The
average efficiency is simply (98.3+99.0+97.5)/3 = 98.3 %. The uncertainty of the average is
the standard deviation of the three values, Std Dev = 0.734 %. The student T-factor to
produce a 95% confidence level for three data points is 4.303. Using equation BO the
uncertainty of the average 1s found.

ocea = /- ([(T-SD)’ + max ocer’]"? = +/- [(4.303:0.734)* + 0.22%]"* = +/-3.16 %

CE test 1 CE test 3 CE test 3 Average CE Uncertainty
(filter only) (filter only) (filter only) (filter only) Of Average
(%) (%) (%) (%) (%)
98.3 99.0 97.5 98.3 +/-3.2
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Table 5 describes the instrumentation used for the SRNL sampler tests. The only instruments

that measured critical data were the two analytical balances.

The tolerances of these

instruments were verified by calibrations (or calibration checks) before and after usage.

Table 5: Test Instrumentation

Item Designation | M&TE # | Manufacture | Model Range Tolerance
g:f‘;géfal N/A WP-1007 | Mettler AX205 0-200g +/-(0.01 %RDG + 0.3 mg)
Analytical N/A SL-1004 Mettler PR2004 0-2000 g +-0.0012 g "
Balance
. 2
Lincar Motor LMFLOW | TR-00138 | Cole-Parmer 10A6132N 1.5 21 gph +- 2 %FS
Flow Rate lig., sg 1, 1 cps
Linear Motor Piw TR-03949 | WIKA N/A 0 160 psig +/-3 %FS
Pressure
Drill Motor 1 -10 scfm air
Flow Rate DM FLOW N/A Brooks 1305EJ19CL 14.7 psia, 70°F N/A
Drill Motor Pou TR-03950 | WIKA N/A 0 - 160 psig +/- 3 %FS
Pressure
Eductor Supply 1 — 15 scfm air
Flow Rate V1 FLOW N/A N/A N/A STP N/A
Eductor Supply Py TR-03951 | SPAN N/A 0 - 160 psig +/- 3 %FS
Pressure
2
Eductor Outlet V2FLOW | N/A Blue & White | F-410 2-20 gpm N/A
Flow Rate sg |
Eductor Vacuum | V TR-03952 | N/A N/A ;?gm Hgto60 ) ) 304ps
Drill Motor RPM N/A TR-03817 Cole-Parmer 8199-41 2.5-100,000 rpm | +/- 2 %RDG
Barometer N/A TR-01503 Sensotec EB/125-01/060 26 -32in Hg +/- 0.12 %RDG
Room TR-03667 Barnart 600-1075 o o
Temperature N/A TR-03769 | Cole-Parmer EW93210-50 -40to 125°C -0.2°C
Hole depth N/A TR-00499 Starrett No. 445 (1”rod) | 0— 1 in +/- 0.001 in
Hole Width N/A N/A Starrett No. 120 0—6in N/A
1. This tolerance was calculated from Before and After Use calibration data. The stated instrument

tolerance was +/- (0.01 % rdg + 0.3 mg), which would be too detrimental at the measurement mass of

520 grams. Therefore, a less restrictive tolerance was calculated for data at and around 500 grams and

assigned to this instrument.

2. These instruments display units of liquid flow rate. Using Appendix F, the output was converted to

units of air flow rate.
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APPENDIX C. Salt Sample Processing
SRNL

SEMNL-L7400-2009-00008

September 10, 2009
TO: R. A. Leishear, 786-5A

FROM: P.E. Zapp, 773-A PS4

%-éhmml R% Manager, \T%ﬁu: nnd Corrosion Technology

Preparation of Wall Sampler Test Specimens

Summary

Materials Science & Technology provided specimens of ASTM A285 earbon stesl to Enpineening
Development Laboratory personnel for use in evaluating the collection efficiency of the waste tank wall
sampler. Specimens were provided as requested with four surface conditions: 1) corroded, mill-scale
surface, (2) machined surface (electro-discharge machined), (3) salt-coated mill-scale surface, and (4)
salt-coated machined surface. Most salt-coated specimens were prepared by evaporating a solution of
sodium carbonate, sodium nitrate, and sodium nitrite; a few were prepared with sodium carbonate only,
The thicknesses of the mixed sodium =alt coating ranged from L0035 to 0.130 inches.

Report

Materials Science & Technology provided specimens of ASTM A285 carbon steel to Engineering
Development Laboratory personnel for use in evaluating the collection efficiency of the waste tank wall
sampler. The specimens, ASTM A2ES carbon steel provided by MS&T, were machined by the
Robotics, Remote and Specialty Equipment machine shop according to a drawing provided by EDL
personnel. Omne-eighth-inch-thick sheet stock was cut from the A285 plate by wire electro-discharge
machining (EDM). Sheet stock was prepared with the existing corroded, mill-scale surface of the A285
plate or with the EDM surface. The approximately 1-inch-square test specimens were EDM-cut from
the sheet stock.

Test specimens were provided as requested with four surface conditions: 1) corroded, mill-scale
surface, (2) machined surface (clectro-discharge machined), and (3) salt-coated mill-scale surface

We Put Science To Work

The Savarnah River Maflonal Lakbormory s managed and spenated for the LS. Depatmeent of Enarngy by

SAVANNAH RIVER NUCLEAR SOLUTIONS, LLC
AIKEN, S5C USA 29808 « SANL.DOE.GOV
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(specimens | R — 9R), and (4) salt-coated machined surface (specimens [E— [1E), Figure 1 isa
photograph of a corroded, mill-scale surface specimen and an EDM surface specimen.

The salt-coated specimens were prepared by evaporating a sodium salt solution on heated test
specimens. The majority of salt-coated specimens were prepared with a solution of 0.27 M sodium
carbonate, 1,71 M sodium nitrate, and 1,62 M sodium nitrite,. These concentrations were taken from the
Tank 19 composition dated June, 1990, Residual salt, if any, on the tank wall is expected to have
derived from this liguid composition. (Salt derived from a solution that contained sodivm hydroxide
redissolved in room air.) The salt was built up on the selected test specimens by warming the specimens
on a hot plate to less than 100°C (to avoid boiling the solution) and applying drop wise the salt solution.
Salt was built up in this manner in about 30 minutes to a target thickness of about .06 inches (60 mals).
Figure 2 is a photograph of the typical salt-coated specimens. Actual salt thicknesses were vanabic as
seen in Table 1. The listed thicknesses were measured with an optical microscope equipped with a
digital micrometer, and represent data from six approximately equally spaced locations on the deposited
salt.

Specimens were also prepared with an evaporated solution of sodium carbonate. Salt thicknesses were
not measured for these specimens, and the sodium carbonate salt proved to be less adherent than that
derived from the solution of sodium carbonate with sodium nitrate and sodivm nitrite.

Figure 1. Mill-scale specimen (left) and EDM-cut specimen (right).

Figure 2. Salt-coated, machine-surface specimens.

- 119 -



SRNS-STI-2009-00416, REVISION 0

Table 1. Measure Thicknesses of Deposited Salt
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APPENDIX D: Vibration Data for Sampler Assembly

Virginia Vaughn/SRR/Srs

08/13/2009 03:17 PM To Robert Leishear/SRNL/Srs@Srs

cc Anthony Wells/SRR/Srs@Srs, David
Gleaton/WSRC/Srs@Srs, Albert Tanner/SRR/Srs@Srs
Fw: Small Drill Motor

Bob,

Below are the readings that were taken on the Drill Motor: Note: Data was taken at different
frequencies.
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Froceedings of the ASME 2070 Fressure Yessels & Fiping Dmnsion ! B-FyYFE Conterence

PVP2Z01D
July 18-22, 2010, Bellewus, Washington, USA

PVP2010-25266

Higher Mode Frequency Effects on Resonance in Structures

Robert A Leishear
Savannah River Mational Laboratory
Aiken, South Caroling, 2BE03
303-725-2332
Robert Leishearf@SRNL DOE gov

ABSTRACT

The complexities of resonavnce in muli-degree of feadom
svetemns  (oult-DMOF)  may  be  clarifisd  using  graphic
prasenrations. KMuld-DOF systems represent acmal systems. such
as beams or springs, where nmlrple, higher ordsr, namral
frequencies ocouwr. Fesomance ooours when a cyclic force is
applied to 3 smucmre, and the frequency of the applied force
equals one of the pamral freguencies. Both equations and
graphic pressntations are available o the literanue for single
dezree of freedom (SDOF) systems, which describe the response
of spnns-mass-damper systems o banmownically applied, or
cyclic, loads. Lopads may be either forces or  forced
displacements applied o cne end of the spring. Muld-DOF
svetems are typically described only by equations in the
litsramure, and while squations cerainly permit 3 case by casze
analysizs for specific conditions, zraphs provids an owerall
comprabenzion not gleansd from smegle equations. In facr, thus
collection of graphed equation: provides movel results, which
describe the msrzcions berwesn multiple namral Sequencies,
az well 3z a comprahenzive description of increassd wibratons
LEAT TESONALIE,

KEYWORDS

Pesopance, mult degree of freedom, single degree of
freedom, wansmissibility, dynamic stress. bending of beams,
critical speeds.

SYMBOLS

C damping coefficient, Mewtons' metar second

d dizmater, meters

Coiioat critical dampmg coefficien:, Mewtons' meter’second
DiOF degres of freedom

E modulus of elasticity, Newrons meter

f forcing frequency, cycles ( sacond

£, namral frequency, cyclas second
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force, INewtons

moment of inertia, meters’

constant

spring constan:, Hewtons | metsr

length meters

mass, kilogram

mmibrer of codls

period, seconds

radiuz, matars

sratic stress, Mewrons [ metars’

e, seconds

transissibiliny

variaile displacemsnt of 8 mass, meters

constant vibraton amplimde of a forcing fimction,
METETs

initizl displacement from egquilibrinm, meters
maxinnn vibration amplitnds for 2 mass, metars
vanaile displacemeant of a suppor:, meters
constant vibration amplimde of 8 displacement
function, metars

maxinmun vibration amplinde for 2 support, metars
distance, meters

excitaron force frequency, radian / second
natural frequency | radian / second

modal frequencies: oy, @, .0, radian  second
phass angle for steady stare vibraton, radians
mass density, kg / meter’

maxinnun dyosmic smess, Newtons | meters®
phasa angle for free vibration, radians

damping factor

Borgomne o e

-”mgﬁﬁ B R BN gl
E g

INTRODUCTION

To simplify this discussion of resopance, the maxinmom
values of hammonic vibrations will be considered for linear,
elastic structures. The somctural material 15 assumead fo be elastic



i lmesr, Where elasic materals will nef permanently detorm,
ind linear materials have a constant stffness. When a stucnure
ribrates due fo a varying applied load, the stowcuoe vibrates at
wultiple frequencies. These nanwrzl fraquenciss are koown for
wany simyple stmactaras, such as axially loaded rods aud belical
iprings; and wansversely loadsd beams with different support
sonditions, such as fiwed or free ends. The vibration at any point
LA smucture s osimnply the swn of the vibrations acting at that
yoint due o each of the vibrations, or responses, of each modal
Tequency cansed by the forcing function, or exciiation force,
which may be either 3 changing force applied to the stmcture, or
1 changing position, or dsplacement. of the stractural supports.
For the examples considered here, the applied forces and
lisplacements are assumed to act as steady state siousoldal
fimctions.

“When the frequency of the forcing fimetion equals 3 namral
Tequency of 3 soucmre, resonance exists, and in the sbsence of
lamping the simcmre vibrates with an infinite magnimde.
Howsver, 31l real smuctures have some damping and the
naxinnon vibration s limited. Even so, the response of the
imuctare 15 magmified For example, common belical springs
Tequently have mansmussibilites (TR) excesding 100 (Thomson
1), where the mansmissibility equals the transmimnsd force
lveded by the applisd force. For the case of a spring with TR =
100, & weight slowly added to the end of 2 spring will stretch the
ipring to a specific length ar rest, or static equilibriun. If thae
iame weizght is applied using & simisoidal forcing function at
esouance, the maximmon lensh of the spring equals 100 dmes
be length of the spring at rest.

Although this example is drastic, 3 typical implication is that
wceptable vibrations may be greatly magnified swd cause
squipment damags if resonant conditions exisz Fesonswnce will
first e constdered here for simple systams with 3 simgle namral
Fequency, followsd by consideration of systems with nmltiple
wamral, or madsl, frequencies, ie, first mode, second mode, etc.

k o
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f

el

k

bt

-

Free body dagram
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]
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Figure 1: Free Vibration [Thomson [1])
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Figure 2: Load Controlled SDOF Oscillator

{Thomson [1]}
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SDOF SYSTEMS
To inmroduce resonance, single degrse of freedom (SDHOF)
svsterns are used as examiples. Even though these examples are
wresented in defail in the lferatore (Thomsow [1]) they are
aumunarizad bere to lead info 8 discussion of mmld-DOF
ivsterns.  Souchares  are  simplified as 3DOF  oscillators,
somsisting of 3 spring, a mass, and a damper, a5 shown m Figs. 1
2. The oscillator iz assumed fo vibrate in response to &an
sycitation force: which can be a changing force (load control), &
‘hanging displacement of the supports (displacement contral), or
1 free vibratiow, which represents swetching the spring to its
squilibrium position and releasing the mass.

S0OF Equation of Motion
The dvoamic response of an oscillator 13 described in tenus
f Mewton's equation of moticn.

m A E L E ) (1
dt= dt

where m is the mass of the object; & is the spring constans, c is a
sonstant, linear damiping coefficient; /i) describes the excitation
force a3 a function of tme, 1, and

Y
s

d x

= 2
d[&
squals the instantaneons acceleration of the mass, and
dx -
r (3

squals the insantapecns velocity of the mass. For constant,
/zear damping coefficients, Eq. 1 vields

w2 E e ay Zewd kot )
dt" i
- C C
- — )
--m-fpy Ceritical
k
On =y =275y ©
m
1 n
Pa - — -t ™
fn ap

where ¢, is the nanoal fequency in radians [ second; £ s the
aamral frequency in cvcles per second; p, equals the period of
be panral fequency which iz the mme berwesn successive
seaks of vibration: ©.oaeq 1% the critical damping factor; and Jis
be damping factor. Damping swd freguency effects can be
lescribed using a free vibration equation.
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SDOF Free Vibration

To evaluzte free vibration, assume thar the spring has an
imittal displacement, x,, swch that ¥ = x; = constant at t = O
Equation 4 vields

2 .
m-df—z-;-mﬂ-%+m%-x-ﬂ (%)
d:‘
Kmig-@ -C'E-s\in{ l—Cz-mn-t+¢ul (%)
LS £
g =Gy -yl-02 (10)
1 %
_—— 11
Pd f1 @q (11)

where t2a fi pyare the cironlar frequency, frequency, and pericd
for damped vibration, respectively; and ¢ is the phass angla.

s '.- =i, l.'r'lmpv vibmtion
g .d--_\.— [ n]
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Figure 4: Example of Damped and Undamped Fres
Vibrations, Eq. 8

Damping effects. Fres vibratons are graphed m Fizg 2 1o
demionstrate the effects of dampmg and clarify nomenclanre. In
the fizure, py iz showm for 40% damping, since py for 1%
damping is npear the wundamped penod, p,, of the nanral
fraquency. Different damping values are presented where 0.3 -
6.0% dampmg iz the range of damping values for steel
smucnres, 7 — 1435 is the range for concrets stuonres, 13 - 40 %
1z the range for masonry structures (Pilkew [2]), and dsmoping for
belical springs drops below 0.005% (Hamis and Prersol [3]).

Note that e = 0" bounds each simusoidal response, and varies
with the damping ratio. [ The exponential function is only
shown for the 40% damping caze.

Damping ratic. Vibrations in strucres ooour for positdve
damping rattes, 1 = 0 = 0. Vibrations are critcally damiped
when ¢ = Coear, &= 1. and vibratons do not ocour. Below [=
1. novoscillatory mwotion occurs amd the system renums to
equilibrivan. Between £ = 0 and £ = 1, vibranons decay to
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EquiDIILD 0 e arEence of 4 WCGLE mncuon. For =0, e
svstern is undamped and constan: amplinads, namral frequency
vilbrations theoretically continue unabated even in the absancs of
3 forcing function. For 5= 0, the svstem is unstable, and once
mitiated, vibratons increase without limit m the sbsence of a
forcing function Although mounerous damping models are
avallable, constant  damoping wsed  here  provides  many
stmplifications to spproximsate stucnaral bebavior.

Phase angle effects. The relaticnship of phase angle w
vibration is shown in Fig, 5. As a special case, a spring is
stretched w0 & length, xy and then released. Then ¢ =xn/ 2, and
the responsa is showm in the fizure. An arbifrarily selected phasze
angle of ¢ ==/ 4 is also shown in the figure.

= - Rl —-\.-'F ———— ==z
| _I_‘ ~bi=xid
= U mai b N " e
a4 T
B I. = r,
# di .I o
g P i T
i 0 i e - T . 1
i Lt
K 1 v
B L
el — Poaii &
] 105 o1 015 o7 ngs o3 KRR n4
Tiae, snpitelt fro= 10Tz
& -
Figure 5: Phase Angle Effects on Vibration Amplitude,
Eq. @

Having defined nomenclatire, Eq. 4 provides the basts for
load or displacement controlled equations of moticn. The above
mathematical relationships for perods, fequencies, and
damping ratips are, of course, the same for all vibrattons
considered hera.

SDOF Load Control
Load coofrel is shown m Fig. 1, and to describe the oscillator
motion assume that

2
4 2 +2-Cy -%+E% -% = Fp -sinle-1

m- -
lit.'!

(1

T solve this differentiz] equation, a particular solution for the
Alsplacament is assmmad 1o be

% =g -sinfe-t-8) (13}
where ¢ is the cipcular frequency of the applisd forcs, x.is the
amplineds of the impressed vibration, and & is the phass of the

displacement vibration with respect to the phase of the excitation
force. MNote that & and ¢ may be the same, but need ot be
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equal, depending on the boundary condimions. BEquanons 12 ang
13 can be solved o yield the displacement ar any time. 1, to yield

Fjy -sinla-t—8)
L - -
- \ 2
| w [ 2-0-@ |
k- 1-1 —| +—
'._ p I. n _:
L9 ) E
L 1||1—'1 Gy 148 (14}
f = n
x| . I'I":'l"'\""lCI:'"I".:"F"I'I{
I 7 Frady maw whrasoy
§ o wbrrien
E "I"-.__ ' L ‘\ ) -"-_ d
1 b I. ¢ ! f "'. d
g 1}‘* AT e e '\ .
1.-” ! ! .l'.
i ) 7
1 R i, -.
0 vl g iz 5 X] 115 id
Taied, i st
fp=10Hr ¥,rk=1 =] b= T2
R=0d L

Y i, =1

Figure &: SDOF Load Controlled Vibrations, Free
Vibration and Steady State Vibration, Eq. 14

Ap example of load contral (Eg. 14) is shown in Fig. §. This
exzmple displays the vibration when a spring @5 strerched, and
the applied load is in phase with the free vibration, where the
total inttial force is applied ar dme, r= 0. Terms were arbimarily
selectad: where the force [ displacement ratio is expressed a: 3
it displacemant (x, = F; / F = 1), the inrtizl posttion
expressed as a umdt displacemsnt, xp =1, and the frequency wa:
arbimarily selscred.

Compare the steady state wibration to the cunpalative
vibration shown in the figure to justify peglecting the mansien
free vibration. Mote thar the free vibration (for ¢ =3/ 2) has s
decreasing effect on wvibrattons, anmd the transisnt vibratioo
Tedices Nue., Which iz the lensth thar the spring is intrially
stresched. That 1=, the transient and steady state wibrations are
additive from Eg. 14, and the negative transisnt vibratioo
subfracts froan the amplinude. In successive periods, the mansien
approaches zero. The damped transient affects vibraton for only
the inittal vibration cycles, and for this exzmple the damped
vibration serves to incresse the maxinum amplitude. If # and ¢
are asgual apd the vibratons are in phase, the fres and steady
state vibrattons add, apd the total vibration is higher dunng the
imitial cyeles. Inm other wiords, the free wibration is rypically
neglected bar free vibratton has an effect on vibration during the
imirzal vibration cveles. For many cases, x; equals zero and s
does the free vibration.
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Steady state, load controlled vibration. Considermg
only the seady smte, forced vibradon the mansisnt free
vibration term may be neglected. To do so, assume that the
svstern s imittally at rest, and the spring is siretched to the
equilibrivn pesition, where t=0, ¥ =x,= 0, and dw'de = 0. Laoad
conmolled vibrations are then described, nsing

Fy -sinfo-1-8)

= (15}
ﬁ"'.-z 2
"a VT (2o
k- I1—|—| [ +| - |
i W¥o J i\ Ha )
R T
gmtam | =0 (15)
1-| 2
|ty

From Eq. 15, the maxinnun smplinade at resonance equals

Ep

" (n

Emay =

Figure 7 provides examples for the effects of forcmg
frequency. Vibrations with damping values of 1% are displayed
for values of 2 o, = 0.5 and @2 /e, = 100 A unir displacement.
1=k /F, is used to sonplify Fig. 7, although unit displacemsant
ts anypical for most systems. Effecis on both amplimde and
phase are readily observed, since only the fequency of the
tpressed force is altared for the fzare.
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Figure 7: Example of Steady State, Load Controlled
Vibrations, Eq. 15

Damping and frequency effects on transmissibility
during load controlled vibration. Smee 3 vnit displacemant
wras used m Fig. 7, transmissibility simply equals

=X = B,/ Fy whers mansmdssibility is defined as the
maximmun vibration smplimde divided by the static impressed
force, When @ o2, = 0, the appliad force i constant, the Load 15
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static, and TR = 1. For the examples in Fig. §, the amplinuds,
K increases from TR = 1.3 ar pomt C to TR =30 ar poine D for
1% damping when o /62, 15 doubled froam 0.3 to 1.0 This large
lncraase noamplinede clearly shows the effects ar resonance.
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Figure 7: Example of Steady State, Load Controlled
Vibrations, Eq. 15

Transmissibility for load control. To wvisualize
trapsmussibility over 3 rapge of freguencies, noo-dimensionsl
trapsmussibility is typically presspfed m the literaturs. An
exprassion for rransmisstbiliny is derived from Eq. 15, such thar

.
IR-L“;'—‘“- 11 (18)
0 " ; 1-,1\]_ o - 1-..2
(@ 2.C-@ |
I-1—1 | * !
.m']l,.l | 5, [':..ll
1
L
f———i-m
‘! i x.. AL
; _'_,_-r""- i Ill-:.

Figure 8: Transmissibility for Steady State Load
Control, (Log Scale), Eq. 18 ({Thomson [1])

Fizure & logarithmically shows the effects of damping and
transmussibilities which approach zers with increasing non-
dmnenzional frequencies, @ /o, Figure # shows the same data to
soale.
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Figure 3: Transmissibility for Steady State Load
Control, (Linear Szale), Eg. 18 (Thomsan [1])

SDOF Displacement Control, Support Motion
For displacement control, consider Fig 3. Assuming,
v =7, - o (@ - 1), the equation of medion is expressad as

I.'I:Id -.:‘5.;"‘:' +2': .@*.ma.cx_}r)_
e (19)
Ii"':'}'n -5.1'.'I:I.|_I:G-1‘,'| 7 Y, %
—_— 3 — =63 - Vg -sinle-t)
dt

where v 15 the vibration amplinds of the support, and x and ¥

are the local coordipates for the mass and the suppost
raspectively. Maglecting free vibration,
: infe-t—)
A ot —
— me@ -y -snla-t— 2
ra p 11 . \2
[ | 2-2-@
1 —| +|——
| oy | [ oy |

Then the steady state trapsmisstbility s shown m Figars 10 awd
iz expressad by Eg. 21, which closes this discussion en SDOF
svstems., There are other SDOF systems described in the
literature, but consideration is limited here two lpad asmd
displacement confrollad vibratons as they are related to higher
order vibrations,

2-C-m
r 1+| =
IR_lxIﬂa}:|_ 5 S g I:.Z].)
[ vo | J; a2 L2
i O |1'_'[|3
=] | A=
{ Lo @n
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Figure 10: Transmissibility for Displacement
Controlled Vibration {Support Motion), Eg. 21
{Thomson [1]}

VIBRATIONS AND HIGHER ORDER FREGUEMNCIES

Smuctures are muli-DOF systems, where the degrees of
freedom are 3 seres of nanwal Fequencies, 6, = @y @5, .. 6, &
which a stmcture vibrates. For the case of linear damping, the
equations of motion are wncenpled. That is, each hisher mode
fraquency of 3 svstem may e considered mdependantly. For this
dizcussion, equations to  describe higker mode vibratioo
equations are developed bere for both load and displacemen
controlled vibrations, aod thess equations are combined with
available frequency equations for some stmacnres to mvesiigate
modal effects on struciural response.

Multi-DOF Load Control

For lead conmrolled vibrations, some cases may be described
by asswning thar esch frequency is described by 3 sin responss,
whers

-

d.i . . . N -
m-—f’-—l ;-W-E’-+m-xi_—|.":|-:m|.= t] (22
& a
Fpy -sinfwm-t-8)
X = i (23)
- NE .2
@ 206 |
k1] = | <= |
{ Lo @y
. . o -k
@ m—=kj=- 3 24
e
1

where x, and & are displacements snd frequencies associated
with each mode, 1. These equations are nsed bhere to describe the
maxnnum response of springs, sxally loaded rods, sod sinply
supported beams.

Asg shoom in Fig. 11, the discrete modal vibration magnitdes
add o wield the total wibraton. Participation  factom
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participation factors are available for only a few cases in the
Literature.

Figure 11: Vibration Frequencies {(Karrassik [4])

Load Controlled Vibrations for Springs
Spring displacemnents can be described in ferms of higher

mode frequencies, where the frequencies for common stesl

springs are expressed as

i-2205-d

r 'Hc

@ - (25)

where  is the dismeter of the spring wire, r 15 the mean radius
of the halix, and NV, is the number of active coils

Modal Contributions for Spring Vibrations. Figure 12
shows the conmribution of other wvibration freguencies o a
fundamanral mods, in this case the first mode. This contribuion
o the overall wibraton is sometimes referred to oas 2
participation factor, where each of the modal frequencies 1=
affected by vibrations from other modas.

To consider these effects due to other modes on & primary
mode of vibration for springs, first substnue Eg. 24 into Eq. 23

o yield

t:tf -Fy-sinfa-t-8)

(=]

Ser Fy ./ kp =x, =1, and from Eq. 25 for a spring note thar

-

i

{»}] 1 27
— - LL
{n..i 1

Then, vibratton is described for each mode as
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[} o
Hm TH® THj- % smlm-[.._':'l (28)
iml el 1=l o L= (2.r 42
i ;1—|£= ==
[ L J | oo )

where j is selected 1o provide reasomable acouracy. Im the
example of Fig. 12, j equals 25 In this figore, the first four
vibration modss sre shown, along with the total vibration for the
first 25 modes of vibration.
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Figure 12: Participation of Higher Mode Frequencies
for the First Mode for Springs. Eq. 28

Pesonance ocours for each mode, and each higher mode is
treated similarly when the syvstemn is excited ar thar modal
fraquency. For example, when the second mode is excited, o is
treated as the fimdamental natuoal fequency, and oy is half of
s, uch that

1 .
e (29)
i 17
-
and
@ sinfea-t—B)
K= TXj % FHj= - :
il sl cooad 2
B f o PR '
2 12 ‘ RERSEY
| Ley Lom )
- ! (30
_é sinf@-t—8)
o2 . .,'l'-2 2
@ | 2. Co@m|
e Jef 2

Participation factors for the second mode are comiparable to
the first mode factors shown in Fig. 12, The approsimate & %
contnbution of hizher modes to the tofal vibration shown in the
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fiure iz tvpical for springs. This hizher mode effect can be
caloulared for each poinr on 8 mansnussibiliny ourve, bt for the
pupeses of this paper the 8 % walue iz neslected when
considering wansmussibiliry.

Transmissibility Calculations for WVibrations of
Springs. The example shown in Figs. 13 and 14 highlights a
method o caloulate masomussibilies due o higher maode
frequencies. To explzin the figures, each of the resomant
frequencies is first plotted in Fig. 13, where Eq.18 is rewTinen a3
(21

PR,
.m_:‘:l,n_a':t i_

1)~

1o
!
|
:: = & : :

fa 1,_t-J-:-

Figure 13: Example of Madal Frequencle5 for Load
Control of a Spring, Eq. 31

o I -u..];'.

Figure 14: Transmissibility Example for Load Control
of a Spring. Egs. 32 and 33

Then to relate trapsmissibilities for moaltple modes, the
vibration needs to be reconsidersd. Each of the resomant
vibrations acts separately, and the wibrations are therefore
additrve. However, Fig. 13 shows only the maxinmun
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transmussibilioy for each modal fequency. Teo add the
frequencies, the faor must be  recogmized  char  the
transnussibilites are referenced fo static eguilibrion, where TR
=1, and cnly the wansamissibiliny magnindes with respect to TR
= lare additive. Then the mansmizsibilities (Eg. 31) mav be
related by

=
Mtn-“z

1- e
fm 2! im] g

1
- \il'lz oy e D
-2} i Y
L] .\\m:l). | L
AN B /
For this example, the first 75 modes were nsed m the calculation
to ensure reasonable accvracy for highly damped vibrations (5=
0,409, although only 8 modes are displaved m rthe figures. Then

D i b 1+= {21l
Fy 1
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[ =03 Paisr F —
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Figure 15 Multi-DOF Transmissibility for Load Control
of Springs, Eqs. 32 and 33

Total Tramsmissibility for Vibrations of Springs.
Transinissibilies are shown for different values of damping in
Fiz. 15 Substintion of differsnt damping values info Eg. 33
vielded the figure. Comparmg Fig. & w0 Fig. 15, the results are
markedly different following the first meode wvibration -with
Tespact i Ioreasing o

For example, resopance in machipery occurs at the critcal
speed, which is the speed. where the motwor speed = @ = @,
Common nusconcepfions are that operating between resonsnt
frequencies always comecis vibration problems, and that
operating at least 10 — 20 %% away from resowance always
corrects vibration problems. Assume that a motor applies a force
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[0 & SPIOE 304 CONSIGET POINM B, WHETE TMe TansIussloIuTy
equals 21, If equipment 15 aperatad under these conditions at £ =
1 %% bemween the seventh and eighth mode frequency, the best
that can be done to minimize vibrations withowt added damping
15 to operate at point E. Then TR iz reduced from 82 for
resopance af point F oo 21 af pomt E. In other words, awy
equipment vibration is stll significantly amiplifisd for lizhetly
damped structures, such &5 machinery, piping, or st2el buildings.
Vibrations can be reduced by operating st point E, but vibraton
mnagnitndes are still significant. The problem may, o may oot
be comracted by operating berwaen frequancies. Point H presants
the first mode fraguency and operating at least 20 %% away from
resppance. The TR = 34 which azsin may, or may not be
accaptable, depending on design and relizbility requirements for
the systam of concern where polnt & represents static desizn.

Load Controlled Vibrations for Rods. Vibrations are
stmilar for axizlly loaded rods which are fixed at one end and
free to move at the other end. To calculate TR, Eq. 32 was used
except that

[2.i-1n [E

@ - - - (343
t 2-L a

] k; =

Lll.:nau Lgm 1+ % .

. ] N 2

Lo Ll l_: ! 2 ERER

1i2-a-1 =
(35)

where L is the length of the rod, £ is the modules of alasticity, o

i the mass depsity, and 75 meodss were used o ensure
calonlation accuracy.
il |
fo b =0005
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Figure 16: Transmissibility for Axially Loaded Raods,
Eqs. 32 and 34

Figure 16 shows mansmissibilicy for axially leaded rods, and
Fig 17 shows the effects of additional hizgher mode frequenciss
(Eq. 2E), which are neglectad here. However, note that the
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Figure 17: Participation of Higher Mode Frequencies
for First Mode Response of a Loaded Rod, Eq. 28
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Figure 18: Transmissibility for a Simply Supported
Beam, Eq. 38

Lead Controlled Wibrations for Transwversel)
Loaded Uniform Beams. The response for besms wit
different rvpes of end supports can be evalnated wsing th
techniques presented bere, but this discussion is lnited o th
caza of a beam with pioeed . or hinged, supports. For this case
the made shaps and frequencies are listad by (Pilkey [2]), sucl
that

beam _ deflaction _mods _shape = 51.11' L ; 2 (36
in)? JET

3§ -—-—1'7:' - = (37
12 ]
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(3E)
here I 15 the mowmeant of inertia, I is the lenzth of the beam, and
15 the distance alpng the besm from a support. The absolute
alne was nsed, since vibrations may be negative with respact o
taric equilibrium but strucnral vibration motion is always a
ositive quantiny.

To evalusts besm deflections with respect to resonance,
sznme that the vibration iz simnsoidal, and thar the maxinnomn
gflaction occurs st the center of the besm. Both of these
ssnmipiions are cooststent with Egq. 36, Then the eguations
rasented for A spring are applicable, and a1l that is required is to
ubstimte the approprizte frequencies into Eg. 32 to obain Fig
3. Motz thar as damping increases, the effects of resonance
imdnish sisnificantly, dus to strucnaral stiffness.

Nulti-DOF Displacement Control
Anp example of displacerment contmral is provided in Fig. 190
jerivations comparable fo thoss sbove are performed 1w
escribe support motion with respect to mnli-DOF resonance,
rhere
F P v
m L) L 311”_:__“1__"‘3-& Lo (5 -T)= g

mect -y - sife-t)

[ Ty— =1,
1K 1

L ——®TR=1+ 1 |,

imd 5 =l

1
o L =0on3-
[ =001~ "
Eom o005
Eo=010-
1 | -
‘JI
| @ |
= ..E w A -~ 4
————
1 -
= /
= E .r'"__,z
L=
£ =03
=47
| B} E
] 1 1 3 4 1 [ 7 E]

Figure 1%: Support Motion for ..'.m Axially Loaded Rod,
Eq. 40
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Compare support motion (Fig. 19) and load conmel (Fiz. 16) o
note the similarities for lizhe damping and differences for higher
dampiug.

COMCLUSIONS

Fesonance was considered for the compopents, such as
vibraing springs, rods, aod simply supported beams fo beiter
understand  the effects  of higher mode faquencies.
Trapsmissibilicy was defiped as the maxinvun wvalue of the
magnification of deflection when compared to the deflection for
statically loaded cowmponents. Transmussibility was used to
explain resopance along with critical speeds. Transmissibilities
wvaried A oitical speed is defined as & resonant conditton where
the speed of the motor equals ope of the natral frequenciss of
the system

For mast applications, operating above the first mode
fragquency results in magnified displacemsnt, and potentizl
equipreent damage Operating nudway berween critical speeds
decresses the vibraton but significant vibration may soll be
present. For a few cases of high damping, resenspce effects can
be nearly eliminated Single mode, single degres of freedom
approcimations were shown to be incormect.

In short, the first comprehensive explanation of the physics
associzted with resonance in real staciures is presenied to beiter
understand machinery, piping, velicle, and building farlures due
to vibration MNewal graphic presaptations provide z level of
inderstanding  for this conunmon  faillure mechanism  not
previously available, and this advancement of vibration theory is
widely applicable to safer and more reliable equipmen: desizns
and applications.
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APPENDIX F: Flow Rate Conversion Factors

Gas Service '
How to determine air equivabent 4. From I'i_llﬂ-aFr!. 5uTFn'|'|u Temperalune Stap 1, your flow is 25
. wilh desired i LN Coermction Facior usng operaling _

g 1 ?:I: your red maximum Jamperature in °F. L Siep 2, from Tabée 1. (F ) = 1.238

2. Fram Table 1. delarming Gas Moiscular B Multiply ail: (Diecind Mirimum Fiow) x Step 3, from Table 2, (F) = 0.544
& 7 Weht Carrection Faciar (F 1 iF.) = [F) = [F,) = Air Equivalent. Siep 4, from Table 3, (F,) = 1.073
N 5. From Tabls 2, determine Prassure Exampie: Step 5, multiply: (25) « (1.238) < (0.544) =
th Carrection Factor (F,) using operating Find air squivatent of 28 scfm CO, melened al (1.073) = 1807

RrassUNE N poig. 35 psig and 150°F,

Gr. Mol, Wit
Table 1— Gas Molecular Waight Correction Factor (F.) - or 29
Gax & Gas ] Fagior

Farior Canestisn [ " [ coermction Fagie
Acatyierg 0.906 Etmane ' 1.024 Matural Gas ! 775
Air 19 | Efylew 868 Mean i )
Ammania (ANH.) TT Halum 372 Kitrogen | a2
Ammonia (55, 5 Hydrogen 264 Hitrous Owide 1.24
| Agon 1178 Hydrogen Chioride 1.26 Cwygen 105
Carbon Monoxics 8z Hydrogen Sullide 1.18 Prapane 1.25
| Garbon Dicxide 1,236 Meshang 45 Suitur Digxide 1.504
Chigring i 1 576 Meahyl Ol 169
Table 2— Pressure Cormection Factors (F) v ;;-:-L'Iﬁ
CTE UNITS
Tem ] 1 ] 3 ] 5 8 7 8 ]
0 1,00 S8 538 a0 BES 863 B BE B4 BT
10 M \THE 42 ] T16 704 682 81 E70 (B60
L 651 B2 633 fiod A1 B3 &M 554 a7 B0
a0 573 &6 561 555 549 hs 538 533 528 58
40 518 S1d 509 505 500 456 432 BB B4 4BO
50 477 AT3 465 ] 463 A53 A56 AS3 450 A4T \
50 444 4 438 A35 432 423 427 424 A2 418
| A17 Ald 412 409 407 405 403 400 a5 El
e 94 392 300 388 386 384 382 380 ara 77
| m 7 T3 an 365 366 365 364 363 361 360
BT TERS
Hudrege [ n m ) [ 5 80 ™ [T [
100 0.358 343 3303 3187 3083 2088 2901 2821 2748 2880
200 262 256 2503 2451 240 2367 23 Z2ve ks ] 2188
00 216 213 2006 2085 2035 2008 1981 1955 1930 1908
400 185 186 183 1818 798 ATTH 1760 1741 A724 1707
500 63 BT 1656 1643 1628 613 1599 1588 A5T2 1559
00 155 152 1528 1510 N4 1487 1476 S 1455 444
| 700 142 42 1414 1405 1396 1386 1377 ] 1360 1352
| Bon 134 RE- Ager 1318 1311 4304 1206 1283 - 183 4275
| oo 27 281 1264 14T 1241 N2 1228 REF 218 210
[ 1000 . A0 198 11682 186 1981 1175 1170 164 1159 4154
VW
Table 3 — Temperature Correction Factors (F,) 530
E TERS
Hosdreds [ L] n £ ] m &0 n L] L]
a ax 542 a52 862 an & gt 1.00 1.008 1018
100 102 1097 1048 1,055 1064 1073 1.082 1.080 1.098 1.107
200 1118 1124 1133 1441 1,149 1157 1166 1174 1182 1.189 A\
| 300 1.187 1208 1213 1.221 1.229 1,236 1.244 1.251 1256 1.266
A00 1.274 1281 1,284 1,296 1,303 1.310 1.318 1.325 1.332 1,339

NOTL: Formutas are those used 0 gersaion al lacian.
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How To Determing Water Equivalent

1. Starl with your dasined maximuem tiow,
Then,

2. Using your liowd density in grams/mililitar
{g'mL}. enter Table 4 from the left (ior the
unils &nd benths). and than from the top (far
e hungradths). You will find the cormagton
facior &l the indersection of the appropriate
raw and column,

3 Mulligly. [Desired Maximum Flow| «

SRNS-STI-2009-00416, REVISION 0

Example:

Fired washir acuivatar of 5 geen of liguid wih a
dansity of 0.86 grams/mililigr:

Stap 1 — your flow is 5

Step 2— In the table belaw find 0.8, I the tap
rosw lindd 0. Follorw the two [column and row}
until thay intarsect. Correction factar is 918
Step 3—mulliply (5) = [918) = 4.59 gpm
wabar eouivakant.

[Cerraction Fachar] = Water Equivalent

Table 4— Liguid Density Correction Factors \’ﬁ B02-1.0) 0

Liquia Service

- (8.02-8) 1.0
]
|"”. o HUNDREDTHS
T n T B [ 5 [ 0 I ]

[ o4 807 615 523 631 630 E46 B4 661 859 676
__as Gl =20 £48 705 712 719 728 733 4D 747

0.6 T8 TED TET 774 T80 .TET T34 A0 807 814
| ar B B26 mag 438 B4S JB51 857 364 870 a78

0.8 a2 BAag 835 400 W6 a2 ag 824 930 336

0.8 84z 48 954 50 BEE 57 ar7 G 983 995
L 10 1.000 1006 1.2 1.018 1.023 1.029 1,034 1.040 1,046 1.051

1.1 1,056 1.061 1,068 1.073 1.075 1084 1.050 1,085 1100 1.106

1.2 1811 1,117 1122 1.128 1,133 1139 1,144 1.150 1,155 1.160

1.3 1.185 1171 1.177 1182 1.168 1,153 1,194 1,203 1.208 1.213
14 | 1219 1,233 1325 1234 1.240 1.245 1.250 1.255 1260 1.265
r_1.5 | 1.2/ 1275 1.280 1288 1.289 1,204 1298 1.303 1.308 1.318
L 18 1,582 1.327 1,832 1.337 1.343 1.348 13582 1.357 13652 1,369
LT 1.373 1.378 1.364 1,389 1.395 1.400 1.405 1.411 1416 1421
[ 1a 1426 1.431 1,435 1.441 1.447 1452 1457 1462 1467 1472
: 14 1477 1.4683 1.469 1.494 1490 1.504 1,505 1.514 1.5 1.523

20 1.528 1.533 1.538 1,543 1.543 1,583 1.554 1,563 1.569 1.573
This tabla is anly lor melers with stainiess stee! lloats, _
H fiaats are of other materials, determine Ihe waler ( Desired Maximim ) " { Ligud Density ," BO2 i Equivalent
aquivalent as abowe, and ihen muliiply 0 compensate Flow Rate Caorrection Facior Y TRy

To Fhaiat density (PY) &5 laliows:

Steam Service

How o determine air eguivabent
1. Start with gesired maximum in units of Ibs . hr. than,

2, Using Stearm Tables delermne specific volume ol sieam,
cubic feed per pound

3. Muitply: (desired maximun low) =« % specihe voume
= 006 = SCFM air equivaant

Examiple:
Fird ar equivalent of 1000 & Te, steam al 100 PSI& and 350°F
1. Flow is 1000 bk,
2. Specilic wolurme is 4.552 cubia i1/,
a. M|,||1||;|I:,-
W00 < v AEHE « 006 = 128.6 SCFM air equivalent
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Usetul Facior
GPM Waber « 412 = SCFM A (Melered i 14 PSIA & TO°F)

- 136 -

Fu = Scale pressure
correction factor
Fuz = Mew pressure
coraction factor
Fn = Scale lemperature
covraction facior
Fia = Mew Temperature
correction factor

(Al factors from page 36)

mﬁm:m‘ mine the flow rate,
melering propane at 50 psig
and 80°F wnen scale i';"“
100 s¢fh on mater calibrated for
n%uml meetered at 10 psig

a

From p. 36 :]

Fat = 0775, Fr = 1.25, Fn = D771,
Fet = 0.477, 'F!: =-ﬂ'll1.Tr| -uHIﬂ

Correct Flow =

- Lo’ et Coasen

T . 0477, 1oog | MAsch



SRNS-STI-2009-00416, REVISION 0

APPENDIX G: EDL Work Instructions

SAVANNAH RIVER NATIONAL LABORATORY Procedure Typa:  Work Instruction
E&CPT RESEARCH PROGRAMS SECTION Instruction Number: ITS-WI-0037
Revision: 1
Tank 18 & 19 Wall Sampler Test in 785-A[U) Issue Date: 16-2010
Page: 1of 10
APP Y
| / ¢ f{ =

. Wanager, ERPS-EDL Date

1.0 PURPOSESSCOPE
The purpase ol this task s 1o demonstrate the F-area Tank 18 & 19 wall samgler and 1o quantify the efficency of the
samplar al remaving and capiuring mataral freen tha tank wall suriace. The sampler wil be lasled in e Engnesring
Devalopmant labaratory (EDL, bulding T86-A) located in the Savannah Rhvar Mational Labaratary {SANL).

The tast will use & 3xd 6" thick stesl plate o rapresent the tank wall end steel coupons, coated with a him (sat residue,
corrosign layer, both or nane) and attached fo fhe wall, fo represent the scaling on thiz walls of Tank 18 & 18, The samplar
wil be atlached 1o the wall with elactromagnats whese it will take a sample of the coupans by miling 10 & oepth of 005", A
vecuLm system will caplure e removed fim and deposil it on a HEPA fier. Using an anatytical balance Ihe waight hess of
the coupan wil be compared 1o the waight gain of S filter 1o daterming the efficiency of ramoval and captuse,

20 PERFORMAMCE
Thes Work Inssnuction consists af fhe tallowing Performance Sections:

+ 2.1 Apquine & Sample
+ 2.2 Tast Matrix
+« 2.3 Weighing Procedure
* 2.4 Attach and Detach the Coupan
s 2.5 Assembly and Disassembly of the Sampler Head
+ 2.4 Postioning the Samgler on the Wa

L] a saclion 3

f 2.1 i e primary perormeant

The fallowing Attachments are lcated after the Perormance Section:
« 1, SGafety information
» 2 Conbrol Apparabus
» 3 Coupan Detail
» 4 Sampler head Assembly

Labaraony Motebook SANL-MNE-2008-00066 wil be usad for tis task 1o caplure all ralevani information conceening the lest,

21 Acquire a Sample

214 Ensure that the slops (sone head maching screws) are positionad appropriataly for the sample 1o be
taken {shim washers wil be required under e sl 10f coupons Wit salt or carrosice fims).

212 Weigh the coupon and the fines prior to testing with the sampler (reference section 2.3, Weighing |
Procedure). Fecord the weights in the laboratary natebaook

213 Aftach the coupen bo the steel plate (reference section 2.4, Atlach and Dsatach the Coupon). Use proper
PPE while handling a coupon with the salt film [relenence Attachmant 1 - Safety Infarmation). Gloves
{nitrile] shall ba wom %o prevenid oils frem fe finges iransfeming to the caupon and for parsonnel safety
when salt coupons are tested.

244  Assemble the samplar haad with the (reference saction 2.5, Assemaly and Disassemnbly of tha Samplar
Head). Use gioves fnifrle] while handing the Bter to aveld transfarring ol from your fingers to he fier ‘
and for protection from salts.

215 Aftach the head to the samplar {rel sechion 2.5).
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SAVANMNAH RIVER NATIONAL LABORATORY Procedura Typa:  Work Instruction
E&CPT RESEARCH PROGRAMS SECTION Inatruction Mumbsr: ITS-WI-0037
Raviaion: 1
Tank 18 & 18 Wall Sampler Test in T84-A[U) lazue Dafs: 1-6-2010
Pags: 2af10

2186 Placa the sampler assembly on the hydraulic lift tzlle and enaure that it is siable.

NOTE: The sampler assembly may weigh as much as 30 les. Hnecessary, use two people to move the
samgler and wse proper lifing techmiaues?

217 Poaition the It taklz in the aesired location om the plate ana anergize the electromagnets per section 2.8,
Posifioning the Sampler on the Wall

218 Perform am initial service leak test per ASME B31.3 (category D fluid), during the first operafion of this
emguipmen:. Verify that the howse air supply is ~ 90 psig. Documant the ten mirate leak f25t for both the
agvance and rafract posiions in te Lab notsbook. (comelete 8089, SENL-MB-2008-00063, p. 33}

219 Poaition the cameras (there may b= a hand held digital camera, 2 high-spesd camera and 3 digital
camesa mounted fo the sampler] as necessary fo copiure e sameler i oparation. Synchronize te ime
ard daie on the cameras, f aeplicable. Position ighing equpment as necassary.

2140 Enaure that valves V1, VZ, V3 are closed and that valve V4 is satn e ADVANCE pasition Shen apply
howse air to the system by opaning valve Vi (reference Adachment 2 — Condral Apparatus).

2111 Apply air to the vacuum educior by opering valve V3 (ref. Attachment 2. Sef the presswre fo 50 psig
usirg valve V3 as displayed by pressure gauge PV,

NOTE: Indusirial Hygiene will measure the notse level of the air driven eouipmeni when it is initially used
fo defermine the need for hearing protection. [comelete B/4009, SRNL-NB-2008-00088, p. 37)

NOTE: A flow meter will e used o measure te flow from the sampler head to the vacuum eductor o
verify proper operafion. The flow meter will be removed after operation has keen verified.

2112 Apply air to the grill by cpening valve V1 [ref. AZachment 2). et the pressure 10 100 psiy wsing valve V1.
2143 Verify that valve V4 is in the ADVANCE posiion and verify that the pressurs regulator is set for TD psig
as displayed by prassurs gouge PLM. If timmg the sampler operations, stard stop watch.
2114 Start the sample operation by opening valve V2. Start the slopwatch if iming the advance event.
2115 Dwring the sampler operation obasrve, verify, and record the following:
21151 Oeerafing pressures (FOM, PLM, PV, ana V) and flows (DM FLOW, LM FL2W, FLOW V1 and
FLOW VZ). Valve adjustments may ba necessary to maintain constont flow and pressure.
Time required for aavance.
Effactivenssa of the vacuum system.
System anomalies.
3 Mote the time when the MAXIMUM EXTENSION limit switch is activated.
2118 Take pictures of the operafion as necessary.

I= L ba

LN En £nen

A
A
A
A

2
2
2
2.

NOTE: A face shield is reguired while chserving the operation in close proximity of the sampler when
using coupons with salt residue (ref. Attachment 1).

NOTE: The dril will cordinue o arill inbo the metal after the Enear modor has stoeped advancng due to the
force of the sprirgs.

2147 When the arill haad is no lohger advancing stop te stopwatch and record the tme required o dril the
hole in the lak notekook. The dril will advance afier the LM stops.

2118 Start the retract operafion by turning the 4-way valve V4 to the RETRACT pasition (ref. Attachment 2}
ard reatart the stopwatch o tme the rebact event.

2113 Atthe end of the retract svent varify that the Inear aotuator has diggered the stoe switch and has stopped
refraciing them close valve V2.

2120 Stop the air sueply to the dgrill by closing valve V1 [ref. Attachment 2).

2121 Stop the vacuwn educior by cloging vake V3.
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E&CPT RESEARCGH PROGRAMS SECTION
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Procedura Typs:  Work Instruction
Inatruction Mumbsar: ITS-Wi-0037

Ravizion: 1
lazue Dafs: 1-8-2010
Paga: Jof1d

23

2122 Hdesired atop te sueply of house air o the system by clogsing valve VL

2123 Verify that the [ift fakle &= in position to acceet the sampler when the sleciromagrets are de-energized.

2124 De-snargize the electromagnets and ensura that e sampler is safely resting on the lift fakle.

2125 Stop the digial camesas.

2126  Inapact the sameler and take pictures as necessary. Record any cbservadions in the labaoratory
notekook.

2427 Carsfully remove the sameler head per section 2.3, Take pictures of the head a5 necessary. Record any

okservations in the lakaoratory nofebook.

2128 Carefully remove the coupon from the stesl plate per seciion 2.4, Take pictwres of the coupon as
necessary. Record any observations in the lakoratory notehook.

containing the analyfical halanca (the kalance may ke located in a separate lak tat has

HOTE: The sampler kead and cougon wil ke placed in 2 suitable container for ransportation fo the lak |

temperature control and a siable kase). Reference sections 2.4 and 2.5.

2129 Repeat section 2.1 for each coupon listed in the test matrix (ref. section 2.2, Test Matrix).

Test Matrix

The required t2sts are listed in the tokle below. Howsver there ore spare coupons available to eroctice the
techrigque pror to achual tesiing. In addition o the spare coupons, sampler operation can be verified on a sechion of
e wal away from the cowgon. Dwing e trial sampler operations ensure the following:

»  The integrity of the hold on the plade by e eleciromagnets.

¢ The deplh and aiameter of the hole.

»  The ease or complexity of positioning the sampler.

Test Coupon
Number | Geating
1 Waore
2 Nare
3 Nare
4 Corrasion + Salt (0,006 lawer)
B Carrasion + Salt (D.008" layer)
B Caorrosion + Salt (0.008" layer)
7 Salt (0,030 layer)
B Salt (0,030 layer)
bl Salt (0,030 layer)
10 Hone
1 Hone
12 Hone
Weighing Frocedure

Use am analytical balance with the accuracy necessary to achiave the desired results (=359% accuracy at remaving
ard capiwirg wall scale). A fypical kalance fo wse is 2 Metler-Toledo modal AX205 (or egqual] with a capacity of

~200 grams and resolution of 0.0001 grams or betier.

234 Don groper PPE for handling items with salt residue. Glowves [nitrile or cotton for coupons without salf)
shal e worm to prevent oils from the fingers tramsfering fo fhe item.
232 Remove the item io ke weighed from the transeort contaimer.
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SAVANNAH RIVER NATIONAL LABORATORY Procadura Type:  '“Work Instruction
E&CPT RESEARCH PROGRAMS SECTION Inatruction Numbsar: ITS-Wi-0037
Reviaion: 1
Tank 18 & 18 Wall S3amplar Test in TBE-A[U) lazue Date: 1-6-2040
Paga: 4af 10

NOTE: Reference saction 2.3 for dizassemiely of the sameler head to remaove the filtes.

233 Allow sufficient fime [~30 minutes) for the items to be weighed o stokilize to the room femperature where
fhe analytical kalance is located.

234 Racord the fem io be weighed and other perinent information in the laboratory notetook.

235 Carefully handls the coueons and filler with mifrle or cotion gloves fo avoid trarsierring cils from fhe
fingers fo tese lems. |

NOTE: Exireme care must be token to ensure that the flm on the coupon or the residue on the filter is nat
disturzed while handing.

238 Enaure hat the doors ore closed on the kalance and tare the kalance, if necessary. |

237 Open the door on e balance, place the iiem to be measured on the platen and closs e door.

238 Allcrw weight displayed on the kalance to stakilize. 1§ the weight does not siabilze ten contact the PI.

2349 Racord the weight in the lakboratory notekzook.

2340 Open the door of the kalance, remove the weighed item and cloae te dooe.

2311 Place the weighed i'em in plastic kag for profection durng storage. Place the plastic kay in the container
fior tramsporiation kack to the EDL.

24 Aftach and Detach the Coupon (ref. Aachment 3, Cowgon Detail)
241 Donproper PPE for handieg items with salt residue. Gloves [nitrile ar cotton for cougons without salf) shall
ke worn to prevent cils from the fingers transfering fo the coupon.
242 Altaching coupaons.
2421 Ensure fhat fhe mounting tabs of the coupons and akout an 178 inch perimeter anound the edge of
fhe coupon are free of salis o permit installation without loss of salt.
2422  Enaure that the coupon hias been pre-weighed.
2423 Ensure fhat the jack screw is refracted so as not to inderfere with the coupon.
2424 Ramove the retining screws. |
2425 Place the coupon in the sizel plate recess. DO NOT DISTURE THE SALT LAYER WHILE
INSTALLING THE COUPON.
2426 Kasp 2 finger on one of the {aks to prevent the coupon from falling while re-instolling the retaining
SRS,
243 Detaching coueans.
2431 Ramove one of the retaining screws. D0 NOT DISTURE THE SALT LAYER WHILE REMOVING
THE COUPOM.
2432 Place afinger on the exposed tab and remova the ofer retaining screw.
2433  Carsfully remove the cougon. [f necessary, advance the jack screw to push the coupon out of the
FROESE.
2434 Place the coupon in iis ranspost contaimer (film up) in preparation for post test weighing.

HWOTE: Use a swiakle container io transport the sampler head and coupon to the analyfical
balarce fo prevent jarring or any other action Shat may distub samele material.

2435 Tranaport the contamer to the location of the analytical balance. Usa extreme care during
transeoriation to prevent jaring.
2436  Weigh the coupon per secion 2.3

25 Assembly and Disassembly of the Sameler Head (ref. Attachment 4, Sampler Head Assambly)

2541 Don proper PPE fior handling items with salf residus.
252 Hemaving the sampler head.
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SAVAMNMAH RIVER NATIOMAL LABORATORY Procedura Typs:  Work Instruction
E&CPT RESEARCH PROGRAMS SECTION Inatruction Numbsr: ITS-WI-0037
Ravizion: 1
Tank 18 & 18 Wall 3ampler Test in T83-A[U) lasue Dats: 1-6-2010
Paga: Sof1b

2521 Back the lift iable awzy from the sieel plate to gain access 1o the sampler head. Ensure that the
air Imes to the sampler do not become entangled o kink

2522 Remove the sameler head by looasning e sampler head atachment screws (they will remain
with the haad).

2523 Place the sampler head in a suitskle container [bit up) for iransgort fo the analylical balance.

WOTE: Use o suifable coriiner to transport the sampler head and coupon to the analytical
balance fo prevent jarving or any other action that may distusb samgle material.

2524 Tranaport the contamer to the location of the analyfical balance. Uae extreme care duing
transgoriadion to prevent jaring.

2525 Carefully remova tne sameles head from the cortamer and place the head (eif up) on the work
table

2526 Remove the fiter by loosening the four filier plate aifachment screws and lifting off the filker plate. |

WOTE: Use gloves (nitrile) when handing the filler to prevent oils from the fingers fransfering o
e jtems.

23527 Inapact sampler head passages upstream of the filter canity for residue. Contact the Pl if residus
i= ohserved in e passages.
2528 'Weigh e filler per section 2.3,
253 Assemiling the samplar head.
23319 Weigh the filber per section 2.3,

WOTE: Use gloves (nitrile or cotton) when handing the fiter to prevent oils from the fingers
tramsfesring to fhe ibems.

2532 Witk the sarmpler head m the bit down position, place the filer on top of the filter cavity in the head
e filter may sensive to flow direchion, place the upstream sige of the filker face down). The fitzr
should fit betwesn the fwo sampler head attachment screws and be flush with the fop of fe filker
plae recess,
2533  Attach the filter glate using the four filler plate aBachment screws. The will ke held kstween the
filier plate ard the sampler head body.
254 Attach the samgler head to the sampler using the two sampler head attachment screws.

26  Posifioning the Sampler on the Wal

281 Carefully sat the sampler assemisly on the lift taile so that the drill kit extends past the edge of the fable
by abowt 5 imches. If necassary, secure the sample assemisly to e fakle with C-clamps.

282 Verify that the eleciomagnets are ae-energized.

263 Poaition the If takle 50 tat the eectromameds are akow 2 inches away from the stesl plate.

264 Carsfully poaition fhe el if by movinglaciuating the 17 takle so that the center of the kit is positioned at
e cenier of the coupon.

263 Carefully puah the Bt table to the steel plate until the electro magnets touch the stzel plate.

2686 Verify that the center of the drill kit is sill at the center of the coupon.

267 Energize the eleciromagrets.

HOTE: The electromagnets present a pinch point hazard. Wear leather gloves when warking with and
arourd the electromagnets.

268  Slowly lower the 5 takle akoul 14" to 147 to vesfy that the electromagreis are firmly attached o the stesl
plate and that the sampler remains perpendicular to the wall susiacs.
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2649 Verify that the center of the deill kit is stll over the center of the coupon.

MOTE: f neces=zary, mark the sieel plate, or otherwise provide a positioning aid, at the location of the
eleciromagrets o aid fubure posifioning.
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SAVANMAH RIVER NATIONAL LABORATORY Procedurs Typs:  Work Instruction

EECPT RESEARCH PROGRAMS SECTION Inafruction Numbsr: ITS-WI-0037
Ravizion: 1

Tank 18 & 18 Wall Sampler Tast in TEE-A[L) lasue Date: 1-6-2010
Paga: Tof10

Attachmeant 1

Safety Information

EHAP#® SRMNL-L3100-2009-00132
EEC#  TC-A-2008-041

M3DS Numbars
The folowing are the M505 aumiers of the scdium salts that make wp the sali film on e coupons.

Hazzed Rading
Chemical MEDE# Haplth Flammakility Repcivity
‘Godium Nitrate G081 1 0 3
Sodium Nitrite 5873 2 0 3
Spdium Careonate 103701 2 1] 0

FPE

PPE reguired for handing itlems with salt residue
Lok coat, safety glasses, chemical resistont gloves (nitrile), safiely shoes.

PPE reauired while in close proximity of sampler during oesrafion with salt residue:
Lol coad, safety glasses. face shield, chemical resistont gloves (nitre), safety shoes.

PFE reguires for using hame foals
_eather gloves in aadition 1o the PPE istzd akove.

Hazard Reaponas
ltis unlikely that the small quaniifies of chemicals in the salt film wil cause proklems, however in gereral for

INGESTION Call a Physician immediately. Do not induce vamiting.
INHALATION Remaove bo fresh air. Give cxygen if breathing is difficult.
SKIN CONTACT Flush with water for 135 minutes
EYE CONTALT Flush with water for 15 minutes.

Gontacis

IH Contact Charles Sioyle; 5-3277, 11386
Sherolyn Bishog; 5-8862 17132

ECA Contact  Jimn Gilam; 553827, 14829

FI: Sok Leishear; 3-2832 18407

Test Enar: Mark Fowley; 5-1482, 17676

- 143 -



SRNS-STI-2009-00416, REVISION 0

SAVANNAH RIVER NATIONAL LABORATORY Procedura Typs:  Work Instruction
ERCPT RESEARCH PROGRAMS SECTION Inatruction Mumbsr: ITS-WI-0037
Ravision: 1
Tank 18 & 18 Wall 3amplar Teat in TBG-A[U) lasue Dats: 1-6-2010
Paga: Baf10
Attachmant 2

Conirgl Apparatus
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SAVANNAH RIVER NATIOMAL LABORATORY Procadura Typa:  Work Instruction

EECPT RESEARCH PROGRAMS SECTION Inafruction Mumbsr: ITS-WI-0037
Revizion: 1

Tank 18 & 18 Wall Sampler Test in T8E-A[U) lazus Dats: 1-8-2010
Paga: 8 of 10

Attachmant 3

Cougon Deta

-\-\_\_\_\_\_\_\_H

STEEL PLATE

[TANK WALLJ \

RETAIMING SCREWS

7Y\
%
7
7

COUPON

SALT/CORROSION
LAYER

JACK SCREW

AN
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SAVAMNAH RIVER NATIONAL LABORATORY Procedura Typs:  Work Instruction
ESCPT RESEARCH PROGRAMS SECTION Inafruction Numbsr: ITS-WI-0037
Ravizion: 1
Tank 18 & 18 Wall 3ampler Test in T83-A[U) lasue Dats: 1-8-2M10
Papga: 10af 10
Attachmant 4

Sampler Head Assembly

SAMELES HEAD FACE LER HEAD SIDE W =W
s ™y
FILTER QVER
FILTER CANITY ——— |
i
[
% F
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APPENDIX H: SRR Sampler Controls
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