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Distances	

	

4‐Yr	Institutions	&	Colleges	within	50	Miles	

	

Major	Employment	and	Average	Earnings	by	Sector	

	

Top	Regional	Employers	

 

Population  2010  2035	(Projected) 

Livingston	County  180,967  213,557 

Genoa	Township  19,821  22,797 

Bachelor's	Degree	or	Higher   

Genoa	Township  34.4% 

Livingston	County  32.2% 

Detroit	MSA  16.5% 

Michigan  25.0% 

Detroit,	MI	 	   1	hour	  

Ann	Arbor,	MI  25	mins 

Lansing,	Michigan  45	mins 

Detroit	Metro	Wayne	County	Airport	(DTW)  1	hour 

Bishop	International	Airport,	Flint	(FNT)  45	mins	 

Lansing	Capital	City	Airport,	Lansing	(LAN)  1	hour 

Cleary	University  Howell,	Ann	Arbor 

Mott	Community	College  Howell,	Flint 

University	of	Michigan  Ann	Arbor 

Michigan	State	University  East	Lansing 

Eastern	Michigan	University  Ypsilanti 

Washtenaw	Community	College  Ypsilanti 

Lansing	Community	College  Lansing 

	Industry  %	Total	Employment	  Avg	Earnings	(2011) 

Retail  19.4%  $26,991 

Manufacturing  16.1%  $73,069 

Health	care  11.8%  $42,973 

Accommodation	&	
food	services 

11.8%  	$14,	594 

Company	Name  Employees 

Citizens	Insurance	Co.	of	America  700‐725 

Trinity	Health  650‐675 

Pepsi	Beverages	Co.  325‐350 

Ogihara	America  325‐350 

Medilodge	of	Howell	Inc.  300‐325 

Distances to Major Ci es 



Market Profile
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Ring: 1 mile radius Latitude: 42.578943601

Longitude: -83.87403446

1 mile 5 miles 10 miles
Population Summary 

2000 Total Population 897 36,370 110,134
2010 Total Population 1,563 45,093 128,897
2012 Total Population 1,662 46,046 130,922

2012 Group Quarters 2 533 987
2017 Total Population 1,792 47,071 132,916

2012-2017 Annual Rate 1.51% 0.44% 0.30%
Household Summary

2000 Households 390 13,604 39,167
2000 Average Household Size 2.29 2.64 2.78

2010 Households 737 17,490 48,315
2010 Average Household Size 2.12 2.55 2.65

2012 Households 776 17,684 48,656
2012 Average Household Size 2.14 2.57 2.67

2017 Households 846 18,275 50,017
2017 Average Household Size 2.11 2.55 2.64
2012-2017 Annual Rate 1.74% 0.66% 0.55%

2010 Families 466 12,344 35,859
2010 Average Family Size 2.64 3.04 3.09

2012 Families 491 12,490 36,093
2012 Average Family Size 2.65 3.06 3.11

2017 Families 531 12,828 36,833
2017 Average Family Size 2.64 3.04 3.08
2012-2017 Annual Rate 1.56% 0.54% 0.41%

Housing Unit Summary
2000 Housing Units 456 14,600 41,553

Owner Occupied Housing Units 55.5% 75.7% 81.7%
Renter Occupied Housing Units 30.0% 17.5% 12.6%
Vacant Housing Units 14.5% 6.8% 5.7%

2010 Housing Units 822 18,944 51,953
Owner Occupied Housing Units 53.8% 72.2% 77.9%
Renter Occupied Housing Units 35.9% 20.1% 15.1%
Vacant Housing Units 10.3% 7.7% 7.0%

2012 Housing Units 859 19,173 52,355
Owner Occupied Housing Units 52.7% 71.3% 77.0%
Renter Occupied Housing Units 37.6% 21.0% 15.9%
Vacant Housing Units 9.7% 7.8% 7.1%

2017 Housing Units 934 19,854 53,899
Owner Occupied Housing Units 54.3% 72.1% 77.6%
Renter Occupied Housing Units 36.3% 19.9% 15.2%
Vacant Housing Units 9.4% 8.0% 7.2%

Median Household Income
2012 $50,581 $59,007 $65,132
2017 $57,260 $66,436 $72,473

Median Home Value
2012 $166,965 $164,296 $166,571
2017 $171,552 $173,769 $175,778

Per Capita Income
2012 $25,072 $29,174 $30,237
2017 $27,889 $32,446 $33,671

Median Age
2010 34.0 39.8 40.8
2012 33.9 40.1 41.1
2017 34.0 40.3 41.4

Data Note: Household population includes persons not residing in group quarters.  Average Household Size is the household population divided by total households.
Persons in families include the householder and persons related to the householder by birth, marriage, or adoption.  Per Capita Income represents the income received by
all persons aged 15 years and over divided by the total population.
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Market Profile
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

1 mile 5 miles 10 miles
2012 Households by Income

Household Income Base 776 17,684 48,656
<$15,000 11.0% 9.1% 7.9%
$15,000 - $24,999 12.5% 10.1% 8.0%
$25,000 - $34,999 9.1% 8.6% 8.0%
$35,000 - $49,999 16.6% 13.9% 12.6%
$50,000 - $74,999 21.1% 18.4% 19.5%
$75,000 - $99,999 15.3% 14.1% 14.9%
$100,000 - $149,999 9.7% 17.0% 19.2%
$150,000 - $199,999 3.1% 5.0% 5.4%
$200,000+ 1.5% 3.8% 4.6%

Average Household Income $61,459 $75,354 $80,792
2017 Households by Income

Household Income Base 846 18,275 50,017
<$15,000 9.8% 8.2% 7.1%
$15,000 - $24,999 9.2% 7.5% 5.8%
$25,000 - $34,999 6.5% 6.3% 5.6%
$35,000 - $49,999 14.7% 12.3% 11.0%
$50,000 - $74,999 24.9% 21.1% 22.0%
$75,000 - $99,999 19.3% 16.8% 17.4%
$100,000 - $149,999 10.5% 18.1% 20.1%
$150,000 - $199,999 3.5% 5.6% 6.1%
$200,000+ 1.7% 4.0% 4.8%

Average Household Income $68,024 $82,977 $88,907
2012 Owner Occupied Housing Units by Value

Total 453 13,664 40,313
<$50,000 0.9% 4.3% 3.3%
$50,000 - $99,999 8.2% 11.4% 10.0%
$100,000 - $149,999 21.0% 24.4% 26.2%
$150,000 - $199,999 59.2% 34.4% 31.8%
$200,000 - $249,999 6.4% 14.4% 15.8%
$250,000 - $299,999 1.5% 5.4% 6.3%
$300,000 - $399,999 2.2% 3.4% 4.4%
$400,000 - $499,999 0.7% 1.4% 1.4%
$500,000 - $749,999 0.2% 0.7% 0.7%
$750,000 - $999,999 0.0% 0.1% 0.1%
$1,000,000 + 0.0% 0.0% 0.0%

Average Home Value $166,448 $171,586 $176,959
2017 Owner Occupied Housing Units by Value

Total 507 14,321 41,813
<$50,000 0.2% 1.8% 1.2%
$50,000 - $99,999 3.6% 6.6% 5.4%
$100,000 - $149,999 16.2% 20.5% 22.2%
$150,000 - $199,999 69.4% 44.5% 41.2%
$200,000 - $249,999 6.7% 16.8% 18.4%
$250,000 - $299,999 1.4% 4.9% 5.8%
$300,000 - $399,999 1.8% 3.1% 4.1%
$400,000 - $499,999 0.4% 1.1% 1.1%
$500,000 - $749,999 0.2% 0.6% 0.6%
$750,000 - $999,999 0.0% 0.1% 0.1%
$1,000,000 + 0.0% 0.0% 0.0%

Average Home Value $173,045 $180,932 $185,451

Data Note: Income represents the preceding year, expressed in current dollars.  Household income includes wage and salary earnings, interest dividends, net rents,
pensions, SSI and welfare payments, child support, and alimony.
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Market Profile
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

1 mile 5 miles 10 miles
2010 Population by Age

Total 1,563 45,095 128,895
0 - 4 7.4% 6.0% 5.5%
5 - 9 7.4% 7.1% 7.1%
10 - 14 6.8% 7.8% 8.1%
15 - 24 13.5% 11.7% 11.8%
25 - 34 16.5% 10.9% 9.8%
35 - 44 14.7% 14.4% 14.5%
45 - 54 14.5% 16.3% 17.8%
55 - 64 9.7% 12.6% 13.3%
65 - 74 5.6% 7.5% 7.1%
75 - 84 2.9% 3.8% 3.4%
85 + 0.9% 1.7% 1.5%

18 + 74.3% 74.5% 74.4%
2012 Population by Age

Total 1,663 46,045 130,921
0 - 4 7.5% 6.0% 5.5%
5 - 9 7.5% 7.1% 7.1%
10 - 14 6.9% 7.7% 8.0%
15 - 24 13.3% 11.5% 11.5%
25 - 34 16.8% 11.1% 9.9%
35 - 44 14.6% 14.1% 14.2%
45 - 54 13.9% 15.8% 17.3%
55 - 64 9.9% 13.2% 13.9%
65 - 74 6.0% 8.0% 7.6%
75 - 84 2.8% 3.8% 3.4%
85 + 1.0% 1.7% 1.5%

18 + 74.3% 74.9% 74.8%
2017 Population by Age

Total 1,793 47,072 132,918
0 - 4 7.6% 6.0% 5.5%
5 - 9 7.6% 7.1% 7.1%
10 - 14 7.0% 7.8% 8.1%
15 - 24 12.3% 10.7% 10.8%
25 - 34 17.1% 11.2% 10.0%
35 - 44 14.6% 13.7% 13.8%
45 - 54 12.8% 14.6% 16.0%
55 - 64 10.0% 13.7% 14.5%
65 - 74 7.0% 9.5% 9.1%
75 - 84 2.9% 3.9% 3.6%
85 + 1.0% 1.8% 1.6%

18 + 74.0% 75.1% 75.0%

2010 Population by Sex
Males 756 22,197 64,267
Females 807 22,896 64,630

2012 Population by Sex
Males 805 22,707 65,394
Females 857 23,340 65,528

2017 Population by Sex
Males 868 23,223 66,448
Females 924 23,849 66,468
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Market Profile
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

1 mile 5 miles 10 miles
2010 Population by Race/Ethnicity

Total 1,563 45,093 128,896
White Alone 94.8% 96.1% 96.6%
Black Alone 0.5% 0.5% 0.4%
American Indian Alone 0.4% 0.4% 0.4%
Asian Alone 1.7% 1.0% 0.9%
Pacific Islander Alone 0.1% 0.1% 0.1%
Some Other Race Alone 0.9% 0.6% 0.4%
Two or More Races 1.6% 1.3% 1.2%

Hispanic Origin 3.3% 2.3% 2.0%
Diversity Index 15.9 11.8 10.2

2012 Population by Race/Ethnicity
Total 1,663 46,046 130,923

White Alone 94.1% 95.5% 96.1%
Black Alone 0.7% 0.8% 0.7%
American Indian Alone 0.4% 0.4% 0.4%
Asian Alone 1.8% 1.1% 0.9%
Pacific Islander Alone 0.2% 0.1% 0.1%
Some Other Race Alone 1.0% 0.6% 0.4%
Two or More Races 1.8% 1.5% 1.4%

Hispanic Origin 3.5% 2.5% 2.1%
Diversity Index 17.3 13.2 11.5

2017 Population by Race/Ethnicity
Total 1,791 47,070 132,916

White Alone 92.7% 94.2% 94.9%
Black Alone 1.3% 1.4% 1.3%
American Indian Alone 0.4% 0.4% 0.4%
Asian Alone 2.1% 1.3% 1.1%
Pacific Islander Alone 0.3% 0.2% 0.1%
Some Other Race Alone 1.1% 0.7% 0.5%
Two or More Races 2.1% 1.8% 1.7%

Hispanic Origin 4.2% 3.0% 2.6%
Diversity Index 21.0 16.4 14.4

2010 Population by Relationship and Household Type
Total 1,563 45,093 128,897

In Households 99.9% 98.8% 99.2%
In Family Households 80.1% 84.9% 87.4%

Householder 26.0% 27.3% 27.8%
Spouse 19.5% 22.1% 23.3%
Child 30.8% 31.9% 32.8%
Other relative 2.0% 2.0% 2.0%
Nonrelative 1.5% 1.7% 1.5%

In Nonfamily Households 19.8% 13.9% 11.9%
In Group Quarters 0.1% 1.2% 0.8%

Institutionalized Population 0.0% 1.0% 0.6%
Noninstitutionalized Population 0.1% 0.2% 0.2%

Data Note: Persons of Hispanic Origin may be of any race.  The Diversity Index measures the probability that two people from the same area will be from different
race/ethnic groups.
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Market Profile
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

1 mile 5 miles 10 miles
2010 Households by Type

Total 737 17,489 48,316
Households with 1 Person 27.8% 24.0% 20.9%
Households with 2+ People 72.2% 76.0% 79.1%

Family Households 63.2% 70.6% 74.2%
Husband-wife Families 47.2% 57.2% 62.3%

With Related Children 23.9% 25.6% 27.9%
Other Family (No Spouse Present) 16.0% 13.4% 11.9%

Other Family with Male Householder 4.9% 4.1% 3.9%
With Related Children 3.1% 2.5% 2.3%

Other Family with Female Householder 11.1% 9.3% 8.0%
With Related Children 7.9% 6.1% 5.1%

Nonfamily Households 9.0% 5.4% 4.8%

All Households with Children 35.8% 34.7% 35.7%

Multigenerational Households 1.5% 2.6% 2.5%
Unmarried Partner Households 7.3% 6.1% 5.4%

Male-female 6.9% 5.6% 4.9%
Same-sex 0.4% 0.5% 0.5%

2010 Households by Size
Total 737 17,490 48,316

1 Person Household 27.8% 24.0% 20.9%
2 Person Household 33.2% 35.3% 35.6%
3 Person Household 17.2% 15.8% 16.6%
4 Person Household 14.5% 15.6% 16.8%
5 Person Household 5.3% 6.3% 6.8%
6 Person Household 1.5% 2.0% 2.2%
7 + Person Household 0.4% 1.0% 1.1%

2010 Households by Tenure and Mortgage Status

Total 737 17,490 48,315
Owner Occupied 60.0% 78.2% 83.8%

Owned with a Mortgage/Loan 49.9% 61.0% 66.9%
Owned Free and Clear 10.0% 17.2% 16.9%

Renter Occupied 40.0% 21.8% 16.2%

Data Note: Households with children include any households with people under age 18, related or not.  Multigenerational households are families with 3 or more parent-
child relationships. Unmarried partner households are usually classified as nonfamily households unless there is another member of the household related to the
householder. Multigenerational and unmarried partner households are reported only to the tract level. Esri estimated block group data, which is used to estimate
polygons or non-standard geography.
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Business Summary
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Rings: 1, 5, 10 mile radii Latitude: 42.578943601

Longitude: -83.87403446

Data for all businesses in area 1 mile 5 miles 10 miles
Total Businesses: 214 3,136 8,937
Total Employees: 2,001 18,468 45,679
Total Residential Population: 1,662 46,046 130,922
Employee/Residential Population Ratio: 1.20 0.40 0.35

Businesses Employees Businesses Employees Businesses Employees

by SIC Codes Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent
Agriculture & Mining 3 1.6% 7 0.3% 99 3.2% 209 1.1% 355 4.0% 915 2.0%
Construction 20 9.3% 119 5.9% 350 11.2% 1,060 5.7% 1,131 12.7% 3,731 8.2%
Manufacturing 15 7.1% 261 13.1% 141 4.5% 2,417 13.1% 408 4.6% 5,352 11.7%
Transportation 3 1.2% 17 0.9% 51 1.6% 279 1.5% 191 2.1% 1,289 2.8%
Communication 4 1.9% 23 1.1% 28 0.9% 151 0.8% 55 0.6% 249 0.5%
Utility 2 0.9% 41 2.1% 16 0.5% 179 1.0% 35 0.4% 260 0.6%
Wholesale Trade 10 4.8% 63 3.2% 149 4.7% 698 3.8% 432 4.8% 1,959 4.3%

Retail Trade Summary 47 22.1% 832 41.6% 426 13.6% 4,188 22.7% 1,184 13.2% 10,128 22.2%
Home Improvement 3 1.3% 165 8.2% 35 1.1% 634 3.4% 78 0.9% 937 2.1%
General Merchandise Stores 2 1.0% 274 13.7% 8 0.2% 903 4.9% 18 0.2% 1,843 4.0%
Food Stores 3 1.2% 11 0.6% 24 0.8% 213 1.2% 84 0.9% 937 2.1%
Auto Dealers, Gas Stations, Auto Aftermarket 5 2.3% 63 3.1% 39 1.2% 472 2.6% 95 1.1% 917 2.0%
Apparel & Accessory Stores 2 0.8% 10 0.5% 20 0.6% 62 0.3% 92 1.0% 673 1.5%
Furniture & Home Furnishings 5 2.3% 42 2.1% 45 1.4% 239 1.3% 120 1.3% 467 1.0%
Eating & Drinking Places 14 6.3% 179 8.9% 102 3.2% 1,088 5.9% 255 2.9% 2,831 6.2%
Miscellaneous Retail 15 6.9% 88 4.4% 153 4.9% 577 3.1% 442 4.9% 1,522 3.3%

Finance, Insurance, Real Estate Summary 18 8.4% 105 5.2% 235 7.5% 1,011 5.5% 627 7.0% 2,548 5.6%
Banks, Savings & Lending Institutions 6 2.7% 66 3.3% 32 1.0% 276 1.5% 86 1.0% 636 1.4%
Securities Brokers 1 0.5% 3 0.2% 18 0.6% 49 0.3% 51 0.6% 116 0.3%
Insurance Carriers & Agents 5 2.1% 12 0.6% 45 1.4% 176 1.0% 124 1.4% 512 1.1%
Real Estate, Holding, Other Investment Offices 7 3.1% 23 1.2% 140 4.5% 511 2.8% 365 4.1% 1,283 2.8%

Services Summary 89 41.6% 406 20.3% 1,611 51.4% 7,101 38.4% 4,453 49.8% 17,574 38.5%
Hotels & Lodging 0 0.2% 4 0.2% 13 0.4% 97 0.5% 34 0.4% 286 0.6%
Automotive Services 6 2.8% 23 1.2% 57 1.8% 210 1.1% 165 1.8% 645 1.4%
Motion Pictures & Amusements 5 2.3% 31 1.5% 67 2.1% 342 1.9% 193 2.2% 1,013 2.2%
Health Services 8 3.7% 72 3.6% 157 5.0% 1,017 5.5% 366 4.1% 2,566 5.6%
Legal Services 3 1.2% 7 0.3% 61 1.9% 179 1.0% 110 1.2% 297 0.7%
Education Institutions & Libraries 1 0.4% 8 0.4% 44 1.4% 1,422 7.7% 115 1.3% 2,828 6.2%
Other Services 66 31.1% 262 13.1% 1,212 38.6% 3,834 20.8% 3,472 38.8% 9,939 21.8%

Government 2 0.9% 127 6.3% 30 1.0% 1,176 6.4% 66 0.7% 1,673 3.7%

Totals 214 100% 2,001 100% 3,136 100% 18,468 100% 8,937 100% 45,679 100%
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Business Summary
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Rings: 1, 5, 10 mile radii Latitude: 42.578943601

Longitude: -83.87403446

Businesses Employees Businesses Employees Businesses Employees

by NAICS Codes Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent
Agriculture, Forestry, Fishing & Hunting 0 0.1% 0 0.0% 22 0.7% 42 0.2% 113 1.3% 287 0.6%
Mining 0 0.0% 0 0.0% 2 0.0% 2 0.0% 5 0.1% 21 0.0%
Utilities 1 0.5% 21 1.1% 8 0.3% 88 0.5% 14 0.2% 104 0.2%
Construction 21 9.7% 122 6.1% 357 11.4% 1,086 5.9% 1,155 12.9% 3,836 8.4%
Manufacturing 16 7.3% 263 13.1% 142 4.5% 2,438 13.2% 406 4.5% 5,345 11.7%
Wholesale Trade 10 4.8% 63 3.2% 148 4.7% 697 3.8% 430 4.8% 1,957 4.3%
Retail Trade 33 15.6% 652 32.6% 318 10.1% 3,073 16.6% 915 10.2% 7,236 15.8%

Motor Vehicle & Parts Dealers 4 1.9% 59 2.9% 30 0.9% 426 2.3% 72 0.8% 820 1.8%
Furniture & Home Furnishings Stores 4 1.6% 35 1.7% 28 0.9% 149 0.8% 76 0.9% 295 0.6%
Electronics & Appliance Stores 1 0.7% 7 0.4% 15 0.5% 90 0.5% 42 0.5% 180 0.4%
Bldg Material & Garden Equipment & Supplies Dealers 3 1.3% 165 8.2% 35 1.1% 634 3.4% 78 0.9% 937 2.1%
Food & Beverage Stores 2 1.1% 10 0.5% 23 0.7% 223 1.2% 79 0.9% 924 2.0%
Health & Personal Care Stores 3 1.2% 30 1.5% 19 0.6% 170 0.9% 58 0.7% 432 0.9%
Gasoline Stations 1 0.4% 4 0.2% 10 0.3% 49 0.3% 24 0.3% 101 0.2%
Clothing & Clothing Accessories Stores 3 1.3% 13 0.6% 27 0.9% 79 0.4% 119 1.3% 756 1.7%
Sport Goods, Hobby, Book, & Music Stores 3 1.3% 13 0.6% 31 1.0% 88 0.5% 92 1.0% 251 0.5%
General Merchandise Stores 2 1.0% 274 13.7% 8 0.2% 903 4.9% 18 0.2% 1,843 4.0%
Miscellaneous Store Retailers 7 3.2% 38 1.9% 71 2.3% 223 1.2% 186 2.1% 576 1.3%
Nonstore Retailers 1 0.7% 6 0.3% 21 0.7% 37 0.2% 71 0.8% 122 0.3%

Transportation & Warehousing 2 1.1% 17 0.9% 45 1.5% 280 1.5% 164 1.8% 1,252 2.7%
Information 6 2.9% 29 1.5% 61 2.0% 334 1.8% 152 1.7% 680 1.5%
Finance & Insurance 12 5.7% 83 4.1% 114 3.6% 554 3.0% 320 3.6% 1,398 3.1%

Central Bank/Credit Intermediation & Related Activities 6 2.7% 66 3.3% 33 1.0% 277 1.5% 88 1.0% 639 1.4%
Securities, Commodity Contracts & Other Financial 2 0.9% 5 0.3% 36 1.1% 101 0.5% 103 1.2% 238 0.5%
Insurance Carriers & Related Activities; Funds, Trusts & 5 2.1% 12 0.6% 45 1.4% 176 1.0% 129 1.4% 520 1.1%

Real Estate, Rental & Leasing 8 3.5% 29 1.5% 140 4.5% 516 2.8% 337 3.8% 1,224 2.7%
Professional, Scientific & Tech Services 25 11.7% 95 4.7% 455 14.5% 1,206 6.5% 1,272 14.2% 3,400 7.4%

Legal Services 3 1.3% 7 0.4% 73 2.3% 210 1.1% 143 1.6% 383 0.8%
Management of Companies & Enterprises 0 0.0% 0 0.0% 2 0.1% 4 0.0% 16 0.2% 34 0.1%
Administrative & Support & Waste Management & Remediation 24 11.0% 66 3.3% 576 18.4% 1,567 8.5% 1,736 19.4% 3,979 8.7%
Educational Services 2 1.0% 10 0.5% 57 1.8% 1,405 7.6% 149 1.7% 2,898 6.3%
Health Care & Social Assistance 11 5.3% 112 5.6% 221 7.0% 1,509 8.2% 524 5.9% 3,764 8.2%
Arts, Entertainment & Recreation 4 1.8% 26 1.3% 56 1.8% 307 1.7% 153 1.7% 895 2.0%
Accommodation & Food Services 14 6.7% 184 9.2% 115 3.7% 1,183 6.4% 282 3.2% 3,016 6.6%

Accommodation 0 0.2% 4 0.2% 13 0.4% 91 0.5% 25 0.3% 168 0.4%
Food Services & Drinking Places 14 6.5% 181 9.0% 103 3.3% 1,093 5.9% 257 2.9% 2,848 6.2%

Other Services (except Public Administration) 22 10.3% 100 5.0% 265 8.5% 1,001 5.4% 723 8.1% 2,679 5.9%
Automotive Repair & Maintenance 6 2.6% 21 1.0% 44 1.4% 165 0.9% 141 1.6% 560 1.2%

Public Administration 2 0.9% 127 6.3% 31 1.0% 1,176 6.4% 67 0.8% 1,673 3.7%

Total 214 100% 2,001 100% 3,136 100% 18,468 100% 8,937 100% 45,679 100%
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Census 2010 Summary Profile

Latson Interchange: I 96, Genoa Twp, MI www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

2000-2010
 2000 2010 Annual Rate

Population 110,134 128,897 1.59%
Households 39,167 48,315 2.12%
Housing Units 41,553 51,953 2.26%

Population by Race Number Percent
Total 128,896 100.0%

Population Reporting One Race 127,300 98.8%
White 124,563 96.6%
Black 579 0.4%
American Indian 474 0.4%
Asian 1,099 0.9%
Pacific Islander 69 0.1%
Some Other Race 516 0.4%

Population Reporting Two or More Races 1,596 1.2%

Total Hispanic Population 2,528 2.0%

Population by Sex
Male 64,267 49.9%
Female 64,630 50.1%

Population by Age
Total 128,895 100.0%

Age 0 - 4 7,116 5.5%
Age 5 - 9 9,166 7.1%
Age 10 - 14 10,463 8.1%
Age 15 - 19 9,261 7.2%
Age 20 - 24 5,945 4.6%
Age 25 - 29 6,162 4.8%
Age 30 - 34 6,429 5.0%
Age 35 - 39 8,247 6.4%
Age 40 - 44 10,475 8.1%
Age 45 - 49 11,832 9.2%
Age 50 - 54 11,108 8.6%
Age 55 - 59 9,541 7.4%
Age 60 - 64 7,645 5.9%
Age 65 - 69 5,632 4.4%
Age 70 - 74 3,567 2.8%
Age 75 - 79 2,512 1.9%
Age 80 - 84 1,914 1.5%
Age 85+ 1,878 1.5%

Age 18+ 95,888 74.4%
Age 65+ 15,503 12.0%

Median Age by Sex and Race/Hispanic Origin
Total Population 40.8

Male 40.0
Female 41.5

White Alone 41.2
Black Alone 33.4
American Indian Alone 34.4
Asian Alone 35.3
Pacific Islander Alone 25.5
Some Other Race Alone 26.5
Two or More Races 17.5
Hispanic Population 24.7

Data Note: Hispanic population can be of any race.  Census 2010 medians are computed from reported data distributions.
Source: U.S. Census Bureau, Census 2010 Summary File 1. Esri converted Census 2000 data into 2010 geography.
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Census 2010 Summary Profile

Latson Interchange: I 96, Genoa Twp, MI www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

Households by Type
Total 48,316 100.0%

Households with 1 Person 10,121 20.9%
Households with 2+ People 38,195 79.1%

Family Households 35,859 74.2%
Husband-wife Families 30,088 62.3%

With Own Children 12,959 26.8%
Other Family (No Spouse Present) 5,771 11.9%

With Own Children 3,213 6.7%
Nonfamily Households 2,336 4.8%

All Households with Children 17,260 35.7%
Multigenerational Households 1,213 2.5%
Unmarried Partner Households 2,595 5.4%

Male-female 2,360 4.9%
Same-sex 235 0.5%

Average Household Size 2.65

Family Households by Size

Total 35,859 100.0%

2 People 15,184 42.3%

3 People 7,809 21.8%

4 People 8,024 22.4%

5 People 3,270 9.1%

6 People 1,038 2.9%

7+ People 534 1.5%

Average Family Size 3.09

Nonfamily Households by Size
Total 12,457 100.0%

1 Person 10,121 81.2%
2 People 2,007 16.1%
3 People 213 1.7%
4 People 83 0.7%
5 People 23 0.2%
6 People 6 0.0%
7+ People 4 0.0%

Average Nonfamily Size 1.23

Population by Relationship and Household Type
Total 128,897 100.0%

In Households 127,910 99.2%
In Family Households 112,627 87.4%

Householder 35,857 27.8%
Spouse 30,084 23.3%
Child 42,214 32.8%
Other relative 2,519 2.0%
Nonrelative 1,955 1.5%

In Nonfamily Households 15,283 11.9%
In Group Quarters 987 0.8%

Institutionalized Population 747 0.6%
Noninstitutionalized Population 240 0.2%

Data Note: Households with children include any households with people under age 18, related or not.  Multigenerational households are families with 3 or more
parent-child relationships.  Unmarried partner households are usually classified as nonfamily households unless there is another member of the household related to the
householder. Multigenerational and unmarried partner households are reported only to the tract level.  Esri estimated block group data, which is used to estimate polygons
or non-standard geography.  Average family size excludes nonrelatives.
Source: U.S. Census Bureau, Census 2010 Summary File 1.
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Census 2010 Summary Profile

Latson Interchange: I 96, Genoa Twp, MI www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

Family Households by Age of Householder
Total 35,858 100.0%

Householder Age   15 - 44 12,346 34.4%
Householder Age   45 - 54 10,170 28.4%
Householder Age   55 - 64 7,402 20.6%
Householder Age   65 - 74 4,010 11.2%
Householder Age   75+ 1,930 5.4%

Nonfamily Households by Age of Householder
Total 12,457 100.0%

Householder Age   15 - 44 3,692 29.6%
Householder Age   45 - 54 2,521 20.2%
Householder Age   55 - 64 2,464 19.8%
Householder Age   65 - 74 1,633 13.1%
Householder Age   75+ 2,147 17.2%

Households by Race of Householder
Total 48,316 100.0%

Householder is White Alone 47,157 97.6%
Householder is Black Alone 173 0.4%
Householder is American Indian Alone 173 0.4%
Householder is Asian Alone 308 0.6%
Householder is Pacific Islander Alone 19 0.0%
Householder is Some Other Race Alone 127 0.3%
Householder is Two or More Races 359 0.7%

Households with Hispanic Householder 633 1.3%

Husband-wife Families by Race of Householder
Total 30,087 100.0%

Householder is White Alone 29,436 97.8%
Householder is Black Alone 88 0.3%
Householder is American Indian Alone 81 0.3%
Householder is Asian Alone 216 0.7%
Householder is Pacific Islander Alone 8 0.0%
Householder is Some Other Race Alone 72 0.2%
Householder is Two or More Races 186 0.6%

Husband-wife Families with Hispanic Householder 367 1.2%

Other Families (No Spouse) by Race of Householder
Total 5,771 100.0%

Householder is White Alone 5,570 96.5%
Householder is Black Alone 29 0.5%
Householder is American Indian Alone 29 0.5%
Householder is Asian Alone 34 0.6%
Householder is Pacific Islander Alone 5 0.1%
Householder is Some Other Race Alone 22 0.4%
Householder is Two or More Races 82 1.4%

Other Families with Hispanic Householder 122 2.1%

Nonfamily Households by Race of Householder
Total 12,456 100.0%

Householder is White Alone 12,151 97.6%
Householder is Black Alone 56 0.5%
Householder is American Indian Alone 63 0.5%
Householder is Asian Alone 58 0.5%
Householder is Pacific Islander Alone 6 0.0%
Householder is Some Other Race Alone 32 0.3%
Householder is Two or More Races 90 0.7%

Nonfamily Households with Hispanic Householder 145 1.2%
Source: U.S. Census Bureau, Census 2010 Summary File 1.
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Census 2010 Summary Profile

Latson Interchange: I 96, Genoa Twp, MI www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

Total Housing Units by Occupancy
Total 52,002 100.0%

Occupied Housing Units 48,315 92.9%
Vacant Housing Units

For Rent 843 1.6%
Rented, not Occupied 48 0.1%
For Sale Only 779 1.5%
Sold, not Occupied 159 0.3%
For Seasonal/Recreational/Occasional Use 1,083 2.1%
For Migrant Workers 2 0.0%
Other Vacant 773 1.5%

Total Vacancy Rate 7.0%

Households by Tenure and Mortgage Status
Total 48,315 100.0%

Owner Occupied 40,467 83.8%
Owned with a Mortgage/Loan 32,302 66.9%
Owned Free and Clear 8,165 16.9%
Average Household Size 2.73

Renter Occupied 7,848 16.2%
Average Household Size 2.20

Owner-occupied Housing Units by Race of Householder
Total 40,468 100.0%

Householder is White Alone 39,681 98.1%
Householder is Black Alone 113 0.3%
Householder is American Indian Alone 114 0.3%
Householder is Asian Alone 235 0.6%
Householder is Pacific Islander Alone 8 0.0%
Householder is Some Other Race Alone 68 0.2%
Householder is Two or More Races 249 0.6%

Owner-occupied Housing Units with Hispanic Householder 438 1.1%

Renter-occupied Housing Units by Race of Householder
Total 7,848 100.0%

Householder is White Alone 7,476 95.3%
Householder is Black Alone 60 0.8%
Householder is American Indian Alone 59 0.8%
Householder is Asian Alone 74 0.9%
Householder is Pacific Islander Alone 11 0.1%
Householder is Some Other Race Alone 58 0.7%
Householder is Two or More Races 110 1.4%

Renter-occupied Housing Units with Hispanic Householder 195 2.5%

Average Household Size by Race/Hispanic Origin of Householder
Householder is White Alone 2.64
Householder is Black Alone 2.65
Householder is American Indian Alone 2.51
Householder is Asian Alone 3.07
Householder is Pacific Islander Alone 2.95
Householder is Some Other Race Alone 3.26
Householder is Two or More Races 2.89
Householder is Hispanic 3.08

Source: U.S. Census Bureau, Census 2010 Summary File 1.
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Demographic and Income Profile
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446

Summary Census 2010 2012 2017
Population 128,897 130,922 132,916
Households 48,315 48,656 50,017
Families 35,859 36,093 36,833
Average Household Size 2.65 2.67 2.64
Owner Occupied Housing Units 40,467 40,313 41,813
Renter Occupied Housing Units 7,848 8,343 8,204
Median Age 40.8 41.1 41.4

Trends: 2012 - 2017 Annual Rate Area State National
Population 0.30% -0.12% 0.68%
Households 0.55% 0.03% 0.74%
Families 0.41% -0.17% 0.72%
Owner HHs 0.73% 0.15% 0.91%
Median Household Income 2.16% 3.07% 2.55%

2012           2017           
Households by Income Number Percent Number Percent

<$15,000 3,840 7.9% 3,534 7.1%
$15,000 - $24,999 3,881 8.0% 2,916 5.8%
$25,000 - $34,999 3,887 8.0% 2,806 5.6%
$35,000 - $49,999 6,143 12.6% 5,514 11.0%
$50,000 - $74,999 9,493 19.5% 11,019 22.0%
$75,000 - $99,999 7,226 14.9% 8,715 17.4%
$100,000 - $149,999 9,350 19.2% 10,051 20.1%
$150,000 - $199,999 2,613 5.4% 3,048 6.1%
$200,000+ 2,223 4.6% 2,415 4.8%

Median Household Income $65,132 $72,473
Average Household Income $80,792 $88,907
Per Capita Income $30,237 $33,671

Census 2010           2012           2017           
Population by Age Number Percent Number Percent Number Percent

0 - 4 7,116 5.5% 7,214 5.5% 7,333 5.5%
5 - 9 9,166 7.1% 9,261 7.1% 9,373 7.1%
10 - 14 10,463 8.1% 10,461 8.0% 10,702 8.1%
15 - 19 9,261 7.2% 8,968 6.8% 8,683 6.5%
20 - 24 5,945 4.6% 6,141 4.7% 5,723 4.3%
25 - 34 12,591 9.8% 13,023 9.9% 13,324 10.0%
35 - 44 18,722 14.5% 18,562 14.2% 18,308 13.8%
45 - 54 22,940 17.8% 22,609 17.3% 21,212 16.0%
55 - 64 17,186 13.3% 18,233 13.9% 19,298 14.5%

65 - 74 9,199 7.1% 9,981 7.6% 12,120 9.1%
75 - 84 4,426 3.4% 4,476 3.4% 4,738 3.6%

85+ 1,878 1.5% 1,992 1.5% 2,104 1.6%
Census 2010           2012           2017           

Race and Ethnicity Number Percent Number Percent Number Percent
White Alone 124,563 96.6% 125,839 96.1% 126,195 94.9%
Black Alone 579 0.4% 958 0.7% 1,773 1.3%
American Indian Alone 474 0.4% 486 0.4% 510 0.4%
Asian Alone 1,099 0.9% 1,196 0.9% 1,410 1.1%
Pacific Islander Alone 69 0.1% 90 0.1% 140 0.1%
Some Other Race Alone 516 0.4% 561 0.4% 672 0.5%
Two or More Races 1,596 1.2% 1,793 1.4% 2,216 1.7%

Hispanic Origin (Any Race) 2,528 2.0% 2,792 2.1% 3,459 2.6%
Data Note: Income is expressed in current dollars.
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Demographic and Income Profile
Latson Interchange: I 96, Genoa Twp, MI 48843 www.businessdecision.info
Ring: 10 mile radius Latitude: 42.578943601

Longitude: -83.87403446
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Introduction 
 
This project includes construction of a new rural type diamond interchange on I-96 at 
Latson Road in Livingston County.   The construction includes a new Latson Road 
structure across I-96, EB/WB Entrance and Exit Ramps from I-96 to Latson Road, 
widening Latson Road to a five lane cross section from just north of I-96BL (Grand River 
Ave) to just south of the interchange, reconstructing and widening Nixon Road, widening 
the I-96BL (Grand River Avenue)/Latson Road intersection to provide dual left turn lanes 
in all directions with right turn lanes, and relocation of Grand Oaks Road and Beck Road 
intersections. 
 
The purpose of the report is to analyze and recommend geometry and traffic control on 
Latson Road at I-96BL (Grand River Avenue), the ramp terminals, and the Nixon Road/ 
Beck Road intersection. Several laneage and geometric alternatives were analyzed using 
2010 (build out year) and 2030 (future) projected volumes.  The traffic volume data was 
provided by MDOT.  Synchro 7 was used to analyze the different alternatives for 
intersection laneages during the AM and PM peak hours.  HCS+ was used to analyze the 
merges and diverges for the ramps at I-96.  The following summarizes our findings and 
recommended geometrics at each intersection.  Analysis reports and recommended 
laneage requirements are shown in the Appendix. 
 
Level of Service Analysis and Geometric Recommendations 
 
Summary of Analysis 
 
Latson Road at I-96BL (Grand River Avenue) 
 
This intersection was analyzed with three alternative laneage configurations during the 
AM and PM peak hours for years 2010 and 2030 traffic volumes:  
 
 Alternatives: 

A. Two thru lanes, single left turn lanes and a single right turn lanes on I-96BL 
(Grand River Avenue) and Latson Road on all approaches. 

B. Two thru lanes, single left turn and a single right turn lanes on the I-96BL 
(Grand River Avenue) approaches; two thru lanes, dual left turn lanes and 
single right turn lanes on the Latson Road approaches. 

C.  Two thru lanes, dual left turn lanes and single right turn lanes on all of the I-
96BL (Grand River Avenue) and on Latson Road approaches.  We also 
analyzed the intersection with the same laneage except the southbound right 
turn lane on Latson Road was eliminated. 

 
The existing phasing and timing at the I-96BL (Grand River Avenue) and Latson Road 
intersection were used in the analysis for Alternative A. Based on the projected 2010 
volumes, the intersection of Latson Road and I-96BL (Grand River Ave) would operate 
at LOS C and LOS E during the AM and PM peak, respectively. The intersection would 
operate at LOS F during the AM and PM peak for year 2030. 
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Alternative B was analyzed with a split phase on Latson Road due to the directional 
volume split for northbound and southbound during the AM and PM peak periods. The 
higher traffic volume approaches are southbound and eastbound for the AM peak, and 
westbound and northbound for the PM peak. Based on the projected 2010 volumes, the 
intersection of Latson Road and I-96BL (Grand River Avenue) would operate at LOS C 
during the AM and PM peak hours. The intersection would operate at LOS E and LOS F 
during the AM and PM peak hours for year 2030, respectively. 
 
Alternative C was analyzed with a split phase on Latson Road and leading protected only 
left turn phasing on I-96BL (Grand River Avenue). Based on the projected 2010 
volumes, the intersection of Latson Road and I-96BL (Grand River Avenue) would 
operate at LOS C during the AM and PM peak hours. The intersection would operate at 
LOS E and LOS F during the AM and PM peak hours for the year 2030.   With the 
southbound right turn lane eliminated the level of service for the southbound thru traffic 
would degrade from a LOS D to LOS E.  It is therefore recommended that a right turn 
lane be added to southbound Latson Road at I-96BL (Grand River Avenue). 
 
See Appendix A - Sheet No. 1 to 3 – Latson Road at I-96BL (Grand River Avenue) 
Intersection 
    
Recommendation:  Alternative C is the recommended geometry (two thru lanes, dual left 
turn lanes and single right turn lanes on all of the I-96BL (Grand River Avenue) and 
Latson Road approaches).  This alternative provides the greatest capacity for future 
traffic growth at the intersection. Signal optimization is recommended after construction 
is completed and traffic volumes are established. Since the future intersection LOS in 
year 2030 is poor during the PM peak, an additional thru lane along I-96BL (Grand River 
Avenue) may be a feasible alternative if and when the projected traffic volumes are 
reached.    
 
Latson Road at the I-96 Westbound Exit Ramp  
 
This intersection was analyzed with three alternatives during the AM and PM peak hour 
for year 2010 and 2030:  
 

A. Two lane ramp terminal 
B. Three lane ramp terminal with the center lane as a shared movement for left 

and right turns 
C. Three lane ramp terminal with a dual right turns and single left turn lane; 

added southbound right turn lane on Latson Road into the ramp. 
  
A three phase signal was used in the analysis for Alternative A with a permissive-
protected northbound left turn phase.  The highest traffic volumes approaching the 
intersection are the southbound approach in the AM peak and the northbound approach in 
the PM peak. Based on the projected 2010 volumes, the intersection of Latson Road and 
I-96 WB Exit Ramp would operate at LOS B during the AM and PM peak hours. The 
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intersection would operate at LOS D and LOS C during the AM and PM peak hours for 
year 2030 traffic volumes.  
 
Alternative B was analyzed with the addition of shared left and right turn lane on the exit 
ramp at the terminal. The timing for this alternative was optimized based on the geometry 
and projected traffic volumes. Based on the projected 2010 volumes, the intersection of 
Latson Road and I-96 WB Exit Ramp would operate at LOS B during the AM and PM 
peak hours. The intersection would operate at LOS D and LOS C during the AM and PM 
peak hours in the year 2030.  
 
Alternative C was analyzed with dual right turn lanes and a single left turn lane at the 
ramp terminal, and the addition of a southbound right turn lane on Latson Road. The 
timing for this alternative was optimized based on the geometry and projected traffic 
volumes. Based on the projected 2010 volumes, the intersection of Latson Road and I-96 
WB Exit Ramp would operate at LOS B during the AM and PM peak hours. The 
intersection would operate at LOS B during the AM and PM peak hours in year 2030. 
 
See Appendix A - Sheet No. 4 to 6 – Latson Road at I-96 WB Exit Ramp Intersection  
 
Recommendation:  Alternative C is the recommended geometry and laneage 
configuration for this intersection.  This alternative provides the best overall intersection 
level of service for year 2030, and three lane ramp approach also provides the greatest 
capacity for future traffic growth.  The southbound Latson Road right turn lane onto the 
Westbound Entrance Ramp is recommended based on the high right turning traffic 
volume (840 vph in year 2030), improved LOS, and to be in compliance with Geometric 
Design Guide GEO-370-C.    
 
Latson Road at I-96 Eastbound Exit Ramp  
 
This intersection was analyzed with three alternatives during the AM and PM peak hour 
for year 2010 and 2030:  
 

A. Two lane ramp terminal 
B. Three lane ramp terminal with the center lane as a shared movement for left 

and right turns 
C. Three lane ramp terminal with a dual left turn and single right turn lane and 

added northbound Latson Road right turn lane into the eastbound entrance 
ramp. 

  
Alternative A was analyzed with a three phase signal operation with a permissive-
protected southbound left turn.  The highest traffic volume approaches at the intersection 
is southbound Latson Road in the AM peak hour, and the ramp approach in the PM peak 
hour. Based on the projected 2010 volumes, the intersection of Latson Road and I-96 EB 
Exit Ramp would operate at LOS B and LOS C during the AM and PM peak hours. The 
intersection would operate at LOS C and LOS F during the AM and PM peak hours, 
respectively for year 2030.  
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Alternative B was analyzed with the addition of shared left and right turn lane at the ramp 
terminal. The timing for this alternative was optimized based on the geometry and 
projected traffic volumes. Based on the projected 2010 volumes, the intersection of 
Latson Road and I-96 EB Exit Ramp would operate at LOS B during the AM and PM 
peak hours. The intersection would operate at LOS C and LOS D during the AM and PM 
peak hours for year 2030 traffic.  
 
Alternative C was analyzed with dual left turn lanes and a single right turn lane at the 
ramp terminal, and the addition of a northbound right turn lane on Latson Road. The 
timing for this alternative was optimized based on the geometry and projected traffic 
volumes. Based on the projected 2010 volumes, the intersection of Latson Road and I-96 
EB Exit Ramp would operate at LOS B during the AM and PM peak hours. The 
intersection would operate at LOS B and LOS D during the AM and PM peak hours for 
year 2030 traffic. 
 
See Appendix A - Sheet No. 7 to 9 – Latson Road at I-96 EB Exit Ramp Intersection 
 
Recommendation:  Alternative C is the recommended geometry for this intersection.  
This alternative provides the best overall intersection level of service in year 2030. 
Alternative C also provides the greatest capacity for future traffic growth at the 
intersection.  The northbound Latson Road right turn lane into the Eastbound Entrance 
Ramp is recommended based on the high right turning traffic volume (325 vph in year 
2030) and to be in compliance with Geometric Design Guide GEO-370-C.    
 
 
Nixon Road at Relocated Beck Road  
 
This intersection was analyzed with two alternatives during the AM and PM peak hour 
for year 2010 and 2030 traffic volumes:  
 

A. One lane approach on Beck Road with a shared thru, right and left turn lane 
B. Two lane approach on Beck Road with headed up left turn lanes and shared 

thru and right turn lanes in both directions. 
C. Three lane approach on westbound Beck Road with a left turn lane, thru lane, 

and right turn lane.  A two lane approach on eastbound Beck Road with a left 
turn lane and a shared thru and right turn lane. 

 
Alternative A was analyzed with a two phase signal.  The highest traffic volume turning 
movements at the intersection are the westbound right, eastbound left, and southbound 
left turns.  Based on the projected 2010 volumes, the intersection of Nixon Road and 
Beck Road would operate at LOS B during the AM and PM peak hours. The intersection 
would operate at LOS B and LOS C during the AM and PM peak hours for year 2030 
traffic volumes. 
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Alternative B was analyzed with the addition of eastbound and westbound left turn lane 
at the intersection. The timing for this alternative was optimized based on the geometry 
and projected traffic volumes. Based on the projected 2010 volumes, the intersection of 
Nixon Road and Beck Road would operate at LOS B during the AM and PM peak hours. 
The intersection would operate at LOS B and LOS C during the AM and PM peak hours 
in the year 2030. Alternative A and B both have an acceptable intersection LOS for year 
2010 and 2030. 
 
Alternative C is the same geometry as Alternative B with the addition of a separate 
westbound right turn lane on Beck Road.  Based on the projected 2010 volumes, the 
intersection of Nixon Road and Beck Road would operate at LOS B during the AM and 
PM peak hours. The intersection would operate at LOS B during the AM and PM peak 
hours in the year 2030. Alternative A and B both have an acceptable intersection LOS for 
year 2010 and 2030.  However, Alternative C has a much better individual approach LOS 
for eastbound Beck Road. 
 
See Appendix A - Sheet No. 10 to 12 – Nixon Road at Beck Road Intersection 
 
Recommendation:  Alternative C provides a better LOS for the certain critical 
movements at the intersection and provides greater intersection capacity for future traffic 
growth.  Headed up left turn lanes are normally required at any signalized intersection to 
not only improve level of service but to also improve safety.   The right turn volume on 
Nixon Road meets the guidelines for right turn lanes shown in Traffic and Safety Note 
604A.  However, since the LOS at the intersection is B/C assuming 2030 projected traffic 
and the five lane cross section ends just south of the railroad crossing, right turn lanes are 
not recommended on Nixon Road. 
 
Intersection Geometry Conclusions and Recommendations: 
 
Latson Road at the I-96BL (Grand River Avenue) Intersection 
Construct two thru lanes, dual left turn lanes with 500’ storage lengths, and standard right 
turn lanes on the I-96BL (Grand River Avenue) approaches.  Construct two thru lanes, 
dual left turn lanes, and standard right turn lanes on Latson Road approaches to the 
intersection. A 500’ storage length is recommended for the northbound left turn lanes and 
standard storage length (250 ft) for the southbound left turn lanes. To accommodate the 
eastbound and westbound dual left turn movements, a 12’ setback with 150’ taper is 
recommended northbound and southbound on Latson at the NE and SW quadrants.  A 
split phase signal operation is recommended for Latson Road based on the directional 
traffic volume split. Based on the year 2030 projected traffic volumes particularly in the 
PM peak, an additional thru lane may be needed to increase capacity on I-96BL (Grand 
River Avenue) and to provide a better overall intersection level of service. 
 
Latson Road at the I-96 WB Exit Ramp 
Construct a three lane ramp terminal marked as two right turn lanes and a single left turn 
lane with standard geometry. Construct two thru lanes, standard northbound left turn 
lane, and standard southbound right turn lane on Latson Road.  The center lane at the 
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ramp terminal may be used as a shared left and right turn lane in the future based on 
possible traffic pattern changes and traffic growth on the ramp.  To accommodate the 
westbound dual right turn movement, a 12’ setback with 150’ taper is recommended 
northbound on Latson at the NE quadrant (see GEO-370-C). This ramp should be 
signalized as part of the construction project to provide a safe and efficient operation.   
 
Latson Road at the I-96 EB Exit Ramp 
Construct a three lane ramp terminal marked as two left turn lanes and a right turn lane 
with 500 feet of three lane storage (see GEO-370-C). Construct two thru lanes, standard 
southbound left turn lane, and standard northbound right turn lane on Latson Road.  The 
center lane at the ramp terminal may be used as a shared left and right turn lane in the 
future based on possible traffic pattern changes and traffic growth on the ramp. To 
accommodate the eastbound dual left turn movement, a 12’ offset and a 150’ taper is 
recommended in the northeast quadrant of the ramps with Latson Road (GEO-370-C). In 
addition, a 12’ setback with 150’ taper is also recommended on southbound Latson Road 
in the SW quadrant. This ramp should be signalized as part of the construction project to 
provide a safe and efficient operation. 
 
Nixon Road at Relocated Beck Rd 
Construct two thru lanes in each direction and standard left turn lanes on Nixon Rd. 
Construct one thru lane and standard left turn lanes on both Beck Road approaches.  In 
addition construct a right turn lane on the westbound Beck Road approach to Nixon 
Road.  This intersection should not be signalized until actual traffic volumes meet or 
exceed traffic signal warrants and signalization would improve traffic operations and 
safety.    
 
 
  
Traffic Signal Warrant Analysis 
 
The following data addresses the need for stop and go traffic signals at the two proposed 
ramps terminals on Latson Road, and on Nixon Road at relocated Beck Road.    
   
Traffic Data Requirements 
 
In order to assess the need for stop and go traffic signals at the two ramp terminals, the 
following traffic volume data was provided by MDOT: 
 

- Projected traffic volumes 2010 AM and PM peak hours. 
  

Normal Traffic Signal Warrant Analysis should include the following: 
- Traffic volumes for an average day (12 hours) 
- Gap Study 
- Delay Study   
- Turning volumes 
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Since only the two peak hour’s traffic was available, a Two-Way stop analysis was used 
to determine the peak hour delay for Warrant 3, Peak Hour. 
 
Signal Installation Evaluation Criteria 
 
In the State of Michigan all traffic control devices installed on public roads, including 
traffic signals, must conform to standards established in the Michigan Manual of Uniform 
Traffic Control Devices (MMUTCD), 2005 edition.  An engineering study of traffic 
conditions, pedestrian characteristics, and physical characteristics of the locations must 
be performed to determine whether installation of a traffic control signal is justified at a 
particular location.  Investigation of the need for a traffic control signal shall include an 
analysis of the applicable factors contained in the MMUTCD traffic signal warrants and 
other factors related to existing operation and safety at the study locations.  The Manual 
states that traffic control signals should not be installed unless one or more of the signal 
warrants are met.  It also states that the satisfaction of a warrant or warrants is not in itself 
justification for a signal.  Additional factors such as backups and delays, gaps in the 
mainline traffic flow, percent of right turns from the cross street, type and number of 
reported crashes, system signal spacing and several other traffic engineering issues must 
be considered when evaluating the need for stop and go signal control. 
 
There are eight signal warrants detailed in the MMUTCD.  They are summarized below. 
 

Warrant 1, Eight-Hour Vehicular Volume 
 
The Minimum Vehicular Volume, Condition A, is intended for application at 
locations where a large volume of intersecting traffic is the principal reason to 
consider installing a traffic control signal. 
 
The Interruption of Continuous Traffic, Condition B, is intended for application at 
locations where Condition A is not satisfied, but where the traffic volume on a 
major street is so heavy that a lesser volume of traffic on an intersecting street 
experiences excessive delay or conflict entering or crossing the major street. 
 
The basic minimum traffic volume criteria for conditions A and B are outlined in 
the 100 percent columns in MMUTCD Table 4C-1. 
 
If the posted or statutory speed limit, or the 85th-percentile speed, on the major 
street exceeds 40 mph, or if the intersection lies within the built-up area of an 
isolated community having a population of less than 10,000 (the “rural” 
condition), 70 percent of Table 4C-1 volumes are considered as satisfying warrant 
#1 criteria. 
 
Where neither condition A or B is met, the 80 or 56 percent columns in Table 4C-
1 can be used, subject to conditions detailed in the MMUTCD. 
 
Warrant 2, Four-Hour Vehicular Volume 
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The Four-Hour Vehicular Volume signal warrant is intended to be applied where 
the volume of intersecting traffic is the principal reason to consider installing a 
traffic control signal. Warranting volumes are detailed in Figure 4C-1 of the 
MMUTCD.  Where speeds exceed 40 mph, Figure 4C-2 details the appropriate 
warranting criteria. 
 
 
 
 
Warrant 3, Peak Hour 
 
The Peak Hour signal warrant is intended for use at locations where traffic 
conditions are so severe that, for a minimum of 1 hour on an average day, minor-
street traffic suffers undue delay when entering or crossing the major street.  This 
signal warrant shall be applied only in unusual cases, such as adjacent to office 
complexes, industrial facilities, or other high-occupancy facilities that attract or 
discharge large numbers of vehicles over a short time. 
 
Warrant 3 prescribes that a traffic control signal may be considered if an 
engineering study finds that the criteria in either of the following two categories 
are met: 
 
A. If all three of the following conditions exist for the same 1 hour (any four 

consecutive 15-minute periods) of an average day: 
 

1. Total stopped time delay experienced by traffic on one minor-
street approach (one direction only) controlled by a STOP sign 
equals or exceeds 4 vehicle-hours for a one-lane approach or 5 
vehicle-hours for a two-lane approach; and 

2. The volume on the same minor-street approach (one direction 
only) equals or exceeds 100 vehicles per hour for one moving lane 
of traffic or 150 vehicles per hour for two moving lanes; and 

3. The total entering volume serviced during the hour equals or 
exceeds 650 vehicles per hour for intersections with three 
approaches or 800 vehicles per hour for intersections with four or 
more approaches. 

 
B. The plotted point representing the vehicles per hour on the major street 

(total of both approaches) and the corresponding vehicles per hour on the 
higher-volume minor-street approach (one direction only) for 1 hour (any 
four consecutive 15-minute periods) of an average day falls above the 
applicable curve in Figure 4C-3 for the existing combination of approach 
lanes.  For the higher speed/lower population condition, Figure 4C-4 is 
used in place of Figure 4C-3. 
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Warrant 4, Pedestrian Volume 
 
The Pedestrian Volume signal warrant is intended for application where the traffic 
volume on a major street is so heavy that pedestrians experience excessive delay 
crossing the major street. 
 
The need for a traffic control signal at an intersection or mid-block crossing shall 
be considered if an engineering study finds that both of the following criteria are 
met: 
 

A. The pedestrian volume crossing the major street at an intersection 
or mid-block location during an average day is 100 or more for 
each of any 4 hours or 190 or more during any 1 hour;  and 

 
B. There are fewer than 60 gaps per hour in the traffic stream of 

adequate length to allow pedestrians to cross during the same 
period when the pedestrian volume criterion is satisfied.  Where 
there is a divided street having a median of sufficient width for 
pedestrians to wait, the requirement applies separately to each 
direction of vehicular traffic. 

 
The Pedestrian Volume signal warrant shall not be applied at locations where the 
distance to the nearest traffic control signal along the major street is less than 300 
ft, unless the proposed traffic control signal will not restrict the progressive 
movement of traffic. 
 
 
Warrant 5, School Crossing 
 
The School Crossing signal warrant is intended for application where school 
children crossing the major street are the principal reason to consider installing a 
traffic control signal. 
 
The need for a traffic control signal shall be considered when an engineering 
study of the frequency and adequacy of gaps in the vehicular traffic stream, as 
related to the number and size of groups of school children at an established 
school crossing across the major street, shows that the number of adequate gaps in 
the traffic stream during the period when the children are using the crossing is less 
than the number of minutes in the same period, and there are a minimum of 20 
students during the highest crossing hour. 
 
Before a decision is made to install a traffic control signal, consideration shall be 
given to the implementation of other remedial measures, such as warning signs 
and flashers, school speed zones, school crossing guards, or a grade-separated 
crossing. 
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The School Crossing signal warrant shall not be applied at locations where the 
distance to the nearest traffic control signal along the major street is less than 300 
ft, unless the proposed traffic control signal will not restrict the progressive 
movement of traffic. 
 
Warrant 6, Coordinated Signal System 
 
Progressive movement in a coordinated signal system sometimes necessitates 
installing traffic control signals at intersections where they would not otherwise 
be needed in order to maintain proper platooning of vehicles. 
 
The need for a traffic control signal shall be considered if an engineering study 
finds that one of the following criteria is met: 
 

A. On a one-way street or a street that has traffic predominantly in 
one direction; the adjacent traffic control signals are so far apart 
that they do not provide the necessary degree of vehicular 
platooning; or 

 
B. On a two-way street, adjacent traffic control signals do not provide 

the necessary degree of platooning and the proposed and adjacent 
traffic control signals will collectively provide a progressive 
operation. 

 
The Coordinated Signal System signal warrant should not be applied where the 
resultant spacing of traffic control signals would be less than 1,000 feet. 
 
Warrant 7, Crash Experience 
 
The Crash Experience signal warrant is intended for application where the 
severity and frequency of crashes are the principal reasons to consider installing a 
traffic control signal. 
 
The need for a traffic control signal may be considered if an engineering study 
finds that all of the following criteria are met: 
 

A. Adequate trial of alternatives with satisfactory observance and 
enforcement has failed to reduce the crash frequency; and 

 
B. Five or more reported crashes, of types susceptible to correction by 

a traffic control signal, have occurred within a 12-month period, 
each crash involving personal injury or property damage 
apparently exceeding the applicable requirements for a reportable 
crash; and 
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C. For each of any 8 hours of an average day, the vehicles per hour 
(vph) given in both of the 80 percent columns of Condition A, 
Table 4C-1 of the manual, or the vph in both of the 80 percent 
columns of Condition B, Table 4C-1 exists on the major-street and 
the higher-volume minor-street approach, respectively, to the 
intersection, or the volume of pedestrian traffic is not less than 80 
percent of the requirements specified in the Pedestrian Volume 
warrant.  These major-street and minor-street volumes shall be for 
the same 8 hours.  On the minor street, the higher volume shall not 
be required to be on the same approach during each of the 8 hours. 

 
In the higher speed/lower population application, traffic volume in the 56% 
columns of Table 4C-1 may be used in place of the 80 percent columns. 
 
Warrant 8, Roadway Network 
 
Installing a traffic control signal at some intersections might be justified to 
encourage concentration and organization of traffic flow on a roadway network. 
 
The need for a traffic control signal shall be considered if an engineering study 
finds that the common intersection of two or more major routes meets one or both 
of the following criteria: 
 

A. The intersection has a total existing, or immediately projected, 
entering volume of at least 1,000 vehicles per hour during the peak 
hour of a typical weekday and has 5-year projected traffic 
volumes, based on an engineering study that meet one or more of 
Warrants 1, 2 and 3 during an average weekday; or 

 
B. The intersection has a total existing or immediately projected 

entering volume of at least 1,000 vehicles per hour for each of any 
5 hours of a non normal business day (Saturday or Sunday). 

 
A major route as used in this signal warrant shall have one or more of the 
following characteristics: 
 

A. It is part of the street or highway system that serves as the principal 
roadway network for through traffic flow; or 

 
B. It includes rural or suburban highways outside, entering, or 

traversing a City; or 
 

C. It appears as a major route on an official plan, such as a major 
street plan in an urban area traffic and transportation study. 
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Analysis of MMUTCD Signal Warrants 
 
 EB I-96 Exit Ramp at Latson Road 
 

Traffic volumes (2010), estimated by MDOT, were used for the AM and PM peak 
Hours. 

 
 Warrant 1, is not applicable since projected traffic volumes are available for only 

the AM and PM peak hour.  The AM and PM peak hour traffic volumes both 
meet the volume criteria and it appears that the intersection would meet for the 
required eight hours.    

 
 
 Warrant 2 – Is not applicable since projected traffic volumes are available for 

only the AM and PM peak hours.  The AM and PM peak hour traffic volumes 
both meet the volume criteria and it appears that the intersection would meet for 
the required four hours.    

 
. Warrant 3 – Is met, The Highway Capacity Software was used to determine peak 

hour delay, the AM and PM peak hours had 400.9 and 1415.0 vehicle-hours 
delays for cross street traffic volumes. 

 
 Warrant 4 – Is not applicable.  
 
 Warrant 5 – Is not applicable. 
 
 Warrant 6 – Is not applicable. 
 
 Warrant 7 – Is not applicable since the ramp is not open to traffic and crash 

history does not exist. 
 
 Warrant 8 – Is not applicable. 
 
WB I-96 at Latson Road 
 

Traffic volumes (2010), estimated by MDOT were used for the AM and PM peak 
Hours. 

 
 Warrant 1, is not applicable since projected traffic volumes are available for only 

the AM and PM peak hours.  The AM and PM peak hour traffic volumes both 
meet the volume criteria and it appears that the intersection would meet for the 
required eight hours.    

 
 Warrant 2 – Is not applicable since projected traffic volumes are available for 

only the AM and PM peak hours.  The AM and PM peak hour traffic volumes 
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both meet the volume criteria and it appears that the intersection would meet for 
the required four hours.    

 
. Warrant 3 – Is met, The Highway Capacity Software was used to determine peak 

hour delay, the AM and PM peak hours had 27.8 and 71.4 vehicle-hours delays 
for cross street traffic volumes. 

 
 Warrant 4 – Is not applicable.  
 
 Warrant 5 – Is not applicable. 
 
 Warrant 6 – Is not applicable. 
 
 Warrant 7 – Is not applicable since the interchange is not open to traffic and 

crash history does not exist. 
 
 Warrant 8 – Is not applicable. 

. 
Nixon Road at Relocated Beck Road 
 

Traffic volumes (2010), estimated by MDOT were used for the AM and PM peak 
hours. 

 
 Warrant 1, is not applicable since projected traffic volumes are available for only 

the AM and PM peak hours.  The AM and PM peak hour traffic volumes both 
meet the volume criteria and it appears that the intersection would meet for the 
required eight hours.    

 
 Warrant 2 – Is not applicable since projected traffic volumes are available for 

only the AM and PM peak hour.  The AM and PM peak hour traffic volumes both 
meet the volume criteria and it appears that the intersection would meet for the 
required four hours.    

 
. Warrant 3 – Is met, The Highway Capacity Software was used to determine peak 

hour delay, the AM and PM peak hours had 3.3 and 20.9 vehicle-hours delays for 
cross street traffic volumes. 

 
 Warrant 4 – Is not applicable.  
 
 Warrant 5 – Is not applicable. 
 
 Warrant 6 – Is not applicable. 
 
 Warrant 7 – Is not applicable since the interchange is not open to traffic and a 

representative crash history does not exist. 
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 Warrant 8 – Is not applicable. 
 
. 
Traffic Signal Warrant Analysis Conclusions & Recommendations 
 
MMUTCD’s stop and go traffic signal Warrant 3, Peak Hour is satisfied at all three 
intersections using 2010 estimated traffic.  Warrants 1 and 2 would also be met if traffic 
volumes were available for more than the AM and PM peak hours. Traffic signals are 
recommended and should be installed as part of the construction project at both I-96 ramp 
terminals with Latson Road.  The Nixon Road /Beck Road intersection should not be 
signalized until actual traffic volumes meet or exceed traffic signal warrants and 
signalization would improve traffic operations and safety.  
 
  
Freeway Mainline and Ramp Terminal LOS Analysis 
 
The ramp merges and diverges at the freeway mainline were analyzed using 2030 AM 
and PM traffic provided by MDOT.  The results are shown in Appendix A.  The  merges 
and diverges operate at LOS B or better during the AM peak.  The merges and diverges 
operate at LOS B and C during the PM peak hour.  The I-96 mainline will operate at LOS 
B and C during both the AM and PM peak hours.  Storage length requirements and 
laneages on the exit ramp terminals at Latson Road are included in the previous analysis 
of the signalized terminals. 
 
See Appendix A- Sheet 13 and 14    
 
Nixon Road at Railroad Crossing Analysis 
 
An estimate of traffic queuing was determined on Nixon Road during a traffic stoppage 
created by train arrivals. . The track currently has a 50 mph speed and carriers 14 trains 
per day.  The assumptions used in the analysis were three trains during the peak hours 
with each arrival creating a three minute closure of the crossing. During the AM peak for 
year 2010, the maximum queue on Nixon Rd extends 296 feet north of Beck Rd during 
the crossing closure for the train movement. The maximum queue on Nixon Rd extends 
255 feet north of Beck Rd during the PM peak for year 2010 traffic volumes.  During the 
year 2030 in the AM peak, the maximum queue on Nixon Road extends 435 feet north of 
Beck Rd.  During the PM peak, the maximum queue on Nixon Road extends 432 feet 
north of Beck Rd.  Based on the above assumptions the traffic backup north of the 
crossing on Nixon Road will not extend across the I-96 ramp terminals adversely 
affecting freeway traffic.   
 
 



   Draft Traffic Study for I-96 at Latson Rd Interchange 

 
Wilcox Professional Services 

APPENDIX A 
 

INTERSECTION AND FREEWAY LEVELS OF SERVICE 
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   Draft Traffic Study for I-96 at Latson Rd Interchange 

 
Wilcox Professional Services 

APPENDIX B 
 

        SYNCHRO REPORTS FOR 
LATSON RD/I-96BL (GRAND RIVER AVE) INTERSECTION 

 



HCM Signalized Intersection Capacity Analysis 2010 AM Option A
5011: I-96 Business Loop / Grand River & Latson Road (Push Buttons) 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 750 650 150 500 105 175 170 230 315 440 70
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 1719 3437 1589 1827 3410 1667
Flt Permitted 0.25 1.00 1.00 0.14 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 447 3551 1536 275 3532 1580 1719 3437 1589 1827 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 114 852 739 197 658 138 273 266 359 339 473 75
RTOR Reduction (vph) 0 0 51 0 0 62 0 0 173 0 0 58
Lane Group Flow (vph) 114 852 688 197 658 76 273 266 186 339 473 18
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 31.6 25.3 39.3 31.6 25.3 44.3 14.0 14.0 14.0 19.0 19.0 19.0
Effective Green, g (s) 37.0 28.0 44.7 37.0 28.0 49.7 16.0 16.0 16.0 21.0 21.0 21.0
Actuated g/C Ratio 0.41 0.31 0.50 0.41 0.31 0.55 0.18 0.18 0.18 0.23 0.23 0.23
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 311 1105 819 268 1099 873 306 611 282 426 796 389
v/s Ratio Prot 0.04 0.24 c0.16 c0.07 0.19 0.02 0.16 0.08 c0.19 0.14
v/s Ratio Perm 0.11 0.29 0.23 0.03 0.12 0.01
v/c Ratio 0.37 0.77 0.84 0.74 0.60 0.09 0.89 0.44 0.66 0.80 0.59 0.04
Uniform Delay, d1 26.8 28.1 19.6 32.6 26.2 9.5 36.2 33.0 34.5 32.5 30.7 26.7
Progression Factor 0.77 0.76 0.56 0.94 0.93 0.57 1.09 1.09 1.24 1.00 1.00 1.00
Incremental Delay, d2 0.6 4.4 8.7 9.8 2.4 0.2 30.0 2.2 11.5 14.3 3.3 0.2
Delay (s) 21.2 25.9 19.6 40.3 26.8 5.6 69.3 38.3 54.3 46.7 34.0 26.9
Level of Service C C B D C A E D D D C C
Approach Delay (s) 22.9 26.5 54.1 38.3
Approach LOS C C D D

Intersection Summary
HCM Average Control Delay 33.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.3
Intersection Capacity Utilization 74.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 AM Option B
5011: I-96 Business Loop / Grand River & Latson Road (Push Buttons) 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 750 650 150 500 105 175 170 230 315 440 70
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.25 1.00 1.00 0.14 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 447 3551 1536 275 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 114 852 739 197 658 138 273 266 359 339 473 75
RTOR Reduction (vph) 0 0 51 0 0 62 0 0 173 0 0 58
Lane Group Flow (vph) 114 852 688 197 658 76 273 266 186 339 473 18
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 31.6 25.3 39.3 31.6 25.3 44.3 14.0 14.0 14.0 19.0 19.0 19.0
Effective Green, g (s) 37.0 28.0 44.7 37.0 28.0 49.7 16.0 16.0 16.0 21.0 21.0 21.0
Actuated g/C Ratio 0.41 0.31 0.50 0.41 0.31 0.55 0.18 0.18 0.18 0.23 0.23 0.23
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 311 1105 819 268 1099 873 593 611 282 827 796 389
v/s Ratio Prot 0.04 0.24 c0.16 c0.07 0.19 0.02 0.08 0.08 0.10 c0.14
v/s Ratio Perm 0.11 0.29 0.23 0.03 0.12 0.01
v/c Ratio 0.37 0.77 0.84 0.74 0.60 0.09 0.46 0.44 0.66 0.41 0.59 0.04
Uniform Delay, d1 26.8 28.1 19.6 32.6 26.2 9.5 33.1 33.0 34.5 29.2 30.7 26.7
Progression Factor 0.77 0.76 0.56 0.94 0.93 0.57 1.07 1.07 1.19 1.00 1.00 1.00
Incremental Delay, d2 0.6 4.4 8.7 9.8 2.4 0.2 2.6 2.2 11.5 1.5 3.3 0.2
Delay (s) 21.2 25.9 19.6 40.3 26.8 5.6 38.1 37.6 52.7 30.8 34.0 26.9
Level of Service C C B D C A D D D C C C
Approach Delay (s) 22.9 26.5 43.8 32.1
Approach LOS C C D C

Intersection Summary
HCM Average Control Delay 29.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.3
Intersection Capacity Utilization 74.5% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 AM Option C
5011: I-96 Business Loop / Grand River & Latson Road (Push Buttons) 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 750 650 150 500 105 175 170 230 315 440 70
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 114 852 739 197 658 138 273 266 359 339 473 75
RTOR Reduction (vph) 0 0 37 0 0 60 0 0 173 0 0 58
Lane Group Flow (vph) 114 852 702 197 658 78 273 266 186 339 473 18
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type Prot pm+ov Prot pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 6.3 26.3 39.3 6.3 26.3 45.3 13.0 13.0 13.0 19.0 19.0 19.0
Effective Green, g (s) 9.0 29.0 44.7 9.0 29.0 50.7 15.0 15.0 15.0 21.0 21.0 21.0
Actuated g/C Ratio 0.10 0.32 0.50 0.10 0.32 0.56 0.17 0.17 0.17 0.23 0.23 0.23
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 333 1144 763 354 1138 890 556 573 265 827 796 389
v/s Ratio Prot 0.03 0.24 c0.16 c0.06 0.19 0.02 0.08 0.08 0.10 c0.14
v/s Ratio Perm 0.30 0.03 0.12 0.01
v/c Ratio 0.34 0.74 0.92 0.56 0.58 0.09 0.49 0.46 0.70 0.41 0.59 0.04
Uniform Delay, d1 37.7 27.2 21.0 38.6 25.4 9.0 34.0 33.9 35.4 29.2 30.7 26.7
Progression Factor 1.25 0.76 0.81 1.26 0.93 0.40 1.02 1.02 1.10 1.00 1.00 1.00
Incremental Delay, d2 0.5 3.8 15.9 1.9 2.1 0.2 3.1 2.7 14.3 1.5 3.3 0.2
Delay (s) 47.8 24.4 32.9 50.7 25.7 3.8 37.9 37.3 53.3 30.8 34.0 26.9
Level of Service D C C D C A D D D C C C
Approach Delay (s) 29.6 27.6 43.9 32.1
Approach LOS C C D C

Intersection Summary
HCM Average Control Delay 32.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 14.6
Intersection Capacity Utilization 70.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 PM Option A
5011: I-96 Business Loop / Grand River & Latson Road (Push Buttons) 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 185 415 225 310 910 305 435 380 255 135 200 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 1719 3437 1589 1827 3410 1667
Flt Permitted 0.12 1.00 1.00 0.40 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 226 3551 1536 773 3532 1580 1719 3437 1589 1827 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 210 472 256 408 1197 401 680 594 398 145 215 108
RTOR Reduction (vph) 0 0 44 0 0 37 0 0 247 0 0 95
Lane Group Flow (vph) 210 472 212 408 1197 364 680 594 151 145 215 13
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 35.6 29.3 49.3 35.6 29.3 38.3 20.0 20.0 20.0 9.0 9.0 9.0
Effective Green, g (s) 41.0 32.0 54.7 41.0 32.0 43.7 22.0 22.0 22.0 11.0 11.0 11.0
Actuated g/C Ratio 0.46 0.36 0.61 0.46 0.36 0.49 0.24 0.24 0.24 0.12 0.12 0.12
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1263 990 458 1256 767 420 840 388 223 417 204
v/s Ratio Prot 0.08 0.13 0.05 c0.09 c0.34 0.06 c0.40 0.17 c0.08 0.06
v/s Ratio Perm 0.30 0.08 0.32 0.17 0.09 0.01
v/c Ratio 0.83 0.37 0.21 0.89 0.95 0.48 1.62 0.71 0.39 0.65 0.52 0.06
Uniform Delay, d1 36.0 21.6 8.0 25.2 28.3 15.5 34.0 31.1 28.4 37.7 37.0 34.9
Progression Factor 0.96 0.65 0.13 1.17 0.88 1.32 0.89 0.88 0.90 1.00 1.00 1.00
Incremental Delay, d2 20.0 0.8 0.5 16.9 14.7 1.8 289.2 4.9 2.9 13.8 4.5 0.6
Delay (s) 54.7 14.8 1.5 46.4 39.7 22.3 319.4 32.2 28.6 51.5 41.5 35.6
Level of Service D B A D D C F C C D D D
Approach Delay (s) 20.1 37.6 148.1 43.2
Approach LOS C D F D

Intersection Summary
HCM Average Control Delay 71.2 HCM Level of Service E
HCM Volume to Capacity ratio 1.10
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 88.2% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 PM Option B
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I-96 @ Latson Rd Interchange Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 185 415 225 310 910 305 435 380 255 135 200 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.12 1.00 1.00 0.40 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 226 3551 1536 773 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 210 472 256 408 1197 401 680 594 398 145 215 108
RTOR Reduction (vph) 0 0 44 0 0 37 0 0 247 0 0 95
Lane Group Flow (vph) 210 472 212 408 1197 364 680 594 151 145 215 13
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 35.6 29.3 49.3 35.6 29.3 38.3 20.0 20.0 20.0 9.0 9.0 9.0
Effective Green, g (s) 41.0 32.0 54.7 41.0 32.0 43.7 22.0 22.0 22.0 11.0 11.0 11.0
Actuated g/C Ratio 0.46 0.36 0.61 0.46 0.36 0.49 0.24 0.24 0.24 0.12 0.12 0.12
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1263 990 458 1256 767 815 840 388 433 417 204
v/s Ratio Prot 0.08 0.13 0.05 c0.09 c0.34 0.06 c0.20 0.17 0.04 c0.06
v/s Ratio Perm 0.30 0.08 0.32 0.17 0.09 0.01
v/c Ratio 0.83 0.37 0.21 0.89 0.95 0.48 0.83 0.71 0.39 0.33 0.52 0.06
Uniform Delay, d1 36.0 21.6 8.0 25.2 28.3 15.5 32.3 31.1 28.4 36.2 37.0 34.9
Progression Factor 0.96 0.65 0.13 1.17 0.88 1.32 0.87 0.87 0.90 1.00 1.00 1.00
Incremental Delay, d2 20.0 0.8 0.5 16.9 14.7 1.8 9.8 4.9 2.9 2.1 4.5 0.6
Delay (s) 54.7 14.8 1.5 46.4 39.7 22.3 37.9 31.9 28.5 38.2 41.5 35.6
Level of Service D B A D D C D C C D D D
Approach Delay (s) 20.1 37.6 33.5 39.1
Approach LOS C D C D

Intersection Summary
HCM Average Control Delay 33.2 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 77.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 PM Option C
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 185 415 225 310 910 305 435 380 255 135 200 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 210 472 256 408 1197 401 680 594 398 145 215 108
RTOR Reduction (vph) 0 0 24 0 0 21 0 0 233 0 0 97
Lane Group Flow (vph) 210 472 232 408 1197 380 680 594 165 145 215 11
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type Prot pm+ov Prot pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 5.3 24.7 44.7 12.9 32.3 39.3 20.0 20.0 20.0 7.0 7.0 7.0
Effective Green, g (s) 8.0 27.4 50.1 15.6 35.0 44.7 22.0 22.0 22.0 9.0 9.0 9.0
Actuated g/C Ratio 0.09 0.30 0.56 0.17 0.39 0.50 0.24 0.24 0.24 0.10 0.10 0.10
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 296 1081 855 614 1374 785 815 840 388 354 341 167
v/s Ratio Prot 0.06 0.13 0.07 c0.12 c0.34 0.05 c0.20 0.17 0.04 c0.06
v/s Ratio Perm 0.08 0.19 0.10 0.01
v/c Ratio 0.71 0.44 0.27 0.66 0.87 0.48 0.83 0.71 0.43 0.41 0.63 0.06
Uniform Delay, d1 39.9 25.1 10.4 34.8 25.4 15.0 32.3 31.1 28.7 38.0 38.9 36.7
Progression Factor 1.38 0.68 1.24 0.92 0.87 0.95 0.72 0.71 0.39 1.00 1.00 1.00
Incremental Delay, d2 7.4 1.2 0.8 2.3 6.8 1.8 9.7 4.9 3.4 3.5 8.6 0.7
Delay (s) 62.2 18.4 13.7 34.3 29.0 16.1 32.8 26.9 14.5 41.5 47.5 37.4
Level of Service E B B C C B C C B D D D
Approach Delay (s) 26.9 27.5 26.3 43.3
Approach LOS C C C D

Intersection Summary
HCM Average Control Delay 28.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.82
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 72.4% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 1050 860 200 685 145 340 345 320 440 660 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 1719 3437 1589 1827 3410 1667
Flt Permitted 0.14 1.00 1.00 0.14 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 258 3551 1536 275 3532 1580 1719 3437 1589 1827 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 148 1193 977 263 901 191 531 539 500 473 710 108
RTOR Reduction (vph) 0 0 19 0 0 46 0 0 136 0 0 83
Lane Group Flow (vph) 148 1193 958 263 901 145 531 539 364 473 710 25
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 31.6 25.3 39.3 31.6 25.3 44.3 14.0 14.0 14.0 19.0 19.0 19.0
Effective Green, g (s) 37.0 28.0 44.7 37.0 28.0 49.7 16.0 16.0 16.0 21.0 21.0 21.0
Actuated g/C Ratio 0.41 0.31 0.50 0.41 0.31 0.55 0.18 0.18 0.18 0.23 0.23 0.23
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1105 819 268 1099 873 306 611 282 426 796 389
v/s Ratio Prot 0.06 0.34 c0.22 c0.10 0.26 0.04 c0.31 0.16 c0.26 0.21
v/s Ratio Perm 0.18 0.41 0.31 0.05 0.23 0.02
v/c Ratio 0.59 1.08 1.17 0.98 0.82 0.17 1.74 0.88 1.29 1.11 0.89 0.06
Uniform Delay, d1 32.6 31.0 22.6 37.2 28.7 9.9 37.0 36.1 37.0 34.5 33.4 26.9
Progression Factor 0.71 0.78 0.64 0.94 0.93 0.46 1.03 1.02 1.04 1.00 1.00 1.00
Incremental Delay, d2 2.2 46.7 85.0 48.3 6.6 0.4 343.9 16.4 153.6 77.0 14.4 0.3
Delay (s) 25.4 71.0 99.6 83.4 33.2 4.9 382.0 53.2 192.2 111.5 47.8 27.2
Level of Service C E F F C A F D F F D C
Approach Delay (s) 80.1 39.0 208.7 69.4
Approach LOS F D F E

Intersection Summary
HCM Average Control Delay 100.4 HCM Level of Service F
HCM Volume to Capacity ratio 1.23
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 89.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 1050 860 200 685 145 340 345 320 440 660 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.14 1.00 1.00 0.14 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 258 3551 1536 275 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 148 1193 977 263 901 191 531 539 500 473 710 108
RTOR Reduction (vph) 0 0 19 0 0 46 0 0 136 0 0 83
Lane Group Flow (vph) 148 1193 958 263 901 145 531 539 364 473 710 25
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 31.6 25.3 39.3 31.6 25.3 44.3 14.0 14.0 14.0 19.0 19.0 19.0
Effective Green, g (s) 37.0 28.0 44.7 37.0 28.0 49.7 16.0 16.0 16.0 21.0 21.0 21.0
Actuated g/C Ratio 0.41 0.31 0.50 0.41 0.31 0.55 0.18 0.18 0.18 0.23 0.23 0.23
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1105 819 268 1099 873 593 611 282 827 796 389
v/s Ratio Prot 0.06 0.34 c0.22 c0.10 0.26 0.04 0.16 0.16 0.13 c0.21
v/s Ratio Perm 0.18 0.41 0.31 0.05 c0.23 0.02
v/c Ratio 0.59 1.08 1.17 0.98 0.82 0.17 0.90 0.88 1.29 0.57 0.89 0.06
Uniform Delay, d1 32.6 31.0 22.6 37.2 28.7 9.9 36.2 36.1 37.0 30.5 33.4 26.9
Progression Factor 0.71 0.78 0.64 0.94 0.93 0.46 1.06 1.06 1.10 1.00 1.00 1.00
Incremental Delay, d2 2.2 46.7 85.0 48.3 6.6 0.4 18.4 16.6 153.8 2.9 14.4 0.3
Delay (s) 25.4 71.0 99.6 83.4 33.2 4.9 56.6 54.7 194.5 33.4 47.8 27.2
Level of Service C E F F C A E D F C D C
Approach Delay (s) 80.1 39.0 99.9 40.8
Approach LOS F D F D

Intersection Summary
HCM Average Control Delay 68.6 HCM Level of Service E
HCM Volume to Capacity ratio 1.07
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 12.0
Intersection Capacity Utilization 89.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 1050 860 200 685 145 340 345 320 440 660 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 148 1193 977 263 901 191 531 539 500 473 710 108
RTOR Reduction (vph) 0 0 10 0 0 26 0 0 136 0 0 83
Lane Group Flow (vph) 148 1193 967 263 901 165 531 539 364 473 710 25
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type Prot pm+ov Prot pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 6.3 26.3 39.3 6.3 26.3 45.3 13.0 13.0 13.0 19.0 19.0 19.0
Effective Green, g (s) 9.0 29.0 44.7 9.0 29.0 50.7 15.0 15.0 15.0 21.0 21.0 21.0
Actuated g/C Ratio 0.10 0.32 0.50 0.10 0.32 0.56 0.17 0.17 0.17 0.23 0.23 0.23
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 333 1144 763 354 1138 890 556 573 265 827 796 389
v/s Ratio Prot 0.04 0.34 c0.22 c0.07 0.26 0.04 0.16 0.16 0.13 c0.21
v/s Ratio Perm 0.41 0.06 c0.23 0.02
v/c Ratio 0.44 1.04 1.27 0.74 0.79 0.19 0.96 0.94 1.37 0.57 0.89 0.06
Uniform Delay, d1 38.1 30.5 22.6 39.4 27.8 9.6 37.2 37.1 37.5 30.5 33.4 26.9
Progression Factor 1.27 0.77 0.73 1.23 0.93 0.66 0.97 0.97 0.95 1.00 1.00 1.00
Incremental Delay, d2 0.6 33.4 127.1 7.8 5.4 0.4 28.1 25.0 189.9 2.9 14.4 0.3
Delay (s) 49.1 56.9 143.6 56.3 31.2 6.8 64.1 60.9 225.6 33.4 47.8 27.2
Level of Service D E F E C A E E F C D C
Approach Delay (s) 93.0 32.6 114.4 40.8
Approach LOS F C F D

Intersection Summary
HCM Average Control Delay 75.3 HCM Level of Service E
HCM Volume to Capacity ratio 1.11
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.3
Intersection Capacity Utilization 84.3% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 265 610 275 385 1250 420 750 665 355 185 310 135
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 1719 3437 1589 1827 3410 1667
Flt Permitted 0.12 1.00 1.00 0.26 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 226 3551 1536 496 3532 1580 1719 3437 1589 1827 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 301 693 312 507 1645 553 1172 1039 555 199 333 145
RTOR Reduction (vph) 0 0 11 0 0 10 0 0 176 0 0 110
Lane Group Flow (vph) 301 693 301 507 1645 543 1172 1039 379 199 333 35
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 35.6 29.3 49.3 35.6 29.3 38.3 20.0 20.0 20.0 9.0 9.0 9.0
Effective Green, g (s) 41.0 32.0 54.7 41.0 32.0 43.7 22.0 22.0 22.0 11.0 11.0 11.0
Actuated g/C Ratio 0.46 0.36 0.61 0.46 0.36 0.49 0.24 0.24 0.24 0.12 0.12 0.12
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1263 990 359 1256 767 420 840 388 223 417 204
v/s Ratio Prot 0.12 0.20 0.08 c0.14 0.47 0.09 c0.68 0.30 c0.11 0.10
v/s Ratio Perm 0.42 0.12 c0.50 0.25 0.24 0.02
v/c Ratio 1.19 0.55 0.30 1.41 1.31 0.71 2.79 1.24 0.98 0.89 0.80 0.17
Uniform Delay, d1 37.3 23.2 8.5 28.8 29.0 18.2 34.0 34.0 33.7 38.9 38.4 35.4
Progression Factor 0.89 0.58 0.33 1.06 0.82 1.18 0.92 0.92 0.84 1.00 1.00 1.00
Incremental Delay, d2 117.7 1.6 0.7 196.4 143.3 3.7 811.9 116.1 38.5 37.7 14.7 1.8
Delay (s) 150.9 15.0 3.5 227.0 167.2 25.2 843.0 147.3 66.9 76.6 53.1 37.3
Level of Service F B A F F C F F E E D D
Approach Delay (s) 43.6 149.4 425.9 56.6
Approach LOS D F F E

Intersection Summary
HCM Average Control Delay 225.0 HCM Level of Service F
HCM Volume to Capacity ratio 1.74
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 117.9% ICU Level of Service H
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 PM Option B
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I-96 @ Latson Rd Interchange Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 265 610 275 385 1250 420 750 665 355 185 310 135
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 0.95 1.00 1.00 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1717 3551 1536 1827 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.12 1.00 1.00 0.26 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 226 3551 1536 496 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 301 693 312 507 1645 553 1172 1039 555 199 333 145
RTOR Reduction (vph) 0 0 11 0 0 10 0 0 176 0 0 110
Lane Group Flow (vph) 301 693 301 507 1645 543 1172 1039 379 199 333 35
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type pm+pt pm+ov pm+pt pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 2 6 6 8 4
Actuated Green, G (s) 35.6 29.3 49.3 35.6 29.3 38.3 20.0 20.0 20.0 9.0 9.0 9.0
Effective Green, g (s) 41.0 32.0 54.7 41.0 32.0 43.7 22.0 22.0 22.0 11.0 11.0 11.0
Actuated g/C Ratio 0.46 0.36 0.61 0.46 0.36 0.49 0.24 0.24 0.24 0.12 0.12 0.12
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 252 1263 990 359 1256 767 815 840 388 433 417 204
v/s Ratio Prot 0.12 0.20 0.08 c0.14 0.47 0.09 c0.35 0.30 0.06 c0.10
v/s Ratio Perm 0.42 0.12 c0.50 0.25 0.24 0.02
v/c Ratio 1.19 0.55 0.30 1.41 1.31 0.71 1.44 1.24 0.98 0.46 0.80 0.17
Uniform Delay, d1 37.3 23.2 8.5 28.8 29.0 18.2 34.0 34.0 33.7 36.7 38.4 35.4
Progression Factor 0.89 0.58 0.33 1.06 0.82 1.18 0.93 0.93 0.88 1.00 1.00 1.00
Incremental Delay, d2 117.7 1.6 0.7 196.4 143.3 3.7 203.8 116.3 39.1 3.5 14.7 1.8
Delay (s) 150.9 15.0 3.5 227.0 167.2 25.2 235.5 148.1 68.7 40.2 53.1 37.3
Level of Service F B A F F C F F E D D D
Approach Delay (s) 43.6 149.4 169.2 45.9
Approach LOS D F F D

Intersection Summary
HCM Average Control Delay 128.8 HCM Level of Service F
HCM Volume to Capacity ratio 1.33
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 98.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 PM Option C
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I-96 @ Latson Rd Interchange Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 265 610 275 385 1250 420 750 665 355 185 310 135
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3410 1667
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 301 693 312 507 1645 553 1172 1039 555 199 333 145
RTOR Reduction (vph) 0 0 8 0 0 2 0 0 178 0 0 104
Lane Group Flow (vph) 301 693 304 507 1645 551 1172 1039 377 199 333 41
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type Prot pm+ov Prot pm+ov Split Perm Split Perm
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 6 8 4
Actuated Green, G (s) 5.3 24.3 44.3 13.3 32.3 39.3 20.0 20.0 20.0 7.0 7.0 7.0
Effective Green, g (s) 8.0 27.0 49.7 16.0 35.0 44.7 22.0 22.0 22.0 9.0 9.0 9.0
Actuated g/C Ratio 0.09 0.30 0.55 0.18 0.39 0.50 0.24 0.24 0.24 0.10 0.10 0.10
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 296 1065 848 630 1374 785 815 840 388 354 341 167
v/s Ratio Prot c0.09 0.20 0.09 0.14 c0.47 0.08 c0.35 0.30 0.06 c0.10
v/s Ratio Perm 0.11 0.27 0.24 0.02
v/c Ratio 1.02 0.65 0.36 0.80 1.20 0.70 1.44 1.24 0.97 0.56 0.98 0.24
Uniform Delay, d1 41.0 27.4 11.3 35.5 27.5 17.5 34.0 34.0 33.7 38.6 40.4 37.4
Progression Factor 1.39 0.63 0.94 1.00 0.83 0.85 0.75 0.75 0.54 1.00 1.00 1.00
Incremental Delay, d2 54.7 2.9 1.1 5.1 93.8 3.5 203.6 116.1 37.3 6.3 43.2 3.4
Delay (s) 111.8 20.1 11.6 40.4 116.6 18.3 229.1 141.6 55.6 44.9 83.6 40.8
Level of Service F C B D F B F F E D F D
Approach Delay (s) 39.2 82.2 161.4 63.1
Approach LOS D F F E

Intersection Summary
HCM Average Control Delay 102.3 HCM Level of Service F
HCM Volume to Capacity ratio 1.22
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 92.0% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 AM Option C
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 130 1050 860 200 685 145 340 345 320 440 660 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Lane Width 11 12 11 12 11 11 12 12 13 12 10 13
Grade (%) 0% 0% 1% 0%
Total Lost time (s) 4.0 4.0 3.3 4.0 4.0 3.3 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95 1.00 0.97 0.95
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 0.98
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3337
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00
Satd. Flow (perm) 3330 3551 1536 3544 3532 1580 3334 3437 1589 3544 3337
Peak-hour factor, PHF 0.88 0.88 0.88 0.76 0.76 0.76 0.64 0.64 0.64 0.93 0.93 0.93
Adj. Flow (vph) 148 1193 977 263 901 191 531 539 500 473 710 108
RTOR Reduction (vph) 0 0 10 0 0 26 0 0 136 0 13 0
Lane Group Flow (vph) 148 1193 967 263 901 165 531 539 364 473 805 0
Confl. Peds. (#/hr) 1 1
Heavy Vehicles (%) 7% 7% 7% 4% 4% 4% 10% 10% 10% 4% 4% 4%
Turn Type Prot pm+ov Prot pm+ov Split Perm Split
Protected Phases 5 2 8 1 6 4 8 8 4 4
Permitted Phases 2 6 8
Actuated Green, G (s) 6.3 26.3 39.3 6.3 26.3 45.3 13.0 13.0 13.0 19.0 19.0
Effective Green, g (s) 9.0 29.0 44.7 9.0 29.0 50.7 15.0 15.0 15.0 21.0 21.0
Actuated g/C Ratio 0.10 0.32 0.50 0.10 0.32 0.56 0.17 0.17 0.17 0.23 0.23
Clearance Time (s) 6.7 6.7 6.0 6.7 6.7 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 333 1144 763 354 1138 890 556 573 265 827 779
v/s Ratio Prot 0.04 0.34 c0.22 c0.07 0.26 0.04 0.16 0.16 0.13 c0.24
v/s Ratio Perm 0.41 0.06 c0.23
v/c Ratio 0.44 1.04 1.27 0.74 0.79 0.19 0.96 0.94 1.37 0.57 1.03
Uniform Delay, d1 38.1 30.5 22.6 39.4 27.8 9.6 37.2 37.1 37.5 30.5 34.5
Progression Factor 1.27 0.77 0.73 1.23 0.93 0.66 0.99 0.99 0.98 1.00 1.00
Incremental Delay, d2 0.6 33.4 127.1 7.8 5.4 0.4 28.3 25.3 190.2 2.9 41.1
Delay (s) 49.1 56.9 143.6 56.3 31.2 6.8 65.0 61.9 227.1 33.4 75.6
Level of Service D E F E C A E E F C E
Approach Delay (s) 93.0 32.6 115.6 60.2
Approach LOS F C F E

Intersection Summary
HCM Average Control Delay 79.4 HCM Level of Service E
HCM Volume to Capacity ratio 1.15
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 15.3
Intersection Capacity Utilization 86.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 80 0 170 270 465 0 0 655 610
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 0.93
Flt Protected 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1863 1667 1863 3725 3456
Flt Permitted 0.95 1.00 0.09 1.00 1.00
Satd. Flow (perm) 1863 1667 182 3725 3456
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 87 0 185 293 505 0 0 712 663
RTOR Reduction (vph) 0 0 0 0 0 151 0 0 0 0 187 0
Lane Group Flow (vph) 0 0 0 87 0 34 293 505 0 0 1188 0
Turn Type Prot custom pm+pt
Protected Phases 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 16.5 16.5 62.5 62.5 37.5
Effective Green, g (s) 16.5 16.5 62.5 62.5 37.5
Actuated g/C Ratio 0.18 0.18 0.69 0.69 0.42
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 306 491 2587 1440
v/s Ratio Prot c0.05 0.02 c0.13 0.14 c0.34
v/s Ratio Perm 0.28
v/c Ratio 0.25 0.11 0.60 0.20 0.83
Uniform Delay, d1 31.5 30.6 24.5 4.9 23.3
Progression Factor 1.00 1.00 0.45 0.33 0.85
Incremental Delay, d2 1.8 0.7 1.7 0.1 4.1
Delay (s) 33.3 31.4 12.7 1.8 23.9
Level of Service C C B A C
Approach Delay (s) 0.0 32.0 5.8 23.9
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 18.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 80 0 170 270 465 0 0 655 610
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 1.00 0.95 0.95
Frt 1.00 0.86 0.85 1.00 1.00 0.93
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1534 1583 1863 3725 3456
Flt Permitted 0.95 1.00 1.00 0.09 1.00 1.00
Satd. Flow (perm) 1770 1534 1583 182 3725 3456
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 87 0 185 293 505 0 0 712 663
RTOR Reduction (vph) 0 0 0 0 73 78 0 0 0 0 187 0
Lane Group Flow (vph) 0 0 0 78 25 18 293 505 0 0 1188 0
Turn Type Split Prot pm+pt
Protected Phases 8 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 16.5 16.5 16.5 62.5 62.5 37.5
Effective Green, g (s) 16.5 16.5 16.5 62.5 62.5 37.5
Actuated g/C Ratio 0.18 0.18 0.18 0.69 0.69 0.42
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 325 281 290 491 2587 1440
v/s Ratio Prot c0.04 0.02 0.01 c0.13 0.14 c0.34
v/s Ratio Perm 0.28
v/c Ratio 0.24 0.09 0.06 0.60 0.20 0.83
Uniform Delay, d1 31.4 30.5 30.4 24.5 4.9 23.3
Progression Factor 1.00 1.00 1.00 0.59 0.51 0.85
Incremental Delay, d2 1.7 0.6 0.4 1.8 0.2 4.1
Delay (s) 33.1 31.1 30.8 16.3 2.6 23.9
Level of Service C C C B A C
Approach Delay (s) 0.0 31.6 7.7 23.9
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 19.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.59
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 80 0 170 270 465 0 0 655 610
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.88 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1863 2933 1863 3725 3725 1667
Flt Permitted 0.95 1.00 0.31 1.00 1.00 1.00
Satd. Flow (perm) 1863 2933 603 3725 3725 1667
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 87 0 185 293 505 0 0 712 663
RTOR Reduction (vph) 0 0 0 0 0 151 0 0 0 0 0 387
Lane Group Flow (vph) 0 0 0 87 0 34 293 505 0 0 712 276
Turn Type Prot custom pm+pt Perm
Protected Phases 8 8 5 2 6
Permitted Phases 2 6
Actuated Green, G (s) 16.5 16.5 62.5 62.5 37.5 37.5
Effective Green, g (s) 16.5 16.5 62.5 62.5 37.5 37.5
Actuated g/C Ratio 0.18 0.18 0.69 0.69 0.42 0.42
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 342 538 692 2587 1552 695
v/s Ratio Prot c0.05 0.01 c0.09 0.14 c0.19
v/s Ratio Perm 0.20 0.17
v/c Ratio 0.25 0.06 0.42 0.20 0.46 0.40
Uniform Delay, d1 31.5 30.4 11.7 4.9 18.9 18.4
Progression Factor 1.00 1.00 0.45 0.47 0.91 0.95
Incremental Delay, d2 1.8 0.2 0.4 0.2 0.7 1.2
Delay (s) 33.3 30.6 5.7 2.4 18.0 18.6
Level of Service C C A A B B
Approach Delay (s) 0.0 31.4 3.6 18.3
Approach LOS A C A B

Intersection Summary
HCM Average Control Delay 15.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.38
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 69.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 PM Option A
43: Ramp D & Latson Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 150 0 235 170 770 0 0 475 300
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 0.94
Flt Protected 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1863 1667 1863 3725 3509
Flt Permitted 0.95 1.00 0.24 1.00 1.00
Satd. Flow (perm) 1863 1667 470 3725 3509
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 163 0 255 185 837 0 0 516 326
RTOR Reduction (vph) 0 0 0 0 0 143 0 0 0 0 111 0
Lane Group Flow (vph) 0 0 0 163 0 113 185 837 0 0 731 0
Turn Type Prot custom pm+pt
Protected Phases 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 22.5 22.5 56.5 56.5 36.5
Effective Green, g (s) 22.5 22.5 56.5 56.5 36.5
Actuated g/C Ratio 0.25 0.25 0.63 0.63 0.41
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 466 417 519 2338 1423
v/s Ratio Prot c0.09 0.07 0.06 c0.22 c0.21
v/s Ratio Perm 0.17
v/c Ratio 0.35 0.27 0.36 0.36 0.51
Uniform Delay, d1 27.7 27.1 16.0 8.0 20.1
Progression Factor 1.00 1.00 0.49 0.38 1.15
Incremental Delay, d2 2.1 1.6 0.3 0.3 1.2
Delay (s) 29.8 28.7 8.2 3.3 24.2
Level of Service C C A A C
Approach Delay (s) 0.0 29.1 4.2 24.2
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 16.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 74.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 150 0 235 170 770 0 0 475 300
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 1.00 0.95 0.95
Frt 1.00 0.87 0.85 1.00 1.00 0.94
Flt Protected 0.95 0.99 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1539 1583 1863 3725 3509
Flt Permitted 0.95 0.99 1.00 0.24 1.00 1.00
Satd. Flow (perm) 1770 1539 1583 470 3725 3509
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 163 0 255 185 837 0 0 516 326
RTOR Reduction (vph) 0 0 0 0 90 101 0 0 0 0 111 0
Lane Group Flow (vph) 0 0 0 147 46 34 185 837 0 0 731 0
Turn Type Split Prot pm+pt
Protected Phases 8 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 22.5 22.5 22.5 56.5 56.5 36.5
Effective Green, g (s) 22.5 22.5 22.5 56.5 56.5 36.5
Actuated g/C Ratio 0.25 0.25 0.25 0.63 0.63 0.41
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 443 385 396 519 2338 1423
v/s Ratio Prot c0.08 0.03 0.02 0.06 c0.22 c0.21
v/s Ratio Perm 0.17
v/c Ratio 0.33 0.12 0.09 0.36 0.36 0.51
Uniform Delay, d1 27.6 26.1 25.9 16.0 8.0 20.1
Progression Factor 1.00 1.00 1.00 0.65 0.59 1.15
Incremental Delay, d2 2.0 0.6 0.4 0.4 0.4 1.2
Delay (s) 29.6 26.7 26.3 10.8 5.1 24.2
Level of Service C C C B A C
Approach Delay (s) 0.0 27.6 6.1 24.2
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 16.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 150 0 235 170 770 0 0 475 300
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.88 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1863 2933 1863 3725 3725 1667
Flt Permitted 0.95 1.00 0.42 1.00 1.00 1.00
Satd. Flow (perm) 1863 2933 818 3725 3725 1667
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 163 0 255 185 837 0 0 516 326
RTOR Reduction (vph) 0 0 0 0 0 191 0 0 0 0 0 194
Lane Group Flow (vph) 0 0 0 163 0 64 185 837 0 0 516 132
Turn Type Prot custom pm+pt Perm
Protected Phases 8 8 5 2 6
Permitted Phases 2 6
Actuated Green, G (s) 22.5 22.5 56.5 56.5 36.5 36.5
Effective Green, g (s) 22.5 22.5 56.5 56.5 36.5 36.5
Actuated g/C Ratio 0.25 0.25 0.63 0.63 0.41 0.41
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 466 733 682 2338 1511 676
v/s Ratio Prot c0.09 0.02 0.04 c0.22 0.14
v/s Ratio Perm 0.13 0.08
v/c Ratio 0.35 0.09 0.27 0.36 0.34 0.20
Uniform Delay, d1 27.7 25.9 9.8 8.0 18.5 17.3
Progression Factor 1.00 1.00 1.87 1.81 0.74 0.99
Incremental Delay, d2 2.1 0.2 0.2 0.4 0.6 0.6
Delay (s) 29.8 26.1 18.6 14.9 14.2 17.7
Level of Service C C B B B B
Approach Delay (s) 0.0 27.5 15.6 15.5
Approach LOS A C B B

Intersection Summary
HCM Average Control Delay 17.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.36
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 56.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 175 0 365 400 695 0 0 905 805
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 0.93
Flt Protected 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1863 1667 1863 3725 3462
Flt Permitted 0.95 1.00 0.09 1.00 1.00
Satd. Flow (perm) 1863 1667 167 3725 3462
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 190 0 397 435 755 0 0 984 875
RTOR Reduction (vph) 0 0 0 0 0 232 0 0 0 0 178 0
Lane Group Flow (vph) 0 0 0 190 0 165 435 755 0 0 1681 0
Turn Type Prot custom pm+pt
Protected Phases 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 14.5 14.5 64.5 64.5 41.5
Effective Green, g (s) 14.5 14.5 64.5 64.5 41.5
Actuated g/C Ratio 0.16 0.16 0.72 0.72 0.46
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 300 269 449 2670 1596
v/s Ratio Prot c0.10 0.10 c0.19 0.20 c0.49
v/s Ratio Perm 0.51
v/c Ratio 0.63 0.61 0.97 0.28 1.05
Uniform Delay, d1 35.3 35.1 32.0 4.5 24.2
Progression Factor 1.00 1.00 0.54 0.43 0.89
Incremental Delay, d2 9.8 10.0 25.1 0.2 29.6
Delay (s) 45.1 45.1 42.3 2.1 51.1
Level of Service D D D A D
Approach Delay (s) 0.0 45.1 16.8 51.1
Approach LOS A D B D

Intersection Summary
HCM Average Control Delay 38.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.89
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 92.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 175 0 365 400 695 0 0 905 805
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 1.00 0.95 0.95
Frt 1.00 0.86 0.85 1.00 1.00 0.93
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1534 1583 1863 3725 3462
Flt Permitted 0.95 1.00 1.00 0.09 1.00 1.00
Satd. Flow (perm) 1770 1534 1583 167 3725 3462
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 190 0 397 435 755 0 0 984 875
RTOR Reduction (vph) 0 0 0 0 160 173 0 0 0 0 178 0
Lane Group Flow (vph) 0 0 0 171 50 33 435 755 0 0 1681 0
Turn Type Split Prot pm+pt
Protected Phases 8 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 14.5 14.5 14.5 64.5 64.5 41.5
Effective Green, g (s) 14.5 14.5 14.5 64.5 64.5 41.5
Actuated g/C Ratio 0.16 0.16 0.16 0.72 0.72 0.46
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 285 247 255 449 2670 1596
v/s Ratio Prot c0.10 0.03 0.02 c0.19 0.20 c0.49
v/s Ratio Perm 0.51
v/c Ratio 0.60 0.20 0.13 0.97 0.28 1.05
Uniform Delay, d1 35.1 32.7 32.3 32.0 4.5 24.2
Progression Factor 1.00 1.00 1.00 0.53 0.33 0.89
Incremental Delay, d2 9.0 1.8 1.1 29.1 0.2 29.6
Delay (s) 44.1 34.6 33.4 46.0 1.7 51.1
Level of Service D C C D A D
Approach Delay (s) 0.0 36.9 17.9 51.1
Approach LOS A D B D

Intersection Summary
HCM Average Control Delay 37.9 HCM Level of Service D
HCM Volume to Capacity ratio 0.88
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 175 0 365 400 695 0 0 905 805
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.88 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1863 2933 1863 3725 3725 1667
Flt Permitted 0.95 1.00 0.20 1.00 1.00 1.00
Satd. Flow (perm) 1863 2933 400 3725 3725 1667
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 190 0 397 435 755 0 0 984 875
RTOR Reduction (vph) 0 0 0 0 0 333 0 0 0 0 0 316
Lane Group Flow (vph) 0 0 0 190 0 64 435 755 0 0 984 559
Turn Type Prot custom pm+pt Perm
Protected Phases 8 8 5 2 6
Permitted Phases 2 6
Actuated Green, G (s) 14.5 14.5 64.5 64.5 41.5 41.5
Effective Green, g (s) 14.5 14.5 64.5 64.5 41.5 41.5
Actuated g/C Ratio 0.16 0.16 0.72 0.72 0.46 0.46
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 300 473 571 2670 1718 769
v/s Ratio Prot c0.10 0.02 c0.15 0.20 0.26
v/s Ratio Perm c0.40 0.34
v/c Ratio 0.63 0.14 0.76 0.28 0.57 0.73
Uniform Delay, d1 35.3 32.4 17.6 4.5 17.8 19.7
Progression Factor 1.00 1.00 0.45 0.29 0.87 0.76
Incremental Delay, d2 9.8 0.6 5.2 0.2 0.4 1.8
Delay (s) 45.1 33.0 13.1 1.6 15.9 16.7
Level of Service D C B A B B
Approach Delay (s) 0.0 36.9 5.8 16.3
Approach LOS A D A B

Intersection Summary
HCM Average Control Delay 16.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.72
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 91.4% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 330 0 440 300 1265 0 0 618 385
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 0.95
Frt 1.00 0.85 1.00 1.00 0.94
Flt Protected 0.95 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1863 1667 1863 3725 3511
Flt Permitted 0.95 1.00 0.11 1.00 1.00
Satd. Flow (perm) 1863 1667 212 3725 3511
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 359 0 478 326 1375 0 0 672 418
RTOR Reduction (vph) 0 0 0 0 0 30 0 0 0 0 107 0
Lane Group Flow (vph) 0 0 0 359 0 448 326 1375 0 0 983 0
Turn Type Prot custom pm+pt
Protected Phases 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 27.5 27.5 51.5 51.5 31.5
Effective Green, g (s) 27.5 27.5 51.5 51.5 31.5
Actuated g/C Ratio 0.31 0.31 0.57 0.57 0.35
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 569 509 387 2132 1229
v/s Ratio Prot 0.19 c0.27 c0.14 0.37 0.28
v/s Ratio Perm c0.35
v/c Ratio 0.63 0.88 0.84 0.64 0.80
Uniform Delay, d1 26.9 29.7 28.5 13.1 26.4
Progression Factor 1.00 1.00 0.53 0.23 1.13
Incremental Delay, d2 5.2 19.2 1.6 0.1 3.8
Delay (s) 32.1 48.9 16.8 3.2 33.6
Level of Service C D B A C
Approach Delay (s) 0.0 41.7 5.8 33.6
Approach LOS A D A C

Intersection Summary
HCM Average Control Delay 22.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.83
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 108.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 330 0 440 300 1265 0 0 618 385
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 1.00 0.95 0.95
Frt 1.00 0.89 0.85 1.00 1.00 0.94
Flt Protected 0.95 0.99 1.00 0.95 1.00 1.00
Satd. Flow (prot) 1770 1563 1583 1863 3725 3511
Flt Permitted 0.95 0.99 1.00 0.11 1.00 1.00
Satd. Flow (perm) 1770 1563 1583 212 3725 3511
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 359 0 478 326 1375 0 0 672 418
RTOR Reduction (vph) 0 0 0 0 30 30 0 0 0 0 107 0
Lane Group Flow (vph) 0 0 0 291 248 238 326 1375 0 0 983 0
Turn Type Split Prot pm+pt
Protected Phases 8 8 8 5 2 6
Permitted Phases 2
Actuated Green, G (s) 27.5 27.5 27.5 51.5 51.5 31.5
Effective Green, g (s) 27.5 27.5 27.5 51.5 51.5 31.5
Actuated g/C Ratio 0.31 0.31 0.31 0.57 0.57 0.35
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 541 478 484 387 2132 1229
v/s Ratio Prot c0.16 0.16 0.15 c0.14 0.37 0.28
v/s Ratio Perm c0.35
v/c Ratio 0.54 0.52 0.49 0.84 0.64 0.80
Uniform Delay, d1 26.0 25.8 25.5 28.5 13.1 26.4
Progression Factor 1.00 1.00 1.00 0.63 0.36 1.13
Incremental Delay, d2 3.8 4.0 3.5 1.6 0.1 3.8
Delay (s) 29.8 29.8 29.1 19.7 4.9 33.6
Level of Service C C C B A C
Approach Delay (s) 0.0 29.6 7.7 33.6
Approach LOS A C A C

Intersection Summary
HCM Average Control Delay 20.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.71
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 0 0 0 330 0 440 300 1265 0 0 618 385
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 0.88 1.00 0.95 0.95 1.00
Frt 1.00 0.85 1.00 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 1.00 1.00
Satd. Flow (prot) 1863 2933 1863 3725 3725 1667
Flt Permitted 0.95 1.00 0.30 1.00 1.00 1.00
Satd. Flow (perm) 1863 2933 592 3725 3725 1667
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 0 0 0 359 0 478 326 1375 0 0 672 418
RTOR Reduction (vph) 0 0 0 0 0 53 0 0 0 0 0 272
Lane Group Flow (vph) 0 0 0 359 0 425 326 1375 0 0 672 146
Turn Type Prot custom pm+pt Perm
Protected Phases 8 8 5 2 6
Permitted Phases 2 6
Actuated Green, G (s) 27.5 27.5 51.5 51.5 31.5 31.5
Effective Green, g (s) 27.5 27.5 51.5 51.5 31.5 31.5
Actuated g/C Ratio 0.31 0.31 0.57 0.57 0.35 0.35
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 569 896 544 2132 1304 583
v/s Ratio Prot c0.19 0.14 0.10 c0.37 0.18
v/s Ratio Perm 0.25 0.09
v/c Ratio 0.63 0.47 0.60 0.64 0.52 0.25
Uniform Delay, d1 26.9 25.4 20.1 13.1 23.2 20.8
Progression Factor 1.00 1.00 1.04 0.95 0.81 1.19
Incremental Delay, d2 5.2 1.8 1.2 1.0 1.2 0.9
Delay (s) 32.1 27.2 22.1 13.4 19.9 25.6
Level of Service C C C B B C
Approach Delay (s) 0.0 29.3 15.1 22.1
Approach LOS A C B C

Intersection Summary
HCM Average Control Delay 20.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.64
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 280 0 150 0 0 0 0 455 150 295 440 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1863 1667 3587 1863 3725
Flt Permitted 0.95 1.00 1.00 0.33 1.00
Satd. Flow (perm) 1863 1667 3587 644 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 304 0 163 0 0 0 0 495 163 321 478 0
RTOR Reduction (vph) 0 0 117 0 0 0 0 36 0 0 0 0
Lane Group Flow (vph) 304 0 46 0 0 0 0 622 0 321 478 0
Turn Type Prot custom pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 25.5 25.5 35.5 53.5 53.5
Effective Green, g (s) 25.5 25.5 35.5 53.5 53.5
Actuated g/C Ratio 0.28 0.28 0.39 0.59 0.59
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 528 472 1415 552 2214
v/s Ratio Prot c0.16 0.03 0.17 c0.08 0.13
v/s Ratio Perm c0.26
v/c Ratio 0.58 0.10 0.44 0.58 0.22
Uniform Delay, d1 27.6 23.8 20.0 18.1 8.5
Progression Factor 1.00 1.00 0.79 0.97 0.56
Incremental Delay, d2 4.5 0.4 1.0 0.9 0.1
Delay (s) 32.1 24.2 16.7 18.5 4.9
Level of Service C C B B A
Approach Delay (s) 29.4 0.0 16.7 10.4
Approach LOS C A B B

Intersection Summary
HCM Average Control Delay 17.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.57
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group
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1: Ramp C & Latson Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 280 0 150 0 0 0 0 455 150 295 440 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 0.95 1.00 0.95
Frt 1.00 0.98 0.85 0.96 1.00 1.00
Flt Protected 0.95 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1680 1583 3587 1863 3725
Flt Permitted 0.95 0.96 1.00 1.00 0.33 1.00
Satd. Flow (perm) 1770 1680 1583 3587 644 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 304 0 163 0 0 0 0 495 163 321 478 0
RTOR Reduction (vph) 0 5 104 0 0 0 0 36 0 0 0 0
Lane Group Flow (vph) 161 156 41 0 0 0 0 622 0 321 478 0
Turn Type Split Prot pm+pt
Protected Phases 4 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 25.5 25.5 25.5 35.5 53.5 53.5
Effective Green, g (s) 25.5 25.5 25.5 35.5 53.5 53.5
Actuated g/C Ratio 0.28 0.28 0.28 0.39 0.59 0.59
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 502 476 449 1415 552 2214
v/s Ratio Prot 0.09 c0.09 0.03 0.17 c0.08 0.13
v/s Ratio Perm c0.26
v/c Ratio 0.32 0.33 0.09 0.44 0.58 0.22
Uniform Delay, d1 25.4 25.5 23.7 20.0 18.1 8.5
Progression Factor 1.00 1.00 1.00 0.72 0.95 0.54
Incremental Delay, d2 1.7 1.8 0.4 1.0 0.9 0.1
Delay (s) 27.1 27.3 24.1 15.3 18.2 4.7
Level of Service C C C B B A
Approach Delay (s) 26.3 0.0 15.3 10.2
Approach LOS C A B B

Intersection Summary
HCM Average Control Delay 15.8 HCM Level of Service B
HCM Volume to Capacity ratio 0.49
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 69.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 AM Option C
1: Ramp C & Latson Rd 12/2/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 280 0 150 0 0 0 0 455 150 295 440 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3614 1667 3725 1667 1863 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.43 1.00
Satd. Flow (perm) 3614 1667 3725 1667 840 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 304 0 163 0 0 0 0 495 163 321 478 0
RTOR Reduction (vph) 0 0 117 0 0 0 0 0 99 0 0 0
Lane Group Flow (vph) 304 0 46 0 0 0 0 495 64 321 478 0
Turn Type Prot custom Perm pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 2 6
Actuated Green, G (s) 25.5 25.5 35.5 35.5 53.5 53.5
Effective Green, g (s) 25.5 25.5 35.5 35.5 53.5 53.5
Actuated g/C Ratio 0.28 0.28 0.39 0.39 0.59 0.59
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1024 472 1469 658 641 2214
v/s Ratio Prot c0.08 0.03 0.13 c0.07 0.13
v/s Ratio Perm 0.04 c0.23
v/c Ratio 0.30 0.10 0.34 0.10 0.50 0.22
Uniform Delay, d1 25.2 23.8 19.0 17.2 13.8 8.5
Progression Factor 1.00 1.00 0.77 0.29 1.13 0.49
Incremental Delay, d2 0.7 0.4 0.6 0.3 0.6 0.2
Delay (s) 26.0 24.2 15.3 5.2 16.2 4.3
Level of Service C C B A B A
Approach Delay (s) 25.4 0.0 12.8 9.1
Approach LOS C A B A

Intersection Summary
HCM Average Control Delay 14.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.43
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 69.7% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 PM Option A
1: Ramp C & Latson Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 515 0 350 0 0 0 0 445 150 325 300 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1863 1667 3585 1863 3725
Flt Permitted 0.95 1.00 1.00 0.27 1.00
Satd. Flow (perm) 1863 1667 3585 537 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 560 0 380 0 0 0 0 484 163 353 326 0
RTOR Reduction (vph) 0 0 234 0 0 0 0 36 0 0 0 0
Lane Group Flow (vph) 560 0 146 0 0 0 0 611 0 353 326 0
Turn Type Prot custom pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 34.5 34.5 24.5 44.5 44.5
Effective Green, g (s) 34.5 34.5 24.5 44.5 44.5
Actuated g/C Ratio 0.38 0.38 0.27 0.49 0.49
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 714 639 976 479 1842
v/s Ratio Prot c0.30 0.09 0.17 c0.12 0.09
v/s Ratio Perm c0.25
v/c Ratio 0.78 0.23 0.63 0.74 0.18
Uniform Delay, d1 24.5 18.8 28.7 24.5 12.6
Progression Factor 1.00 1.00 0.77 0.64 0.47
Incremental Delay, d2 8.4 0.8 2.9 5.2 0.2
Delay (s) 32.9 19.6 25.1 20.9 6.1
Level of Service C B C C A
Approach Delay (s) 27.5 0.0 25.1 13.8
Approach LOS C A C B

Intersection Summary
HCM Average Control Delay 22.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.74
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 74.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 PM Option B
1: Ramp C & Latson Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 515 0 350 0 0 0 0 445 150 325 300 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 0.95 1.00 0.95
Frt 1.00 0.96 0.85 0.96 1.00 1.00
Flt Protected 0.95 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1653 1583 3585 1863 3725
Flt Permitted 0.95 0.96 1.00 1.00 0.27 1.00
Satd. Flow (perm) 1770 1653 1583 3585 537 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 560 0 380 0 0 0 0 484 163 353 326 0
RTOR Reduction (vph) 0 14 183 0 0 0 0 36 0 0 0 0
Lane Group Flow (vph) 325 305 113 0 0 0 0 611 0 353 326 0
Turn Type Split Prot pm+pt
Protected Phases 4 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 34.5 34.5 34.5 24.5 44.5 44.5
Effective Green, g (s) 34.5 34.5 34.5 24.5 44.5 44.5
Actuated g/C Ratio 0.38 0.38 0.38 0.27 0.49 0.49
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 679 634 607 976 479 1842
v/s Ratio Prot 0.18 c0.18 0.07 0.17 c0.12 0.09
v/s Ratio Perm c0.25
v/c Ratio 0.48 0.48 0.19 0.63 0.74 0.18
Uniform Delay, d1 21.0 21.0 18.4 28.7 24.5 12.6
Progression Factor 1.00 1.00 1.00 0.89 0.64 0.47
Incremental Delay, d2 2.4 2.6 0.7 3.0 5.2 0.2
Delay (s) 23.4 23.6 19.1 28.4 20.7 6.1
Level of Service C C B C C A
Approach Delay (s) 22.1 0.0 28.4 13.7
Approach LOS C A C B

Intersection Summary
HCM Average Control Delay 21.4 HCM Level of Service C
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 64.0% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2010 PM Option C
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 515 0 350 0 0 0 0 445 150 325 300 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3614 1667 3725 1667 1863 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.39 1.00
Satd. Flow (perm) 3614 1667 3725 1667 768 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 560 0 380 0 0 0 0 484 163 353 326 0
RTOR Reduction (vph) 0 0 234 0 0 0 0 0 119 0 0 0
Lane Group Flow (vph) 560 0 146 0 0 0 0 484 44 353 326 0
Turn Type Prot custom Perm pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 2 6
Actuated Green, G (s) 34.5 34.5 24.5 24.5 44.5 44.5
Effective Green, g (s) 34.5 34.5 24.5 24.5 44.5 44.5
Actuated g/C Ratio 0.38 0.38 0.27 0.27 0.49 0.49
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1385 639 1014 454 556 1842
v/s Ratio Prot c0.15 0.09 0.13 c0.10 0.09
v/s Ratio Perm 0.03 c0.21
v/c Ratio 0.40 0.23 0.48 0.10 0.63 0.18
Uniform Delay, d1 20.3 18.8 27.4 24.5 21.6 12.6
Progression Factor 1.00 1.00 0.78 0.40 0.37 0.41
Incremental Delay, d2 0.9 0.8 1.6 0.4 2.3 0.2
Delay (s) 21.1 19.6 23.1 10.3 10.3 5.3
Level of Service C B C B B A
Approach Delay (s) 20.5 0.0 19.9 7.9
Approach LOS C A B A

Intersection Summary
HCM Average Control Delay 16.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.52
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 56.5% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 AM Option A
1: Ramp C & Latson Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 420 0 250 0 0 0 0 675 185 430 650 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.97 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1863 1667 3605 1863 3725
Flt Permitted 0.95 1.00 1.00 0.18 1.00
Satd. Flow (perm) 1863 1667 3605 345 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 457 0 272 0 0 0 0 734 201 467 707 0
RTOR Reduction (vph) 0 0 173 0 0 0 0 27 0 0 0 0
Lane Group Flow (vph) 457 0 99 0 0 0 0 908 0 467 707 0
Turn Type Prot custom pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 24.5 24.5 32.5 54.5 54.5
Effective Green, g (s) 24.5 24.5 32.5 54.5 54.5
Actuated g/C Ratio 0.27 0.27 0.36 0.61 0.61
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 507 454 1302 487 2256
v/s Ratio Prot c0.25 0.06 0.25 c0.18 0.19
v/s Ratio Perm c0.40
v/c Ratio 0.90 0.22 0.70 0.96 0.31
Uniform Delay, d1 31.6 25.3 24.5 25.0 8.6
Progression Factor 1.00 1.00 0.74 1.00 0.62
Incremental Delay, d2 21.8 1.1 2.9 12.5 0.1
Delay (s) 53.4 26.4 21.2 37.4 5.4
Level of Service D C C D A
Approach Delay (s) 43.3 0.0 21.2 18.1
Approach LOS D A C B

Intersection Summary
HCM Average Control Delay 25.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.92
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 92.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 AM Option B
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I-96 @ Latson Rd Interchange Synchro 7 -  Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 420 0 250 0 0 0 0 675 185 430 650 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 0.95 1.00 0.95
Frt 1.00 0.97 0.85 0.97 1.00 1.00
Flt Protected 0.95 0.96 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1668 1583 3605 1863 3725
Flt Permitted 0.95 0.96 1.00 1.00 0.18 1.00
Satd. Flow (perm) 1770 1668 1583 3605 345 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 457 0 272 0 0 0 0 734 201 467 707 0
RTOR Reduction (vph) 0 9 166 0 0 0 0 27 0 0 0 0
Lane Group Flow (vph) 251 241 62 0 0 0 0 908 0 467 707 0
Turn Type Split Prot pm+pt
Protected Phases 4 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 24.5 24.5 24.5 32.5 54.5 54.5
Effective Green, g (s) 24.5 24.5 24.5 32.5 54.5 54.5
Actuated g/C Ratio 0.27 0.27 0.27 0.36 0.61 0.61
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 482 454 431 1302 487 2256
v/s Ratio Prot 0.14 c0.14 0.04 0.25 c0.18 0.19
v/s Ratio Perm c0.40
v/c Ratio 0.52 0.53 0.14 0.70 0.96 0.31
Uniform Delay, d1 27.8 27.9 24.8 24.5 25.0 8.6
Progression Factor 1.00 1.00 1.00 0.67 0.98 0.60
Incremental Delay, d2 4.0 4.4 0.7 2.9 12.9 0.1
Delay (s) 31.8 32.3 25.5 19.3 37.5 5.3
Level of Service C C C B D A
Approach Delay (s) 30.0 0.0 19.3 18.1
Approach LOS C A B B

Intersection Summary
HCM Average Control Delay 21.6 HCM Level of Service C
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 91.3% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 AM Option C
1: Ramp C & Latson Rd 12/2/2008
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 420 0 250 0 0 0 0 675 185 430 650 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3614 1667 3725 1667 1863 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.27 1.00
Satd. Flow (perm) 3614 1667 3725 1667 535 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 457 0 272 0 0 0 0 734 201 467 707 0
RTOR Reduction (vph) 0 0 173 0 0 0 0 0 128 0 0 0
Lane Group Flow (vph) 457 0 99 0 0 0 0 734 73 467 707 0
Turn Type Prot custom Perm pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 2 6
Actuated Green, G (s) 24.5 24.5 32.5 32.5 54.5 54.5
Effective Green, g (s) 24.5 24.5 32.5 32.5 54.5 54.5
Actuated g/C Ratio 0.27 0.27 0.36 0.36 0.61 0.61
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 984 454 1345 602 567 2256
v/s Ratio Prot c0.13 0.06 0.20 c0.15 0.19
v/s Ratio Perm 0.04 c0.35
v/c Ratio 0.46 0.22 0.55 0.12 0.82 0.31
Uniform Delay, d1 27.3 25.3 22.9 19.2 20.5 8.6
Progression Factor 1.00 1.00 0.70 0.30 1.16 0.59
Incremental Delay, d2 1.6 1.1 1.5 0.4 7.9 0.3
Delay (s) 28.9 26.4 17.6 6.1 31.6 5.4
Level of Service C C B A C A
Approach Delay (s) 28.0 0.0 15.1 15.8
Approach LOS C A B B

Intersection Summary
HCM Average Control Delay 18.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 91.4% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 PM Option A
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 775 0 610 0 0 0 0 790 325 440 508 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.85 0.96 1.00 1.00
Flt Protected 0.95 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1863 1667 3563 1863 3725
Flt Permitted 0.95 1.00 1.00 0.13 1.00
Satd. Flow (perm) 1863 1667 3563 261 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 842 0 663 0 0 0 0 859 353 478 552 0
RTOR Reduction (vph) 0 0 157 0 0 0 0 49 0 0 0 0
Lane Group Flow (vph) 842 0 506 0 0 0 0 1163 0 478 552 0
Turn Type Prot custom pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 34.5 34.5 24.5 44.5 44.5
Effective Green, g (s) 34.5 34.5 24.5 44.5 44.5
Actuated g/C Ratio 0.38 0.38 0.27 0.49 0.49
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 714 639 970 387 1842
v/s Ratio Prot c0.45 0.30 0.33 c0.20 0.15
v/s Ratio Perm c0.41
v/c Ratio 1.18 0.79 1.20 1.24 0.30
Uniform Delay, d1 27.8 24.6 32.8 33.8 13.5
Progression Factor 1.00 1.00 0.75 0.76 0.52
Incremental Delay, d2 94.8 9.7 97.5 119.6 0.3
Delay (s) 122.5 34.3 121.9 145.3 7.3
Level of Service F C F F A
Approach Delay (s) 83.6 0.0 121.9 71.3
Approach LOS F A F E

Intersection Summary
HCM Average Control Delay 92.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.18
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 108.3% ICU Level of Service G
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 775 0 610 0 0 0 0 790 325 440 508 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.95 0.91 0.95 0.95 1.00 0.95
Frt 1.00 0.94 0.85 0.96 1.00 1.00
Flt Protected 0.95 0.97 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1770 1633 1583 3563 1863 3725
Flt Permitted 0.95 0.97 1.00 1.00 0.11 1.00
Satd. Flow (perm) 1770 1633 1583 3563 224 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 842 0 663 0 0 0 0 859 353 478 552 0
RTOR Reduction (vph) 0 24 226 0 0 0 0 50 0 0 0 0
Lane Group Flow (vph) 522 488 245 0 0 0 0 1162 0 478 552 0
Turn Type Split Prot pm+pt
Protected Phases 4 4 4 2 1 6
Permitted Phases 6
Actuated Green, G (s) 26.5 26.5 26.5 29.5 52.5 52.5
Effective Green, g (s) 26.5 26.5 26.5 29.5 52.5 52.5
Actuated g/C Ratio 0.29 0.29 0.29 0.33 0.58 0.58
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 521 481 466 1168 449 2173
v/s Ratio Prot 0.29 c0.30 0.15 0.33 c0.21 0.15
v/s Ratio Perm c0.41
v/c Ratio 1.00 1.01 0.53 1.00 1.06 0.25
Uniform Delay, d1 31.7 31.7 26.5 30.2 31.6 9.2
Progression Factor 1.00 1.00 1.00 0.62 0.98 0.74
Incremental Delay, d2 39.9 44.7 4.2 22.8 53.4 0.2
Delay (s) 71.7 76.5 30.7 41.7 84.4 7.0
Level of Service E E C D F A
Approach Delay (s) 60.5 0.0 41.7 42.9
Approach LOS E A D D

Intersection Summary
HCM Average Control Delay 49.6 HCM Level of Service D
HCM Volume to Capacity ratio 1.02
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 93.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 775 0 610 0 0 0 0 790 325 440 508 0
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 0.97 1.00 0.95 1.00 1.00 0.95
Frt 1.00 0.85 1.00 0.85 1.00 1.00
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 3614 1667 3725 1667 1863 3725
Flt Permitted 0.95 1.00 1.00 1.00 0.19 1.00
Satd. Flow (perm) 3614 1667 3725 1667 373 3725
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 842 0 663 0 0 0 0 859 353 478 552 0
RTOR Reduction (vph) 0 0 226 0 0 0 0 0 237 0 0 0
Lane Group Flow (vph) 842 0 437 0 0 0 0 859 116 478 552 0
Turn Type Prot custom Perm pm+pt
Protected Phases 4 4 2 1 6
Permitted Phases 2 6
Actuated Green, G (s) 26.5 26.5 29.5 29.5 52.5 52.5
Effective Green, g (s) 26.5 26.5 29.5 29.5 52.5 52.5
Actuated g/C Ratio 0.29 0.29 0.33 0.33 0.58 0.58
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1064 491 1221 546 507 2173
v/s Ratio Prot 0.23 c0.26 0.23 c0.18 0.15
v/s Ratio Perm 0.07 c0.37
v/c Ratio 0.79 0.89 0.70 0.21 0.94 0.25
Uniform Delay, d1 29.2 30.4 26.4 21.9 25.1 9.2
Progression Factor 1.00 1.00 0.69 0.47 0.50 0.25
Incremental Delay, d2 6.0 20.9 3.1 0.8 23.3 0.2
Delay (s) 35.2 51.3 21.2 11.0 35.8 2.5
Level of Service D D C B D A
Approach Delay (s) 42.3 0.0 18.2 18.0
Approach LOS D A B B

Intersection Summary
HCM Average Control Delay 27.8 HCM Level of Service C
HCM Volume to Capacity ratio 0.90
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 78.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 40 45 60 40 110 45 435 70 110 430 50
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 0.95
Frt 0.96 0.93 1.00 0.98 1.00 0.98
Flt Protected 0.98 0.99 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1840 1796 1863 3648 1863 3668
Flt Permitted 0.63 0.82 0.46 1.00 0.45 1.00
Satd. Flow (perm) 1186 1501 900 3648 876 3668
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 65 43 49 65 43 120 49 473 76 120 467 54
RTOR Reduction (vph) 0 24 0 0 59 0 0 8 0 0 6 0
Lane Group Flow (vph) 0 133 0 0 169 0 49 541 0 120 515 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 14.7 14.7 64.3 64.3 64.3 64.3
Effective Green, g (s) 14.7 14.7 64.3 64.3 64.3 64.3
Actuated g/C Ratio 0.16 0.16 0.71 0.71 0.71 0.71
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 194 245 643 2606 626 2621
v/s Ratio Prot c0.15 0.14
v/s Ratio Perm 0.11 c0.11 0.05 0.14
v/c Ratio 0.68 0.69 0.08 0.21 0.19 0.20
Uniform Delay, d1 35.5 35.5 3.9 4.3 4.3 4.3
Progression Factor 1.00 1.00 1.00 1.00 0.47 0.40
Incremental Delay, d2 9.6 7.8 0.2 0.2 0.7 0.2
Delay (s) 45.0 43.3 4.1 4.5 2.7 1.9
Level of Service D D A A A A
Approach Delay (s) 45.0 43.3 4.5 2.0
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 12.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.30
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 49.0% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 40 45 60 40 110 45 435 70 110 430 50
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.89 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1804 1863 1744 1863 3648 1863 3668
Flt Permitted 0.50 1.00 0.70 1.00 0.46 1.00 0.44 1.00
Satd. Flow (perm) 983 1804 1367 1744 894 3648 865 3668
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 65 43 49 65 43 120 49 473 76 120 467 54
RTOR Reduction (vph) 0 43 0 0 106 0 0 9 0 0 6 0
Lane Group Flow (vph) 65 49 0 65 57 0 49 540 0 120 515 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 10.4 10.4 10.4 10.4 63.1 57.3 63.1 57.3
Effective Green, g (s) 10.4 10.4 10.4 10.4 63.1 57.3 63.1 57.3
Actuated g/C Ratio 0.12 0.12 0.12 0.12 0.70 0.64 0.70 0.64
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 114 208 158 202 689 2323 671 2335
v/s Ratio Prot 0.03 0.03 0.00 c0.15 c0.01 0.14
v/s Ratio Perm c0.07 0.05 0.05 0.11
v/c Ratio 0.57 0.23 0.41 0.28 0.07 0.23 0.18 0.22
Uniform Delay, d1 37.7 36.2 37.0 36.4 4.4 7.0 4.9 6.9
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.56 0.56
Incremental Delay, d2 6.7 0.6 1.7 0.8 0.0 0.2 0.1 0.2
Delay (s) 44.4 36.8 38.7 37.2 4.4 7.2 2.9 4.1
Level of Service D D D D A A A A
Approach Delay (s) 39.9 37.6 7.0 3.9
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 13.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.28
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 51.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 60 40 45 60 40 110 45 435 70 110 430 50
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 1.00 0.85 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1804 1863 1961 1667 1863 3648 1863 3668
Flt Permitted 0.73 1.00 0.70 1.00 1.00 0.46 1.00 0.44 1.00
Satd. Flow (perm) 1429 1804 1367 1961 1667 896 3648 866 3668
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 65 43 49 65 43 120 49 473 76 120 467 54
RTOR Reduction (vph) 0 44 0 0 0 107 0 9 0 0 6 0
Lane Group Flow (vph) 65 48 0 65 43 13 49 540 0 120 515 0
Turn Type Perm Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 8 2 6
Actuated Green, G (s) 10.0 10.0 10.0 10.0 10.0 63.5 57.7 63.5 57.7
Effective Green, g (s) 10.0 10.0 10.0 10.0 10.0 63.5 57.7 63.5 57.7
Actuated g/C Ratio 0.11 0.11 0.11 0.11 0.11 0.71 0.64 0.71 0.64
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 159 200 152 218 185 694 2339 675 2352
v/s Ratio Prot 0.03 0.02 0.00 c0.15 c0.01 0.14
v/s Ratio Perm 0.05 c0.05 0.01 0.05 0.11
v/c Ratio 0.41 0.24 0.43 0.20 0.07 0.07 0.23 0.18 0.22
Uniform Delay, d1 37.2 36.5 37.3 36.4 35.8 4.2 6.8 4.8 6.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.76 0.56
Incremental Delay, d2 1.7 0.6 1.9 0.4 0.2 0.0 0.2 0.1 0.2
Delay (s) 39.0 37.2 39.3 36.8 36.0 4.3 7.0 3.8 4.0
Level of Service D D D D D A A A A
Approach Delay (s) 37.9 37.1 6.8 3.9
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 12.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.25
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 42.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 40 50 100 40 150 50 375 100 140 450 60
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.6 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 0.95
Frt 0.96 0.93 1.00 0.97 1.00 0.98
Flt Protected 0.98 0.98 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1838 1793 1863 3608 1863 3660
Flt Permitted 0.63 0.80 0.44 1.00 0.46 1.00
Satd. Flow (perm) 1192 1464 862 3608 902 3660
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 76 43 54 109 43 163 54 408 109 152 489 65
RTOR Reduction (vph) 0 24 0 0 55 0 0 18 0 0 8 0
Lane Group Flow (vph) 0 149 0 0 260 0 54 499 0 152 546 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 20.7 20.7 58.3 58.3 58.3 58.3
Effective Green, g (s) 20.7 20.7 58.2 58.3 58.3 58.3
Actuated g/C Ratio 0.23 0.23 0.65 0.65 0.65 0.65
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 274 337 557 2337 584 2371
v/s Ratio Prot 0.14 0.15
v/s Ratio Perm 0.13 c0.18 0.06 c0.17
v/c Ratio 0.54 0.77 0.10 0.21 0.26 0.23
Uniform Delay, d1 30.5 32.4 6.0 6.5 6.7 6.6
Progression Factor 1.00 1.00 1.00 1.00 0.74 0.70
Incremental Delay, d2 2.2 10.4 0.3 0.2 1.0 0.2
Delay (s) 32.7 42.8 6.3 6.7 6.0 4.8
Level of Service C D A A A A
Approach Delay (s) 32.7 42.8 6.7 5.1
Approach LOS C D A A

Intersection Summary
HCM Average Control Delay 15.0 HCM Level of Service B
HCM Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 54.7% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 40 50 100 40 150 50 375 100 140 450 60
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.6 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.88 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1797 1863 1728 1863 3608 1863 3660
Flt Permitted 0.40 1.00 0.69 1.00 0.43 1.00 0.45 1.00
Satd. Flow (perm) 787 1797 1361 1728 852 3608 892 3660
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 76 43 54 109 43 163 54 408 109 152 489 65
RTOR Reduction (vph) 0 47 0 0 140 0 0 16 0 0 7 0
Lane Group Flow (vph) 76 51 0 109 66 0 54 501 0 152 547 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 12.5 12.5 12.5 12.5 61.0 55.1 61.0 55.1
Effective Green, g (s) 12.5 12.5 12.5 12.5 60.8 55.1 61.0 55.1
Actuated g/C Ratio 0.14 0.14 0.14 0.14 0.68 0.61 0.68 0.61
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 109 250 189 240 641 2209 668 2241
v/s Ratio Prot 0.03 0.04 0.01 0.14 c0.01 c0.15
v/s Ratio Perm c0.10 0.08 0.05 0.14
v/c Ratio 0.70 0.20 0.58 0.27 0.08 0.23 0.23 0.24
Uniform Delay, d1 36.9 34.3 36.3 34.7 5.5 7.9 5.9 8.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.82 0.79
Incremental Delay, d2 17.6 0.4 4.2 0.6 0.1 0.2 0.2 0.3
Delay (s) 54.6 34.7 40.5 35.3 5.5 8.1 5.0 6.6
Level of Service D C D D A A A A
Approach Delay (s) 43.5 37.1 7.9 6.2
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 15.9 HCM Level of Service B
HCM Volume to Capacity ratio 0.32
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 55.2% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 70 40 50 100 40 150 50 375 100 140 450 60
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.6 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 1.00 0.85 1.00 0.97 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1797 1863 1961 1667 1863 3608 1863 3660
Flt Permitted 0.73 1.00 0.69 1.00 1.00 0.43 1.00 0.45 1.00
Satd. Flow (perm) 1429 1797 1361 1961 1667 852 3608 892 3660
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 76 43 54 109 43 163 54 408 109 152 489 65
RTOR Reduction (vph) 0 47 0 0 0 140 0 16 0 0 7 0
Lane Group Flow (vph) 76 51 0 109 43 23 54 501 0 152 547 0
Turn Type Perm Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 8 2 6
Actuated Green, G (s) 12.5 12.5 12.5 12.5 12.5 61.0 55.1 61.0 55.1
Effective Green, g (s) 12.5 12.5 12.5 12.5 12.5 60.8 55.1 61.0 55.1
Actuated g/C Ratio 0.14 0.14 0.14 0.14 0.14 0.68 0.61 0.68 0.61
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 198 250 189 272 232 641 2209 668 2241
v/s Ratio Prot 0.03 0.02 0.01 0.14 c0.01 c0.15
v/s Ratio Perm 0.05 c0.08 0.01 0.05 0.14
v/c Ratio 0.38 0.20 0.58 0.16 0.10 0.08 0.23 0.23 0.24
Uniform Delay, d1 35.2 34.3 36.3 34.1 33.8 5.5 7.9 5.9 8.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.59 0.65
Incremental Delay, d2 1.2 0.4 4.2 0.3 0.2 0.1 0.2 0.2 0.2
Delay (s) 36.5 34.7 40.5 34.4 34.0 5.5 8.1 3.7 5.5
Level of Service D C D C C A A A A
Approach Delay (s) 35.5 36.3 7.9 5.1
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 14.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.30
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 45.9% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 AM Option A
2: Beck Rd & Nixon Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 55 60 95 55 145 60 635 107 160 660 80
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 0.95
Frt 0.96 0.93 1.00 0.98 1.00 0.98
Flt Protected 0.98 0.98 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1842 1802 1863 3645 1863 3665
Flt Permitted 0.63 0.78 0.32 1.00 0.32 1.00
Satd. Flow (perm) 1190 1437 630 3645 628 3665
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 87 60 65 103 60 158 65 690 116 174 717 87
RTOR Reduction (vph) 0 20 0 0 43 0 0 12 0 0 9 0
Lane Group Flow (vph) 0 192 0 0 278 0 65 794 0 174 795 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 21.4 21.4 57.6 57.6 57.6 57.6
Effective Green, g (s) 21.4 21.4 57.6 57.6 57.6 57.6
Actuated g/C Ratio 0.24 0.24 0.64 0.64 0.64 0.64
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 283 342 403 2333 402 2346
v/s Ratio Prot 0.22 0.22
v/s Ratio Perm 0.16 c0.19 0.10 c0.28
v/c Ratio 0.68 0.81 0.16 0.34 0.43 0.34
Uniform Delay, d1 31.2 32.4 6.5 7.5 8.1 7.4
Progression Factor 1.00 1.00 1.00 1.00 0.79 0.59
Incremental Delay, d2 6.3 13.6 0.9 0.4 3.2 0.4
Delay (s) 37.5 46.0 7.4 7.9 9.6 4.7
Level of Service D D A A A A
Approach Delay (s) 37.5 46.0 7.8 5.6
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 14.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 61.4% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 55 60 95 55 145 60 635 107 160 660 80
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.89 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1808 1863 1748 1863 3645 1863 3665
Flt Permitted 0.38 1.00 0.66 1.00 0.31 1.00 0.31 1.00
Satd. Flow (perm) 750 1808 1304 1748 614 3645 612 3665
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 87 60 65 103 60 158 65 690 116 174 717 87
RTOR Reduction (vph) 0 49 0 0 118 0 0 10 0 0 7 0
Lane Group Flow (vph) 87 76 0 103 100 0 65 796 0 174 797 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 13.2 13.2 13.2 13.2 60.3 54.3 60.3 54.3
Effective Green, g (s) 13.2 13.2 13.2 13.2 60.3 54.3 60.3 54.3
Actuated g/C Ratio 0.15 0.15 0.15 0.15 0.67 0.60 0.67 0.60
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 110 265 191 256 495 2199 493 2211
v/s Ratio Prot 0.04 0.06 0.01 c0.22 c0.02 0.22
v/s Ratio Perm c0.12 0.08 0.08 0.21
v/c Ratio 0.79 0.29 0.54 0.39 0.13 0.36 0.35 0.36
Uniform Delay, d1 37.1 34.2 35.6 34.8 7.6 9.1 9.3 9.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.75 0.39
Incremental Delay, d2 31.0 0.6 2.9 1.0 0.1 0.5 0.4 0.4
Delay (s) 68.1 34.8 38.5 35.8 7.7 9.5 7.3 3.9
Level of Service E C D D A A A A
Approach Delay (s) 48.5 36.6 9.4 4.5
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 14.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.44
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 63.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 AM Option C
2: Beck Rd & Nixon Rd 12/2/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 80 55 60 95 55 145 60 635 107 160 660 80
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 1.00 0.85 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1808 1863 1961 1667 1863 3645 1863 3665
Flt Permitted 0.72 1.00 0.66 1.00 1.00 0.31 1.00 0.31 1.00
Satd. Flow (perm) 1408 1808 1297 1961 1667 617 3645 615 3665
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 87 60 65 103 60 158 65 690 116 174 717 87
RTOR Reduction (vph) 0 49 0 0 0 136 0 10 0 0 7 0
Lane Group Flow (vph) 87 76 0 103 60 22 65 796 0 174 797 0
Turn Type Perm Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 8 2 6
Actuated Green, G (s) 12.5 12.5 12.5 12.5 12.5 61.0 55.0 61.0 55.0
Effective Green, g (s) 12.5 12.5 12.5 12.5 12.5 61.0 55.0 61.0 55.0
Actuated g/C Ratio 0.14 0.14 0.14 0.14 0.14 0.68 0.61 0.68 0.61
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 196 251 180 272 232 501 2228 500 2240
v/s Ratio Prot 0.04 0.03 0.01 c0.22 c0.02 0.22
v/s Ratio Perm 0.06 c0.08 0.01 0.08 0.21
v/c Ratio 0.44 0.30 0.57 0.22 0.09 0.13 0.36 0.35 0.36
Uniform Delay, d1 35.6 34.8 36.2 34.4 33.8 7.2 8.7 8.8 8.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.86 0.33
Incremental Delay, d2 1.6 0.7 4.3 0.4 0.2 0.1 0.4 0.4 0.4
Delay (s) 37.2 35.5 40.6 34.8 34.0 7.3 9.2 7.9 3.3
Level of Service D D D C C A A A A
Approach Delay (s) 36.2 36.3 9.0 4.1
Approach LOS D D A A

Intersection Summary
HCM Average Control Delay 13.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.39
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 53.8% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 PM Option A
2: Beck Rd & Nixon Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 55 65 145 55 240 65 775 140 240 778 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.6 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 0.95
Frt 0.96 0.93 1.00 0.98 1.00 0.98
Flt Protected 0.98 0.98 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1841 1787 1863 3640 1863 3662
Flt Permitted 0.57 0.78 0.25 1.00 0.23 1.00
Satd. Flow (perm) 1072 1424 486 3640 459 3662
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 60 71 158 60 261 71 842 152 261 846 109
RTOR Reduction (vph) 0 17 0 0 48 0 0 16 0 0 11 0
Lane Group Flow (vph) 0 223 0 0 431 0 71 978 0 261 944 0
Turn Type Perm Perm Perm Perm
Protected Phases 4 8 2 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 26.5 26.5 52.5 52.5 52.5 52.5
Effective Green, g (s) 26.5 26.5 52.4 52.5 52.5 52.5
Actuated g/C Ratio 0.29 0.29 0.58 0.58 0.58 0.58
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 316 419 283 2123 268 2136
v/s Ratio Prot 0.27 0.26
v/s Ratio Perm 0.21 c0.30 0.15 c0.57
v/c Ratio 0.71 1.03 0.25 0.46 0.97 0.44
Uniform Delay, d1 28.3 31.7 9.2 10.7 18.1 10.5
Progression Factor 1.00 1.00 1.00 1.00 0.96 0.86
Incremental Delay, d2 7.0 51.5 2.1 0.7 43.3 0.5
Delay (s) 35.3 83.3 11.3 11.4 60.7 9.6
Level of Service D F B B E A
Approach Delay (s) 35.3 83.3 11.4 20.5
Approach LOS D F B C

Intersection Summary
HCM Average Control Delay 28.5 HCM Level of Service C
HCM Volume to Capacity ratio 0.99
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 11.0
Intersection Capacity Utilization 79.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 PM Option B
2: Beck Rd & Nixon Rd 11/25/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 55 65 145 55 240 65 775 140 240 778 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.6 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 0.88 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1801 1863 1722 1863 3640 1863 3662
Flt Permitted 0.27 1.00 0.67 1.00 0.22 1.00 0.21 1.00
Satd. Flow (perm) 535 1801 1315 1722 440 3640 411 3662
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 60 71 158 60 261 71 842 152 261 846 109
RTOR Reduction (vph) 0 48 0 0 177 0 0 15 0 0 10 0
Lane Group Flow (vph) 109 83 0 158 144 0 71 979 0 261 945 0
Turn Type Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 2 6
Actuated Green, G (s) 19.1 19.1 19.1 19.1 54.4 46.0 54.4 46.0
Effective Green, g (s) 19.1 19.1 19.1 19.1 54.2 46.0 54.4 46.0
Actuated g/C Ratio 0.21 0.21 0.21 0.21 0.60 0.51 0.60 0.51
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 114 382 279 365 396 1860 384 1872
v/s Ratio Prot 0.05 0.08 0.02 0.27 c0.06 0.26
v/s Ratio Perm c0.20 0.12 0.09 c0.35
v/c Ratio 0.96 0.22 0.57 0.39 0.18 0.53 0.68 0.50
Uniform Delay, d1 35.0 29.3 31.7 30.5 14.2 14.7 22.1 14.5
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.09 0.69
Incremental Delay, d2 69.8 0.3 2.6 0.7 0.2 1.1 4.1 0.8
Delay (s) 104.8 29.6 34.4 31.2 14.4 15.8 28.2 10.8
Level of Service F C C C B B C B
Approach Delay (s) 63.8 32.2 15.7 14.5
Approach LOS E C B B

Intersection Summary
HCM Average Control Delay 21.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 78.2% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis 2030 PM Option C
2: Beck Rd & Nixon Rd 12/2/2008

I-96 @ Latson Rd Interchange Synchro 7 -  Report
Wilcox Professional Services Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 100 55 65 145 55 240 65 775 140 240 778 100
Ideal Flow (vphpl) 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000
Total Lost time (s) 5.5 5.5 5.5 5.5 5.5 5.6 5.5 5.5 5.5
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 0.95
Frt 1.00 0.92 1.00 1.00 0.85 1.00 0.98 1.00 0.98
Flt Protected 0.95 1.00 0.95 1.00 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1863 1801 1863 1961 1667 1863 3640 1863 3662
Flt Permitted 0.72 1.00 0.66 1.00 1.00 0.24 1.00 0.22 1.00
Satd. Flow (perm) 1408 1801 1292 1961 1667 468 3640 440 3662
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 109 60 71 158 60 261 71 842 152 261 846 109
RTOR Reduction (vph) 0 50 0 0 0 215 0 14 0 0 9 0
Lane Group Flow (vph) 109 81 0 158 60 46 71 980 0 261 946 0
Turn Type Perm Perm Perm pm+pt pm+pt
Protected Phases 4 8 5 2 1 6
Permitted Phases 4 8 8 2 6
Actuated Green, G (s) 15.7 15.7 15.7 15.7 15.7 57.8 49.7 57.8 49.7
Effective Green, g (s) 15.7 15.7 15.7 15.7 15.7 57.6 49.7 57.8 49.7
Actuated g/C Ratio 0.17 0.17 0.17 0.17 0.17 0.64 0.55 0.64 0.55
Clearance Time (s) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 246 314 225 342 291 424 2010 411 2022
v/s Ratio Prot 0.04 0.03 0.01 0.27 c0.06 0.26
v/s Ratio Perm 0.08 c0.12 0.03 0.09 c0.35
v/c Ratio 0.44 0.26 0.70 0.18 0.16 0.17 0.49 0.64 0.47
Uniform Delay, d1 33.2 32.1 35.0 31.6 31.5 11.4 12.3 19.3 12.2
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.81 1.23
Incremental Delay, d2 1.3 0.4 9.5 0.2 0.3 0.2 0.8 2.5 0.6
Delay (s) 34.5 32.5 44.5 31.9 31.8 11.6 13.2 18.0 15.5
Level of Service C C D C C B B B B
Approach Delay (s) 33.4 36.0 13.1 16.1
Approach LOS C D B B

Intersection Summary
HCM Average Control Delay 19.6 HCM Level of Service B
HCM Volume to Capacity ratio 0.65
Actuated Cycle Length (s) 90.0 Sum of lost time (s) 16.5
Intersection Capacity Utilization 65.3% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



   Draft Traffic Study for I-96 at Latson Rd Interchange 

 
Wilcox Professional Services 

APPENDIX F 
 

       TRAFFIC VOLUME PROJECTIONS 















   Draft Traffic Study for I-96 at Latson Rd Interchange 

 
Wilcox Professional Services 

APPENDIX G 
 

     HIGHWAY CAPACITY SOFTWARE REPORTS 



TWO-WAY STOP CONTROL SUMMARY 

General Information Site Information 
Analyst JJS   

Agency/Co. Wilcox Professional Services 
 

Date Performed 11/7/2008  
Analysis Time Period 2010 AM Peak  

Intersection WB I-96 @ Latson 
Interchange  

Jurisdiction MDOT  
Analysis Year 2010 AM Peak  
  

Project Description     I-96 @ Latson Interchange  
East/West Street:   WB I-96 Off Ramp  North/South Street:  Latson Road  
Intersection Orientation:    North-South  Study Period (hrs):  1.00  

Vehicle Volumes and Adjustments 
Major Street Northbound Southbound  
Movement 1 2 3 4 5 6
 L T R L T R
Volume (veh/h) 270  415  655  610  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 0  0  0  86  0  184  

Percent Heavy Vehicles 0  -- -- 7  -- -- 
Median Type    Undivided   
RT Channelized     0     0  
Lanes 1  2  0  0  2  1  
Configuration L  T    T  R  
Upstream Signal  0   0  
Minor Street Eastbound Westbound  
Movement 7 8 9 10 11 12
 L T R L T R
Volume (veh/h)  80   170  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 0  711  663  293  451  0  

Percent Heavy Vehicles 7  0  0  0  0  0  
Percent Grade (%)  0  0  
Flared Approach  N  N  
    Storage  0  0  
RT Channelized     0    0  
Lanes 0  0  0  1  0  1  
Configuration    L   R  
Delay, Queue Length, and Level of Service
Approach Northbound  Southbound Westbound Eastbound 
Movement 1 4 7 8 9 10 11 12
Lane Configuration L   L   R     
v (veh/h) 293   86   184     
C (m) (veh/h) 506   57   783     
v/c 0.58   1.51   0.23     
95% queue length 3.98   20.72   0.92     
Control Delay (s/veh) 21.8   1143   11.0     
LOS C   F   B     
Approach Delay (s/veh) -- -- 371.7   
Approach LOS -- -- F   
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TWO-WAY STOP CONTROL SUMMARY 

General Information Site Information 
Analyst JJS   

Agency/Co. Wilcox Professional Services 
 

Date Performed 11/7/2008  
Analysis Time Period 2010 PM Peak  

Intersection WB I-96 @ Latson 
Interchange  

Jurisdiction MDOT  
Analysis Year 2010 PM Peak  
  

Project Description     I-96 @ Latson Interchange  
East/West Street:   WB I-96 Off Ramp  North/South Street:  Latson Road  
Intersection Orientation:    North-South  Study Period (hrs):  1.00  

Vehicle Volumes and Adjustments 
Major Street Northbound Southbound  
Movement 1 2 3 4 5 6
 L T R L T R
Volume (veh/h) 170  790  475  300  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 0  0  0  163  0  255  

Percent Heavy Vehicles 0  -- -- 7  -- -- 
Median Type    Undivided   
RT Channelized     0     0  
Lanes 1  2  0  0  2  1  
Configuration L  T    T  R  
Upstream Signal  0   0  
Minor Street Eastbound Westbound  
Movement 7 8 9 10 11 12
 L T R L T R
Volume (veh/h)  150   235  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 0  516  326  184  858  0  

Percent Heavy Vehicles 7  0  0  0  0  0  
Percent Grade (%)  0  0  
Flared Approach  N  N  
    Storage  0  0  
RT Channelized     0    0  
Lanes 0  0  0  1  0  1  
Configuration    L   R  
Delay, Queue Length, and Level of Service
Approach Northbound  Southbound Westbound Eastbound 
Movement 1 4 7 8 9 10 11 12
Lane Configuration L   L   R     
v (veh/h) 184   163   255     
C (m) (veh/h) 802   91   580     
v/c 0.23   1.79   0.44     
95% queue length 0.89   41.84   2.32     
Control Delay (s/veh) 10.8   1553   16.1     
LOS B   F   C     
Approach Delay (s/veh) -- -- 615.5   
Approach LOS -- -- F   
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TWO-WAY STOP CONTROL SUMMARY 

General Information Site Information 
Analyst jjs   

Agency/Co. Wilcox Professional Services 
 

Date Performed 11/7/2008  
Analysis Time Period 2010 AM Peak  

Intersection EB I-96 @ Latson 
Interchange  

Jurisdiction MDOT  
Analysis Year 2010 Am Peak  
  

Project Description     I-96 @ Latson Interchange  
East/West Street:   EB I-96 Off Ramp  North/South Street:  Latson Road  
Intersection Orientation:    North-South  Study Period (hrs):  1.00  

Vehicle Volumes and Adjustments 
Major Street Northbound Southbound  
Movement 1 2 3 4 5 6
 L T R L T R
Volume (veh/h)  455  150  295  440  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 304  0  163  0  0  0  

Percent Heavy Vehicles 0  -- -- 7  -- -- 
Median Type    Undivided   
RT Channelized     0     0  
Lanes 0  2  1  1  2  0  
Configuration  T  R  L  T   
Upstream Signal  0   0  
Minor Street Eastbound Westbound  
Movement 7 8 9 10 11 12
 L T R L T R
Volume (veh/h) 280  150   
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 320  478  0  0  494  163  

Percent Heavy Vehicles 7  0  0  0  0  0  
Percent Grade (%)  0  0  
Flared Approach  N  N  
    Storage  0  0  
RT Channelized     0    0  
Lanes 1  0  1  0  0  0  
Configuration L   R     
Delay, Queue Length, and Level of Service
Approach Northbound  Southbound Westbound Eastbound 
Movement 1 4 7 8 9 10 11 12
Lane Configuration  L     L   R  
v (veh/h)  320     304   163  
C (m) (veh/h)  893     85   768  
v/c  0.36     3.58   0.21  
95% queue length  1.67     113.52   0.81  
Control Delay (s/veh)  11.3     4743   10.9  
LOS  B     F   B  
Approach Delay (s/veh) -- --  3091  
Approach LOS -- --  F  
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TWO-WAY STOP CONTROL SUMMARY 

General Information Site Information 
Analyst jjs   

Agency/Co. Wilcox Professional Services 
 

Date Performed 11/7/2008  
Analysis Time Period 2010 PM Peak  

Intersection  
Jurisdiction MDOT  
Analysis Year 2010 PM Peak  
  

Project Description     I-96 @ Latson Interchange  
East/West Street:   EB I-96 Off Ramp  North/South Street:  Latson Road  
Intersection Orientation:    North-South  Study Period (hrs):  1.00  

Vehicle Volumes and Adjustments 
Major Street Northbound Southbound  
Movement 1 2 3 4 5 6
 L T R L T R
Volume (veh/h)  445  150  325  300  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 559  0  380  0  0  0  

Percent Heavy Vehicles 0  -- -- 7  -- -- 
Median Type    Undivided   
RT Channelized     0     0  
Lanes 0  2  1  1  2  0  
Configuration  T  R  L  T   
Upstream Signal  0   0  
Minor Street Eastbound Westbound  
Movement 7 8 9 10 11 12
 L T R L T R
Volume (veh/h) 515  350   
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 353  326  0  0  483  163  

Percent Heavy Vehicles 7  0  0  0  0  0  
Percent Grade (%)  0  0  
Flared Approach  N  N  
    Storage  0  0  
RT Channelized     0    0  
Lanes 1  0  1  0  0  0  
Configuration L   R     
Delay, Queue Length, and Level of Service
Approach Northbound  Southbound Westbound Eastbound 
Movement 1 4 7 8 9 10 11 12
Lane Configuration  L     L   R  
v (veh/h)  353     559   380  
C (m) (veh/h)  902     93   859  
v/c  0.39     6.01   0.44  
95% queue length  1.92     236.54   2.36  
Control Delay (s/veh)  11.6     9109   12.5  
LOS  B     F   B  
Approach Delay (s/veh) -- --  5428  
Approach LOS -- --  F  
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TWO-WAY STOP CONTROL SUMMARY 

General Information Site Information 
Analyst  

Agency/Co. Wilcox Professional Services 
 

Date Performed 11/7/2008  
Analysis Time Period 2010 AM Peak  

Intersection Nixon at Beck  
Jurisdiction MDOT  
Analysis Year 2010 Am Peak  
  

Project Description     Nixon at Beck  
East/West Street:   Beck  North/South Street:  Nixon Road  
Intersection Orientation:    North-South  Study Period (hrs):  1.00  

Vehicle Volumes and Adjustments 
Major Street Northbound Southbound  
Movement 1 2 3 4 5 6
 L T R L T R
Volume (veh/h) 45  435  70  110  430  50  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 65  43  48  65  43  119  

Percent Heavy Vehicles 0  -- -- 7  -- -- 
Median Type    Undivided   
RT Channelized     0     0  
Lanes 1  2  0  1  2  0  
Configuration L  T  TR  L  T  TR  
Upstream Signal  0   0  
Minor Street Eastbound Westbound  
Movement 7 8 9 10 11 12
 L T R L T R
Volume (veh/h) 60  40  45  60  40  110  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 119  467  54  48  472  76  

Percent Heavy Vehicles 7  0  0  0  0  0  
Percent Grade (%)  0  0  
Flared Approach  N  N  
    Storage  0  0  
RT Channelized     0    0  
Lanes 1  1  0  1  1  0  
Configuration L   TR  L   TR  
Delay, Queue Length, and Level of Service
Approach Northbound  Southbound Westbound Eastbound 
Movement 1 4 7 8 9 10 11 12
Lane Configuration L  L  L   TR  L   TR  
v (veh/h) 48  119  65   162  65   91  
C (m) (veh/h) 1056  984  102   320  89   220  
v/c 0.05  0.12  0.64   0.51  0.73   0.41  
95% queue length 0.14  0.41  4.28   2.96  5.55   2.05  
Control Delay (s/veh) 8.6  9.2  97.3   27.6  137.5   32.8  
LOS A  A  F   D  F   D  
Approach Delay (s/veh) -- -- 47.6  76.4  
Approach LOS -- -- E  F  

Copyright © 2005 University of Florida, All Rights Reserved     HCS+TM   Version 5.2 Generated:  11/24/2008    10:02 AM

Page 1 of 1Two-Way Stop Control

11/25/2008mhtml:file://P:\Projects\22915.00013\01 Road\Capacity Anal\BeckNixonAM2010Report....



TWO-WAY STOP CONTROL SUMMARY 

General Information Site Information 
Analyst jjs   

Agency/Co. Wilcox Professional Services 
 

Date Performed 11/7/2008  
Analysis Time Period 2010 PM Peak  

Intersection Nixon at Beck  
Jurisdiction Livingston County  
Analysis Year 2010 PM Peak  
  

Project Description     Nixon at Beck  
East/West Street:   Beck Road  North/South Street:  Nixon Road  
Intersection Orientation:    North-South  Study Period (hrs):  1.00  

Vehicle Volumes and Adjustments 
Major Street Northbound Southbound  
Movement 1 2 3 4 5 6
 L T R L T R
Volume (veh/h) 50  375  100  140  450  60  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 76  43  54  108  43  163  

Percent Heavy Vehicles 0  -- -- 7  -- -- 
Median Type    Undivided   
RT Channelized     0     0  
Lanes 1  2  0  1  2  0  
Configuration L  T  TR  L  T  TR  
Upstream Signal  0   0  
Minor Street Eastbound Westbound  
Movement 7 8 9 10 11 12
 L T R L T R
Volume (veh/h) 70  40  50  100  40  150  
Peak-Hour Factor, PHF 0.92  0.92  0.92  0.92  0.92  0.92  
Hourly Flow Rate, HFR 
(veh/h) 152  489  65  54  407  108  

Percent Heavy Vehicles 7  0  0  0  0  0  
Percent Grade (%)  0  0  
Flared Approach  N  N  
    Storage  0  0  
RT Channelized     0    0  
Lanes 1  1  0  1  1  0  
Configuration L   TR  L   TR  
Delay, Queue Length, and Level of Service
Approach Northbound  Southbound Westbound Eastbound 
Movement 1 4 7 8 9 10 11 12
Lane Configuration L  L  L   TR  L   TR  
v (veh/h) 54  152  108   206  76   97  
C (m) (veh/h) 1026  1013  87   338  68   202  
v/c 0.05  0.15  1.24   0.61  1.12   0.48  
95% queue length 0.17  0.53  19.02   4.39  12.86   2.64  
Control Delay (s/veh) 8.7  9.2  637.3   31.9  506.9   39.0  
LOS A  A  F   D  F   E  
Approach Delay (s/veh) -- -- 240.1  244.6  
Approach LOS -- -- F  F  
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Warrant 3B - 70%

Michigan Manual of Uniform Traffic Control Devices
Worksheet for Signal Warrants (Section 4C)

Prepared by Wilcox Professional Services for the 2005 Edition of the MMUTCD

Intersection:
City:

Warrant 3B - Peak Hour - 70%

The peak hour volume warrant is also intended for application when traffic conditions
are such that for one hour of the day minor street traffic suffers undue traffic delay
in entering or crossing the main street.

The peak hour volume warrant is satisfied when the plotted point representing vehicles
per hour on the higher volume minor street for one hour falls above the curve in Figure 4C-4.

This Figure can be used if the 85th percentile speed of the major street exceeds 40 mph 
or when the intersection lies within a built-up area of an isolated community having a 
population less than 10,000. 

Can the 70% Warrant be used? Yes
Is Peak Hour Volume Warrant Met?
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Warrant 3B

Michigan Manual of Uniform Traffic Control Devices
Worksheet for Signal Warrants (Section 4C)

Prepared by Wilcox Professional Services for the 2005 Edition of the MMUTCD

Intersection:
City:

Warrant 3B - Peak Hour

The peak hour volume warrant is also intended for application when traffic conditions
are such that for one hour of the day minor street traffic suffers undue traffic delay
in entering or crossing the main street.

The peak hour volume warrant is satisfied when the plotted point representing vehicles
per hour on the higher volume minor street for one hour falls above the curve in Figure 4C-3.

Figure 4C-4 may be used if the 85th percentile speed of the major street exceeds 40 mph 
or when the intersection lies within a built-up area of an isolated community having a 
population less than 10,000. 

Warrant 3 be used because of Peak Hour Delay requirements. 
 (see Warrant 3A for more details). 

Can the Peak Hour Volume Warrant be used? Use 70%
Is Peak Hour Volume Warrant Met?

0
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Warrant 3B

Michigan Manual of Uniform Traffic Control Devices
Worksheet for Signal Warrants (Section 4C)

Prepared by Wilcox Professional Services for the 2005 Edition of the MMUTCD

Intersection:
City:

Warrant 3B - Peak Hour

The peak hour volume warrant is also intended for application when traffic conditions
are such that for one hour of the day minor street traffic suffers undue traffic delay
in entering or crossing the main street.

The peak hour volume warrant is satisfied when the plotted point representing vehicles
per hour on the higher volume minor street for one hour falls above the curve in Figure 4C-3.

Figure 4C-4 may be used if the 85th percentile speed of the major street exceeds 40 mph 
or when the intersection lies within a built-up area of an isolated community having a 
population less than 10,000. 

Warrant 3 be used because of Peak Hour Delay requirements. 
 (see Warrant 3A for more details). 

Can the Peak Hour Volume Warrant be used? Yes
Is Peak Hour Volume Warrant Met?

0
Nixon @ Beck
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CAN

Peak Hour volume warrant - Major and Minor Streets
for Urban Locations - Warrant 3B
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Executive Summary

The Michigan Department of Transportation is currently constructing new access ramps for I-96
at Latson Road in Genoa Township. With the improved access to the freeway, development
requiring municipal water, provided by the Marion-Howell-Oceola-Genoa Sewer and Water
Utilities (MHOG), and sanitary sewer service, provided by the Genoa-Oceola Sewer and Water
Authority (GO) is expected. Furthermore, Genoa Township is considering a connection between
the Oak Pointe water distribution network, which the Township operates independently, and the
MHOG system to improve the performance and reliability of the Oak Pointe system because
development in the proposed S. Latson Road Service Area along Nixon Road (Latson Road
becomes Nixon Road south of I-96) would bring the MHOG water distribution network closer to
Oak Pointe. Therefore, the purpose of this report is to evaluate and identify necessary
infrastructure improvements to provide an adequate water and sanitary sewer service to the
proposed S. Latson Road Service Area and secondary improvements necessary to provide water
service to the Oak Pointe water system.

The proposed S. Latson Road Service Area is located along S. Latson and Nixon Roads in Genoa
Township. The majority of the proposed service area is located south of I-96. There are expected
to be about 1,630 REUs in the proposed service area. This report also considers the impacts of
935 REUs of infill development along Grand River Avenue in Genoa Township west of Dorr
Road, and 1,000 REUs (already existing) in the Oak Pointe system (Oak Pointe is only included
in the water system improvements).

Alternatives developed in this report were based on past reports, which identified major system
improvements, and additional recent information provided by the Township. The alternatives
include both the infrastructure necessary to provide service to the local area and systemic
improvements needed to maintain proper system performance once the existing systems becomes
stressed by growth. Some of the improvements, especially along Nixon Road, south of I-96 are
larger than necessary for the local area as they would become part of the transmission
infrastructure if growth expanded beyond the limits identified in this project. An example of this
is the 16-inch water main along Nixon Road, which would only need to be a 12-inch water main
if it were to provide service to the local area only.

A timeline of system improvements for both the water distribution and sanitary sewer systems is
included in the report to identify trigger points that require certain aspects of the plan to become
necessary. The trigger points are based on development in Genoa Township.

The major water system improvements included the following items:

 water main to serve the proposed S. Latson Road Service Area
 water main to connect Oak Pointe to MHOG
 water main between the WTP and the Marion Tanks, Sanitorium and Peavy Roads, and

Lucy Road and Grand Oaks Drive
 new pump station near Lucy Road and I-96 to replace the Industrial Drive Pump Station
 new pump stations to serve Oak Pointe and another near Latson Road and M-59
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The major sanitary sewer system improvements include the following items:

 sanitary sewer to serve the proposed S. Latson Road Service Area
 new regional pump station with force main to the GO WWTP
 new interim pump station prior to the construction of a regional pump station
 improvements to and re-direction of the existing Pump Station No. 6 and No. 9

The total opinion of cost for all phases of the water distribution system improvements for the
proposed S. Latson Road Service Area and the existing Oak Pointe service area is $14,690,000 if
Oak Pointe connected to MHOG at Nixon Road following development in the proposed S.
Latson Road Service Area or $14,290,000 if Oak Pointe connected to MHOG at Dorr Road prior
to development in the proposed S. Latson Road Service Area. The total opinion of cost for all
phases of the sanitary sewer collection system improvements for the proposed S. Latson Road
Service Area is $20,360,000. These costs do not include tap fees for the purchase of existing
plant capacity, existing distribution system components, or existing collection system
components.
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Introduction

The new access ramp at I-96 and Latson Road will provide access to and from the freeway in
Genoa Township and provide a roadway that connects the relatively densely developed north
side of I-96 and the lesser developed area south of I-96. Development, requiring water and sewer
services, is expected because of the increased access. Future water service will be provided by
the Marion, Howell, Oceola, Genoa Sewer and Water Utilities (MHOG). Future sanitary sewer
service will be provided by Genoa-Oceola Sewer and Water Authority (GO).

Genoa Township defined a future utility service area boundary for the potential development that
includes 46 acres along S. Latson Road, north of I-96 and 457 acres along Nixon Road south of
I-96, extending about a quarter mile south of Sweet Road. There is an additional transitional
development area in Genoa Township’s development plan between that point and Crooked Lake
Road that was not included in this analysis at the request of the Township. Genoa Township staff
estimate that at full development, there will be 1,630 REUs in the proposed S. Latson Road
Service Area (excluding the transition area).

Figure 1 shows the location of the new interchange and the proposed service area relative to the
existing MHOG, Oak Pointe, and GO service areas. It also shows the major components of each
system.

For the water distribution analysis only, a proposed connection between the Oak Pointe and
MHOG water distribution systems was also reviewed. The Oak Pointe water system is currently
independently operated by Genoa Township. Its service area is roughly bounded by Crooked
Lake, Nixon, Brighton, and Dorr Roads. It has a maximum day demand (MDD) of 1.38 million
gallons per day (MGD) with a peak hour demand of 2.76 MGD (Oak Pointe Water Distribution
Reliability Study, page 11).

Past Study Efforts

Several studies have been completed by MHOG and GO to assess the need for system
improvements as development occurs. As conditions changed or become better defined, periodic
updates to the recommendations in past reports were completed. This document takes the past
reports into consideration to summarize and make appropriate recommendations.

In February 2010, the Genoa Oceola Sanitary Sewer Collection System Grand River 15"
Evaluation was completed to determine the available sanitary sewer capacity in the 15-inch
gravity sewer in Grand River Avenue. The report stated that the current capacity was being
completely used by flows from existing customers and recommended that flows from upstream
pump stations be directed away from this sewer to provide capacity for future development
directly tributary to the gravity sewer.

In March 2010, the I-96 / Latson Road Service Area Utility Master Plan report was published. It
recommended that water service be provided to the future service area with a 12-inch looped
system. It also recommended a gravity sanitary sewer system for most of the defined service area
with wastewater conveyed to a pump station, which would then discharge directly to the GO
WWTP. It also provided documentation on storm sewer and road improvements that would be
necessary because of the development.
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The Lake Chemung Area Pump Capacity Analysis report in June 2010 provided the estimated
peak flow rates and firm capacities of several pump stations, including Pump Station No. 6 and
No. 9. It recommended increased pumping capacity at both pump stations because of flows from
existing customers.

In August 2012, the Genoa-Oceola Pump Station 16 Discharge Point Realignment Study was
completed. It recommended re-directing Pump Station No. 16 force main away from the gravity
sewer in Grand River Avenue and into the Pump Station No. 47 dual force mains. This
recommended work was subsequently completed. The study showed that removing the Pump
Station 16 flows from the gravity sewer would allow an additional 733 REUs to be developed in
Genoa Township without requiring additional sanitary sewer collection system improvements.

MHOG’s water system has been periodically reviewed to prioritize improvements due to growth
within the system. The most recent system-wide planning documents were the 2010 Phase 1 and
Phase 2 Distribution System Hydraulic Modeling Summary Reports in January and March 2010,
respectively. These reports recommended a timeline of improvements that would be necessary as
certain levels of demands were reached. Some of the improvements recommended in these two
reports have already been implemented by the Authority as part of the 2012 Water Improvements
project.

An analysis of the MHOG water distribution system in August 2012 assumed 500 REUs were
immediately available for development in the Latson / Nixon Road corridor and showed that no
improvements for the greater system were necessary to accommodate the demand from this level
of development. The additional demand caused pressures to drop by 1 to 2 psi from the baseline
conditions described in the memo.

In 2011 and 2012, three studies were completed for the Oak Pointe water distribution system.
The Oak Pointe Water System 2011 Water Pressure Study Report & Base Water Model
(November 2011) provided documentation for the development and calibration of the system’s
water model. The study recommended opening a closed valve to improve water pressure in the
northern portion of the service area. This valve was subsequently opened.

The April 2012 Oak Pointe Water Reliability Study showed that the system had reliable water
supply and distribution for the existing and near future (within 5 years) time period. However,
for the 20-year planning period, its water supply was calculated to be insufficient for the
increased demand.

In August 2012, the Oak Pointe Water Supply / Treatment Report was prepared. It also
recommended adding water supply for future growth with another well as well as improvements
to the treatment process.
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Water Distribution Analysis

MHOG currently provides potable water to portions of Genoa Township north of I-96. The
proposed S. Latson Road Service Area, most of which is on the south side of I-96, is just south of
the current MHOG service area. Oak Pointe is located southeast of the proposed S. Latson Road
Service Area.

MHOG utilizes a numerical model of its water distribution system to determine the impacts of
development and recommend alternatives to maintain adequate water pressure and fire flow for
its customers. The impacts of the additional demand from the proposed S. Latson Road Service
Area and the Oak Pointe system were calculated, and improvements recommended, using the
numerical model. The recommended improvements are provided as a timeline based on the level
of demand in the system.

Existing Facilities and Demands

The MHOG Water Treatment Plant (WTP) is located in Marion Township west of Burkhart
Road. Water is pumped from the WTP to ground storage tanks on Sanitorium Road where the
water is distributed throughout the pipe network. The maximum day demand in the MHOG
system is currently 4.5 MGD.

The Industrial Drive Pump Station, located in the northwest corner of Genoa Township can
pump up to 3,200 gpm of water into Genoa Township. A 16-inch water main along Grand River
Avenue is the main conduit for distributing the water. A 12-inch water main along Grand Oaks
Drive is the most probable point of connection for the proposed S. Latson Road Service Area.

Water pressure in Genoa Township is maintained by the 500,000 gallon Cleary University
Tower, which is approximately 3,000 feet north of Grand Oaks Drive.

Genoa Township operates the Oak Pointe water distribution system independent of the MHOG
water distribution system. The Oak Pointe water is supplied by wells within its service boundary.
It has a 150,000 gallon elevated storage tower and a 500,000 gallon ground storage tank with a
well capacity of 1.45 MGD (excluding the North Shore well). The current maximum day demand
in the Oak Pointe system is 1.38 MGD (Oak Pointe Water Reliability Study, page 11).

Approach to Addressing Growth Impacts and Future Demands

The baseline conditions consist of the current MHOG system, plus the Sanitorium Road Booster
Station, Hometown Village Tower, and the Butler Road Pump Station suction line, which will all
be constructed prior to the peak demand season in 2014. These were the major improvements for
4.5 MGD MDD level identified in the Phase 1 and Phase 2 Modeling Reports.

The proposed S. Latson Road Service Area was divided into four smaller districts, which are
shown on Figure 2. Beginning on the north side, the demands for each district were successively
added to demands already in the model to determine the point when specific improvements
would be required. The Genoa Township infill demand was added once the entirety of the
proposed S. Latson Road Service Area demands was included in the model. Adding Oak Pointe
to the MHOG system was analyzed two ways, first assuming it was connected to MHOG before
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any development in the proposed S. Latson Road Service Area and also after full development of
that service area.

The Genoa Township infill demands represent demands for vacant parcels in Genoa Township
largely along Grand River Avenue west of Dorr Road.

The transition area is an area that is not currently proposed to be serviced by water and sewer,
but could be in the future. No demands from the transition area were included in the alternatives
in accordance with guidance from the Township, but the design (sizes, locations, depths, etc.) of
any infrastructure in the proposed S. Latson Road Service Area considered the possibility of
eventually serving the transition area and other areas outside the proposed S. Latson Road
Service Area.

Each of the demand levels was modeled as a distinct scenario with the demands determined from
the number of REUs in each of the individual districts. For new development, the MHOG
standard 500 gallons per day per REU for the maximum day demand was used. Oak Pointe
demands were assumed to be the same as the existing conditions, so the demands used in Oak
Pointe are greater than 500 gallons per day per REU. Each successive scenario includes the
demands and improvements from earlier scenarios. The scenarios are summarized in Table 1.

Table 1 – Scenario Summary

Scenario Service Area Added
Incremental
REUs Added

Incremental MDD
Added, MGD

System-wide
MDD, MGD

Baseline none 0 0.00 4.5

A S. Latson Road Service Area A 200 0.10 4.6

B S. Latson Road Service Area B 200 0.10 4.7

C S. Latson Road Service Area C 543 0.27 5.0

D S. Latson Road Service Area D 684 0.34 5.4

E Genoa Township Infill 935 0.47 5.8

F1 Oak Pointe1 1,000 1.38 7.2

F2 Oak Pointe2 1,000 1,38 5.9

Total 3,562 2.66 7.2

1 Scenario F1 connects Oak Pointe to the MHOG system following full development of the proposed S. Latson Road
Service Areas A through D and the Genoa Township Infill.

2 Scenario F2 connects Oak Pointe to the MHOG system prior to any development of the proposed S. Latson Road
Service Area or Genoa Township Infill.
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Figure 2 – Proposed S. Latson Road Service Area Districts
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Water Distribution Model Setup

Innovyze’s InfoWater version 8.1 was used as the modeling software. The model is set up as an
extended period simulation (EPS) and was based on the model used for past modeling projects,
including the Phase 1 and Phase 2 modeling projects. Additional pipes were added for the
scenarios to distribute demands for the proposed S. Latson Road Service Area and connect to the
Oak Pointe system. The entirety of the Oak Pointe system was imported from work done for its
water reliability study.

The maximum day demand in the base model is 4.5 MGD, which excludes future demands for
the proposed S. Latson Road Service Area, Genoa Township infill, and Oak Pointe. The diurnal
demand curve is the same as used in the Phase 2 modeling, and produces a peak hour demand
approximately twice the MDD.

For the EPS, the WTP starts supplying water to the system at 5 a.m. until the Marion tanks fill.
The initial tank levels in the model represent the tank levels when the plant shuts off for the prior
day and they vary by scenario because for all scenarios, the initial tank level should be
approximately the same as the final tank level after 24 hours to ensure that consecutive days with
the maximum demand can be accommodated and to ensure a proper calculation of the water
demanded.

The water treatment plant supplies the entirety of the maximum day demand to the system.
Future pipe and pumping configurations could allow for additional hydraulic capacity. The pump
rates and controls used in the model for pump stations and valves in the Baseline Scenario were
based on those used currently in the system, but also were adjusted for each scenario as the
demands required adjustments to be made.

The proposed S. Latson Road Service Area was assumed to be connected to the existing MHOG
system at Grand Oaks Drive west of Fendt Drive. The Oak Pointe system was assumed to be
connected to the existing MHOG system via new water mains in the proposed S. Latson Road
Service Area if development in the proposed S. Latson Road Service Area occurred prior to
connecting Oak Pointe. The Oak Pointe system was assumed to be connected to the existing
MHOG system at Dorr Road, just north of I-96, if it was to be connected prior to development in
the proposed S. Latson Road Service Area.

Water Distribution System Design Criteria

The following design criteria will be used to determine when improvements to the system are
necessary:

 Minimum pressures will be maintained above 40 pounds per square inch (psi) during the
peak hour where there are service connections.

 Maximum pressures should remain below 80 psi where there are service connections,
unless pressure reducing valves are a reasonable option.

 Available fire flows will be maintained above 1,000 gallons per minute (gpm) during the
maximum day demand.
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 The initial and final tank levels should be approximately the same to ensure that
consecutive maximum day demands can be reliably met. The minimum tank volume
should be greater than 25 percent.

 The total system storage volume should be equal to or greater than the water demanded
during the maximum day.

 Proposed water mains were sized to maintain a velocity during the maximum day of 2 to
5 feet per second to maintain low energy losses. Note that to keep the analysis simpler,
looped systems were not modeled in the proposed S. Latson Road Service Area, although
a looped network with the equivalent area of the single pipe sized in this analysis would
be acceptable to the single main size provided.

 A minimum pipe size of 8 inches was assumed.
 The water treatment plant will operate up to 16 hours a day.

Scenarios and Demands

This section summarizes the improvements necessary to meet the increased demand in each
scenario. Appendix A provides a more detailed description of the issues and improvements of
each scenario and shows the recommended infrastructure improvements and the pressure and fire
flow contours for each of the scenarios.

Summary of Water Distribution Alternatives

For this analysis, the majority of the demand that was added to the system was added outside the
extents of the current service area and over 6 miles from the source of the water at the WTP.
Therefore, all improvements require transporting more water to the extents of the system by
providing more conveyance capacity through additional pipe networks and increased pumping
rates.

Currently, the MHOG system has a storage volume of 6.8 million gallons (MG) compared to its
maximum day water use of 4.5 MG, so storage improvements are not needed immediately.

The current system can accommodate at least an additional 400 REUs (0.2 MGD during the
maximum day) in Genoa Township without any improvements necessary. Pump rates, durations,
and tank levels may change, but no additional infrastructure is necessary.

Once growth in Genoa Township occurs beyond the first 400 additional REUs, the general
improvements to the system include:

 additional water main, summarized in Table 2, including:
o local pipes to provide service to the proposed S. Latson Road Service Area and

Oak Pointe
o water main from the WTP to the Marion Tanks
o water main from the Marion Tanks to the Hometown Village Tower
o water main from the proposed Lucy Road pump station to Grand Oaks Drive

 two new pump stations to convey water to Genoa Township and one to convey water to
Oak Pointe
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The 16-inch diameter water main along S. Latson Road is required because of demands from
both the proposed S. Latson Road Service Area and Oak Pointe. If service were to be only
provided to the proposed S. Latson Road Service Area, the demands in that local area would
require only a 12-inch water main.

The basis for the flow rates in Table 2 is different between the two Oak Pointe alternatives
because of the operation of the existing storage and booster station within Oak Pointe.

Table 2 – Proposed Water Main Summary

Location1

Diameter2,
inches

Length,
feet

Flow Rate
Basis3, gpm Velocity, ft/s

A B A B A B

1. Service Area B – Grand Oaks to Nixon 16 12 3,400 2,270 965 3.6 2.7

2. Service Area C – east of Nixon 8 8 1,400 370 370 2.4 2.4

3. Service Area D – Nixon Road 16 8 3,200 1,760 460 2.8 2.9

4A. Oak Pointe – Nixon Road to Oak Pointe
(only if Oak Pointe follows S. Latson Road
development)

16

12

12

12

4,300

6,400

1,300 1,300 2.1 –
3.7

3.7

4B. Oak Pointe – Door Road to Oak Pointe
(only if Oak Pointe precedes S. Latson Road
development)

12

16

12

16

3,600

4,500

1,100 1,100 1.8 –
3.1

1.8 –
3.1

5. Oak Pointe – Broadmoor Drive (both Oak
Pointe alternatives)

12 12 600 1,020 1,020 2.9 2.9

7. Sanitorium to Peavy Roads 20 - 6,600 2,830 - 2.9 -

9. WTP to Marion Tanks 24 - 9,800 9,420 - 6.7 -

12. Lucy Road to Grand Oaks Drive 16 - 8,300 2,200 - 3.5 -

1 The item numbers refer to numbers used in Appendix B.

2 The diameter in column A is the recommended diameter to plan for potential customers beyond the limits of the
defined future Service Area in this project. The diameter in column B is the diameter necessary to serve only the
local area.

3 The flow rate basis is the peak hour flow rate with the proposed S. Latson Road Service Area and Genoa Township
infill fully developed, and Oak Pointe connected to MHOG.

The improvements are summarized in Table 3 using a range of additional REUs needed to
develop before the improvement is necessary. A range was used because of the step-wise manner
in which additional demands were input to the model. The lower limit represents the maximum
number of additional REUs for which the improvement is not necessary. The upper limit
represents the maximum number of additional REUs for which the improvement is required. For
example, the existing system performs adequately for up to 400 REUs, but the next scenario
modeled added 500 REUs and at that scenario’s demand level the 20-inch water main became
necessary. Therefore, the 20-inch water main becomes necessary between 400 and 900 REUs of



S. Latson Road Service Area
Water Distribution and Sanitary Sewer
Collection System Report 12 October 2013

growth. The Utility should be prepared to construct each of the improvements within the range
provided. Some of the improvements are specific to the locations of the development, so these
improvements are summarized under the “As development requires” and “Oak Pointe” rows.
The improvements are also shown on a map in Appendix B. Costs are summarized in Table 3
with details provided in Appendix C.

These improvements are based on a peaking factor of 2 for the peak hour demand relative to the
maximum day demand. Often, as systems grow, the peaking factor decreases, so these
alternatives may be somewhat conservative at this point and future analysis should be used to
confirm the alternatives prior to design, especially those at the higher demand levels.

Most of the proposed improvements will be constructed in the existing right-of-way, but some
easements may be necessary. No determination of the location of easements was made in this
report.
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Table 3 – Summary of Recommended Water Distribution Improvements

Additional
REUs1

System-wide
Demand Recommended Improvements2 Cost

As development
requires

- 1. 3,400 feet of 16-inch water main for S. Latson
Road Service Areas B through F along Beck Road

$940,000

2. 1,400 feet of 8-inch water main for S. Latson
Road Service Area C

$240,000

3. 3,200 feet of 16-inch water main for S. Latson
Road Service Area D

$970,000

Oak Pointe (only
if Oak Pointe
follows S.
Latson Road
development)

- 4A. 4,300 feet of 16-inch water main and 6,400
feet of 12-inch water main from S. Latson Road
Service Area to Oak Pointe

$2,660,000

5. 600 feet of 12-inch water main on Broadmoor
Court to replace existing 8-inch water main

$260,000

6. 1,100 gpm pump station at the east of Seim
Road

$1,000,000

Oak Pointe (only
if Oak Pointe
precedes S.
Latson Road
development)

- 4B. 3,600 feet of 12-inch water main and 4,500
feet of 16-inch water main from MHOG to Oak
Pointe

$2,260,000

5. 600 feet of 12-inch water main on Broadmoor
Court to replace existing 8-inch water main

$260,000

6. 1,100 gpm pump station near Dorr and Crooked
Lake Roads

$1,000,000

400 – 900 5.0 7. 6,600 feet of 20-inch water main from
Sanitorium Road to Peavy Road and Hometown
Tower

$1,610,000

8. switch the pumping direction of the high and
low head pumps at the Marion tanks

$100,000

1,600 – 2,500 5.8 9. 9,800 feet of 24-inch water main from the WTP
to the Marion Tanks

$2,560,000

2,500 – 3,500 7.2 10. abandon Industrial Drive Pump Station $70,000

11. 3,700 gpm pump station near Lucy Road and I-
96

$1,400,000

12. 8,300 feet of 16-inch water main from Lucy
Road to Grand Oaks Drive

$1,990,000

13. 800 gpm pump station near Latson Road and
M-59

$890,000

1 The additional REUs are not tied to a specific development. They may be composed of REUs located in any
combination of the proposed S. Latson Road Service Area, the Genoa Township infill, and Oak Pointe. For example,
1,000 REUs added to MHOG in Oak Pointe would require the same improvements as if 300 REUs were added from
Genoa Township infill and 700 REUs were added from development in the proposed S. Latson Road Service Area.

2 The item numbers refer to numbers used in Appendix B.
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Sanitary Sewer Collection System Analysis

GO currently provides sanitary sewer service to portions of Genoa Township, including the area
immediately north of the proposed S. Latson Road Service Area. Oak Pointe operates its own
wastewater treatment plant (WWTP), although a force main to connect Oak Pointe to the GO
WWTP is currently being designed.

The improvements recommended to provide sanitary sewer service to the proposed S. Latson
Road Service Area are summarized by the number of REUs needed to initiate the improvement.

Existing Facilities and Demands

The GO sanitary sewer collection system transports wastewater to its WWTP, located on Chilson
Road north of I-96, approximately 1.5 miles northwest of the new Latson Road / I-96
interchange. The WWTP treats an average of 0.9 MGD, which will increase to about 1.2 MGD if
the Oak Pointe collection system is connected. The peak flow rate to the WWTP is 3.3 MGD
with equalization provided in the 1.2 million gallon oxidation ditch.

The main interceptor for Genoa Township is a 15-inch sewer located along Grand River Avenue.
In addition to the services directly connected to it, the interceptor receives flow from Pump
Stations 6, 7, 15, and 45. It discharges to Pump Station No. 5 located at Grand River Avenue and
Golf Club Road, where it is pumped to the GO WWTP.

According to page 2 of the report Genoa Oceola Sanitary Sewer Collection System Grand River
15" Evaluation, dated February 16, 2010, the most restrictive segment of pipe is approximately
120 feet long, has a capacity of 1,400 gpm (the capacity in the report is listed at 1,140 gpm, but
was increased when the slope of the pipe was later surveyed and found to be steeper than on the
drawings). The next most restrictive segment of pipe, approximately 3,700 feet long, has a
capacity of 1,700 gpm. For the purpose of this report, the capacity of the Grand River Avenue
interceptor is assumed to be 1,700 gpm because the surcharge in the 120-foot segment of pipe at
1,700 gpm is less than 0.5 feet. Observed peak flow rates in the same segments of sewer were
1,570 gpm. No problems have been reported because of the local surcharge.

Subsequent to the February 2010 capacity analysis, Pump Station No. 16 was re-directed from
the Grand River Avenue interceptor to the Pump Station No. 47 dual force main. This removed
500 gpm from the interceptor (Genoa Oceola Sanitary Sewer Collection System Grand River 15"
Evaluation, page 1).

According to the Lake Chemung Area Pump Station Capacity Analysis Report (page 4-12) from
June 2010, Pump Station No. 6 has a firm capacity of 800 gpm. The capacity is less than the
projected peak influent flow rate if the recommended Pump Station No. 9 improvements were
implemented. The same report lists the firm capacity for Pump Station No. 9 to be 570 gpm,
which is also less than its projected peak influent flow rate.

Based on the wet well volume of Pump Station No. 6, the station could accommodate an
additional influent flow rate of 25 gpm without surcharging the influent sewer during the peak
hour (assuming the Pump Station No. 9 pump rate remains the same).
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Approach to Addressing Growth Impacts

The sanitary sewer improvements are based on an estimate of flows using the REU data
presented on page 7. Oak Pointe was excluded in the collection systems analysis because it
already has sanitary sewer service and is unlikely to be connected to the same portion of the GO
collection system that S. Latson Road would be connected to. The average flow rate is assumed
to be 260 gallons per day (gpd) per REU. The peak flow rate uses the Ten States Standards
peaking factor equation based on population, with the assumption of 2.6 persons per REU,

ܳ =
ଵ଼ାඥ/ଵ

ସାඥ/ଵ
, where P is the population.

Table 4 – Summary of REUs and Wastewater Flow Rates

Service Area Added
Incremental
REUs Added

Incremental Average
Flow Rate Added, MGD

Incremental Peak Flow
Rate Added, MGD

S. Latson Road Service Area A 200 0.05 0.20

S. Latson Road Service Area B 200 0.05 0.20

S. Latson Road Service Area C 543 0.14 0.52

S. Latson Road Service Area D 684 0.18 0.65

Genoa Township Infill 935 0.24 ---

Total 2,562 0.66 ---

Note: Peak flow rates are not provided for the infill and total area because there is not a distinct outlet that would
only contain flows generated in these areas.

The Genoa Township infill development can be further broken down into three subareas that will
be important for the alternatives, one directly tributary to the gravity sewer, one directly tributary
to Pump Station No. 6, and one tributary to Pump Station No. 9. The estimated breakdown of
REUs for the Genoa Township infill provided by Genoa Township is summarized in Table 5.

Table 5 – Genoa Township Infill Development REU Location Summary

Location REUs

Directly tributary to Grand River Avenue gravity sewer (west of Latson Road) 442

Tributary to the Grand Avenue gravity sewer via Pump Station No. 6, but downstream of
Pump Station No. 9 (Latson Road to the Grand River Avenue / I-96 partial interchange)

420

Tributary to Pump Station No. 6 sewer via Pump Station No. 9 (east of the Grand River
Avenue / I-96 partial interchange)

73

Total 935



S. Latson Road Service Area
Water Distribution and Sanitary Sewer
Collection System Report 16 October 2013

Collection System Design Criteria

The following design criteria were used to define improvements to the system, unless otherwise
described in the report:

 The minimum gravity sewer pipe size is 8 inches.
 Minimum slopes were assumed for gravity sewers.
 Force mains were sized to have a velocity of 5 to 10 feet per second.

Summary of Collection System Alternatives

When Pump Station No. 16 was re-directed away from the gravity interceptor in Grand River
Avenue, the peak flow rate decreased to 1,520 gpm, below its capacity of 1,700 gpm. Now, the
15-inch interceptor can accommodate an additional peak flow rate of 180 gpm without reaching
its nominal capacity, which is approximately the peak flow rate from 250 REUs. Given that there
was no history of basement backups or overflows with Pump Station No. 16 connected, the full
amount removed (500 gpm) when Pump Station No. 16 was re-directed could be added back into
the interceptor as 770 REUs of development. (This amount of available growth is similar to the
733 REUs listed in the August 2012 Genoa-Oceola Pump Station 16 Discharge Pointe
Realignment Study.) These REUs could be a combination of Genoa Township infill and
development in the proposed S. Latson Service Area.

Before the development of these 770 REUs, it is recommended that Pump Stations No. 6 and 9
be diverted away from the gravity sewer to a new regional pump station located at the east dead
end of Beck Road. The elevation of this site is approximately 975 feet and is in a relatively low
area to accommodate gravity flow from a portion of the proposed S. Latson Road Service Area
south of I-96. The regional pump station would then transport wastewater directly to the GO
WWTP. Pump Stations No. 6 and / or 9 may need larger pumps and / or to be diverted to the
proposed regional pump station prior to 770 REUs if they are unable to keep up with their
influent flows.

The Lake Chemung Area Pump Station Capacity Analysis recommended an increase in Pump
Station No. 6 and No. 9 pump rates to accommodate existing peak flow rates. Therefore, the
Authority should periodically monitor the pump station performance as growth occurs to ensure
that the pump stations can accommodate influent flows, including any wet weather response.

Once re-directed to the regional pump station, Pump Station No. 6 would only collect flows from
the area directly tributary to it and manifold with the Pump Station No. 9 force main. It would be
reduced to a firm capacity of 580 gpm (0.8 MGD) (290 gpm from the difference in design flow
rates between Pump Station 6 and 9 from the Lake Chemung Area Pump Station Capacity
Analysis and 290 gpm for 420 REUs of infill growth). Pump Station No. 9 would have the same
tributary area it does now, but the firm capacity would be increased to 1,100 gpm (1.6 MGD)
(1,040 gpm was projected flow from pages 4-10 of the Lake Chemung Area Pump Station
Capacity Analysis plus 50 gpm for 73 REUs of infill growth).

For the 1,427 REUs in the future service area south of I-96, a local collection system can be
constructed and connected to the regional sanitary pump station at the east end of Beck Road.
Based on the topography, the land north of the railroad is higher in elevation than the regional
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pump station, so wastewater from proposed S. Latson Road Service Areas B and C and the
portion of Area D north of the railroad could be transported to the regional pump station by
gravity. The portion of proposed S. Latson Road Service Area D south of the railroad would
have a gravity system discharging to a local pump station in the low area on the south side of
Service Area D. The elevation of this pump station would be approximately 950 feet. A force
main would be constructed from local booster station to the gravity sewer north of the railroad to
convey the wastewater to the regional booster station. The design of infrastructure south of I-96
should be sized and located considering the possibility of eventually extending service to the
transition area or other areas south of the proposed S. Latson Road Service Area D.

If there is development in the proposed S. Latson Road Service Area south I-96 before the need
for the regional pump station, an interim pump station could be constructed on the east side of
Area B and a force main constructed across I-96 to discharge into the Pump Station 47 dual force
main. The calculations for Scenario B-3 completed for the Genoa-Oceola Pump Station 16
Discharge Point Realignment Study are similar to having an interim pump station discharge to
the dual force mains. Using the calculations from that study, it was determined that the flows
from 500 REUs could be added to the PS 47 dual force main without negatively impacting the
performance of PS 47. When the regional pump station was needed, the interim pump station
would be abandoned.

Most of the pipes constructed in the future service area south of I-96 will be 8-inch collector
pipes. Along Nixon Road to the regional pump station, larger diameter pipes will be needed to
collect wastewater flows from the service area. The proposed trunk sewers are summarized in
Table 6. The sewers are listed approximately from upstream to downstream. The pipe diameter is
based on using the minimum pipe slope.
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Table 6 – Proposed S. Latson Road Service Area Trunk Sewers

Location1 REUs
Length,

feet
Peak Flow
Rate, MGD

Pipe Diameter2,
inches

A B

28. Nixon Road – railroad to Sweet Road 342 1,300 0.3 8 8

29. Nixon Road – Sweet Road to local pump
station

684 2,400 0.6 10 10

27. Force Main – local pump station to Nixon
Road gravity sewer north of railroad

684 3,700 0.6 8 6

26. Nixon Road – railroad to Beck Road 684 400 0.6 15 12

22. Beck Road – railroad to Nixon Road 100 1,800 0.1 8 8

21. Beck Road – Nixon Road to Service Area C 884 1,400 0.8 15 12

23. Beck Road – Service Area C to regional
pump station

1,427 2,800 1.2 18 15

15. Force Main – regional pump station to GO
WWTP

- 14,000 3.7 12 12

1 The item numbers refer to numbers used in Appendix B.

2 The diameter in column A is the recommended diameter to plan for potential customers beyond the limits of the
defined future Service Area in this project. The diameter in column B is the diameter necessary to serve only the
local area. For potential trunk sewers, one pipe size was added to the diameter in column B to produce column A.

The GO WWTP has an average daily flow capacity of 1.6 MGD. The average daily flow from
the current service area is 0.9 MGD, and the average daily flow from the Oak Pointe service area
will add 0.3 MGD if its force main is constructed. This leaves 0.4 MGD of average daily flow
capacity available at the WWTP. Approximately 1,500 REUs of development are needed to
reach the 1.6 MGD average daily flow capacity.

Currently, the WWTP has a 1.6 MGD oxidation ditch (which also provides equalization of the
peak flows) and 0.7 MGD sequential batch reactors. Once the development causes flows to
approach the capacity, it is recommended that a second oxidation ditch be constructed. This
would increase the WWTP average daily flow capacity to 3.2 MGD (and provide additional
equalization). This would exceed the average daily flow of 1.9 MGD with full infill along Grand
River Avenue and full development in the future service area (2,562 REUs total).

The existing peak flow rate in the 2002 Basis of Design was 3.3 MGD. The peak flow rate from
Oak Pointe is about 1.1 MGD (I-96 / Latson Road Service Area Utility Master Plan, page 11),
but would be equalized near its source and designed to add only its average flow rate (0.3 MGD)
to the peak flow rate at the GO WWTP if it is connected. The complete growth from Genoa
Township infill and the proposed S. Latson Road Service Area is expected to add 2.1 MGD to
the peak flow rate. These three areas produce a peak flow rate of 5.7 MGD. The hydraulic
capacity of the influent pump station is 6.0 MGD (2002 Basis of Design), so improvements to
the headworks will not be required for the full development in this report.
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The WWTP’s sludge handling system improvements recommended in the I-96 / Latson Road
Service Area Utility Master Plan to accommodate future demands is in the process of being
improved as part of the possible Oak Pointe consolidation, so no additional improvements to this
process are projected for development considered in this report.

Genoa Township will also incur some costs because they eventually will have to contract for
capacity from Oceola Township to meet the proportion of the flows they consume. Currently,
wastewater generated in Genoa Township accounts for about 60 percent of the 0.9 MGD average
daily flow with Genoa Township being allotted 50 percent of the 1.6 MGD capacity. Genoa
Township can add about 0.26 MGD (0.80 MGD – 0.54 MGD) average daily flow, from
approximately 1,000 REUs, before additional capacity needs to be purchased.

The collection system for the future service area is largely independent of the level of
development because any development will require the infrastructure to be constructed. The
proposed infrastructure is summarized in Table 7. A map of the recommended improvements is
included in Appendix B. Details of the cost information are provided in Appendix C.

Most of the proposed improvements will be constructed in the existing right-of-way, but some
easements may be necessary. No determination of the location of easements was made for this
report.
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Table 7 – Summary of Recommended Sanitary Sewer Collection System Improvements

Trigger Recommended Improvements1 Cost

770 REUs developed in
Service Area A or as infill in
Genoa Township (Grand
River Interceptor Capacity is
reached)

14. Construct 2,600 gpm (3.7 MGD) regional
pump station at the east end of Beck Road south of
I-96

$2,220,000

15. Construct 14,000 feet of 12-inch force main
from the regional pump station to the WWTP

$2,200,000

16. Abandon existing Pump Station No. 6 force
main and re-direct flows from Pump Station No. 6
to the existing Pump Station No. 9 force main.
Reduce the firm capacity of the pump station to
580 gpm (0.84 MGD) by replacing the existing
pumps.

$90,000

17. Increase the firm capacity of Pump Station No.
9 to 1,100 gpm (1.6 MGD).

$160,000

18. Construct 1,300 feet of 10-inch force main
from the existing Pump Station No. 9 force main
on Grand River Avenue to the Beck Road regional
pump station

$470,000

Up to 500 REUs developed in
Service Areas B through D
(minimum infrastructure
needed to serve area)

19. Construct 350 gpm (0.50 MGD) interim pump
station on the east side of Service Area B (only if
regional pump station has not been constructed)

$240,000

20. Construct 1,300 feet of 4-inch force main from
the interim pump station to the Pump Station No.
47 12-inch dual force main (only if regional pump
station has not been constructed)

$240,000

21. Construct 1,400 feet of 15-inch sewer along
Beck Road (relocated) from Nixon Road to the
interim pump station

$440,000

22. Construct up to 1,800 feet of 8-inch sewer
along Beck Road (relocated) from the railroad
tracks to Nixon Road (as needed to provide
service)

$480,000

More than 500 REUs
developed in Service Areas B
through D (flow rate added to
the Pump Station 47 dual
force mains offsets flow rate
removed from dual force
mains when Pump Station 16
was re-directed)

23. Construct 2,800 feet of 18-inch sewer from the
interim pump station to the Beck Road regional
pump station

$1,100,000

24. Abandon the interim pump station and force
main

$60,000
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Table 7 – Summary of Recommended Sanitary Sewer Collection System Improvements
(continued)

Trigger Recommended Improvements1 Cost

Development in Service Area
D (minimum infrastructure
needed to serve area)

25. Construct 450 gpm (0.65 MGD) local pump
station (initial pumps in interim condition may
need to be smaller and pump station may need to
accommodate larger pumps if service is eventually
provided beyond the proposed S. Latson Road
Service Area)

$270,000

26. Construct 400 feet of 15-inch sewer along
Nixon Road from the railroad to Beck Road
(relocated)

$220,000

27. Construct 3,700 feet of 8-inch force main along
Nixon Road from local pump station to gravity
sewer north of the railroad

$520,000

28. Construct up to 1,300 feet of 8-inch sewer from
the railroad to Sweet Road (as needed to provide
service)

$510,000

29. Construct up to 2,400 feet of 10-inch sewer
from Sweet Road to the local pump station (as
needed to provide service)

$1,010,000

1,000 REUs developed in
Genoa Township (Genoa
Township reaches its
allotment of the WWTP
capacity)

Obtain additional WWTP capacity from Oceola
Township

not determined

1,500 REUs developed
(Average daily flow treatment
capacity of 1.6 MGD is
reached)

30. Add 1.6 MGD oxidation ditch to GO WWTP $10,130,000

1 The item numbers refer to numbers used in Appendix B.
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Conclusions

Most of the required water and sanitary sewer infrastructure within the future service area will
need to occur with the development of any of the property and is not tied to a specific number of
REUs developed. Infrastructure needs within the existing water and sewer service areas are more
closely tied to the number of developed REUs.

The portion of the proposed S. Latson Road Service Area north of I-96 has no costs associated
with improvements in this report because it is already adjacent to the existing MHOG and GO
service areas and has too few REUs to require increases in the size of existing infrastructure. The
costs are summarized by location in Table 8. Improvements that were required because of
growth in more than one location are listed in the row Infrastructure Not Required for a Specific
Area.

No attempt was made to split costs for one alternative among more than one location. For
example, the cost of the 16-inch water main in Item 1 in Table 3 could be split proportionally
between S. Latson Road Service Areas B through D and Oak Pointe because a smaller size pipe
would be needed to serve only one or the other.

Table 8 – Cost Summary by Area of Development

Location Items1 Water Cost ($M)
Sanitary

Cost ($M) Total Cost ($M)

S. Latson Road Service
Area A north of I-96

- $0 $0 $0

S. Latson Road Service
Areas B – D south of I-96

1 – 3, 19 – 29 $2.15 $5.09 $7.24

Oak Pointe 4A or 4B, 5,
6

$3.92 (with 4A)

$3.52 (with 4B)

- $3.92 (with 4A)

$3.52 (with 4B)

Genoa Township Infill 16 – 18 $0 $0.72 $0.72

Infrastructure Not Required
for a Specific Area

7 – 13, 14,
15, 30

$8.62 $14.55 $23.17

Total 1 – 30 $14.69 (with 4A)

$14.29 (with 4B)

$20.36 $35.05 (with 4A)

$34.65 (with 4B)

1 The item numbers refer to numbers used in Appendix B.

Recommended water distribution improvements are provided in Table 3 on page 13.
Recommended collection system improvements are listed in Table 7 on page 20.
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S. Latson Road Service Area

Transition Area

1

Key to Proposed Infrastructure
1. 3,400 feet of 16-inch water main for S. Latson Road Service Areas A through D
2. 1,400 feet of 8-inch water main for S. Latson Road Service Area C
3. 3,200 feet of 16-inch water main for S. Latson Road Service Area D
4A. 4,300 feet of 16-inch and 6,400 feet of 12" water main to connect MHOG to Oak Pointe
4B. 3,600 feet of 12-inch and 4,500 feet of 16" water main to connect MHOG to Oak Pointe
5. 600 feet of 12-inch water main
6. 1,100 gpm pump station
7. 6,600 feet of 20-inch water main
8. Switch Sanitorium Road Pump Station pumping direction
9. 9,800 feet of 24-inch water main
10. Abandon Industrial Drive Pump Station
11. 3,700 gpm pump station
12. 8,300 feet of 16-inch water main
13. 800 gpm pump station

Note: Locations shown on this map are shown schematically.
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x GO Wastewater Treatment Plant

Existing Sanitary Sewer or Force Main

M Proposed Pump Station

Proposed Sewer or Force Main

S. Latson Road Service Area

Transition Area

14

Key to Proposed Infrastructure
14. 2,600 gpm regional pump station
15. 14,000 feet of 12-inch force main
16. Abandon existing Pump Station No. 6 force main and replace
    existing pumps, re-route to existing Pump Station No. 9 force main
17. Increase Pump Station No. 9 firm capacity to 1,100 gpm
18. 1,100 feet of 10-inch force main
19. 350 gpm interim pump station
20. 1,300 feet of 4-inch force main
21. 1,400 feet of 15-inch gravity sewer
22. Up to 1,800 feet of 8-inch gravity sewer
23. 2,800 feet of 18-inch gravity sewer
24. Abandon interim pump station
25. 450 gpm local pump station
26. 400 feet of 15-inch gravity sewer
27. 3,700 feet of 8-inch force main
28. Up to 1,300 feet of 8-inch gravity sewer
29. Up to 2,400 feet of 10-inch gravity sewer
30. Add 1.6 MGD oxidation ditch to GO WWTP

Note: Locations shown on this map are shown schematically.
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NATIONAL PIPELINE MAPPING SYSTEM FOR OFFICIAL USE
ONLY

Legend
Gas Transmission Pipelines

Hazardous Liquid Pipelines

Pipelines depicted on this map represent gas
transmission and hazardous liquid lines only. Gas
gathering and gas distribution systems are not
represented.

This map should never be used as a substitute for
contacting a one-call center prior to excavation
activities.  Please call 811 before any digging
occurs.

Questions regarding this map or its contents can be
directed to npms-nr@mbakercorp.com.

Projection:  Geographic

Datum:  NAD83

Map produced by the NPMS Public Viewer at
www.npms.phmsa.dot.gov

Date Printed: Mar 12, 2013

There are underground natural gas storage pipelines in the area. For questions regarding these pipelines, 
contact Tim Walter with Panhandle Eastern Pipe Company at timothywalter@energytransfer.com or 
reach Panhandle at (517) 546-4772.
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For questions about development which involves the railway, 
refer to the CXS Public Projects Manual or contact: 

Amanda DeCesare 
Project Manager – Public Projects 

CSX Transportation 
Amanda_DeCesare@CSX.com 

http://csx.com/share/wwwcsx_mura/assets/File/Community/CSXPublicPolicyManual_8.10.12_CSX_Public_Project_8.5x11.pdf�
mailto:Amanda_DeCesare@CSX.com�


 
 
 
 
 

 
 
 
 
 

LATSON INTERCHANGE DEVELOPMENT 
TOPOGRAPHY MAP 

Genoa Township, Livingston County, MI 
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LATSON INTERCHANGE DEVELOPMENT 
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Genoa Township, Livingston County, MI 
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LATSON INTERCHANGE DEVELOPMENT 
SOIL MAP 

Genoa Township, Livingston County, MI 
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