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ABSTRACT 
 
This paper describes the Sludge Retrieval System (SRS), which was designed to safely remove 
radioactive sludge from the K East spent fuel basin at the 100 K Area of the Hanford Site.  Basin 
water and sludge have the potential to leak to the environment due to the age and condition of the 
basins.  Since the 100 K Area spent fuel basins are located next to the Columbia River, the Spent 
Nuclear Fuel Project mission includes the safe removal, containment, and transportation of 
sludge from the basins to a secure storage location.  The scope of the SRS includes: 
 

• A system capable of retrieving sludge from the K East basin floor, pits, and fuel canisters 
• Separation of debris from sludge, where debris is defined as any material greater than 

0.64 cm (0.25 in.) in diameter 
• Collection of sludge particles in a container that can be transported away from the basin 
• Modifications to the K East basin to allow installation of the SRS 

 
The SRS was designed by Fluor Federal Services.  Changes to the designed system were made 
by Fluor Hanford as a result of full-scale testing performed after design.  This paper discusses 
this testing, as well as operation and control of the system.  Construction and startup testing was 
initially scheduled to be complete by the end of December 2002.  Startup of the system is now 
expected in April 2003. 
 
Introduction 
 
For more than 40 years, spent nuclear fuel has been stored underwater in two storage basins at 
the 100 K Area of the Hanford Site.  Over time, corrosion by-products from degrading fuel rods, 
storage rack rust, concrete fragments from pool walls, and environmental particulate have 
accumulated as sludge on the floors and in the pits of the K basins.  Since most of the spent fuel 
in the K East basin is stored in open-top, screened-bottom canisters, there is a large quantity of 
fuel corrosion products in the K East basin sludge.  This makes handling K East basin sludge 
especially challenging. 
 
K East Basin 
 
The K East and K West Basins are 38 m (125 ft) long by 20.4 m (67 ft) wide, and divided into 
three approximately equal bays with several pits located to the east and west of the main basin.  
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The dividing walls are cantilevered from the floor and do not tie into the outer walls.  A 96 cm 
(38 in.) gap exists on each end of the dividing walls between themselves and the outer walls to 
allow a pathway between bays.  The Weasel Pit is located approximately in the middle of the 
east end of the main basin.  Each basin is 6.4 m (21 ft) deep and the water is approximately 5.2 m 
(17 ft) deep.  The basins are covered with a grating that is suspended from the superstructure.  A 
monorail system is used to support equipment in the basin.  Cables can be run from the monorail 
to the basin through slots in the grating. 
 
The basin floors are covered with rack systems that hold spent nuclear fuel storage canisters.  
The racks are constructed from angle iron and pipe.  The tops of the racks are 48 cm (19 in.) 
above the basin floor.  The racks provide 51 cm (20 in.) by 30 cm (12 in.) spaces for the fuel 
canisters.  Each canister is composed of two barrels 23 cm (9 in.) in diameter and 71 cm (28 in.) 
long.  Because the canisters sit on end, the tops of the canisters are 71 cm (28 in.) above the 
basin floor.  The two cylinders are joined side by side by a separator trunnion. 
 

 
 
Figure 1.  Schematic Overview of KE Basin 
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Sludge Characterization 
 
Sludge sampling-and-analysis campaigns were conducted for the KE basin floor, Weasel Pit, 
Tech View Pit, Dummy Elevator Pit, North Loadout Pit, and canister sludge; mostly in the late 
1990s.  Samples were analyzed by inductively coupled plasma spectrometry for metal 
concentrations and by radiometric counting techniques to determine total alpha, total beta, 
239/240Pu, 137Cs, and other radionuclide concentrations.  Samples were also analyzed for total 
inorganic carbon, total organic carbon, and particle size. 
 
Sludge Characteristics 
 
Sludge in the basin has been generated from a variety of sources.  Broken cladding on the fuel 
elements has exposed the metallic uranium to the basin water resulting in uranium corrosion 
products, metallic bits of spent fuel and zirconium cladding.  Aluminum canisters also have 
shown significant corrosion.  The carbon steel racks holding the fuel canisters have contributed 
paint chips and iron oxide.  During basin operations, ion exchange column screen failure allowed 
resin beads to be discharged into the basin.  Spalled concrete from the uncoated walls in the KE 
basin has also contributed to the sludge mixture. 
 
The building superstructure over each of the basins is not completely airtight.  Hence, periodic 
high winds have blown dust and other pollutants (dirt, plant and animal particulate matter, etc.) 
into the K basins that have settled in the basin pool.  The origin of polychlorinated biphenyls 
(PCB), found sporadically in the sludge solids in concentrations up to 220 parts per million, is 
unknown. 
 
The total nominal settled sludge volume in the KE basin is 43.8 m3, and the bounding volume is 
57.8 m3 (1).  Upon exiting the KE basin, all sludge streams will be managed as remote-handled 
transuranic (RH-TRU) waste.  Sludge will be loaded into Large Diameter Containers (LDC).  
The LDCs will be stored in empty process cells at T Plant in the 200 area at Hanford.  The 
sludge will be regulated as a PCB Remediation Waste under the Toxic Substances Control Act 
(TSCA). 
 
Process Overview 
 
An assembly of processing equipment will be located in each of the three KE basin bays.  The 
assembly will consist of a strainer vessel with two strainer baskets, a large centrifugal pump 
(known as a floor sludge pump), and associated piping and valves.  The strainers are designed to 
collect debris, which is defined as any material with a diameter of 0.64 cm (0.25 in.) or greater.  
The strainers are located on the suction side of the floor sludge pumps.  The suction side of these 
pumps also has an approximately 30.5 m (100 ft) long flexible hose with a booster pump and a 
vacuum head. 
 
Each package assembly is piped and valved to allow the suction hose to be back flushed.  A line 
extending up into the basin water on the assembly is connected upstream of the floor sludge 
pump and downstream of the strainer.  Basin water can be pulled through this line by the pump 
and sent back through the suction hose whenever flushing the hose is necessary. 
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The slurry nominal design flow rate is 227 liters per minute (lpm) (60 gpm).  A flow indicator, 
located underwater and downstream of all three floor sludge pumps, will monitor the slurry flow 
rate.  There will also be a flow indicator and totalizer on the LDC overflow line.  This flow 
indicator and a motor-operated ball valve on the LDC overflow line will be used to automatically 
control the flow near 227 lpm (closed-loop control) during sludge pumping.  Only one of the 
three floor sludge pumps will be allowed to operate at a time.  The slurry lines from the three 
bays meet at a common header before going to an LDC. 
 
During normal operation, slurry is pumped to an LDC.  The LDC is 1.5 m (5 ft) in diameter and 
3 m (10 ft) tall.  The LDC will be in a transport cask and on a transporter located in the northwest 
corner of the KE basin.  The upper part of each LDC is equipped with an array of 5 µm cartridge 
filters.  The overflow stream from the LDC will be returned to the basin.  There will be two 
safety relief valves on the LDC overflow line to protect the LDC from over pressurizing.  Each 
relief valve will be piped around one of the two motor-operated valves on the overflow line. 
 
The differential pressure across the LDC is monitored and a high differential pressure alarm will 
sound at 241 kPa (35 psi).  The filters will be back flushed when the differential pressure reaches 
this level, if not before.  The back flushing operation is accomplished by first decanting some 
water from the LDC and then flushing the filters with deionized (DI) water from the basin water 
system.  Water is removed from the LDC through the inlet and outlet lines by siphoning.  After 
decanting, water supplied from the ion exchange modules (IXM) at 946 lpm (250 gpm) and at a 
pressure no greater than 414 kPa gauge (60 psig) is sent through the LDC outlet port and washes 
the filters.  The floor sludge pumps and booster pumps will be interlocked with a differential 
pressure indicator so that when a high-high limit of 276 kPa (40 psi) is reached, the pumps will 
not be allowed to operate. 
 
The system has the capability to remove sludge from the LDC if it has more sludge than is 
allowed.  This is accomplished by letting slurry to siphon out of the LDC through the inlet line to 
the North Loadout Pit (NLOP).  A pump in the NLOP will first move water to the basin to make 
space for the slurry.  DI water is fed to the LDC to help suspend sludge solids in the stream 
going to the NLOP.  The sludge volume in the LDC is monitored with level and weight 
measurements.  It is expected, and hoped, therefore, that this operation will not be necessary. 
 
Once LDC loading is complete, the LDC gas space and the shipping cask must be purged with 
helium to lower the oxygen concentration to prevent the existence of a flammable mixture of 
oxygen and hydrogen.  Hydrogen is generated by the reaction of uranium metal in the sludge 
with water.  After a final decant, hoses are disconnected from the LDC and the cask lid is put in 
place, and a series of purge and vent operations will be performed until the concentration of 
oxygen in the vent gas from the LDC and cask is less than 1%.  The cask is pressurized with 
helium and then vented to the atmosphere through a line that extends outside the basin building.  
The vent gas passes through an oxygen analyzer and a high efficiency particulate air (HEPA) 
filter before being vented.  The helium gas is supplied from high-pressure high-purity helium 
bottles connected to a manifold system that can reduce the pressure from the bottle pressure to 
the purge pressure of 241 kPa gauge (35 psig).  The helium bottles will be in a shed located 
outside the northwest corner of the basin.  The helium is supplied to the cask with the cask lid in 
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place through a vent port tool attached to the lid.  The purge and vent cycle is done through the 
same line, which branches at the helium supply line and vent line. 
 
A pressure reducing valve (PRV) in the vent line will maintain a positive pressure of 
approximately 13.8 kPa gauge (2 psig) in the LDC relative to atmosphere to prevent air from 
flowing back into the cask.  After purging of the cask/LDC is complete, the vent port tool is 
removed from the cask lid.  The lid is then plugged and sealed for shipment to T Plant in the 200 
West Area at Hanford. 
 
Slurry Handling 
 
For design purposes, it was assumed that slurry streams have a solids concentration of 10% by 
volume.  This is approximately 30% by volume settled sludge.  Settled sludge is defined as 
sludge in the state in which it resides in the basin, after it has had a significant period of time to 
settle in water.  It was also assumed for design that the specific gravity of retrieved slurry 
streams would be 1.2 and the viscosity 3 cP.  The estimate for slurry viscosity came from a 
review of KE basin sludge characterization data (2,3). 
 
Sludge solids are very abrasive and include metal particles with specific gravities as high as 19.  
Slurry piping was therefore designed with 3-diameter or greater radius bends and 45° or smaller 
angle laterals to reduce erosion and help prevent plugging. 
 
Settling of solid particles in piping is also an important consideration in the design of slurry 
handling systems.  A minimum fluid velocity must be maintained to keep solids suspended.  This 
design requirement must be taken into consideration with the desire to minimize frictional 
pressure losses in the system.  With a smaller pipe size fluid velocity is increased but so is the 
pressure drop in the piping.  A review of Hanford documents and correlations in the literature 
showed that the minimum velocity to keep particles suspended in a slurry is usually 1.5 to 
1.8 m/s (5 to 6 ft/s).  Nominal 2 in schedule 40 pipe was chosen for slurry lines.  At 227 lpm 
(60 gpm), the velocity is 1.7 m/s (5.7 ft/s).  This choice achieved what was thought to be an 
acceptable compromise between slurry velocity and pressure loss.  The full-scale tests proved 
this to be true: there were no problems with plugging in slurry lines during testing. 
 
Solid-Liquid Separation 
 
Design of the LDC and filters was the responsibility of the Sludge Transportation System (STS).  
To meet a requirement to maintain visibility in the basin, 5 µm nominal size cartridge filters 
were chosen.  It is estimated that particles as small as 5 µm have to be removed to meet this 
requirement (4).  Cartridge type filters were selected because it was decided to separate sludge 
solids from water in the LDC, and an array of cartridge filters seemed to be the easiest way to 
accomplish this. 
 
Using the selected type of filtration created some problems for design and operation, the most 
obvious being that the filters would plug or blind, which increases the pressure drop in the 
pumping system.  Therefore, the LDC filters must regularly be back flushed.  To back flush the 
filters, some water first has to be removed from the LDC.  Since the frequency of filter plugging 
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depends on the slurry feed rate, it was decided that flow control capabilities had to be added.  
This meant that significant changes had to be made to the PLC. 
 
Other methods for separating sludge solids from water were evaluated when the addition of a 
sampling requirement was being considered.  One of these methods was inclined plate settling.  
Inclined plate settlers are commonly used in municipal wastewater treatment facilities.  It was 
determined that the size of plates needed to be effective for the sludge was too large for 
installation in the basin. 
 
Another method of separating sludge solids is cross-flow or membrane filtration.  In this method, 
slurry is constantly fed to a porous tube through which water can pass, but solids will not.  The 
solids concentration in the slurry is thereby increased.  This method would require much less 
filter area than using cartridge filters and would require less backwashing of filters.  The 
drawback would be the need for a pump to constantly move the slurry through the filter. 
 
Process Control and Monitoring 
 
The functional requirements for instrumentation and control of the SRS include monitoring and 
controlling new equipment, collecting field data for local and remote display of process 
parameters, and storing field data (4).  These requirements are met through implementation of a 
programmable logic controller (PLC) with a human-machine interface (HMI). 
 
The most important process parameter to monitor and control is the volume of sludge in the 
LDC.  It is important that the sludge level and weight be monitored so that the maximum allowed 
volume of sludge is not exceeded.  If more sludge were pumped to the LDC than is allowed, 
excess sludge would have to be removed.  The total amount of settled sludge that will be allowed 
in an LDC is 2 m3 or less.  A level-measuring device in the LDC will measure the sludge level, 
which will be displayed locally and on the PLC/HMI.  The level device will be able to measure 
the level of the water-sludge interface when immersed in water and the water level when above 
water.  Approximatley 15 to 30 minutes are needed for sludge solids to settle in the LDC to get 
an accurate sludge level reading.  The weight of the LDC, cask, and transporter will also be 
measured.  When a new LDC is filled initially with only water, the weight measurement will be 
recorded as the tare weight.  The approximate volume of sludge in the LDC can be calculated by 
using the estimated density of the settled sludge.  The weight will serve as a second volume 
measurement to back up the level measurement. 
 
Another important process parameter that is monitored is the differential pressure across the 
LDC filters.  It was determined during testing that the LDC filters do not need to be washed until 
the differential pressure reaches approximately 206.8 kPa (30 psi).  There is a high differential 
pressure alarm set for 241.3 kPa (35 psi) and a high-high alarm at 275.8 kPa (40 psi).  The high-
high alarm will shut down any operating pumps.  Once the differential pressure reaches 206.8 
kPa (30 psi), the operators will hold the vacuum head in clean water to flush the lines.  In the 
tests, the differential pressure would continue to increase but not exceed 241.3 kPa (35 psi) as the 
lines are flushed. 
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Other process parameters that are monitored during sludge retrieval include the floor sludge 
pump inlet and outlet pressures, the strainer differential pressure, the slurry flow rate, and the 
overflow stream flow rate.  The PLC will control the flow rate automatically by positioning a 
motor-operated valve on the overflow line with feedback from the overflow line flow indicator 
(closed-loop control). 
 
The most important process parameter for the LDC/cask purge and vent with helium is the 
oxygen concentration in the vent gas.  This concentration must be less than 1% before the LDC 
can be shipped to T Plant.  Another important control is maintaining the helium purge pressure 
below 551.6 kPa gauge (80 psig), which is the maximum operating pressure for the cask.  There 
is a safety pressure relief valve set at 551.6 kPa gauge (80 psig) on the helium feed line.  There is 
also a back pressure regulator on the vent line to maintain positive pressure in the cask. 
 
Sludge Pumping 
 
The primary control requirements for sludge retrieval operations to an LDC are controlling the 
slurry flow rate and monitoring the differential pressure across the LDC filters. 
 
The slurry flow rate to the LDCs will be approximately 227 lpm (60 gpm).  The slurry flow rate 
is monitored by a wedge flow meter, located underwater and downstream of all three pumping 
systems.  There are pressure indicators on the discharge side of all three floor sludge pumps.  
These are provided so that operators can see that the pumps are operating properly and that there 
are no plugs in the piping. 
 
There is also a flow meter and totalizer on the LDC overflow line.  The flow rate signal from this 
flow meter is used by the PLC to control the slurry flow rate by positioning a motor-operated 
valve, also on the LDC overflow line. 
 
The pressure on the LDC slurry inlet and overflow lines is measured and transmitted to the 
PLC/HMI.  Once the differential pressure reaches 206.8 kPa (30 psi), a high-pressure alarm will 
be activated.  When the high-pressure limit is reached, if not before, operators draw basin water 
through the vacuum head to clear the line for approximately 10 minutes, then stop the pumps so 
the filters can be flushed.  There is a high-high differential pressure alarm set at 275.8 kPa (40 
psi).  This high-high alarm automatically shuts down the pumps. 
 
There are pressure transmitters on both the inlet and outlet of the strainer in each bay.  The HMI 
displays these pressures and the differential pressure across the strainers so that strainer baskets 
can be changed out once a preset limit is reached.  There will be an alarm when the differential 
pressure limit is reached.  Operators will also check the strainer baskets for solids loading to 
determine when they should be replaced.  This will be done manually with special tools. 
 
The pumps are interlocked so that only one set of pumps (booster and floor sludge pump in a 
bay) can operate at a time.  Each pump has a hand switch on a local control panel, as well as one 
on the PLC/HMI.  The booster pumps are controlled locally or from the PLC/HMI with a hand 
indicating controller.  The booster pumps have a variable frequency drive.  All underwater valves 
will be manually operated, so the valve lineup is controlled administratively. 
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There will be buttons on the PLC/HMI to start normal sludge pumping from any of the three 
bays.  The operators are responsible for ensuring that manual valves are aligned correctly.  They 
will also ensure that the vacuum head is not in sludge when the pumping startup sequence is 
initiated.  When the operator pushes the button to start pumping operations, the PLC first aligns 
the motor-operated valves for retrieval.  Then the operator is able to start the booster pump.  
With only a booster pump operating, the PLC controls the flow rate at 94.6 lpm (25 gpm).  One 
minute after the LDC is full of water, the PLC allows the operator to start the floor sludge pump.  
Once the floor sludge pump is on, the flow rate will be controlled at 227 lpm (60 gpm) and the 
operators can begin retrieving sludge. 
 
Before stopping sludge pumping operations, the operators hold the vacuum head in clean water 
for approximately 10 minutes to flush solids out of the lines and into the LDC.  When the button 
is pushed to stop sludge pumping, the PLC stops the floor sludge pump, closes the motor-
operated valves, and then stops the booster pump.  Approximately 15 to 30 minutes are needed 
for sludge solids to settle in the LDC for an accurate sludge level reading. 
 
Vacuum Head Flushing 
 
During testing it was found that vacuum heads often plugged and had to be flushed.  This easiest 
way to do this was to stop the pumps and allow water to siphon from the LDC back through the 
suction line and vacuum head.  There is an automatic mode button in the PLC to do this.  When 
the vacuum head gets plugged, the operator will stop the sludge retrieval mode and hit a button 
for flushing. 
 
Suction line flushing can also be done using a floor sludge pump.  Flushing with a floor sludge 
pump is done by running the pump with the valves on the discharge line to the LDC closed and 
the valve on the back flush line open.  If back flushing still does not remove material from the 
vacuum heads, a new vacuum head may be required.  The underwater valves must be manually 
lined up and verified according to the back flush mode before the floor sludge pump can be 
turned on.  The valve on the basin flush water suction line will normally be closed.  The inlet of 
this line will have a 0.64 cm (0.25 in) screen to prevent large solids from entering and plugging 
the line.  The strainers must be isolated on both the inlet and outlet side during back flushing. 
 
Flushing can also be done with DI water from the booster pump on the outlet of the IXMs.  
During slurry line flushing with DI water, the motor-operated valves on the slurry outlet line and 
DI water inlet line to the LDC will be closed while the manual valves back through the suction 
hose to be flushed will be open. 
 
Decanting 
 
In the decanting mode, water siphons out of the LDC through the slurry inlet and outlet lines.  
This mode is initiated by pressing a single button on the HMI after the sludge retrieval mode has 
been stopped.  Decanting will occur through the outlet line for 15 minutes before the inlet line is 
opened.  This is because the outlet line is filtered, and the inlet line is not.  It was found during 
testing that 15 minutes should be sufficient time for solids to settle in the LDC. 
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Decanting is complete when the water level is 84 cm (33 in.) down from the level instrument 
(which is 19 cm (7.5 in.) down from the top of the LDC).  This corresponds to a water plus 
sludge volume in the LDC of 2.6 m3.  Therefore, the operator must watch the level (displayed as 
a volume in m3) reading on the HMI and stop the decant mode when the volume is less than 
2.6 m3. 
 
Filter Washing 
 
In the LDC filter washing mode, treated DI water goes through the filters and into the LDC at 
946 lpm (250 gpm) and a pressure no greater than 413.7 kPa gauge (60 psig).  The treated DI 
water flow rate is controlled by a self-controlled flow regulator.  The operator initiates this mode 
by pushing a button on the HMI after decanting is complete. 
 
The filter wash mode will use approximately 1325 liters (350 gallons) of water.  The PLC will 
start closing the treated DI water inlet valve when 1136 liters (300 gallons) have been fed to the 
LDC.  Approximately 190 liters (50 gallons) more will enter the LDC as the motor-operated 
valve closes. 
 
Testing 
 
A full-scale hydraulic test of the piping, pumps, strainer, valves, LDC filters and vacuum tooling 
was performed to demonstrate the functionality of these components of the SRS.  A 6.4 m (21 ft) 
deep mockup of the KE basin with overhead monorails and grating was fabricated.  All below-
water equipment used were actual components purchased as spares for the SRS.  Trouble-
shooting during testing resulted in several design changes.  Test results of the final system 
showed good hydraulic performance for normal operational modes.  Testing off-normal recovery 
modes demonstrated the system’s ability to clear plugs in the lines and restart after an extended 
power outage. 
 
The test scope was limited to full-scale mockup testing of the baseline design for the SRS.  The 
goal was to demonstrate the ability of the system to transfer sludge from the KE basin, including 
floors, pits, and canisters into an LDC during normal and off-normal conditions before installing 
the system in the KE basin.  The actual LDC, cask, trailer, and truck were not available for this 
test.  Because of schedule and cost limitations, only one pumping station (the one in the east bay 
representing the longest pumping path) was simulated with a single 41 m (135 ft) long vacuum 
hose to demonstrate cleaning of the Dummy Elevator Pit. 
 
The mockup, including the fabrication of an in-ground steel water tank and modification of a 
simulated LDC, was assembled in two weeks and was completed on August 29, 2002.  Testing 
was conducted from August 30 to September 20, 2002.  Only manual operations were used 
during testing, i.e., the system was not automated with electronic instruments or a PLC.  During 
testing, a total of 1.7 m3 of simulated sludge was transferred to the LDC.  Each test cycle, 
consisting of sludge retrieval, decanting, and filter back washing, averaged between 1 and 1.5 
hours.  Actual sludge retrieval time for each cycle was 30 minutes and transferred approximately 
0.1 m3 of sludge simulant to the LDC. 
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Several problems were encountered with the basic system design, components, and procedural 
steps during testing.  Chief among these included the following: 
 

• The floor sludge pump cavitated due to higher than expected suction side pressure losses 
• The strainer lid would not seal 
• Pressure transducers did not work 
• Excessive amounts of air were discharged to the water during decanting operations 
• There was unexpected siphoning from the LDC through inlet and discharge lines 
• Underwater tooling (vacuum controller) did not function as intended 

 
After modifications to the mockup and test procedure, testing showed good overall hydraulic 
performance with adequate flows and pressures for normal operation. 
 
Test Description 
 
The mockup system tested was configured to simulate the full scale KE basin SRS.  The test was 
limited to evaluating the primary slurry flow lines and back flush lines from the most remote 
location in the KE basin (Dummy Elevator Pit).  The system retrieved simulated basin floor and 
pit sludge in sizes smaller than 0.64 cm (0.25 in.) at the design flow rate of 227 lpm (60 gpm) 
with an estimated 10 percent solids concentration. 
 
All underwater equipment tested was the actual full-scale hardware (east bay spare equipment).  
All the above water equipment was prototypical of the system.  The major components tested 
were: 
 

• Vacuum head controller with two different vacuum heads 
• 1.5 kW (2 hp) booster pump 
• Strainer vessel with strainer baskets 
• 18.6 kW (25 hp) slurry pump 
• Manual underwater valves 
• Prototype LDC with 54 filter elements and level indicator 

 
The sludge simulant consisted of 75 wt% sand, 17 wt% fly ash, and 8 wt% tungsten carbide with 
a cobalt binder.  The simulant was mixed in 0.5 m3 batches in a cement mixer.  Sludge simulant 
was placed in six sludge bins that were then located at the bottom of the basin mockup pool.  
27.2 kg (60 lb) of debris were added to one of the bins.  The debris was provided by the KE 
operations group to simulate actual debris found in the basin. 
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Figure 2.  Mockup Test 
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