CTL Engineering Inc.
2860 Fisher Road, P.O. Box 44548, Columbus, Ohio 43204-3538

e-mail: cti@ctieng.com AN EMPLOYEE OWNED COMPANY M

Phone: 614/276-8123 « Fax: 614/276-6377

Consulting Engineers « Testing + Inspection Services « Analytical Laboratories Established 1927

November 30, 2009

WD Transportation
7007 Discovery Blvd.
Dublin, Ohio 43017

Attention: Mr. Kevin Carpenter, P.E., P.S.
Roadway Division Manager

Reference:  Permeability Testing Results
MAD-70-10.27
PID No. 83245
Madison County, Ohio
CTL Project No. 09050096COL

Dear Mr. Carpenter:
CTL Engineering, Inc. has completed the permeability (hydraulic conductivity) testing for the above
referenced project. Results of the testing are provided in the attached summary table. The samples
were obtained at the approximate locations indicated on the attached plan sheet.
We appreciate the opportunity to be of service to you on this project. If you have any questions or
need further information, please do not hesitate to contact us.

Respectfully submitted,

CTL Engineering, Inc.

be O—

Joe Grani, P.E.
Project Engineer .

g

Roger #vans, P.E.
Project Engineer

- cc Mr. Ferzan Ahmed, P.E, ODOT District 6 (via email)

Offices: Ohio, Indiana, North Carolina, West Virginia
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CTL Engineering, Inc.

2860 Fisher Road, PO Box 44548
Columbus, Ohio 43204 I
Phone: 614/276-8123 Fax: 614/276-6377 f

AN EMPLOYEE OWNED COMPANY
Consulting Engineers — Testing — Inspection Services — Analytical Laboratories Established 1927

] =&

Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 9/14-9/15/2009
Project: MAD-70-10.27 Project #: 09050096COL
Sample: B-002 ST-4, 4'-6' Technician(s): AC/SM

Reviewed by: JG

Confining Pressure, Cp = 60|psi or 4220 {cm water
Head Pressure (air), Hp = 58|psi or 4080 |cm water
Back Pressure (air), Bp = 56|psi or 3939 {cm water
Pipette Area, a = 0.869jcm”?2 (0.869(pipette), 3.476(annulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”3 Vo = Pipette reading out
Sample Length, L = 7.491|cm Vi = Pipette reading in
Sample Area, A = 40.434|cm”™2 t = Time in seconds
Temperature, T = 23.7{deg.C

K =(alL/2At) * In[(Hp - Bp + (Vo - Vi) * Lp/ Vp)) t=1

(Hp-Bp +((Vo- Vi) *Lp/Vp))] t=2)
Permeation |
Date Time | t(sec) | Vi* dVi Vo* dVo | dVo/dVi K Notes
09/14/09 | 11:46 0 6.7 - 234 - - -- INITIAL

11:51 | 300 7.3 0.6 22.9 0.5 0.83 2.1E-06
11:59 | 480 8.2 0.9 22.1 0.8 0.89 2.1E-06
12:09 [ 540 9.2 1.0 21.2 0.9 0.90 2.1E-06
12:18 | 540 | 10.1 0.9 20.3 0.9 1.00 2.0E-06 FINAL

* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 2.1E-06  cm/sec
Corrected permeability (Kyo): 1.9E-06  cm/sec

Weight (lbs): 1.473 Initial Moisture Content (%): 123

Height (in): 2.949 Initial Dry Unit Weight (pcf): 122.6
Diameter (in:) 2.825 Initial Volume (ft°3): 0.0107
Height-to-Diameter Ratio: 1.044 Initial Saturation (%): 88.6
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 14.8
B 1 Final Dry Unit Weight (pcf): 1204

Final Volume(fi*3): 0.0107
Final Saturation (%): 100.2
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Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 9/14-9/18/2009
Project: MAD-70-10.27 Project #: 09050096COL
Sample: B-002, 8'-10' _ Technician(s): AC/SM

Reviewed by: JG
Confining Pressure, Cp = 60|pst or 4220 [cm water
Head Pressure (air), Hp = 54|psi or 3798 |cm water
Back Pressure (air), Bp = 52{psi or 3658 |cm water
Pipette Area, a = 0.869|cm”2 (0.869(pipette), 3.476(annulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”3 Vo = Pipette reading out
Sample Length, L = 7.006|cm Vi = Pipette reading in
Sample Area, A = 41.510jcm”2 t = Time in seconds
Temperature, T = 23.5|deg.C
K=(aL/2At) * In[(Hp-Bp+((Vo-Vi)*Lp/Vp)) t=1)
(Hp -Bp +((Vo - Vi) * Lp/ Vp))] t=2)
Permeation ]
Date Time | t(sec) | Vi* | dVi Vo* dVo | dVo/dVi K Notes
09/16/09 | 10:50 0 0.4 - 224 --- -—- -- INITIAL

15:48 | 18300 | 1.0 0.6 21.7 0.7 1.17 3.6E-08
09/17/09 |08:22 | 59220 | 2.7 1.7 19.8 1.9 1.12 3.2E-08
16:32 | 29400 | 3.4 0.7 19.2 0.6 0.86 2.3E-08
09/18/09 | 07:52 | 55200 | 4.6 1.2 18.0 1.2 1.00 2.3E-08 FINAL
* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 2.9E-08  cm/sec
Corrected permeability (Kyo): 2.6E-08  cm/sec

Weight (Ibs): 1.441 Initial Moisture Content (%): 13.2
Height (in): 2.758 Initial Dry Unit Weight (pcf): 123.9
Diameter (in:) 2.862 Initial Volume (f"3): 0.0103
Height-to-Diameter Ratio: 0.964 Initial Saturation (%): 99.1
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 13.0
B: 098 Final Dry Unit Weight (pcf): 127.3

Final Volume(ft"3): 0.0100
Final Saturation (%): 108.5
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Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 10/21- 10/30/2009
Project: MAD-70-10.27 Project #:  09050096COL
Sample: B-003, 1'-3' Technician(s): SM/MW/AC

Reviewed by: JG
Confining Pressure, Cp = 54ipsi or 3798 |cm water
Head Pressure (air), Hp = S2|psi or 3658 |cm water
Back Pressure (air), Bp = 50|psi or 3517 |cm water
Pipette Area, a = 0.869|cm"2 (0.869(pipette), 3.476(anmulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”3 Vo = Pipette reading out
Sample Length, L = 7.150|cm Vi = Pipette reading in
Sample Area, A = 41.360|cm”™2 t = Time in seconds
Temperature, T = 22.9|deg.C
K=(aLR2At)* In[(Hp-Bp+((Vo-Vi)*Lp/Vp)) (t=1)
(Hp - Bp +((Vo- Vi) *Lp/Vp))] t=2)
Permeation |
Date Time | t(sec) | Vi* | dVi Vo* dVo | dVo/dVi K Notes
10/27/09 | 13:11 0 4.0 --- 239 --- --- - INITIAL

15:49 | 9480 | 4.9 0.9 23.2 0.7 0.78 9.0E-08
10/28/09 | 08:34 | 60300 | 7.9 3.0 20.2 3.0 1.00 5.4E-08
17:09 | 30900 [ 9.1 1.2 18.8 1.4 1.17 4.7E-08
10/29/09 | 08:31 | 55260 | 11.3 | 2.2 16.5 2.3 1.05 4.7E-08
13:57 | 19560 | 12.1 | 0.8 15.9 0.6 0.75 4.2E-08 FINAL

* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 4.8E-08  cm/sec
Corrected permeability (Kyo): 4.5E-08  cm/sec

Weight (Ibs): 1.408 Initial Moisture Content (%): 12.1
Height (in): 2.815 Initial Dry Unit Weight (pcf): 120.3
. Diameter (in:) 2.857 Initial Volume (f°3): 0.0104
Height-to-Diameter Ratio: 0.985 Initial Saturation (%): 81.5
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 13.4
B:- 1.0 Final Dry Unit Weight (pcf): 119.2

Final Volume(ft*3): 0.0104
Final Saturation (%): 87.5
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Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 10/21- 10/30/2009
Project: MAD-70-10.27 Project #: 09050096COL
Sample: B-003, 3'-5' Technician(s): SM/MW/AC

Reviewed by: JG
Confining Pressure, Cp = 54|psi or 3798 |cm water
Head Pressure (air), Hp = 52|psi or 3658 |cm water
Back Pressure (air), Bp = 50{pst or 3517 |cm water
Pipette Area, a= 0.869|cm”2 (0.869(pipette), 3.476(annulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”™3 Vo = Pipette reading out
Sample Length, L = 7.545|cm Vi = Pipette reading in
Sample Area, A = 42.175|cm”"2 t = Time in seconds
Temperature, T = 22.3|deg.C
K=(al/2At) * In[(Hp-Bp+((Vo-Vi)*Lp/Vp) t=1
(Hp-Bp +((Vo - Vi) *Lp/Vp))] t=2)
Permeation |
Date Time | t(sec) | Vi* | dVi Vo* dVo | dVo/dVi K Notes
10/27/09 |13:10 0 6.2 --- 21.8 --- -- -- INITIAL

15:48 | 9480 | 6.8 0.6 21.3 0.5 0.83 6.6E-08

08:33 | 60300 | 10.2 | 34 17.8 3.5 1.03 6.7E-08

17:10 | 31020 | 11.8 1.6 16.3 1.5 0.94 6.1E-08

10/29/09 | 08:30 | 55200 | 14.6 2.8 13.5 2.8 1.00 6.4E-08 FINAL
* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 6.4E-08  cm/sec
Corrected permeability (Ky0): 6.1E-08  cm/sec

Weight (Ibs): 1.541 Initial Moisture Content (%): 12.5
Height (in): 2.97 Initial Dry Unit Weight (pcf): 121.9
Diameter (in:) 2.885 Initial Volume (ft"3): 0.0112
Height-to-Diameter Ratio: 1.03 Initial Saturation (%): 88.4
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 12.8
B.  0.99 Final Dry Unit Weight (pcf): 125.3

Final Volume(ft"3): 0.0109
Final Saturation (%): 100.4
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Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 9/14-9/15/2009
Project: MAD-70-10.27 Project #: 09050096COL
Sample: B-004, 4'-6' Technician(s):AC/SM

Reviewed by: JG
Confining Pressure, Cp = 60[psi or 4220 [cm water
Head Pressure (air), Hp = 58|psi or 4080 |cm water
Back Pressure (air), Bp = S56|psi or 3939 |cm water
Pipette Area, a = 0.869{cm”™2 (0.869(pipette), 3.476(anmulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”3 Vo = Pipette reading out
Sample Length, L = 7.512|cm Vi = Pipette reading in
Sample Area, A = 39.499|cm"2 t = Time in seconds
Temperature, T = 23.7{deg.C
K=(@L2At)* In[(Hp-Bp+((Vo-Vi)*Lp/Vp)) t=1)
(Hp - Bp + (Vo - Vi) * Lp/ Vp))] (t=2)
Permeation |
Date Time | t(sec) | Vi* | dVi Vo* dVo | dVo/dVi K Notes
09/14/09 |11:44 0 24 -- 222 --- - --- INITIAL

11:48 | 240 | 2.6 0.2 22.0 0.2 1.00 9.7E-07
12:08 | 1200 | 3.0 0.4 21.7 0.3 0.75 3.4E-07 .

12:18 | 600 | 3.2 0.2 21.5 0.2 1.00 3.9E-07

1231 | 780 | 3.4 0.2 21.3 0.2 1.00 3.0E-07

12:47 | 960 | 3.6 0.2 21.1 0.2 1.00 2.5E-07 FINAL

* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 3.2E-07  cm/sec
Corrected permeability (Kyo): 2.9E-07  cm/sec

Weight (Ibs): 1.527 Initial Moisture Content (%): 8.6
Height (in): 2.958 Initial Dry Unit Weight (pcf): 134.1
Diameter (in:) 2.792 Initial Volume (fi"3): 0.0105
Height-to-Diameter Ratio: 1.059 Initial Saturation (%): 90.8
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 12.0
B: 1 Final Dry Unit Weight (pcf): 129.4

Final Volume(fi"3): 0.0105
Final Saturation (%): 106.6



CTL Engineering, Inc.

2860 Fisher Road, PO Box 44548
Columbus, Ohio 43204 :
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Consulting Engineers — Testing — Inspection Services — Analytical Laboratories Established 1927

Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 9/14-9/15/2009
Project: MAD-70-10.27 Project #:  09050096COL
Sample: B-014 ST-2, 2.5'-4.5' Technician(s): AC/SM

Reviewed by: JG
Confining Pressure, Cp = 60|psi or 4220 |cm water
Head Pressure (air), Hp = 58.5|pst or 4115 |cm water
Back Pressure (air), Bp = 57|psi or 4009 |cm water
Pipette Area, a = 0.869|cm”2 (0.869(pipette), 3.476(annulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”™3 Vo = Pipette reading out
Sample Length, L = 7.231|cm Vi = Pipette reading in
Sample Area, A = 38.669|cm”™2 t = Time in seconds
Temperature, T = 22.2|deg.C
K=(aL2At) * In[(Hp-Bp+((Vo-Vi)*Lp/Vp)) t=1
(Hp - Bp + ((Vo - Vi) * Lp/ Vp))] t=2)
Permeation |
Date Time | t(sec) [ Vi* | dVi Vo* dVo [ dVo/dVi K Notes
09/14/09 | 11:45 0 2.3 --- 22.0 --- --- --- INITIAL
14:27 | 9720 | 2.7 0.4 21.7 0.3 0.75 5.3E-08
16:27 | 7200 | 3.0 0.3 214 0.3 1.00 6.1E-08
09/15/09 |07:59 | 55920 | 4.8 1.8 19.5 1.9 1.06 5.0E-08
13:20 | 19260 | 5.5 0.7 18.9 0.6 0.86 5.2E-08 FINAL

* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 5.4E-08  cm/sec
Corrected permeability (K,o): 5.1E-08  cm/sec

Weight (Ibs): 1.206 Initial Moisture Content (%): 10.8
Height (in): 2.847 Initial Dry Unit Weight (pcf): 110.3
Diameter (in:) 2.763 Initial Volume (ft*3): 0.0099
Height-to-Diameter Ratio: 1.031 Initial Saturation (%): 55.1
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 30.6
B 1 Final Dry Unit Weight (pcf): 93.1

Final Volume(f#"3): 0.0099
Final Saturation (%): 101.8
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Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 9/14-9/18/2009
Project: MAD-70-10.27 Project#: 09050096COL
Sample: B-106, 5'-7' Technician(s): AC/SM

Reviewed by: JG
Confining Pressure, Cp = 60|psi or 4220 |cm water
Head Pressure (air), Hp = 57.5|psi or 4045 |cm water
Back Pressure (air), Bp = 55|psi or 3869 |cm water
Pipette Area, a = 0.869|cm”2 (0.869(pipette), 3.476(anmlus) or 4.345(both))
Pipette Length, Lp = 28.77|cm '
Pipette Volume, Vp = 25{cm”3 Vo = Pipette reading out
Sample Length, L = 7.084|cm Vi = Pipette reading in
Sample Area, A = 40.134{cm"2 t = Time in seconds
Temperature, T = 23.5|deg.C
K=(alL2At)* In[(Hp-Bp+((Vo-Vi)*Lp/Vp)) t=1)
(Hp -Bp +((Vo- Vi) * Lp/ Vp))] (t=2)
Permeation |
Date Time | t(sec) | Vi*¥ | dVi Vo* dVo | dVo/dVi K Notes
09/16/09 |10:52 0 1.0 --- 233 --- - --- INITIAL

13:51 | 10740 | 1.8 0.8 23.1 0.2 0.20 3.9E-08
15:49 | 7080 | 2.0 0.2 22.9 0.2 1.20 2.7E-08
09/17/09 [08:24 | 59700 | 3.5 1.5 21.7 1.2 0.80 2.0E-08
14:59 | 23700 | 44 0.9 21.0 0.7 0.78 3.0E-08
09/18/09 | 08:00 | 61260 | 5.8 14 19.9 1.1 0.79 1.9E-08 FINAL

* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 2.4E-08  cm/sec
Corrected permeability (K5): 2.2E-08  cm/sec

Weight (Ibs): 1.245 Initial Moisture Content (%) 19.1
Height (in): 2.789 Initial Dry Unit Weight (pcf): 104.1
Diameter (in:) 2.814 Initial Volume (ft*3): 0.0100
Height-to-Diameter Ratio: 0.991 Initial Saturation (%o): 83.1
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 28.5
B: 1 Final Dry Unit Weight (pcf): 93.9

Final Volume(ft*3): 0.0106
Final Saturation (%): 96.7
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Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 9/14-9/18/2009
Project: MAD-70-10.27 Project#: 09050096COL
Sample: B-106 12'-14' Technician(s): AC/SM

Reviewed by: JG
Confining Pressure, Cp = 60|psi or 4220 |cm water
Head Pressure (air), Hp = Slipsi or 3587 |cm water
Back Pressure (air), Bp = 49|psi or 3447 {cm water
Pipette Area, a = 0.869jcm™2 (0.869(pipette), 3.476(anmulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”3 Vo = Pipette reading out
Sample Length, L = 6.804|cm Vi = Pipette reading in
Sample Area, A = 39.944|cm”"2 t = Time in seconds
Temperature, T = 23.5|deg.C
K =(aL2At)* In[(Hp -Bp +((Vo-Vi)*Lp/Vp)) t=1)
(Hp - Bp+((Vo- Vi) *Lp/Vp))] t=2)
Permeation |
Date Time | t(sec) | Vi* | dVi Vo* dVo | dVo/dVi K Notes
09/16/09 | 10:48 0 3.3 --- 22.1 --- - --- INITIAL

13:49 | 10860 | 9.0 5.7 21.7 0.4 0.07 3.0E-07
15:47 | 7080 | 9.2 0.2 21.5 0.2 0.80 2.8E-08
09/17/09 |08:21 | 59640 | 10.5 1.3 20.0 1.5 1.18 2.6E-08
11:41 | 12000 | 10.8 | 0.3 19.7 0.3 1.00 2.8E-08

09/18/09 | 07:51 | 72600 | 12.2 1.4 18.0 1.7 1.21 2.4E-08 FINAL
* Inner Pipette

Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 2.7E-08  cm/sec
Corrected permeability (Ky): 2.5E-08  cm/sec

Weight (Ibs): 1.345 Initial Moisture Content (%): 13.1
Height (in): 2.679 Initial Dry Unit Weight (pcf): 123.9
Diameter (in:) 2.808 Initial Volume (f°3): 0.0096
Height-to-Diameter Ratio: 0.954 Initial Saturation (%): 98.0
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 15.2
B: 096 Final Dry Unit Weight (pcf): 118.6

Final Volume(ft*3): 0.0099
Final Saturation (%): 97.5
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Hydraulic Conductivity - Method C - ASTM D 5084

Client: WD Transportation Date Tested: 9/14-9/15/2009
Project: MAD-70-10.27 Project # 09050096COL
Sample: B-207 3'-5' Technician(s): AC/SM
Reviewed by: JG
Confining Pressure, Cp = 60|psi or 4220 |cm water
Head Pressure (air), Hp = 58.5|psi or 4115 |cm water
Back Pressure (air), Bp = 57|psi or 4009 |cm water
Pipette Area, a = 0.869|cm”2 (0.869(pipette), 3.476(annulus) or 4.345(both))
Pipette Length, Lp = 28.77|cm
Pipette Volume, Vp = 25|cm”™3 Vo = Pipette reading out
Sample Length, L = 7.181|cm Vi = Pipette reading in
Sample Area, A = 39.963|cm”2 t = Time in seconds
Temperature, T = 23.7|deg.C
K = (aL/2At) *  In[(Hp - Bp + (Vo - Vi) * Lp / Vp)) t=1)
(Hp - Bp +((Vo - Vi) * Lp/ Vp))] (t=2)
Permeation |
Date Time | t(sec) | Vi*¥ | dVi Vo* dVo | dVo/dVi K Notes
09/14/09 |11:48 0 3.1 --- 21.7 --- --- --- INITIAL

12:29 | 2460 | 3.9 0.8 21.1 0.6 0.75 4.1E-07
13:07 | 2280 | 4.5 0.6 20.5 0.6 1.00 3.8E-07
14:27 | 4800 | 5.7 1.2 19.3 1.2 1.00 3.7E-07
15:22 | 3300 | 6.6 0.9 18.5 0.8 0.89 3.9E-07 FINAL

* Inner Pipette
Specimen Information:
Type of Permeant: Distilled Water

Average of four consecutive readings: 3.8E-07  cm/sec
Corrected permeability (K,o): 3.5E-07  cm/sec

Weight (Ibs): 1.301 Initial Moisture Content (%): - 18.0
Height (in): 2.827 Initial Dry Unit Weight (pcf): 108.8
Diameter (in:) 2.808 Initial Volume (f#"\3): 0.0101
Height-to-Diameter Ratio: 1.007 Initial Saturation (%): ~ 885
Specific Gravity (assumed): 2.7 Final Moisture Content (%): 16.5
B. 1 Final Dry Unit Weight (pcf): 110.8

Final Volume(f*3):  0.0101
Final Saturation (%): 85.3



