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SEASONAL INSTRUMENTATION STUDY
INSTRUMENTATION INSTALLATION
TEXAS SECTION 481122/48SE

I. Introduction

The seasonal instrumentation installation of Section 481122 was performed on November
22-23, 1993.

The GPS-1 test section resides in Seasonal Cell 6 and is located in a dry-no freeze zone.

The site (see Figure A-1) is in the northbound lanes on US-181, approximately 4.02 km
south of the Bexar/Wilson County line.

The average maximum daily temperature for the months of June through August is 35°C
and the average minimum daily temperature for the months of December through February
is 3.9°C. The average annual precipitation is 683 mm.

The pavement is a flexible structure consisting of approximately 81.3 mm of asphalt concrete
over 393.7 mm of crushed stone base and 213.4 mm of soil aggregate subbase. The
subgrade is classified as a clayey sand. 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 81.3 ---

Base 393.7 2155
Subbase 213.4 1822
Subgrade - 1851

The annual average daily traffic (AADT) in the GPS lane is almost 3500, of which 4.9% is
truck traffic. The estimated annual ESALs on the GPS lane were 48,000. 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 (Texas DOT) and Federal Highway Administration
(FHWA) Southern Region Coordination Office (SRCO) staff from Brent Rauhut
Engineering Inc. (BRE). 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

Richard Zamora Federal Highway Administration
Andrew Whimsatt 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 DOT 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 SRCO, the Texas DOT,
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 April 2, 1993 by Jerry
Daleiden (SRCO). Deflection testing was conducted on September 28, 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 and subsurface moisture contents. 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 DOT. A list of the equipment installed, with
the respective serial numbers, is in Table 2.

Table 2. Equipment Installed

Equipment Quantity Serial N2,

Instrument Hole

MRC Thermistor Probe 1 223 (48ET)

TDR _Sensors 10 48E01-48E10
Equipment Cabinet

CR10 Data Logger : 1 16583

Battery Package 1 5668
Weather Station

Tipping-Bucket Rain Gauge 1 12092-693

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 were
measured and are presented in Table 3.

Table 3. Sensor Spacing in MRC Thermistor Probe

Unit Channel N2 Distance from Top of Unit (mm) Remarks

1 1 Not Measured This unit was installed in
2 Not Measured the AC layer.
3 Not Measured

2 4 14 This unit was installed in
5 91 the base and subgrade.
6 167
7 243
8 319
9 472
10 624
11 779
12 930
13 1082
14 1235
15 1387
16 1537
17 1690
18 1841

Location of Instrumentation

The instrumentation was installed at Station 5411 of the test section. Approximately 762
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, 1.99 m deep, was drilled to install the thermistor




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 8.08 m from the lane edge.

The observation well was installed at Station 4+00 of the test section approximately 3.7 m
from the lane edge. A permanent benchmark was also set at Station 0408 approximately
5.5 m from the lane edge.

Installation

Installation of the monitoring equipment was begun on November 22, 1993 and was
completed the following day. The Texas DOT provided the pavement sawing, pavement
repair materials and a permanent benchmark. Texas 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, 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 4. The field printed traces appear in Appendix C. Table 5 shows the
distance from the top of the pavement to each of the individual thermistor sensors.

When backfilling of the instrumentation hole was completed, the pavement was patched
using a cold mix asphalt patching material. 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 4. Location of TDR Sensors and Measured Moisture Contents

Sensor Sensor Depth TDR Moisture Content Measured Moisture Content
N2 (mm) (%, by wt) (%, by wt)
48E01 246 7.25 5.26
48E02 394 6.91 9.83
48E03 533 8.73 8.82
48E04 699 5.46 8.97
| 48E0S 851 5.31 7.57
48E06 998 4.73 6.43
48E07 1156 3.60 6.38
48E08 1308 4.02 6.57
48E09 1613 3.33 ' 4.61
48E10 1925 — 4.34

Note: The moisture content could not be calculated for Sensor 10 due to a printer
malfunction during the installation.

Table 5. Thermistor Sensor Locations

Unit Channel N2 Depth from Pavement Surface (mm) Remarks

1 1 13 This unit was installed in the
2 4 AC layer.
3 71

2 4 123 This unit was installed in the
5 200 base and subgrade.
6
7
8
9
10
11
12
13
14
15
16
17

—
oo




III. Initial 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 December 6, 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.

Moisture Content Measurement by TDR Sensors

TDR data were collected using the mobile data logging 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 were then uploaded to the notebook
computer. Traces displayed on the cable reader indicated that the sensors were working
properly. Figures D-4 through D-13 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 "L TPP 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.




IV. Summary

The instrumentation installation on Section 481122 was completed on November 22, 1993
and initial data collection was completed on November 23, 1993. Instrumentation and
equipment currently at the site includes time domain reflectometry probes for moisture
content measurements; a thermistor probe for monitoring temperature gradient changes in
the pavement, base and subgrade layers; a tipping-bucket rain gauge; an air temperature
probe; a piezometer 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. After the initial installation, the alkaline battery pack was replaced with a gel-cell
sealed batter.

The installation of the instrumentation at this site went fairly smoothly and all of the
equipment appears to be functioning properly.




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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APPROXIMATE
SUMMARY OF FIELD LOGS
GPS TEST SECTIONS

Test SectzoN I.D. No. #8122 ExperiMeENT No. &<&-/
STATE _7zxss DATE SAMPLED _z./¢/-90
. PAveMENT LoG ' . SHOULDER ProBe Log
A4 C 56" Crushed/ Store
Crushed Srane S92 1.8°
Fdish Oronge Cloyey Sonc/ - Cemse 20"
1’ - Rt s O"’@G C‘/aypyf_-:r:d: Adossr?
: Ls
Recktish Cronge Sordd - Alas?
189° =2
- o}
Red gand,SI'le(j c lacjo'j
2!
3 -
107
I?foé{-'\'ﬂ’ 00090 C;éypy .ugﬂd' wf""
¢
3’ - 157
Instuctions for Pavement Log:
1. Review logs of bore holes, cores,
and  test pit to establisn
approximate  depths of layer
changes.
2. Oraw Tlines across log above to
indicate approximate average layer o @ 25” .
depths and label to identify the —= 207
materials.
"nstructions for Shoulder Probe Lod: Oepth to Rigid Layer, >20 Ft.
Same as far "Pavement Lag," except (If Rigid Layer Not Encountered, Enter
deoths are taken directly from field log. *>20.")

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

Figure A-2. Profile of Test Section Layers
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Deflection Data for Section: 481122A

@.9@8E+@a
®
®
Normalized ﬂ(/\\
Deflection Y - ®
¢
®
i e
® :
?\Q\WA .............. ...
i : N 7Y
o _:>:_> ;: ®
g . Lo AS ¢ S 4
g
M S5 SN\ 4R-Se 25N -2 ¢
@.QQ0E+9Q d : : :
~-180 e 100 290 300 400 50 600

Station (£¢3
Location 3 Droy Height 4 Sensors 1, 2, 3, 4, 35, 6, 7
FZ:SornDump Fl1lB8:Exit 41:Prv/Nxt Ht PglUp/Pgbn:Prv/Nxt Loo

Figure A-3. Deflection Profiles from FWDCHECK
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Equivalent Structural Number for Section: 4811224

Structural
Numberx
(SN

1 1 L e

ccesescscsas SN0

.
e o v e o e e e e M e e e e ww wn e lem e as ee wh e e me e e e = = o

L e s s ) wn Em e ew m em e s wh ew e on lme e e e ch o e o e

0-22“ ) 100 206 300 400 580 600
Station (£¢)
Drop Height 1, 2, 3, 4

F1l@:ExitPlots

Figure A-4. Structural Number Profiles from FWDCHECK
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Subgrade Elastic Modulus for Section: 481122A0

8.200E+06
Jreitend
Modulus
! i .
L J : :
B.BOOE:?SB a 1008 200 300 400 J00 600
Station (£t
Drop Height 1, 2, 3, 4
F1@:ExitPlots

Figure A-5. Subgrade Modulus Profiles from FWDCHECK
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Corrected Deflection Data for Section: 48SES3A

9 .790E +00Q -
Corrected 3
Normalized : :
Deflection = }eeeerecosoneenans s SLLTTTTITST PP RTINS SOPEIPRERRRERRRERE SRR RREReE
; 5 D aee—al P
- T T e
@.000E+02 d : : ’ d :
-100 "] 180 290 300 490 580 600
Station (f¥)
Location 3 Droy Height 4 Sensors 1, 7

F2:SernbDump F1B8:Exit 41t:Prv/Nxt Ht PgUp/PgDniPrv/Nxt Loc

Figure A-6. Deflection Profiles from FWDCHECK on Installation Day
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Equivalent Structural Number for Section: 48SE£93A

10.00

' Lo
L e m e e e e v e - - - - e wm— e mm wm e e wme e e e e mm e
s

Structural § : : : : :
Number = eeeeseisesenneees R LT TR e e i bl At A A
(SN) : : :
G'Egeo 8 106 200 300 490 see 606

Station (£t)
Drop Height 1, 2, 3, 4

F18 :ExitPlots

Figure A-7. Structural Number Profiles from FWDCHECK on Instailation Day
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Subgrade Elastic Modulus for Section: 48SES3A

@.700E+05

Subgrade :
Elastic
Modulus : H H
. Q00E + H : : : : :
"] OBOE_ggO ) 100 200 300 400 5606 [2171" ]

Station (£ft)
Drop Height 1, 2, 3, 4

Fl1o:ExitPlots

Figure A-8. Subgrade Modulus Profiles from FWDCHECK on Installation Day
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Revised Decemoexr 1, 1992

STATZ ASSIGNED ID __ __ _ __

SHEZZT 1
4 8

DISTRESS SURVEY STATE CODE 4 O
sume szeTioN In [ ZZgx

LI2P PR0GRAM

ETE SURFACES

DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE
o4,02,943

DATZ OF DISTRESS SURVEY (MONTH/DAY/YEAR)
svavevors: — 0, rs0Tos, VIDEO, OR BOTH WITH SUBVEY (2, v, 3) B
SaVEMENT SURFACE TEMP - BEFORE _ __ 2= 2°C; AFTER __ __ =3¢ -

—— -

DISTRESS TIZE Low MODERATE STGH
CRACKZING
1. FATIGUE CRACKING
(Squars Mecars) —_ 2. __°e_ __c_
2. 3LCCX CRACKING
(Sguare Metars) 2. _ —_—— 2_ —_—— 9___
3. EDGE CRACKING (Mecters) . _S.__ ___<c._  _ ___Ci _
&. LONGITUDINAL CRACKING (Mecers)
4La. Wneel Path <. P e .
Length Sealed (Meters) S I - Y < DU
4b. Nou-Wheel Pach S __ . __e.
Langch Sealed (Mecars) — 0. _ . __0C_
5. RETLECTION CRACKING AT JOINTS
Number of Transversa. Cracks _ < - __o
Transverse Cracking (Mecars) S _9Q._ __c._ __o._
Langch Sealed (Mecars) —_——_c. e ___c. .
Longitudinal Cracking (Mecars) __ __ . .. <.
Lengch Sealed (Mecars) 2. Q. . _<Q.__
6. TRANSVERSZ CRACKING
Number of Cracks R - __Co O
Length (Mecers) —— o._ —_ L — .
Lengch Sealasd (Mecars) Qe e o _Cc._
PATCHAING AND POTHOL=S
7. PATCH/PATCH DETZRIORATION
(Number) I = ) -2
(Square Mecars) —S._ — < R« N
8. DPocholes
(Number) —__Q L -2
—_——_—l2 2 Ll

(Square Macars)
N[ﬁ LoT  AVALLABLE RevgeD) 4/(3/?'4 JFD

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

STATE ASSIGNED ID __ __ __ __

STATE CODE 48
SHRP SECTION ID | | 22

SHEET 2
DISTRESS SURVEY

LTPP PROGRAM

ISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES

D
CONTINUED)
SEVERITY LEVEL
Low MODERATE HIGH

DISTRESS TYPE

SURFACZ DEFORMATION

9. RUTTING - REFER TO SHEET 3 FOR SPS-3 OR Form TRNPROFL from Dipscick Manual

10, SHOVING
(Number) : : o
(Square Meters) ‘ 2.

SURFACE DEFECTS
393

11. BLEEDING : ! l 3

(Square Meters) —_ .._H d — e —_— Q__
12, POLISHED AGGREGAIE =

(Square Mecers) ' —
13, RAVELING AND WEATHERING

(Square Meters) o __o_ __2_
¥ISCEZLIANEQUS DISTRESSES
14, LANE-TO-SHOULDER DROPOFF - REFER TO SHEET 3
15. WATER BLEEDING AND PUMPING

(Number) __ 2

Lengch of Affected Pavemenc

(Meters) — e Q._

18. OTHER (Describe)

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

STATE ASSIGNED ID ___ ___ __ __

STATE CODE 48

SHRP SECTION I0 | | 22

SHEET 3
DISTRESS SURVEY

LTPP PROGRAM

DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES
(CONTINUED)

RUTTING (FOR SPS-3 SITE SURVEYS)
OUTER WHEEL PATH

INNER WHEEL PATH
Poinc Poinc
Point  Disctance®  Ruc Depch Point Distance!  Rut Depch
No. (Meters) (om) No. (Mecers) (mm)
o rersus))
1 0. — . 1 0. .
2 15.25 _ _ _. 2 15.25 _ __ .
3 30.5 . 3. 0.5 _ .
4 45.75  _ _ _. 4 45.75  _ _ _.
5 61. - —. 5. 61. -
6 76.25  _ _ _. 6 76.25 _ _ _.
7 91.5 . 7 91.s  _ _ _.
8 106.75  _ _ _. 8 106.75 _ _ __.
9 122. — 9 122. -
10 137.25 _ _ _. 10 137.25 _ _ _.
11 152.5 - 11 152.5  _ _ .
LANE-TO-SHOULDER DROPOFF
Point Distance! Lane-to-Shoulder
Point No. Meters Dropoff (mm)

1 0. __ 0.

2 15.25 _——_— 2.

3 30.5 o

4 45.75 — 3.

5 61. — 2.

6 76.25 )

7 91.5 )

8 106.75 —_ L.

9 122. — L.

10 137.25 — 0.

11 152.25 — 0.

Noce 1l: "Poinc Discance” is the discance in meters from the start of
the tesc section to the poinc where the measuremenc was made..

The values shown are SI equivalencs of the 50 feec spacing
used in previous surveys.

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. TDR Traces Obtained During Calibration




II.

III.

IV.

VI.

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

SrmQmmouaowy

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.
— e — "}
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Figure B-1 (Continued).
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Figure B-1 (Continued).
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Obtained During Calibration

TDR Traces

Figure B-1 (Continued).
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TDR Traces Obtained During Calibration

Figure B-1 (Continued).
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TDR Traces Obtained During Calibration

Figure B-1 (Continued).

B.11



WD OLTALL O dINS IS B

h T AR SV U, g

Jueisio) appapa ~ L (W) pBuary yaaeddy . LIy, UL | =
R s
........... aoeu] IdUIINQ A nnu
................ - 30e.U| PIUIo)S : : : : S R SR  JUN 7' E=|
—— . : : 4 3
g 2984l ndy INUUE DU SUUOR SURY SR i3
: R = LR LELELL LR TY . .m
TTTITTTTITTTTYETTT TR 6AR | °°"*"*.13}|L4 asloN O
d-{ moﬂoz ....u...-w.-..w.... ceea mm-Olll|¢|ll-.ll- ﬁ} b
— SOJGH 819°d m AP/SW ZLL """ 3edG |eD}AdA ..m
certoy) - e T e sz s agremng 2
AGL 920S1° XuopEy W zgZ 91 e W Z8Z 9| " "c"""""° 10s4n) .w
!
D
«HEIS 1€ papIoyg,, O
1]
=~ m
(24
i a
........... aded| IJuaadiiLg ¢ et
................ - 9ded] paio}g ..n .
Y aoe.} yndy o S
JC ) s sesssssses amog 2
3 6A® | *=te"tiajliy 3SION 5
oeqa*~w mo*oz mm'o [N ENRNERNNENMNNEN] “} m
SO ﬂ.v 3lqed Alp/gw 881 °°°"9{eDS [ED1}A3A mv\
IAWWG&I ayeq ApJW GZ® **"*° A/ 3OUISIQ —
341 §20GC1 XwoapE) W Z8Z°91 "°"tT"etctt Josan) /M
L
&
Z7Z77) ai uons JddlI1 3024 2qo1d UL Ha
(1 93eg) 10D-dS 1S eieq
(FA1] apo)) Kouady . weidoig Suuopuopy Jeuoseas Jd4.11
$661 11dyy] -7 voiszap isaupaping weidosg uniojnopy [wuoseag
(o}




R KR Y ) [ SRR SN L Y N

ENES n__"u»o:__:u

(VAT S YOS ELIEAS IR AV |

N M@! 17O (K& unwypp) dreq

") \I.S\\ :£q paredas g

SHuRUWo))
w g lN.. [ 1qed xeo) Jo yduop pansesyy G @.WNI M. N QNN LS _.u—_m_mz 2001 UL
(6670 =) Jumos b_uc_o> aseyd = A {(soqosd yAILI
10§ (u1 g) w €Oz'0 =) suun aqoid jo PFudy enpe = - ui u:o:_ 10 1hdudy uatedde = | Huesuod u_:uu_o_: = 3 M
d
com | {Com|
(a - ‘o ()]

uoisiAly Jd.L'T VMILI

:SMO[[O] SE PIUINIIDNP SI JULISU0d I 310

U_._:OO vw pue 9/ UMD J0U JUEIStU0d d1NIIIP JI ,

13

UOISIAICL dd.LT VAT 198100 ‘07 Pue G770 U2IMIIQ 10U JURISUOD ILDIIP J]

N

Se L

LT

«JOIEM U],

i JUEISU0D) IR .

() “pdury jusaeddy

........... aoe.u} aduasang
................ - aoed] paio}s

RS aoe.4] ynduj

.G 12
——gFIYM_ SAN

yal gzo0st XuopRL

esessease

seeen

Slale

LYY

} Jg serseescess 1amog
3 AR | """ c 3}t 3SION
66°0 """ Tttt dA

m AMPp/dU Gl 6 """ "2eDS B4
AIp/W GZ® *""" ALQ/3DUe)SI]
W ZZE gL Treteteete 40san)

ZZ77)
52

(1 uotddg ddlI1

apo) Kowddy

}291D qotd AL

(z 99eq) 10D-dNS 19948 ere(g
weidos g duuonuopy jeuoseds JJ4.11

b ulygpeg voisiap ssampaping mesdor] Suplopuopy enoseag

TDR Traces Obtained During Calibration

Figure B-1 (Continued).
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Figure B-1 (Continued).

A4l 920S |1 xwonye] oe w Z8G"Gl """ """ 40sUAN)
(227 7] (11 UoN23S ddI1 $094D) 9903 ACLL
_ (7 23eg) 10D-dWS 1021S vieq
Nvl apo) Louody wierdoag unoyuoy [euoseds JJ171

pr ulygpg uoisiap ssampoping widor) Juniopmopy peoseag




D) GO UL © D dINS PG v

= ch

$2°0

:.—_< F_—: ﬁ

= UEISI0D) 4119121

- (w) “ipduag yaeddy.

LI AL, D __

........... Joe.a] 22UAAIN]
................ - a0e4] PaU0}§
I aoeu) yndu|

) uc~ S9}0N
goIoF 219
cG /S U/ ajeq

Adl 92061 XuoEl

ua.:::..:tkom
BAR | *°"°"*i3)t4 3SION

mm.c sSeePIESEsESaESs ﬁ>

AP/ dW 88| """"3leIS [EDNIA
AIP/W GZ* """t ALQ/92URYSIQ
E Now.m— AemescERes Lom-h-dU

#HEIS 18 pouoys,

........... aoea] 3asuauayjlq

................ =~ 20t4] pado}g

¢ 99edlL wnduj

%ﬁmouoz
ERUENCH Al R R
ﬂﬂmwo LR LU DU SUDUS DD SUDDE SUPE PR STTS S
AL §Z061 xwoppEl W Zog Gl i :

LYY

uw:::::;?soﬁ_
AR | """°°".9)|t] ISION
6670 "+ttt dA
AIP/dW 88| *"°"3{BIS |EINLISA
Ap/W GZ*  "°°°" MG/ 3DUR)SIQ
W ZOBGL ~*tetteeer 40S4nD

Chela

Ta

532 7 7]
(¥#] .

dl uondas Jd.Ll

apo) Kouady

¥ooyD 2qoid UL

(1 93eg) 10D-dINS 10US Eied
wieido1g Juuonuojy jeuoseds ddl1

p661 1udy/1°g voissap :sauipaping weidos ] 3unOUOy jrUOSEIg

TDR Traces Obtained During Calibration

Figure B-1 (Continued).
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TDR Traces Obtained During Calibration

Figure B-1 (Continued).
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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

C.1



CUrSOr eeecaccses 16,290 m
Distance/Div.eec.cee 25 m/div
Vertical Scale.... 126 m»/div
VP veesecscsansss 0.99

Moise Filter...... 1 avs
POWEr cesseeasass bat

CUrSOr cecaseesss 15.870 m
Distance/Di¥eeeea 29 midiv
Vertical Scale.... 137 mp/div
VP teveeccsnacsns 3.99

Noise Filter...... 1 avs
POWer ccesssaasass Dat

Tektronix 15023 TDR

 Cable =5 & Ot
Motes Doty
29,3 "

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

Tekbronix 15028 TDR

Date /z22/9%

Cable 45209

Notes _ DSR4
S

\

Input Trace _\'_?__.
Stored Trace am— ...
Difference Trace ..........

CUFSOr acessseses 16.410 M
Distance/Div.eee.e .25 mfdiv
Vertical Scale.... 137 m»/div
VP veesnsssssasss 099

Moise Filter.ceees 1 aV9
POWErcescsasasas bat

CUFSOF seeeesanss 16420 M
Distance /Div.. .. S m/div
Vertical Scak. ... 13Tme/div
WP veveseseeaases0F
Noise Filter coeceee 119
POWEr o asesseasasnabit

Tektronix 15028 TDR

Date __11/22./23

Cable _==9C 02

Notes JC/’”"
3,5"

Input Trace N

Stored Trace
Difference Trace ...

- - - - — - - - - - e

Tektronix 15028 TDR

16.420m
SERE \/22/23
/,
Cable __L8E 1D
Notes_ﬂtzg;__
75.

PTTTE Inpus Trace 2P
feecioeviGtored Trace —memiicocee
L.l .iDifference Trace e

DL ZOF sessccan e 15,750 m
astance T .. 2% div
L =rtic yle . 137 e
" -

. 3 3

BT il eeees - gt

Tektronix 1502B TDR
Date \/22/ 33

Cable — 'I
Notes ___.A"_Z—'—

“<S.S _

Inpyt Trace —e £
! stored Trace .-

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

SITE NO. 481122 11/23/93
MOISTURE CONTENTS FOR TDR
(WET) (DRY)
TDR# WT. OF PAN(g) PAN & SOIL(g) PAN & SOIl(g) M.C. (%)
48E10 153.3 338.4 330.7 4.34%
48E09 203.8 448.8 438.0 4.61%
48E08 1494 409.0 393.0 6.57%
48E07 198.6 502.1 483.9 6.38%
48E06 178.9 481.9 463.6 6.43%
48E05 152.9 448.5 427.7 1.57%
48E04 203.2 488.6 465.1 8.97%
48E03 148.8 385.8 366.6 8.82%
48E02 198.5 459.9 436.5 9.83%
48E01 178.8 495.2 479.4 5.26%
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APPENDIX D

Initial Data Collection

Appendix D contains the following support information:

Table D-1.

Figure D-1.

Figure D-2.

Figure D-3.

Figure D-4
thru

Figure D13.

Table D-2.

Raw Data from the On-site Data Logger

Measured Air Temperature During Initial
Data Collection

Measured Average Subsurface Temperature
for the First 5 Sensors During Initial

Data Collection

Measured Average Subsurface Temperature

for all 18 Sensors During Initial Data
Collection

Traces from TDR Sensor

Elevation Measurements from Installation

D.1
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Figure D-1. Measured Air Temperature During Initial Data Collection.
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Figure D-2. Measured Average Subsurface Temperature for the
First 5 Sensors During Initial Data Collection.
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Temperature, °C

Site 481122
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Figure D-3. Measured Average Subsurface Temperature for All 18
Sensors During Initial Data Collection.
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TDR RESULTS . B - - - -
TDR Data Set 2 : Sensor Nuuber 1

File: 48SES3AK.MOB  |rimremiiee it S : : ; ‘ ;

Date: Nov 23, 1993 : : : :

Tine of Dag: 12:24 .......... s .......... E .......... E .......... E..

Dist + Curs (n): 18.8 : : : :

Dist btn WuFn (m): .81  |....... U fereneees Ferreennnd .

Gain: 66 : : : :

Offset: 53385  |.......... O L USRI .

Sanple No: 1 : : : :

A (m) = 1.85 : : :

B (m) = 157 [ freseerees oo :

Trace Length (n)=8.52 : : : :

Diele- co“st 6 7 .......... :.. .......... . ........ :. o

Uolunetr MC (»2)= 11.9 : : : :

Total 2 Set Data

9.0nm 8.5n 1.8n 1.5n 2.8n 2.5n
Esc=Menu: t . Ctr+Pgll/Ctr+PgD=Prior/Next Set. F5=Res Data. F2=PrnScn: F8=A,F9=B

Figure D-4. Trace from TDR Sensor 1

TDR RESULTS

TDR Data Set 2 § Senson Nunber 2
File:  48SE93AK.MOB : : , : :

Date: Nov 23, 1993
Tine of Day: 12:24
Dist » Curs (n): 18.8
Dist btn WuFn (m): .81

Gain: 76
Offset: 53477
Sanple No: 1
A (n) = 1.85
B (mn) = 1.61

Trace Length (n)=8.56
Diele. Const.= 7.7
Volunetr MC (%)= 14.2

Total 2 Set Data : : : : : : : :
8.0m a. Sm 1. Bn 1. Sn 2. Bn 2.5n
Esc=Menu: t . Ctr+PgU/Ctr+PgD-Prxor/Next Set: FS5=Res Data; F2=PrnScn:; F8=A,F9=B

Figure D-5. Trace from TDR Sensor 2
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TDR RESULTS
File: 48SE93AK .MOB

TDR Data Set 2 ; Senson Number 3

Date: Nov 23, 1993
Tine of Day: 12:24
Dist » Curs (m): 18.8
Dist btn WuFn (m):.01

Gain: 95
Offset: 53702
Sanple No: 1
A (n) = 1.84
B (m) = 1.64

Trace Length (n)=0.68
Diele. Const.= 8.9
Uolumetr MC (%)= 16.6

Total 2 Set Data

0.0n 8.5m 1.8m 1.5n 2.8n 2.5n
Esc=Menu: t I Ctr+Pgl/Ctr+PgD=Prior/Next Set: FS=Res Data: F2=PrnScn; F8=A4,F9=B

Figure D-6. Trace from TDR Sensor 3

TDR RESULTS : : . : :
TDR Data Set 2 : Senson Number 4

File: 48SE93AK.NMOB | rwivrreeeees el EONREE i . :

Date: Nov 23, 1993 : : : :

Tine Of Dag: 12:24 .......... . .......... ..

Dist » Curs (n): 18.80 : : : H

Dist btn WuFn (m): .01  |......... orerreennd erreernen Fereernennd ;.

Gain: 79 : : : :

Offset: 53521 B TS JOPPU U S SRUIE SURURRR i3

Sanple No: 1 : : : :

A (n) = 1.85 : : : :

B (m) = 158 | freserenns s froseenn 5

Trace Length (n)=8.45 : : : :

Diele. Const.= 5.8 [reeeesessienn

Uolumetr MC (x)= 8.8

Total 2 Set Data

8.6n 8.5n 1.8m 1.5n 2.0n 2.5n
Esc=Menu: t }; Ctr+Pgl/Ctr+PgD=Prior/Next Set: FS5=Res Data: F2=PrnScn: F8=A,F9=B

Figure D-7. Trace from TDR Sensor 4



TDR RESULTS

rnn Data Set 2 : Sensor Number 5
File:  48SE93AK.NOB : ;
Date: Nov 23, 1993
Tine of Day:  12:25

Dist » Curs (m): 18.0
Dist btn WuFn (m): .01

Gain: 7?9
Offset: 53436
Sanple No: 1
A (m) = 1.85
B (m) = 1.50
Trace Length (n)=8.45
Diele. Const.= 5.8

Volunetr MC (2)= 8.8

Total 2 Set Data

0.8m 8.5m 1.8m 1.5n 2.0n 2.5n
Esc=Menu: t {; Ctr+Pgl/Ctr+PgD=Prior/Next Set: FS5=Res Data: F2=PrnScn:. F8=A,F9=B

Figure D-8. Trace from TDR Sensor 5

TDR RESULTS : : : : : :
!DR Data Set 2 : Senaon Number 6
File: 48SE93AK .MOB : : : : :

Date: Nov 23, 1993
Tine of Day: 12:25
Dist » Curs (m): 18.8
Dist btn WuFn (m):.B81

Gain: 78
Offset: 53451
Sanple No: 1
A (m) = 1.92
B (m) = 1.45
Trace Length (n)=0.43
Diele. Const.= 4.6

Uolunetr MC (%)= 6.9

Total 2 Set Data

9.8n a. Sn 1. Bn 1. Sn 2.8n 2.5n
Esc=Menu; t {; Ctr+Pgl/Ctr+PgD=Prior/Next Set: FS5=Res Data; FZ2=PrnScn: F8=A,F9=B

Figure D-9. Trace from TDR Sensor 6
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TDR RESULTS

TDB Data Set 2 : Sensor Number 7
File: 48SE93AK .MOB ! : ! : :
Date: Nov 23, 1993
Tine of Day: 12:25
Dist » Curs (m): 18.8
Dist btn WuFn (n): .01
Gain: 71
Offset: 53383
Sanple No: 1
A (n) = 8.68
B (n) = 1.81
Trace Length (n)=8.41
Diele. Const.= 4.2

Volunetr MC (£)= 5.9

Total 2 Set Data

8.8m 8.5n 1.0m 1.5n 2.8n 2.5n
Esc=Menu:; t 1; Ctr+PgU/Ctr+PgD=Prior/Next Set.: F5=Res Data: F2=PrnScn: F8=A,F9=B

Figure D-10. Trace from TDR Sensor 7

TDR RESULTS : : : : : :
TDR Data Set 2 : Sensor Number- 8

File: 48SE93AK .MOB : : : : : : :

Date: Nov 23, 1993

Tine of Day: 12:25

Dist » Curs (n): 19.9

Dist btn WuFn (m): .01

Gain: 72

Offset: 53328

Sanple No: 1

A (n) = 8.63

B (m) = 1.82

Trace Length (n)=8.39

Diele. Const.= 3.8

VUolunetr MC (2)= 4.9

Total 2 Set Data : : : : : : : : :
8.8m 8.5n 1.8m 1.5n 2.8n 2.5n
Esc=Menu; t i: Ctr+PgU/Ctr+PgD=Prior/Next Set: FS=Res Data. FZ=PrnScn. F8=A,F9=B

Figure D-11. Trace from TDR Sensor 8

D.9



TDR RESULTS
File: 48SE93AK .MOB

TDR Data Set 2 é Sensor Number 9

Date: Nov 23, 1993
Tine of Day: 12:26
Dist » Curs (m): 19.9
Dist btn WuFn (m): .01

Gain: 68
Of fset: 53341
Sanple No: 1
A (m) = 1.28
B (n) = 1.51
Trace Length (n)=08.31
Diele. Const.= 2.4

Uolunetr MC (x)= 1.3

Total 2 Set Data : : : : : : : : :
8.8m 8.5n 1.0m 1.5n 2.8n 2.5n
Esc=Menu: T {: Ctr+PgU/Ctr+PgD=Prior/Next Set. Fo=Res Data: F2=PrnScn: F8=A,F9=B

Figure D-12. Trace from TDR Sensor 9

TDR RESULTS : :
TDR Data Set 2 : Sensor Number 18

File: 48SE93AK .NOB

Date: Nov 23, 1993
Tine of Day: 12:26
Dist » Curs (m): 19.9
Dist btn WuFn (m): .01

Gain: 68
Offset: 83386
Sanple No: 1
A (n) = 1.22
B (n) = 1.52
Trace Length (n)=08.30
Diele. Const.= 2.2
Volunetr MC (%)= 8.9

Total 2 Set Data : : : : : : : : :
8.0n 9.5nm 1.6nm 1.5n 2.6n 2.5n
Esc=Menu:; t I Ctr+Pgl/Ctr+PgD=Prior/Next Set. F5=Res Data. F2=PrnScn. F8=R,F9=B

Figure D-13. Trace from TDR Sensor 10



Table D-2. Contact Resistance Measurements Data Sheet

SEASONAL MONITORING
"FLEX" TRANSVERSE ELEVATION MEASUREMENTS® <}8S =

T 4450

5+20 |__-t—" .8514.548 |. — |
s+30 | 85]4-012 _—

<,
Bench Mark:_ Oeea g top= Ne v e s Bpie Tooye /80 Hngmyp bpeeerZvef
Sta . N+08 17 'Rilaur AT AT Tuapi 00 Tmp 07 1 ner I8 2NIIZ NG i D,
tegpnsTiey O.00M 1z T P Dpeign Cup Gracen 820 L1287 grey 202
’-:rp,';i" 124 DuCyia, TP P~ 3,"-“ ) ﬁ,':.f-::” L2S vz RAras Omein s T P Pz d 44-5 ¢ :“/"’ L343
Comments: _Bas€r'nz '® PY NawLs Sz7 @ Quraine Enee Or Ouy-zai~n= Su o,
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APPENDIX E

Photographs

Appendix E contains the following photographs:

Photo E-1. General Photo of Test Section
Photo E-2. Location of Instrumentation Area

Photo E-3.  Preparing for Instrumentation Installation
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Photo E-1. General Photo of Test Section

Photo E-2. Location of Instrumentation Area



Photo E-3. Preparing for Instrumentation Installation



