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1 0  INTRODUCITON 

This report documents the results of a shop test performed to venfy the hnctional 
operaon and calibration ofthe Mt Fury Suspended Solids Profiler (SSP) The 
profiler is used commercially for the monitonng and control of clarifiers and 
thlckeners in waste treatment, mining, pulp and paper, and other industrial 
processing facilities The SSP 1s planned to be tested dunng the Tank AZ- I O  I 
Mxer  Pump Test to determine its applicability in DST tank retneval operations by 
measunng waste slurry concentrations at vanous elevations after the mixer pumps 
have been operated 

The test was performed under HNF-3562, Rev 0, “Suspended Solid Profiler Shop 
Test Procedure”, including additional requirements per ECN-656970 Testing was 
performed in the 306 building located in the 300 area of the Hanford Site from 
November 17, 1999 through December 2, 1999 The Test Procedure is attached as 
Appendix A to th~s report The team performing the test included the following 

Tom Staehr - Test Director and Recorder 

Graham Maclean - Test Engineer 

Mike Wingfield - Quality ControY Witness 

Tom Clark - Authorized Inspector/ Oversight 
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2 0  TESTEQUIPMENT 

2 1 SUSPENDED SOLIDS PROFILER 

The SSP is a microprocessor based suspended solids sensor used commercially for 
the control of clanfiers and thickeners in waste treatment facilities by measuring 
the turbidity versus depth and by determining the depth of the sludge blanket The 
sensor is completely solid state and uses a reflectance measurement principle with 
built in color and ambient light compensation, to determine suspended solids 
concentrations The sensor range is from 5 to 100,OO ppm with a resolution of 5 
ppm, or 1% of reading, whichever IS greater A stepping motor dnven cable reel 
controls the sensor location In normal operation, the sensor is lowered to a preset 
elevation where the first of twenty equal spaced readings is taken The sensor is 
then automatically lowered to take a reading at each of the remaining nineteen 
elevations After the final reading the sensor will be retracted to the glove box 
enclosure Digital rotary switches are used to set upper and lower depths to be 
profiled, a solids threshold for determining sludge blanket depth, profile time 
intervals, and other parameters 

An enclosure assembly has been specially fabricated to house the SSP The 
assembly consists of a flanged bottom to attach to the tank mer, a ball valve used 
for shelding the probe when not in use, a glove box for ease in replacement of the 
probe, and a NEMA enclosed electronics box 

2 2 DATA ACQUIsmoN SYSTEM 

For th~s testmg, a personal computer was connected to the SSP via an RS232 serial 
interface The DATA-PRO software package provided by the Mt Fury Company 
was used to display and store the SSP data as well as provide system configuration 
and diagnostic information As DATA-PRO runs it generates daily data files and 
stores them in the same directory that the program is in Each data file will contain 
one day's data, and w111 typically contain 10K-100K bytes data The program will 
store from 1-99 days of data 

23 TJCSTSIMULANT 

Two waste simulant slurries were used for testing the SSP Both simulants were 
ong~nally prepared for other tests The first one contaned equal moles of AI(OH), 
and FE(0H)s in a NaNO3 solution Tlus slurry was used in a test column that 
approxlmated tank waste depths The second slurry was manufactured to duplicate 
the PUREX process waste, which was discharged into tank Double shell tanks AZ- 
loland AZ-102 The composition and particle size ofthe sluny closely matched 
core sample data This second sluny was used to calibrate the profiler readings 

2 
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3 0 DESCRIPTION OF TEST 

The objective of the SSP shop test was to verify the hnctionality of the SSP and 
that outputs agree wth  predetermined test values The test also served as a shop 
acceptance test pnor to installing the SSP on Tank AZ-101 The profiler 
instrument was installed on a catwalk approximately 35 feet above floor level to 
approxlmate the distance the probe would have to travel when installed in tank 
AZ-101 The actual distance required in tank AZ-101 is closer to 60 feet, 
however, a clear span ofthat height was not available An 8-foot tall column made 
up of 2 sections of 12 inch diameter clear PVC pipe was filled with AI-Fe waste 
simulant and located under the SSP to represent the tank Power and signal cables 
were fabncated to link the profiler to a power supply and a personal computer (PC) 
on the operating deck Manual operation of the SSP was controlled locally 
through a control knob located in the SSP electronics box Automatic operation of 
the SSP was controlled remotely through a manual rake’ switch located at the PC 

The overall test is broken down into several separate phases as described in the 
following sections 

3 1 SSP CONFIGURATION 

Tlus phase of testing includes configuring the SSP by inputting test settings per 
the manufacturers instructions, and then operating the SSP to compare settings 
and actual measured values Rotary dials in the SSP electronics box are used to 
dial in the desired settings The basic settings required for SSP operation testing 
are described below 

DIST TO WATER This setting is the distance from the probe in the h l l y  
retracted position to the position of the probe when making its first profile 
measurement The setting is calculated by taking the distance from the 
bottom of the probe in its retracted position to the water (or waste) surface 
and then adding an additional 0 7 feet (the length of the probe) to ensure 
that the sensor is h l l y  submerged when making its first reading 

WATERDEPTH This setting is the total span distance that will be 
profiled The profiler will take a total of 20 equally spaced readings over 
this span If the entire depth of the waste is to be profiled the entered 
depth should be the distance from the waste surface to the bottom of the 
tank, less 0 7 feet for the length of the probe A smaller WATER DEPTH 
value can be inputted if a narrow span is desired 

TIME Ths  setting determines the maximum time that the instrument will 
allow for profiling, as well as the frequency of measurement cycles The 
setting can be calculated by multiplying the total depth @IST TO 
WATER + WATER DEPTH) times the profiler travel speed, (0 1 minutes 
per foot), and adding 1 minute (a built in delay after the profile is 
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initiated) A conservative value of 5 0 was input for the testing since the 
maxlmum depth profiled was 32 5 feet Calculating the depth setting 
would give 32 5 x 0 1 +1 = 4 25 minutes 

SETPOINT This setting represents the maximum solids concentration 
that wll be profiled The setting can be used to detect a specific sludge 
layer of a known concentration A maximum setting of 99 was used during 
the test, since only the detection of the maximum solids concentration IS of 
interest 

ADDRRESS Thls setting is used to configure alarms for high sludge or 
h g h  clarity readings A default setting of 50 was used during the test 
since the alarm feature is not required for this application 

The SSP was run through an initial setup sequence with settings input as 
descnbed above The SSP was then operated in the manual mode to demonstrate 
that the probe would travel to the estimated DIST TO WATER and WATER 
DEPTH settings The position of the probe at the DIST TO WATER setting 
whch IS where the initial profile reading will be taken, was ' tnmmed using the 
control knob to completely submerge the probe This was performed to 
demonstrate the ability to fine tune the probe elevation 

3 2 SSP PROFILING OPERATION 

Th~s phase of testing was performed to demonstrate the operation of the SSP in 

the profiling mode The SSP was operated in the AUTO mode using the rake 
switch to initiate the profiling sequence In the profiling mode the probe IS 

lowered to the DIST TO WATER setting where the first profile reading IS taken 
and then continues to take profile readings at 19 additional equally spaced 
elevations The last reading IS taken at a depth defined by the WATER DEPTH 
m n g ,  before the probe is retracted automatically The probe continues to be 
retracted until it contacts a plate located below the cable reel in the glove box 
which automatically shuts off the cable reel motor 

3 3 SUSPENDED SOLIDS READING CALIBRATION 

Tlus test phase was performed to calibrate the accuracy of the profiler suspended 
solids concentration readings Increasingly dilute samples of the waste simulant 
were profiled to measure their suspended solids concentrations Readings were 
displayed at the PC and recorded The suspended solids concentration of tap water 
was measured initially to establish a baseline Subsequent suspended solids 
measurements were then obtained from a full strength sample of the waste 
simulant, and from six other samples, each of which was diluted by 50% from the 
prewous sample Representative portions of each sample were then obtained and 
analyzed to determine the actual solids concentration The actual and measured 
concentrations were then compared and a calibration factor was calculated 

4 
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3 4 ELEVATION CALIBRATION 

Th~s test phase was performed to determine the accuracy and calibration of 
elevation settings input in the SSP and elevation readings displayed at the PC As 
discussed previously, the SSP will take 20 equally spaced profile measurements 
beginning with an initial reading at the DIST TO WATER settings with the 
remainder of the readings taken in the span defined by the WATER DEPTH 
M n g  Separate test sequences were performed to calibrate elevation settings 
and readings in both the manual mode and automatic (profiling) mode 

The first test sequence was performed while operating the SSP in the manual 
mode The probe was lowered wth various values for DIST TO WATER 
inputted, and the WATER DEPTH set to 0 In this configuration the probe 
automatically stops at the DIST TO WATER setting, and the actual distance thai 
the probe travels is measured and recorded The distance that the probe has 
traveled is also displayed on the PC screen and documented 

The second test sequence was the same as the prevlous sequence except that 
values other than 0 for WATERDEPTH were inputted The probe automatically 
stops at the total depth setting (the sum of the DIST TO WATER and WATER 
DEPTH) and once again that actual probe travel distance was measured and 
recorded as well as the values displayed on the PC 

In the h r d  and final sequence values were once again input for DIST TO 
WATER and WATER DEPTH, however now the SSP was operated in the 
profiling or AUTO mode The distance to the initial profile elevation input as 
DIST TO WATER, and to the final profile elevation or total depth reading were 
recorded as the probe stopped to take its initial and final readings 

3 5 WASH RING FUNCTIONAL OPERATION TESTING 

The SSP assembly is equipped with a water spray nng that decontaminates the 
probe and cable as it is being retracted A solenoid valve that is installed between 
the water supply and the wash ring controls the spray wash The solenoid will 
automatically open when the SSP is raised, and will automatically close when the 
stepper motor is stopped This washing function wdl perform whenever the probe 
is raised, either manually using the control knob or automatically after a profiling 
sequence 

Water was supplied to the spray ring assembly at approximately 80-psi from the 
building water supply The SSP was suspended over a tub to collect the spray 
water To test the operation of the wash ring assembly, the probe was lowered to 
the floor and then raised by manually setting the control knob to the RAISE 
position The probe was allowed to be raised until it automatically stopped at the 
contact plate 
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4 0  TESTRESULTS 

4 1 MANUAL OPERATION 

Functional testing ofthe SSP in the manual mode was performed successfilly 
The probe was lowered and raised using the manual control knob at the SSP by 
switchmg to the LOWER or RAISE positions, respectively The probe could be 
stopped at any position by switching the control knob to the STOP position This 
procedure of lowenng, stopping and raising the probe was used to “tnm” the probe 
to the correct depth of water setting The probe was also lowered in the manual 
mode to a preset elevation by dialing in values for DIST TO WATER and 
WATER DEPTH at the rotary switches In this application, the control knob was 
set to LOWER and left in that position until the probe stopped automatically at the 
sum of the DIST TO WATER and WATER DEPTH settings This procedure was 
tned numerous times at the same depth setting, and each time the probe stopped at 
the same elevation within 1 inch In all sequences, when the probe was retracted 
the cable reel stepper motor stopped automatically when it touched the contact 
plate at the reel 

4 2 AUTOMATIC OPERATION 

FuncAonal testing of the SSP in the automatic profiling mode was performed 
successfully The profile operation was initiated remotely by closing and opening 
the rake switch located at the PC The probe was lowered automatically to the 
DIST TO WATER setting where the first profile reading was taken The probe 
then continued to be lowered to nineteen additional equally spaced locations that 
spanned the WATER DEPTH setting Profile readings at each location were 
displayed on the PC screen 
position (distance traveled) was also displayed on the PC screen 

SUSPENDED SOLIDS READING CALIBRATION 

Seven test samples of varying suspended solids particle concentration were made 
up for calibration testing ofthe SSP The initial test sample was tap water and the 
remaining samples were made from the waste simulant slurry described in Section 
2 3 The slurry was first measured at full  concentration, and was then diluted by 
SO?? each time for subsequent samples The suspended solids concentration of 
the samples was to be determined by analysis at the 306 building before being 
measured by the SSP However, due to the unavailability of resources the 
analysis was performed after testing The Benton-Franklin Public Health 
Department laboratory was used to analyze the samples and the results are shown 
in Appendix B 

The location of the probe relative to the initial starting 

4 3 
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Table 1 

Laboratory Analysis 
Total Suspended Solids 

Sample Composition lNol 
1 I Tap Water 

Simulant diluted to 50% 
Simulant diluted to 25% 
Simulant diluted to 12 5% 
Simulant diluted to 6 2% 
Simulant diluted to 3 1% 

, "  
19,672 I 111,140 
24,248 I 50,650 

13 151 

The results of the wlys is  and testing are shown in Table 1 Examination of the 
data shows that the SSP operated favorably at the more dilute sample 
concentrations and less favorably as the sample concentrations that approached the 
upper profiling range of the sensor The SSP measurement range per the 
manufacturer, is typically from 5 ppm to 60,000 ppm (6%) Tap water which 
when analyzed did not show the presence of any suspended solids (sample No I )  
was profiled initially to serve as a baseline The SSP reading of 3 ppm is well 
wthm the accuracy of the sensor Tap water was also profiled at the end of the 
temng with the same results Sample No 2, which contained a suspended solids 
concentration of over 9%, did not provide an accurate measurement as expected 
since the sample concentration was outside of the range of the sensor Sample No 
3 produced an SSP reading of 24 248 ppm which is lower than what might be 
expected for a suspended solids concentration estimated at approxlmately 4 6% 
(the density of the slurry was assumed to be 1 1) The Concentration of this sample 
may also have approached the actual upper range of the instrument resulting in an 
erroneous reading 
plot of the SSP readings versus the sample concentration determined from the 
laboratory analysis (excluding the Sample No 2 reading) is shown in Figure B-I 
(Appendix B) As with any turbidity monitor, if the SSP is used for anything other 
than a relative measurement, it is necessary to compare the readings to the actual 
total suspended solids content from samples In practice, a correlation should be 
developed by comparing the SSP readings to actual sludge concentrations obtained 
by sample analysis 

Samples 4 through 7 produced fairly consistent results A 
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4 4 ELEVATION READING CALIBRATION 

Calibration of the SSP rotary dial settings and the computer screen probe depth 
readings were completed successfblly Calibration factors for both measurements 
were obtamed as described in Sections 4 4 2 and 4 4 3 

4 4 1 Distance Measurement 

The distance that the probe traveled was measured by using a standard steel tape 
The contact plate at the SSP enclosure was used as a reference point for the 
readings The probe was marked at the spot where it touched the contact plate in 

the retracted position as a reference point on the probe The actual distance 
traveled when the probe was lowered was measured by holding the end of the tape 
at the mark on the probe and measuring the tape distance at the contact plate 

The m m u m  distance from the SSP probe in the hlly retracted position to the 
floor was approximately 35 feet Thus, distance could be measured directly for 
probe travel distances of less than 35 feet For distances greater than 35 feet travel 
distances were measured in two parts The procedure for making these 
measurements was to first lower the probe until such time that it came close to the 
floor Then, without stopping the lowering of the probe, tension was applied by a 
constant pull on the cable while the remainder of the cable was let out and the 
probe rested on the floor To obtain the total travel distance, a mark was made on 
the cable at some point where a direct measurement could be made between the 
mark and the contact plate, and the distance was recorded The remaining cable 
w t h  the probe attached was stretched horizontally, and a second measurement was 
taken between the mark on the cable and the reference mark on the probe The 
total distance traveled was the sum of these two measurements The accuracy for 
these measurements is estimated at approximately 2% inch 

4 4 2 SSP Rotary Dial Setting Calibration 

Testmg to calibrate rotary dial settings was performed both in the manual mode and 
in the automatic profiling mode Actual measured distances were recorded for 
vmous values and combinations of DIST TO WATER and WATER DEPTH 
settings (see Table 2) The SSP settings were then plotted aganst the 
measurements for actual distance that the probe traveled The resulting graph is 
shown in Figure B-2 (Appendix B) As seen from the plot, the relationship 
between the two parameters is linear resulting in a simple calibration factor, I e the 
SSP settmg is 1 08 times the actual distance In practice, the calibration factor 
would be multiplied times the distance required to obtam the correct SSP setting 
For example, if the actual distance to water is 30 feet, the correct DIST TO 
WATER setting to obtain that distance would be 30 times 1 08 or 32 4 
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Table 2 

' offset IS distance between measured readings and computer screen reading (column 7) 
Offset is distance between measured readings and computer screen reading (column 8)  

9 
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Dur~ng the course of the testing, several measurements were repeated for the same 
depth values These measurements are shown in Table 3 Comparison of the 
measurements shows that the maximum deviation of measured values from the 
average is 1-114 inches This deviation IS well within the manufacturers accuracy 
of 0 1 inches per foot of depth 

Table 3 

4 4 3 Compnter Screen Probe Depth Reading Calibrahon 

The SSP software will display the current location of the probe on the computer on 
an Alphanumeric Screen The probe depth will continually change while the probe 
is either raised or lowered Dunng calibration testing of the SSP settings probe 
depth readings, as displayed on the alphanumeric screen, were recorded The probe 
depth readmgs were plotted against the measurements for actual probe travel 
distance The resulting graph is shown in Figure B-3 (Appendix B) As seen from 
the plot, the relationship between the two parameters is also linear, however, also 
contam an offset value In practice, the actual probe location could be found by 
multiplying the probe depth reading as viewed on the computer screen by the 
calibration factor and then adding the offset 
displays a probe depth of 28 2 feet, the actual distance would be (0 912 times 28 2) 
+2 593 or 28 8 feet 

The actual position of the probe can also be calculated by another method using the 
DIST TO WATER and WATER DEPTH settings The probe will take its first 
profile reading at the DIST TO WATER setting The actual depth at this position 
can be found by multiplying the setting by the Rotary Dial calibration factor 
discussed in Section 4 3 The subsequent profile locations can be found by 
multiplying the WATER DEPTH setting by the Rotary Dial calibration factor to 
obtamthe correct profiling span, and then dividing by 19 to obtain the increment 
depth 

For example, if the computer 

10 
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The manufacturer states that the probe depth is generally uncalibrated at the factory 
and that it is most useful as an indication of whether or not the instrument is 
currently profiling It is recommended that both methods for determining the actual 
probe location be used and compared for providing the best results 

4 5 SPRAY WASH SYSTEM 

Functional testing of the SSP spray wash system was performed successfully The 
solenoid valve opened and operation of the spray nng began as soon as the control 
knob was switched to the RAISE position The spray continued until the probe was 
hlly retracted Upon touching the contact plate the cable reel motor turned off and 
the solenoid valve closed 

11 
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5 0 CONCLUSIONS AND RECOMMENDATIONS 

The Suspended Solids Profiler instrument operated correctly during both the 
manual and automatic profiling modes It is recommended that the SSP be 
installed on Tank AZ-101 and full scale testing be performed as part of the mixer 
pump test 

12 
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Appendix A 

A- 1 
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