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March 19, 2014 

Technical Memorandum   

I-84 Model Development and Calibration 

The purpose of this memorandum is to provide documentation on the implementation of the time of 

day component of the CRCOG Model and the calibration of the model to study area traffic volumes and 

travel speeds.  The memo provides information on the following: 

� Overview of  Model Structure; 

� Time of Day Parameters; 

� Truck Model Enhancements; 

� Implementation of Tolling in Mode Choice; 

� Calibration; and 

� Future Year Assumptions. 

Overall Model Structure 
The current CRCOG Model is a traditional daily four step travel demand model with trip generation, 

trip distribution, mode choice, and traffic assignment with no feedback between traffic assignment 

and trip distribution.  Instead it attempts to simulate a feedback condition by using a Level of Service 

(LOS) C speed on all links for trip distribution and mode choice.  The speeds are approximately 75% of 

free flow.  

Time of Day Structure 
CDM Smith updated the CRCOG Daily Model with a time of day module to support the I-84 viaduct 

project and I-84 value pricing pilot program study. The intent of the time of day implementation was 

to provide period level traffic forecasts while maintaining as much of the basic CRCOG model structure 

as possible.  CDM Smith choose to implement a standard practice time of day implementation by 

disaggregating the daily person trip table post mode choice into four periods by the use of purpose 

specific time of day (diurnal) factors.  The time of day factors provide the percent of trips per period 

and the directionality of travel.  The result is a set of four period specific trip tables that incorporate 

the direction of travel.   

The network was modified to use period capacities for assignment.  The period capacities were 

developed using the hourly distribution of traffic counts and calculating a period capacity factor.  The 

factor was then applied to the hourly capacity to estimate period values.   

Time of Day Parameters 
In development of the time of day model, parameters were required for the following steps: 

� Period factors by trip purpose including directionality of trips (P to A and A to P); and 

� Period capacity factors to convert hourly capacity to period capacity. 
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The starting point for both sets of parameters was the work done previously by Cambridge 

Systematics for CRCOG. 

Trip Purpose Factors 

The initial time of day factors used in the model were based on an existing set of factors previously 

developed for implementation of a time of day CRCOG model as shown in Table 1. 

Table 1: Time of Day Trip Purpose Factors 

 Home based work Home based non-work Non-home based/BIA 

 Origins Destinations Origins Destinations Origins Destinations 

AM Peak  

7:00 AM-9:00 AM 

0.185 0.008 0.060 0.014 0.030 0.030 

Midday 

9:00 AM-3:00PM 

0.137 0.099 0.153 0.154 0.235 0.235 

PM Peak 

3:00 PM-6:00 PM 

0.063 0.202 0.144 0.155 0.114 0.114 

Night  

6:00 PM-7:00 AM 

0.183 0.123 0.120 0.200 0.121 0.121 

Source: CRCOG Time of Day Model Documentation, Cambridge Systematics 

 
During the model calibration for study area, the time of day factors were refined to improve the 

distribution of traffic by period and also expanded to include the external and truck purposes. 

Adjustments to the factors were based on comparing the period traffic flows to counts. In addition, the 

distribution of trips were balanced to ensure equal trips in the P to A and A to P direction. The applied 

factors are shown in Table 2. 

 
Table 2: Applied Time of Day Factors 

Purpose AM Peak (7AM-9AM) Midday (9AM-3PM) PM Peak (3PM-6PM) Night (6PM-7AM) 

HBW_PA 0.2488 0.1476 0.0529 0.1576 

HBW_AP 0.0108 0.1067 0.1696 0.1060 

HBO_PA 0.0843 0.1722 0.1263 0.1080 

HBO_AP 0.0197 0.1734 0.1360 0.1801 

NHB_PA 0.0409 0.2565 0.0970 0.1056 

NHB_AP 0.0409 0.2565 0.0970 0.1056 

TRUCK_PA 0.0592 0.2033 0.0741 0.1634 

TRUCK_AP 0.0592 0.2033 0.0741 0.1634 

EXTERNAL_PA 0.0748 0.1603 0.1183 0.1466 

EXTERNAL_AP 0.0748 0.1603 0.1183 0.1466 
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Period Capacity Factors 

Because the time of day model developed by CDM Smith shared the same period definitions as those 

defined by previous time of day efforts by Cambridge Systematics, the development of the period 

capacities was based on using previous developed period factors.  Those factors are as follows: 

� AM peak period (7AM-9AM) to AM peak hour, multiply by 0.52; 

� Midday period (9AM-3PM) to midday average hour, multiply by 0.19; 

� PM peak period (3PM-6PM) to PM peak hour, multiply by 0.35; and 

� Night period (6PM-7AM) to night time average hour, multiply by 0.16. 

The values were verified by analyzing the count data taken for the study area and calculating 

associated period factors as shown in Table 3. The capacity factor is calculated by dividing the highest 

hourly traffic in the time period by the sum of the total period traffic. 

 
Table 3: Analysis of Count Data and Associated Capacity Factors 

Hour Total of Counts Percent of Daily Period Capacity Factor 

7AM – 8AM 692,001 0.150 0.508 

8AM – 9AM 671,040 

9AM – 10AM 490,029 

0.321 0.192 

10AM – 11AM 431,688 

11AM - 12PM 452,600 

12PM – 1PM 492,745 

1PM – 2PM 495,394 

2PM-3PM 559,881 

3PM – 4PM 688,433 

0.237 0.348 4PM-5PM 749,804 

5PM-6PM 718,844 

6PM – 7PM 521,551 

0.293 0.195 

7PM-8PM 370,015 

8PM-9PM 309,247 

9PM-10PM 254,930 

10PM-11PM 184,930 

11PM-12AM 131,108 

12AM-1AM 77,991 

1AM-2AM 47,199 

2AM-3AM 35,825 

3AM-4AM 40,577 

4AM-5AM 70,862 

5AM-6AM 179,850 

6AM-7AM 449,344 
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Truck Model 
The CRCOG Model as provided to CDM Smith included a truck trip table.  In the original application, 

the truck flows were assigned as part of the single occupant purpose.  As part of the time of day 

implementation, the truck trips were disaggregated to the periods using a unique set of time of day 

factors.  Further enhancement made as part of the time of day model was to separate the truck trip 

table as a separate flow in the assignment.  Because of the separate flow in the assignment, a 

passenger car equivalent value of 2.0 was used in the assignment process to more accurately capture 

the impact of trucks on congestion.   

Mode Choice Toll Implementation 
Because of the urban nature of the corridor and the soon to be opened CTfastrak project, 

implementation of a toll cost impedance into the existing mode choice model was undertaken. The 

elements of the CRCOG auto cost function in the mode choice component include: 

� Time (minutes) 

� Distance (miles) 

� Terminal Time (Origin)  

� Terminal Time (Destination) 

� Parking Cost ($) 

� VOT ($ / Minute) 

- Used in transit path building only, not specific to mode 

Based on the review, a method was used that skims the associated toll cost based on the minimized 

time skim between each origin and destination.  The resulting toll cost was then converted to time via 

the value of time and added to the time skim for the relevant origin and destination pairs.  

Results of Tolls in Mode Choice 

The future year scenario, with the CTfastrak busway project in place was tested with several auto toll 

rates ($0.00 up to $1.00) on the I-84 viaduct and compared against results of the non-tolled scenario.  

Using select link analysis on the toll collection point, the origin and destination pairs which were 

eligible to use transit were identified. At those selected origin and destination pairs, about 6.5 percent 

of the trips chose transit as the preferred mode under toll free conditions. Under the $0.50 toll, the 

transit share of eligible transit trips increased to 7.2 percent, which is an increase of more than 11 

percent indicating the mode choice model is sensitive to tolls. However, the overall share of transit 

trips as compared to the overall traffic at the I-84 viaduct location is about 1 percent of total traffic. 

The shift to transit due to a “spot” toll at this location is relatively insignificant to the overall trip 

making levels in the corridor. 
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CRCOG Time of Day Model Calibration 
A set of screenlines were identified for purposes of model calibration for the study area by time 

period.  The locations of the screenlines are shown in Figure 1. 

During the model calibration, the following adjustments were made to the model: 

� Time of Day Factors: based on comparison of the total flows by period, the time of day factors 

by purpose were adjusted to better replicate period flows. 

� Truck Flows: by separating the truck trip table, it was possible to adjust the passenger car 

equivalent value for trucks to improve the loadings on the corridor and congestion sensitivity to 

truck flows. 

� Bridge Time Penalties: as done in previous versions of the CRCOG Model, time penalties were 

added to the river crossings.   

� Volume Delay Functions: Adjusted the volume delay functions on key corridor segments to 

improve the volume loading and congested speed relationship as compared to the INRIX travel 

time data. 

� Link Level Adjustments: Within the I-84 corridor on the western side of the river, localized 

adjustments were made to the link speeds and capacities to reflect the unique design 

constraints and impacts on operations. 

� Arterial Adjustments: Adjustments were made to the speed assumptions on some competing 

arterials to the I-84 corridor based on results of the screenline analysis. 

Screenline Volumes 

For the six “screenlines”, a corresponding list of count locations was identified. Traffic counts were 

collected through existing sources and where not available, new counts were conducted and 

summarized into tabular format.  The screenlines were used in evaluating the travel demand model by 

comparing the total traffic assigned across the screenlines versus the count data. Calibration 

adjustments to the traffic model were then made to improve the fit to the overall traffic demand 

across the screenlines and at the individual count locations.   

Screenline 1 crosses the I-84 Viaduct east of Sigourney Street. Screenline 2 runs along the Connecticut 

River, covering the Putnam Bridge at the south to the Bissell Bridge at the north before turning west to 

cross Route 159 and I-91.  Screenline 3 runs north to south, just west of I-91. Screenline 4 is the last of 

the screenlines that run north to south and cuts through I-84 east of Prospect Avenue.  Screenline 5 

runs east to west, traversing through north-south routes in Hartford, and passing through I-84 just 

west of the Sisson Avenue interchange. Screenline 6 runs north of New Britain Avenue and White 

Street before turning northward to cross I-84 west of the Trout Brook Drive interchange.  

Table 4 displays the total average weekday counts across the individual 6 screenlines versus the 2012 

base year modeled assignment volumes from the final calibration run of the time of day model.  The 

net difference and percent difference for each screenline comparison is shown.  Screenline volumes 

across all time periods were calibrated to within acceptable variance tolerances.  The detailed 

screenline information displaying each roadway is included in the Appendix. 
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I-84 Mainline Volumes 

Significant effort was focused on I-84 volumes between Route 4 in the west and the Connecticut River 

on the east. Table 5 compares the average weekday mainline traffic count between interchanges 

against the 2012 base year modeled assignment.  Calibration efforts resulted in all time periods 

performing well within acceptable levels of variance.  The AM and PM peak periods performed 

exceptionally well, while the night period was the least performing of the four time periods. On a total 

daily basis, the model is within 5 percent for most of the mainline segments.  To demonstrate how well 

these segments are calibrated, scatter plots by time period were developed and are shown in Figure 

2. 

1 2 3 4 5 6

Count 86,900      80,900      89,000      44,400      73,700      70,000      

Volume 84,800      80,000      85,000      49,700      67,700      68,600      

Difference (2,100) (900) (4,000) 5,300 (6,000) (1,400)

% Difference -2.4% -1.1% -4.5% 11.9% -8.1% -2.0%

Count 191,100    159,100    179,600    106,700    174,500    160,200    

Volume 203,600    182,200    196,500    121,200    169,600    160,600    

Difference 12,500 23,100 16,900 14,500 (4,900) 400

% Difference 6.5% 14.5% 9.4% 13.6% -2.8% 0.2%

Count 137,400    128,700    134,100    70,100      117,700    112,800    

Volume 129,100    117,100    124,100    76,900      105,400    103,700    

Difference (8,300) (11,600) (10,000) 6,800 (12,300) (9,100)

% Difference -6.0% -9.0% -7.5% 9.7% -10.5% -8.1%

Count 169,900    150,400    155,900    88,900      150,900    144,600    

Volume 159,600    144,400    158,500    93,500      135,400    128,200    

Difference (10,300) (6,000) 2,600 4,600 (15,500) (16,400)

% Difference -6.1% -4.0% 1.7% 5.2% -10.3% -11.3%

Count 585,300    519,200    558,600    310,100    516,800    487,600    

Volume 577,000    523,700    564,100    341,200    478,100    461,100    

Difference (8,300) 4,500 5,500 31,100 (38,700) (26,500)

% Difference -1.4% 0.9% 1.0% 10.0% -7.5% -5.4%

Note:

Screenline Number/Location Name

1: East of Sigourney Street

2: Connecticut River

3: West of I-91

4: East of Prospect Avenue

5: North of Park Road/ Capitol Avenue

6: North of New Britain Avenue / White Street

Table 4

Screenline Comparison for CRCOG Time Of Day Model Enhancement

Comparison of 2012 Traffic Counts and Model Assignment Volume

Model Screenlines

Time of Day

AM

Total

Day

MD

PM

NT
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Count Volume % Diff. Count Volume % Diff. Count Volume % Diff. Count Volume % Diff. Count Volume % Diff.

Buckeley Bridge 21,200   21,400   0.9% 44,500   49,700   11.7% 33,200   32,100   -3.3% 40,300   39,200   -2.7% 139,100     142,400     2.4%

Under I-91 Int. 14,200   13,400   -5.6% 29,600   31,000   4.7% 21,500   20,500   -4.7% 25,800   23,900   -7.4% 91,100        88,800       -2.5%

Trumbull St. 23,600   22,300   -5.5% 53,900   54,100   0.4% 35,700   34,100   -4.5% 48,200   47,800   -0.8% 161,400     158,200     -2.0%

High St. 24,700   24,400   -1.2% 56,000   60,000   7.1% 37,100   37,300   0.5% 49,800   52,400   5.2% 167,600     174,200     3.9%

Asylum St. 25,700   25,400   -1.2% 58,300   62,700   7.5% 38,700   38,900   0.5% 51,900   54,800   5.6% 174,600     181,800     4.1%

Sigourney St. 24,900   24,400   -2.0% 57,700   60,800   5.4% 37,600   37,900   0.8% 48,900   52,000   6.3% 169,200     175,100     3.5%

West Blvd. 21,800   21,500   -1.4% 52,700   53,200   0.9% 32,800   33,500   2.1% 45,000   44,800   -0.4% 152,400     152,900     0.3%

Flatbush Ave. 19,400   18,600   -4.1% 49,900   46,400   -7.0% 29,900   29,600   -1.0% 43,900   37,400   -14.8% 143,100     132,000     -7.8%

Kane St. 16,800   16,100   -4.2% 43,400   39,700   -8.5% 26,100   25,700   -1.5% 39,000   32,200   -17.4% 125,300     113,700     -9.3%

Park Rd. 16,900   17,500   3.6% 45,000   43,200   -4.0% 26,900   28,100   4.5% 41,000   34,700   -15.4% 129,700     123,300     -4.9%

Main St. 16,700   17,200   3.0% 42,500   41,000   -3.5% 27,400   27,300   -0.4% 39,100   33,200   -15.1% 125,800     118,600     -5.7%

Ridgewood Rd. 18,200   19,300   6.0% 44,200   46,100   4.3% 29,500   30,400   3.1% 40,400   37,600   -6.9% 132,300     133,400     0.8%

Rt-9 18,600   19,500   4.8% 42,600   46,600   9.4% 29,400   30,200   2.7% 38,900   38,900   0.0% 129,500     135,200     4.4%

Rt-4 18,200   16,500   -9.3% 37,900   39,500   4.2% 27,900   25,700   -7.9% 33,200   33,100   -0.3% 117,200     114,900     -2.0%

Total 280,900 277,500 -1.2% 658,200 674,000 2.4% 433,700 431,300 -0.6% 585,400 562,000 -4.0% 1,958,300  1,944,500 -0.7%

Table 5

I-84 Corridor Traffic Comparison for CRCOG Time Of Day Model Enhancement

Comparison of 2012 Traffic Counts and Model Assignment Volume

I-84 Mainline 

Location East of

AM MD PM NT Total Day
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Figure 2

I-84 Corridor Traffic Comparison for CRCOG Time Of Day Model Enhancement

Scatter Plot Comparison of 2012 Traffic Counts and Model Assignment Volume
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I-84 Speeds 

In addition to traffic volumes, significant modeling effort was also placed on travel speeds on I-84 

between Route 4 in the west and the Connecticut River on the east. Table 6 displays the average 

travel speeds from the INRIX data (left portion of table) versus output speeds (right portion of table) 

from the time of day model. Color coding is used to indicate free flow speeds (green), moderate 

congestion (yellow), and relatively severe congestion (red).  In general, the model is performing 

reasonably well in estimating actual travel speeds and on segments of I-84 that experience significant 

congestion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

AM  MD PM AM  MD PM

Buckeley Bridge 30                     53                     43                     36 46 46

Under I-91 Int 41                     53                     42                     27 41 38

Trumbull St. 43                     53                     41                     39 47 45

High St. 43                     52                     38                     37 43 40

Asylum St. 44                     53                     39                     46 50 47

Sigourney St. 55                     57                     38                     47 50 46

West Blvd. 59                     59                     42                     49 47 39

Flatbush 62                     61                     45                     53 52 52

Kane St. 63                     61                     47                     52 52 51

Park Rd. 62                     62                     51                     52 52 50

Main 64                     63                     50                     52 52 50

Ridgewood Rd. 62                     62                     56                     52 51 48

Rt-9 62                     62                     60                     52 52 49

Rt-4 64                     64                     64                     57 55 46

AM  MD PM AM  MD PM

Rt-4 53                     65                     66                     53 62 61

Rt-9 47                     63                     64                     29 38 37

Ridgewood Rd. 48                     64                     64                     31 40 39

Main 42                     63                     63                     34 42 41

Park Rd. 36                     61                     57                     35 41 41

Kane St. 44                     58                     45                     37 43 43

Flatbush 44                     58                     40                     42 45 45

West Blvd. 48                     54                     29                     44 51 50

Sigourney St. 47                     51                     32                     49 53 53

Asylum St. 47                     51                     36                     41 43 40

High St. 50                     52                     38                     42 44 41

Trumbull St. 53                     53                     38                     49 49 45

Under I-91 Int 55                     54                     39                     44 44 32

Buckeley Bridge 55                     54                     43                     47 46 40

I-84 Eestbound

I-84 Mainline 

Location East of

Observed Speed Model Speed

Table 6

I-84 Corridor Congested Speed Comparison for CRCOG Time Of Day Model Enhancement

Comparison of 2012 Observed Speed and Model Assignment Speed

I-84 Westbound

I-84 Mainline 

Location East of

Observed Speed Model Speed



Technical Memorandum  •  I-84 Model Development and Calibration 

 

  10 
 
March 19, 2014 

Future Year Socioeconomic Model Assumptions 
The CRCOG model includes population and employment forecasts for a 2040 horizon year. The 

population and employment for 2005, 2010, and the forecast year of 2040 for the CRCOG model area 

are displayed in Table 7, along with corresponding average annual growth rates. The year 2040 

CRCOG model was run and traffic volumes were summarized for the same screenline and I-84 

mainline locations prepared for calibration. These results are included in the Appendix. In general, 

traffic volume growth across the screenlines is modest and consistent with the underlying population 

and employment forecast for 2040. For example, population and employment between 2010 and 2040 

in Hartford is forecasted to grow by 0.4 percent per year. Traffic growth in the model is forecasted to 

growth at roughly the same percent and at an even lower rate on the I-84 Viaduct. Under a no-build 

scenario, traffic on the I-84 Viaduct is forecasted to grow by 0.2 percent per year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

County 2005 2010 2040 County 2005 2010 2040

Hartford 868,382     893,924     1,003,157  Hartford 496,459     481,951     547,083     

Litchfield 79,857        81,852        92,248        Litchfield 27,469        25,377        26,368        

Middlesex 107,953     113,414     136,452     Middlesex 49,197        43,099        48,946        

New Haven 265,395     271,714     300,577     New Haven 117,968     105,419     117,920     

New London 26,850        27,527        38,666        New London 5,626          5,429          7,503          

Tolland 140,443     152,691     185,989     Tolland 39,983        39,990        50,160        

Windham 29,805        31,890        37,003        Windham 11,266        11,365        12,420        

Total 1,518,685  1,573,012  1,794,092  Total 747,968     712,629     810,400     

County 2005-2010 2010-2040 2005-2040 County 2005-2010 2010-2040 2005-2040

Hartford 0.6% 0.4% 0.4% Hartford -0.6% 0.4% 0.3%

Litchfield 0.5% 0.4% 0.4% Litchfield -1.6% 0.1% -0.1%

Middlesex 1.0% 0.6% 0.7% Middlesex -2.6% 0.4% 0.0%

New Haven 0.5% 0.3% 0.4% New Haven -2.2% 0.4% 0.0%

New London 0.5% 1.1% 1.0% New London -0.7% 1.1% 0.8%

Tolland 1.7% 0.7% 0.8% Tolland 0.0% 0.8% 0.7%

Windham 1.4% 0.5% 0.6% Windham 0.2% 0.3% 0.3%

Total 0.7% 0.4% 0.5% Total -1.0% 0.4% 0.2%

Source:

CRCOG Daily Model

Table 7

CRCOG Region's Population and Employment Trends Assumed in CRCOG Model

Population Employment

% Change Per Year % Change Per Year
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Future Year Network Improvements 
The CRCOG model includes a 2040 horizon year network. The network was reviewed and compared 

against CRCOG’s Transportation Plan 2040 and CT DOT’s Air Quality and Conformity Determination 

Document which incorporates FY 2010-13 STIP and LRTP from CT RPOs.  CDM Smith included 

projects in the modeled network from a fiscally constrained plan where funding is identified for the 

projects over the next 30 years with the 30-year revenue stream. Table 8 lists the projects included in 

the modeled study area.   

 

 

 

 

 

 

No. Year Town Road Name Description Project Name

Lanes 

From

Lanes 

To

Improvement 

Type

1 2015 Farmington Rt 4 Add Lane
Add EB Lane in Farmington 

Center
1 / 1 1 / 2 Highway

2 2015 New Britain Busway

New Britain 

Hartford 

Busway

From New Britain to Hartford, 

District 1 Funding
N/A N/A Transit

3 2015 New Britain Hart Street New Road
Extension from South Main 

Street to Arch Street
0 / 0 2 / 2 Highway

4 2015 Waterbury Homer St Widening
Homer St. / Chase Ave Waterville 

St. to Nottingham
1 / 1 2 / 2 Highway

5 2015 Waterbury Chase Ave. Widening
Chase Ave. Nottingham Terrace 

to North Main Street
1 / 1 2 / 2 Highway

6 2015 Mansfield Hillside Road New Road
Extension of Existing Hillside 

Road to Route 44
N/A 1 / 1 Highway

7 2020 West Hartford I-84
Operational 

Lanes

Add an Operational Lane WB 

between interchanges 42 & 39A; 

Add an Operational Lane EB 

between Interchanges 40 & 41

3 / 3 4 / 4 Highway

8 2030 Plainville New Britain Ave Add Lane
New Britain Ave Cooke St to 

Hooker St
1 / 1 2 / 2 Highway

9 2030 Waterbury I-84
Upgrade 

Expressway

Reconstruct Expressway and 

Operational Improvements 

including interchanges. Hamilton 

Ave to opposite Pierpoint.

2 / 2 3 / 3 Highway

10 2030 Meriden Route 5 Widening
Wallingford TL to Olive Street 

(Route 71)
1 / 1 2 / 2 Highway

11 2030 Wallingford US 5 Widening

From South Orchard St. to Ward 

St. and Christian Rd. to Meriden 

TL

1 / 1 2 / 2 Highway

I-84 Model Area Future Year Model/Network Assumptions

List of Regionally Significant Projects from Conformity Document March 2011 and CRCOG RTP Document May 2011

Table 8


