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Appendix A

Mathematical Tools for Design of In Situ Permeameter

- A-1 - The Confined/Phreatic Well Flow Solution Computer Pfogram Code
- A-2 - The Convective, Dispersive Mass Transport Solution Computer Program Code

- Table A.3 - The Complimentary Error Function Table
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A-1 - The Confined/Phreatic Well Flow Solution Computer Program Code (BASIC)

100 rem File: cpas.bas ~ Written by Edward P. Steinhauser...7/20/93

110 rem Fkdkskosksksksksfokokokookskdeosksdokokolokodolok doksksheskososk shokst ok sksteokok sk seshskskokoskokok ok sokokok skt skok
120 rem * This is the confined/phreatic well flow solution written to

130rem * to calculate potential throughout the flow domain. The data

140'rem * generated by this program is written to an output file to be

150 rem * imported into a computer program capable of generating

160 rem * piezometric contours.

165 rem * ’

170 rem * Input: The user inputs the distance the well is from the

180 rem * constant head boundary, the distance the well is

190 rem * the no flow boundary, the thickness of the base,
200 rem * the hydraulic conductivity, the potential at the
210rem * well, and the potential at the constant head
215rem * boundary.

220rem *

230rem * Calculations: Determine the flow rate into the well base on
240 rem * the potential at the well, the coordinate

250 rem * transformations, the x and y coordinates, and
260 rem * the potential at each coordinate.

270 rem *

280 rem * Output: Print to an output file the thickness of the base,
290 rem * the hydraulic conductivity, the flow rate into the
300 rem * well, the potential at the constant head boundary,
310rem * the potential at the well on one line. Use a loop
320rem * to print to the same output file in tabular form

330 rem * the x and y coordinates, and the corresponding
335rem * potential.

340 rem. she v e she 3k e ofe she ke she she she s e sk sfe s she sk ok ok sk e she sfe s ofe sk ofe e sfe sfe sk e e s sk sk sk sk sk sk she sk sk ok sk ke sfe sk sk s st skeske sk sk sk sk sk sk ook
350 rem

360 rem Ask the user for the output file name.

370 rem

380 input "Enter the output file name (Drive:\Path\Filename.Extension): ", a$

390 open "o", #1, a$

400 rem

410rem Constant data for the design (note: all units are meters).

420 rem well radius

430 rw = 0.0508

440 pi = 3.141593

450x=-3.6

460y =-3.6

470 rem

480 rem Dimensioning of Arrays
490 rem




500 dim phi(50, 50)

510rem

520 rem Input of Data

530 rem

540 input "Enter the distance of the well from the constant head boundary in m: ", d1
550 input "Enter the distance of the well from the no flow boundary inm: ", d2
560 input "Enter the thickness of the base inm: ", h

570 input "Enter the hydraulic conductivity in m/s: ", k

580 input "Enter the potential at the well in m: ", phiw

590 input "Enter the potential at the constant head boundary in m: ", phio

600 rem '

610 rem Determine the flow rate in the well

620 rem _

630 q=(2 *pi * (k * h * phiw - 0.5 * k * (h A 2 + phio » 2))) / LOG((4 * d1 * (d1 + d2 +
W) +2*d2*rw+rwAr2)/2*d2*rw-1w A 2))

640 rem

650 rem Output of input data

660 rem

- 670 print #1, h, k, q, phio, phiw

680 rem

690 rem Loop to determine the coordinates and potential and print in
700 rem tabular form., -

710 rem

720fori=1to 16

730 forii=1t0 16

740 rem

750 rem Coordinate transformations

760 rem

7710rl=((x+dl+2*d2)A2+y~2)" 0.5
7802=((x+dl)*2+yAr2)70.5

703 =(x-d1)A2+y~r2)70.5
800rd=((x-d1-2%d2)22+y~r2)A05
810z=((q/(2 *pi)) * LOG((:3 *14) / (r1 *12)) + 0.5 *k *phio A2+ 0.5*k *h A 2)/ (k
*h) :

820 if z < h then 850

830 phi(i, i) =z

840 goto 860

850 phi(, ii) = ((((q / pi) * LOG((3 *r4) / (11 *12)) + k *phio A2 +k *hA2) /k)-hA2)
AQS

860 print #1, x, y, phi(, ii)

870x=x+0.24

880z=0

890 next ii

900y =y +0.48

910x=-3.6

920 next i




930 close #1
940 end




A-2 - The Convective, Dispersive Mass Transport Solution Computer Program Code
(BASIC)

100 tem file: cdmts.bas ~ Written by Edward P. Steinhauser...8/02/93

110 rem
120 rem
130 rem
140 rem
150 rem
160 rem
170 rem
180 rem
190 rem
200 rem
210 rem
220 rem
230 rem
240 rem
250 rem
260 rem

. 270 rem

280 rem
290 rem
300rem
310rem
320 rem

- shesfesheste sk sk sheste s ke s sfe s sk s sk sk sk sfe s sk sk sk sk sk sk ke sk sfeste sk sk skeskesk ok sk ok skok sk sk okoskskok sk skok skokok sk sk sk sk sk ok

* 'This is the convective, dispersive mass transport solution
* written to calculate the concentration of a solution at any
* and time within a flow domain. The output is pnnted

* directly to the screen.

*

* Input: The user inputs the distance the well is from the

*

¥ K X K X X ¥ X X X X *

edge of the pavement, the thickness of the base, the
initial concentration of the electrolytic solution,

the flow rate into the well, the dispersion
coefficient, the porosity of the base, and the x and
y coordinates.

Calculations: Determine the coordinate transformations and

then the concentration of the solution at a
particular point and time.

Output: Print out the time, the x and y coordinate,.and the

concentration of the electrolytic solution at that
coordinate point.

sk sfe e sheshe s she st s e sk sheok ok s sfesfesfe s sfesfeshe e ofe sk sk sk e sk skske s sk shesfesfe skl sk sk sheofe ke sk sheskesokeok sk stesiesfeskesfe sk ke sk ok

330 rem Numeric constants used in the evaluation of the complimentary error function.

340 rem

350 al = 0.278393
360 a2 = 0.230389
370 a3 = 0.000972
380 ad = 0.078108
385 pi = 3.141593

390 rem

400 rem Input of data

410 rem

420 input "Enter the distance the well is from the edge of the pavementin m: ", d
430 input "Enter the thickness of the base inm: ", h

440 input "Enter the initial concentration of the salt solution in mg/l: ", cono

450 input "Enter the flow rate into the well in m”3/s: ",q

460 input "Enter the lateral dispersivity coefficient in m: ", alpha

470 input "Enter the porosity of the aquifer: ", n ’

480 input "Enter the time to evaluate the solution in seconds: ", t

490 input "Enter the x coordinate to evaluate the solution in m: ", x

500 input "Enter the y coordinate to evaluate the solution inm: ", y
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510rem

520 rem Calculation of concentration

530 rem

540a=q/(2*pi*h*n)

545 rem ,

550 rem Coordinate transformation

555 rem

560r=((x+d)A2+y~2)70.5

570 xx=((t~2)/2-a*t)/(((4/3) * alpha * 1 A 3) A 0.5)

580 if xx < 0 then 610
SOerfc=1-(1-1/(1+al*xx+a2*xxA2+a3*xx 3 +ad *xx74)"4)
600 goto 630 ' )

610 xx = abs(xx)

620erfc=1+(1-1/(1+al *xx+a2*xx"2+a3*xx"3+a4*xx’\4)"4)
630 con = (cono / 2) * erfc

635 print .

640 print using "The time the solution is evaluated at: ##H##H# #HH seconds"; t

650 print using "The x coordinate the solution is evaluated at: ####H.### meters"; x
660 print usmg "The y coordinate the solution is evaluated at: #HHHH:. #H meters“ y
670 print using "The concentration is: ###H#H.#H4# mg/l"; con

675 print

680 print "Would you like to reevaluate the solution at another time and location?"
690 input "Type y to continue or n to end the program: ", a$

695 cls

700 if a$ = "y" then 350

710 end




Table A.3 - The Complimentary Error Function Table

¢ erfe[£] ¢ erfe [£]

‘ 0.00 11,0000 0.00 1.0000
0.05 0.9441 0.05 10559
0.10 08880 | 0.10 11120
0.15 0.8322 0.15 11678
0.20 0.7772 -0.20 12228
0.25 0.7234 025 12766
0.30 06709 030 1.3291
035 0.6202 035 | 13798
040| 05712 040 14288
045 0.5242 045 1.4758
0.50 0.4794 -0.50 1.5206
0.5 0.4367 0.55 15633
0.60 0.3964 0.60 1.6036
0.65 0.3583 0.65 1.6417
0.70 | 0.3226 070 1.6774
0.75 0.2893 075 1.7107
0.80 0.2583 080 17417
0.85 0.2207 085 17703
0.90 0.2034 -0.90 17966
095 01793 095 1.8207
1.00 0.1573 | -1.00 1.8427

105 01374 05| 1.8626
110 01195 110 1.8805
115 | 0.1035 LIS 1.8965
1.20 0.0893 1120 19107
1.25 0.0766 1125 19234
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130 0.0655 -130 1.9345
135 0.0558 -1.35 1.9442
1.40 0.0473 -1.40 1.9527
1.45 0.0400 -145 1.9600
1.50 0.0337 -1.50 1.9663
1.55 0.0282 -1.55 1.9718
1.60 0.0236 -1.60 1.9764
1.65 0.0197 -1.65 1.9803
1.70 0.0164 -1.70 1.9836
1.75 0.0136 | -1.75 1.9864
1.80 00112 -1.80 1.9888
1.85 0.0092 -1.85 1.9908
1.90 0.0076 -1.90 1.9924
1.95 0.0063 -1.95 1.9937
2.00 0.0051 -2.00 1.9949
2.05 0.0042 2.05 1.9958
2.10 0.0034 -2.10 1.9966
2.15 0.0028 2.15 1.9972
2.20 00023 220 1.9977
2.25 0.0019 225 1.9981
2.30 0.0015 -2.30 1.9985
2.35 0.0012 235 1.9988
2.40 0.0010 2.40 1.9990
2.45 0.0008 -2.45 1.9992
2.50 0.0007 -2.50 1.9993
2.55 0.0006 -2.55 1.9994
2.60 0.0004 2.60 1.9996
2.65 0.0004 265 1.9996
2.70 10,0003 270 1.9997




2.75 0.0002 -2.75 1.9998
2.80 0.0002 -2.80 1.9998
285 | 0.0002 -2.85 1.9998
2.90 0.0001 -2.90 1.9999
- 295 0.0001 -2.95 1.9999
3.00 0.0001 -3.00 1.9999
3.05 0.0001 -3.05 1.9999
3.10 0.0001 -3.10 1.9999
3.15 0.0001 -3.15 1.9999
3.20 0.0000 -3.20 2.0000
o 0.0000 -0 2.0000




Appendix B

Numerical Factor Kw for Partially
Loaded Simply Supported Rectangular Plate
Taken directly from Hsu, 1990

- Table B.1 - Numerical Factor Kw for b/a = 1.0 for a Partially Loaded Simply
Supported Rectangular Plate (Taken from Hsu, 1990)

- Table B.2 - Numerical Factor Kw for b/a = 1.4 for a Partially Loaded Simply
Supported Rectangular Plate (Taken from Hsu, 1990)

- Table B.3 - Numerical Factor Kw for b/a = 1.8 for a Partially Loaded Simply
Supported Rectangular Plate (Taken from Hsu, 1990)

- Table B.4 - Numerical Factor Kw for b/a = 2.0 for a Partially Loaded Simply
Supported Rectangular Plate (Taken from Hsu, 1990)




Table B.1 - Numerical Factor Kw for b/a = 1.0 for a Partially Loaded Simply
Supported Rectangular Plate (Taken from Hsu, 1990)

for v =0.16

wa— 0.0001 02 0.4 0.6 0.8 1.0

vald '
....0.0001 13.54 1310 | 1212 | 1086 | 942 7.88
0.1 13.40 1299 | 1203 | 1078 9.36 7.83
02 13.09 1270 | 1179 | 1058 9.19 7.69
03 12.64 1229 | 1143 | 1027 893 | 7.48
0.4 12.11 1179 | 1098 9.88 8.60 7.20
0.5 11.51 1121 | 1046 9.42 8.20 6.87
06 10.85 10.58 9.88 8.91 7.76 6.50
07 10.15 9.90 9.26 8.35 7.28 6.10
0.8 9.42 9.19 8.60 776 6.77 567
0.9 8.66 8.45 791 7.14 6.23 5.22
1.0 7.88 7.69 7.20 6.50 5.67 475




Table B.2 - Numerical Factor Kw for b/a = 1.4 for a Partially Loaded Simply
Supported Rectangular Plate (Taken from Hsu, 1990)

. for v =0.16
u/a— 0.0001 0.2 04 0.6 0.8 1.0
vial
... 0.0001 17.37 16.88 1571 | 14.15 12.33 10.32
0.1 17.23 16.75 15.61 14.06 12.25 10.27
0.2 16.93 16.49 15.39 13.88 12.10 10.14
04 16.03 15.65 14.65 13.25 11.57 9.70
0.6 1491 14.57 13.67 12.39 10.83 9.08
0.8 13.65 13.35 12.55 11.39 9.96 8.36
1.0 12.33 12.07 11.36 10.31 9.03 7.57
12 10.98 10.74 10.12 9.19 8.05 6.76
14 9.61 941 8.86 8.05 7.05 592




Table B.3 - Numerical Factor Kw for b/a = 1.8 for a Partially Loaded Simply
Supported Rectangular Plate (Taken from Hsu, 1990)

for vV = 0.16
wa— 0.0001 02 0.4 0.6 0.8 1.0
vald
....0.0001 18.94 1842 | 1718 | 1550 | 1352 | 1133
0.1 18.81 1831 | 1708 | 1542 | 1345 | 1127
02 18.52 1805 | 1687 | 1525 | 1330 | 1L15
04 17.67 1726 | 1619 | 1466 | 1281 | 1074
06 16.62 1625 | 1528 | 1386 | 1213 | 1017
038 1547 1515 | 1426 | 1206 | 1134 | 952
10 14.30 1400 | 1320 | 1200 | 1052 | 883
12 1312 | 1286 | 1213 | 1104 | 968 8.12
14 1197 1173 | 1107 | 1008 8.84 7.42
16 10.85 1063 | 1003 9.14 8.02 6.73
18 9.75 9.56 9.02 822 721 6.05




Table B.4 - Numerical Factor Kw for b/a = 2.0 for a Partially Loaded Simply
~ Supported Rectangular Plate (Taken from Hsu, 1990)

K for V. =0.16
wa—> | 00001 02 0.4 0.6 08 1.0
vad ‘ _
....0.0001 19.38 1885 | 1758 | 1587 | 1384 | 1160
02 18.89 1841 | 1722 | 1556 | 1358 | 1138
0.4 18.05 1763 | 1654 | 1498 | 1300 | 1098
06 17.02 1665 | 1565 | 1420 | 1243 | 1042
0.8 1590 | 1557 | 1466 | 1332 | 1166 | 979
10 | 1476 1446 | 1363 | 1240 | 1087 | o912
12 13.64 1336 | 1261 | 1148 | 1007 | 845
14 12.55 1230 | 1161 | 1057 | 928 | 779
16 1150 | 1127 | 1064 | 970 851 | 714
18 1049 1020 | 97 8.85 777 | 652
20 9.52 034 | 882 8.04 705 | 59
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Appendix C
In Situ Hydraulic Conductivity Test ﬁevice Check List
- Table C.1 - Equipment Check List for the In Situ Hydraulic Conductivity Test Device
- Table C.2 - Accessories Check List for the In Situ Hydraulic Conductivity Test Device

- Table C.3 - Tools and Miscellaneous Parts Check List for the In Situ Hydraulic
Conductivity Test Device




Table C.1 - Equipment Check List for the In Situ Hydraulic Conductivity Test
Device

1. Water Control System
. Freshwater Storage Tank
. Standpipe

. PFreshwater Tank Fitting

2

3

4. Standpipe Overflow Collar

5

6. 3 -500 g Containers of NH (C!

7. Two 24" Stainless Steel Probes

8. Two 20" Stainless Steel Probes w/ Leads w/ O-Rings Pusher
9. One 5/8" Garden Hose

10. One 1/2" Garden Hose

11. Closed Loop Differential Manometer

12. Gas Powered Generator

13. Salt Water Tank

14. Two Metex Digital Multimeters




Table C.2 - Accessories Check List for the In Situ Hydraulic Conductivity Test
Device

fu—ry

Standpipe Tripod Stand

22) — Size ‘00’ Stoppers

2 - 25 Packs of 3/8" x 9/16" x 3/32" O-Rings
2 - 25 Packs of 3/8" x 1/2" x 1/16" O-Rings
Hose Clamps Various Sizes

16 Gauge Steel Wire

1/2" Concrete Floor Anchors

1/4" Eyelet Screws

© ® N e A WD

3/8" Pre-Drive Stainless Steel Rod

© 10. Three 1 1/2" Flexible Hoses w/ Hose Clamps
v1 1. Three 1/2" Flexible Hoses w/ Hose Clamps
12. Two 3/4" Flexible Hoses w/ Hose Clamps
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Table C.3 - Tools and Miscellaneous Parts Check List for the In Situ Hydraulic
Conductivity Test Device

um—y

Sample Bags

Sample Tags

Orange Spray Paint
Liquid Wrench Lubricant
Wire Brush

Neon Tape
Thermometer

Contact Cement

I T R TR

TFE Paste (Teflon Paste)

[w—y
o

. Salt Measuring Container

P
ot

. Socket Set
. PVC Pipe Cement
. Leather Gloves

—
W N

. 30’ Tape Measure

—
(5 T N

. 30’Extension Cord w/ Adapter

o
(o))

. Bicycle Tire Pump
. Adjustable Wrench Set

—_ e
o IS |

. Screw Drivers (4 Flat) (2 Phillips)

fa—y
NeJ

. Two Rolls of Teflon Tape

[
o

. Needle Nose Pliers
. White Chalk

S

. 2 meter Steel Measuring Tape




Table C.3 (cont.) - Tools and Miscellaneous Parts Check List for the In Situ
Hydraulic Conductivity Test Device

23. Spatula
24. Rooﬁng Nails
25. Carpenter Level
26. Cleaning Rags
27. 2 Lb. Table Salt
28. Six 1/2" x 20" Carbide Drill Bits
29. Four 1/2" x 24" Carbide Drill Bits
30. Two 1/2" x 30" Carbide Drill Bits
31. One Aggregate Scoop |
32. Paint Stir Rod w/ Drill Attachment
33. Sledge Hammer
34. 5 Gallon Bucket

35. 1/2" inch, 7.1 amp Hammer Drill
| 36. Survey Measuring Wheel
37. Six Pylon Cones
38. One Lock and Key
39. Two Clipboards
40. Stop Watch




Date:

Sieve Analysis on Recovered Material

for
Weight of Pan=___ grams
Sieve Pan + Aggregate Percent Percent
(mm) Aggregate Only Retained Passing
(grams) (grams) (%) (%)




Date:

Time: _AMLEM-

-Location:
Layer Tested: Upstream Probe
Time Resistance Time Resistance Time | Resistance
0 75 150
5 80 155
10 85 160
15 90 165
20 95 170
25 100 175
30 105 180
35 1 iO 185
40 115 190
45 120 | 195
50 125 200
55 ‘130 205
60 135 210
65 140 215
70 145 220




Time

Resistance Time Resistance Time | Resistance
< 220 315 410
225 320 415
230 325 420
‘235 330 425
240 335 430
245 340 435
250 345 440
255 350 445
260 355 450
265 360 455
270 365 460
275 370 465
280 375 470
285 380 475
290 385 480
295 390 485
300 395 490
305 400 495
310 405 500




- Time Resistance -Time Resistance . Time | Resistance
 505 600 695
510 605 700
515 610 705
520 615 710
525 620 715
530 625 720
535 630 725

- 540 635 730
545 640 735
550 645 740
555 650 745
560 655 750
565 660 755
570 665 760
575 670 765

~ 580 675 770
585 680 775
\590 685 780
595 690 785




Time Resistance | Time Resistance Time | Resistance

« 790 885 980
795 890 985
800 895 990
805 900 995
810 905 1000
815 916 1005
820 915 1010
825 920 1015
830 925 1020
835 930 1025
840 935 1030
845 940 1035
850 945 1040
855 950 1045
860 955 1050
865 960 1055
870 965 1060
875 970 1065
880 975 1070




- Time Resistance Time Resistance Tirne Resistance
1075 '1170 | 1265
1680 1175 1270
1085 1180 1275
1090 1185 1280
1095 1190 1285
1100 1195 1290
1105 1200 1295
1110 1205 1300
1115 1210 1305
1120 1215 1310
1125 1220 1315
1130 1225 1320
1135 1230 1325
1146 1235 1330
1145 1240 1335
1150 1245 1340
1155 1250 1345
1160 1255 1350

1165 1260 1355




Time Resistance Time Resistance Time | Resistance
“1360 1425 1490
1365 1430 1495
1370 1435 1500
1375 1440 1505
1380 1445 1510
1385 1450 1515
1390 1455 1520
1395 1460 1525
1400 1465 1530
1405 1470 1535
1410 1475 1540
1415 1480 1545
- 1420 1485 1550




D-10

Date: Time: __ AM/PM
Locatién:
| Layer Tested: Downstream Probe
Time |  Resistance | Time Resistance Time | Resistance
0 75 150
5 80 155
10 85 160
15 90 165
20 95 170
25 100 175
30 105 180
35 110 185
40 115 190l
45 120 195
50 125 200
| 55 130 205
60 135 210
65 140 215
70 145 220




Time Resistance Time Resistance Time | Resistance
© 220 315 410
225 320 415
230 325 420
235 330 425
240 335 430
245 340 435
250 345 440
255 350 445
260 355 450
265 360 455
270 365 460
2175 370 465
230 375 470
285 380 475
290 385 480
295 3% i 485
300 395 490
305 400 495
310 405 500
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Time Resistance Time Resistance Time Re;sistance
?05 600 695
SiO 605 700
515 610 705
520 615 710
525 620 715
530 625 720
535. 630 725
540 635 730
545 640 735
550 645 740
555 650 745
560 655 750
565 660 755
570 665 760
575 670 765
580 675 770
585 680 775
590 685 780
595 690 785
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Time

Time

Resistance Time ~ Resistance Resistance
<790 885 980
795 890 985
800 895 990
805 900 995
810 905 1000
815 910 1005
820 915 1010
825 920 1015
830 925 1020
835 930 1025
840 | 935 1030
845 940 1035
850 945 1040
855 950 1045
860 955 1050
865 960 1055
870 965 1060
875 970 1065
880 975 1070
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,,,,,,

D-14

“ Time Resistance Time Resistance Time R¢si$tance
1075 1170 1265
1680 1175 1270
1085 1180 1275
1090 1185 1280
1095 1190 1285
1100 1195 1290
1105 1200 1295
1110 1205 1300
1115 1210 1305
1120 1215 1310
1125 1220 1315
1130 1225 1320
1135 1230 1325
1140 1235 1330
1145 1240 1335
1150 1245 1340
1155 1250 1345
1160 1255 1350
1165 1260 1355




Time Resistance Time Resistance Time | Resistance
“1360 1425 1490
1365 1430 1495
1370 1435 1500
1375 1440 1505
1380 1445 1510
1385 | 1450 1515
1390 1455 1520
1395 1460 1525
1400 1465 1530
1405 1470 1535
1410 1475 1540
1415 1480 1545
1420 1485 1550
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Appendix E
Test of the In Situ Hydraulic Conductivity Test Device
for Ohio State Route 2

Results for Ohio DOT speciﬁcation No. 310 as per plan
- E-1 - Field Test Data for ODOT No. 310 Test No. 1
- Figure E.1 - Percent Finer versus Particle Diameter for Recovered No. 310
- Figure E.2 - Time versus Resistance for Test No. 1, No. 310, Upstream Probe
- Figure E.3 - Time versus Resistance for Test No. 1, No. 310, Downstream Probe
- E-2 - Field Test Data for ODOT No. 310 Test No. 2
- Figure E.4 - Time versus Resistance for Test No. 2, No. 310, Upstream Probe

- Figure E.5 - Time versus Resistance for Test No. 2, No. 310, Downstream Probe
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- E-1- Field Test Data for ODOT No. 310 TestNo.1

N Date: _09/07/94

Location: Lorain County, State Raute 2, Station 4+00 48’
Left of the Centerline (C. f the W B, Drivi
Lane)

Material/Pavement Section: 6" No.304, 4" No. 310, 10" P.C.C

Probe Lengths: 20" Layer Tested: _4" No. 310
Layer Thickness: _15.24cm = Water Temperature: 21°C
Recovered Test Material Weight: __1.485 Kg

Recovered Test Material Diameter: __10.16 cm
Recovered Test Material Height: _10.16 cm

Recovered Test Material Volume: __0.000824 cubic meters
Y ary - —11.69 KiloNewtons per cubic meter

9, =_1041m
Test No.: _1
Probe Probe . Ag tup tan
Upst Dwnst L
begin - 15 30 15 19.6
end 19.6
avg. 15 30 15 19.6 - -

Note: All measurements are in centimeters and seconds
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Date: _09/16/94

S.R. 2 Sieve Analysis on Recovered Material

for Ohio DOT specification No. 310

Weight of Pan = 249 grams
Sieve | Pan + . Aggregate Percent Percent
(mm) Aggregate Only Retained Passing
(grams) (grams) (%) (%)
25.400 249 0 0.00 100.00
9.525 274 25 1.68 98.32
4.750 295 46 3.10 95.22
2.360 549 300 20.20 75.02
0.425 1119 870 58.59 16.43
0.075 469 220 14.81 1.62
Pan 273 24 1.62 000
E-3
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Figure E.1 - Percent Finer versus Particle Diameter for Recovered No. 310
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Lane)
Layer Tested: 4" No, 310 Upstream Probe

Time Resistance Time Resistance Time Resistance
0 329 470 427 620 51.0
60 33.5 480 432 630 51.3
120 33.6 490 44.0 640 51.7
180 34.0 500 44.4 650 52.1
240 345 510 446 660 52.6
270 35.1 520 45.1 670 52.9
300 36.2 530 45.6 680 534
330 37.1 540 46.3 690 53.9
360 38.4 550 473 700 542
390 39.6 560 419 710 54.6
420 41.2 570 432 720 552
430 415 580 48.7 730 55.6
440 419 590 494 740 559
450 423 600 50.1 750 56.1
460 425 610 50.7 760 56.3




Time

Resistance

vTime Resistance Time Resistance

770 56.5 960 565 | 1150 56.9
780 56.6 970 563 | 1160 56.5
790 56.9 980 560 | 1170 56.0
800 574 990 558 | 1180 55.5
810 579 1000 | 558 | 119 55.1
820 58.1 1010 560 | 1200 54.9
830 57.9| 1020 566 | 1210 543
840 57.9 1030 568 | 1220 539
850 57.6 1040 5720 | 1230 537
860 574 1050 572 | 1240 537
870 57.3 1060 5714|1250 53.7
880 574 1070 514 | 1260 53.7
890 57.6 1080 5716 | 1270 53.8
900 57.9 1090 517 1280 54.3
910 58.0 1100 575 | 1290 54.5
920 58.1 1110 512 1300 54.7
930 58.0 1120 572 | 1310 55.2
940 57.6 1130 574 | 1320 554
950 570 1140 s71| 1330 552




Resistance

" Time Resistance Time Time Resistance
1340 550 1530 612 1720 724
1350 s46| 1540 62| 1730 73.0
1360 s46| 1550 630| 1740 737
1370 557 1560 633 | 1750 74.0
1380 s62| 1570 64.1| 1760 743
1390 565| 1580 649 | 1770 74.5
1400 65| 159 656 | 1780 74.5
1410 565| 1600 657 1790 74.7
1420 s67| 1610 660 | 1800 74.8
1430 s67| 1620 664 | 1810 74.9
1440 570 1630 670 | 1820 752
1450 577| 1640 678 | 1830 754
1460 583 | 1650 683 | 1840 75.6
1470 92| 1660 688 | 1850 756
1480 94| 1670 693 | 1860 75.5
1490 595| 1680 69.5| 1870 75.5
1500 600| 169 697 | 1880 756
1510 65| 1700 702 | 1890 757
1520 6L1| 1710 715 | 1900 758




Time

Resistance

Time Resistance Time |. Resistance

. 1920 762 2110 764 | 2300 80.8
1930 764 2120 764 | 2310 80.8
1940 76.6 2130 766 | 2320 81.0
1950 76.8 2140 772 | 2330 81.2
1960 770 2150 778 | 2340 81.4
1970 763 2160 784 | 2350 81.5
1980 75.0 2170 787 | 2360 81.7
1990 74.6 2180 79.1| 2370 82.1
2000 745 2190 794 | 2380 " 826
2010 744 2200 79.7 | 2390 83.0
2020 74.6 2210 79.6 | 2400 83.3
2030 75.0 2220 796 | 2410 | 83.6
2040 753 2230 799 | 2420 83.8
2050 74.6 2240 80.2 | 2430 84.2
2060 748 | 2250 803 | 2440 84.6
2070 75.1 2260 80.5 | 2450 84.9
2080 753 2270 80.8 | 2460 85.4
2090 75.8 2280 81.1| 2470 85.6
2100 76.2 2290 81.1| 2480 85.6




........

Time

Resistance

Time Resistance Time Resistance
. 2490 85.2 2680 88.0
2500 84.8 2690 88.2
2510 84.7 2700 88.5
2520 84.6 2710 88.7
2530 84.5 2720 88.9
2540 84.5 2730 89.0
2550 84.7 2740 89.1
2560 84.9 2750 89.1
2570 854 2760 89.3
2580 85.7 2770 89.4
2590 859 2780 89.5
2600 86.2 2790 89.6
2610 86.7 2800 89.8
2620 87.0 2810 89.9
2630 87.3 2820 90.1
2640 87.4
2650 87.7
2660 87.6
2670 87.9




SR ¢ In Situ Hydraulic Conductivity
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Figure E.2 - Time versus Resistance for Test No. 1, No. 310, Upstream Probe
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Layer Tested: _4" No. 310 Downstream Probe

Time Resistance Time Resistance Time Resistance
0 46.5 470 54.0 620 5.7
60 4713 480 542 630 55.8
120 483 490 544|640 5.8
180 495 500 54.5 650 559
240 508 510 54.6 660 56.0
270 514 520 54.8 670 56.1
300 51.8 530 54.8 680 562
330 522 540 549 690 563
360 526 550 549 700 56.4
390 53.0 560 55.1 70| 56.5
420 533 570 552 720 56.5
430 534 580 553 730 56.6
40 536 590 554 740 56.7
450 53.7 600 55.5 750 56.8
460 539 610 5.6 760 56.9
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Time

E-12

Resistance Time Resistance Time Resistance

70 57.0 960 84| 1150 594
780 572 970 58.5 1160 59.5
790 573 980 58.5 1170 50.6
800 574 990 58.6 1180 59.7
810 575 1000 58.6 1190 59.7
820 576 ~ 1010 58.8 1200 59.7
830 57.7 1020 58.8 1210 59.8
840 577 1030 58.9 1220 | 59.8
850 57.8 1040 59.0 1230 59.8
860 57.8 1050 59.1 1240 59.9
870 579 1060 50.1 1250 59.9
880 579 1070 59.2 1260 60.0
890 58.0 1080 59.2 1270 60.0
900 58.0 1090 59.2 1280 60.0
910 58.0 1100 50.3 1290 60.0
920 58.1 1110 59.3 1300 60.0
930 58.3 1120 59.3 1310 60.0
940 584 1130 59.3 1320 60.0
950 58.4 1140 59.4 1330 60.0




E-13

Time Resistance Time Resistance Time Resistance
11340 60.0 1530 60.2 1720 60.7
1350 60.1 1540 60.2 1730 60.8
1360 60.1 1550 60.3 1740 614
1370 60.1 1560 60.4 1750 61.5
1380 60.2 1570 60.3 1760 61.6
1390 60.1 1580 60.4 1770 61.6
1400 60.1 1590 60.4 1780 61.7
1410 60.1 1600 60.5 1790 61.8
1420 60.0 1610 60.5 1800 61.8
1430 60.1 1620 60.5 1810 61.9
1440 60.1 1630 60.5 1820 61.9
1450 60.1 1640 60.5 1830 62.0
1460 60.1 1650 60.6 1840 62.1
1470 60.1 1660 60.6 1850 62.2
1480 602 1670 60.6 1860 62.2
1490 60.2 1680 60.6 1870 62.3
1500 60.2 1690 60.6 1880 62.3
1510 60.2 1700 60.6 1890 62.4
1520 60.2 1710 60.6 1900 62.4




Time

Resistance Time Resistance Time Resistance
1920 62.4 2110 62.8 2300 62.8
1930 62.4 2120 62.8 2310 62.8
1940 624 | . 2130 62.7 2320 62.9
1950 62.5 2140 62.7 2330 62.9
1960 62.5 2150 62.6 2340 62.9
1970 62.5 2160 62.6 2350 63.0
1980 62.5 2170 626 2360 63.0
1990 62.6 2180 62.6 2370 63.0
2000 62.6 2190 62.5 2380 63.0
2010 62.7 2200 62.5 2390 63.0
2020 62.7 2210 626 [ 2400 63.0
2030 62.7 2220 62.5 2410 63.0
2040 62.8 2230 62.6 2420 63.0
2050 62.8 2240 62.5 2430 62.9
2060 62.9 2250 62.5 2440 63.0
2070 62.9 2260 62.5 2450 62.9
2080 62.9 2270 62.5 2460 63.0
2090 62.9 2280 62.6 2470 62.9
2100 62.8 2290 62.7 2480 63.0
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Time Resistance Time Resistance Time Resistance
: 2490 63.0 2680 62.9
2500 63.0 2690 62.9
2510 63.0 2700 629
2520 63.0 2710 62.9
2530 63.0 2720 62.9
2540 63.0 2730 62.9
2550 63;0 2740 62.9
2560 63.0 2750 62.9
2570 63.0 2760 62.9
2580 63.0 2770 63.0
2590 63.1 2780 63.1
2609 63;1 2790 63.1
2610 63.1 2800 63.2
2620 63.1 2810 63.3
2630 63.1 2820 63.4
2640 63.1
2650 63.0
2660 63.0
2670 63.0
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Figure E.3 - Time versus Resistance for Test No. 1, No. 310, Downstream Probe
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- E-2 - Field Test Data for ODOT No. 310 Test No. 2
Date: _09/07/94
Location: Laorain County, State Route 2, Station 4+00 48
Left of the C. Jine (C f the W B. Drivi
Lane)

Material/Pavement Section: 6" No0.304, 4" No, 310, 10" P.C.C
Probé Lengths: __2Q0" __ Layer Tested: 4" No. 310

Layer Thickness: _15.24cm _ Water Temperature: 21°C
Recovered Test Material Weight: _1.485 Kg

Recovered Test Material Diameter: __10.16 cm

- Recovered Test Material Height: _10.16 cm

Recovered Test Material Volume: __0.000824 cubic meters
¥ ary - —17.69 KiloNewtons per cubic mefer

¢, =_1041m
Test No.: _2
Probe Probe Ag tup tan
Upst Dwnst L t
begin 15 30 15 19.1
end 16.9
avg. 15 30 15 18.0 435 1230 795

Note: All measurements are in centimeters and seconds

L2

...tA¢=

_0.0158 cm/s
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Date: _09/07/94
Location: Lorain County, State Route 2, Station 4+00 48’

Left of the C fine (C f the WR. Drivi Lane)
Layer Tested: _4" No. 310 Upstream Probe

Time Resistance Time Resistance Time Resistance

0 91.8 310 79.0 470 654

60 91.6 320 79.0 480 65.0

120 90.8 330 78.9 490 64.5

150 91.7 340 71.6 500 62.6

180 91.3 350 76.2 510 61.6

210 89.8 360 75.7 520 61.3

220 89.0 380 74.2 530 61.7

230 87.2 390 73.1 540 61.5

240 86.1 400 71.5 550 61.6

250 84.8 410 711 560 61.2

260 83.6 420 69.2 570 60.7

ﬁ70 82.0 430 68.5 580 60.6

280 81.2 440 67.2 590 59.5

290 80.6 450 66.5 600 58.5

300 80.0 460 | 66.0 620 60.2

E-18




(=1

Time

Resistance Time Resistance Time Resistance

630 60.0 820 58.1 1010 68.7
640 594 830 59.0 1020 69.9
650 582 840 59.5 1030 71.0
. 660 582 850 60.0 1040 72.1
670 57.1 860 61.1 1050 73.2
680 56.0 870 62.2 1060 74.1
690 559 880 63.0 1070 74.9
700 55.3 890 63.3 1080 75.2
710 54.7 900 63.7 1090 75.9
720 542 910 64.0 1100 76.7
730 54.5 920 62.8 1110 714
740 54.8 930 62.1 1120 71.7
750 54.6 940 61.9 1130 71.4
760 54.8 950 63.2 1140 77.6
770 55.8 960 64.5 1150 7;/.9
780 56.4. 970 65.7 1160 78.4
790 56.8 980 67.0 1170 78.8
800 56.9 990 67.9 1180 79.1
810 57.3 1000 68.3 1190 79.0
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Time Resistance Time Resistance Time Resistance
,:1.200 79.2 1390 84.2 1580 83.6
1210 79.9 1400 84.1 1590 84.1
1220 80.6 1410 84.2 1600 84.3
1230 81.3 1420 84.6 1610 84.7
1240 82.2 1430 84.7 1620 84.7
1250 83.2 1440 85.0 1630 85.0
1260 83.6 1450 85.5 1640 85.8
1270 84.1 1460 85.8 1650 84.4
1280 83.8 1470 86.1 1660 84.4
1290 83.0 1480 86.2 1670 84.5
1300 82.7 1490 86.2 1680 84.7
1310 83.2 1500 86.3 1690 85.1
1320 83.9 1510 86.9 1700 85.5
1330 84.5 1520 87.2 1710 85.9
1340 84.9 1530 87.6 1720 86.6
135.0 85.5 1540 85.1 1730 87.2
1360 84.8 1550 83.3 1740 87.6
1370 84.3 1560 82.7 1750 87.9
1380 84.5 1570 83.1 1760 88.1
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Time

2150

Resistance Time Resistance Time Resistance
© 1770 88.3 1970 89.8 2160 88.6
1780 88.3 1980 89.7 2190 89.4
1790 88.5 1990 89.7 2220 90.0
1800 88.6 2000 89.8 2250 91.0
1810 88.6 2010 89.8 2280 90.1
1820 88.8 2029 89.8 2310 90.8
1830 89.4 2030 89.8 2340 91.5
1840 89.7 2040 89.7 2370 92.7
1850 90.0 2050 85.6 2400 93.1
18§0 90.0 2060 89.7
1870 89.9 2070 89.6
1880 90.0 2080 89.4
1890 89.9 2090 89.4
1900 89.7 2100 89.5
1920 89.4 2110 89.6
1930 89.6 2120 89.1
1940 89.6 2130 88.3
1950 89.8 2140 88.1
1960 89.8 88.4
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Figure E.4 - Time versus Resistance for Test No. 2, No. 310, Upstream Probe
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Lane)
Layer Tested: _4" No. 310 Downstream Probe
Time Resistance Time Resistance Time Resistance
0 76.8 310 101.9 470 117.2
60 80.1 320 103.0 480 - 118.0
120 81.2 330 104.0 490 1184
150 82.2 340 107.0 500 118.8
180 85.6 350 108.0 510 119.6
210 91.9 360 108.0 520 119.8
220 93.2 380 111.2 530 120.1
230 94.8 -390 112.2 540 1204
240 96.2 400 113.3 550 1209
250 97.1 410 113.7 560 122.0
260 97.1 420 114.1 570 122.6
270 96.6 430 114.9 580 123.0
280 96.7 440 1154 590 123.5
290 97.3 450 115.7 600 123.6
300 99.6 460 116.5 620 1246
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" Time

Resistance Time Resistance Time Resistance

- 630 125.3 820 134.6 1010 134.4
640 124.7 830 135.1 1020 134.0
650 124.9 840 135.3 1030 133.6
660 125.7 850 135.6 1040 1333
670 126.4 860 1358 | 1050 132.9
680 126.8 870 134.0 1060 132.5
690 127.6 880 133.9 1070 132.0
700 1284 890 134.0 1080 1317
710 129.1 900 134.5 1090 1313
720 129.6 910 1348 1100 1313
730 130.5 920 134.8 1110 131.0
740 131.0 930 135.0 1120 130.6
750 1317 940 134.5 1130 130.1
760 1323 950 134.6 1140 129.7
770 1324 960 134.9 1150 129.4
780 132.9 970 1349 | 1160 129.0
790 1333 980 1348 | 1170 128.7
800 1337 990 1343 1180 1283
810 134.1 1000 134.4 1190 127.9
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Time

E-25

- Resistance Time Resistance Time Resistance

© 1200 127.8 1390 122.6 1580 119.1
1210 127.3 1400 12'2.3 1590 118.8
1220 127.0 1410 122.3 1600 118.6
1230 126.7 1420 122.0 1610 118.7
1240 126.3 1430 121.7 1620 1189
1250 126.0 1440 121.7 1630 118.8
1260 125.5 1450 121.8 1640 1189
1270 1254 1460 121.7 1650 119.1
1280 125.1 1470 121.5 1660 1194
1290 124.5 1480 121.5 1670 119.5
1300 1242 1490 121.1 1680 119.6
1310 1240 1500 120.8 1690 119.5
1320 123.4 1510 120.5 1700 119.6
1330 123.3 1520 1204 1710 119.6
1340 1232 1530 120.2 1720 119.6
1350 122.8 1540 1199 1730 119.5
1360 122.6 1550 119.5 1740 119.5
1370 122.5 1560 1194 1750 119.5
1380 1224 1570 119.2 1760 119.5




Time Resistance Time Resistance» Time Resistance
1770 | 119.6 1970 1194 2160 116.5
1780 119.7 1980 | 119.5 2190 116.2
1790 119.5 1990 119.0 2220 1154
1800 1193 2000 118.7 2250 114.9
1810 .119.0 2010 1186 2280 114.7
1820 119.3 2020 1185 2310 1143
1830 119.3 2030 1185 2340 113.7
1840 119.2 2040 1182 2370 1137
1850 119.1 2050 118.0 2400 1134
1860 1189 2060 118.0
1870 1183 2070 1182
1880 1183 2080 118.1
1890 1184 2090 118.0
1900 118.5 2100 118.0
1920 1189 2110 117.7
1930 1192 2120 117.3
1940 1194 2130 1172
1950 119.6 2140 | 117.0
1960 119.5 2150 1165
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Figure E.5 - Time versus Resistance for Test No. 2, No. 310, Downstream Probe
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Appendix F
Test of the In Sitn Hydraulic Conductivity Test Device
for Ohio State Route 2
Results for Iowa DOT specification 41-21

- F-1 - Field Test Data for lowa DOT 41-21, Test No. 1

- Figure F.1 - Percent Finer versus Particle Diameter for Recovered IDOT 41-21
- Figure F.2 - Time versus Resistance for Test No. 1, 41-21, Upstream Probe

- Figure F.3 - Time versus Resistance for Test No. 1, 41-21, Downstream Probe
- F-2 - Field Test Data for Iowa DOT 41-21, Test No. 2

- Figure F.4 - Time versus Resistance for Test No. 2, 41-21, Upstream Probe

- Figure F.5 - Time versus Resistance for Test No. 2, 41-21, Downstream Probe
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F-1 - Field Test Data for Iowa DOT 41-21, Test No. 1
Date: _09/08/94
Loc;tion: Lorain County, State Route 2, Station 6+00 48"
Left of the Centerline, (C. f the W B. Drivi

Lane)
Material/Pavement Section: _6" No.304, 4" 41-21, 10" P.C.C

Probe Lengths: __ 20" Layer Tested: . IDOT 41-21 |
Layer Thickness: 1524 cm = Water Temperature: 22°C
Recovered Test Material Weight: __1.863 Kg

Recovered Test Material Diameter: __10.16 cm

- Recovered Test Material Height: _10.16 cm

Recovered Test Material Volume: __(0.000824 cubic meters
¥ ary : —22.19 KiloNewtans per cubic meter

¢, =_1054m
Test No.: _1
Probe Probe Ag tup tin
Upst Dwnst L t
begin | 15 30 15 | 130
end 1.05
avg. 15 30 15 1.18 100 496 396

Note: All measurements are in centimeters and seconds

L2

K= —=
tAg

-0.482 cm/s




- Date: _09/16/94

S.R. 2 Sieve Analysis on Recovered Material

for Iowa DOT specification 41-21 Granular Base

Weight of Pan = 249 grams

Sieve Pan + Aggregate Percent Percent

(mm) Aggregate Only Retained Passing
(grams) (grams) (%) (%)

25.400 249 0 0.00 100.00

12.700 1218 969 52.01 47.99.
2.380 874 625 33.55 14.44
0.300 362 113 6.07 8.37
0.075 389 140 7.51 0.86
Pan 265 16 0.86 0.00
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- SR 2 In Situ Hydraulic Conductivity
- lowa DOT 41-21 Sieve Andlysis
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Figure F.1 - Percent Finer versus Particle Diameter for Recovered IDOT 41-21

e

ey




Date: _09/08/94
Location: Lorain County, State Rante 2, Station 6+00 48’

Lane)
Layer Tested: TDOT 41-21  Upstream Probe

Time Resistance Time Resistance Time Resistance
0 7.24 200 6.74 350 7.19
40 7.74 210 6.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>