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Figure 1.  Location of the study area and outcrops of the Chicot and Evangeline aquifers near Houston, Texas (modified from 
Gabrysch, 1977, fig. 1).

During 1989–90, the U.S. Geological Survey (USGS), in 
cooperation with the Harris-Galveston Coastal Subsidence 
District, conducted a field study to determine the depth to the 
water table and to estimate the rate of recharge in outcrops of the 
Chicot and Evangeline aquifers near Houston, Texas. The study 
area (fig. 1) comprises about 2,000 square miles of outcrops of 
the Chicot and Evangeline aquifers in northwestern Harris 
County, Montgomery County, and southern Walker County. The 
depth to the water table was estimated using seismic refraction, 
and an estimated rate of recharge in the aquifer outcrops was 
computed using the tritium-interface method (Andres and Egger, 
1985) in which environmental tritium is the ground-water tracer. 
The water table generally ranges in depth between 10 and 30 feet 
in the study area, and the average total recharge rate was 
estimated to be not larger than 6 inches per year. The rate is 

total recharge to the saturated zone, rather than net recharge 
to the deep regional flow system. The total recharge can be 
reduced by evapotranspiration and by local discharge, mainly to 
streams. These results are published in USGS Water-Resources 
Investigations Report 96–4018 (Noble and others, 1996).

A second study of environmental tritium in the same area 
as the 1989–90 study, also in cooperation with the Harris-
Galveston Coastal Subsidence District, was done in 1996 to con-
firm the results of the original study. This fact sheet documents 
the estimation of an upper limit on the average total recharge rate 
on the basis of the vertical movement of tritium in ground water 
during 1953–89 and during 1953–95. 

The USGS acknowledges assistance in the study by personnel 
from Harris and Montgomery Counties and the Texas Water 
Development Board. 

Estimated Rate of Recharge in Outcrops
of the Chicot and Evangeline Aquifers 
near Houston, Texas

95

96

94 30’

30’

30

30’

o

o

o

o

o30 30’

29o

HARRIS

WALKER

LIBERTY

CHAMBERS

GALVESTON

FORT
 BEND

WALLER

GRIMES

AUSTIN

POLK

MONTGOMERY

BRAZORIA

SAN
 JACINTO

HOUSTON

GULF  O
F  M

EXIC
O

LIVINGSTON

RESERVO
IR

LAKE

C
O

N
R

O
E

LAKE
 HOUSTON

GALVESTON  BAY

TRINITY

RIVER

EAST FORK
SA

N
JA

C
IN

TO
R

IV
E

R

WEST
FORK

SAN

JACINTO
RIV

ER

BRAZO
S

RIVER

BRAZOS

RIVE
R

SAN

BERN
A

RD

R
IVER

0 10 20 30 MILES

Outcrop (recharge area) of the Evangeline aquifer—Fleming

Outcrop (recharge area) of the Chicot aquifer—Willis Sand and

Area of little or no recharge—Burkeville confining unit northwest 

Boundary of study area

EXPLANATION

TEXAS
Study area

  Formation and remnants of Willis Sand 

  of outcrops, Beaumont Clay southeast of outcrops 

  Lissie Formation   

In cooperation with the Harris-Galveston Coastal Subsidence District



FM 149
FM 1375

I−
45

State   105

FM 1488

FM 2920

S
tate 249

FM 1960US 290 I−45
FM 1960

S
ta

te
 6

I−610

I−10    US 90

FM 1375

State  105

FM 1774

1488

FM I−45  U
S

 75

U
S 

59

FM 2920

US 290

FM
 1314

U
S

 5
9

SAN

JACINTO

LEWIS
 CREEK
  RESERVOIR

Lake

Peach

WESTCreek W
illow

FORK
Mill

C
ry

st
al

SAN

C
reek

Spring

RIVER

Cree
k

Creek

Willow
Little Cypress Creek

Creek

Cypres
s

Creek

Cyp
re

ss

C
reekBear

Creek
South

M
ayde

Creek
LAK

E   C
O

N
RO

E

RIVER

Caney C
reekLittle Caney Creek

Caney C
reek

Creek

JACINTO

C
re

ek

C
r.

St

e w
ar

ts

Creek

Lan g ham

D
inn er Creek

Creek

Spring

30 o

15’

o30 30’

95 45’

30’

 95 15’o

o

WALKER COUNTY

COUNTY

G
R

IM
ES  C

O
U

N
TY

WALLER COUNTY

W
A

LLER  C
O

U
N

TY

HARRIS
  C

OUNTY

LIBERTY  C
O

U
N

TY

MONTGOMERY

SA
N

 JACIN
TO

COUNTY

HARRIS
  COUNTY

WALLER

KATY

NEW
 WAVERLY

MONTGOMERY

CONROE

MAGNOLIA

TOMBALL

HOUSTON

ID96

ID90

ID96

ID90

0 5 10 15 20 MILES

Figure 2.  Locations of tritium sampling sites, 1989–90 and 1996 studies, Chicot and Evangeline aquifers near Houston, Texas.

Tritium, a radioactive isotope of hydrogen with an atomic 
mass of 3, is used as a tracer for studying ground-water 
processes that occur on a scale of less than 100 years (Plummer 
and others, 1993, p. 257). Tritium is particularly suited for 
recharge studies because it enters the hydrologic cycle as part of 
the water molecules in precipitation, it has a half-life (the time 
required for a radioactive element to lose one-half of its radioac-
tivity) of 12.43 years, and its concentrations in precipitation were 
increased substantially by atmospheric nuclear testing during 
1953–62.

Before atmospheric nuclear testing, the amount of tritium in 
the environment was very small. Concentrations in precipitation 
before 1953 are not well known. Payne (1972) estimates a range 
of 2 to 25 tritium units (TU) (1 TU equals 3.24 picocuries per 
liter). In 1953 when atmospheric thermonuclear testing began, 
the concentrations of tritium in precipitation began to rise, peak-
ing at about 2,000 TU in May 1962 at Waco, Tex., the USGS 
tritium sampling station nearest to Houston.

Because of radioactive decay, ground water recharged 
exclusively from precipitation that fell before 1953 would have 
maximum tritium concentrations of about 0.2 to 0.8 TU by the 
early 1990s (Plummer and others, 1993, p. 260). If ground water 
has larger tritium concentrations, some fraction of the water must 

have come from precipitation that fell after 1953. Thus, tritium 
can be a marker for recharge that occurred after 1953. The great-
est depth below the water table at which postnuclear-testing tri-
tium concentrations are found can be used to estimate a 
maximum rate for recharge that has occurred since 1953.

Method of Estimating Recharge Rate Using 
Environmental Tritium 

The method of estimating recharge rate using environmental 
tritium in this and the previous study is called the interface 
method (Andres and Egger, 1985). "Interface" refers to the deep-
est point below the water table to which tritium at postnuclear-
testing concentrations has traveled. The basis for the method is 
that the vertical distance downward from the water table that the 
tritium has traveled is equal to the rate of travel multiplied by the 
time of travel (time difference between sampling year and 1953). 
Expressed as an equation,

distance (depth) = rate x time. (1)

Application of the interface method in the 1989–90 and 
1996 environmental-tritium studies was based on the following 
assumptions: The ground-water flow in the study area is mainly 
vertical and downward. The water table demonstrates no 
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and finally, 

. (6)

Because the recharge rate computed from equation 6 (com-
monly expressed in inches per year) is based on the deepest pen-
etration below the water table of postnuclear-testing tritium 
concentrations, it represents an upper bound on the average 
recharge rate during the time between the tritium sampling year 
and 1953.

Field Application of the Method and Estimation of 
Recharge Rate

In this and the 1989–90 study, shallow water wells were 
selected for tritium sampling on the basis of location and 
screened interval. In the 1989–90 study, the selection objectives 
were to obtain samples from locations throughout the study area 
and from as many depths as possible. Forty-one wells (fig. 2) 
were sampled in that study. In the 1996 study the selection objec-
tives were to obtain tritium samples from depths less than 175 
feet below the water table, selectively resample wells used in the 
1989–90 study, and establish new sample locations in the study 
area. Approximately one-half of the wells selected for resam-
pling from the 1989–90 study were not sampled because they 
had been deepened beyond the zone of interest, destroyed, or 
were dry. Consequently, only 6 of the 28 wells of the 1989–90 
study with sample depths less than 175 ft could be resampled in 
the 1996 study, necessitating sampling of more new locations 
than expected. 

For the 1996 study, 23 wells were sampled at 18 locations 
(fig. 2). For both studies at least three volumes of casing water 
were pumped from each well before sampling to ensure that 
samples were representative of water from the screened intervals. 
Samples from the 1989–90 study were analyzed by the USGS 
laboratory in Reston, Va., where the detection limit at the time 
was 0.6 TU, and the University of Miami (Fla.) laboratory, where 
the detection limit was 0.2 TU. Samples from the 1996 study 
were analyzed at the University of Miami laboratory; the detec-
tion limit was unchanged.

The results of tritium analyses from 1989–90 indicate that tri-
tium concentrations range from less than the detection limits to 
13 TU (table 1). Results from the 1996 study indicate that tritium 
concentrations range from less than the detection limits to 6.1 
TU. The distribution of tritium concentrations in the Chicot and 
Evangeline aquifers did not support estimating separate recharge 
rates for the two aquifers.

To determine the subsurface location of the tritium interface, 
the sample-collection depth below the water table was graphed 
as a function of tritium concentration (fig. 3). The graph shows 
that the deepest penetration below the water table of tritium con-
centrations is approximately 80 feet in the 1989–90 study, and 
approximately of 95 feet in the 1996 study. 

Noble and others (1996, p. 17) estimated that effective poros-
ity in the outcrop area of the Chicot and Evangeline aquifers 
likely ranges from 20 to 25 percent. Accordingly, a mid-range 
estimated effective porosity of 23 percent was used to estimate 

recharge rate depth effective porosity×
time

---------------------------------------------------------------=

long-term trends from 1953 to the time of sampling, and 1989–
90 and 1996 water levels are the same. Tritium moves in the 
aquifer at a rate equal to the average interstitial velocity of 
ground-water flow. The volume of water per unit area that 
entered the saturated zone during the period between the tritium 
sampling year and 1953 divided by the length of the period 
(average specific discharge during the period) is equal to the 
average recharge rate during the period. 

Given these assumptions and that in ground-water flow, 

, (2)

(Lohman and others, 1972, p. 13), an equation for recharge rate 
is developed from equations 1 and 2 as follows:

, (3)

, (4)

, (5)

specific discharge
effective porosity
------------------------------------------- average interstitial velocity=

depth average interstitial velocity time×=

depth specific discharge time×
effective porosity

-------------------------------------------------------------=

depth recharge rate time×
effective porosity

-------------------------------------------------=
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Figure 3.  Depth below water table of environmental tritium 
concentrations in samples from selected wells, 1989–90 and 
1996 studies, Chicot and Evangeline aquifers near Houston, 
Texas.

  (pertains to 21 of 41 1989–90 samples)

  limit (pertains to 20 of 41 1989–90 samples)
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Table 1.  Environmental tritium concentrations in samples from 
selected wells, 1989–90 and 1996 studies, Chicot and Evange-
line aquifers near Houston, Texas

[<, less than] 

Well number
or location

Sample depth
below water table

(feet)

Tritium (sample)
concentration
(tritium units)

Year
sam-
pled

Chicot aquifer
LJ–65–02–311  4  6.5 1990
TS–60–44–610  18  5.6 1990
LJ–65–12–734  20  2.2 1990
TS–60–45–414  21  4.3 1990

TS–60–45–414  21  6.1 1996
LJ–65–06–111  23  8.3 1990
LJ–65–12–725  29  2.2 1990
LJ–60–60–111  30  2.2 1990

LJ–65–05–930  30  8.3 1990
LJ–65–13–839  32  12 1990
TS–60–53–720 35 <.2 1996
TS–60–53–316A  35 <.2 1996

TS–60–53–316B  35 <.2 1996
TS–60–53–316  35  7.1 1990
LJ–65–12–303  40 <.2 1990
LJ–60–59–403  41 <.2 1996

LJ–60–59–403  41  2.8 1990
TS–60–44–806 50 <.2 1996
LJ–65–03–620  63  6.5 1990
TS–60–45–413 74  1.1 1996

LJ–60–60–206 79  1.6 1990
LJ–60–60–206 79  1.5 1996
TS–60–63–110 80 <.6 1990
LJ–65–02–313  80 <.2 1996

TS–60–54–702  80  11 1989
LJ–60–60–206B 83  1.6 1996
LJ–60–59–326  92  2.7 1996
TS–60–45–706 108 <.2 1996

TS–60–54–806  110 <.2 1996
12250 Cutten Rd. 115 <.2 1996
19035 Doerre Rd.  125 <.2 1996

Evangeline aquifer
TS–60–37–203  5  3.4 1990
TS–60–34–301  15 <.2 1990
TS–60–37–309 35  13 1990
TS–60–34–904  50 <.2 1990

TS–60–38–704  60  2.5 1990
TS–60–35–504  63 <.8 1996
TS–60–44–214  80 <.2 1990
TS–60–46–406  85 <.2 1990

TS–60–46–406  85 <.2 1996
TS–60–35–204  90 <.6 1989
TS–60–35–503  98 <.2 1996
TS–60–45–905  98  4.5 1996

TS–60–45–114  103 <.6 1989
TS–60–42–202 134 <.6 1989
TS–66–44–805  136 <.2 1996
TS–60–35–705 150 <.2 1996

TS–60–45–513  153 <.6 1989
TS–60–45–513  153 <.2 1996
TS–60–53–315 171 <.6 1989
TS–60–53–315 171 <.2 1996

the average recharge rate in the 1989–90 and 1996 recharge 
studies.

On the basis of a maximum tritium depth of 80 feet from the 
1989–90 study, the upper limit on the average recharge rate dur-
ing the 37 years 1953–89 was estimated to be 6 inches per year 
(Noble and others, 1996, p. 17). On the basis of a maximum tri-
tium depth of 95 feet from the 1996 study, the upper limit on the 
average recharge rate during the 43 years 1953–95 also is esti-
mated to be 6 inches per year. As previously noted, the estimated 
average recharge rate represents total recharge to the saturated 
zone, rather than net recharge to the deep regional flow system, 
because the total recharge can be reduced by evapotranspiration 
and local discharge. Estimation of the difference between total 
recharge and net recharge was beyond the scope of this study.
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