
HAMPTON ROADS HURRICANE EVACUATION
ANALYSIS - A MESOSCOPIC TRAFFIC
SIMULATION APPROACH

Presented to the Virginia Section, Institute of
Transportation Engineers
June 30, 2011



Hurricane Preparedness



Designated Evacuation Routes



How things have changed
• As part of Virginia’s hurricane preparedness efforts, a

traffic control plan (TCP) has been developed to facilitate
efficient traffic flow out of the region

• Several earlier studies provided recommendations for
improvements to the TCP

• In 2008, new surge models were released that
significantly increased the numbers of evacuating
vehicles under all categories of storms

Demand

Route Cat 1-2 (Old) Cat. 1 (new) Cat. 3 (old) Cat. 2 (new) Cat. 4 (old) Cat. 3 (new) Cat. 4 (new)

US 58 7632 7088 21196 27384 48367 51612 89998

US 460 2519 9229 7624 31865 18434 57903 98644

Rt. 10 183 1253 594 3853 1931 6565 10735

I-64 18022 29069 33437 62387 66129 101855 182577

Rt. 17 2353 2969 6434 6783 13633 11460 20798

30709 49608 69285 132272 148494 229395 402752



Abbreviated Transportation Model

• Model establishes the numbers of
evacuating persons and vehicles
– From each evacuation zone within each

jurisdiction
– To hotels, motels, and public shelters within

the region and destinations outside the region
– By route and major gateways



Hurricane Evacuation Study Transportation Analysis, Commonwealth of Virginia Coastal Jurisdictions
EVACUATION STATISTICS DATA
City of: Newport News

Evacuating Vehicles
Category 1 Category 1 Category 2 Category 2 Category 3
Evac Veh Evac Veh Evac Veh Evac Veh Evac Veh
Low Occ High Occ Low Occ High Occ Low Occ

873 884 873 884 873
2,248 2,256 2,248 2,256 2,248
422 650 422 650 422

4,306 4,695 4,306 4,695 4,306
4,248 4,358 4,248 4,358 4,248
3,098 3,104 3,098 3,104 3,098
3,547 3,552 3,547 3,552 3,547
212 236 212 236 212

1,565 1,568 1,565 1,568 1,565
337 350 337 350 337
5 5 508 508 508

17 19 1,503 1,509 1,503
187 375 7,670 8,046 7,670
195 462 3,761 4,296 3,761
130 232 3,294 3,497 3,294
14 14 1,399 1,399 1,399
49 54 4,697 4,706 4,697

Evacuation
Zones

1. Back Bay
2. Lake Tecumseh
3. Lake Rudee
4. Broad Bay
5. Lynnhaven Bay
6. Chub Lake
7. Mount Trashmore Park
8. Old London Bridge
9. Kempsville Heights
10. Blackwater
11. Pleasant Ridge / Creeds
12. West Neck Corner
13. Camp Pendleton
14. Sandee Lake / Cape Henry Shores
15. Thalia
16. Little Creek Navy Base



Hurricane Evacuation Study Transportation Analysis, Commonwealth of Virginia Coastal Jurisdictions
EVACUATING VEHICLES BY CRITICAL ROADWAY SEGMENT
Phase 1 Jurisdictions

Modeled/Critical
Roadway Cat 1 Cat 1 Cat 2 Cat 2 Cat 3 Cat 3 Cat 4

MAP ID Segment low occ high occ low occ high occ low occ high occ low occ
Regional Segments R1 US 13 sb out of Suffolk 255 341 1,341 1,481 2,482 2,634 4,516

R2 US 58 wb out of region 5,578 7,088 24,935 27,385 48,939 51,613 87,259
R3 US 460 wb out of region 7,721 9,230 29,426 31,866 55,237 57,904 95,912
R4 Va Route 10 wb out of region 1,087 1,253 3,584 3,854 6,273 6,565 10,431
R5 I-64 wb out of region - Newport News 24,285 29,069 55,149 62,388 94,204 101,857 174,562
R6 US 17 nb out of region 2,434 2,969 5,958 6,784 10,583 11,460 19,880
R7 VA Bch expwy wb east of I-64 3,997 5,960 14,463 17,553 21,906 25,171 39,117
R8 Hampton Roads Bridge Tunnel - Norfolk to Hampton 9,353 12,519 28,140 33,134 56,680 61,993 106,856
R9 I-64 nb through York County 23,194 27,598 51,632 58,263 87,025 94,028 160,849

R10 I-64 wb east of US 58/US 460 5,195 6,723 20,690 23,190 46,698 49,444 85,106
R11 I-264 wb east of US 58/US 460 4,809 6,133 21,698 23,791 38,231 40,514 69,318
R12 US 58 northen Bypass around Suffolk 9,924 12,771 45,458 50,045 92,684 97,700 165,998
R13 US 60 nb along I-64 (out thru York Co.) 2,550 3,007 5,474 6,191 9,022 9,783 16,127
R14 VA 168 south of I-64 1,232 1,486 2,847 3,251 14,305 14,741 17,684

NORTH N1 I-64 between I-664 and W Mercury Blvd 20,201 23,879 44,751 50,331 82,389 88,337 130,474
N2 I-64 between Hampton Roads Center Pkwy and  J Clyde Morris Blvd21,432 24,804 47,972 53,055 84,845 90,259 144,290
N3 I-64 between Colonial National Pkwy and Merrimac Trail19,168 22,602 41,143 46,524 67,818 73,526 113,587
N4 Mercury Blvd between Fox Hill Rd and Lasalle Ave 10,789 10,966 21,443 21,667 22,366 22,589 24,448
N5 J Clyde Morris Blvd/GW Memorial Hwy between I-64 and Victory Blvd9,527 10,353 16,302 17,493 25,075 26,332 38,793
N6 Fox Hill Rd between Woodland Rd and Mercury Blvd 6,700 6,791 11,314 11,412 11,485 11,582 12,294

SOUTH S1 I-64 between W Bay Ave and I-564 7,643 11,502 23,258 29,405 48,859 55,389 97,467
S2 I-64 between I-464 and G W Hwy 3,403 3,655 6,847 7,249 43,341 43,813 50,096
S3 I-264 between I-464 and Effingham St 3,721 6,152 13,455 17,388 56,651 60,969 113,208
S4 Park Ave between Princess Anne Rd and Brambleton 1,519 2,332 2,783 4,030 9,222 10,561 23,349
S5 460/Monticello between E Brambleton Ave and I-264 2,849 3,844 6,678 8,137 30,467 32,010 39,286
S6 Dam Neck Rd between General Booth Blvd and 410 615 636 1,442 1,472 9,326 9,357 10,683
S7 Northampton Blvd at I-64 882 1,254 1,387 1,985 2,444 3,103 5,439

WEST W1 Holland Rd/US 58 between Portsmouth Blvd and Godwin Blvd5,665 7,484 27,151 30,081 80,850 83,368 119,147
W2 460 between US 58/ Holland Rd and US 258/Courthouse Hwy4,155 5,492 20,497 22,657 54,701 56,410 88,120
W3 US 13/Portsmouth Blvd between US 58 and Nansemond Pkwy3,887 5,088 17,516 19,436 68,886 70,974 88,500
W4 Constance Road/US 13 between Wilroy Road and US 460/Main St4,668 5,911 24,659 26,663 77,787 79,940 97,805

Heavily congested routes out of area
other routes out of area

     Base Model Evacuating Traffic



Mesoscopic simulator

• DynusT is a mesoscopic simulation-based
dynamic traffic assignment software (used
to be called Dynasmart)

• The software development and support
was funded by the FHWA

• Has been used for evacuation studies in
Texas and Arizona



DynusT model of the Evacuation
Network



Network information

• The evacuation network model in DynusT
has the following attributes
– Number of nodes: 6,412
– Number of links:  11,843
– Number of signals: 214
– Number of OD zones: 383
– Total length of network: 5,976miles (sum of all

link lengths)



Demand information
Storm Category 1H 2H 3H 4H
Out of region 53,070 138,756 236,631 411,299
Friends/Family/Relatives 66,668 129,279 223,764 172,448
Public shelter 6,884 18,646 40,507 62,671
Background traffic 294,859 294,859 250,807 250,807
Total Vehicles 421,481 581,540 751,709 897,225



Response curve (hourly loading rate)

Hourly Loading Rate of Evacuees

0

2

4

6

8

10

12

14

16

7am 8am 9am 10am 11am 12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm

Time of Day

%
 o

f L
oa

di
ng



Evacuation Scenarios
Scen.

Storm
Int. Traffic Control

Participation
Rate Priority

1a 2
I 64 Reversal without I 664 crossover, tunnel close, no
demand using I664 100% 1

1b 2
I 64 Reversal without I 664 crossover , tunnel open to
regular lane

2 2
I 64 Reversal with I 664 crossover, tunnel open to
reverse lane of I64 100% 1

  3* 1 No lane reversal on any roadway (base case) 100% 1
4 1 No lane reversal on any roadway (base case) 70% 1

5 1
No lane reversal on any roadway (phased evacuation
from old ATM) 70% 2

6 2 I 64 Reversal without I 664 crossover 70% 2
7a 3 I 64 Reversal without I 664 crossover, tunnel closed 100% 2

7b 3
I 64 Reversal without I 664 crossover, tunnel open to
regular lane 100% 2

8 3 I 64 Reversal with I 664 crossover 100% 2
9 2 I 64 Reversal with I 664 crossover 70% 2

10 2 I 64 Reversal with I 664 crossover and Rt. 58 reversal 100% 3
11 3 I 64 Reversal with I 664 crossover and Rt. 58 reversal 100% 3
12 4 I 64 Reversal with I 664 crossover and Rt. 58 reversal 100% 3
13 2 I 64 Reversal with I 664 crossover and Rt. 58 reversal 70% 3



Preliminary Scenario Results

• Scenario 1a: Category 2 storm, I 64 Reversal
and I 664 MMMBT tunnel closed

• Scenario 1b: Category 2 storm, I 64 Reversal, I
664 MMMBT tunnel open to I 64 regular lane

• Scenario 2: Category 2 storm, I 64 Reversal, I
664 MMMBT tunnel open to reverse lane

Run times of 48 hours - For 15 iterations of user
equilibrium traffic assignment with a 2300min
(~38 hours) simulation time



Scenario 1a: Category 2 storm, I 64 Reversal and I 664
MMMBT tunnel closed (Clearance Times)
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Scenario 1a: Category 2 storm, I 64 Reversal and I 664
MMMBT tunnel closed (Total Vehicles)

44374(44374)
R: 24938(24938)

7398(7398)

25321(25320)

25321(25320)

21757(21757)

24865(23736)

1485(1485)

22289(20670)
R: 24938(24938)

42194(41996)
R: 24938(24938)

10197(10197)

4573(4573)

WB: 7215(4606)
EB: 11802(10631)

WB: 3424(2297)
EB: 1863(842)

WB: 19608(16991)
EB: 11579(5264)



Percent evacuated by the hour
R2 - US 58 wb out of Region
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Percent evacuated by the hour
R5 - I 64 wb out of region - Newport News

 (Regular Lane)
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Next Steps

• Complete evaluation of remaining
scenarios

• Identify potential countermeasures and
recommendation for changes to the TCP



Questions

Cathy McGhee, P.E.
Cathy.McGhee@vdot.virginia.gov

434-293-1973

mailto:Cathy.McGhee@vdot.virginia.gov

