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SEASONAL INSTRUMENTATION STUDY
INSTRUMENTATION INSTALLATION
NORTH CAROLINA SECTIONS
370201, 370205, 370208 and 370212

I. Introduction

The installation of the seasonal monitoring and load response instrumentation at SPS-2
sites 370201, 370205, 370208 and 370212 near Lexington, North Carolina was initiated
during the construction of the experimental sections and completed prior to the open
house held to showcase the experiment and instrumentation on May 9-10, 1994. The
seasonal instrumentation was installed jointly by NCDOT and FHWA-LTPP to capture
the environmental changes and their effects on pavement load response. Of particular
interest was the pavement gradient moisture and temperature at the time of load testing.

The TDR and MRC thermistor probes were installed at the completion of the subgrade
preparation at the SPS-2 experimental sites on October 17-18, 1993. Thermocouples
were installed in the Lean Concrete Base (LCB) and Dense Graded Aggregate Base
(DGAB) at the time of placement. The stainless steel thermistor surface layer
temperature probes were installed during the paving of the Portland Cement Concrete
(PCC) surface. The test sections are part of the SPS-2 experiment, located on
Southbound US 52, Lexington By-pass. The SPS-2 starts at the north end of the project
near the US 52 overpass at the Welcome exit and goes to SR 1232 Lexington; a distance
of 7.8 km (4.85 miles). It is a four lane divided highway, with the main line southbound
lanes varying from 7.3 m to 7.9 m. The primary driving lanes vary from 3.65 m to 3.9 m
depending on the experiment type. Add on lanes were incorporated for experimental
sections 370201, 370202, 370205, 370206, 370209 and 370210 as these test sites were
considered to have a shorter time line to failure. A 20.7 m median separates the north and
south bound lanes. Appendix A, Figures A-1 to A-3, depict the site location, site layout
and location of the instrumented test sections.

The pavement structure varies between the four sections from 203 mm to 279 mm. The
bases used for the four sections also vary. A LCB is used at sections 370205 and 370208.
A DGAB is used at section 370201 and a Permeable Asphalt Treated Base (PATB) in
combination with a DGAB is at 370212. Also, the top of the subgrade was treated with
lime at all the sites. Pavement structure information from the SPS-2 material drilling logs
is presented in Appendix A, Figure A-4. Properties determined from the laboratory
material tests are shown in Table 1.

Table A-1 in Appendix A summarizes the distress, IRI values from the Profilometer
longitudinal profile measurements, and Falling Weight Deflectometer deflection values as
monitored since March 30, 1994. The uniformity survey results are summarized in Table
A-2 and the deflection values and analysis results from FWDCheck are also presented in
Appendix A, Figure A-5 and Table A-3.



Site 370201 is included with the core Seasonal Monitoring Program (SMP) sites, which
are monitored on a monthly basis on a yearly cycle every two years. Site 370205, 370208
and 370212 are supplemental sites which are monitored twice yearly as part of the testing
performed on the sections instrumented for load response.

Site 370201 is in a wet-no-freeze zone and resides in cell 18 (JPCP on a fine subgrade) of
the Seasonal Monitoring Program. Below is a summary from the LTPP climatic database
based on eleven years of data:

e Freezing Index (C-Days) 95

e Precipitation (mm) 1118
 No. of Freeze/Thaw Cycles 79

e Days Above 32°C 32

e Days Below 0°C 75

o Wet Days 129

The climatic data listed above was taken from site 373807, since there was no long term
data available for site 370201. Site 373807 is approximately 16 km north of 370201, on
US 52 northbound. An Automated Weather Station (AWS) was installed August 4, 1994
adjacent to site 370260, near the West Central Extension overpass. This AWS will
collect air temperature, relative humidity, solar radiation, wind speed/direction and
rainfall for the SPS-2 test sections.

The SPS-2 was constructed in 1993; it was completed and opened to traffic in 1994.
Traffic for this section is monitored by a Weigh in Motion (WIM) installed at the 5+00
end of section 370260. Traffic information (volume, weight and vehicle classification)
has been continuously collected since the opening of this SPS-2 site to traffic, but the
data as of yet has not been available to the RCOC for the LTPP database.

Installation of the instrumentation was a co-operative effort between the North Carolina
Department of Transportation (NCDOT), Federal Highway Administration (FHWA)
Long-Term Pavement Performance (LTPP) Division, and Pavement Management
Systems Limited (PMSL; now ITX Stanley Ltd.) LTPP North Atlantic Region Co-
ordination Officc (NARCO) staff. The installation, from installing the inground
instrumentation (TDR, MRC Thermistor Probes, Thermocouples), installing the conduit,
equipment cabinets, dataloggers, Automated Weather Station (AWS), to the initial data
collection on May 15, 1995, took place over a 20 month period. The following personnel
participated in the installation and were instrumental in completing the project.

Instrumentation Installation:

Dr. Shin Wu NCDOT - Pavement Management Unit
Dr. Judith Corley-Lay NCDOT - Pavement Management Unit
Kevin Ray Blaylock NCDOT - Geotechnical Unit
Donald Larry Newsome NCDOT - Geotechnical Unit



Ed Arrowood
John Klemunes
Alex Rutka

Mike Zawisa
Brandt Henderson

NCDOT - Construction Co-ordinator
FHWA-LTPP

NARCO - Pavement Management Systems
NARCO - Pavement Management Systems
NARCO - Pavement Management Systems

Installation of Conduit, Cabling. Cabinet and Dataloggers:

Ed Arrowood
Mike Zawisa
Rick Brown

Scott Comstock
Brandt Henderson

NCDOT - Construction Co-ordinator

NARCO - Pavement Management Systems
NARCO - Pavement Management Systems
NARCO - Pavement Management Systems
NARCO - Pavement Management Systems

Completion of Installation and Initial Data Collection:

Mrinmay Biswas (LTPP Co-ordinator)

Aiman Kuzmar
Alfred Lip

Brandt Henderson
Dilan Singaraja
Douglas Marshall
James Orzulak

Traffic control was provided by the NCDOT District 1, Division 9. Chuck Sharp was the
traffic services supervisor.

NCDOT - Research and Development

NCDOT - Research and Development

NARCO - Pavement Management Systems
NARCO - Pavement Management Systems
NARCO - Pavement Management Systems
NARCO - Pavement Management Systems
NARCO - Pavement Management Systems

Table 1. Material Properties

Description Surface Base Subgrade
Section ID (37*) 0201 [0205 [ 0208 | 0212 | 0201 | 0205 | 0208 | 0212 | 0201 |0205]0208| 0212
Material Portland Concrete Cement | DGAB | LCB | LCB | PATB | Silty | Clay | Silty | Silty
(Strength, psi) 550 | 550 | 900 | 900 DGAB | Clay Sand | Clay
Thickness (mm) 236 | 221 | 284 | 284 152 175 | 150 | 109,97
Lab Max. Dry Density (kg/m?) | 2352 | N/A | N/A | 2161 1618 | N/A | 1410 | 1666
Lab Opt Moisture Content (%) | 6.8 | NJA | N/A | 6.1 22 |N/A| 30 20
In-situ Wet Density (kg/m?) *
In-situ Dry Density (kg/m?) * 1299 [ 1442|1414} 1422
In-situ Moisture Content (%) * 404 |26.629.5| 29.6
Bulk Specific Gravity 232232} 2321232 20.3 | N/A1399| NA
Max. Specific Gravity 247 (247 247 | 247
Liquid Limit 18 61 64 48
Plastic Limit 0 30 41 26
Plasticity Index NP 31 22 22
% Passing # 200 8.8 70.3 70.7 | 66.4

* Note: SPS-2 Testing was used.




II. Instrumentation Installation

Site Inspection and Meeting with Highway Agency

The installation of the inground instrumentation was initiated at the completion of the
subgrade preparation, prior to the placement of base materials. This was arranged by Dr.
Shin Wu (NCDOT), Monty Symons (FHWA-LTPP) and Dr. Bill Phang (PMSL). The
decision was to install the instrumentation “during construction” at the planned locations
where the pavement response to load is measured. Information on the load
instrumentation is provided in Pavement Instrumentation Program for SPS-1 and SPS-2:
Instrumentation Details, PCS/Law, August 1993. The installation (environmental and
load response) was showcased at an open house May 9-10, 1994. A FWD uniformity
survey was included with the late fall (December 9, 1994) testing of the SPS-2 weak
sections. The results of the uniformity survey indicated that the deflections were higher
at the location of the instrumentation. This could be partially a result of the reduced
compaction effort in the area of the instrumentation, as the contractor was concerned with
the possibility of damage to the inground instrumentation.

The SMP meeting in Austin, Texas (spring 1994) committed the SPS-1, SPS-2 and SPS-8
sections for inclusion into the SMP program. Those sections with unbound bases and/or
sub-bases only (i.e. no stabilized subsurface layers) and those having the weakest
(thinnest) structure could be included in the SMP. The North Carolina SPS-2 site 370201
was nominated to this category on August 24, 1994 for the Loop 2 SMP.

A preliminary planning meeting was held at the conference facility of the Pavement
Management Unit in Raleigh, North Carolina on April 11, 1995. The attendees at the
meeting were:

e Mrinmay Biswas NCDOT Research and Development

e Pat Strong NCDOT Research and Development

e Jerry Blackwelder NCDOT Pavement Management

e Wm. Kenneth Creech NCDOT Pavement Management

e Jim Trogdon NCDOT Maintenance Unit

e Max Tate FHWA

e Brandt Henderson Pavement Management Systems, NARO
o Bill Phang Pavement Management Systems, NARO

A presentation on the seasonal monitoring instrumentation and monitoring requirements
were provided by Bill Phang and Brandt Henderson of Pavement Management Systems.
This was followed by a review and discussion on the seasonal site near Lexington. Plans
for the initiation of data collection on May 14 and May 15, 1995 were discussed.
Correspondence from the site inspection and planning meeting are in Appendix B.



Equipment Installed

The equipment installed at the test sites included instrumentation for measuring
pavement and subsurface temperatures, and subsurface moisture content. A piezometer
was installed at section 370201 to measure the water table. An equipment cabinet was
installed at each site to hold the datalogger, battery pack, and all electrical connections
from the instrumentation. Precipitation and air temperature information would be
obtained from the AWS located at 370260 in the south end of the project. The equipment
installed is shown in Table 2.

Equipment Check/Calibration

Prior to installation, each measurement instrument was checked or calibrated. The
thermistor probes were connected to the CR10 datalogger. They were checked by placing
the probes in ice, room temperature, and hot water. In order for the probes to pass this
check, the temperatures for each probe needed to correspond to the water temperature.
The check indicated that the thermistor probes were working properly. Time constraints
did not allow for connecting the MRC thermistor probes to obtain a 24 hour minimum,
maximum and average temperature reading. The results from the calibration of the
thermistor probes along with the spacing between the thermistors are presented in
Appendix B.

The functioning of the TDR probes were checked by performing measurements in air,
water, methyl alcohol, and with the prongs shorted at the circuit board and the end of the
probe. The traces were taken and the dielectric constant was calculated for the water, air,
and methyl alcohol. These values were checked against expected dielectric constants for
each medium. The tests indicated that all probes were functioning properly. A resistance
check was performed and results recorded for future reference in troubleshooting probe
conditions or malfunctions. The probe connectors were dipped in a rubberized sealing
compound for water proofing. A ‘s-loop’ was placed just above the connector and tie
rapped to protect the connector during installation. Results of the TDR measurements are
presented in Appendix B.

Equipment Installation

The TDR probes and MRC thermistor probes were installed on October 17 and 18, 1993.
Site 370208 at the south end was the first site to be instrumented. The instrument hole
was excavated using an auger at station 5+15 to a depth of 1.85 m. The primed surface
crust was removed prior to excavation. A 254 mm hollow stem auger, operated by K.
Blaylock and D. Newsome of the NCDOT Geotechnical, was used to drill the instrument
hole. Material was removed in 450 mm lifts. The auger’s hollow stem did not contain a
plug, so the material retained in the auger was tapped from the barrel at each depth level.
Care was taken to ensure that the excavated material was stored in the order that it was
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removed. The surface material was a clayey sand silt mixture with the top 200 mm
treated with a lime stabilization; the remaining material consisted mainly of a silty sand,
to 1.803 m below the subgrade surface. The drilling was stopped approximately 50 mm
below the required depth and the installation began. The findings from the excavation of
the instrumentation hole at station 5+15 are presented in Figure 2.3. All the material
excavated from the instrument hole was placed and compacted in the order of removal
with the TDR probes and the thermistor probe placed at the specified locations. The
location and elevation information of the instrumentation are presented in Figure 2.3.
Samples of the material placed around the TDR probes were retrieved to determine the
gravimetric moisture at these locations. A field moisture determination was done at the
site with sample material retained for laboratory moisture determination by the NCDOT
Materials and Tests unit. No material was left after the hole was filled and compacted.

The instrument hole installation at station 5+15 of site 370212 proceeded as above with
the following exceptions: the Permeable Asphalt Treated Base (PATB) was already in
place. This material, along with the DGAB, was loosened and removed to access the
subgrade material for excavation. Care was taken during the excavation process to ensure
the PATB was not contaminated with the base/sub-base material. The 100 mm of DGAB
was loosened and removed by hand. The auger was then used to loosen the lime treated
subgrade, which was kept separate from the remainder of the subgrade material. The
reddish silty clay with traces of mica was much more difficult to remove from the auger
furrows and formed a solid plug within the auger barrel. This was scooped out at 400-
500 mm depths. The hole was covered with a plastic sheet over a plywood support to
catch the material removed from the auger. The excavation extended to a depth of 2.235
m, which was deeper than necessary. The MRC thermistor probe was placed to within 25
mm of the PATB surface. The bottom TDR probe was placed at 2.134 m from the PATB
surface with probes placed in the subgrade, lime treated subgrade, DGAB and PATB.
Moisture samples were done on all materials with the exception of the PATB as provided
in Figure 2.4. Any of the PATB or DGAB that was contaminated with the subgrade
material was replaced with fresh material and firmly compacted to the desired depth.
There was little, if any, contamination of the PATB or DGAB at the instrument hole
location.

The installation at station 5+15 of site 370201 was similar to 370208, with the exception
that the material was a reddish silty clay with significant amounts of mica particles.
Removal was the same procedure used as for 370212. The MRC thermistor probe was
placed to within 45 mm of the subgrade surface. A mistake was made in determining the
depth of the TDR probes which required extending the depth between TDR probes 1
(DGAB), 2 (Lime Treated Subgrade) and 3 (Subgrade) to 305 mm and 228 mm
respectively. The spacing should typically be 150 mm. Figure 2.1 provides the profile of
pavement structure and probe depths for 370201. The DGAB was retrieved from a
nearby stockpile to cover the probes (approximately 2 20 liter pails) as protection from
construction activity. Figure 1 shows the location of the equipment installed at 370201.
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Figure 2.1 Profile of Pavement Structure and Probe Depths, 370201
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Figure 2.2 Profile of Pavement Structure and Probe Depths, 370205

10



Pavement Layer Depth MRCs TDR

(mm) & TCs Depth
(mm) (mm)
PCC 19
139 Avg. Core Depth 284 mm
259
LCB 284
335
386
434 Top of Thermistor Probe
Located 459 mm Below
Lime Treated 584  Surface
Subgrade (LTS)
743
892
Light Brownish 1041
Grey Silty Sand 1200
1346
1499
1702
1956
2235

Figure 2.3 Profile of Pavement Structure and Probe Depths, 370208
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Figure 2.4 Profile of Pavement Structure and Probe Depths, 370212
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The instrumentation installation at station 5+15 of 370205 was completed on October 18,
1993. Excavation proceeded as it did for 370201 with the exception of a material change
between 300-500 mm below the subgrade surface. The reddish silty clay with mica
turned to a mottled grayish white clay with particles and traces of reddish silty clay with
mica. Handling of this material was difficult and time consuming to ensure placement
consistent with removal. The MRC thermistor probe was placed to within 57 mm of the
subgrade surface with the bottom TDR probe placed at 2.165 m. The other TDR probes
were placed in order as defined in Figure 2.2.

To check for breakage of the TDR probes during installation, each probe was connected
to the cable tester and the wave form was monitored during compaction of the material
around it. The TDR traces are included in Appendix C. The cables coming from the
TDR probes were staggered along the perimeter of the instrument hole to decrease the
amount of water channeled into the hole. The top of the thermistor probe was 45 mm for
370201 and 57 mm for 370205 from the surface of the subgrade layer. For site 370212
the thermistor probe was 25 mm below the PCC layer and for site 370208 the top of the
thermistor probe was placed within 25 mm of the PATB surface. The cables from all
instrumentation installed converged at the opening of the flexible conduit pipe, which
was placed about 50 mm from the edge of the instrumentation hole. The cables were then
tie wrapped and passed through the conduit to the location where the equipment cabinet
would be placed. The end of the conduit was plugged with a mastic pipe sealant.

For all four sites the conduit with MRC, TDR and thermocouple cables was placed at an
angle to meet up with the load instrumentation cables to be installed at stations 5+25.
The cable ends were installed in ziploc bags and wrapped and buried in green garbage
bags at the shoulder of the roadway. Survey stakes were used to define the location.

Tables 3 and 4 present the installed depths of the TDR probes, and the thermistor sensors
respectively. Table 5 gives TDR, field, and laboratory measured moisture content during
installation. A comparison of the moisture content from the TDR traces, field, and
laboratory determination indicate some discrepancies. The discrepancies are particularly
pronounced for 370208 where the TDR moisture readings are much higher than the field
or laboratory determinations. The field and laboratory moisture contents generally
compare more favorably. Some moisture could have been released during drilling and
handling of the soil because of the high temperatures on the day of installations. This
would explain the consistently lower readings obtained from the field and laboratory
testing as opposed to the TDR readings. It should also be noted that the calculation of
moisture is dependent on the calibration inputs to the TDR model. Differences of
moisture content in the range of 1 to 2% are not uncommon.

During construction of the base layers at 370201, 370205 and 370208, four
thermocouples were placed in the LCB or DGAB layer at 0, 51, 102 and 152 mm depths
from the interface at the subgrade layer. If the LCB was less than 152 mm the
thermocouple was placed at the LCB surface. The 330 mm length stainless steel probe
was placed 19 mm into the PCC on a angle so that thermistors are 25 mm from the
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bottom and at the middle of the PCC layer. The thermocouples and the MRC stainless
steel thermistor probes were temporarily protected during the placement of LCB with a
sandbag. After the passage of the paving train, the thermocouples were positioned at
required levels in the LCB and the hole left by the sandbag was patched with fresh lean
concrete. The MRC stainless steel thermistor probe was pulled up into position in the
fresh Portland Cement Concrete by a string before the concrete had set.

Table 3. Installed Depths of TDR Sensors

Depth from Pavement Surface (m) Layer
Sensor #

Section ID Section ID
370201 | 370205 | 370208 | 370212 | 370201 | 370205 | 370208 | 370212
01 0.279 | 0.508 | 0.584 | 0.337 | DGAB | LTS LTS PATB
02 0.584 | 0.654 | 0.742 | 0.445 LTS LTS SG DGAB
03 0.813 | 0.813 | 0.892 | 0.572 SG* SG SG LTS
04 0.959 | 0.965 1.041 0.718 SG SG SG SG
05 1.118 1.099 | 1.200 | 0.876 SG SG SG SG
06 1.257 | 1.264 | 1.346 | 1.029 SG SG SG SG
07 1.416 | 1416 | 1.499 1.097 SG SG SG SG
08 1.575 1.575 1.702 1.499 SG SG SG SG
09 1.880 | 1.880 | 1.956 | 1.803 SG SG SG SG
10 2.159 | 2.165 | 2.235 | 2.134 SG SG SG SG

* SG-subgrade

The moisture probe and thermocouples installed in the DGAB layer of section 370201
could not be compacted without shattering the probe or displacing the thermocouples.
Compaction was avoided in a area about 1.9 m? around the stake location of the probe.
NCDOT (Dr. Shin Wu, Ed Arrowood) and Alex Rutka (PMSL) installed the majority of
the thermocouples in the LCB layers, and the thermistor probe in the PCC layers, during
the construction of these layers.

The equipment cabinet to hold the datalogger, battery pack and cabling from the
instrumentation hole was installed at 370201 on May 5, 1994 in preparation for the open
house to showcase the environmental and load response instrumentation. Data collection
took place on May 9-10, 1994. The wiring of the datalogger and the ONSITE program
were modified to incorporate the four thermocouples.

A hole to accommodate the piezometer was drilled in conjunction with the holes to install
the multi-depth deflectometers (MDD) on May 6, 1994. The hole collapsed due to heavy
rains before the piezometer could be installed. The installation of the piezometer was
rescheduled to August 5, 1994. The installation followed the procedures as described in
the “LTPP Seasonal Monitoring Program: Instrumentation Installation and Data
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Collection Guidelines.” The combination piezometer/benchmark was installed 0.3 m off
the edge of the PCC paved shoulder at station 4+00 of site 370201 to a depth of 4.470 m.
A 150 mm flight auger was used for drilling the hole. The hole was extended to 4.825 m
to compensate for the material that collapsed into the hole during drilling. After the
piezometer /benchmark was placed in the hole 2 bags of clean filter sand were added and
compacted, followed by 0.432 m of bentonite pellets; the native soil was packed tightly
around the frost sleeve. The piezometer/benchmark cover was placed in concrete and the
surface leveled and finished.

The cabinets at 370205, 370208 and 370212 were installed August 4-5, 1994. These
cabinets were equipped with dataloggers and batteries supplied by NCDOT. Excess
washed sand from the piezometer installation was used as bedding material for the
equipment cabinet, and also in the trench from the instrument hole to the equipment
cabinet. This trench was extended past the equipment cabinet towards the ditch at a
downward slope to help drain excess surface water away from the equipment cabinet.

Subsequent to the installation of the equipment cabinets a request by Max Tate (FHWA)
to Ivan Pecnik, North Atlantic Regional Engineer, to have the cabinets moved to the
opposite side of the ditch from the pavement shoulder area for safety and security reasons
was received. Extension cables, 4.7 m to 5.5 m in length, were fabricated at the NARCO
to move the cabinets from their present location. The cabinets were moved September
21-22, 1994. The MRC thermistor, thermocouples (type T) and TDR cables were
extended. Water tight connections were completed at each connection and the flexible
conduit was extended to the location on the opposite side of the ditch. The cabinets were
moved and the cables reconnected.

During the initiation of 370201 into the core SMP on May 15, 1995 some of the TDR
cables were extended with 0.6 m to 1.2 m coaxial extensions for easier access to the
mobile data collection unit. The problems with the thermocouple leads (poor datalogger
connections) were resolved and all instrumentation was in working order with the
exception of TDR cable 10 at 370212; the connector was damaged and not accessible for
repair.

Snap rings were installed to measure joint width and movement at the initiation of data
collection on May 15, 1995.

Site Repair and Cleanup

The instrumentation at the SPS-2 sites were installed during construction; there is no
visible evidence as to the location of the instrumentation. The cabinets were filled with
crushed rock to dissipate the moisture. A sandy-gravel was placed around the cabinets at
370201 and 370205 as the clayey material made it difficult to setup the data collection
equipment.
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Assessment of the Instrumentation Areas

No settlement or cracks have formed at any of the environmental instrument areas. In
fact, the location of the instrumentation cannot be visibly determined.

Table 4. Installed Location of MRC Thermistor Sensor

Unit | Channel Depth from Pavement Surface (m) Remarks
Number Section ID
370201 | 370205 | 370208 | 370212
1 1 0.019 0.019 0.019 0.019 |[This unit was installed
2 0.112 0.108 0.139 0.136 |in the PCC layer.
3 0.204 0.196 0.259 0.252
2 TCl1 0.229 0.221 0.284 * This unit was installed in
TC2 0.280 0.272 0.335 * the base
TC3 0.331 0.323 0.386 *
TC4 0.381 0.373 0.434 *
3 4 0.441 0.469 0.481 0.318 |This unit was installed
5 0.520 0.548 0.553 0.392 [below the base in the
6 0.593 0.624 0.629 0.467 |Subgrade
7 0.668 0.701 0.705 0.543
8 0.744 0.775 0.784 0.618
9 0.895 0.929 0.932 0.770
10 1.047 1.080 1.086 0.923
11 1.203 1.232 1.237 1.075
12 1.354 1.385 1.388 1.228
13 1.506 1.537 1.542 1.380
14 1.657 1.688 1.691 1.531
15 1.811 1.842 1.845 1.685
16 1.963 1.993 1.996 1.836
17 2.116 2.147 2.150 1.990
18 2.273 2.299 2.304 2.137

* No thermocouples were installed.
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Table 5.1 TDR, Field, and Laboratory Moisture Content During Installation

Section 370201
Sensor Sensor Layer | TDR Moisture | Field Moisture | Lab Moisture
Number Depth Content Content Content
(m) (by wi)* (by wp* (by w*
37C01 0.279 DGAB 11.40% N/A N/A
37C02 0.584 LTS 41.98 35.1% 33.0%
37C03 0.813 Subgrade 26.00 34.8 14.9
37C04 0.959 35.91 36.0 342
37C05 1.118 33.12 36.6 34.6
37C06 1.257 41.03 37.2 34.5
37C07 1.416 31.97 389 34.8
37C08 1.575 41.03 34.2 35.8
37C09 1.880 33.12 36.1 35.2
37C10 2.159 30.18 42.0 37.5

* Note: Raw data given in Appendix C

Table 5.2 TDR, Field, and Laboratory Moisture Content During Installation

Section 370205
Sensor Sensor Layer | TDR Moisture | Field Moisture | Lab Moisture
Number Depth Content Content Content
(m) (by wp* (by wt)* (by wt)*
37D01 0.508 LTS 31.97% 24.3% 22.1%
37D02 0.654 29.03 24.5 24.5
37D03 0.813 | Subgrade 36.45 30.5 28.5
37D04 0.965 40.05 29.0 28.6
37D05 1.099 34.81 31.2 30.6
37D06 1.264 38.54 30.7 30.3
37D07 1.416 38.54 33.2 30.6
37D08 1.575 38.54 30.7 29.7
37D09 1.880 33.12 32.9 31.6
37D10 2.165 N/A 31.3 29.6

* Note: Raw data given in Appendix C
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Table 5.3 TDR, Field, and Laboratory Moisture Content During Installation

Section 370208
Sensor Sensor Layer | TDR Moisture | Field Moisture | Lab Moisture
Number Depth Content Content Content
(m) (by wt)* (by wt)* (by wt)*
37A01 0.584 LTS 16.75% 16.3% 13.9%
37A02 0.743 | Subgrade 26.61 18.0 15.2
37A03 0.892 19.82 11.3 10.0
37A04 1.041 19.82 10.9 10.4
37A05 1.200 17.97 12.1 10.0
37A06 1.346 18.59 9.8 9.4
37A07 1.499 20.44 10.5 9.3
37A08 1.702 24.77 11.8 11.0
37A09 1.956 22.92 11.1 11.7
37A10 2.235 N/A 10.6 10.3

Note: Raw data given in Appendix C

Table 5.4 TDR, Field, and Laboratory Moisture Content During Installation

Section 370212
Sensor Sensor Layer TDR Moisture | Field Moisture | Lab Moisture
Number Depth Content Content Content
(m) (by wt)* (by wt)* (by wt)*
37B01 0.337 PATB 10.83% N/A N/A
37B02 0.445 DGAB 3.09 2.7% 2.9%
37B03 0.572 LTS 34.81 12.3 10.2
37B04 0.718 | Subgrade 39.05 33.8 32.1
37B05 0.876 38.54 343 19.6
37B06 1.029 40.05 32.8 30.9
37B07 1.197 3591 324 30.5
37B08 1.499 33.69 343 30.1
37B09 1.803 41.03 343 30.2
37B10 2.134 N/A 33.1 29.6

* Note: Raw data given in Appendix C
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IIL. Initial Data Collection

Environmental data was collected at sites 370201, 370205, 370208 and 370212 to
correspond with the pavement load response testing in the spring and fall of 1994 and
1995. Site 370201 was included in the SMP core experiment on May 14, 1995.
Environmental data was collected at all four SMP sites on May 15 and 16, 1995.

The May 15 and 16, 1995 activities included initial data collection on the site and checks
on the functionality of installed equipment. This consisted of the examination of the data
collected over the day by the onsite datalogger, data collection with the mobile CR10
datalogger and checking the data collected with the mobile unit. Deflection testing and
an elevation survey were done as part of the data collection for 370201. A sample of the
data collected by the onsite datalogger is presented in Appendix D (Table D-1).

Subsurface Temperature

The pavement subsurface temperature profiles collected on May 15 and 16, 1995 by the
CR10 dataloggers, were examined. The equipment and dataloggers appeared to be
functioning properly. The battery voltages were checked and found to be acceptable.
The plots of the temperature profiles are presented in Appendix D (figures D-1 and D-2).

TDR Measurements

TDR data was collected using the mobile system provided by FHWA. The mobile
system contains a CR10 datalogger, battery pack, two TDR multiplexers, and a resistance
multiplexer circuit board. Version 2.2 of the MOBILE program was used to collect and
record the TDR wave form traced for each sensor.

Figure D-3 in Appendix D shows the initial TDR traces collected with the MOBILE data
acquisition system for all 10 sensors at site 370201. Only the second set of TDR traces
are shown in the appendix because the first set of traces were used to fine tune the starting
locations of the traces. The traces indicated that the multiplexers of the mobile system
and TDR sensors were working properly. Also shown in Appendix D are the TDR traces,
for site 370201, collected after the cabinet was moved in August 1994. For the
supplemental sites TDR 10 at 370212 was non-functional; all the others provided
excellent traces.

Deflection Measurement Data

Deflection measurements were performed at site 370201 following procedures described
in the “LTPP Seasonal Monitoring Program: Instrumentation Installation and Data
Collection Guidelines”. The analysis results from the FWDCHECK program from the
May 15, 1995 testing are presented in Appendix D.
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Longitudinal Profile Data

According to the guidelines, since this is in a non-frost area, the survey should be
performed on four different occasions; one survey during the middle of each season. Five
surveys have alreadv been performed at site 370201; the first in the spring of 1994
(March 30, 1994), the second and third in the winter (January 6, 1996 and February 28,
1996), the fourth in the spring of 1996 (April 23, 1996) and the fifth during the summer
season (August 26, 1996).

Elevation Surveys

One surface elevation survey was performed, following the guidelines, on the initial data
collection day at site 370201. It was assumed that the elevation at the top of the
piezometer pipe was 1.000 meter. The survey was conducted on May 15, 1995 and the
results are presented in Appendix D. Since then, six surface elevation surveys have been
performed at site 370201.

Water Depth

The piezometer on May 15, 1995 was dry, meaning that the groundwater level was below
the depth of the piezometer bottom. The clayey soil at 370201 is highly impermeable.
The ditch adjoining the roadway fills at each rainfall; the moisture slowly seeps into the
soil or evaporates.

Joint Opening and Faulting

The installation of snap rings to measure the joint opening was completed on May 15,
1995; a joint opening and faulting survey were completed on that date. The joint opening
and the joint faulting measurements are taken in conjunction with the FWD joint test
during each site visit.
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IV. Summary

The installation of the seasonal monitoring instrumentation at the North Carolina SPS-2
site near Lexington, NC was initiated on October 17 and 18, 1993. The installation was
completed in stages in conjunction with the construction of the base and surface layers.
Four sections of the SPS-2 were instrumented for seasonal monitoring; these sections
were: 370201, 370205, 370208 and 370212. Section 370201 was included as a core
SMP site, while the other three sites were included as supplemental sites. After the initial
installation, the equipment cabinets were moved for safety and security reasons on
September 21 and 22, 1994. A check of the equipment and initial data collection was
completed on May 15 and 16, 1995. The instrumentation, permanently installed at the
site, were:

e Time domain reflectometer probes for moisture measurements - 10 probes at each
section,

e Thermistor probes for pavement and soil gradient temperature measurements -
1 probe at each section,

e Thermocouples for base temperature measurements - 4 at sections 370201, 370205
and 370208

e Combination piezometer (well) and bench mark to determine changes in water level
and pavement elevations - 1 at section 370201 only.

The pavement gradient temperature data has continuous data collection stored in an on-
site datalogger at all four sites. The moisture is collected during each site visit (12 times
per year) using a mobile datalogger system. The water level and elevation data are to be
collected manually for section 370201 during site visits. An AWS was installed August
4, 1994, near section 370260 in the south end of the SPS-2 project. The data collected at
the AWS will be used for the seasonal sites as well as the SPS-2.

The test section is on Southbound US Route 52 Lexington By-pass. The SPS-2 is a
distance of 7.8 km on a four lane divided highway consisting of two lanes in each
direction with a 20.7 m wide median. The pavement structure is different for each of the
four seasonal test sections. The PCC layer varies from 203 mm to 279 mm. The base
used at sections 370205 and 370208 is a LCB and the base used at section 370201 is a
DGAB. Section 370212 has a PATB in combination with a DGAB as its’ base. The
subgrade for the four sections varies from a silty clayey sand to a clay with traces of
mica.

All instrumentation was checked prior to installation at the PMSL facility in Amherst,
NY. These initial checks indicated that the instrumentation was within specifications, as
required for the seasonal monitoring program. Operational checks during installation
indicated that all instrumentation was functioning properly. Some problems were
initially encountered with the thermocouple to datalogger connections, but these were
resolved over time. The temperature profile for the pavement soils appear reasonable
with no outlying sensors.
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Moisture content of the soil was determined by TDR method, field moisture
determination at time of installation by soil drying, and laboratory results provided by
NCDOT Materials and Tests Unit. There were slight differences between the moisture
content determined by the TDR method and gravimetric moisture content determined
from the samples taken at sites 370201, 370205 and 370212. The fairly large differences
for site 370208 were believed to be caused by the handling of the soil material (delay in
processing/storing samples) on a very hot installation day. These differences were within
the acceptable tolerance. TDR cable 10 at section 370212 had the connector damaged
and it could not be repaired, otherwise the TDR sensors for all four sites are providing
acceptable traces.

Since the site is an SPS-2 and the seasonal equipment was installed during construction,
the installation proceeded differently than the other seasonal sites that have been installed
in the North Atlantic Region. This brought with it new challenges which were worked
through and the installation was completed.

Data was collected at the sites during the second round monitoring from May 15, 1995 to
October 28, 1996. North Carolina has continued the data collection from the ONSITE
dataloggers until the resumption of data collection activities by NARCO later this year.
Since the completion of installation activities, solar panels have been installed at the SMP
sites.
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APPENDIX A

Test Section Background Information



Appendix A contains the following supporting information:

Figure A-1
Figure A-2
Figure A-3
Figure A-4
Table A-1
Table A-2

Figure A-5

Table A-3

Site Location Map

Longitudinal Layout of Test Sections

Test Sections Selected for Instrumentation

Profile of Pavement Structure (370201, 370205, 370208 and 370212)
Site Performance Summary (370201, 370205, 370208 and 370212)
Uniformity Survey Results (370201)

Deflection Profiles from FWDCHECK (370201)
(Test Date December 9, 1994)

Volumetric K and Effective Thickness from FWDCHECK (370201)
(Test Date December 9, 1994)
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( SECTION 370201 | SECTION 370205 it
Verification mm mm Drilling & Verification mm mm Drilling &
Sampling Sampling
PCC PCC PCC PCC
(550 psi) (550 psi)
203 229 203 [ 221
DGAB DGAB LCB : LCB
152 152 152§ 175
Lime Treated Lime Treated Lime Treated Lime Treated
Subgrade Subgrade Subgrade Subgrade
203 203 203 203

Reddish Silt Clay
with Mica

Reddish Siit Clay
with Mica

Grayish white Clay
with traces of red
Clay and particles

Grayish white Clay
with traces of red
Clay and particles

Figure A-4.1 Profile of Pavement Structure for 370201 and 370205



i SECTION 370208 | SECTION 370212 It
Verification mm mm Drilling & Verification mm mm Drilling &
Sampling Sampling
PCC PCC PCC PCC
(900 psi) (900 psi)
279 277
LCB LCB PATB 102 109 PATB
DGAB 102 97 DGAB
Lime Treated Lime Treated
Subgrade Subgrade Lime Treated Lime Treated
Subgrade Subgrade
203 203
Light brownish grey Light brownish
Silty Sand Gray Silty Sand | Reddish Silty Clay Reddish Silty Clay
with Mica with Mica

Figure A-4.2 Profile of Pavement Structure for 370208 and 370212
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Table A-1.1. Site Performance Summary

Distress and Profile Summary For 370201

Distress Summary

Profile Summary

March 10, 1997 Date (mm-dd-yy) IRI (in/mi)
Low Sev. Trans. Jts Seal Damage — 33 Jts 03-30-94 84.68
Low Sev. Spalling Trans. Jts — 28 Jts, 1.4m 01-06-96 86.79
Falling Weight Deflectometer Data Summary
Date Mean Value for Drop HT 2 (mils)
Sensor 1 | Sensor 1 Sensor 7 Sensor 7 Mean Min/Max
std. dev. std. dev. | Temp D1 [TempDI1(F)
(F)
10-May-94 | 3.50 0.43 1.49 0.24 75 66/79
09-Dec-94 3.63 0.72 1.70 0.45 52 49/54
Effective | Thickness | Volumetric | Volumetric Test Pit Mod. (psi)
Thickness|{ Std dev K K 1 2
Std dev
10-May-94| 9.20 0.42 310 54
09-Dec-94 9.30 0.49 295 80




Table A-1.2. Site Performance Summary

Distress and Profile Summary For 370205

Distress Summary

Profile Summary

March 10, 1997 Date (mm-dd-yy) IRI (in/mi)
Low Sev. Trans. Jts Seal Damage — 33 Jts 03-30-94 129.33
Long. Jts Seal Damage — 0.3 m 01-06-96 114.88
Low Sev. Spalling Long. Jts— 0.3 m
Low Sev. Spalling Trans. Jts — 15 Jts, 1.0m
Falling Weight Deflectometer Data Summary
Date Mean Value for Drop HT 2 (mils)
Sensor 1 | Sensor 1 Sensor 7 | Sensor 7 Mean Min/Max
std. dev. std. dev. | Temp D1 |TempDI1(F)
(F)
09-May-94 | 2.79 0.38 1.77 0.15 87 85/89
07-Dec-94 | 2.71 0.26 1.85 0.13 73 63/77
Effective | Thickness | Volumetric | Volumetric Test Pit Mod. (psi)
Thickness| Std dev K K 1 2
Std dev
09-May-94 | 10.81 0.76 297 20
07-Dec-94 | 11.15 0.47 288 17
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Table A-1.3. Site Performance Summary

Distress and Profile Summary For 370208

Distress Summary

Profile Summary

March 10, 1997 Date (mm-dd-yy) IRI (in/mi)
Low Sev. Trans. Jts Seal Damage — 34 Jts 03-30-94 111.15
Low Sev. Spalling Long. Jts - 1.3 m 01-06-96 112.57
Low Sev. Spalling Trans. Jts—1 Jts, 0.1 m
Mod Sev. Spalling Trans. Jts — 1 Jts, 0.1 m
Falling Weight Deflectometer Data Summary
Date Mean Value for Drop HT 2 (mils)
Sensor 1 | Sensor 1 Sensor 7 | Sensor 7 Mean Min/Max
std. dev. std. dev. | Temp D1 |TempDI1(F)
(F)
14-May-94 | 2.06 0.29 1.41 0.33 87 86/88
08-Dec-94 2.40 0.37 1.76 0.37 65 55/70
Effective | Thickness | Volumetric | Volumetric Test Pit Mod. (psi)
Thickness| Std dev K K 1 2
Std dev
14-May-94 | 12.05 0.49 363 4
12.35 0.34 435 146
08-Dec-94 | 11.68 0.58 326 75

Note: FWD subsection boundaries at 250 ft as entered into RIMS.




Table A-1.4. Site Performance Summary

Distress and Profile Summary For 370212

Distress Summary

Profile Summary

March 10, 1997 Date (mm-dd-yy) IRI (in/mi)
High Sev. Corner Breaks — 2 03-30-94 68.27
Low Sev. Trans. Jts Seal Damage — 34 Jts 01-06-96 67.05
Falling Weight Deflectometer Data Summary
Date Mean Value for Drop HT 2 (mils)
Sensor 1 | Sensor 1 Sensor 7 Sensor 7 Mean Min/Max
std. dev. std. dev. | Temp D1 |TempDI1(F)
(F)
14-May-94 ( 2.44 0.27 1.26 0.21 79 77/81
08-Dec-94 2.32 0.30 1.27 0.25 62 50/68
Effective | Thickness | Volumetric | Volumetric Test Pit Mod. (psi)
Thickness| Std dev K K 1 2
Std dev
14-May-94{ 10.71 0.31 394 64
08-Dec-94 | 11.11 0.25 407 77
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Table A-2 Uniformity Survey Results (370201)

Seasonal Uniformity Survey

Site Number: 370201

Date Surveyed: December 9, 1994

Falling Weight Deflectometer
Data Collection and
Processing Summary

Section | Mean Deflection Values for HT
Interval 2 (mils) — Corrected
(ft)
Sensor| Sensor |Sensor| Sensor | Subg Subg | Effective | SN
1 1 7 7 modulus | Modulus SN std dev
Std dev stddev | (psi) std dev
379-532 | 4.18] 0.64| 2.05] 0.42] 240 38| 8.98) 0.41




Corrected Deflection Data for Section: 37862010
0.600E+00

Corrected : H ; : :
Normalized H H : '
Deflection - - + = :

@.000E+QQ : . : : i
-100 ) 100 200 300 400 500 608

Station (ft)
Location 1 Drop Height 2 Sensors 1, 7
F2:ScrnDump F1l@:Exit #t+:Pru/Nxt Ht Pgllp/PgDn: Prv/Nxt Loc

Figure A-5. Deflection Profile from FWDCHECK
(Test Date December 9, 1994)
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Table A-3. Volumetric K and Effective Thickness from FWDCHECK
(Test Date December 9, 1994)

Flexible Pavement Thickness Statistics — 370201D - Drop Height 2

Subsection Station Volumetric K Effective Thickness
1 379 277 9.13
426 256 8.94
470 249 9.50
516 177 8.38
532 239 8.94
2
(Not Done)
Subsection 1 Overall Mean 240 8.98
Standard Deviation 38 041
Coeff of Variation 15.70% 4.53%

Note: No test pit data found, therefore no results exist.
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APPENDIX B

Supporting Site Visit and Installed Instrument Information



Appendix B contains the following supporting information:

Correspondence from the Lexington SPS-2 Seasonal Site and Selection of Core Seasonal
Site 370201

Figure B-1. LTPP Demo Data from a Nearby Site
Table B-1. MRC Probe Calibration

Table B-2. Description of MRC Thermistor Probe, Sensor Spacing and Thermocouples
Placed in Base Layer

Table B-3. TDR Probes Calibration

Figure B-2. TDR Traces Obtained During Calibration
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March 11, 1994
50450910-13.18.2

Dr. Shie Shin-Wu

Pavement Management Section

Century Center

North Carolina Department of Transportation
P.O. Box 25201

Raleigh, North Carolina 27611

RE: Schedules for SPS-2 Post Construction Performance Monitoring and
Environmental Conditions

Dear Dr. Shin-Wu,

It is proposed that post-construction performance monitoring of the SPS-2 at
Lexington NC, be initiated in the week of March 28-31, by the placement of
pavement markings delineating the test section. The crew of the profilometer,
Basil Abukhater and Scott Comstock will assist your staff in layout, placement of
iron bars, and painting of transverse lines, crosses at 100" intervals, and section ID
numbers. The iron bars are essentially 1/2" diameter by 12" long spikes driven
flush with the surface of the shoulder next to stations 0+00 and 5+00 of the test
section, as permanent station markers. A hole can be pre-drilled into the concrete
shoulders. Profile measurements will then be made of these test sections. The
pavement surface should be swept prior to these measurements.

In the week beginning April 25, the seasonal monitoring crew (Mike Zawisa) will
wire up the TDR moisture and thermistor probes to terminals and to a CR10 to be
housed in a roadside (telephone) cabinet. An initial set of observations will be
made using the NARO mobile instrumentation equipment.

There is space remaining in the cabinet for a terminal block for the subsurface
strain gauge, if so desired. The shoulder back slopes should be finished to shape
prior to installation of the cabinet.

415 LAWRENCE BELL DRIVE
UNIT #3

AMHERST, N.Y. 14221

TEL. (716) 632-0804

FAX (716) 632-4808 B-1



In the week beginning May 9, the FWD should be on-site to conduct post-
construction testing of the SPS-2 test sections. This testing will take place at the
rate of two test sections per day, weather permitting, and should be completed in
seven (7) working days. It is proposed to carry out some FWD point testing at
selected locations in conjunction with runs made with the loaded test vehicle. The
NARO mobile instrumentation equipment will be available to take measurements
during the load response testing, and to be a part of the Open House workshop
demonstration.

Yours Sincerely,

Ll oA T,
William A. Phang, D. Eng.

Program Manager, FHWA-LTPP
Pavement Management Systems Limited

WAP/E

c.c. LJ. Pecnik
C. Richter
D. Morian
B. Henderson
G. Rada

B-2
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July 07, 1994
50451010-12.18.2

Dr. Shie Shin-Wu

Pavement Management Section

Century Center

North Carolina Department of Transportation
P.O. Box 25201

Raleigh, North Carolina 27611

Dear Dr. Shin-Wu:

As a follow-up to the Load Response Instrumentation Open House you hosted in
May, we at PMS would like to arrange further activities needed to carry the project
forward. In order to do so there are several items which need to be coordinated
between our offices.

The first item is to schedule your drilling crew concurrently with our field crew for
installation of the piezometer. This can occur when the crew returns to complete
drilling for installation of the load response instrumentation.

At the same time, we need to perform several other activities which we have not
yet been able to complete. These include hooking up the onsite data logger,
installation of the snap rings for monitoring joint movement, FWD testing, running
a set of levels, and conducting a first round of seasonal data testing. Preferably,
this could be scheduled in conjunction with the load response data collection this
summer.

It is important that we, in order for us to proceed with other seasonal and load
response installations, provide for replacement of the moisture probes which were
installed at these three sites. The equipment involved consists of 3 MRC
thermistor probes and 30 TDR probes. We estimate the cost of the thermistors at
$1,050.00 each and of the TDR's at $160.00 each.

We recently learned that FHWA is in the process of making the funding for the
Open House available to you. This includes money for the seasonal
instrumentation probes already mentioned. We are willing to cooperate with you
to secure the equipment, in order to insure that it will be consistent with that
installed at other seasonal sites. If we can assist you in locating or securing this
equipment, please let us know.

415 LAWRENCE BELL DRIVE
UNIT #3

AMHERST, N.Y. 14221

TEL. (716) 632-0804

FAX (716) 6324808 B-3



We also need to provide you with software and documentation for the datalogging
units. The current information is attached.

An issue of further concern is penetration of surface water into the pavement
layers. We hope that exposure to water infiltration prior to final installation of the
protective caps has not distorted the material response data to be collected.
Hopefully, we can include a positive interim method for preventing water
infiltration at other sites in the Installation Guidelines.

Please contact our office regarding these, or any other outstanding items related to
the Open House or the SPS-2 with which we can be of assistance. We expect that
we will be able to tie these loose ends up in the near future.

Yours Sincerely,

Doria A Malnm

Dennis A. Morian
Project Engineer
Pavement Management Systems Limited

DMAf

attachment

C.C L.J.Pecnik
B. Phang
B. Henderson =
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Subject:

From:

To:

e | Memorandum «

US.Department

of fransportation ‘ ‘

Federal Highway 6300 Georgetown Pike

Administration McLean, Virginia 22101-229 C: O L(
Nomination of Seasonal Monitoring Sites ) Date: - July 29, 1994

North Carolina SPS-2 Section

. .
Aramis Lépez, Ir. //AN oo HNR-40
Long-Term Pavement/Perfo ce Division
Mr. Ivan Pecnik

Me=Bilk-Plrmg==s:

Reference is made to Mr. Dennis Morian letter of July 7, requesting permission to include an
"SPS-2 Section” in North Carolina into the core experiment of the seasonal monitoring program
(SMP). The idea of incorporating SPS-1 and SPS-2 sections into the core experiment to fill
missing or incomplete cells was thought to be a good one; and everyone present at the last SMP
meeting in Austin, Texas, agreed that we should do this. It was also agreed at this meeting that
we would limit SPS-1 and -2 sections for inclusion into the SMP to those with unbound bases
and/or subbases only (i.e., no stabilized subsurface layers) and those having the weakest
(thinnest) structure. '

Going back to. Dennis’ letter, we concur with his assessment of the benefits of including one of
the SPS-2 sections in North Carolina into the SMP core experiment. However, at this point we
cannot recommend that such a section be accepted into the program because a single SPS-2
section has not been formally nominated. The North Atlantic RCO needs to nominate a specific
section and then to provide pertinent data for this section; i.e., the same procedure followed for
nomination of other SMP sections. In addition, the North Atlantic RCO needs to verify that the
section nominated will last through at least three monitoring cycles without rehabilitation, and
that the North Carolina DOT will provide traffic control as required (12 times per year). Once
this information is received, we will proceed with an acceptance or rejection recommendation.

Should you have any questibns or require further information, do not hesitate to contact me at
703-285-2013.

PCS/LAW

B-5
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August 24, 1994
50451025-12.18

Mr. Marvin Patrick Strong

State Research Engineer

North Carolina Department of Transportation
P.O. Box 25201

Raleigh, North Carolina 25201

Dear Mr. Strong:

The LTPP program is preparing to recruit the second round of seasonal site
nominations. In accordance with your previous discussions with Brandt
Henderson of our staff, we plan to perform installations at Lexington on May 15-
16, 1995, and at Elizabeth City on May 17-18, 1995.

For your information we have enclosed a "Seasonal Monitoring Program
Guideline" as well as a sample of one of our existing installation reports. Also
enclosed is the State Participation Synopsis, with accompanying site data sheet.
Please complete and return this datasheet, for both sites. We must forward this
information to the FHWA as a part of the seasonal site approval process.

One change to the "Synopsis" which merits pointing out is that data is generally
collected monthly; therefore, under the Core Experiment Item #2, this will be the
frequency of traffic control needed. In a wet freeze environment, this would be
increased to bi-weekly during the thaw period, only.

In general, the seasonal instrumentation consists of moisture, temperature, water
table depth, and frost depth measurements beneath the pavement. Along with this
are climatic measurements of air temperature and precipitation. Pages II-36-39 of
the "Guidelines" indicate areas of responsibility for the FHWA, RCOC, and
agency.

If your agency desires to collect additional data to that called for by the LTPP
seasonal program, it may do so at it's own expense. For example, a wind speed
indicator or a solar radiation collector can be added to the weather data collection.

'This additional data then can be downloaded to the datalogger, as well.

415 LAWRENCE BELL DRIVE
UNIT #3

AMHERST, N.Y. 14221

TEL. (716) 632-0804

FAX (716) 632-4808 B-6



General items required of the agency for installation are a drill rig with the
capability to drill a 6" diameter hole to a 15' depth for installation of a piezometer.
In addition, the cover for the observation hole, bentonite, and filter sand to fill the
hole are to be provided by the agency. The agency is also to provide coring and
auguring equipment for holes 10 and 12" in diameter up to a maximum depth of 7'.
In addition, a concrete pavement saw must be provided to cut a trench from the
observation hole to the pavement edge. This trench will carry the instrumentation
cabling to the equipment cabinet adjacent to the roadway.

The agency will also be responsible for traffic control for collecting the monthly
data. This will require a lane closure approximately 300' in length at the
instrument hole, for essentially one day each month.

The addition of the seasonal monitoring data, at different geographical locations
promises to significantly enhance the LTPP database, and increase the potential
analysis of the data. ‘

Thank you for supporting seasonal data sites.

Yours Sincerely,

< 3 7 »

U A ’<L "-‘ ..
(o o TSR, Va; / G\ P

Pavement Management Systems Limited
DM/t

enclosure

C.C. LJ.Pecnik
B. Phang
B. Henderson

B-7
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September 15, 1994
50451025-13.18.2

Dr. Shie Shin-Wu

Pavement Management Section

Century Center

North Carolina Department of Transportation
P.O. Box 25201

Raleigh, North Carolina 27611

RE: Relocation of Environmental Instrumentation Cabinets and
Data Collection at SPS-2 sites near Lexington, NC

Dear Dr. Shin-Wu:

The following is the schedule for the relocation of the cabinets for the
environmental data at the NC SPS-2 site in Lexington, NC:

September 21: Relocate 370205 and 370201
September 22: Relocate 370212 and 370208

We will contact you on arrival to arrange for your technician to bring to the site the
three (3) Campbell Scientific Dataloggers to be installed at the supplemental sites
for data collection associated with the load instrumentation.

As discussed with you, no traffic control is required. However, it would be
appropriate to place a caution sign ("WORKERS AHEAD") ahead of the vehicle
parked on the shoulder and to place traffic cones at the pavement edge closer to the
vehicle. Could you please arrange to let us pick up these items at the construction
office?

I have selected this time frame as our profilometer crew will be in the area, and
can assist in digging the trenches to run the cables to the cabinets. This will
provide us with a couple of weeks of temperature data prior to the load testing
scheduled for October 03-14, 1994,

415 LAWRENCE BELL DRIVE
UNIT #3

AMHERST, N.Y. 14221

TEL. (716) 632-0804

FAX (716) 632-4808 B-8



The mobile data collection unit, which contains the Tektronix cable tester and
multiplexing circuitry, will not be available until the week of October 10 for
moisture data collection due to other commitments. We anticipate having this
equipment at the site during October 12-13 time frame to collect the moisture data
and download the temperature data at each site along with the A.W.S. data.

If you have any questions or foresee some problems with the schedule, please let
us know.

Yours Sincerely,

ol A,

Brandt Henderson
Manager, Field and Data Operations
Pavement Management Systems Limited

BH/Af

C.C. LJ. Pecnik
B. Phang
G. Rada

B-9
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November 7, 1994

Dr. Shie Shin Wu

North Carolina Department of Transportation
Pavement Management Section

Century Center

P.O. Box 25201

Raleigh, NC 27611

Dear Dr. Shin Wu,

Enclosed please find the weather data collected from the weather station and
the moisture data collected from the TDR probes at the SPS-2 sites on US 52
South Bound Lane, Lexington Bypass, during our visits on August 31,
September 22-23, and October 10, 1994. The weather data, produced using the
split program, consists of five separate reports, Hourly Weather Report Part 1,
Hourly Weather Report Part 2, Daily Weather Report Part 1, Daily Weather
Report Part 2, Daily Weather Report Part 3 (Daily System Check), and finally the
Rainfall Intensity Report. The moisture data of the four seasonal sites,
calculated from manual TDR traces, are presented in four spreadsheets, where
the volumetric moisture content is calculated from the dielectric constant and the
gravimetric moisture content is calculated using the in situ densities measured
during the field sampling and testing operations at the time of construction. In
hole B, site 370212, the first TDR probe is in the permeable asphalt treated
layer, of which the density was not measured, thus the gravimetric moisture
content could not be caiculated.

If you need further assistance, please call Branat Henderson or myself.

Yours Sincerely,
PAVEMENT MANAGEMENT SYSTEMS LTD.

Basel Abukhater
Project Engineer

Copies: I.J. Pecnik  Gonzala Rada (w/o attach.) Rich Gruel
B. Phang B.Henderson (w/o attach.) (with attachments)
Enclosures

415 LAWRENCE BELL DRIVE
UNIT #3

AMHERST. N.Y. 14221

TEL. (716) 632-0804

FAX (716) 632.4808 B-10



!

\

o

PAVEMENT
MANAGEMENT
SYSTEMS

February 24, 1995
50451025 - 16.04/13.18.2

Dr. Shie Shin-Wu

Pavement Management Section

Century Center

North Carolina Department of Transportation
P.O. Box 25201

Raleigh, North Carolina 27611

RE: Replacement of Seasonal Instrumentation Equipment used at 3
Load-Response Instrumentation Sites at the SPS-2 Project,
Lexington, North Carolina

Dear Dr. Shin-Wu:

In a recent conversation with Aramis Lopez; FHWA, it was indicated that North
Carolina would be replacing the instrumentation installed at the SPS-2 load
response sites. This letter is to request replacement of the items identified in the
attached Figures.

In obtaining the current price information, the vendors indicated the goods could
be purchased through NC DOT and forwarded to the North Atlantic Regional
office in Ambherst, NY, if requested.

We would appreciate your prompt attention to this matter as we are fast
approaching the installation dates for this instrumentation.

If there is a problem with this request or you have any questions or need further
information, please contact us at your earliest convenience.

Thank you in advance for your attention to this matter.

Yours Sincerely,

e Ty

Nc-\

Brandt Henderson )
Manager, Field and Data Operations
Pavement Management Systems Limited

BH/tf
C.C. LJ.Pecnik, W.A.Phang, A.Lopez

415 LAWRENCE BELL DRIVE
UNIT #3

AMHERST. N.Y. 14221

TEL. (716) 632-0804
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STATE OF NORTH CAROLINA
DEPARTMENT OF TRANSPORTATION
JAMES B. HUNT, JR. R. SAMUEL HUNT {11
Governor P.O. BOX 25201, RALEIGH, N.C. 27611-5201 SECRETARY
Memo to: Pat Strong
/g. B. Waters
ill Phang

Gonzalo Rada 4

Captan M. Stabler

Tom Marti
From: Shin Wu
Date: March 23,71995

Subject: SPS-2 Data Collection
US 52, Lexington

The spring data collection session is scheduled for the second and third week of May (from
May 8 to May 19, 1995). If weather and all things go as plan, we should be able to finish one
set of data collection in three days, i.e. traffic control can be removed in early Thursday
morning.

The first week we will collect data from station 284 to station 312. Traffic control shall start
north of SR 1457. The sccond week we will collect data from station 214 to station 248.
Traffic control shall start from the end of the three lane section. A detail work schedule is
attached. I will contact the following persons in case of any change.

Tommy Harbin (910-896-7020) Traffic Control

Sgt. S. Collins (704-857-2498) Portable Scale
John Feczor (704-249-9461) Trucks
Rich Gruel (301-210-5105) PCS/Law

Brian Henderson (716-632-0804) PMS

Thank you in advance for your cooperation. If you have any question, please contact me at
919-250-4094 or FAX 919-250-4098.



Monday

Tuesday

Wednesday

0830

1300
1400

1430
1500

0500
0600
1000
1400

1430
1500

0500
0600
1000
1200
1600

WORK SCHEDULE

Traffic control set up completed

Begin LVDT and strain gauge installation

Prepare for environmental condition monitor data collection
FWD report to site

Load trucks to 18 and 32 kip

Trucks weighted by portable scale (maintenance yard)
Truck report to site

Test begin (3 run per truck at 55mph, and 3 run at 35mph)

Prepare equipment for testing

Begin testing (one hour)

Begin testing (one hour)

Reload truck to 20 and 38 kip

Trucks weighted by portable scale (maintenance yard)
Trucks report to site

Begin testing

Prepare equipment for testing

Begin testing

Begin testing

End testing

Site clean up completed

Traffic control can be removed anytime after clean up
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STATE OF NORTH CAROLINA i
DEPARTMENT OF TRANSPORTATION
JAMES B. HUNT. JR DIVISION OF HIGHWAYS R. SAMUEL HUNT L1
GOVERNOR P.O. BOX 25201, RALEIGH. N.C. 27611-5201 SECRETARY

March 27, 1995

MEMORANDUM TO: Shin Wu, Ph.D., P.E.

Jerry Blackwelder, P.E.

Jim Trogdon, P.E.

Pat Strong, P.E.
FROM: Moy Biswas %
SUBJECT: LTPP Seasonal Monitoring Program

To discuss plans and procedures for upcoming activities regarding LTPP seasonal monitoring
sites in North Carolina, Messrs. Bill Phang and Brandt Henderson of Pavement Management
Systems, Ltd., will be here and meet with us.

The meeting is scheduled at 9:00 AM on Tuesday, April 11, 1995 in the conference facility
(Room 129) of the Pavement Management Unit.

MB/adj
cc: Max Tate, P.E. (FHWA)
Bill Phang, (PMS, Ltd.)
« Brandt Henderson, (PMS, Ltd.), with attachment
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April 20, 1995
50451010-12.18

Dr. Mrinmay "Moy" Biswas

Pavement and Materials Research Engineer
North Carolina Department of Transportation
Division of Highways

P.O. Box 25201

Raleigh, North Carolina 27611-5201

RE: Seasonal Monitoring Program - Supplemental Monitoring

Dear Dr. Biswas:

At our Meeting of April 11, 1995 in Raleigh to discuss plans to install moisture,
frost, and temperature sensors at GPS 371028, Elizabeth City, NC, the concept was
discussed, of the agency carrying on the monitoring of the GPS site in Year 2. as a
supplemental site.

In the normal planned sequence of seasonal monitoring at the GPS site. the data is
collected monthly for twelve months of the vear, and twice in the Spring months of
March and April. The cycle begins in September or October of the year. At the
end of the cvcle, the above ground sensor connections are removed from the
cabinet and the terminal strips and CR10 data recorders cleaned and stored ready
for re-installation at the beginning of Year 3 for the next cvcle of observations.

If however the agency intends to continue the monitoring during Year 2 as a
supplemental site, then these fittings would be left in place. In order to continue
the monitoring, the agency would have to acquire the hardware and software to
download the CR10 datalogger, and a cable tester to carrv out measurement with
TDR probes. The agency would also have to have an FWD which was calibrated
at the Harrisburg calibration station. The agency profilometer may be used or
arrangements can be made with NARO to conduct what measurements are
practical with their profilometer.

Details of what measurements and observations are to be made during this period
are contained in the FHWA "LTPP Seasonal Monitoring Program: Instrumentation
Installation and Data Collection Guidelines", FHWA-RD-94-110, April 1994.
QA/QC software "SMPCHECK" is currently under test and review.

415 LAWRENCE BELL DRIVE

UNIT =3

AMHERST, N.Y. 14221

TEL. (716) 632:0804 B-15
FAX (716} 632-4808



[t would certainly be of great value to the SMP to have continuous monitoring at a
few sites, and your consideration is requested of adopting this 'supplemental’
monitoring for GPS 371028 or for SPS site 370201.

Yours Sincerely,

il A T2y,

William A. Phang

Program Manager
Pavement Management Systems Limited

WAP/tf

C.C. [L.J. Pecnik. RE. NARO
B. Henderson. PMSL
P. Strong, NC DOT

B-10



Figure B-1.

LTPP Data Demonstration Program, Environmental Data from Nearby Site
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Table B-1.1 MRC Probe Calibration

LTPP Seasonal Monitoring Study State Code [37]
MRC Probe Calibration Test Section Number [0208]
Before Operation Checks | Calibration Date dd-mmm-yy 12-Oct-93
Probe S/N 37AT
Operator MZ
Mobile Datalogger Water Ice Bath Hot Water | OK
(24 hour) Room Temp | 0°C (+/- 1°C) | 50°C (+/-)
*Data Not Available Time 10:30 Time 11:25 Time 1:00
No. | Mean | Min. | Max. Reading Reading Reading Y/N
1 22.5 1.90 49.3 Y
2 22.6 1.46 494 Y
3 22.3 1.90 49.5 Y
4 22.1 1.89 49.9 Y
5 223 0.91 50.1 Y
6 22.5 0.91 50.1 Y
7 22.6 1.35 49.6 Y
8 22.7 1.53 49.5 Y
9 229 1.05 49.6 Y
10 22.8 1.31 49.7 Y
11 229 1.20 49.7 Y
12 23.0 1.38 48.6 Y
13 23.1 1.42 48.4 Y
14 23.1 1.75 49.5 Y
15 23.1 1.53 48.1 Y
16 23.3 0.91 49.7 Y
17 23.2 1.01 48.3 Y
18 234 0.91 49.5 Y
Probe Accepted: M.Z. | (Initials)
Probe Length: 1.851 (meters)
Thermistor distance from top of probe: (meters)
4 | 0.022 7 0.246 10 0.627 13 1.083 16 1.537
5 | 0.094 8 0.325 11 0.778 14 1.232 17 1.691
6 | 0.170 9 0.473 12 0.929 15 1.386 18 1.845
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Table B-1.2 MRC Probe Calibration

LTPP Seasonal Monitoring Study State Code [37]
MRC Probe Calibration Test Section Number [0212]
Before Operation Checks | Calibration Date dd-mmm-yy 12-Oct-93
Probe S/N 37BT
Operator MZ
Mobile Datalogger Water Ice Bath Hot Water | Ok
(24 hour ) Room Temp | 0°C (+/-1°C) | 50°C (+/-)
* Data Not Available | Time 10:45 Time 11:45 Time 1:15
No. | Mean | Min. | Max. Reading Reading Reading y/n
1 204 0.63 56.1 Y
2 20.3 0.59 56.0 Y
3 203 0.59 56.1 Y
4 19.8 1.36 55.9 Y
5 19.5 0.70 55.9 Y
6 19.8 0.70 55.9 Y
7 19.9 0.74 55.6 Y
8 20.0 0.74 55.9 Y
9 20.2 0.85 55.8 Y
10 20.3 0.93 55.5 Y
11 20.5 0.85 55.2 Y
12 20.7 0.85 55.0 Y
13 20.2 1.21 55.2 Y
14 204 1.29 55.1 Y
15 20.3 1.58 54.9 Y
16 21.2 1.47 55.2 Y
17 21.0 1.40 54.9 Y
18 20.9 1.42 54.9 Y
Probe Accepted: M.Z. | (Initials)
Probe Length: 1.848 (meters)
Thermistor distance from top of probe: (meters)
4 | 0.016 7 0.241 10 0.621 13 1.078 16 1.534
5 | 0.090 8 0.316 11 0.773 14 1.229 17 1.688
6 | 0.165 9 0.468 12 0.926 15 1.383 18 1.835
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Table B-1.3 MRC Probe Calibration

LTPP Seasonal Monitoring Study State Code [37]
MRC Probe Calibration Test Section Number [0201]
Before Operation Checks | Calibration Date dd-mmm-yy 12-Oct-93
Probe S/N 37CT
Operator MZ
Mobile Datalogger Water Ice Bath Hot Water | Ok
(24 hour) Room Temp | 0°C (+/- 1°C) | 50°C (+/-)
* Data Not Available Time 10:55 Time 12:04 Time 1:30
No. | Mean | Min. | Max. Reading Reading Reading Y/n
1 22.1 0.98 49.9 Y
2 22.1 0.72 49.8 Y
3 219 0.72 49.9 Y
4 20.9 1.75 48.6 Y
5 21.3 1.24 494 Y
6 21.6 1.31 49.5 Y
7 21.6 1.31 48.8 Y
8 21.7 1.20 49.5 Y
9 21.8 1.49 49.6 Y
10 21.8 1.42 49.3 Y
11 219 1.34 49.2 Y
12 22.1 1.27 49.2 Y
13 222 1.56 49.2 Y
14 222 1.71 49.5 Y
15 223 1.71 49.5 Y
16 22.5 1.34 49.9 Y
17 22.5 1.67 49.9 Y
18 22.5 0.91 49.7 Y
Probe Accepted: M.Z. | (Initials)
Probe Length: 1.858 (meters)
Thermistor distance from top of probe: (meters)
4 | 0.016 7 0.243 10 0.622 13 1.081 16 1.538
5 | 0.095 8 0.319 11 0.778 14 1.232 17 1.691
6 | 0.168 9 0.470 12 0.929 15 1.386 18 1.848
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Table B-1.4 MRC Probe Calibration

LTPP Seasonal Monitoring Study State Code (371
MRC Probe Calibration Test Section Number [0205]
Before Operation Checks | Calibration Date dd-mmm-yy 12-Oct-93
Probe S/N 37DT
Operator MZ
Mobile Datalogger Water Ice Bath Hot Water | Ok
(24 hour ) Room Temp | 0°C (+/- 1°C) | 50°C (+/-)
* Data Not Available Time 11:05 Time 12:20 Time 1:45
No. | Mean | Min. | Max. Reading Reading Reading y/n
1 21.5 1.34 45.8 Y
2 21.6 1.01 45.6 Y
3 21.6 0.61 45.6 Y
4 223 1.78 45.2 Y
5 224 1.34 448 Y
6 224 1.20 45.1 Y
7 22.5 1.34 45.0 Y
8 223 1.42 45.2 Y
9 22.0 1.52 45.1 Y
10 21.6 1.38 44.7 Y
11 21.7 1.42 443 Y
12 21.7 1.49 44.6 Y
13 21.7 1.89 443 Y
14 21.9 1.82 45.0 Y
15 223 1.82 44.8 Y
16 224 1.60 44.6 Y
17 222 1.82 45.0 Y
18 21.8 1.38 454 Y
Probe Accepted: M.Z. | (Initials)
Probe Length: 1.848 (meters)
Thermistor distance from top of probe: (meters)
4 | 0.016 7 0.248 10 0.627 13 1.084 16 1.540
5 | 0.095 8 0.322 11 0.779 14 1.235 17 1.694
6 | 0.171 9 0.476 12 0.932 15 1.389 18 1.846
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Table B-2.1 Description of MRC Thermistor Probe (37AT), Sensor Spacing and
Thermocouples Placed in Base for 370208

Unit Channel Distance from Top of Remarks
No. Unit(m)
1 1 0.025 0.3302 m long by 6.35 mm
2 0.176 Stainless steel probe installed
3 0.327 in the PCC layer.
2 TCl1 0.000 4 Thermocouples installed in
TC2 0.051 the base layer.
TC3 0.102
TC4 0.152
3 4 0.022 1.851 m long by 25.4 mm
5 0.094 PVC tube installed
6 0.170 in the subgrade.
7 0.246
8 0.325
9 0.473
10 0.627
11 0.778
12 0.929
13. 1.083
14 1.232
15 1.386
16 1.537
17 1.691
18 1.845
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Table B-2.2 Description of MRC Thermistor Probe (37BT) and Sensor Spacing for

370212
Unit Channel Distance from Top of Remarks
No. Unit(m)
1 1 0.025 0.3302 m long by 6.35 mm
2 0.176 stainless steel probe installed
3 0.327 in the PCC layer.
2 4 0.016 1.848 m long by 25.4 mm
5 0.090 PVC tube installed
6 0.165 in the PATB and subgrade.
7 0.241
8 0.316
9 0.468
10 0.621
11 0.773
12 0.926
13 1.078
14 1.229
15 1.383
16 1.534
17 1.688
18 1.835

Note: PATB — No Thermocouples
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Table B-2.3 Description of MRC Thermistor Probe (37CT), Sensor Spacing and
Thermocouples Placed in Base for 370201

Unit Channel Distance from Top of Remarks
No. Unit(m)
1 1 0.025 0.3302 m long by 6.35 mm
2 0.176 Stainless steel probe installed
3 0.327 in the PCC layer.
2 TC1 0.000 4 Thermocouples installed in
TC2 0.051 the base layer.
TC3 0.102
TC4 0.152
3 4 0.016 1.858 m long by 25.4 mm
5 0.095 PVC tube installed
6 0.168 in the subgrade.
7 0.243
8 0.319
9 0.470
10 0.622
11 0.778
12 0.929
13 1.081
14 1.232
15 1.386
16 1.538
17 1.691
18 1.848
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Table B-2.4 Description of MRC Thermistor Probe (37DT), Sensor Spacing and
Thermocouples Placed in Base for 370205

Unit Channel Distance from Top of Remarks
No. Unit(m)
1 1 0.025 0.3302 m long by 6.35 mm
2 0.176 Stainless steel probe installed
3 0.327 in the PCC layer.
2 TCl1 0.000 4 Thermocouples installed in
TC2 0.051 the base layer.
TC3 0.102
TC4 0.152
3 4 0.016 1.848 m long by 25.4 mm
5 0.095 PVC tube installed
6 0.171 in the subgrade.
7 0.248
8 0.322
9 0.476
10 0.627
11 0.779
12 0.932
13 1.084
14 1.235
15 1.389
16 1.540
17 1.694
18 1.846
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Table B-3.1 TDR Probes Calibration for Section 370208

f LTPP Seasonal Monitoring Study [State Code | [37]
n 1
i TDR Probes [Test Section Number | [0208]j
[[Before Operation Checks | | Initial [Calibration Date (mm-dd-yy) 10/9/93)
I _ Seasonal Site _ 37SA|
T Probe Shorted Air | Alcohol | Water |
Probe | Resistance (ohms) | Begin End Begin Begin Begin I
No. (S/N) Core Shield Length | Length | Length Length | Length |
[ 1 T 37A01 0.8 0.9 15918 | 16.088 | 15.938 | 15.938 [ 15.938
2 37A02 0.6 0.8 15.900 16.070 15.910 15.930 15.930
3 37A03 1.1 0.9 16.310 16.490 16.310 16.340 16.340
4 37A04 0.9 0.7 16.390 16.560 16.410 16.420 16.420
5 37A05 0.8 0.8 16.330 16.500 16.350 16.360 16.360
6 37A06 1.0 0.8 156.900 16.070 15.910 15.930 15.930
7 37A07 0.9 0.8 16.350 16.520 16.360 16.390 16.390
8 37A08 0.7 0.8 156.910 16.100 15.930 15.940 15.940
9 37A09 0.9 0.7 156.910 16.090 15.920 15.940 15.940
10 37A10 0.8 0.8 156.910 16.100 156.920 15.940 156.940
NOTE: Record lengths from TDR T
Calculation of Dielectric Constant
e=| _TDRL__ |2
203 m l: (PL) (V)
.99 Vp
Air Alcohol Water |
TDR |Dielectric{ In Spec. TDR |Dielectric| In Spec. TDR |Dielectric| In Spec.
No. | Length | Constant (?) Length | Constant (?) Length | Constant (?)
1 0.18 0.80 y 1.21 36.25 y 1.90 89.38 y
2 0.20 0.99 y 1.23 37.46 y 1.88 87.51 y
3 0.21 1.09 y 1.19 35.06 y 1.86 85.66 y
4 0.22 1.20 y 1.17 33.89 y 1.87 86.58 y
5 0.17 0.72 y 1.21 36.25 y 1.89 88.44 y
6 0.19 0.89 y 1.17 33.89 y 1.90 89.38 y
7 0.18 0.80 y 1.19 35.06 y 1.86 85.66 y
8 0.18 0.80 y 1.20 35.65 y 1.84 83.82 y
9 0.19 0.89 y 1.21 36.25 y 1.81 81.11 y
10 0.18 0.80 y 1.20 35.65 y 1.85 84.74 y
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Table B-3.2 TDR Probes Calibration for Section 370212

(l LTPP Seasonal Monitoring Study |State Code { [371
| - 1
(l TDR Probes [Test Section Number | [021 ﬂ
||Before Operation Checks | | initial |Calibration Date (mm-dd-yy) 10/11/93)|
i Seasonal Site 37SB||
Probe Shorted Air Alcohol | Water
Probe | Resistance (ohms) | Begin End Begin Begin Begin
No. (S/N) Core | Shield | Length | Length | Length | Length | Length
1 37B01 0.9 0.9 15.888 16.058 15.908 15.908 15.908
2 37B02 0.9 0.8 16.678 16.878 16.708 16.718 16.718
3 37B03 0.9 0.9 15.898 16.068 15.918 15.938 15.938
4 37B04 0.7 0.8 15.898 15.998 15.908 15.928 15.928
5 37B05 0.9 0.9 15.868 15.978 15.868 15.898 15.898
6 37B06 0.8 0.7 15.878 16.008 15.898 15.908 15.908
7 37B07 0.8 0.8 15.878 16.068 15.908 15.918 15.918
8 37B08 0.8 0.7 15.868 15.998 15.888 15.898 15.898
9 37B09 0.8 0.7 15.878 16.038 15.888 15.908 15.808
10 37810 0.8 0.7 15.888 16.058 15.918 15.918 15.918
NOTE: Record lengths from TDR B
Calculation of Dielectric Constant £ = TDRL :I 2
Probe Length 203 m FLV)
Vp Setting .99 Vp
Air Alcohol Water
TDR |Dielectric| In Spec. TDR |Dielectric| In Spec. TDR |Dielectric| In Spec.
No. | Length | Constant (?) Length | Constant (?) Length | Constant (?)
1 0.18 0.80 y 121 | 36.25 y 1.87 86.58 y
2 0.20 0.99 y 1.20 35.65 y 1.88 87.51 y
3 0.18 0.80 y 1.18 34.47 y 1.88 87.51 y
4 0.22 1.20 y 1.20 35.65 y 1.89 88.44 y
5 0.20 0.99 y 1.21 36.25 y 1.90 89.38 y
6 0.19 0.89 y 1.18 34.47 y 1.90 89.38 y
7 0.18 0.80 y 1.20 35.65 y 1.88 87.51 y
8 0.20 0.99 y 1.21 36.25 y 1.89 88.44 y
9 0.21 1.09 y 1.21 36.25 y 1.88 87.51 y
10 0.18 0.80 y 1.19 35.06 y 1.89 88.44 y

B-27



Table B-3.3 TDR Probes Calibration for Section 370201

(l LTPP Seasonal Monitoring Study |State Code [ [371“
|
f TDR Probes |Test Section Number | [0201]]
IBefore Operation Checks | | Initial [Calibration Date (mm-dd-yy) 10/11/93f
Seasonal Site 37SC]|
Probe Shorted Air Alcohol | Water |
Probe | Resistance (ohms) | Begin End Begin Begin Begin |
No. (S/N) Core Shield Length | Length | Length | Length | Length I
1 [ 37C01 0.9 0.8 16690 | 16.850 | 16.710 | 16.730 | 16.730
2 37C02 0.8 0.8 16.200 16.380 16.230 16.240 16.240
3 37C03 1.3 1.1 16.190 16.370 16.200 N/A 16.220
4 37C04 0.9 0.8 16.180 16.310 16.200 16.220 16.220
5 37C05 1.0 0.8 16.170 16.300 16.190 16.210 16.210
6 37C06 0.8 0.8 16.390 16.500 16.410 16.420 16.420
7 37C07 0.9 0.9 16.410 16.540 16.450 16.450 16.450
8 37C08 1.0 0.8 16.400 16.570 16.430 16.440 16.440
9 37C09 1.0 0.8 16.420 16.540 16.440 16.460 16.460
10 37C10 0.9 0.8 16.400 16.520 16.430 16.440 16.440
NOTE: Record lengths from TDR
Calculation of Dielectric Constant g= TDRL 2
(PL) (V)
Probe Length .203 m
Vp Setting .99 Vp
Air Alcohol Water
TDR |Dielectric| In Spec. TDR |Dielectric| In Spec. TDR |Dielectric| In Spec.
No. | Length | Constant (?) Length | Constant (7) Length { Constant (?)
1 0.18 0.80 y 1.19 35.06 y 1.86 85.66 y
2 0.18 0.80 y 1.17 33.89 y 1.86 85.66 y
3 0.19 0.89 y N/A N/A N/A 1.87 86.58 y
4 0.20 0.99 y 1.20 35.65 y 1.88 87.51 y
5 0.21 1.09 y 1.18 34.47 y 1.85 84.74 y
6 0.19 0.89 y 1.19 35.06 y 1.86 85.66 y
7 0.18 0.80 y 1.18 34.47 y 1.85 84.74 y
8 0.18 0.80 y 1.20 35.65 y 1.86 85.66 y
9 0.19 0.89 y 1.20 35.65 y 1.85 84.74 y
10 0.20 0.99 y 1.21 36.25 y 1.84 83.82 y
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Table B-3.4 TDR Probes Calibration for Section 370205

(l LTPP Seasonal Monitoring Study [State Code [37]
II
|| TDR Probes [Test Section Number [0205]
||Before Operation Checks | '] Initial |Calibration Date (mm-dd-yy) 10/1 115_;“
(l Seasonal Site 378D
Probe Shorted Air Alcohol | Water
Probe | Resistance (ohms) | Begin End Begin Begin Begin
No. (SIN) Core Shield Length | Length Length | Length | Length
1 | 37D01 0.6 0.7 16.290 | 16.470 | 16.310 | 16.320 [ 16.320
2 37D02 0.9 0.6 16.320 16.510 16.320 16.360 16.360
3 37D03 0.7 0.8 16.330 16.470 16.360 16.370 16.370
4 37D04 0.7 0.8 16.310 16.470 16.320 16.340 16.340
5 37D05 0.7 0.7 16.320 16.500 16.340 16.360 16.360
6 37D06 3.0 0.6 16.390 16.550 16.340 16.410 16.410
7 37D07 0.7 0.6 16.350 16.510 16.360 16.380 16.380
8 37D08 0.7 0.6 16.330 16.490 16.340 16.350 16.350
9 37D09 0.7 0.7 16.290 16.480 16.310 16.320 16.320
10 37D10 1.1 0.8 16.310 16.500 16.330 16.350 16.350
NOTE: Record lengths from TDR ]
Calculation of Dielectric Constant = TDRL 5
Probe Length 203 m (PLY (V)
i 99 Vp
Air Alcohol Water
TDR | Dielectric| In Spec. TDR |Dielectric| In Spec. TDR |Dielectric| In Spec.
No. | Length | Constant (7) Length | Constant (?) Length | Constant (?)
1 0.20 0.99 y 1.19 35.06 y 1.86 85.66 y
2 0.19 0.89 y 1.20 35.65 y 1.85 84.74 y
3 0.18 0.80 y 1.20 35.65 y 1.88 87.51 y
4 0.20 0.99 y 1.18 34.47 y 1.85 84.74 y
5 0.19 0.89 y 1.20 35.65 y 1.88 87.51 y
6 0.21 1.09 y 1.20 35.65 y 1.88 87.51 y
7 0.21 1.09 y 1.16 33.32 y 1.87 86.58 y
8 0.20 0.99 y 1.18 34.47 y 1.85 84.74 y
9 0.21 1.09 y 1.20 35.65 y 1.86 85.89 y
10 0.18 0.80 y 1.17 33.89 y 1.89 88.44 y
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LTPP Seasonal Monitoring Program Agency Code (371
Data Sheet SMP-CO01
TDR Probe Check Test Section Number [0Z208]
ore Operation Checks - Calibration Date n/i: /3%

- Probe S/N 17521
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Figure B-2. TDR Traces Obtained During Calibration
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Probe Number 1 (cont.)
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LTPP Seasonal Monitoring Program Agency Code (371

Data Sheet SMP-CO01
TDR Probe Check Test Section Number [A_Z?_&]
N 27 At
re Operation Checks - Calibration Date 10/!] /12
- Probe S/N '27p02
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Probe Number 2 (cont.)
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LTPP Seasonal Monitoring Program Agency Code
Data Sheet SMP-C01 ,
TDR Probe Check Test Section Number

ore Operation Checks

- Calibration Date o / 7/ 4%
- Probe S/N LTAQDS
Probe Number 3
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Probe Number 3 (cont.)

! Tektronix 15028 TDR
. Date {2, 4, 3
Cable ,A?’

Notes _an Qv

. Z0F secsescess 16,310 m
IDistance /Div..... .25 m/div
Vertical Scale.... 138 mp/div
kw seuassnannasss 3.99

Noise Filter...... 1 avs
Power secaeasaaas AC

% Input Trace

i Stored Trace ——.....—.-
Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
IIIn Air"
lCursor .eveveees 16.340 m §"'a'c'f""?"'"g""?""’""?""f'ié'340 m | Tektronix 1502B TDR
Distance /Div.e.... .25 m/div P o A | Date _10./2/1

Cable _A'3
Notes

VYertical Scale.... 45.9 me/div
VP ieene cecenneee 0.99

Noise Filter...... 1 avs
POWEer ceveucnenaa AC

Q|Ln\a\

input Trace

: : : i Stored Trace ........_.]
of : : f j : : T : ! Difference Trace .....
S N S R R
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
Cursor ...... cans 16.340 m : . : : : H : 16, 340 m ! Tktronix 15028 TDR
Distance /Div..... .25 mfdiv i : """ Drte 10/4/4
Vertical Scale.... 70.6 me/div o et bl 15«'3
WP e rieiennnenna 0.99 : AU T VO U O S S SIS SUPPI I i tes
Moise Filter ...... 1 avs °5____.5_____f__-_ i_---i----i----i____i-_-_i---..f.---_.'
POWer ceveaeaes .. ac : : : \ : ! : : : : i
U RRRS ARt AT HNRE EEERE Sy  yut Trace
g. §.. Sbl"edTrace I
E ; ..bfferenceTrace _____
S N ST S S DU W
TDR Trace Apparent Length, (m) Dielectric Constant
"In Water"




LTPP Seasonal Monitoring Program Agency Code [ éZ]
Data Sheet SMP-CO01 '
TDR Probe Check Test Section Number (02270
/o
re Operation Checks - Calibration Date [ O/ 7/95
- Probe S/N 374 QG
Probe Number 4
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Probe Number 4 (cont.)
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LTPP Seasonal Monitoring Program Agency Code
Data Sheet SMP-CO1
TDR Probe Check Test Section Number

(271
[2208]

e Operation Checks

—

- Calibration Date INGIES
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Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
| "Shorted at Start"
OF weeenncans 16.500 m 16. 500 m | Tektronix 1502B TDR
nce[[)iv._.__ .25 m/div ..............E ........................ § Date /«\/411‘7’
cal Scale.... 154 mesdiv. B NG R R A RARRE AR Cdb]?l
Cereeeane vee. 0.99 } E:Notes ‘\()r\““Cr\J
> Filter cecee. 1 avs ;’., __________________ G R S SRR SRR S
> eeeeeeacass AC d ' : : ‘ : H
:! .............................................. { Input Trace
rg,.. P P | StOI"EdTrace- ...........
°§ ............................................... D]fference Trace ......
S SN S-SV SRS S ST Vv |

TDR Trace

Apparent Length, (m)

Dielectric Constant

"Shorted at End"




Probe Number 5 (cont.)

"SOF secvscenes 16,330 m
Distance/Diveceas .29 m/div
VYertical Scale.... 149 mp/div
YP secsasunsanans 0.99
Noise Filter..caeea 1 avs
Power..veeeaansa aC

- s - - e e T G - e WY YR W G e - -

: 16.350 m Tekbtronix, 15028 TDR
P T R R ..............:....:.... Date X’O?qlq‘jj
---------------------------------- Cable
........................................ Notes 1/‘

input Trace
: : Stored Trace _._....-..
....%....g....g....é.... Difference Trace

TDR Trace

Dielectric Constant

" In Airll

CUrsor c.ccasesees 16.360 m
Distance/Div.eese. 29 m/div
Vertical Scale.... 54.5 mp/div
VP teeennnnnanans 0.99

Noise Filter cvceee 1 avs
Power cecacacaaas AC

"o

i Tektronix 1502B TDR
Date /N7
Cable _A ,

Notes _Lilconol

16.360 m

input Trace
i Stored Trace ...........
i Difference Trace

TDR Trace Apparent Length, (m) Dielectric Constant

"In Alcohoi"
CUrsor ..esueene 16.360 m e R TTTETTETT T 16,360 m o Tekdronix 15028 TDR
Distance /Div « ... 25 mediv A Dl pate J)AMATS

Vertical Scale.... 66.7 me/div
VP teceescasssees 0.99

Noise Filter...... 1 avse
Power eeeaceennns ac

AS

o~

...............-........................§ Cab]e

TDR Trace

Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [?_Z]
Data Sheet SMP-CO1 v
TDR Probe Check Test Section Number (0208
re Operation Checks - Calibration Date 10/ ‘7/ ag

- Probe S/N

2722

Probe Number 6

S50V senscncees 19.900 m
ance/Div.icean 25 mfdiv
tical Scale.... 163 mp/div

Date IO/Q \41

Tektronix 15028 TDR

Cable Rlo

eeeeceeneeees 0.99 Notes _Shoe+Co
e Filter cae.ae. . 1 avs
[ ese aC
Input Trace
Stored Trace ........_.
: Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

SOF wrevesnses 16.070 m iac 16.070 m  } Tektronix 15028 TDR
ance/Div..... .25 m/div j/Date /."’: i)
tical Scale.... 163 me/div SRR S i NS T R S A 02 ] [ R 0l 4
_______ trenne. D99 E......- e iebeecioociooodiooccioodd Notes ShonrtEry
se Filter...... 1 avs g, _______________________________________________ ,
€ ceenennneas ac 4
‘; . input Trace
B bbb TS b Stored Trage .
og' ':....g....i[)ifference'rrace _____
Rl i i il i oo
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 6 (cont.)

‘BOF ..oeananas 19.910 m
Distance /Divieaas .23 midiv
Vertical Scale.... 149 mp/div
VP tocnccannna.aa 0.99
Noise Filter ceca.. 1 avs
Power cuvesesseas AC

S.810 m Tektronix 135028 JDR
_._h‘-i-—_‘—-"“:"";' Date 50?0{/213
......... D C&b]e%
.................. Notes A"

input Trace
Stored Trace .......-.-.
i Difference Trace

TDR Trace

Dielectric Constant

" In Airll

CUrsor ccececesse 15.930 m
Distance/Divaeecee. .25 m/div
Vertical Scale.... 53.0 me/div
VP recenansvansae 3.99

Noise Filter ceeue. | avs
Power.cecceaanses 3C

nne

nNe

L2

15.930 m Tekbtronix 15028 TDR
............. §....é.... Date )/C\‘qfs
----------------------- Cab]e {:\t!o \
........................ Notes Ao gl

Input Trace ‘
Stored Trace ......-.-.—.
Difference Trace

e e e o o o = = = - = - - = e B MR P e dn

TDR Trace

Dielectric Constant

"In Alcohol”

CUrsor cieeenncas 15.930 m
Distance /Divaiaees .29 m/div

ot e > ™ o - - " W R WS = A 4 W

Vertical Scale.... 70.6 mse/div  Cable 3l
VP ... eeeee .. 0.99 i Notes /4
Noise Filter...... 1 avs i
Power ..cceeencess ac
.......................................... ot Trace
P S ..............‘...................§ Stored Trace ...
Coe Difference Trace .....
i TDR Trace Apparent Length, (m) Dielectric Constant

1 "In Water"




LTPP Seasonal Monitoring Program
Data Sheet SMP-CO1

TDR Probe Check

Agency Code

Test Section Number

(2711
(0108

re Operation Checks

- Calibration Date
- Probe S/N

[0/ 72

274 Q"]

Probe Number 7

SOF veveeeenss 16.350 m 16.350 m Tektronix 1502B TDR

ance/Div..... .25 m/div iR pate _JOIG1AD

tical Scale.... 198 me/div R R B o713 1 ,

esessnssemsae Ja99 L i N il il e e i e et Notes .QA/‘*‘PCB

e Filter...o.. 1 ave o LN el H

Y P .. ac :
........................ oot Trace
------------------------ Stored Trace e
_ Difference Trace .....

TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

SOF cenesensns 16.920 m
ance/Div.eeas .29 m/div
tical Scale.... 158 me/div
......... eeeea 0.99

e Filter vavees 1 avs

;..,.%.-..é.--cé.-.-éCab]e

i Tektronix 1502B TDR
i pate 211197y

§ Notes __-2 f\or\"“ Py'\()

i Input Trace

Stored Trace -...........

i .-+ Difference Trace ......

TDR Trace

Apparent Length, (m)

Dielectric Constant

"Shorted at End"




Probe Number 7 (cont.)

50F sanansnaas 16.360 m
Distance/Div..... .29 m/div
\ertical Scale.... 163 me/div
VP cevesesnnecces 0.99
‘Noise Filter...... 1 avs

! Tektronix 1502
Date
Cable
Notes

TOR

LA

POWerecaasnansaa €
; Input Trace
: Stored Trace ........-.-
: Difference Trace .....
L

TDR Trace Apparent Length, (m) Dielectric Constant

"In Air"

CUPSOF wenevneens 162390 m | ac. | ¢ 1 TR Tektronix 15028 TOR

Distance/Diveeees .23 m/idiv
Cwertical Scalewe.. 61.2 mpe/div
VP . vassesssanscs 0.99

Noise Filter vceees 1 avse
Power.ceaaseeses aC

6. 390 m

i Date “ﬁlq (‘R

i Cable A
i Notes A leghs |

Input Trace
Stored Trace
Difference Trace

TDR Trace

Dielectric Constant

"In Alcohol”

CUPSOr ecencsases 16.390 m ac 16. 390 m Tektmmx 15028 TDR
Distance /Div.caee 29 midiv : Date iMM
Vertical Scale.... 68.6 ne/div Cable (11
VP eeennnne teee.0.99 | Notes [ O
Noise Filter ceaaee 1 avse
Power..ceaceee ee AC :
H Input Trace
! Stored Trace ...
I)*lfferent:e Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code {%Z} |
Data Sheet SMP-CO1
TDR Probe Check Test Section Number (6268 |
‘a
re Operation Checks - Calibration Date / O/ a/ 3
- Probe S/N ZIAQD
Probe Number 8

0P seevensene 15.910 m 15.910 m | Tektronix 1502B TDR
anCe/Div.eeenn .25 midiv TUULTiTTET v pate EANAT
ical Scale.... 163 mp/div R AR TR R Y o2 ) ') .
U 1K - - eeheiooieoie ] Notes SrpeT /Y
e Fitervoeeuee 1 avs ----i----i..---i----i----.z
eF ceveensanaa AC H
SR LS LTS SRERE AL Srwmwe—sron
:....é....g....g....g....; Stor‘edTI"ace- ...........
§D|fference1'race _______
TDR Trace Apparent Length, (m) Dielectric Constant
| "Shorted at Start"

FSOF caneeesaans 16.100 m
stance /Divece.. 29 midiv
rtical Scale.... 163 me/div
cessssscsncasn . 0.99

1se Filter..... . 1 avse

Wel ceveennnsss AC

0 m | Tekbronix 15028 TOR
: E : : ; : : : i Date 2[R
o NG d e i b i Notes Ciap, FENS
g N e R Trace
; ........................... 5""3""§""§""§StoredTrace- ..........
gé ........................................ e § Difference Trace -----
1

TDR Trace

Apparent Length, (m)

Dielectric Constant

"Shorted at End"




Probe Number 8 (cont.)

_ 50V ceacsseses 13.930 m

- Distance/Div..... .25 mfdiv
- Vertical Scale.... 194 mp/div
VP ciieinnaneanea 0.99

. Moise Filter...... 1 avs
Power..canecananae AC

Date »"'Z/a 1933
Cable /:"“
Notes e

input Trace
Stored Trace ........-.
Difference Trace ....

TDR Trace Apparent Length, (m) Dielectric Constant
"In Air"
CUFSOr veeencenee 15.940 m iac | 1 1 S 7 15.940 m | Tektronix 1S02B TDR
Dt rpia s ot ey S I (REPE PPN (OO JRRE SERC VT SRR Il T2 s
Vertical Scale.... 59.4 me/div ] SRR EEEEEERREE RS EEEEREEEERE: Cable A3
VP ieeee. cerenea. 0.99 Notes Llcohhg|

Noise Fiter coeeaa 1 avse
POowWer ccecessasns aC

Input Trace

Stored Trace ...._._....
: Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
Cursor ........ . 15.940 m ac LT 15340 m  Tektronix 15028 TOR
Distance/Div..... .25 m/div NN pate (4 3
vertica] Sca]e...-66-7mp[div . e . § a-;--.-g.--.g---.g..--g---.g..q-é----§--- gcab]e ./J_g
VP cevessnconnnee J.99 : . : -ENOteS —);,._(')
Noise Filter...... 1 avs : : : : : : : : : : :
Power-‘.- ....... ac : -----------------------
; i Input Trace
; et e s e Nt b st e s e s e e el ...iStoredTrace -----------
T R T TR S U U R DR PR SR i Difference Trace _....
S (N SR U A St S
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program
Data Sheet SMP-CO1
TDR Probe Check

Agency Code

Test Section Number

(%71
(220D

re Operation Checks

19/7/72
25559

- Calibration Date
- Probe S/N

Probe Number 9

SO vavenanase 13.910 m
tance/Diveeaae 25 médiv
tical Scale.... 163 mp/div
cvssssccanssee J.99

se Filter...... 1 avs

{ Tekbronix 1::;023 TDR

Date /212
Cable £9

i Notes D\v\oNX‘Q&

] G, eee ac
input Trace
Stored Trace
Difference Trace
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

SOF weervnenen 16.090 m {0 16.090 m : Tektronix 15028 TDR
tance/Div..... .25 m/div \ Date /[olala™
tical Scale.... 163 me/div RN R R RS RS SRR AR AR { Cable 52 .
e 0.99 Lo Notes _QflonTteng
se Filter ...... 1 avs 5 : : i : : : : :
1 S . ac :
i Input Trace
i Stored Trace ...
leference Trace .......
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 9 (cont.)

SOF essacssnsa 19.920 m
Distance/Div.a.ea. .25 m/div
Vertical Scale.... 154 mp/div
VP vessncnnnanana 0.99
Noise Filterceveu. 1 avs
Power..oceeeeaas ac

ac | i : . 15.920m

Tektronix 13502B TDR

Date / 0( ul 14.3
cable &2
Notes _ X\~

Input Trace
Stored Trace o......-.-
Difference Trace

i TDR Trace Dielectric Constant

i llIn Airll

ursor <osseeeeee 15040 m 13| TTTETTTTTT T Mo sae Y Teonie 15028 ToR
 Distance/Div.ecee. 29 m/div : : Date rolql94®
Vertical Scale.... 64.3 me/div Cable

vp IE N RN NNNNNNENHNERHN] 0.99
Noise Filter ...... 1 avs
PowWer..caeeunssas AC

- s = e = = e = e

Notes A ‘(‘ Db\r'(

i Input Trace

Stored Trace
Difference Trace

TDR Trace

Dielectric Constant

"In Alcohol"

CUrsor cceeveeees 19.940 m

Distancesom e o ardiy b Date )
Vert‘ical SCB]@-... 66-7 m.Pfdiv ......................................... Cable /_\_
VP cevee cecsamsss 0.99 0 Tkl it sttt Notes }J\ O
Noise Filter...... 1 avs
Power c.cceeeancas ac
e[ b | nput Trace
; ........................................ § Stored Trace e
o. ....................................... g Difference Trace .....
T (S S-S SRR Sl e
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code (271
Data Sheet SMP-CO1
TDR Probe Check Test Section Number [QZ0° 8]
. . . ! =4 / az
re Operation Checks - Calibration Date 0/9/

- Probe S/N ‘3’/’/4 1@

Probe Number 10

SO wecesensce 19.910 m
ance /Diveease 29 midiv
tical Scale.... 154 me/div
cossencsnsanse 0.99

ANho bbb Notes oD

P ,15910 { Tektronix , 1 TOR
mDate'»g ?222

e Filter..aeee 1 ava 8 4 N i rceica—— .
FOF veecaonnnns ac
........ A RREEE EEREE EERET ERRRE SRR Seemrasy
..§.....§ Stored-rrace ...........
: > ..... leferenceTrace ......
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

SO cessesssse 16.100 m

i b1 16,100 m i Tektronix 1502B TDR
AnCe /DY o n.. 55 m/div §§Date "51q az
ical Scale.... 154 me/div 2 N AR A R AL SRR : Cable ,3/0
resssscsancns 0.99 \ ----- ! Notes Shont enr
e Tilter...... 1 avs 5 AN : : : : : =
e casnansnsese ac H
ilnputTrace
{ Stored Trace _..........
D'lfference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 10 (cont.)

S0 saeeesveee 13.920 m
Distance/Div..... .25 mfdiv
Vertical Scale.... 143 me/div
WP tacnsienansaess 0.99
Noise Filter...... 1 avs
Power.cceseesens aAC

: 0 15.920 m | Tektronix 15028 TDR
....................... Cab]e AZ ()
........................ Notes Ahﬁ

Input Trace
Stored Trace

s o e o - > T = e e e = = YT e e - e

TDR Trace

Dielectric Constant

"In Ajrll

CUrsor cecesesees 15.940 m
Distance/Div..... .25 mfdiv
VYertical Scale.... 62.9 myp/div
VP ceenacvenennns 0.99

Noise Fiter ceu... 1 avs
Power .cccceeeees aAC

715.940 m

Tektronix 15028 TDR
Date /(414
Cable /31O

Motes A-Lﬁl’\v!

Input Trace
Stored Trace ...........
i Difference Trace

TDR Trace

Dielectric Constant

"In Alcohol"

CUrSOr cveeeoesas 15.940 m

0 15.940 m | Tektronix 1502B TDR

 DistancesDiu . 25 midiy b 15 151G 7
;Vertical Scale.... 68.6 mesdiv. B bl ittt e e : A—/O
Y - - T S T Y VI SVUPIN IO S SO SIS S
Noise Filter...... 1avs o Ny i i 4 i
Power.......... R SR | DA NUUNE SUUUE SUDUE SUUNE SUURE SUNUE SURUE E -
Input Trace -
NGt E T eprad Trace o
O .....gDifferenceTrac;e
TDR Trace Apparent Length, (m) Dielectric Constant
"In Water"




LTPP Seasonal Monitoring Program

Data Sheet SMP-CO01
TDR Probe Check

Agency Code [ :2’ ]]

[0ZL4

Test Section Number

ore Operation Checks

- Calibration Date
- Probe S/N

[O//' (/93
37RQ@]

Probe Number 1

—

SOl cevseanses 19.888 m
tance/Divicaas .29 m/div
tical Scale.... 198 me/div
trenssssessans (.99

ce Fiter.eeeae 1 avs

o - - - - - - - - - . - = - - - - - - - -

! Tekbronix 15038 TDR

.........................

. . . : eoato'O

Ve cneeaner ene dC N L e
: : . : : : : i Input Trace |
.ﬁ...Y ..ﬁ...@...t..ué..ug..UE ..... Suwed]?%ce_ -----------
: : : ‘ ‘ : ! Difference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant
| "Shorted at Start"

‘SO eeseenen e 16.058 m
tance/Divieae. .25 midiv
-tical Scale.... 163 mp/div

5 Tektronix ’5023 TOR
| Date 21111473
i Cable ol \

...... cereens 0,99 j Hotes 2Nartend
e Filter...... 1 avs :
= 3 : -
5 input Trace
! Stored Trace _._........
leference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant
_ "Shorted at End"




Probe Number 1 (cont.)

50 seeeeneeas 15.908 m 15.908 m | Tektronix 1502B TDR
Distance/Div..... .25 m/div LT T pate L2001
Vertical Scale.... 141 mp/div I R R A Cable _

L S 0.99 i Netes A
Noise Filter .c.... 1 avo '__-_i_--_i_-_-i___-i_---.f
POWer weuraanneas aC
: : : : ! Input Trace
% Stored Trace —......
'g Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
"In Air”
CUrsSor coeeecaees 15.908 m ac 15.908 m ! Tektronix 15028 TDR

Distance/Div.ecees .25 m/div
Vertical Scale.... 51.5 me/div
VP ceeronnnsen ees 0.99

Noise Filter..... . 1 avs
Power.ceeeasasas ac

Date LY 1la ™
Cable /2]
Notes L' 0ohew/

Input Trace

frorrcrrioorioortt Gtored Trace oo
Difference Trace ....
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
Cursor ...... eews 0T 0 acﬁ_15-908mTeJ<l'romx }SOZBTDR
Distance /Div..cc.. .25 mediv ; I ; : ; : : : i Date /Ql
Vertical Scale.... 72.7 e {div 5'_" lﬂ'- Cable 5
VP eereereennnnns 0.3% LS ] Hotes g
Noise Filter...... 1 avs ; : .{ ' : : : §
Power .ou..cevea. : ;
N S R R R £ | input Trace
........................................ ; Stot"ed Trace e
.......................... E Difference Trace ___..
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [ ._3_7]
Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Z12]
re Operation Checks - Calibration Date |0/1) L‘"QZ
- Probe S/N 29602
Probe Number 2

-

501 ceecnancas 16,678 m

ance/Div.iees .29 midiv
tical Scale.... 58 me/div
............. 0.99
e Filter .oaaas 1 avs

@ ssncannnsas AC

PR L L T T R T L T R T

..........................................

Notes

! Input Trace

....E......: btor“dTrace
: : : e SR R R R : Difference Trace

cvmammea

TDR Trace

Apparent Length, (m)

Dielectric Constant

"Shorted at Start"

SO o te.stem  fae A T TeET T Tektonix 19028 TOR

tance /Divee... 25 midiv ; Loy \ g _ ‘Date

tical Scale. ... 167 mefdiv ""E""E""w’""i""i"":""1""3""i""§l“able D

eerveraaean 0.99 E——-/\\ i Netes Shontend

se Filter vuu... 1 ava S A SO A SRS SISO

/O tennaeanan . ac ki : : : PG : : :
g;““j”“:””;”"f”"i\;ﬂ”“Z'”'?“"§""§!nputTr'ace
"‘\"‘-._HbtoredTrace_ __________
Uif"‘-q.__.__ ..... D]ff.:renceTrace _____
S S S SURS PSS SR SR

TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 2 (cont.)

"ZOF eannsssess 16.708 0
Distance/Divecee. .23 m/div
Vertical Scale.... 149 mg/div
VP cievnsassaeses 3.99

......

! Tektronix 1502B TDR
: : : _ gDate [ola?
Pl ] Notes QW

16.708 m

Moice Filter cvvees 1 avs G- i

POWer..avsaseass aC i :
R R A R R A R glnputTrace
ERRTES R R RLRRERERLREE foeccioien b Stored Trace -]
: '§ Difference Trace ...._.
2 SN U SRS S S OISO S-S S

TDR Trace Apparent Length, (m) Dielectric Constant
"In Airll
CUrsor ..veueecens 16.718 m
Distance/Divecea. .25 m/div

Vertical Scale.... 37.7 mp/div
VP teceesnnnaanes 3.99

Noise Filter...... 1 avs
Power cceeaasanss aC

* TDR Trace

Die .ctric Constant

"In Alcohol"

CUrsSor .ceeceeeeas 16.718 m

! Tekbronix 15%B?TDR

Distance /Div vu.s .25 m/div Date /1]

Vertical Scale.... 74.8 me/div Cable Ak

VP trieeernens .. 0.99 ; Notes i)

Nowse Filter .ocau. | avs of

Power...... eeene ac ]
o : : : : : : : Input Trace
ool NG b b A Shored Trace .
o: ....... : ..:....:.‘..:....f_;,x"..sDifferenceTrace _____
S SO N SR VUG SRR S R Sy S i

TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code
Data Sheet SMP-CO1
TDR Probe Check Test Section Number

[27)
[0Z12

re Operation Checks

- Calibration Date (0/11 /7 4
- Probe S/N “5\']‘@ Q3
Probe Number 3

—

SO eeeennscas 19.898 m
ance/Div.eeuee 29 m/div
tical Scale.... 154 mp/div

ressscesscccae 99

! Tektronix 15028 TDR
Date ,OIH\QQ)

: Cable 3

| Notes Shant (O

e Filter...... 1 avs
€ caceceanans ac :
i Input Trace
i Stored Trace -.........
i Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
_ "Shorted at Start"
'SOF cveceasans 16.068 m “““—“"-"“"“"““]é—-b-ésnl‘;l"".i Tektronix 1502B TDR

tance /Div.ieeee .29 midiv
tical Scale.... 167 me/div

‘-.--g...-g Date I),/l|4¢5
;....g....gcab]e (23
E Notes _—tose” CV\[‘)

.............. 0.99 .
se Fiter cuveen 1 avs i SRR AU SE, W USROS SUPUE G SISO SIS |
NOr ienenennen ac ¥ i : : : : : : ' :

TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 3 (cont.)

T
¥

) S0F sue--e enes 195.918 m
‘Distance /Diveee.. .25 m/div
Yertical Scale.... 149 me/div
VP eirennnsnaness 0.99

7 15.918 m

i Tektbronix }5023 TDR

! Date _LO/(1147

i Cable .42

Notes ir

Noise Filter...... Vaves e immemiccemicce i .
Power.......... -ac T K i i i
i Input Trace
------------------------ g Stored Trace e
; Difference Trace .....
i TDR Trace Dielectric Constant
"In Airl'

CUrsSOr ciceenesee 19,938 m
Distance/Div.ccee .29 m/div
Vertical Scale.... 62.9 mr/div
VP ceisasnncnssss 097

Noise Filter..e... 1 avs
POwWer .caseeassas AC

nNe

TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
CUrsor «..eueeess 15.938 m F"-“-““"“"""“"""“""""“"? Tektronix“1l,50 B TDR
Distance/Div..... .25 m/div i 73" a
Vertical Scale.... 72.7 me/div B /Py i Cable L2
VP teeseranccanas 0.99 otes =+,
MNoise Filter...... 1 ava
Power coveeecanne ac
Input Trace
....................................... 5 Stored Tl"ace I
....................... YARR é Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program
Data Sheet SMP-CO1
TDR Probe Check

Agency Code

Test Section Number

re Operation Checks

- Calibration Date (0/11/92
- Probe S/N 2 I1BDT
Probe Number 4

—

SOF vacencaaana 19.898 m
tance/Div.ee.. .29 mfdiv
tical Scale.... 167 me/div
sesssasssscnes 3.99

ze Filter oo.... 1 avse

/€ eansasnnnana AC

i Tektronix 1502B TDR
: Date )“”‘rb

{ Cable 9 .
E Notes —\-an*us

| Input Trace
i Stored Trace —......—..

TDR Trace

Apparent Length, (m)

Dielectric Constant

"Shorted at Start"

SOV cceansssns 19.998 m

! Date A

tance /Div.eeaee .29 midiv :
tical Scale.... 182 me/div "Cable Q)A{
e 0.99 ! Notes SMantznd
ce Filter..... . 1 avs
Vel caevessacecs ac

TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 4 (cont.)

P eveeeeeees 15.908 m ac TR 15908 m | Tektronix 15028 TDR
Distance/Div..... .23 m/div : : : - : e ————1 Date / ’J[ a3
Vertical Scale.... 154 mp/div : A SRR A : : : : Cable & ¢
L - T 1 - |- R S S b R I IR ! Motes /QI-I/

Noise Filtercc.a.e 1 avs :
Power.ccooueuaa. ac :
! Input Trace
: : : : ..............:....5....§StoredTrace -----------
Joidde bl Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant
"In Ajrll
-------------------------------------- ——————
CUrSOr eeevesenes 15.928 m i oac § : § § 0 15.928 m | Tektronix 1502B TDR
Distance/Div-.-.. -25 m/div g....é....g.... g....g...-:....g....é. --E....g....g Date 11‘3‘1‘ !q
Vertical Scale.... 62.9 m#/div B SERLERERRRRE eeesifeee it caple A8

vp [ RN NENNNENENMNNEMNZ:.] 0.99
Noise Filter...ee. 1 avs
Power .ccevesesaes aC

Notes

Input Trace
! Stored Trace —......._..

TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
CUFSOF vevennnaes 15.928 m fac 4P 1 1 b f 15,928 m | Tektronix 1502B TDR
Dictance Do e fdi Date nIce
Vertical Scale.... 74.8 me /div E Cable
VP ireereneennnn 0.99 ST R . : ' : Lo...io... ) Notes £ 0
Noise Filter..... . 1 avs
Power.cececeenss ac
Input Trace
i Stored Trace _.........
i Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program

Data Sheet SMP-CO01
TDR Probe Check

Agency Code

Test Section Number

[31]
(22123

re Operation Checks

- Calibration Date
- Probe S/N

/0//!,!43
2I7BGS

Probe Number 5

OF veveeseess 15.868m  joac 4P Do bod b 15.868 m | Tektronix 15028 TOR
ance/Div..... .25 m/div 77 Date mlivias
ical Scale.... 154 mesdiv. B\ i - citccitcociroororriereriereraeeny i Cable L5
eennenneeeeeD.99 LNl i Notes Lnont ot
e Fiter..c.eae 1 ave %A L e e e i i
-] g eaae aC :
; npat Trace
R I AR U :....:.-..:....E....g StOI"edTrace I
R B R P R A R E Difference Trace ......|
i
TDR Trace Apparent Length, (m) Dielectric Constant
| "Shorted at Start"
OF weeennn .. 15.978 m ac . RTTTTTTTTTTTTITTTTTI5.978 m | Tektronix 1502B TOR
ance /Div..... .25 mfdiv //\\Date 2/}5)_61'
‘ica]Scale.... 17'2m$’fdlv ._‘..\.é....icab]e ‘j
e 0.99 L P T She ot g
e Filter...... 1 avs
€Y cssuccscusns acC
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number S (cont.)

f
FSOF seeevaeses 13.868 m
wistance/Div..... .25 m/div
WYertical Scale.... 163 mp/div
WP veeeeenennnns 0.99
,Nm«'e Fiter caueee 1 avs

Tekl'mmx 028 TDR
Date
Cable /’ 5
Notes 810

POWer cenenncaasns ac :
i Input Trace
; Stored Trace .......-
, D1fference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant
"In Air"

 CUFSOF vececeenee 15.898 m

g Distance/Div..... .25 m/div

' Vertical Scale.... 62.9 me/div
VP teceseasennans 0.99

L Noise Filter...... 1 avs
PoOwer.ceeceasuse AC

- - - - - - -

-y

. i5.898 m

! Tektronix 1502B TDR

Date NG
Cable
Notes /q’, CDl/‘I Dl

: Input Trace

i Stored Trace _._._._._._

D1fference Trace .....

TDR Trace

Dielectric Constant

"In Alcohol"

CUrsor ceeeuennees 19.898 m
Distance/Div.vee. .25 m/div
Vertical Scale.... 68.6 me/div

VP teencencannnns 0.99
Noise Filter...... 1 avs
Power...... seeas AC :
: Input Trace
Stored Trace _..._.....
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code
Data Sheet SMP-CO1
TDR Probe Check Test Section Number

(373§

[22]2)

e Operation Checks

- Calibration Date 10/ 11 / a2
- Probe S/N 372D
Probe Number 6

OF vevesennas 15.878 m 15.878 m | Tektronix 1502B TOR
ince/Div..... 20 mfdiv : : : : PTTITTTTETTTET N pate EIIL I
cal Scale.... 158 me/div £l =5Cable [—’;'o
e .. 0.99 LG i i Notes 1
> Fiterave... 1 avs : : : ----i----i----i----i-_-_é
3 cieasanane . ac :
: oot Trace
S ...g....:....é....é....g....g....%....é....iStoredTrace e
.g....g....g....g....:....gDifferenceTrac,:. I
R SRR OIS S SN SR Sy |
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

OF weneennnns 16.008 m ! Tektronix 1502B TDR
ance /Div ... .. 25 m/div ;§Date ,o}“q
ical Scale.... 172 me/div NGt o cable Al
eerceeennnne 0.99 b N b i Nottes Shortrn)
e Filter cou... 1 avs : 5 : : 5 Z : 5 :
e cevnnnsacas AC
SRS EIER SAEPI TR FRPRE Bwremsron
i Stored Trace _........
- Difference Trace ......

TDR Trace

Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 6 (cont.)

S0F sesssevans 19.898 m
Distance/Div..... .23 m/div
Vertical Scale.... 154 mse/div
VP eerecsncnnanaas .99
Noise Filtereueea. 1 avs
Power cceceeseaas ac

Tekt'romx 15028 TDR
olllig™

: - . : v ;Date
. ....é....g....g....é...-sL'ab]e
'....é....é....é....g ..... Notes A—{h

i Input Trace
i Stored Trace -.o...-..
: Difference Trace .....

TDR Trace

Dielectric Constant

L In Ajr"

CUrsor c.ceeeaeeas 13.908 m
Distance/Div.seee .25 mfdiv
Vertical Scale.... 61.2 me/div
VP secescennaness 0.99

Noise Filter cveee. 1 avs
Power ceavececaes AC

-y . - - - - - - - - -

i Tektronix 1502B TDR
i Date L 2//' 1972

; Cable 52

: Notes A‘)w”d

—e e
15, 908 m

Input Trace
Stored Trace .-
D\fference Trace .....

TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
Cursor ...occeeees 19,908 m Tekl‘mmx 15028 TDR
Distance /Div.eeas .25 m/div 2!
Vertical Scale.... 72.7 me/div ,'-’
VP eeennnnen ... 0.99 =02
Noise Filter...... 1 avs
Power .veeeenaeas ac :
: Input Trace
i Stored Trace _..._..._...
leference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program
Data Sheet SMP-CO01
TDR Probe Check

Agency Code

Test Section Number

(371
[6Z)Z]

re Operation Checks

- Calibration Date [o/11/23
- Probe S/N 3BT
Probe Number 7

501" cencescass 15.878 m

! Tektronix 150%8 TDR

ance/Div..... .25 m/div Date _{

Hical Scale.... 198 me/div i Cable ;‘5

...... ceveess 0.99 i Notes 3

e Filter eoeeea 1 avs ;

€ concnccnene ac :
{ Input Trace
i Stored Trace -...o.....
i Difference Trace .....

TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

] 16.068 m Tekl’romx }5028 TDR
ance/Div..... .25 msdiv i Date 3 ;
tical Scale.... 172 mP/div i Cable =/
.............. 0.99 | Notes Shot =crd
e Filter ...... 1 awva
e cssasescnsns ac :
; Input Trace
! Stored Trace _..._._._._
i Difference Trace ...... ‘
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 7 (cont.)

F0F ceneansees 19.908 m
Distance /Divaeceas 23 médiv
Vertical Scale.... 138 mse/div
VP ccenncasnnceas .99
Noise Filter .e.... 1 avs
POwWer cceeeaseaas aAC

15.908 m Tektronix 1502B TDR
.'..-‘.-‘..E.". Date /!’!’1}
: Cable A7
Notes A

Input Trace
i Stored Trace —.......
Difference Trace .....

TDR Trace Apparent Length, (m) Dielectric Constant
"In Air"
Cursor ..ceees ene 15.918 m “-a_c"-""“"“"""""“““"T-E.Q18 m i Tektronix 15028 TDR

Distance/Div.iane .25 mfdiv
Vertical Scale.... 57.7 me/fdiv
VP cevensnaaas eee 0.99

Noise Filter ceeaes 1 avs
Power .ceaececncas A€

| pate ) 1I/A>
i Cable A7

Input Trace
i Stored Trace ........-

' TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol”
N 15.918 m i oac : ; : i : 0 15.918 m | Tektronix 1502B TDR
SO 1erasneas 15,918 0 /\Dt”m
 Vertical Scale.... 68.6 mesdiv. B 1) Doeeesiedee i b Cable BT
VP eivnenaeean. 0.99 T R ] Nates By
Noise Filter...... 1 avs a : :
Power.ieececaaes ac
{ Input Trace
L Stored Trace —.......
FARRRE Difference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant
"In Water"




LTPP Seasonal Monitoring Program Agency Code
Data Sheet SMP-CO1
TDR Probe Check Test Section Number

re Operation Checks

10/11/93
27Bpn 8

- Calibration Date
- Probe S/N

Probe Number 8

SOV sevecnnnca 15.868 m
tance /Diveeees <295 médiv

........................

Tektronix 1502B TDR
Date /| .')1 ” Qa3

tical Scale.... 149 me/div A A ¢ Cable b
R 1 T - S O S S ; ........................ ; Notes I /
se Filter .euu.. 1 avs S S SRR SRR S i
Ver cuveena eses AC i
RS R CEREREEEERE EECEEERRRE ELEE ERRRS CLER Ewwareessumy
et et e ......§ StoredTl’ace- .........
........................... é Difference Trace ....
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

SO aues ceee. 15.998 m 15.998 m | Tektronix 15028 TOR
tance /Div .« oo, 28 midiv LN e ; Date :)""-C(E
tical Scale.... 167mﬁ(div ST N ECable ‘
eeeeereeeanes 0.99 | Motes _<hartepg
se Filter...... 1 avs i
(O eeneaennnne ac

! Input Trace

i Stored Trace —........

---------- i Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 8 (cont.)

SOF sessesenss 13.888 m
Distance/Div.iecee .23 m/div
Vertical Scale.... 149 me/div
VP eevecnncnanana 0.99
MNoise Filter c.eue. 1 avs
POwWer ceceecsnases aC

- - o P . - - D T TP P Y = P % n W e S DGR P N D W em

! Tektronix 1502B TDR

Cable 2F

i Notes i

Input Trace
Stored Trace -eemen
i Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
"In Air"

Cursor ccececeeee 15.898 m -"a-c",”"““““"-"“""-”"-T-15 898 m Tektmmx 1??28 TDR
Distance/Divieen. .29 mfdiv : : i Date
Yertical Scale.... 56.1 me/div i Cable (H 9

YP tiennscascanas 0.99
Noise Filter ...... 1 avs
PoOwWer.occescesass aC

i Notes Aol 0‘

Input Trace
| Stored Trace ...........

leferenr‘e Trace ......

I TDR Trace Apparent Length, (m) Dielectric Constant
0 "In Alcohol"
Cursor ... eeees 15.898 m ! Tektronix 1502B TDR
Distance /Div evns .25 m/div | Date L2//1147>
VYertical Scale.a.. 72.7 mP/div Cable LF
PP veeeeeeanaa. . 0.99 i Notes _5 (.
Noise Filter ...... 1 avs :
Power.cieecesnes ac
TDR Trace Apparent Length, (m) Dielectric Constant
"In Water"




LTPP Seasonal Monitoring Program Agency Code [ZZ]
Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Z!Z]

re Operation Checks

- Calibration Date lo/ 3'/‘73
- Probe S/N 271809

Probe Number 9

sor LN N NN N NN N 15.878 m
anCe /Diveenee 29 midiv
tical Scale.... 145 me/div

b - - - - > " - s Y= e - e e e = e .

A P i i i 15.878 m i Tektronix 1502B TDR
AN PR R e

cecsaseanansas J.99 ... ...E..éNotes S.’/Y\I\:E@

e Filter...... 1 avs i S U S U SN S S

@ wuuvesnannee AC : \ :
N P input Trace
Foocr il :....:....'..-......:....:....:....t....g Stor‘edTl"ace_ ..........
R S EEEREEEERES L .5....5....;....§Difference'[race _____
Fo___il i iillb i il i

TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

SOF +eanesennn 16.038 m 1 f 116,038 m | Tektronix 15028 TDR
ance /Div ..... .25 m/div T Date "i'HWL
tical Scale.... 163 me/div AR R R SRR R R ) o) L i
,,,,,,,,,,,,,, 0.99 oo Notes Kanden )
e Filter...... 1 avs ' : i----i----i_---i--_-i----..
e seennnee «es dC :
e I e e | opat Trace
Lo titroriteeriooood Stored Trace oo
: sl - 1. | Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant
"Shorted at End"




Probe Number 9 (cont.)

“50F sesssesese 19.882 m
Distance/Div..... .29 midiv

Tektronx 15 28 TDR
: Date

Yertical Scale.... 154 me/div ! Cable f;-'q
VP teenncenceanss 0.99 i Notes Agf\
MNoise Filter..aaae 1 avs :
Power..cecaaa asee AC :
i Input Trace
: Stored Trace —..c.e.-
leference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
"In Air“

CUrsor .ceeeeness 19.908 m

5. 908 m

Tekl'mmx 1 5028 TDR

Distance /Div ..... .25 m/div Date L 21/11%
Vertical Scale.... 57.7 me/div i Cable &
Y 0.99 | Notes _2lcohy)
: Noise Filter...... 1 avs :
Power ceseecens «s AC
Input Trace
Stored Trace ...
D1fference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
CUFSOr veveerenes 15.908 m :  Tektronix 15028 TDR
Distance /Div..... .25 m/div i Date 43
Vertical Scale.... 70.6 mp/div i Cable 1‘:‘?
VP ecererecannns 0.99 | Notes L
Noise Filter...... 1 ave : J
Power..cccceeee.. ac H
i Input Trace
i Stored Trace .........
leferencru Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program

Agency Code | [3 7 ]

Data Sheet SMP-CO1 -
TDR Probe Check Test Section Number [0Z[ 2}
ore Operation Checks - Calibration Date 19/] 1,/ 73
- Probe S/N 7R/

’

Probe Number 10

"SOV canccnasnas 15.888 m

o o > e = - - - - - - - - = - - - - -

15. 888 m | Tektronix 1502B TDR

tance/Div .u.en .25 midiv Pl Date /J//H%
tical Scale.... 158 me/div N e R
ceensussswsenss 0.99 : : f""é""é""g""g""é NOteS -ALV)\f- 6/6
se Fiter...... 1 avs - S SR SR S
Wl casvacnnsnna ac Ty S §
...... : : | Input Trace
Stored Trace —.........
; SR ERSSTERRSRRREY. D1fferenceTrace .....
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

SOl ceussusen . 16.058 m

tance /Div ..... .25 m/div | Date _/_L_’_’_!..’L.l__
tical Scale.... 163 me/div Cable g0
.............. 0.99 Notes _= '/\nr“rc'\/]
ce Filter...... 1 avs
Nl cuevsccacses ac '
: Input Trace
i Stored Trace _._........
leference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant

ﬁ "Shorted at End"




Probe Number 10 (cont.)

ZOF eevecannes 15.918 m Poac : : : : 15.918 m Tekbtronix 15028 TDR
Distance/Div.cees .25 m/div S S /’”“*—*M Date 211/
Vertical Scale.... 145 me/div ; : 010
VP tisvenenas-aas .99 : Lo
Noise Filter vvee.. 1 avs o
POWEr cuaveananns AC

REREREEY (OERTRTEEETES RS §""§"”§'"";""i""§lnputTrace
; : : : : é. ..... Stor‘edTl’ace ............
: § ..... D]fferenceTrace ......
S S S SR S S ieoliaaold
TDR Trace Apparent Length, (m) Dielectric Constant
- "InAir"
CUrSOr cveecancen 15.918 m ioac § : § 15, 918 m ! Tektronix 1502B TDR
Distance /DMy e 2% w/div R R F SRR CRURS EECEE SRRRE B CLE AR AR f bate 9111975
Vertical Scale.... 64.8 me/div E:. Cable /L/D
VP een. eeneens 0.99 A Notes Aledhol
MNoise Filter...... 1 avs :---_i-_-- ----i--_-i----:
POWeEr oeeeceases AC
S\ CURRE EETE CERRE ERREE SRR £ ERRRY CERRS CERE Srweesy
; ......................................... Stored Trace -----------
é ................................................ D]fference Trace ......
= S N S S SN [ S S
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol”
CuUrzor cveveneees 15.918 m : : : : : . 15, 918 m E Tektronix 15028 TDR
Distance /Div..... .25 m/div Sibbi i page Mn LIIATD
VYertical Scale.... 74.8 m#/div } GRS A R AR AR R CableL/D
VP teienreanns eee 0.99 fooaiocioosdecietooioo i Notes
Noise Filter...... 1 avs
Power iicceeecnns ac :
; Input Trace
! Stored Trace _._._._._._
leference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [37]
Data Sheet SMP-CO1
TDR Probe Check Test Section Number [pZe /]
re Operation Checks - Calibration Date / 0/ i / 9%

- Probe S/N

—

27¢C 2l

Probe Number 1

50F veseeesaes 16,690 M i Tektronix 15028 TDR
ance/Divaieees .25 midiv i Date LU I]1/97
Mzal Scales... 149 mp/div Pable =l
iireeeseees 0,99 i hotes 2No n - Ch.
e Filter veeees 1 avs : -
€F veanncennas ac : -
! Input Trace _
i Stored Trace
Difference Trace
TDR Trace Apparent Length, (m) Dielectric Constant
"Shorted at Start"

0 eeaenana . 16.850 m : : : ; . 16, 850 m ! Tektronix 1502 TDR
ance /Div ..ee.. .25 m/div NPT T Date /J /,
ical Scale.... 167 me/div N e e e
_____________ .89 \égﬂofes “/V\YA*"@Yﬂ
e Filter...... 1 avs : : < i : : : 5 :
Pl acenssassssese ac H
; Input Trace
: Stored Trace _..._..._._.
leference Trace .......
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 1 (cont.)

ZOF venensanea 16,710 m
Distance/Div.ecan. .29 m/idiv
Vertical Scaleece. 137 mp/div
VP tesensanscanes 0.99
Moise Filter couua. 1 ave
Power..cccusseees 3C

- - - - - 4 = - e = -

i Difference Trace

Tektronix 15028 TDR
Date 2//1/4
Cable %l

Notes ,ﬂ—l .

input Trace
Stored Trace -.e.m—.-.-

TDR Trace

Dielectric Constant

"In Airll

CUrsor ceceeacens 16.730 m
Distance/Div..eee .29 m/div
Vertical Scale.... 30.0 me/div
YP ceeseasscsasna 0.99

Noise Filter .cu... 1 avs
Power..eececaees AC

. : : : ;
........................
: : : : H
: : : : : : : : '
: : : : : : : : : H
E : [ - AU O
: : : : H : : : : H
NN A 1L N SN SNSRI (PN U S |
: : H
[ : :
11 <
F H
.
'
.........................
ol
F H
F H
H
H
g :
Fe

Tektronix 1502B TDR

Date 1)) } v’ﬁ 3
Cable —&!
Notes N\ |/ /»L\ﬂi

! Input Trace

Stored Trace
Difference Trace

TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
Cursor +vveenee 16.730 m Ll 16730 m L Tektroni 15028 TOR
Distance /Div..... .25 m/div \ i pate 10 JII1A%
. ‘ertical Scale.... 68.6 me/div T R A - 1 L\
N 0.99 : : \;:Notes }LG_Q)
Moise Filter...... 1 avs - SRR NS, WU SPRRY SU SUIOI: SO SO SR
POWEF «eveecenaes ac R SN ' : : : : : :
o i Input Trace
Fg............... rirrrrie it f Sored Trace .
R RN EE EEERE RS Difference Trace ...
SN IS SRR S S S S Sete S
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [3_21

Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Z01]
ore Operation Checks - Calibration Date /0,/ 11/
- Probe S/N 271C2Z
Probe Number 2

SOF weeuaesees 16.200 m
tance/Div..... .29 m/div
tical Scale.... 194 me/div
eseasessssncns 3.99

ze Fiter..cea. 1 avs

e cavnansenns AC

- - - s a0 - - - - - - - e - - -

{16,200 m | Tektronix 15028 TDR

.....g....io.-.g....g--..EDate ,9//}}?
.............. 5....;....5....;....:.....Cab]e :&
........................................... Notes N

TDR Trace

Apparent Length, (m) Dielectric Constant

"Shorted at Start"

FEOF ceeaes eeee 16,380 m

. 16.380 m i Tektronix 1502B TDR

tance/Div..... .25 m/div NPT pate /DAY
~tical Scale.... 167 me/div Cable /:"8\
______________ 0.99 I"lotes Shoatend
se Filter...... 1 avs : : RS SRR SR S SRR SN
Wer ceeaaae eees AC : : ?
R R s RERE REEREEEERE EEERS oy
it i it o Gtored Trace ..o
,..___.ﬁ_‘_ Difference Trace _....
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 2 (cont.)

S0F ceecesnanas 16,230 m
Distance/Div.eeee. .29 m/div
VYertical Scale.... 145 me/div
YO teernsessanens 0.99
Poise Filter coeaaa 1 avs
PoOwWer cacecananas &C

: Stored Trace ..—me.-..
ceeies-eiec.o i Difference Trace ...

input Trace

TDR Trace

Dielectric Constant

" In Air"

CUrsor .eeeeceess 16.240 m
Distance/Div.eee. .25 m/div
Yertical Scale.... 30.0 me/div
VP tiieecsasanees 0.99

Noise Filtercuveeas 1 avse
Power .cuacecanas 3C

! Tektronix 1502B TDR
Date /. O//Uﬁ"n

Cable
Notes A,\@;\A‘/

i Input Trace
Stored Trace _._._......
i Difference Trace _.....

TDR Trace

Dielectric Constant

"In Alcohol”

Cursor ceeeceeess 16.240 m
Distance /Div.eeeee 25 midiv
Vertical Scale.... 68.5 mpe/div
VP ciecesncacanns 0.99

Noise Filter ..... « 1 avs
POWer ccovansseas aC

TDR Trace

Apparent Length, (m)

Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [é Z]
Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Zo!]
ore Operation Checks - Calibration Date 10/11/9%
- Probe S/N _27C g3
Probe Number 3

Sor o600 T ST ravone 13gpaToR
tance/Div..... .29 m/div i Date 'D“(L
tical Scale.... 158 me/div R A e A AR R i vy Y O

eeerenennnnn 0.99 NG Noter St (B
ce Filter ceeaes 1 avs ol ' ---i----i----i----i----i----i----i--_-.E
N ac : :
R R R ARRRE EEE EEREE EERLE EEEEE EERRS ELERS Srwere=ssumn
P .........: ........................ éStOV’edTrace- ..........
° ‘ 5....5....%....%....é....gDifferenceTrace _____
= U SR S S S VAU USRS SU
TDR Trace Apparent Length, (m) Dielectric Constant
| "Shorted at Start"
ZOF iieaneans 16.370 1w Poac W eeEvam s Tekiranes 150&-‘§LTDF¢
tance /Div..... .25 m/div ; / : : ; : : ; : ; Date ot H1IA75
tical Scale.... 158 me/div L/‘ R R R LR R R L PR RRPRE S S .rj
______________ 0.99 b NG i Notes abend e )
se Fiter ...... 1 avs gi__-_i__--.-___i_- ;-_--;---_:-.----i----i----i----.s
Vel tereosennnn AC :
....................................... nput Trace
R i Stored Trace _.........
---------- Difference Trace ......

TDR Trace

Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 3 (cont.)

‘S0F seeensness 16.200 m
Distance/Dive..ee 25 m/div
Vertical Scale.... 145 me/div
VP tvetecscensanns 0.99
Noise Filter...... 1 avse
Power..

sascasans AC

gjlimmx 1 f?MDR

Cable _C
Notes 11

[ R

H Input Trace
.................. §........................ Storede‘ace e
................... § Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
"In Air"
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol”
CUPE0r weveeeeens 16,220 1 O U S |1 ans, 1 SEZE TOR
» Distance /Divee... 29 midw . : [.,t.. H]
' vertical Scale... . 86.4 me /div E SR EERRE EEEEERREE EEREEEEEEE U SRERE RER WS G
VP oo, 0.99 ; e Notes ()
Noize Filter...... 1 ave : : : : : 5 : 5
Power .cieeeeeen . ac :
3 Input Trace
i Stored Trace _..._._._.
leference Trace ......
d TDR Trace Apparent Length, (m) Dielectric Constant

i "In Water"




LTPP Seasonal Monitoring Program Agency Code (371
Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Z01]]
ore Operation Checks - Calibration Date Jo/1 ‘2%
- Probe S/N e La
Probe Number 4

"SOF vecesesnas 16,180 m
tance/Div..eas .25 mfdiv
tical Scale.... 154 me/div
erssnsenncnnas 3.99

se Fiter vevuaa 1 avse

: . 16.180 m | Tektronix TDR
:....g....E....E....é....gDate /U ‘}?&
(S S S S SN SRR SN I Cable (‘_‘-1

Notes 2boat= Ch

Mer ......... --ac -------------------------------------
i Input Trace
et e s e e ........,........................§StoredTrace -----------
‘; Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

o oo 16.310 8 TS ek 15028 08
tance /Div..... .25 m/div NI T pate /OIL//W(
~tical Scale.... 154 me/div : : : : : : H : i Cable _CJ
______________ 0.99 el deiecciasdionc i oo Notes Shoyrleng
se Filter ...... 1 avs ;
Wel caasnccases ac

TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 4 (cont.)

50F veessennes 16,200 m
Distance/Diveeese 29 midiv
VYertical Scale.... 141 me/div
VP cevuansnsenaes 0.99
MNoise Filter eve.ea 1 avs
Power .iceeeeeassa aC

16.200 m Tektromx 19028 TDR
v.—d—"-rn_r'-t-"
" : Date TP %
------------------------ Cable \J
........................ Notes ’(\‘ e

Input Trace
Stored Trace _._..._.__

.i ..... D]fference]'race -

- e M . = > - - W e -

TDR Trace Dielectric Constant
IIIn Air"
CUPSOF weveaseene 16,220 m {ac [0 T TP 6,220 m | Tektronix 15028 TDR
Distance/Div..... .25 m/div U e pate o) /T
Vertical Scale.... 53.0 me/div Cable _C&
WP e ecccsnnsnses J.99 :ENOteS '//1/‘0’1
Noise Filter...... | avs : : : : : : i :
Power..cocoeecac LA LONG R L 5
: : : : : : : ! Input Trace :
.é... E....;....E....%.. ‘E....g....g ..... Stor’eth’ace_-g‘.
: : : L A O SN S D]fference'rrace _____
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
CUrsor coieeenene 16.220 m Tekt'romx 15p2§ TDR
Distance /Div ..... .25 m/div i Date >“ 24

Vertical Scale.... 72.7 me/div Cable ‘,.7.
VP teeereennenen. 0.99 { Notes _—/)
Noise Filter...... 1 avs
Power ...ccceceee ac :
i Input Trace
Stored Trace _........
i Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program

Data Sheet SMP-CO1
TDR Probe Check

Agency Code [27]

Test Section Number [0

e Operation Checks

- Calibration Date
- Probe S/N

/11 /%%
2T1CDS

Probe Number 5

Il” aaeesensce 16.]?‘:’ i
nce/Div..... .20 midw

T T T e T swonie 15026 TOR

(N T O T T I I e .

cal Scale.... 154 mesdiv B il N rioriee sttt Cable d X

Yy X1 | PP SR N N AT S S SO P S P Notes _ oA

» Filter vevuee 1 avs g. _____ cmmdememiccecicmmedeceicncniccraionaciecnad

W eeecesansas AC ki : : : i ‘ : . . :
g SRR ilnputTrace
! EEREEEER) XL REEE beeecioeeioete o Shored Trace e
g; .................... :i Difference Trace .....
[ WY IR SR SN SRV S S I UOE SUPIIPE Sy

TDR Trace

Apparent Length, (m) Dielectric Constant

"Shorted at Start"

M eeasescnns B 300
e/ ivY eanee <25 medwy

cal Scale.... 154 my/div
...... canssse J3.99
1 ava

. .':Al: . ) IS0 m oo Teioamz 150 ;’E:I;:
: P .|., B \' ......... . . i E_.afé //,) /2)f§
;'\\ .............. ! Cable ~Z
L\rlotes Shoptensd
b PN

[ D el bt kb el L Ll ] ]

r? E'\V.gstored-rrace -----------
._'g\‘-\%gojfference'rrace _____

TDR Trace

Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 5 (cont.)

23] 160330 m .ac : : : 16,130 n Tek Fronizx 1502;5 TDR
EtARCe DY oo .25 médiv ' : —_: Uate .?//;/ ’b
Vertical Scale.... 154 mosdiv. -1 iy it Cable !
Y - - T S Pl i Notes AL
Noize Filter...... 1 avs 5 ; : : ; : : : :
POWEr caveenanans AC Fi L

r' Stored Trace ...

og—-—" .§ ....... Teeesieaeld Difference Trace ......

T mr e cd crC c CE e e T En .. .- = - —————

TDR Trace Apparent Length, (m) Dielectric Constant

"In Airl'

et e m mEE e R EE R E e e .. - ot e, . .  pr—

CUrsor veeee. eeee 10,210 M@ _
Distance /Div...as .25 m/div ; 2 R ; : T T rate 2
VerticalScale....59.4m.9.fdiv E ........ ......... ECable :_\
VP vieeserncennes 0.99 ' AL : : it Notes Rl oh ol

Noise Filter...... 1 avs i : : : : 5 : Becniaaniioildd

- Tektronix 150%8 TOR
"o /(1147

:: Stored Trace ...
: : ‘ : fo.ooioeecieeociees L Difference Trace ...

TDR Trace

"In Alcohol”

CUFZON veeenannen 165,210 m | & s , . Tektrons, 15028 TOR

Distance /Div..... .25 m/div N : ' : L

: Yertical Scale.... 77.0 me/div
” 0.99

-------------- L=y

ze Filter vau... 1 avse

POWer sanesnnnes ac SRS NP0 VOV FUDS FOUDS TUULS PP FHPSS PO I
5 § : : '- : i Input Trace

N a

TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code
Data Sheet SMP-CO01
TDR Probe Check Test Section Number

[37)
[0Z0]]

ore Operation Checks

- Calibration Date [ 0/ 1i/2%
- Probe S/N 27CDlp
Probe Number 6

SOF cenenssens 16.390 m
ance/Div..eeea .25 m/div
ical Scale.... 198 me/div
veesscassssae 3.99

e Filter...... 1 avs

e cenencvnnas AC

Tektronix 1502B TDR
Date /1] 1975
! Cable _\e

Notes M

: Input Trace
Stored Trace o....._._.

Difference Trace ......

TDR Trace

Apparent Length, (m)

Dielectric Constant

"Shorted at Start"

1] o 16.500 m
tance/Div.eee. 25 midiv
tical Scale.... 158 me/div

! Tektronix 1502B TDR

Sl ke OI(T1GD
eieed Cable Clo >

_______ censses J.99 -E Notes At K‘u\/y
e Filter...... 1 avs :

AL EEERER R ac ........................................

] TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 6 (cont.)

S0V canssaans « 16.410 m
Distance/Diviceee .29 midiv
‘ertical Scale.... 141 me/div
VF cenecensncneee 0.99
Noise Filter..ceu. 1 avs

Date _n///]23

Tektronix 1502B TDR

Cable _C b

i Notes YA

Power.ceaes eanns AC
Input Trace
i Stored Trace _.._._.-..
Difference Trace ......
TDR Trace Dielectric Constant
llIn Airll
CUPSOF vennnen. .. 16.420 m Fac . |2 1T TR 16.420 m | Tekbronix 1502B TDR

Distance/Divaeaees 29 m/div
Vertical Scale.... 54.5 me/div
VP teveescnsannas 3.99

Noise Filter..evae 1 avs
POwWer .ceceesneas AC

_nno

R iV

g....é....é....i....g....é..‘.g..--g....: Notesk\tb ,l\

- >~ = = ===

TDR Trace Dielectric Constant
"In Alcohol"
CUPSOr wuvveenen 16.420 m B R 16.4200m  Tedronix 15028 TOR
Distance/Div..... .25 m/div : Date ' 2/)//%
\),ert'lca] Sca]e.... 83.9 m.p)‘di\/ .......................................... Cable /‘/
VP ceune. cesemsasn 0.99 T T T T e e A I £ 01 (3 /‘l;_n
MNoise Filter...... 1 avs
Power....c.. esne AC ]
i Input Trace
O gStoredTr’ace_ ..........
........................................ : Difference Trace _....
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [37]
Data Sheet SMP-CO01
TDR Probe Check Test Section Number [0Z0]]
re Operation Checks - Calibration Date lo/11/93%
- Probe S/N ‘27¢co7
Probe Number 7

OF vereerenes 16,410 0 "'"""""""""""""'1%'?1'6'51 """ Tektronix {5028 TOR
ance/Div..ee. .25 midiv 1 /NG il i pate —2/[//9%
tica] Sca]e-... 149 mpfdiv ----------------------------------------- i Cab]e \_‘_7
ennnennas L0099 B N e e ! Notes _ Ao r ML
e Filter..... 1 avse

@ canscssnase 3AC

Input Trace
Stored Trace .....
leference Trace ...

TDR Trace

Apparent Length, (m)

Dielectric Constant

"Shorted at Start"

SOF wnescacees . 16.540 m Tektromx 151038 'I;%R
tance /Div.ueee .25 m/div i Date ‘\ﬂ
tical Scale.... 154 me/div Cable =
........... ... 0.99 | Notes Chent Co
ce Fiter...... 1 avs
L ac :
; Input Trace
i Stored Trace _._._._._.
leference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 7 (cont.)

JOF ceannsnees 16,450 m Tektronix 1502B TDR
Distance /Divecees .25 midiv Date //9, /7///4 z
Vertical Scale.... 154 me/div Cable =
VP veeessesesanes 0.99 Notes 22"

Noise Filter..a... 1 avs

Power .ceaceenansa AC

: Input Trace
: : : i Stored Trace .......-.-
R EERRE RS ! Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant
"In Ajr"
FEOF ceaens eens 16.450 m

P bistance/Diveeeee 29 m/idiv
Verticai Scale..es 37.7 mefdiv
VP tieecenscnnaes 0.99
Noise Filter..cee.e 1 avs

i Tektronix 15 TDR
Date /) 2;!3

Cable
Notes /J/r/)/\o/

POWer caceanncans AC
Input Trace
i Stored Trace _......_..
leference Trace ...
TDR Trace Dielectric Constant
"In Alcohol"
Cursor .......... 16.450 m i1 16:450m | Tektronix 15028 TOR
Distance /Div.eu.. .25 m/div LTI T T pate (Ol 147Y
Vertical Scale.... 70.6 m#/div ’ Cable
VP iicereneenan. 0.99 : : : : : : : :
Noise Filter...... 1 avs
Power .ieeeeneaas ac
'! TDR Trace Apparent Length, (m) Dielectric Constant

3 "In Water"




LTPP Seasonal Monitoring Program Agency Code (371
Data Sheet SMP-CO01
TDR Probe Check Test Section Number [cZo/]

re Operation Checks

- Calibration Date 10/): /92
- Probe S/N 29C 8
Probe Number 8

m—

SO acecnvananca 16-400 m

i Date ”’/l >

! Tektronix 15028 TDR

ance/Div..... .25 m/div
tical Scale.... 149 me/div i Cable _ QY
etsssenannsns 0.99 i Notes SA’T’B
e Filter....... 1 avs ;
'@ asscse sssse AC H
! Input Trace
: : : : : : : : i Stored Trace -.—.......
; . § Difference Trace ......
2N NSNS S S SRR S Sopuion-pug-rmpe. e s
TDR Trace Apparent Length, (m) Dielectric Constant
| "Shorted at Start"
SOF sveenneens 16.570 m : : : : . 16,570 m | Tektronix 1S02B TDR
tance /Div ... .25 m/div N e 101 ]1Q
tical Scale.... 167 me/div . SECabIe e )
.............. 0.99 SO SIS PO S SO S-S Shepbrng
ce Filter...... 1 avs
Vel cavavaannce ac
Input Trace
i Stored Trace _.......
i Difference Trace _....
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 8 (cont.)

EOF ereaes veee 16,430 m i oac 16.430 m ! Tekbronix 15028 TDR
Distance/Diveeeee 25 mediv. NG e : Date /11122
Vertical Scale.... 141 me/div g R AR SRR i o2 3 T O
WP hecaenenenne .. 0.99 ceeiieiieeiioiaiiee s d Hotes A1
Noise Filter ...... 1 avs [ S S S

Power..cveceaeas AC

Input Trace

Stored Trace ...
Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

IIIn Ajrll

¥ T ————
DLW O seeescsnas 16.440 m 16.440 m ¢ Tektronix 1502B TDR

Distance /Div..... .25 m/div : : : P T pate (oll) 1

Vertical Scale.... 66.7 me/div RN FARRRE AN ittt caple 28 '

VP ... cereenens 0.99 . | SO cieifiib o Notes JhC ol

Noise Filter...... 1 avs S A 1 S SRR ¥ SRS S S

POWer cuueeeasns AC : : : : 7 : :
....................... ot Trace

TDR Trace Dielectric Constant
"In Alcohol"
CUrSOF vveevannes 16.440 m Poac | P : © . 16.440 m | Tektronix 1502B TDR
Distance: Div eau.. .25 m/div A A A A A N S A LT L
Vertical Scale.... 72.7 me/div e Caple _C B
VP e 0.99 oLt i i Notes £, O
Noise Filter...... 1 avs : : : --i_-__i---_.:,-_.._i____i____i___..i____.i i
Power..ceeeneees ac :
R R A NS RRREE AR Brwowey
.i g StoredTrace ...........
: f--~-f-~--§~---§--~~i}--EDifferenceTrace .....
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [37]

Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Zo/]
re Operation Checks - Calibration Date io/Il/ 13
- Probe S/N 2c 27

Probe Number 9

SOV sensceenns 16.420 m

{ Tektronix 1502B TDR

aNCe/DIY vavar 25 midiv | Date L0114
tical Scale.... 149 my/div i Cable = -
............ .. 0.99 { Notes 2Anei
e Filter vevane 1 avse ;
e ceeesnnanns ac
i Input Trace
| Stored Trace -
i Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

OF weuneanane 16.540 m S b b 16.540m i Tektronix 1502B TDR
ance.Div..... .25 m/div PR pate o114
1cal Scale.... 163 me/div foNc i cable G
_____________ 0.99 NG Notes _Shent end
e Filter ...... 1 avs 5 : S SN S S S
B cecsvcannas ac E §
.............. e o Trace
ittt il Stored Trace eeoee.-
M__‘ Difference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 9 (cont.)

CEOF aeeee crees 16,440 m Pac . | P : 16, 440 | Tektronix 15028 TOR
Distance /Div ..... .25 m/div S EA 00 L e t pate __2/J(14
© -+ical Scale.... 154 me/div i Cable =]
¢ ieesenasseeses 0,99 | Notes 1
Piice Filter cueese 1 avs i
PoOwer cevecananes ac
: : : , : : : : i Input Trace -
gg Stored Trace ...
E ..... D]fferenceTrace ———
TDR Trace Apparent Length, (m) Dielectric Constant
"In Air"
CUFSOr ceecascsns 16.460 m : s : : : . 16,460 m Tektromx 1S ﬂg%TDR
Distance/liv..... 235 m/div : : 3 EDate orli)
Vertical Scale.... 62.9 me/div : ; '''' i Cable
YF v eeeeeenneane 0.99 Ceiieeioedeie i ciii o Notes bl
MNoice Filter...... 1 avs ,-
FOWer cenase essee AC :
e e
SRS (AR A i Stored Trace ...
..... D]ffprenceTrace ......
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol”
CUrsor ceeeeeeens 16.460 m TPJ(l'mnlx 15028 TOR
Distance /Div ..... .25 m/div : Date 7 O/ a3
Yertical Scale.... 70.6 mefdiv Cable
BF o eeneeeanaanes 0.9 | Notes ~/‘)
Noise Filter...... 1 avs
Power cicenaanaas ac
: Input Trace
i Stored Trace _........-
D1fference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant
B "In Water"




LTPP Seasonal Monitoring Program Agency Code [37]

Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Zo1]
re Operation Checks - Calibration Date lo, /13
- Probe S/N 17CI@

Probe Number 10

SOF weeveeenes 16.400 m R .. 16.400 i Tektronix 1502B TDF
tance /DiV cauee .25 m/div TTTTiTTTiTTTeT Tt i Date /0N 743
tical Scale.... 154 mo/div Cop N bbbt Cable S0
e, 0.99 LN Nates ShanE B
se Filter .oouus 1 avs o8 i Llil BN TR SR NS N AU S S
B veenanannen ac ki : : : : H : : : j ' —_
3 ....................................... IlnputTrace
R R CHREEE LERTIPREE CUDYE PYPRE POPE | Stored Trace ...
og....: ..... D]fference"rrace N
3O S S S S S S e
TDR Trace Apparent Length, (m) Dielectric Constant
| "Shorted at Start"
SO ceeanennan 16.520 m : . : : ; : . 16. 520 m ! Tektronix 15 28 TDR
tance /Div..... .25 m/div : : : : : ; : , : s Date _AL/12
tical Scale.... 154 me/div : R R i Cable p)
______________ N.99 : Notes Shertr ad
se Filter ...... 1 ava : ' : : : : : : : :
Vel ceevcsnsese ac
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 10 (cont.)

16.430 m
Distance/Div.ceas .25 midiv
Yertuzal Scalec... 149 me/div
VP tecenanenssens 0.99

Noise Filter...... 1 avs
Power cececeaseea AC

---------------------------------------------------

Tekl'ron,x 1 502& TDR

: Date ,
i Cable -=L0
Notes ki

lnput Trace

S*ored Trace
Dltference Trace

———cmimemon

TDR Trace Dielectric Constant
"In Airl'
CUFSOr +vvveuenes 16,440 m - N S S, - 440 m § Tekbroriz 1502P TOR
Distarce /Div.ee.. .25 m/div AR ERRRRE R RS A A i Date /2! Il
Verticai Scale.... 57.7 me/div Cable )
VP vvveeseennenns 0.99 Notes Altohp |
Noise Filter..eu.. 1 avs
POWer.coeesseass aC H
Input Trace
i Stored Trace .........
leference Trace .....

TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
TSP vavessenes 16.440 m fac | 16. 440 m | Tektronix 1502B TDR
'{ance/Div ----- .25 m[div § e /’t ......................................... Date ) H 'QB
_ertical Scale.... 70.6 me/div a. ...... Cable |0
Y e 0.99 ,_____/ DO O O Pt PU U SO S S i Motec 3
Moise Filter...... 1 avs o 5 -
POWer ccoeuuennn. ac : A
i Input Trace
Stored Trace ...._....
D1ffer'ence Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program

Data Sheet SMP-CO1
TDR Probe Check

Agency Code

Test Section Number

[37]
[0ZeSs]

yre Operation Checks

- Calibration Date
- Probe S/N

lo/11 /15
2D

Probe Number 1

-

TP teevennsas eI M

tance/Div.iees. .25 midiv

: Tej:br amx 19028 TDR
| Date L¥///52

“1zal Scale.... 154 me/div i Cable L
...... ceeneee. 0.99 PWotes
se Filter veveee 1 ava D e
WEL evenanennes . S
toogwt Trace
C Stored Trace .o
.. Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

PSOF ceeasannes 0.4 T0 o Tektrorax 19020 TOR
star =/ DiVeee.. 25 m/div | Date 2/ 292
rtical Scale.... 172 ms»/div i Cable (\\‘
.............. 0.92 Motes
1se Filter...... 1 3923 :
WEF vrennenneae ac :
Input Trace
: i Stored Trace _._........
: ; ' : , T e i Difference Trace ......
= S ] ISS SR S SN SUN SRR S S
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 1 (cont.)

TEOF eeevecnean L2 0 a T Terimanix 15028 TOR
vistance /Diveeee. .25 midwy ' 1 - o e Date T
Vertical Scale.... 145 mesdiv. B i i et e } Cable L
YP teeee T 1 - L T I I e R MNotes
Noise Filter...... Tavs o e icaaiieans i
Power ceseneenaes ac i

e e race
coriot Stored Trace oo
... 1 Difference Trace ......
TDR Trace Dielectric Constant
"In Air"
CUFZOF vivvnnacas B3I W 0 m iekbrone, 1S02B TOR
Distance /Diveveee .25 midiv T pate /11152
Yertical Scale.... 50.0 me/div : AEERERE R Cable
VP teerensennnans 0.99 S R RRY CEREE PRRTE RPN Notes
Noise Filter ceweee Y ave @& ___ 4 L N i ___i____ SR S I I 4
Power .ccceaceces 3C :
SELNCES ERTEL SRR EERE LD S ERERE ERERE CLERS frwwresy
ittt Gtored Trace oo
..': Difference Trace ......
TDR Trace Dielectric Constant
"In Alcohol"
CUFS0N venvenaes Te 220 m po3c g L Tekrror: 19028 Th=
Cistance:Div.e... 28 midiv ; S \ e " Date NGz
' Vertical Scale.... 70.6 me/div /\‘ Cable/){
VP veneennenenes 0.99 L DNt Notes
Noise Filter...... I avs s i LA i bl i fi
POWer «cveeanenan ac : : S : : : 5 5 E :
input Trace
.41 Stored Trace ...
e Difference Trace ...
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code
Data Sheet SMP-CO1
TDR Probe Check Test Section Number

re Operation Checks

- Calibration Date
- Probe S/N

(0/11/9%
2I0pZ

Probe Number 2

ZOF veeeneeees 16,320 m 16.320 n lektrorn.. 1S02E TOR
tance/Div eeeee 25 m/div LT T  pate /N1 /T3
tical Scale.... 145 me/div : : : froiieenieeeeioeeieeed Oaple Oa\
cesanscassasce 0.99 bbb bbb Nottes
ce Filter...... 1 avs : : : :____i__-_i----.:._---i---_.e
Vel cvavasnnens ac
NG R LT EERES S S re=msuny
. ...é....E....i....i....g....é....gStoredTrace- ----------
: : > E%D]ffer-ence'rrace _____
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at Start"

IO i eeeenenes 1€.510 fa 10 « . Testronix 195028 TOR
tance FDiV eunn. .25 midiv T Date L 2201/92
~tical Scale.... 167 me/div ieeesie ! Cable oo
.............. 0.99 5 i....i Notes
ce Filter...... 1 avse :
WEF teercnanoes ac :
! Input Trace
Stored Trace ...._._._._
---------- Difference Trace ......
TDR Trace Apparent Length, (m) Dielectric Constant

"Shorted at End"




Probe Number 2 (cont.)

0] TE.E20 W
vistance/Div.iee.. .25 midiv
Vertical Scale.... 154 me/div
VP ceveenncnsenne 0.99
Noise Filter...... 1 avs
POwWer eccaessaeaa ac

bt e pate _ (61192
;QCableh
Notes

Input Trace

! Stored Trace ..—...—.—..
. .i Difference Trace .....
I . R LU P PRI EPE P
TDR Trace Dielectric Constant

; "In Air"

CUFEOr vvnneees .. 16,260 s | T TTTAZED m ., Tekbronix 1S0ZE TDR

Distance /Div «.... .25 m/div : | Date _ JO/N/32

Yertical Scale.... 51.5 me/div i Cable

.0.99
MNoise Filter ...... 1 avs

.‘t"p sawesccenassa

Power cecevecaaas ac :
. i Input Trace
.............‘........A.......'..gstoredTrace_ ----------
...} Difference Trace .....
TDR Trace Apparent Length, (m) Dielectric Constant
"In Alcohol"
e e e o e
T vessensens T, Ldd Coac - ) 15,260 m . Tektroniz 1SQSE TOR
ciztanceDivaaee. W20 midiv l."\ R i Date /0/’,’/'#35
Vertical Scale.... 68.6 mesdiv [ Y it e Cable
VP ieiececscenses N.99 'll.rqotes
Noise Filter...... 1 avs ga_,__;____;_\__;____;____;____;__-_;-___;_---;_-__‘
Power..oouuueens 3 " S DUUUE SURNE DUUUR SUUR SUNNE SRR SO
?;‘...g....é..l\;;. g.. § E.. . §InputTrace
r:\: ......... : Stored Trace ...
.;-"“-q_ DL —_ ,’< Difference Trace ......
2SN 1S SR SR SRS sewt SN
TDR Trace Apparent Length, (m) Dielectric Constant

"In Water"




LTPP Seasonal Monitoring Program Agency Code [37]
Data Sheet SMP-CO1
TDR Probe Check Test Section Number [0Z65]
fore Operation Checks - Calibration Date 10/} /2%
- Probe S/N 21DD=
Probe Number 3

WSO seesesanns ]6.330 M
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APPENDIX C

Supporting Instrumentation Installation Information



Appendix C contains the following supporting information:

Figure C-1 = TDR Traces Measured Manually During Installation
Table C-1 TDR Moisture Content During Instailation
Table C-2 Field Measured Moisture Content During Installation

Laboratory Moisture Samples' Results as Received from the State
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Figure C-1. TDR Traces Measured Manually During Installation
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Figure C-1 (cont.). TDR Traces Measured Manually During Installation
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Table C-1.1 TDR Moisture Content for 370201

TDR | TDR Length| Dielectric Volumetric In-Situ Gravimetric
No. (m) Constant Moisture Content Dry Density Moisture Content
(e) (%) (kg/m?*) (%)
37C01 0.51 6.44 11.40 2355 4.84
37C02 1.04 26.78 41.98 1352 31.05
37C03 0.75 13.93 26.00 1352 19.23
37C04 0.92 20.96 35.91 1352 26.56
37C05 0.87 18.74 33.12 1352 24.50
37C06 1.02 25.76 41.03 1352 3035
37C07 0.85 17.89 31.97 1352 23.65
37C08 1.02 25.76 41.03 1352 30.35
37C09 0.87 18.74 33.12 1352 24.50
37C10 0.83 17.06 30.81 1352 22.79
Table C-1.2 TDR Moisture Content for 370205
TDR |TDR Length| Dielectric Volumetric In-Situ Gravimetric
No. (m) Constant Moisture Content Dry Density Moisture Content
(g) (%) (kg/m*) (%)

37D01 0.85 17.89 31.97 1415 22.60
37D02 0.80 15.85 29.03 1415 20.52
37D03 0.93 2141 36.45 1415 25.76
37D04 1.00 24.76 40.05 1415 28.31
37D05 0.90 20.05 34.81 1415 24.60
37D06 0.97 23.30 38.54 1415 2724
37D07 0.97 23.30 38.54 1415 27.24
37D08 0.97 23.30 38.54 1415 27.24
37D09 0.87 18.74 33.12 1415 2341
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Table C-1.3 TDR Moisture Content for 370208

TDR |TDR Length| Dielectric Volumetric In-Situ Gravimetric
No. (m) Constant Moisture Content Dry Density Moisture Content
(e) (%) (kg/m?) (%)
37A01 0.60 8.91 16.75 1418 11.81
37A02 0.76 14.30 26.61 1418 18.77
37A03 0.65 10.46 19.82 1418 13.98
37A04 0.65 10.46 19.82 1418 13.98
37A05 0.62 9.52 17.97 1418 12.68
37A06 0.63 9.83 18.59 1418 13.11
37A07 0.66 10.79 20.44 1418 14.42
37A08 0.73 13.19 24.77 1418 17.47
37A09 0.70 12.13 22.92 1418 16.16
Table C-1.4 TDR Moisture Content for 370212
TDR | TDR Length| Dielectric Volumetric In-Situ Gravimetric
No. (m) Constant Moisture Content Dry Density Moisture Content
(e) (%) (kg/m’) (%)

37B01 0.50 6.19 10.83 N/A N/A
37B02 0.35 3.03 3.09 2164 1.43
37B03 0.90 20.05 34.81 1460 23.84
37B04 0.98 23.78 39.05 1460 26.75
37B05 0.97 23.30 38.54 1460 26.40
37B06 1.00 24.76 40.05 1460 27.43
37B07 0.92 20.96 3591 1460 24.59
37B08 0.88 19.17 33.69 1460 23.08
37B09 1.02 25.76 41.03 1460 28.10




Table C-2.1 Field Measured Moisture Content for 370201

LTPP Seasonal Monitoring Study State Code | [37]
In-Situ Moisture Tests Test Section Number | [0201]
Weight (gm) Probe Probe Probe Probe Probe
1 2 3 4 5
Weight of Pan + Wet Soil N/A 246.50 | 236.55 | 246.98 | 301.20
Weight of Pan + Dry Soil N/A 212.90 | 206.79 | 213.35 | 253.00
Weight of Pan | NA | 1200 [ 1213 | 1200 | 1213
Weight of Dry Soil N/A 92.90 85.49 93.35 131.70
Weight of Wet Soil N/A 125.50 | 115.25 126.98 179.90
Weight of Moisture | NA | 32,60 | 29.76 | 33.63 | 48.20

Wt of Moisture/Dry Wtx 100 | N/A | 351 | 348 | 360 | 366

Weight (gm) Probe Probe Probe Probe Probe
6 7 8 9 10

Weight of Pan + Wet Soil 240.30 | 250.60 | 255.05 | 280.25 | 238.08
Weight of Pan + Dry Soil 207.69 | 214.38 | 21690 | 238.05 | 203.13
Weight of Pan | 1200 | 1213 | 1200 | 1213 | 120.0
Weight of Dry Soil 87.69 93.08 96.90 116.75 83.13
Weight of Wet Soil 120.30 | 12930 | 135.05 | 158.95 118.08
Weight of Moisture | 32.61 | 3622 [ 33.15 | 4220 | 34.95
Wt of Moisture/Dry Wtx 100 | 372 | 389 | 342 | 361 | 420
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Table C-2.2 Field Measured Moisture Content for 370205

LTPP Seasonal Monitoring Study | State Code | [37]
In-Situ Moisture Tests Test Section Number | [0205]
Weight (gm) Probe Probe Probe Probe Probe
1 2 3 4 5
Weight of Pan + Wet Soil 235.50 | 253.50 | 27345 | 265.20 | 255.60
Weight of Pan + Dry Soil 21320 | 227.27 | 237.90 | 232.53 | 223.19
Weight of Pan [ 1213 | 1200 | 1213 | 120.0 | 121.3
Weight of Dry Soil 91.90 107.27 | 116.60 | 112.53 101.89
Weight of Wet Soil 11420 | 133.50 | 152.15 | 145.20 | 133.70
Weight of Moisture [ 2230 | 2623 | 3555 | 32.67 | 31.81
Wt of Moisture/Dry Wtx 100 | 243 | 245 | 305 | 290 | 312
Weight (gm) Probe Probe Probe Probe Probe
6 7 8 9 10
Weight of Pan + Wet Soil 316.33 | 307.83 | 252.31 | 293.52 | 233.30
Weight of Pan + Dry Soil 27020 | 261.31 | 22049 | 25092 | 206.30
Weight of Pan [ 1200 | 1213 | 1200 [ 1213 | 120.0
Weight of Dry Soil 150.20 | 140.01 100.49 | 129.62 86.30
Weight of Wet Soil 196.33 | 186.53 131.31 172.22 | 113.30
Weight of Moisture [ 46.13 | 46.52 | 30.82 | 42.60 | 27.00

Wt of Moisture/Dry Wt x 100

307 ]

33.2

30.7

|

32.9

[ 313




Table C-2.3 Field Measured Moisture Content for 370208

LTPP Seasonal Monitoring Study State Code (371}
In-Situ Moisture Tests | Test Section Number | [0208]
Weight (gm) Probe Probe Probe Probe Probe
1 2 3 4 5

Weight of Pan + Wet Soil 247.10 | 238.79 | 263.19 | 252.79 | 279.90
Weight of Pan + Dry Soil 22931 | 220.69 | 248.65 | 239.83 | 262.60
Weight of Pan | 1200 | 1205 | 1200 | 120.5 | 120.0
Weight of Dry Soil 109.31 100.19 | 128.65 | 119.33 | 142.60
Weight of Wet Soil 127.10 | 11829 | 143.19 | 132.29 | 159.90
Weight of Moisture | 1779 | 1810 | 1454 | 1296 | 17.30
Wt of Moisture/Dry Wtx 100 | 163 | 180 | 113 | 109 | 12.1

Weight (gm) Probe Probe Probe Probe Probe

6 7 8 9 10

Weight of Pan + Wet Soil 22793 | 24592 | 285.60 | 387.00 | 242.70
Weight of Pan + Dry Soil 21836 | 234.00 | 268.15 | 357.50 | 229.70
Weight of Pan | 1205 | 1200 | 1205 | 1205 | 1205
Weight of Dry Soil 97.86 114.00 | 147.65 | 266.50 | 122.20
Weight of Wet Soil 107.43 | 12592 | 165.10 | 237.00 | 109.20
Weight of Moisture T 957 | 1192 | 1745 | 2950 | 13.00
Wt of Moisture/Dry Wtx 100 | 98 | 105 | 118 | 111 | 10.6
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Table C-2.4 Field Measured Moisture Content for 370212

LTPP Seasonal Monitoring Study State Code [37]
In-Situ Moisture Tests Test Section Number [0212]
Weight (gm) Probe Probe Probe Probe Probe
1 2 3 4 5

Weight of Pan + Wet Soil N/A 361.02 | 274.41 | 273.72 | 242.71
Weight of Pan + Dry Soil N/A 35470 | 257.50 | 23491 | 211.50
Weight of Pan | NA | 1200 | 1205 | 1200 | 120.5
Weight of Dry Soil N/A 23470 | 137.00 | 11491 91.00
Weight of Wet Soil N/A 241.02 | 153.91 153.72 | 122.21
Weight of Moisture | NA [ 632 | 1691 | 3881 | 31.21
Wt of Moisture/Dry Wtx 100 | NA | 27 [ 123 | 338 | 343

Weight (gm) Probe Probe Probe Probe Probe

6 7 8 9 10

Weight of Pan + Wet Soil 213.90 | 233.72 | 307.81 | 235.78 | 239.80
Weight of Pan + Dry Soil 190.70 | 206.00 | 259.80 | 206.30 | 210.00
Weight of Pan [ 1200 | 1205 | 1200 | 120.5 | 120.0
Weight of Dry Soil 70.70 85.50 139.80 85.80 90.00
Weight of Wet Soil 93.90 113.22 | 187.81 115.28 | 119.80
Weight of Moisture [ 2320 | 2772 | 4801 [ 2948 | 29.80
Wt of Moisture/Dry Wtx 100 | 328 | 324 | 343 | 343 | 33.1
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APPENDIX D

Initial Data Collection



Appendix D contains the following supporting information:

Table D-1.  Sample Data from the Onsite Datalogger Collected During Initial Data
Collection, (May 15, 1995)

Figure D-1.  First Five Sub-Surface Temperatures
from Initial Data Collection, May 15, 1995

Figure D-2.  Average Sub-Surface Temperature for all 18 Sensors from
Initial Data Collection, May 14, 1995

Figure D-3  Initial Second Set of TDR Traces Measured with the Mobile Unit

Figure D-4  TDR Traces Measured After Moving Cabinet and Extending Cables
(October 8, 1994.)

Table D-2 Uniformity Survey Results Before and After Installation

Figure D-5  Deflection Profiles from FWDCHECK
(Test Date and Time May 15, 1995 @ 0830)

Table D-3 Volumetric K and Effective Thickness from FWDCHECK
(Test Date and Time May 15, 1995 @ 0830)

Figure D-6  Deflection Profiles from FWDCHECK
(Test Date and Time May 15, 1995 @ 1242)

Table D-4 Volumetric K and Effective Thickness from FWDCHECK
(Test Date and Time May 15, 1995 @ 1242)

Figure D-7  Deflection Profiles from FWDCHECK
(Test Date and Time May 15, 1995 @ 1716)

Table D-5 Volumetric K and Effective Thickness from FWDCHECK
(Test Date and Time May 15, 1995 @ 1716)

Table D-6 Surface Elevation Measurements



Table D-1. Sample Data from the Onsite Datalogger Collected During Initial
Data Collection, May 15, 1995

5,1995,134,1600,11.21,32.54,22.43,22.31,22.17,22.12
6,1995,134,1600,28.33,26.09,24.78,21.43,21.3
5,1995,134,1700,11.21,36,22.73,22.5,22.33,22.16
6,1995,134,1700,29.58,27,25.42,21.43,21.28
5,1995,134,1800,11.21,31.15,22.62,22.26,22.09,21.86
6,1995,134,1800,29.02,27.47,26.04,21.42,21.24
5,1995,134,1900,11.21,25.96,22.91,22.49,22.29,22.01
6,1995,134,1900,27.23,27.02,26.24,21.41,21.2
5,1995,134,2000,11.2,21.66,23.17,22.72,22.49,22.17
6,1995,134,2000,25.44,26.12,25.98,21.45,21.18
5,1995,134,2100,11.2,18.79,23.42,22.97,22.8,22.43
6,1995,134,2100,23.81,25.05,25.45,21.5,21.19
5,1995,134,2200,11.2,17.44,23.56,23.15,23.02,22.65
6,1995,134,2200,22.6,24.04,24.8,21.56,21.21
5,1995,134,2300,11.2,16.63,23.58,23.22,23.13,22.78
6,1995,134,2300,21.62,23.15,24.16,21.63,21.24
1,1995,134,2400,11.21,11.23,446,11.19,2257,23.07,36.66,1637,16.17,2358,22.57,23.6,2248,21.63,1145,22.47,23.27,225
5,21.65,1144,22.47.23.23,7,21.78,1432,22.4,23.16,3,21.75,1429,1023
2,1995,134,2400,23.08,22.91,22.88,21.69,21.42,21.03,20.55,20.05,19.16,18.27,17.56,16.98,16.52,16.03,15.66,15.52,15.2
7,15.02
3,1995,134,2400,29.78,1642,27.53,1731,26.28,1808,22.19,15,21.67,13,21.13,706,20.64,1306,20.17,1622,19.3,1703,18 4,
1617,17.69,1702,17.11,1647,16.65,1655,16.13,1650,15.76,1614,15.61,1607,15.37,1639,15.12,1636
4,1995,134,2400,19.62,452,20.2,603,20.67,705,21.39,1718,21.17,1952,20.83,2038,20.44,2028,19.91,15,19.01,4,18.11,2,
17.41,5,16.84,9,16.41,4,15.94,5,15.56,2,15.45,5,15.19,439,14.92,11
5,1995,134,2400,11.19,16.32,23.5,23.21,23.15,22.86
6,1995,134,2400,20.87,22.39,23.54,21.68,21.27
5,1995,135,100,11.19,16.11,23.37,23.14,23.13,22.87
6,1995,135,100,20.28,21.75,22.98,21.74,21.3
5,1995,135,200,11.19,16.28,23.2,23.03,23.06,22.86
6,1995,135,200,19.87,21.23,22.48,21.78,21.33
5,1995,135,300,11.19,16.03,23,22.88,22.95,22.8
6,1995,135,300,19.44,20.79,22.07,21.79,21.36
5,1995,135,400,11.19,15.74,22.82,22.74,22.86,22.74
6,1995,135,400,19,20.36,21.66,21.78,21.38
5,1995,135,500,11.18,16.03,22.64,22.61,22.74,22.68
6,1995,135,500,18.81,20.01,21.3,21.79,21.39
5,1995,135,600,11.18,16.3,22.44,22.45,22.6,22.59
6,1995,135,600,18.7,19.77,21.01,21.77,21.41
5,1995,135,700,11.18,17.24,22.28,22.34,22.48,22.51
6,1995,135,700,18.84,19.64,20.79,21.74,21 .4
5,1995,135,800,11.18,20.32,22.14,22.24,22.37,22.45
6,1995,135,800,19.66,19.82,20.71,21.71,21.41
5,1995,135,900,11.18,26.55,22.04,22.19,22.25,22.37
6,1995,135,900,21.45,20.51,20.9,21.68,21.42
5,1995,135,1000,11.18,33.31,22.09,22.36,22.32,22.56
6,1995,135,1000,24.62,21.85,21.32,21.48,21.27
5,1995,135,1100,11.18,37.98,21.81,21.93,21.51,21.6
6,1995,135,1100,28.9,24.4,22.65,21.58,21.39
5,1995,135,1200,11.18,39.36,-6999,21.71,21.8,21.99
6,1995,135,1200,27.65,22.09,19.28,16.64,16.42
5,1995,135,1300,11.17,37.37,-6999,21.23,21.42,21.66
6,1995,135,1300,36.06,29.86,26.16,21.53,21.38
5,1995,135,1400,11.16,36.74,-6999,21.27,21.89,21.9
6,1995,135,1400,38.19,32.14,28.12,21.5,21.34

D-1



Temperature (C)

Section 370201

800 900 1000 1100 1200 1300 1400 1500

Time

Figure D-1. First Five Sub-Surface Temperatures
From Initial Data Collection, May 15, 1995




Depth from Pavement Surface

Section 370201

Average Pavement Temperature (C)

Figure D-2. Average Sub-surface Temperature for all 18 Sensors
From Initial Data Collection, May 14, 1995
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TDR MEASUREMENTS

File Name: 37SCS5AE.HMOB

TDR Data Set: 2
Sensor Number : 1
Date: May 15, 1995
Tine of Day: 17 :46
Dist btun HvFm, n: 8.061
Gain: 63
Offset: 53456
Sanple No: 1

1st Inflec. Point= 0.27
2nd Inflec. Point= 60.85
Appar. Length, m = 0.58
Dieletr. Const.= 8.3
VUolunetr MC, x = 15.4

Total 2 set(s) data

....................

...............

-—— - - - - e

....................

.................................................................................................

0.5 1.8 1.5 2.8 2.5

Esc=Menu; t 1; Ctr+PgU/Ctr+PgD=Prior/Next Set; F5=Res Data; F2=PrnScn; F8=A,F9=B

Figure D-3. Initial Second Set of TDR Traces Measured with the Mobile Unit

TDR MEASUREMENTS
File Name: 37SC9S5AE.HOB

TDR Data Set: 2
Sensor Nunmber : 2
Date: May 15, 1995
Tine of Day: 17 :47
Dist btun HvFm, n: 0.01
Gain: 78
Offset: 54433
Sanple No: 1

1st Inflec. Point= 8.26
2nd Inflec. Point= 1.42

Appar. Length, m = 1.16
Dieletr. Const.= 33.3
Uolumetr HC, » = 46.8
Total 2 set(s) data

8.5 1.0 1.5 2.8 2.5

Esc=Henu; t {; Ctr+PgU/Ctr+PgD=Prior/Next Set; F5=Res Data; F2=PrnScn; F8=A,F9=B

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit




TDR MEASUREMENTS
File Name: 37SCSSAE.MOB

TDR Data Set: 2
Sensor Number : 3
Date: May 15, 1995
Time of Day: 17 :47
Dist btun HVFn, n: 8.01
Gain: 86
Offset: 54352
Sanple No: 1

1st Inflec. Point= 8.26
Z2nd Inflec. Point= 1.44
Appar. Length, m = 1.18
Dieletr. Const.= 34.4
Volunetr MC, 2 = 47 .6

Total 2 set(s) data

8.5 1.6 1.5 2.0

2.5

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit

TDR MEASUREMENTS

File Name: 37SC95AE.HOB

TDR Data Set: 2
Sensor Number : 4
Date: May 15, 1935
Tine of Day: 17 :48
Dist btun HvFmn, n: 8.61
Gain: 84
Offset: 545086
Sanple No: 1

1st Inflec. Point= 8.27
Z2nd Inflec. Point= 1.48
Appar. Length, m = 1.21
Dieletr. Const.= 36.2
Volunetr MC, »z = 48.7

Total 2 set(s) data

Esc=Menu; t 1; Ctr+PglU/Cir+PgD=Prior/Next Set; FS=Res Data; F2=PrnScn; F8=A,F

8.5 1.0 1.5 2.0

2.5
9=B

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit
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TDR HEASUREMENTS
File Name: 37SC95AE.MOB

TIDR Data Set: 2
Sensor Humber : S
Date: May 15, 1995
Time of Day: 17 :49

Dist btun HvFmn, n: 8.01
Gain:
Offset:
Sanple No:

1st Inflec. Point=
2nd Inflec. Point=
Appar. Length, n =
Dieletr. Const.=

Volunetr MC, x

Total 2 set(s) data

8.5
Esc=Henu; t |; Ctr+PgU/Ctr+PgD=Prior/Next Set; F5=Res Data; F2=PrnScn; F8=A,F9=B

1.0

1.5

2.8

2.5

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit

TDR HEASUREMENTS
File Name: 37SC95AE .HOB

TDR Data Set: 2
Sensor Number : 6
Date: May 15, 1395
Time of Day: 17 :49
Dist btun HvFn, n: 8.01
Gain: 182
Offset : 55256
Sanple No: 1

1st Inflec. Point= 8.26
2nd Inflec. Point= 1.25

Appar. Length, m = 8.99
Dieletr. Const.= 24.2
Uolunetr MC, » = 39.3

Total 2 set(s) data

8.5

1.9

1.5

2.8

2.5

Esc=Henu; Tt {; Ctr+PgU-/Ctr+PgD=Prior/Next Set; F5=Res Data; F2=PrnScn; F8=A,F9=B

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit
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TDR HEASUREMENTS

File Name: 37SC95AE .HOB

TDR Data Set:
Sensor HNumber :

Date: Hay 15
Tine of Day:

Dist btun HVFm, n
Gain:

Offset:

Sanple No:

1st Inflec. Point=
Z2nd Inflec. Point=

fAppar. Length,
Dieletr. Const.
Uolunmetr MC, «

2
T

, 1995

17 :50
: 9.01

Total 2 set(s) data

8.5
Esc=Menu; t {; Ctr+PgU/Ctr+PgD=Prior/Next Set; F5=Res Data; F2=PrnScn; F8=A ,F9=B

1.8

1.5 2.0 2.5

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit

TDR HEASUREMENTS

File Name: 37SCI95AE.HOB

TDR Data Set:
Sensor Number :

Date: May 15,
Time of Day:

Dist btun HVFm, n:
Gain:

Offset:

Sanple No:

1st Inflec. Point=
Znd Inflec. Point=

Appar. Length,
Dieletr. Const.
Uolunetr HMC, «

wn3

2
8

1995
17 :50

Total 2 set(s) data

6.9

8.5

1.8

1.5 2.9 2.5

Esc=Henu; t }; Ctr+PgU/Ctr+PgD=Prior/Next Set; F5=Res Data; F2=PrnScn; F8=A,F9=B

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit
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TDR HEASUREMENTS
File Name: 37SC95SAE.NOB

TDR Data Set: 2
Sensor Number: 9
Date: May 15, 19395
Tine of Day: 17 :51
Dist btun HvFm, n: 9.61
Gain: 73
Offset: 53848
Sanmple No: 1

1st Inflec. Point= 0.26
2nd Inflec. Point= 1.18
Appar. Length, m = 0.84
Dieletr. Const.= 17.4
Volunetr MC, x = 31.2

Total 2 set(s) data

8.5

1.8

1.5

2.8

2.5

Esc=Menu; t I; Ctr+PgU/Ctr+PgD=Prior/Next Set; F5=Res Data; F2=PrnScn; F8=A ,F9=B

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit

TDR MEASUREMENTS
File Name: 37SC95AE.HOB

TDR Data Set: 2
Sensor HNumber: 10
Date: May 15, 1995
Tine of Day: 17 :51

Dist btun HvFm, n: 0.081
Gain:
Offset:
Sanple No:

1st Inflec. Point=
Znd Inflec. Point=
Appar. Length,
Dieletr. Const.
Uolunetr MC, x

rns

Total 2 set(s) data

8.5

1.0

1.5

2.0

2.5

Esc=Menu; t {; Ctr+PgU/Ctr+PgD=Prior/Next Set; F5=Res bPata; F2=PrnScn; F8=A,F9=B

Figure D-3(cont.). Initial Second Set of TDR Traces Measured with the Mobile Unit
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Figure D-4. TDR Traces Measured After Moving Cabinet and Extending Cables n.o
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Table D-2. Uniformity Survey Results Before and After Installation

Seasonal Uniformity Survey

Falling Weight Deflectometer

Site Number: 370201

Data Collection and

Date Surveyed: May 15, 1995

Processing Summary

Section Mean Deflection Values Mean
Interval for HT 2 (mils) Temp
(ft) Corrected D1 (F)
Sensor | Sensor | Sensor | Sensor | Volumetric | Volumetric | Effective | Thick.
1 1 7 7 K K Thick. |std dev
std dev std dev std dev
32 to 466 3.33 0.46 1.49 0.29 321 73 9.44 0.38| 81.8
May 15
@ 0830
438 to 483 4.20 0.29 1.93 0.13 238 17 8.84 0.24] 102.0
¢ May 15
@ 1242
438 to 483 3.97 0.22 1.94 0.07 231 29 9.22 0.36] 98.0
¢ May 15
@1716
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Corxrected Deflection Data for Section: 370201E

0.5606E+00 - . - - v
Corrected i : : :
Normalized H H H H
Deflection = jeeceeccciaaa. meeeesaenes peacnecns PR - 3

G .B00E+0Q : : :
-100 o] 100 200 300 460 500 600
Station (£t)
Location 1 Dxop Height 2 Sensors 1, 7

F2 :ScrnDump F1l0:Exit +1:Prv/Nxt Ht Pgllp/PgDn :Prv/Nxt Loc

Figure D-5. Deflection Profiles from FWDCHECK
(Test Date and Time May 15, 1995 @ 0830)
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Table D-3. Volumetric K and Effective Thickness from FWDCHECK
(Test Date and Time May 15, 1995 @ 0830)

Flexible Pavement Thickness Statistics - 37SC95E - Drop Height 2

Subsection Station Volumetric K Effective Thickness

1 32 307 9.13
77 397 9.50

122 495 10.25
182 321 9.50
226 303 9.88
271 298 9.31
331 284 9.13
376 284 9.13
422 261 9.13
466 257 9.50
Subsection 1 Overall Mean 321 9.44
Standard Deviation 73 0.38

Coeff of Variation 22.62% 3.98%
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Corrected Deflection Data for Section: 37569534

0.60GE+80 - . - .
Corrected : : : : i ;
ormalized H H H : H H
Deflection . seeeepen foeeenn : — : wemeed :

0 .000E+G0 : d : : : .
-100 Q 100 200 300 400 S00 600
Station (£t
Location 1 Drop Height 2 Sensors 1, 7

F2:ScrnDump F10:Exit 11 :Pru/Nxt Ht Pgllp/PgDn ::Prv/Nxt Loc

Figure D-6. Deflection Profiles from FWDCHECK
(Test Date and Time May 15, 1995 @ 1242)
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Table D-4. Volumetric K and Effective Thickness from FWDCHECK

(Test Date and Time May 15, 1995 @ 1242)

Flexible Pavement Thickness Statistics - 37SC95BA — Drop Height 2

Subsection Station Subgrade Modulus Effective SN
1 438 242 8.75
453 259 9.13
468 233 8.94
483 219 8.56
Subsection 1 Overall Mean 238 8.84
Standard Deviation 17 0.24
Coeff of Variation 6.94 2.74
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Corrected Deflection Data for Section: 37?SC95B3

G .S5SO06E+00 - v v T T H
Corxrected H i : H H :
ormalized H : : ' : :
Deflection = |eeeeeooononnnn. .5. ................ .:, ...... .: - deeseeecaeaneanaas 3 ened

0.000E+00 : : : : : :
-100 a 100 200 300 400 500 600
Station (£t
Location 1 Dropy Height 2 Sensors 1, 7

F2:ScrnDump F10O:Exit 41 :Pru/Nxt Ht Pglip/PgDn :Prv/Nxt Loc

Figure D-7. Deflection Profiles from FWDCHECK
(Test Date and Time May 15, 1995 @ 1716)
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Table D-5. Volumetric K and Effective Thickness from FWDCHECK

(Test Date and Time May 15, 1995 @ 1716)

Flexible Pavement Thickness Statistics - 37SE95BB - Drop Height 2

Subsection Station Subgrade Modulus Effective SN
1 438 243 8.75
453 251 9.50
468 243 9.13
483 188 9.50
Subsection 1 Overall Mean 231 922
Standard Deviation 29 0.36
Coeff of Variation 12.67 3.89
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Table D-6. Surface Elevation Measurements

LTPP Seasonal Monitoring Study ]State Code l [37]
Surface Elevation Measurements |Test Section Number | [0201]
Survey Date IMay 15, 1995
Surveyed By |DS
Surface Type |PCC
Benchmark | Observation Piezometer - 1.000 meters - assumed

1+31

1+33.5

1+35.6

1+35.6

1+37.9

1+40.2

1+40.2

1+42.5

1+44.8

1+44.8

1+47.1

1+49.4

1+49 .4

1+51.6

1+53.9

1.3100 1.3325 1.3575
1.3125 1.3350 1.3625
1.3100 1.3425 1.3625
1.3100 1.3400 1.3625
1.3125 1.3350 1.3625
1.3150 1.3350 1.3525
1.3125 1.3350 1.3525
1.3150 1.3350 1.3575
1.3100 1.3325 1.3525
1.3100 1.3325 1.3525
1.3075 1.3300 1.3575
1.3100 1.3375 1.3550
1.3100 1.3375 1.3550
1.3050 1.3300 1.3525
1.3000 1.3250 1.3450

PE

Pavement Edge

ML

Mid Lane

ILE

Inner Lane Edge

D-18




APPENDIX E

Photographs



Figure E-2. Installing the TDR Sensors on Section 370201, October 17, 1993




Figure E-4. Preparing top TDR for placement in DGAB layer (Section 370201), Oct. 17, 1993




Figure E-5. Trench and Conduit for Instrument Cabling on Section 370205, October 18,1993

Figure E-6. MRC Stainless Steel Probe and Thermocouples (Section 370208), October 17, 1993




Figure E-7. Installation of Equipment Cabinet and Datalogger on Section 370201, May 05, 1994

Figure E-8. Piezometer after Completion, August 05, 1994






