Chapter §
Transportation/Clearance Time Data

In FEMA/Corps comprehensive hurricane evacnation studies, the primary
objective of the transportation analysis is to determine the clearance times needed
to conduct a safe and timely evacuation for a range of hurricane threats.
Information from the vulnerability, shelter, and behavioral analyses are directly input
as well as various sources of permanent and seasonal population data. For the
North Carolina, South Carolina, and Georgia studies, clearance times were
developed by county for two or three storm intensity groups (eg. Category 1-2,
Category 3-5), several seasonal occupancy assumptions, and three to four rates of
mobilization on the part of the evacuating population. The number of scenarios
for a particular county was obviously dependent upon the flooding and population
characteristics of that locality.

Transportation and clearance time issues related to Hugo and discussed by the
study team with local and state officials included the following:

Was the evacuation roadway network accurate - did evacuees use projected
routes?

Were any traffic control actions taken to speed up flow?

When was the evacuation essentially complete - how long did the evacuation
take?

Were any major problems encountered in the evacuation?

Tables 4, 5, and 6 summarize the responses to each of these issues gathered from
discussions with local emergency and law enforcement officials in each area. In
Georgia, clearance times calculated for FEMA/Corps studies compared well with
the actual times experienced in Hurricane Hugo. For those counties carrying out
major evacuations, study produced times were within an hour of actual times. In
Liberty and Bryan Counties, it was difficult to determine actual clearance times due
to lack of information available - potential flooded areas of these two counties

5-1



B/HH W

‘ejep odnp 01 uosuredwod 10) 219y pajuasaid st poday eeq [eomnyoay, sy woyy (As>uednodo
1SN0} M0]) oneudds g Alodojed e 10 ejep ‘alojorsy) - duediunp] z AJodoie) B JOJ UONOR j0O) SIPUNOD [ejseod ‘eidioon up

91-1
uo uonsaguod
‘ao1j0d £q
pauuBwl 31oMm
STTTREN BT SUOIEDO[ JWOS U] pIuue 211} © £q payd0[q yeuueaeg -
[EOUMD [j& JON sinoy 6 smoy Q[ siupod [jonuos oyjely, wang Aeg ‘saf ‘oD weyieyd
fep
Jle [ewLiou Iy
dijjen ‘auoN SINOY %49 9[qeuIadsIp 0N auoN S ‘0D uekig
Lep
[EWIOU B i)
oljjes) ‘oUON SINOY 149 2]qRUIAISIP 10N QUON sax ‘0D fi1aqr
- sinoy 9 - - - 0D ysowpn
pues| [JAYor yormsunig
JUON SINOY g smoy §  oen dunuosur paddoyg Sax - 0D uufn
JUON sinoy 9 sInoy £, SUON Sax 0D wapwir)
VIOHO019
paldjunoduy LOUIL], 0UBIBd[)  0dnpy uj pajsudiradxy SUOTIY (006D 131BINDY NI0A)IN uoned0|
SWAqO1 ] —uwﬁw:_u—so auly, ajueiBa[) ey, jeadg Aempuoy uorERIBAG
pms

ei131009 - B)8(q awl], Pdueiea|)/uonejredsusl],
03ny] uedLIN]|

b 3qeL



*0lIeuR3s Aouedndoo 1SN0 mo] z K108918D Ayl
POJQUIDS3 [IAD] UOIIENIBAD ISOYM Sanuno)) A1iop] pue iadser sem snpi 01 uondosoxa ag],  ‘1odsy eleq |eowyoa], ay) ul pajussard se
uonen)s Louednado 1sUN0) Mo € A0831e) B 0] paie[al A1oo1ip sem OSN[{ Ul N0 PIJLIEd UONENDBAI JO [9A9] oY) ‘eujjoie)) yiuos uf ,

20UDIOL
2 uonsaduod ‘ate| utodyoayo uhiz
PalEndBAd S|9j0ul SINOY 71 SINOY 6 pauuBwW $I321JjO Sap - 0D ALIO}]
dn-yoeq joned
Aemydiy ajels ‘pautiew
3UON sinoy w9 SInoYy 249 SUOT)O3SIANUE [BONID $2X'0D Um01381020
ydnous pasn jou )1 Op jou pIp
9Z-] V) sAINOL ‘YR mgq 9z-[ jo Suyue| 3SI3AI
pauuew jou siod palapisuod ‘psuueur syujod Apmis [euisnio
[0 dijjen Aempeor feonuo owos douls Aemssardxyg
Aueur fodueyd idap Lemy8yy pue %:S yie[D yiew
104 C6-1/97-1 (xs1z Kepsinyl, WA S 1se0)) yum aeudoidde 0} syuswaaorduy
‘w0)1598u00 971 SINOY 9] - WV 27) simoy I Se $9dpLiq UMOp Payd0] JWOS ‘Saf ‘0D UOIS[IRYD
‘P parendeas srodured
uojsapiey)) jo 0 ‘Ajunod Jo JIpUIBUII
ojen 19 U'S 10§ 9[qeui0sIp
61 10] v 11/8]ed0] jou ‘goeagf B3le OJSIpH JO $LY
uo uo1sagu0d 10} sinoy 9 01SIpY 10J SINOY 7 ‘AME] UO JUDWADIOJUD ME] Sax "0)) U0II[I0D
dn-yoeq joxned
fHunod Lemy8iy ‘syutod [onuod
ojui sjojesduad S1jje1] B pauonels pBOH UOoNIH -
umad syqnon SINOY ¥46 sInoy 6 JUSWIADIOJUD ME[ S3aK '0)) 10jneagy
S6-1 Yyum
sdwes 53008 mau
0} amp LT SN
SUOI1BIO| uo puedpry
puepadpry Aoy e pauoneys ol £poanp
12 uonssguod sinoy § smoy ¢ JUDIADIOND ME[ JUIBD SIINIBAL ‘0 rodser
VNITOUVD HLNOS
paldjunodouy «OWI] DUBIB)  Odnf[ uj pannRAXy SUOIPY [onuo) J91BINIY YI0A)AN MONEIOT]
swafqor g cwﬁ_a_zu_uu Jwiiy, duBILI) dgjeay, jewadg Kfempuoy uonensuay
pms

BUIj0aB)) YINOS - B)E(] W], dueILd])/ucnejiodsuel],
odny JuedLLIng]

§ dquL



B/HHD

‘fouednaoo 1SN0} mof ‘suedtinyy ¢-7 4108918 e 0} spuodsaniod S|y, -Hodoy
gle |BoMyda [, Ay} uf pajuasard se uonenys 9dA) y oueuadg B sem OZny UF N0 PaLIEd UOJIBNJEAD JO [IAJ] S ‘Buljore]) YUON uf ,

shkemy3iy pouueus

UON $INOY Z4] sioy Qf JUSWIDIOJID MB| [e30] sax 0D e
sjutod [onuod
anyen pauuew joned
UON SINOY 4§ sinoy ¢ Aemydiy pue aoyj0d [eoO] S9X e REICH g}
SUOa5I9UT
A3y [eraaas e padjay
JUON sinoy ¢ sinoy [oned Aemysiy ajers Sax "0)) MOJsu)
- sinoy g - - - '00) Ispuad
uojSuippm
SUON SINOY 49 smoy ¢ auou S35 ‘0D IOAOURE] MaN
umctm yesung
4o ojen Fuiodno
0} uaAld saou2iajasd
‘syutod jonuod oijjen
JUON] SINOY 749 sinoy ¢ pouuew 3djjod pue o1 SaX 0D yommsumg
VNITOHVD HLYON
paaajunoduy S]] JJUBIB3[)  Odnj] ul pasusiiadxy SUOIOY [0NJu0)) 1918INJDY JIOM)AN U080
swajqoa] paje[uale) JWL], dUBILI) sijel], pBadg Kempuoy uonBndesy
ApmS

BUI[OJB)) YJION - BJB(] dwil], 3dueisa|)/uociejiodsusi],

odnpy auBdLLIRY]
9 dqeL,



have relatively low population levels and therefore can evacuate in short periods of
time depending on the mobilization rate of evacuees. Limited special traffic control
measures were taken in coastal Georgia. No major traffic problems were reported
except along I-16 where congestion was significant at I-95 and as far west as
Macon, Georgia. No information was provided by Mclntosh County for evacuation
related to Hugo.

In South Carolina study produced clearance times compared very well with
actual times for those areas that had the most direct effects from Hugo. Based on
the clearance times incorporated from the study into HURREVAC (see Chapter 6)
Charleston County officials had to decide to start their evacuation well before a
hurricane warning was issued for the area. In retrospect, this difficult decision
proved to be extremely wise on the part of local officials as evidenced by the
successful evacuation of thousands of residents before the onset of hazardous
conditions from Hugo. Clearance times for Beaufort County and Georgetown
County were very close to actual times as well. Clearance times for Jasper County
and Horry County were significantly lower than study produced times. Review of
available information indicates that the evacuation in Horry County was focused on
beachfront, low lying areas, and mobile homes. Hotels and motels appeared to be
reluctant to advise residents to leave. Thus somewhat of a partial evacuation
appears to have taken place in Horry County relative to scenarios in the Technical
Data Report. Jasper County reported a clearance time of between 4 and 5 hours
for local residents. The 8 hour study produced time inciudes a significant amount
of Beaufort County "pass through traffic". It is difficult to make a meaningful
comparison of times in Colleton County as the Technical Data Report reflects times
for roads traveled by Charleston County evacuees (e.g. Highway 61). In addition,
the only area where a good estimate of actual clearance time can be determined is
Edisto Beach which evacuated in approximately 2 hours.

Special traffic control measures in South Carolina coastal counties during
Hugo, primarily involved law enforcement officers staffing critical intersection and
roadway segments. State highway patrol assisted coastal counties with this task
while also dealing with major congestion problems along I-26 near 1-95. Bridges in
Charleston County (such as the Ben Sawyer) were locked down with cooperation
from the Coast Guard and state highway department. As traffic came to a crawl
(late Thursday September 21 AM) on I-26 out of Charleston, officials considered
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reverse laning the eastbound lanes from Charleston to Columbia. However, by
early afternoon traffic began to flow more smoothly and 2 determination was made
not to go through with the reverse laning.

In North Carolina, clearance times compared favorably with study produced
clearance times in Brunswick, New Hanover, and Dare Counties. No information
was reported for Pender County. Times in Onslow and Carteret were significantly
below those in the Technical Data Report. Onslow County carried out a very
limited evacuation compared to scenarios analyzed in the North Carolina study.
Carteret County reported a five hour clearance time for local traffic but did not
know how long it took for traffic to clear Craven County. Clearance times
reported in the Technical Data Report for Carteret County reflect getting traffic
through Craven County's critical links.  Traffic control primarily involved police
officers manning key intersections and no major traffic problems were encountered.

RECOMMENDATIONS

Based on Hurricane Hugo, it is recommended that the following items be
considered for future transportation analysis studies:

1) Enlarge the study area boundaries to include potential traffic problem
spots in inland counties. For example, the 1-95/I-26 interchange in South
Carolina was outside the original study area.

2) Stress the importance of all critical intersections being staffed by law
enforcement officials to keep traffic moving.

3) Remind public officials that major congestion will occur on evacuation
routes during the middle of the evacuation and that this will dissipate as

traffic loadings decrease during the last third of an evacuation.

4) Run a scenario where only a small percent of evacuees go to local public
shelter versus leaving the county and going inland.

5) Encourage the use of secondary roads by evacuees through public
information and/or signage.
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Chapter 6
Evacuation Decision Making

Some of the most important products developed as a part of the FEMA/
Corps of Engineers hurricane studies and delivered to local state officials have been
evacuation decision making tools. These tools have been decision arc maps and
tables as well as computer software such as HURREVAC. Products such as these
graphically tie together real-time storm characteristics with clearance time data.
Their purpose is to give directors a means of retrieving Technical Data Report
information without having to dig through a report during an emergency.
Evacuation decision tools suggest when an evacuation should begin relative to a
specific hurricane, its associated wind field, forward speed, probabilities, forecast
track, and intensity.

In February of 1989, FEMA provided state and local officials in South
Carolina a computerized informational model which utilizes technical data contained
in the study along with information contaiied in the marine and public advisories
from the National Hurricane Center. The model, called HURREVAC, is a tool to
assist local officials in making hurricane evacuation decisions. HURREVAC has
since been adapted to Georgia and its data base and was delivered to county
officials just days before Hugo threatened the area. North Carolina and Georgia
both were provided with a set of decision arcs and tables during FEMA/Corps
study efforts. These products were the primary evacuation decision making tools
used for Hugo in those two states.

Discussions initiated by the FEMA/Corps study team with local and state
officials regarding the evacuation decision process focused on the following
questions:

When was the EOC fully activated and what prompted this decision?

In deciding when to evacuate and who should evacuate what study products/
decision aids were used?

When was the evacuation order or request made?
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Did technical data/decision tools work well and did mapping provide a good
depiction of the hazard areas?

Tables 7, 8, and 9 provide data for each state and county related to the
above issues. In Georgia, counties generally activated their EOCs based on weather
service information and decision arc considerations. In addition to the decision
arcs, surge inundation mapping developed in the FEMA/Corps studies was used
extensively. Since HURREVAC had just been delivered to the local counties a
couple of days before Hugo it was used sparingly in most counties. However,
Liberty and Glynn Counties were able 1o get it up and running and relied upon it
during Hugo. Corps of Engineers staff in Savannah assisted Chatham County
during the Hugo threat with HURREVAC runs produced on computers at the
Corps' offices. Local officials in coastal Georgia counties were pleased with the
decision arc system. Glynn County officials feel the ability to get timely marine
advisories would have helped their decision making. Chatham county officials were
impressed with the accuracy of timing data but would have preferred larger scale
surge maps for some of their decision making.

In South Carolina, local officials fully activated EOCs in response to close
communications with Dick Shenot of the National Weather Service. Coordination
among counties in each "emergency preparedness conglomerate” also prompted
activation such as the discussions in Jasper and Colleton Counties with William
Winn of Beaufort County. Decision tools used for Hugo included Hazards
Management Groups' GDS, HURREVAC, zone maps, surge inundation mapping,
and a SLOSH program installed on local personal computers several years ago.
GDS was used up unti HURREVAC could show the storm on the computer
screen. At that point, officials indicated that HURREVAC was used primarily with
marine advisories being directly fed into the program every 3 to 6 hours. Local
officials were pleased with the study products and decision aids provided. The
products provided credibility to local emergency managers in the eyes of local
county commissioners and other decision makers.

Local counties in North Carolina fully activated their EOCs based on the
prompting of several different factors. These included weather service information,
decision arc considerations, state area office advice, and Skip Waters, a local
weatherman in New Bern. Study tools used were the decision arcs and the surge
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inundation mapping. Local officials were very pleased with the decision arc system.
RECOMMENDATIONS

Products being provided by FEMA/Corps hwricane studies regarding
evacuation decision making seem to be working well. Officials like the ability to
show decision makers a "computerized" data base that ties together Technical Data
Report information. The only improvement which was previously discussed in
Chapter 2 is surge mapping and zone maps at a larger scale. Excellent working
relationships between local emergency directors and NWS staff is important to good
decision-making. Local officials should be encouraged to continue to develop these
relationships with NWS staff.



Chapter 7
Public Information

Although not a major part of previous FEMA/Corps of Engineers hurricane
evacuation study efforts, public information is becoming recognized as an important
final element that must be addressed. Study products and data must ultimately be
in a format that the media and general public can understand so that correct
evacuation decisions and preparations can be made at the household level. Hugo
provided a glimpse of what current means of getting hurricane evacuation
information into the hands of the general public is available. It also provided local
and state officials with an opportunity to assess additional needs in regards to
public information.

Current methods used in Georgia, South Carolina, and North Carolina for
informing the public in Hugo included the following:

1) the most important means was through radio and television - some
communities used cable TV overrides to alert the public of evacuation
advisories.

2) press briefings with national and local media to insure that they (radio,
TV, newspapers) disseminate consistent information to the public - media
was given packets of hurricane materials early in the season by some
emergency officials.

3) law enforcement officials drove through neighborhoods with sirens and
p.a. systems to encourage people to evacuate - this technique was used in
most beach and barrier island communities - some officials went door to
door.

4) some communities were able to provide evacuation information to the
public through an insert in the local phone book.

5) information was provided several days before the arrival of Hugo through
newspaper articles,



6) hurricane evacuation brochures published by the state (e.g. North
Carolina) were picked up by residents.

7) meetings had been held with civic groups early in the season at which
local emergency directors made presentations on hurricane preparedness
including wind and flooding potential.

8) in some inland rural areas, mobile home residents were phoned to make
sure they understood the threat (e.g. Colieton County, S.C.).

9) prepared announcements given to media in advance - these were relayed
to public upon prompting by emergency officials (e.g. Georgetown
County, S.C., Carteret County, N.C.).

10) late in the Hugo situation, WPDQ in Jacksonville, Florida broadcast
public information to coastal areas in Georgia, South Carolina, and North
Carolina as local radio stations lost broadcasting ability during Hugo (loss
of power, towers).

11) public was alerted that power would be turned off in their area even if
they stayed - this encouraged people to evacuate (e.g. Tybee Island, Ga.).

12) recommendations from Governor's office for people to evacuate.

13) civil defense sirens (e.g. Savannah, Georgia).

RECOMMENDATIONS

In discussions with media representatives in the Savannah, Georgia and
Charleston, South Carolina markets and with all of the local and state emergency
officials, the following ideas and resources were identified as needs in the area of
public information:

more camera ready/computerized mapping of surge areas, routes, and
shelter locations for media

7-2
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computerized "billboard" omly available to media via modem - emergency
officials would provide notices and information through this

need to address EBS operations - most stations do not want to
participate now due to financial concerns

need more phone lines/staff for public to call into EOC's for information

prepare newspaper supplement in advance that could be inserted a day
before projected landfall

beef-up phone book materials and inserts that can be used in a real time
event

produce canned videos for TV's to broadcast
print more state brochures

provide more local information (surge heights imposed on pictures of
local landmarks)

install uniform evacuation route signs

put up signs giving inland shelter/EBS station information

7-3



APPENDIX A

Meeting Attendees/Persons Providing Input
in Affected Areas



Ken Old

Bill Massey

Don Lewis

Keith Grabam
W.R. Cavanaugh
Jimmy C. Carter
Carl Alexander
Richard Crowdis
Robert T. Horton
Deborah B. Chapman
Rebecca Tindall
Robert D. Mumford
Joan Scarborough
Mary Brown
Richard Caton
James H. Nazzrie
Billy E. Griner
Jack H. Hutto
Ed Stells

Keith A. Flanagan
Robert Heape
Paul Tasciott
Karen Moore
Lee J. Stewart
Tony Kreimberg
Erin Cravey

Jon Roney
Charles Stewart
Wayne Buthoul
Bill Powell

Herb Schwabe
Kip Kirby

Leo Melanson
Charles Richardson
Irving W. Drought
David C. Sapp
Mike Stewart
Thomas Burriss
Jerri Futch

D.L. Burkhalter
Bill Schumacher
John Wacz

J.J. Bayedes

Tina Spivey

Art King

John Felder

Jim Woods
Hansel Jenkins
Don Mundono
George Fidler
Paul Johnson

Joe Torres

Mark Kreuzwieser
Cedric Magwood

Corps of Engineers
FEMA

PBS&J

Corps of Engineers

Glynn Co. Fire Department
Brunswick Police

Glynn County Police

City of Brunswick

City of Brunswick

Glynn County Community Dev.
Glynn Co. CD/EMA

Camden Co. CD

American Red Cross
Glynn-Brunswick Memorial Hospital
Jekyll Island Fire Department
Glynn County Police

ngn Co. Health Department
GEMA

Glynn Co.-P.1.O.

Glynn County Public Works
Savannah District U.S.C.O.E.
Glynn Co. Sheriff Department
Glynn Co. Commission
Brunswick Fire Department
Glynn County DFCS

WGIG Radio

Whelen Engineering (Outdoor Sirens)
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APPENDIX B

National Hurricane Center's
Hurricane Hugo Warning Summary/Timetable



Warning Summary, Hurricane Hugo, September 1989

date/time (military/EDT)
action

location

15/1500
hurricane watch

tropical storm watch

15/1800
hurricane warning
tropical storm warning

hurricane watch

15/1900
hurricane warning

16/1500
hurricane warning

tropical storm warning

tropical storm warning discont.

17/0600

tropical storm warning discont.

17/0900
hurricane warning discont.

17/1200
hurricane watch

17/2100
hurricane watch
hurricane warning discont.

17/2230
hurricane warning

hurricane watch

St. Lucia through St. Martin and the British
Virgin Islands

Barbados and St. Vincent

St. Lucia through St. Martin and the British
Virgin Islands

Barbados and St. Vincent

U.S. Virgin Islands and Puerto Rico
Martinique and Guadeloupe

Puerto Rico and U.S. Virgin Islands
St. Lucia

Barbados and S;. Vincent
St. Lucia

Martinique northward through Barbuda

Dominican Republic: La Romana to Puerto Rico

Southeastern Bahamas and Turks and Caicos
Islands

St. Martin and surrounding islands

Dominican Republic: La Romana to Puerto Rico

Dominican Republic: Puerto Plata to
Montecristi and La Romana to Caucedo



date/time (military/EDT)
action

location

18/900
hurricane warning

18/1800
hurricane watch discont.

18/2100
hurricane warning discont.

18/2230
tropical storm warning

19/0300

tropical storm warning discont.

19/1200
tropical storm warning

hurricane watch

19/2230
tropical storm warning

tropical storm warning discont.

20/0600

tropical storm warning discont.

tropical storm warning

20/1200
hurricane watch

all other warnings discont.

20/1800
hurricane watch

21/0600
hurricane warning

tropical storm warning and a
hurricane watch

hurricane watch

Southeastern Bahamas and Turks and Caicos
Islands

Dominican Republic: Puerto Plata to
Montecristi and La Romana to Caucedo

Puerto Rico, U.S., and British Virgin Islands

Dominican Republic: La Romana to Puerto
Plata

Dominican Republic
Southeastern Bahamas and Turks and Caicos
Islands

Central Bahamas

Central Bahamas

Turks and Caicos Islands

Southeastern Bahamas

Northwestern Bahamas

Abaco and Grand Bahama Islands
Bahamas

St. Augustine, FL to Cape Hatteras, NC

Fernandina Beach, FL to Cape Lookout, NC
St. Augustine to Fernandina Beach

Cape Loockout to Cape Hatteras



date/time (military/EDT)
action

location

21/1200
tropical storm warning and a
hurricane watch

tropical storm watch

21/1500
hurricane warning

tropical storm warning and a
hurricane watch

21/1800
all warnings discont.

22/0400
all warnings discont.

22/0600
all hurricane warnings discont.

22/0900
tropical storm warning

tropical storm warning discont.

22/1200

tropical storm warning discont.

tropical storm wind warning

23/0100
gale warning

North of Cape Lookout to Virginia Beach, VA
North of Virginia Beach to Cape Henlopen, DE
Cape Lookout to Oregon Inlet, NC including
Pamlico Sound

North of Oregon Inlet 1o Cape Henlopen
including Albermarle Sound and Chesapeake Bay

South of Fernandina Beach

Savannah southward

Virginia Beach to Manasquan, NJ

South of Virginia Beach

Virginia Beach to Manasquan

Coastal and offshore waters Cape Henlopen to
Eastport, ME

NJ through New England

Source: National Hurricane Center Preliminary Report Hurricane Hugo



