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Subsurface Waters of Waco 

SIEGFRIED RUPP 
Geologist, Tesoro 

Pe t ro leum Corporat ion 

A B S T R A C T 

Waco is situated near the eastern margin of the 
Trinity artesian basin and has made generous use of 
this water resource. The flood plains of the Brazos and 
Bosque Rivers, the youngest sediments in the area, also 
provide ground water. The Brazos alluvium is readily 
replenishable and can be further  the Bosque 
alluvium can produce only small amounts of ground 
water. Local terraces produce small and intermittent 
amounts of water, although they cover an appreciable 
area. 

The primary producing units of the Trinity aquifer 
are the Hensel and Hosston Formations. These for
mations produce water of excellent quality in the Waco 
area and should be treated as an irreplaceable resource. 
To avoid polluting this aquifer and damaging the con

ducting sands, it is imperative that the water table not 
be dropped beyond the capacity of this aquifer to be
come replenished. These formations are currently over
developed, primarily along the Interstate Highway 35 
corridor, constituting a risk of contamination by the 
overlying saline Glen Rose water through improperly 
completed or abandoned wells or lowering of aquifer 
pressure. 

Water f rom the alluvial sands does not meet U. S. 
Health Department standards for potable water and 
should be used only for irrigation. Many wells, how
ever, are used for domestic purposes. Since this water 
is plentiful and readily recharged by precipitation, this 
water source could stand further development. 

 

One of the most important resources of any area is 
its water supply. An aspect of water resources too 
often ignored is water underground. Here Waco is 
particularly fortunate, because, although Waco obtains 
its municipal water from surface sources, ground water 
is abundantly available to the city. The demand for 
ground water, and hence information concerning its 
availability, has grown in recent years as a result of 
the increased population, in turn accompanied by ex
pansion of municipal activities, industrial output, and 
agricultural irrigation. 

The quantity and quality of available ground water 
influences economy and health of the Waco area. In
dustrial or private waste not properly treated may pol
lute aquifers. Heavy pumpage from industrial or agri
cultural wells may lower the water table, causing ad
jacent wells to fail. However, most damage can be 

 thesis submit ted in par t ia l fu l f i l lment of the requi rements 
f o r the  degree in Geology, Bay lor Univers i ty , 1974. 

forestalled by proper application of geologic and hydro-
logic knowledge. This study of the ground-water geol
ogy of the Greater Waco Metropolitan area is therefore 
designed to aid in the proper utilization of this resource. 

Ninety-three well logs provided a basis for this geo
logic s tudy; 55 of these are within the mapped area. 
The geologic structure and thicknesses of the Trinity 
aquifers were mapped from electric logs and surface 
data. Thickness of producing section and water-pro
ducing potential are also given. Additionally, water 
analyses from key wells are included as Figure 18. 

P U R P O S E 
While demand for underground water in Waco has 

been great over a long period of time, there is as yet 
no readily available study of the geology of the aquifers 
and their depth, productive capacity, and water quality. 
Therefore, the purpose of this study is to describe in 
some detail the aquifer system present at Waco, in
cluding geology, hydrology, and water chemistry. 
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Fig . 1. I n d e x and regional geologic map, Cent ra l T e x a s . D a s h e d line encloses M c L e n n a n County . Smal l r ec t angu la r blocks 
show a reas of E a s t and W e s t W a c o topograph ic maps ( 1 : 2 4 , 0 0 0 ) . 
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L O C A T I O N 
Waco, county seat of McLennan County, Texas, is 

located about 90 miles south of Dallas and about the 
same distance north-northwest of Austin on Interstate 
Highway 35. Waco is situated on the Bosque escarp
ment,  the Brazos River at the western 
edge of the Gulf Coastal Plain, a portion of the former 
continental shelf which has been raised above sea level 
essentially without deformation. In Central Texas the 
plain consists of a wide belt of gently eastward-dipping 
rock layers, cut by a series of down-to-the-coast faults 
of the Balcones fault zone (Fig. 1). This zone is gen
erally considered the inland boundary of the Texas 
Gulf Coastal Plain. 

In the Waco region ground water is produced prin
cipally from the lowermost Cretaceous Trinity sand 
deposits of the upper Coastal Plain and from the allu
vium and terraces of the Bosque and Brazos Rivers. 
For the current investigation the area of study includes 
the East and West Waco Quadrangles (Topographic 
maps, East and West Waco Quadrangles U. S. G. S., 

 an area of about 100 square miles. In prepara
tion of this report the investigation was extended into 
adjacent quadrangles to furnish an adequate l)ase for 
subsurface control. 

Because Waco lies at the easternmost margin of the 
Trinity artesian basin (Fig. 1), it once had numerous 
flowing artesian wells (Table 1). The area of recharge 
in Parker, Hood, Erath, Eastland, Comanche, Brown, 
Mills, Lampasas, and Burnet Counties (Figs. 2 , 3 ) is 
updip from Waco. From the recharge area water mi
grates slowly downdip through the outcrop at an initial 
rate of feet per  near Waco the rate slows to 
inches per century (Henningsen, 1962, p. 7) . Downdip 
from the aquifer outcrop the water is under consider
able static pressure which forces it upward into wells. 
Continued pumping has reduced the static pressure and 
wells no longer are free flowing. Trinity waters are 
potable in Waco and become more saline downdip, 
toward the eastern part of McLennan County. 

H I S T O R I C A L B A C K G R O U N D 
The first private water company, which depended 

. 
 

. 

 

p 

 

Trinity Grou p 

R e c h a r g e A r e a 

A r t e s i a n B a s i n 

Fig . 2. A r e a of ou tc rop of T r i n i t y aqu i fe r s ( w h i t e ) and ex t en t 
of T r i n i t y ar tes ian basin ( s h a d e d ) .  T e x a s W a t e r Deve l 
opment Board , M a j o r aqui fe rs in T e x a s . 

largely on shallow wells, was formed early in 1872 
when the population was estimated at about 2,500 
persons (Davis, 1901, p. 15). On March 10, 1889, 
Captain  D. Bell and Company formed a second 
water company with the successful drilling of a well 
called  #1 , which encountered hot water at 1,830 
feet (Conger, 1945, p. 15-26). By 1890 the popula
tion of Waco had grown to  estimated 14,445 per
sons (Davis, 1901, p. 15). 

Early artesian wells apparently produced "cool" 
water from approximately 1,200 feet and hot water 
from approximately 1,800 feet, probably from Hensel 
and Hosston sands, respectively. Initial shut-in pres
sures at the well head in these early wells was 42 to 85 
pounds per square inch and they flowed at rates of 
200,000 to 1,000,000 gallons per day (Table 1). By 
1894 a total of 25 wells had been drilled near Waco, 
20 within the city limit (Hill, 1901, p. 540). Water 
temperatures averaged from  F to  F  C 
to  C ) . Hot artesian water was reported by Cutter's 
Guide to the City of Waco (1894, p. 1-7) to be 

T A B L E 1. F L O W I N G W E L L S I N T H E W A C O A R E A , 1891 

N a m e of well 
Al t i tude D i a m e t e r D e p t h F l o w  d a y T e m p e r a t u r e In i t ia l P r e s s u r e 

N a m e of well Fee t Inches F e e t Gal lons D e g r e e s F . P o u n d s 

Moore Well 493 6 1840 600,000 103 (a ) 60 
Bell Well (b) 500 6 1848 500,000  ( a ) 60 
Jumbo # 1 (b) 500 8 1848 1,200,000 103 (c) 60 
Jumbo Well # 2 (b) 500 8 1860 1,000,000 103 60 
Glenwood  495 8 1860 1,000,000 103 (a ) 65 
Dickey Well 532 8 1840 1,000,000 103 (a) 60 
Bagby Well 475 8 1845 1,000,000 103 (a ) 60 
Waco Light & Power Co. 532 6 1812 300,000 100 40 
Prather Well 655 6 1607 500,000 97 (c) 40 

 Well 420 6 1776 1,000,000 103 (c) 76 
Padgett Well (Fishing Club) 485 6 1866 1,000,000 90 (c) 72 
W . V. Fort Well 425 1825 1,300,000    

J u m b o # 1 and # 2 belonged t o the Bell Co. ( a ) es t imated p r e s s u r e ; ( b ) these th ree  J u m b o # 1 and # 2 , and Bell, a r e 
SO feet equ id i s t an t ; ( c ) tes ted pressure . T h e values g iven a re dai ly f lows. J u m b o # 1 m e a s u r e m e n t was unsuccess fu l , flow 
es t imated by U . S. A r t e s i a n S u r v e y Corps , 1,000 gal lons per minu te , or 1,440,000 gal lons daily. Data from R. T . Hi l l , 1901, p. 540. 
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TRINITY GROUP 
 GLEN ROSE LIMESTONE (V)  SERIES 

PALEOZOIC  

 HENSEL SAND  OUACHITA FACIES 

5  
 I 0   PEARSALL OUACHITA METAMORPHICS 

Fig . 3. D i a g r a m m a t i c facies cross  of T r in i t y Group, Centra l T e x a s . Ouach i t a  da t a from Henn ingsen , 1962, p. 8. 

able in "practically inexhaustible  clear, tory of our wells is concerned, except in the case of the 
and sparkling." It was inferred that this asset would well bored by Mr. Fishback and one recently drilled for 
open a new era for the city by infusing new hope and Mr. Fort, of which no record was kept, all the wells 
a larger ambition into its citizens. Because of the around Waco have been bored by a man who has kept 
large number of flowing wells in the area, Waco was no record of his borings, supposedly for the reason that 
known as "Geyser City" (Hill, 1901, p. 539). Initial such records would be of value to his professional 

 caused wells to gush high into the air, forming an rivals" (Hill, 1901, p. 540). In a footnote, Hill (1901, 
impressive spectacle (Table 1 ; Figs. 4, 5) .  541) voiced regret that no detailed geological survey 

To exploit this abundant resource, numerous bath of McLennan County had been made at the time, since 
houses were  the most prominent were the he considered it. one of the most important areas in the 
Natatorio-Sanatorium Company and Padgett's Nata- state. Even though Hill had made a brief study to de-
torium Park (Table 2 ) . Miraculous cures attributed termine the sequence of formations, he felt that a more 
to the waters attracted tourists and health seekers (Cut- accurate and detailed study was needed to determine 
ter, 1894, p. 1-7).  thickness and extent of the producing  

Illustrating the attitude of the people of that time, a and the course of the Balcones fault zone across the 
correspondent from Waco  "So far as the his- county. 

 

  

Fig . 4. W e s t - e a s t t opograph ic profi le showing piezometr ic surfaces of T r i n i t y w a t e r s fo r var ious dates. P r o j e c t e d values a r e based 
on es t imated product ion . 
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T A B L E 2. C H E M I C A L A N A L Y S E S O F I n 1928, a storage reservoir was constructed on the 
W A C O W E L L W A T E R  River adjacent to Waco. While this lake pro-

        vided for most city needs, production from the lake 
 Co. Well           .  augmented by water f rom deep wells, and, d u n n g 

   particularly dry spells, water was supplied from the 
Alumma Trace        
I ron Ses uioxide 6 0267 Brazos  In  a new and much larger 
ron  e   reservoir was constructed on the Bosque River. In 1974 

 Chloride 1.4930          
          WaCO,  
      n    
    ,    galleries on the Brazos River are still 

 Carbonate 0.8432          
        tamed. I  wells are still m use to supply boiler 

 Carbonate and Bicarbonate 20.6587    
Calcium Sulphate   Wor ld W a r I I water was needed for the 
    r           war-support ing industry, and a study was made by 
  by calculation m 1.000  53.8201            '  W .  George and B. A. Barnes (1945) listing several 

          industrial wells already in existence. Among them were 
 .   Pa rk    T a p Railroad (1871) (later Waco 

i o t a   Northwestern Rai l road) and Katy Railroad. These 
 Non-volatile Residue 510.062          

Volatile and Or anic Material 17 726 r  1 wells may have been drilled as early as  or as late 
        as 1912. T h e Geyser Ice Company had a "na tura l" 
Chloride of bodium 386.089   ,        
  . ,   . shallow well and later an artesian well (1890-1900) at 
Chloride of  Distinct Trace               

 hate of Lime 13 210 r  1 Crystal Palace Pool ( the present  of the P ro -
 of  sia 80 190   fessional Building, Fi f th Street and Frankl in Avenue) . 

   Other industrial wells include Buchanan Laundry 
Sulphate of Sodmm 10.150        (1909) , 

 .  Liberty Building (1922) , Progress Laundry (1926) , 
    Texas W a t e r Company (1942, 1945), General T i r e 

Free Ammonia 126.000 mg. /h te r Company (1943,  1945), Pu re Milk Company 
    nnn  and Plantation Foods (1965) , now used 

only for supplementary water or as demand indicates. 
Elm Mott began use of Trini ty water early in the 

"Albumoid" Ammonia 1.000  
Total Ammonia 127.000 gr . /gal . 
Nitrates 1.000 gr . /gal . 

After Cutter's Guide to the City of W a c o , T e x a s , 1894, p. century, and following Wor ld W a r I I Lacy-Lakeview, 
13-14. Robinson, and Woodway all completed wells in the 

Trinity Sands. Woodway, located updip f rom Waco, 
still has eight operational wells and supplies all munici-

  ,         water f rom wells. The other communities also de-
At he urn of the century,  (1901) described   industrial and private wells cause 

several we  and  influence on other wells.  the      reservoir with resultant 
town of West a well  an initial pressure of 66 drawdown, and as a result several area wells are no 
pounds promptly dropped m pressure as more wells  operational 
were  In Moody, where the surface is near the According to the 1970 census, the population of Waco 
maximum elevation of possible flow the first well over-   Another 60,000  were re-
flowed, the second well comp e ed caused the water  Bellmead, Lacy-Lakeview, Woodway, and 
level m the first well to   feet below the surface.   towns within the area of this study. 
Similar problems occurred  McGregor where early Essentially all communities in this area except Waco 
wells ceased to flow as later wells were  At   municipal supply, and 
Waco, where  pressure was greatest because of the     industrial demand for 
   more  20  s were underground  
drilled without significantly  the now of others. 
However , as drilling continued  enormous drain 
upon the reservoir caused flow from all wells to be P R E V I O U S W O R K S 
diminished (Hill , 1901, p.  The first significant subsurface report on Central 

The quantity of water produced by flowing artesian Texas was written by R. T. Hill (1901) . In it he 
wells in McLennan County once ranked very high in discussed geology and strat igraphy giving special ref-
the state of Texas. Eleven flowing wells existed in erence to artesian water. A water-supply study of the 
Waco in 1891. In 1897, Hill reported 27 operational area by Chester B. Davis was published in the same 
and eight nonoperational wells in the county (1901. year ; however, this study lacks significant geological 
p. 545) . information. Var ious other reports published about the 

By 1900 the population of Waco was 20,686 (Davis, same time (Singley,   1905; and Taylor, 
p.  and in 1904 the city acquired both of the private 1907), contain records of deep wells, and the 
water companies. Artesian water f rom the Trini ty ity of water f rom shallow wells was briefly mentioned 
wells provided most of the Waco water until 1912 when by Taylor . 
the city, now with approximately 28,500 inhabitants Serious consideration was given to ground-water 
(Davis, p. 15) , was forced to increase the supply by potential  Results of Testing on Wells at Waco, Texas 
pumping from an infiltration gallery on the Brazos (1945) , by W . O. George and B. A. Barnes. 
River at the present Riverside Treatment Plant (City Later the development of ground water for irrigation 
of Waco W a t e r Department Booklet, 1965). of the flood plain was summarized by W . F . Hughes 
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F i g . 5. P r o j e c t e d past p iezometr ic surface, 1891  O t h e r cont ro l points outside of quad rang l e areas . 

 Historic w e l l s  Well location  Projected point 
  , "  alluvial we l l 
Other control points outs ide of quadrangle areas  5 0 5 other wel l Contour interval 5 0 ft. 



12 BAYLOR GEOLOGICAL STUDIES 

and A. C. McGee (1962). The U.S. Study Commis
sion-Texas (1962, pt. 3, p.  also reported on the 

 of ground water from alluvium in part of 
the Waco area. Reconnaissance reports also exist on 
ground water in the Brazos River alluvium. 

H. D. Holloway (1961) described the Trinity aqui
fers of McLennan County; E. R. Henningsen (1962) 
considered water chemistry in Trinity  J . M. 
Burket (1965) briefly described aquifers in the Waco 
area. All such studies have been particularly useful to 
this study. 

Currently, local, state, and federal agencies are study
ing subsurface water in Central Texas. Of those in 
the area, the Texas State Department of Health, Waco 
City Water and Engineering Departments, Texas 
Water Development Board, U.S. Geological Survey, 
and the U.S. Army Corps of Engineers all maintain 
open  reports. Baylor University Department of 
Geology has initiated short-term ground-water studies 
which also have contributed valuable information to 
this report. While basic geologic and  data 
for this study have been obtained from a variety of 
sources, those most valuable were the Texas Water 

Development Board Report 41 by Cronin and Wilson 
and the Texas Water Development Board unpublished 
Trinity aquifer  
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R E G I O N A L G R O U N D W A T E R G E O L O G Y 

( C E N T R A L T E X A S ) 

In the Central Texas region, ground water is pro
duced  two geological   the 
flood plain and terraces of the Brazos and Bosque 
Rivers, and (2) deep artesian aquifers in Cretaceous 
rocks. Aquifer potential of the local formations is 
shown in Table 3. 

S H A L L O W A Q U I F E R S ( U N C O N F I N E D ) 
The flood plain of the Brazos River in the Waco 

area consists of  deposits which contain large 
quantities of ground water (Fig. 6 ) . The drought of 
the early 1950's first made it necessary to acquire addi
tional water to maintain farming on the flood plain of 
the river. Therefore it was during this period that the 
first of many irrigation wells were drilled to make use 
of the water in the alluvium. 

Flood-plain alluvium, consisting of clay, sand, and 
gravel, differs in composition from point to point as 
individual beds pinch out. Generally gravels or coarse 
sands are found at the base immediately above bedrock, 
though this may vary with the specific fluvial facies 
represented. Thickness of the flood-plain alluvium 
ranges from a thin veneer to about 100 feet, and aver
ages about 45 feet. In general, thickness increases 

 a f t e r complet ion of th is m a n u s c r i p t :  P e r 
kins, and A lva rez , 1975, G r o u n d - w a t e r resources of pa r t of 
Cent ra l T e x a s w i th emphasis on the An t l e r s and T r a v i s P e a k 

 T e x a s W a t e r Development Boa rd Repor t 195, 
 1, 2. T h i s is a r e m a r k a b l y comprehens ive r epo r t on the 

T r in i t y a r tes ian basin of T e x a s . F o r a clear unde r s t and ing 
of the Cre taceous aqu i fe r s of the W a c o area, readers a r e 
di rected t o this s tudy, wh ich was " m i n e d " extensively f o r the 
cur ren t  

downstream from Waco. 
Hydrologic properties of flood-plain alluvium range 

over wide limits. Samples taken during a test-drilling 
program, conducted by the Texas Water Development 
Board, ranged in permeability from 0.001 gpd (gal
lons per day) per square foot in  and clay to as 
much as 18,000 gpd per square foot in gravel. Trans-
missibility values as determined in a few pumping tests, 
made far to the south of the study area, ranged from 
about 50,000 to more than 300,000 gpd per foot. How
ever, these tests were of short duration and highest 
values may not be reliable. On the basis of  deter
minations of specific capacity in counties to the south, 
the estimates of coefficients of transmissibility ranged 
between 7,300 and 208,000 gpd per foot and averaged 
about 42,000 gpd per foot (Cronin and Wilson, 1967, 
p. 25, 27) . Since alluvium is reasonably constant in 
character, these values probably apply to thicker allu
vium in the Waco area. 

The specific yield, as determined from samples ob
tained during the test drilling, ranged from about four 
to 35 percent and averaged about 24 percent. Because 
of the method used in the determinations, these values 
may be somewhat high. It seems likely that a conser
vative estimate of the average specific yield is about  
percent (Cronin and Wilson, 1967, p. 27) . 

Water in the flood-plain alluvium occurs chiefly 
under water-table conditions, although artesian condi
tions may occur locally where extensive lenses of clay 
are present. The top of the water table occurs at depths 
ranging from less than ten to almost 50 feet below the 
land surface, generally sloping toward the river 
(Fig. 7) . 
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T A B L E 3. S E Q U E N C E A N D C L A S S I F I C A T I O N O F 
C E N T R A L T E X A S GEOLOGIC F O R M A T I O N S 

S y s t e m 
Series , group, 

or d iv i s ion 
F o r m a t i o n 
or m e m b e r 

M a x i m u m 
T h i c k n e s s 

( f e e t ) 
D e s c r i p t i o n A q u i f e r 

propert ies 

Q u a t e r n a r y Recent and 
Ple is tocene 

Al luv ium and 
te r races 7 

Sand,  and 
gravel . 

Yields potable wa te r in some 
a reas a t sha l low depth. 

T a y l o r 1170 
Calcareous mar l s , sandy mar ls , 
lenses of ca lcareous sandstone, 
and chalky l imestone. 

Yields some potable w a t e r f r o m 
W o l f e City m e m b e r in eas te rn 
pa r t of county a t sha l low depth. 

Aus t in  M a r l y l imestone and l imy shale 
wi th some bentonite seams. 

N o t known t o yield w a t e r 
in M c L e n n a n County. 

G
u

lf
ia

n
 S

e 

E a g l e F o r d 

Sou th Bosque 140 Sha le wi th l ime
stone flags. 

Yields no wa te r in 
M c L e n n a n County . 

G
u

lf
ia

n
 S

e 

G roup 

 W a c o 145 Shale wi th l imestone flags 
and bentoni te seams. 

Yie lds small amoun t s of w a t e r f o r 
domest ic use in wes te rn pa r t 
of M c L e n n a n County. 

Peppe r 100 

Non-ca lca reous shale wi th 
in jec ted sands tone dikes in 
n o r t h e r n pa r t of 
M c L e n n a n County. 

Repor t ed t o yield some potable 
wa te r in no r theas t e rn 
M c L e n n a n County . 

B u d a 35 H a r d t o cha lky 
 l imestone. 

Yields no w a t e r 
in M c L e n n a n County . 

W a s h i t a 
Division Del Rio  

Foss i l i fe rous clay wi th 
occasional l imestone beds 
and sandy s t reaks . 

Yields no w a t e r 
in M c L e n n a n County . 

Cre taceous 
George town 210 N o d u l a r l imestones and 

mar ly shales. 
N o t known to yield w a t e r 
in M c L e n n a n County . Cre taceous 

E d w a r d s 45 
Limes tone , rudis t id reef 
mate r ia l , and calcareous 
siltstone. 

Yields some potable w a t e r in 
n o r t h w e s t e r n M c L e n n a n County. 

F rede r i cksburg 
Divis ion 

Comanche P e a k 130 N o d u l a r l imestones and 
 clay. 

Yields n o w a t e r in 
M c L e n n a n County . F rede r i cksburg 

Divis ion 

W a l n u t 175 Sha l e wi th some l imestone 
and sand s t r ingers . 

Yields n o w a t e r in 
M c L e n n a n County . 

S
er

ie
s 

P a l u x y 20 Sands wi th some 
shales in terbedded. 

Yields potable wa te r in no r th 
wes t e rn M c L e n n a n County. 

  

1-. 

 
Glen Rose 8 0 0 + A l t e r n a t i n g l imestones and 

shales wi th some anhydr i te . 
Yields some w a t e r in 
M c L e n n a n County . 

 

 
Hense ! 

75 F ine to coarse sands 
wi th green shales. 

P r inc ipa l aqu i f e r in wes te rn M c 
Lennan County . Yields l a rge sup
plies f o r municipal , industr ia l , 
and domest ic purposes . 

T r i n i t y 
Division 

id
d

le
   

 o Cow 
Creek 75 Limes tone and 

shales. 
Yields no w a t e r in 
M c L e n n a n County . T r i n i t y 

Division 
 H a m m e t t 100 Sha le w i th some 

l imestone and sand. 
Yie lds no w a t e r in 
M c L e n n a n County . 

 95 L imes tone and 
shale. 

Yie lds no w a t e r in 
M c L e n n a n County . 

 L
o

w
e
r 

H o s s t o n 8 0 0 + F i n e to coarse sand 
wi th some cong lomera te 
and var ico lored shale. 

P r i n c i p a l a q u i f e r in eas t e rn M c 
Lennan County. Yields l a rge sup
plies fo r municipal a n d indus t r ia l 
purposes . W a t e r in sands in upper 
pa r t of f o r m a t i o n in sou theas te rn 
pa r t of county m a y be h igh ly 
mineral ized. 

J u r a s s i c Cot ton Val ley 
Group 

Schuler ( ?) ? Sands a n d 
shales ( ? ) . 

Yields no w a t e r in 
M c L e n n a n County . 

van ian ( ? ) 
? ? Shales and 

 
Yields no wa te r in 
M c L e n n a n County. 

After  1961, p. 7. 
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Miles 

Fig . 6. E x t e n t of a l luvium and terraces , Brazos River . After 
 196S, p. 13. 

Precipitation on the flood-plain surface is the chief 
recharge source to the flood-plain alluvium, although 
near the river bank some recharge occurs as a result 
of high water during floods. Various methods used to 
estimate recharge have given results as a rise in the 
water-table surface ranging from less than two inches 
per year to more than five inches. The average rise 
during the period of 1957 to 1961 is estimated to have 
been slightly less than  inches per year. Rainfall 
during this period was somewhat above  there
fore, the estimate of recharge during this period prob
ably represents greater than average values. In the 
Waco area the annual recharge during the 1957 to 1961 
period was about 2,000-|- acre-feet (Table 4 ) . Addi
tional recharge, though minor in amount, is obtained 
from stream infiltration, ground-water flow from ter
races to alluvium, infiltration from irrigation, and, dur
ing flooding, from overbank flow (Cronin and Wilson, 
1967, p. 33 ,44) . 

Annual precipitation at Waco ranges from about 19 
to more than 48 inches per year, and the alluvium of 
the flood plain is recharged during normal or above 
normal periods of rainfall (Table 4 ) . 

Ground water is discharged from the alluvium chiefly 

a. Unconfined Aquifer 

Terrace Flood Plain 

c. Water Table Condition  Aquifer] 

Land Surface 

  
 ;'    Aquifer  

 .  

d. Artesian Condition  Aquifer) 

Land Surface 

Fig . 7. D i a g r a m m a t i c represen ta t ion of flood plain, p iezometr ic 
surface, wa t e r table and a r t e s i an condit ions. 

by seepage into rivers, evaporation and transpiration, 
and pumping wells. 

T A B L E 4. A N N U A L P R E C I P I T A T I O N A N D 
D E P A R T U R E F R O M N O R M A L P R E C I P I T A 

T I O N I N I N C H E S , A T W A C O , 1957-1964 

Y e a r Prec ip i ta t ion D e p a r t u r e f r o m n o r m a l 

1957 48.91 15.96 
1958 35.31 . 2.36 
1959 33.81 0.86 
1960 29.63 -3.42 
1961 42.71 9.76 
1962 22.60 -9.48 
1963 19.57 -12.51 
1964 29.32 -2.76 
From records of U .S . W e a t h e r  adapted from Cronin 
and Wi lson , 1967, p. 43. 

Most of the wells in the flood-plain alluvium are 
used for irrigation. In 1964 more than 1,200 irrigation 
wells were available for use in the Brazos River flood 
plain from Lake Whitney to the Gulf Coast; about 150 
of these were in the Waco area. Most wells are 14 to 
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18 inches in diameter. The casing is generally slotted 
and most of the wells are gravel packed. Irrigation 
wells range in yield from less than 250 to more than 
1,000 gpm (gallons per minute) . About SO percent of 
the wells yield between  to 500 gpm (Cronin and 
Wilson, 1967, p. 47) . 

During 1963 and 1964 about  acre-feet of water 
were produced to irrigate more than  acres of farm 
land in the Waco area. Other uses of ground water on 
the flood plain are considered  insignifi
cant (Cronin and Wilson, 1967, p. 51). 

The chemical quality of the water produced from the 
flood-plain alluvium is variable. Generally, the water 
is suitable for domestic and livestock purposes, al
though some wells produce hard or very hard water, 
often polluted. Most of the water is rated as low-
sodium hazard and high-salinity hazard for irrigation 
(U.S. Salinity Laboratory Staff classification). How
ever, with the conditions of irrigation and climate pres
ent in the report area, the water appears to be margin
ally suitable for irrigation. 

Alluvium exists in both terraces and flood plain 
(Fig. 6 ) . While terraces generally adjoin the flood 
plain, in other places they are separated from the flood 
plain by exposures of bedrock. Terrace material con
sists of clay, silt, sand, and gravel, some of which is 
slightly cemented. Terrace deposits may be as much 
as  feet  however, the average is considerably 
less. Only small amounts of water can be found in the 
terraces, and it is available mainly in the rainy seasons 
and serves for limited domestic use. 

D E E P A Q U I F E R S , ( C O N F I N E D ) 
McLennan County (Fig. 1) is situated near the 

western boundary of the Gulf Coastal Plain of Texas. 
Geologic formations exposed in the county (Table 3) 
are of Quaternary and Cretaceous age. Rocks of the 
Gulf Series (Upper Cretaceous) are exposed in the 

eastern part of the county. Rocks of the Comanche 
Series (Lower Cretaceous) are exposed in the western 
part. 

The dip of Cretaceous strata in McLennan County 
varies from 30 feet per mile in the west to about 90 
feet per mile in the east (Fig. 8) . Individual beds 
thicken toward the East Texas basin. The Cretaceous 
section thickens from 1,075 feet near the western mar
gin of McLennan County (Falcon # 1 Mattlage) to 
about 3,840 feet in the east. This west-to-east thicken
ing of Cretaceous rocks is caused by thickening of 
practically all units (Fig. 3 ) . Cretaceous sediments rest 
unconformably on the Paleozoic "Ouachita Fades" 
throughout much of the county, except in the extreme 
southeastern corner where they may be underlain by 
truncated beds of Jurassic Age (Holloway, 1961, p. 8 ) , 
The lowermost Cretaceous beds comprise the Trinity 
Group. 

The Trinity Group consists of two distinctive rock 
types, a lower section dominated by sands and an upper 
section dominated by limestone (Adkins, 1923, p. 23) . 
The principal water-producing sands of the Trinity 
Group occur in the lower, sandy  these include 
the lowermost Cretaceous sand, the Hosston, and in 
sequence above it finer, less widely distributed thinner 
units called the  Formation and the Hensel 
sand. In the western part of the  the principal 
water producer is the Hensel sand, primarily because 
it occurs at shallower depths, and therefore drilling 
costs are less and the demands for water are more lim
ited. In the eastern part of the county, because of the 
thinning of the Hensel sand, the Hosston sand is the 
principal producer. In the city of Waco the Hosston 
is the principal water producer. 

Water in the Trinity sands originates as rainfall at 
the outcrop area (Fig. 2 ) . This area presently receives 
approximately 30 inches of rainfall annually (Henning-
sen, 1962, p. 9 ) , a small fraction of which enters the 
aquifers as recharge. Surface water seepage from lakes 

Fig. 8, W e s t - e a s t s t ruc tu ra l section, showing s t ruc tu ra l dip and p robab le faul ts , W a c o a rea . 
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and streams, on the outcrop, is also a source of ground 
water to the Trinity Sands. Presently recharge is also 
occurring due to irrigation on the  however, 
this seepage is recent and has no effect on the water 
supply at Waco. 

Regionally, ground water in the Hensel and Hosston 
Formations of the Trinity Group occurs under both 
water-table and artesian conditions (Fig. 7). The lower 
sands of the Trinity Group are geologically and hydrau-

 continuous. Both formations have a common 
piezometric surface and the same quality of water. 
In general the piezometric surface displays about the 
same slope as the regional topography (Henningsen, 
1962, p. 9 ) . 

In the outcrop area, sands and gravels of the Trinity 
Group are not water saturated, and water-table condi
tions prevail (Fig. 7) . Ground water present in one 
area of the outcrop may be absent in another due to 
localized sand and shale fades as well as channel-like 
sand bodies characteristic of the Trinity Group. In 
addition, sand lenses interbedded with shales within the 
members of the Trinity Group create localized perched 
water tables and minor artesian conditions in the out
crop area. 

Downdip, artesian conditions exist because aquifers 
are overlain by impermeable beds (Fig. 7) . Aquifers 
are completely water saturated and the hydrostatic pres
sure is great enough to cause static water levels to rise 
above the aquifer boundaries and, in some cases, to 
cause wells to flow. In the recent past, the piezometric 
surface was above ground level at lower elevations 
downdip from the outcrop area (Fig. 7) , and flowing 
wells existed. More recently overdevelopment has 
caused water levels (potentiometric surface) to de
cline in some areas more than  feet below the land 
surface, where flowing wells had previously existed. 
Most of these wells are supplied from the Hosston 
Formation. 

While Paluxy Sand (Table 3) produces water north
west of Waco, it pinches out in the Waco area and 
thus yields no water. Paluxy Sand reaches maximum 
thickness north and west of Waco, where it is an im
portant shallow aquifer, although the quality of the 
water is poor. Most wells in the Paluxy Sand are 
artesian and some were flowing as late as 1961 (Hollo-
way, 1961, p. 12). Additionally, several wells within 
the county produce from the Glen Rose Limestone, but 
the water is highly mineralized and is therefore not 
suitable for domestic use. Because of the high sulfate 
content of the Glen Rose Limestone, wells passing 
through it into the Trinity aquifers must be properly 
cased and cemented to prevent contamination of Trinity 
water. The Meadows # 1 Smith well near Erath, which 
penetrated the upper part of the formation, contains 
potable water. 

Although mineralized water is present in the Glen 
Rose Formation, and its potential should eventually be 
considered, here no effort has been made to explore the 
possibilities of this aquifer. 

The increase in population in the Waco area, pri
marily along the route of Interstate Highway 35, has 
created a steady increase and demand for potable water. 

Baldwin (1972, p. 109) reports that approximately 
16,816 acre-feet of ground water were produced from 
the Trinity aquifers in 1967 in the Waco area. 

Waco is the third largest consumer of ground water 
in the Central Texas area, although today only two 
wells are still being used by the city. In 1970 these 
two wells produced 604 acre-feet of ground water. 

T A B L E 5. G R O U N D W A T E R F R O M T R I N I T Y 
A Q U I F E R S , H E N S E L and H O S S T O N 

N o . of A c r e - f e e t p r o d u c e d 
 W e l l s 1967 1968 1969 1970 

Waco  582 531 633 604 

 t w o active in 1972. From T W D B  T r i n i t y 
a q u i f e r s tudy. 

In the Waco area approximately 3,659 acre-feet of 
ground water were extracted from the Trinity aquifers 
in 1967 for industrial purposes. Pumping of industrial 
wells has remained fairly constant (Baldwin, 1972, p. 
 .  The largest single user of artesian water in 
Central Texas, although not in the immediate Waco 
area, is Rocketdyne Division of North American Rock
well in McGregor. From five wells completed in the 
Hensel sand it pumped about 680 acre-feet of water in 
1967. All of these wells are located updip from Waco. 

The second largest consumer of industrial ground 
water in the Waco area is General Tire and Rubber 
Company located in East Waco. In 1967, 630+ acre-
feet of water were used. These two wells are com
pleted in the Hosston Formation ( T W D B open file). 

Other industrial wells in the Central Texas area 
which produce large amounts of ground water  
Universal Atlas Cement Company, 153 acre-feet; Plan
tation Foods Inc., 147  Taylor Bedding Manu
facturing Company, 129 acre-feet; Pure Milk Com
pany, 80 acre-feet; and Buchanan Laundry, 120+ 
acre-feet ( T W D B open file). 

A computer simulation of the Trinity aquifers, pro
jected to the year 2020 (Table 6) indicates water-level 
declines of magnitudes of 1,000 feet in areas of heavy 
ground-water use ( T W D B open file). This means 
that lifting of as much as 1,600 feet will be necessary 
for some Waco wells. In addition to the increased lift
ing cost is the probable marked decline in the quality 
of the water being mined, the result of induced mixing 
with overlying Glen Rose water (Baldwin, 1972, p. 
113) . 

T A B L E 6. P R E D I C T E D W A T E R - L E V E L 
D E C L I N E S ( I N F E E T ) F O R T H E 

 O F   
1967-1975 1967-1990 1967-2020 

250  250  250 770 
Adapted from T W D B unpub. T r i n i t y aqu i f e r  

Pe rk in s , and Alva rez ,  vol. 1, p. 18. 
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G R O U N D W A T E R 

O F T H E W A C O R E G I O N 

G E O L O G Y 

S H A L L O W A Q U I F E R S 

The shallow aquifers in the Waco area consist of the 
alluvium and terraces of the Quaternary system. The 
largest of these systems is the alluvium which comprises 
approximately  square miles or about one-fifth of 
the two-quadrangle study area. 

Alluvium 
The flood plains of the Brazos and Bosque Rivers 

are the youngest sediments in the area. Presently the 
Brazos River flood plain (the larger of the two) is 
undergoing fine-grained alluviation as a result of the 
many dams along its course which trap the coarser 
sediments (Epps, 1973, p. 5; Bronaugh, 1950, p. 2) . 

Distribution. In the northern part of the Waco area, 
where the Brazos River crosses the Austin   
alluvial belt is narrow. In the southeastern part of the 
Waco area, where the Brazos River crosses the less 
resistant Taylor Marl, the alluvial belt widens consid
erably. In the easternmost part of the Waco area lat
eral migration of the Brazos River channel, which re
charges the flood plain periodically, leaves alluvial de
posits in a two-mile-wide belt (Burket, 1965, p. 19). 
Sand and gravel of the alluvial bottoms provide an ex
cellent source of ground water for limited agricultural 
or domestic use. 

The alluvial deposits of the Bosque River are much 
more limited than those of the Brazos River and are 
exposed in a narrow belt below the Lake Waco Dam 
(Figs. 6, 9 ) . Most of the Bosque River alluvial de
posits are derived from the dominantly limestone and 
clay of outcropping Lower Cretaceous rocks. Some 
Bosque River sediments, however, are derived by ero
sion of silicious sand and gravel of older and higher 
terraces of the Brazos River (Burket, 1965, p. 20) . 

Water . The highly permeable sand and gravel of the 
Brazos alluvium produce large quantities of ground 
water suitable for agricultural and domestic use. This 
shallow ground water is recharged by normal seepage 
from the Brazos River and rainfall on the flood plain. 
Potential for contamination is high, rendering some 
ground water unsuitable for drinking water without ex
tensive treatment. Agricultural fertilizers are widely 
used in this flood plain and pose a threat to any well 
located in the alluvial deposits. Economical treatment 
of such water is impractical but nonetheless it is used 
by a large number of families along this flood plain. 

The sand and gravel of the Bosque alluvium produce 
a small quantity of ground water suitable for limited 
agricultural and domestic use. This shallow ground 
water is recharged by normal seepage from Lake Waco 
and by rainfall. Water in this aquifer is often polluted 
by septic sewage effluent or by agricultural fertilizers. 
Although the Bosque alluvial sediments are generally 
less permeable than those of the Brazos alluvium, they 

transmit fluids in considerable quantity, primarily in 
rainy seasons (Burket, 1965, p. 20) . 

Other limited areas of alluvial deposits (Fig. 9) 
occur within Waco along Waco Creek, Cottonwood 
Creek, Lucky Branch, Tehuacana Creek, Williams 
Creek, and Tradinghouse Creek, though these are not 
known to be exploited for ground water. 

Ground water taken from the alluvial sand and gravel 
of the Brazos River flood plain in the Waco  is 
used almost exclusively for irrigation. Little or no 
water was used for this purpose prior to the 1950's 
and the number of irrigation wells in existence in this 
area was limited. By 1963 the use of flood-plain irri
gation water along the Brazos River had increased to 
an estimated 150 acre-feet per year (Cronin and Wil
son, 1967, p. 51). 

Flooding recharges alluvial aquifers. Since much of 
the flood plain is agricultural land, periodic flooding is 
an effective recharge mechanism where recharge is 
most needed. Irrigation, based on flood-plain alluvial 
wells started in the late 1940's, has increased year by 
year until the present time. Row crops, principally 
cotton, are the dominant flood-plain produce, though 
smaller areas are yet in grass and woodland. Sand 
and gravel operations, though conspicuous, occupy only 
a small portion of the Brazos flood plain, except in 
the area nearest Waco (Cronin and Wilson, 1967, 
p. 10). 

Brazos River alluvium, consisting of siliceous gravel, 
sand, silt, and clay, was deposited by the Brazos River 
as channel, bar, and overbank deposits (Epps, 1973, 

 5) . 

Deposits tend to grade from coarse at the base, where 
alluvium is in contact with bedrock, to finest at the 
surface, where overbank deposits mantle the flood plain. 
However, locally there may be sections which consist 
almost entirely of gravel, or of sand or clay. 

Alluvium ranges f rom a thin veneer to more than 
SO feet thick, though it averages 30 to 45 feet (Tables 
7, 8 ) . Brazos River alluvial gravels are typically sili
ceous, consisting largely of varicolored quartzite,  
and quartz. Adjacent to limestone bedrock, limestone 
becomes a significant component of the gravel, though 
downstream from the source it rapidly decreases in rela
tive abundance (Cronin and Wilson, 1967, p. 21) . 

Terraces 
Terraces of the Waco area are remnants of older 

river flood plains of Quaternary age left as "steps" by 
more recent down cutting (Burket, 1959, p. 20) . In 
the Waco region there are two well defined terrace 
systems, the Bosque and the Brazos systems. Rem

 of terraces from 20 to 25 feet above present level 
of the river illustrate the levels of earlier Brazos River 
alluviation. Remnants of terraces ten to 40 feet above 
present level of the Bosque River mouth represent 
earlier deposits (Burket, 1959, p. 20). 
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Fig . 9. S u r f a c e geologic m a p showing ex ten t of t e r r ace and f lood-plain a l luvium. T e r r a c e and al luvial wel ls a re  

by solid dots. 
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F i g . 10. G e o l o g i c s t r u c t u r e o n t o p of H a n s e l F o r m a t i o n . 

5 0 2 Well  (based on Top of George town)   Well location  Projected point 

O   alluvial we l l 
 Depth of format ion (Sea level Datum)    5 0 5 other wel l Contour interval 5 0 ft. 



2 2 BAYLOR GEOLOGICAL STUDIES 

     
     

 Hi 
s 

  . 

        

    S 

 
  

S 

I I I I I I M I I I I I   I I I I I I I I I I I I I   I 

 

 I I I I I I I I I I I I I  M I I I I I I I I I I I I I M  I I 

  I I ! I I I I I I I I I I   I I I I I I I  I   I I I 

, o              

O  O    

  

  rt                CM     CM          

         CM             
       O O O         00    CO  

    
O      O O O I 00 OOOO |  OOOOOOOOOOO 00  00   

  
         oo oo      o     

 CM      

p   
I I I I I  I I I I I I M I I   I I I I I I I I I I I I I   I I I 

 
 rt  

 I    I I 

 

      ro        O O O Q O O O  O  
 CM  CM             oo oooo 

I I 

  



SUBSURFACE WATERS OF WACO 2 3 

T A B L E 8. S A M P L E LOG O F S E L E C T E D 
T E S T H O L E S , B R A Z O S R I V E R V A L L E Y , 

W A C O A R E A 

Wel l  

Thickness Depth 
(feet) (feet) 

Soil, sandy clay, loose,  3.5 3.5 
Clay, blocky,  9.5 13 
Sand, coarse to fine grained, 

marly,  9 22 
Clay, sandy,  2 24 
Sand, coarse  1 25 
Sand, with gravel (estimate gravel 

 diameter or  6 31 
Marl, blocky, tight, brown-gray to black, 

weathers buff (Taylor  5 36 

Adapted from  a n d W i l s o n , 1967, p. 148. 

Distribution. Four Quaternary terraces have been 
described, based on elevation above mean low water 
  the lower terrace, 20 to 50 feet above mean 
low water ; (2) the second terrace, 50 to  feet above 
mean low water ; (3) the third terrace, 75 to 125 feet 
above mean low water; and (4) a fourth level com
posed of terrace material higher than 125 feet above 
mean low water. This upper terrace ranges northeast
ward beyond the map area (Burket, 1965,  I, II, 
and p. 21) . 

The porous terrace subsoil has good water-bearing 
capacity. Lower terraces are primarily composed of 
siliceous sand and gravel (quartz, chert, and quartzite) 
and smaller amounts of reddish clay. Near the outcrop 
of Austin Chalk, terraces also contain large numbers of 
limestone pebbles (Burket, 1965, p. 21). 

Water . Brazos River terraces commonly support an 
extensive growth of deciduous trees. These terraces are 
veneered with good agricultural soils and high perme
ability makes them ideal for disposal of water waste. 
Terraces near the river store limited quantities of 
ground water suitable for domestic use after treatment 
for bacterial pollution. Because of the high permeabil
ity septic sewage may flow into nearby wells (Burket, 
1965, p. 21) . 

Bosque River terraces in the Waco area are found 
west of Lake Waco and are composed mostly of clay 
and limestone gravel of the North, Middle, and South 
Bosque Rivers. Limited ground water is produced 
from these terraces, although quality and quantity are 
generally marginal. 
D E E P A Q U I F E R S 

Deep aquifers include two major sandstone beds. The 
Hensel sand is the first sand encountered in drilling 
below the basal beds of the Glen Rose Limestone (Figs. 
10,  12). The Hosston Formation is the lowermost 
formation of the Trinity Group of Central Texas (Figs. 
13, 14, 15). 
Hensel 

 The Hensel sand is white sucrosic gen
erally fine grained, subrounded to subangular, uncon-
solidated sand, interbedded with green shale (Hollo-
way, 1961, p. 16). The size range of the Hensel sand 
on outcrop varies from 0.06 to 2.0 mm. (Boone, 1965, 

p. 23) , though fine-grained size predominates in the 
Waco area. 

Distribution. In the Waco area the Hensel sand 
varies in thickness from 30 to 70 feet (Fig. 11). Elec
tric logs indicate a tendency to thin in the northwestern 
part of the county. The Hensel sand is a good aquifer 
in western McLennan County as indicated by the large 
number of wells completed in this formation west of 
Waco. It is the second most important aquifer in the 
Central Texas region, and most of the domestic and 
stock wells drilled to the Trinity aquifers in western 
McLennan County are completed into this formation 
(Baldwin, 1972, p. 119). The  decreases in 
thickness and becomes finer and more  eastward. 
The dip of the Hensel increases from approximately 
40 feet per mile west of Waco to  feet per mile east 
of Marlin in Falls County (Baldwin, 1972, p. 120). 
The Hensel Formation rests conformably on the Pear-
sail Formation. 

Water . Numerous industrial and domestic wells 
have been completed into the Hensel sand. The quality 
of the water is good in the western part of the county, 
but east of the Balcones escarpment it becomes highly 
mineralized, apparently due to seepage from the over
lying Glen Rose Formation, or from admixing of con
nate brine. The net producing sand (Fig. 12) varies 
in thickness from 30 feet in western McLennan Covmty 
to 50 feet in eastern McLennan County, averaging 40 
feet in the Waco area. 

Hosston 
Description. In the Waco area the Hosston Sand is 

a fine-to-coarse, red-to-white,  porous sand and fine 
gravel, cemented with calcite and interbedded with 
variegated shale in the upper part (Holloway, 1961, 
p. 61) . Conglomerate is encountered in the basal part 
of the Hosston sand in Central Texas. In the C. M. 
Stoner # 1 Spring Valley well (Fig. 3) this conglom
erate was too coarse to pass through the shale shaker 
(Holloway, 1958, p. 37-38). Samples from other wells 
contained pebbles of quartz, and chert fragments (Hol
loway, 1958, p. 38). The pebbles and sandy conglom
erates of the Hosston Formation are generally poorly 
sorted, multicolored, and cemented by calcite or opaline 
silica. The formation consists most commonly of fine 
to very coarse-grained sand and sandstone, poorly to 
well sorted, poorly to well cemented with calcite or less 
commonly with opaline cement. Color ranges from gray 
to tan through red-brown. Sandy and silty clay with 
some waxy clay of gray, green, yellow or brown color, 
various colored shales, and occasionally thin beds of 
limestone occur in the formation. Crossbedding is com
monly associated with the conglomeratic beds which 
range from thin to massively bedded. Sands and 
conglomerates are predominantly siliceous with pebbles 
consisting of chert or quartz (Baldwin, 1972, p. 117). 
Conglomeratic zones commonly occur at the base. They 
decrease in abundance and frequency toward the top of 
the formation. 

Distribution. The thickness of the Hosston Forma
tion varies from 100 feet west of Waco to 440 feet east-
southeast of the Waco area (Fig. 14). The formation 
dips 40 feet per mile west of Waco increasing to about 

 feet per mile east of Waco. 
Water . Of the Trinity aquifers in the Waco area 

the Hosston sand is by far the most productive. All 

 



BAYLOR GEOLOGICAL STUDIES SUBSURFACE WATERS OF WACO 

Fig. 1 1 .  H e n s e l F o r m a t i o n . 

 Well location  Projected point 

 2 0 2 alluvial wel l 
 5 0 5 other wel l Contour interval  ft. 
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F i g . 12. N e t p r o d u c i n g s a n d , H e n s e l F o r m a t i o n . 

 Well location  Projected point 

 2 0 2 alluvial we l l 
 5 0 5 other  Contour interval  ft. 
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F i g . 13. G e o l o g i c s t r u c t u r e o n t o p of H o s s t o n F o r m a t i o n . 

5 0 2 Well Structural contours (based on top of G e o r g e t o w n ) D  D o w n t h r o w n    Projected point 

   alluvial w e l l 
 Depth of formation (sea level datum)    5 0 5   Contour interval 5 0 ft. 
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F i g . 14. I s o p a c h , H o s s t o n F o r m a t i o n . 

O Well location  Projected point 

 2 0 2 alluvial we l l 
 5 0 5 other wel l Contour Interval 2 0 ft. 
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F i g .  N e t p r o d u c i n g s a n d , H o s s t o n F o r m a t i o n . 

 Well location   point 

 2 0 2 alluvial we l l 
 5 0 5  wel l Contour interval 2 0 ft. 
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S T - 4 (  

 

public and industrial artesian wells of Waco produce about three feet per mile toward the river  and 
from this aquifer. In the Waco area water produced Wilson, 1967, p. 28). 
from the Hosston sand is of good quality. Measurements of water levels in selected wells in 

Artesian wells drilled into the lower part of the for- McLennan County are shown in Figure  Generally 
mation encounter coarser sands which have greater the hydrographs reflect the rainfall (Table 4 ) . For 
permeability and consequently produce larger amounts example, an extended drought ended in 1957. The 
of water (Holloway, 1961, p. 16). The net producing period from 1957 to 1960 was one of normal to some-
sand (Fig.  varies from 20 feet in western McLen- what greater than normal rainfall. During this period 
nan County (McGregor) to 300 feet in eastern Mc- pumpage decreased while recharge increased. In 1962 
Lennan County (Mar t ) ; the average thickness for the to 1964, with decreased rainfall, pumpage increased as 
Waco area is 200 feet. irrigation water was withdrawn, and consequently 
H Y D R O L O G Y water levels declined. During the winter of 1963-
S H A L L O W A Q U I F E R S 1 9 6 4 , water-table elevations did not recover to  

Deposits of coarse, clean, unconsolidated gravel are levels, and in the 1964 irrigation period, levels declined 
probably the most productive and valuable water-bear- to new lows (Table 4 ; Fig. 17) (Cronin and Wilson, 
ing formations, with coarse sand the second most pro- 1967, p. 28, 34) . 
ductive formation (Meinzer, 1942, p. 396). In the 
Waco area both alluvium and terraces are comprised  
largely of gravel and sand (Tables 7, 8) . 32 
Alluvium  

The alluvium in the Waco area is the largest pro
ducer of water from shallow aquifers. Water from 
alluvial sands is derived principally from underflow of  
the river, bank storage, and infiltration from precipita- 36 
tion. A small quantity of water for recharge of alluvial 
sands is derived from drainage of adjacent terraces 
and from storm runofif in intermittent streams which 
discharge into the alluvial bottoms or flow across the 
alluvium to the river. 

Movement. Test-drilling by the Texas Water De
velopment Board indicates that the depth to the water 
level below land surface in the alluvium of the Waco 
area ranges from five to 40 feet (Table 7) . The move
ment of ground water is in the direction of slope of  
the water table, from areas of recharge to areas of  
discharge.  

Ground water in the alluvium is normally at or 
above the water surface of the river. From high ground 
near the valley margin the water table slopes down 
toward the Brazos River (Fig. 16), which gains water  
from the alluvial bottoms. a; 

However, during flood, when the river surface is 
above the water table in the adjacent alluvial deposits,  
water flows from the river to the alluvium. With the  
passage of the flood wave, the original configuration  
of the water table again returns, and water flows from  
the alluvial aquifers to the river. Under conditions of 
normal stream flow, the slope of the water table is  

o 
Normal Water Level  

n 
S T - 4 0 - S  A  \ 

 
C 
ro 
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Land Surface 

Well Well Well 

a 
Brazos River   
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F i g . 16. D i r e c t i o n of g r o u n d - w a t e r flow i n t h e a l l u v i u m n e a r 
t h e B r a z o s R i v e r d u r i n g n o r m a l a n d h i g h - w a t e r l e v e l s . 

F i g . 17. H y d r o g r a p h s of s e l e c t e d w e l l s i n M c L e n n a n C o u n t y . 
Adapted from C r o n i n a n d W i l s o n , 1967, p . 41 . 
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The rate of ground-water movement is relatively slow 
and proportional to the permeability of the water-bear
ing material and slope of the water table. Accordingly, 
in flood-plain alluvium, this rate usually varies from 
place to place due to the  in the permeability 
of the water-bearing materials and changes in the hy
draulic gradient. If the permeability and porosity of 
the water-bearing materials and the slope of the water 
table at a particular locality are known, the average 
velocity of the ground water percolating through the 
materials can be computed by  

P I 
  

7.48p 
in which 

  velocity in feet per day 
P  permeability in gallons per day per square foot 
I  slope of the water table in feet per foot, 

expressed as a ratio 
p  porosity, expressed in percentage 
7.48 is a factor for converting gallons to cubic feet. 

(Wenzel, 1942, p. 71) 

Recharge for the alluvium, estimated from water-
level fluctuations, has been estimated at 100,000 acre-
feet per year for the 565 square miles of Brazos River 
flood plain below Waco (Cronin and others, 1963, p. 
119). If the recharge is distributed evenly over the 
entire flood plain, this would equal 177 acre-feet per 
square mile, or about 3.5 inches of infiltration per year 
(Cronin and Wilson, 1967, p. 44-45). 

Some recharge may be induced by pumpage of large 
capacity wells near the river, reversing the normal 

 however, since few large capacity wells are 
located near the river in the area of the current study, 
this is not a significant recharge mechanism. 

Ground-water discharge from alluvium takes place 
most commonly by evaporation, transpiration, spring 
flow, and pumpage. Some losses come about through 
infiltration into bedrock, but in the Waco area such 
losses must be very small. Actual losses in specific 
cases may be estimated from transmissibility and hy
draulic gradient, though generally such data are not 
available (Cronin and Wilson, p. 44-45). 

Quantity. Essentially all of the water pumped from 
Brazos alluvium is used for irrigation. While there 
are numerous domestic and stock wells, these make only 
minor demands on the aquifer. Sand and gravel op
erations locally make substantial demands on water, but 
this is generally obtained from their own pits, and 
return flows account for essentially all of the pumpage. 

The locations of irrigation wells in the Waco area 
are shown in Figure 9. However, only Waco area 
wells for which data are available are numbered and 
included in Table 7. 

About 150 acre-feet of ground water were pumped 
from the alluvium of the flood plain for irrigation dur
ing 1963 and 1964. The estimated acreage irrigated 
with ground water in 1964 was about 217 acres. In 
areas where few irrigation wells were in operation, 
pumpage was based on field estimates of acres irrigated 
and on use of the water (Cronin and Wilson, 1967, 
p. 50, 51). Approximately 112,000 acre-feet of ground 
water were stored in the alluvium of the flood plain 
of McLennan County in the spring of 1963 (Cronin 

and Wilson, 1967, p. 73) . 
In any discussion of availability of ground water, one 

of the most important elements to consider is the rate 
of recharge to the aquifer. At the end of the drought 
period in 1957, the water table was at its lowest level 
for the recorded period (Tables 4, 9 ) . However, dur
ing the four-year period 1957 to 1961 (a period of 
above-normal precipitation), the water levels rose to 
or above those established earlier. 

This indicates rapid recharge of the alluvium by rain
fall. If the 1957 to 1961 recharge rate of 177 acre-feet 
per square mile may be considered representative, then 
this same amount, equivalent to about 3.3 inches of 
precipitation, is available for routine use, for each square 
mile of flood-plain area. 

The preceding estimates of recharge indicate that 
intermittent lowering of the water table by large with
drawals of water for short periods of time might be 
offset if followed by periods of normal or above normal 
rainfall with increasing recharge and decreasing pump
age. However, continuous withdrawals of ground water 
in excess of recharge would result in a lowering of the 
water table accompanied by a decrease in the yield of 
the wells due to the decrease in saturated sections of 
the water-bearing materials. 

In some sections of the Waco area, as indicated by 
the locations of the wells (Fig. 9 ) , the ground water in 
the alluvium is little used. Although the total amount 
of ground-water storage in the alluvium is important, 
of equal or greater importance is the amount in storage 
in sections of the Waco area where large quantities of 
ground water are being pumped for irrigation. 

Quality. Fourteen McLennan County alluvial wells, 
of which two are within the Waco area, and one surface 
source were chemica.lly analyzed (Tables 10, 11 ; Ap
pendix I ) . These chemical analyses are shown graph
ically in Figure 18. This is a modified  diagram, 
in which horizontal lines represent specific: ions, and a 
vertical line is the zero for all ions. Anions are platted 
to the right, cations to the left, in equivalents per mil
lion (epm) . The figure formed by joining concentra
tion values by straight lines is easily recognized, and 
may be characteristic of water from a given aquifer. 

Bosque River Near Waco, Bosqueville Crossing 

Total Dissolved Solids  230 ppm 

  cfs 

Well # 802 

Total Dissolved Solids   

Depth in Feet  47 

 # 703 

Total Dissolved Solids  483 ppm 

Depth  Feet  50 

Scale in Equivalents per MiMion 

Fig . 18. Chemica l qual i ty of wa t e r f r o m selected sites in the 
B r a z o s R i v e r val ley. After Cron in and Wi l son , 1967, p. S3. 



3 6 BAYLOR GEOLOGICAL STUDIES 

T A B L E 9. W A T E R L E V E L S IN W E L L S I N T H E B R A Z O S R I V E R 
V A L L E Y , W A C O A R E A 

Date 
Water 

level 
Date 

Water 

level 
Date 

Water 

level 

O w n e r : E . Hicks   

Dec.  1960 12.11 Mar. 19, 1963 10.31 Mar. 26, 1964 12.33 

May 9, 1961 5.74 July 2 10.77 June 30 12.20 

Nov. 28, 1962 10.50 Oct. 8 12.52 Oct. 8 13.68 

Jan. 16, 1963 10.47 Dec. 17 13.04 

O w n e r :  Wel l ST-40-32-409 

Dec. 5, 1960 21.69 Mar. 20, 1963 21.06 Mar. 26, 1964 23.24 

May 10, 1961 19.28  1 21.62 June 29 23.39 

Nov. 27, 1962 20.40 Oct. 7 22.33 Oct. 8 24.72 

Jan. 16, 1963 22.96 Dec. 17 22.67 

O w n e r : Dave Simon W e l l ST-40-32-703 

Nov. 27, 1962 16.44 Oct. 7, 1963 17.53 May  1964 17.10 

Jan. 16, 1963 15.07 Dec. 17 17.89 June 29 17.11 

Mar. 19 14.80 Mar. 26, 1964 17.59 Oct. 8 22.79 

O w n e r : O.  Wel l ST-40-32-802 

Nov. 17, 1960 27.22 Mar. 19, 1963 28.56 Mar. 26, 1964 29.33 

Nov. 28, 1962 27.29 Oct. 8 29.36 June 30 28.57 

Jan. 16, 1963 27.42 Jan. 17, 1964 29.73 Oct. 9 28.60 

Owner : Smith and Poag e Wel l ST-40-32-902 

Nov. 17, 1960 13.03 Oct. 8, 1963 17.49 Mar. 26, 1964 17.23 

Jan. 16, 1963 15.44 Dec. 12 17.33 June 30 .  17.19 

Mar. 19 15.68 

After  a n d W i l s o n , 1967 , p . 1 7 9 - 1 8 0 . 

However, study of diagrams of samples from vari- logical Survey stations during the year 1963 to deter-
ous alluvial wells shows wide variability. Though the mine the discharge-weighted-average chemical analysis 
principal cation is calcium, and the dominant anion is for the Brazos River (Table 10). Figure 18 shows a 
bicarbonate, concentration variations clearly reflect dif- graphic representation of the weighted-average analyses 
ferences in evaporation, rates of flow, aquifer lithology, of water collected from the Bosque River, a tributary 
and contamination. to the Brazos River in the Waco area. A graphic rep-

The Texas Water Development Board and Brazos resentation of these weighted-sampling locations is 
River Authority daily collected samples at U.S. Geo- shown in Figure 10. 
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The  River sample analysis shown on Table The suitability of irrigation water is judged by 
11 (May 22, 1963) indicates dissolved solids concen- (1) sodium adsorption ratio, (2) boron content, and 

 of 230 ppm (at the sampling point) and  (3) residual sodium carbonate (U.S. Salinity Labora-
cium and bicarbonate as the major cation and anion. tory Staff, 1954, p. 79-81). From the alluvial wells 
This river has its origin outside the Waco area and about 60 percent of  water samples tested ranked as 
its course crosses limestone rocks of Cretaceous age. low-sodium, high-salinity hazard waters. About 30 
The chemical quality of the Bosque River water should percent of waters ranked as low-sodium, 
not  the alluvial ground water as it is an effluent ity hazard. One sample ranked as low-sodium, very-
stream where it crosses the alluvium of the flood plain. high-salinity hazard. 

Recharge from the Brazos River in flood stage influ- A classification of water by boron content is shown 
ences the chemistry of flood-plain ground water. Pump- in Table 14. None of the 14 samples for the Waco, 
ing may also induce local chemical changes through McLennan County, area exceeds 1.0 ppm (Table 11). 
recharge but as a general rule this is not the case. Over Boron is not a problem in the local flood-plain alluvial 
most of the flood plain the water table slopes toward  
the river, therefore the chemical composition of the 
Brazos River does not affect the quality of the flood- T A B L E 14. W A T E R C L A S S I F I C A T I O N 
plain water. Analysis of Brazos River water indicates B Y B O R O N C O N T E N T 
that the major cation and anion are sodium and bicar
bonate, and that dissolved solids in water from bedrock Classes of water    
aquifers is lower in concentration than it is in the  Rating     
vium (Cronin and Wilson, 1967, p. 63). 1 Exce l len t Less than 0.33 Less than 0.67 Less than 1.00 

Table 12 lists standards for drinking water. Water 2 Good 0.33 to 0.67 0.67 to  LOO to 2.00 
from alluvial wells exceeds the maximum values for  Permiss ib le 0.67 to 1.00 1.33 to 2.00 2.00 to 3.00 

 ,            Doub t fu l    2.50 3.00 t o 3.75 
dissolved sohds  80 percent of the analyses. Iron   Unsui table More than 1.25 M o r e than  M o r e than 3.75 

also present m excess, as are chloride and sulfate.  
C r o n i n a n d W i l s o n , 1967, p . 70. 

T A B L E 12. D R I N K I N G W A T E R S T A N D A R D S 
n    Wells. Drilling of wells into flood-plain alluvium 
Const i tuent S u g g e s t e d m a x i m u m ,           

concentrat ion ( p p m )  not changed significantly since 1963. Although 
  of water are withdrawn every year, this 

 250 amount does not exceed the storage capacity of  
Fluoride  to 1.0 acre-feet per year or even the recharge capability of 

 0.3 100,000 acre-feet per year as estimated by Cronin and 
 0.05 others (1963, p.  Rainfall readily replenishes the 

Nitrate  alluvium. In years of low rainfall heavy usage takes 
 250 place lowering the water table. This is balanced out by 

Total dissolved  500 the years of normal or heavy rainfall when the usage 
 water from the alluvium decreases. However, cau-

 on annual average of  daily air t empera tu re   be taken in prolonged drought years that 
of  F. at Waco . After Cronin and Wilson , 1967, p. 64. over usage does not cause collapse of the water-bearing 

formations, thus damaging the recharge capabilities of 
Based on a general hardness scale (U.S. Public the alluvium. 

Helath Service), practically all of the water in the Depth of wells. Wells in the alluvium are shallow, 
flood plain alluvium is hard or very hard (Tables  extending only a few feet below the water surface and 
13). penetrating the alluvial section usually to about two to 

five feet into the bedrock. Depending on location and 
T A B L E 13. W A T E R H A R D N E S S R A N G E topography this depth may be up to 50 feet. 

  t y p e Productive capacity of wells. Measured permeabil-
ity of alluvium ranges from 0.001 to 18,000 gpd per 

 to 60 Soft square foot (Cronin and Wilson, 1967, p. 25) . 
 to 120 Moderately hard Wells in McLennan County (1963 and 1964) range 

121 to 180 Hard in capacity from six to 134 gpm per foot of drawdown. 
More than 180 Very hard Although none of these test wells lies within the im-

mediate Waco area, the data give an idea of reason-
The optimum fluoride concentration (dependent able local values (Cronin and Wilson, 1967, p. 27) . 

upon mean annual air temperature) is 0.7 to 0.8 ppm Development of wells. To find the most favorable 
(U.S. Public Health Service). In the alluvium of location for a well, several test holes are generally 
McLennan County this concentration varies from 0.1 drilled to determine the thickness and particle size of 
to 0.7 ppm, with most concentrations under 0.7 ppm the water-bearing formation. Production wells are 
(Table 11) (Cronin and Wilson, 1967, p. 65). usually drilled two to five feet into the bedrock. Hole 

The concentration of nitrates in drinking water diameter varies from 36 to 42 inches and is cased 
should not exceed 45 ppm or it can be potentially dan- throughout. In older wells 18-inch casing is corru-
gerous to infants (McKee  Wolf, 1963, p. 113; gated galvanized culvert pipe, with one-half inch 
Heller, 1933, p. 22) . This limit was exceeded by at woven-wire screen opposite the coarser sand and  
least five wells (Table 11). Most of these wells have been reworked, and torch-
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slotted steel liners have been inserted into the old cas- rates ranging from 250 to  gpm are shown in Fig-
ings. Today most wells are cased with 14- to 18-inch ure 19. Note particularly the effects of varying trans-
(diameter) torch-slotted steel pipe, packed outside with  and distance from pumping  
pea gravel to fill the space between the casing and well 
hole. Pump tests determine if the packing is adequate. 
The capacity of the well and pump size are also deter- T A B L E 15. S P E C I F I C C A P A C I T Y A N D 
mined by pump test (Cronin and Wilson, 1967, p. 47) . Y I E L D O F I R R I G A T I O N W E L L S IN 
In the Waco area most wells are equipped with six- to T H E F L O O D - P L A I N A L L U V I U M O F 
eight-inch turbine pumps set approximately two feet T H E B R A Z O S RIVER, 1963-64 
from the bottom of the well. The power unit is usually 
an internal combustion engine. 

Pumping tests conducted in the alluvium south of 
Waco during the 1963 to 1964 irrigation season showed 
about half of the wells had yields in the  to 500-gpm 

 half of the specific capacities were below 25 
gpm per foot of drawdown. While these tests were 
not in the Waco area, it is probable that similar specific 
yields occur here as well. 

Drawdowns are increased by pumpage of closely-
spaced wells, and yields are reduced. Using (1) trans-
missibility of 20,000 to 40,000 gallons per day per foot, 
(2) a storage coefficient of  percent (specific yield), After Cronin and Wilson, 1967, p. 48. 
and (3) total withdrawal of water from storage, the 
cones of depression of pumping wells in the alluvium Terraces 
can be   and Wilson, 1967, p. 48) .   produced from shallow W e l l s in larger 
Drawdown curves for wells pumpmg for 30 days at terraces, but the supply is limited and is most available 

only during the wet season. These terraces are s u f f i -

Yield  capacity 

No. of Proportion Range No. of Proportion 
Range measure in range (gpm per foot measure in range 
(gpm) ments (percent) of drawdown) ments (percent) 

L e s s t h a n 2 5 0 4 0 9 . 8 L e s s t h a n  196 55 .8 
2 5 0 t o 5 0 0 2 0 6 50.5 2 5 t o 5 0 116 33 .0 

SOO t o  117 2 8 . 7 50 t o 75 2 3 6 . 6 
7 5 0 t o 1 ,000 2 6 6 . 4 7 5 t o 1 0 0 10 2 . 8 

1 , 0 0 0  19 4 . 7 1 0 0 + 6 1 .7 

T o t a l 4 0 8 100 3 5 1 100 

 i 
 

 
 

 

  

ciently permeable to provide excellent subsurface dis
posal of small quantities of waste water. 

Ground water is derived from some isolated terrace 
alluvium where well depths indicate deposits as much 
as 40 feet thick. The position of terraces bordering the 
flood-plain alluvium along the river is shown in Figure 
9, where the surface of the bordering terraces, which 
usually slopes toward the river, ranges from about 10 
to 30 feet above the surface of the flood-plain alluvium. 
Where the terrace is hydraulically connected to the 
flood-plain alluvium, terraces contribute water directly 
into the flood-plain alluvium by underflow. The amount 
of ground water moving from the bordering terraces 
into the flood-plain alluvium depends not only on the 
thickness of the saturated zone but also on the gradient 
of the water table and permeability of the saturated 

         material. Permeability of the water-bearing materials 
D i s t a n c e From Center of Pumping, in Feet terraces is not well known, but S a m p l e s  test 

holes and the  of some wells indicate that it is 
rather low. This suggests that the amount of water 
moving from the terraces into the flood-plain alluvium 
is rather small. 
D E E P A Q U I F E R S 

In the Waco area artesian water is obtained from 
two major Cretaceous aquifers, the Hensel and Hoss-
ton Formations of the Trinity Group. Of these two 
sands, the Hosston is by far the more productive. 
Hensel 

Ground water from the Hensel Formation in Waco 
originates at the outcrop area in Comanche and adja
cent counties (Fig. 2 ) . This outcrop area is about 70 
miles west of Waco, at the western boundary of the 
Trinity Basin. 

 Movement. Infiltration water percolates down the 
1200 1600 2000 2400 2800 3200 3600 4000   to reach the Waco area with con-

D i s t a n c e From Center of Pumping, in Feet siderable hydrostatic pressure (Figs. 5, 20, 21) . The 
F i g 19. T h e o r e t i c a l d r a w d o w n c a u s e d b y a w e l l p u m p i n g c o n - journey takes some tens of   years. 
t i n u o u s l y for 3 0 d a y s . After C r o n i n a n d W i l s o n , 1967, p . 49 . though hard water at   flow reaches Waco as 

5 8 

  
 

  

 

  
800 
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Fig . 20. P i e z o m e t r i c surface,  F o r m a t i o n , 1972. D a t a f r o m T e x a s W a t e r Deve lopment B o a r d observa t ion wells . 

O Well location  Projected point 

 2 0 2 alluvial we l l 
Data from Texas Water Deve lopment Board Observat ion Wells . O 5 0 5 other wel l Contour interval 5 0 ft . 
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Fig . 21. P i e z o m e t r i c surface , H o s s t o n Fo rma t ion , 1972. D a t a f r o m T e x a s W a t e r Deve lopmen t B o a r d observa t ion wells. 

 Well location  Projected point 

 2 0 2 alluvial wel l 

Data from Texas Water D e v e l o p m e n t  Wel l s 9 5 0 5  wel l Contour interval 5 0 ft . 
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S  

 o 
 
 

 100 

120 

Distance From  of Pumping, in Miles 

 ft.   for one year 

Fig . 22a.    D r a w d o w n calcu
la ted f o r a wel l o r g r o u p of wel ls p u m p i n g 50 g p m f o r one .      , 0 0         

     Distance From Pumped Well, in Feet 
year , a s s u m i n g a n aqu i fe r of infinite  ex ten t . 

T  S 0.000025  

Distance From Center of Pumping, in Miles 

T   DW  100 gpm for one year 

Fig . 22b.  and 2,500 g p d / f t .  =   
g p m f o r one yea r . 

F ig . 23. R e l a t i o n of decl ine in w a t e r levels t o t ime a n d dis
tance as a r e su l t of p u m p i n g f r o m the H e n s e l F o r m a t i o n u n d e r 
a r t e s i an condi t ions . 

soft, potable water (Table 13). Figure 22 relates draw
down rates (50, 100, and 200 gpm for one year) to de
cline in water levels and transmissibility and distance. 
Figure 23 gives the relationship of decline in water 
levels to time and distance as a function of pumping 
under artesian conditions. 

Quantity. The quantity of water available from the 
Hensel sand (Table 16) can only be estimated, and 
except for Woodway, little is used in the Waco area. 

T A B L E 16. E S T I M A T E D U S E O F G R O U N D 
W A T E R FROM T H E P R I N C I P A L 
A Q U I F E R S IN C E N T R A L T E X A S 

 60 

 

10.000 

 

 

 

Public Industrial Irrigation Domestic, Total 
G E O L O G I C Supply 

Irrigation 
 and Stock 

S O U R C E Acre-Feet Acre-Feet Acre-Feet Acre-Feet Acre-Feet 

H e n s e l a n d 
 

F o r m a t i o n s 16,816  16,099  42,444 
Glen R o s e 

 16,099  42,444 

F o r m a t i o n    1,235 
P a l u x y 

 1,235 

F o r m a t i o n 61 1  1,034 1,09(5 
E d w a r d s 

1,034 1,09(5 

F o r m a t i o n 2,104 232 33 930 3,299 
W o o d b i n e 

3,299 

G r o u p 124 109 347 580 

T O T A L 19,105  16,132 9,416 48,654 

Distance From  of Pumping, in Miles 
After T W D B unpub . T r i n i t y aqu i fe r  P e r k i n s , 

 = 10,000 and  S  DW  for one year a n d A l v a r e z , 1 9 7 5 ,  1 , p . 1 8 . 

F i g . 22c.  and 5,000 g p d / f t .  = 0.000025. D r a w 
down ca lcu la ted for a well or g r o u p of wel l s p u m p i n g 200 g p m Most aquifer potential lies west of Waco, where it is 
fo r one yea r , a s s u m i n g an aqu i f e r of inf in i te a r e a l ex ten t . the major aquifer. Woodway has six wells completed 

into the Hensel Formation. Three wells, with a ca
pacity of 500 gallons per minute each, are pumped year 

Fig . 22. Re l a t i on of decl ine in w a t e r levels t o t r ansmiss ib i l i t y round, and three, with a capacity of approximately  
and d i s tance in the H e n s e l F o r m a t i o n .  of t r a n s - gpm each, are pumped intermittently. Two wells com-
  g d p / f t .  of s to rage .   into the  Formation, are pumped in the 
Qown, ca lcu la ted f o r a wel l o r g r o u p of wel ls p u m p i n g f o r one       

year . T h e s e condi t ions a s s u m e an aqu i f e r of inf ini te ex t en t . summer months  ( June to September), and their 
Adapted  T W D B unpub . T r i n i t y aqu i f e r  capacities vary from 100 to 150 gallons per minute. 
P e r k i n s , and A l v a r e z ,  Test data for the Hensel Formation east of Waco 
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T A B L E 17. R E S U L T S O F P U M P I N G T E S T S C O N D U C T E D 
O N W E L L S I N W A C O , M c L E N N A N C O U N T Y 

State  No. 
of test  Aquifer 

 of 
 

from test 
 

Effective 
sand 

thickness 
(feet) 

Coefficient of 
permeability 

 

Total fresh 
water sand 
thickness 

(feet) 

 
coefficient of 

transmissibility 
 

  1,950 107 18 120 2,200 
 Kho 1,300 50 26 140 3,600 
 Kho 2,500  32 115 3,600 
 Kho, Kpe 2,900 135 21 191 4,100 
 Kho, Kpe 2,700 111 24 191 4,600 
ST-40-24-803 

Kho, Kpe 

( 2 / 1 1 / 5 3 ) Kho 3,100 165 19 165 3,100 
ST-40-24-803 
( 3 / 3 1 / 6 4 ) Kho 3,300 165 20 165 3,300 
 Kho 6,500     
 Kho  62 89 124  

S T - 4 0 - 3 2 - 4 0 3 2 Kho 4,500  32 195 6,300 
 Khe 1,100 43 26 43 1,100 
 Kho 5,700 72 79 125 9,900 
ST-40-39-702 Kho 9,100 91 100 152  
ST-40-46-403 Kho 8,200 115 71 115 8,200 
 Kho 5.600 59 95 89 8,400 

State Wel l No. 
of test we l l ( s ) Aquifer 

 
of storage 

Drawdown 
or 

recovery 
(feet) 

T ime after 
 turned 

on or off 
(hours) 

Average 
yield 

 

S T - 4 0 - 1 6 - 4 0 4 1 Kho 138.0 1.17  

 Kho 119.0 2.00 100.0 
24-102 Kho 122.0 4.00 135.0 

 Kho, K p e  1.37 560.0 
 Kho, Kpe  1.38 513.5 

( 2 / 1 1 / 5 3 ) 803 Kho 447.0 94.00 650.0 
 803 Kho 314.0 8.00 768.0 

31-6012 Kho 0.000062    
701 Kho 0.000066   

32-403 Kho   48.00  
37-501 Khe  201.0 5.00 155.0 
39-106 K h o  248.0 6.00  

702 Kho  71.0 2.66 191.0 

46-403 Kho 0.000028    
 Kho  43.0 66.00 100.0 

Specific 
capacity 

in  

1.8 
0.8 
1.1 

1.5 
2.4 
3.7 

 
0.8 
2.3 
 

2.3 

 Khe , Hensel F o r m a t i o n ; Kpe, Pearsa l l F o r m a t i o n : Kho, Hoss ton Format ion .  
Transmiss ibi l i ty values shown a r e the average of d rawdown and recovery values computed f r o m test da ta unless indicated 

by footnotes. 
l A q u i f e r coefficients computed f r o m recovery test. 
2W. O. George and B. A. Barnes, 1945. 

 from  unpub. T r in i t y aqu i fe r  Pe rkms , and Alvarez , 19/5,  1, p. 1.3. 

(Table 17) show  coefficients f rom 26 to 
126 gpd per square foot ( T W D B unpub. Trinity aqui
fer  Perkins, and Alvarez, 1975, vol. 1, 
p. 12) . 

In the Hensel aquifer, transmissibility varies f rom 
zero to 15,000 gpd per foot, largely because of 

 variations ( T W D B unpub. Trinity aquifer study 
 Perkins, and Alvarez, 1975, vol. 1, p. 12) . 

However , the higher values are quite unusual. There is 
a general lack of test data for the Hensel sand, there

fore the coefficient of storage is less well known, though 
storage values should be less than those for the Hosston 
Formation. 

Quality. Chemical analyses of water f rom selected 
wells in the Waco area are given in Appendix I. Other 
constituents considered in evaluating chemical quality 
of water are : sodium content (4 to  ppm) and boron 
content (0.06 to 0.4 ppm) which are well within the 
values indicated for irrigating sensitive crops. 

The water f rom the Hensel Formation in Woodway 

file:///quifer
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Fig . 24. P r o j e c t e d water - level decline, Hense ! F o r m a t i o n , 1975. D a t a f r o m T W D B  T r i n i t y aqui fer s t u d y -
 P e r k i n s , and Alvarez ,  

Data: Water Deve lopment Board Unpublished Trinity Study O Well location  Projected point 
 2 0 2 alluvial we l l 

P 5 0 5 other  Contour interval 2 5 ft. 
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F i g .  P r o j e c t e d water - leve l decline, Hense l F o r m a t i o n , 1990. D a t a f r o m T W D B  T r i n i t y aqu i fe r s t u d y -
 P e r k i n s , and Alvarez ,  

Data; Water Deve lopment Board Unpublished Trinity Study  Well location  Projected point 
 2 0 2 alluvial wel l 

 5 0 5  wel l Contour interval 5 0 ft. 
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F i g . 26. P r o j e c t e d water - level decline, Hense l Fo rma t ion , 2020. D a t a f r o m T W D B  T r i n i t y aqui fer s t u d y -
 P e r k i n s , and Alva rez , 197S. 

Data: Water Deve lopment Board Unpublished Trinity Study  Well location  Projected point 
 2 0 2 alluvial we l l 

O 5 0 5 other wel l Contour interval 2 5 0 ft. 
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is soft (3 to 54   sodium bicarbonate va
riety), with a present constant temperature of  F 

 C) . This represents a  F  C) drop of 
the peak of the temperature over the years. The chem
ical  of the  water is generally good. 
There is, however, an increase in dissolved solids from 
northwest to south-southeast. Loss of permeability in 
the southeast restricts the influx of fresh water adding 
to this increase and lowering the quality of the ground 
water ( T W D B unpub. Trinity aquifer study). 

Ground water from the Hensel Formation in the 
Waco area is used primarily for domestic and public 
supply purposes. Its chemical constituents (Tables 18, 
19) are generally within the range established by the 
U.S. Public Health standards. This is not the case 
for the rest of the Trinity aquifer basin where iron 
(0.02-2.2 ppm), fluoride (0.1-6.0 ppm), and dissolved 
solids (311-1,470 ppm), generally exceed these stan
dards. Nitrates (0-64 ppm), chloride  ppm), 
sulfate (24-510 ppm), and hardness (3-398 ppm 

 are low over most of the area except adjacent 
to the calcareous facies, where they exceed U.S. Health 
Department standards. The only treatment to the water 
for the public supply systems in the area is chlorination 
( T W D B unpub. Trinity aquifer  Per
kins, and Alvarez, 1975, p. 15). 

Ground water from the Hensel is usable for indus
trial purposes except in areas where iron, hardness, 
and dissolved solids contents exceed the amounts for 
the specific use. Contamination is restricted to local 
areas and as a rule occurs when Glen Rose water 
(highly mineralized) migrates into the Hensel along 
fault planes or poorly completed wells. The deteriora
tion of such wells is rapid once the process has started 
and is irreversible ( T W D B unpub. Trinity aquifer 

 Perkins, and Alvarez, 1975, vol. 1, 
 15). 

Wells. Present well development in the Hensel 
Formation (Fig. 20) exceeds prudent practices and 
further development is undesirable for the Waco area 
(Figs. 24, 25, 26) . The present piezometric surface 
and the projections (Figs. 24, 25, 26) show that there 
has been a steady and major decline over the past 
years (Fig. 21) , which has increased the possibility of 
contamination of the Hensel waters by high sulfate 
waters of the Glen Rose Formation. 

Depth of wells. Most Hensel wells have been com
pleted at a depth of 1,000 to 1,600 feet in the Waco 

 the shallower wells are to the west and the deeper 
wells to the east. 

Productive capacity of wells. Well design and com
pletion in the Waco area is based on required produc
tion and economy. The capacity of these wells (as in 
the case of  way) vary from as little as 30 to  
much as 500 gallons per minute. 

Development of wells. Most well casings into the 
Hensel Formation in the Waco area range in size from 
three to  inches in diameter. These wells are 
straight walled, cased, and cemented from surface to 
bottom. High capacity wells are under-reamed, gravel 
packed, and completed with selective screens opposite 
the water-hearing formation. Some are cemented from 
top to bottom and perforated opposite the water-bearing 

T A B L E 18. R A N G E O F C O N S T I T U E N T S OR 
P R O P E R T I E S I N T H E G R O U N D W A T E R OF 
T H E H E N S E L A N D H O S S T O N F O R M A T I O N S 
IN T H E WACO, M c L E N N A N C O U N T Y , A R E A 

Constituents or 
Property 

 Hosston 

Silica  10 - 15 8 - 29 
Iron ( F e ) 0.02 - 0.4 0.01 - 3.6 
Calcium (Ca) 1 - 17 1 - 12 
Magnesium ( M g ) 2 - 7 0 - 16 
Sodium and 
Potassium  201 - 322 202 - 350 
Bicarbonate  355 - 446 320 - 555 
Sulfate (SO4) 87 - 221 70 - 140 
Chloride  20 - 105 37 -  
Fluoride ( F ) 0.4 - 2.5 0.7 - 3 
Nitrate (NO3) 0.04 - 3 n - 2.5 
Boron ( B ) 0 - 0.4 
Total dissolved 
sohds ( T D S ) 549 - 890 5 5 3 - 947 
Total hardness 
 3 - 54 5 - 44 
Percent sodium 

 N a ) 89 - 98 92 - 99 
Specific conduc
tance   815 -1520 930  
 7.8 - 9.1 7.9 - 8.7 
Sodium adsorp
tion ratio ( S A R ) 15 - 32 15 - 50 

Analyses given a r e in p a r t s per million except percent so
dium, specific conductance, p H and sodium adsorp t ion rat io . 
Single values appea r where only one analysis or value was 
available. After T W D B unpub. T r i n i t y aqu i fe r  
Pe rk ins , and Alva rez , 1975, vol. 1, p. 17. 

formation. In the past, casing has been set at the top 
of the water-bearing formation with an "open-hole" 
below, but this is a poor practice. Torch-slotted screens 
are used where greatest economy is desired. In most 
public supply wells surface casing (as large as 22 
inches) is cemented in place to restrict surface-water 
contamination ( T W D B unpub. Trinity aquifer  
Klemt, Perkins, and Alvarez, 1975, p. 24). 

Many problems arise from incorrect well construc
tion techniques, such as when friable sands of the 
Hensel Formation clog casing slots or openings. Over 
pumping may cause similar problems and consequently 
irreparable damage to the well or pump. 

Hosston 

Recharge of the Hosston Formation occurs in the 
outcrop area (Fig. 2) which covers several hundred 
square miles overlain by soils of highly permeable sands 
and sandy clay loams. The terrain is characterized by 
gently sloping plains with moderate relief. Such condi
tions are excellent for recharge from rainfall, leakage 
from lakes and streams, and infiltration resulting from 
the irrigation of crops. The amount of recharge to the 
Trinity basin can only be estimated. 

Simulation of recharge by the Texas Water Devel
opment Board indicated that three percent of annual 
precipitation actually entered the aquifer as recharge. 
This is about 0.1 foot per year, or  acre-feet per 
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Distance From  of Pumping, in Miles 

year for the entire Trini ty aquifer system. Even some 
of this water is diverted as spring flow to streams 
which transect the aquifer, reducing the estimated total 
to about 88,000 acre-feet per year. Pumpage in the 
outcrop area reduces this to 82,000 acre-feet per year, 
and additional losses derive f rom seepage and evapora
tion ( T W D B unpub. Trini ty aquifer  
Perkins, and Alvarez, 1975, vol. 1, p. 11). The exact 
amount of water available for the Waco area cannot 
now be estimated, but dropping water levels indicate 
that pumpage exceeds local recharge by major amounts. 

     HoSStOn  Distance   pumping,   

tion moves slowly downdip. I t enters the aquifer in  ft.   

Comanche and adjacent  by the time it reaches 
Waco it is tens of thousands of years old. Thus   27a. D r a w d o w n calculated for a well o r g r o u p of wells 

1   1  1    1  pumping 50 g p m f o r one   recharge for Waco was completed durmg the last 
Ice Age. 

W a t e r level measurements indicate that the present 
gradient of the piezometric surface is ten to 25 feet per 
mile east-southeast over most of Central Texas (Fig . 
2 1 ) . 

Wa te r moves toward pumping wells. As a result of 
heavy pumpage, a m a j o r cone of depression has devel
oped in Bell, Coryell, Hill, and McLennan Counties. 
The long axis of this cone parallels Interstate Highway 
35, and the deepest part of the cone is at Waco. 

Quanti ty. T h e amount of water that moves down-
dip f rom the outcrop to the areas of continuous pump
age was calculated by determining the transmissibility 
of the Trini ty Group at a halfway point (Fig. 27 a, 
b, c ) . Coefficients of permeability of Hosston sands 
range f rom 17 to 171 gpd per square foot. Permeability  

is generally reduced adjacent to  of the Balcones DW  gpm for one year 

system. Average permeability coefficient of Hosston 
sand is about 77 gpd per square foot away f rom the F ig . 27b. D r a w d o w n calculated for a well or g r o u p of wel ls 
fault zone. pumping 300 g p m fo r one year . 

Transmissibility coefficients may exceed 45,000 gpd 
per foot in Hosston aquifers. However , storage 
coefficients are very low, ranging f rom 0.000028 to 
0.000077 ( T W D B unpub. Trinity aquifer s t u d y -
Klemt, Perkins, and Alvarez, 1975, vol. 1, p. 12), thus 
actual stored water is small in volume, and excessive 
demands can quickly deplete the reservoir. 

Ratio of water-level decline to distance from a 
pumped well is shown in Figure 27. This value varies 
markedly with variations in coefficients of transmissi
bility. The curves shown describe wells pumping at 
various indicated rates for a period of one year, f rom 
sands having specific coefficients of transmissibility and 
storage. 

Note that a well pumping 50 gpm for one year, f rom 
an aquifer having a transmissibility coefficient of 1,000 
gpd per foot, and a storage coefficient of 0.00005, will 
exhibit a cone-of-depression with a drawdown of 25        , ' , 

  Distance From Center of   Miles 
        and  gpd/ft.   

Figure 28 shows the relationship of water-table de-  27c. D r a w d o w n calcula ted fo r a well or group of wells 
 to pumpage time and distance from the pumping p u m p i n g SCO g p m for one  

well, for artesian conditions. For water-table condi
tions, relationships are shown in Figure 29. Note that  27. Re la t ion of decline in wa te r levels t o t ransmiss ib i l i ty 
the rate of decline decreases with time, and is propor- and d is tance in the H o s s t o n F o r m a t i o n .  of t r ans -
tional to  missibil i ty in g p d / f t .    of s torage, 

   1   r   down, calculated for a well or g r o u p of wells p u m p i n g for one 
F o r Hosston wells, pumped at a rate   gpm,  a s suming an aqu i fe r of infinite  extent .   

drawdown measured 200 feet f rom the pumping well T W D B unpub. T r i n i t y aqui fer  Pe rk in s , and 
would be 45 feet at the end of one year, 54 feet at the A lvarez ,  
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end of ten years, and 61 feet at the end of 100 years 
( T W D B  Trinity aquifer  Per
kins, and Alvarez, 1975, vol. 1, p. 12). 

In 1967, Hensel and Hosston Formations produced 
about 5900 acre-feet of water for rural, domestic, and 
stock use in Central Texas, approximately 14 percent 
of total production from these aquifers. The remain
der, about 36,000 acre-feet, was used for municipal and 
industrial purposes (Table 16). 

Since 1955, rural, domestic, and stock use has been 
relatively constant, varying only slightly with rainfall 
( T W D B unpub. Trinity aquifer  Per
kins, and Alvarez, 1975, vol. 1, p. 16). 

Although the overall population has decreased (Tex
as Almanac, 1972-73) in rural areas, the individual 
water use of each farm and ranch has increased. This 
may be directly related to modernization. Therefore, 
the amount of ground water used has remained fairly 
constant. 

Quality. Downdip Hosston water is generally better 
in quality than water in the Hensel Sand. However, in 
both aquifers, quality decreases with distance from out
crop (Henningsen, 1962, p. 7) probably due largely to 
mixing with connate waters and exchanges with aqui
fer rocks. Adjacent to faults, water quality generally 
declines, possibly due to mixing with saline waters from 
overlying aquifers, or decreases in permeability with 
increased exchanges with aquifer rocks. Coarser sands, 
chiefly at the base of the Hosston Formation, generally 
have water of higher quality, probably due to  
flushing of connate water, and lesser time-in-contact 
with aquifer rocks. 

In the Waco area, where Hosston water is used 
generally for domestic and public water supplies, it is 
within the acceptable range for drinking water (Tables 
12, 18) and is used without treatment. 

The Hosston waters in the Waco area are used for 
industrial purposes such as food processing, cooling, 
and boiler feed. 

Wells. In the Waco area the Hosston aquifer is 

over-developed (Fig. 21) and further development is 
undesirable (Figs. 30, 31, 32). The present piezomet-
ric surface and projections (Figs. 21, 30, 31) show 
that there has been a steady decline for many years 
(Figs. 5, 33) , which has increased the danger of con
tamination by saline water. 

Depth of wells. Most Hosston wells have been 
completed at a depth of 1,500 to 2,500 feet in the Waco 
area, shallower wells to the west and deeper ones to 
the east. 

Productive capacity of wells. The capacity of wells 
varies from as little as 50 to more than 1,000 gallons 
per minute. The average is 500 gallons per minute. 

Development of wells. Most Hosston. wells in the 
Waco area range in size from three to  inches in 
diameter. The wells are usually fully cased and slotted 
(mill or torch) or perforated liners are set opposite 
producing sands. These methods, although acceptable, 
are not the most effective. Fine screens, though more 
expensive in initial installation, keep out the sand and 
prolong the life of the well considerably ( T W D B un
pub. Trinity aquifer  Perkins, and Al
varez, 1975, vol. 1, p. 24) . 

The Glen Rose Limestone, a source of copious quan
tities of highly mineralized water, is a potential source 
of aquifer pollution. This is particularly true when 
wells penetrating the Glen Rose are not properly cased 
or when the pressure drops in the Hensel Sand and 
allows percolation from the Glen Rose into the Hensel. 
These conditions exist in the Waco area and usually 

 domestic and stock wells that traditionally have 
little or no casing or cement. 

Natural contamination along the Balcones fault zone 
is also apparent (Henningsen, 1961, p. 7) , although 
such contamination is limited to areas in the immediate 
vicinity of the faults. However, a general deterioration 
in the chemical quality of the water in the Trinity 
Group, east of the Balcones fault zone, is apparent. 

In areas of large ground-water withdrawals, the de
cline in artesian pressure and consequent lowering of 

Fig . 28. Rela t ion of decline in wa te r levels to t ime and 
distance as a resu l t of p u m p i n g f r o m the H o s s t o n F o r m a t i o n 
under a r tes ian conditions.  of t ransmiss ib i l i ty 
in g p d / f t .    of s torage .  r a t e in 
gpm. These da ta a s sume an aqui fer of infinite  ex ten t . 

 from T W D B unpub. T r i n i t y aqu i fe r  
Perk ins , and Alvarez ,  

F ig . 29. Re la t ion of decline in wa te r levels to t ime and 
dis tance as a resu l t of pumping f r o m the H o s s t o n F o r m a t i o n 
under wa te r - t ab le conditions.  of t ransmiss i 
bility in g p d / f t .    of   r a te 
in gpm. T h e s e da t a assume an aqu i fe r of infinite a rea l extent , 
Adapted from T W D B unpub. T r i n i t y aqu i fe r  
Pe rk in s , and Alvarez , 1975. 
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the water table constitute the major problem associated 
with development. The area where this is most appar
ent is along Interstate Highway 35, from Temple 
through Waco and north to Hillsboro. This concentra
tion of public supply and industrial wells has caused a 
permanent cone of depression to be formed parallel to 
the highway. 

As a result of the water level declines, pumps must 
 set deeper, larger motors installed, and a higher 

pumping lift required, each of which increases the cost 
of operation. The total water-level decline in the Trin
ity  from the period from 1900 to 1967 is illus
trated in Figure 33. The projected declines from 1967 
to 1975 for the Hensel and Hosston Formations are 
illustrated in Figures 24 and 30. Additional projected 
water-level declines in the Hensel and Hosston Forma
tions for the period 1967 to 1990 are shown in Figures 
25 and 31, and for the period 1967 to 2020 are shown 
in Figures 26 and 32. 

C O N C L U S I O N S A N D R E C O M M E N D A T I O N S 

1. Flood-plain alluvium in the Waco area is exten
sively developed. The rate of recharge of the local 
alluvium is large, and although considerable water is 
withdrawn from the  flood plain the alluvium 
readily recharges. 

2. In years of low rainfall the water table in the 
alluvium drops somewhat and caution should be taken 
that pore space does not collapse and therefore diminish 
the yield. As a general rule, the years of normal to 
heavy rainfall offset the dry years and balance out the 
over-use of dry years. The long-term  of this 
see-saw practice may be detrimental and a study should 
be undertaken to determine optimum yield. 

3. In sections where the alluvial ground water is lit
tle used, further development is possible. Nevertheless, 
a program should be instituted based on yearly esti
mates of rates of recharge, yield, and water quality for 
wet and dry seasons. 

4. To avoid residue buildup in irrigated lands, a 
program should be established to monitor mineral ac
cumulation and insure proper flushing. 

5. Close control of water pumped and well comple
tion methods should be instituted. This program should 
be designed to protect future availability of ground 
water. Other sources of potable water should be de
veloped as demands indicate. 

6. Human consumption of water from the flood-plain 
alluvium should be discouraged and an adequate health 
program begun in areas where this water is used for 
domestic purposes. 

7. Terraces in the Waco area yield water principally 
in wet seasons, therefore they should not be considered 
for large demands. 

8. Rocks of the Trinity Group, both surface and 
sub-surface, extend throughout the entire Central Texas 
region. These are important water-bearing beds and 
furnish potable water throughout the area. Hensel and 
Hosston sands are the most important aquifers in the 
Waco area. 

9. The supply of suitable ground water in the Trinity 
Group is large, but in areas of heavy pumpage the 
amount of ground water being withdrawn exceeds the 
natural recharge. Heavy pumpage has caused large 
water-level declines along the Interstate Highway 35 
corridor from Hillsboro through Temple. Further de
velopment along this corridor will merely accelerate the 
decline. 

10. Mineralized water of varying quality and quan

tity is available from the Glen Rose and Edwards For
mations. 

11. Care should be taken against accidental pollution 
by heavily mineralized Glen Rose water due to poorly 
completed wells or seepage into the Hensel sand caused 
by lowering the hydrostatic pressure of the latter. 

12. In order to determine the effects of present and 
future pumpage, the water-level measurement program 
should be continued. 

13. Additional wells should be properly placed to 
avoid heavy pumpage areas. 

14. To monitor the chemical quality of the water, a 
program should be instituted to check any possible vari
ation in water quality and movement of contaminated 
water. 

 In order to improve the quality of data received, 
periodic collection of  information should be 
continued and expanded. The program should include 
(a ) a collection of power consumption by ground-water 
irrigators, (b ) power and yield tests on certain irriga
tion wells located in the Waco area (additional power 
and yield tests are needed in order to more accurately 
convert the electric power used into gallons of ground 
water produced), and (c) evaluation of municipal and 
industrial pumpage. 

16. Additional pumping tests should be conducted 
on wells completed into the Cretaceous aquifers. This 
program is needed to obtain accurate aquifer character
istics of other principal Cretaceous aquifers. 

17. Adequate planning is required to develop and 
utilize ground water for maximum  De
velopment in the fu ture should be based on a program 
of test drilling, test pumping, and chemical analyses of 
water from the various producing sands. Such pre
liminary data can be used to determine the most effi
cient well completion, optimum pumping rate, efficient 
pump setting, well spacing, and feasibility of drilling 
additional wells. (Large concentrated withdrawals of 
ground water in small areas should be avoided.) 

18. The additional investment of a properly screened 
water well will, in the long run, produce maximum 
efficiency and economy by increasing the well yield and 
reducing maintenance costs. 

19. The digital computer simulation of the Hensel 
and Hosston aquifers, the projected values of water-
level drawdowns, as well as recharge and aquifer coeffi
cients, should be checked against 1975 measurements. 
This will establish model accuracy and provide a basis 
for any needed adjustments. 
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F i g . 30. P r o j e c t e d water - level decline,  Fo rma t ion , 1975. Data from T W D B  T r i n i t y aqui fer s t u d y -
 P e r k i n s , and Alva rez , 1975. 

Data; Water Deve lopment Board Unpublished Trinity Study O Well location  Projected point 
 2 0 2 alluvial we l l 

 5 0 5   Contour interval  ft. 
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Fig . 31. P r o j e c t e d water - leve l decline, H o s s t o n F o r m a t i o n , 1990. Data from T W D B  T r i n i t y aqu i fe r s t u d y -
 P e r k i n s , and Alvarez , 197S. 

Data; Water Deve lopment Board Unpublished Trinity Study O Well location  Projected point 
 2 0 2 alluvial wel l 

 5 0 5 other wel l  interval 5 0 ft. 
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Fig . 32. P r o j e c t e d water - level decline, Hoss ton Fo rma t ion , 2020. Data from T W D B  T r i n i t y aqu i fe r s t u d y -
 P e r k i n s , and Alvarez , 1975. 

Data: Water Deve lopment Board  Trinity Study O Well location  Projected point 
 2 0 2 alluvial we l l 

 5 0 5 other wel l Contour interval 2 5 0 ft. 
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F i g . 33. W a t e r - l e v e l decline in wells, T r i n i t y aquifer ,  Data from T W D B unpub. T r i n i t y aqui fer s t u d y -
 P e r k i n s , and Alvarez , 197S. 

Data: Water Deve lopment Board Unpublished Trinity Study O Well location  Projected point 
 2 0 2 alluvial wel l 

 5 0 5 other wel l Contour interval 5 0 ft. 
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G L O S S A R Y 

ACRE-FOOT ( a c - f t ) . T h e vo lume of wa t e r requi red to cover 
one a c r e t o a dep th of  foot  cubic f ee t ) or 
325,851 gal lons . 

A C R E FEET PER YEAR ( a c - f t / y r ) . O n e a c r e - f o o t p e r y e a r e q u a l s 
829.07 gal lons per day. 

ALKALINITY. Condi t ion caused p r imar i ly by the presence of 
ca rbona tes and bicarbonates , and less f requent ly by h y d r o x 
ides, borates , silicates, and phosphates . T h e s e components 
a re de te rmined collectively by t i t ra t ion wi th a s tandardized 
solut ion of a s t r ong acid and a r e r epor t ed as ca rbona te and 
b icarbonate . 

A L L U V I A L DEPOSITS. S e e a l l u v i u m . 

ALLUVIUM. Sediments deposi ted by s t r e a m s ; includes flood-
plain deposi ts and s t r e am- t e r r ace deposits. A l so called al
luvial deposits . 

AQUIFER. A fo rma t ion , g r o u p of fo rmat ions , or pa r t of a fo r 
ma t ion t h a t is wa te r -bea r ing . 

A Q U I F E R TEST, P U M P I N G TEST. T h e t e s t c o n s i s t s o f t h e m e a 

su remen t a t specific in te rva ls of t h e d i scha rge and wa te r 
level of the well being  and the wa te r levels in 
nea rby observat ion wells. F o r m u l a s have been developed 
to show the re la t ionship a m o n g the yield of a well, the 
shape and ex t en t of the cone of depression, and the p roper 
ties of the aqu i fe r such as the specific yield, porosi ty , and 
coefficients of permeabi l i ty , t ransmissibi l i ty , and s torage . 

A Q U I F E R TEST, RECOVERY TEST. T h e t e s t c o n s i s t s o f t h e m e a 

su remen t a t specific in te rva ls of the w a t e r level in the pre
viously pumped well and the observat ion wells. ( S e e aqui
fer test, p u m p i n g tes t . ) M e a s u r e m e n t s a re begun shor t ly 
a f t e r the p u m p is stopped and are cont inued until the wa te r 
levels r ise ( o r recover t o the i r posit ions previous to the 
s t a r t of t h e t e s t ) . 

A R T E S I A N AQUIFER, CONFINED AQUIFER. A r t e s i a n ( c o n f i n e d ) 

wate r occurs w h e r e an aqui fer is overlain by rock of lower 
permeabi l i ty (e.g., c lay) tha t confines the wa te r under pres
sure g r e a t e r than one a tmosphere . T h e wa te r level in an 
a r t e s i an  will r ise above the top of the aquifer . T h e 
well m a y or m a y not  

ARTESIAN WELL. O n e in which the wa te r level rises above the 
top of the aqu i fe r w h e t h e r or not the wa te r flows at the 
land surface . 

BARRIER EFFECT. A n impermeable boundary . A hydrological 
bounda ry which a f fec t s the radial g r o w t h of the cone of 
depress ion in a pumping well. T h i s occurs a f t e r a given 
elapsed p u m p i n g time. Because of this, the d r a w d o w n data 
conta ined in these pumping tests is abnorma l and the t r ans 
missibil i ty is less than the t rue t ransmissibi l i ty . 

COEFFICIENT OF STORAGE. I t is the ra te of wa t e r flow in gal lons 
pe r day t h r o u g h a cross sectional a r ea of one square foot 
under a uni t of hydrau l ic  the vo lume of w a t e r 
t ha t an aqu i fe r releases f r o m or takes in to s to rage per unit 
of su r f ace a rea of the aqui fer per uni t change in the com
ponent of head no rma l to tha t surface. 

C O E F F I C I E N T OF TRANSMISSIBILITY. T h e n u m b e r of g a l l o n s of 
wate r t ha t will move in one day t h rough a vert ical s t r ip 
of the aqu i fe r one foot wide and hav ing the he ight of the 
aqu i fe r w h e n the hydrau l i c g rad ien t is unity. I t is the 
p roduc t of the field coefficient of permeabi l i ty and the sat
u r a t e d thickness of the aqui fer . 

CONE OF DEPRESSION. Depress ion of the wa te r table of piezo-
met r i c su r face su r round ing a d i scharg ing  more or 
less the shape of an inver ted cone. 

CONFINING BED. O n e which because of its posit ion and its im
permeabi l i ty or low permeabi l i ty re la t ive t o that of the 
aqu i fe r keeps the w a t e r in the aqu i fe r under ar tes ian pres
sure. 

CONTAMINATION. A n impa i rmen t of the quali ty of the wa te r 
by sewage ( h i g h n i t r a t e con t en t ) , industr ia l waste (oil 
field br ines f r o m improper ly cased or p lugged we l l s ) , or 
i n t r a fo rma t iona l leakage f r o m over ly ing or under ly ing un
desirable w a t e r - b e a r i n g uni ts (Glen Rose F o r m a t i o n ) to 
a degree which crea tes an actual h a z a r d t o public heal th . 

DIP OF ROCKS. T h e angle or a m o u n t of slope at which a bed 
is inclined f r o m the hor izonta l (e.g., one degree, south

e a s t ; o r 90 feet per  s o u t h e a s t ) . 
DRAINAGE SYSTEM. A sur face s t r eam or  of impounded 

sur face wa te r , toge the r with all su r f ace s t reams and bodies 
of impounded sur face wa te r t h a t a r e t r i b u t a r y t o it. 

DRAWDOWN. . T h e lower ing of the w a t e r table or p iezometr ic 
su r face caused by p u m p i n g (o r a r tes ian f l o w ) . I n mos t 
ins tances it is the d i f fe rence in feet , be tween the s ta t ic 
level and the p u m p i n g level. 

ELECTRIC LOG. A g r a p h showing the re la t ion of the electr ical 
proper t ies of the rocks and the i r fluid contents pene t ra ted 
in a well. T h e electrical proper t ies a re n a u t r a l potent ia ls 
and resis t ivi t ies to induced electrical cur ren t s , some of 
which a r e modif ied by the presence of the dr i l l ing mud . 

E Q U I V A L E N T S PER MILLION ( e p m ) . A n e x p r e s s i o n o f t h e c o n 

cent ra t ion of chemical substances in t e rms of the reac t ing 
values of electr ical ly cha rged part icles, or ions, in solution. 
O n e epm of a posit ively c h a r g e d ion (e.g.,  will react 
w i th one e p m of a negat ively cha rged ion (e.g.,  P a r t s 
per million a r e conver ted to equivalents per mil l ion by m u l 
t ip lying by the reciprocal of the combining we igh t of the 
ion, as  

Cation Factor  Factor 

Calcium  0.0499 Ca rbona t e  0.0333 

M a g n e s i u m  .0823 B ica rbona te  .0164 

Sodium  .0435 Su l fa t e  .0208 

P o t a s s i u m  .0256 Ch lo r ide ( C 1 - ) .0282 

Fluo r ide ( F " ) .0526 

N i t r a t e  .0161 

EVAPOTRANSPIRATION. W a t e r w i t h d r a w n by evapora t ion f r o m 
a land area , a w a t e r surface , moist soil, o r t h e w a t e r table, 
and the wa te r consumed by t r ansp i r a t ion of p lants . 

FACIES. T h e "aspec t" be longing t o a geological unit of sedi
menta t ion , including minera l composi t ion, type of bedding, 
fossil content , etc. (e.g., sand f ac i e s ) . Sed imen ta ry facies 
a re area l ly segrega ted pa r t s of d i f f e r ing n a t u r e be longing 
to a genet ical ly re la ted body of sed imen ta ry deposits. 

FAULT. A f r a c t u r e or f r a c t u r e zone a long which the re has 
been displacement of the t w o sides re la t ive t o one ano the r 
paral le l to the f r ac tu re . 

FORMATION. A body of rock t h a t is sufficiently homogeneous 
or dis t inct ive t o be r ega rded as a mappab le unit , usual ly 
f r o m a locality w h e r e the f o r m a t i o n is typical  Glen 
Rose Limestone , P a l u x y Sand, G e o r g e t o w n L i m e s t o n e ) . 

FRESH WATER. W a t e r conta in ing less than 1,000 ppm ( p a r t s 
per mi l l ion) of dissolved solids. 

GROUND WATER. W a t e r in t h e g r o u n d tha t is in the zone of 
sa tu ra t ion f r o m which wells, spr ings , and seeps a r e sup
plied. 

HARDNESS. T o t a l ha rdnes s is the calc ium ca rbona t e equivalent 
of the ca lc ium and magnes ium content and somet imes of 
the i ron and a luminum content . 

H E A D , OR HYDROSTATIC PRESSURE. A r t e s i a n p r e s s u r e m e a s u r e d 

a t the land su r face r epor t ed in pounds per square inch or 
fee t of wa te r . 

HYDRAULIC GRADIENT. T h e slope of the w a t e r table or piezo
me t r i c surface , usua l ly in feet per mile. 

HYDROLOGIC CYCLE. T h e comple te cycle of phenomena t h r o u g h 
which w a t e r passes, comencing as a tmosphe r i c wa t e r vapor , 
pass ing into liquid or solid f o r m as precipi ta t ion, thence 
a long or in to the g round , and f inally r e t u r n i n g t o the f o r m 
of a tmospher ic w a t e r vapor by means of evapora t ion and 
t r ansp i ra t ion . 

IMPERMEABLE. Imperv ious , hav ing a t e x t u r e t ha t does not 
permi t wa t e r to move t h r o u g h it percept ib ly unde r the  
d i f ferences o rd inar i ly found in subsur face wa te r . 

IRRIGATION. T h e control led appl icat ion of w a t e r to a rab le lands 
to supply w a t e r no t satisfied by ra infa l l . 
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LEACHING. T h e process of removal of soluble mater ia l by 
passage of wa t e r t h rough soil. 

    ( m g d ) . O n e mgd equals 3.068883 
acre-feet per day or 1,120.91 acre- fee t per year . 

MINERAL. A n y chemical e lement o r compound occur r ing na tu r 
ally as a product of inorganic processes. 

OUTCROP. T h a t par t of a rock layer which appears at the land 
surface. 

PARTS PER MILLION ( p p m - w e i g h t ) . O n e pa r t per mil l ion rep
resents one mi l l ig ram of solute in one k i l og ram of solution. 
A s  measu red and used, p a r t s per million is nu
merical ly equivalent to mi l l ig rams of a substance per liter 
of wa te r . 

PERCENT SODIUM. A rat io, expressed in percentage , of sodium 
to the sum of the posit ively cha rged ions (calcium, m a g 
nesium, sodium, and po ta s s ium) , all ions in equivalents per 
million. 

PERCOLATION. T h e movement , under hydros ta t i c pressure , of 
wa t e r t h r o u g h the inters t ices of a rock or soil, except the 
movement t h rough large openings such as caves. 

PERMEABLE. Perv ious ,  a t ex tu re that permits wa te r to 
move t h r o u g h it percept ibly under  head d i f ferences 
ordinar i ly found in subsur face water . A permeable rock 
has communica t ing interst ices of capil lary or supercapi l lary 
size. 

P E R M E A B I L I T Y OF A N AQUIFER. T h e c a p a c i t y o f a n a q u i f e r f o r 

t r ansmi t t i ng wa te r under pressure . 
 SURFACE. A n imag ina ry sur face tha t eve rywhere 

coincides w i th the stat ic level of the wa te r in the aquifer . 
T h e su r face to which the wa te r f r o m a given aqui fer will 
r ise under its  head. 

 T h e ra t io of  agg rega t e volume of interst ices 
(open ings ) in a rock or soil to its total volume, usually 
s tated as a percentage. 

R E C H A R G E OF GROUND WATER. T h e p r o c e s s b y w h i c h w a t e r i s 

absorbed and is added to the zone of sa tura t ion, also used 
to designate the quant i ty of wa te r tha t is added to the zone 

 sa tura t ion, usual ly given in acre-feet per year or in 
million gal lons per day. 

RECHARGE, REJECT. T h e na tu ra l d ischarge of g round wa te r in 
the recharge a r ea of an aqui fer by springs, seeps, and 
evapot ranspi ra t ion , which occurs when the ra te of recharge 
exceeds the ra te of t ransmiss ion in the aquifer . 

R E S I D U A I , SODIUM CARBONATE ( E a t o n ,  T h e a m o u n t o f 

carbona te plus bicarbonate , expressed in equivalents per 
million, tha t would remain in solution if all the calcium 
and magnes ium were precipi tated as the carbonate . Residual 
sodium carbonate equals  +     
+ M g +  ) . 

RESISTIVITY (electr ical l o g ) . T h e res is tance of the rocks and 
their fluid contents  in a well t o induced electrical 
cur ren t s . Pe rmeab l e rocks conta ining f resh wa te r have 
h igh resistivities. 

SAFE  T h e ra te a t which wa te r can be w i t h d r a w n f r o m 
an aqui fer fo r human use wi thout deple t ing the  to 
such an extent tha t w i thd rawa l at this ra te is no longer 
economical ly feasible. T h e pract ical ra te of w i t h d r a w i n g 
wa te r f r o m an unde rg round reservoi r perennial ly for  
use. 

SALINITY OF WATER. F r o m a genera l classification of wa te r 
based on dissolved-solids content by W i n s l o w and Kis te r 

 p. 5 ) : F r e s h wa te r , less than 1,000  slightly 
saline water , 1,000 t o 3,000 p p m ; modera te ly saline wate r . 
3,000 to 10.000 p p m ; very saline water ,  to 35,000 

ppm ; and brine, more than 35,000 ppm. 
SODIUM-ADSORPTION RATIO ( S A R ) . T h e r a t i o i s r e l a t e d t o t h e 

adsorpt ion of sodium by the soil and is an index of the 
sodium, or alkal i , h a z a r d of the wa te r . Concen t ra t ions of 

 

S A R   , 

 +   
2 

const i tuents a re in equivalents per million. 
SPECIFIC CAPACITY. T h e r a t e of yield of a well per unit of 

d r a w d o w n , usual ly expressed as ga l lons per minute per 
foot of d r a w d o w n . If the yield is 250 g p m and the d r a w 
down is 10 feet, the specific capaci ty is 25 g p m / f t . 

SPECIFIC CONDUCTANCE. A measure of the abil i ty of a wa t e r 
to conduct an electrical cur ren t , expressed in m i c r o m h s at 

 C. Be ing re la ted to the number and specific chemical 
types of ions in solution, the  conductance can be 
used fo r a p p r o x i m a t i n g the salinity of the wate r .  fo l 
lowing genera l re la t ions a r e  

Specific conductance X 0.65  ppm dissolved solids. 

Specific conductance  to ta l epm 

100 2 

SPECIFIC YIELD. T h e quan t i ty of w a t e r t ha t an aqu i fe r will 
yield by g rav i ty if it is first sa tu ra ted and then al lowed 
to d r a i n ; the ra t io expressed in pe rcen tage of the vo lume 
of wa te r dra ined to volume of the aqui fer t ha t is dra ined. 

STORAGE. T h e volume of w a t e r in an aquifer , usual ly given 
in acre-fee t . 

TRANSPIRATION. T h e process by which  vapor escapes 
f r o m a l iving plant , pr incipal ly the leaves, and en te rs the 
a tmosphere . 

WATER LEVEL. D e p t h to wa te r , in feet below the land surface , 
where the wa te r occurs under wa te r - t ab le condit ions (or 

 to the top of the zone of s a t u r a t i o n ) . U n d e r a r t e 
sian condit ions the w a t e r level is a measu re of the pres.-
sure on the aqui fer , and the wa te r level m a y be at, below, 
or above the land surface . 

W A T E R LEVEL, P U M P I N G . T h e w a t e r l e v e l d u r i n g p u m p i n g 

measured in feet below the land surface . 
 LEVEL, STATIC. T h e w a t e r l e v e l i n a n u n p u m p e d o r 

 well, measu red in feet above or below the  
sur face or sea-level da tum. 

WATER TABLE. T h e upper s u r f a c e of a zone of sa tu ra t ion ex 
cept where the sur face is f o r m e d by an impermeable body 
of rock. 

W A T E R - T A B L E AQUIFER, U N C O N F I N E D AQUIFER. A n a q u i f e r i n 

which the wa te r is  the upper sur face of the 
zone of sa tu ra t ion is under a tmospher ic p res su re only and 
the wa te r is f r e e to rise or  in response to the changes 
in the volume of wa t e r in s torage . A well pene t r a t ing an 
aquifer under wa te r - t ab l e condit ions becomes filled wi th 
wa te r to the level of the w a t e r table. 

WEIGHTED  Represen ts app rox ima te ly the chemical 
charac te r of the wa te r if  the wa te r pass ing a point in 
the s t r eam du r ing the yea r were impounded and mixed in 
a  W e i g h t e d ave rage is calculated by dividing 
the sum of the products of wa t e r d i scharge and concen t ra 
tion of individual analyses by the sum of the wa te r dis
cha rged fo r the per iod tha t the analyses represent . 
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18. Moore , T h o m a s H . (1970) W a t e r geochemis t ry . H o g 
Creek basin, centra l  Bay lo r Geological Studies 

 N o . 18 ( S p r i n g ) . $1.00 per copy. 
19. Moste l ler , Moice A. (1970) Subsu r face s t r a t i g r aphy of 

the Comanchean Ser ies in eas t centra l  Bay lo r 
Geological Studies Bull . No . 19 ( F a l l ) . $1.00 per copy. 

20. Byrd , C l i f fo rd Leon (1971) O r i g i n and h i s to ry of the 
Uva lde Gravel of cen t ra l  Bay lo r Geological 
S tudies Bull . N o . 20 ( S p r i n g ) . O u t of pr int . 

21. B r o w n , T h o m a s E . (1971) S t r a t i g r a p h y of the W a s h i t a 
G r o u p in cen t ra l  B a y l o r Geological Studies Bull . 
N o . 21 ( F a l l ) . $1.00 per copy. 

22. T h o m a s , R o n n y G. (1972) T h e geomorph ic evolut ion of 
the Pecos R ive r  Bay lo r Geological S tudies Bull . 
No . 22. ( S p r i n g ) . O u t of pr int . 

23. Roberson , D a n a S h u m a r d (1972) T h e paleoecology, d is t r i 
but ion and signif icance of c i rcu la r b ioherms in the E d w a r d s 
L imes tone of cen t ra l  Bay lo r Geological S tudies 

 No . 23 ( F a l l ) . O u t of pr int . 
24. Epps , L a w r e n c e W a r d (1973) T h e geologic h i s to ry of the, 

Brazos R i v e r : Bay lo r Geological Studies Bull . No .  
( S p r i n g ) . O u t of pr int . 

25. Bain, J a m e s S. (1973) T h e n a t u r e of the Cre taceous -p re 
Cre taceous contac t in no r th -cen t r a l  Bay lo r Geo
logical Studies Bull . N o . 25 ( F a l l ) . $1.00 per copy. 

26. Davis , K e i t h W . (1974) S t r a t i g r a p h y and  en
v i ronments of the Glen Rose F o r m a t i o n , no r th -cen t r a l 
T e x a s : Bay lo r Geological S tudies Bull . No . 26 ( S p r i n g ) . 
$1.00 per copy. 

27. Ba ldwin , E l l w o o d E . (1974) U r b a n geology of the I n t e r 
s tate H i g h w a y  g r o w t h co r r ido r between Bel ton and 
  Bay lo r Geological Studies Bull. 27 
( F a l l ) . $1.00 per copy. 

28. Allen, P e t e r M. (1975) U r b a n  of the In t e r s t a t e 
H i g h w a y 35 g r o w t h co r r ido r f r o m Hi l l sboro to Da l l a s 
County ,  Bay lo r Geological Studies Bull . No . 28 
( S p r i n g ) .  per copy. 

29. Belcher , Robe r t C. (1975) T h e geomorph ic evolution of 
the R io  Bay lo r Geological Studies  No . 29 
  per copy. 

30.  Car l D e a n (1976) O r i g i n and signif icance of the 
oys ter banks in the W a l n u t Clay F o r m a t i o n , centra l  
B a y l o r Geological Studies Bull . No . 30 ( S p r i n g ) . $1.00 
per copy. 

Baylor Geological Society 
101. T y p e electr ic log of M c L e n n a n County . 1"-100 ' ; 1"-S0'-

$2.00. 
102. Rept i le  of f lying and s w i m m i n g rep

tiles. $0.10 each. Compar i son of the d inosaurs . $0.10 each. 
103-114, 116, 118-126, 130-132, 136. O u t of pr int . F o r t i t les see 

ear l ier Bay lo r Geological S tudies Bullet ins . 
 W h y teach geo logy? A discussion of the impor tance and 

cost of teaching geology in h igh schools, j un io r colleges 
and smal ler 4-year inst i tut ions. F r e e upon request . 27 pp. 
(1961) . 

117. Sha le env i ronments of the mid-Cre taceous section, centra l 
 field guide.  A . O . ; Johnson , 

C. F . ; and Silver ,  1964. $2.00 per copy. 
127. T h e e Guidebook, Geology of t h e T r i n i t y Group in the type 

area . A profess ional level guide, 1970.  per copy. 
 U r b a n Geology, 1972. $6.00 per copy. 

133. W h i t n e y Reservo i r . Geology of the W h i t n e y Rese rvo i r 
Area , 1974. $1.50 per copy. 

134. T h e Black and Grand P ra i r i e s . A phys iograph ic s tudy of 
two centra l T e x a s Pra i r i es , 1974. $1.50 per "copy. 

137. S t ruc tu ra l geology of centra l T e x a s . A profess ional level 
guidebook. $6.00 per copy. 

138. T e r t i a r y - C r e t a c e o u s  S t r u c t u r a l geology southeas t 
of W a c o . $1.50 per copy. 

 avai lable f r o m B a y l o r Geological Studies or 
Baylor Geological Society, Bay lo r Univers i ty , W a c o , T e x a s 
76703. 
T e x a s res idents add five cents per dol lar f o r s ta te t a x . 






