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 Texas Water Development Board 
 Groundwater Technical Assistance Section 
 (512) 936-0870 
  May 1, 2009 
 
REQUESTOR: 
 
Cheryl Maxwell, of the Clearwater Underground Water Conservation District 
acting on behalf of Groundwater Management Area 8. 
 
DESCRIPTION OF REQUEST: 
 
In a letter dated June 10, 2008, Ms. Cheryl Maxwell provided the Texas Water 
Development Board (TWDB) with the desired future conditions for the 
Ellenburger-San Saba, Hickory, and Marble Falls aquifers in Groundwater 
Management Area 8 and requested that TWDB estimate managed available 
groundwater values. This aquifer assessment presents the managed available 
groundwater for the Marble Falls Aquifer in Groundwater Management Area 8. 
 
DESIRED FUTURE CONDITIONS: 
 
 Burnet County should maintain approximately 100 percent of the saturated 

thickness after 50 years by using approximately 80 percent of the 
estimated recharge. 

 Lampasas County should maintain approximately 90 percent of the 
saturated thickness after 50 years. 

 
METHODS: 
 
The desired future conditions requested for the Marble Falls Aquifer were based 
on maintaining a percentage of the estimated saturated thickness left in 50 years.  
The desired future for Burnet County adds a stipulation of using 80 percent of the 
estimated recharge. Because this is a volume and not a condition of the aquifer, 
this part of the statement was disregarded in the calculation of the managed 
available groundwater.  
 
The amount of data available for the Marble Falls Aquifer is limited; no site-
specific information on specific yield from the aquifer is available. A limited 
number of wells indicate that the saturated thickness assumed by Williams 
(2008) is reasonable for the estimation of managed available groundwater 
(TWDB 2009).  
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A transient hydrologic budget for the saturated portion of an aquifer is (Freeze 
and Cherry, 1979, p.365): 
 

dt

dS
tDtRtQ  )()()(  

Where:  Q(t)= total rate of groundwater withdrawal 
 R(t)= total rate of groundwater recharge to the basin  

 D(t)= total rate of groundwater discharge from the basin  

 
dt

dS
= rate of change of storage in the saturated zone of the basin 

 
For this analysis, it is assumed that: 
 

)()()( eRrRtR   
 

Where:  R(r) = rejected recharge for the basin  
 R(e) = effective recharge 

  
In addition, it is assumed that: 
 

)()( tDrR   
 
Then the total rate of groundwater withdrawal equals effective recharge plus the 
change in storage of the aquifer, or: 
 

dt

dS
eRtQ  )()(  

 
For the desired future condition in Burnet County, in which no water can be taken 
from storage, then dS/dt can be set to zero and the budget is simplified to obtain,  
 

)()( eRtQ   
 
County, river basin, and groundwater conservation district boundaries subdivided 
the aquifer into map areas (Figure 1). The areal extent of each aquifer map area 
was calculated. These areas were used to calculate estimated average effective 
recharge and pumped volumes. 
 
To determine the volume from storage used, the areas were multiplied by the 
estimated aquifer specific yield, and then by the drained saturated thickness 
necessary to maintain the desired future condition. This volume was then divided 
by 50 years to obtain a yearly volume. 
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Average annual effective recharge to the aquifer was calculated by multiplying 
each area by the average precipitation (1971 to 2000) and an estimated effective 
recharge rate.  
 
Water-level data from the TWDB groundwater database was used to calculate 
average saturated thickness.  
 
The calculations were done in a Microsoft Excel worksheet.  
 
The two conditions were assumed to be physically possible individually and 
collectively across groundwater management area.  
 
PARAMETERS AND ASSUMPTIONS: 

 
 The estimated average total thickness of the Marble Falls Aquifer is 160 

feet (CTGCD, 2007, Williams 2008, TWDB 2008) 
 The areas for each subdivision were calculated from the Texas Water 

Development Board (TWDB) shapefile for the Marble Falls Aquifer, 
projected into the GAM projection (Anaya, 2001). 

 Areas, in acres, were calculated within ArcGIS 9.2.   
 Average annual precipitation was used to calculate annual average 

effective recharge volumes. 
 The average annual precipitation for each aquifer map area (Table 1) was 

determined from the Texas Climatic Atlas (Narasimhan and others, 2008) 
which is for the average for years 1971 to 2000. 

 Average effective recharge from precipitation is estimated to be 5 percent 
of annual precipitation (Muller and Price, 1979, Preston and others, 1996, 
CTGCD, 2007, Williams, 2008,). 

 The managed available groundwater volume estimates are the sum of the 
annual average effective recharge amount and the volume of water 
depleted from the aquifer based on the desired future condition. 

 Annual volumes are calculated by dividing the total volume by 50 years. 
 Specific yield of the aquifer is estimated as 0.15 (Williams, 2008; Heath, 

2004; Morris and Johnson, 1967). 
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RESULTS: 
 
The estimated average effective recharge for the Marble Falls Aquifer in GMA 8 
is 4,035 acre-feet per year (Table 1). 
 
The results (Tables 2 and 3) show 4,815 acre-feet per year of managed available 
groundwater for the Marble Falls Aquifer in Groundwater Management Area 8. 
The Saratoga Underground Water Conservation District, in Lampasas County, 
has 2,837 acre-feet per year of managed available groundwater in the Marble 
Falls Aquifer. Central Texas Groundwater Conservation District has 1,978 acre-
feet per year.  
 
 
Table 1. Estimated total annual average effective recharge volume for the Marble 

Falls Aquifer by map area subdivisions (See Figure 1).  
 
 

GMA Aquifer County GCD
Map 
area

Areal 
extent 
(acres)

Average 
precipitation 

(inches)

Average 
precipitation 

(feet)

Recharge 
rate 

(percent)

Estimated 
annual 

recharge 
(acre-feet)

1 13,434 30 2.5 5 1,679
2 2,802 32 2.7 5 378
3 715 31 2.6 5 93

4 15,078 30 2.5 5 1,885
Total 4,035

UWCD = underground water conservation district GCD= groundwater conservation district 
GMA = groundwater management area

Saratoga 
UWCD
Central 
Texas 
GCD

8
Marble 
Falls

Lampasas

Burnet
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Description of areas
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4. Burnet County, Central Texas GCD, Brazos River Basin, Region K
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Figure 1. Geographic subdivisions for analyzing managed available 
groundwater the Marble Falls Aquifer in groundwater management 
area 8. GMA = groundwater management area, UWCD = underground 
water conservation district, GCD = groundwater conservation district.



 

 
 
 
 
 
 
 
Table 2. Estimates of managed available groundwater for the Marble Falls Aquifer by map area subdivisions  

(see Figure 1).  
 

 
 
 

GMA Aquifer County GCD
Map 
area

Specific 
yield

Areal 
extent 
(acres)

Estimated 
saturated 
thickness 

(feet)

Desired 
future 

percent of 
saturated 
thickness

Desired 
future 

saturated 
thickness 

(feet)

Saturated 
thickness 
drained 

(feet)

Estimated 
total 

volume 
from 

storage 
(acre-feet)

Estimated 
annual 

volume from 
storage    

(acre-feet)

Estimated 
annual 

recharge 
(acre-feet)

Estimated 
annual 

total 
Volume 

(acre-feet)

1 0.15 13,434 160 90 144 16 32,242 645 1,679 2,324
2 0.15 2,802 160 90 144 16 6,725 134 378 513
3 0.15 715 160 100 160 0 0 0 93 93
4 0.15 15,078 160 100 160 0 0 0 1,885 1,885

779 4,035 4,815
GMA = groundwater management area UWCD = underground water conservation district GCD= groundwater conservation district 

8
Marble 
Falls

Lampasas Saratoga UWCD

Burnet
Central Texas 

GCD
Total
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Table 3. Estimates of managed available groundwater for the Marble Falls Aquifer (See Figure 1). 
 

MAG  
Aquifer 

Map 
Key 

County RWPA River Basin GCD GMA GeoArea Year
(acre-feet per year) 

Marble Falls  1 Lampasas G Colorado SUWCD 8 n/a n/a 2,324
Marble Falls  2 Lampasas G Brazos SUWCD 8 n/a n/a 513
Marble Falls  3 Burnet K Brazos CTGCD 8 n/a n/a 93
Marble Falls  4 Burnet K Colorado CTGCD 8 n/a n/a 1,885
RWPG = regional water planning area GCD= groundwater conservation district  GMA = groundwater management area 
GeoArea = geographic areas defined by unique desired future conditions as specified by a groundwater management area. 
CTGCD = Central Texas Groundwater Conservation District SUWCD = Saratoga Underground Water Conservation District 
MAG = managed available groundwater in units of acre-feet per year.     
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STIPULATIONS: 
 
Additional data are needed to create improved estimates; these estimates are a 
simplistic interpretation of the requested conditions. These solutions assume 
homogeneous and isotropic aquifers; however, conditions for the Marble Falls 
Aquifer may not behave in a uniform manner.  
 
Note that estimates of managed available groundwater are based on the best 
available scientific tools that can be used to evaluate managed available 
groundwater and that these estimates can be a function of assumptions made on 
the magnitude and distribution of pumping in the aquifer. Therefore, it is 
important for groundwater conservation districts to monitor whether or not they 
are achieving their desired future conditions and to work with the TWDB to refine 
managed available groundwater given the reality of how the aquifer responds to 
the actual magnitude and distribution of pumping now and in the future.  
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