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• Purpose: to develop tools that can be used to 
help GCDs, RWPGs, and others assess 
groundwater availability. 

• Public process: you get to see how the model 
is put together.

• Freely available: standardized, thoroughly 
documented, and available over the internet.

• Living tools: periodically updated.

GAMGAM







• Managed available groundwater (MAG)…the amount of 
groundwater available for use.

• The State does not directly decide how much 
groundwater is available for use: GCDs will through 
GMA process 

• A GAM is a tool that can be used to assess groundwater 
availability once GCDs and GMAs decide on the desired 
future condition of the aquifer.

What isWhat is
groundwatergroundwater

availability or MAG?availability or MAG?



• Water Code & TWDB rules require that GCDs 
use GAM information, if available, for their 
management plans.

• TWDB rules require that RWPGs use managed 
available groundwater estimates, if developed 
in time for the planning cycle

Do we haveDo we have
to use GAM?to use GAM?



• The model
– predict water levels and flows in response to 

pumping and drought
– effects of well fields

• Data in the model
– water in storage
– recharge estimates
– hydraulic properties

• GCDs and RWPGs can request runs

How do weHow do we
use GAM?use GAM?



• GCDs, RWPGs, TWDB, and others collect new 
information on aquifer.

• This information can enhance the current 
GAMs.

• TWDB plans to update GAMs every five years 
with new information.

• Please share information and ideas with TWDB 
on aquifers and GAMs.

LivingLiving
toolstools



• SAF meetings
– hear about progress on the model
– comment on model assumptions
– offer information (timing is important!)

• Report review
– at end of project

• Contact TWDB
– Ted Angle

Participating inParticipating in
the GAM processthe GAM process



Comments:Comments:
Ted AngleTed Angle

tedted.angle@twdb.state.tx.us.angle@twdb.state.tx.us
(512) 463(512) 463--38793879

www.twdb.state.tx.us/gamwww.twdb.state.tx.us/gam



22ndnd Stakeholder Advisory Forum Stakeholder Advisory Forum 
for for 

West Texas Bolson GAMWest Texas Bolson GAM

LBG-GUYTON ASSOCIATES
in association with

Eddie Collins, Bureau of Economic Geology
Barry Hibbs, California State University, LA

John Shomaker & Associates, Inc.
Daniel B. Stephens & Associates, Inc.

Kevin Urbanczyk, Sul Ross State University

May 29, 2007
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TopographyTopography
• Ground surface is the 

top of Layer 1 and 2 
as appropriate 
throughout the model 
area



Elevation of Elevation of 
Base of Base of 
BolsonsBolsons

Bottom of Layer 1Bottom of Layer 1



Thickness Thickness 
of Bolsonsof Bolsons



Thickness Thickness 
of Rocks of Rocks 

above above 
BasementBasement

??



Thickness Thickness 
of Layer 2 of Layer 2 

and 3and 3
(Cretaceous, Permian, (Cretaceous, Permian, 

etc.)etc.)

??



Cretaceous and Permian, etc.Cretaceous and Permian, etc.

• Layer 2 and 3 Structure 
– Where present, evenly split the total thickness 

of Cretaceous and Permian, etc. above the 
basement rock

– Where not present, assume 1000 feet 
thickness for basement rock

– Steady-state calibration will be impacted by 
deeper rocks, but not 50-year water supply



Water Levels Water Levels 
and and 

Regional Groundwater FlowRegional Groundwater Flow



Depth 
to 

Water



Depth to 
water 

(after Darling, 1997)



Depth to Water



Regional 
Groundwater 
Flow Paths

D
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Well InformationWell Information

• TWDB Record of Wells 184
• TCEQ central records 41



Water Level DataWater Level Data



Green River Valley Hydrograph

Hydrograph, SWN 5109802, 
112GRBL 
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Red Light Draw Hydrographs

 Hydrograph, SWN 5006301,
112RLBL
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Eagle Flat Hydrograph

Hydrograph, SWN 4864603, 
112EFBL 
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Alluvium Hydrographs
Hydrograph, SWN 5024202, 

110ALVM
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Control points with
water level <1950 date

Water Level 
Contours 

(1972-73) 



Control points with
water level <1950 date

Water Level 
Contours 

(1992-93) 





RECHARGE METHODS FOR 
TRANS-PECOS REGION
Method

1. One-Percent Rule

2. Modified Maxey-Eakin

3. Storm Runoff Infiltration

4. Runoff Redistribution

Reference
1. Gates et al. (1978)

2. Mayer (1995)

3. Finch and Armour (2001)

4. Finch and Bennett (2002)
Stone et al. (2001)
Dunne and Leopold (1978)



RUNOFF RE-DISTRIBUTION METHOD

1. Delineate watershed area and subbasins
2. Determine potential recharge from empirical 

relationships
3. Calculate runoff for each subbasin
4. Potential recharge - runoff = subbasin 

recharge
5. Runoff = potential recharge to bolson



Rain Gauges 
Used for 
Recharge 
Analysis



PRECIPITATION VERSUS ELEVATION

Average Water Year Elev v. Precip

y = 0.0038x - 5.0816
R2 = 0.7328
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ANNUAL PRECIPITATION FOR PERIOD OF RECORD (1939 – 2005)
FOR VAN HORN WEATHER STATION

Van Horn weather station
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NO. OF POTENTIAL RUNOFF-GENERATING EVENTS AT VAN HORN 
WEATHER STATION (1939-2005)
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1970, 1974, 1975, and 
1982-1986 represent 
missing years (other 
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exceeding 0.67 inches)

average number of events annually = 3.63

Van Horn weather station



ANNUAL PRECIPITATION FOR PERIOD OF RECORD (1950 – 2000)
FOR SIERRA BLANCA 2E WEATHER STATION

Sierra Blanca 2 E weather station

0

2

4

6

8

10

12

14

16

18

20

22
19

50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

year

an
nu

al
 p

re
ci

pi
ta

tio
n,

 in

ann prcp

5-yr running avg

avg ann prcp
average annual precipitation = 11.45 inches 



NO. OF POTENTIAL RUNOFF-GENERATING EVENTS AT SIERRA 
BLANCA 2E WEATHER STATION (1950-2000)
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POTENTIAL RECHARGEPOTENTIAL RECHARGE

• Coefficient based on 
multiple linear 
regression model

• Accounts for 
evapotranspiration

pptn potential    
recharge

in/yr                 in/yr
12                    0.00
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20                    1.408 12 16 20 24 28
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Distribution of  
Potential Recharge



Calculation of Runoff

(P-Ia)2

Q =  (P-Ia)+S

Q = runoff
P = precipitation event

(freq. scaled to elevation)
S = potential max. retention   

after runoff begins
Ia = water retained

• SCS Method
• Based on precipitation 

events rather than total 
annual precipitation

• Accounts for vegetation 
type and density, and 
hydrologic characteristics of 
soil or rock 



MAGNITUDE OF 24-HR PRECIPITATION EVENTS
VERSUS ELEVATION
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MAGNITUDE OF 24-HR PRECIPITATION EVENTS
VERSUS ELEVATION

Average Magnitude of Precip Event > Ia of 1.58 inches
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FREQUENCY OF 24-HR PRECIPITATION EVENTS
VERSUS ELEVATION

Average Annual No. of Precip Events > Ia of 0.67 inches

y = 0.0023x - 5.7469
R2 = 0.8057

2.0

2.4

2.8

3.2

3.6

4.0

4.4

4.8

5.2

5.6

6.0

6.4

6.8

7.2

7.6

2,500 2,750 3,000 3,250 3,500 3,750 4,000 4,250 4,500 4,750 5,000 5,250 5,500 5,750 6,000

land surface elevation, ft amsl

av
er

ag
e 

an
nu

al
 n

o.
 o

f p
re

ci
p 

ev
en

ts
 >

 I a
 o

f 0
.6

7 
in

ch
es

Candelaria

Tornillo 2 SSE

Fabens Salt Flat CAA

Dell City 5 SSW

Salt Flat 10 ENE

Fort Hancock 8 SSE

Van Horn

Valentine

Valentine 10 WSW

Cornudas SS

Sierra Blanca 2 E El Paso 32 ENE

Pine Springs



FREQUENCY OF 24-HR PRECIPITATION EVENTS
VERSUS ELEVATION

Average Annual No. of Precip Events > Ia of 1.58 inches
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DISTRIBUTION 
OF RECHARGE



RESULTS OF RECHARGE ANALYSIS USING
RUNOFF REDISTRIBUTION METHOD

0.80.40.41.40.30.8percenttotal precipitation that 
becomes recharge

0.090.030.040.170.030.09in/yr

5,214274392,8692481,631ac-ft/yr
total estimated recharge 

to watershed area 
encompassing bolson

1,43427309489168441ac-ft/yrestimated recharge along 
bolson fringea

4,780901,0301,6305601,470ac-ft/yrrunoff from mountain 
block

3,78001302,380801,190ac-ft/yrestimated areal recharge 
to mountain block

633,3607,070125,130209,74087,780203,640ac-ft/yrtotal precipitation

672,4009,530131,380200,850103,210227,430acresarea

STUDY 
AREA

EAGLE 
CANYON

BLANCA 
DRAW

EAGLE 
FLAT DRAW

GREEN 
RIVER 

VALLEY

RED 
LIGHT 
DRAW

UNITPARAMETER



COMPARISON OF RECHARGE METHODS

2,8692481,631modified runoff redistribution (this 
study)

53 to 2661,365 to 6,823915 to 4,576Darcy flux check (this study)

430 to 4,119120 to 1,000280 to 2,000previous work (Table 4.4.1)

Eagle Flat DrawGreen River ValleyRed Light Drawmethod

Estimated recharge 
(af/yr)



Daily Streamflow Gauging DataDaily Streamflow Gauging Data

Gauge 08-3705.00
Fort Quitman, TX
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Daily Streamflow Gauging DataDaily Streamflow Gauging Data

Gauge 08-3712.00
Candelaria, TX
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Streamflow Gauging DataStreamflow Gauging Data
Mean of MonthlyMean of Monthly

Gauge 08-3705.00, Period 1938-2003 
Fort Quitman, TX
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Streamflow Gauging DataStreamflow Gauging Data
Mean of MonthlyMean of Monthly

Gauge 08-3712.00, Period 1975-2003 
Candelaria, TX
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Mexico



Hydraulic PropertiesHydraulic Properties

• Bolsons (1)
– 2 from drillers log 

(outside model area)

– 1 pump test from BEG 
Low-Level studies 
(Darling)

• Cretaceous (11)
– 6 from drillers log
– 5 pump tests from 

BEG Low-Level 
studies (Darling)

1. Potential pump tests?

2. Potential Region E pump tests?



Hydraulic PropertiesHydraulic Properties

• NO S, Ss, Sy or porosity data
• NO Vertical hydraulic conductivity 
• NO Anisotropy



Hydraulic Hydraulic 
Conductivity Conductivity 

Data Data 
(feet/day)(feet/day)



HISTOGRAM OF HYDRAULIC CONDUCTIVITY
FOR CRETACEOUS ROCKS



Pumping DataPumping Data

• TWDB database is primary source of data

• Supplemental data from other source 
documents

• Pumpamatic



Total PumpingTotal Pumping



Pumping by AquiferPumping by Aquifer



Total Pumping by CountyTotal Pumping by County



Culberson CountyCulberson County



Hudspeth CountyHudspeth County



Jeff Davis CountyJeff Davis County



Presidio CountyPresidio County



Irrigated Irrigated 
AgricultureAgriculture
(1989 and 1994)(1989 and 1994)

Only 3 irrigation 
wells along river



MunicipalMunicipal

• Sierra Blanca
• Pumped wells only in early 1980s
• Will be implemented in model grid cells 

consistent with well locations



1990 
Census 

Data 



Water Water 
QualityQuality



Conceptual Block DiagramConceptual Block Diagram
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Model GridModel Grid
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140 x 80 x 3 = 33,600140 x 80 x 3 = 33,600
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Layer 1 and 2 Layer 1 and 2 
Boundary Boundary 

ConditionsConditions
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No-Flow along GW divide
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