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[bookmark: _chkr2drucau6][bookmark: _4r2ys9x8kprp]TEMPOS compliance to ASTM standard D5334-14
[bookmark: _s2hwp15rkt3p]ASTM standard revised in 2014
ASTM D5334-14 is a significantly updated version of the Standard Test Method for Determination of Thermal Conductivity of Soils and Rock by Thermal Needle Probe Procedure. It represents the best practices in accordance with current research in heat and mass transfer. For accurate measurements, it is important to specify and use the most current version of this standard.
[bookmark: _ucahubjihog]Elements of compliance to ASTM D5334-14
TEMPOS TR-3 and the KS-3 single-needle probes have sufficient length-to-diameter ratio to simulate conditions for an infinitely long, infinitely thin heating source. TEMPOS provides neither a drilling device nor a balance, but the package does include standard material for accuracy verification, and accessories capable of drilling a pilot hole with a diameter and depth equal to the dimensions of the probe needles. Select requirements from ASTM D5334-14 are listed below with an explanation of TEMPOS’s compliance to the standard

6.2  Constant Current Source—A device to produce a constant current.
TEMPOS Compliance:  Meets
	TEMPOS produces a constant voltage and measures the current. Since the probe resistance is constant, the current also remains constant.

6.3  Temperature Readout Unit or Recorder—A device to record the temperature from the thermocouple or thermistor with a readability of 0.01 K or better.
TEMPOS Compliance:  Meets
	TEMPOS measures temperature with a resolution of 0.001 K.

6.4  Voltage-Ohm-Meter (VOM)—A device to read voltage and current to the nearest 0.01 V and 0.01 A.
TEMPOS Compliance:  Meets
	TEMPOS uses a linear voltage regulator that precisely regulates voltage instead of measuring, but is capable of reading voltage to the nearest 0.01V. TEMPOS reads current to better than the nearest 0.01 milliamp. 

6.5  Timer—A clock, stopwatch, digital timer, or integrated electronic timer capable of measuring to the nearest 0.1 s or better for the duration of the measurement.
TEMPOS Compliance:  Meets
	TEMPOS measures time to better than the nearest 0.01 second.

8.1  The thermal needle probe apparatus shall be calibrated before its use. Perform calibration by comparing the experimental determination of the thermal conductivity of a standard material to its known value.
[bookmark: _GoBack]TEMPOS Compliance:  Meets
	TEMPOS calculates thermal conductivity by measuring the power to the heater and the resulting changes in temperature, and then applying principles of thermodynamics . We validate each sensor using a standard of known conductivity. We do not compute a calibration factor. The user can take the readings in likely calibration standards and apply a correction, but this will make the reading worse if the differences in media diffusivity are not taken into account. 

8.1.1  All subsequent measurements with the thermal needle probe apparatus shall be multiplied by C before being reported. Although calibration is mandatory, it is especially important with large diameter needle probes (that is, d > 2.54 mm) where departures from the assumption of an infinitely thin probe cause potentially significant differences in estimation of the thermal conductivity due to non-negligible heat storage and transmission in the needle probe itself. 
TEMPOS Compliance:  Partial (requires external user action)
	This adjustment needs to be computed and applied by the user, so that the user can be fully apprised of the effect. Again, METER does not recommend applying a calibration. TEMPOS does not compute, store or apply a calibration factor.

8.3  Calibration Standard—One or more materials with known values of thermal conductivity in the range of the materials being measured, which is typically 0.2 < λ < 5 W/m·K. Suitable materials include dry Ottawa sand, Pyrex 7740, fused silica, Pryoceram 9606 (3), glycerine (glycerol) with a known thermal conductivity of 0.286 W/(m·K) at 25°C (3), or water stabilized with 5 g agar per litre (to prevent free convection) with a known thermal conductivity of 0.607 W/m·K at 25°C (3). (See Annex A2 for details on preparation of calibration standards.) The calibration standard shall be in the shape of a cylinder. The diameter of the cylinder shall be at least 40 mm or 10 times the diameter of the thermal needle probe, whichever is larger, and the length shall be at least 20 % longer than the needle probe. On solid specimens, a hole is drilled along the axis of the cylinder to a depth equivalent to the length of the probe. The diameter of the hole shall be equal to the diameter of the probe so that the probe fits tightly into the hole. For drilled specimens the probe shall be coated with thermal grease to minimize contact resistance.
TEMPOS Compliance:  Meets
	TEMPOS probes are validated in a 6cm diameter, 120mm long cylinder of glycerine

8.4  The measured thermal conductivity of the calibration specimen must agree within one standard deviation of the published value of thermal conductivity, or with the value of thermal conductivity determined by an independent method.
TEMPOS Compliance:  Unknown
	ASTM D5334-14 does an inadequate job of defining the “standard deviation of the published value of thermal conductivity.”  If this statement is taken to mean the standard deviation of the thermal conductivity values yielded by repeated measurements with the device, then inherently unstable measurement devices will be more likely to meet the standard than higher quality devices.  If this statement is taken to mean the standard deviation of a reference value published in the literature, then it will be impossible to quantify as reference values do not specify a standard deviation.

9.4  Apply a known constant current, for example, equivalent to 1.0 A, to the heater wire such that the temperature change is less than 10 K in 1000 s.
TEMPOS Compliance:  Meets
	The current is constant in that it does not change for the duration of the reading, and the current is same from one reading to the next for a given sensor. The TEMPOS does not verify the temperature rise for each reading. Typical temperature rise for a TR-3 needle over 300 seconds at maximum power in dry silica sand is 4.3 K. Because of the logarithmic nature of the heating curve, the temperature change in 1000 seconds will be less than 10 K. 
Typical temperature rise for a KS-3 needle over 300 seconds at maximum power in dry silica sand is 10.9 K. At low power, the KS-3 needle’s temperature rise is compliant in dry silica sand. (Note: Dry silica sand is selected as the medium in these examples because of its low conductivity).
The intention of this requirement is to ensure that the temperature change is large enough to measure accurately for and precise calculations, but large enough to affect the properties of the medium. TEMPOS includes a low heat mode for low-conductivity media.

9.5  Record time and temperature readings for at least 20–30 steps throughout the heating period. The total heating time should be appropriate to the thermal needle probe size. For a small diameter needle (that is, d < 2.54 mm), a 30- to 60-second heating duration is sufficient to accurately measure thermal conductivity.
TEMPOS Compliance:  Meets
	TEMPOS employs two heating profiles for single-needle probes. In ASTM/IEEE mode the reading duration can be set to 5 or 10 minutes, half of which is heating time. 30 temperature measurements are taken during the heating time. This is longer than the ASTM recommendation, but is necessary for accurate readings when using the Infinite Line Heat Source (ILHS) model.
	In other modes (Soil, Rock, and Conductivity), the needle heats for the entire 60-second reading duration. 60 temperature readings are taken during that time. The reference  model for these modes employs an adjustable start time, which permits accurate results with lower read times. 

10.2.3	The data included in the analysis shall be evenly spaced with the logarithm of time (X-axis). If data are collected in even time increments and subsequently plotted on a log time scale, then the distribution becomes uneven biasing the analysis too heavily toward the long-term of the testing period. 
TEMPOS Compliance: Partial (requires external user action)
	TEMPOS does not evenly distribute the temperature measurements with the logarithm of time when making calculations. We have not recognized any problems from distributing temperatures evenly in time. TEMPOS provides all data for the user to select temperature measurements according to any desired profile.
