Choke ~"r
Canyon : \5, .
Reservoir| ,f \

Legend

[ ] Texas counties
[] CGC GAM Boundary

LAKE
4 Jcorpus

CHRISTI
1\‘,‘&_

Wsds -

¥4
/7

’ \ Lakes

R —FYT # Cities

3 Rivers
Corpus Chfisti Roads

< WATERSTONE

Ertrroni sl gy Lpiner, 1

B \E‘;:"l\fﬂ 41 CGC GAM

Study Area Location

i i F— — — v s, state. tx. us/ Figure 1-1




Jim Hogg

Victoria

Goliad

Refugio

San Patricio

Brooks Y

razoria

60 Miles

Legend

[ ] Texas counties
[] CGC GAM Boundary

Lakes

Texas Population
400 - 1000
[[_] 1000 - 5000
[ ] 5000 - 10000
10000 - 50000
[ ] 50000 - 150000
[ ] 150000 - 250000
250000 - 355000

LiWATERQTONE

Ertpvertmen sl e e S g, i

Population Density

http:/www.tnris. state.tx.us/

Figure 1-2




Field Data

Calibration and
Sensitivity Analysis

Model Objectives
(Section 1)

Steady State Model
(Section 8)

Transient Model
(Section 10)

Baseline Conditions

Verification
(Sections 2 & 4)

Field Data

onceptual Model Prediction
(Section 5) (Section 10)

Code Selection &

Model Parameters
(Section 6)

Reporting

Field Data

Post-Audit
Model Approach (Future Work)

(Section 7)

D o TN Re e =
{ - »
<4 WATERSTONE
Environmbptal Hydrol%y and Engineering, Inc.
| & L =5

Groundwater Modeling Steps

Figure 1-3




P S

N
© J

\‘\ el 8

gion H

LAKE
TEXANA

Choke
Canyon g
Reservoir| ,f

LAKE

CORPUS
CHRISTI

]

Legend

[ ] Texas counties
[_] CGC GAM Boundary
[ Lakes

/\/ Rivers
] rRWPG

fé/,
%;/IJ

%W&TE&EGNE__

Erirnn il Hl e Ty oo g cering, .

%

Hﬁ/
QD
{ '!}H’ =

‘ % ( Regional Water Planning Group
Granmde Boundaries
— http:// twdb .state.tx.us/
2 P 0 Ve A Figure 2-1




\
N\
Fayette .
County /
GCD
Colorado

Wh

Evergreen UWCD

Choke
Canyon
Reservoir

LAKE
CORPUS
CHRISTI

San Patricio

Jim Well§

Duval Nueces

Kleberg

Jim Hogg Brooks

Coastal
Bend

GCD
arton

Coastal
Plains
GCD

Matagorda

Brazoria

60 Miles

Legend
[ ] Texas counties
[ CGC GAM Boundary
Lakes
Groundwater district
Bee GCD
[ ] Coastal Bend GCD
[ Coastal Plains GCD
[__] Evergreen UWCD
[__| Fayette County GCD
Fort Bend Subsidence District
[ ] Goliad County GCD
Gonzales County UWCD
Live Oak UWCD
McMullen GCD
Pecan Valley GCD
Refugio GCD
Texana GCD

%Wﬂﬁﬂﬂwg_._

b E;.-mnmzrlml mﬂmbqya{énnﬂmw. e
Locations

Groundwater Conservation Districts
as of August, 2002

http://Aww.tw db.state.tx.us/
data/GIS/gis_toc.htm#tnris

Figure 2-2




S——
Choke
Canyon
Reservoir

LAKE
TEXANA

60 Miles

Legend

[ ] Texas counties
[—] CGC GAM Boundary

[ Lakes
/\/ Rivers

Land-surface elevation (ft-MSL)

0-50

50 - 100
] 100 - 150
1 150 - 200
200 - 250
250 - 300
[ ] 300-350
350 - 400
400 - 450

[ 450 - 500

[J 500 - 550
] 550 - 600
600 - 650
650 - 700
700 - 750
750 - 800
800 - 850
850 - 900
900 - 950

Lﬁ WA TERSTONE

Eitrromrsitsr Feraiogy, e S, i

Land Surface Elevations

USGS 1990

Figure 2-3




ort Bend

Legend
[ ] Texas counties
[ CGC GAM Boundary

[ Lakes
/\/ Rivers

Physiographic Provinces
Coastal Prairies

[athEaimmrﬁ_.

Physiographic Provinces
in the Study Area

USGS 1946 Figure 2-4




< Fort Bend

Brazoria =

LAKE
TEXANA

Choke
Canyon
Reservoir

Legend

[ ] Texas counties
[_] CGC GAM Boundary
, I Lakes
CHRISTI ' reC|p2|Za'15|on ones (in/year)
. ’ 1275

32.5
[_]375
42,5
55

Mcmullen #
I/

V/

Web

EI-IW'JTﬂ'u\'ﬂmlk\Gﬂw ir.'n’El-'ri,.muq-n!w. i

| LQWATERSTGNE

Precipitation Zones
Jim Hogg ‘:;

60 Miles

http://www.ocs.orst.edu/prism

2001 FIgU re 2-5




(d) _Rain gaage station; 412266

| -1
(a) Rain gaqge station: 412173 m ’—I_—H
= 4 Mean—41.11l 4 | | | | |
m Mean = 33.56 daF MR LI B LM 0| e 0y ] A |
%m ' el I IN N AL | { J [T LR
§ o 1 ! | i [ }u. - [ Ny ah L K] i II— [RY ] 1 R
1 ¥ | I [ u ! 1 LI ] §p
&= | -, | fllg Nk 4 .. £ e | ¥ L] 8
~mt YUl LTI R R
B o i y kK E .
| L ~T%] w0 ) [T = =) e w0 T
] Taw
L =T ) T B, D

(b) Rain gage station: 410639 < (e) Rain gage station: 414810
,
il s B/Iean =23.56] I 5 B .
L] -t PP et W A o ity 3 L ’ N a P ' # l' il LA™
.' ik} ! -_. i '|_'I._*..: J ¥ . A ...' A _‘ :.:.._.J: I"'_.." o i '8
=% =) TR CT T ) : [ ' - ] S u'-“‘“"' i S - o
(c) Rain gage station: 414058 /Sr " () Rain gage station: 413063
E-..- Mean = 20.29 = i |
2 TSSO EHHNENGIE
5 | | 41 1] i | L 1l e Al 1 w8 LR of B0 4 aeln iy / 1 L ." ]
E.‘t- vl ".-I -.-'.'1"!. i [ -'"I. .- r L MR TP 4 gf: il i : | ‘:‘ T ' I
i0 % L | | |
o — — T — “ﬂ,_, e . e e =T TR T CT T = wE 2@ T

Rain gages: (a)412173, (b)410639, (c)414058, |q WATERSTONE
(d)412266, (e)414810, and (f)413063. »

Historical Annual Precipitation
for the Central Gulf Coast
i 1900 - 1999

W0 30 BOMiles

Rain Gage Data.  Figure 2-6




Choke
Canyon
Reservoi

79.81y| rExana
Y N
83.85 N\ - v SV

LAKE |3 '
CORPUS

CHRISTI

\/ Legend
v/ uf [ ] Texas counties
a4 [ ] cGc GAM Boundary

Lakes

Evaporation inches/year

%%IATER,STDNE

Equimnm itey Aol and Erpnto, s

s Average Annual
\LL Net Lake Evaporation

in the Study Area

0 0 0 60 Miles Lavaca Navidad River Authority 2004 -
\ }: h ————————— ———————— ] Ol of Corpus Chi stiWater Division 2§02 Flgure 2-7




Legend

[ ] Texas counties
[] CGC GAM Boundary
Lakes

Geology

Alluvium

[_1 Beaumont
[] Catahoula

Catahoula tuff
Catahoula-Frio

Chusa tuff
[ Feming
] Fleming-Oakville
Frio

Goliad
[ Lissie
Oakville
Soledad
Willis

[ dune deposit
[ sand deposit
] silt

[/.
B

WATERSTONE

EH et RSl o Gt e S, (1

Surface Geology

Texas Bureau of

E ic Geol i
conorrilgcggeo ogy Flgu re 2-8




Texas Coastal Lowlands

= w
2, o Hydrogeo-
i o2 Stratigraphic Units ) i
logic Units
T Alluvium
G =
& w
> o —
[ et
< S
=Z| w Beaumont Clay =
|l = . <
| w Montgomery Formation 5
'<T: 8 Bentley Formation =
ol 0 Willis Sand o
w
—
o
= =g
3 - EL
& Goliad Sand c 3
= = <
o L
o J
= c
. . >
Fleming Formation £ E E
38 ¢
. De 3
(4
<| £
i .
v O Oakuille Sandstone
w( o
S
3
C o T
Catahoula Sandstone or Tuff2  [£ Z| =
2w =
o
g <
= [ah)
2 g =
' . 1 L o et
o Anahuac Formation~ | & & —
o= m >
— W i
oo "Frio" Formation *
1 Present only in the subsurface
2 Catahoula Tuff west of Lavaca County
P
- WATERSTONE
Enviranmenial Hydrofagy and Engineering. inc

Stratigraphic and Hydrogeologic
Units of t he C entral G ulfCoast

Ryder 1 988 ‘ Figure2-9




sk

7 5

Fort Bend

Mcmullen
Duvgle 4 /
im ‘
$Welis Kleberg 3
T l
ey Brooks ;
Kenedy

40 80 Miles
— —_—___________________————————— |

Legend
[ ] CGC GAM Boundary
[ ] Texas counties
[ Chicot outcrop

Chicot Sand Percent

[ ]0-10
[ ]10-20
20 - 30
30 - 40
[ ]40-50
[_150-60
[_]60-70
[ 70 - 80
[ 80 - 90

I 90 - 100

4 WATERSTONE

T e BN A et e i, (1

Kriged Distribution of
Sand Percentage
Chicot Layer

Various Published reports
and TWDB databases

Figure 2-10




\ | A 3
Colora
' da Fort Bend

Legend

[ ] CGC GAM Boundary
[ ] Texas counties
[] Evangeline outcrop
Evangeline Sand Percent
0-10

10- 20

20 - 30

[ ]30-40

[ ]40-50

[ ]50-60

[ 60 - 70

Mcmullen

| E—

& [ 70 - 80
80 - 90
90 - 100
Duval " X
Jim ‘ Y
A ——1_|—|.| [Vells Kleberg

Kriged Distribution of
Sand Percentage
Evangeline Layer

Kenedy ‘

] 4 WATERSTONE
At Brooks ‘

40 0 4 8 Miles Various Published reports .
— —  ___________________—————————— | and TWDB databases Flgu re 2 -ll




Fort Bend

Mcmullen

Vil

</

Live JOak

Duval
Dim
Wells
]
m Hogg Brooks :

Kenedy :

80 Miles

Legend
[ ] CGC GAM Boundary
[ ] Texas counties
[ Burkeville outcrop

Burkeville Sand Percent

[ ]0-10
[ ]10-20
20 - 30
30 - 40
[ ]40-50
[_150-60
[_]60-70
[ 70 - 80
[ 80 - 90

I 90 - 100

4 WATERSTONE

T e BN A et e i, (1

Kriged Distribution of
Sand Percentage
Burkeville Layer

Various Published reports
and TWDB databases

Figure 2-12




‘
Colorado
Fort Bend

™

syl

el [~

_ Legend
g / . CGC GAM Boundary
b e Oak Refugio : Texas counties
Mcmullen Bee Jasper Sand Percent
[ ]0-10
[_]10-20
—L/ 20 -30
30-40
[_]40-50
[_150-60
[]60-70
[ 70 - 80
[ 80 - 90
. I 90 - 100
_,|_|_|_| Dim l
- 4 V\VATERSTONE
Ermerimen X sl S gy el Enpmserig,
Jim Hogg T s , Kriged Distribution of
Kenedy Sand Percentage
Jasper Layer
e M ™ Figure 2-13




Cross Section E-E’

T

Chicgt 1
|

Elevation (ft)

Cross Section I-I’

1000

e T re———

: 000 Cross Section G-G’

1000

1 2000 e e T 1Y

l_.

-3000

Elevation (ft)

-4000

-5000

Elevation (ft)

-6000

<|WATERSTONE

Environmental Hydrology and Engineering, Inc.

VA

3-D Aquifer Model and
Cross Sections

100 50 o 50 100 150

Vertical exaggeration ~ 80x Baker 1979 Figure 4-1




Choke
Canyon
Reservoir
LAKE
CORPUS
CHRISTI
b1
e
MQIP
C

B

LAKE

TEXANA
3

\
AN

o

0 60 Miles

Legend
[ ] Texas counties

[ ] cGC GAM Boundary
[ Lakes
/\/ Rivers

QOutcrops

[_] Chicot
[ ] Evangeline
[ 1 Burkeville
[ Jasper

|—ai WATERSTONE _

Errnansrl My a TiEgy ond Enpiooing, i

Extent of Outcrops
for Major Formations

Baker 1979
USGS1996

Figure 4-2




Colorado
ort Bend

ackson Matagorda

P

&

=

—

Calhoun

_ Legend
| Texas counties

[ ] CGC GAM Boundary
928 I Saltdomes

Live Oak
Faults

Mcmulle Bee
w Frio

/ (e
NG
/ (. a/mcff)&: \ | Inner Vicksburg

Lower Miocene
Vicksburg

/ Wilcox
Nu e e} L/

Jim WeHs .
P WATERSTONE

T e BN A et e i, (1

Duval Kleberg

TL P a2 Faults and Saltdomes
Jim Hogg

60 Miles

(=}
8

Brooks -] Y

Kenedy § § Solis 1981 Figure 4-3




Mcmullen

Live Oak

Brooks

o

60 Mles

Legend

[] CGC GAM Boundary

[ ] Texas counties

[ Chicot outcrop

/\./ Elevation (ft-MSL)
Chicot

s Control point from Outcrop

Control Points
# Based on Published Source

|:i WATERSTONE _

Errnansrl My a TiEgy ond Enpiooing, i

Elevation of the Base
of the Chicot Layer

Baker 1979 Figure 4-4




Mcmullen

Live Of "J‘ii,'y <
| IS

Jim Wells ]
i/

, 7

{ i,’

Nuyeces,

00

Kenedy

0 60 Miles

Legend
[] ccc GAM Boundary
[ ] Texas counties
[] Evangeline outcrop
/\/ Elevation (ft-MSL)
L] Evangeline

s Control Point from outcrop

Control Points
# Based on Published Source

Errnansrl My a TiEgy ond Enpiooing, i

WA TERSTONE

Elevation of the Base
of the Evangeline Layer

Baker 1979 Figure 4-5




Karnes,
Liv k #
Mcmullen
#
#
O /u
/
Q
s N
#
#
Q
S #
V&
## #
& I# #
b Wl # [, .
5 i
## # | # I
#
# #l 4 i #
# # H# # # j
JmH i
g9 Beooks

Faye P
# #
#
€olora # o #
# ort Bend
#
Gonzales # #
B arton
# #
razog;ia
e it/ #
#
#
# Jacksen # tagord
# ’ #
# [
#
olia
#
oun
# | (,)QQ
ee #
#
Patricio
#
Q #,
ueas”
00
#
#
0 0 0 60 Miles
| ] e —

Legend
[] cGC GAM Boundary

[ ] Texas counties
[] Burkeville outcrop
/\/ Elevation (ft-MSL)

[ ] Burkeville

s Control points from outcrop
Control Points

# Based on Published Source

# Bore Holes

ErrmAameeral My a oy ond Ergiicorng, inc

%WM_E_RST_QHE__ )

Elevation of the Base
of the Burkeville Layer

Baker 1979 Figure 4-6




Karngs

Live O
Mcmullen

/

i

e 3 8

n

—
-

H # # Kl

ustin

Colarado #
N ort Bend

Gonzales

€€,

an

ces

erg

Kenedv

vac arton

#
razoga
Itt

# Jacksen 4
Matagord

0 60 Miles

Legend

[[] cGC GAM Boundary
[ ] Texas counties
/\/ Elevation (ft-MSL)
[ ]Jasper
s Control Points from outcrop

Control Points
# Based on Published Source

# Bore Holes

%WME&&IQNE_ _

ErrmAameeral My a oy ond Ergiicorng, inc

Elevation of the Base
of the Jasper Layer

Baker 1979 Figure 4-7




Mcmulle

Live Oak

0D 0 0 60 Miles

Legend

[] CGC GAM Boundary
[ ] Texas counties

Chicot outcrop
Elevation of the top

of Chicot (ft)
Chicot

1]

IQWATERSTGME

£ i 2 A A ST, o

Elevation of the Top
of the Chicot Layer

Baker 1979 Figure 4-8




Mcmullen

"

.'_"ﬂ‘

A)
A, 0

Broo ks\

Legend

[] CGC GAM Boundary
[ ] Texas counties

Evangeline outcrop
Elevation of the top

of Evangeline (ft)

Evangeline

[ ]

IQWATERBTGME

'] 'n'u':'nr:'i':ﬁI.t.'_n.\*;m_iy_w.'u.'_num:-orrl-'lg. e

Elevation of the Top
of the Evangeline Layer

Baker 1979

Figure 4-9




Mcmullen

/

LivejOak

I
Colgrado Fort Bend

Jim
Wells
Duval . )
Kleberg
H
m Hogg Brooks

‘ Kenedy

60 Miles

e B
8
o
8

Legend
[[] CGC GAM Boundary

[ ] Texas counties

[ Burkeville outcrop
Elevation of the top
of Burkeville (ft)

Burkeville

[ ]

P WATERSTONE

'] 'n'u"'n&:fﬁ'.t.ynkv;ﬁ; w'u.'_lu.'.'::-rnn:.'. e

Elevation of the Top
of the Burkeville Layer

Baker 1979 Figure 4-10




eeeeee

JJJJJJ




Mcmulle

Live Oak

Brooks

Kenedy

0D 0 0 60 Miles

Legend
[] cGC GAM Boundary
[ ] Texas counties
[] Chicot outcrop
Layer Thickness (ft)
[T ] 20 - 100
100 - 200

[_] 200 - 400
400 - 800

800 - 1600

|ﬂWJ‘.~IER§T_GNE. .

Errnansrl My a TiEgy ond Enpiooing, i

Approximate Thickness
of the Chicot Layer

Baker 1979 Figure 4-12




Legend
[] CGC GAM Boundary
[ ] Texas counties
[] Evangeline outcrop
Thickness of Evangeline (ft)
[ 20-100
100 - 200
[_] 200 - 400
[ 400 - 800
[_]800- 1600

I 1600 - 2800

Mcmullen

|—ai WATERSTONE _

Errnansrl My a TiEgy ond Enpiooing, i

Approximate Thickness
of the Evangeline Layer

_— Ve Baker 1979 Figure 4-13




Gonzales
Karnes
Goliad
Live JQiak
Mcmullen Bee
San Patricio
o
¥ Nueces
Jim We
Kleberg
. 1L
99 Brooks

Kenedy

ustin

Faiyet
Colorado
-
Lavaca
Jackson
Victortet
0 0

\Ntharton

Fort Bend

razoria

Matagorda

60 Miles

Legend

[] CGC GAM Boundary
[ ] Texas counties

[] Burkeville outcrop
Layer thickness (ft)

[ ]20-100

[ 100 - 200
[_] 200 - 400

[ 400 - 800
]800 - 1600
M 1600 - 3200

4 WATERSTONE

LU AR BN A A B LA R,

Approximate Thickness
of the Burkeville Layer

Baker 1979

Figure 4-14




Legend
[] CGC GAM Boundary
[ ] Texas counties
Layer Thickness (ft)
20 - 100
100 - 200
200 - 400
400 - 800
[ ]800 -1600
1600 - 5000

L@W&TE&ST@ME

b Enmmmmdm inc.

Approximate Thickness
of the Jasper Layer

Baker 1979 Figure 4-15




Observed Predevelopment Water Level Elevation (ft)

Observed Predevelopment Water Level Elevation (ft)
Layer 2 (Evangeline)

Layer 1 (Chicot)

Observed Predevelopment Water Level Elevation (ft)

Observed Predevelopment Water Level Elevation (ft)
Layer 4 (Jasper)

Layer 3 (Burkeville)

L‘ WATERSTONE
| Erwirowreatal i Erioe and Engnearni, Ine.
Notes: D_ased lines represent
hypothetical contours. Observed Predevelopment
Contours are only valid in proximity )
to data points. Water Level Elevations (ft)
1901-1940
50 0 50 100 150 Miles
Figure 4-16




1988 Observed Water Level Elevation (ft)

1988 Observed Water Level Elevation (ft)
Layer 2 (Evangeline)

Layer 1 (Chicot)

1988 Observed Water Level Elevation (ft)

1988 Observed Water Level Elevation (ft)
Layer 4 (Jasper)

Layer 3 (Burkeville)

L‘ WATERSTONE

| Erwirowreatal i Erioe and Engnearni, Ine.

Notes: Dased lines represent

hypothetical contours.

Contours are only valid in proximity Observed 1988

todata points. Water Level Elevations (ft)

50 0 50 100 150 Miles e 417
igure 4-




1998 Observed Water Level Elevation (ft) 1998 Observed Water Level Elevation (ft)
Layer 1 (Chicot) Layer 2 (Evangeline)

1998 Observed Water Level Elevation (ft)

1998 Observed Water Level Elevation (ft)
Layer 4 (Jasper)

Layer 3 (Burkeville)

L‘ WATERSTONE

| Erwirowreatal i Erioe and Engnearni, Ine.

Notes: Dased lines represent

hypothetical contours.

Contours are only valid in proximity Observed 1998
Water Level Elevations (ft)

to data points.

50 0 100 150 Miles .
Figure 4-18




300,
200=
=

Sk

T |

Fa0

0

2L

112

z i

Eoaof
20

Hog

Well BEZ5203, Lavaca
iDapth 51-K; Burface deyvation 322-8; Budsylle aquifed

Water Lewvel Elsvalion

b s b

Well BDDE101, Jackson
[Depth 481-#; Surface elevation §5-8; Chicot agquifer

o & B B &5 B
TRl L LALRS RARLE}

o
-

- - - - OROeE1M

L1 L1 Ll
%D 1882 1854 19596 1588 000
¥ oar

Woell BB4TT 0D, Wharon
(Dwpth -137-%; Swlfaca alevalion 111-f; Chicol aguiler)

o
k=]
TTTT

Water Level Elevation
[ T R S |
= -T -T
T T T

-
=
M

[ i 1 il i | 1 il ]
= [EH 1852 1566 [T 2000

Watar Level Elavation

Well 5330504, Brazoria
{Depth 424-f; Swrface sleyation Sa4-8; Chicol agefer]

o QES50504

1987 1854 gk = 19498 000

Y ear

30 0 30 50 Miles

‘WATERSTONE

Envirornmenntal Hydmn't;gy and Enginearing, Inc.

VA

Observed Water Levels
Northern CGC
1990 - 1998

TWDB Database Figure 4-19




NN

|§ T

Water Lewe| Elewvali

Well TOD3TOZ, Kames
{Dwepth «10-ft; Surface elevation 246 i Jasper aguifer)

orenlroz

| I
1513550 1582

1854 1566
¥ war

1888

Watar Laval Elevation

Well 7932802, Refugio

{Crepth -127-ft; Surface elevabon 75 Chicot aguifer)

. L e

s 15884 1568 2000

Waell 7907305, Victora
o i Depth - 265 & Surfece elovabon 163-fi Evangoing agefor

32 T B
=

Waler Levwal Elevation
& B B
T T

= -
—

- OFa0Tans

=k
=]
T

1 1 PRI | P 1
'Fhl:l 18982 1854 1886 1g8g 000

Well B02TE01, Calhoun
B iDapth <2 Of; Surfece devation 150t Chicot acqu o]
Al =
sl
£ mf
E g
i
E O
: - - B g--N
. -0 m-o-a
;.x.'_
Ak
-1-0- - - E- - Ol e |
Bal i L 1 1 | |
'?EBZI == 1954 1935 15ag 2000
Y oar
30 0 a0 &0 Miles

I@ WATERSTONE

Envirorrmantal Hydrolagy and Enginearing, Inc.

Observed Water Levels
North Central CGC
1990 - 1998

TWDB Database Figure 4-20




Well TR3D90Z, Live Oak

10 {Crepth -3 ft; Surface devation 250 Jaspor aguifer}

b

mr
c
£ Tap B g omee

- -m

HES .
]
= ek
:
T 40
i [
z #Wr

=k

[ - - & - - OTRISG0Z
10
PR I
'Fhl:l 1982 1884
¥ oar

Waler Level Elevation

B T

& & & 2 B E
B T T

|H|

-
o
T

Well 7858201, San Patricle

. i Drapth - 382 k- Surfece elevabon 160-fi; Evangobing aogefor

B e ]

- OFasE?01

i

| PRI P
1992 1854 1986 1588 000

B

=
=

& B

Waler Level Elevali

_E..I

i Owpth - B24- 1 Surface elevabon 188-8; Evangel ne aguifer]

Well 7243102, Bee

Waler Level Elsvation

5 8 B

5 B % 3
U R LRRAR LR |

(=
T

=
T

Wel B222801, Nueces
(Dopth - 168-f: Surfsce clevation 16-8; Chicot aguifen:

- - &= - ORIZIFE01

o

1982 1884 1686 1g88 2000

¥ oar

30 0 a0

G0 Miles

I@ WATERSTONE

Emvirevwnamial Hydrology and Enginesning, inc.

Observed Water Levels
South Central CGC
1990 - 1998

TWDB Database Figure 4-21




T

o
5
M

-

Water Lewel Elevation
L,

=
=
=

Wall B412301, Duval
[Depth B4-1t: Surface slewabon 530-1; Jasper aquifor)

-

f

o 'Iu"!‘mn_.Lu'vEI Eliu’u -_‘l g e
2 8 5§ 8 &8 38 8 B
T T LALAN RARRJRALE “LRAR) |

=

Well B4397T01, Jim Welis
_ (Depth -GE-: Surface slavetion 218-ft; Evengaiine aqurer)

[ P —_

Bl

- B -

- - - - - OpRadErm

Fegn

sa2

1854

1556 1588 2000
¥oar

‘Water Lewel Elevation

Well B4Z4Z08, Jim Welks
o _iLM'pth- T35 Surface ekvabon 200:8; Evangeline aguifer
9".'!;_,. -l = ol - -
B
(1] =
m_
sk
4k
w—
2k
- - - - - CEd2430E
19f
A I | 1 | |
'FEE:I 106 1984 18985 1838 2000
Wear

Wall B432401, Jim Wells
s i Dapth - 34561 Surface ehvabion 151-8; Evangelne acuifer)

5:':
A0 =
s
Ewf -
R JR L S
i 'Il:l: g .
E o
L]
=10
] F
2-2f
af
r - - 8- - O3 |
10 F
':1:'59-:-1';9219:34 15|95 '15|E|n "znlm:
Year
30 ] 30 B0 Miles

Emaronmea tal Hydroiggy and Emglimesning, Inc

|4\./Wa'rERSTu:}NE

Observed Water Levels
Southern CGC
1990 - 1998

TWDB Databas Figure 4-22




ort Bend

Legend
[ ] Texas counties

[] ccc GAM Boundary

/\/ Rivers

Land Type

Alluvium of sand and mud
[ Aquifer recharge zone
Expansive clay and mud
High to moderate premeability
Karstic Caliche

Loose surficial sand and silt
Major recharge sand

Sand and mud

Sand and shell beach

Sand dune and blowout
Secondary aquifer recharge
Tuffaceous sand and mud
Windblown sand

Study Area
Surface Geology
for Recharge Zonation

Texas Bureau of

Economic Geology i -
ne s Figure 4-23




el

’

0
P

Rio
Grande

Mcmullen

Duval

im Hogg

Gonzales )

De Witt

ﬂ\adalu pe
Karne2an

Antonio

Live Oak e

\ San Antonio-

Nueces \ Nueces

an Patricio

L’\,ﬁ”\\
‘-'—\___/.

/

A

Jim Wells
Nueces

Kleber
Nueces- J

Rio Grande /

Brooks

Kenedy \

Aransas

/

olorads

Fayette

Lavaca

Lavaca

ackgon
_ Colorado-
Victoria

Lav

uada?l%sw
“€alhoun

Refuglo

."

Austin

orado
Fort Bend

arton BraZ

oloradtgrazoria

tagorda \

Legend

[ ] Texas counties
[ ] cGc GAM Boundary

River Basins
[ Brazos-Colorado
[ Colorado
[ Colorado-Lavaca
[] Guadalupe
[ ] Lavaca
[ ] Lavaca-Guadalupe
[] Nueces
[] Nueces-Rio Grande
[] Rio Grande
[] San Antonio
[] San Antonio-Nueces

x Lavaca

Iﬁ\f\»’ATERSTONE

Lrvrmamotan Heanalegl 200 Engheoing it

River Basins
in the Study Area

60 Miles

USGS 1994

Figure 4-24




s [ftisec)
A =

cfs [Rlses)

?E_ Ay

Historic streamflow
USGS Gage Number 8164450

Historic streamflow
USGSE Gage Number 8164000

m H

cfs (isec)

Py

i
'B'C.l.‘ Z0cn

Historic streamflow
USGE Gage Number 8160800

cs [ft'isec)

|

cfs [ft'isec)

Historic streamflow
USGS Gage Number 8117500

!

Historic streamflow
USGS Gage Number 8182600

WuWwﬂmeW Iy

10" i . 1 i
1580 {ECT) 'r!‘:or s 2000
0 0 20 50 Miles |

WATERSTONE

Erviramnmardal Hydrolagy and Enginesrivng, inc,

VA

Historic Streamflow
Northern CGC
1980-1999

‘ Figure 4-25




cfs (f'Tsec)

Historic streamflow
Historic streamflow USGS Gage Mumber 8175800
USGS Gage Number 8176900

! At e
i | ' |

ofs (IFisec)

Historic streamflow
USGS Gage Number 8175000

i M b [ VL

i
|'E"J$ 150

efs (Rfsee)

USGS. g:o;:: ﬁﬁngras;uu : USGS Gage Number 8177500
W'k kq ‘[ w'
_d"” ALY WMJ" (L . IQWATERSTONE
'g. M A A ﬁwl f |1|I } Emvironmiiiat Hydrology and Engineering, e
A u“hqutﬁal‘” J\M MJ h Historic Streamflow
Central CGC
1980-1999

20 0 a0 &0 Miles

L i 1 | 1 L =L L )
T — e B (=T S = 1395 L
Year .
i Figure 4-26




Historic streamflow
USGS Gage Number 8189500

E (',I ! "
) '!"la.~ ﬂl'q“ JJnﬂﬁllhjhﬂ,'.ﬁ | 'w] M “ﬁ'muﬁh,ﬁlfjl»{*"4| l._lk.

=

3 I
u1'90lil 18nn A 1956 2000

Historic streamflow
USGS Gage Number 8211520

10 =

wll § r
) bh‘ Vlh'..rfr“iﬁj rjdikm' l"ufhw#ﬂ',g,f%‘f |W'LFIL1|IL,|\ Jﬂdlm.

1 1 i |
1 LR 195 2008
Yaar

WATERSTONE

Environmantal Hydrolegy and Engineering, nc.

VA

Historic Streamflow
Southern CGC
1980-1999

20 0 30 50 Miles 4\ ‘ Figure 4-27




-

Lake
Corpus|
Christi

90

Cedar
Creek
(Fayette)
Resevoir

148—*

ﬂ{g;’ A
Powderhorn

Eagle
Lake

186"

Texas
Gulf Inc
Reservoir
6!
LAKE
TEXANA
N 1
Lake
Austin 2>
9 L _~|Cedal
" - 7" |Lakeq

<

Lake

Legend

[[] CGC GAM Boundary
[ ] Texas counties
[ Lakes

ﬁ VWA TERSTONE

[ Y S S

Lake Levels
Typical Elevation in Feet (msl)

30 60 Miles LavacaNavidad River Authority 20

Qity of Corpus Chiisti W ater Division 3002 FIgUI’e 4_28




Mcmullen

Jim

{

___S5 Wells

Brooks

i ;;/Iaéa orda
##E##“f g‘ #

¥ " .

40 0 40 80 Miles

Legend
[ ] CGC GAM Boundary
[ ] Texas counties
[] Chicot outcrop

Hydraulic Conductivity

control points
Chicot Hydraulic Conductivity (ft/d)

[ ]0-20
[_]20-40
[ 40-50
[ 50 - 60
[_]60-70
[ 70- 80
[ 80 - 100
[ 100 - 120
I 120 - 140
I 140 - 160
I 160 - 800

4 WATERSTONE

T e BN A et e i, (1

Kriged Distribution of
Hydraulic Conductivity
Chicot Layer

Various Published reports .
and TWDB databases Flgu I’e 4‘29




Mcmullen

Duva%
T

A

\

Jim Hogg

L

Brooks

Kleberg A

# #

Kenedy :

40 0 40 80 Miles

Legend
[] cGC GAM Boundary
[ ] Texas counties
[] Evangeline outcrop
# Hydraulic Conductivity

control points
Evangeline

Hydaulic Conductivity (ft/d)
0-25
25-5
[ ]15-75
[]75-10
[ ]10-125
[]125-15
15-17.5
17.5-20
20-225
225-25
25-275

IQWATERSTGNE

T e BN A et e i, (1

Kriged Distribution of
Hydraulic Conductivity
Evangeline Layer

Various Published report ;
nd TWDB thtabases Figure 4-30




ustin

Fale
Colorado
Fort Bend
Gonzales
Lavaca Wharton
razoria
Jackson Matagorda
arnes
# Victoria
Goliad
Calhoun
Live Refugio
Mcmullen Bee
—l—/ San Patricio
Nueces
Duval
Dim
A 7 [Vells Kleberg
mfieas Brooks
Kenedy
4 0 40

80 Miles

Legend
[] CGC GAM Boundary
[ ] Texas counties
[] Burkeville outcrop

# Hydraulic Conductivity

control points
Burkeville

Hydraulic Conductivity (ft/d)
[]0-2

[ 12-4

4-6

6-8

[]8-10

10-12

12-14

14-16

16-18

4 WATERSTONE

T e BN A et e i, (1

Kriged Distribution of
Hydraulic Conductivity
Burkeville Layer

Various Published reports
and TWDB databases

Figure 4-31




De V¥itt
#
arnes #

#
Live Oak #
Mcmullen # Bee
& #
Duyval

iz Jim#

P Wells
i
Jim Hogg Brooks i

&

Refugio

Kenedy :

¢
N1 A

=

Fort Bend

Mataig o

80 Miles

Legend
[ ] CGC GAM Boundary
[ ] Texas counties
# Hydraulic Conductivity
control points
Jasper Hydraulic Conductivity (ft/d)
[ ]0-2
[ J2-
C14-
6 -

[oc RN e IR N

8-10
[ 10 - 12
12 - 14
14 - 16
I 16 - 18

|4 WATERSTONE

T e BN A et e i, (1

Kriged Distribution of
Hydraulic Conductivity
Jasper Layer

Various Published reports
and TWDB databases

Figure 4-32




Number of Observations

Number of Observations

60
55
50
45
40
35
30
25
20
15
10

60
55
50
45
40
35
30
25
20
15
10

Chicot

<=-1 0.1] (2,3] (4,5] 6,71 >8
(-1,0] 1.2] (3,4] (5.6] (7.8]

Log of Hydraulic Conductivity (ft/day)

Burkeville

- |

<=-1 (0,1] (2,3] (4,5] 6,7] >8
(-1,0] (1,2] (3.4] (5,6] (7,8]
Log of Hydraulic Conductivity (ft/day)

Number of Observations

Number of Observations

60
55
50
45
40
35
30
25
20
15
10

60
55
50
45
40
35
30
25
20
15
10

Evangeline

<=1 01 @31 @5 (6,7 >8
(-1,0] (1,2] (3.4] (5,6] (7,8]
Log of Hydraulic Conductivity (ft/day)

Jasper

==

<=-1 (01 (23] @45 (67 >8
1,00 (121 (34 (66 (78]

Log of Hydraulic Conductivity (ft/day)

WATERSTONE

Environmental Hydrology and Engineering, Inc.

VA

Histograms of Hydraulic
Conductivity

TWDB Database and
various reports

Figure 4-33




Legend
[ | Texas counties

D CGC GAM Boundary

[ chicot outcrop

Chicot Transmissivity (ft*2/d)
[_]0-5000

5000 - 10000

10000 - 15000

Mcmulle

15000 - 20000
20000 - 25000
25000 - 30000
30000 - 35000
35000 - 40000

Duval

EUIER BN ] A S TR E i

L@WATEREI’GHE

Calculated Transmissivity
1 Chicot Layer

TWDB Database

and Published source: Figure 4-34




Mcmullen

Jim We

Brooks

Kleberg

o

60 Miles

Legend
[ ] Texas counties
[] cGC GAM Boundary

[——JEvangeline outcrop
Evangeline Transmissivity (ft*2/d)
0- 2500

2500 - 5000
[_]5000- 7500

[_] 7500 - 10000
10000 - 12500
12500 - 15000
15000 - 17500
17500 - 20000
20000 - 22500

%WETERSTDNE

LNl Gt s S, 1

Calculated Transmissivity
Evangeline Layer

TWDB Database
and Published sourceg

Figure 4-35




Mcmullen

|

[

Duval

m Hogg W-I*

Brooks

Kleberg

Kenedy

ort Bend

0D 0 0 60 Miles

Legend
[ ] Texas counties
[1 cec GAM Boundary

[ Burkeville outcrop
Burkeville Transmissivity (ft*2/d)
[ ]0-1000
[_] 1000 - 2000

2000 - 3000

3000 - 4000

4000 - 5000

5000 - 6000

5000 - 6000

6000 - 7000

7000 - 8000

8000 - 9000

9000 - 10000

4 WATERSTONE

EUIER BN ] A S TR E i

Calculated Transmissivity
Burkeville Layer

TWDB Database .
and Published source Figure 4-36




B

—
Live Oak
Mcmulle
Duval Jim We
IL |
JImBEsy Brooks e !

U

Colorado

0D 0 0 60 Miles

Legend
[ ] Texas counties
[1 cec GAM Boundary
Jasper Transmissivity (ft" 2/d)
[ 0- 2500
[ 2500 - 5000
[ 5000 - 7500
[ 7500 - 10000
] 10000 - 12500
12500 - 15000
] 15000 - 17500
17500 - 20000
20000 - 22500
22500 - 25000
25000 - 27500

4 WATERSTONE

EUIER BN ] A S TR E i

Calculated Transmissivity
Jasper Layer

TWDB Database
and Published source:

Figure 4-37




Specific Storage = 1.0 E-05 (1/ft)
Specific Yield =1.0 E-03

3
SRSNXX
gRAEES

Legend
[ ] Texas counties
[] CGC GAM Boundary

Chicot
[ ]0.0001 - 0.001

0.001 -0.01
0.01-0.1

WATERSTONE

|.H.\T£1't i 'rm:m -mr'u.'_l l.:-‘ BT,

| =

TN

RS
K3
125
0%
R3S
8258

,

RIS
QAN
RAAARKER
&

)
]
]
3

Paeele.
2

!

oo’

otes
%
%5
&

0%

&
5
%5

&
&
%

Confined Storage
Coefficient
Chicot

EEGO Mies Model Input Figure 4_38




Specific Storage = 1.0 E-05 (1/ft)
Specific Yield =1.0 E-03

Legend
[ ] Texas counties
[[] CGC GAM Boundary

Evangeline
[ ]0.0001 - 0.001

0.001 - 0.01
0.01-0.1

|4 WATERSTONE

'] 'r».'u'"l.r:'r:fﬁ't.'_r-.'rm:ﬁ; _w'u.'_lu.-m:-rn:t:.'. e

Confined Storage
Coefficient
Evangeline

60 Miles

e Model Input Figure 4-39




2K}

SRRAS
XY
%)

Specific Storage = 1.0 E-05 (1/ft)
Specific Yield =1.0 E-03

Legend
[ ] Texas counties
[] CGC GAM Boundary
Burkeville
[ 10.0001 -0.001

Enpameeri

Confined Storage
Coefficient
Burkeville

0 Mies Model Input Figure 4-40




Specific Storage = 1.0 E-05 (1/ft)
Specific Yield =1.0 E-03

Legend
[ ] Texas counties
[] CGC GAM Boundary

Jasper
0.0001 - 0.001

0.001 - 0.01
0.01-0.1

4 WATERSTONE

'] 'r».'u'"nr:'r:fﬁ't.'_r-.'r*;ﬁ:; w'u.'_lu.'m:-rrw:.'. e

Confined Storage
Coefficient
Jasper

&0 Mles Model Input Figure 4-41




Figure Not to Scale

Legend

——— Stream

Salt Water

; Infiltration

* Evapotranspiration
ET p

* Precipitation
=R Runoff
Leakance

Groundwater Flow
Direction

Chicot
Aquifer

Evangeline
Aquifer

Burkeville
Confining
Unit

Jasper Aquifer

| WaTeRsTONE

Environmental Hydrolipgy and Engineering, Inc.
W :
18 | 9

3-D Conceptual Model

Baker 1979 Figure 5-1




No flow

(I
No flow

__Chicot

L. Coastal
Discharge

No flow

=\

Evangeline
>

No flow

(—
—t—

No flow

-

Burkeville

No flow

Il
4

Jasper

Recharge

Surface water-groundwater interaction

No flow

Downdip groundwater flow

ﬁ

>
Pumping

No flow

I@WATERSTONE

Environmental Hydrology and Engineering, Inc.

Conceptual Groundwater Flow
in the CGC Aquifer

Figure 6-1




&
Q%
3R

&%
308

RS
QOIS

QPR3

!

0%,
%5
o

o,
!

O
Q%%
XX

2

KRN

!

RSQXKKAICAXNALNLX,

Q2NN
RXIRINRHXRKIHHNANK

&2
8

o
SR
RRD
000!
e rete
eee!
R &
SR KK
Paterels! IO
K e
%2e!
&3
3
&
SRASX
SRS
SR
SRRAX
RRAARAXIX
RRRRAXXAX
<RAXRRXXRKS
QARARON
SHANKAXXK
oo ereseete;
RRRIARAAAX
IRIAANIK
KRS
RRNKX
KARANN
PRANN
AR
6k 5, XXX
ISR
S BRANRARK
RN
CRRRRARIK
RBRRAAAAY
RS
SPRRE
SRRRRRARKY
SBARRRIIRERN
RRRSIBRRIL
R AN RARARK
RRRRRIRARAARK
tite et tete htite! N S
R R AR LA,
QR KRR LN ANKK oSt !
SRRRAAXXX o
SARRRRRRRN SRS
SRAARS K8
R QRS
OO ::-fo:
CREKUAX KEERK
CRRIRA oo e,
SR AR
SRRTIRIN RS
QRKIAXK QRN KLIKRRLK
3 3 KAAK
BRI oo
e e e e sas
GRS R RIKR R ARRIHRKARANKIK
SR A S I SIS ITINS
RS R KRR

RRARARRAXX
R RERAFIRAEXE

ores oo e s aretererateretetal
SEBIIERRRRARTITS

60 Miles

Legend

[[] CGC GAM Boundary

[ ] Texas counties
[ Chicot Active cells

WATERSTONE

Bl Hychoagy ond Enginicring

Er T

W

Active Cells
Chicot

Model Input Figure 6-2




!

8

o

60 Miles

Legend

[ ] cGC GAM Boundary

[_]Texas counties
[ Evangeline Active cells

|QWATERSTDT_~,;E

EreenAameeal e oy ol Enghiconng, i

Active Cells
Evangeline

Model Input Figure 6-3




..
>
R
RSN
e

o
&

=25
&

60 Miles

Legend

[[] CGC GAM Boundary

[ ] Texas counties
[ Burkeville Active cells

WATERSTONE

Bl Hychoagy ond Enginicring

Er T

W

Active Cells
Burkeville

Model Input Figure 6-4




0
ot

%
&
s

XX

XX
&
&

&
&

R
8
KX

QR
0RXXD

&
QRN
oretatete!:

Q0052258
R

otess;
s
o,
&

o}

&
&
O
&

ore:
&

o,

255

25

2o
&
&

%3

&%
'}
S

(RRAXN
SRR SRR
LR BURRL:
RRKE AR
LR o2
GRS
GIRRONNXL
s rees
e terers
e e orors
QKR XKLLX
RXRRRARXY
ORI
ot tatetetobots
2 SRORRRNS
-+ e terers
o RRORKL
RN INKL
R R RNKE
QRN
RN
RN
RSO RRNRS
KRR HXARAXRRXAXIKS
NN
2 RSN
& QKRR IRKKL
e, QKRR
SRBKN SRR HARRARARARARS
GBI R RR KL
3 R R
R RN
R O R
R RO KRR KK
B SO SN KON
R RN
e etotoress oo
IR L N
&K R AN KR KRRANKKL
RO KRNI KKK RIRKKS
QR SR AR RAKIR
3R R RS
R R R ARIARKN
QR RN
QR KRR
R KR RRRRKS
R RRS
R R RS
R RRRRKLR
QSR OO ISR KK R R R ARAAIS
CRRRARIHRARXAARIKRRRRKERKXKRRKXKKKY
R R SIS
2R O KRR L K ANKENK
e e tere; O RRNKRR
QKRR QENLLNNKXL,
’ R G eORRRNS
QKRR IR RIRRKAANNL
QR0 RIS IRNKKRL
30RO O KRR
QRS
QR RS
QR KLLR
BRI R R EERE o,
R SIRARNLSS
QRN
o
&
X
SRR
QRN
2R
SRR
CXRRXRK
SN
205
EXRR
orers,
IR
2253
SRR
20K
IR0
20K
S0UKRUSS
etitatotetod
SRR
QS
2R
& X S0
SRR RARIEAAAAD ot
R RRRRRRRIRRNKEL &
[egsieleleleleleleleldl R R RRRRS
R R R RRRIEKRAKRK
R KR RIISNNKREXK,
RRRRRKARAARKARARRKAAES
00N e e
R RLLRREKKEK n
R RPN
IR
R ORI RKLR
O RNS
QR IRKI
R RO KINN
GOSN
R RKAKL
R R RRNAK
RN
KRR RRAKKRRARAKXXAN
NN
e re e o resstotetetorebatitote! 8ute .
R SRR
R RN
R KRR ARAKRXRRHAXHXKK exas counties
NN
R R KIANK
RS .
R IRR
R RRRKXS
AR R XX ARAARXRNAXAY as per cuve cells
22058 QKR RNNKNKK
DR RAKAAK KNI
R R K RN
Qe RS
R NS
g R REK
RO RRRS
G RS
R R K
R SRR
RIRIBE RIS
R R R K R
QKX KRR KKK
N O e e e et e 0 et o 1
BRI KKK R RN KRR N INKAKXRLIDE
RO RRRIRRIPR -
000 R RS =t . - Ly <
R0 R RO R KRS = i - S o Tt
RO R RRENRY] Errnanism Hy e Ty o Engiriooing, (e
R K e o E
RN S
et e e e et ot e
R S e R 2RI
O OERRRARK QR RSN KL%
ROKKIANAL QO KRR X IRRNKK
OO0 OSSOSO KIS
KRR KRN KARDAAXRXUKCARAAKRKRAURAKANS
e e e a oo s e r e r o o re e aare aTetetetnt tobetebatetets tobes Gy
R R AR R
R R R R R RNKKL .
R IR KRR IR IR KRKE
R R RSN (; Ive e S
R R R IRKLN
e SRS k
0 RSN
ORISR R KL KA KL XKXXX H
R R KR SR R KRR ARHKRRSANAXKNS
g AR A SIS |
R KR AR KR NKRIRLNKE
00RO KLRNK KK RILNNE X%
e R SRR KIRNKL I
Q0 ISR
R R R IK i
R RN H
e R R RRRSRR
R R R RRARRARRARRSAU 4
R R R R AR AR RLRRKKARRRKLKS
0 0 0 60 Miles Model |np t .




Webb

Mcmulle

Legend

[ ] Texas counties
[] ccc GAM Boundary
Recharge Intersection
[]0-0.00005

[_1 0.00005 - 0.0001
0.0001 - 0.0005
0.0005 - 0.001

[ 0.001 - 0.005

|

[Q]WATERSTDME

[ S g ""‘E!'

Recharge
Soil/River Basin
Intersection

f
Economic Geology

Figure 6-6




Legend

[[] CGC GAM Boundary
Texas coun ties

[ Active cells (streams)

|

WD SR | AOrTiG Al RS S, s

Stream Cells

Figure 6-7




$
o . &

2V X

OV v&

Legend
[] CGC GAM Boundary

[ ] Texas counties

[ Active cells (Drains)

Enpnsanng, b,

DO T

WA TERSTONE

|

<

Ei

i

Drain Cells

Figure 6-8

Model Input
NLCD 1990

60 Miles

\




Legend

[] CGC GAM Boundary
[ ] Texas counties
Active cells (Lakes)

5 : |:i| WA TERSTONE

R T U RN U s e

Laguna/ Lake Cells

Salada

& — Y Model Input Figure 6-9




Legend
[] CGC GAM Boundary
[ ] Texas counties
Active cells

(general head boundary)

|;§| WA TERSTONE

LI il o v R R b e U RN L o s (T

General Head Boundary
Cells

Model Input Figure 6-10




	figure 1-1
	figure 1-2
	figure 1-3
	figure 2-1
	figure 2-2
	figure 2-3
	figure 2-4
	figure 2-5
	figure 2-6
	figure 2-7
	figure 2-8
	figure 2-9
	figure 2-10
	figure 2-11
	figure 2-12
	figure 2-13
	figure 4-1
	figure 4-2
	figure 4-3
	figure 4-4
	figure 4-5
	figure 4-6
	figure 4-7
	figure 4-8
	figure 4-9
	figure 4-10
	figure 4-11
	figure 4-12
	figure 4-13
	figure 4-14
	figure 4-15
	figure 4-16
	figure 4-17
	figure 4-18
	figure 4-19
	figure 4-20
	figure 4-21
	figure 4-22
	figure 4-23
	figure 4-24
	figure 4-25
	figure 4-26
	figure 4-27
	figure 4-28
	figure 4-29
	figure 4-30
	figure 4-31
	figure 4-32
	figure 4-33
	figure 4-34
	figure 4-35
	figure 4-36
	figure 4-37
	figure 4-38
	figure 4-39
	figure 4-40
	figure 4-41
	figure 5-1
	figure 6-1
	figure 6-2
	figure 6-3
	figure 6-4
	figure 6-5
	figure 6-6
	figure 6-7
	figure 6-8
	figure 6-9
	figure 6-10

