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NOTICE

This research was funded by the Wisconsin Department of Transportation (WisDOT) and the
United States Department of Transportation (USDOT) under pooled fund #TPF-5(092) and
WisDOT Project #0092-06-21. The information reported is the result of research done under the
auspices of the Department and the Clear Roads pooled funded research program. This Program
is an ongoing, cooperative, and comprehensive research activity that focuses on field testing and
evaluation of materials, methods, and equipment used in highway winter maintenance.

This document is disseminated under the sponsorship of the Department of Transportation in
the interest of information exchange. The United States Government assumes no liability for
its contents or use thereof. This report does not constitute a standard, specification, or
regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturer names appear in this report solely because they are considered essential to the
objective of this document.

DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the views or the
policies of the Clear Roads member states or of the Federal Highway Administration. This report
does not constitute a standard, specification or regulation. Trade and manufacturer names appear
herein solely because they are considered essential to the objective of this report. Neither the
authors nor the Clear Roads member states endorse the products or manufacturers identified in
this report. No attempt was made in the study to compare the performance of one controller
against another, nor should such a comparison be made from the information and data reported
herein.
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Table K-8. Theoretical and Test Solid Discharges as a Function of Increasing Theoretical
Solid Discharge

Set #
Truck
Speed,
mph

Set Solid
Discharge

Rate,
lbs/mile

Set
Prewetting
Application

Rate,
gals/ton

Test Run
Time, sec

Theoretical
Solid

Discharge,
lbs/sec.

Test solid
Discharge

Rate,
lbs/mile

1 20 107 20 105.00 0.594 0.460
6 25 107 15 50.28 0.743 0.726
11 30 107 30 60.01 0.892 0.677
2 20 215 25 75.00 1.194 1.036
26 45 107 10 19.41 1.338 1.958
16 35 215 5 20.22 2.090 1.899
7 25 322 10 30.19 2.236 2.103
3 20 429 10 32.59 2.383 2.271
21 40 215 20 15.21 2.389 3.675
12 30 322 5 30.06 2.683 2.375
17 35 322 25 16.01 3.131 4.847
13 30 429 20 30.14 3.575 3.258
4 20 644 15 23.52 3.578 3.516
22 40 322 15 15.24 3.578 5.289
8 25 537 20 30.09 3.729 3.573
9 25 644 5 22.06 4.472 4.184
5 20 858 30 20.29 4.767 4.441
23 40 429 5 15.35 4.767 7.049
10 25 751 25 20.24 5.215 4.872
27 45 429 30 15.25 5.363 7.010
14 30 644 25 20.33 5.367 4.653
24 40 537 25 15.32 5.967 6.116
18 35 644 30 15.25 6.261 6.892
28 45 537 5 15.27 6.713 6.254
15 30 858 10 15.49 7.150 6.056
19 35 751 10 15.16 7.301 6.425
20 35 858 15 15.35 8.342 7.153
25 40 751 30 15.22 8.344 7.162
29 45 751 15 14.36 9.388 6.435
30 45 858 20 12.09 10.725 6.650
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Table K-9. Theoretical and Test Liquid Discharges as a Function of Increasing Theoretical
Liquid Discharge

Set # Truck Speed,
mph

Set Solid
Discharge

Rate, lbs/mile

Set Prewetting
Application

Rate, gals/ton

Test Run
Time, sec

Theoretical
Liquid

Discharge,
ozs/sec.

Test Liquid
Discharge,

ozs/sec

16 35 215 5 20.22 0.669 0.356
6 25 107 15 50.28 0.713 0.440
1 20 107 20 105.00 0.761 0.375
26 45 107 10 19.41 0.856 0.793
12 30 322 5 30.06 0.859 0.489
7 25 322 10 30.19 1.431 0.878
9 25 644 5 22.06 1.431 0.843
3 20 429 10 32.59 1.525 0.899
23 40 429 5 15.35 1.525 1.414
11 30 107 30 60.01 1.712 0.883
2 20 215 25 75.00 1.911 1.052
28 45 537 5 15.27 2.148 1.270
21 40 858 20 15.21 3.058 2.873
4 20 644 15 23.52 3.435 2.096
22 40 322 15 15.24 3.435 2.992
13 30 429 20 30.14 4.576 2.707
15 30 858 10 15.49 4.576 2.414
19 35 751 10 15.16 4.673 2.599
8 25 537 20 30.09 4.773 2.915
17 35 322 25 16.01 5.009 4.528
20 35 800 15 15.35 8.008 4.052
10 25 751 25 20.24 8.344 4.748
14 30 644 25 20.33 8.587 4.579
29 45 751 15 14.36 9.012 3.649
5 20 858 30 20.29 9.152 4.973
24 40 500 25 15.32 9.547 4.883
27 45 429 30 15.25 10.296 5.062
18 35 644 30 15.25 12.021 4.846
30 45 858 20 12.09 13.728 4.607
25 40 537 30 15.22 16.021 4.823
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Theoretical vs Actural Solid Discharge
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Figure K-1. Theoretical vs Actual Solid Discharge Rate

Theoretical vs Actual Liquid Salt Brine Discharge
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Results for Various Dial-In Solid Application Rates
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Results for Various Dial-In Solid Application Rates
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Results for Various Truck Speeds
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Results for Various Dial-In Prewetting Application Rates
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Results for Various Dial-In Prewetting Application Rates
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Results for Various Truck Speeds
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Table K-8. Statistical Analysis Results for Yard Tests
Yard Test Results for Bias, Accuracy, and Precision

Solid Discharge
Bias (lbs/mile) -20.7
Accuracy 80.7%
Precision 20.8%

Prewetting Discharge
Bias (gals/ton) -7.6
Accuracy 58.9%
Precision 15.5%
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Results from Simulated Scenario Testing

Table K-9. Solid Discharges for Open-loop Mode from Various Simulated Scenario Testing
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Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
1 5099.7 4920 * -3.5% NA NA NA NA

Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
2 5099.7 5120 * 0.4% NA NA NA NA

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

3 4950 5120 * 3.4% NA NA NA NA

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

4 4950 5400 * 9.1% NA NA NA NA

Note: * = Data not available from the controller.
NA = Could not be computed because data were not available from the controller.
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Table K-9a. Solid Discharges for Closed-loop and Open-loop Modes from Various Simulated Scenario Testing
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Freeway Scenario - Closed-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
1 5099.7 5770 * 13.14% NA NA

Freeway Scenario - Open-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
2 5099.7 5310 * 4.12% NA NA -7.97%

Freeway Scenario - Open-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
3 5099.7 5170 * 1.38% NA NA -7.68%

Freeway Scenario - Closed-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
4 5099.7 5600 * 9.81% NA NA

Highway Scenario - Closed-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
5 4950.0 4370 * -11.72% NA NA

Highway Scenario - Closed-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
6 4950.0 4220 * -14.75% NA NA

Highway Scenario - Open-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
7 4950.0 4770 * -3.64% NA NA 9.15%

Highway Scenario - Open-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
8 4950.0 4780 * -3.43% NA NA 13.27%

Note: * = Data not available from the controller.
NA = Could not be computed because data were not available from the controller.
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Figure K-10. Liquid Discharges for Open-loop Mode for Various Simulated Scenario Testing
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Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
1 34.456 52.0 * 50.9% NA NA NA CNC

Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
2 34.456 52.2 * 51.5% NA NA NA CNC

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

3 31.500 42.5 * 34.9% NA NA NA CNC

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

4 31.500 42.4 * 34.6% NA NA NA CNC

Note: * = Data not available from the controller.
NA = Could not be computed because data were not available from the controller.

CNC = Could not compute the value because closed-loop information was not available.
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Table K-10a. Liquid Discharges for Closed-loop and Open-loop Modes from Various Simulated Scenario Testing
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Freeway Scenario - Closed-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
1 34.46 43.3 * 25.65% NA NA

Freeway Scenario - Open-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
2 34.46 41.1 * 19.27% NA NA -5.08%

Freeway Scenario - Open-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
3 34.46 42.9 * 24.49% NA NA 10.00%

Freeway Scenario - Closed-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
4 34.46 39.0 * 13.17% NA NA

Highway Scenario - Closed-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
5 31.50 27.9 * -11.43% NA NA

Highway Scenario - Closed-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
6 31.50 29.6 * -6.03% NA NA

Highway Scenario - Open-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
7 31.50 33.9 * 7.62% NA NA 21.51%

Highway Scenario - Open-Loop Mode
Test Parameter:300 and 600 lbs/mile

Drive:15, 20, 25,30, and 35 MPH
8 31.50 29.8 * -5.40% NA NA 0.68%

Note: * = Data not available from the controller.
NA = Could not be computed because data were not available from the controller.
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Table K-11. Solid Discharge Comparison for Freeway and Highway Scenarios in Both
Closed-loop and Open-loop Operations

Percent of Difference in DischargeScenario/Mode of
Operation Actual Compared to

Theoretical
Controller Display

Compared to Theoretical
Freeway:

Closed-loop 11.48% No Data
Open-loop 2.75% No Data

Highway:
Closed-loop -13.23% No Data
Open-loop -3.54% No Data

Table K-12. Solid Discharge Comparison of Open-loop to Closed-loop Operations for
Freeway and Highway Scenarios of Actual Discharge and Controller Display
Discharge

Scenario/Mode of Operation Percent of Difference in Discharge for Open-loop
Compared to Closed-loop Operations

Freeway:
Actual Discharge -7.83%
Controller Display Discharge No Data

Highway:
Actual Discharge 11.18%
Controller Display Discharge No Data

Table K-13. Prewetting Discharge Comparison for Freeway and Highway Scenarios in
Both Closed-loop and Open-loop Operations

Percent of Difference in DischargeScenario/Mode of
Operation Actual Compared to

Theoretical
Controller Display

Compared to Theoretical
Freeway:

Closed-loop 19.41% No Data
Open-loop 21.88% No Data

Highway:
Closed-loop -8.73% No Data
Open-loop 1.11% No Data
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Table K-14. Prewetting Discharge Comparison of Open-loop to Closed-loop Modes of
Operations for Freeway and Highway Scenarios of Actual Discharge and
Controller Display Discharge

Scenario/Mode of Operation Percent of Difference in Discharge for Open-loop
Compared to Closed-loop Operations

Freeway:
Actual Discharge 2.07%
Controller Display Discharge No Data

Highway:
Actual Discharge 10.78%
Controller Display Discharge No Data
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APPENDIX L
TEST RESULTS FOR PENGWYN MODEL 485

Results from Yard Tests

Table L-1. Values of Truck Speed, Solid Discharge Rate, Prewetting Rate, and Test Run
Time for Each Test Set Number Used in Yard Testing

Set
No.

Truck
Speed
,mph

Set Solid
Discharge

Rate,
lbs/mile

Set
Prewetting
Application

Rate,
gals/ton

Test
Run

Time,
sec.

Set
No.

Truck
Speed,
mph

Set Solid
Discharge

Rate,
lbs/mile

Set
Prewetting
Application

Rate,
gals/ton

Test
Run
Time
, sec.

1 20 100 20 90.3 16 35 200 5 35.0
2 20 200 25 59.9 17 35 300 25 19.9
3 20 400 10 35.1 18 35 600 30 15.1
4 20 600 15 20.1 19 35 700 10 15.1
5 20 800 30 15.2 20 35 800 15 15.0
6 25 100 15 89.9 21 40 200 20 29.9
7 25 300 10 30.1 22 40 300 15 19.9
8 25 500 20 20.1 23 40 400 5 15.0
9 25 600 5 15.3 24 40 500 25 15.1
10 25 700 25 15.4 25 40 700 30 15.0
11 30 100 30 75.1 26 45 100 10 20.0
12 30 300 5 30.0 27 45 400 30 15.1
13 30 400 20 21.8 28 45 500 5 15.0
14 30 600 25 15.1 29 45 700 15 12.1
15 30 800 10 15.1 30 45 800 20 12.1

Summary Tabulations of Solid and Liquid Discharge Rates

Table L-2. Actual and Estimated Solid Discharge Rates for Various Dial-In Application
Rates as a Function of Truck Speed

Dial-In Application Rate in lbs/mileSpeed,
mph 100 200 300 400 500 600 700 800

20 93.0 193.7 261.0 308.6 455.4 491.8 649.8 682.2
25 75.0 174.4 252.2 368.8 473.7 603.1 767.3 757.6

30 62.0 185.0 283.7 375.0 476.6 559.9 671.0 747.2
35 98.5 186.2 310.1 390.1 487.3 650.7 748.6 777.4
40 109.1 173.8 284.2 386.4 544.6 595.1 697.3 789.5

45 95.7 216.9 314.1 448.6 540.5 605.7 687.3 699.2
Note: The numbers in bold type are computed from the actual test data using a multiple linear

regression model.
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Table L-3. Percent of Difference between Actual and Estimated Solid Discharge Rates and
Dial-In Application Rates as Function of Truck Speed

Dial-In Application Rate in lbs/mileSpeed,
mph 100 200 300 400 500 600 700 800

20 -7.0% -3.2% -13.0% -22.9% -8.9% -18.0% -7.2% -14.7%
25 -25.0% -12.8% -15.9% -7.8% -5.3% 0.5% 9.6% -5.3%

30 -38.0% -7.5% -5.4% -6.3% -4.7% -6.7% -4.1% -6.6%
35 -1.5% -6.9% 3.4% -2.5% -2.5% 8.5% 6.9% -2.8%
40 9.1% -13.1% -5.3% -3.4% 8.9% -0.8% -0.4% -1.3%

45 -4.3% 8.5% 4.7% 12.2% 8.1% 1.0% -1.8% -12.6%
Note: The numbers in bold type are computed from the actual test data using a multiple linear

regression model.

Table L-4. Actual and Estimated Discharge Prewetting Rates for Various Dial-In
Application Rates as a Function of Truck Speed

Dial-In Application Rate in gallons/tonSpeed,
mph 5 10 15 20 25 30

20 16.8 18.2 16.4 60.4 28.8 20.1
25 7.3 17.8 31.0 16.9 14.2 30.1
30 6.7 8.8 17.5 18.3 15.2 60.6
35 8.8 7.8 9.2 17.8 18.1 17.2
40 7.2 8.4 13.6 23.9 13.1 14.9
45 4.5 13.3 9.0 12.2 15.2 15.8

Note: The numbers in bold type are computed from the actual test data using a multiple linear
regression model.

Table L-5. Percent of Difference between Actual and Estimated Prewetting Rates and Dial-
In Prewetting Application Rates as a Function of Truck Speed

Dial-In Application Rate in gallons/tonSpeed,
mph 5 10 15 20 25 30

20 236.0% 82.0% 9.3% 202.0% 15.2% -33.0%

25 46.0% 78.0% 106.7% -15.5% -43.2% 0.3%

30 34.0% -12.0% 16.7% -8.5% -39.2% 102.0%
35 76.0% -22.0% -38.7% -11.0% -27.6% -42.7%

40 44.0% -16.0% -9.3% 19.5% -47.6% -50.3%

45 -10.0% 33.0% -40.0% -39.0% -39.2% -47.3%

Note: The numbers in bold type are computed from the actual test data using a multiple linear
regression model.

Table L-6. Regression Coefficients for Determination of Missing Test Discharge Values
Rate

Coefficient
Speed

Coefficient Intercept R - squaredMaterial
A1 A2 B (as percent)

Solid 0.972 2.124 -73.079 95.8%
Liquid 0.649 -0.581 25.162 33.6%
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Table L-7. Percent of Error for Solid Discharge as a Function of Time

Set #

Test
Run

Time,
sec

Truck
Speed,
mph

Theoretical
Solid

Discharge,
lbs/sec.

Test Solid
Discharge,

lbs/sec

Percent of
Error

Set Solid
Discharge

Rate,
lbs/mile

Test Solid
Discharge

Rate,
lbs/mile

Percent of
Error

1 90.3 20 0.556 0.517 -7.01% 100 93.0 -7.00%
6 89.9 25 0.694 0.521 -24.93% 100 75.0 -25.00%
11 75.1 30 0.833 0.517 -37.94% 100 62.0 -38.00%
2 59.9 20 1.111 1.075 -3.24% 200 193.7 -3.15%
3 35.1 20 2.222 1.715 -22.82% 400 308.6 -22.85%
16 35.0 35 1.944 1.809 -6.94% 200 186.2 -6.90%
7 30.1 25 2.083 1.754 -15.79% 300 252.2 -15.93%
12 30.0 30 2.500 2.367 -5.32% 300 283.7 -5.43%
21 29.9 40 2.222 1.933 -13.01% 200 173.8 -13.10%
13 21.8 30 3.333 3.124 -6.27% 400 375.0 -6.25%
4 20.1 20 3.333 2.731 -18.06% 600 491.8 -18.03%
8 20.1 25 3.472 3.294 -5.13% 500 473.7 -5.26%
26 20.0 45 1.250 1.200 -4.00% 100 95.7 -4.30%
17 19.9 35 2.917 3.020 3.53% 300 310.1 3.37%
22 19.9 40 3.333 3.166 -5.01% 300 284.2 -5.27%
10 15.4 25 4.861 5.331 9.67% 700 767.3 9.61%
9 15.3 25 4.167 4.176 0.22% 600 603.1 0.52%
5 15.2 20 4.444 3.789 -14.74% 800 682.2 -14.73%
14 15.1 30 5.000 4.649 -7.02% 600 559.9 -6.68%
15 15.1 30 6.667 6.238 -6.43% 800 747.2 -6.60%
18 15.1 35 5.833 6.325 8.43% 600 650.7 8.45%
19 15.1 35 6.806 7.272 6.85% 700 748.6 6.94%
24 15.1 40 5.555 6.066 9.20% 500 544.6 8.92%
27 15.1 45 5.000 5.603 12.06% 400 448.6 12.15%
20 15.0 35 7.778 7.560 -2.80% 800 777.4 -2.83%
23 15.0 40 4.444 4.293 -3.40% 400 386.4 -3.40%
25 15.0 40 7.778 7.747 -0.40% 700 697.3 -0.39%
28 15.0 45 6.250 6.747 7.95% 500 540.5 8.10%
29 12.1 45 8.750 8.554 -2.24% 700 687.3 -1.81%
30 12.1 45 10.000 8.702 -12.98% 800 699.2 -12.60%
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Table L-8. Percent of Error for Actual Liquid Discharge as a Function of Time

Set #

Test
Run

Time,
sec

Truck
Speed,
mph

Theoretical
Liquid

Discharge,
ozs/sec.

Test Liquid
Discharge,

ozs/sec

Percent
of Error

Set
Prewetting
Application

Rate,
gals/ton

Test
Prewetting
Discharge

Rate,
gals/ton

Percent
of Error

1 90.3 20 0.711 1.996 180.73% 20 60.4 202.00%
6 89.9 25 0.667 1.033 54.87% 15 31.0 106.67%
11 75.1 30 1.599 1.997 24.89% 30 60.6 102.00%
2 59.9 20 1.778 1.983 11.53% 25 28.8 15.20%
3 35.1 20 1.422 2.000 40.65% 10 18.2 82.00%
16 35.0 35 0.622 1.017 63.50% 5 8.8 76.00%
7 30.1 25 1.333 1.997 49.81% 10 17.8 78.00%
12 30.0 30 0.800 1.017 27.13% 5 6.7 34.00%
21 29.9 40 2.844 2.960 4.08% 20 23.9 19.50%
13 21.8 30 4.266 3.651 -14.42% 20 18.3 -8.50%
4 20.1 20 3.200 2.856 -10.75% 15 16.4 9.33%
8 20.1 25 4.444 3.547 -20.18% 20 16.9 -15.50%
26 20.0 45 0.800 1.015 26.88% 10 13.3 33.00%
17 19.9 35 4.667 3.482 -25.39% 25 18.1 -27.60%
22 19.9 40 3.200 2.759 -13.78% 15 13.6 -9.33%
10 15.4 25 7.778 4.844 -37.72% 25 14.2 -43.20%
9 15.3 25 1.333 1.941 45.61% 5 7.3 46.00%
5 15.2 20 8.533 4.855 -43.10% 30 20.1 -33.00%
14 15.1 30 8.000 4.530 -43.38% 25 15.2 -39.20%
15 15.1 30 4.267 3.490 -18.21% 10 8.8 -12.00%
18 15.1 35 11.199 6.954 -37.91% 30 17.2 -42.67%
19 15.1 35 4.356 3.623 -16.83% 10 7.8 -22.00%
24 15.1 40 8.889 5.073 -42.93% 25 13.1 -47.60%
27 15.1 45 9.600 5.649 -41.16% 30 15.8 -47.33%
20 15.0 35 7.467 4.447 -40.44% 15 9.2 -38.67%
23 15.0 40 1.422 1.973 38.75% 5 7.2 44.00%
25 15.0 40 14.933 7.353 -50.76% 30 14.9 -50.33%
28 15.0 45 2.000 1.947 -2.65% 5 4.5 -10.00%
29 12.1 45 8.400 4.917 -41.46% 15 9.0 -40.00%
30 12.1 45 12.800 6.777 -47.05% 20 12.2 -39.00%
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Table L-9. Theoretical and Test Solid Discharges as a Function of Increasing Theoretical
Solid Discharge

Set # Truck Speed,
mph

Set Solid
Discharge

Rate, lbs/mile

Set
Prewetting
Application

Rate, gals/ton

Test Run
Time, sec

Theoretical
Solid

Discharge,
lbs/sec.

Test Solid
Discharge,

lbs/sec

1 20 100 20 90.3 0.556 0.517
6 25 100 15 89.9 0.694 0.521
11 30 100 30 75.1 0.833 0.517
2 20 200 25 59.9 1.111 1.075
26 45 100 10 20.0 1.250 1.200
16 35 200 5 35.0 1.944 1.809
7 25 300 10 30.1 2.083 1.754
3 20 400 10 35.1 2.222 1.715
21 40 200 20 29.9 2.222 1.933
12 30 300 5 30.0 2.500 2.367
17 35 300 25 19.9 2.917 3.020
4 20 600 15 20.1 3.333 2.731
13 30 400 20 21.8 3.333 3.124
22 40 300 15 19.9 3.333 3.166
8 25 500 20 20.1 3.472 3.294
9 25 600 5 15.3 4.167 4.176
5 20 800 30 15.2 4.444 3.789
23 40 400 5 15.0 4.444 4.293
10 25 700 25 15.4 4.861 5.331
14 30 600 25 15.1 5.000 4.649
27 45 400 30 15.1 5.000 5.603
24 40 500 25 15.1 5.555 6.066
18 35 600 30 15.1 5.833 6.325
28 45 500 5 15.0 6.250 6.747
15 30 800 10 15.1 6.667 6.238
19 35 700 10 15.1 6.806 7.272
20 35 800 15 15.0 7.778 7.560
25 40 700 30 15.0 7.778 7.747
29 45 700 15 12.1 8.750 8.554
30 45 800 20 12.1 10.000 8.702
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Table L-10. Theoretical and Test Liquid Discharges as a Function of Increasing
Theoretical Liquid Discharge

Set #
Truck

Speed,
mph

Set Solid
Discharge Rate,

lbs/mile

Set Prewetting
Application

Rate,
gals/ton

Test Run Time,
sec

Theoretical
Liquid

Discharge,
ozs/sec

Test Liquid
Discharge,

ozs/sec

16 35 200 5 35.0 0.622 1.017
6 25 100 15 89.9 0.667 1.033
1 20 100 20 90.3 0.711 1.996
12 30 300 5 30.0 0.800 1.017
26 45 100 10 20.0 0.800 1.015
7 25 300 10 30.1 1.333 1.997
9 25 600 5 15.3 1.333 1.941
3 20 400 10 35.1 1.422 2.000
23 40 400 5 15.0 1.422 1.973
11 30 100 30 75.1 1.599 1.997
2 20 200 25 59.9 1.778 1.983
28 45 500 5 15.0 2.000 1.947
21 40 200 20 29.9 2.844 2.960
4 20 600 15 20.1 3.200 2.856
22 40 300 15 19.9 3.200 2.759
13 30 400 20 21.8 4.266 3.651
15 30 800 10 15.1 4.267 3.490
19 35 700 10 15.1 4.356 3.623
8 25 500 20 20.1 4.444 3.547
17 35 300 25 19.9 4.667 3.482
20 35 800 15 15.0 7.467 4.447
10 25 700 25 15.4 7.778 4.844
14 30 600 25 15.1 8.000 4.530
29 45 700 15 12.1 8.400 4.917
5 20 800 30 15.2 8.533 4.855
24 40 500 25 15.1 8.889 5.073
27 45 400 30 15.1 9.600 5.649
18 35 600 30 15.1 11.199 6.954
30 45 800 20 12.1 12.800 6.777
25 40 700 30 15.0 14.933 7.353
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Theoretical vs Actural Solid Discharge
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Figure L-1. Theoretical vs Actual Solid Discharge Rate

Theoretical vs Actual Liquid Discharge
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Results for Various Dial-In Solid Application Rates
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Results for Various Truck Speeds
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Results for Various Dial-In Prewetting Application Rates
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Results for Various Dial-In Prewetting Application Rates
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Table L-11. Statistical Analysis Results for Yard Tests
Yard Test Results for Bias, Accuracy, and Precision

Solid Discharge
Bias (lbs/mile) -16.7
Accuracy 90.0%
Precision 9.0%

Prewetting Discharge
Bias (gals/ton) 0.1
Accuracy 54.2%
Precision 72.1%
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Results from Simulated Scenario Testing

Table L-12. Solid Discharges for Open-loop Mode from Various Simulated Scenario Testing
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Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
1 5099.7 4440 * -12.9% NA NA NA CNC

Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
2 5099.7 4500 * -11.8% NA NA NA CNC

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

3 4950 4400 * -11.1% NA NA NA CNC

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

4 4950 3500 * -29.3% NA NA NA CNC

Note: * = Data not available from the controller.
NA = Could not be computed because data were not available from the controller.

CNC = Could not compute the value because closed-loop information was not available.
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Table L-13. Liquid Discharges for Open-loop Mode from Various Simulated Scenario Testing
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Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
1 34.456 37.7 * 9.41% NA NA NA CNC

Freeway Scenario - Open-Loop Mode
Test Parameter 200 and 500 lbs/mile

Driven: 15, 20,30, & 35 MPH
2 34.456 37.5 * 8.83% NA NA NA CNC

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

3 31.500 40.8 * 29.52% NA NA NA CNC

Highway Scenario - Open-Loop Mode
Test Parameter: 300 & 600 lbs/mile
Driven: 15, 20, 25, 30, & 35 MPH

4 31.500 40.5 * 28.57% NA NA NA CNC

Note: * = Data not available from the controller.
NA = Could not be computed because data were not available from the controller.

CNC = Could not compute the value because closed-loop information was not available.
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Table L-14. Solid Discharge Comparison for Freeway and Highway Scenarios in Open-
loop Operations

Percent of Difference in DischargeScenario/Mode of
Operation Actual Compared to

Theoretical
Controller Display Compared

to Theoretical
Freeway:

Closed-loop Does not operate in this mode Does not operate in this mode
Open-loop -12.35% No Data

Highway:
Closed-loop Does not operate in this mode Does not operate in this mode
Open-loop -20.20% No Data

Table L-15. Solid Discharge Comparison of Open-loop to Closed-loop Operations for
Freeway and Highway Scenarios of Actual Discharge and Controller Display
Discharge

Scenario/Mode of Operation Percent of Difference in Discharge for Open-loop
Compared to Closed-loop Operations

Freeway:
Actual Discharge Does not operate in Closed-loop mode
Controller Display Discharge Does not operate in Closed-loop mode

Highway:
Actual Discharge Does not operate in Closed-loop mode
Controller Display Discharge Does not operate in Closed-loop mode

Table L-16. Prewetting Discharge Comparison for Freeway and Highway Scenarios in
Open-loop Operations

Percent of Difference in DischargeScenario/Mode of
Operation Actual Compared to

Theoretical
Controller Display Compared

to Theoretical
Freeway:

Closed-loop Does not operate in this mode Does not operate in this mode
Open-loop 9.12% No Data

Highway:
Closed-loop Does not operate in this mode Does not operate in this mode
Open-loop 29.05% No Data
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Table L-17. Solid Discharges for Open-loop and Manual Modes from Various Simulated
Scenario Testing

Scenario Test
No.

Theoretical
Discharge

(lbs)

Actual
Weighed

Discharge
(lbs)

Percent of
Difference
between
Actual

Discharge
and

Theoretical
Discharge

Freeway Scenario - Open-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
1 5099.7 5260 3.14%

Freeway Scenario - Open-Loop Mode
Test Parameter:200 and 500 lbs/mile

Drive:15, 20,30, and 35 MPH
2 5099.7 5100 0.01%

Highway Scenario - Open-Loop Mode
Test Parameter:300 and 600 lbs/mile for 30 MPH

Drive:15, 20, 25, 30, and 35 MPH
3 4950.0 5080 2.63%

Highway Scenario - Open-Loop Mode
Test Parameter:300 and 600 lbs/mile for 30 MPH

Drive:15, 20, 25, 30, and 35 MPH
4 4950.0 5380 8.69%

Highway Scenario - Manual Mode
Test Parameter:222 lbs/mile @ 30MPH

Drive:20, 25, and 30 MPH
5 2775.0 2680 -3.42%

Highway Scenario - Manual Mode
Test Parameter:440 lbs/mile @ 30MPH

Drive:20, 25, and 30 MPH
6 4400.4 5040 14.54%

Freeway Scenario - Manual Mode
Test Parameter:222 lbs/mile @ 30MPH

Drive:20 and 30 MPH
7 3330.0 3260 -2.10%

Freeway Scenario - Manual Mode
Test Parameter:440 lbs/mile @ 30MPH

Drive:20 and 30 MPH
8 6600.6 6560 -0.62%

Table L-18. Solid Discharge Comparison for Freeway and Highway Scenarios in Both
Open-loop and Manual Operations

Percent of Difference in DischargeScenario/Mode of
Operation Actual Compared to

Theoretical
Controller Display Compared

to Theoretical
Freeway:

Open-loop 1.57% No Data
Highway:

Open-loop 5.66% No Data
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APPENDIX M
BACKGROUND INFORMATION AND PROCEDURES FOR
CONDUCTING PHASE 3 TESTS

Accuracy of Ground-Speed Controlled Snow and Ice Control
Material Spreaders

(Phase 3)

The purpose of this document is to provide some up-dated information on the Clear Roads
project and to describe the continued assistance needed from the Clear Roads states involved in
the Phase 3 field studies of the project. The procedures for conducting the Phase 3 tests are
presented along with reference to supplemental information associated with those tests. That
information is attached to this document. The maintenance yard equipment, facilities, and
material needed for the tests follow at the end of this document.

Background

A Clear Roads Pooled Fund research study was initiated in October 2005 with the consulting
firm of Blackburn and Associates to investigate the calibration accuracy of manual and ground-
speed-controlled salters. The Clear Roads program focuses on field testing and evaluation of
materials, methods, and equipment used in highway winter maintenance. Initially, seven mid-
western state DOTs, including Indiana, Iowa, Ohio, Michigan, Minnesota, Missouri, and
Wisconsin, were part of the program which is also supported by the Federal Highway
Administration. After the project began, the state DOTs of Colorado and Illinois were added to
the magnificent seven. The spreader accuracy project is managed by the Wisconsin Department
of Transportation and is being conducted over a two-year period.

The scope of the research is divided into three phases. The first phase consisted of a literature
search and survey of Snow Belt states to access the types of manual and ground-speed-controlled
equipment in use, and their calibration and operational experiences with the equipment.
Manufacturers of ground-speed controllers in use by the Clear Roads initial members were
surveyed to determine their recommended calibration procedures.

The second phase, now completed, was a yard or bench study of new ground-speed controllers
that can also be operated in a manual mode. The relatively new equipment was calibrated
according to the manufacturers’ recommendations. It was then tested in accordance with a
developed protocol in the maintenance yard to document the actual solid and liquid discharge
amounts under a combination of operational variables.

In the third phase of the study, now underway, the team will document, with the cooperation of
six Clear Roads member states, the actual material usage during winter-time conditions for both
manually and ground-speed-controlled spreaders that have been calibrated according to the
manufacturers’ specifications. The six states are Indiana, Iowa, Minnesota, Missouri, Ohio, and
Wisconsin. The Phase 3 testing will be conducted at the same maintenance work locations
where the yard tests were conducted, with one exception. The Phase 3 tests in Minnesota will be
conducted at a Minneapolis Metro garage location, because the yard tests of the Dickey-john
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controller model use by Mn/DOT were performed in New York State for convenience. The
Phase 3 work will be conducted over one winter season.

Seven different controllers from six manufacturers will be tested. Because of the nature of the
controllers’ design, many units can be operated in different modes, including closed loop, open-
loop, and manual. It is anticipated that the Phase 3 test will be conducted with a total of 15
controller-modes of operation. Five will be operated in a closed-loop (CL) ground-speed-
controlled mode; four will be operated in an open-loop (OL) ground-speed-controller mode, and
six will be operated in a manual (M) mode, if possible. The distribution of state DOTs, controller
manufacturer/model, and controller mode of operation involved in the Phase 3 testing are given
in Table M-1.

Table M-1. Combination of State DOTs, Controller Manufacturers, and Mode of
Controller Operation Involved in Phase 3 Testing

State DOT Controller Manufacturer/Model Mode of Controller
Operation

Indiana Muncie Power Products
MESP402D CL, OL

Iowa Cirus Controls
SpreadSmart RX CL, OL, M

Minnesota Dickey-john
Control Point CL, OL

Missouri Component Technology
GL-400 CL, OL, M

Ohio Pengwyn
Model 485 OL, M

Wisconsin
FORCE America
Model 2100
Model 5100

OL
CL, OL

During the Phase 3 tests, the team will document, through use of specially designed equipment
data reporting forms, the controller settings; the solid and liquid chemical application rates used;
the truck spreading speed; and the amount of salt, sand, and prewetting liquid chemicals used
during the tests. Other data such as salt moisture content (where available) and weather
conditions at the time of tests will also be recorded. Verification of the accuracy of the recording
method for miles traveled will also be made. The analysis of the test data will include among
various items, a cost-performance comparison of the manual versus ground-speed controllers.
The respective equipment manufacturers will be invited, as in the yard study, to participate in
this final phase of the study.
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Assistance Needed from the Clear Roads States Involved in the Phase 3 Study

The levels of assistance needed from the Clear Roads states involved in the Phase 3 tests are
described below, beginning with an overview of the Phase 3 tests. This is followed by a
description of the procedures for conducting tests that simulate freeway and highway operations.
The section ends with a description of the maintenance yard equipment, facilities, and material
needed for the Phase 3 testing.

Overview

The Phase 3 tests will be conducted over a six-month period starting in November 2006 and
ending about mid-April 2007. The first set of simulation tests will be conducted from about mid-
November until about mid-January at the same maintenance locations where the yard tests were
performed, with the exception already noted for the testing in Minnesota. The second set of tests
will be conducted towards the end of the 2006-2007 winter in the March and April timeframe.

The Phase 3 tests will not be conducted during actual winter storm events as originally
envisioned. That approach would have placed too much demand on the truck operator and
maintenance support personnel. It would have also extended the cycle times for the test
controller/spreader combination to unacceptable levels during winter maintenance operations. In
stead, the tests of the controller/spreader combination will be conducted in the maintenance yard
with the same controller/spreader used in the yard tests, but under extended run times and speeds
that simulate field operations. This way, we avoid the confounding effects of snow and ice
accumulations on the truck that would happen if the tests were conducted during winter storm
events.

Two scenario runs will be conducted with the calibrated equipment. One run will simulate
freeway operations; the other run will simulate highway operations with both a stop sign and
signalized intersection delays. The freeway simulation will take about 42 minutes to complete
and the highway simulation will take about 32 minutes to complete. About 5,000 lbs of salt and
30-35 gal of salt brine will be discharged during each scenario run. The tests will be conducted
in both ground-speed-controlled and manually-controlled modes, except where noted differently
below. A member of the project team will be overseeing the test preparations and testing at each
given work location. He will work closely with, and seek the advice of the work location DOT
maintenance personnel during the testing. The maintenance yard personnel will be
performing the tests.

A representative of the controller manufacturer will be encouraged to participate in/observe the
Phase 3 tests. This activity will be coordinated by the project team member overseeing the tests
at a given location.
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Procedures for Conducting Simulated Freeway and Highway Operations
Tests

Before the simulation tests are conducted, the controller/spreader combination will need to be
calibrated in the closed-loop, ground-speed-controlled mode. The calibration will then need to
be checked by running four sets of verification discharge tests. If possible, these tests should be
conducted using the controller speed simulator. Each scenario run will be replicated as many
times as possible, using the controller speed simulator.

The controller/spreader combination will need to be calibrated in the manual mode following the
above ground-speed-controlled tests. For the manually-controlled tests, it will be necessary to
jack the rear of the truck, block the front wheels of the spreader truck, and make multiple
measurements of discharge rates at various speeds as indicated by the speedometer. Replicate
discharge tests for each scenario will follow.

If simulation tests using the manual mode can not be run conveniently in the maintenance yard,
simulation tests should be conducted using the open-loop, ground-speed-controlled mode of
operation. Again, replicate discharge tests for each scenario will follow. In this case,
comparison tests between closed-loop, ground-speed-controlled and manually-controlled modes
of operation will be conducted in late winter or early spring in selected Clear Roads states using
actual highway, or on-the-road conditions.

The steps for conducting the simulated operations tests follow.

1. Calibrate eight, 5-gallon plastic buckets to be used in measuring the liquid discharge.
This step includes making a wooden dip stick for measuring the amount of liquid
accumulated in a plastic bucket when the amount is less than 5 gal. The procedure for
this step is described in Attachment A to this write-up.

2. Attach hoses to the spray nozzles so that the liquid discharge can be channeled to the
5-gallon plastic collection buckets.

3. Measure the specific gravity of the salt brine with a hydrometer and record the results.

4. Load the truck and spreader with the appropriate amounts of salt and salt brine.

5. Calibrate the controller/spreader combination in the closed-loop, ground-speed-
controlled mode using the manufacturer’s recommended procedure. Record the
calibration factors and other appropriate controller data.

6. Recheck the calibration by running verification tests using the following combinations
of variables as shown in Table M-2, Calibration Verification Test Variables.
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Table M-2. Calibration Verification Test Variables

Solid Application
Rate (lbs/mile)

Liquid
Application Rate

(gal/ton)
Test Speed (mph) Test Discharge

Time (sec.)

200 10 25 73
300 10 25 49
500 15 20 36
600 15 20 30

7. Run three discharge tests for each combination of variables. Weigh and measure the
solid and liquid discharge amounts and record the results. The discharge time should
produce about 100 lbs of solid material and about ½ and ¾ gallons of liquid.

8. Prepare the truck and spreader for the first simulation test of the FREEWAY
SCENARIO using the closed-loop, ground-speed-controlled mode by adding solid and
liquid material. Top off the fuel tank to a point that can be seen and marked.

9. Weigh and record the weight of the fully loaded truck.

10. Conduct the first simulation run of the closed-loop, ground-speed-controlled mode
using the test conditions identified for the FREEWAY SCENARIO. The tests
conditions, including elapsed time, solid and liquid application rates, and truck speeds
are given in Attachment B to this procedure. Use a stop watch to monitor the elapsed
time for each task. If more convenient, use the Task duration times on the recording
forms in Attachment C to this procedure.

11. During the simulation run, collect the liquid discharge in the 5-gallon plastic buckets
and record the total amount discharged at the end of the simulation run using the
recording forms in Attachment C to this procedure.

12. During the simulation run, collect the solid material by discharging into a loader bucket
to minimize hand work. If this does not work, we may have to use a multi-wheel barrow
shuttle to keep the discharge reasonably orderly. Place the discharged material in a pile
where it can be retrieved after the test. Do not attempt to weigh the solid discharge at
this point.

13. At the end of the simulation run, turn the engine off after recording on the attached
forms the following information from the CONTROLLER: the weight (lbs) of solid
discharged, the solid application rate discharged (lbs/mile), the distance traveled
(miles), the liquid volume (gallons) discharged, and the liquid application rate (gal/ton).

14. Pump the liquid collected in the plastic buckets back into the prewetting tank(s) on the
truck. A small utility pump and a small garden hose can be used to get the liquid back
into the tank(s).

15. Top off the truck fuel tank to the mark indicated.

16. Weigh the truck and record the weight (lbs) of solid material discharged by differencing
the after-test truck weight with the before-test truck weight.
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17. Review the data reported to determine any inconsistencies and resolve.

18. Reload the truck with solid material that was set aside.

19. Repeat Steps 9 through 18 to conduct replicate tests with the closed-loop, ground-speed
controlled mode and the FREEWAY SCENARIO.

This completes the tests with the controller/spreader combination operated in the closed-loop,
ground-speed-controlled mode and following the FREEWAY SCENARIO.

20. Prepare the truck and spreader for the first simulation test of the HIGHWAY
SCENARIO using the closed-loop, ground-speed-controlled mode by checking to see
that solid and liquid have been added to the unit. Make sure that the fuel tank has been
toped off to the mark indicated.

21. Weigh and record the weight of the fully loaded truck.

22. Prepare to conduct the first simulation run of the closed-loop, ground-speed-controlled
mode using the test conditions identified in the HIGHWAY SCENARIO. The test
conditions are given in Attachment B to this procedure. Continue to use a stop watch to
monitor the elapsed time for each task of the simulation run.

23. Repeat Steps 11 through 18 to run the first simulation run of the HIGHWAY
SCENARIO.

24. Repeat Steps 9 through 18 to conduct replicate tests with the closed-loop, ground-speed
controlled mode and the HIGHWAY SCENARIO.

After Step 5, prepare to run both simulation scenarios using the manual mode of operation. Start
with Step 4 and then jack up the rear axels and block the front wheels of the spreader truck.

25. Calibrate the controller/spreader in the manual mode using the manufacturer’s
recommended procedure, or if none, use that of the Salt Institute. Record the calibration
factors and other appropriate data.

26. Recheck the calibration by conducting the verification tests described in Steps 6 and 7
using the manual mode of operation.

27. Repeat Steps 8 through 24 to conduct first and replicate tests with the manual mode of
operation for both the FREEWAY and HIGHWAY SCENARIOS. These tests will
require repeated jacking up the rear axels and blocking the front wheels of the spreader
truck during the tests and then removing these items for weighing the truck.

This completes the tests with the controller/spreader combination operated in the manual mode
of operation. If for some reason, the simulation runs using the manual mode of operation can not
be conducted at this time, use the following procedure.
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28. Repeat Steps 8 through 24 using the open-loop, ground-speed-controlled mode of
operation for both the FREEWAY and HIGHWAY SCENARIOS.

Maintenance Yard Equipment, Facilities, and Material Needed for the
Phase 3 Testing

The equipment, facilities, and material needed for the Phase 3 testing include:

 The same spreader truck that was used in the yard test with same controller and
necessary prewetting system mounted.

 A known road distance near the maintenance yard where the spreader truck odometer
and speedometer can be checked (if needed).

 About 5-6 cu yd of uniformly prepared solid material to be tested that is stored under
cover and free of chunks with dimensions larger than the discharge gate opening.

 A truck scale for weighing the fully loaded truck.
 A calibrated weighing device that will accommodate up to 150 pounds of discharged

solid material weight.
 A device for catching the discharged solid material. (A plastic 2’ x 3’ x 1’ deep or

deeper mason tub used for mixing mortar might work.)
 Enough prewetting liquid chemical in the truck tank(s) to carry out a number of tests

[tank(s) at least ½ full].
 Adaptor hoses suited to capture the entire liquid chemical released from the spray

nozzles during prewetting tests.
 Equipment identified in the attached procedures for calibrating plastic bucket for use

in measuring liquid discharge.
 Eight, 5-gallon plastic buckets for catching the liquid discharge. Each bucket should

be marked with a ring around the inside of the bucket at the 5 gallon level.
 Several smaller graduated plastic containers (to be supplied by the team member).
 A mechanism for storing the discharged liquid chemical for reuse, if preferred over

using more than three 5-gallon plastic buckets.
 A mechanism for returning the discharged liquid chemical to the tank(s) on the truck.

A small garden hose and a utility pump can be used for this activity.
 A hydrometer for measuring the specific gravity of the prewetting liquid chemical.
 Two stop watches (to be supplied by the team member).
 A way to mechanically keep a constant vehicle speed during each discharge test (such

as with a throttle, if equipped). Perhaps a fan belt tensioner and a stick might work in
the absence of a throttle.

 A set of highway cones to warn people of rotating rear truck wheels.
 Hard hats (if necessary).
 A small tarp to help retain discharged solid material.
 A mechanized loader bucket.
 Shovels, brooms, wheelbarrows, etc. to help in collecting the discharged solid

material.

It is anticipated the team will require the assistance of 3 to 4 agency people to conduct the tests
which includes at least one operator of the loader.
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The team estimates that it will take up to 3 days to complete the simulated testing of the
controller. The schedule for testing is somewhat at the discretion of the work location, but it
would be highly beneficial for the project if the testing days are consecutive. Rainy days are
okay as long as the work can be done in a salt storage building or other covered location. We do
not want to conduct the simulated testing during the time that snow and ice control operations are
underway.
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Attachment A

Procedures to be Used in Calibrating Plastic Buckets
For Use in Measuring Liquid Discharge

Materials Requirements:
1. Minimum of two plastic buckets that has the capacity of slightly more than 5

gallons. The sides of the buckets should be almost as vertical as possible. This
is important so that the distance between marks is nearly constant. A third
bucket that is not calibrated is also desirable.

2. A two foot carpenter level
3. A carpenter’s adjustable square
4. A felt tip indelible marker pen
5. A wooden stick approximately ¾ inch by 1 ½ inch and 17 inches long. This

stick will be used to measure the amount of liquid in the plastic bucket when it
is less than 5 gallons. Due to the fact that one may not be able to see the level
of the liquid within the bucket from the outside of the bucket, the stick will be
used to measure the level of the liquid. It should be noted that the wooden
stick will displace some liquid volume during the measuring process.

6. A 4-cup (32 ounce) measuring cup that is used by cooks in the kitchen. This
cup will be used to calibrate the stick. If a measuring cup is not available,
another accurate volume measuring device can be used.

7. A source of water or salt brine.

Procedures for Calibration:
1. Make sure that the bucket that is being calibrated is level in both directions.

(North-South and East-West) Check the top of the bucket with the carpenter’s
level.

2. With the measuring cup or other measuring device, pour into the plastic bucket
64 liquid ounces of liquid.

3. Carefully insert the wood stick vertically and to the edge of the bottom of the
bucket. The bottom of the bucket may have a slight convex surface on the
bottom. Determine the location of the top of the liquid on the stick. Withdraw
the stick and mark the half gallon location using the indelible pen.

4. Repeat Step 3 and mark the one gallon mark.
5. Repeat Steps 3 and 4 until you have poured 5 gallons of liquid into the bucket.

Some plastic buckets have indictors inside the bucket at the 5 gallon mark.
This mark can serve as a check on the accuracy of measuring out the liquid
into the bucket.

6. When 5 gallons of liquid has been poured into the bucket, determine the
location of the top of the liquid without the wooden stick in the bucket. Pour
out the liquid and using the indelible pen with a carpenter’s adjustable square,
draw a ring around the inside of the bucket at the 5 gallon level.
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7. From the marked wooden stick, determine the average distance between the
gallon marks. Don’t use the bottom of the stick or the first gallon, as that
distance will be greater due to the convex shape of the bottom of the bucket.
Record average distance to the nearest 1/16th of inch and forward this value to
Bob Blackburn.

8. A table will be created that will provide the decimal equivalent of a factor of a
gallon of liquid between the marked gallon values.

Procedures for using Calibrated Buckets:

1. Check that hoses have been placed over the nozzles from the prewetting
system and the buckets that are being used are level. Check using the
carpenter’s level.

2. With the hoses from the nozzles, deposit the liquid into the bucket.
3. At the completion of the verification test or the Phase 3 simulation test,

remove the hoses and carefully insert the calibrated wooden measuring stick
vertically into the bucket and determine the elevation of the liquid on the
stick. Withdraw the stick and physically measure to the nearest 1/16th of inch,
the distance of the “elevation of the liquid” above the nearest marked gallon.
From the table that will be provided, read the decimal equivalent of a gallon.

4. Using the value of the observed gallon mark and the decimal equivalent of
gallon, record the amount of liquid that was discharged during the test.
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Data Sheets for Phase 3, Field Study
State of __________

Controller: _________ Location: ___________
Firmware Version for Controller:_______________ Date:_____________
Truck #: _________________ Year: _______________ Spreader #: _________________
Gate Opening:_____________

Snow and Ice Control Materials:
Solid Material:______________________ Prewetting Material: ________________

Calibration:
Date of last Calibration:__________ Calibration Constant for Solid: ______ Calibration Constant for Liquid: _____

______________________________________________________
Comments:
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Simulator Scenario: Freeway Operations

Mode of Controller Operation: CL OL M (Circle the appropriate Mode) Test Set No: _______________

Truck weight fully loaded: ______________Truck weight after Scenario: ____________ Actual amount discharged: __________

Actual amount of liquid discharge in gallons: __________ Specific Gravity: _____________ Computed weight in lbs: _________

FREEWAY OPERATIONS SCENARIO
Targeted Output from Controller

Task
No.

Truck
Speed in

mph

Application
Rate

(Solid)
(lbs/mile)

Prewetting
Rate

(gal/ton)

Duration
in

Minutes

Elapsed
Time in
Minutes

Weight of
Solid

Discharge
(lbs)

Application
Rate

Discharge
(Solid)

(lbs/mile)

Distance
Traveled
(miles)

Liquid
Volume

Discharge
(gallons)

Prewetting
Rate

Discharge
(Liquid)
(gal/ton)

1 20 200 10 8
2 35 200 10 5
3 15 200 10 8
4 20 500 15 8
5 30 500 15 5
6 15 500 15 8

Total
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Simulator Scenario: Highway Operation

Mode of Controller Operation: CL OL M (Circle the appropriate Mode) Test Set No: _______________

Truck weight fully loaded: ______________Truck weight after Scenario: ____________ Actual amount discharged: __________

Actual amount of liquid discharge in gallons: __________ Specific Gravity: _____________ Computed weight in lbs: _________

HIGHWAY OPERATIONS SCENARIO
Targeted Output from Controller

Task
No.

Truck
Speed in

mph

Application
Rate

(Solid)
(lbs/mile)

Prewetting
Rate

(gal/ton)

Duration
in

Minutes

Elapsed
Time in
Minutes

Weight of
Solid

Discharge
(lbs)

Application
Rate

Discharge
(Solid)

(lbs/mile)

Distance
Traveled
(miles)

Liquid
Volume

Discharge
(gallons)

Prewetting
Rate

Discharge
(Liquid)
(gal/ton)

1 20 300 10 3 3
2 15 300 10 3 6
3 25 300 10 3 9
4 Stop 1 10
5 30 300 10 3 13
6 25 300 10 3 16
7 35 300 10 3 19
8 Stop 1 20
9 15 600 15 3 23
10 20 600 15 3 26
11 25 600 15 3 29
12 30 600 15 3 32

Total
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APPENDIX N
TESTING PROTOCOLS AND FORMS USED IN IOWA

Testing Protocols Used in Iowa

Mode of
Operation Activity 1st

loop
2nd

loop
Load, weigh truck, and drive to test route

Use settings of 200 lbs/mile for 30MPH and drive at 20 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile for 30MPH and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 200 lbs/mile for 30 MPH and drive at 30 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile for 30 MPH and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsF

ir
st

Sc
en

ar
io

-M
an

ua
l

M
od

e

Weigh truck at the end of 2nd loop (Reload truck and weigh)

Drive to test route

Use settings of 200 lbs/mile for 30MPH and drive at 20 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile for 30MPH and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 200 lbs/mile for 30 MPH and drive at 30 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile for 30 MPH and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsSe

co
nd

Sc
en

ar
io

-M
an

ua
l

M
od

e

Weigh truck at the end of 2nd loop
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Drive to test route

Use settings of 400 lbs/mile for 30MPH and drive at 20 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile for 30MPH and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 400 lbs/mile for 30 MPH and drive at 30 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile for 30 MPH and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsT

hi
rd

Sc
en

ar
io

-M
an

ua
l

M
od

e

Weigh truck at the end of 2nd loop (Reload truck and weigh)

Drive to test route

Use settings of 400 lbs/mile for 30MPH and drive at 20 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile for 30MPH and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 400 lbs/mile for 30 MPH and drive at 30 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile for 30 MPH and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsFo

ur
th

Sc
en

ar
io

-M
an

ua
l

M
od

e

Weigh truck at the end of 2nd loop

Drive to test route

Use settings of 200 lbs/mile and drive at 20 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 200 lbs/mile and drive at 30 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsF

if
th

Sc
en

ar
io

-C
lo

se
d

L
oo

p

Weigh truck at the end of 2nd loop

Mode of
Operation Activity

1st

loop
2nd

loop
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Mode of
Operation Activity

1st

loop
2nd

loop
Drive to test route

Use settings of 200 lbs/mile and drive at 20 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 200 lbs/mile and drive at 30 MPH

Stop at midpoint on the route

Use settings of 200 lbs/mile and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsSi

xt
h

Sc
en

ar
io

-C
lo

se
d

L
oo

p

Weigh truck at the end of 2nd loop (Reload truck and weigh)

Drive to test route

Use settings of 400 lbs/mile and drive at 20 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 400 lbs/mile and drive at 30 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsSe

ve
nt

h
Sc

en
ar

io
-C

lo
se

d
L

oo
p

Weigh truck at the end of 2nd loop

Drive to test route

Use settings of 400 lbs/mile and drive at 20 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 400 lbs/mile and drive at 30 MPH

Stop at midpoint on the route

Use settings of 400 lbs/mile and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditionsE

ig
ht

h
Sc

en
ar

io
-C

lo
se

d
L

oo
p

Weigh truck at the end of 2nd loop (Reload truck and weigh)
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Mode of
Operation Activity

1st

loop
2nd

loop
Drive to test route

Use settings of 400 lbs/mile for 30MPH and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 400 lbs/mile for 30 MPH and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditions

N
in

th
Sc

en
ar

io
-

M
an

ua
lM

od
e

Weigh truck at the end of 2nd loop

Drive to test route

Use settings of 400 lbs/mile and drive at 20 MPH

Turn around at the end of test route (2.66 miles)

Use settings of 400 lbs/mile and drive at 30 MPH
Turn around at the end of first loop and drive 2nd loop using above
conditions

T
en

th
Sc

en
ar

io
-C

lo
se

L
oo

p

Weigh truck at the end of 2nd loop
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DATA LOG FORM FOR IOWA

Date:______________

First Scenario- Manual Mode
Test Parameter: 200 lbs/mile for 30 MPH

Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________

Second Scenario- Manual Mode
Test Parameter: 200 lbs/mile for 30 MPH

Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________

Third Scenario- Manual Mode
Test Parameter: 400 lbs/mile for 30 MPH

Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________
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Fourth Scenario- Manual Mode
Test Parameter: 400 lbs/mile for 30 MPH

Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________

Fifth Scenario- Closed Loop Mode
Test Parameter: 200 lbs/mile
Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________

Sixth Scenario- Closed Loop Mode
Test Parameter: 200 lbs/mile
Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________
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Seventh Scenario-Closed Loop Mode
Test Parameter: 400 lbs/mile
Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________

Eighth Scenario-Closed Loop Mode
Test Parameter: 400 lbs/mile
Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________

Ninth Scenario-Manual Mode
Test Parameter: 400 lbs/mile for 30 MPH

Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________
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Tenth Scenario-Closed Loop Mode
Test Parameter: 400 lbs/mile
Drive: 20 MPH and 30 MPH

Begin Ending Net

Time:____________________ ________________ ____________

Weight: __________________ ________________ ____________

Revolution: ________________ ________________ ____________

Comments:
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APPENDIX O
MANUFACTURER’S RECOMMENDATIONS FOR CALIBRATION

Manufacturer's Recommendations for Calibrating
Manufacturer and Model of Controller:
Calibration for What Mode of Operation: (Closed-Loop), (Open-Loop), (Manual)

ANS – addressed but not specific, NA – not addressed
Factors in Calibration Process Solid (dry) Material Liquid Pre-wetting Material

Truck Speedometer and Controller Distance Measurement Check

Specify minimum distance traversed.
(miles/feet/ANS/NA)
Accuracy of the established distance.
(specify accuracy/ANS/NA)
Is the speed output of controller cross
checked with the truck speed?
(yes-how?/no/ANS/NA)

Truck and Spreader Hydraulic System
Warm truck and hydraulic system to
specified temperature or for a certain
period of time.
(specify temp/specify time/ANS/NA)
Specify upper limit of hydraulic oil
temperature during test.
(specify temp/ ANS/NA)
Specify ALL control functions that
need to be engaged during testing,
i.e., solid conveyor, liquid chemical
pumps, spinners, etc.
(list all functions/ ANS/NA)
RPM of truck during testing.
(specify RPM/ ANS/NA)
Specify range of trim settings.
(specify min and max/ ANS/NA)
Does the unit regulate fluid flow in
continuous or step increments?
(continuous/step/both/ ANS/NA)
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Material Spreader, Hopper, Truck Body, Gates and Augers

Recommended load level in truck box
or hopper box.
(specify percent full/ ANS/NA)
For tailgate spreaders, specify box
position.
(lowered/raised, and to what level?
ANS/NA )
Gate opening for full range of desired
application rates.
(specify height of opening/ ANS/NA)
Straightness (level) of gate and how
opening is measured (from where to
where).
(specify procedure/ ANS/NA)
Recommended auger or conveyor
speed for uniform output.
(specify speed/ ANS/NA)

Proper auger discharge plate for
material being tested.
(specify plate configuration/ ANS/NA)

Material to be Tested
Representative and uniform.
(specify how determined/ ANS/NA)
Relatively lump free.
(specify how determined/ ANS/NA)
Free of excessive moisture.
(specify how determined/ ANS/NA)
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"Catch" or "Drop" Tests

Recommended amount of materials
discharged.
(lbs./ ozs/ ANS/NA)
Recommended duration of discharge.
(specify time (sec)/specify no. of
pulses/specify no. of revolutions/
ANS/NA)
Recommended number of tests or other
precision requirements.
(specify no. of tests/ ANS/NA)

Tests conducted at high and low end of
application rate range.
(yes/high end only/mid-range/ ANS/NA)

What are units of measure for calibration
constants i.e., lbs/rev, pulses/lb, etc.?
(specify units/ ANS/NA)
Does the unit allow for, or require, "fine
tuning" to meet customer expectation and
how is this accomplished?
(yes-specify procedure/no/ ANS/NA)
Recommend aborting test if discontinuity
in flow of material discharge is observed?
(yes/no/NA)
If unit features the hydraulic valve going to
full open when the truck starts moving, do
you recommend that the duration of that
period of full open be at the least
adjustable level?
(yes/no/ ANS/NA)
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Calibration Frequency and Record Keeping

Recommended frequency of calibration.
(specify frequency/specify conditions for
calibration/ ANS/NA)
Recommendations for creating and
maintaining repair and calibration records.
(specify recommendations/ ANS/NA)

Items Unique to the Liquid Prewetting Calibration of the Controller
Specify ALL control functions that need to
be engaged during calibration of liquid
prewetting system i.e., solid conveyor,
liquid chemical pumps, spinners, etc.
(list all functions/ ANS/NA)
Does solid material need to be discharged
during liquid calibration?
(yes/no/ ANS/NA)
Nozzles in liquid discharge line during
calibration testing?
(yes/no/ ANS/NA)
Type of pump used with prewetting
system.
(electric, hydraulic, either electric or
hydraulic/ ANS/NA)
Can water be used to calibrate the liquid
portion of the system in place of the
normal liquid chemical used by the
agency during winter operations, if so,
why?
(yes – why?/no-why?/unknown/ ANS/NA)
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