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SEASONAL INSTRUMENTATION STUDY
INSTRUMENTATION INSTALLATION
TEXAS SECTION 481077/48SA

I. Introduction

The seasonal instrumentation installation of Section 481077 was performed on October 25-
26, 1993, and was the first one completed in the Southern Region.

The GPS-1 test section resides in Seasonal Cell 1 and is located in a dry-no freeze zone.
The site (see Figure A-1) is in the southbound lanes on US-287, approximately 0.5km south
of the Estelline, Texas city limits. The divided highway consists of two 3.7 m wide travel
lanes in each direction. The outside shoulder is 3.0 m wide.

The average maximum daily temperature for the months of June through August is 34°C
and the average minimum daily temperature for the months of December through February
is -3°C. The average annual precipitation is 579 mm.

The pavement is a flexible structure consisting of approximately 147 mm of asphalt concrete
over 254 mm of granular aggregate base. The subgrade is classified as a sandy silt. The
typical soil profile under the pavement is illustrated in Figure A-2. This information was
obtained from bore holes drilled during the GPS material sampling and testing. The dry
densities of the unbound layers are given in Table 1.

Table 1. Layer Thicknesses and Dry Densities of the Unbound Layers

Material Layer Thickness In Situ Dry Density
(mm) (kg/m’)
Asphalt Concrete 147 ---
Base 254 2139
Subgrade - 1721

The annual average daily traffic (AADT) in the GPS lane is almost 2700, of which 25% is
truck traffic. The estimated annual ESALs on the GPS lane were 184,131. This information
is based on traffic data collected on site.



Installation of the instrumentation was completed through the cooperative efforts of the
Texas Department of Transportation (TX-DOT), Federal Highway Administration (FHWA)
Southern Region Coordination Office (SRCO) staff from Brent Rauhut Engineering Inc.
(BRE), and FHWA staff from the Long Term Pavement Performance (LTPP) Division.
The following is a list of the personnel who participated in the installation:

Larry Peirce SRCO, Brent Rauhut Engineering

Jon Peacock SRCO, Brent Rauhut Engineering

Steve Davis SRCO, Brent Rauhut Engineering

Henry Usher SRCO, Brent Rauhut Engineering

Richard Zamora Federal Highway Administration

Aramis Lopez Federal Highway Administration, LTPP Division
Gary Elkins WRCO, Nichols Consulting Engineers

Jeff Jackson Texas Department of Transportation




II. Instrumentation Installation
Pre-Installation Activities

A pre-installation meeting was held at the BRE offices on October 18, 1993. The meeting
agenda appears in Appendix B. The Texas Department of Transportation elected to
contract out both traffic control services and drilling and augering services to private firms
for all seven sites in the state. Therefore, the participants at the meeting were personnel
from the Southern Region Coordination Office, the Texas Department of Transportation,
Campbell Industries (traffic control services) and Jones & Neuse, Inc. (drilling and augering
services). No support was required from the Districts where the seasonal sites reside. At
the planning meeting, roles and responsibilities for all the various tasks to be performed
during installation were assigned. A slide presentation was given, highlighting the order of
operations for the installations in Delta, Colorado and Grand Rapids, Minnesota.

A site inspection and a manual distress survey were performed on May 20, 1993 by Jerry
Daleiden (SRCO). Deflection testing was conducted on September 8, 1993, and on October
25,1993. The 5+00 end of the test section was selected for instrumentation, based on the
amount of distress present and uniformity of the deflection profile. Both the deflection plots
and distress survey data can be found in Appendix A.

Equipment Installed

The equipment installed at the test site included instrumentation for measuring air and
subsurface temperature, rainfall, subsurface moisture contents and frost depth. An
equipment cabinet was installed to house the cable leads from the instrumentation, the data
logger and the battery pack. In addition, an observation well was set to measure the depth
to the water table. A benchmark was also set by the Texas Department of Transportation.
A list of the equipment installed, with the respective serial numbers, is in Table 2.

Table 2. Equipment Installed

| Equipment Quantity Serial N2 I

Instrument Hole

MRC Thermistor Probe 1 181 (48AT)

TDR_Sensors 10 48A01-48A10

CRREL Resistivity Probe 1 48AR
Equipment Cabinet

CR10 Data Logger 1 16547

Battery Package 1 5653
Weather_Station

Tipping-Bucket Rain Gauge 1 12087-693

Air Temperature Probe 1 421316
Observation Well 1 None




Equipment Check/Calibration

Prior to installation, all instrumentation was checked or calibrated. The CR10 Data Logger
was wired according to the Guidelines and the air temperature probe and thermistor probe
were connected and monitored over a period of several hours to ensure that the sensors
were working. The tipping-bucket was also connected to the data logger and the calibration
was checked according to the method recommended by the manufacturer. These tests
indicated that the air temperature probe and thermistor probe were working properly and
that the tipping-bucket measurement was within the manufacturer’s specifications.

In addition to the above tests, the distances between sensors in the thermistor and resistivity

probes were measured and are presented in Tables 3 and 4. The resistivity probe was also
checked for continuity and resistivity in water.

Table 3. Sensor Spacing in MRC Thermistor Probe

Unit Channel N2 Distance from Top of Unit (mm) Remarks I
{
1 1 Not Measured This unit was installed in the
2 Not Measured AC layer.
3 Not Measured
2 4 19 This unit was installed in the
5 94 base and subgrade.
6 171
7 247
8 323
9 475
10 627
11 778
12 933
13 1085
14 1237
15 1390
16 1541
17 1695
18 1844




Table 4. Electrode Spacing on CRREL Resistivity Probe

Electrode N2, Distance from
Top of Probe (mm)

1 30
2 80
3 131
4 180
5 232
6 282
7 332
8 384
9 434
10 485
11 536
12 585
13 637
14 688
15 739
16 789
17 840
18 891
19 942
20 992
21 1044
22 1093
23 1144
24 1195
25 1246
26 1297
27 1348
28 1398
29 1449
30 1499
31 1551
21 1600
33 1651
34 1704
35 1753
36 1804




Location of Instrumentation

The instrumentation was installed at Station 5+21 of the test section. Approximately 914
mm from the lane edge, in the outside wheel path, a 457 mm square was removed from the
pavement and a 254 mm diameter hole, 2.05 m deep, was drilled to install the thermistor
probe, resistivity probe and TDR sensors. Cables from the instrumentation were placed in
a 51 mm diameter flexible conduit and buried in a 102 mm wide trench leading to the
equipment cabinet located approximately 7.6 m from the lane edge.

The observation well was installed at Station 3+98 of the test section approximately 3.7 m
from the lane edge. A permanent benchmark was also set at Station 0+00 approximately
3.9m from the lane edge.

Installation

Installation of the monitoring equipment was completed on October 25, 1993. Verification
that the instrumentation was working was made the following day. The Texas Department
of Transportation provided the pavement sawing, pavement repair materials and a
permanent benchmark. TX-DOT elected to contract the traffic control to Campbell
Industries and the augering operations to Jones and Neuse, Inc.. The observation well was
also drilled by Jones and Neuse due to licensing and construction requirements mandated
by the Texas Water Commission. The monitoring equipment and cabinet installation was
performed by the SRCO staff.

The first day of operations included traffic control; site layout and marking; installation of
the thermistor probe, resistivity probe, TDR probes, air temperature probe, and rain gauge;
and wiring of the cabinet. The installation of all equipment was performed according to the
procedures outlined in the "LTPP Seasonal Monitoring Program: Instrumentation and Data
Collection Guidelines."

To ensure functioning of the TDR sensors during installation, the 1502B cable tester was
connected to each sensor as backfilling of the instrumentation hole was performed. If a
reasonable trace was displayed, it was assumed the sensor was functioning properly. The
trace was printed for each TDR and the moisture content was determined using Topp’s
equation. The field moisture content was also measured by drying the soil on a propane
stove. The TDR moisture contents, position of the TDR sensors and field moisture contents
appear in Table 5. The field printed traces appear in Appendix C. Tables 6 and 7 show
the distance from the top of the pavement to each individual thermistor and resistivity
Sensor.

When backfilling of the instrumentation hole was completed, the original asphalt concrete
block was re-installed using PC-7 epoxy sealant. The overcuts from the pavement sawing
operation (including the groove for the temperature probe) were also sealed with Dow-
Corning 888 crack sealant.

Upon completion of the installation, the ONSITE program was downloaded to the onsite
CR10 data logger and data from the air temperature probe, rain gauge and thermistor probe
were collected overnight and evaluated the second day.




The second day activities included traffic control setup, evaluation of the data collected the
previous night, monitoring of the TDR sensors, deflection testing and elevation surveys. The
following sections describe these operations.

Table 5. Location of TDR Sensors and Measured Moisture Contents

Sensor Sensor Depth TDR Moisture Content Measured Moisture Content ’
N2 (mm) (%, by wt) (%, by wt)
48A01 305 3.42 2.00
48A02 457 6.10 2.71
48A03 610 7.40 7.82
48A04 762 7.40 7.55
48A05 914 9.07 9.67
48A06 1067 8.40 9.38
48A07 1219 8.06 9.22
48A08 1372 7.40 9.52
48A09 1676 7.40 8.95
48A10 1981 6.74 ____8.55

Table 6. Thermistor Sensor Locations

Unit Channel N2 Depth from Pavement Surface (mm) Remarks

1 1 25 This unit was installed in the
2 69 AC layer.
3 112

2 4 182 This unit was installed in the
5 257 base and subgrade.
6 334
7 410
8 486
9 638
10 790
11 941
12 1096
13 1248
14 1400
15 1553
16 1704
17 1858
18 2007




Table 7. Location of Electrodes of the Resistivity Probe

Connector Pin Ne, Electrode N2, Depth from Pavement Surface (mm)
1 1 193
20 2 243
2 3 294
21 4 343
3 5 395
22 6 445
4 7 495
23 8 547
5 9 597
24 10 648
6 11 696
25 12 748
7 13 800
26 14 851
8 15 902
27 16 952
9 17 1003
28 18 1054
10 19 1105
29 20 1155
11 21 1207
30 22 1256
12 23 1307
31 24 1358
13 25 1409
32 26 1456
14 27 1511
33 28 1561
15 29 1612
34 30 1662
16 31 1714
35 32 1764
17 33 1815
36 34 1867
18 35 1916
37 36 1967




III. Imitial Data Collection
Onsite Data Logger

The air temperature, subsurface temperatures and rainfall data were collected by the onsite
CR10 Data Logger. The version of the ONSITE program used reads the thermistor probe
(18 sensors) every minute. The average temperatures for the first five sensors are recorded
hourly and the average temperature for every sensor is saved daily. The maximum and
minimum temperature for all sensors are also saved on a daily basis.

The air temperature is read every minute by the ONSITE program and the average
temperature is saved both daily and hourly. The maximum and minimum temperatures are
saved daily. The precipitation is recorded on both an hourly and daily basis.

Figure D-1 shows the average hourly ambient air temperatures which were collected the
night of October 25, 1993. Figure D-2 shows hourly average subsurface temperatures for
the first five sensors for the same data collection period. Figure D-3 shows the measured
average subsurface temperatures for all 18 sensors during the initial data collection.

Resistance Measurements using Resistivity Probe

Resistance data was collected using the manual method. This method utilizes a function
generator, two digital multi-meters and a manual switching board. The measured contact
resistance data is plotted in Figure D-4. The measured resistance data for the 4-point
resistivity is shown in Figure D-5. The raw data is also shown in Appendix D.

The system is designed to collect and store contact resistance values automatically, but at
the time of installation the required multiplexor was defective and was not installed. At the
time of this report, no correlations have been made between the manual and automated
modes.

Moisture Content Measurement by TDR Sensors

TDR data was collected using the mobile datalogging system provided by the FHWA. The
mobile system consists of a CR10 Data Logger, battery pack and two multiplexors for TDR
data collection.

To begin data collection using the mobile system the TDR cable leads and 1502B cable
reader were connected to the proper channels and the MOBILE program was downloaded
from the notebook computer to the CR10 Data Logger. After approximately five minutes,
the cable reader was triggered by the MOBILE program and the TDR traces were
displayed. The data collection process was completed in approximately five minutes and was
automatically repeated four hours later. The data was then uploaded to the notebook
computer. Traces displayed on the cable reader indicated that the sensors were working
properly. Figures D-6 through D-15 show the plots of the TDR traces obtained approxi-
mately 24 hours after installation.



Deflection Measurements

Deflection measurements were made according to the procedures outlined in the "LTPP
Seasonal Monitoring Program: Instrumentation Installation and Data Collection Guidelines."
At this time no analysis has been performed on this data.

Elevation Surveys
The elevation of the benchmark was assumed to be 0.000 meters and surface elevations
were measured following the guidelines. These elevations were measured using a Spectra-

Physics Laser Plane 350 level and Lenker rod, and were converted to the SI system using
soft conversion factors. The elevations are contained in Appendix D.

10



IV. Summary

The instrumentation installation on Section 481077 was completed on October 25, 1993 and
initial data collection was completed on October 26, 1993. Instrumentation and equipment
currently at the site includes time domain reflectometry probes for moisture content
measurements; an electrical resistivity probe for determining depth of frost penetration; a
thermistor probe for monitoring temperature gradient changes in the pavement, base and
subgrade layers; a tipping-bucket rain gauge; an air temperature probe; an observation well
to monitor ground water table movement; a permanent swell and frost-free benchmark; and
an on-site data logger and battery pack.

At the time of this report, all of the equipment installed on-site appears to be functioning
properly. As previously noted, the multiplexor needed for automated collection of resistivity
data was not functioning properly, but is expected to be in working order prior to the next
round of data collection.

It should be noted that the instrumentation area was milled just prior to our arrival for
installation. We were not made aware of this by the District because it was out of the test
section boundary. The decision was made to proceed with the installation after discussing
the situation with the State LTPP Contact for the District. Photograph E-2 in Appendix E
illustrates the milling that occurred.

Considering this was the first installation in the Southern Region, the operation went quite
smoothly for all parties involved.

11




APPENDIX A

Test Section Background Information

Appendix A contains the following information:

Figure A-1. Site Location Map

Figure A-2. Profile of Test Section Layers
Figure A-3

thru

Figure A-8. Plots from FWDCHECK

Figure A-9. Manual Distress Survey Data
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APPROAIMATE
SUMMARY OF FIELD LOGS
GPS TEST SECTIONS

Y8 7077

TesT Sectron I.D. No.
STATE _7=xss

PAVEMENT LoOG

0
HIr74cC
558"
17 Srone Base
/15.258"
Broww SILTL/ S:QNO
2!
3 -
.4, -
5/

Instuctions for Pavement loa:
1. Review logs of bore holes, cores,

and test pit to  establish
approximate  depths of layer
changes.

2. Draw lines across log above to
indicate approximate average layer
depths and label to identify the
materials.

Instructions for Shoulder Probe Log:
Same as for "Pavement Log," except
depths are taken directly from field log.

ExpERIMENT No. &2S-/

DATE SAMPLED &-3-39

SHouLDER ProBE LoOG

'Q‘-‘C/MSA Erowr S///y
Seord

L '9/4/ 5/’0 W 39/70/

Recklisty Brown Ssndy Cly
w/ é'-rowe/

T @ 20"

Depth to Rigid Layer, =20 Ft.
(If Rigid Layer Not Encountered,

ll>20 . ll)

USE THIS FORM FOR ENTERING ONLY DEPTH
TO RIGID LAYER INTO THE DATA BASE!

Figure A-2. Profile of Test Section Layers
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15/
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Deflection Data for Section: 481877B
8.28CE+B1
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Figure A-3. Deflection Profiles from FWDCHECK




Equivalent Structural Number foxr Section: 481677B
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Subgrade Elastic Modulus for Section: 4810778
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Figure A-5. Subgrade Modulus Profiles from FWDCHECK
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Deflection Data for Section: 4818772
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Equivalent Structural Huwber for Seption: 481877Z
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Subgrade Elastic Modulus for Section:
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Revised December 1, 1992
STATE ASSIGVED ID __ __ _

SHEZT 1
DISTRESS SURVEY STATE CODE i’-
[ 077

LTIZP PROGRAM SERP SECTION ID

DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES
o=5,70,9

DAT= OF DISTRESS SURVEY (MONTH/DAY/YEAR)

SURVEYORS: J_¥— Q — —. __ Dbu0TOs, VIDEO, OR BOTH WITH SURVEY (P, V, 3)
PAVEMENT SURFACET TEMP - BEFORE __ __ £ Q °C; AFTER __ __ =< ¢

=
B

SEVERITY LEVEL

DISTRESS TYPT oW MODERATZ BIGH
CRACKXING :
L. FATIGUE CRACXING
(Squars Mecars) —_— Q__ — _C_D___ —— Q__
2. 3LOCX CRACKING
(Square Mecars) —_ Q — _— Q___ 2.
3. EDGE CRACKING (Mecars) Q. __ 9. __o.__
&, LONGITUDINAL CRACKING (Mecars)
4a. Wheel Pach 3213 __o_ __o._
Length Sealed (Metars) - Z__. L. L __Cc.
&5, Noun-Wheel Pach _ 152 O e
Langcth Sealed (Mecers) - 1l.c R o> S — .
5. RETLECTION CRACKING AT J QINTS
Numoer of Transverss Cracks < < I e
Transverse Cracking (Meczars) — O — D ___C__D____
Lengch Sezled (Mecars) —_——c._. e... .
Longitudinal Cracking (Mecars) _9o._ e __co.__
Langch Sealed (Mecars) . ..
8. TRANSVERSzZ CRACKING .
Number of Cracis ___2 ____Z_-_- o
angth (Mecars) — ._L ! ?3_ —_— _2§ —_—— o.__
Lengrth Sealed (Mecers) = —_——e._ ..
PATCIING AND POTHAQLES
7. DPATCH/PATCI DEIZRIORATION
(Numper) : — _.__.Q .._——O
(Square Mecars) _ —_ 0 __ —_— . Lo
8. Pocholes ~
(Number) —_ — L _—— 5
—_— = Y 7

(Squares Mecars)

Figure A-9. Distress Survey Data
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Ravised December 1, 1992

STATE ASSIGNED ID __ ___ __ __

SHEET 2
DISTRESS SURVEY STATE CODE _’-_.( 2

LTP? PROCRAM sare szcrzon 10 L © 1 7]

DATE OF DISTRESS SURVEY (MONTH/DAY/YEAR) (05,202,484 3
SURVEYORS: O = O, _ _

DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES

DISTRESS TYPE

(CONTINUED)
SEVERITY LEVEL
Low MODERATE HIGH

SURFACEZ DETORMATION

9.

10.

RUTITING - REFER TO SHEET 3 FOR SPS-3 OR Form S1 from Dipstick Manual

SEOVING :
(Number) , —_ 2
(Squars Mecters) ol

STURFACE DEFECTS

11. BLEEDING

(Squars Mecars) —_— 2_ e C_D_ _ _O._
12. POLISHED AGGREGATE

(Square Mecers) : —_ .
13. RAVELING

(Squars Meters) —_ O e o
HYISCELLANEQOUS DISTRESSES
14, LANE-TO-SHOULDER DROPOFF - REFER TO SHEET 3
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(Mecers) _— Q —
15 OTHER. (Describe)

Figure A-9 (Continued). - Distress Survey Data
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Revised May 29, 1992

. STATE ASSIGNED ID __ __ __ __

SHEET 3
DISTRESS SURVEY STATE CODE 438
LTPP PROGRAM sump sectton 10 )} O 171

" DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES
(CONTINUED)

9. RUTTING (FOR SPS-3 SITE SURVEYS)

INNER WHEEL PATH OUTER WHEEL PATH
Point Point
Point Distance!? Rut Depcth Point Disctance! Rut Depth
~ No. (Meters) (mm) No. (Meters) (mm)
AET™ MR Sue(D)
1 0. — e . 1 0. — .
2 15.25 — e . 2 15.25 — .
3 30.5 e e . 3 30.5 — .
4 45.75 . 4 45.75 .
5 61. . 5 61. —
6 76.25 e s 6 76.25 — e .
7 91.5 S 7 91.5 — .
8 106.75 e e 8 106.75 e e
9 122. e 9 122. e o .
10 137.25 s 10 137.25 .
11 152.5 e s 11 152.5 .
tor, ez A od” (on &Nﬁ)
14, LANE-TO-SHOULDER DROPOFF
Point Distance? Lane-to-Shoulder
Point No. Meters ) Dropoff (mm)
NET - adefA S ge)
1 0. — e
2 15.25 o
3 30.5 —
4 45.75 S
5 61. -
6 76.25 e
7 91.5 — e
8 106.75 o
9 122. —
10 137.25 e
11 152.25 —
Note 1: "Point Distance" is the distance in meters from the start of

the test section to the point where the measurement was made.
The values shown are SI equivalents of the 50 feet spacing

used in previous surveys.

Figure A-9 (Continued). Distress Survey Data
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Figure A-9 (Continued). Distress Survey Data
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Figure A-9 (Continued). Distress Survey Data
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APPENDIX B

Pre-installation Activities

Appendix B contains the following information:

Seasonal Monitoring Meeting Agenda

Seasonal Site Information

Figure B-1. Contact Resistance Measurements
Table B-1. Resistance Calibration Data Sheet
Figure B-2. Four-Point Resistivity Measurements
Table B-8. Resistivity Calibration Data Sheet

Figure B-3. TDR Traces Obtained During Calibration
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IIL.

IV.

VL

AGENDA
Seasonal Monitoring Meeting
October 18, 1993

Introductions

Brief Overview of the Seasonal Program
Roles & Responsibilities

Activities on Site - Day 1

Arrival

Traffic Control
Marking Section

FWD Testing
Sawing/Coring
Observation Well
Instrumentation Hole
Weather Station
Hook-up all Electronics
Patching/Clean-up

SmQmEYO Wy

Activities on Site - Day 2

A. Instrumentation Check
B. Data Collection

1.  FWD Testing
2. Rod/Level Elevations
3. Download Instrumentation Data

Questions/Discussion




TEXAS SEASONAL SITE INFORMATION

AC over 481060 | US-77, Refugio Co., 0.7 mi. S. of SH-289, 2 mi. S. of
Granular Base Northbound the Refugio/Victoria Co. line.
AC over 481068 | SH-19, Lamar Co., 2.1 mi. N. of the North Sulfur River,
Granular Base Northbound 1.3 mi. S. of FM-1184.
AC over 481077 | US-287, Hall Co., 2.1 mi. S. of the Red River, 1100’
Granular Base Southbound N. of FM-658.
AC over 481122 | US-181, Wilson Co., | 4.9 mi. N. of Loop 181, 2.5 mi. S.
Granular Base Northbound of the Bexar/Wilson Co. line.
AC over 483739 | US-77, Kenedy Co., Milepost 20.05-19.95. 26.6 mi. N.
Granular Base Northbound of the Kenedy/Willacy Co. line, 20.1
mi. S. of the Kenedy/Kleberg Co.
line.
JRCP 484142 | US-96, Jasper Co., 7.6 mi. N. of US-190, 1.9 mi. S. of
Northbound Recreation Rd. 255.
JRCP 484143 | US-90, Jefferson Co., | 2.2 mi. E. of FM-365/SH-326, 11.0
Eastbound mi. W. of FM-364.

B.2



Resistance in Austin Tap Water

1100

1000 |

900 |-

800 |-

700

Resistance (ohms)

600 |-

500 |-

400 - ’

300 | | 1 ! I | !
0 5 10 15 20 - 25 30 35 40

Test Position

Figure B-1. Contact Resistance Measurements in Austin Tap Water
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Seasonal Monitoring Program Guidelines: Version 1.1/June 1993

LTPP Seasonal Monitoring Study * State Code (¢ 8
Data Sheet R1
Contact Resistance Measurements * Test Section Number [ /07 7]

1. Date (Month - Day - Year)

/2 - 2% 73]

| Oueshosb
Ui/?‘;;e

2. Time Measurements Began (Military) | R
3. Comments 4/8/4 E -
" Test Connections Voltage (ACV) Current (ACA)
Position ™17 T 1, | Range Reading Range Reading Notes
Vi | V2 | Setting Setting _
1 ] 2 ' /0.56 JOm | /¥ 63
2 3 2 /O, 51 /4, 57
3 3 4 /0. 45 [&L. PO
4 5 4 /o .S = 132.87
5 5 6 /0 .47 14-7%
6 7] 6 /0. 47 /¥ &3
7 7 | 8 lo - Y7 /¥ Zo
8 9 8 /0. 43 4. /132
9 9 10 /o. <o /32.73
10 11 10 /0. Y8 /3 -
11 1| 12 /6 - S /Y &Z
12 13 | 12 /0 .47 /3.82
13 13 14 /6. 47 /13.8/
14 15 14 70 . S8BZ 1-2. 56/
15 15 16 0. 458 /3. 2ZO
16 17 16 /O-YSZ /2.80%
17 17 | 18 /0. 452 /2 .667
18 19 18 /O YO /13-35%/
19 19 | 20 /0. SS9/ /12.8/©
20 21 20 /o .512 12.579
21 21 22 /6. ¥7C 32087
22 23 | 2 70 476 LZ- 247
23 23 | 24 5 /13 12-&¥7 ¥ e
24 25 24 0. SO0 /2. (78
25 25 | 26 /6.8 /2.299
26 27 | 26 /0.522 //. 847
27 27 28 /0. ¥9S” /2222
28 29 28 o - Sbb /0.985
29 29 | 30 (0. St 10. 947
30 31 30 0.578 /0. o4fd
31 31 | 32 /0. 57/ 10.72%»
32 33 | 32 16.585 /0- 478
33 33 34 o, 6O/ /0. /380
34 35 34 /6.858/ 0. Y4
33 SR8 70 -3
36 37 | 38
37 38 | 39
38 39 [ 40

Preparer C';ghf . éﬁi% (:z/p @2/('( Employer

Table B-1. Resistance Calibration Data Sheet
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Resistivity in Austin Tap Water

50

35 |-

30 |-

Resistivity (ohm ¢m), Thousands

25 +

20 | | | ! | !
0 5 10 15 20 25 30 35

Test Position

Figure B-2. Four-Point Resistivity Measurements in Austin Tap Water
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Seasonal Monitoring Program Guidelines: Version 1.1/June 1993

LTPP Seasonal Monitoring Study * State Code 48
Data Sheet R2
Four-Point Resistivity Measurements * Test Section Number [ /& 777]
1. Date (Month - Day - Year) o .22.73
2. Time Measurements Began (Military) L |
3. Comments 4/8/4 Z :
Test Connections Voltage (ACV) Current (ACA)
Posiion T "V [ Y2 | & | Range | Reading | Range | Reading Notes
Setting | Setting _
L |12 3[4l 20l 2 98 [0, .82
2 2 3] 4]s 2-720 & 74
3 31 4156 2.087 &.233
4 41 5] 6 |7 Z. 788 6.6/
5 51 6 7|8 2.8206 6. 669
6 6] 7] 8 .9 Z.952 [ £T9
7 71 8| 9 |10 2 .833 6. 57Y
3 §] 9 | 10 |11 Z.933 C.s4F
9 9| 10| 11 |12 2925 b Y7/
10 |o] 11| 12|18 Zz 720 | ©. 43/
11 1) n2]13]14 2.93s & -39C
12 [12] B | 14 |15 2 706 C.27)
13 13 14 ] 15 [16 2. 966 46.36/
14 141 15| 16 |17 2.828 & 2z2Y
15 151 16 | 17 | 18 2 .94 6.22/
16 16| 17 | 18 | 19 Z.9¢3 6./29
17 (17| 18 | 19 | 20 2 856 &. 0328
18 | 18] 19 | 20 | 21 2522 S. 999
19 19] 20 | 21 | 22 3.002 S 224
20 |20 21| 2|23 zZ. 345 S. 840
21 21 2| 23 |24 2902 ST7Z27 >
22 21 23| 24 |25 2927 $T 633 Bod disanc| -ﬁé '
23 83| 24| 2526 3 oz2/ S SES
24 | 24| 25 | 26 | 27 2.932 S &y
25 25| 26 | 27 | 28 Z 020 S Yoo
26 |26 27 | 28 |29 2.998 S o2
27 | 27| 28 | 29 | 30 2 2/ S./¥Z
28 281 29 | 30 | 31 > u_e__,myt/ Y. 977
29 291 30 | 31 |32 Z.058 .78
30 |30 31| 32 |33 Z2.57/ Y. 079
31 31| 32 | 33 | 34 Z.043 WA
32 32) 33 ] 34 |35 3./20 S22
33 ]33] 34 | 35 |36 Z. 074 L 433

Preparer 6:7-:;/ Z/ﬁ/ésl, 4&/;4 [Ercr Employer __ BEEL

Table B-2. Resistivity Calibration Data Sheet
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LTPP Seasonal Monitoring Program
Data Sheet SMP-C01
TDR Probe Check

Agency Code

Test Section Number

48
(/7277 1

Crrzor ceveesenss 15.869 m
D :°3nCe/Di¥ aeeae 25 midiv ~
Vier ical Scaleases 217 me fdiv
YF cieensssansens 0.99

‘Hoige Filter ceeess 1 avs

POWEY canssnnsana 3C

Tektronix 1502B TDR
Date 7Y 22/23
Cable _ 4S8 Ao/
Notes _Sbortod
L5

Input Trace
Stored Trace oeeemeee.
Difference Trace

...........

"Shorted at Start"

CUrsor aseeesecssa 15.869 m
Distance/Diveieeee 29 mfdiv
Yertical Scalec... 177 mP/div
YP sevencaannanan .99

Noise Filter ceeee. 1 avs
PoOwWer ceesecassens aC

-----------

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

Tekbronix 15028 TDR
Date 0/ Z/, ?3

Cable L&A/
Notes __247 20

77

Input Trace -
Stored Trace oo
Difference Trace

dielectric' Constant!

"III Air"

/.46

CUFr30F ceccancece 19.909 m
Distance/DiVeeeaa 25 midiv
Vertical Scalec... 74.8 mp/div
VP cesee cescassss 0.99

Moise Filter.ecase 1 avs

"o

nne

“ne
.

Tektronix 395028 TOR
Date ¢/ 22/ %2
Cable _£B8A0/
Notes _za fucate”  «
et Tempe = LE.

L

Input Trace
Stored Trace meceeeemm
Difference Trace

iectric Co

"In Water"

77.3

! Dielectric constant should be between 0.75 and 2.0; if not, contact FHWA LTPP

Division

2 Dielectric constant should be between 76 and 84; if not, contact FHWA LTPP Division

Prepared by: _-ov72s Bre
7
Date: /C;/z/// 73

Employer:

Lez, Zac

Figure B-3. TDR Traces Obtained During Calibration
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LTPP Seasonal Monitoring Program
Data Sheet SMP-CO1 Agency Code €4S
TDR Probe Check Test Section Number [ /D77 1

Tekbronix 1502B TDR
_9

Date __2-27
Cable _&ZEA0Z

Notes S50t

CUrSOr seeessnaee 13.899 m
Distance/DiYeiuena 29 m/div
Vertical Scales... 172 me/div
P wsnesnassesase .99

loise Fiter..ee.. 1 avs //-5
'OWEl cesnsasasas AC =
Input Trace
Stored Trace cee.e...
Difference Trace ..........

"Shorted at Start”

Tektronix 15028 TDR
Date _/0=27-F=
Cable _¥3 A40Z
Notes /v A/~

CUrsor ceceececes 19.899 m
Distance/Divieee. .25 mfdiv
VYertical Scale.... 172 me/div
YP nenecancasceee 0.99

Noise Filterececes 1 avs
Power.cccaeceasas acC L
Input Trace
; : : Stored Trace oo,
....§ ........ .. ........ ...‘... Difference Trace .o....__..

Tektronix 1502B TDR
Date 0 -2/-FZ
Cable _ 4B A0Z
Notes S T =rE

CUrsSOr cececsacees 13.859 m
Distance/Diveeees 25 midiv
Vertical Scale.... 64.8 mp fdiv
L - -

Noise Filtereeeas. 1 avs wa
Power.ceaes eeeaa AC N
Input Trace ‘
Stored Trace aeeeeeeeeee.
Difference Trace ...........

TDR: Tféc S ’
"In Water" / 77
‘B{sli:%r'lic constant should be between 0.75 and 2.0; if not, contact FHWA LTPP
? Dielectric constant should be between 76 and 84; if not, contact FHWA LTPP Division
Prepared by: LSy, /g@ Employer: _ &~ Zoc .
Date: /0// 25//?3

Figure B-3 (Continued). TDR Traces Obtained During Calibration
B.8



LTPP Seasonal Monitoring Program
Data Sheet SMP-CD1
TDR Probe Check

Agency Code

Test Section Number

48
[ /o777]

Cursor seeceese ee 16.179 m
Distance/Di¥.caaes 25 midiv
VYertical Scale.c... 177 me/div
VP chieencscassans 3.99

Noise Filter..ec.c.. 1 avs
Power.ecesceseaass aC

Tektronix 1 ?23 DR
Date Y 2r (53
Cable _ 48453
Notes % or&d
o

Input Trace
Stored Trace e
Difference Trace ..........

tric: Consta

“"Shorted at Start"

CUrSOr ceeeseasse 16,179 M
Distance/DiVeeese 25 midiv
Yertical Scale.... 177 mesfdiv
VP eeccasccasnnes 3.99

Noise Filter.ea... 1 avse
POwer caaasseeess aC

Tektronix 1502B TDR
Date _/2/2/ /(T2
Cable __¢RA0=
Motes _zdz /2

-

L7

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

SUPrSOF ecesessses 16,209 m
Jistance/DiVacene .25 mfdiv
fertical Scale.... 81.6 me/div
P evescncacsanses 3.99

Yoise Filter.cecas. 1 avs

20%Wer sunasnsaans AC

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

- s o n - - " -
........................

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

- - - - - - - - -

Tekbtronix 1}028 DR
Cable &4 2

Notes /N /1//472‘72
/8.4 < 7?/}3&

Input Trace
Stored Trace aeemeem..
Difference Trace ........-..

Dislectric Constant”

"In Water”

77.3

! Dielectric constant should be between 0.75 and 2.0; if not, contact FHWA LTPP

Division

? Dielectric constant should be between 76 and 84; if not, contact FHWA LTPP Division

Prepared by:

La”//ﬂzf

2o

Employer:

Date:

/o/ / Z/;@ 2

e Inpc.

Figure B-3 (Continued). TDR Traces Obtained During Calibration

B.9



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

Agency Code

Test Section Number

[ /977 1

4€]

CUrsor ceceseceae 16.219 m
Distance/Divieeae .23 mifdiv
Yertical Scale.... 172 me/div
VP eevenesenncese 0.99

Noise Filter...... 1 avs

Tekbronix 1
Date
Cable
Notes

02B TDR
s/ 2,23

ZSEA o
ShorszS
7

POWer csecanaasee aC

Input Trace

Stored Trace ameeooomeoe..
Difference Trace ..........

"Shorted at Start”

| CUPSOF weeeeeceas 16,219 m
Distance/Div...ca .25 midiv
Yertical Scale.... 172 me/div
VP tiveecasneaees 0,99
Noise Filter.e.... 1 avs
POWer.ceescesaes ac

Tekbronix TDR
Date )5 }B
Cable _#EZ A0

Notes _ /¥ Arr 4

Input Trace
Stored Trace

"/,s@

"In Air"

CUrsSor cecveveanes 16,249 m
Distance/Div.eaees 25 mfdiv
. Vertical Scale.... 68.6 mp/div
YP ceeeusnnacnsas 0.99

Noise Filtereeceee. 1 avs
Power.caeeucenas aC

Tektronix 1502B TDR
Date _ 242/ /(22

Cable _ ¥EAo
Notes /N nTER
ArAr Tenms /5.
L2

Input Trace
Stored Trace

Difference Trace ...........

ngth: (m)’

"In Water"

/28

! Dielectric constant should be between 0.75 and 2
Division

.0; if not, contact FHWA LTPP

? Dielectric constant should be between 76 and 84; if not, contact FHWA LTPP Division

L&//r [

Prepared by: Employer:

Ll T

/O/L//9‘z

Date:

Figure B-3 (Contmued) TDR Traces Obtained During Calibration
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LTPP Seasonal Monitoring Program
Data Sheet SMP-

co1

Agency Code

Test Section Number

=)
[ /277 1

CUrSOr ceecueaees 16.399 m
Distance/Divaeaeee .25 midiv
Vertical Scale.... 172 me/div
¥P ceeessensennas 0.99

Noise Filter...... 1 avs
POWer cesessacsnea AC

TDR Probe Check

Tektr'omx 15028 T}y /‘

Date -
Cable 9’5»4&_5'
Notes _S£e 0 tod

L&
Input Trace

Stored Trace meeee.o..

Difference Trace ...........

: TDR race:

"Shorted at Start"

CUrsor ceceescess 16.399 m
Distance/Div.cces .25 m/div
Vertical Scale.... 172 mr/div
YP ceevesnanaaase 0,99

Moise Filter.eea.. 1 avs
Power.cceacenaas aC

Tektronix 15028 TDR
Date __2/2// %3

Cable L2 AOS
Notes _ /it A2

vz

Input Trace
Stored Trace aee—o—.
Difference Trace ........

—"

Sielectric/Constant! -

"In Air" - 2—?/ /., 6/67
CUrsor sweceesssss 16.439 m Tekbtronix 15028 TDR
Distance/Div.eeeee .25 m/div Date _£L22/73
Yertical Scale.... 66.7 me/div Cable 4R A2L
VP ceernereencaes 0.99 Notes A p2r=l
Noise Filter.oeees 1 avs e TEnmen L E
POWer .ccsaesacasas aC 4
Input Trace
Stored Trace® —ececeeeee.
Difference Trace ........ —

TDR:T

"In Water"

‘77.¢

! Dielectric constant should be between 0.75 and 2.0; if not, contact FHWA LTFPP

D1v151on

2 Dielectric constant should be between 76 and 84; if not, contact FHWA LTPP Division

Prepared by:

A 8Ly

P

Employer:

LRE T

Date:

/a/%;/ ¢35

Figure B-3 (Continued). TDR Traces Obtained During Calibration
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Data Sheet SMP-
TDR Probe Check

LTPP Seasonal Monitoring }’rogram

Agency Code
Test Section Number

CUrsor ecessassase
Distance/Divecess
Vertical Scale....

16.179 m | ac
«29 m/div
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APPENDIX C

Instrumentation Installation Information

Appendix C contains the following information:

Figure C-1. TDR Traces During Installation

Table C-1. Field Measured Moisture Contents
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Figure C-1 (Continued). TDR Traces During Installation
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Table C-1. Field Measured Moisture Contents

SITE NO. 481077 10/25/93
MOISTURE CONTENTS FOR TDR
(WET) (DRY)
TDR# WT. OF PAN(g) PAN & SOIL(g) PAN & SOIl(g) M.C. (%)
48A10 179.8 497.0 472.0 8.55%
48A09 179.4 481.0 456.2 8.95%
48A08 179.7 436.9 460.2 9.52%
48A07 178.3 557.4 5254 9.22%
48A06 199.1 444.1 423.1 9.38%
48A05 204.0 558.0 526.8 9.67%
48A04 179.1 462.5 442.6 7.55%*
48A03 177.6 449.1 4294 7.82%
48A02 179.3 531.9 522.6 2.71%
PEBBLES
48A01 203.9 627.8 619.5 2.00%

COBBLES

* BEGAN DRYING
BEFORE WEIGHING

C3



APPENDIX D

Initial Data Collection

Appendix D contains the following support information:

Table D-1. Raw Data from the On-site Data Logger

Figure D-1. Measured Air Temperature During Initial
Data Collection

Figure D-2. Measured Average Subsurface Temperature

for the First 5 Sensors During Initial

Data Collection
Figure D-3. Measured Average Subsurface Temperature

for all 18 Sensors During Initial Data

Collection
Figure D-4. Contact Resistance Measurements in the Field
Table D-2.  Contact Resistance Measurements Data Sheet
Figure D-5. Four-Point Resistivity Measurements in the Field
Table D-3.  Four-Point Resistivity Measurements Data Sheet
Figure D-6.

thru

Figure D-15. Traces from TDR Sensor

Table D4, Elevation Measurements from Installation
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Figure D-1. Measured Air Temperature During Initial Data Collection
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Figure D-4. Contact Resistance Measurements in the Field
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Seasonal Monitoring Program Guidelines: Version 1.1/June 1993

LTPP Seasonal Monitoring Study * State Code Lf%]
Data Sheet R1
Contact Resistance Measurements * Test Section Number [ /8 T 73
1. Date (Month - Day - Year) Lo -Z¢-235
2. Time Measurements Began (Military) _ £6 :29]
3. Comments Ll[(______________ 3SA
" Test Connections Voltage (ACV) Current (ACA)
Position ™3™ T 1, | Range Reading Range | Reading Notes
Vi | V2 | Setting Setting
1 1 2 . £o [l 1Z] ZOm 3.50%
2 3 2 1. /96 /.95 7
3 3 4 1182 2.9//.
4 5 4 /. 0373 4.23(,
5 5 6 //.go / $.97
6 7 6 /0.70 3 6.226
7 7 8 /0 .3560 6.537
8 9 | 8 (8.2 4.369
9 9 | 10 20.7/6 7.831
10 11 10 /0.707 7Z.-937
11 11 12 10.850 £.457
12 13 [ 12 0. 8634 5.637
13 13 14 10.7292 &.)90
14 1S 14 10 86! &£, 968
15 15 | 16 10.6S2 £.0061
16 17 | 16 0.6 20 4 35¢
17 17 18 10 210 .05
18 19 13 10,657 4.749
19 19 | 20 10,790 S.62S R
20 21 | 20 10.82! S.1S0
21 21 | 22 10.83% <4 S60
22 23 [ 22 10.860 S.033
23 23 | 24 3,984 0,935 e
24 25 | 24 0.328 Zn g.021 >
25 25 | 26 10.564 zZon 2,671
26 27 26 10.6-14 G.812
27 27 28 10. 54 7,043 -
28 29 | 28 10,665 5p8]|
29 29 30 10. 650 5.28b
30 31 | 30 0. S2F 7. I
31 31 32 10.823& 9 .442
32 3| 3 10.52.6 7. 389
33 33 | 34 10. 576 &. 380
34 35 | 34 10,6 1% .S0Lo
a3 1 ) .
36 37 | 38
37 38 | 39
33 39 | 40
Preparer Employer

Table D-2. Contact Resistance Measurements Data Sheet
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Resistivity in the Field
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Figure D-5. Four-Point Resistivity Measurements in the Field
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Seasonal Monitoring Program Guidelines: Version 1.1/June 1993

LTPP Seasonal Monitoring Study * State Code 48
Data Sheet R2
Four-Point Resistivity Measurements * Test Section Number [ | © 7 7]
1. Date (Month - Day - Year) Lo-z6-a3j
2. Time Measurements Began (Military) L :593
3. Comments -
_ — — e e
Teat Connections Voltage (ACV) Current (ACA)
Position T TV, [ Vs | % | Ramgs | Reading | Range | Reading Notes
Setting Setting
1 1] 2 3 14l2hn . 3393 zonla.85 0
2 2 3 4 5 + L3235 A3 LI
3 3| 4] 5|6 1419 2.044u
4 41516 |1 c1lay 3,737
5 51 61718 125y 5,009
6 61 7 8 |9 .09 3 2,923
7 71 8 9 |10 1 LTI n.S230
3 8] 9 [ 10|11 1208 b, 1 L |
9 sfw0]ujn 1079 2. 576
10 10] 11 .12 |13 ME"] 7,647
11 1] 12]137]14 110 5 8. 1.0
12 122 13| 1415 NTEE 4, 39 O
13 13] 14| 15|16 1 buo S L4
14 14| 15 | 16 | 17 V1254 Ll Ez
15 15] 16 | 17 |18 TEEY) ¢ 9D0
16 16 17 | 18 |19 ' 197 2 q..as'ff
17 17] 13| 19 |20 L1S¢2 Y 308
18 181 19 | 20 | 21 , IS5 82 Y 10Q
19 191 20 | 21 | 22 V22064 4, 55/
20 |20 21|22 Y S § 73 L
21 |21 2 | B | 24 . 2607 S, 502
2 |2 23| 24 |25 l. 9327 L3235 | %
23 23| 24 25 | 26 27 b b,“gq_c._;
24 241 25 | 26 |27 , L8 § (o718
25 |25 26 | 27 | 28 . 3¥5 0 1.5£3
26 26) 27| 28 |29 120623 S Sy L
27 27| 28 | 29 | 30 v 383¢ .85 7
28 28| 29 | 30 | 31 ] 3322. 7.0L"7
29 29| 30 | 31 |32 1 29 240 S, 8
30 30 31 | 3233 L 392 (e 7. 206D
31 31| 32 33 |34 \ 302 L b, 6o 7
32 |32| 33 | 34 | 35 2983 bo, |1 o
33 |33] 3¢ | 35 |36 30k 2 b, b
Preparer - Employer

Table D-3. Four-Point Resistivity Measurements Data Sheet
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SEASONAL MONITORING
"FLEX" TRANSVERSE ELEVATION MEASUREMENTS®

4835 A

+00 |.iov] 1.021D | 2oM|l.osza 19 Lile 27 L1115 |23 LISO
3125 | v | Los2 |.87"| o400 et l.o77 |z88"|losl | n | LIID

2450 [ v | 0.292 |.g2"0923 [zal] l.ODI L L02D [ " | .ok
(23475 | " 10240 |.8e"|02355| “ |o2sz!| “ 028z " |1LOI3
4400 | v 018 les"lodiz ] " 024D " 0246 | v 0278
A4+25 |~ |ogBO | " o818 | “ |@920D | ¢+ 10315 | v |O0.240
448D | v |0833 |.82"0832| Y 0872 | v o912 | " |0D03
43715 |« o781 [."oasl | o814 | v |o8zo | " |0.85]
s+00 | v |O0717 |80 10753 v 10783 " 1 O.T3I
=5+ (0O // v 0,680 /// _—
5+20 /// 21" O.67] ////
5+30 L — |ain|0.022

Bench Mark : [x. OoT Mowouent OFF

<

@)

‘E.Qgﬂ(}{ ShpuLpeR B ZE M Egm ﬂgm‘&'_EDQE

OF SunurDER 6!“21{36..] STA, O+ OD  E cen. TAWTED ON SupuLdel 1834 T

VEL:

(Y]

=Y

H

WeT.@ STA.Z 2485 HoSHouwdes,

Comments: P Y. Naws Ser @ Starions @ Oursice. Epee Or SHouldER Steipe For

RBaseiiNe: PE Nay s Serd .76 M Teoh Oirsior, Botoe & &

Acruar BX. Sra T Pantent Busd = ‘24'*—'-5 e +(H_US) 3= -\Z": S Blys To RPwsZ202'

-
(A)lHoy; CLDUO\’/‘, Q‘%G:r(_u Cwuoy

Test Section No. 481077 Date | Q/ 2 (41/ 23
Time 1aXizdo) Device Used _L_éﬁgﬁéﬁgﬁc_&.
Recorded By Jow B KFeA Employer _Tpenr Cavavr & n,

® OWP and ML readings to be taken at FWD test locations

Table D-4. Elevation Measurements from Installation
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APPENDIX E

Photographs

Appendix E contains the following photographs:

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

E-1.

E-2.

E-3.

E-4.

General Photo of Test Section

Location of Instrumentation Area

Preparing for Instrumentation Installation
Placement of Instrumentation Probes

Setting Monitoring Well

Preparing Weather Station for Installation
Patched Instrumentation Area

Monitoring and Data Collection After Installation

Location of Benchmark

Observation Well




Photo E-1. General Photo of Test Section

Photo E-2. Location of Instrumentation Area

E.1l



Photo E-4. Placement of Instrumentation Probes

E.2



Photo E-5. Setting Monitoring Well

Photo E-6. Preparing Weather Station for Installation

E.3



Photo E-7. Patched Instrumentation Area

Photo E-8. Monitoring and Data Collection After Installation

E.4
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Photo E-10. Observation Well
E.S





