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INTRODUCTION

The Governor' s Division of Emergency Management has been acti ve in

preparing coastal areas for the impact of hurricanes. The Gulf Coast is

di vi ded i nto five areas: Brownsvi lie, Corpus Christi, Matagorda,

Houston-Galveston, and Beaumont-Port Arthur-Orangery To date, a reloca-

tionn/evacuation study has been completed for the Houston-Galveston area;

the present Corpus Christi area study is the second completed, The Divi-

sion of Emergency Management intends to follow these studies with vul-

nerability studies and, later, with contingency planning studies. Fund-

ing for the present study was made avail ab1 e by the State of Texas

through the Governor's Division of Emergency Management.

Brochures based on this study are available through the Governor' s

Di vision of Emergency Management  DEM!. There also is a computer-based

ESTEDCC program for Estimating Safe Time before Evacuation Decisions

 Corpus Christi! operational in the DEM  see Appendix E!, Section Five,

Evacuations indicates how these times can be estimated manually,  See

also Appendix D.!

To ensure that the results of the study would be acceptable to the

users, three advisory groups were established:

State and Subnational Advisory Coenittee
Robert Lansford, State oordinator
Governor's Division of Emergency Management
Texas Department of Public Safety



Robert Halverson, Assi stant Coordinator  Operationsj
Governor's Di vi sion of Emergency Management
Texas Department of Public Safety

Larry Mooney
National Weather Service
Southern Regional Headquarters

P 9 ison Officer
Governor's Givi sion of Emergency Management
Texas Department of Public Safety

Bi 1 l Hare, Neteorol ogi st in Charge
National Weather Service
Corpus Christi Area

Jim Tait, Manager
Ame ri can Red Cro ss
Coastal Bend Chapter

Captain Charles Gunn
Region 3
Texas Department of Public Safety

Harold luhlke, Maintenance Engineer
District 16
Texas Department of Highways and Public Transportation

Muni ci al and Count Advi sor Committee
rt ur . oberts

American Red Cross
Corpus Christi, Texas

Richard Bullock, Director of Planning
Coastal Bend Counc i l of Governments

Max Hancock, Chief Ranger
Padre Island National Seashore

Michael Gunning, Seni or Transportation Planner
Planning Department
City of Corpus Christi

Mike Ellis, Executive Director
Di saster Resources Services
Corpus Christi, Texas

Bill Curtis, Assistant Coordinator
Nueces County Emergency Management

1-2



Penrod W. Harris, Coordinator
Corpus Chri sti Emergency Management

Bill Hennings, Assistant City Manager
Corpus Christi, Texas

Cori na Oli varez, Assistant Coordinator
Corpus Christi Emergency Management

Ken Keller, Coordinator
Port Aransas Emergency Management

Lee Durbin, Jr., Coordinator
Bishop Emergency Management

Hector Reyes, Coordinator
Robstown Emergency Management

Mitchell Ammons, Coordinator
Aransas County Emergency Management

Bob DeWolfe, Coordinator
Aransas Pass Emergency Management

Walter Hill, Coordinator
Sinton Emergency Management

Hector L. Lopez, Coordinator
Kingsvi lie-Kleberg County Emergency Management

Homer E. McCullough, Coordinator
San Patricio County Emergency Management

Harold White, Coordinator
Portland Emergency Management

The study area consi sted of six counties  Kenedy, Kleberg, Nueces,

San Patricio, Aransas and Refugio! with an area of approximately 4.000

square miles containing a population of about 370,000 persons.

Hurricanes are classified by wi nd speed ranges  see Appendix A!.

For the purpose of this report, we will consider the following types of
hurricanes:

WIND SPEED  MPH! TYPE HURRICANE
74- 95
96-110

1].1-130
131 and over

I-3



Tabl e I I 1 i 1 1 ust rates a chronol ogy of hurri canes duri ng the 20t h

n the s i x coastal count i es wi thin the study area . The f requencyCentury n

of hurricanef h rr'i cane 1 and fa 1 1 has been errati c ~ There were si x hurri canes in the

peri od between 1909 and 1919, but only si x during the next

40 ear peri od �920-1960! . In the next ten-year peri od   1961-1971 !,

there were four hurricanes, while there was only one during the next

decade �972-1982!.

study is primarily designed to provide data for deci sion

making regarding when evacuations need to be recommended. The

information also c,an be used to update county and municipal plans,

however, and as a guide for the district disaster coneittees. The

American Red Cross can also use it to determine shelter needs for

particular areas. Table 1-2 indicates these and other rel ati onshi ps .

The data to assi st in decisio~ making consist of the following key

items:

possible surge penetration for hurricanes of varyi ng inten-
sities  see surge map inside back cover!.

Critical locations in the area are given along with data
that will indicate road cutoff times by hurricane type for
both surge penetration and wi nd intensity . This will be
given in hours plus or minus anticipated time of storm cen-
ter landfall  see Appendix 8!.

««icane-prone areas that probably should evacuate for most
storms- These areas are shown as low-lying areas subject to
~urge Penetration and are the most vulnerable parts of the
evacuation zones  see fold-out zone map bound as last page!.

reas subject to evacuation in moderate hurricanes  wi nds
mp" or less!. These areas are divided into evacuation

zones by county  see zone map!.

n"»er of hours it would take to evacuate all persons
res>ding in these areas  see zone map!.



The first section of this report describes the methodology used

 SLOSH data, the survey and determination of evacuation times!. The

remaining sections are SLOSH Data, Zone Delineations, Survey Results and

Evacuations.

In this study. tables and figures will always be grouped at the end of
each section or part.
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Section One
METHOOOLOGr

Three primary methodologies are used in this study. The first dis-

cussion is on the SLOSH model and how it operates to produce simulated

hurri cane wind speeds and storm surge  Part A!. Part B detail s the sur-

vey used to develop estimates of persons and vehicles leaving certain

areas for particular desti nations, as well as estimates of shelter

needs. The methods used to determine evacuation times are indicated in

Part C.

Part A: SLOSH

SLOSH  Sea, Lake and Overland Surges from Hurricanes! was developed

for the Corpus Christi region of Texas in 1982. It is a computer model

designed to project  or output! from given information  input data! the

flow of surges over seas, lakes and land  taking into consideration

water depths, land elevations and man-made constraints such as roads!.

The input data for the model consist of:

Initial meteorological conditions that define a hurricane in
terms of time, storm location  latitude and longitude!,
storm intensity in mi'flibars  ambient less central pressure
of storm!, and storm radius in statute miles  distance from
storm center to maximum winds!.

Future storm conditions  at six-hour intervals out to 12
hours that provide information on location, intensity and
size. Implicit in the storm track is the storm location for
landfal I and the speed and direction of storm movement.2

Initial water heights for Corpus Christi Bay and the Gulf of

1-1



Mexico. These level s are relative to mean sea level. An ini-
tial height of 1.5 feet above mean sea level was used for
the s imu1 at ed hurri cane runs.

Based on this input, the SLOSH model numerically solves certain

equations of motion to compute surge. This surge is calculated on a

computational polar grid  see Figure 1-1!.4 St rategic placement of this

grid over the Corpus Christi region allows for fine spacing of grid

points over heavily populated areas and coarse spacing over the Gulf of

Mexico. The grid consists of 70 squares at the top and 59 at the side.

The model contains 4,130 �9 x 70! grid squares or data points. The ini-

tial size of the grid square is 0 ' 6 mile in the more crit ical areas and

3.7 miles at the extremities. This gives greater accuracy in the more

critical areas and less accuracy in the Gulf of Mexico. Each grid point

can be identified by coordinate numbers.

Using K and Y coordinates, 60 grid squares or data points were

identi fi ed as critical areas requiring more detailed data. These grid
poi nts are listed in Table 1-1. 4

Based on tne input data, SLOSH produces the following output:
A forward projection in time of the surge envelope5  pene-
tration and height! at the time of landfall.

A composite of these surge envelopes that shows the maximum
surge penetrati ons and heights for the entire time period .

For each of the 60 selected data points, SLOSH projects the
surge height, wi nd speed and wind direction in ten-minute
intervals for about 18 or more hours  depending on movement
speed! before landfall and 12 hours after landfal'I.

Interpretation of the model output must be considered in view of

the following constraints:

Given accurate input data for the storm's track and
meteorological parameters, the computed surges are estimated

1-2



to be within plus or minus 20 percent of the observed water
levels. That is, if surge is predicted to be 10 feet in a
cer tain data point, the actual surge could range from 8 to
12 feet. With inaccurate forecasting of movement speed,
direction, wind speed and point of landfall, the error level
could be greater.

Terrain features of the Corpus Christi region were taken
from storm evacuation maps prepared by the National Ocean
Survey and topographical charts of the LI.S.  eological
Survey. The land elevations determined by the U.S. Geologi-
cal Survey are based on 1972 field-edited data. Addition-
ally, critical areas were field surveyed by National Hurri-
cane Center personne'I in 1982.

The forecast water hei ght for each grid point represents an
aver age condition over a grid square. Water depths above
ground level for speci fic areas of each grid must be deter-
mined from a knowledge of the terrain heights in each speci-
fic grid square.

The model does not consider: 6
Wind-generated waves;
Rainfall generated by the store;
Astronomical tidal effects;
River flooding.

The wind speeds indicated in the ten-minute intervals are
ten-minute sustained winds. For areas in proximity to the
coast, these ten-minute sustained wi nds were translated into
gusti ng by multiplying them by 1.69 and, for areas inland,
by 1.3.

Table 1-2 lists simulated storms run through SLOSH. Their tracks

are di splayed in Figure 1-2.

1-3
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TABL E

SLOSH DATA POINTS

Y,X Elevation Location

77SARMSTRO 39.2

2 E 77NSARITA 19,3

3 W 70PETRCKBR 2,Z6

244 and Oso Creek4 E 244OSOCK 11,40

5 E P53BRP22DD 24,4Z

6 E JFKCAUSEW 21,43

7 E 3580SOBABR 17,44

8 E P53MUSTAN 25,45 P 53 South Mustang

9 E OCDRNALAIR 20,46

10 F OCDROSOBRR 17,47

11 E GP53MI DMUS 28. 49 6

12 E BF53M! DMUS 27,50 6

13 E 35COENTCA 13,55 4

14 L 35PORENTCA 16,57 6

15 E 35ARANPASS 28,57 3 35 at Aransas Pass

16 E 1069AND35 30,58 6 1069 and 35

1 7 E 35WEST1069 25,59 10 35 West of 1069

18 E 35ROCKPORT 33,60 6 35 at Rockport

19 E 881PORTBAY 28,62 8 881 at Port Bay

ZO E 35BRCOPFBR 35,63 14

21 E 136COPANBA 28,66 136 at Copano Bay

22 E 35CAVASCK 39,66 35 at Cavasso Creek

1-6

Point
Number

Code
Name

14

12

20

3

77 South of Arms trono  o f f gri d!

77 North of Sarita  off grid!

70 and Petronild Creek Bridge

P 22 to JFK Causeway

 P 53 Bridge between Padre and Mustang!

John F. Kennedy Causeway

358 and Oso Bay Bridge

 at Exit!

Ocean Drive by Naval Ai r Station

Ocean Drive and Oso Bay Bridge
 at Gulfside approach!

Gul fside of P 53 at Mid Mustang Island

Bayside of P 53 at Mid Mustang Island

35 at Corpus Entrance to Causeway

35 at Portland Entrance to Causeway

35 Bridge on Capano Bay

  Fulton Beach Road!



TABLE 1: I  continued!

SLOSH DATA POINTS

Code
Name

Point

Number Y,X Elevation Location

185 at Seadrift

2678 and Mullen Bayou

774 at Austwell

37 and 77  off grid!

Middle of Corpus

1-7

23 E 204ONBOURD 45,66

24 E 185SEADRIF 47,67

25 E 2678MULBIO 31,68

26 E 774AUSTWEL 45,68

Z7 E 37AND77 2,69

28 W 43AND286 7,44

29 W MIDCORPUS 11,49

30 W 44CCINTAIR 2,53

31 T SANFECKNAS 3,2

32 E 361SARAPAS 26,56

33 T LAGUMADRE1 48,8

34 T LAGUMADREZ 37,8

35 T LAGUMADRE3 28,16

36 T LAGUMADRE4 20,30

37 T LAGUMADRE5 19,40

38 T PADREISLAl 48,11

39 T PADRE!SLAZ 39,13

40 T PADREISLA3 34,16

41 T PADRE ISLA4 29,20

42 T PADREISLA5 25,27

43 T PADRE ISLA6 24,35

44 T CORPUSBAYl 12,53

45 T CORPUSBAYZ Z1,55

46 T CORPSHIPCH 3'1,53

Z040 and North Boundary Road

43 and 286 by Cabaniss Airport

44 at Corpus Christi International Airport

San Fernando Creek South of Ki ngsville Naval
Air Station

361 South of Aransas Pass

Laguna Madre One

Laguna Madre Two

Laguna Madre Three

Laguna Madre Four

Laguna Madre Five

Padre Island One

Padre Island Two

Padre Island Three

Padre Is'land Four

Padre Island Five

Padre Island Six

Corpus Christi Bay One

Corpus Chri sti Bay Two

Aransas Pass Channel



TABLE 1:1  continued!

SLOSH DATA POINTS

Point
Number

Code
Name Y,X Elevation Location

Nueces Bay One47 T NUECESBAYl 10,57

37 West of Corpus48 W 37WIND 2,58

49 T STJOSEPH1 34,56 St. Joseph One

50 T STJOSEPH2 39,59 St. Joseph Two

51 T SMATAGORDA 45,61 South Matagorda

52 P 100ELOSFRE 8,5 100 East of Los Fresnos

53 P HORSEISLAN 54,8 Horse Island at Mouth of Colorado

54 P 100WPTISAB 58,8 100 West of Port Isabel

55 P SPADREISBA 58,10 South Padre Island  Barrier!

56 P MATBAYCHAN 54,63 Matagorda Bay Channel

Mid Matagorda Island  Barrier!57 P MI DMAT ISBA 58,63

58 P 185TOPTOCO 53,64 185 to Port O' Connor

Before 35 to Palacios59 P 35PALACIOS 58,66

60 P PTLAVCAUSE 53,70 Port Lavaca Causeway

1 The elevation is of the specific location in the arid square.

Primarily for Tida'1 surge

Grid points identified as useful for determining Evacuation route cutoff times
Grid points identified as useful for determining Wind speeds
Grid points normally not usab'te, but could have Potential use if nothing better
is available
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 continued!
1-9

30 Right
20 Right
10 Ri ght,
Pt.Aran.
10 Left

10 Left
10 Left
10 Left
10 Lef t,
ZO Left
20 Left

20 Left
ZO Left

ZO Left
30 Left
30 Left
30 Left
30 Left
30 Left
40 Left
50 Left
60 Left
70 Left

30 Right
30 Right
30 Right
30 Right
30 Right
20 Ri ght
10 Ri ght
Pt. Aran.

10
10
10
10

5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20

10
10
10
10

5,10,20
5,10,20
5,10 F 20
5,10, ZO
5,10, ZO

10
10
10

270
270
270
270
270
270

270
270
270
270
270
270
270
270
270

270
270
270
270

270
270
270
270

300
300
300
300
300
300

300
300

1,2,3,4,5
1,2,3,4,5
1,2,3,4,5
1,2,3,4,5
1
2
3
4
5
1
2
3
4
5

1
2
3
4
5

1,2,3,4,5
1,2,3,4,5
1,2,3,4,5
1,2,3,4,5
1
2
3
4
5

1,2,3,4,5
1,2,3,4,5
1,2,3,4,5

20, 20, 20,20, 10
20,20,20,20,10
20,20,20, ZO, 10
20, 20,20,20, 10
20
20
20
20
10
20

20
20
20
10
20
20
20
20
10

20,20, 20,20,10
20, 20, Z0,20, 10
20,20, Z0,20, 10
20,20, 20, ZO, 10
20
20
20
20
10

20,20,20,20,10
20,20, 20, 20,10
20,20, 20,20,10

30,40,60,80,100   5!
30,40,60,80,100 �0!
30,40,60,80,100 {15!
30,40,60,80,100 �0!
30 �3!
40 �6!
60 �9!
80 �2!

100 �5!
30 �s!
40 �1!
60 �4!
80 �7!

100 �0!
30 �3!
40 {56!
60 �9!
80 �2!

100 �5!
30,40,60,80,100 �0!
30,40,60.80,100 �5!
30,40,60,80.100  80!
30,40,60,80,100  85!30' ' ' '  S8!
40  91!
60  94!
80  97!

100   100!
30,40,60,80,100   105!
30,40,60,80,100 �10!
30,40,60,80,100 �15!



TABLE I-2. SIMULATED SLOSH HURRI CANES   Z39!,
BY MILES RIGHT QR LEFT OF PORT ARANSAS  continued!
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�60!

.100 �65!,60,80
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,60,80

�7o!, 100
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1-10

10 Left
10 Left
10 Left
10 Left
10 Left
20 Left
20 Left
20 Left
20 Left
20 Left

30 Left,
30 Left

30 Left
30 Left
30 Left
40 Left
50 Left
60 Left
70 Left
70 Left
70 Left
70 Left
70 Left
20 Ri ght
20 Ri ght
20 Ri ght
Pt. Aran.
Pt. Aran.
Pt. Aran,

20 Left
20 I eft

20 Left
50 Left
50 Lef t
50 Left

150 Left
150 Left
150 Left
Pt. Aran.

40 Left

5,10, 20
5,10, 20
5,10, 20
5 ~ 10, 20
5,10, ZO
5,10, 20
5,10, 20
5,10, 20
5,10, 20
5,10, 20
5, 10,20
5,10,20
5,10,20
5,10,20
5,10,20

10
10
10

5,10,20
5,10, 20
5,10,20
5,10,20
5, 10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5,10,20
5, 10,20
5,10, 20
5, jo,zo
5,1O, 20
5,10,20
5,10,20
5,10,20
5,10,20

10
10

300
300
300
300
300
300
300
300
300
300

300
300
300
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300
300
300
300
300
300
300
300

300
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345
345

345
345
345
345

345

345

345
345

345
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1
2
3

5

1
2
3
4

5
1
2
3
4
5

1,2,3,4,5
1,2,3,4,5
1,2,3,4,5
1
2
3
4
5
1
2
3
1
2
3

2
3

1
2
3
1
2
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�78!
�81!
�84!
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�9o!
�93!
  196!
�99!
�oz!
 Zos!
 Z08!
�11!
 z14!
�17!
 zzo!
�23!
 zz6!
�29!
�32!
�35!
�37!
�39!



Part B: Survey

A copy of the survey questionnaire is shown as Figure 1-3, while

the accompanying directions are reprinted as Figure 1-4. This was a tel-

ephone survey that used a minimum number of questions to obtain the

necessary information. The questionnai re was pretested for clarity. The

sampje was selected through the services of Metromai 1 . 7 Since it was

necessary to select the survey sample before SLOSH information was

available, the area to be surveyed was overestimated.

It was estimated that there were 61, 151 fami ly units with

telephones in more vulnerable areas. From these family units  selected

usi ng Metromai] data!, Z,314 names were chosen. This constituted a sam-

plee of approximately one out of every Z6 families or 3.8 percent of the

family units in this critical area. Metromail was able to select

approximately every 26th name in thi s area, and provided names, tele-

phone numbers, addresses and zip codes . In less critical areas, 500

names were chosen in the same manner. It was estimated that there were

21,22Z family units in thi s area. The sample, therefore, consisted of

about one in 42, or 2.4 percent. g An additional 160 names were randomly

chosen from telephone directories in order to improve the response

totals in certain critical areas. IO

Training sessions were held to instruct volunteers on correct

telephone interviewing techniques. In order to avoid a survey bias that

could be created by phoning only at certai n times of the day, attempts

were made to reach each household during three different time periods

 morning, afternoon and evening or weekend! before they were labeled



"unable to contact." Of the 2,974 questionnaires, 1,700 were com-

pleted. 1 This represented a response rate of 57.2 percent .

guest i onnai res were sorted into thei r respective zip code areas . If

response totals for any given areas were less than 20, the responses for

contiguous zip code areas were averaged with those of the gi ven area to

obtai n an estimate. It was assumed that the values obtained for each zip

code were representati ve of individual census tracts within each zi p

code area. 12

A computer program was written to evaluate the survey data. The

following estimates for each census tract within the study area were de-

termined:

Percent of total households evacuating.

Percent of total households  of those not evacuating! stay-
ing in a local shel ter.

Average number of vehicles per evacuating household.

Percent of total evacuating households that are seeking
shelter in a particular city.

Percent of total vehicles proceeding in each evacuation di-
recti on  see Figure 1-5 for direction of evacuation ! .

The total 19SO population and occupied household census counts pro-

jected to 1985 were then applied to the sur vey results to obtai n the

following estimates by census tract: 13

Number of households evacuating.

Number of vehicles from evacuati ng households by direction
of evacuati on  see Figure 1-5 for direction of evacuation!.

Number of persons staying in a local shelter,

Number of persons seeking shelter, by specific cities.
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These census tract estimates were then grouped into evacuation and

contingency zones 14  see Section Three, 2one Delineations for a detai'led
discussion of evacuation and contingency zones! .
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Evening or
Weekend

EVACUATION SURVEY

Is this  

making a survey to determine what people's intentions are regarding hurricane
evacuation. This information will be used to help develop a long range evacu
tion plan for  name ~of count j county. Would you be wil'ling to answer a few
questions? ! f "t!f:s" proceed; i, "no" thank them for their time and proc.eed t 
t h'l nf. x t. t. a Z l,

I f the local authorities recommend that you evacuate, would you leave?

re at, it
2f "no" af'k

To what area would you evacuate?
What would you do?

Would you plan to stay:

with friends

in a motel, or

in a shelter if available

What form of transportation would you use?

 !, ! i!,.n t f'fi trZ~,i;:k: Would you be taking
more than one vehicle? Yes No !

Conclude call and thank them for their tiroe.
FIGURE 1-3: EVACUATION SURVEY

1-14
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Afternoon
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DIRECl'IONS

1. Each telephone number should be called at least three times before
it is placed in a no-answer category. One contact should be during
a morning hour, one during an afternoon hour, and one during a
night or weekend time The order of morni ng, afternoon, and night
or weekend can be changed to night, morning, afternoon, and so
forth. If we do not follow this procedure, will will have a bias
survey of people who are home at certain times of the day. Please
check the forms to indicate each time contact was attempted. This
will enable us to know that each non-contacted number was tried
three different times.

Z. The telephone number is the key to the proper source of information.
Even if the name of the people at that telephone number is different,
the number determines the correctness of the call.

3. The names on the questionnaires such as "Charles Black" or "John
Doe" merely indicate the names as they are listed in the telephone
directory. Do not ask for "Charles" or "John;" otherwise we will
find out only what the males think. Rather, talk to the person
answering the phone if possible  unless a child answers!.

4. Try not to influence the answers people give. Re are not interested
in convi ncing them about what i s ri ght or wrong  at this point!,
but merely trying to discover what they think. Otherwise the survey
will be invalid.

5. !4hat you are to ask on the phone is i n normal type; directions
are in i talics.

6. If the family cannot speak English and can only understand Spanish,
write SPANISH on the top of the questionnaire and return it. They
will later be contacted by someone fluent in Spanish.

7. In the event of a hurricane in the Gulf of Mexico, do not make
phone cal 1 s to an area under a hurricane "watch" or "warning,"

8. The label on the questionnaire on front is coded as fol lows:

Name listed in Telephone Directory
f

Carlton Ruch 8453O61
4304 Maywood
Bryan, Texas 77801

Telephone number

FIGURE 1:4 SURVEY DIRECTIONS
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~ Houaton

~ Son Antonto

~ Victorio

K in ttaviii note
f

F I GURE 1- g: D!RECTIPN5 QF Eyg{ UPyIPNe
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Part C: Evacuation Times

Evacuation times were based on estimates of the amount of time it

would take for evacuating vehicles to travel the available routes ~ These

routes are indicated on the evacuation and contingency zone map inside

the back cover of this report.

The evacuation route capacity estimates>5 are based on a 20 percent

reduction of the estimated route capacity under ideal conditions. As a

general rule, the following capacity estimates have been used  the quan-

tities are vehicles per lane per hour in a single direction!:

Freeway  limited access! facilities 1,600
Two-lane facilities  one lane each direction! 800
Local streets  in small cormnunities! 600

Overal> operating speeds under evacuation conditions on freeway

faci lit i es were assumed to be between 20 and 30 miles per hour in the

absence of other constraints. Within this range, variations in oper'ating

speed would have no significant impact on capacity because vehicle spac-

ingg tends to "close up" as speed decreases. Simi lar speeds should pre-

vail on other routes through rural areas.

Overall operating speeds on uncontrolled access facilities through

urbanized areas are nearly impossible to estimate under evacuation con-

ditions because of the numerous possible interacting and conflicting

f'lows. Effective speeds of 10 miles per hour or less wer e assumed .

After determining the evacuati on route capacities, evacuation times

were determined by taking the total number of vehicles that wi 11 be

evacuati ng each zone and d~ viding that number by the number that can be

evacuated over the control ling evacuation routes for that zone i n an
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hour. This indicates the number of hours it could take to evacuate each

zone. It was further assumed in these estimates that per sons would take

alternate routes if they found their desi red evacuation route too

crowded.

Three differing conditions were considered to arrive at the number

of evacuating vehicles per zone:

Total evacuation of areas with flooding potential by evac-
uation zones.

Total evacuati on of areas with flooding potential and, i n
the remainder of the evacuation zone, evacuation of only
those indicating they would evacuate if so advised.

Total evacuation of all evacuation and contingency zones.

The first two conditions would be utilized when hurri cane winds

would be 130 mph or less, while the latter would be for hurri canes with

winds in excess of 130 mph.

To estimate the number of vehicles evacuating from each zone, the

survey results were utilized in conjunction with 1980 census data pro-

jected to 1988  based on trends from 1970 to 1980!. Only the positi ve

growth trends mre utilized in these pr ojections.

To estimate the number of vehicles for a 100 percent

evacuation, the total number of family units in the zone  or low-lying

part of the zone! was multiplied by the average number of evacuating

vehicles per family in that zone  based on survey results!. Only those

families who indicated they would evacuate if so advi sed were counted to

estimate partial evacuation.

Estimates of the total number of evacuati ng vehicles for North
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Padre and Mustang Isl ands were obtained by estimating both the projected

1985 population and the number of vehicles per household  permanent

island residents plus the tourist population!. Population totals for

1985 were estimated from past growth trends. Vehicles per resident

household were estimated by responses to a questionnaire survey as indi-

cated in Section Four . Survey Results �.59 vehicles per household!. The

tourist population for a typical day in July or August 1985 was esti-

mated to be 35,000. 16 It was further estimated that 35 percent of the

tourists would stay on the barrier islands until told to evacuate. 17 It

was then assumed that there are 3.5 tourists per vehicle. 8

To obtai n the total number of evacuating vehicles for the resident

population of the islands, therefore, the number of 1985 estimated occu-

piedd households was multi p'lied by the estimated number of vehicles per

household   1,800 x 1.59 = Z,862!. To obtain the total number of evacua-

ting vehicles for the tourists, the total number of tourists estimated

to remain on the islands was di vided by the number of touri sts per

vehicles  . 35 x 35,000 / 3. 5 = 3, 500!. Thus, the total estimated number

of evacuating vehicles for Mustang and Padre Islands in 1985

equals the total number of evacuating vehicles for the resident popula-

tion plus the total number of vehicles for the tourists �,86Z + 3,500 =

6,362!.
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Endnotes:

1A 36-hour mode is possible.

Additional technical details of the storm model are contained in Jel es-
nianski and Taylor, 1973: A Preliminary View of Storm Surges Before and
After Storm Modifications. NOAA Technical Memorandum, ERL WMP0-3, Wash-
ington, D.C.

3The model numerically solves a set of partial differential equations of
motion. Except for the additional inclusion of the finite amplitude
effect and horizontal viscosity, the equations are gi ven by Jel esni an-
ski, Weather Review, 95, 740-756. Coefficients for surface drag, eddy
viscos~ty an ottom s ~p are exactly the same as used in the SPLASH
 Special Program to List the Amplitudes of Surges from Hurricanes! model
by Jelesni anski, 1972: I. Landfall Storms. NOAA Technical Memorandum,
NWS TDL-46, Washington, D.C. There is no caTrbration or tuning to orce
agreement between observed and computed surges that is, the coefficients
are uni versally set as constant s, once and for all, and not varied
local ly for a particular geographical region. The model is used in a
forecast mode; there is no requirement for input boundary values during
surge activity  e.g., tide gauge readings or computed boundary surge
values from an alternate surge model!.

4In this study, the tables and figures will always be grouped at the end
of each secti on or part.

5The sur ge envelope is produced on ni ne pages of computer pri ntouts
that, when taped together, show the surge height for each of the 4, 130
data points. The surge height for each point i s then subtracted from the
land elevation to give surge penetration and height.

6The added depth waves can add to surge was figured for key causeways.
Interpretive methods for the critical data points address the astronom-
icall tidal effects by adding one foot for high tide and subtracting one
foot for low tide.

7 A division of Metromedia, Inc., 11 Eisenhower Lane South, Lombard,
Il linois 60148.

The critical areas included: Refugio County with zip codes 77950,
77990, 78340; San Patricio County with zip codes 78336, 78359, 78370,
78374; Nueces County with zip codes 78347, 78373, 78401, 7840Z, 78404,
78407, 78408, 78409, 78410, 78411, 78412, 78413, 78415, 78417, 78418,
78419; and Kenedy County with zip code 78385.

Non-critical zip code areas included: Nueces County with zi p codes
78330, 78339, 78343, 78351, 78380, 78405, 78416; San Patricio County
with zip codes 7835Z, 78368, 78387, and 78390.

10The additional names were chosen in the following zip code areas:
78358, 78382, 78373, 78359, 78340, 77950 and 77990.
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»0f the 1,700 completed questionnaires, 1,678 were in zip code areas
located within the study area.

1ZIf a census tract was split by a zip code area boundary, then tract
households were apportioned to zip code areas based on the distribution
and density of households. This was done with the use of local street
and 'Iand use maps.

13Census of Population and Housing, 1980: Summary Tape File 1A, 8ureau
of the Census, Washington, D.C., 1981. Projections were based on trends
from 1970 to 1980 with no negati ve trend projections used.

14[f a census tr act boundary was split by an evacuation or contingency
zone boundary, then the census t ract households were apportioned to
zones based on the distributional density of households. The apportion-
ment was done by using local street and land use maps.

15Evacuation route capacity i s defined as the maximum number of vehicles
that can pass over a given section of roadway during a given time
period.

16City of Corpus Christi Department of Parks and Recreation, tourist
population has been growing at a rate of about 10 percent annually. As
such, the projected 1985 tourist population for these islands is 35,000.

17Ken Keller, Division of Emergency Management, Port Aransas, Texas,
November 198Z.

Ken Pagens, Recreation Specialist, Texas AN University Marine
Advisory Service, Corpus Christi, Texas, November 198Z.



Secti on Two
SLOSH DA/A

The SLOSH data presented in this section describe wind and surge

threats posed by vari ous types of hurricanes. These data should assi st

in necessary decision making when hurricanes pose threats to the study

area. There are three parts to this section. The fi rst contains the

estimated maximum surge penetration possible for various storm intensi-

ties. The second contains the use of additional information supplied by

selected data points. Finally, the third part contains the use of hourly

tidal and gusting data.

Part A: Maximum Surge Penetration

Maximum surge penetration for each wind speed classification repr e-

sents a composite of all simulated hurricanes with similar wind speeds .

The windspeeds are grouped into four classifications: 74 to 95 mph; 96

to 110 mph; 111 to 130 mph; and 131 or greater mph. It i s important to

note that no single hurricane in any of these classifications will pro-

duce the maximum surge.

Surge lines are drawn from the midsections of grid squares. Surge

penetration is shown when the average land elevation of a grid square is

less than the SLOSH projected surge elevation of that grid square. Since

projected surge elevation can be plus or minus 20 percent of the actual

surge elevation, the surge line projections must be interpreted accord-

ingly. Estimated surge penetrations are displayed, by county, in

Figures 2-1 through 2-6. A composite map of these counties is included

in the back cover of this report .
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SURGE� � IREE AREAS
FOR. HURRICANES MITH
MINDS UP TO 130 MPH,
THE ENTIRE BARRIER
SYSTEM CAN DE UNDER
MATER MITH MINOS
OVER 130 MPH

f . $; v"',-.,-
'MO 4'5

C

9

N'

MIND 5PEED5 34- 95 MPH ~
96-110 MPH � ~ � � ~

111-130 MPH
OVER 131 MPH

NOTE.' EA& STORM SURGE CINE IS A C0%DSITE
OF NAXIMUM 5URGE PINETRATION OF AL
5IMUCATEO HURP.'.CANE5 SCALE AIILES

FIGURE 2-2: ESTIMATED KENEDY COUNTY STORM SURGE PENETRATION
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Part B: Data Points

Nore specific information has been extracted from selected SLOSH

simulated hurricanes for 30 critical evacuation route locations from the

60 data points1  see Table 1-1 for a listing of data point locations!.
These locations are displayed by county in Figures 2-7 through 2-12.
Figure 2-13 shows the locations of data points outside the study area.

Appendix 8 contains one page of data for each af the 30 selected

data points that displays the decision-making information calculated for

78 different hurricane types. When a hurricane enters the Gulf, an esti-
mate can be made as to which of the 78 hurricane types it will most

closely resemble. The interpretive information for that particular hur-
ricane can then be used to obtain the general estimates required for in-
itial decision making.

The 78 key hurricane types displayed for each of the 30 selected
data points in Appendix 8 are based on the following rationale:

The main focus should be on the Corpus Christi area. It was
discovered that, in some cases, the greatest threat to the
area was posed by hurricanes with a point of landfall 20
miles left  southwest! of Port Aransas, while in other cases
it was 30 miles to the left of Part Aransas. In order to
arrive at maximum passible conditions, information was cal-
culated for both points of landfall �0 and 30 miles left of
Part Aransas!. These data were then condensed into one con-
dition that reflected the worst conditions of both points of
1 and fa 1 l .

With these worst conditions, two di fferent directions were
calculated �00' and 270'! for four different forward move-
ment speeds � mph, 10 mph, 15 mph and 20 mph!. This re-
sulted in eight hurricanes for each wi nd speed category.
The wind speed categories normally would be classified
according to the Saffi r-Simpson scale of:

74- 95 mph
96-110 mph

111-130 mph



131-155 mph
Oyer 155 mph

The simulated hurricanes indicated that, for most condi-
tions, hurricanes with w1nd speeds of 131 to 155 mph pro-
duced greater surge conditions than hurricanes with wind
speeds in excess of 155 mph. This anomaly was caused by the
smaller radius of maximum winds �0 miles! for hurricanes
with wind speeds in excess of 15'5 mph than was used for hur-
ricanes with wind speeds of 131 to 155 mph �0 miles!. Wind
speeds in excess of 155 mph do not permit the development of
as large a radius of maximum winds. As a result of this
anomaly, data were generated for both wind speed categories
�31-155 mph and over 155 mph! and then collapsed into one
category �31 mph and over!, using the maximum conditions
for both categories.

Because the point of landfall that produces maximum condi-
tionss for the Corpus Christi area does not produce maximum
conditions in the outlying areas, two addit1onal poi nts of
landfall were chosen--one approximately 50 miles to the left
of that point that produces the maximum for Corpus Christi
�0 miles left of Port Aransas! and one approximately 50
miles to the right of that point �0 miles right of Port
Aransas!. These hurricane types  at 300'! not only indicate
maximum type conditions for areas on e1ther side of Corpus
Christi, but these two landfall locations �0 miles left of
Port Aransas and 30 miles right of Port Aransas! can also be
used to estimate conditions in the Corpus Christ~ area
should a hurricane make 1andfal 1 50 miles left or 50 mi les
right of the point of landfall that produces worst case con-
ditions for the Corpus Christi area.

Because of the potential of hurricanes paralleling the
coast, parallel moving hurricanes were considered from the
Northeast and from the South. Since it would be rare to have
a parallel hurricane moving from the Northeast �35'!, only
one forward movement speed was cons1dered �0 mph!. Only
wind speeds of 110 mph or lower were considered as possible
for hurricanes of this type. Of the two points of landfal'1
for which simulated hurricanes of this type were run, those
landfal ting 40 miles left of Port Aransas proved to be the
greatest threat to the Corpus Christi area. Because paral-
lel hurricanes are more probable from the South �45'!, dif-
fering movement speeds were run for five different points of
landfall for hurricanes with windspeeds up to 130 mph  the
probable maximum wind speed for this type of parallel hurri-
cane!. Those landfalling 50 miles left of Port Aransas
created the worst conditions for the Corpus Christi area.
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The following types of data are given for each hurricane:

The number of hours before  or after, in a few cases! the
time of landfall when wind gusts �0 to 55 mph! could tip
trucks, buses, vans or recreational vehicles, along with the
di rection the wi nd would be blowing at that point in time.
Also. the estimated number of hours these gusting conditions
would continue if the forward movement speed is constant.
The identical information is then repeated for the wind gust
conditions �5 to 70 mph! that could tip automobi les.

The number of hours before  or after, in a few cases! the
time of landfall when storm surge can block egress routes.
These times are given for low tide, NSL and high tide condi-
tions,

The maximu~ high tide surge that can be anticipated at that
location.

The following cautions are gi ven at the begi nni ng of Appendix 8:

Caution 1: Nave action  except for the JFK Causeway and the
Corpus Christi side of the Nueces Bay Causeway-181! and
rainfall not included in calculation.

Caution 2: Errors of plus or minus 20 percent possible for
peak surges with accurate initial data . For estimating, this
error range can be generalized to other data.

Caution 3: Forward movement speeds of 15 mph are based on
averaging the 10 mph and the 20 mph conditions.

low or hi gh tide variations should be adjusted accordingly. An
example follows.

Oata Based on Tidal
Variation of 1.0 Feet

Actual Tidal
Variation of .5 Feet

Low Tide Flooding FTOL
NSL Flooding FTOL
High Tide Flooding FTOL
Nlaximum Nigh Tide Surge

-2.0  hours!
-4.0  hours!
-6.0  hours!

10 feet

-3. 0

-4.0
-5.0

9.5

2-10

Nigh and low tide calculations were based on a one-foot increase

above mean sea level and a one-foot decrease from mean sea level. Since

tides vary at different times and in di fferent places, actual estimates
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Part C: Hourly Tidal and Wind Speed Data

In order to obtain a perspective on the impact of a hurricane, it

is useful to know the anticipated tidal and wind speed condftions before

the time of landfall and after the time of landfall. The ffrst data in

Appendix C list hourly tidal height 24 hours before  or when the data

begin! and 12 hours after the anticipated time of landfall. The maximum

highest anticipated surge above MSL also is indicated. This information

is displayed for 22 different hurricanes  with varyfng intensities! for

seven data points along the Gulf Coast and in Nueces Bay. The six data

points on the Gul f Coast can give an array of hourly surge conditions,

while the data point in Nueces Bay can be used to portray hourly surge

conditions above MSL to indicate potential surge threats to industrial

sftes on the bay.

The next array of data is for i ndi vidual data points located near

two causeways and one bridge. The final array fnvolves hourly sustained

wind speed condftfons for a data point located in Corpus Chrfstf .

11, 2, 3, 5a, 5b, 6, 7, 8, 10, 11, 13, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 30, 32 �5 data!, 48, 58 and 60. Some data
points are used f' or more than one critical location, i .e., 5a and 5b.
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Section Ihree
ZONE DELINEATIONS

This section contains a rationale for zone delineations  Part A!,

the zone delineations themselves  Part 8! and a description of these

zones by boundaries   Part C! .

Part A: Rationale

The purpose for zone delineation is to identify areas that are

threatened by hurricane winds and storm surge. Once the threatened areas

are identified, zones are delineated on the basis of roads, shorelines

and/or county and municipal boundaries.

In the Corpus Christi area, with the exception of Padre and Mustang

Islands and portions of Aransas and Kenedy Counties, storm surge stops

near the coastline due to high ground elevation and the depth of the

water. High wi nds are sti ll a potential threat to human life and bui ld-

i ngs, however.

A study sponsored by the 'National Science Foundation i llustrates

the potential casualties and building damage as a result of high winds.

Table 3-1 i ndicates the most likely percentage of value lost to affected

buildings by wind gusting, and Table 3-2 indicates the casualty factor

for population related to magnitude of wi nd gusti ng. Deaths are esti-

mated at 3.5 percent of the casualties.

It was decided by the municipal and county advisory comnittee that

the destructi ve effects of both wind and surge should be incorporated
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when establishing zone boundaries. IA'th this in mind, proposed zones

were divided into evacuation zones and contingency zones. Evacuation

zones were based on the information indicated in Figure 3-1. This figure

shows that the average reduction in wind damage potential  not wind

speed! is approximately 50 percent at ten kilometers inland  from six to

seven mi'les!. This does not mean that the damage potential cannot exceed

50 percent beyond six to seven miles inland but that merely, on the

average, it is reduced by 50 percent. In fact, high winds can proceed a

great distance inland to the right  looking toward land! of the path of

the hurricane.

From this perspective, it seemed reasonable to evacuate many areas

withfn about seven miles of the coast for storms with winds up to 130

mph. Zones in that six- to seven-mile coastal area were labeled as

"evacuation" zones. It should be kept in mf nd that zones, or secti ons of

zones' can be evacuated as the need arises. The "up-to-130 mph" cate-

gory, for instance, merely i ndicates that it may be unsafe to remain in

that area if sustained wi nds of approximately 130 mph are anti ci pated .

In this manner, it would be possible to call for the evacuation of

Corpus Christi if it were anticipated that sustai ned wind speeds would

exceed 105 mph  the building code requi rement for Corpus Christi! or 120

mph on North Padre Island  the code requirement for North Padre

Island!. It would be inadvisable, however, to delay evacuation unti l

sustained winds of 120 mph became probable on North Padre Island since

storm surge from hurricanes with sustained winds from 96 to 110 mph

could flood the area. Combfned surge and wind conditions can threaten

the entire barrier system for storms with wfnds up to the

3-2



130 mph level. Likewise, Port Aransas could be flooded by a hurricane of

almost any size.

With this concept, evacuation could be recomiended for the ent~re

area or for each separate zone or for low-lying areas within particular

zones'

To provi de a further buffer for hurricanes with wi nds in excess of

130 mph, conti ngency zones were designated. These zones extend inland

from 10 to 20 miles from the coast. 1t is anticipated that chances for

major structural damage would be substantially dimini shed beyond that

distance inlands

Figures 3-2 to 3-7 illustrate the location, by county, of these

evacuation and contingency zones  Part 8!. A composite map of these

counties is included as the last page of this report. A detai led

boundary descri ption of each zone follows the figures  Part C!.
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TABLE 3-1

MOST LIKELY PERCENTAGE OF VALUE LOST TO AFFECTED EIUILDINGS

Maximum
Wind Speed

in Grid Area
 Peak Gust!

Single-Uni t
Res i den t i al Non-ResidentialOther Residential

Source: Friedeman, D.G., ~Com uter Simulation in Natural Hazard Assessment,
University of Colorado Press, Boulder, Colorado, 1975.

TABLE 3-2

CASUALTY FACTOR FOR POPULATION RELATED TO MAGNITUDE
OF HURRICANE WIND SPEEDS

Maximum Wind Speed
 Peak Gust!

Number of Casualties
per Number of Persons

Source: Fri edeman, D. G., Com uter Simulation
in Natural kazard Assessment, Uni-
versity of Colorado Press, Boulder,
Colorado, 1975.
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Part B: Zone Delineation Maps by County
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Part C: 8oundary Descriptions by County
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Lake kOad at 4 paint On the boundary of
kenedy ana Nillaty  .ounties.

keSL Iy miles to a paint «here the bOundaiy Of
Kenedy and Hillary Counties intersectk
Highway IZ.

Ihe «OStern boundary follows Highway 17 north
from where it CrOSSeS the bOunddry between
Kenedy and Nillacy Lounties to the 5arita
city boundary.

Alnng the «vitern r.ity baundary at 5arita in an

diil mdi, ~, ii lr rd ii i Ii I I ri I I I
I i high«dy i/.

I ii i I ti d I, iii I ' I I ii ,I y I i I I I i i i I ' i I r v

nl I i fku

I Vdtiidt iun Zii i ~ 'S

Zone KLI.
Ihi nartlicrn baunddry begins «hera Lfie Iiiiunldiy

a~xe erg and HVeceS Count irk i«Sick tnv
«extern baundary ol tne I'ad e lilann Hdtiund'
beaihorv and inniinues d.h miles vastir f
~ lung thv iuunly bovnnary tii 92hi vdstvi ~
bouiiitdi'y ul Ilir Vdni'e Iildna hdlio il
5easfiore.

I he eai;em bavnnd ry begirt «narc the Iivvndd d
O~e erg and hue!en Luuntivi Cruiixi tn
lantern baunddry vf tne aarp Isldfn Iialii,nd'I
5441'hare and ionfinves savtliPrly yi n. I
alang fhe baundary tu thv boundary nf ilehvr,,
and Kenedy Launt.ien.

lhe Saut'bern boundary begins «nerv Ihe bodnndii
OTVTeeerg and kenedy Lounties ,re iivi Ih,
eaktern bo,iiddvy af the vadre Isla u hafivndi
5eaihari dnd LOnlinuek weStLrly d' m I In
Caunty baurndry d miles tu tnr tiler
boundary of Ini Idnrv Iildi a hdfi « d'
seashore.

Ihe «eitern bovndd y bvgini «herr Irv Ii vnndi.
OTVTelierg diiil tenedy t.auntiei ii viiri Ih
~ Pitern liiiundary Of the Padre lii din hali
seakliarv diid cont 'fives norther I y   I in iv
el aug tfie baundary IO the hnvndd y v I i lvhvru
and Nueces I.ount ies.

Zone

koad lliu

k L I' .
Ihe northern boundary begins at d puiit on the

boundary Ol kleberg ana Hveces Counties II,VS
mileS east vl High«ay 42tl and COnt.ir urn edif
along the bO«ndary 22.5 mxlpS to tie edgr ii
the Laguna Hadre.

I.aat nartheait 1.5 milan along the ounty
boundary I.o the Vulf Intrataaital kidterway.

Ihe eaxtern Oaundary begini where the Laundry
boundary LraSSes the uulf Intra!vestal
Hater«ay.

5auth south«ant lb.Z'5 miles alohg the vvl'I
lntrataaktal Ndtvrway

Laat I mile I.hen iuuth 4 miles slang tne Vaarr
Ikland llatfanal 5eakhar ~ boundary LO tnr
boundary Of xleberg ana kvnedy I.uuntiek.

Ihe Southern baund dry begi~s «here Ihv county
b~aun ary inttrsectt the Padre Island hdtion ~ I
5eashare boundary.

Nest ZV,'5 miles along to county bouneary Iu
pOlnt .25 mile south Of the Sauthern end ui
Lounty Road 11211 5.

Ihe imxt.em bO«ndary begins at 4 point on Ini.
r.Ounty bOundary .25 miles SOvtn af thv
southern end af County Road 112V 5 dnd
continueS narth 1,5 milei ta Lounty koan
2sau.

Neet I mile On County kOad 214O ta Lvunty Iiiia I
I I IU

korth I miles along Caunty
High«ay 42N.

HOrth 4 mileS and weSt 2 ~ile~ along Higf«ay Iry
to High«ay llld.

HOrth 2 mileS then west I mile alOng Hier«dr
1118 to County lfoan IVHu h.

kortn ~ .15 mlles along County kaaa luku
Lro92Sing santa bertrvdis Creek Iii Inv
Sautheakt I Orner Of kings rill I Iea ra I
station al 5an Iernanda Lreen.



Zone

Hbkckg CDDNTT

kvaruation Zones

NO t meet 1.5 m! I OS tu a puint On tne boundary
Ot kenedy dnd liuecec Launtiee n 26 milpi east
af where the boundary !.rosses Highwa 42H,

Zone kl,A:
The northern boundary begins at t tie northwest

c~orner o the Kingsv I I I e « ty boundary and
prareedt east 7, 75 miles to Hi gnway 42tl.

Nartheast 2,25 iui leS along tie ghway 428 to the
boundary af V'Ieberg dnd Nuerea t.Ounties.

last tl.Z'5 nn'les along the baundary of eleberg
dna Nueree COuntieS tO a point.

Itic edstern boundary begins at a point on ttie
bouncl ~ ry of sleberg and 'Nueces Counties 8.25
ial lea catt Of ttie intertetti On of the County
boundary and liighway 428

5authwest 7.5 miles to 4 poi nt due north uf the
intersection of I.ounty Road 2080 C and County
kasd TD!kl 14 at the southern boundary of the
Singseil'Ie Nave'I Air Station.

Sauth 4.75 mlles aloiig County Road 10gu h and
acroSS Santa kertrud}s Creek to Hignuay 1118

hast 1 mile then south 2 tnileS slang Highway
1118 to Hlghvay 11Z.

South 4 mules and eas'1 2 ei les along Highway 772
to Highway 6Z8.

South 3 miles alOng County Road 1110 5 to Caunty
kaad 2340.

East 1 mile along County Road 2340 ta Highway
2510.

south 1.5 Olid 5 along Highway 2510 snd County
Road 1120 S tO the sauthern end af County
Road 1120 S,

South,25 mile to the boundary of kleberg and
Remedy Counties.

lne southern tiaundsry begins at a point on tr e
bounilary of v,leberg and tcenedy Counties .75
mile south of the southern end of County Read
1120 5 and continues weSt along the c.banty
boundary  Loe ulmos Creek} to lifghuay 11.

The eastern boundary begins where Highway 17
croSSeS Los Dlams Creek and continues I mile
north northwest ta the c i ty bounddry of
ki vi era.

Along the western boundary Of Riviera back to
Highway '17.

Iiorth northwest 7. 5 miles along Hi gheray 77 to
the c.lty baundary of Ricardo.

Along the western boundary of ltlcardo back to
Hlghvay 17.

North northwest 1.75 mi 1 eS along Highway 77 ta
High~ay 428.

North 3 miles along High~ay 428 ta Highway 1355,
liest , 5 mile then north . 7 5 mile along 1356 tO

where the Alngsvllle c.ity boundary turns to
head vest.

North and west slang t.he uingsv'I'Ile city
bOundary ta ttie narthwe5t Corner Of the
King5ville city boundary,

Zone hk;The northern boundary begin5 at 4 point On the
N~uetek IVer I tulle nbrtheaet Of the narthern
end af Caunty koad 72.

ka5t along the Nueces River to Nueres Day.
T.ast along the northern share of 'Nueces Bay dnd

Iorput Christi hay ta s paint 4,75 miles
souLh Southwest of tive southern boundary uf

I,he r.ity Of Aransai Ides wtiere thr Snnreline
t.urnS LO head nui'theast.

Ihe eaetprn boundary Lnrn heads due SuuL'i iu itic
nuurt urn IIOunndry oi Iu rpac Lhriet i   nttee
north nb!thea92I of thr nortnein Iil. Ot I'diire
island.

south saut.hweit 2 mi les aliiriy Lne i Ly buuniiary
to the narthrin t.ip oi Padre lit and.

Nri'I nnrthveSL 1.25 me I OS dlurig the hounrtar y.
5uutn southwest 4.15 mites tu a po'nt in

bOundary of Nuete~ and rlrberg i.oun! ieS at.
the Gulf Intracoastal uaterway.

The SOuthern huundary begins at trr Point where
t~he u~flntrsroaatdl uaLrrway i iterse! ti the
nnunddry Of hueCeS SnO r leberg i Ou it ice.

uesI ll miles tc count.y koan 51.
lhr western boundary begins ~hence I.ounty Road 51

crosses the boundary of Nueces and r,teberg
Count es.

NOrth slang COunty Road 51 I. 15 mileS ta Highway
1il,

tact 3 mi les along Highway tu to toghway rhb.
North 1 miles then nortn northeast I.75 miles

along Hig'hway 286 to the Corpus i.'tire st i city
boundary.

Northwest 8.25 mlles along the Lorpus christi
city bounddry to Highway 44.

hest 3.5 miles along Highway 44 to Highway 74.
North 1.75 mi'les along Hignway Z4 to County kodd

44.
hest. 2.5 miles along County Road 44 ta Hignway

77,
North nortnesst then nar h 1.5 miles along

Highway 11 to County Road 48.
ResL 1.15 m'les slung County kaad 48 to Highway

North 1.75 mileS slang Highway }Hug to Highway
b24,

least northivest 2.Zo miles along High~ay 624 Lo
County Road

North I mile along I.ounty Itaad 15 to County Road
56.

west. 1 nile along County Ruad 56 to Cour ty koad
12.

North 1 mi le along County koad 12 to Its end.
Northeast I mile from tne end of County Road 77

along a double pipeline to the Nuec.es River,

h2:
The northern boundary begins at a point 1.25

m1Tes west narthwest of the northernmost tip
Of Padre ISland and COntlnuee 3 mileS eaat
southeast ta the eastern shore of padre
Is'land . 5 ml le south of Newport Pass.

lhe eastern boundary begins at a point on the
e~as em shore of Padre Is land .5 mi le south
of Newport Pass a!id continues south along the
share 4 mi les to the boundary of Nueces snd
kl cher g Count lee.

Ihe Southern boundary begin5 ~here the boundary
a~paces and clebrg Counties crosses tne
eastern boundary ol the Padre island National
Seashore and continues ~esterly 3.5 no les
along the county boundary to the western
boundary of the Padre Island National
5eashore.

The western baundary begtns where the boundary
u~ueteS Snd Cleberg COuntieS crOSSee the
western boundary of the Padre island national
5eashore and continues nortli beyond the
northe rn boundary of the Padre Island
hatlanal Seashore to a point 1.25 miles west
nar tiwest of the norther!!most tip of Padre
Island.
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Luna NI
Ihe noi'thwi Stprr. buundat'I begins at d paint On

LTtq «Tu e OT 1 ttrsu«   hr i st t yay 4. '5 mi leS
92avtli Sauthwpit Of Ltiu Savthvri baundary af
the « itv af Arangai Pd«s where thr Shoreline
lnpinS Lr turn tu head north narl.tlmdit,

Harth nartheaSL 12 miles alan' thm shureline ta
where t br boundary af hui, es and Aran«as
t.aunt'es ieddi Savtn svltfheast t.a « ruSS
Redristi Hdy,

lhe nortteastert boundary COntinueS SOuth
southeast ~ntlms then south sauthwest 1 mlle
SIOng the bOVndary Of Numr.eS and 4ranSdS
l,aunt.ies across ttedfisn Hay to the Ardnsas
i,hannml.

Southeast 1 mile along the Aransas t.hannel to
the eaStern Snare af HVst.dng TSland,

lhe SOutheaitern boundary ~OntinueS SOVthwekt 18
g t « * l t

Island ta a point .5 mile south of Newport
Pd st

Tne southwes'tern baundary begins at a point on
tlie eaStern share af mustang island .5 nile
savth of Newport Pass.

Nest northwest 1.5 miles to a paint on the
Corpus 'Christi city boundary,

North northeast 2,25 miles alang the Corpus
Chrivti City baundary.

Uue north 11.25 mtles across Corpus Christi Hay
to point af beginting,

lone HA,
Ihe nat therrt boundary beglna wliere Hlgnway 66lt

t,rosses the boundary of Huec.es and San
patricia Couhtiet There, the Huecei River!,

East along the ooundary of Nueces and San
PatriclO Counties to a paint 1 mile northeast
af the northern ena of County Road 72 where Z
pi pal inca rraSS the Huetes River.

lhe eaatern boundary begins at a point 1 mile
norO~teast of the northern end oi County Road
72 ~here 2 pipelines c.rass tne tiueceS River.

Southwest 1 mile to the end of County Road 72.
South 1 mile along County Road 72 to County Road

56.
East. 1 mile along County Road 56 ta Covnty Road

Sautn 1 mile along County Haad  to High~ay
624,

5outheast 1 mile then east 1,25 miles along
Highway 624 ta Highway 1889.

South 1.75 miies along High~ay 1889 to County
Road 48.

Last 1.!b miles along County Road 48 to Highway
7!,

South .75 mi le then southwest .5 mile along
Highway 77 ta County kaaa 44.

East Z.S miles along County Road 44 to High~ay
24,

Ruth 1.75 miles along Highway 24 to Highway 44,
East 3.5 miles t.a the Corpus Christi city

boundary.
Southeast 8.25 miles along tne CorpvS Cl.rlsti

r.ity boundary ta Highway 286.
Ruth 8.5 miles along Highway 286 to Highway 70.
Nest 3 miles a'lang Highway � to County Road 51.
South 1. 75 Iniles a lang County Road 51 to the

bOundary Of NueCeS and Kleberg COuhtieS.
The southern boundary begins where the baundary

o~ueces and yleberg Counties crosses County
ROad 51 dnd COntinueS meat 20 mi'leS along
said boundary to Highway 428,

lhi weitern t!aundary bmyini wherr the bvuntiary
op TTumces artl «leberg Coun«i ms arouses
Highway 41'H and continues nvrthrast I.yu
mt let ta the tlithap City boundary .

ileat .t'5 mile slang the boundary tV 4 paint
tihere the baundary tvrns tO head nortli.

North '� 5 mlles alung the boundary to a paitt
where tlie baundd ry turni tu head catt� .

'ast 1 nile dlong the boundary to Highway 1!,
Nurth u.yb miles along tlighway I  to the

Southern boundary Of Uric Oil,
Nett .5 vile alOng the bavndary LO 4 paint whvre

the bavtida ry turns La head nbrt h,
HOrth 1,1'5 mileS alOng the baundary ta a pOint

where the havana ry turn« tv h« ad east� .
LaSt .  mile a Iong t ne Oovnaa ry to hi gnway
Horttiedst 5 mlles along Highway It to tiighw iy

2H2b.
licit 1 nile dinny Highway LHLb to County VOad

I!.
Nottfi 4 miles alaiig t,aunt! Road !' ta Lnvnty

Road 4U,
Nest 5.25 miles alaiig Lounty Itoad 40 to Highway

666.
North g.u miles along highway bbb to the Nueces

River.

RE i
The nOrttledSLet n boundary beginS dt tnm

l t l
rontlnues southeast along the i,apdno Creel ta
Turtle Pen Point.

The sovtneastern boundary begins at Turtle pen
t l .l

along the boundaries of Refuyio and Aransas
Counties to the point Where the Aransas River
flawS ttito Capana ady.

The southwestern boundary begins at the paint
~t ~ t ll tt

and continues west northwest along the
Aransaa River to a pOlnt on the river 3 mlles
SOuthwaat Of where Highway 1360 turnS eaSL.

The narthweatern baundary then heads 3 mlles
t't t llttl t

Hart h 2 mileS along Highway 1360 to Highway
3037.

East 2 mi les 4 Iong Highway 303 7 to Highway 629.
North 1, 5 miles along Highway 629 to Highway

13li.
Horth .5 mile ta the HILSlon River
East 5, 5 miles along the nit«Ion River to a

point an the fiver 8.5 mlleS west sauthwest
of the cOnf luence of Copano and 4'lameda
C reeks.

East northeast tl,5 miles to tne confluence of
Capdna and Alameda Creeks,

R2:
The northeastern boundary beginS at ~ point on

t~dn li~nonla River 4.25 miles northwest of
the interact.tion af Highvay 239 ana Highway
35 in Tivali and COntinvei eaat atang Lhe San
Antonio River ta the Guadalupe River.

t.ast etang the guadalupe River ta Guadalupe Hay.
South along the share af Luadatupe gay to Nynes

gay,Around Hynes Hay along the ShOre to the boundary
af Refugia and 4ranaaS Cauntiei.

The southern bovndary begins at 4 point where
t~e nunnery of Refugia and Aranaay Cauntiei



Intersetti the Share ui San Antanip uay and
C.ant Inuea 9. 5 miles veat alunq the r.Ounty
boundary to the Intersection of the county
Ooundary with Highway 35,

Ihe western boundary begins at tne iftersection
o~t caunty boundary with fiigiiway 35 and
cOntinuea north northealt 2 miles slang
Hig'hway 35 to Highifay !�,

North riorthwst 6.5 miles to 4 paint near the
southern end Of 4 private paved road uiiere
the road turns wst.

Nortn northe441 4.5 mllel along tne road to
H'Ighray Zig,

horth northeast l.  miles to a point an the San
Antonio Rivei vhirli Is ttie point of
beginning,

uuu 6

lane ka:
The nurthern bOundary begins vhere Highway 7!

crosses the San AntOnio River and continues
~ abt ~ lOng the San Antonio River ta 4 paint
on the river 4.25 miles northwest of the
intersection of Highway 35 ind High~ay 239 i n
T i vol I .

The eaatern baundary COntinueS l.  mi leS SOuth
soot!iueft ta the intersection af Highway 239
and 4 private paved road.

Sovth southwest 4.5 miles along tne road to a
paint where the road turns west.

5outli Southeact b.b mi les ta the intersection of
Higrray �4 and Highway 35.

South southwest 2 miles along H'Ighway 35 to the
bOundary Of Refuglb and Aransaa Cauntles,

lhe sbuthern baundary begins where Highway 3'5
i~n ~ rseC S the boundary af Refuqlo and
Aranaal covntiea and ront'Inues 10.!'5 miles
neat alanq the Caunty boundary ta the
confluence of Alameda and Copana C'reeks.

west sauthvest 8.5 miles to tfie Miaslan River.
Neat alOng the mission River tO ~ paint .75 mile

nOrth af the intersection of Highway 136 and
Highway 6Z9.

Suutn 1.5 mlles along Highway 6Zg to Highvay
303!.

Nest 2 mlles ~ long Highway 3037 to Highvay 1360.
South 2 mlles along iafghray 1360 to a point

where Highway 1360 turnS eaii..
SOuthwest 3 silas to the Aranlas River.
West along the Aren't River ta Highway �,
The wstern boundary begins vhera Highway 77

CrOSSet the Arena AS riVer and COntinueS
northeast along Hlghray � 9.5 milan to the
southern city boundary of NaoOsbora.

Northwst .5 nil ~ along the city boundary of
Noodlbora to where the boundaiy turns to head
northeast.

Northeast .5 mile along the bovndary to where
the baundary turnv Co head catt.

last .5 mile along the baundary to Highway �.
Hor beast 4. miles along High~ay � to the

southern city boundary of kefugio.
usaf .45 mile then north .5 mile along the fify

bOunoary of Refugfo I.o County Raid 100.
uavt ,25 mile Chen nOrth .25 mile alOng Caunty

Road 108 to County Road 109.
NeSt ,25 mile along County Road 109 to County

Road 11!.
North .5 mile along County Road ill to County

Road 107.
Neat . 5 mi'le then nartn 1 mile along Cuunty Raad

!V! to County Road ill.
Coat .5 mile slung Caunty ROad ill tO tiie Corner

where I.auni7 HOad ll I tur ni vuutn.
Southeast 1.25 viles t.u a paint. rnrre the

iiurti em buiwidary ul Hefug!O cruSSei Hivhway
!!.

Nartneast 21 mileS alpng Highva! !! Iri tnr San
AntOnia River.

Snh HAIR!C!u ucnlv
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Zone 5!!
life northeaatern bOundary begini vt a point un

Cauntiei  the Aransai Hi var! vhii h 1S
apprnnimataly due nOrth af tne interceCtian
af Highway 631 and I.he Marathon dil Company
Road.

fast then Southeast along  he boundaries of
Petr'Cia ahd RefugiO then San Patricia and
Aralicac Cautitiec tfiraugh the f.ity Of Arantan
Pisa ta the Shore af Redfish bay.

lhe SOuthern bOundary beginS where C.he bOundary
a~an Pit rlCi O and Aranaai Cavnt ieS
lntersectS the share of Redfish Bay,

Sovthrest 7 mile 4 along the shore of Red fish Vay
to Mere Highway '1069 intersect.s the
shoreline.

west along the northern shores of I.orpus Christi
llay and Nueces Bay to the Nuecoc river.

liest a long the Nueces River to 4 point on the
river due SOuth Of the interSeCtiOn df
Highvay 1-37 and County Read 54.

lhe nartiivatter n baundary begi nS at a pui of. ari
V C i t «5

Highway 1-37 and gaunt! Road 54.
North to the in'Lersection of Highway !-37 and

County Road '54.
Southeast 1. miles along Highway 1-37 ta

point on Highway 1- 37 due vest of Ihe end of
County Raid 56,

Eaat 1,75 milet to the intersection of Coufty
Read 56 and County Road 35.

North 1. 5 miles 4 Iong County Road 35 to County
Road 54.

East 1,25 mlles along County Road '54 to the Odem
city boundary.

fact a'lang the Southern Vdem city boundary to
H'tgliiiay 631.

East 1,25 miles along Highway 631 to county Roid
53.

NorCh 2 milel a'lang Court! Road 53 tO High~ay
1944,

East 0,75 mlles along Highway 1944 co County
Road !B,

5autheast . 5 aii le along County Road !H to lol and
Avenue.

Nartheaat .5 mile slang TOlind Avenue ta the
Taft city boundary.

5authivest alang the left city boundary to rfiere
the boundary turns northeast,

bortheat along the city boundary to the Southern
PaClfit. rail line.

5outhwest along the Southern Paci fir rail line
to Highway 63!.

Northeast 1.25 miles along Highway 631 to county
Road 102.

East 5 miles along County Road 102 to County
Road 85.

earth 4 mlles along County Road B5 to Highway
BB!.

Nest 2 mileS slang Highwy 861 to County Road
Bl.

North 1 mile slang County Road bl to County Haad



v .
VVSi I 4 i Its an i Oi,ri 7 Ruarl g LO Highway ha 1.
North .i mi I es along I» uhuay h 1 I to tl'e na rat hah

iii ' Lum,iany iluad,
hurl.h tc ihe boundary iil San Pat.ric.in and

Heiuliu Luunlie. llliv araniaS Rivrrl.

Lontingercy  nues

Cane SPa-
liir nart harn buurid any hegira a'1 the nai tamest

COrner of the San patriciO City boundary.
lait tlien south alurg the San 1'atricio city

iioundary t.a County Road a'l.
East and ~orth along caunty kaad Zl to Highway

234.
North b miles along l.aunty Road 71 ta Highway

681,
last 11 . 5 n i 1 el along Highway 88 1 to tne Sl nt on

city boundary.
Last along the northern 5i nt un city boundary to

Highway 77,
Northeast 8 miles along High~ay 77 to the

boundary between Refugia and 5an Patrie.io
Counties  the Aransas River!.

East along the Aransas River to a point which
approximately due north of tne in'tersectlon
of the marathon Oil Campany Road and Highway
63.

lhe eastern boundary begins at that poiiit
Soot~to t e intertec.tion of the Iiarsthon 0il

COmpany ROad and Highway 631.
5auth along Highway 631 to County Road 52.
i.ast 3 miles along County Road 02 to County Read

81.
5auth 1 mi le along County Road 81 to High~ay

881.
tast. 2 miles along Highway 881 to County Road

85.
Soutn 4 n» les along l,ounty Road 85 to County

Road 102.
lhe southern boundary begins at the intersectio~

a~banty Road 85 Snd t,banty Road 102 and
rontinuea west 5 miles along l.ounty Road 102
'to Highway 631.

Soutnwest along Highway 631 1.25 mlles ta the
Southern Pacific rail line.

Northwest slang tne Southern Pacific rail line
to the left city boundary,

5uuthwest aiang the taft city boundary to where
the city boundary turns northwest.

hortliuest along the c.i ty boundary ta la land
Avenue.

Soutr west a long loland Avenue ta County Road 78.
Narthueat along County Road 78 t.o Highway 1944.
hest 9 miles a long Highway 1944 to County Road

53.
SOuth 2 mileS alOng COunty Raad 53 ta Hlghuay

631.
Rest 1.5 miles along Hrghway 631 to the southern

Odem city boundary.
Rest along the Odem city baundary to County Road

54.
Vest 1 mile along County Road 54 to County Road

35.
South 1.5 miles along County Road 35 to County

Road 56.
Vest 1. 5 miles along CaunLy Road 56 to Highway

1-37.
luirthwest I.lb mlles along Highway 1-37 to

County Road 54.
Oue sauth 4. 75 miles ta tne bOundsry of San

PatriCiO and NueCeS COuntieS,
Rest along the boundary of 5an Patria.io Snd

Nurcet Count set  the llueces River 1 thraugh
the i sty of Ssn Patrie iu to the western
boundary Of the City ar San patrie i O .

lhe western boundary begins at the interserliun
Of ttte sOundary Of San Pat ritia and Nurtei
CauntieS  the Nuetes River! and the Western
boundary of lhe city uf San Patricio and
prateeds nar'th ta the narthwettern turner Of
the t oundary of tne city of San Patrie so .



Section Four
SURVEY RESULTS

The results of the survey  described in Section One, Methodology!

are di vided i nto the potential number of vehicles evacuating   Part A!

and where people wi11 be seeking shelter  Part 8!.

Part A: Potential Number of Evacuati ng Vehic1es

In order to determine evacuation times, estimates need to be made

of the number of vehicles that will be using the available evacuation

routes for each zone. Three estimates were made, where applicable, for

each zone:

If 100 percent of the population evacuated the low-iying
areas near the coast that had a potential of storm surge
flooding. These areas are either parts of, or are complete,
evacuation zones  see Figures 3-2 through 3-7!.

If the remaini ng population in those portions of the evac-
uation zones not counted above evacuated according to the
percentage who indicated on the survey that they would evac-
uate if so requested. The total vehicles per evacuation zone
would then add this number to the figure for areas that had
the potential of storm surge flooding

If 100 percent of the population were to evacuate from all
evacuation and conti ngency zones. This condition might be
necessary for severe hurricanes  wi nds in excess of 130
mph!.

It should be noted that vehicle estimates are based on 1985

population projections. The information can be seen by county in Tables

4-1 through 4-6. The di rections indicated are based on destinations

indicated on the survey  see Figure 1-5!.
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Part 8: Shelter Data

The i nformati on on shelter requirements resulting from the survey

data should be useful for the American Red Cross and other groups pro-

viding shelters. The data in thi s section merely indicate the intention

of survey respondents to seek shelter in various areas. No consideration

was given to the ava1lability of shelters in these areas or to the advi-

sability of seek1ng shelter in these areas.

The number of persons seeki ng shelter were based on 1980 census

data projected to 1985. These figures do not include persons who indi-

cated that they would seek shelter with fri ends or in a motel, but only

those who indicated that they would plan to stay in a shelter in that

area if avail able.

The estimated number of persons seeking shelter, by county and

zone, are displayed in Tables 4-7 through 4-12. The categories indicated

are described below:

Number of persons seeki ng local shelter: This is based on
the percent of non-evacuating households who 1ndicate that
they would stay in local shelters.

Number of persons seek1ng shelter in cities in study area:
This is based on the percent of evacuating households who
indicated they would stay in shelters in cities in the study
area.

Number of persons seek1ng shelter outside the study area:
Th1s is based on the percent of evacuat1ng households who
i nd1cated that they would stay in shelters in cities outsi de
of the study area.

The shelter requir ements for the key c1ties �f there are any! are

i ndicated at the bottom of these tables by source  local, from evacua-

tion zones and from contingency zones!.

4-9



A composite of these tables for all counties is displayed in Table

4-13. An indication of the number of persons who would seek shelter in

cities outside the study area is shown in Table 4-14.

These shelter figures indicate sheltering needs for moderate-type

hurricanes. For hurricanes with winds in excess of 130 mph, it would be

anticipated that those seeking local shelter or shelter in some other

city in the study area would be greatly reduced because of the hazard of

staying in these areas, while at the same time, a major hurricane  with

winds in excess of 130 mph! would generate a near 100 percent evacuation

of the study area. This would increase the number of persons who would

be seeking shelter in cities outside the study area .
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TABLE 4-13

COMPOSITE SHELTER DEMAND FOR SIX-COUNTY STUDY AREA

County

681170

Totals 681170

Totals

40

1,302
10

37.33,032

Totals 3,032 383 1,342

110 7,071

Total s 7,071110

232
1,366

Total 1,598

2,012
2,200

170 2,182
1, 152

Tata 1 4,212 170 3,334

4-18

Aransas

Evacuation Zones

Contingency Zones

Kenedy
Evacuation Zones
Contingency Zones

Kl eberg
Evacuation Zones
Contingency Zones

Nueces
Evacuation Zones
Contingency Zones

Refugi o
Evacuation Zones
Contingency Zones

San Pati rcio
Evacuati on Zones

Contingency Zones

Number of Persons
Seeking Local

Shelter

24,707
1,128

25,835

Number of Persons
Seeking Shelter

in Cities in
Study Area

Number of Persons
Seeking Shelter

Outside Shelter Area



Evacuation
Zones

Contingency
Zones TotalCi ty'

725

267Kenedy

Lockhart

1,204San Antonio

San Marcos

267Seguin

Uval de 154

183kimberly
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Austin

Beeville

Freer

Gol i ad

Houston

TABLE 4-14

NUMBER OF PERSONS SEEKING SHELTER
IN CITIES OUTS IDE OF STUDY AREA

730

183

285

142

142

142

183

7,542

288

1,455

183

285

142

142

409

183

8,746

288

267

154

183



Section Five
EVACUATIONS

In thi s section, Part A details evacuation times for zones for

three different scenarios, Part B indicates how these evacuation times

can be used to estimate the time when evacuation may need to be recom-

mended, and Part C discusses evacuation routes and capacities.

Part A: Evacuation Times for lones

Tables 5-1 through 5-3 indicate the minimum time  in hours!

required to evacuate vehicles within each evacuation and contingency

zone in the study area for three scenarios:

100 percent evacuation in areas of potential surge flooding
in evacuation zones  see Table 5-1!.

100 percent evacuation in areas of potential surge flooding
in evacuation zones plus the percentage of these who indi-
cated they would evacuate if requested in the remaining por-
tions of these zones  see Table 5-2!.

100 percent evacuation in all evacuation and contingency
zones  see Table 5-3!.

The fi rst two scenarios are for hurricanes with winds of 130 mph or

less, while the last is for hurricanes with winds in excess of 130 mph.

Two cautions must be made about the calculation of the minimum

evacuation times. First, the minimum times assume the full utilization

of evacuation routes over the entire evacuation time. !f routes are not

fully utilized at the beginning of the evacuation time, then the total

time required will be greater. Second, the model assumes that there are

no othe~ vehicles on the roadway going in the same di rection as the

evacuating vehicles.
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TABLE 5-1

SCENARIO I: DNE HUNDRED PERCENT EVACUATION IN INUNDATED AREAS

Total VehiclesCounty and lone Evacuation Time

Aransas

Al
4.5 hours

A2

A3 0.1 0.1 hours

 Padre Island National Seashore; evacuation route is through
N2 ', t imes i dent ical to N2!

Kl

K2 21 0.1 hours

KL1  Padre Island National Seashore; evacuation route is through
N2', times identical to N2!

KL2 47 0.1 hours

Nueces

Nl 2,866 0.5 hours

N2
10.5 hours

N3

Refu io

Rl

R2 224

San Patri cio

SPI G. 1 hours

ote: vacuat> ng ve ac es use t e same routes or t zones within
brackets.
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Kened

A

Kleber

A

3 ,219
3,589

370

3,435
6,362

2,927

0.1 hour s

0.5 hours



TABLE 5-2

SCENARIO I I: ONE HUNDRED PERCENT EVACUATION IN INUNDATION AREAS
PLUS PERCENT EVACUATION !N EVACUATION ZONES

Total Vehi c l es Evacuation TimeCounty and Zone

Aransas

11.0 hours

Ap

0.1 hours0.1A3

 Padre Island National Seashore; evacuation route is through
Np', times identical to Hp!

KI

26 0.1 hoursKp

KL1  Padre Island National Seashore; evacuation route is through
Np, times identical to Np!

0.2 hours263KLp

14.0 hours61, 786

Np
10.5 hours

RA

352

367

San Patricio

SP1 10,990 7.0 hours

te: vacuatsng ve sc es use t e same routes for the zones within
brackets.
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Kenedy
K.A

Kleber

A

Hueces

NA

7,540
8,868

1,328

3,435
6, 362

2,927

0.5 hours

0.5 hours



TABLE 5-3
SCEHARIO II I: OHE HUNDREO PERCENT EVACUATION IN

EVACUATIQH AHD CONTINGENCY ZONES

County and Zone Total Vehicles Evacuation Time

Ardnsas

12 0 hoursAp

A3 0.1 0.1 hours

74 0.1 hours

32 O.I hours

LA
6.0 hoursV,L2*

Nueces

8,664

103,058

Hp

10.5 hoursH3

1.5 hoursRI

Rp 481 0.5 hours
San Patricio

13.0 hoursSPI

Note: Evacuating vehicles use the same routes for the zones withinbracket s.

KLI and KI are part of Padre 1sland National Seashore.
5-4

Kened

A

Refu io

A

8,027
9,444

1,417

9,583
9,863

280

3,435
6,362

2,927

3,227
3,729

502

6,851
20,861

14,010

3.5 hours

23.5 hours



Part B: Use of Evacuation Time to Estimate
When to Recommend an Evacuation

After it has been determined that, because of potential surge pene-

trations or potential high winds, it may be necessary to recommend an

evacuation in vari ous zones  or parts of zones!, it is important to know

the safe time remaining before that decision must be made.

The amount of safe time remaining should be calculated for each

hurricane advi sory i ssued after the hurricane enters the Gulf of

Mexico. That is, each hur ricane advi sory beings new information that can

be used to estimate the safe period remaining.

For instance, the evacuation time for zone N2 is 10.5 hours in all

three scenarios. The idea is to determine, after each advisory is

i ssued, how much safe time remains before it would be too late to get

the people evacuated before evacuation routes are blocked either by wind

gusting or storm surge flooding. The following steps can be utilized to

figure the remaining safe time for Zone N2.

Step One: Calculate the number of hours it would take for
the eye of the hurricane to cross land 25 miles to the left
of Port Aransas  the location that can produce the maximum
conditions for that zone!. For example, if the eye of the
hurricane is 300 miles from that point and is moving at 10
mph, it would be 30 hours.

Step Two: Determine which data point in Appendix B controls
the potential evacuation route blockage by either wind or
surge for that zone. In this particular case, it would be
point 6  JFK Causeway!.

Step Three: Locate in thi s data point information on the
particular hurricane that most closely resembles the one i n
the Gulf of Mexico. This may be done locating the particula~
wind speed ranges on the left hand side, For a hurricane
with sustained winds of 97 mph the second wi nd range would
be used  96 to 110 mph!. Next you would check at the top to
find the applicable column. Three conditions determine which
column to use:   1! di rection of movement to point of land-



fall in degrees; �! location of point of impact; and �!
forward movement speed in mph �, 10, 15, 20!.

Step Four: Locate the specific information that applies to
that particular hurricane . For a hurri cane moving at 10 mph
with a wind speed of 97 mph moving dfrectly west, truck-
tipping gusting condftions would begin approximately 9. 0
hours before the time of landfall and car-tipping gustfng
would begin approxfnrately 6.5 hours before the time of land-
fall.

Step Ffve: ln order to have 10.5 hours evacuation time
before the route is blocked  which can take place 6 . 5 hours
before time of landfall for car-tipping gusting!, the 6.5
hours   or the truck-tipping gusti ng time, or the surge
flooding time for low, MSL or high tide conditions! should
be added to the 10. 5 hours. Thf s gives a total of 17 hours.

Step Sf x: Since people do not begin evacuation as soon as
the decision to reconInend one fs made, three hours are added
to the 17 hours   for a total of 20 hours! to provide time
for the decision to be conmunfcated to people and for people
to get packed and begin evacuating.

Step Seven: The 20 hours is then subtracted from the esti-
mated 30 hours before the hurricane would make landfall.
This would leave 10 hours before a decisfon would need to be
made before it would be too late. In this case, you would
wait for the next advisory and refi gure the safe time.

Standard operating procedures  SOp! for estimating the safe time
remaining before a decision to evacuate needs to be made after each

advisory is issued can be found in Appendix D. A descri ption of the
ESTEDCC computer program that figures these times is in Appendi x E.
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Part C: Principal Evacuation Routes and Capacities

This part includes a description of the principal evacuation routes

and route capacities. The Evacuation and Contingency Zone map in the

back of this report illustrates the principal evacuation routes of the

hi ghway network.

Cor us Christf and Vicinity  Zones N and NA

Interstate 37 is a four-lane  two in each direction! hfghway. The

major capacity constraint is the intersection with U.S. 77 at Calallen

that normally reduces northbound traffic to a single lane. This location

can be expanded in an emergency to provide two through lanes northbound,

but such an expansfon would severely restrict northbound movement on

U.S. 77. The northbound capacity of Interstate 37 with the emergency

expansion is approxfmately 3,200 vehicles per hour. A permanent expan-

sion to sfx lanes  three in each direction! is fn the planning stage for

that part of Interstate 37 north of Calallan where it shares the same

ri ght-of-way with U.S. 77, but this is not scheduled for completion

until 1988. The permanent expansion also will expand the normal north-

bound width  one lane! of Interstate 37 to two through lanes without the

need for special emergency measures that would interrupt the single

through lane for U.S. 77,

U.S. 181 is, for the most part, a four-lane facilfty with a mixture

of limfted and uncontrolled access. The major capacity constraint on

II.S. 181 is the approach to Sinton, which has a short section with only

two lanes  one in each direction! and local fntersecting traffic on a

longer four-lane section. These conditions in and near Sinton liInit the

capacity of U.S. 181 as a through evacuation route to about 800 vehicles
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per hour. PIanned improvements in the S1nton area will ultimately in-

crease the capacity in that vicinity. Another capacity constraint is the

intersection of U.S. 18! and Texas 35 at Gregory, which normally re-

stricts northbound tr affic to a s1ngle lane with a capacity of about

1,600 vehicles per hour under evacuation conditions. This route capacity

was not used to calculate evacuation times for zones NI and N> because

of its heavy use for San Patricio County.

Texas 44 is a four-lane facility with generally uncontrolled access

from Corpus Christi west to Alice, after which 1t narrows to two lanes.

The major capacity constraints are the local intersections in Corpus

Christi and Robstown that restrict the effective capacity of the route

to approximately 1,200 vehicles per hour. The section west of A11ce

would have a capacity of only about 800 vehicles per hour, but this sec-

tion is not believed to be a cr1t1cal constraint as many vehicles could

be expected to turn off Texas 44 onto other routes before reaching that

point.

F.M. 665 and the combination of Texas 286 and F.M. 70  with pos-

sible minor variati ons on both routes! are two-lane routes extending to

the west from the southern portion of Corpus Christi. The major capacity

constraints on these routes under evacuation conditions would be their

respective intersections with U.S. 77 at Driscoll and Bishop. While the

rural portion of each of these routes could handle approximately 800

vehicles per hour, any significant traffic on these routes through

Driscoll and Bishop would be at the expense of traffic on U.S. 77. Since

U. S. 77 traffic is likely to be restricted under evacuati on conditions

by the intersection with Interstate 37 at Calallen, capacit1es of
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approximately 600 vehicles per hour each on the F.M. 665 and Texas 286-

F.M. 70 routes are probably attainable. Maximum use of these two routes

would probably occur only under desperate conditions or if evacuating

traffic from Padre and Mustang Islands were diverted to these routes.

Moreover, as a result of hurricane rainfall, F.M. 665 and F.M. 70 could

be inundated by flood waters of Petronila Creek. This route capacity was

not counted for Zones NI and NA because of its use for Zones NZ and N3.

Padre Island and Mustan Island  Zones N, N, KL and K !

The JFK Causeway between the mainland and Padre Island is a four-

lane facility. P.R. 53 from near the causeway to Port Aransas is a two-

lane facility. P.R. 53 has an evacuation capacity of approximately 800
vehicles per hour. While the causeway has a capacity of up to 3,200 ve-
hicles per hour from the island to the mainland, the effective evacua-
tion capacity of the route is limited by the urban traffic in Corpus
Christi along Padre Island Drive and on routes leading out of the city.
In an emergency, traffic from the causeway could be diverted on Texas
357 and F.'M . 2444 to Texas 286 and F.M. 70, or on other routes around
Corpus Christi� . Such diversions would provide an effecti ve evacuation
capacity from the islands of at least 600 vehicles per hour up to a max-
imum of about 1,200 vehicles per hour. F.M. 70 could be inundated by
flood waters of Petroni la Creek as a result of hurricane rainfall, how-

ever.

Texas 361 i s a two-lane facility between Aransas Pass and the Port
Aransas ferry. The ferry has a capacity of 300 vehicles per hour, but is
not operated under adverse weather conditions   four foot or greater
tides or hurricane force winds!.
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Southern San Patricio Count Zones SP and SP !

Texas 35, Aransas Pass to Gregory, and Texas 361, Ingleside to

Gregory. The current effective capacity of these routes leading to Greg-

ory and then proceeding to Sinton on U.S. 181 is limited to 800 vehicles
per hour because of conditi ons in Sinton as discussed previously.

F.N. 3284, F.M . 136 and variations. These are two-lane facilities

with several possible routing variations. The capacity of all the routes

is limited by the section of F.M . 136 in the vicinity of Copano Bay,

whic'h has an evacuation capacity of approximately 800 vehicles per

hour. The elevation of the route is as low as three feet in the vicinity

of the Copano Bay bridge and the route is therefore subject to early

closing.

Aransas Count �ones A , A and A !

Texas 35  north!. Texas 35 is effectively a two-lane facility  some

sections are wider! with an evacuation capacity of approximately 800 ve-

hicles per hour. The elevation of the route is as low as six feet at

Rockport and on the Lamar Peninsula.

F.M, 881 is a two-lane facility. The capacity under evacuation con-

ditions would be constrained by other evacuating traffi c in Sinton. The

route is as low as six feet in elevation in the mud flats area near the

intersection with F.H. 136. Maximum evacuation capacity would not exceed

800 vehicles per hour because of conditions at Sinton. Use of this route

from points in Aransas County other than in the immediate vicinity of
Aransas Pass should be discouraged because of the capacity constraint at.

Sinton and the requirement for extensive use of the route by vehicles

evacuati ng from the southern portion of San Patricio County.
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The capacity of this route was therefore not calculated for zones A1, A2

and A3,

Kleber County  Zones KL and KL !

Texas 141  west! is a two-lane facility running west from Kings-

ville. The current effective capacity of the route is approximately 800

vehicles per hour.

U,S. 77  south! and Texas 285  west!. The current effective capa-

city of the route is limited to 800 vehicles per hour because Texas 285
has only two lanes  one in each direction!.

Refu io Count  Zones R , R and R !

Use of Texas 239  west! from points in northeastern Refugio County

should be encouraged. Texas 239 is effectively a two-lane facility with
an evacuati on capacity of approximately 800 vehicles per hour.

U. S. 77  north! and Texas 202  west! out of Refugio. U.S. 77 is

primarily rural and could handle 800 vehicles per hour. Texas 202 has an
effective capacity of approximately 800 vehicles per hour.

F.N. 2441  west! out of Woodsboro. F.N. 244l is a two-lane facility

with an evacuation capacity of appr oximately 800 vehicles per hour.

F.M. 774  west! out of the northeastern portion of Refugio County,

through the town of Refugio and to points west, is a two-lane facility
with an evacuation capacity of approximately 800 vehicles per hour.

Kened County  Zones K and K

Both U. S. 77  north! and Texas 285  west! are two-lane facilities
south of Kingsvi lie. This route has an effecti ve capacity of approx-

imately 800 vehicles per hour.

U. S. 77  south! is a two-lane facility with a capacity of approx-

imately 800 vehicles per hour.

5-11



APPENDIX A

Hurricane Categories

 Developed by Herbert Saffir, Dade County, Florida, consulting engineer,
and Or. Robert H. Simpson, former National Hurricane Center director!

FORCE ONE--Winds of 74 to 95 miles per hour. Damage primarily to

shr ubbery, trees, foliage, unanchored mobile homes and, possibly, poorly

constructed signs.

OR--Storm surge four to five feet above normal. Low-lying coastal

roads inundated, minor pier damage, some small craft in exposed anchor-

ages tom from moorings.

FORCE TWO--Winds of 96 to 110 miles per hour. Considerable damage

to shrubbery and tree foliage, some trees blown down. Najor damage to

exposed mobi le homes and poorly constructed signs. Some damage to roofs,

windows and doors. No major damage to buildings.

OR--Storm surge six to eight feet above normal. Coastal roads and

low-lying escape routes cut by rising water two to four hours before

arrival of hurricane center. Considerable damage to piers. Marinas

flooded and small craft in unprotected anchorages tom from moorings.

Evacuation of some shoreline residences and low-lying island areas re-

qui red.

FORCE THREE--Minds of 111 to 130 mi les per hour. Foliage tom from

trees, large trees blown down. Practically all poorly constructed signs

blown down and mobile homes destroyed. Some damage to roofs, windows and

doors and some structural damage to small buildings.

OR--Storm surge nine to 12 feet above normal. Serious flooding at

coast and many smaller structures near coast destroyed. Larger struc-
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tures battered by waves and floating debris. Low-lying escape routes cut

by r ising water three to five hours before hurricane center arrives.

Flat terrain five feet or less above sea level flooded eight miles in-

land or more. Evacuation of low-lying residences within several blocks

of shoreline possibly required.

fORCE FOUR--Winds of 131 to 155 roiles per hour. Shrubs and trees

blown down, all signs down. Extensive damage to roofs, windows and

doors. Complete destruction of mobile homes.

OR--Storm surge 13 to 18 feet above normal. Flat terrai n ten feet

or less above sea level flooded as far as six miles inland. Major damage

to lower floors of structures near shore due to flooding and battering

by waves and floating debris. Low-lying escape routes cut by rising

water three to five hours before hurricane center arrives. Major erosion

of beaches . Massive evacuation of all residences within 500 yards of

shore possibly requi red, and of single-story residences on low gr ound

within two miles of shore.

FORCE FIVE--Minds greater than 155 miles per hour. Shrubs and trees

blown down and complete destructi on of mobile homes. Extensive shatter-

ingg of glass in windows and doors and complete fail ure of roofs on many

residences and industrial buildings. Small buildings overturned or blown

away.

OR--Storm surge greater than 18 feet above normal. 'Major damage to

lower floors of al 1 structures less than 15 feet above sea level withi n

500 yards of shore. Low-lying escape routes cut by rising water three to

fi ve hours before hurricane center arri ves. Massi ve evacuation of low-

lyi ng residential areas withi n fi ve to ten miles of shore possibly re-

quired.
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APPENO1X B
Key Data Points by Hurr icane Type

An interpretation of the data point information can be found in

Part B: Data Points of Section Two, SLOSH Data. The locations of the 30

key data points included in this appendix are displayed by county in

Figures 2-7 through 2-12. Details of these points are also i ndicated in

Tabl e 1-1.

The following cautions should be kept in mind when interpreting the

data in this appendix:

Caution 1: Wave action  except for the JFK Causeway and the
Corpus Christi side of the Nueces Bay Causeway-181! and
rainfall are not included in calculations.

Caution 2: Errors of plus or mi nus 20 percent are possible
for peak surges with accurate initial data. For estimating,
this error range can be generalized to other data.

Caution 3: Forward movement speeds of 15 mph are based on
averaging the 10 mph and the 20 mph conditions.

Interpretive items to remember are:

FTOL stands for From Time Of Landfall.

Time is recorded in hour and half-hour units.

Naximum high tide surge is given in feet.

NA stands for Not Applicable.
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APPENDIX C
Hourly Surge and Wind Conditions

See Part C: Hourly Tidal and Wind Speed Data of Section Two, SLOSH

Hourly tidal approaches to the coastline at six locations plus one

in Nueces Bay by hurricane type

Locati ons

Data Point NumberData Point Name

Hurricane Types

Direction Forward Movement Speeds Wind SpeedPoint of Impact

5,10,2070 Mi les L. of P.A. 300

5,10,2030 Mi les L. of P.A. 300

 continued next page!

Data for a descri ption of this appendix.

Contents of Appendix C

Padre Island One
Padre Island Three
Padre Island Fi ve
P53 Bridge Between Padre and Mustang
Aransas Pass Channel
South Matagorda
Nueces Bay One

38
40

42 5
46
51
47

74- 95 mph
96-110 mph

111-130 mph
131-155 mph

Over 155 mph

74- 95 mph
96-110 mph

111-130 mph
131-155 mph

Over 155 mph



Hur ri cane Types  continued!

Directi on Forward Movement Speeds Rind SpeedPoint of Impact

30 Miles L. of P.A. 270' 5,10,20

20 Miles L, of P,A, 300' 5,10,20

20 Miles L. of P.A. 270 5,10,20

30 Miles R. of P.A. 300' 5,10,20

40 Miles L. of P.A. 74- 95 mph
96-110 mph

Parallel-
235'

10

50 Miles L. of P.A. 74- 95 mph
96-110 mph

111-130 mph

Pa ra 1 1 el-
345'

5,10,20

Hourly tidal approaches are given by five wind speed classifi c,a-

Hourly sustai ned wind speeds are gi ven by five wind speed classifi-

cations for mid-Corpus Christi

C-2

tions for various hurricane types at key bridges

- Entrance to Highway 181 Causeway at Corpus Christi
- Highway 35 Bridge on Copano Bay
- Port Lavaca Causeway

74- 95 mph
96-110 mph

111-130 mph
131-155 mph

Over 155 mph

74- 95 mph
96-110 mph

111-130 mph
131-155 mph

Over 155 mph

74- 95 mph
96-110 mph

111 130 mph
131-155 mph

Over 155 mph

74- 95 mph
96-110 mph

111-130 mph
131-155 mph

Over 155 mph



HOURLY SURGE CONDITIONS FOR HURRICANES LNDFALLING 70 MILES LEFT OF PORT ARANSAS

5 HPH 00 HPH
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HOURLY SURGE CONDITIONS FOR HURRICANES LANOFALLING 30 MLLES LEFT OF PORT ARANSA-?
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1.3
3.4

1.5
1.5
1.5
1.5
1.5
1.5
1.5

16 I
1.6
1.6
1.6
!.7
1.7
1,8
1.8
2. D
2.1
2.3
2.4
3.1
3.0
3 0
2.9
2.8
Z.B
Z.T
2.6
Z.5
2.4
3.1



HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 70 MILES LEFT OF PORT ARANSAS

10 HPH5 MPH
P44 Dh,

4!MI 4 300 96-110 MPH96-LLC I% 896-110 MPH
1.6
1.6
1.6
1.6
1.6
1.6

1.7 1.7
17 1.7
E.] I 1 7
1.7 ' l 7

1.6
1.6
1.7
1. 7
!.7
1.7

2.1 '? 0
2.1 2.0
21 2.0

24

22
2.2
2.2
2. 3
2 3
2.4
2. 5
2.6

2.1
2.!
?.2
2. 2
2.2
2. 3
2.4

1.6 1.5
1.6 1.6
1,6 I I 6
1.6 ' l.6
I. 6 ' !.6

20
I '9
18
]1

1.6 ' !.5
1.6 ' 1.5
1.6, 1.5
1.6 ' 1.5

1.6
1.4
1.6
1.6
1.6
1.6
I 7
1.7
1.7
1.8
I.B
I 9
2 0
2.!

I 6
1.6
1.6
1.6
1.6
1.6
I 7
1.7
'I, 7
I
1.8
!.8
1.9
1.9
2.0

1.7 1.6
1.7 1.6
E.7 1.6
l,e ' 1.7
1.8 1.7
I.B 1.7
I.'I 1.7
1.9 1.7
2.0 , 'l.B
z 0 I.e
Z.l I.B
2.1 I.'9

-14
-15
-14
!, t'

.


.Ll
-!8

7
I

]

I 5
I 5
I 5
1.5
1.6
1.6
I 6

1.6
1.6
1.6
1.7
I 7
1.7

2 7 ' 2.4
2.8 2.5
7 9 2.6
3.D 2.7

17'�
1.8 1.6

2.3 2.2
2.6 2. 5
!.4 3.1
47 4.0
6.4 i 50
55 5.1

4
~ I

2 3.0
?.3
1.8
I.'9
1,7

1.1
1.4
I 5
I 5
! 6
6.5

3. 2
2.5
2. 2
2.2
I 9
1.1
!.3
1-4
].4
1.6
1.4
5 3

' 3
~ 4

5
5

0.3 24
[ 0 4   2 I

0. 7
0.6
0.5
0.5
0.6
0.7
0.8
1.0
5.0

1. 7
I 5
1 3
L.3
1. 3
].4
1. 3
1,3
5.8

0. 4
0.5
0. 7
0.9
].0
'I. I
5,3

1.8
1.7
1.7
!.7
1.6
1.5
5.!

8
9

ID

12

' 2.4
~ z.e
2.5
?.6

i27
2.8
2.9
3.0
3 2
I 4
3 6
3.8
~ ,I

] 4.3
4.5
4.6
4,7
4,6
4. 5
4. ]
3. 6
3. 6
2.3
1.6
L.O
Q 1
0. 5
03 ~
Q. 3

2. 2
Z. 2
2 3
2. 3
2,4
2. 4
2. 5
2. 6
2. 7
2. 8
3 0
3.1
3. 3
3.4
3. 6
3. 7
3 9
4.2

4. 6
4.9
5.1
5.2
5. 2
5. D
4.5
3.9
3.3

3.0
l. I
3. 3
3.4

3 3. 7
3.9
4.1
4,3
4.5
4. 6
4 6
4.4
4. I
3. 7
3. 4
3.0
2. 8
2.6
2.6
2. 5
2,3
2 !
4.6

2.7
Z.e
2. 9
Z.9
3.0
3.0
3.2
3.3
3.4
3. 5
3. 5
3.6
3.5
3.4
3.3
3.0
2.6
2,4
2. 4
2.4
2.3
2,1
2.0
3.8

2. 0
'20
, '2,0
' Z.:
2 .'.
2. '
2.2
2.2
2.3
2. 3
2. 4
2.4
2.5
2 5
2 6
2 6
?.7
Z. 7
2. 8
?.8
2.9
2. 9
2, 9
3.3

1 0
3.0
2. 9
2. 7
2.6
2. 3
2. 3
2.3
2.2
2.0
1.9
3.1

1.9
1.9
1.9
!.9
1.9
!.9
2.0
2.0
2.0
2.1
2. 1
2.1
2.2
Z.z
2.2
2.2
2.2
2.2
2.?
2. 2
2.2
2.3
2.3
2.3
2.3
2,4
2.4
2 5
?,4
2.4
2.3
2.2
2.2
2.3
2. 3
2.2
2.1
2

1.8
1.8
1.9
1. 9
1.9

9
2.0
2.0
2.0
2.0
2. I
2. I
2. 2
2.2
2. 3
2.3
2,4
2. 5
2.5
2.6
2. 7
2. 8
2.9
3.0
3. I
3.2
3,4
3.5
3.6
3.8
3. 9
!.9
4.C
4.C
4.1
4.1
4.0
4,1

1.8
1. 8
1.8
1.8
1.9
'.9
1.9
2.0
2.0
2.0
2. I
2.2
2. 3
2,4
2.5
2.7
2.9
3.2
3.7
4.2
4 6
4. 7
4,4
3,7
2.5
1.8
1.4
L.l
0.8

'., 7
1.7
1.7
1,8
I.B
1.8
1.8
1.9
1.9
1.9
2.0
2.0
2.1
2.2
2 3
2.4
2.6
2.8
3.Z
3.6
4.1
4.6
5.2
5.7
5.7
4 8
3.6
2.7
2.1

1.7
1.8
I 8
!8
1.8
1.9
1.9
2. 0
2.0
2.1
2.2
2. 3
2 4
2.6
2. 9
3.2
3. 5
3.8
4.2
4. 6
4.9
4.7
4.1
3.4
2.8
2.4
2.0
!.e
1.7
1.7
],8
1.7
].7
5.0

1.7
1.8
!.e
!.e
1.8
E.e
I. 9
1.9
2.0
2.0

2 2.2
2.3
2.5
2. 7
2.9

3.3
3.5
3. 8
3.9
3 9
3.6
3.3
2.9
2.5
2.1
!.8
1.7
1.7
1.6
1.6
1,5
3,9

1.7
1.7
1.7
1.1
1.7
],7
1.8
I 8
I.B
1.8
1.9
1.9
1.9
2.0

2.1
2.2
2,4
2.5
2.7
2 8
2.9
3.0
3.1
3 2
3.2
3.1
2.9
2.7
2.5
2.3
2.0
1.9
1,9
I.e
1.7
1.6
3.2

2.2
2.3
2.4
2.4
2.4
2.4
2.4
2. 4
2.3
2.2

I
2,2 I
2 0
I 9
1.8
1.9
2.D
2. D
1.9
2.6

1.9
2.D
21
2.2
2.3
2.4
2.5
2.7
2.8
3.0
3.2
3.3
3.5
3. 6
3.6
3. 6
3,6
3.6
3.5
3.6

1.7
L. I
1.7
1.7
!.8
1.8
I 9
2.0
2.1
2.3
2.5
3.1
4.2
4 3
2.4
2.D
!.9
1.4
I 4
1.3
1.2
].l
Q.B
0 8
!.2
0.9
I.l
4.4

1.6
1. 7
1.7
1.7
1.7
I,e
!.9
1.9
2.0
2.2
2.4
2 8
3.8
5.7
6.8
4.2
2.5
1.7
1.6
1.7
1.5
I?

i 1.0
1.1
1.5
1.3
1.4
6 9

l 1.6
I 1.6

1.6
L.e
1 6
1 6
1.6
1.7

1.7
1.7
18
le
1.9
2.0
2. I
2. 4
2.8
3.3
~ .1

3.0
1.9
2.4
2.3
Z.l
!.4
] 5
1.5
1.6

1,4
4. 2

I. 9
I 9
2.:
2.2
2.5
z.e
3.0
3.1
2.6
1.5
2-0 L
2.]
1.7
1.6
1 2
1.2
1.9
1.9
1 6
3.1

1.6
1.7
1.7
I.B
1.9
2.0
2.1
2 3
2.3
2. 7
2. 9
3 I
3. 2
3.Z
3.2
3.1
!.I
3.0
3.D
3.Z



HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT OF PORT ARANSAS

�H~4 I ZD HPH10 HPH92 IIPB
<44 44,

ie all Pd 96- 110 !8'H96-110 HPH 96- lip HPH
2 I
2.5
2 6
?.6
2.7
2 9
2.9
3.0
3 I
3.2
3 3
3 I
3. I
!.I
!. 3
3 2
3. I
? 8
2. 5

2.3
Z.!
2.I
2.5
2.6
2 7
2. 8
2.9
3.0
3.1
3. 2
3. 3

3,5
3.5
35
3.5
3.4
3.2

1,6
!,6
1.7
1.7
1.8
1.9

1.6
1.6
1,6
I. 7
1.8
I 9

1.6
1.6
1.6
1.6
!.6
!.6
!.7

! 1.8
1.9
1 9

1.6
1.6
I. 6
1.6
1.6
1.6
!.7
!.7
!.7
le
1.8
I 9

2.0 I 7.0
2.0 ' 2,0

20 . 21
2.2 Z.3

2.2 ! 2.9
i.e !ZS

Z,l
3 6
5.0
5.6
4. 2
3.3

2.0
1.5
1.0
0. 7
0. 5
0.4
0.5
0.6
0.6
O.e
o.e
0,8
1.0
1.2
I 2
1.2
3. 6

2.8
3. 7
5. 3
6.6
5. 7
3.2

0.2
0. I

.0. I
-0 I
-0 I
00
0.1
0. I
0. 3
0. 5
Q.6
0 7
3 7

25 ' 2.5!
2! ' 2.5
1.9
1.5
1 6
1.5
1.0
1.3
1,6
I I
5 7

2. 0
1. 5
l. 6
!.5
! 0
!.5
1. 7
1. 3
6. 0

C-12

-Zl
-2!
-22
.2'I

19
-18
-17
-15
-15 3
-1 ~

.1? �
II,,

~ 10

7
6

eI
6:
I

2
8

0
I
2

' I

5

t 9
+I D
+3!
+

Has,

2.2
2. 3
2.3
2.4
2,l
2.5
2. 6
2. I
z.e
2.9
3. 0
3.!
3.2
3.!
3.I
3.6
!.7

' !.9
4.0
I. I
4. 0
3.9
3.7
3.5
3. 2
2. 7
2 1
2.1
1.9
I. 7
I. I
1.6
1.7
1.7
1.8
1.8

7
I I

2.?

2 2.2
Z.3
2,4
2.5
2.6
2.6
Z. 7
2.8
2 9
3.0
3.1
3.2
3.4
3.6
3.8
l. I
4. 4
l.e
5. I
5 I
5,5
5. 5
5. I
4. 9
4. 3
3. 8
3. 3
Z. 7
Z. 3
2.1
2.0
1. 9
1. 9
1. 8
I. 7
5. 6

Z. I
2. I
2.2
2.3
Z,l
2. I
2.5
Z.6
2.7
2. 8
2. 9
3.0
!.0
3.2
3.4
3. 6
3.8
I.D
4.3
4.6
I.B
5.1
5.Z
6. 2
5. I
4. g
4.5
4.0
3. 6
3.1
2 6
2. 3
1.2
2.1
2.0
1.9
!.7
5.2

2.0
2.0
2 1
2.1
2.2
2,2
2. 3
2. 3
2,4
2.5
2. 5
2. 6
2. 6
2.7
2,8
2.9
3.0
3. I
3. 2
!.3
3. 3
3. 3
3. 3
3. 2
3. 2
3. I
3.0
2-8
2.8
2.6
2. ~
2.2
2.2
2.2
2.2
2.1
2.1
3.l

'.7
1.7
1. 7
1. 7
1.8
I.e
1.8
1.9
1.9
2.0
2.0
2.!
2. I
2.2
?.3
Z. I
2 5
2.6
2.7
Z.e
3,D
3. 2
3.5
3.8
~ .I
4.5
5.4
6. 5
6.9
6.9
B.e
6.5
6.2
6.D
5.7
5. I
5.3
6. 9

1.6
1. 7
I. 7
I.B
1.9
1.9
2.0
2. I
2.2
2.4
2.5
2.7
2.9
2.9
z.e
2.6
2. ~
2.0
1,6
1.3
1.3
I. 1
1.0
0,9
o,e
0.7
0.7
0. 7
0.7
0. 7
o,e
2.9

1.6
1.6
1,7
I.e
1.9
I.g
Z.O
2.!
2.!
2.4
2.7
2.9
3.2
3.3
3.5
3.4
3.0
?.2
1.5
I.Z
1.2
1.3
1.2
1.1
1.!
1. 0
1.0
1.0
!.1
1.1
1.1
3. 5

1.6
I 6
1.7
I 7
1.8
1.9
2 0
2. I
2.2
2,4
2. 6
Z,9
3.2
3,l
!.e
I. 2
4.4
4. 3
3,8
2 9
2.5
2.2
1.9
!.6
1.4
1. 3
1. !
1.3
1.3
!.I
I.I
4.5

1,6
1.6
1.7
1.7
1.8
1.9
2.0
2.1
2.2
2.3
Z,6
2.8
3.1
3. l
3.9
4.6
5.4
6. 0
6.1
5. 3
~ .4
3,5
2.8
2. 2
!.8
1. 5
!.5
1.4
1.4
1. 3
1. 3
6.!

2.2
2. 3
2.5
2.8
3.1
3. !
3.8
4. 4
5.2
5.7
s.e
5. 2
4. 3
3. 5
3,0
2.4
2.0
1,7
1.7
1. 6
1.6
1.5
l.l
s.e

2.1
2.2
2.4
?.6
2.8
3. D
!,2
3. 5
3.7
!.e
3.7
3. 3
3. 0
2. 6
2. I
2.1
I.e
1. 7
1.7
1. 7
1.7
I. 7
1.6
3.9

1.5
1.5
1.6
I. 6
1.6
1.6
1.6
1.6
1.7
1. 7
!.7
1.8
1.9
1.9
2.1
2. 2
2. 4
2. 7
3.0
3.3
4.5
6.0
6. 2
6.1
6.0
5.7
5.4
5. 2
5.0
l,e
4.7
6. 2

1.6
1.6
1.6
1.6
1.7
1.7
1. 7
1.8
1.8
1.9
1.9
2.0
Z. I
2 2
2.4
2.5
2.7
1.7
I. 4
1.7
I.e
I 5
I. 3
1.6
I. 3
1.0
1.4
1.2
0.9
1.4
2.5

1.6
1.6
1.6
!.6
1.6
!.7
!.7
1,7
1.8
1.9
1.9
2.0
2.1
2.3
2.7
3.0
2. 7
3.5
1.1
1.6
1.8
1.4
1.4
1.6
1,2
1.1
I I
1.2
1.1
1.5
3.0

1.6
1.6
1.6
!.6
1. 6
1. 7
1 7
I. 7
I 8
1.8
1.9
2.0
2.1
2.3
2.8
3.7
4. 7
4.6
Z. 7
Z.e
7. 2
1.8
1.7
1.6
I. 3
1.4
1.2
1.3
1.5
1.5
4.0

1.6
1.6
1.6
1..6
1.6
1.6
i 7
1.7
1. 7
1.8
1.8
3.9
2.1
?.3
?.7
3. 3
4.!
4.5
4.2
Z,s
!.8
2.5
i.e
1.5
1.5
1.1
1.2
1.7
1.7
1.2
4.6

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.6
1.6
1.6
1.6
i.6
1. 7

7
I 8
2.0
2.3
2.5
!.9
I.Z
5-3
5.1
4.9
4.8
4.6
~ .5
4.3
4.2
4.0
3.9
5. 3



HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT OF PORT ARANSAS

10 HPH

270270 Z!o"96-! ID !etc96 - 110 PIP P 96-1� !IPB
2.0 2,1
2.1 2.1
2.1 2.2
2.2 2.2
2.3 2.4I

2.1
2. I
2.2
2.2
2. 3
2,5
2.6
2.7
2.8
Z.g
3.D
3. I
3. I
3.1
3.1
3.1
3.0
2.8

Z. I
2. I
2.1
2.2
2. 3
2.4
2.6
2.6
2.7
2.9
3.0
3. I
3. 2

3. 2
3. 2
3. 2
3. 2

Z. !
2. 2
2.2
2.3
2. 3
2. I
2.5
2. 6
2,7
2.8
2. 9

-24
-23
-22
-21

-19
- la
-11
-1.6
-15

!.6 I 6
1.6 1.5
1.5 1.5
1.5 I 1.5

1.6 1.6
1.6 1.6
1.6 1.5
1.5 1.5
1.5 j !.5
361�
!.7 1.7
�]!: j

I ~
-I! 8 j 3.0
-2":j 30

i', 9 '6 3.1
!j -a.= !O

-7 i 29
-6 $2.6
-5 2.46

j Z.o
3 ~ 1.7

1.3
-12 j 09

2.5 ' 3,1
2.2 ' 3.0
19 ' 29
1.5 ' 2.8
I.l ' 2.8
07 , '29
0.4 ] Z.9

!
2 I
!

0.6
0.3
Q. I

-0,1
-0.2
-0.3
-0. 3
-0. 3
-0. !
-0. 2
0.0
0.1
0. 2
3. 2

D.3
0.3
0,4
0.4
0.5
0.6
0.6
0.7
0.8
1.0

3.2

2.8
2.6
2.4
2.2
2.0
1.9
1.7
1.8
1.8
1.9
1.9
1.9
3.3

16 ' 2!
1.8 ' Z, I
2.0 2.!
1.7 j !.7
1.5 j !.6
1.8 1.7
1.6 1.6
1. ~ 1.4
1.6 l. 5
22 I 27

+ ~
+

+e
.5 ' 15

! 7 ' I 7
!.7 1.7
1.3 1.3
7.2 7.3

+ 9
10

1.6+
 1.4
6.8

C-13

2.5
2.5
2.7
2.8
3.0
3.1
3.2
3.3
3.4
3. 5
3. 7
!.e
4.0
4.3
4.5
4,9
5.2
5.4
5,4
5,4
5.0
5.0
3.9
3.4
2,9
2.5
2.2
2.2
2.1
2.1
2.0
2.0
5,5

2.6
2.7
2.8
3.0
3.1
3. 4
3. 5
3. 7
3. 8
4.1
4,3
4.6
5.0
5. 3
5.5
5.8
5.8
5.a
5.6
5.2
4.8
4.3
3.8
3.4
2.9
2.5
2.3
2.2
2.2
2.1
2.1
2.0
5.9

2.1
2.2
2.7
2.3
2.5
2.6
2.8
2,9
3.1
3.3
3.5
3. 6
3. 7
3.9
4.0
4.1
4 2
4.2
4.!
4.0
3.9
3,7
3.4
3. 2
2.9
2.8
2.6
2.4
Z. 4
2. 2
7 I
2.!
2.1
2.2
2.2
2.2
2.1
4.3

1.5
1.5
1.5
1.5
1.5
1.5
1.6
1.6
1.6
1.6
1.7
1,7
1.7
1.8
1.8
1.9
2. 0
2 I
2.2
Z.3
2.5
2.7
2.9
3 2
3.6
4.1
5 I
6.8
6. 6
6.
6.6
6 4
6.2
6.0
5.7
5 5
5,4
6.7

1.5
1.6
I 5
1.6
1.5
1.6
1.7
1.7
1.8
1.8
1.8
'1.9
2.1
2.2
2.3
2.4
2.3
2.4
2.2
7.0
1.7
1.6
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.D
1.0
0.9
0.9
2.4

I 6
1.6
1.6
!.6
1.6
1.6
1.7
1.8
1.8
1.8
1.9
2.0
2.2
2.3
2. 5
2.5
Z.d
2. 5
2.2
!.e
1.4
1,4
1.6
I. 7
1,6
1.5
1.4
1.3
!.2
l,l
1.1
1. 0
I.G
Z.d

1.7
!,e
1.9
2. !
2. 3
2. 5
2. 7
2.9
3.2
3. ~
3.5
3.7
I.2
4.1
3.8
3.4
2.8
2.4
2.G
I.e
!.6
!.5
!.I
1.4
1.3
4.3

1.7
1.9
2.1
2.4
2.6
2.9
3.2
3.8
4.5
5.3
6.2
6.6
6.2
5.3
4.4
3.5
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 20 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 20 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFAI LING 30 MILES RIGHT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES RIGkT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALL!NG 70 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT OF PORT ARANS>
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HOURLY SURGE CONDITIONS FOR HURRICANES LANOFALLING 20 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 20 PIILES I EFT OF PORT ARANSAS
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I 7

I I 7
!a
1.9
2.0
2.1
2.4
3.1
4.9

2.i
2 I
I 8
1.5
I 6

2 0. 5
I.T
I I
I 2
1.9

6
7

1.5
I 5
I 6
1.6
I 6
1.6
1.7
I 7
I 7
I I
I 8
18
1.9
2.1
2 4
3 4
5.5

30. 7
7

2.4
18
2 I
I 8
18
i 0
1.7
08
I 5
2.2

2
Il 1

I 6
I 6
1.6
I 6
16
16
1.7
I

1 1.8
I 8
I 9
l. I
2.4
3 !

7 I
6 0
0.5
I,S
2 3
l 2
I .0
I 6
I. 8

p 2 0
2.4
I.I
I 5

I 5
1 5
1.6
1.6
1.6
1.6
1.6
!.6
1,7
!.T
1.8
ie
!.9
2.1
Z,4
2.9
3 6

I
3 9

1.0
3 7

5 3
2 I
D I
oe
2.7

I 5
I 5
I 5
1.6
1.6
I 6
1.6
!.6
! 7
I.a
].9

2
2 4
1.9
50
6.0

S.f.
92.2
4 9
4 7
~,5
l.l



HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT QF PORT ARANSAS

5 HPH 10 HPH 20 PPHree
Btpd4 ed 270 ' over 155 BPH 270 ' 27! ' 27erOver 155 HPH

2.0
2.0

2 I
2,2
2.3
?.5
?,6
2.8
2.9
3.1

3.3
3,3

3.3
3 !

2.0 2.0
20 2.0
2.1 ' ?.I

2.0
2.1
2. I
2.2
2.3
2. 5

1,5
1.5
1.5
1,5
1.5
1.5

2.1
2.2 7,3 1,6

1.6
'-.6
1,6
1.6
1.7
I,J
1,7
1. 7
1.8
I. 8
1. 9
2.0

1.6
1.6
1,6
1,6
1.6

7 I. 7
1.1
1,7
1,8
1,9
2.0
2.1

1.6
1,5
1,5
1.5
1.6
1,7
1.7
1.1
1.7
1.8
1.9
2.0
2.2

1.6 1.6 1.6
1.5
1.5
1.5
I 6
1,7
1,7
1,7
1.8
1,9
2. I
2.3
2 6
3. I
3?

. 4.0
4. 3

1,5
2,4
2.5
7 7
2.8
3,0
3,2
3 3
3.3
!.4
3.5
3.1
3,8

2. 4 1.5 1,5
1.5 . 1.5
1.5 1.5

1,5
1.5
1.5
1.5
1.5
1,5
1.5
1,5
1.5
1.5
1.5
1,5

?.6 2 7 1.6
2 8 , Z.O 1,6 '.5

1,6
1.6
1.6
1.6
1.6
1.6
1.6
1,6
1.6

5 1.5
5 1.5

I 5
5 i 1,5

I 5
1.5
1. 5
1.5
1,6
1,6
1,6
1.6
I 6
1,6

3,0
3.2
3.4
3.5
3,7
3.8
4.0

4.6
5.0
5.5
6 I
6,5

3.0
3.2

3.5
3.6

!.8

4.0

I 6
1.6
I 6
1.7
1.7
1,8
1.8
1.9
2.0

1.6
'l,7
1.7
I. 7
1,7
1,6
1.9
2.0
Z,Z

1,6
1.7
I .?
I.i
I.i
1.8
2.0
2,1
2.3
2.,'
3.2
3. 7

I 5
1.6
1,6
I. 6
1.6
I E

2,1
2.2
2.3
2,4

3.9
1.9
3.8
!.7

2. 3
?.6
2. 7

1.6
1.6
I.J
1.8

1.7
1,7
1,7
1.7

1.7 I 7 16 1.6
1.7 1. 7

1. 7
1. 1

1. 7
1,1
1.?

1,7
1.7

2.6
?.5
2.2
1.4
0.0
1.0
2,0
!.1
1.3
1,6
1.8
1. 3
1.1
1,1
1,2
1,1
1.4
2.7

1,7 1,8
6.8
e.a
6.5
6.0
4.9
3.2
?.1
2.6
2.4
2.l
2.3
2.1
1.9
2.5
2.1
Z I
6.9

3. 5
3.2
2.9
2. 7
2.2
1.1
1,0
2,0
1.8
I. 9
2.2
1.7
1.9
2,6
2. 4
2,3
4.0

2 6
2. 7
2. 9
3. 4
3,6
4.6
6.2
7.2
?,6
7.7
7.8
2.7
7. 5
7,2
6.9
e. 7
7.8

5,4
6,8
7,7
7,5
5.7
3,3
2.9
2,7
2,1
2,Q
2.0
1.5
1.2
'I. 8
2.1
1.3
J,e

1.9
2.2
2.4
2.6
c.4

4,5
4.J

1,7
1,8
1,8
1.4
0.8
2,5
1.6
1.0
2.2
2.2
1,7
1,0
2.2
1.1

1.9
2.4
3.?
5,7
4,2
2.9
2. 3
2. 3
?. I
?.9
1,0
1.9
1.4
1.9
1.9
1.6
6.2

1.8
2.?
?.2
Q.e
1.6
2.7
1.6
I.J
2.?
2.E
1.2
I.l
1.8
1.9

2.3
3. 9
6,6
8.0
',7
1.4
?.:I
3.0
2,5

8 'I 4
2'117
1.6 ' 0.7
0.9 Q. 7
?.0 2.5
2.4 1.6
0.9 1,1
8,0 51

?,0
3.0
5.J

10.7
6.1
7.9
2.6

7 2.6
?.6
1.6
7,4
I,?
2.0
2.3
1.1
0.9

4,6
4,1
3.1
1.8 t 3.9

6.3
2.2
1.3
I 3
1,6
0,9
1.1
2.0
1.7

6. 7
6.6
6.4
6. 3
6. I
5,8
5,5
5.3

3.9
3.9
3 8
3.8
3.7
3,7
3.e
3.9

1.0 ' 1.2
2.0 2.0
3.3 2,9

1,5 5.?
4.7 ' 6,7

-24
-23
-22
-21
-20
-!9
-18
-11
-16
-15

-I!
-12
-11
-10
-9 -0
- 8

c
! c.v

- 2
I
0 08
! 77

!77 2

7 4
~ 7
7 a

9
+10

Bee�.

2.0
2. I
Z. I
7.2
2,2
2,3
2.4
2.5
2,6
Z.B
?.9
3.0
3.1
!.2
3.2
3.!
3.2
3.0
2.8
2.5
2.2
1.7
1.2
O. I
0 2
O. 'I
0. ~
0.3
0.6
0.3
Q. 3
0,5
0.7
0. 3
0.3
0,3
0.2
3.4

2,0
2.1
2.1
?.'I
2.2
2.3
?.5
2.6
2.8
2.9
3.1
3.2
3 3
3,3
3. 3
1.2
3,1
2,8
2,5
2.1
1.6
0.9
0. 'I

-0.8
l,t
0,8
0,4
O,e
0,5
0.1
0.5
0.!
0.3
0.6
1,0
I.l
1.4
3.!

3.Z
!.I
3,0
2 9
2.6
2. 3
7.6
3.6
3.2
Z.6
2,1
1,8
1.9
2.3
'I. 6
1.8
1.7
2,1
2. 3
2. 3
3.6

l, I
4.6
5.2
6.1
7.2
B. 3
9. 3
9.4
T.4
5.1
4, 'I
3.4
3. I?
2.9
?.3
?.2
2.1
2.5
2,7
Z.3
9.5

2.1
2.3
2. 4
2.4
Z.3
2.1
1.9
1,4
1.1
2.2
1,7
1.0
1.5
1.6

0,9
1.3
1.0
0.8
1,2
2.4

7'. 4
2
2.9
3.0
3.0
3.3
3,4
5,0
4.5
3 7
3.0
?.2
2,0
2.!
1.5
t.5
1.2
1.5
1.6
1.4
5. I

2,5
2.9
3.1
3.5
4.3
6.0
8.5

'I 0. 3
7.7
5.0
3.8
3.1
2.4
2.6
1.9
1,7
1,3
1.7
1.9
1,3
0. 4



dOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING ZO MILES LEFT OF PORT ARANSAS

IP MPH5 ItPH 20 HPH

Pea 3DO' aver 55 ipkovPi' bb MPH ave I'
.�
t]

-EZ I

.39
-18
-I'
-l6

-14
-13
-li
-Il
."J

6

1.6

I 7
1. '
1.9
2.'
?.I
2,4
2 6
2.'
!.0
3.0
'I I.I
3 I
3. 2

3. 6

I.E
1.6
I. !
I. 8
1. 9
2. I
I'. 3
2 4
2.5
2.7
i' 9
2. 9
3 0
3.0
3.?
3 4

4. 0

1.6 1.6
I 6

I. 7
'.. 7

I 7
I 7
1.9
2 I
? '3
2 4
z.e
2.8

2 0
2. 7

3.5 15
1.5 ! 5
6 '..6

1.6 i ie

I 6 16
1. 6 1.6

7

I.b
i.e
3.6

2 3 I 5
I 6
I !
I 8
I.B
i 9

9
2 0
2 1
2 3
!.6

1
3.4
4 0
5 5
7 4

I EJ
3 1

3 2

3 3.1
Z.9
2 6
2. 3

9

I.d
0.5
D.7
0.1
0. 3
0 2
0.5
0 I

3. I
3 I
3 I
3. I
i. !
3. 2
3. 2

1.6 I 5
I.b

16 15
1.6 15
I 7 I 6

16
I 6
I ii

I !
I 8

1.8
2.

5 I'
4 'i

4,5 I 8
I

3.2 42
31�7
29 ' 55
Z.E' E.3
I.d, 72
O.e l BE,

5 I
5.9 2 I

2 46 5
I -I

I

' I

~ ~

7 3 3 7
4 2

20
2 I7.6

4.9 32
46 20

8 I 75
6 0 6
4.6 4. 5
3.4 3 7
2.8 !.2

9.1
5 3

9
2.3
2 3
18
I i

3 5
1.3
I. 5
1,8
I 4
9 I

I 0
0.2
0.3
0 3
0,4
0. 8
! 4
I. 0
t.3
1. 2
I 5
1.8

I 0
0 5

I 3
I 4

9 0
6.!

19, ] 5 BR
15, I 5 !E
Z 0 ' i.a ' 6.6
I.b J.l j 6,4
i.o : 3 I E.i
17, 21 57
ZC i 17 54
13 15 52
B.b 4.4 ID 6

24 127 I 0
?4 25 I 2

0 9
0 5
1.0
3.6

5
1. 2
2,7

J.3
D. 7
0. 9
0 8
0. 9
l.'
1,4
3 D

1.5
1.0
I 3
0.8
1.2
I 6
!.5
3 3

I

Ib
II
'I I
44.

20 ',I'
04 48

20 I
0 3 2. 0

0 I
2 E

4,6I 8
?.2
2 I

D I
0 I 2.0

2.2 19 4J
09 42
50 i 9i

0 ]
0.6

3 j
:! I
951

I !, 13
3.4 . '8.5 7 7

C-35

I 6
1 6
1.1
1.8
Z.d
2. I
?. 3
2.5
2.6
2.8
3.1
3.2
3.2
3.2
3.2
3.!
3 I
2. 9
2. 6
2.2
J. 7
1.0
0.2

-0.6
-I I

-0 0. I
-0.3
-0 4
0 0
0 6
0 2
0 5
0, ii
0.8
I 0
I 3
3 i

I 6
l. 7
I 7
I.B
I 8
1.9
2 0
?.0
2 I
2 3
2,4
2.6
?,6
2.6
2 4
2 2
1.9
1.5
I I
I

l. j 3
1.8 j 1.7
i.a / 18
19 I 19
4.3 I i.a
2.1 20

23'23
2.6 2.6
2.9 4.9
29, '3,0
28 ' 30
2 6 3.2
2! ' 32
1. I 1.9

-0 '. I-C3
O3 '0.8
1.5 i 1.6
]; I I 4
06 i I I
OB'ii

I 6
I 6
I !
'.. 7

i '.. 8
I 9
Z.D
2. I
2 3
2 6
2. 9
3. I
3. 6
4. 4
5.8
7.6
6 4
6 0
3.5
2. 9
2.6

6
1.6
1.7
1.6
1.8
1.8
!.9
2 0
2 ]
2 3
2. 5
7. 7
3.0
3.2
3. 5
3.9
4.2

'i
3. 5
1.7
1.5
7. 3

I 5
16
1.6

I 6
I 6
16
I 6
I I
I 7
!.7
1.8
I 9
2.0
2.2
2,4
2.9
3 4
3 5

10.]

IG.3

I 6
I 6

'.6
1.6
1.6
I,!
1. 7
1. 7
18 J
] 9
1.9
2.0
2.0
2.2
2.0
I 5

I 8
2 3
I. I
I 5
2.2
I. 5
0 7
7 2
I 4
0.5
2.1
2.8

1.5
1.6
I 6
.'.6
1.6
!.6

I
1 7
1.7
!.7
la
19
1.9
20
2.2
Ze
2 4
0 7
ld
2 3
I 6
I 2
I 4
2.5
0.7
1.4
1.4
I.I
1.3
!.9
2.7

I. 6
I.E
I 6
1.6
I 7
I 7
I. 7
i.a
1.8
I 9
2.0
2. 3
2.9

I.l
I 3
zz
I 5
I 6
1.5
? 2
G.B
I,!
I 0

2
I 4
I 6
3 4

1.5
1.5
1.6
I 6
1.5
1.6
1.6
I.!
I.!
I. EZ
;.8
I 8
I 9
2. 0
2.3
3.2
5. I

td 5
4,0
3. 0
I I
2. 3
2. '.
1. 3

7
I
0 6
I 6
??

3
� 5

I 6
I 6
1,7
! 7
1,7
I 8
1.8
I 9
2. I
2 5
3 ~
2.4
9.2
ez

I 6
2 5
2 4
10
2 0
I. '
0 2
2.0
2 ~



HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING ZO MILES LEFT QF PORT ARANSAS

Hovmee t
5 HPH 10 KPH 20 HPHvat ee

VIH84 27D 270over 155 HPH over '.55 HPrl5 HPH 270
!.5 1.5

I. 5
'.. 5
I.e

I 5
I. 4
1. 5
1.6

1. 5
I 4
I. 5
I 7
1.9
2.0
2. I
2.2
z.e
3. 0
3 !
3. 4
3.5
3. 7
1,0
1.2
1.5

I. 5
I 6 !
I. 6
i.z

1. 9 1.9
zo

1.8
I 8

2.0
z. 3

2 5

1. 6 1.6
1.6 15
1.6 15

1.5
1.5
1.5

5
! 51I1.6

6
1.5
1 6
1.6

1.6 , 1.6
i. 5 1.5
1.5 ' I 4
15, '15
'.. 6 ';.6

i 7 '..0
7 i 1,8

I.e f zo
20 , 'Z.4
25. 31

! 5
] 6

5

1.5
I.E
I 6
1.6
I.E
I.E
I 5
I 6
I.E
1.6

I I 7
I I

I 5
5

! 5
1.5
1.5

I I. 6
1. 6

I I 5
6

1.6 1.5
!.e i.e
I 7 1.7
171 1.7

1.6

16
1.7
I
1.8
1.9
Z. I

1.8
1.9
2.1
2.3

I 6
! 6

I.e
5

1.7
1.8
2 7
4 8

!,7
I 72.2 I ?.5

2.2 i 2 3
2! ' ZI
2 ' ' IB
1.8: I.Z
15 ' 0 I
12 ! 04
1.9 , '1.8
Z. I ~ i.e

! 7
I 71.7

1.7
I 8
1.5
D.9

i. 8
e. 2
5. 9
4. 3
1.6
I 4

1. 8
1.6
I. 7
1.0
0. 7
2. 5
1.5
0. 9
5 3

D. 2
16i Z6
2.! I 6
0.9 i i..
2 I . 2 0

1 D
1 4
1.5
1.3
0. 9
1. 3
O. 9

I. I
I. 3
1.7
I. I
1. I
I.o
1.0

2
I
0 8
? 2
I
I 0
2.0
3

2. 7
I Iv
I. 6
I 6
18

0. 7 1.0
1. 2 I.Z
2.4 2.5

I 8

C-36

-24
-Zl
-22
-21
-20
-19
.18
.17
� 14
-15
-14 -"
-i! 8
-12
-11
-!D

9 - 4
� 5

2

I P
2
!

~ 1 j
~ 5

+ I
~ a

9
'Ia

~ Ii

2 67 7
2.7
2.9
!.0
3.1
31
Z 9
2.8
26

I 2 4
I 9
I 5
.0

0 6
0,4
0 6
0.3

-0.5
-0.3
-0.!
-0 5
-0.8
-0.5
-0.6
-0.6
-0.2
3 I

2.6
2 8
2.9
2.9
3. 0
3. I
! I
2. 9
Z. 7
2.1
2 I
1.6
0.9
0. I
0. 7
1. 2
!.0
D.4
0.9
1. 0
0. 6
D. I
D 4
0. 3
0. I
0. 2
0. 5
0.8
3 2

2.1
2. 4
2 7
2.9
2.9
3. D
3.!
J. 2

3 3.0
2.7
2 5
2 2
I 7
0.9
0 2
'.2
1.5
0.5
0. 1
D. I
0 2
D 6
'. I
0 7
D.9
0.9
i. 3
I 7
1.6
'I. 2

I 5
!.1
1.4
1.6
!.9
3.9
2.0
2.1
2.5
2.8
3.0
3.1
3,1
3.8
!.5
3. 5
3.1
3. 3
3 4
3 6
3. 8
4.1
5.1
6. 9
7.8
6.1
4.8
3 8
3.D
2.4
2.4
2?
2 0
I.B
Z. I
2. 4
2.1
B.D

1 9
e.e
e.e

8.2
8.7
B. 5
7. 8
6.0
4. 3
3. 4
3.0
2.5
2. 1
2 4
2. I
I.B
2.4
2.6
2 2
8. 8

I 5
I 4
1.5
I.e
2.1
Z.z
Z. 3
2.4
3. 0
3,4
J 7
3. 8
4,0
4. 3
4,5
4
la
4,9
5.0
5. 0
4.8
4. 5
4. I
3. I
3. 2
2.6

! !.2
1.9
1.6
!.e
2 I
1.5
1.9
2 5
2,4
2 3
5

1.6
1.6
1. 5
1 5
1. 5
1. 5
! 5
1 5
] 5
1 5
].5
!.5
3.5
!.5
1.6
! 6
!.7
I. 7
1.8
1.9
1.9
2. I
Z. I
2 7
2.6
3. 4
'9. 2
�. I
]l.l
11.6
11.0
ID 2
9. 0
9. I
8.6
8. I
7. 7

i!.6

1.6
1.5
1.5
1.5
1.6
1.7
l. 7
1.7
1.7
1.9
2.2
2.5
2.5
2.4
Z.3
2.0
1.1
0 I
1.7
2,4
2.4
1.9
I. 6
2.0
!.3
1. 5
1.1
!.2
1,4
I. 2
2.7

Ie
!.5
1.5
I 5
1.6
1.7
1.7
I
!.7
1.9
2.3
2.6
2.7
2 8
3 2
4. 0

B. 7
6 6
5 I

3. 2
2. 3
2 3
2. I
1.7
1.3
1. 5
1.8
1. 3
9. 5

!.D
3.1
4.3
5 3
7.5
9,4

7
4. 2
3.6
3.1
2 3
2 0
2 2
I.e
I. 7
I. 7
!.9
1.3
9. 8

3 8
4 3
4. 9
5. 5
5 8
5.8
5.1
3.7
2 I
1.7
2.2
1.4
1.2
I 5
1 0
I 0
1.8
].4
],4
5.9

I 1.5
I 5
! 5
1 5
1.5
1.5

5
] 5
I 6
I 7
I.B
2. I
Z. 3
2. 3

9. I
9 4
9. 2
9 2
8.2

4
7.0
6 6
6 3
5. 9
5.6
9.7

I 6
1.6
I 6
!.6

! Z 0
I 2

0-6
2 0
2.6
2 0
2 I
2 I
2. 6
I . I
1.7
1.4
1.8
1.9
I 4
3. 3

I l.5
i.e
I 5
1.6
I 5
I.e
I 6
I 6
I 6
1.6
1.6
1.6
1.6
2.3
3.7
9.9
5.3
3 I
2 4
3.0
2 6
2 !
I 9
1. 7
1.4
1.9
2.2
1.2
9.9

1.5
1.5
I 5
1.5
1.5
I 6
1.6
1.6
I 6
le
i e
I 6
I 6
1.6
!
3.3

9.8
6.]
1.5
2.6
I J
2.6
I.B
2 1
I 6
1.2
2.1
Z. 3
1.0
'r. 9

1. 5
I

I 1.5
1.5
1.5
1.5
1.5
I 5
1.5

I 1.5
1.5
I. 6
1.6
1.8
2. 3
2.8
1.5
6. 3
5.8

5 5. 3
5. I
4.9
4.8
4 e
4.5
4.4
1.2
6.1



3PURLV SURGE CONDITIONS FOR HURRICANES LANDFALL?NG 30 NtLES RIGHT OF PORT ARANSAS
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SURGE CONDITIONS FOR HURRICANES �11-130 MPH! FOR ENTRANCE TO MWY 35 CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES �31-155 MPH! FOR ENTRANCE TO HHY 35 CAUSEIQY
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SURGE CONDITIONS FOR HURRICANES  OVER 155 MPH! FOR ENTRANCE TO HMY 35 CAUSE%AY
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SURGE CONDITIONS FOR HURRICANES �4-95 MPH! FOR HMY 35 BRIDGE ON COPANO BAY
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SURGE CONDITIONS FOR HURRICANES  96-110 MPH! FOR HMY 35 BRIDGE ON CQPANO BAY
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SURGE CONDITIONS FOR HURRICANES �11-130 MPH! FOR HWY 35 BRIDGE ON COPANO BAY
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SURGE CONDITIONS FOR HURRICANES  OVER 155 MPH! FOR HMY 35 BRIDGE GN COPANO BAY
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SURGE CONDITIONS FOR HURRICANES  96-110 MPH' FOR PORT LAVACA CAUSEWAY
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SURGE CONDITIONS FOR MURRICANES �31-15S MPM! FOR PORT LAVACA CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES   OVER l55 MPH! FOR PORT LAVACA CAUSEL4AY
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HPIJRLY SUSTAINED HIND SPEEDS FOR HURRICANES �4-95 MPH! FOR M!D CORPUS CHRISTI
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES �11-130 MPH! FOR HID CORPUS CHRISTI
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APPENDIX D
SOP

STEP ONE

Estimate the time the eye is to cross coastline. This time can be

estimated by dividing the distance of the eye from the probable point of

landfall by its forward movement speed. For safety purposes, other pos-

should also be considered.

Example One: If a storm 250 miles from Corpus Christi were heading
toward Corpus Christi at 5 mph, then the estimated time the eye would
cross the coastline would be 250 di vi ded by 5, or 50 hours .

50 hours

5 mph

If a storm were 300 miles from Corpus Christi and

headi ng toward Galveston at 5 mph, you would want to consider what would
happen if the hurri cane would change its course and head toward Corpus
Christi� . Divide the distance by the forward movement speed to estimate
the time the eye could cross the coastline; this would be 60 hours.

60 hours

5 mph

lhw place those hours in the upper portion of the Step One box and
count forward in tice and place the est$aated day and hour the eye of
the hurricane will cross the coastline in the lower portion of the Step
One bor  9-6!.

STEP TWO

Determine the possible cut-off times for critical data points that

D-l



are:

~Sur e Wind

Aransas

AI 15,16,18,19, 15,16,18,20,
20,21,22,32 19,21,23

A2 22,23,26

A3

KI

K LA

KLI

KL2

Nueces

NA

30,48NI 13

N2

5,6,8,115,6,8,11N3

26RA

D-2

affect the evacuation of your area. Data point locations can be found in

Figures 2-7 through 2-l2 for each county. You will have to determine

which data point or points can indicate a blockage on the evacuation

route or routes controlling your area. Suggested data points by zone



Wind~Sur e

~Refu io  continued!

2I, 2521, 25R1

22,23,26R2

San patricio

27SPA

17,32 17,32SPI

These point locations are numbered and can be found by these numbers in

Appendix B. In Appendix 8, route cut-off times are given by storm type.

There are 78 storm types displayed for each data point� . Your first step

is to fi nd the row wi th the appropriate wind speed. The classifications

are:

74- 95 mph

96-110 mph

111-130 mph

131 mph and over

When you have found the proper row, you can find which of the six

columns to use by the direction the hurricane is headi ng  in degrees!

D-3

and its anticipated point of landfall. Since you may not find the exact

hurri cane di rection or point of landfall, you may have to do some esti-

mating . These storms were chosen because they can pose the greatest

threats to the area, however, and, with the changeable nature of hurri-

canes, it is well to plan on the worst case. Once you have found the row

and column, the movement speed will determine the exact column. The

route cut-off time should be determined either by surge penetration or

by wind gusts.



How place the number of hours in the top half of the Step Two box.

If it is a minus figure, count backwards in time  if it is a rare plus

figure, place a '0' in time! and figure the estimated day and hour the

evacuation route will be blocked and place that day and hour in the

bottom half of Step Two,

STEP THREE

Estimate the robable evacuation time needed to evacuate your area

and/or zones. This can be done by determining the location of zones in

your area on the enclosed fold-out map. This fold-out also gi ves the

estimated evacuation times for three differing storm conditions . If

winds are under 130 mph and you only wi sh to evacuate the low-lying

areas, use the estimated hours in the fi rst column; if you wi sh to evac-

uate the entire evacuation zone, use column two; if winds are in excess

of 130 mph . use the estimated hours i n the third column.

Now place the nuaber of hours in the top of the Step Three box and

then go backward in time and place the proper day and hour in the lower

portion of the box.

STEP FOUR

Adjusted time estimates consist of adding three hours to Step

Three. It is estimated that it wi 11 take about one hour to warn the

people to evacuate, another hour for them to prepare to evacuate, and

another hour to establish a monitoring system that will permit maximum

utilization of the evacuation routes.

Now place the nuaber of hours in the top of the Step Four box and

then go backward in time and place the proper day and hour in the lower

portion of the box.

D-4



STEP FIVE

Final atijustment factors should include the unpredictability of

hurricane intensification or weakening, varying forward movement speed,

changing direction, and evacuation route blockage by unexpected rain-

fall .

Now place the nueber of hours  if any! in the top of the Step Five

box and then go backwards in time and place the proper day and hour in

the lower portion of the box This now gives you the time the evacuation

needs to begin to evacuate the residents in your area and/or mnes. To

facilitiate traffic control, the Texas Department of Public Safety

regional office needs to know when an evacuation is going to be rec~

mended.

CAUTION

Your evacuation needs to be coordinated with other areas that may

be affected by an evacuation of your area.

Example One: You are located some distance inland and you decide to

play it safe and call for an evacuation of your area long before it

would be needed. How could this possibly affect any other area? It could

cause confusion in more vulnerable areas where an evacuation has not yet

been recommended.

mend an evacuati on long before the ci rcumstances would indicate the need

for an evacuation . What effect could this have on other areas'? It could

start persons evacuati ng in the areas through which your evacuees would

travel.

D-5



ESTIMATED EVACUATION TIMES

 hour

Step One:

 Day!  Hour!  pay!  Hour!  Day!  Hour! Day!  Hour!

Step Two:

 Day!  Hour!  Day!  Hour!  Day!  Hour!  pay!  Hour!

Step Three:

 Day!  Hour!  Day!  Hour!  Day!  Hour!  Day!  Hour!

Step Four:

 Day!  Hour!  Day!  Hour!  Day!  Hour!  Day!  Hour!

Step Five:

 Day!  Hour!  Day!  Hour!  Day!  Hour!  Day!  Hour!

Note: Compare the results of Step Fi ve to the time the advisory was issued to obtai n
the estimated safe time remaining before an evacuati on deci si on needs to be
made. For more information on evacuation t'ime estimating procedures see Sec-
tion Five of the report.

D-6
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APPENDIX E

ESTEDCC

ESTEOCC is an acronym for a computerized program to Estimate Safe

Time before Evacuation Deci sions  Corpus Christi!. The program is not

desi gned to tell when you need to recommend an evacuation, but how much

"safe" time remai ns before it wi 11 be too late to recotmaend an evacua-

tion.

The program considers five conditions for indicating safe time to

deci sion makers. These conditions are:

1. Storm surge at low tide

2. Storm surge at mean sea level

3. Storm surge at hi gh tide

4. Wind gusting conditions that could tip cars  gusts of 65-10 mph!

5. Wind gusti ng conditions that coul d tip trucks  gusts of 50-55

mph!

The actual decision to reconIm.nd evacuation needs to consider the

potential damage the hur ricane under consideration can inflict upon the

area under consideration.

This section describes the use of the ESTEDCC program, interpreta-

tionn of the results, cautions to be exerci sed, a desc ription of the way

ESTEDCC calculates times, and information for the program operator.

Program Use

involves using the program as soon as a hurricane

enters the Gulf of Mexico, The program takes information provided in

each hurricane advisory issued by the National Hurricane Center and

figures the remaining safe time before an evacuation decision needs to



be made. The data to be indicated  apart from the present date and the

date and time of advisory! include the following:

1. kurricane movement speed in miles per hour

Z. Hurricane sustained wind speed

3. Direction of movement if the hurricane were to head directly to

a point 25 miles to the left of Port Aransas  in degrees!

4. Number of statute miles from the eye of the hurricane to a point

25 mi les to the left of Port Aransas

5. Direction of movement if the hurricane were to head directly to

a point 70 miles to the left of Port Aransas  in degrees!

6. Number of statute miles from the eye of the hurricane to a point

70 miles to the left of Port Aransas

7. Direction of movement if the hurricane were to head directly to

a point 30 miles to the right of Port Aransas  in degrees!

8. Number of statute miles from the eye of the hurricane to a point

30 miles to the right of Port Aransas.

Because hurricanes can increase or decrease thei r forward movement

speed, the forward movement speed gi ven in the advisory can be increased

and/or decreased to see the potential changes that could result if the

hurricane forward movement speed were to increase or decrease. lhe same

procedure can be used to indicate the results of an increased wi nd

speed.

Results

Results of these inputs will give an array of data for all evacua-

tion and contingency zones as indicated in Hurricane Relocation ~Plannin

E-2



for Aransas, Kenedy, Kleberg, Nueces, Refugio, and San Patricio Counties

for a point of landfall Z5 miles left of Port Aransas. After this, an

array of data will be given by zones for a point of landfall 70 miles

left of Port Aransas. Finally, an array of data will be given by zones

for a point of landfall 30 miles right of Port Aransas. Maximum time

frames for each zone can easi ly be seen by checking all printouts. If

the time remaining before a decision needs to be made is a negati ve time

 that is, has already passed!, it wi 11 be i ndicated by the letters "TL"-

--meaning Too Late. " NC" indicates Not Calculated. An asterisk next to a

date i ndicates a date transition from one month to another. Contingency

zones wi 11 remai n blank unless the hurri cane wind speeds are above 130

mph.

CAUTIONS

Cautions regarding use of the program include the following:

1. The program does not consider wave action in evacuation route

cut-off time. Since waves need water depth to generate, this can be a

minimal problem. However, the added depth that waves can add to surge

was added to the surge conditions for the JFK and Nueces Bay �81!

Causeways.

Z. There is no way to include rainfall in these calculatio~s, It i s

possible for a hurri cane to stall and dump unprecedented amounts of

rainfall at any location. The sf ower a hurricane moves, the more rain-

fall it can produce. Maximum rai nfal 1 can be estimated roughly by divid-

ing 100 by the forward movement speed to i ndicate inches of rainfall.

3. Wind condition estimates are based on the incidental wind speeds

E-3



used to generate storm surge. The goal of SLOSH  Sea, Lake and Overland

Surges from Hurricanes! was to predict surge. Wfndffelds had to be

generated to do thfs. Although surge conditions have been checked with

historic hurricanes, there has been no valid way to double check

estimated wind speed arrival times with historic hurricanes.

4. No attention has been given to the advantage of evacuating dur-

ing daylight hours.

Program Internal Cal cul ati ons

Pro ram internal calculations should be understood if the user is

to have confidence in the program. The following steps are involved in

these calculations:

1. The di stance the eye of the hurricane is from the point of 1 and-

fal 1 is divided by the forward movement speed to arri ve at the anti ci-

pated time of landfall.

2. The evacuation route cut-off times before the anti ci pated time

of landfal'1 are calculated for differing storm surge  low tide, NSL and

hfgh tide! conditions and wind  car tippi ng and truck ti pping gusting!

conditions. Because vehicles need to be evacuated before evacuation

routes are blocked, this amount is subtracted from the anticipated time

of landfall. The result f s the time remaini ng for evacuati on. Note that

in these calculations, ff any evacuation route is to be blocked after

the time of landfall, that amount is not added si nce it would be unwi se

to plan an evacuation that could not be completed before the ti me of

landfall. Also, wi nd conditions were considered as not only blocking key

evacuation routes, but also vehicular movement withi n a zone if there

were no major evacuation routes controlli ng a zone.
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Planning for Aransas, Kenedy, Kleber , Nueces, Refu io, and San Patricio

Counties!.

~Sur e Ming

Aransas

A1 15,16,18,19, 15,16,18,20,
20,21,22,32 19,21,23

A2 22,23,26

A3

Kenedy

KA

K1

K2

Kl eberg

KLA

KL1

KL2

3. The evacuation time for each zone or subzone  surge penetration

areas of evacuation zones! under varying conditions  for hurr icanes with

wind speeds up to 130 mph and for hurricanes with winds over 130 mph! is

subtracted from the time remaining for evacuation. This gives the time

remaining to complete evacuation before the evacuation routes are

blocked. Three hours are added to this time because there is a time de-

1ay between when the deci sion to evacuate is reached and when the public

has a chance to receive the information and begin evacuating.

The data poi nt locations along wi th the zones they govern are

1i sted below   for details of cut-off times, see Hurricane Relocation



~Sur e Wind

Nueces

NA

13 30, 48

N2

5,6,8,11 5,6,8,11

Refugio

RA

Rl 21,25 21,25

R2 22,23,26

San Patricio

SPA 27

SPI 17,3217, 32
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Program Operator

The program hardware consists of a CRT terminal, floppy di sk dri ves

and the CPU  Central Processing Unit!. A line printer can be used as

needed i f hard copies are desired; otherwi se, screen output i s avai l-

able. The program software can be used on the operating system called

CP/M, which stands for Control Program for Microprocessors  CP/M is the

regi stered trademark of Digital Research!. Also, the screen contro l

characters for the specifir. system are needed so the screen input and

output are in the correct place on the screen.

The ESTEDCC Program is stored on an eight-inch single-sided, single

density, standard CPM format diskette. This diskette must be stored in a

cool, dry, dust-free location. lt should never be bent, and the plastic



surface should not be touched. It also is important that the diskette be

stored in a static-free and magnetic-free location to prevent partial or

total erasure of the program.

Since the program is subject to revision and updating depending on

popu1 ation growth and additional evacuation route availability, caution

should be exercised to ensure you have the most recent versi on of the

program.

Before thi s di skette can be used, CP/N must first be loaded i nto

the computer. This is usually done by placing the CP/W diskette into the

di sk dri ve labeled "A"; the reset button i s depressed either before or

after thi s. This sequence may vary from one system to another; refer to

the user's guide for this i nfor mation. After this has been done, a

prompt  usually "A>"! will appear on the CRT, signalling that the com-

puter i s ready with CP/H loaded. This prompt indicates that disk drive

"A" is the primary drive. Now the program di skette should be placed into

the di sk drive labeled "B." The diskette label shouid be up for hori zan-

tal dri ves or to the left for vertical drives. Next, type "8:" and de-

press the return, enter, or new line key. Now another prompt  usually

"B>"! wi ll appear on the CRT screen, signalling that the second dri ve is

ready and is now the primary drive.

To run the program, simply type "ESTEDCC" on the CRT keyboard and

depress the return, enter, or new line key. You then enter the values as

requested . The program wi 11 automatically pri nt the output on the line

printer  if one is available!. To end the program, type an "!" at any

input time. This will present a menu on the CRT. A choi ce on the menu

includes ending the program. Without thi s step, the program wi 11 con-

tinue to run again and again.
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Additional information regarding the availability of the program

can be obtained by contacting the Texas Agricultural Extension Service

of the Texas AN University System. Inquiries should be addressed to:

Computer Services Unit--TAEN

USDA Building, Room 133

Texas AN University

College Station, TÃ 77843

Phone. �09! 845-3929

A sample printout of this program follows.



A l nCOT I !hl . MTLES LEFT OF PORT ARANSAS
EVACUA1 10hl I I MES FOR ZONES

DATE QF RUN 6/2/83
T I ME OF RUhl 15: OP

F ULLET IN DATE: 6/2/83
BULLETIN TIME: ]5: 0 r

! <UF R I 0!-!NE MUVEMFNT SPEED I N MPH:
HURRICANE wT NDSPEED IN MPH:
I! I RED 1 I Otl  JF MOVEMEhlT T OWARD

F 0 I hl I ..f MILES LEF T QF PORT ARANSAS IN DEGREES.'
NUMINE.f '  rl- WILES FROM LANDFALL

FOR A LGCAT IOhl 25 MILES LEFT OF PORT ARANSAS:

10
] ?II

45 .!

ANT TC IF'AT ED
T I ME 1;tF
LANDFALL LOW T I DE

Zht DAY t-lF : MN DAY HR: MN

MEAN SE A
LEVEL

DAY tTR: MN

J3 15: 00
J3 21 30

N C
N C

J3 16: 30
J3 16: -»0

hl C
N C

I. 1 ~ >0
24: 00
C

C 19: 00
19: I.I!!
C
C

J
J»

N
N

J3
J»

N
N

J3

J3
J'3
J3
J3
J4
J4

J:
hl
hl

J:,
J ';

N hl

1*: 00
30

C
C
17»0
17:
C
C

14 30 J3
21: 00 J3
16: 00 J3
22: 30 J3
15: 00 J»
15: OO J3

5:24 J4
5:24 J4

". IJ 'I
1: Iil'!
12. 'll!
1 ' f! I

: fr' I
'' l!I I

1:  l j
1,: f,! ,I

11: 0

: 3 r
I 9  'IO
11.:30
I 1,30

~ c' 4

2: 54

11
18: 00
1 ! ~
19: 00
11: 30
11: 30

2: 54
"54

J3
J3

J3
J
J3
J4
J4

J4
J4
J4
J4
J4
J4
J4
J4

J3 16: Or
J3 16: 30

N C
ht C

15: 00 J3
J3 15 00 J
J4 4: 18 J4
J4 4 24 J4

J.» I 7.:0
J3 11: 3!.!

N C
N C

11. »0!
11: »0

2 18
2:24

J =.
J

19
hl

J~

J3
J4
J4

11. 0
11: >0

18
~ ~

I I I
I': OO

t.!f.i
': fl i

] 9�00
19: 0 I
C,
C

J3
J4
J f

J3
J3
J3

J3
J4
J3
J
J3
J 3

J4
J»
J ',
J..j
.T

J3
J3
JW

J>
JW
J»

' . ll !
1 -   II-I
1 'It!

': I I !
'. I!f I

i!fl

13; 00
2: 30

15: 00
15: 00
14: 30
14: 30

10: 00
2.»: 30
11:30

0
11: »0
1 1 .; .I

J3
J.»
J3
J V
J»
J»

]V:00
2»: 30
]1:30
11:30
11: 3 r
11: »0

IS: 0
8;  .! .!

19: � !
1 9 ,  .! .I
191.00
I 9 t.l .l

J3
J4

J V
J3
J?

]6. 30
6:00

16.30
1*: 30
161 30
16: 30

17. »0
1: OO

17. �
11:. 0
17: »0
11: »0

J4 5: 3�
J4 5:54

N C
N C

J4 1:30
J4 1:54

N C
N C

J3
JW
J3
J3

J4 7:»0
,T4 7: 54

N C
N C

J4
J4
J4
J4

2:30 J3
2:54 J3
2:30 J3
2 30 J»

23: 00
?? ~,�

23: 00
231 00

 .I  .!
I~ '?4

23: 00
23: Vv

1 ':'!'I
f !f !

' OO
  Il 'I

J3 18: 30 J3
J4 1 24 J»

15: »0
22 4

J 15:30
22: 24

1.: f!u
 .Ii.!

2»: 30
6: 24

I.! 3 .!
7:' 4

J.»
J4

J3 23. 'OO
J4 5:54

  HF. T I MES I I VEN FOR EACH ZONE ARE FOR EVACUATION OF THE ENTIRE ZONE 5 THE
F QLi.UW I Nb A ZOhlE ARE T I MES FOR OhlLY EVACUAT IOhl OF THE POSS I BLE STORM SLIRGE
F'LNE ThA1 IGhl AREAS OF THAT ZOhlE I ONLY USED FOR WINDSPEEDS UNDER 130 ept! ! .

IF IT IS 1 OO LATE TO EVACUATE A ZONE, THEht A ' T L' IS PLACFD IN THAT LOCATION.
IF A VAL 1!F TS htOT CALCULATED, THEN AN ' N C' IS PLACED IN THAT LOCATION.
IF A VALtlE IS CALCULATED BUT htQT SIGNIFICANT, THEhl A ' ~ . ' IS PLACED IN

TWAT I I]CAT I ITN.
'rt I t.tFs F' oR 1'ohlT Ihl 'EhlcY ZOhlEs ARE hloT CONsIDERED S IGNI F I CANT UNT IL wIhlD sPEEDs

E.XCEE D 1 I ' mph.
THE 1 '  INTTFF  ZONES STANDS FOR VLEBERG COUNTY.
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Al

A
+k

»f

1 A
L] J4
+» J4
1.2 J4

,14
LA
hit J4

Jg
N'' J4

J4
N3 J4
»»,T4
NA
R] J4
+» J4
R,T4

J4
h4
Sl J4

,14

EARLIEST
L I STEO

AUTOMOBILE TRUCt  EVACUAT1ON
HIGH T IDE ]!IIND SPEED WIhlD SPEED T IME
DAY HR:MN DAY HR:MN DAY HR:MN DAY HR:MN



A LQCAT IDN 7 j MILES LEFT DF' PORT ARANSAS
EVAL UA T ION T I MES FOR ZONES DATE DF RUN: 6/2/83

TIME OF RUN: 15: vo
BULLETIN DATE: */2/83
BULLETIN TIME: 15: vo

HU !R ICAhlE MOVEMENT SPEED IN MPH:
HtlkR I CANE WINDSPEED IN MPH:
D IREC T I tiN OF MOVEMENT TOWARD

PD I hl T 7 . MILES L EF T QF PORT ARAhlSAS I hl DEGREES:NUMBER DF MILES FROM LANDFALL
F OR A I QCA1 I Dhl 7 .> MILES LEFT OF PORT ARANSAS:

to
0

435

EARL I EST
L I STED

AUTDMDE II. E TRtl  I EVACUATIQhl
W I ND SPEED W IhfD SPEED T I ME
DAY HR.Mh! DAY HRIMN DAY HR:Mhl

Ahl! I C IF'ATED

1 IME UF MEAhl SEA
I Ah DFALL LQW TIDE LEVEL

ZN DAY HR:Mhl DAY HR:MN DAY HR:MhtHIGH TIDE
DAY HR: MN

J.' 19: vo
J4 1: 0

N C
N

At
+ >r
4

I 1

I A
Lt J4
if-v J 4
L J4 1�:

J4
LA
ht I

!

N !

hlA
Rl J4 tv:

J4 I >:
J4

RA
Sl J4

J4 I r>:
SA

J w
J3

hl
N

J3
J3

hl
N

J4 1rj:
J4 10:
J4 10:
J4 10:
14 10.

J4 lr>:
J4 1 j:
J4 10:

16: 30
3.' vo

C

C 20: Oo
2  >, rj j
C
C

1:30
2 j   > j
16: 30
23:  jr.>
12: 30
I:3v

0:54
r.l: 54

J3
N
N

J3
J3

hf
N

14: 30
21: 00
C

C 17: 3v
17: 3!ij
C
C

18: Or,>
J4 0:30

1:: 30
0  I j

16: -.0
O j

12: 30
I ! WO

0: 54
 .!: 54

J 3
J=
J3

J J3
J:
J4
J4

J3
J ..!
J.
J.
J-
J.
J4
J4

3 >

P

,I !
J4
J4

0
16: v
16: 30

2: 54
: 54

3  >
30 N C

0 N C

: 3 j
I: 30

': IEI

J3
JJ
J4
J4

1: 30
1 -:3o
3: le

34

J3 17: 3 i
J3 17: 3 j

hl C
N C

J3
JW
J4
J4

J
J.
J4
J4

16: 3C>
16: 30
5: Ie
5: 24

! !
=.0
.!i> N
3v N

2O:  jrj
J" 20 00

N C
N C

.0 J.
30
�

30
o

30

1 t: OQ
0' 3 �>

12: 30

12: O
I:". 3v

J3
J4

J
J
J3

J.!
J4
J
J '
J
J:.

J3
J4
J3
JW
J
J

11:OO
O: 30

12: 30
12: 30
1~ =v
1

J3
J4
J3
J
J:
J3

15: OO

16: 30
16: 30
16: 00
16: 00

17: 3v
7: OQ

J t
J4
J3
J3
J3
J3

17: Or>
6:30

20:Qo
2 .l I OO
20: OO
2 j: Orj

14:Oo
30

17: 30
17 '�
t7:30
17: 30

1 ,  .I r >
1:24

:00
': vo

J4 1:OO
J4 1:24

N C
N C

J4 6: .-!r.'!
J4 6:54

J4
J4
J4
J4

J4 7:00
J4 7:24

tE! C
N C

J4 t:30
J4 I:54
J4 3.  jrj
J4 3.'Ov

'! r.!
3 >
3 j
-� N

J3 17: 30
J4 r.'>: -4

J3 22: OO
J4 4:54

J 17:30
J4  j

;0
30

THE I IMES G I VEN F QR EACH ZDh E ARF FOR EVACUAT I DN OF THE EhlT I RE ZONE f r THEI QL LOW IhlG A ZONE ARE T IMES FDR ONLY EVACUATIOhf QF THE POSSIBLE STDRM SURGEF'ENET RAT I Oh! AREAS DF THAT ZDhtE I QNl Y USED FQR W IhlDSPEEDS UNDER 130 rf>ph! .IF I I IS TOO LATE TO EVACUATE A ZDNE, THEN A 'T L" IS PLACED 1N THAT LOCATIONIF A VALUE I S hlQT CALCULATED, THEhf AN ' N C' IS PLACED IN THAT LDCAT ION.VALUE I S CALCULATED BUT h!DT S I GN IF I CANT > THEN A ' .. ' IS PLACED IhfTHA I LOCATION.

VAL UE i F jR CIJNTINGENCY ZONES ARE hlQT CQhlSIDERED SIGNIFICANT UNTIL WIND SPEEDSEÃLEED I 'v i>!ph.
THE 'L !JNDER ZONES STANDS FOR I- LEBERG



[  tI.AT I llN « M I L Es R I GHT QF I oRT 4R4Nsas
FVArll ll FON TIMES FOR ZONES

D4TE OF RUN: 6/2/83
TIME OF RUN' 15100

BULLETIN DATE; 6/2/B3
BULLETIN TIME: 15:00

HURF ICANF MOVEMENT SPEED IN MPH:
<tUl t; Il  aNt- W I Nt!St< EED IN MF'H:
QI REF, T l r!N OF MOVEMENT TOWARD

F U f hl 'I 3<.< M ILES R I GHT OF PORT 4RANSAS IN DEGREES ..
NUMF<EF' l!F MILES FROM LANDFALL

F I JR 4 LOCATION 30 MILES R I GHT QF PORT ARANSAS:

10
120

320

ANF IL Ir>A rEI!
T I MF UF
LAI'tf!FA!. l. LOW T IDE

Ihl l!A Y HR: MN DAY HR: MN

J3 17: 30
J3 24: OO

k C
N C J3

J3

14: 30
21: 00
14: 00
20: 3O
16: 30
16: 30

11
11
11
1 <
1 1
l 1
11
11

11: 30 J3
1 s: 00

J3 11. 00 J3
17: 30 J3

J3 13: 00 J3
J3 13 00 J3

11: >0
1B: 00
11:OO
17'30
13: OO
13: OO

N C
N C

N C
N C

N C
N C

N C
hi C

hl C
hf C

.J J
3  .<

16: 30
16. 30

J3 13: OO
J3 13: OO J3
J4 5: IB J4
J4 5: 24 J4

11:
1 1:
11:

';  <
WO I:-: OQ

13: 00
5: 18
5124

N C
N C

N C
N C

hl C
N C

J3
J4
J3
J3
J3
J3

14. 30
4:00

16: 30
16: 30
15: 30
15' 30

J3
J4
J3
J3
J3
J&

11: >0 J3
1:00 J4

13'. 00 J3
13: 00 J3
12: 00 J3
12: 00 J3

11:
11:
11:
11:

11:30
1: OO

I =: OO
1::00
I 2; 00
t2. OO

; !
30

<J
3  
3<!
3 !

J4
J4
J4
J4

2- 30
2:54
0: 30
0:30

J'T
J t
J3
J3

23: 30 J3
23:54 J
21: 3   J3
'7 1 zQ J 'T.

11:
11:
l 1:

2>: 30
2::54

1:30
.. I: 30

- 0
> .<
i I.<

N C
N C

N C
N C

N C
N C

J4
J3 16 00 J>
J3 22: 54 J3

11: 30
1 1:: <

19: OO
1:54

t 61 0<'.<
7w 54

FHF I INES GIVEN FOR EACH LONE ARE FOR EVACUATION OF THE EhlTIRE ZONE tt< THE
FOLL !W IN  A 2 ONE ARE TIMES FOR QhfLY EVACUATION OF THE POSSI BLE STORM SURGE
PENE FRAT ION AREAS OF THAT ZQhlE  ONLY USED FOR WINDSPEEDS UNDER 130 < <phf .

IF IT IS TQO LATE TO EVACUATE 4 ZOt<tE, THEN A ' T L' ?S PLACED IN THAT LOCATION.
IF A vALUE I<~ NOT cALCULATED, THEN AN 'N C' IS PLacED IN THAT LQCaTIQN.
IF A VALUF IS caLCULATED BUT NOT SIGNIFICANT, THEN a '..' IS PLACED IN

THAT I.  SCAT I ON.

''At llFS Fl" R f,ONTINGEhtCY ZONES ARE NQT CONSIDERED SIGNIFICANT UNTIL WIND SPEEDS
EXCEEI! 1 .O mph.

FHE L ' llNDFR 'lONES STANDS FOR KLEBERG COUNTY.

Al J4
J4
J4

s» J4
J4
J4
J4
J4

<.A
J4
J4

L2 J4
ea J4
l a
h!1 J4

J4
hl2 J4

J4
N3 J4

J4
NA
Rl J4

,l4
R �

J4

.'~1 J4
a  <,F4
GA

EARL IEST
L I STED

MEAN SEA AUTOMOB ILE TRUCK EVACUAT I Qhf
LEVEL HI GH T I f!E WIND SPEED W IND SPEED T I ME

DAY HR: MN DAY HR:MN DAY HR:Mhf DAY HR:MNl DAY HR:MN
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