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May 30, 2018 

 

Mr. Peter Quackenbush, Senior Environmental Engineer  

MDEQ – Office of Waste Management and Radiological Protection 

525 West Allegan Street 

Lansing, MI 48933 

 

Subject: Addendum to the Proposed Permit Modification - Upgrades to MC VI-G Phase 2 

Liner Design, Wayne Disposal, Inc., Belleville, Wayne County, Michigan 

 

Dear Mr. Quackenbush: 

 

On behalf of Wayne Disposal, Inc. (WDI), CTI and Associates, Inc. (CTI) is submitting for your review 

and approval this addendum to the recently submitted (May 3, 2018) proposed upgrades to the design of 

Master Cell VI-G Phase 2 (MC VI-G Phase 2) liner. The purpose of this addendum is to revise the Standard 

Dimension Ratio (SDR) value of the HDPE leachate collection and riser pipes (perforated and solid wall) 

in MC VI-G Phase 2 from 7.3 to 11. 

This proposed revision to the SDR value is due to the following: 

1. Structural performance of HDPE pipes includes two possible failure mechanisms – vertical 

deflection and buckling.  Although thicker wall pipes (lower SDR) perform better in resisting 

buckling, thinner wall pipes (higher SDR) are superior in tolerating vertical deflection. In other 

words, thicker is not always better and the selection of proper wall thickness needs to be optimized.  

Considering MC VI-G Phase 2 is to be constructed over existing waste, tolerance of vertical 

deflection is an important criterion.  

2. The use of SDR 7.3 HDPE pipe is very uncommon. Most HDPE manufacturers do not regularly 

produce SDR 7.3 HDPE pipes and these pipes often must be special ordered or may not be available 

at all. SDR 11 HDPE pipes are the most commonly used pipes in landfill applications and are 

readily available. 
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Calculations demonstrating that SDR 11 HDPE pipes will perform satisfactorily as part of the MC VI-G 

Phase 2 leachate collection and removal system are included as Attachment A-1.  As indicated in the pipe 

strength calculation, SDR 11 HDPE pipes will perform satisfactorily both in vertical deflection (2.3% strain 

≤ the limiting 2.7% strain) and in buckling (FS-value of 2.9 ≥1.0). 

 

Additionally, the following sheets in the submitted 2018 Permit Engineering Drawings have been revised 

to reflect the proposed SDR changes (denoted as Revision “E” in Attachment A-2): 

• TITLE SHEET 

• SHEET 13 – TOP OF PRIMARY LINER GRADING PLAN (2 OF 3) 

• SHEET 22A – LINER SYSTEM DETAILS 

• SHEET 23A (NEW SHEET) – LEACHATE COLLECTION SYSTEM DETAILS (FOR MC VI-

G SUBCELL G2 AND G3)  

 

If you have any questions regarding this addendum, please feel free to contact the undersigned at 

(248) 486-5100 or tsoong@cticompanies.com. 

 

Sincerely, 

CTI and Associates, Inc.  

 
Te-Yang Soong, Ph.D., P.E. 

Program Manager 

 

Cc: US Ecology 

 MDEQ 

 EPA 

 

List of Attachments –  

Attachment A-1: Pipe Strength and Deflection Analysis 

Attachment A-2: Revised 2018 Permit Engineering Drawings 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment A-1: Pipe Strength and Deflection Analysis 
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Project Name: WDI MC-6G Phase 2 Design Client:  U.S. Ecology 

Project Number: 1188070010 Project Manager: Te-Yang Soong, Ph.D., P.E. 

Project Location: Belleville, Michigan QA Manager: Te-Yang Soong, Ph.D., P.E. 

 

Calculation Sheet Information 

 
Calculation Medium: ☒ Electronic  

 ☐ Hard-copy Number of pages (excluding cover sheet):  

   
Title of Calculation: Leachate Collection Pipe Strength and Deflection Analysis 

Calculation Originator: Mohammad Kabalan, P.E. 

Calculation Contributors:  

Calculation Checker: Te-Yang Soong, Ph.D., P.E. 

  

 

Calculation Objective 

 
1. Determine maximum deflection of proposed leachate collection pipe under final conditions (landfill built to 

permitted final grades) and compare to maximum allowable deflection 
2. Calculate the factor of safety against wall buckling of the pipe 

 

 

Assumptions/Open Items 

 
1. Static load on pipe was determined from the layers above from 2018 revised permit drawing set. 
2. Unit weight of waste is 101 pcf and is based on actual tonnage data from site. 
3. The maximum waste thickness above the pipe is approximately 110 feet in subcell G2 
4. The leachate collection pipe is an 8-inch, SDR 11 perforated HDPE pipe. 
5. A long-term modulus of elasticity of 23,000 psi was used for the HDPE to account for degradation and potential 

creep effects. 
6. A 4-foot thick final cover with a unit weight of 125 pcf was assumed over the top of waste grades 

 

 

Design Criteria/Design Basis (with Reference to Source of Data) 

 
1. The maximum vertical deflection was determined using the Modified Iowa State Method as presented in Moser 

(1990). 
2. The maximum allowable deflection was determined from Qian et al. (2001). 

 

 

Results/Conclusions 

 
1. The maximum deflection under the maximum load (final conditions) is 2.3% which does not exceed the 

allowable deflection for SDR-11 pipe (2.7%) 
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References/Source Documents 

 
1. WDI MC6G-Phase 2 landfill permit drawing set 
2. Moser, A.P. (1990) “Buried Pipe Design”, McGraw-Hill, New York. 
3. Qian, X., Koerner, R.M., and Gray, D.H. (2001) “Geotechnical Aspects of Landfill Design and Construction”, 

Prentice Hall, New Jersey 
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1
8"HDPE SDR

11

Perforated

Hrefuse ft 110.0

psf 11,610

psi 80.6

Outside diameter of pipe OD in 8.625

Inside Diameter of pipe ID in 6.963

Pipe Wall Thickness

OD/SDR

Unadjusted vertical load per unit length

W = g*H*OD

Dia. of perforations D in 0.25

No. of Perforation per foot N 24

Modified Vertical stress

Wp = W*(12/(12-(D*N)))

Deflection Lag factor DL 1.00

Mean Pipe radius

r = (OD-tp)/2

Bedding Constant Kb 0.08

Soil Modulus of Elasticity Es psi 5101.7

Modulus Soil Reaction

E' = 2Es 

Pipe Modulus of elasticity Ep psi 23,000

Moment of Inertia 

 I = (tp3/12)

Vertical Deflection 

y = [(DLKbWp)/((EpI/r3)+(0.061Es)]

Percentage  Deflection 

y/(2r) for both PVC and HDPE

Limiting Strain for HDPE pipe 2.7%

Critical Buckling Pressure

Pbc = 0.8*(2EsEP/SDR
3
)

0.5

Required Factor of Safety FS 1.0

FS = Pbc/[sz/(1-nd/12)]

695

0.784

Item Notation Units

Vertical load

Design vertical stress on pipe
sz

tp in

W lbs/in

Wp lbs/in 1391

Vertical Deflection (Modified Iowa Method)

r in 3.92

I in3 0.0402

E' psi 10,203

% 2.3%

0.1810in

Figure 1 - Pipe strength analysis worksheet

psi 475.07

Provided F.S against wall buckling

e

PIPE STRENGTH ANALYSIS

FS 2.9

%

Buckling Analysis (for HDPE pipes only)

P bc

y
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PHASE DESIGNATION
PERRMIT PHASE 
FOOTPRINT AREA 

(AC)

PERMIT PHASE 
INCREMENTAL 
VOLUME (C.Y.)

REVISED PHASE 
INCREMENTAL 
VOLUME (C.Y.)

VOLUME 
ADJUSTMENT 

(C.Y.)
MC VI-F PHASE 1 9.3 812,000 810,822 -1,178

MC VI-F PHASE 2 12.9 1,865,000 1,865,000 0

MC VI-G PHASE 1 19.9 2,370,000 2,354,444 -15,556

MC VI-G PHASE 2 7.2 773,000 769,538 23,778

MC VI-G PHASE 3 5.3 700,000 694,662 -5,338

MC VI-G PHASE 4 5.5 490,000 490,000 0

MC VI-G PHASE 5 7.4 3,600,000 3,598,173 -1,827

MC VI-G PHASE 6 5.5 1,120,000 1,120,000 0

TOTAL 73.0 11,730,000 11,702,639 -121
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Point No. Northing Easting Elevation (ft) Point No. Northing Easting Elevation (ft)

200 8700.81 3821.52 734.39 210 8282.62 5071.88 702.00
201 8700.81 4997.38 734.01 211 8272.67 3933.11 704.72
202 8572.25 4388.15 728.36 212 8104.36 3925.07 708.09
203 8572.25 3948.23 694.77 213 8104.36 5072.15 706.55
204 8572.25 4398.83 728.36 214 7961.11 3909.91 712.66
205 8572.25 4954.23 692.38 215 7960.76 5083.12 709.56
206 8572.25 4425.54 719.46 216 7949.91 3907.03 713.51
207 8500.61 5188.97 728.83 217 7949.59 5083.4 709.66
208 8478.75 5082.08 697.60 218 7924.24 3927.69 706.53
209 8451.96 3937.88 700.62 219 7904.34 5051.4 697.89

SECONDARY PERIMETER DIKE COORDINATES SECONDARY PERIMETER DIKE COORDINATES
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Point No. Northing Easting Elevation (ft) Point No. Northing Easting Elevation (ft)

214 7961.11 3909.91 712.66 228 7591.06 5021.51 685.01
215 7960.76 5083.12 709.56 229 7570.29 4023.33 666.36
216 7949.91 3907.03 713.51 230 7561.67 5032.75 686.20
217 7949.59 5083.4 709.66 231 7498. 71 5027.05 688.09
218 7924.24 3927.69 706.53 232 7349.00 5012.85 681.14
219 7904.34 5051.4 697.89 233 7338.74 4040.54 661.22
220 7842.87 3931.37 703.56 234 7275.80 5061.92 682.69
221 7842.87 5045.71 695.6 235 7179.18 5070.45 684.75
222 7697.85 3821.52 733.74 236 7127.83 4034.99 663.35
223 7682.97 5041.27 692.31 237 7083.28 3807.50 739.24
224 7670.78 3929.03 697.65 238 7043.49 5064.48 681.99
225 7647.54 5010.47 681.80 239 7042.34 3957.36 687.71
226 7641.99 5012.71 683.24 240 7039.01 5061.89 680.59
227 7597.85 3807.29 738.60 241 6983.28 3821.52 732.35

SECONDARY PERIMETER DIKE COORDINATES SECONDARY PERIMETER DIKE COORDINATES
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Point No. Northing Easting Elevation (ft) Point No. Northing Easting Elevation (ft)

300 8685.01 3837.32 734.39 310 8282.69 5071.67 707.20
301 8685.01 4990.85 734.01 311 8273.20 3933.29 709.92
302 8571.54 4388.00 733.49 312 8104.36 3925.25 713.29
303 8571.54 3948.60 699.97 313 8104.36 5071.95 711.75
304 8571.54 4399.64 733.49 314 7961.21 3910.06 717.86
305 8571.54 4954.14 697.53 315 7960.81 5082.91 714.76
306 8571.54 4426.45 724.56 316 7949.75 3907.7 718.61
307 8482.21 5185.03 734.79 317 7949.43 5082.91 714.76
308 8478.59 5081.75 702.80 318 7924.5 3928.02 711.75
309 8451.95 3938.08 705.82 319 7904.56 5051.05 703.11

PRIMARY PERIMETER DIKE COORDINATES PRIMARY PERIMETER DIKE COORDINATES
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Point No. Northing Easting Elevation (ft)   Point No. Northing Easting Elevation (ft)

314 7961.21 3910.06 717.86 328 7591.06 5021.51 690.24
315 7960.81 5082.91 714.76 329 7570.10 4023.55 671.56
316 7949.75 3907.7 718.61 330 7561.67 5032.75 691.59
317 7949.43 5082.91 714.76 331 7498.71 5027.05 693.52
318 7924.5 3928.02 711.75 332 7349.00 5012.85 686.42
319 7904.56 5051.05 703.11 333 7338.74 4040.74 666.42
320 7842.87 3931.97 708.82 334 7273.49 5061.28 687.73
321 7842.87 5045.77 700.84 335 7179.18 5070.45 689.94
322 7696.73 3837.32 733.74 336 7128.04 4035.19 668.55
323 7682.58 5040.91 697.5 337 7084.38 3823.30 739.24
324 7670.57 3929.29 702.88 338 7043.49 5064.48 687.10
325 7647.35 5010.49 687.00 339 7042.63 3957.62 692.90
326 7642.85 5012.25 688.18 340 7038.96 5061.69 685.79
327 7596.74 3823.09 738.60 341 6984.38 3837.32 732.35

PRIMARY PERIMETER DIKE COORDINATES PRIMARY PERIMETER DIKE COORDINATES
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