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SEASONAL INSTRUMENTATION STUDY
INSTRUMENTATION INSTALLATION
TEXAS SECTION 481060/48SF

I. Introduction

The seasonal instrumentation installation of Section 481060 was performed on November
30 and December 1, 1993, and was the sixth one completed in the Southern Region.

The GPS-1 test section resides in Seasonal Cell 9 and is located in a wet-no freeze zone.
The site (see Figure A-1) is in the northbound lanes on US-77, approximately 1.1 km south
of SH-239. 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 33.6°C
and the average minimum daily temperature for the months of December through February
is 8.2°C. The average annual precipitation is 838 mm.

The pavement is a flexible structure consisting of approximately 191 mm of asphalt concrete
over 292 mm of granular aggregate base. The subgrade is classified as a silty 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 191 -
Base 292 1954
Subbase 152 -
Subgrade --- 1663

The annual average daily traffic (AADT) in the GPS lane is almost 2700, of which 20% is
truck traffic. The estimated annual ESALs on the GPS lane were 141,671. 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), 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
Jerry Daleiden SRCO, Brent Rauhut Engineering

Richard Zamora Federal Highway Administration




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 Southern Region
Coordination Office, 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 March 31, 1993 by Jerry
Daleiden (SRCO). Deflection testing was conducted on March 5, 1993, and on December
1, 1993. The 0+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 1 229 (48 FT)

TDR Sensors 10 48F01-48F10
Equipment Cabinet

CR10 Data Logger 1 16518

Battery Package 1 5673
Weather Station

Tipping-Bucket Rain Gauge 1 12091-693

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 probe 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 the
2 Not Measured AC layer.
3 Not Measured

2 4 17 This unit was installed in the
5 94 base and subgrade.
6 169
7 245
8 321
9 477
10 625
11 778
12 931
13 1083
14 1234
15 1388
16 1541
17 1693
18 1843

Location of Instrumentation

The instrumentation was installed at station 0-19 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, 2.09 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 7.7 m from the lane edge.

The observation well was installed at Station 1+00 of the test section approximately 3.4 m
from the lane edge. A permanent benchmark was also set at Station 2+00 approximately
3.7 m from the lane edge.

Installation

Installation of the monitoring equipment was completed on November 30, 1993.
Verification that the instrumentation was working was made 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 individual thermistor sensor.

When backfilling of the instrumentation hole was completed, the asphalt concrete surface
was patched. 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 N® Sensor Depth TDR Moisture Content Measured Moisture Content ‘
(mm) (%o, by wt) (%, by wt)
48F01 320 6.88 3.96
48F02 495 12.57 22.54
48F03 650 11.81 16.28
48F04 803 13.41 14.90
48F05 960 12.51 19.96
48F06 1110 15.66 25.16
48F07 1257 8.95 34.13
48F08 1412 12.06 32.37
48F09 1732 10.27 32.44
48F10 2019 8.08 35.37
Table 5. Thermistor Sensor Locations
Unit Channel N2 Depth from Pavement Surface (mm) Remarks

1 1 25 This unit was installed in the

2 99 AC layer.

3 173
2 4 249 This unit was installed in the

5 326 base and subgrade.

6 401

7 477

8 553

9 709

10 857

11 1010

12 1163

13 1315

14 1466

15 1620

16 1773

17 1925

18 2075




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 November 30, 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 was 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 was 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. It should be noted that the measured moisture content
was much higher than that obtained by the TDRs during the initial data collection for depth
greater than 1200 mm. This is likely due to disruption and partial drying due to excavation.

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.



IV. Summary

The instrumentation installation on Section 481060 was completed on November 30, 1993
and initial data collection was completed on December 1, 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; 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.

After the initial installation, the alkaline battery pack was replaced with a gel-cell sealed
battery.

One problem has been noted with the data being collected on this site. Thermistor #1,
located in a metal probe at a depth of 25 mm from the pavement surface, began giving
erratic readings between June 24 and August 1. The cause of the problem has yet to be
identified. Efforts are underway to find a solution.



APPENDIX A

Test Section Background Information

Appendix A contains the following information:

Figure A-1.
Figure A-2.
Figure A-3
thru
Figure A-8.

Figure A-9.

Site Location Map

Profile of Test Section Layers

Plots from FWDCHECK

Manual Distress Survey Data
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APPROXIMATE
SUMMARY OF FIELD LOGS
GPS TEST SECTIONS
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0 PAaveMENT LoG . SHouLpER ProBE Log
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o ” .
Hars o < e Lok Erown Cla os
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1 | Sendly Grone ) Saca 2.5
Z?c)fé é’fay 0/45,
200" - 5
2! _,Lfme Z—@M\QIM
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3 = 2
- 10/
11.0°
41 - ilyf/ é,fs}r (’,év/
3 — 15
Instuctions for Pavement Log:
l. Review logs of bore holes, cores,
and  tast pit to  estzblish
approximate depths of layer
changes.
2. Oraw lines across log above to
indicate approximate average layer
deoths and label to identify the 20’
materials.
“ructions for Shoulder Probe Loa: Denth to Rigid Layer, > 2o Ft.
.ame as for "Pavement Log," =xcant (If Rigid Layer Not Encountersd, Entar
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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Figure A-9. Distress Survey Data
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Figure A-9 (Continued). Distress Survey Data

A1l




STATE ASSIGNED ID __ __ __ __

SHEET 3
STATE CODE 48

DISTRESS SURVEY
sure secTzov 0 | O O

LTPP PROGRAM

DISTRESS SURVEY FOR PAVEWENTS WITH ASPHALT CONCRETE SURFACES
(CONTINUED)

(FOR S25-3 SITZ SURVEYS)

9. RUTTING
INNER WHEEZL PATH OUTER WHEZL PATH
Point Poinc
Point  Discance®  Rut Depch Poinc Discance’  Ruc Depch
No. (Mecars) (mm) No. (Mecers) (mm)
ot Menguwesh)
1 0. — 1 0. —_— .
2 15.25 - 2 15.25 _ __ __
3 30.5 e 3 30.5 .
A 45.75 — A 45.75  _ _ __
5 61. . 5. 61. .
3 76.25 — e 6 76225  __ __ __
7 91.5 o e 7 91.5 o
8 106.75  _ __ __. 8 106.75 __ __ __
9 122. . 9 122. .
10 137.25 e e 10 137.25 __ __ __
11 152.5 . 11 152.5 -
14, LANE-TO-SHOULDER DROPQFF
Poinc Discance! Lane-to-Shoulder
Point No. Mecers Dropofl (mm)
1 Q. 2.
2 15.25 —_—_—.
3 30.5 — 0.
A 45.75 — T o
5 61. —_ &
6 76.25 - .
7 91.5 . __o.
8 106.75 R
9 122. 0.
10 137.25 —_ _ 0.
11 152.25 —_ 0.

Noce 1: *Poinc Distance"” is the distance in mecers from the scars of
the cast seccion to the poinc where che measuremenc was 3ade.

The values shown are SI equivalencs of the 50 faet 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
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II.

III.

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

Srmommuaws

Activities on Site - Day 2

A. Instrumentation Check
B. Data Collection

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

Questions/Discussion

B.2



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
Granular Base Northbound River, 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.




NWYD NOL AAL T D-dINS RIS e

[ Z7 T

20

WIV Uf,

=

= PUEISUO]) d11129p91(T - - () “pdury yusaeddy AL, UAL __

e R e *
........... POTTE TTTTIV. B PUTTS FUUDE SUUOS SN NS SUUUE SUUNE SN SUUN PR
................ soeayposors §. L,
S aveu} yndyj : : : : ¢

4 e memesessse MO

BAE | “""""° _13}{L4 SI0N

FTY SN 6670 "ttt A

al 4 a3 A% Alpfgul 28] °°°°9|edG [eIqUap

wm\mo 7 ¥Ed Alp/W GZ°  *"""tALQ/DUSIQ

A4l ansl xXwopEl W OpE 9] ""cTttttet aesung

« MBS 1 pauoys,

LIl AL -

aoeU] 20UIUIL]
................ - 30B.] PaI0}g

o aoed] ynduj

SRS SAON

o1 gL~ °l9ed
TG /50N  AEd
441 820G1 xuonpe)

m M....w....w....
L wovgy |

. :
YL AP . PR

. H

. . N

Clls

L1y

ua:...:...;&»om
AR | “""""".3}|14 ISION
. 66-0% " mrnmemrene ga
) AIp/SW Z8| =" 3|35 [BI}I9A
Ap/W GZ* """"" AIQ/dURSI]

0 ObS O} ~0* e menrn Josn)

]
Slaln

71
71

ar uonoes ddil

apo) Koualy

A3 =qoid YA.L

(1 23ed) 100-JNS 199YS ®ieq
werdoly Junonuoy [euoseds Jdl1

¥661 113dy/1-7 voisiap sautpaping weidoiy Supsonuopy peuoseag

ined During Calibration

Figure B-1. TDR Traces Obta

B.4



Wi, 403 ) 290 a1 WAL 100 dING 1S v

N

P b1 S0 1 TVE (KKpumgpp) aeq

Av¢<l _w_oaa_a_:_m VEU idg :Aq poredarg

SjuouIn))
wg Cz 7 0qe) xeo) jo pduoy pamsedy Q7 W_n 9 N\. RQUNN [eUS paudissy 9q01d YL

: (667 =) FJumas Lioopaa sseyd = ‘A (soqoid .
10j (ur 8) w ¢oz'0 =) snun aqoxd jo y1Jusy enyoe = 1 ‘w ‘9qoid jo _a:m:v_ yuasedde = L— ::EL_OU o:\wuoﬂo:m H w<bw____%

CA) o |

=3

(a - o) )
*SMO[[O] SE PAUTULIANIP ST JUTISUOD I1NOII(]

UOISIAL dd.L'T VMIT 1921U00 ‘b8 pue 9/ 1aamioq Jou Jueisuod s1iafeip .
UOISIAI dd.L'T VMILL 1981103 ‘gz pue ¢7°() udam)aq Jou juejsuod 2in29aip J |

Le 9L 9L T WJOTEM U, __

T aumsued opal

B.5

‘m3ury juoaeddy

XALAAL L F =

3
[=]
Zl
TDR Traces Obtained During Calibration

. < : : H : 3
........... 20€B.1] S0UIIIYILQ i
................ ~ 30BU] pauo}g : : : : : : : ’
TP 994l yndy : : s
u U~..|'l..!l'll-w}°n-
4 “ LE N N N}
.22 a sAE | A3t 4 asioN

Vv~ S9N
QJ .\p @.wV alqe]
TE/TIAT 2ed
ddl 82061 xwoxpp|

6670 et re e ga
m AIP/ QW Z|] *7""3(ed5 [edl}49)
AIP/W GZ* ***"* AlQ/DUR)SIQ

W 09891 " e tme e tosany

Figure B-1 (Continued).

|
©9a7] A1 uonds 4411 AD 9901d AUCLL
. o (z 93ed) 100-dWS 129YS BIeq
(g 4] apo) Kouady wrerdoly JuuoNUOK [LUOSEIS 1
|

o oy uols1aA sanpaping ueaiorg Junoyuopy jeuoseag



AN 9GO AUAL © D-dINS 1S e

2k T $Z°0 W1V g, =

JUEISHOD Lo () “@Buary juaaeddy L], AL | __
.......................................... "
........... aoe.a] JouauaLq] ......w... ........ .10
................ RS ST NN SUUE SIS SIS SUUN SUUDE SUUE RS SN Bpes 3
o %9ed 13yndyj \\] .
v : : P : : : Je mremeereccs amog

SAt | "Treccayty astoN

P S
AP/ W 181 """"3ledS |edyadA
Ap/W GZ* *ctet ALQ/3OUEYSIQ
e W OZEL et Josan)

d 1 < SOJON

«HEIS 1 panoyg,

........... 9oE.1] IdU3I3JL]

................ TOVRAI PAA0YS i Lt -1
Jd’ soedpanduy { : i i i ¢
B K “ s +eemeeere somog
----w‘..--u--n!..----w---- it H EAB | **=""*_}14 3SION
ogﬁ_x.m m0¢°z ....m....m-...w-..w..-. mm-o CRESsnnesienn e A->

/. ﬁ AP W ZGL """ °a3]eds |ed1}a9A
Alp/Mt GZ<  °°" " AlQ/aDUR)SL]

CoOJae f.. b i
wwmﬂo% AL PUUTE RS SURE SRS SR

40182061 xwappl | =._-..O|N.m..mw ........... .u.a.- W QgZg 9L """ 40san)
90T dr uonds dd.i1 A994) 9qo1d WAL
(1 93eq) 10D-dINS 199YS Tieq
£ 7] 2po)) Kouady _ wesdorg JuLoNuopy [eUOSEIS JdIT

TDR Traces Obtained During Calibration
B.6

Figure B-1 (Continued).

b661 1t1dy /|- voisiap :sauijaping wesdosg 3upioiuoyy jruoseag



AU ) e g g UL :uu dAbND BengS vy

75 b1 80 1] {(KKkuwpp)org

) g :0kojdwisg 2)0) <§\ :Aq potedaig

TIg)

wg - Z 7 oe) xeo) jo yduay panseay L O M—w 8 w.m quIny [euas Ecm_mm< 2qoid AL
‘(660 =) 3umas b_oo_u> aseyd = °A ‘(saqord v

Joj (ur 8) w ¢oz"0 =) siun 2qoid jo 13uaf fenjoe = - ‘w ‘0qoid jo duaf waledde = * ‘yuejsuod o_:uu_u_c = 2 M

ENm e

= =3

(a - “a) ()]

'SMO[[0] SB POUTWIANAP SI JUBISUOD DLINIPI]  :3TON

UOISIAIY ddJ. T VAATLT 1981U0D ‘pg PUE 97 UI9M]Iq JOU JUBISUOD DLIIIAIP JI ,
uoIsIAlQ dd.L'T VMH:] 1981U0d ‘Q°Z PUB G/ °() UIIMIIQ 10U JURISUOD DiNDIIP J] |

TZ 7 o __
. : QAL AL L __

__
__

‘() “\p3uyy judaedd

4
N ° . : . . 3
llllllllll Womt-..—.wocw.\—w.*nﬁ_.o .. .. : : m st tenen -
............. = ade4] pauoys m : : : e
I.ANI.A; aoe.u] yndy : : : B
h Ua ll.ll'l'l,ho\,om
.............. B+ AR | *"""°" 13}y ISI0N

o2 T2 T T
FD 3T~ SN be s : R ERRPE TR | \ 6670 " T Tt dA

3iqes Mp/SW 9718 °°°"IEIG PN

AN CETE TR TR VTS FUUTS PUDRS FOU SUNE SURE SO L..f MPJWGZT TTUUTAIQAURISG
Aqdl 82051 xwony=) oe W OGE 9| ""°°"""""i0suan)
(@90 /] dy uondss ddlL'1 ¥ooyD 2qoid YAL
: (7 93ed) 10D-dWS 199S eieq
(8 7] apo)D Koualdy weidorg Juuouoly jeuoseds Jdl1 1

pr wlyypog woistap ssujaping wesdosd Junionuopy jeuoseag

uring Calibration

TDR Traces Obtained D

Figure B-1 (Continued).

B.7



ﬂ—..:.:m:_:rb» i BT IRT (Y UL .fcfu -—<n\v: -..‘._—m —u-..n—

I\w. 6 1 S0 /.1 € (AKpanuypp) aeq

AL ehojdug w\Ow A\.._,S\\ :Kq paredaig

SIUBUW0))

Wwe 2 7 9qe) xeo) Jo 3uay panseopy & O 2 & 77 IPqunp jeuag paudissy 2qoid YdlL

, (66°0 =) Jumas Kioopaa aseyd = A ‘(saqoid .
10j (u1 8) w ¢0z'0 =) snun aqoid jo y1Suay fenjoe = ‘w ‘aqoid jo Em:u_ yuatedde = .1_~ ::Em_:ou ot\wuomu_m = m<$~.__%

V)00 V6]

(a - “a) ‘D

=3

-SMO[|0] se PIUTiLIAAP S1 JULISUOD IPRIT 310N

UOISIAIT dd.L'T VAVH:] 19EIU0D *pg PUE 9/ U93MI3q 10U JURISUOD D11I09a1P J .
UOISIAIQ dd.L'T VMH 19BIU0D ‘0°Z puE G/£°() U2am1aq 10U JUBISUOD di1}23aip ] _

L9 "9, 972 T SOl U, 4_

~=.Sm_,502:8—2ﬁ

w) ‘ip3uyy yudaeddy: RCIL YL~

4
........... 30eU] 30UaRYSLQ :
................ - 30BU] pU0)S 3
I aoe.] jndy 3
; ® eeeeersrens gamoyg
712 T2 3 W ===ccca3yLy asioN
TVM RI0N 'Y/ IR AL L L ELEEUFY
904 g 8 m AP/ dUIBe © " " 382G |eDL}A9p
TC A0/ Nea Alp7eg: """ °" AlQyaduR)SL(
A4l 820S% xwaps| W ey "ttt Josan)

$r

©9 0 7] : al uonss ddr1 A99yD 9qo1d YAl
, .. (Z 23ed) 10D-dS 199 ereg
(271 opo) Kously weidold JuLolUOK [Luoseas Jd1]
wly/1°7 vois1ap sanpaping uresJorg Junoimopy feuoseag

Calibration

uring

TDR Traces Obtained D

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

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




Table C-1. Field Measured Moisture Contents

SITE NO. 481060 12/01/93
MOISTURE CONTENTS FOR TDR

TDR# WT. OF PAN(g) m(w; ST)QMg) PAH(D&RY)SQMQ M.C. (%)
48F10 152.6 376.5 318.0 35.37%
48F09 1715 359.7 313.6 32.44%
48F08 179.1 343.9 303.6 32.37%
48F07 149.2 341.0 292.2 34.13%
48F06 203.8 378.9 343.7 25.16%
48F05 152.4 344.7 312.7 19.96%
48F04 1714 4259 392.9 14.90%
48F03 178.9 366.7 340.4 16.28%
48F02 149.1 353.0 315.5 22.54%
48F01 203.6 440.0 431.0 3.96%




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.
thru
Figure D-13. Traces from TDR Sensor

Table D-2. Elevation Measurements from Installation
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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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Figure D-3. Measured Average Subsurface Temperature for
All 18 Sensors During Initial Data Collection
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TDR RESULTS
File: 48SF93AL .MOB

TDR Data Set 2 § Sensor Number 3

Date: Dec 1, 1993
Tine of Day: 11:36
Dist » Curs (m): 18.8
Dist btn WuFn (m): .81

Gain: 7S
Offset: 53864
Sanple No: 1
A (m) = 1.04
B (m) = 1.99
Trace Length (n)=8,95
Diele. Const.= 22.3

Volunetr MC (%)= 37.2

Total 2 Set Data : : : : : : : : :
8.8m 8.5n 1.8m 1.5n 2.8n 2.5n
Esc=Menu; T . Ctr+PglU/Ctr+PgD=Prior/Next Set: F5=Res Data. F2=PrnScn: F8=A,F9=B

Figure D-6. Trace from TDR Sensor 3

TDR RESULTS
File: 48SF93AL .MOB

TDB Data Set 2 ; Sensor Number 4

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

Date: Dec 1, 1993
Time of Day: 11:36
Dist » Curs (m):. 18.8
Dist btn WuFn (m): .81

Gain: 68
Offset: 53891
Sanple No: 1
A (n) = 1.088
B (m) = 2.18
Trace Length (n)=1.10
Diele. Const.= 29.9

Volunetr MC ()= 44.3

Total 2 Set Data

8.8m 8.5n 1.8m 1.5n 2.6n 2.5n
Esc=Menu; t {; Ctr+Pgl/Ctr+PgD=Prior/Next Set. FS5=Res Data. F2=PrnSen: F8=A,F9=B

Figure D-7. Trace from TDR Sensor 4




TDR RESULTS

TDR Data Set 2 § Sensor Number 5

File: 48SF93AL .MOB

Date: Dec 1, 1993
Tine of Day: 11:37
Dist » Curs (m): 18.8
Dist btn WuFn (m):.01

Gain: 68
Offset: 53965
Sanple No: 1
A (n) = 1.85
B (m) = 2.209

Trace Length (n)=1.15
Diele. Const.= 32.7
Volunetr MC ()= 46.4

Total 2 Set Data : : : : : : : : :
8.8m 8.5m 1.8m 1.5n 2.8n 2.5n
Esc=Menu; Tt i 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
File: 48SF93AL .MOB

TDR Data Set 2 ; Sensor Hunber 6

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

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

Date: Dec 1, 1993
Tine of Day: 11:37
Dist » Curs (m): 18.8
Dist btn WuFm (m):.81

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

Gain: 71

orf set : 53937 ------------------
Qanple No: 1

A (n) = 1.85

B (m ) - 2 R 8? ..................
Trace Length (n)=1.82

Diele. Const.= 25.7
VUolunetr MC ()= 48.7

Total 2 Set Data : L : : : : : : :
0.6m 8.5m 1.8m 1.5n 2.8n Z.5n
Esc=NMenu; T {; Ctr+PgU/Ctr+PgD=Prior/Next Set. F5z=Res Data. F2=PrnScn. FB8=A,F9=B

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

TDB Data Set 2 § Sensor Humber ?

File: 48SF93AL .MOB

Date: Dec 1, 1993
Tine of Day: 11:37
Dist +» Curs (m): 18.0
Dist btn WuFn (m): .81

Gain: 75
Of fset: 53968
Sanple No: 1
A m) = 1.83
B (m) = 1.95
Trace Length (n)—a 92
Diele. Const. 28.9

Uolunetr MC (z)= 35.6

Total 2 Set Data : : : : : : : : :
0.8m 8.5mn 1.8nm 1.5n 2.8n 2.5n
Esc=Menu: t {; Ctr+PgU/Ctr+PgD=Prior/Next Set: FS=Res Data. FZ2=PrnScn: F8=aA,F9=B

Figure D-10. Trace from TDR Sensor 7

TDR RESULTS

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

TDR Data Set 2 ; Senson Number 8
File: 48SF93AL .NOB : : : : : :

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

Date: Dec 1, 1993
Tine of Day: 11:37

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

Dist » Curs (m): 19.9 : : : : : : : : :
Dist btn WuFn (m):.01 . - H ; \ ; ; : efreeeiieans
Gain: 71 N
Offset: 53991 SSPPOTS FUNNUNNI OSP4 HURTHIO: 0 WOURE SOPRROL USRI SOOI O SOeees
Sanple No: 1 : : : : : § : §

A (m) = 1.84

B (m) - 2 18 ..........-..........:..........f .......... . : : : R A
Trace Length (n)=1.14 : : : : : : B : :

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

Diele. Const.= 32.1
Volunetr MC (x)= 46.8

Total 2 Set Data : : : : ; : : : :
8.8m - B0.5m 1.8m 1.5n 2.8n 2.5n
Esc=Menu; 1t {: Ctr+Pgll/Ctr+PgD=Prior/Next Set: FS5=Res Data. F2=PrnScn.; F8=A,F9=B

Figure D-11. Trace from TDR Sensor 8
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TDR RESULTS

TDR Data Set 2 ; $ensoﬁ Nunb;r: 9%
File: 48SF93AL .NMOB : : : : : :
Date: Dec 1, 1993
Tine of Day: 11:38

Dist + Curs (m): 19.9
Dist btn WuFn (m): .81

Gain: 82
Offset: 539680
Sanple No: 1
A (m) = 1.85
B (m) = 1.95
Trace Length (1)=0.90
Diele. Const.= 20.9

Volunetr MC (%)= 34.6

Total 2 Set Data : : : ; : : : : :
9.9n 8.5m 1.8m 1.5n 2.0n 2.5n
Esc=Menu; t {: Ctr+PgU/Ctr+PgD=Prior/Next Set: FS=Res Data:; F2=PrnScn. F8=A,F9=B

Figure D-12. Trace from TDR Sensor 9

TDR RESULTS

TDR Data Set 2 ; Sensor Number 1é
File: 48SF93AL .MOB : : : : : :
Date: Dec 1, 1993
Tine of Day: 11:38

Dist » Curs (m): 19.9
Dist btn WuFn (m):.081

Gain: 86
Offset: 53858
Sanple No: 1
A (m) = 1.87
B (m) = 1.77
Trace Length (n)=8.78
Diele. Const.= 12.1

Uolunetr MC ()= 22.8

Total 2 Set Data : : : : : : : : :
8.8m 8.5mn 1.8m 1.5n 2.8n 2.5n
Esc=Menu: T {; Ctr+PgU/Ctr+PgD=Prior/Next Set. F5=Res Data: F2=PrnScn: F8=A,F9=B

Figure D-13. Trace from TDR Sensor 10




Table D-2. Elevation Measurements from Installation

SEASONAL MONITORING
"FLEX" TRANSVERSE ELEVATION MEASUREMENTS® Af 8 s F

O-30 /_L——// |10, 084 T ;/ "
o200 _+— |~ 1,85(10.082 /’ L
S-10] _+— | 3olposs| +—"| L—| |—
O+ | 1010037 1. 80|0.03511.45110-043 |260li0.0 49 |2 2018.015
(D425 " lio.ev0 " o.006 | » W0.025 1 " |10.03b | " 113.970
OSSO " ljo.o34 | " oot | |j0.048) " l10.pS2 | " 2078
O<75 ] v [10.033 | v [10.029] v 10036 | " 110.633 | lo.obo |
| + 00| " |19.0l0 Y 10,008 | “ 19021 v o021 " 1100558
| +2S | | 9995 | » 14999 | » |jo.017 | " l(0.025 | " |19.043
(tSO | " 3.997 | » |ioooo | " lio.0z20| ¥ lip.c29| " !16 Oh2 ‘
[+7s 1" [10.009 | " lip.oiz] " |10.0233 1 " J1o.04v | " |10.077
" 10.008] " 10,029 |  llo.037 | v |ltc.072

2+ " 110-003

a1
Bench Mark: T28.4, Cormns (Pruma | N SHonpgp R Era NHOO ':2.755 Mpse.Or N0 PL.
Asgpopen Epevarion VQ.000 flerzes

Comments: %Af:a-’r‘: le P Naws Set® O Enar Oz Dumcre SHywoze
Sreio=z - Py Nas Se= @ 380 Meeplsds Top &

2.1, Detan 28T <170 Spae Svovecs TIE 1IN ( + O,DOI)

Test Section No. <410 o Date 120 l// =53
Start Time 129 pm Finish Time 10 08 %Fm
Recorded By Lp-l.z Device Used [_acce Qase Loivte

® QWP and ML readings to be taken at WD test locations 10129/93

D.11



APPENDIX E

Photographs

Appendix E contains the following photographs:

Photo E-1. General View of Site Prior to Installation

Photo E-2. FWD Testing Instrumentation Area Prior to Installation

E.1l



Photo E-1. General View of Site Prior to Installation

Photo E-2. FWD Testing Instrumentation Area Prior to Installation

E.2



