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1.0
BACKGROUNDtc \l1 "1.0
BACKGROUND
The National Weather Service (NWS) supports a cooperative observer (COOP) program that includes a nationwide network of sensors that record temperature, dew point temperature, and precipitation accumulation, among other meteorological measurements.  The sensors record the information for use in the climate community.  The COOP program currently uses a Fischer and Porter (FP) rain gauge for collecting precipitation accumulation.  The sensor uses a tape punch mechanism that is obsolete and the information it records can be hard to collect.  Therefore, the NWS has undertaken an upgrade program to replace the tape punch mechanism with digital data recording and reporting capabilities.

In 2005 – 2006, approximately 249 upgraded rain gauges were deployed in the field.  The units were replaced under a single source contract with Coastal Environmental Systems.  However, the NWS decided to use a qualified parts list (QPL) to replace the remaining units (approximately 2500).

This test plan describes the effort to qualify any number of replacements “kits” from different manufacturers that can be used interchangeably in the upgrade (QPL).  A request-for-information was sent out and nine vendors responded with their solution.  Of those, the NWS bought one unit from each of five vendors.  The five units will be scrutinized by the NWS to determine what has been delivered and what the upgrades can do.  Meanwhile, the NWS will release a FedBizOps in September.  The response from this will dictate the vendor kits that will be tested and qualified in this effort.

2.0
PURPOSEtc \l1 "2.0
PURPOSE
The main purpose of this test is to qualify Fischer and Porter upgrade (FPU) kits from various vendors for use on the QPL in the FPU program

3.0
TEST APPROACHtc \l1 "3.0
TEST APPROACH
3.1
Description of Sensorstc \l2 "3.1
Description of Sensors
3.1.1
Fischer and Porter Sensor
tc \l3 "3.1.1
Fischer and Porter Sensor
The Fischer and Porter sensor is a weighing gauge that records the weight of accumulated precipitation by punching a paper tape.  A dial readout is also provided.  Precipitation is collected and stored in a collection bucket.  A spring balance-weighing device mechanically positions a coded disk and a dial.  At predetermined intervals (5, 6, 15, 30, 60 minutes or 12 hours) the code position of the disk is punched on paper tape, thereby recording the amount of accumulated precipitation to the nearest tenth of an inch.  The measuring range is 0 – 19.5 inches water equivalent.

3.1.2
Fischer and Porter Upgrade Kitstc \l3 "3.1.2
Fischer and Porter Upgrade Kits 
To Be Determined.  However, the FPU kits will be installed inside the shell of the FP gauge.

3.1.3
Comparison Sensortc \l3 "3.1.3
Comparison Sensor
Production AWPAG with Tretyakov shield inside a DFIR

The production AWPAG, Figure 2, is a weighing gauge that collects precipitation as it falls through a 6.25 inch diameter orifice into a plastic storage container.  The gauge has a capacity of 56 inches of accumulation, which includes antifreeze.  In some cases, this can account for up to half of the liquid in the gauge.  The storage container is continuously weighed; the weight is proportional to the catch amount.

An AWPAG DFIR (double fence inter-comparison reference) is the reference sensor for this test.  The DFIR, Figure 3, consists of two vertical, concentric octagonal fences.  The outer fence measures approximately 40 feet from apex to apex (diameter), and the inner fence measures approximately 13 feet from apex to apex.  The top of the outer fence is 108 inches above grade and the top of the inner fence is 88 inches above grade.  Both fences use 60-inch long vertical slats configured for 50% porosity.  One production AWPAG inside a DFIR will be installed at each test site.
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3.2
Test Locationtc \l2 "3.2
Test Location
Laboratory testing will be conducted in the chambers at the Sterling Field Support Center (SFSC) in Sterling, VA.  Field-testing will be conducted in the present weather test beds at SFSC and at the SFSC remote test site in Johnstown, PA.  The test beds include all the sensors that will be used in the test. (See Appendix A for a map of the test bed).

3.3
Data Collectiontc \l2 "3.3
Data Collection
Data from the Fischer-Porter gauges will be collected with the punched paper tape recording system used on the gauge.  This tape will subsequently be “read” by a tape reader and the accumulation data will be recorded.  The tape will be collected at most once per week if there have been precipitation events.  The vendor upgrade kits will use data loggers to collect precipitation accumulation data.  Data from the Ott AWPAG will be collected on a custom-made PC-based data acquisition system (DAS).

3.4
Test Methodologytc \l2 "3.4
Test Methodology
The FPU QPL test will be conducted in three phases.

3.4.1
Phase 1 – Document Reviewtc \l3 "3.4.1
Phase 1 – Document Review
Phase 1 consists of reviewing documents provided to the NWS by the vendor.  The documents include but are not limited to installation and calibration procedures, and previous test data and results.

3.4.2
Phase 2 – Specification Compliance Testingtc \l3 "3.4.2
Phase 2 – Specification Compliance Testing
Phase 2 consists of specification compliance testing.  This testing will be conducted primarily in the chambers at Sterling and will consist of five parts.

3.4.2.1
Part 1:  Mechanical Configuration Evaluation
All of the candidate kits will be evaluated to ensure that they comply with the dimensional and physical installation requirements of the specification.  Each kit will be installed by a SFSC electrical technician (or an engineer) inside of a clean, empty Fischer‑Porter gauge shell using the instructions provided by the vendor.  The installation instructions will be evaluated for ease of use and thoroughness.  Any discrepancies, unclear statements, or missing steps will be noted in the test report.

3.4.2.2
Part 2:  Long Term Accuracy and Measurement Stability Evaluation

Two samples of each candidate FPU kit will be evaluated to ensure that they comply with the accuracy, measurement resolution, and stability requirements of the specification.  This first phase of testing will evaluate the long-term accuracy and measurement stability of each kit over the entire capacity range of the gauge (0 to 19.5( of liquid equivalent weight).  To provide a basis of performance comparison, this test will also be performed on four samples of the standard Fischer‑Porter gauge equipped with a standard paper tape recording system.  This phase of testing will be performed indoors and at room temperature.  All precipitation measurements will be simulated using combinations of the standard weights designed for use with the Fischer‑Porter and Universal gauges (NWS stock number 6660-00-861-0399 and 6660-XXX).

Each FPU kit will be installed inside of a clean, empty Fischer‑Porter gauge shell (using the instructions provided by the vendor).  Since this test will be performed indoors, power for each gauge will be provided to an appropriately sized laboratory power supply connected to an uninterruptible power supply (UPS).

Each gauge under test will be placed in a quiet location and set to continuously record data at one‑minute intervals.  Then every gauge will be run through an initial calibration procedure (using standard weights) as described in the vendor’s literature.  The vendor’s calibration instructions will be evaluated for ease of use and thoroughness.  Any discrepancies, unclear statements, or missing steps will be noted in the test report.

At the beginning of testing, each gauge will be given a final check to confirm that it is operational and functioning normally.  Then, beginning with an empty reservoir (zero inches of liquid equivalent), each gauge will be left to run for one hour.  At the end of one hour, weights will be added to simulate one inch of precipitation.  Then the gauge will be left to run another hour while data is recorded.  Weights will be added (or removed) at the end of each time increment following the sequence shown in Table 1.  This test will run for 48 hours.

Table 1.  Measurement Sequence for Long‑Term Accuracy and Stability Evaluation

	Weight (liquid equivalent in inches)
	Time Interval (minutes)

	0
	60 +15/-0

	1
	60 +15/-0

	5
	60 +15/-0

	6
	60 +15/-0

	10
	60 +15/-0

	11
	60 +15/-0

	15
	60 +15/-0

	16
	60 +15/-0

	19
	60 +15/-0

	1
	900 +60/-60  (over night)

	5
	180 +15/-0

	10
	180 +15/-0

	15
	180 +15/-0

	1
	900 +60/-60  (over night)


The data from each gauge will then be downloaded and evaluated at the end of the test.

3.4.2.3
Part 3:  Accuracy and Measurement Stability Evaluation at Different Temperatures
Two samples of each candidate FPU kit will be evaluated to ensure that they comply with the accuracy, measurement resolution, and stability requirements of the specification over the entire specified operational temperature range.  However, the FPU measurement accuracy specification  requires the FPU kit to be operational from (45(C to +50(C while the original gauge (with the paper tape mechanism) is only operational from (20(C to +50(C.  Also, there is strong anecdotal evidence that indicates the operation of the original Fischer‑Porter’s spring balance mechanism is negatively effected by changes in temperature.  Several of the proposed FPU kits will measure the total displacement of this spring balance assembly to determine the weight inside the reservoir.  Any measurement based on displacement of this spring balance assembly may give inaccurate readings when tested at temperatures below (20(C.  This may lead to a situation where some FPU kits will be disqualified even though the original Fischer‑Porter might be even less accurate at these lower temperatures.  Therefore, to provide a basis of performance comparison, an attempt will be made to characterize the accuracy of the original Fischer‑Porter over the entire FPU operational range ((45(C to +50(C).  The expected accuracy range of the original gauge (at lower temperatures) will be extrapolated from the higher temperature data if the gauge cannot be made to function below (20(C.

This phase of testing will be performed inside the environmental test chambers located at the SFSC.  All precipitation measurements will be simulated using combinations of the standard weights designed for use with the Fischer‑Porter and Universal gauges.  Testing will use the same group of standard Fischer‑Porter gauges and gauges equipped with FPU kits that underwent the long‑term stability testing.  Testing will begin using the four Fischer‑Porter gauges equipped with standard paper tape recording systems.  Then testing will continue with the gauges equipped with the FPU kits.

The gauges under test (in groups of four) will be installed inside of one of the Tenney environmental chambers.  Four PRT thermometers will be installed inside the chamber and connected to a data acquisition system to provide a time‑stamped record of the temperature near the gauges.  Power for each gauge will be provided to an appropriately sized laboratory power supply connected to an uninterruptible power supply (UPS).  

Each gauge shall be run through another calibration procedure and then set to continuously record data at one‑minute intervals.  Then, beginning with empty reservoirs (zero inches of liquid equivalent), each group of gauges will be left running inside the environmental chamber.  The chamber will be programmed to run through a series of temperatures steps.  The test will start with the chamber set to +20(C; proceed in steps to +50(C, ramp down in steps to (45(C; go back up to +50(C; and the return to +20(C.  At the end of the first temperature run, weights will be added to simulate five inches of precipitation and the temperature series will be repeated.  All the gauges shall run through a total of five complete temperature cycles; one cycle with weights equivalent to precipitation amounts of 0, 5, 10, 15, and 19 inches.  The temperature profile is shown below in table 2.  This test will run for 74 hours and 10 minutes.

Table 2.  Temperature Cycle for Accuracy and Stability Evaluation.

	Chamber Command
	End Temperature

(°C)
	Interval

(minutes)
	Elapsed Time

(hh:mm)

	Hold
	20
	30
	00:30

	Ramp up
	35
	30
	01:00

	Hold
	35
	30
	01:30

	Ramp up
	50
	30
	02:00

	Hold
	50
	60
	03:00

	Ramp down
	35
	30
	03:30

	Hold
	35
	30
	04:00

	Ramp down
	20
	30
	04:30

	Hold
	20
	30
	05:00

	Ramp down
	5
	30
	05:30

	Hold
	5
	30
	06:00

	Ramp down
	(10
	30
	06:30

	Hold
	(10
	30
	07:00

	Ramp down
	(25
	30
	07:30

	Hold
	(25
	30
	08:00

	Ramp down
	(35
	20
	08:20

	Hold
	(35
	30
	08:50

	Ramp down
	(45
	20
	09:10

	Hold
	(45
	30
	09:40

	Ramp up
	(35
	20
	09:30

	Hold
	(35
	30
	10:00

	Ramp up
	(25
	20
	10:20

	Hold
	(25
	30
	10:50

	Ramp up
	(10
	30
	11:20

	Hold
	(10
	30
	11:50

	Ramp up
	5
	30
	12:20

	Hold
	5
	30
	12:50

	Ramp up
	20
	30
	13:20

	Hold
	20
	30
	14:50

	Stop and hold
	20
	-
	-


The data from each gauge, and the temperature sensor acquisition computer, will then be downloaded and evaluated at the end of each complete test.

3.4.2.4
Part 4:  Recovery from Power Interruptions Evaluation
Two samples of each candidate FPU kit will be evaluated to ensure that they can survive and recover from power failures.  The specification requires that the FPU equipment must be able to survive a power loss of any length and be able to return to normal operation, within 30 minutes, when full power is restored without any intervention by the operator.

This phase of testing will be performed indoors and at room temperature.  All precipitation measurements will be simulated using combinations of the standard weights designed for use with the Fischer‑Porter and Universal gauges.  Testing will use the same group of standard Fischer‑Porter gauges and gauges equipped with FPU kits that underwent the long‑term stability testing and temperature variation testing.  In some cases, the configuration of the FPU equipped gauges may be slightly modified to make it possible to easily disconnect the power line running between the battery pack and the processor unit.  This may involve the installation of an in‑line switch to allow power to be interrupted without disturbing or jostling the gauge.

The gauges under test will be placed in a quiet location in the lab.  Since this test will be performed indoors, power for each gauge will be provided to an appropriately sized laboratory power supply connected to an uninterruptible power supply (UPS).

Each gauge shall be run through another calibration procedure and then set to continuously record data at one‑minute intervals.  A weight equivalent to 10 inches of liquid precipitation will be placed in each gauge. The gauge will be allowed to run undisturbed for a minimum of one hour and then it will be subjected to a number of power‑off/power‑on cycles as described below:

1. Run a minimum of 60 minutes with 10 inches of weight.

2. Shut off power to the processor.  Leave gauge undisturbed for 60 (+15/-0) minutes.

3. Reconnect the power.  Leave gauge undisturbed for a minimum of 60 minutes.

4. Shut off power to the processor.  Add the equivalent of 1 inch of weight Leave gauge undisturbed for 60 (+15/-0) minutes.

5. Reconnect the power.  Leave gauge undisturbed for a minimum of 60 minutes.

6. Shut off power to the processor.  Add another 1 inch of weight.  Leave gauge undisturbed for 24 (±1) hours.

7. Reconnect the power.  Leave gauge undisturbed for a minimum of 60 minutes.

After these cycles are completed, data will be downloaded from each gauge and saved for analysis.

3.4.2.5
Part 5:  Sensor Power Demand versus Solar Power Production Evaluation
Two samples of each candidate FPU kits will be evaluated to ensure that the solar power system produces enough electrical power to run the entire system.  The specification requires that the FPU system be able to function in all environmental conditions experienced in any location in the United States and its territories.  The solar panels and the storage batteries need to provide adequate power day and night, through summer and winter.  Specification compliance will be evaluated by comparing the measured power demand of the FPU sensor components with the factory supplied information on the solar panel output and the battery efficiency and storage specifications.

This phase of testing will be performed outdoors at our test sites in Johnstown, PA and in Sterling, VA.  Testing will use the same group of standard Fischer‑Porter gauges and gauges equipped with FPU kits that will be undergoing functional precision and sensor inter‑comparison field testing.  The wiring configuration of the FPU equipped gauges will be slightly modified to allow a data logger device to continuously monitor the current and voltage on the power line running between the battery pack and the processor unit.

Two FPU equipped gauges from each vendor will be selected to be equipped with power measuring equipment.  These gauges will be a subset of the group of gauges that will undergo functional precision and sensor inter‑comparison field-testing in Johnstown and Sterling.  These gauges will be connected to a data logger that will continuously monitor the power demand (voltage and current) used by the FPU sensor and processor.  The data logger will be programmed to maintain a running total of the energy consumed (in Watt-hours) by each gauge over the entire test period.  The data logger will also record daily and hourly energy usage along with daily peak current demand.

Each gauge shall be installed in the test beds and undergo the normal preparations for the field-testing.  The data loggers will be set to continuously monitor the power drawn by the gauges during the field-testing.  Periodically (and at the conclusion of field testing) the power consumption data will be downloaded the data loggers and saved for analysis.

3.4.3
Phase 3 – Field-Testingtc \l3 "3.4.3
Phase 3 – Field-Testing
Phase 3 consists of field-testing.  The field-testing will include functional precision and an inter-comparison.  For the functional precision test, ideally four to six upgrade kits from each vendor will be installed inside FP shells in the test beds within close proximity of each other.  The output from each upgrade kit will be compared to determine production quality.  For the inter-comparison test, the upgrade kits will be compared to an existing FP gauge with punch tape and the Ott AWPAG in LDFIR.  This comparison will be done to verify that the upgrade kit performs as well as or better than the FP gauge.  During the field-testing, the kits will also be monitored for sensor drift.

Before testing begins, all gauges will be subject to a field calibration.  The calibration will be conducted as per gauge manuals.  When gauge catch reaches a total of 17 inches of liquid, the gauges will be emptied and possibly re-calibrated, as per gauge manual instructions.

Phases 2 and 3 will be conducted simultaneously.

4.0
DATA ANALYSIStc \l1 "4.0
DATA ANALYSIS
4.1
Chamber Test – Specification Compliancetc \l2 "4.1
Chamber Test – Specification Compliance
4.1.1
Part 1: Mechanical Configuration Evaluationtc \l3 "4.1.1
Part 1: Mechanical Configuration Evaluation
As each kit is being installed, the vendor’s equipment will be evaluated to ensure the following:

· All the parts that are needed to install the measuring transducer, data recorder, and solar panels are included in the kit

· All of the parts (with the exception of the solar panel) will fit inside the gauge’s shell.

· All of the parts inside the gauge are positioned so that they do not interfere with the movement of the reservoir.

· The device’s data display is viewable through the open door in the Fischer‑Porter’s lower case.

· The installation of the fasteners and related hardware provided to mount the equipment inside the gauge lines up with existing holes in the gauges base.  Installation should not require drilling new mounting holes (or enlarging any existing holes) in either the gauge’s base or in any of the kit’s components.

· The size and strength of the mounting fixtures and fasteners provided is adequate to hold the kit’s measurement transducer in place.

Any deviations from these requirements will also be noted in the test report.

4.1.2
Part 2: Long Term Accuracy and Measurement Stability Evaluation tc \l3 "4.1.2
Part 2: Long Term Accuracy and Measurement Stability Evaluation 
Data from the long term accuracy and measurement stability test will be evaluated to see if the gauge meets the FPU accuracy and stability requirements of precipitation equivalent (0.10 inch.  All data from this test will be analyzed using special software (or automated Excel spreadsheets) and displayed on graphs.  Any measurements that stray outside of the tolerance zone will be tabulated and noted in the test report.  Since some measurement instability is expected for the first few minutes after a weight is added (or removed), the first X minutes of data after a weight change will be ignored.  Any measurement instability that lasts longer than X minutes will be noted in the test report.  

4.1.3
Part 3: Accuracy and Measurement Stability Evaluation at Different Temperatures tc \l3 "4.1.3
Part 3: Accuracy and Measurement Stability Evaluation at Different Temperatures 
Data from the measurement accuracy at different temperatures test will be evaluated to see if the gauge meets the FPU accuracy and stability requirements of precipitation equivalent (0.10 inch.  All data from this test will be analyzed using special software (or automated Excel spreadsheets) and displayed on graphs.  Any measurements that stray outside of the tolerance zone will be tabulated and noted in the test report.  Since some measurement instability is expected during the rapid temperatures changes inside the environmental chamber, only the last 15 minutes of data recorded after the chamber has reached each the target temperature will be used in the analysis.  However, any large swings in measurement accuracy during temperature changes will be noted in the test report.  

4.1.4
Part 4: Recovery from Power Interruptions Evaluation tc \l3 "4.1.4
Part 4: Recovery from Power Interruptions Evaluation 
Data from the power interruption test will be evaluated to see if the FPU kits can return to normal operation after power failures.  All data from this test will be analyzed using automated Excel spreadsheets and displayed on graphs.  The data files will be examined to determine if the FPU reported normal operation within 30 minutes after power was restored and that it recorded the correct weights (±0.1 inches).  Any data that indicated that the FPU failed to recover fully within 30 minutes will be noted in the test report.

4.1.5
Part 5: Sensor Power Demand versus Solar Power Production Evaluation tc \l3 "4.1.5
Part 5: Sensor Power Demand versus Solar Power Production Evaluation 
Data from the power consumption test will be evaluated to see if the FPU kits’ solar panel and battery combination can provide sufficient power to run the gauge in bad weather and in extreme northern climates.  The data will be analyzed to determine the average daily energy consumption, the worst- case daily energy consumption, and the worst-case current demand.  Then an engineering analysis will be done comparing the vendors’ power production system specifications to the actual measured power demand.  The vendors’ power system specifications will also be compared with independently available published engineering data from industry sources to see if the vendors’ specifications are realistic.  Any data that indicates that the FPU’s power system would not be able to supply enough power in all climate conditions will be noted in the test report.

4.2
Field Testtc \l2 "4.2
Field Test
4.2.1
Functional Precisiontc \l3 "4.2.1
Functional Precision
A comparison will be made of the total catch recorded by each FPU kit (the upgrade kits from each vendor will be compared to their own).  Differences will be recorded for every report (15 minutes), and by day, week and month.  The following equation will be used:

Difference = FP upgrade PA (a1) – FP upgrade PA (a2)

where:

PA = Precipitation Accumulation

Ideally, the results of this analysis will be zero or close to zero.  A small difference between like upgrade kits will show repeatability and infer good production quality.  A graph of the precipitation accumulation over the entire test period will be produced to visually show the performance of the upgrade kits.  An additional graph will be created of the differences between like upgrade kits.

4.2.2
Inter-comparisontc \l3 "4.2.2
Inter-comparison
A comparison will be made of the total catch recorded by each gauge.  Differences will be recorded for every report (15 minutes), and by day, week and month.  The following equation will be used:

Difference = FP upgrade PA – Comparison Sensor PA

where:

PA = Precipitation Accumulation and,



Comparison Sensor = FP gauge or AWPAG in LDIFR

If the FPU reports more precipitation than the comparison sensor, the result of the above equation will be positive and if the FPU reports less precipitation than the comparison sensor, the result will be negative.  The precipitation catch from the FPU kit should be at least equal to the FP gauge.  A graph of the precipitation accumulation over the entire test period will be produced to visually show the performance of the upgrade kits.  An additional graph will be created of the differences between the upgrade kits and the comparison sensors.

5.0
TEST SCHEDULEtc \l1 "5.0
TEST SCHEDULE
	EVENT
	START DATE
	COMPLETION DATE

	Test Operational
	November 1, 2007
	March 31, 2008

	Draft Final Report
	April 1, 2008
	May 31, 2008

	Final Report
	Upon receipt of comments
	June 30, 2008


Table 1
Test Schedule

6.0
RESPONSIBILITIEStc \l1 "6.0
RESPONSIBILITIES
	NWS OPS Manager
	J. Facundo, W/OPS22

	Test Director
	B. Taubvurtzel, W/OPS22

	Meteorologists
	B. Childs, SAIC, A. Poyer, SAIC

	Lead Engineer
	P. Oosterhout, SAIC

	Data Acquisition System Software
	M. Childs, SAIC

	Technician / Site Installation Team
	D. Eckberg, M. Baldwin, SAIC


Table 2
Responsibilities

APPENDIX A:   Sterling Present Weather Test Bedtc \l1 "APPENDIX A:   Sterling Present Weather Test Bed
[image: image2.emf]
NEED TO PUT A NEW MAP IN WHEN IT IS UPDATED

Figure 2  Standard AWPAG with Tretyakov Shield





Figure 3  Large-scale DFIR 








� Hoehne, Walter; Final Report – Test and Evaluation of the Fischer and Porter Precipitation Gage; U.S Department of Commerce, Environmental Science Services Administration, Weather Bureau, 1968.
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