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INTRODUCTION

The Governor's Division of Emergency Management has been active in
preparing coastal areas for the impact of hurricanes. The Gulf Coast is
divided into five areas: Brownsville, Corpus Christi, Matagorda,
Houston-Galveston, and Beaumont-Port Arthur-Orange. To date, a reloca-
tion/evacuation study has been completed for the Houston-Galveston area:
the present Corpus Christi area study is the second completed, The Divi-
ston 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 available by the State of Texas
through the Governor's Division of Emergency Management,

Brochures based on this study are available through the Governor's
Division 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 £), 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 Committee

Robert Lansford, State Coordinator

Governor's Division of Emergency Management
Texas Department of Public Safety

I-1



Robert Halverson, Assistant Coordinator (Operations)
Governor's Division of Emergency Management
Texas Department of Pyublic Safety

Larry Mooney
National Weather Service
Southern Regional Headquarters

Regional Advisory Committee

Rupert Gamble, Region 3 Liaison Officer
Governor's Division of Emergency Management
Texas Department of Public Safety

Bi1l Hare, Meteorolopgist in Charge
National Weather Service
Corpus Christi Area

Jim Tait, Manager
American Red Cross
Coastal Bend Chapter

Captain Charles Gunn
Region 3
Texas Department of Public Safety

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

Municipal and County Advisory Committee
Arthur L. Roberts

American Red Cross

Corpus Christi, Texas

Richard Bullock, Director of Planning
Coastal Bend Council of Governments

Max Hancock, Chief Ranger
Padre Island National Seashore

Michael Gunning, Senior Transportation Planner

Ptanning Department
City of Corpus Christi

Mike £11is, Executive Djrector
Disaster Resources Services
Corpus Christi, Texas

Bill Curtis, Assistant Coordinator
Nueces County Emergency Management

I-2



Penrod W. Harris, Coordinator
Corpus Christi Emergency Management

Bill Hennings, Assistant City Manager
Corpus Christi, Texas

Corina Olivarez, 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

Rector L. Lopez, Coordinator
Kingsville-Kleberg County Emergency Management

Homer E. McCullough, Coordinator
San Patricio County Emergency Management

Harold White, Coordinator
Portland Emergency Management

The study area consisted 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 wind speed ranges (see Appendix A).

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

hurricanes:

WIND SPEED (MPH) TYPE HURRICANE.

/4. 95 A
Y6-110 R
111-130 C
131 and over b

1.3



Table 1-11 iltustrates a chronology of hurricanes during the 20th
Century in the six coastal counties within the study area., The frequency
of hurricane landfall has been erratic. There were Six hurricanes in the

ten-year period batween 1909 and 1919, but only six during the next
40-year period (1920-1960}. In the next ten-year period (1961-1971),
there were four hurricanes, while there was only one during the next
decade {1972-1982).

This study is primarily designed to provide data for decision
making regarding when evacuations need to be recommended. The
information also can be used to update county and municipal plans,
however, and as a guide for the district disaster committees. The
American Red Cross can also use it to determine shelter needs for
particular areas. Table I-2 indicates these and other relationships.

The data to assist in decision making consist of the following key

items:

Pgssible surge penetration for hurricanes of varying 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 wind intensity. This will be
given in hours plus or minus anticipated time of storm cen-
ter landfall (see Appendix B).

Hurricane-prone areas that probably should evacuate for most
storms. These areas are shown as low-lying areas subject to
surge penetration and are the most vulnerable parts of the

evacuation zones (see fold-out zone map bound as last page).

?ggas subject to evacuation in moderate hurricanes (winds
mph or Tess). These areas are divided into evacuation
z0nes by county (see zone map).

Ihe.ngmbeq of hours it would take to evacuate all persons
€51ding in these areas {see z0ne 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.

Endnotes:

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

Three primary methodetogies are used in this study. The first dis-
cussion is on the SLOSH model and how it operates to produce simulated
hurricane wind speeds and storm surge (Part A). Part B details the sur-
vey used to develop estimates of persons and vehicles leaving certain
araas for particular destinations, 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 (Jatitude and longitude),

storm intensity in millibars {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 72

hours! that provide information on location, intensity and

size. Implicit in the storm track is the storm location for

landtall and the speed and direction of storm movement.

Initial water heights for Corpus Christi Bay and the Guif of

1-1



Mexico. These levels are relative to mean sea level. An ini-

tial height of 1.5 feet above mean sea level was used for

the simulated hurricane runs,

Based on this input, the SLOSH model numerically solves certain
equations of motion to compute surge.3 This surge is calculated on a
computational polar grid {see Figure 1-1).4 Strategic 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 (59 x 70) grid squares or data points. The ini-
tial size of the grid square is 0.6 mile in the more critical 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. Fach grid peint
can be identified by coordinate numbers,

Using X and Y coordinates, 60 grid squares or data points were
identified as critical areas requiring more detailed data. These grid
points are listed in Table 1-1.4

Based on the input data, SLOSH produces the following output:

A forward projection in time of the surge envelope® (pene-

tration and height) at the time of landfall.

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

For each of the 60 selected data points, SLOSH projects the
surge height, wind speed and wind direction in ten-minute
intervals for about 18 or more hours (depending on movement
speed) before landfall and 12 hours after landfall.
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
Tevels, That is, if surge is predicted to be 10 feet in a
certain 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 U,S. Geological
Survey, The land elevations determined by the 1.S. Geologi-
cal Survey are based on 1972 field-edited data. Addition-
ally, critical areas were field surveyed by Nationa) Hurri-
cane Center personnel in 1982,

The forecast water height for each grid point represents an
average condition over a grid square, Water depths above
ground level for specific 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 storm;
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 winds were translated into
gusting by multiplying them by 1.69 and, for areas inland,

by 1.3.

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

are displayed in Figure 1-2,
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TABLE 1-1]
SLOSH DATA POINTS

Point Code ] .

Number Name Y, X Elevation Location
-‘TE_“;‘?-"SARMSTRO 39,2 77 South of Anns.ﬂt'r';;lg (off grid) B
hZ_AE ??N_SARITA 19,3 77 North of Sarita (off grid)

Ju 7OPETRCKBR 2,26 ) 70 and Pet:‘om"!d Creek Bridge
:IE 2440S0CK 11,40 17 244 and 0sc Creek
—.—5‘."6“ —_—“P_S_I;B.RAI;ZIZDD 24,42 P 22 to JFK Causeway S
(P 53 Bridge hetween Padre and Mustang)
qﬂﬁ HE L*“JﬂFKCAUSEw B 21,43 5 John F. Kennedy _Eérjseway o
7 E- 358050BABR 17,44 14 358 and Oso Bay Bridge
12 (at Exit)
BE PS3MUSTAN 25,45 7 P 53 South Mustang B
% E OCDRNALAIR 20,46 17 Ocean Drive by Naval Air Station
10 E OCDROSOBRR 17,47 20 Ocean Drive and 0so Bay Bridge o
3 (at Gulfside approach)

Elﬁl—EMH-G‘P;BMIDMUS 28.49 6 Gulfside of P 53 at Mid Estang Island
”le“Em--“B*FSEIMIDMUS 27,50 6 Bayside of P 53 at Mid Must;}i_g Is]andm_
__1_3__[-_““3_5(:0ENTCA 13,55 4 35 at Corpus Entrance to Causeway
.-*iq4ﬂE‘M_3_SPORENTCA 16,57 6 35 at Portland Entrance to Causeway o
HI;E __B_S‘ARANPASS 28,5_? 3 35 at Aransas Pass o
6L 1069M035 30,58 6 1069 and 35 -

17 §SIJEST1E)-69 25,59 10 35 West of 1069 .
—1;3-}_“.“3_SEOEKPORT 33,60 6 35 at Rockport
“1ﬂ9_vE__M SéIPORTBAY 28,82 8 “8;31 at Port Bay
_;OMEH—- a%BREOP_F:BR 35,6‘3 14 35 Bridge on Capano Bay

4 {Fulton Beach Road)
-—2_‘I_E 136COPANBA 28,66 3 d 136 at Copanc Bay
_;2-?_“ 35CAVASCK 39,66 8 35 at Cavasso Creek
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TABLE 1:1 (continued)

SLOSH DATA POINTS

Code

Point
Humber Name ¥, X Elevation Location
23 E 2040NBOURD 45,66 9 2040 and North Boundary Road
24 E 1855EEbRIF 47,67 11 185 at Seadrift
“25 E 2678MULBIO 31,68 11 2678 and Mullen Bayou
26 E 774AUSTWEL 45,68 21 774 at Austwell
27 E 37AND77 2,69 14 37 and 77 (off grid)
28 W 43AND286 7,44 43 and 286 by Cabaniss Airport
29 W MIDCORPUS 11,49 Middle of Corpus
30 W 44CCINTAIR 2,53 44 at Corpus Christi International Airport
AT SANFECKNAS 3,2 San Fernando {reek South of Kingsville Naval
Air Station
32 E 361SARAPAS 26,56 5 361 South of Aransas Pass
337 LAGUMADRE] 48,8 Laguna Madre {ne
384T LAGUMADREZ 37,8 Laguna Madre Two
357 LAGUMADRE3 28,16 Laguna Madre Three
67 LAGUMADRES 20,30 Laguna Madre Four
37T LAGUMADRES 19,40 Laguna Madre Five
387 PADREISLAT 48,11 Padre Island One
397 PADREISLAZ 39,13 Padre Island Two
40T PADREISLAZ 34,16 Padre Island Three
0T PADREISLA4 29,20 Padre Island Four
42 T PADREISLAS 25,27 Padre Island Five
437 PADREISLAE 24,35 Padre Island Six
44 7 éﬁﬁbUSBAY1 12,53 Corpus Christi Bay One
451 CORPUSBAYZ 21,55 Corpus Christi Bay Two
46 T CORPSHIPCH 31,53 Aransas Pass Channel
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TABLE 1:1 (continucd)

SLOSH DATA POINTS

Point Code
Number Name Y, X ETevation Location

47 1 NUECESBAY1 10,57 Nueces Bay One

48 W J7WIND 2,58 37 West of Corpus

43 T STJOSEPH] 34,56 St. Joseph One o
50 T STJOSEPH2 39,59 S5t. Joseph Two

T SMATAGORDA 45,61 South Matagorda

gé P i TODELOSFRE 8,5 100 East of Los Fresnos i
gé p -abRSEISLAN 54,8 Horse Island at Mouth of Colorado
“ég p 'YOONPTISAB 58,8 100 West of Port Isabel
Ei;};m““;;;BEkISBA 58,10 South Padre Island (Barrier)

56 5_"‘ MATBAYCHAN 54,63 Matagorda Bay Channel

5?-; MIDMATISBA 58,63 Mid Matagorda Island {Barrier)

58 p 185TOPTOCO 53,64 185 to Port Q'Connor

59 p J5PALACIOS 58,66 Before 35 to Palacios
*EB.P PTLAVCAUSE 53,70 Port Lavaca Causeway

]The elevation is of the specific location in the grid square.

£ = Grid points identified as usefui for determining Evacuation route cutoff times

w =
|

15 available

—
]

Primarily for Tidal surge

Grid points identified as useful for determining Wind speeds
= Grid points normally not usable, but could have Potential use if nothing better
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SIMULATED SLOSH HURRICANES (239),

TABLE

1-2

BY MILES RIGHT OR LEFT OF PORT ARANSAS

— — sC.I-J

& g5 5 " =

=] [1h ] w [7,) (=l 3

g 2F 7 g 2 £ =

1 W = U e — [T

« o8 sg 29 - = v 5 2
o j ns - TN e o E ] + n
2 25 £& 583 - 2 3 < =%
= @V o1} D Y= - ——— N o— o

— > - | e T o U e e
& L= S L8 & = s= 3%
30 Right 10 2703 1,2,3,4,5 20,20,20,20,10  30,40,60,80,100 { 5)
20 Right 10 270 1,2,3,4,5 20,20,20,20,10  30,40,60,80,100 {10)
10 Right 10 270 1,2,3,4,5 20,20,20,20,10  30,40,60,80,100 (15)
Eg.ﬁrgn. : ig % S;go 1,2,3,4,5 20,20,20,20,1¢  30,40,60,80,100 Ezo}
eft ,10, 1 20 30 23
10 teft  5,10,20 270° 2 20 40 (26%
10 Left  5,10,20 270° 3 20 60 (29
10 Left  5,10,20 270° & 20 80 (32
10 Left  5,10,20 270° 5 10 100 (35)
20 Lteft  5,10,20 270° 1 20 30 (38)
20 Left  5,10,20 270° 2 20 40 (41)
20 Left  5,10,20 270° 3 20 60 (44)
20 Left  5,10,20 270° & 20 80 (47}
20 Left  5,10,20 270° & 10 100 (50)
30 Left  5,10,20 270° 1 20 30 (53)
30 Left  5,10,20 270° 2 20 40 {56)
30 Left  5,10,20 270° 3 20 60 {59)
30 Left  5,10,20 270° & 20 80 (62)
30 Left 5,10,20 2703 5 10 100 (65)
40 teft 10 270, 1,2,3,4,5  20,20,20,20,10  30,40,60,80,100 (70)
50 Left 10 270, 1,2,3,4,5  20,20,20,20,10 30,40,60,80,100 (75)
60 Left 10 270, 1,2,3,4,5  20,20,20,20,10 30,40,60,80,100 (80)
;8 keft . 10 270, 1,2,3,8,5 20,20,20,20,10  30,40,60,80,100 EBS;
ignt ,10,20  300° 1 20 30 88
30 Right 5,10,20 300° 2 20 40 (91)
30 Right 5,10,20 300° 3 20 60 (94)
30 Right §5,10,20 300° 4 20 80 (97)
30 Right 5,10,20 300° & 10 100 (100
20 Right 10 3003 1,2,3,4,5  20,20,20,20,10  30,40,60,80,100 (105
10 Right 10 300, 1.2,3,4,5 20,20,20,20,10 30,40,60,80,100 (110
Pt. Aran, 10 300° 1,2,3,4,5 20,20,20,20,10 30,40,60,80.100 (115
(continued)
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TABLE 1-7:

SIMULATED SLOSH HURRICANES (239),
BY MILES RIGHT QR LEfT OF PORT ARANSAS {continued}

— |-
" w'C c &
£ i3 o : 2 g
[ @ I — [T =) o -
W e 2 = = =S W
« -8 5¢ 35 = v 5 z
o [y w— h [ S o E } Sa +—
- £g & 8fs - 2 2 =S
= =2 2 8%% 5% g =
o (o - —— - R S L= —E =
[l p- g [ Y ) e LY o = [ TE— o O

10 Left  5,10,20 300° 1 20 30 (118)

10 Left  5,10,20 300° 2 20 40 (121)

10 Left  5,10,20 300° 3 20 60 (124)

10 Left  5,10,20 300° 4 20 80 (127)

10 Left  5,10,20 300° 5 10 100 (130)

20 Left  5,10,20 300° 1 20 30 (133)

20 Left  5,10,20 300° 2 20 40 (136)

20 Left  5,10,20 300° 3 20 60 (139)

20 Left  5,10,20 3003 4 20 80 (142)

20 Left  5,10,20 300° 5 10 100 (145)

30 Left  5,10,20 300° 1 20 30 (148)

30 Left 5,10,20 300° 2 20 40 (151)

30 Left  5,10,20 300° 3 20 60 (154)

30 Left  5,10,20 30¢° 4 20 80 (157)

30 Left  5,10,20 300° 5 10 100 (160}

40 Left 10 3003 1.2,3,4,5 20,20,20,20,10 30,40.60,80,100 {165)

50 Left 10 3000 1,2,3,4,5 20,20,20,20,10  30,40,60,80,100 (170)

?g tegi . %g , 3330 1,2,3,4,5 20,20,20,20,10 30,40,60,80,100 {175)

e ,10,20 1 20 30 178

70 Left  5,10,20 300° 2 20 40 E181§

70 Left  5,10,20 300° 3 20 60 (184)

70 Left  5,10,20 300° 4 20 80 (187)

70 Left  5,10,20 300° 5 10 100 {190}

20 Right 5,10.20 345° 1 20 30 {193)

20 Right 5,10,20 385° 2 20 40 (196)

20 Right 5,10,20 345° 3 20 60 (199)

Pt.Aran. 5,10,20 345° 1 20 30 (202)

Pt.Aran. 5,10,20 3450 2 20 40 (205)

Pt.Aran. 5,10,20 345° 3 20 60 (208)

20 Left  5,10,20 345° 1 20 30 {211)

20 Left  5,10,20 345° 2 20 40 (214)

20 Left  5,10,20 345° 3 20 60 (217)

50 Left  5,10,20 385° 1 20 30 (220)

50 Left  5,10,20 345° 2 20 40 (223)

50 Left  5,10,20 3453 3 20 60 {226)

150 Left 5,10,20 345 1 20 30 {229)

150 Left  5,10,20 3453 2 20 40 (232)

150 Left  5,10,20 3450 3 20 60 (235)

Pt. Aran 10 235) 1,2 20,20 30,40 (237)

40 Left 10 235° 1,2 20,20 30,40 (239)
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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-
gphone survey that used a minimum number of questions to obtain the
necessary information, The questionnaire was pretested for ctarity. The
sampie was selected through the services of Metromail.’ 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 family units with
telephones in more vulnerable areas. From these family units (selected
using Metromail data}, 2,314 names were chosen. This constituted a sam-
ple of approximately one out of every 26 families or 3.8 percent of the
family units in this critical area.B Metromail was able to select
approximately every 26th name in this 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
21,222 family units in this area., The sample, therefore, consisted of
about one in 42, or 2.4 percent.? An additional 160 names were randomly
chosen from telephone directories in order to improve the response
totals in certain critical areas.l0

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

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

Questionnaires were sorted into their respective zip code areas.

response totals for any given areas were less than 20, the responses
contiguous zip code areas were averaged with those of the given area
obtain an estimate. It was assumed that the values obtained for each
code were representative of individual census tracts within each zip
code area.l2

A computer program was written to evaluate the survey data. The
following estimates for each census tract within the study area were
termined:

Percent of total households evacuating,

Percent of total households {of those not evacuating) stay-
ing in a local shelter,

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-
rection (see Figure 1-5 for direction of evacuation).

If
for
ta

Zip

de-

The total 1980 population and occupied household census counts pro-

Jected to 1985 were then applied to the survey results to obtain the
following estimates by census tract:l3
Number of households evacuating,

Number of vehicles from evacuating households by direction
of evacuation (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, Zone Delineations for a detailed

discussion of evacuation and contingency zones).
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h

ATLempts Made:
Merning
Afternoon

Evening or
Weekend

EVACUATION SURVEY

Is this (telephone number)? If a child answers,

;] L * *

This is (name of person calling) from {organization or institution).

ask for a parent.
* * *

We are

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 county) county. Would you be willing to answer a few

questions?

tav hest call,

* L * *

LS "yes" proceed; if "o thamk the

m for their time and proceed tc

* * *

If the local authorities recommend that you evacuate, would you Teave?

If "yes" ask

If "mo" qek

To what area would YOou evacuate?

What would you do?

Would you plan tg stay:
__. with friends
_.. in a motel, or
— 1n a shelter if available

What form of transportation would you use?

(15 by owm oohd ele sk Would you be tak‘ing

more than one vehicle? Yes  No )

Conclude call and thank them for their time.
FIGURE 1-3:
I-14

EVACUATION SURVEY




DIRECTIONS

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 morning, 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 kncw that each non-contacted number was tried
three different times.

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.

The names on the guestionnaires 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),

Try not to influence the answers people give. We are not interested
in convincing them about what is right or wrong (at this point),

but merely trying to discover what they think. Otherwise the survey
will be invalid.

What you are to ask on the phone is in normal type; directions
are in italics.

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 socmeone fluent in Spanish.

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

. _The label on the questionnaire on front is coded as follows:

Name listed in Telephone Directory

CathoniRuch 8453061
4304 Maywood
Bryan, Texas 77801

Telephone number

FIGURE 1:4 SURVEY DIRECTIONS
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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 availtable routes. These
routes are indicated on the evacuation and contingency zone map inside
the back cover of this report.

The evacuation route capacity estimates!® 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 communities) 600

Overall operating speeds under evacuation conditions on freeway
facilities were assumed to be between 20 and 30 miles per hour in the
absence of other constraints. Within this range, variations in operating
speed would have no significant impact on capacity because vehicle spac-
ing tends to “close up" as speed decreases. Similar 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 cothicting
flows. Effective speeds of 10 miles per hour or less were assumed,

After determining the evacuation route capacities, evacuation times
were determined by taking the total number of vehicles that will be
evacuating each zone and dividing that number by the number that can be

evacuated over the controlling evacuation routes for that zonme in an



hour. This indicates the number of hours it could take to evacuate each
zone, It was further assumed in.these estimates that persons would take
alternate routes if they found their desired 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 zanes.

Total evacuation of areas with flooding potential and, in

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 hurricane winds
would be 130 mph or less, while the Tatter would be for hurricanes 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 1985 (based on trends from 1970 to 1980). Only the positive
growth trends were utilized 1n these projections.

To estimate the number of vehicles for a 100 percent
evacuation, the total number of family units in the zone {or Tow-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 advised were counted to

estimate partial evacuation.

Estimates of the total number of evacuating vehicles for North
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Padre and Mustang Islands 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 f&r
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 (1.59 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.l? It
was then assumed that there are 3.5 tourists per vehicle.l8

To obtain the total number of evacuating vehicles for the resident
population of the islands, therefore, the number of 1985 estimated occu-
pied households was multiplied by the estimated number of vehicles per
household (1,800 x 1.59 = 2,862). To obtain the total number of evacua-
ting vehicles for the tourists, the total number of tourists estimated
to remain on the islands was divided by the number of tourists 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 popul a-
tion plus the total number of vehicles for the tourists (2,862 + 3,500 =

6,362).
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Endnotes:
15 36-hour mode is possible,.

2Additional technical details of the storm model are contained in Jeles-
nianski and Taytor, 1973: A Preliminary View of Storm Surges Before and

After Storm Modifications. NOAA Technical Memorandum, ERL WMP(O-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 given by Jelesnian-
ski, Weather Review, 95, 740-756, Coefficients for surface drag, eddy
viscosity and bottom slip are exactly the same as used in the SPLASH
(Special Program to List the Amplitudes of Surges from Hurricanes) model
by Jelesnianski, 1972: I, Landfall Storms. KOAA Technical Memorandum,
NWS TDL-46, Washington, D.C. There is no calibration or tuning to force
agreement between observed and computed surges that is, the coefficients
are universally set as constants, once and for all, and not varied
Tocally 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).

41n this study, the tabies and figures will always be grouped at the end
of each section or part.

SThe surge envelope is produced on nine pages of computer printouts
that, when taped together, show the surge height for each of the 4,130
data points. The surge height for each point is then subtracted from the
land elevation to give surge penetration and height.

5The added depth waves can add to surge was figured for key causeways.
Interpretive methods for the critical data points address the astronom-
ical tida) effects by adding one foot for high tide and subtracting one
foot for low tide.

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

8The 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, 78402, 78404,
78407, 78408, 78409, 78410, 78411, 78412, 78413, 78415, 78417, 78318,
78419; and Kenedy County with zip code 7838S.

INon-critical Zip code areas included: Nueces County with zip codes
78330, 78339, 78343, 78351, 78380, 78405, 78416; San Patricio County
with zip codes 78352, 78368, 78387, and 78340,

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

121f 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 Jocal street
and tand use maps.

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

141f a census tract boundary was split by an evacuation or contingency
zone boundary, then the census tract 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 is defined as the maximum number of vehiclas
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 heen 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 1982,

18xen Pagens, Recreation Specialist, Texas ASM University Marine
Advisory Service, Corpus Christi, Texas, November 1982.
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Section Two
SLOSK DAIA

The SLOSH data presented in this section describe wind and surge
threats posed by various types of hurricanes. These data should assist
in necessary decision making when hurricanes pose threats to the study
area. There are three parts to this section. The first 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 repre-
sents & 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 is important to
note that no single hurricane in any of these classifications will pro-
duce the maximum surge.

Surge 1ines 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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%JRGE- FREE AREAS
FOR, HURRTLANES WiTH
WINDS UP TQ 130 MPH;
THE ENTIRE BARRIER
SYSTEM CAN Bt UNDER
WATER WITH WINDS
OVER 130 WPH

WIND SPEEDS 74~ 95 MPH = + = » = = - *
96-110 BH @ — o+ — o — +

11-130 WY =~ — — — — N

OVER 131 MPH i

KENEDY COUNTY
. 1 2.3 4
STMULATED “UHRICANES . SCALE MILES

NOTE: EACH STORM SURGE LINE [S A COMPDSITE
OF MBXIMUM SURGE PLRETRATION OF AL

FIGURE 2-2: ESTIMATED KENEDY COUNTY STORM SURGE PEMETRATION
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Part B: Data Paints

More specific information has been extracted from selected SLOSH

simulated hurricanes for 30 critical evacuation route locations from the

60 data pointsl (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.

data

Appendix B contains one page of data for each of the 30 selected

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.

data

The 78 key hurricane types displayed for each of the 30 selected
points in Appendix B 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 Port Aransas., In order to
arrive at maximum possible conditions, information was cal-
culated for both points of landfall {20 and 30 miles left of
Port Aransas). These data were then condensed into one con-
dition that reflected the worst conditions of both points of
landfall,

With these worst conditions, two different directions were
calculated {300° and 270°) for four different forward move-
ment speeds (5 mph, 10 mph, 15 mph and 20 mph). This re-
sulted in eight hurricanes for each wind speed category,

The wind speed categories normally would be classified
according to the Saffir-Simpson scale of:

74- 95 mph

96-110 mph

111-130 mph
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131-155 mph
Over 155 mph

The simulated hurricanes indicated that, for most condi-
tions, hurricanes with wind 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 (10 miles) for hurricanes
with wind speeds in excess of 155 mph than was used for hur-
ricanes with wind speeds of 131 to 155 mph (20 miles). Wind
speeds in excess of 155 mph do not permit the development of
as Targe a radius of maximum winds. As a result of this
anomaly, data were generated for both wind speed categories
(131-155 mph and over 155 mph} and then collapsed into one
category {131 mph and over), using the maximum conditions
for both categories.

Because the point of landfall that produces maximum condi-
tions for the Corpus Christi area does not produce maximum
conditions in the outlying areas, two additional points of
Tandfall were chosen--one approximately 50 miles to the left
of that point that produces the maximum for Corpus Christi
(70 miles left of Port Aransas) and one approximately 50
miles to the right of that point {30 miles right of Port
Aransas). These hurricane types (at 300°) not only indicate
maximum type conditions for areas on either side of Corpus
Christi, but these two landfall locations (70 miles left of
Port Aransas and 30 miles right of Port Aransas) can also be
used to estimate conditions in the Corpus Christi area
should a hurricane make landfall 50 miles left or 50 miles
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 (235°), only
one forward movement speed was considered (10 mph). Only
wind speeds of 110 mph or Tower were considered as possible
for hurricanes of this type. 0Of the two points of landfall
for which simulated hurricanes of this type were run, those
landfalling 40 miles left of Port Aransas proved to be the
greatest threat to the Corpus Christi area. Because paral-
Tel hurricanes are more probable from the South (345°), dif-
fering movement speeds were run for five different points of
Tandfall 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.



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 {50 to 55 mph) could tip
trucks, buses, vans or recreational vehicles, alang with the
direction the wind 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 (65 to 70 mph)} that could tip automobiles.

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, MSL and high tide condi-

tions,

The maximum high tide surge that can be anticipated at that

location,

The following cautions are given at the beginning of Appendix B:

Caution 1: Wave 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.

High 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 different places, actual estimates

for low or high tide variations should be adjusted accordingly. An

example follows.

Low Tide Flooding FTOL
MSL Flooding FTOL

High Tide Flooding FTOL
Maximum High Tide Surge

Data Based on Tida}
Variation of 1.0 Feet

Actual Tidal
Variation of .5 Feet

-2.1 {hours)

-4.0 {hours)

-6.0 {hours}
10 feet
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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 conditions before
the time of landfall and after the time of landfall. The first data in
Appendix C Tist hourly tidal height 24 hours before {or when the data
begin) and 12 hours after the anticipated time of tandfall. The maximum
highest anticipated surge above MSL also is indicated. This information
is displayed for 22 different hurricanes (with varying intensities) for
seven data points along the Gulf Coast and in Nueces Bay. The six data
points on the Gulf 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
sttes on the bay.

The next array of data is for individual data points located near
two causeways and one bridge., The final array involves hourly sustained

wind speed conditions for a data point located in Corpus Christi.

tndnotes:

11, 2, 3, sa, 56, 6, 7, 8, 10, 11, 13, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 30, 32 (15 data), 48, 58 and 60. Some data
points are used for more than one critical location, i.e., 5a and 5b.



Section lhree
ZONE DELINEATIONS

This section contains a rationale for zone delineations (Part A},
the zone delineations themselves (Part B) 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 coastiine due to high ground elevation and the depth of the
water. High winds are still a potential threat to human life and build-
ings, however,

A study sponsored by the National Science Foundation illustrates
the potential casualties and building damage as a result of high winds,
Table 3-1 indicates the most 1ikely percentage of value lost to affected
buildings by wind gusting, and Table 3-2 indicates the casualty factor
for population related to magnitude of wind gusting. Deaths are esti-
mated at 3.5 percent of the casualties.

It was decided by the municipal and county advisory committee that

the destructive effects of both wind and surge should be incorporated
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when establishing zone boundaries. With 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 miles). 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
within 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
"avacuation" zones. It should be kept in mind that zones, or sections of
zones, can be evacuated as the need arises. The "up-to-130 mph" cate-
gory, for instance, merely indicates that it may be unsafe to remain in
that area if sustained winds of approximately 130 mph are anticipated.
In this manner, it would be possible to call for the evacuation of
Corpus Christi if it were anticipated that sustained wind speeds would
exceed 105 mph (the building code requirement 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?
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. Combined surge and wind conditions can threaten

the entire barrier system for storms with winds up to the
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130 mph level. Likewise, Port Aransas could be flooded by a hurricane of
almost any size.

With this concept, evacuation could be recommended for the entire
area or for each separate zone or for low-lying areas within particular
zones.

To provide a further buffer for hurricanes with winds in excess of
130 mph, contingency zones were designated. These zones extend inland
from 10 to 20 miles from the coast. It is anticipated that chances for
major structural damage would be substantially diminished beyond that
distance intand.

Figures 3-2 to 3-7 illustrate the location, by county, of these
evacuation and contingency zones {Part B). A composite map of these
counties is included as the last page of this report. A detailed

boundary description of each zone follows the figures (Part C).

3.3



TABLE 3-1
MOST LIKELY PERCENTAGE OF VALUE LOST TO AFFECTED BUILDINGS

Max imum
Wind Speed
in Grid Area Single-Unit
(Peak Gust) Residential Other Residential Non-Residential
40 mph 1.0% 0.5% 0.4%
60 1.7 0.9 0.8
a0 2.9 1.8 1.7
100 3.6 2.4 2.3
120 5.5 3.5 3.4
140 9.3 6.0 5.9
160 16.0 11.0 10.9

Source: Friedeman, D.G., Computer Simulation in Natural Hazard Assessment,
University of Colorado Press, Boulder, Coltorado, 1975.

TABLE 3-2

CASUALTY FACTOR FOR POPULATION RELATED TO MAGNITUDE
OF HURRICANE WIND SPEEDS

Maximum Wind Speed Number of Casualties
(Peak Gust) per Number of Persons

40 mph 1 per 5,000,000

60 1 per 300,000

80 1 per 50,000

100 1 per 11,000

120 1 per 3,000

140 1 per 1,000

160 1 per 400

Source: Friedeman, D.G., Computer Simulation
in Natural Hazard Assessment, Uni-
versity of Colorado Press, Boulder,
Cotorado, 1975.
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FIGURE 3-1: WIND DAMAGE POTENTIAL RELATED TO
SURFACE LAYER WINDS

Source: Simpson, Robert H. and Herbert Riehl,
The Hurricane and Its Impact, Louisi-
ana State University Press, Baton
Rouge, Louisiana, 1981.
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Part B: Zone Delineation Maps by County
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Evacuation Zones (subscript numbers)

E==] Possible Storm Surge Penetration Areas

71 Remainder of Zone
727 Contingency Zone (subscript letters)

m— Evacuation Route

10

FIGURE 3-2: EVACUATION AND CONTINGENCY ZONES FOR ARANSAS COUNTY



KENEDY COUNTY

Evacuation Zones (subscript numbaers}

EZ=] possible Storm Surge Penetration Areas
Conlingency Zone (subscript letters)

Remainder of Zone
E

vacuation Route

10

MILES

EVACUATION AND CONTINGENCY ZONES FOR KENEDY COUNTY

FIGURE 3-3
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Part C: Boundary Descriptions by County
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ARAHZAS LULNI Y
Lyarualion {ongs

Lune R

Ing norlhwestern Duundary begins 4t 3 point  on
the Frentas Kiver where Retugio, yan Patricio
and Aransas Lounties all meet,

Southeast then nocrthedst alany the baundary ot
Aransas and Hefugro Loumties to & point in
Lopdno Mgy wnich 15 approsimately J.7% miled
nortneast of the center of the bridye which
spans the  charnel  Detwean  Lopang  Hay and
Aransds Bay,

The norLheasiern boundary beying 4t & point  on
the county Tine 3, !% miles northwest of the
center ot the bridye.

Southeast 475 meies beyond the center of The
bridye to & point in Aransas Biy on Che Gulf
Intracosstal Weterway.

Ine southeaslern bounddry beyins at a  point  n
Aransat  Bay 475 mides southeast of the
center of Lhe bridye on the W1 intrecosstal
Waterway.

southwest 13 miles 2lony Aransas Bay ang  2crass
the southernmost tip gt Traylor lslang to 2
point on Lhe bounddry ol Aransas  and HueCes
Count ies.

Morth nprthuest #.45 miles alanyg the boundary of
Aransis and  Mueces Lounties to  the Gulf
[Atrazoastal Waterway.

South southwest 2.% wmiles along the  Gwit
Intraccastal Waterway t& the boundary of
Aransas and San Patricio Cpunties.

the southwrstern boundary begint whers the G\f
IFEracoasEal Waterwhy intersects the boundary
of Aransas end San Palricio LCounties,

Morthwest 14.75 miles to 4 point where Aransas,
San Patricia and Refuglo (ounties mest.

dpne AZ:

The narthern boundary beging At the extreme
nofLheestern corner of the county where the
counly boundary weets Lopano Creek,

Esst 20.5 miles 4long The boundary  between
Aransas and Refugio Countles Lo the shre.
The Southesstern boundary begins  where  the
ooundary ween Aransss and Kefuglo counties

meets the shore,

South ¥ miles to & point In Ayras Bay.

Southwest 11.5 miles to & point 1n  Aransas Bay
on the Gulf Intracoastal Waterwdy 4,75 miles
southesst af the center of the bridge which
spdns the chaenel  between Copano  day ang
Aransas Bay.

Ine soulhwestars boundary begins &t & point i
Aranias Hay on the Gulf Intricoastsl Waterwiy
4,15 miles southeast of the center of the
bridye.

worthwest B,5 mites Chrough the center of  ihe
bridge to 4 point on the tounddry of Aransas
ang Refugio Counties.

Mortheast 3,14 wiles then north | mile 2long the
poundary of Aransas and Refuglo Crunties to
the gutiet of Copano reet.

Morthwest along Copanc Creek to the  northeest
corner of Aransas County.

fone A
The northwestarn boundary beging at 2 paint on
the boroer of Aransas ang Mueces Counties .25
mile sputh of the southern Up of Traylor
Island,
Mortheast 13 miles to & point in Aransds day on
the Gulf Intracowsstal Waterway 4.7% miles

Loutheast ut the epntel st tRp oridye which

Spans the (hannel DELWeen Lepann amd ELELITEY
Hays.

mgrtheast 1.9 mibes to a porat on TR Buuwsdify
of Argnsas 4nd Lalhoun Lounstses  nedr the

renber b Ayres Heoy.

ke southeastern boundary begirg ab 3 point oo
the Boundary of Acansas and Calhuun Lounties
nedr Lhe cenler ob Ayres tay  and  cuntinues
south Across Mesyulte Kay to Lhe northern end
ar Ledar Hayou.

Sauth alony Leddr bayou Lo the Gulf of Mexiio.

Sguthwest 19,9 miles alony the shore of han Jose
Jeland to 1t% southernmost 1ip.

The sowthwestern  boundary  beytns ol the
sputhernmost tiw of an Jose lslang.

It then Follows the bopundary of Arsnsas  aad
Mueces Counties ©./4% mifes northwest, thea |
mile north, then 4.5 miles north  northwest,
to a point 2% mite sputh ot the southeen Uy
aof Trayler Island,

KERLLUY CUUNTY
Lydcuation [gnes

tone k1:
1he northern boundary beylns where Che  boundary
enedy 4and Kleberg Counties crosses the
westarn boundary of the Fadre Jslana Matronal
Seashore and continues easterly 3 miles alony
the county boundary [o the easlern bosndary
of the fadre [s}tand National Seashore.

\he eastérn boungary begins where the boundary
of Kenedy and klebery Counbies crosses the
easteen boundary of the Padre islang Mattonal
Seashore and contisues southerly dlong  the
toundary #4.5% milet to the boundary ul kenedy
angd wWiliacy Counties,

The sourhern boungary begins where the boundary
L) nedy and Willacy Lounties crosses the
eastern boundary of the Padre !siend Wational
Seashore gnd rontinues westerly 3 miles along
the county boundsry Lo the weslern Boundiry
of the Padre fuland Mational Sedshore,

The western boundary begins  where LRF  weslern
bourdary of the Padre Ishand  Mational
Seashare crosses the boundsry of  Renedy and
Killacy Counties  and  coabinues noctherly
alang the boundary 44.% miles to the DOUndary
of kenedy ind Elebery Counties.

fone KZ:

The narthern boundary begins st & point  in  Lhe
Lagura Te  Los Ulmas | mile oorthesst of the
olt refinery on the Sarta 091 bield Road.

£a%t along the boundary beilween Kenedy  and
flabarg Counties ko the western boundary of
the Padre Island Mational Seashore.

The gastern boungary begins at a  point of the
intersection of the boundary between Fenedy
and klebery Counties and the weslern boundary
of the Padre Islend Mational Sedshore.

South along the western boundary of the Padre
Istang Mational Seashgre to the bounagry of
kenedy and Nillacy Countles.

The South#rn boundary begins at Lhe Intersection
o ndary betwesr Kenedy and  Wi1llacy
Counties and the west boundary ot  Padre
island Mattonal Seathore.

west along the boundary between Kenedy  and
Willacy Counties to a peint 4 miles south of
the sastern ang of the Rosita Lake Hoag,

The western boundary begins at & paint on  the
voundary of kenedy and Willacy Countres 4
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M1 oBs aeLdt ot fhe epeteri and ol the Kosaety

Lake Hoad,

Ml BB @ mnles Lo tRe panderr o end ol e Kusitd
Lake Hodd.

Wr b ngrThmest Lfomles tooa TETO10 bhagen
warih riady which  [1es b5 e west ouf

fayu rletad,

Barth muetawest foy omitet dlonyg Lhe road too the
San prbro Hanoh,

Last then aurth d lbes aluny the road past fhe
wan veden Hanch Lo Lhe Mardna Camp,

hurth AOFEthwest (.5 miles to the sguiaeen end of
the rodd to the eas’ ot the £l Paistle il
bielo.

harth northwest ¢ miles atong Lhe  read to the
Larnestolerdss Kanuh Hodd.

bast ¢ miles then edst northeast J miles  aluny
the Larmestuleagas Ranch Hoad to the La Farra
Hanch Hopan.

Morthwest 5.9 miles alony the La
Kyad Lu Lhe La Parrs Ranih,
west 4 miles dbunyg the L3 Parra

the »arita U1l hbield,

Murth and west 7 miles then Pait  northeast 1.b
mifes atung  rhe Sarita Uil bigtd Hoad Lo the
wil refinery.

Wortheast 1 mile Lo o puirnt in the Liguma Ue los
(w0t which 15 Lhe paint of beginninyg.

Parra  Hanch

Hanch Hoad to

Lontingency fones

Lufe RH:
[he nofthern boundery bDRyins  where Highway 7f
crosses Lus uimes L[reek and continues east
alony Lhe creek and through the Laguna Ue Los
Ulmas Lo 2 peent in the legoon  appracimately
| mle northeast of the o011 refinery an the

Larita Ul Fiela,

‘ne pastern boundary beytas in the Laguna De Los
UTmos aperaximately | mile northeast of the
arl refinery on the Sarita Oil Frelg Road and
cortinues soulh to the ba Parra Hanch Road.

Last & miles alony the Lo Farra Wanch Hoad to 2
bladed esrtn road.

soulheast % mles alony the road  to  the
Larnestolendas Ranch Hoad.

suuthwesi ) miles then west ¢ miles along the
read to a4 bladed earth road un the esst edge
wt the E1 Parstle Ul reld.

sputh ¢ miles to the end of the road.

Leuth southmest 7.5 miles trom the eng of the
rpad to the Marana Lamy,

Suuth then west 7,% miles alany the rosg between
the Marana Lamy and the San rFedro #anch to a
bladed earth road.

sguth H.% miles  along  the road to the
intgrsection 0! angther bladed earth road 1.4
miles wesl of the Cayo soledad.

Soulh sputheast 13 miles Lo 1he eastern
Lhe rpdd which [passes
Lake.

wauth 4 miles Lo the
Willacy Lounties,

The sguthern boundary begins appronimstely 4
miTes south of the eastern end of the Rosita
Lake Koad at @ woint on  the boundary of
renedy and Willacy Lounties.

west 13 miles to & point where thg

erd  of
yust south of Hosita

baoundary of Kenedy and

boundary of

venedy and Willary Counties  1ntersects
Highway (F.
The western boundary tollows  Highway 17 north

trom where b CFOS%Se5

Kenedy and ¥Willacy

C1ly boundery.
Atony the western City toundary of Sarita in an

the boundary between
Lounttes to Lthe Sarits
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AppTanmdte o le radias Aall core T gk
Vo Miyhmay 1
Bt th atamg Heghedy <4 T thee Dus atlewes Lrees
ML PEHG T
tearuatgn Junes
fume RLE:
The narthern bounddry Qeyins where Lhe BoLulad y

aof tlebery ond HNyeces Countiey crosses ihe
western houndary of the Padre 1514nd Natigna!

Seashore and  continues 3.9 mibey  wavteriy
aluny the qounly bounddry Lo LAe pasters
bounddry ut he Vagre tslana Mat gl
Seathore .

Ihe eaSTErA DOuRdary Deylns where the buundary
of Flebery and Mueces Countres (russes O

Lastern boundary af tne #adre Lsland Mot iondd
Seashpre and  continues  southerly 23 males
alang the boundary tu the boungary of hleber.
and Kenedy Lounties.

Tne sguthern poundary begins where (he  bodndafy
o ghery J4nd  Menedy Countses wrusaet 1he
eastern boundary at Lhe Padre Lshand RMatignal

Seashart and  conlinres  westerly atuny 1R
County pourdery o mebes  du tne weslerr
bgundary ot 1he  Padre Lsld4ud hat 1ana’
seashare .

The weSLETD DOundary Deyiny where 1ré [CHML T

of KTabeéry and  senedy Lounties .rustes 1he
weslern boungary af the Hadre |sland kaltonal
heashofye and  Lont nues mortherly AL moies
along the boundary 10 The boundaty ot wirhery
and hugres Lounties.

Tone kL&

The northern boundary begins at 4 puirt  on the
moundafy of  Klebery and Nueces Lounties ¢
miles easl of Highway 420 and continues  esst
alony the boundiry 22,5 miles to tre edye !
the Laguna Madre,

bast northeast 1.4 miles along  the  ounty
boundary to the Gulf [niracosstal Walerwsy.

The eattern Doungary begins where Lthe (ounty
boundaTy Lrosses ke Lulf Intracoastal
Waterway.

South scuthwest b, 2% miles
Intracaastal Wat#rway.
tast | mile Lhen south 4 miles along tne  Hadre
Island Mationa) Seashars boundary Lo thw

bourdary of Kleberg and kenedy Lounties.

The southern Doundéry beyins  where the  county
poundary intersects the Fadre [siand Notlonl
Seashore boundacy.

West 0.5 miles alony to County Dboundary Lo 4
peint .25 mile south of the southern ead ol
County Road 11200 5.

The western DOuRdEry Begins al a

along e wwlt

point on  thr

couniy  boundary .22 miles  south a!  Lhe
southern end ot County HWosd 1170 % 4t
continues north 1.5 mites to County Hoao
2340,

Negt 1 mile on County Hosd 2340 to Lounty Hoard
1114 5.

Worth 3 miles along County Woad A1V <]
Highway &Z8.

worth 4 miles ang west ¥ omiles algny Miyhway [0
to Hiyhway 1114,

Morth 2 miles then west 1 mile
1114 to County Woad LUMU AL
North 475 miles a4fong County hoaa Iudd 4
crossing  banta  Gertrudis [repk  lu  i0e
coutheast rorner of Kingueille MNayal e

Statvon ab San ternando Lreer.

alony  Higtway




Northwest 7.5 mules %o & puint on the Doundary
at kenedy and hWuaces Counties H,?% miles east
of where the boundary crosses Highway 4:%.

Lontingency lones

lone RiA:

The northern boundery Deging At the northwest
corner of  the Kinguwille ¢ity boundary and
proceeds east 2,7% miles 1o Highway 47H.

Martheast 2,29 miles along Highway 428 to the
boundary ¢f Kiebery and Nueces Lounties.

tast §.2% miles alony the tvoundery aof EKlebery
ang hueces Counties to 4 point.

Tne eastern Doundary beyrns at a gint on  the
boundary of EKleberg and Nuecesanurﬂ:ies 4.25
mites mast of the intersection of the counly
boundary and Wighway 426

Southwest 7.5 miles to a point due ngrte of  the
intersection of Lounty Road 2080 £ ano County
Wosd 1084 N at the southern boundary of the
%ingsville Hayal Afr Station.

Sputh 4.75 miles along County Roag 10U N and
pcrost Santa Gertrudis (reek to Highway 1144,

tast | mile then South 2 miles along Highway
1LiH to Highway 712,

South & wiles and east 2 miles alony Wighway 772
to Highway 628,

South 3 miles alony County Road 1110 5 to County

Road Z34).

East | mile along County Hoad ZJ40 to Highwsy
2510,

south 1.5 miles along Highway 2550 and  County

Road 1120 S to the
Road 1120 S,

South .75 mile 1o the boundary of
Kenedy (ounties.

The southern boundary begins at o point on the
voundary of ®leberg  and kenedy Counties .25
mile south of the southern end of lounty Road
1120 § and comTinues west along the county
poundary {Los Ulmos Creek} to Hiyhway 77.

The western boundary begins where Hignway 17
crosses Los Olmos Creek and continues 1 mile

southern end af County

kleberg and

north northwest to the city boundary af
Hiviera.

Alang the westarn boundary of Riytera back Lo
Higrway 17,

Borth northwest 7.5 miles alpng  Highway 17 to
the city boundary of Ricsrdo.

Algng the western boundary of KRicardo back Lo
Highway 7.

Worth northwest 1.7% miles along Highway 77 to
Highway 428.

NoFth 1 miles along Highway 424 to Highway 1346,

west .5 mile then north .75 mile alang 1356 ta
where the Kingsville city poundary turns to
head west.

North and west along  the
boundary to the northwest
Kingsville 1ty houndary.

Kingsv¥ille  city
corner of the

NULCES CUUNTY
tvacudation Zones

2one WL:

The narthern boundsry begins At a point on  the
Koeces River 1 mile northeast of the northern
end of County Hoad Fi.

Last along the Nueces River to Nueces Bay,

East along the northern shore of Nueces Bay and
Corpus Christi day 1o @ potnt 4,15 miles
sputh southwest of the sputhern poundary of
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the city of Aransas bass where the Lhirel 19e
turns b0 head nartheast.

The eastern buundary then heads due 4cuth b 1he
northern Lounaary of {urpas Lhrista /¢ ey
nurth northeast  of the northerns L1 al Pailre
istand.

touth soubhwest ¢ miles alony the oLy
to the northern Lip ot Padre Tsland.

West anrthwest L2y miles aluny the Bounddry.

South sguthwest 4.7% miles to ¢ petnt on Lhi
boundary of Mugces and  Elebery Lountles at
the Gulf Intracoastal Waterway.

The southern houndary begins at the point  where
the GUTF Lntracoastal Waterwdy intersects the
paundary of hugces ang klebery Lounties.

West 11 miies to County Hoead &1,

The western buundary begins where Lounty hoad bl

bounilar ¥

(TossEs the boundary of hueces and  Rlebery
Lount 8%,

North along County Road 51 1.7h miles to Hiyhway
i

tast 3 miles atong Highway fU to Highway Zhe.

North £ miles then rorth martheast 1.2% miles
aluny Highway 2B to the Carpus Chrrstt o1ty
boundary .

Northwest B.25 miles along the Corgus [hristd
city boundary o Highmay 44.
west 3.h miles a2long Highway 44 to Hlghwdy 1.

Noeth 1.7% mites along Highway 24 te County Road

a4,

West 2.5 miles alpng County Road 44 o Highway
71,

Worth mortheast then north 1.5 miles zlong
Highway 7/ to County Road 4.

Wesl 1.75 m'les alang County Hoad 38 to Highway
jaky,

Worth 1,75 miles alang Highway LbEud  to Highway
YL

West northwest 2.25 miles alony Hiyhway 674 Lo
County Koad Th.

North 1 mile along Lounty Koad /5 to Lounty Hood
4h.

West 1| mle along County Road 56 to Courty Kodd
12.

Morth 1 mile alang County Kead ¢ o its end.

Northeast 1 mile from the end of County Road 72
along a doubke pipeline to the Nueces River,

fone WZ:

The morthern boundary begins at & point 1,24
niles west narthwest of the nurthernmost tip
of Padre island and continues 3 miles edst
southeast to the eastern share  af  Fadre
1sjand .5 mile south of Mewport Pass.

The eastern boundary begins at a puint  on the
eastern shore of Padre lshand .4 mile south
of Mewport Pass and continues south along the
shore 4 miles to the boundary of  Mueces and
kleberg Counties.

The sguthern toundary begins where the boundary
oF Hueces and Klebry Counties crosses the
eastern boundary of the Padre Island Natignal

Smashore and continues westerly 3.5 mles
along the county boundary 1o the western
boundary of the Padre  [sland National
Seashere.

The westarn boundary begins where the boundary
oF Rueces and  ®lebery counties crosses the
western boundary of the Padre island Natignal
seashgre and continves north peyond  the
aorthern  boundary of  the  Padre  liland
Wattgnal Seashare 1o @ puint b.dh miles west
northwest of the northernmost  tip of Padre
[shand.




fone K3

The northwestarn bouadary Begins at 4 paint  gn
the wFure 6F Carpus  Lhrosty day 4,75 miles
south southwest of the sputherr  Doundary of
the Lity of Aransas Pass where the shorelime
pEyIns Lo turn to head ngrth agriheast.

Ngeth mortheast 17 miles alony the shoreline Lo
where The bDuoundery of  Kuwies and  Aransas
Coshtres neads  sowth  suutheast o Criss
Regtish Bay.

1me northeastern boungary conbinues  south
cuuthaast 7 miles them south southwest 1 mile
slony the boundary of Mueces and  Aransas
{punties across wedfisn Hay to the Aransas
Lhannel .

Sputheast 1 mile along the Aransas Lhannel to
the eastern shore of Mustany lsland,

The sgutheastern boundary continues southwest 1
niTes alorg the eastern shore of Mustang
Island ta a4 point b mile south of Newport
Pass.

The southwestern baundary begins &t & point on
the eastern shore of Mustang [sland .5 mile
south of Newpurt Pass.

West northwest 1,5 miles to g point on  the
Corpus Christi city houndary.

Worth northeast 2,25 miles alamg the Corpus
Christi ity boundary.

Due north il.2% mtles across Corpus Christi day
to peint of beyinning.

Contingency lones

lone NA;

The northern boundary beging where Hignway b6
(rostes  the boundary of hueces and San
Patricio Lounties {here, the Nueces Kiver),

East along the woundary of  Hueces and  San
patricio Counties to a puint | mile northeast
of the northecn end of County Hoad 72 where 2
pipelines crass the Nueces River.

Ihe eastern boundary begins at a peint 1 mile
northeast of the northern end of County Road
77 where 2 pipelines cross tne Nueces River.

Southwest | mile to the end of County Rosd T2,

South 1 mile along County Koad 72 to County Road
55,

East 1 mile along County Hoad 56 ta County Read
Ta.

Squth 1 mile along Lounty Haad 15 to Highway
624,

Southeast 1| mile then east 1.2% miles along
Highway 524 to Highway lBHY.

South 1.75 miies alony Highway 1889 to  County
Koad 48,

bast 1.7h miles slony County Road 44 Lo Highway
it

South .75 mle then southwest .5 mile along
wighway 17 to County Koad 44,

Fast 7.5 miies along County Road 44 to  Highway
24,

sputh 1.76 miles aleng Highway 24 to Highway aa,

fast 3.5 miles to thas Corpus Christi city
boundary.

toutheast B.75 miles along the Lorpus Christl
city boundary to Highway 286,

South B.9 miles along Highway 286 to Highway 7U0.

west 3 miles atong Hignway /0 to County Road 1.

South 1.75 miles along County Hoad 5] to the
voundary of Nueces and Klehery Counties.

The southern boundary begins where the boundsry
of Rueces and Kleberg Counties crosses Lounty
fpag 51 and continues west 20 miles along
said boundary to Highway 428,

Tre western buunddry Begins where  Lhe  buundary
af " Wirces and elenery (ounties  crowses
Hiyhway 424 and continues nyriheast 1.7y
miles "o the Hishop 1ty boundery.

West W% onile alony  the boundary Ty A pomnt
wherg tha bpundary turns to head norbh.

North ;.5 miles alung the boundary to & point
where the bounddry turns Lu head esst.

tast L mile atony the boundary to Highway 77,

North o.¢% miles along Highway 7/ te the
southern boungary af Uriscgell,

West .5 mile alony the boundary Lo 4 potnt where
the boundary turns LG head north,

Horth 1,25 miles along the boundasy to @ point
where the boundary turns to head east.

Last .75 mile along the bouncdry to Kighwdy .

Northesst 5 miles along Hiyhway 77 To Migheyy
2BEb.

HE$§3] mile alany Hignway 8db Lo Lounty  dnad

North 4 miles alany County Road 7 to County
Roag A0,

West 5.25 miles along Lounty Woad 40 Lo Highway
bbb,

Narth 9.5 miles dlony Highway bbb to the Mueces
Rivar.

REFUGIY COMNTY

fvacuation Zones

tone Rl:

The northeastern  poundary begins 4t the
confiuence of Lgpano  and Alameda Lreeks and
continues southedst along the Lopano Creek to
Turtle Pen Point.

The southeastern boundary begins at  Turtie Fen
pgint _and continues sbulhwest 17.5 miles
along the boundaries of Refuyic and Aransas
Count1es ta the point where the Aransas River
tigws into Copano Bay.

The southwestern boundary begins at the point
where the Aransas River flows 1nto Copanc Yay
and  continues west northwest along  the
Aransas River to a point on the river 3 miles
southwest of where Highway 1360 turns edst.

Tne noPthwestern boundary then heads 3 miles
niTihesst Lo whers Highway 1360 turns edst.

North 2 miles along Highway 1360 to Highway
337,

Fast ? miles along Highway 3037 to Highway 624,

North 1.5 miles along Wighway 625 to Highway
13,

Worth .5 mile to the Mission Hiver.

East 5.5 miles along the Missien River to &
pornt an the rieer B.5 miles west Southwest
of the confluence of Copanc  and AMameds
Creeks.

East northesst 8.5 miles to Lhe confluence of
Copano and Alimeds Creeks.

fone RZ:

The ngrtheastern bogndary beging at & point on
the San Antonin River 4,25 miles northwsit of
the intersectron of Highway 239 ana Highway
35 in Tiva}l and continues east diong the San
Antonio River to the Guadalupe Hiver,

East along the Guadalupe River to Guadalupe Say.

South along the share of Guadalupe Bay to Kynes

Bay.

arpund Hynes Hay zleng the thpre to the Downdary
of Refugio and Aransas Lounties.

The southern baundary pegins at & potnt  where
the boundary of Refugio snd Aransas Counties




ntersects the shore gt San Antoniy Hay and
contimes $.5 miles west alung the county
boundary to the intersection of the county
boundary with Hiyhway b,

The western boundary begins at the intersection
of the county bowndary with Righway 35 ana
tontinges north northeast ¢ mles  alang
Highway 3% to Highway 774,

harth rorthmest &.5 miles to &4 point near the
sguthern end  of a4 private paved road where
the road turns west,

North northedst 4.5 miles along the road to
Hiyhway 234,

Morth northesst 1.7% atias to a point on the San
Antorlo River which  is  the point ot
beginning.,

Contingency Ianes

lone RA:

The northern boundary begins where Highwsy 27
crossey the San  Antonfo River and continues
vt #long the Sap Antonio Wiver to a point
on the river 4.25 miles northwest of the
intersection of Highway 1% ang Highway 239 in
Tivell.

The sastern Doundary continues 1./% miles south
southwest to the imtersectian of Highway 239
and & private paved road.

Seuth southwest 4.5 miles along the road to a
point where the road Lurns west.

South southeast .5 miles to the intersection of
Mighway 774 and Highwiy 35,

Squth southwest 2 miles slong Highway 35 ta the
boundary of Fefugio and Aransas Counties,

The sputhern boumdary begins where Highway 35
infersects the boundary of Refuglo  and
Aransas counties and  continues 10.75% miles
west  along the coumby houndary to  the
confluence of Alameda and Copano Craeks.

west southwest 9.5 miles to the Mission River.

West along the Mission River to a paint .75 mile
north of the intersection of Highway 136 and
Kighway 629,

Suuth 1.5 miles alaong Mighway 624 to  Highway
Wiz,

west 2 miles algoy Wighwsy JU37 to Highway 1260,

South 2 miles along Highwdy 1360 to & point
where Hignway 136U turny eatt,

Southwest 3 wiles to the Aramsas River,

Mest along the Aransas River to Highway 77,

The western boundary beyins where Htghway 77
crosses  the Aransas civer 4nd continues
northeast along Mighway 77 9.5 miles to the
southern city toundary of Woogsboro.

Morthwest .5 mile along the ¢ity boundary af
Woodsborfo to where the boundary turns to head
nertheast .

Mortheast 5 mile along the boundary to wherwe
the boundary turns Lo head esst.

bast .5 mile along the baundary to Highway J7.

Northeast 4.5 miies alony Highway 7T to the
southern city boundary of Refugio.

West .79 mile then north .4 mile along the tity
bounaary of Refuglo to County Road 104.

West .25 mile then north .25 mile along County
Road 108 to County Road 109,

West .25 mile along Lounty RAoad 109 to County
Road 111.

North .5 mile along County Roag 111 to County
Road 1U7.

WesT .5 mite then north 1} mile along County Roac
07 to County Road [IL.
Last .5 mile along Cownty Rpad 111 to the cornes

where Loanty Haad 111 turns sputn,

Southeast .75 miles ta s point  wnerg  the
aprthern boundary of Hetuyio crosses Highwdy
H.

Wortheast 21 miles alony Highway 74 to the an
Antanre River.

Ak PATRICID JULNT Y

Evacuation Zonas

Zore 5P1:

1he northeastern houndary begirs st a  point  on
the boundary of %an Patrigio and Hefugio
Counties [the Aransas River) whioh 14
approximately due north of the intersection
af Hiyhwsy 631 and the Marathon 010 Company
Road.

East then Southeast alony the bowndaries af  San
Patricio and Refugic then San Patricic and
Aransas counties through the city of  Aransas
Pass to the shore of Redfish bay.

The southern boundary begins where the baundary
of  Tan Patricic and  Aransas Count ies
intersects the shgre of Hedfish Hay.

Southwest 7 miles alpng the shore of Hedfish Eay
1o where Highway 1069 intersects the
shoreline.

west along the acrthern sheres of Corpus Christy
Bay and Wueces Bay to the Nueces river.

West along the Wueces Hiver tg ¢ point on  the
river due south of the 1intersection of
Highway 1-37 and County Road 54. )

The northwestern boundary begins at a puint  on
the river due south of the intersection of
Highway I-37 and County Road 54,

Morth to the intersection of Highway 1-37 and
County Road 54,

Southeast 1.5 miles along Highway 1-37 to &
point on Highway 1-37 due west of the end of
County Road 56.

East 1,76 miles to the intersection ab County
Road S6 and County Road 25,

Morth 1.% miles alony County Road 3% to  County
Road 54.

East 1,25 smiles along County Road 54 to the Odem
¢lty boundary.

East along The Southern idem oty boundary to
Highway Eil.

East 1,25 miles altong Highway 621 to County Rpad
83,

Morth ? miles along County Road 53 to Highway
1944,

East 8,79 mlles along Highway 1944 to County
Road 7B,

Southeast .5 mile along County Rood 78 to luland
Avenug.

Mortheast .5 mile along Totang Avenue to  the
Taft city boundary.

Soutnwest along the laft city boundary to where
the boundary turns northesst,

Northest along the cily boundary te the Southarn
Pacific rail line,

Southwest along the Southern Pacific rail line
to Highway 63].

Worthesst 1.2% wmiles along Highway 631 to County
Road 102,

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

hrréglll miles along Lounty Road B5 to  Highway

West 2 miles alang Mighway 881 to  County Hoada
Bl.

Morth | mide alang County Road Hl to {ounty Koad




Y Nupces Counties  [(the Hueces Hiyer] tRrgegh

wWest 3 oriles gn Courty Koad 9 Lo Highway bdl. the ctty ab  san Patricio ta the western
North 3 miles aluny hlghway hil to the Marathgn boundary of the city of dan Patrtcro.

ulh Lompany Huodad, _ _ The western boundacy beging &t the tntersection

hprth teo the boundary ot Ban Hatricia and of The Boundary of San Patricto and  Nusces

Hefuylu Luwnties |Lhe Aransas AN Counties {the Nueces ®iver] and Lhe westera

boundary of the city of San Patricip end

E_g_nn_m’_e_n_c;r__f_qn_e_s_ proceeds north  tp the northeestern corner ot

the voundary of the city ofF San Patricio.
Long MPA-

[he northern boundsry begirs &t the northwest
corner of the %an Patricio city boundary.
Fast then south alury the san Pateicio city

poundary to County Hoad 1.

East and north alony Louniy Hoad €1 to Highway
234,

Worth & miles along County Hoad 21 to Highway
BHl,

bast 11.5 w1les alony Highway M1 to the Sinton
1ty boundary.

Last alony the northera Sintom City boundary to
Highway /7,

Mortheast ¥ miles along Highway 77 to  the
poundary between Refugio and  Sen Patricio
Counties (the Aransas River},

fast along the Aransas Hiver to a point which is
approximately due north of tne intersection
of the Marathon Uil Company Road and Highway
XN

ihe eastern houndary begins 4t that point.

south t5 the intertection of the Marsthen Oil
Company Road and Highway 631,

Sputh along Highway 631 to County Road 92,

bast 3 milas alopng County Road 42 to County Road

#l,

Sputh | mile along County Hoao Bl 1o Highmay
BH1.

Last 7 miles alpng Highway B8l to County Rpad
85.

sguth 4 miles along GCounty Road Bh 0 County
Road 142,

The sguthern beundary begins at the intersection
of founiy Hoag Bb and  Lounty Wpad 102  and
continues west & miles alony Lounty Road e
to Hiyhway 631,

Southwest alpny Mighway 631 L.2% miles ta the
Southern Pacific rall line,

Northwest along tee Southern Pactfic rail line
to the Taft city boundary,

Sguthwest atong the Taft city boundsry to where
the city boundary turns northwest.

horthwest alpng the ity boundary to Taland
Avenue,

southwest slong Toland Avenue to County Road 18.

Borthwest along County Road 78 to Highway 1944,

wast 9 miles alony Highway 1944 to County Road
53.

South 2 miles along County Road 53 to  Highway
&31.

west 1.5 miles along Highway 631 to the southern
Odem ¢ity boundary.

West along the Udem city boundary to County Roag

54,

west 1 mile along County Hoad 94 to Lounty Road
35,

ssuth 1.5 miles along County Hoad 35 tg  County
Road 56,

west 1.5 miles along County Koad 56 to Highway
F-37.

Worthwest }.75% miles alomg Highway -3 to
County Hoad 54.

Pue sauth 4.7% miles to  Lhe boundary of  San
Patricic and Nusces Counties.

West along the boundary of Gan Patrtcio and
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Section Four
SURVEY RESULTS

The results of the survey (described in Section One, Methodology)
are divided into the potential number of vehicles evacuating {Part A)
and where people will be seeking shelter (Part B).

Part A: Potential Number of Evacuating Vehicles

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 ware made, where applicable, for
each zone:

If 100 percent of the population evacuated the low-1ying

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 remaining 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-

vate 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 contingency zomes. This condition might be

necessary for severe hurricanes (winds in axcess of 130

mph).

It should be naoted that vehicle estimates are based on 1985
population projections. The information can be seen by county in Tables
4-1 through 4-6. The directions indicated are based on destinations

indicated on the survey {see Figure 1-5).
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Part B: Shelter Data

The information 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 this section merely indicate the intention
of survey respondents to seek shelter in various areas. No consideration
was given to the availability of shelters in these areas or to the advi-
sability of seeking shelter in these areas,

The number of persons seeking 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 friends or in a motel, but only
those who indicated that they would plan to stay in a shelter in that
area if available.

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 seeking local shelter: This is based on

the percent of non-evacuating households who indicate that

they would stay in Tocal shelters.

Number of persons seeking 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 seeking shelter outside the study area:

This is based on the percent of evacuating households who

indicated that they would stay in shelters in cities outside

of the study area.

The shelter requirements for the key cities {if there are any) are

indicated at the bottom of these tables by source {local, from evacua-

tion zones and from contingency zones}.
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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 ia 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

Number of Persons

Number of Persons Seeking Shelter Number of Persons
Seeking Local in Cities in Seeking Shelter
County Shelter Study Area Qutside Shelter Area
Aransas
Evacuation Zones --- 170 681
Contingency Zones - --- -
Totals --- 170 681
Kenedy
Evacuation Zones --- 3 9
Contingency Zones --- - ——
Totals --- 3 9
Kleberg
Evacuation Zones P 10 40
Contingency Zones 3,032 373 1,302
Totals 3,032 383 1,342
Nueces
Evacuation Zones 24,707 110 7,071
Contingency Zones 1,128 ——— -—
Totals 25,835 110 7,071
Refugio
Evacuation Zones 232 - .
Contingency Zones 1,366 _— -
Total 1,598 ——— —-
San Patircio
Evacuation Zones 2,012 170 2,182
Contingency Zones 2,200 - 1,152
Total 4,212 170 3,334
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TABLE 4-14

NUMBER OF PERSONS SEEKING SHELTER
IN CITIES OUTSIDE OF STUDY AREA

Contingency Evacuation
City Zones Zones Total
Austin 725 730 1,455
Beeville 183 183
Freer 285 285
Goliad 142 142
Houston 142 142
Kenedy 267 142 409
Lockhart 183 183
San Antonio 1,204 7,542 8,746
San Marcos 288 288
Seguin 267 267
Uvalde 154 154
Wimberly 183 183




Section Five
EVACUATIONS

In this 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 Zones

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 first two scenarios are for hurricanes with winds of 130 mph or
tess, while the tast is for hurricanes with winds in excess of 130 mph.
Two cautions must be made about the calculation of the minimum
avacuation times. First, the minimum times assume the full utilization
of evacuation routes over the entire evacuation time, If 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 other vehicles on the roadway going in the same direction as the

evacuating vehicles,
5-1



TABLE 5-1

SCENARIO I: ONE HUNDRED PERCENT EVACUATION IN INUNDATED AREAS

County and Zone Total Vehicles Evacuation Time
Aransas
Al 3,219
} 3,589 4.5 hours
A, 370
Aj 0.1 0.1 hours
Kened
__ﬁA ——— _——
Ky  (Padre Island Mational Seashore; evacuation route is through
No: times identical to Nj)
Ko 21 0.1 hours
Klebar
’““‘“th —— .
KLy  (Padre Island National Seashore; evacuation route is through
N2; times identical to Ny)
KLp 47 0.1 hours
Nueces
A - _—
Ny 2,866 0.5 hours
N, 3,435
} 6,362 10.5 hours
N3 2,927
Refugio
Ry 68 .1 hours
R, 224 0.5 hours
San Patricio
SPy 4 0.1 hours

Note: Evacuating

brackets.

5-2

vehicles use the same routes for the Zones within




TABLE 5-2
SCENARIQ 11: ONE HUNDRED PERCENT EVACUATION IN INUNDATION AREAS
PLUS PERCENT EVACUATION IN EVACUATION ZONES

County and Zone Total Vehicles Evacuation Time
Aransas
1 7,540 |
[ 8,868 11.0 hours

Ay 1,328

Az 0.1 (.1 hours
Kenedy

K --- -—

Ky (Padre Island National Seashore; evacuation route is through
Np; times identical to Np)

Ko 26 0.1 hours

Kleber
__E%A . .

KL; (Padre Island National Seashore; evacuation route is through
Ny; times identical to Np)

KL 263 0.2 hours
Nueces
NA -— -
N1 61,786 14.0 hours
No 3,435
} 6,362 10.5 hours
N3 2,927
Refugio
Ry —— —
R1 352 0.5 hours
Rz 367 0.5 hours
San Patricio
A —_— _——
5Py 10,990 7.0 hours

Fote: Evacuating vehicles use the same routes for the zones within
brackets.
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TABLE 5-3
SCENARIC I11: ONE HUNDRED PERCENT EVACUATION IN
EVACUATION AND CONTINGENCY ZONES

County and Zone Total Vehicles Evacuation Time
Aransas
1 8,027
} 9,444 12.C hours
Ao 1,417
A3 0.1 0.1 hours
Xened
EA 74 0.1 hours
K2* 32 0.1 hours
K]eberg
KLA 9,583
} 9,863 6.0 hours
KLo* 280
Nueces
A 8,664 3.5 hours
N 103,058 23.5 hours
N; 3,435
} 6,362 10,5 hours
N3 2,927
Refugio
A 3,227
} 3,729 1.5 hours
Ry 502
Ry 481 0.5 hours
San Patricip
A 6,851
}20,851 13.0 hours
SPy 14,010

Note: Evacuating vehicles use the same routes for the zones within
brackets,

*KLy and K} are part of Padre Island National Seashore.
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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 various 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 advisory issued after the hurricane enters the Gulf of
Mexico, That is, each hurricane advisory beings new information that can
be used to estimate the safe pericd remaining.

For instance, the evacuation time for zone Ny is 10.5 hours in all
three scerarios. The idea is to determine, after each advisory is
issued, 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 Nj:

Step One: Calculate the number of hours it would take for

the eye of the hurricane to cross land 25 mites to the leff

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 this data point information on the

particular hurricane that most closely resembles the one in

the Gulf of Mexico., This may be done locating the particular

wind speed ranges on the left hand side. For a hurricane

with sustained winds of 97 mph the second wind 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) direction of movement to point of land-
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fall in degrees; {2) location of point of impact; and (3
forward movement speed in mph (5, 10, 15, 20).

Step Four: Locate the specific information that applies to
that particular hurricane. for a hurricane moving at 10 mph
with a wind speed of 97 mph moving directly west, truck-
tipping gusting conditions would begin approximately 9.0
hours before the time of landfall and car-tipping gusting

would begin approximately 6.5 hours before the time of land-
fall.

Step Five: In order to have 10.5 hours evacuation time
before the route 1s blocked {which can take place 6.5 hours
before time of landfall for car-tipping gusting), the 6.5
hours (or the truck-tipping gusting time, or the surge
flooding time for low, MSL or high tide conditions) should
be added to the 10.5 hours, This gives a total of 17 hours.

Step Six: Since people do not begin evacuation as soon as
the decision to recommend one is made, three hours are added
to the 17 hours {for a total of 20 hours) to provide time
for the decision to be communicated to people and for people
to get packed and bdegin evacuating.

Step Seven: The 20 hours is then subtracted from tha esti-

mated 30 hours before the hurricane would make landfall,

This would leave 10 hours before a decision would need to be

made before it would be too late. In thig case, you would

wait for the next advisory and refigure 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 description of the

ESTEDCC computer program that figures these times is in Appendix 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
highway network.

Corpus Christi and Vicinity (Zones N; and Na)

Interstate 37 is a four-lane (two in each direction) highway. The
major capacity constraint is the intersection with U.5. 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 expansion would severely restrict northbound movement on
U.5. 77. The northbound capacity of Interstate 37 with the emergency
expansion is approximately 3,200 vehicles per hour. A permanent expan-
sion to six lanes (three in each direction) is in the planning stage for
that part of Interstate 37 north of Calallan where it shares the same
right-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 (ons lane) of Interstate 37 to two through Tlanes 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 facility with a mixture
of limited and uncontrolled access. The major capacity constraint on
U,5. 181 is the approach to Sinton, which has a short section with only
two lanes (one in esach direction) and Tocal intersecting traffic on a
longer four-lane section. These conditions in and near Sinton Yimit the

capacity of U.3, 181 as a through evacuation route to about 800 vehicles
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per hour. Planned improvements in the Sinton area will ultimately in-
crease the capacity in that vicinity. Another capacity constraint is the
intersection of U.S. 181 and Texas 35 at Gregory, which normally re-
stricts northbound traffic to a single 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 Ny and N, because
of its heavy use for San Patricic County.

Texas 44 is a four-lane facility with generally uncontrolled access
from Corpus Christi west to Alice, after which it narrows to two lanes.
The major capacity constraints are the Tocal 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 Alice
would have a capacity of only about 800 vehicles per hour, but this sec-
tion is not believed to be a critical 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 variations on both routes) are two-lane routes extending to
the west from the southarn pertion 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 1ikely to be restricted under evacuation conditions

by the intersection with Interstate 37 at Calatlen, capacities 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 rainfatl, F.M. 665 and F.M. 70 could
be inundated by flood waters of Petronila Creek. This route capacity was
not counted for Zones Ny and NA because of its use for Zones Ny and Nj.

padre Island and Mustang Island (Zones Np, N3, KLy and K1)

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 effective 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 Petronila Creek as a result of hurricane rainfall, how-
aver,

Texas 361 is 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).




Southern San Patricio County {Zones $P; and SPa)

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 t.5. 181 is limited to 800 vehicles
per hour because of conditions in Sinton as discussed previously.,

F.M. 3284, F.M, 136 and vartations. These are two-lane facilities
with several possible routing variations. The capacity of al)l the routes
is 1imited by the section of F,M. 136 in the vicinity of Copano Bay,
which has an evacuation capacity of approximately 800 vehicles per
hour. The elevation of the route is as low as three feet in the vicimity
of the Copano Bay bridge and the route is therefore subject to early
closing.

Aransas County (Zones Ay, Ao and A3)

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 js as low as six feet at
Rockport and on the Lamar Peninsula.

F.M, B81 is a two-lane facility. The capacity under evacuation con-
ditions would be constrained by other evacuating traffic in Sinton. The
route is as low as six feet in elevation in the mud flats area near the
intersection with F.M. 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

evacuating from the southern portion of San Patricio County.
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The capacity of this route was therefore not calculated for zones Ay, Ap
and As.

Kleberg County (Zones KLy and KLg)

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}.

Refugio County {Zones Ry, R, and Rp)

Use of Texas 239 (west) from points in northeastern Refugio County
should be encouraged. Texas 239 is effectively a two-lane facility with
an evacuation capacity of approximately 800 vehicles per hour,

.5. 77 (north) and Texas 202 (west) out of Refugio. U.5. 77 is
primarily rural and could handle 800 vehicles per hour. Texas 202 has an
effective capacity of approximatety 800 vehicles per hour.

F.M. 2441 {west) out of Woodsboro. F.M. 2441 is a two-lane facility
with an evacuation capacity of approximately 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 & two-lane facility
with an evacuation capacity of approximately 800 vehicles per hour.

Kenedy County (Zones Ko and Kap)

Both U.S. 77 (north) and Texas 285 (west) are two-lane facilities
south of Kingsville. This route has an effective 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.
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APPENDIX A
Hurricane Categories

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

FORCE ONE--Winds of 74 to 95 miles per hour. Damage primarily to
shrubbery, 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 torn from moorings.

FORCE TWO--Winds of 96 to 110 miles per hour. Considerable damage
to shrubbery and tree foliage, some trees blown down. Major damage to
exposed mobile 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 torn from moorings.
Evacuation of some shoreline residences and low-lying island areas re-
quired.

FORCE THREE--Winds of 111 to 130 miles per hour. Foliage torn from
trees, large trees blown down. Practically all poorly constructed signs
hlown 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 rising water three to five hours before hurricane center arrives.
Flat terrain five feet or less above sea leve) 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 miles per hour., Shrubs and trees
hlown 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. Fiat terrain 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 required, and of single-story residences on low ground
within two miles of shore.

FORCE FIVE--Winds greater than 155 miles per hour. Shrubs and trees
blown down and complete destruction of mobile homes. Extensive shatter-
ing of glass in windows and doors and complete failure 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 all structures less than 15 feet above sea level within
500 yards of shore. Low-lying escape routes cut by rising water three to
five hours before hurricane center arrives. Massive evacuation of Tow-
lying residential areas within five to ten miles of shore possibly re-

quired.
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APPENDIX B
Key Data Points by Hurricane 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

key data points included in this appendix are displayed by county in
Figures 2-7 through 2-12. Details of these points are also indicated
Table 1-1.

The following cautions should be kept in mind when interpreting
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 minus 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.
Maximum 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 Twe, SLOSH

Data for a description of this appendix.

Contents of Appendix C

Hourly tidal approaches to the coastline at six locations plus one

in Nueces Bay by hurricane type (C2 through €37):

Locations
Data Point Name Data Point Kumber
Padre Island One . 38
Padre I[sland Three 40
Padre Island Five 4?2
P53 Bridge Between Padre and Mustang 5
Aransas Pass Channel 46
South Matagorda 51
Nueces Bay One 47

Hurricane Types

Point of Impact Direction Forward Movement Speeds Wind Speed

70 Miles L. of P,A. 300° 5,10,20 74~ 95 mph
96-110 mph

111-130 mph

131-155 mph

Over 155 mph

30 Miles L. of P.A, 300° 5,10,20 74- 95 mph
86-110 mph
111-130 mph
131-155 mph
Over 155 mph
{continued next page)
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Hurricane Types {continued)

Point of Impact Direction Forward Movement Speeds Wind Speed

30 MiTes L. of P.A, 270° 5,10,20 74- 45 mph
96-110 mph

111-130 mph

131-155 mph

Over 155 mph

20 Miles L. of P.A, 300° 5,10,20 74— 35 mph
36-110 mph

111-130 mph

131-155 mph

Oyer 155 mph

20 Miles L. of P.A. 270° 5,10,20 74- 95 mph
96-110 mph

111-130 mph

131-155 mph

Over 155 mph

30 Miles R. of P.A, 300° 5,10,20 74- 95 mph
96-110 mph

111-130 mph

131-155 mph

Over 155 mph

40 Miles L. of P.A. Parallel- 10 74~ 495 mph
235° 96-110 mph

50 Miles L. of P.A. Parallel-~ 5,10,20 74- 95 mph
345° 96-110 mph
111-130 mph

Hourly tida) approaches are given by five wind speed classifica-

tions for various hurricane types at key bridges (C38 through €52):

- Entrance to Highway 181 Causeway at Corpus Christi

- Highway 35 Bridge on Copano Bay

- Port Lavaca Causeway

Hourly sustained wind speeds are given by five wind speed classifi-

cations for mid-Corpus Christi {C53 through C57).
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 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 HKURRICANES LANDFALLING 30 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 LANDFALLING 20 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES RIGHT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 40 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 50 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 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 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 LANDFALLING 30 MILES RIGHT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 40 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 50 MILES LEFT CF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 70 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT OF PQRT ARANS!
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT OF PORT ARANSAS

g
: - &
> éé" Py K o ] § :‘s ‘;E' : > & F § F = S; s
¢ i/ /&1 &) &1 £/ 6 & /&L
@ & TS S VEIE. b4
I A et S A A A AT S S S
16 HPH 20 My
meC.lan, a .
tindieed _1Li-130 pew 271 111~ 130 MPH 270 111130 WP
-z 24 | 23] 23 { g2 | 23] 23| 1a ‘
-1 s |2 | va 23l z4 )z | s !
-2 25 25 | a4 | 24 24| o2e ] s ‘
-2 L6 [ 25 | 2y | 2.5 ) 2.5 | 26| 1.5
-0 FE P - O - I O O T I B I S RO A
ST e | ea |z 2w | an sz [ s | e | ke | s | e [ e |1 | Ls !
-18 Xl s faodaa | s 3 [ as [ue | te | e [ vs s ] 1s | e
SH Ty e ae psetrs [ re lns prafne fra e fis Yis | ne |16 e |16 ] e | 18
-15 3 i re b3y e e foue e [ 1s i fra fua | rs s e lbis s i Ve | s
-15 24036 | 35 | 36 [ 40 | sz fre e Jue [ re | e fous e | 1s [ e e is s s s | as
Al as | 3w 3y ) 3e |43 fas |l s |58 | 7 | e ey e | 1s e e | s bas s [ 1s | s
AR Er fre s e fas ez | wr s faalne [ va | ee e | s | ae e Fae Lie J s | 1s {5
e op e dy a0 taz ey fae Lyl 1e e bre e e | 1e | 1e [ 1e Jie s |6 |1s | 1s | ta
oot 2e e Lo fas o s pna [re [ o e Jusfe [ ze |1 (17 {17 Lae {re | e [ e |
2o dse | 3e e a5 bewsa e d e Jao |20 dan [at | 2a | 1s Jar | 1r e o e bis d1s
§ 7%l se A s s\ ns |20 [z {23 23 [23 | es [ 2s fLs [0 fu7 |16 [ 1e [ie f1e |Ls
Lot BEPAT Ly e s 62 | s |2 |e3 |as f2e |27 Jan v fas [t |y | 1s | 1e |1 )i ‘ 1.3
;T T e e Jao s er |6 |22 |za [ 2s dae |31 | ss [ez e |re s | v e tar g | s
Sl sa b | s s fra | ss |23 |26 |30 [z |35 ber [as {12 |1e | (PE I S VR I U I IS O B
3oy o7 es s fen pas sy fea fer [ar [ as |41 [0 fse |1z |re e e iy i | s ‘ L
I E 2o er Qe o6 78 Js1 |26 [2s 33 |3e a9 {52 [63 | be b e ] ue s [zolas g
s-xds b na b b fre Law | ee [2r sy {as s |os der {2 fue [ |2 [es |z lez e
y -2 S 0 | ee fas e re [ae | s |zs |29 |as {22 fes {er |22 {ac |26 |32 | a1 |se |es X
So-LE1os o [ 36 | 7s | re w1 |37 Jza |2z Jas |84 [32 fe3 |24 {zc 30 |44 |63 lge |1a |24
§ e gloo s [ a7 frs o s 6o [1r |17 [ss fao as [ss |26 |6 |18 | 59 |55 38 |69 |22
oevg|oafoa | ss fe8 fea e |ee [1e |1o |55 (66 | s |ae |5e |10 |22 |ss |85 |10 |52 | 17
2o ]06 08 B3 60 | 5 3 |toe |0 fay |50 o [er |35 {es |23 {ns {es ;vs |er ]is e
3|09 [ 0a taT a4 | 2s (106 | e |23 Ja2 {se | ae |25l [eaas e jazlar e | e
~4p o vea e ez e | as [ s [ zo Loz Fa | as f20 [oa [ue | oz {an | se dos | e
+5 lbn oz | ee P )32 |22 fi0s | us [ 1e {26 |3z |28 P16 |1 |20 123 |2s |28 liz faz |ss
+ 6 Bofed el e 2y 193 faz |17 |23 |27 | 2a fus {9 ez teales [er i s les
.1 Aol re pre fer fea peg [y Jus Jao Jealea |as tes fig | e [roe jaz |3ty Jer
BT 03 2 e | 2s e pas fho P [ es [re lae | nr {ee [us Jur o Jar fie |1z ik
9 strjoe pay b za oz fes |an foe [ | re s b oz Jrs Jie iz [ tus Jas |1 fes
“F b poe |20 | ze | 2a 2 fgs for {0y lra s faa Jrs e [ {nr Jre [ i Tie |
Gl e o | 21 23 1 2s 2 (B |97 |0 Ly | ra i f1s |66 it J1a it [1e |1e | e s
flz g-he e per tra 2z |za s [or [ov 13 frz (e |1s 63 Jie [1e [as Joa |ia 1y |4
Mew. [0 pa0 fa2 {77 feo |56 |ua [ee |34 [s7 [oz |93 |68 ey [25 |30 |61 |ar foo |78 |19

C-21



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 LANDFALLING 30 MILES RIGHT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 50 MILES LEFT OF PORT ARANSAS
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HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 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 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 LANDFALLING 30 MILES RIGHT OF PORT ARANSAS
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'f HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 70 MILES LEFT OF PORT ARANSAS
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f HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES LEFT OF PORT ARANSAS
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AOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 20 MILES LEFT OF PORT ARANSAS

/3 i s i

% 10 MPH 20 MPH

1om,

Tindsperd : 300 over 1b% Men 00° over 155 MFH ., " ovEr 155 #PH ]
ML L[ 1B ] 1 | LE | L[ e | 1Y i ]
. 1T 16 | 1e | le | 16| L6 | 15 !

-2 U T O O O -2 O S O I Y ! ;

-t VR 2 -2 S O I O S S R I R B - :

- 1y | 2] Le | 1e | Ley 9] Le ;

g9 o2c | 2l |21 | 2ifal|eal] 1e

-18 2|23 e | 23| 22l 1s i

RE 2s |28 | ga | ea) 24| 23| ee |16 |16 | 16| 1ef1ef 6] 15 ]ael 1sfa| 1] 1s] o165 18

-6 2.y | 2.6 | 2.6 | 26 ] eS| 24 v | eyl vE | 16| 1A F 1 F b6 | L& f 16 16| Le| 15 15) 359 15

dwg g8 et as {1 | er e | Ly | Ly Lef e | LB 18] 16| i6| 1| 1s

SCTE-IN N-20- N U N R U I VO I O (N DR O O N 0 T O 2 SO O - A -0 IO O S SO B O S RO S B

SETR A I P O - A U Y -0 2% A (N O 1 U 8 - T - O 20 O O 0 I - I O O B O 3 Y

A0t v ey vy [ aw jao oz re e | e ra ] e | e | ne | ve | tE o 1s ] ue | 18t 16| 16| 18
sz ve ]z 3y ao | ey | ve ey | i ve | v s [ ar s s s | 1y 1s

il ez ar s e e zo|en |z fzozolen eo |1 | Ly va et | e ors

Per s |3 |y pae | s |2y | 2o |2 | 22 I P20 I35 W T A -2 T N U I O N 0 G O 20 G O D U 0 Y

I I 16 U TS I R I 1 O 2 I 1S T O IS N ‘| 25 I I 0 T 20 T 20 N I O 2 O T B O U6 2 I T2 IO 2 R O I B

st T2 e 3z | am a0 | s ez |2e |2 tee|re )26 | 2e |17 1e) ta e e | e | e ogs!

teéfr oz |26 ] 3z |azlas |32 23| ae |2y el 27l 1B e | 19|16 18| LE] LE] L

s‘r 20 T - T VO A 90 N O -2 2% 0 22 Y T T O 0 I T A T O I - O O 2 SO - I Y

ezl re | n7 2z b ss s | 35 26|26 | ze a0 ] 34 aE (322020 2o |eofen] o]

terZl s |t jee el 6s | 3e gz |ea |z oz en|asfas|artzo) ez s

i-eivaw o2 | toedre a3 se | 3s |z |2 3255 |58 [ 39| 2s |2z [ag)ae]|aa] 3]0

Ceiibos |eos feoa bEc e [ 3s ] a3 |ie |11 ors | ra |7 [ a2z | 29|20 |z [ 2a |50 e sz o2
Poex oo an dere A bR | s e | Ls |0 !.0.3 9.1 | se | &3 |34 J1s o7 | b1 (05 sz | es| 32

i Flol |-a? |-0.2 | &0 )63 | 30 Ja1 |11 |03 loe|s3 60| 35 |35 ]y ot ]13 40 6z] s8]0
ritos | o1l | 4 )45 | 22 [ ae | L7 | L |l 1.6 px3 bas | n gl ey a3 e | e oy Lo B0
sycfoz |03 toa | za sy At | ur [ a2 s |15y s fadbEfus [t ile fos ) dd
v 3|05 |04 Joe |z bsz | vadus |os loe ] 1|23z lzsjrwd i frzuejay|2as|asfre
s lenr joa foe [ zedzr ot Jro [oe bt | ratae b [ ek s [l ne a2z | L]
.5 L O I T S 0 T N S - T 1 -2 OO I 0 T O O DO P SO - 0 - O S B I S IR S IR B L A

for leor oz oz | ss | 2afizg o |07 | 1o | s | 2o lie tes | Ls o foe |ty l2o] 0| se
R I T I T O T X A 0 R O - - I - - I - 1 R P I - I I P O P (RS B S

PR o1 [ o6 {1 [ 1dpre |ty bes 1o o8 |08 |1y |10 | D3ED 2R OLA | 1D |06 02 DT 4D

Sl o1 |ma s | e fez |2 p83 |26 [ 09 |12 L5 J LT ;2L |5l e | 0E | 2D 28 AS

ootk [ 1.0 1.8 2.2 2.1 ¢.3 T.E |28 1.1 1.5 1.4 ;20 | 1.7 ) 54 |08 H I S D I 1.9 | 41

P o6 {13 iy by e |z [ra iz e |1l re |l | szl 1y [ 1e 2 Yo oer

2w {33732 |32 ies frr [ fizz ler a0 [33 ey les [aslwslzalzrizeimslys oo e

T

;

:

T

+

i

C-35




HOURLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 20 MILES LEFT OF PORT ARANSAS
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URLY SURGE CONDITIONS FOR HURRICANES LANDFALLING 30 MILES RIGHT OF PORT ARANSAS
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SURGE CONDITIONS FOR HURRICANES (74-95 MPH)} FOR ENTRANCE TO HWY 35 CAUSEMWAY
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SURGE CONDITIONS FOR HURRICANES (96-110 MPH) FOR ENTRANCE TO HWY 35 CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES (111-130 MPH) FOR ENTRANCE TO HWY 35 CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES (131-155 MPH) FOR ENTRANCE TO HWY 35 CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES (OVER 155 MPH) FOR ENTRANCE TO HWY 35 CAUSEWAY
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FOR HWY 35 BRIDGE ON COPANO BAY

SURGE CONDITIONS FOR HURRICANES (74-95 MPH)
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SURGE CONDITIONS FOR HURRICANES (96-110 MPH) FOR HWY 35 BRIDGE ON COPANO BAY
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SURGE CONDITIONS FOR HURRICANES (111-130 MPH) FOR HWY 35 BRIDGE ON COPANQ BAY
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SURGE CONDITIONS FOR HURRICANES (131-155 MPH) FOR HWY 35 BRIDGE ON COPANO BAY
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SURGE CONDITIONS FOR HURRICANES (OVER 155 MPH) FOR HWY 35 BRIDGE ON COPANQ BAY
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SURGE CONDITIONS FOR HURRICANES (74-95 MPH) FOR PORT LAVACA CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES {96-110 MPH) FOR PORT LAVACA CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES (111-130 MPH) FOR PORT LAVACA CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES (131-155 MPH) FOR PORT LAVACA CAUSEWAY
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SURGE CONDITIONS FOR HURRICANES (OVER 155 MPH) FOR PORT LAVACA CAUSEWAY
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES {74-95 MPH} FOR MID CORPUS CRRIST!
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (96-110 MPH) FOR MID CORPUS CHRISTI
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (131-155 MPH) FOR MID CORPUS CHRISTI
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HOURLY SUSTAINED WIND SPEEDS FOR HURRICANES (OVER 155 MPH) FOR MID CORPUS CHRISTI
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APPENDIX D
S0P

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-

sible points of landfall that could place your area in greater danger

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 divided by 5, or 50 hours.

50 hours

5 mph [250 miles from Corpus Christi
Example Two: 1f a storm were 300 miles from Corpus Christi and
heading toward Galveston at S mph, you would want to consider what would
happen if the hurricane would change its course and head toward Corpus
Christi. Divide the distance by the forward movement speed 1o estimate
the time the eye could Cross the coastline; this would be 60 hours.

60 hours

5 mph [gbo miles from Corpus Christi
Now place those hours in the upper portion of the Step One box and
count forward in time and place the estimated day and hour the eye of
the hurricane will cross the coast1ine in the lower portion of the Step
One box (D-6).
STEP TWO

Determine the possible cut-off times for critical data points that
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affect the evacuation of your area. Data point Tocatfons can be found in

Figures 2.7 through 2-12 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

are.

Surge

Aransas

Ay 15,16,18,19,
20,21,22,32

Nueces

Ny 13

N3 5,6,8,11

D-2

Wind

15,16,18,20,
19,21,23

22,23,26

28
30,48

5,6,8,11

26



Surge Wind
Refugio (continued)
Ry 21,25 21,25
Ry 22,23,26
San Patricio
SPA 27
SPy 17,32 17,32
These point Tocations are numbered and can be found by these numbers in
Appendix 8. In Appendix B, route cut-off times are given by storm type,
There are 78 storm types displayed for each data point., Your first step
is to find the row with 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 heading (in degrees)
and its anticipated point of Jandfall. Since you may not find the exact
hurricane direction 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.
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Now 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 probable 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 gives the
estimated evacuation times for three differing storm conditions. If
winds are under 130 mph and you only wish to evacuate the low-lying
areas, use the estimated hours in the first column; if you wish to evac-
uate the entire evacuation zone, use column two; if winds are in excess
of 130 mph, use the estimated hours in the third column.

Now place the number 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 will 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 number 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.
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STEP FIVE

Final adjustment factors should include the unpredictability of
hurricane intensification or weakening, varying forward movement speed,
changing direction, and evacuation route blockage by unexpected rain-
fail.

Now place the number 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 zones. To
facilitiate traffic control, the Texas Department of Public Safety
regional office needs to know when an evacuation is going to be recom-
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.

Example Two: You are located in a vulnerable area and you recom-
mend an evacuation long before the c¢ircumstances would indicate the need
for an evacuation. What effect could this have on other areas? It could
start persons evacuating in the areas through which your evacuees would

travel.



Advisory No.

Advisory No,

ESTIMATED EVACUATION TIMES

Advisory No.

Advisory No.

Day ___ Hour _ Day __ Hour  Day _ Hour  Day  Hour
{hours) (hours{1 (hours) {hours )
——y—— - ——— :_._____ —gmm - -—— e J———
Step One: ; : J ; :
(Day)  {Hour) (Day)  (Hour} (Day)  {Hour) {Day)  (Hour)
(hours) {hours) (hours)l (hours )
Step  Two: v v - J H
(Day)  (Hour} (Day)  (Hour) (Day)  (Hour) (Day)  (Hour)
(hours) (hours) | (hours) {hours }
Step Three: T . - .
(Day) {Hour} (Day)  (Hour) (Day) {Hour) (Day) (Hour)}
3 {hours) 3 {hours} 3 {hours} 3 (hours}
Step Four: y . = —— . —
s i i
(Day}  (Hour) (Day)  (Hour) (Day)  (Hour) {Day} {Hour)
(hours) {hours } (hours)_ (hoursjl
Step Five: . " 3 H
i N : N : . i I
{Day} (Hour) {Day)  (Hour) (Day}  (Hour) {Day) (Hour)
Note: Compare the results of Step Five to the time the advisory was issued to obtain

the estimated safe time remaining before an evacuation decision needs to be
made. For more information on evacuation time estimating procedures see Sec-
tion Five of the report.
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APPENDIX E
ESTEDCC

ESTEDCC 15 an acronym for a computerized program to Estimate Safe
Time before Evacuation Decisions (Corpus Christi). The program is not
designed to tell when you need to recommend an evacuation, but how much
"safe" time remains before it will be too late to recommend an evacua-
tion.

The program considers five conditions for indicating safe time to
decision makers. These conditions are:

1. Storm surge at Tow tide

2. Storm surge at mean sea level

3. Storm surge at high tide

4. Wind gusting conditions that could tip cars (gusts of 65-70 mph)

5. Wind gusting conditions that could tip trucks (qusts of 50-55

mph)

The actual decision to recommend evacuation needs to consider the
potential damage the hurricane under consideration can inflict upon the
area under consideration,

This section describes the use of the ESTEDCC program, interpreta-
tion of the results, cautions to be exercised, a description of the way
ESTEDCC calculates times, and information for the program operator.

Program lse

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
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be made. The data to be indicated ({apart from the present date and the
date and time of advisory) include the following:

1. Hurricane movement speed in miles per hour

2. 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 miles to the left of Port Aransas

5. Direction of movement if the hurricane were to head directiy 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 their forward movement
speed, the forward movement speed given 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. The same
pracedure can be used to indicate the results of an fncreased wind
speed,

Results
Results of these inputs will give an array of data for all evacua-

tion and contingency zones as indicated in Hurricane Relocation Planning




for Aransas, Kenedy, Kleberg, Nueces, Refugio, and San Patricio Counties
for a point of landfall 25 miles left of Port Aramsas. 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 Jandfall 30 miles right of Port Aransas., Maximum time
frames for each zone can easily be seen by checking all printouts, If
the time remaining before a decision needs to be made is a negative time
(that is, has already passed)}, it will be indicated by the letters “TL"-
--meaning Too Late. "NC" indicates Not Calculated. An asterisk next to a
date indicates a date transition from one month to another, Contingency
zones will remain blank unless the hurricane 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 (181)
Causeways.

2. There is no way to include rainfall in these calculations. It is
possible for a hurricane to stall and dump unprecedented amounts of
rainfall at any location. The stower a hurricane moves, the more rain-
fall it can produce. Maximum rainfall can be estimated roughly by divid-
ing 100 by the forward movement speed to indicate inches of rainfall.

3. Wind condition estimates are based on the incidental wind speeds
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used to generate storm surge. The goal of SLOSH (Sea, Lake and Overland
Surges from Hurricanes) was to predict surge. Windfields had to be
generated to do this. 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 Calculations

Program 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 distance the eye of the hurricane is from the point of land-
fall is divided by the forward movement speed to arrive at the antici-
pated time of landfall,

2. The evacuation route cut-off times before the anticipated time
of landfall are calculated for differing storm surge {low tide, MSL and
high tide) conditions and wind {car tipping and truck tipping 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 is the time remaining for evacuation. Note that
in these calculations, if any evacuation route is to be blocked after
the time of landfall, that amount is not added since it would be unwise
to plan an evacuation that could not be completed before the time of
Tandfall. Also, wind conditions were considered as not only blocking key
evacuation routes, but also vehicular movement within a zone if there

were no major evacuation routes controlling a zone.
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3. The evacuation time for each zone or subzone (surge penetration

areas of evacuvation zones) under varying conditions (for hurricanes 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-

Tay between when the decision to evacuate is reached and when the public

has a chance to receive the information and begin evacuating.

The data point locations along with the zones they govern are

listed below {for details of cut-off times, see Hurricane Relocation

Planning for Aransas, Kenedy, Kleberg, Nueces, Refugio, and San Patricio

Counties).
Surge
Aransas

Ay 15,16,18,19,
20,21,22,32

Kleberg
KLA
KLl 6

KLs

E-5
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19,21,23

22,23,26



Surge Wind

Nueces

NA 28

Ny 13 30,48

No 6 6

N3 5,6,8,11 5,6,8,11
Refugio

RA 26

Ry 21,25 21,25

Ry 22,23,26

San Patricio

SPA 27

5Py 17,32 17,32

Program Operator

The program hardware consists of a CRT terminal, floppy disk drives
and the CPU {Central Processing Unit). A line printer can be used as
needed if hard copies are desired; otherwise, screen output is avaii-
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
registered trademark of Digital Research}, Also, the screen caontrol
characters for the specific 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. It should never be bent, and the plastic
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surface should not be touched. It also is important that the diskette be
stored in a static-free and magnetic-free Tocation to prevent partial or
total erasure of the program.

Since the program is subject to revision and updating depending on
population growth and additional evacuation route availability, caution
should be exercised to ensure you have the most recent version of the
program,

Before this diskette can be used, CP/M must first be loaded into
the computer, This is usually done by placing the CP/M diskette into the
disk drive labeled "A"; the reset button is depressed either before or
after this., This sequence may vary from one system to another; refer to
the user's guide for this information. After this has been done, a
prompt {usually "A>"} will appear on the CRT, signalling that the com-
puter is ready with CP/M loaded. This prompt indicates that disk drive
"A" is the primary drive. Now the program diskette should be placed into
the disk drive labeled "B." The diskette Tabel should be up for horizon-
tal drives or to the left for vertical drives. Next, type “B:" and de-
press the return, enter, or new line key. Now another prompt {usually
"B>"} will appear on the CRT screen, signalling that the second drive 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 vatues as
requested. The program will automatically print 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 choice on the menu
includes ending the program. Without this step, the program will con-
tinue to run again and again.

E.7



Additional information regarding the availability of the program
can be obtained by contacting the Texas Agricultural Extension Service
of the Texas A University Systenm. Inquiries should be addressed to:

Computer Services Unit--TAEX

USDA Building, Room 133

Texas ABM University

College Station, TX 77843

Phone: {409) 845-392¢

A sample printout of this program follows,
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A L OCATION MILES LEFT QF PORT ARANSAS
EVALUAIION TIMES FOR ZUONES

e
Pel)

HURF I LHNE MUMVEMENT SFEED IN MFH:
HURRICANE WINDSFEED IN MFH:
LDIRECTION UF MOVEMENT TOWARD

A FOINT 25 MILES LEFT OF FORT
NUMBER (JF MILES FROM (ANDFALL

FOR A LOCATION 25 MILES LEFT OF PORT ARANSAS:

ANTICIFATED

TIME {IF MEAN SEA

LAaNDFAILLL LOW TIDE LEVEL HIBH TIDE
IN DAy HRIPMM DAY HR:MN DAY HR:MN DAY HR:MN
A1 J4 1200 g3 171300 I3 16300 33 15:00
% J4 1220 J% 24:0¢0 J3 22:30 J3 21:30
a2 J4  12:00 N C N C N C
«x J4 125600 N C N C N C
Kl J4  tZio0 J3 0 1F9:00 33 17:30 13 1&30
% T4 12:00 I3 19:00 J3 17:70  J3 1&:30
k2 J4 1 Gn N C N C N C
¢ J4 1200 N C N C N C
kA . . . . . . . -
Ll J4 12y Jx 19300 J3 0 LT7II00 I 14130
*» 14 122:00  JZ 19:00 I3 17:20 33 1&:30
L2 Jd4 1200 N C N [ N C
*n 04 Foinn N C N £ N C
LA . . . . . . . .
Nt U4 12200 3 18:30 J3 17:30 J3 14: 20
*x J4 1200 J4 8:00 J4 Ti00 J4 &1 00
N2 J4 1T 33 19:00 I3 17:30 43 16130
¥e  J8 1X100 JT 19104 17130 J3 16230
NT J4 1230 J5 1900 J3 17:30 I3 1630
=% J4 {00 T 19140 T O3 J3 16230
N& . . . . . . . .
RL J4 1.0 J4 7:30  J4 S5:30 J4 1330
4 J4 1000 J4 7:54 J4 S:54 J4 1154
RZJ3 12100 N C N C N C
LI § 1.7 N C N C N C
[a1%] . . . - . - . .
51 G4 {oan g 0152 J3 23:30 33 23:00
¥ Ja 171000 J4 7:2 44 a:24 Ja 5:54
56 - . - . . . - N

ARANSAS IN DEGREES:

DATE OF RUN: &/2/83%
TIME OF RUN: 1%:00

BULLETIN DATE: &/2/83%
BULLETIN TIME: 15:00

10

126

315

450
AUTOMOBILE TRUCK
WIND SFEED WIND SPEED
DAY HMR:MN DAY HR:MN
JX 14:30 JZ 11:30
J3I 2100 I3 tRTO0
J3 14100 J3 12: 30
J3I 22130 I3 19100
J3 1S:00 I3 11: 20
J3 15100 J3 11:30
J& 5124 g 2:54
J4 5:24 J4a 2:54
J3 13:Q0 I3 11:30
J3 15100 37 11:30
J4 4:18 Ja 2:18
J4 4:24 34 2:24
J3 13:00 J3 10:00
J4 2130 JI 23230
J3 15:00 11130
J3 0 15100 3T 1i:30
J3 14330 J3 11:30
J3  14:30 I3 11:70
J4 2:30 J3 23:00
J4 2:54 J3 23124
J4 2:30 33 23:00
J4 2:3¢ J3  23:00
J3 18:30 J3 15:3¢
J4 1:24 J3 22:2

EARLIEST
LISTED
EVACUATION
TIME
DAY HR:MN
JI 1L E0
JT 18100
dT 12230
J3 {00
J3  11:30
JZ  11:30
J4 2:54
J4 2:54
J3 11:30
J3 0 1130
J4a 2018
J4 o124
JT 0 10ra0
J3  23:30
J3 11:30
JZ t1:30
J3 11130
J3  11:30
J3 230
J3 23:24
Jd3 23100
43 2310w
JZ  15:30
JT O O22:24

{HE. TIMES GIVEN FOR EACH ZONE ARE FOR EVACUATION OF THE ENTIRE ZONE &% THE "~ e#-
FOLLOWING A ZOME ARE TIMES FOR UONLY EVACUATION OF THE POSSIBLE STORM SURGE
FEMETHATION AREAS OF THAT ZONE (ONLY USED FOR WINDSPEEDS UNDER 130 mph) .,

IF IT IS 100 LATE TO EVACUATE A ZIONE, THEN A °T
IF A VALUE 19 NDT CALCULATED, THEN AN *N C*°

Ls

IF A vALUE IS CALCULATED BUT NOT SIGNIFICANT, THEN A 7.

THAT | DCATION,

IS PLACED IN THAT LOCATION.
IS PLACED IN THAT LOCATION.

-" 18 PLACED IN

YALLES FOR CONTINGENCY ZONES ARE NOT CONSIDERED SIGNIFICANT UNTIL WIND SFEEDS

EXCEED
THE ‘'[.°

120 mph.,

UNDIFR ZONES STANDS FOR KLEBERG COUNTY.
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A LDCATION 70 MILES LEFT OF PORT ARANSAS DATE OF RUN: &/2/83
EVACUATION TIMES FOR ZONES TIME OF RUN: 15:00
BULLETIN DATE: &/2/83
BULLETIN TIME: 1%:00

HURRICANE MOVEMENT SPEED IN MPH: 10
HURKRTICANE WINDSPEED IN MPH: 120
DIRECTION OF MOVEMENT TOWARD
A FOINT 70 MILES LEFT OF FORT ARANSAS TN DEBREES; EFEN
NUMBER OF MILES FROM LANDFALL
FOR A LOCATIDN 70 MILES LEFT GF FORT ARANSAS: 415
EARLIEST
ANTICIFATED LISTED
TIME F MEAN SEga AUTOMOEBILE TRLICH EVACUAT ION
LLaNDFALL LOW TILDE LEVEL HIGH TIDE WIND SFEED WIND SFEED TIME

IN DAY HR:MN Day HEIMN DAY HR:mMy DAY HR:MN  Dapy HRIMN DAY HR:MN DAy HR 2 MN

Al J4 1o:70 g3 19:00 a3x L6130 33 14:30 J3  18:00 gz 12:30 JZ 1330
*E o J4 1030 g4 1:30 a3 23:a0  J= 21:00 J4 CII0 IZ 2oroo I3 20100

A 14 12120 N C N C N C . . JZ 16130 Jz 16: 30
% J4 1030 N C N C N C . . I3 2300 I3 2300
b1 T4 10020 . . J3  20:00 J3 17:30 gz 16120 713 12130 J32 12:30
*¥%d4 1030 . - 43 2G:i00 a3 17:30 I3 1a:30 JI 12:z0 gz 12:30
K2 I3 10130 N C N C N C J4q 2:54 J4 G:54 JIg 054
4+ I4 10:30 N C N C N C J4 2:54 Ja arE4 Ja 054
k.G . . . - . . . . . . . . . .
L1 J4 . - JT 0 20:00 I3 17:20 I3 16:30 J= 12130 I3 12:30
kx4 . . JIZ O 2000 J3= 17:30 g3 l&:30 g3 12:30 a4z 12:30
L: Ja N C N C N C J&  S5:18 J4  =:18 g4 I 16
LA N T N C N C N C J4 5124 94 It24  J4 3124
LA . . . . .

Nl 24 10:=0 317130 a3 17:00 J35 14:00 JZ 15:00 a3 11200 J3 1t:00
*E J4 10:30 34 7:00 74 6130 J4 130 04 8130 Jd4 0130 J4 O30

2 J4 102 30 . . J3 0 20100 g3 17:30 a3 16130 a3 12:30 13 12130
¥ J4  10:30 . . I3 2aroo g3 17:30 I3 146130 J3 2330 3T 1230
SN | 10330 . . J3i  20:00 = 17:30 gz 14200 a3 12:3¢0 a3 12:73
e J4 1030 . . JI Za100 g3 L7:30 13 14100 JIO12:3Z0 33 1o zo

MN&y . . . . . . . . . . . . N

K1 J4g 1o 70 . . J4 7:00 g9 1:00 Ja 6130 Ja 112G J4 1:00
% J&  10; 30 . . J4 7:24 ]34 1:24 Ja 6154 g4 1:54 J4 1:24
R J49 102130 N C N C N C . . J4 I100 Jg SO0
LA T L1030 N C N C N C . . J4 3ro0 J4 3100
RA . . . . . . . . . . . - . .
51 Ja 102 =0 . . . - . . I3 22100 gz 17:30 gz 17: 30
% g4 10 3G . . . . . . J4q 4:54 Ja O:24 J4 Q124
Sé . . . . . . . . . . . . . -

THE 7IMES GIVEN FOR EACH ZONE ARE FOR EVACUATION OF THE ENTIRE ZONE & THE *#x°
FOLLOWING A Z0NE ARE TIMES FOR ONLY EVACUATION OF THE FOSSIBLE STORM SURGE
FENETRATION AREAS OF THAT ZONE (ONLY USED FOR WINDSFEEDS UNDER 130 mph).

IF IT Is Too LATE TO EVACUATE & ZONE, THEN A& "T L° IS PLACED IN THAT LOCATION.

IF A vaLue 15 NOT CALCULATED, THEN AN "N C” IS PLACED 1IN THAT LOCATION.

IF 6 vaLuE 15 CALCULATED BUT mNOT SIBNIFICANT, THEN A ' -7 IS PLACED IN
THAT LOCATION.

VALUES FR CONTINGENCY IONES ARE NOT CONSIDERED SIGNIFICANT UNTIL WIND SFEEDS
EXCEED 130 mph,
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A LOCATION %0 MILES RIGHT OF PORT ARANSAS DAYE OF RUN: &/2/8%
EVACLINI TON TIMES FOR I0ONES TIME OF RUN: 1%:00
BULLETIN DATE: &s2/83
BULLETIN TIME: 1%:00

HURRICANE MOVEMENT SPEED IN MPH: 1o
HULK TERME WINDSPEED IN MPH: 120
DIRECTINN OF MOVEMENT TOWARD

A FUINT 30 MILES RIBHT OF PORT ARANSAS IN DEGREES: 320
NUMHEF (F MILES FROM LANDFALL

FOK A LOCATION 30 MILES RIGHT OF PORT ARANSAS: 445
EARL IESY
BRMNTILLFATED LISTED
TIME UOF MEAN SEA AUTOMOBILE  TRUCK EVACUAT ION
LAMDFALL.  LOW TIDE LEVEL HIGH TIDE WIND SPEED WIND SPEED TIME

IN DAY HRIMN DAY HRIMN DAY HRIMN DAY HRIMN DAY HR:MN DAY HRZMN DAY HK:MN

Al W14 11230 . . . . J3 17:30 313 14:30 J3 1130 I3 i1
= J4 11:7¢ - . . - J3 28:00 I3 21:100 I3 16:00 J3 18100
AT J4 113130 N C NC N C 43 14:00 J3 11:00 I3 11100
% J4  11:70 N C N E NC J3 2003¢ I3 17:30 I3 17:30
KL J4 110 . - . . . - JI 146230 I3 13:00 IT 13:00
vx J4 (1:7Q . . . « . - I3 16:30 J3 13:00 I3 1%:00
r a4 1130 N C NLC N C . . . . - .
% J4 11130 N C NC N C . - . . . .
FA . . . - . N . . . - N . . .
L1 J4 11:30 . . . . . . J3 18130 I3 13100 I3 1700
% J4 11:30 . . . . M - J3 14230 J3 13:00 J% 13:00
L2 J4 11:30 N C N C N C . . J4  S5:18 Ja 5:18
e 34 L1:30 N C N C N C . - Ja 51284 )4 124
LA . . . . . . . . - . . . R .
N1 J4 11:30 - . - . - . J3 14:30 I3 11:30 JX {1:%0
o J4 1t:F0 . - . - . . J4 4:00 J4 100 J4 1030
NZ J4 11:30 . . . . . . I3 16530 I3 13:00 J3 1T:00
% J4 11:30 . . . - . - J3 16530 I3 12:00 I3 13100
NZ  J4 11:70) N - . . . . J3 15130 I3 12:00 JXZ 12:00
% J4 1]1:730 . - . - . . J3  15:30 3 O12:00 I3 1700
NA - - . . . - . - - - . . . .
R J4 13:70 . . . . . . J4 2: 3¢ I 235:30 I 23:30
= 14 113 . - . . . . J4 2:54 3 23:1968 JT 27:44
20004 11530 N C N C N C J4 0130 I3 21:30 I3 21:30
= Jad {1130 N C N C N C J4 0:30 I3 21:3 JT 21130
RA . . - . . . . . . . . . - .
51 J4  13:30 . . . . . . J3  19:00 I3 14100 J3  16:00
e J4  11:30 . N . . . - J4 1:54 J3 22:%4 JIT 2o:%4
14 . . . . . . . . . N

- . - -

THE TIMES GIVEN FOR EACH ZONE ARE FOR EVACUATION OF THE ENTIRE ZONE & THE ' ee’
FOLLOWING 5 20NE ARE TIMES FOR ONLY EVACUATION OF THE POSSIBLE STORM SURGE
PENETRATION AREAS OF THAT ZONE (ONLY USED FOR WINDSPEEDS UNDER 130 mph).

IF 1T IS TOO LATE TO EVACUATE A ZONE, THEN A 'T |L* IS PLACED IN THAT LOCATION

IF A VALUE 1S NOT CALCULATED, THEN AN N C’ IS PLACED IN THAT LOCATION.

If A VALUE IS CALCULATED BUT NOT SIGNIFICANT, THEN A °. .* 18 PLACED IN
THAT 1LOCAT ION.

YALUES FUR CONTINGENCY ZONES ARE NOT CONSIDERED SIBNIFICANT UNTIL WIND SPEEDS
EXCEED 130 mph.

THEE "L° IINDER 7ONES STANDS FOR KLEBERS COUNTY.
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