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GROUND-WATER CONDIT IONS OF THE
TRIN ITY  GROUP AQUIFER IN

WESTERN HAYS COUNTY

I NTRODUCTI ON

Th i s  p ro j ec t  was  conduc ted  t o  ass i s t  t he  peop le  j n  wes te rn  Hays  Coun ty  t o

unde rs tand  t he  g round -wa te r  cond i t ' i ons  j n  t he i r  a rea .  Add . i t i ona l  l y ,  t he

Texas  wa te r  Deve lopmen t  Boar "d  had  schedu led  an  i nves t i ga t i on  o f  t he  a rea  fon

1987  i n  an  e f f o r t  t o  es tab l i sh  wa te r - l eve l  and  wa te r -qua l i t y  mon i t o r . i ng

p rog rams  "

Pu  rpos  e

The  Boa rd  recogn i zed  t ha t  l and -use  cond i t i ons  i n  wes te rn  Hays  Coun ty  have

changed  f r om the  bas ' i c  r u ra l  ag r i cu l t u ra l  r anch  se t t i ng  t o  r es i den t i a l  deve lop -

men ts  wh i ch  requ i re  add i t i ona l  pub ' l ' i c  and  domes t i c  g round -wa te r  supp l y  we l l s .

The  ob jec t i ves  o f  t h j s  l im i t ed  i nves t i ga t i on  we re  t o :  ( 1 )  unde rs tand  t he

ex i s t i ng  g round -wa te r  r esou rces  o f  t he  T r i n i t y  G roup  aqu i f e r  j n  t he  s tudy  a rea ,

(2 )  compare  cu r ren t  g round -wa te r  cond i t j ons  t o  t hose  o f  t he  pas t ,  ( 3 )  es tab l i sh

wa te r - l eve l  and  wa te r -qua l i t y  obse rva t i on  we l l  p rog rams  wh i ch  can  be  emp loyed

to  mon i t o r  changes  i n  gnound -wa te r  cond i t i ons  f o r  r esou rce  p l ann . i ng  pu rposes ,

and  (4 )  eva lua te  and  recommend  add ' i t i ona l  wo rk  needed  to  keep  ab reas t  o f

r es i den t ' i a l  g row th  and  re l a ted  g roun rJ -wa te r  cond i t i ons .

Scope

The  a rea  covened  by  t h i s  s t udy  i s  de f i ned  as  t ha t  po r t i on  o f  Hays  coun ty  wes t

o f  t he  Edwards  (Ba l cones  Fau r t  Zone )  aqu i f e r  (F i gu res  1  and  2 ) .  The  geo logy

and  t he  wa te r -bea r i ng  cha rac te r i s t j c s  o f  t he  aqu i f ens . i n  t h i s  r eg ion  a re

b r i e f l y  d i scussed  t o  exp la i n  t he  na tu re  o f  t he  g round -wa te r  supp l y  (Tab1e  l ) .
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Table 1.-Tr in i tv  Group Aoui fer  Strat i ! raDhic Uni ts ard Their ' r ' la t -ec-Bear inq Propert ies

Systern Ser les
:  S t ra t i q raph i c

f : m , ' ^  .  I l ^ i f
v \  v v H

:  Hydroloqic
'  l l ^ i  I

Approx rmaLe
l'laximr-m

Thickness

:

:
Cbaracter of Rocks : Water-Bearirg Properties

}laCernary Recent ard
Pleist rcene

Flood pla in,  terrace,
ard fan alluviurn

(A )  A l l uv i um 50 Grave l . ,  sanC ,  s i I t ,  c l ay
cal  iche.

Yields smal l  quant i t ies of
f resh water.

Iretaceous Csnanche T! in i ty

o

o

Llpper Msnb€s Llppec T'rinity 500 AItePnaLinq resistant ard
nonresiscant beds of blue
shale, rndular rnarl , ard
irnpure, fossi l  i ferous
I iJrestone. AIso contains
t!€ disLinct evaporite
20nes.

Yields very srall to snall
guanti t ies of relat ively
highly mineral ized wateu.

LDlder Msnber

MiddIe Trinity

320 I ' {assive, fossi l  i ferous
llnestone gr-ad irg uryard
into thin beds of lirne-
s tone,  do lqn i te ,  nar l ,
ard shale. fL-Enetous caves
ard reefs occur in tie
lo"rer novtion of the mgnber.

Yields snnll to rcderate
guanti t ies of fcesh to
sl ightly sal ine water.

u
6

L

o

o

F

Hensel
Sard
Mqltb€r'

Bexar
Shale
Msnber

300 Red to gray clay, si l t ,  sard
corglaneEate, ard thin lfune-
stone bds.
StIty dolqnrte, rnaEI ,
calcar,eous shale, ard shaley
I imestone.

Cow Cteek
Linrestone Membe

90 Hassive, fossi l  i fet 'ous, white
to gray, argillaceous to dol-o-
rnitic limestone with local
thinly bedded layers of sard,
shale, ard l ignite.

tlarmett
Shale

Msnbet!

80 hrk blue to gsay, fossi l i -
ferDusr calcareous ard
lolcrnitic shale with thinJ.y
inted€dd€d layet's of line-

ston€ ard sard.

llct krown to yield rrater.

e r i m

Limestone
Mernber

Hosston
Sard

Lower Ttinity
l ? n Sardy dolanit ic l imestone. Yields srall to large quarr'

t i t ies of fresh to sl iqhtlY
saline water.

350 Red ard wtrite corglcnerate,
sardstone, elaystone, shale
dolanite, ard l imestone.



A1so ,  g round -wa te r  qua l i t y  i s  an  impo r tan t  f ac to r  when  cons i c i e r i ng  wa te r  supp l y

fo r  oub f  i c  and  domes t ' i c  use .

H i s to r i ca l  g round -wa te r  hyd ro log i ca l  j n f o rma t ' i on  i s  a  necessa ry  e l emen t  i n

p lann ing  f u tu re  wa te r  supp ' l i e s ;  t hene fo re ,  a  wa ten - l eve l  and  wa ten -qua l i t y

mon i t o r i ng  we l l  ne two rk  was  es tab l i shed .  Se lec ted  h i s t o r i ca l  wa te r - l eve l  and

wa te r -qua ' l ' i t y  da ta  a re  i nc luded  i n  th ' i s  repo r t  f o r  compar i son  w i th  the  cunnen t

wo rk .

Growth  T rends

Beg inn ing  i n  t he  l a te  1960 ' s  and  ea r l y  1970 ' s ,  r eso r t  and  res i den t j a l  deve lop -

men t  ' i n cneased  j n  t he  W imber l ey  a rea .  Seve ra l  pub l i c  supp l y  and  i r r i ga t i on

we l l s  we re  d r i l l ed  t o  p rov ide  wa te r  f o r  t he  seasona l  i n f l ux  i n  popu la t j on  and

wa te r i ng  o f  a  go l f  counse .  Add i t i ona l  deve lopmen ts  have  con t ' i nued  t o  t he

pnesen t  t ime  i n  t he  W imber l ey  a rea  as  we l l  as  t h roughou t  wes tenn  Hays  Coun ty ,

p r ima r i l y  i n  t he  D r i pp jng  Sp r i ngs  a rea  and  i n  a reas  ad jacen t  t o  FM 1826 .  I n

some  o f  t hese  deve lopmen ts ,  pub l i c  supp l y  we l l s  we re  d r i l l ed  t o  p rov ide  wa te r

f o r  t he  en t i r e  deve lopmen t  wh ' i l e  i n  o the r  deve lopmen ts  each  buye r  d r i l l ed

i nd i v j dua l  domes t i c  we l l s .  Th i s  nepo r t  i nc l udes  t he  pub f  i c  supp l y  we l l s  and

se lec ted  domes t i c  we l l s  wh i ch  we re  i nven to r i ed  t o  supp ' l emen t  a rea l  cove rage .

Pnev ious l . v  Pub l j shed  Ground -wa te r  Repo r t s  on  Hays  Coun ty

P rev ious  nepo r t s  desc r i b i ng  t he  geo logy  and  g round -wa ten  hyd ro logy  o f  Hays

Coun ty  ane  as  f o l l ows :



i . Hays  Coun ty ,  Texas :  Reco rds  o f  We l l s  and  Sp r i ngs ,  D r i l l e r ' s  Logs ,

Wate r "  Ana lyses -  and  Mag  Show ' ing  Loca t i on  o f  b le l l s ,  by  B .A .  Ba rnes ,

I , IPA  Pro jec t  9864 .  Pub l j shed  i n  1938 ,  t h i s  nepor t  i s  an  i nven to ry  o f

we l l s  and  sp r i ngs  i n  Hays  Coun ty ,  Texas  t ha t  was  conduc ted  du r i ng  a

th ree -mon th  pe r i od  i n  1937 .  I t  i s  use fu l  i n  t ha t  i t  p rov i des

h i s to r i ca l  wa te r  l eve l s  and  chem ica l  ana l yses  t o  compare  w i t h  t hose

co l  l ec ted  du r i  ng  t h ' i s ' i n ves t i ga t i on .

Records  o f  We l l s  i n  Hays  Coun ty ,  Texas ,  by  Kenne th  J .  DeCook  and

W. l . l .  Doye l ,  Texas  Boa rd  o f  Wa te r  Eng ineens  Bu l l e t i n  5501 .  Th i s

repo r t ,  pub i i shed  i n  1955 ,  i nc l udes  a l l  t he  da ta  f r om the  p rev ious

repo r " t  and  adds  add i  t ' i  ona l  i  n f  o rma t i  on  co l  I  ec ted  f  rom 1938  to  1954  .

Reco rds  o f t^ la ter-Level  Measurements i  n  Hays,  Trav i  s ,  and t , l i  I  I  i  amson

Coun t i es ,  Texas ,  by  C .R"  Fo l l e t t ,  Texas  Boa rd  o f  Wa te r  Eng inee rs

Bu l l e t ' i n  5612 .  Th i s  r epo r t  was  pub l i shed  i n  1956  and  i nc l udes  t he

da ta  i n  t he  p rev ious  two  repo r t s  as  we l l  as  i n f o rma t i on  co l l ec ted

f rom se lec ted  wa te r " - l eve l  obse rva t i on  we l l s .

2.

4 . Geo logy_  and  Ground-Wate r  Resources  o f  Hays  Coun ty ,

J .  DeCook ,  Texas  Boa rd  o f  Wa te r  Eng inee rs  Bu l l e t i n

i n  1960 ,  t h i s  r epo r t  i s  an  exce l l en t  r e fe rence  f o r

g round-wa te r  hyd ro logy  o f  Hays  Coun ty .

Texas ,  by  Kenne th

6004 .  Pub ' l  i  shed

the  geo logy  and

q Ground-WatenAva ' i  I  ab i  I  i  t v  o f  t he Lower  Cre taceous  Fo rma t ions  i n  t he

H i l l  Coun tny

Depantment  of

of  South-Cent ra l  Ig rqs ,  by  John B.  Ashwor th ,  Texas

Wat ,e r  Resources  Repor t  273.  Cover i  ng  11  count ' ies  ,

6



t h i s  1973  pub ' l ' i ca t i on  i  5  a  neg iona l  ove rv j ew  o f  t he  T r i n i t y  G roup

aqu i f e r  i n  an  a rea  t ha t  i nc l udes  wes tenn  Hays  Coun ty .
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| . /e l  l  -Number i  ng System

The  we l I - number i ng  sys tem ' i n  t h i s  r epo r t ,  ' i l  I us tna ted  on  F igu re  3 ,  was  adop ted

by  t he  Texas  Wa te r  Deve lopmen t  Boa rd  f o r  s t a tew ide  use .  I t  was  des igned  t o

i den t i f y ,  f ac j l i t a t e  t he  l oca t i on  o f ,  and  avo jd  dup l i ca t i on  o f  we l l  numbers ' i n

pnesen t  and  f  u tu re  s tud i  es .  The  sys tem ' i s  based  upon  t he  d  j  v i  s ' i on  o f  t he  S ta te



Loco t ron  o f  We l l  YD-58 -4 j - 7oz

58 t-ocgrce quodtongle

43 7l/2 - tttute a€d'onqle

7 ?l/? - ntnetc qsttongla

02 W.l l  nqmb.r t t t in 2l /2 -

mrule qwdronqle

I -  d.q/ce Ouodronql.s

J6 n )] D x ts

D o ? l

a lo I J

a5 z6 27 ?a 29 to v

l ! 5 s l9

q l ? r5 t ! 6 E

rc 5 l 1 !

3? g I @ P

7l/2-ntNlc O/odrqglG

3

@

I

Z l,/Z - nttuta Ouodro,|gLs
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i n t o  quad rang les  o f  l a t i t ude  and  l ong i t ude  and  t he  repea ted  d j v i s i on  o f  t hese

quadrang l  es  i  n to  sma l  I  e r  ones .

The  S ta te  i s  f i r s t  d i v i ded  i n to  one -deg ree  quad rang les  wh i ch  ane  numbered  01

th rough  89  (F igu re  3 ) .  Each  one -deg ree  quad rang le  i s  t hen  subd i v i ded  i n to

s i x t y - f ou r  7  l / Z -n i nu te  quad rang ies .  And  l as t ' l y ,  each  7  l / Z -n i nu te  quad rang le

' i s  subd i v i ded  i n to  n i ne  2  I /Z -m inu te  quad rang les .  l , l i t h i n  each  Z  I /Z -n i nu te

quad rang le ,  each  we l l  j s  ass igned  a  two -d ig i t  number  usua l l y  i n  t he  sequence

inven to r i ed ,  beg inn ing  w i t h  01  wh i ch  a re  t he  l as t  two  d i g i t s  o f  t he  we l l

number .

Each  we l l  o r  sp r i ng  i s  ass igned  a  seven -d ig i t  number .  The  f i r s t  two  d i g i t s  o f

a  we l l  number  i den t i f y  t he  one -deg r "ee  quad rang le  i n  wh i ch  t he  we l l  o r  sp r i ng
' i s  l oca ted .  The  second  two  d ' i g ' i t s  i den t i f y  t he  7  I /Z . , n i nu te  quadnang le .  The

f i f t h  d i g ' i t  i den t ' i f i e s  t he  2 I /Z -n i nu te  quad rang le  and  t he  s i x t h  and  seven th

d ig i t s  i den t i f y  t he  pa r t i cu l a r  we l l  w i t h i n  t he  2  I / 2  m inu te  quadpang1e .



GENERAL HYDROLOGIC PRINCIPLES OF
GROUND I . IATER AND DEFiNITION

OF TERMS

Hydro log i c  Cyc le

Fo r  t he  bene f i t  o f  t he  gene ra l  r eaden ,  t h i s  sec t i on . i s ' i n c l uded  f o r  f am i l i a r -

j za t ' i on  o f  some  bas i c  g round -wa te r  hyd ro log i c  p r i nc i p l es  and  t e rms .

Wa te r  ava i l ab le  f o r  use  by  man  - -  whe the r  as  ra i n ,  g round  wa te r  f nom we l1s ,  o r

su r face  wa te r  f r . om s t reams  - -  i s  cap tu red  i n  t rans i t ,  and  a f ten  i t s  use  and

reuse ,  i s  r e tu rned  t o  t he  hyd ro log i c  cyc l e ' i l l u s t r a ted  i n  F i gu re  4 .  G raph i -

ca1 l y ,  t h i s  cyc l e  shows  t he  con t i nu ing  movemen t  o f  wa te r  f r om the  oceans

th rough  evapo ra t ' i on  t o  p rec ip ' i t a t i on  and  j t s  r e tu rn ,  e i t he r  d i  r ec t l y  o r

i nd i r ec t l J ,  t o  t he  ocean .  G round  wa te l i s  pa r t  o f  t he  re tu rn i ng  wa te r  wh i ch

has  en te red  t he  subsu r face  and  f i l l ed  t he  vo ' i d  spaces  o f  t he  po rous  rocks  wh i ch

a re  w i t h i n  t he  zone  o f  sa tu ra t i on ,  The  p r ima ry  sou rce  o f  g round  wa te r  i s

p rec ip i t a t i on ,  and ' i n  gene ra l ,  on l y  a  sma l l  pe rcen tage  o f  t he  p rec ip i t a t i on

ac tua l l y  becomes  g round  wa te r  by  the  p rocess  o f  recha rge  o r  e f fec t i ve  recha rge .

0ccu r  rence

Ground  wa te r  i s  con ta i ned  i n  t he  i n te r s t i ces  o r  vo id  spaces  o f  r ocks .  Two

rock  cha rac te r i s t ' i c s  o f  f undamen ta l  impor tance  re la ted  to  the  occu r rence  o f

g round  wa te r  ane  po ros i t y ,  wh i ch  i s  t he  amoun t  o f  open  space  con ta i ned  i n  t he

rock ;  and  pe rmeab i l i t y ,  t he  ab i l i t y  o f  t he  po rous  ma te r i a l  t o  a l l ow  f l u j ds  t o

move  t h rough  i t .  I n  sed jmen ta ry  r ocks ,  such  as  sands tone ,  gnave l ,  c l ay '  and

s i l t ;  t he  po ros ' i t y  ' i s  a  f unc t i on  o f  t he  s i ze ,  shape ,  so r t i ng ,  and  degnee  o f

cemen ta t i on  o f  t he  g ra i ns  (F i gune  5 ) .  I n  l imes tones '  ano the r  t ype  o f

sed jmen ta ry  r ock ,  t he  po ros i t y  i s  a  f unc t i on  o f  open ings  such  as  c racks ,
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c rev j ces ,  cave rns ,  and  vugs  caused  i n  pa r t  by  d j sso lu t i on  o f  t he  l imes tone  by

g round  wa te r .

F i ne -g ra i ned  sed imen ts ,  such  as  c l ay  and  s i l t ,  usua l l y  have  h i gh  po r "os i t y ,  bu t

due  t o  t he  sma l l  s ' i ze  o f  t he  vo ids ,  t he  pe rmeab i l i t y  i s  l ow  and  t hese  f o rma-

t i ons  do  no t  r ead i l y  y i e l d  o r  t r ansm i t  wa te r .  The re fo re ,  i n  o rde r  f o r  a

geo log i c  f o rma t ' i on  t o  be  a  s i gn ' i f i can t  wa te r -bea r i ng  un i t ,  i t  mus t  be  ponous

and  pe rmeab le  and  have  s i gn i f i can t  wa te r - sa tu ra ted  t h i ckness .  An  aqu i f en

cons i s t s  o f  su f f i c ' i en t  sa tu ra ted  ponous  and  pe rmeab le  rocks  o f  a  geo log i c

fo rma t i on ,  g roup  o f  f o rma t i ons ,  o r  pa r t  o f  a  f o rma t i on  t ha t  i s  wa te r -bea r i ng

(Me inzen ,  1923 ,  p .30 ) .  I n  gene ra l ,  t o  be  an  aqu i f e r  t he  wa te r -bea l i ng

fo rma t ' i on  shou ld  y i e l d  wa te r i n  su f f i c i en t  quan t i t j e s  t o  a f f o rd  usab le  p roduc -

t i on  by  we l l s ;  o the rw ' i se ,  t he  f o rma t i on  may  be  e i t he r ^  an  aqu i t and  o r  aqu i c l ude .

An  aqu i t a rd  i s  a  sem ipe rmeab ' l e ,  sem icon f i n ' i ng  geo log i c  f o rma t ' i on  ad jacen t  t o  o r

be tween  aqu i fe rs  wh ich  pa r t i a ' l l y  res t r i c t s  t he  movemen t  o f  g round  wa te r .  A

geo log i c  un i t  o f  c l ay ' l enses  i r r t e rbedded  w j t h  sands  i s  cha rac te r i s t j c  o f

a ' l eaky  aqu i f e r .  [ , l he r -e  c l ay  i s  su f f i c ' i en t l y  t h i ck ,  w idesp read ,  and  impe rv i ous ,

the  imped imen t  t o  g round-wa te r  f l ow  i s  g rea te r ,  and  the re fo re ,  con f i nemen t  o f

t he  aqu i f e r  i s  g rea te r ;  consequen t ' l y ,  t he  f o rma t i on  i s  ca l l ed  an  aqu ' i c l ude .

Cons ide rab le  quan t i t j e s  o f  g round  wa te r  can  be  s to red  i n  t he  c l ay  i n t e r s t i ces ;

bu t  due  t o  t he  c ' l ay ' s  ve ry  1ow  penmeab i l i t y ,  ve r y  l i t t l e  g round  wa te r  can  be

p roduced  by  we1  1  s .

When  p rec ip i t a t i on  f a l l s  on  t he  ou t c rop  o f  an  aqu i f e r ,  i t  may  t ake  one  o f  many

componen t  counses  i n  comp le t i ng  t he  hyd ro log i c  cyc1e .  A  l a rge  po r t j on  o f  i t

ne tunns  t o  t he  a tmosphene  by  evapo ra t i on .  Vege ta t i on  u t i l i zes  a  pa r t  o f  i t

and  re tu rns  mo ' i s t u re  t . o  t he  a tmosphene  by  t r ansp ' i r a t i on .  A  s i gn i f i can t  po r t i on
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o f  t he  p rec ip i t a t i on  w i l l  be  run  o f f  i n t o  s t r eams  and  re tunn  t o  t he  sea .  A

sma l l  pe rcen tage  w i l l  pe r co la te  downward  i n to  f o rma t i ons  by  t he  f o r ce  o f

gnav i t y  t o  t he  zone  o f  sa tu ra t i on  i n  wh i ch  t he  hyd ros ta t i c  p ressu re  i n  t he

wa te r - f i l l ed  i n t e r s t i ces  o f  t he  pe rmeab le  rocks  o f  t he  aqu i f e r  i s  equa l  t o

on  g rea te r  t han  a tmosphe r i c  p ressu re  (Me inze r ,  1923 ,  p .  Z I ) .  The  uppe r  su r f ace

o f  t h i s  zone  i s  ca l l ed  t he  wa te r  t ab le .  Wa te r  en te r j ng  t he  zone  o f  sa tu ra t j on

moves  t o  l owe r  e l eva t i ons  whe re  i t  i s  d i scha rged  na tu ra l l y ,  f o r  examp le ,  by

sp r i ngs  o r  a r t j f i c i a l i y  by  we11s .  Above  t he  zone  o f  sa tu ra t i on ,  t he  r . ock

in te r s t i ces  a re  pa r t i a l l y  f i l l ed  by  mo i s tu re  and  pa r t i a l l y  by  a i r .  Th j s  zone

i s  known  as  t he  zone  o f  aena t i on  o r  vadose  zone .  0ccas iona l l y  a  l oca l  impe r -

meab le  l ayen  i n  t h j s  zone  and  above  t he  ma jn  wa te r  t ab le  w i l l  i n t e r cep t  t he

downward  pe rco la t i ng  wa te r ,  cnea t i ng  a  1oca11y  i so l a ted  sa tu ra ted  zone  above

the  ma in  wa te r  t ab le ,  t hus  caus ing  a  pe rched  wa ten  t ab le  o f  l jm i t ed  a rea l

ex ten t .

An  aqu i f e r  i s  unde r  wa te r - t ab le  o r  uncon f i ned  cond i t i ons  when  t he  g round  wa te r

encoun te red  by  a  we l l  i s  i n  d i r ec t  con tac t  ve r t i ca l ' l y  w i t h  t he  a tmosphe re

(F igu re  4 ) .  The  wa te r  t ab le  f l uc tua tes  w i t h  t he  a tmosphe r i c  p ressu r -e  anc t  i n

response  t o  changes  i n  t he  vo lume  o f  wa te r  i n  s t o rage  i n  t he  aqu i f e r .  I n  an

uncon f i ned  aqu i f e r ,  t he  zone  o f  sa tu ra t i on  ex tends  f r om an  unde r -1y ing  con f i n i ng

bed  t o  t he  wa te r  t ab le .

An  aqu i f e r  i s  con f j ned  when  t he  gnound  wa te r  con ta j ned  j n  j t

t he  a tmosphe re  by  impe rmeab le  ma te r i a l  o f  a  con f i n i ng  bed  and

unde r  su f f i c i en t  p ressu re  t o  r i se  above  t he  l eve l  a t  wh i ch  i t

a  we l l .  I n  t h i s  case ,  t he  wa te r  i s  unden  a r t es i an  cond i t i ons

a t  t he  l and  su r f ace  o r  no t ,  and  t he  l eve l s  t o  wh i ch  t he  wa ten

i  s  sepa ra ted  fnom

the  wa te r  i  s

i  s  encoun te red  by

,  whe the r  i t  f l ows

r i ses  i n  we l l
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bo res  de f i ne  an  imag ina ry  su r f ace  ca l l ed  t he  p i ezome t r i c  su r f ace .  Fo r  a

con f i ned  o r  a r tes ' i an  aqu ' i f e r ,  t he  zone  o f  sa tu ra t i on  rep resen ts  comp ' l e te

sa tu ra t i on  o f  t he  wa te r -bea r i ng  f o rma t i on  and ' i s  equa l  t o  i t s  t h j ckness .  The

te rm po ten t i ome t r i c  su r face  app l i es  bo th  to  the  p iezomet r i c  sun face  o f  a

con f i ned  aqu i f e r  and  t he  wa te r - t ab le  su r f ace  o f  an  uncon f j ned  aqu i f e r ,  co i n -

c i d i ng  w i t h  t he  hyd ros ta t i c  p ressu re  l eve l  o f  t he  wa te r  i n  t he  aqu i f e r  (Todd ,

1959 ,  p .  29 ;  Lohman ,  L972 ,  p .  8 ) .

A ' l eaky  aqu i f e r  sys tem i s  a  he te rogeneous  assemb lage  o f  i n t e r re l a ted  pe r -

meab le ,  poo r l y  pe rmeab le ,  and  re l a t j ve l y  impenmeab le  f o rma t j ons  t ha t  f unc t i on

reg iona l l y  as  an  aqu i f e r .  The  sys tem cons i s t s  o f  two  o r  mo re  aqu i f e r s  sepa -

ra ted  l a te ra l l y  and  ve r t i ca l l y  by  d i scon t i nuous  aqu i t a rds .

The  hyd rau f i c  g rad ien t  o r  p ressu re  g rad ien t  o f  an  aqu ' i f e r  i s  exemp l i f i ed  by

the  s l ope  o f  t he  po ten t ' i ome t r i c  su r f ace .  I t  i s  t he  ra te  o f  change  o f  t he

hyd ros ta t i c  p ressune  pe r  un j t  d i s t ance  i n  a  g i ven  d i nec t j on .  I f  t he  na te  o f

change  i s  un i fo rm be tween  these  bwo  po in t s ,  t he  hyd rau ' l i c  a rad ien t  be tween

these  po in t s  i s  t he  ra t i o  o f  t he  d i f f e rence  j n  s t a t i c  l eve l  be tween  t he  po in t s

to  t he  ho r i zon ta l  d j s t ance  be tween  t hem (Me inze r , 1923 ,  p .38 ) .

The  hyd ros ta t i c  p ressu re ' i s  t ha t  p ressune  exe r ted  by  t he  wa te r  a t  any  g i ven

po in t  i n  a  body  o f  wa te r  a t  r es t .  Tha t  o f  g round  wa te r  i s  gene ra l ' l y  due  t o

the  we igh t  o f  wa te r  a t  h " i ghe r  l eve l s  i n  t he  zone  o f  sa tu ra t i on  (Me inze r ,  1923 ,

p .  37 ) .

The  wa te r -p roduc ing  capab i l i t y  o f  an  aqu i f e r  depends  upon  j t s  ab i l i t y  t o  s t one

and  t r ansm i t  wa te r .  A l t hough  t he  ponos i t y  o f  a  nock  i s  a  measu re  o f  i t s
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capac i t y  t o  s to re  wa te r ,  no t  a l l  o f  t h i s  wa ten  i n  s to rage  may  be  recove r -ed  by

pump ing .  Some  o f  t he  wa te r ^  s to red  i n  t he  i n te r s t i ces ' i s  r e ta i ned  because  o f

t he  mo lecu lan  a t t r ac t i on  be tween  t he  rock  pa r t i c l es  and  t he  wa te r .  The

coe f f i c i en t  o f  s t o rage  i s  t he  vo lume  o f  wa te r  an  aqu i f en  re l eases  f nom o r

t akes  i n to  s to rage  pen  un i t  su r f ace  a rea  o f  t he  aqu i f e r  pe r  un i t  change  i n  t he

componen t  o f  hyd ros ta t ' i c  p ressu re  no rma l  t o  tha t  sun face  (Fen r i s  and  o the rs ,

1962 ,  p .  74 )  "

I n  con f i ned  o r  a r t es i an  aqu i f e r s , ' i t ' i s  t he  resu l t  o f  two  e l as t i c  e f f ec t s  - -

compness ion  o f  t he  aqu i f e r  and  expans ion  o f  t he  con ta i ned  wa te r  - -  when  t he

hyd ros ta t i c  p ressu re  i s  r educed  by  pump ing .  The  va lue  o f  t he  coe f f i c i en t  o f

s to rage  i s  sma . l l  ,  and  i t  ' i s  d imens  j on less .

I n  an  uncon f i ned  aqu i f e r ,  t he  s to rage  coe f f i c i en t ' i s  a l so  d imens ion less  and ' i s

assumed  equa ' l  t o  t he  spec i f i c  y i e l d  o f  t he  ma te r i a l .  The  spec i f i c  y i e l d

measunes  t he  wa te r  d ra i ned  f r om an  aqu i f e r  by  t he  f o r ce  o f  g rav i t y .  I t  has

been  de f i ned  as  t he  ra t i o  o f  t he  vo lume  o f  wa te r  wh i ch  an  aqu i f e r ,  a f t e r  be ing

sa tu ra ted ,  w i l l  y i e l d  by  g rav i t y  t o  t he  vo lume  o f  t he  aqu i f e r  d ra i ned .  The

ra t i o  i s  usua l l y  exp ressed  as  a  pe rcen tage  (Me inze r , 1923 ,  p .  28 ) .

Recharge ,  Movemen t ,  and  D isch_arge

Recha rge  i s  t he  add ' i t i on  o f  wa te r  t o  t he  s to rage  o f  an  aqu i f e r  and  may  be

abso rbed  f nom pnec ip i t a t i on ,  s t r eams ,  and  l akes ,  e i t he r  d ' i nec t l y  i n t o  a

fo rma t i on  o r  j nd i r ec t l y  by  way  o f  ano the r  f o rma t i on .  A1so ,  i t  may  mean  t he

quan t i t y  o f  wa te r  t ha t  i s  added  t o  t he  zone  o f  sa tu ra t j on  (Me inze r ,  1923 ,

p .46 ) .  E f f ec t i ve  rechange  i s  t he  amoun t  o f  wa te r  t ha t  en te r s  an  aqu i f e r  and

i s  ava i l ab le  f o r  deve lopmen t .  Among  t he  f ac to r s  t ha t  i n f l uence  t he  amoun t  o f
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recha rge  rece ' i ved  by  an  aqu i fe r  a re :  t he  amoun t  and  f requency  o f  p rec ' i p i t a -

t i on ,  t he  a rea l  ex ten t  o f  t he  ou tc t ' op  o r  i n take  a rea ,  t opography ,  t ype  and

amoun t  o f  vege ta t i on ,  and  t he  cond i t i on  o f  so i l  cove r  i n  t he  ou t c r "op  a rea ,  and

the  ab i l i t y  o f  t he  aqu i f e r  t o  accep t  necha rge  and  t r ansm i t  i t  t o  a reas  o f  d i s -

cnange .

The  quan t i t y  o f  wa te r  an  aqu i f e r  r ece i ves  as  recha rge  and  t he  ab ' i l i t y  o f  t he

aqu i f e r  t o  t r ansm i t  wa te r  t o  t he  a reas  o f  d i scha rge  a re  t he  p r i nc i pa l  f ac tons

tha t  mus t  be  cons ide red  i n  de te rm in ing  the  amoun t  o f  wa te r  ava ' i ' l ab le  fo r

w i t hd rawa l  on  a  sus ta i ned  bas i s .  The  coe f f i c i en t  o f  t r ansm iss i v ' i t y  p rov ides

an  i ndex  o f  an  aqu i f e r ' s  ab i l i t y  t o  t r ansm i t  wa te r .  I t  i s  t he  amoun t  o f  wa te r

t ha t  w j l l  f l ow  a t  a  hyd rau l i c  g rad ien t  on  s l ope  o f  45  deg rees  t h rough  a

ve r t i ca l  s t r i p  o f  t he  aqu i f e r  ex tend ing  t h rough  t he  f u l l  sa tu ra ted  t h i ckness

and  i s  expnessed  as  ga l l ons  pe r  day  pe r  f oo t ,  ( ga l / d ) / t t "  By  us ' i ng  t he

coe f f i c i en t  o f  t r ansm iss i v i t y ,  t he  amoun t  o f  wa te r  t ha t  w j l l  f l ow  t hnough  an

aqu ' i f e r  unde r  va r i ous  hyd rau l i c  g rad ien t s  can  be  de te rm ined .  The  coe f f j c i en t

o f  penmeab i l i t y ' i s  de f i ned  as  t he  quan t i t y  o f  wa te r ,  i n  ga l l ons  pe r  day  (Sa l / d )

t ha t  w i l l  f l ow  t h rough  a  sec t i on  o f  t he  aqu ' i f e r  I  f oo t  squa re  unde r  a  hyd rau l i c

g rad ien t  o f  45  deg rees .  The  coe f f i c i en t  o f  penmeab i l i t y  may  be  ca l cu la ted  by

d i v i d i ng  t he  coe f f i c i en t  o f  t r ansm iss i v i t y  by  t he  t h i ckness  o f  t he  aqu i f e r .

Ground  wa te r  moves  f rom the  a reas  o f  necharge  to  aneas  o f  d i  scha rge  o r  f nom

po in t s  o f  h i ghe r  wa te r  l eve l  t o  po ' i n t s  o f  l owe r  wa te r - l eve l  a l t ' i t udes .

Movemen t  j s  i n  t he  d ' i r ec t i on  o f  t he  hyd rau l i c  g rad ien t  j us t  as  i n  t he  case  o f

su r face -wa te r  f l ow .  Under  no rma l  a r tes ian  cond j t j ons ,  movemen t  o f  g round  wa te r

usua l l y ' i s  i n  t he  d ' i r ec t ' i on  o f  t he  aqu i f e r ' s  r " eg iona l  geo log i ca l  d i p .  Unde r

wa te r - t ab le  cond i t i ons ,  t he  s l ope  o f  t he  wa te r  t ab le  and  consequen t l y  t he
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d i rec t i on  o f  g round -wa te r  movemen t  usua ' l 1y ' i s  c l ose l y  r e l a ted  t o  t he  s l ope  o f

t he  l and  su r f ace .  Howeve r , ' i n  t he  case  o f  bo th  a r t es i an  and  wa te r - t ab le

cond j t i ons ,  l oca l  anoma l i es  a re  deve loped  i n  a reas  o f  pump ing  and  some  wa te r

moves  t owa rd  t he  cen te r  o f  a r t i f i c i a l  d i scha rge .  The  ra te  o f  g round -wa te r

movemen t  i n  an  aqu i f e r  i s  no rma l i y  ve ry  s l ow ,  be ing  i n  t he  o rde r  o f  magn i t ude

o f  a  few  fee t  t o  a  few  hundred  fee t  pe r  yea r .

D i schange  j s  t he  l oss  o f  wa te r  f r om an  aqu ' i f e r .  The  d i scha rge  may  be  e i t he r

a r t ' i  f i  c i  a l  o r  na tu ra l  .  A r t i  f i  c i  a l  d i  scha rge  takes  p l  ace  fnom f l  ow i  ng  and

pumped  we l l s ,  d ra i nage  d i t ches ,  g rave l  p i t s ,  and  o the r  excava t j ons  t ha t

i n te r sec t  t he  wa te r  t ab le .  Na tuna l  d i schange  occu rs  as  e f f l uen t  seepage ,

sp r i ngs ,  evapo ra t i on ,  t r ansp ' i na t ' i onn  and  i n te r f o rma t i ona l  l eakage  (Peckham,

1965 ,  p .  18 ) "

F l  uc tua t ' i ons  o f  Wate r  Leve ' l s

Changes  i n  wa te r  l eve l s  i nd j ca te  a  change  j n  t he  g round -wa te r  s t o rage  o f  an

aqu ' i f e r .  These  changes  can  be  due  to  many  causes ,  some o f  reg iona l

s i gn i f j cance  whe reas  o the rs  ane  con f i ned  t o  more  l oca l  a reas .  Bas i ca l l y ,

wa te r - l eve l  f l u c tua t i ons  a re  caused  by  changes  i n  r echa rge  and  d ' i s cha rge .

l , l hen  recha rge  i  s  reduced ,  as  i  n  t he  case  o f  a  d rough t ,  some o f  t he  wa te r

d i scha rged  f r om the  aqu i f e r  mus t  be  w ' i t hd rawn  fnom s to rage  resu l t ' i ng  i n  a

dec l  i  ne  o f  wa te r  I  eve l  s .  I f  wa te r  I  eve l  s  a re  I  owe red  excess i  ve1y ,  sp r i  ngs

and  sha l l ow  we l l s  may  go  c i r y .  Howeve r ,  when  su f f i c i en t  p rec ip i t a t i on  resumes ,

the  vo lume o f  wa te r  d ra ined  f rom s to rage  dun ing  the  d rough t  may  be  rep laced

and  wa te r  l eve l s  w i l l  r i se  acco rd ing l y ,  When  a  wa te r  we l l  i s  pumped ,  t he

wa te r  l eve l  i n  t he  v ' i c i n i t y  i s  d rawn  down  to  f o rm  a  shape  o f  an  i nve r t ed  cone

L I



wi th  i t s  aoex  l oca ted  a t  t he  we l l .  Th i s  cone

me t r i c  su r f ace  i s  i l l u s tna ted  i n  F i qune  6  and

depness jon  ' i n  t he  po ten t i o -

The  deve lopmen t  o r  g rowth  o f  t h i s  cone  depends  on  the  aqu i fe r " s  coe f f i c i en ts  o f

t r ansm jss i v i t y  and  s tonage .  As  pump ing  con t i nues ,  t he  cone  expands  un t j l  i t

i n t e r cep t s  a  sou rce  o f  r ep len ' i shmen t  capab le  o f  supp l y i ng  su f f i c j en t  wa te r  t o

sa t ' i s f y  t he  pump ing  demand .  Th i s  sou rce  o f  r ep len i shmen t  can  be  e l t he r

i n te r cep ted  na tu ra l  d i scha rge  o r  i nduced  recha rge .  I f  t he  quan t i t y  o f  wa te r

rece i ved  f rom these  sou rces  i s  adequa te  to  compensa te  fo r  t he  wa te r  pumped ,  t he

g rowth  o f  t he  cone  w j l l  cease  and  new ba lances  be tween  recha rge  and  d i scha rge

a re  ach jeved .  I n  a reas  whe re  recha rge  o r  j n t e r cep ted  na tu ra l  d i scha rge  i s

l ess  than  the  amoun t  o f  wa te r  pumped  by  we1 is ,  wa te l i s  removed  f r ^om s to rage

in  t he  aqu i f e r  and  wa te r  l eve l s  w i l l  con t i nue  t o  dec l i ne .

Where  i n tens i ve  deve lopmen t  has  t aken  p l ace  j n  g round -wa te r  r ese rvo i r s ,  each

we l l  supe r imposes  i t s  cone  o f  dep ress ion  on  t he  cone  o f  ne ighbo r i ng  we I i s .

Th i s  r esu l t s  i n  t he  deve lopmen t  o f  a  r eg iona l  cone  o f  dep ress ion ,  when  t he

cone  o f  a  we l l  ove r l aps  t he  cone  o f  ano the r ,  i n t e r f e rence  occu rs  and  t he

lowe r i ng  o f  wa te r  l eve l s  i s  compounded  as  t he  we l l s  compe te  f o r  wa te r  by

expand ing  t he i r  cones  o f  dep ress ion .  F i gu re  7  ' i l l u s t r a tes  t he  e f f ec t  o f

i n t e r f e rence  be tween  pump ing  we l1s "  The  amoun t  o r  ex ten t  o f  i n t e r f e rence

be tween  cones  o f  depness ion  depends  on  t he  ra te  o f  pump ing  f r om each  we l l ,  t he

spac ing  be tween  we11s ,  and  t he  hyd rau l i c  cha rac te r i s t i c s  o f  t he  aqu i f e r  j n

wh i ch  t he  we l l s  a re  comp le ted .

o f
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L A I T O  S U R F A C €

' T A T I C  W A Y  I  H

Frguro5. - -Cont r  o l  f /eprerc to r r  Cuutod  by  Pr r r r rp ing  Wel l  (Taken f ro rn  Pockham,  1965)

-r7-r7-7-7-7-/

\ ..4
H t ' ; u L I  r N u  c o r { t  o F
D i l , R t  5 S r C N  C A U S T U
B Y  P U M P I N G  W T L L 5
N O  I  A N D  N i )  ?

coN t  oF  oEPR€5Sro t {
CAUsEO 8Y  PUUPING
w€LL  | l o  ?

F t g u r c V .  E f f  ' , , . : 1 5  o f  I n t e r l e r e n c e  g e t w o c r r  T w o  p u r n p i n g  l l / c i l l  ( T a k c n  f  r o m  p e c k h a m ,  1 9 6 5 1
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Chemica l  QuaUt I  o f  Ground  Wat ,e r  as  Re la led .  t o  Use

Genera l  Chemica l  Qua l ' i t y  o f  Ground  l . / a te r "  A l l  g round  wa te r  con ta ins

m ine ra l s  ca r r i ed  i n  so lu t ' i on ,  t he  t ype  and  concen t ra t i on  o f  wh i ch  depend  upon

the  env i r onmen t ,  movemen t ,  and  sou rce  o f  t he  g round  wa ten ,  Ra in fa l l  i s

re l a t i ve l y  f r ee  o f  m ine ra l s  un t i l  i t  comes  i n  con tac t  w i t h  t he  van ious  cons t i t -

uen t s  wh i ch  make  up  t he  so j l s  and  componen t  r ocks  o f  an  aqu ' i f e r ;  t hen ,  as  a

resu l t  o f  t he  so l ven t  power  o f  wa te r ,  m ine ra l s  ane  d i sso l ved  and  ca r r i ed  i n to

so lu t i on  as  t he  wa ten  passes  t h rough  t he  aqu ' i f e r .  The  concen t ra t i on  depends

upon  t he  so lub i l i t y  o f  t he  m ine ra l s  p resen t ,  t he  l eng th  o f  t ime  t he  wa te r  i s  i n

con tac t  w i t h  t he  rocks ,  and  t he  amoun t  o f  d i sso l ved  ca rbon  d j ox i de  i n  t he

wa te r .  I n  add i t i on ,  concen t ra t i ons  o f  d i sso l ved  m inena l s  i n  g round  wa te r

gene ra l l y  i nc rease  w j t h  dep th  and  espec ia l l y  i nc rease  whe re  c ' i r cu l a t i on  has

been  res t r i c t ed  due  t o  f au l t i ng  o r  zones  o f  l owe r  pe rmeab i l i t y .  Res t r j c t ed

c i r cu la t i on  re ta rds  t he  f l ush ing  ac t i on  o f  f r esh  wa te r  mov ing  t h rough  t he

aqu i f e r s ,  caus ing  t he  wa te r  t o  become  more  m ine ra l i zed .

The  sou rce  and  s i gn i f i cance  o f  d i sso l ved  m ine ra l  cons t i t uen t s  and  p rope r t ' i e s

o f  na tu ra l  wa te r s  a re  g i ven  i n  Tab le  2 .  Chemica l  ana l yses  o f  wa te r  f r om

se lec ted  we l l s  and  sp r i ngs  i n  t he  s tudy  reg ion  a re  g i ven  j n  Tab le  5 .  The

samp led  we l l s  and  sp r i ngs  a re  i nd ' i ca ted  on  t he  coun ty  we l l - l oca t i on  maps  by  a

ban  ove r  t he  we l l  number .

The  deg ree  and  t ype  o f  m ine ra l i za t ' i on  o f  g round  wa te r  de te rm ines  i t s  su i t -

ab i ' l i t y  f o r  mun i c i pa l  ,  i ndus t r i a i ,  i r r i ga t i on ,  and  o the r  uses .  Sevena l

c r ^ j t e l i a  f o r  wa te r -qua l i t y  r equ i remen ts  have  been  deve loped  t h rough  t he  yea rs

wh i ch  se rve  as  gu ide l i nes  i n  de te rm in ing  t he  su i t ab i l i t y  o f  wa te r  f o r  va r i ous

uses .  Sub jec t s  cove red  by  t he  gu ide l i nes  a re  bac te r i a l  con ten t ;  phys i ca l
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Tablc 2.-Source and Signif icanee of Dissolved-Mineral Consti tuentt and Propert iel of Water

Conr t i tu rn t

or

ptopartY

S l l l c c  ( S i O ,  l

l r o n  ( F r )

C r l c l u m  {  C r )
r n d
Mrgna lum lMg l

S o d l u m  ( N . )

a n d
P o r a r r i u m  ( K )

B t c l r b o n c t .  ( H C O !  )
a n d
C a r b o n a r e  (  C O ,  )

S v l f  c r o  ( S O .  )

C h l o r i d .  ( C l )

F l u o r r d e  ( F )

N r t . r t o  ( N O J )

D i r a o l w d  l r o m  P r a c t l c a l l V  d l l
rockc  rnd  ao l l s ,  commonlv  l l r r
r h c n  3 O  m g / 1 .  H l g h
concant r r t lonr ,  r !  much rs  IOO
mg/ l ,  gan. . . l l y  occur  In  h lgh ly
a l k . l l n e  w r l a ? r .

O l r r o l \ t c t  l r o m  p r a c t l c r l l y  . l l
.  oc i r  and ro l l r  May a l3o  b .
d . r i vad  l?om l ron  p lpar .  pumpr .

,nd  o thar  aqu lpmant .

D l r ro lv rd  i ro ry !  p r .c t i c . l lV  a l l  rc l l r
.nd  7oc | ( r .  bu t  a rp .c lc l i y  f .om
llmorrona. dolomlto, lnd gypturh.

C a l c l u m  a n d  m . g n a a l u r Y r  r r g
lound ln 1..9. qulnllt l .r ln romc
b.lnal Magnarlum lr praaant In
l . rg r  qurn t l t la .  ln  ta6  w l ta r .

O l r r o l v a d  t r o m  p r r c r l c r l l V  ! l l
r o c k r . n d  r o l t a .  F o u n d  a l s o  i o
o l l - f i a l d  b r l n c t .  l o !  w r t o r ,
Indur r r i r l  b r lnaa,  rnd  rcwaoa.

Ac t lon  o{  carbon d io r lde  ln  wa la l
o n  c a r b o n 6 l o  . o c k r  s u c h  6 s
l i m o r t o n a  r n d  d o l o m i t 6

O ' 3 s o l v o d  I r o m  r o c k g  ! n d  ! o i l s
c o ^ t a i n i n g  0 y g r u m ,  i r o n  a u l l i d o s ,
c n d  o t h a r  S u l t u r  c o m p o u n d r .
C o m m o n l y  p r a 3 c n t  i n  a o m a
i n d u s t r i a l  w r s t a g .

Oissg lv€d f rom rockr  and to i l t .
Proron t  in  aowrga and found in
l r rg .  rmount r  ln  o l l - l l o ld  b r ine3,
g t r  wr ta r .  tnd  Indur t r ia l  b r incs .

D r t r o l v o d  l n  r m e l l  t o  m l n u l €
q u 6 n t i t i a J  I t O m  n l O S t  a O c k S  s n d
r o l k .  A c l ( l e ( l  t o  m a n y  w o l o r 5  l , V
t l u o r l d s t i o n  o l  m u n i c i o r l
tu  ppr  l0s .

Oacay inO o .Crn ic  mat to r ,  rewoga,
ta r t i l i !6 rs .  rnd  n i t r r to i  in  so i l .

( A d a t l t r : c l  f  r o m  f ) c , l i  a t r r l  o l l t e r s ,  1 9 6 3 ,  l r .  3 9  4 3 )

Sourcc  or  c tu to S ign i f i cencc

F ormr  hcrc l  sce  la  In  p ipee rnd  bo l la . i .  Cr r r lad  ovr r  In  r t ram o l
h iOh prc r ru rc  t )o l la r r  to  lo im dagor l t t  on  b ladar  o l  tuab lna t
Inh i f ra tE  da teraora t lon  o l  tao l l ta  tvpa  wata i  ao l tanar t .

O n  a x p o 3 u . a  t o  ! i r ,  i r o n  I n  g r o u n d  w a t a r  o x l c l l r a t  l o
r .dd iah  b .own prac lp i ta ta .  Morc  lh !n  about  O.3  rng l l  r ta ln
l !undrV rnd  u tGnr l l3  tcdd l rh 'b rown.  Ob lac t lonab l t  lo r  lood
procc l r ing .  t . x t l l t  p rocaar lng ,  b ryar ro .a ,  l c l  mmulec tur l ,
b rawlng .  !nd  o tha i  p rocaara t .  T lx I  Orpr r tmant  o l  f laa l th
(19771 d / lnk lngwat . r  s tandaTdr  3 t . ta  tha t  I ron  shoutd  no t

rxcctd O.3 mg/I. Largar eu.ntltt i  cau3a unpl.raant tarta rnd
l rvor  g rowth  o l  l ron  bac tar ls .

Gaur mort ot tha h.rdnarr and rcal;tormlne piooartlar ot
w l t . . ;  sorp  conruming ( | . .  h . rdn6r l .  w . ta r t  low In  c . l c lum and
magnar ium d6 l . .d  ln . l . c t rop l . t lng ,  t lnn lng ,  c ly . lng ,  and ln
l a x t l l .  m r n u l t c l u t i n g .

Larga !mount r ,  in  combin ! t ion  w l th  ch loa lda ,  e lva  !  ta l ty  t r r ta .
Mod. r6 r .  quant i t l . r  h rv r  l l t t la . f tac t  on  tha  u3a lu ln . r r  o l  wat . t
(o r  mor !  purpo3. r .  Sod ium cr l t r  rn ry  c lu ta  foamlng In  r ta lm
bo i lo r r  cnd  r  h iCh rod lu rn  con i .n l  mrv  l lm l t  tha  u | .  o t  wa iar  lo7
l r r l O a t i o n .

B icorbonata  rnd  csrbonr ta  p .oduca a lka l ln l ty .  E lcerbonatar  o t
calcium and magnatiurn daco.npoic In ttaa.n bollarr and hot
wst . r  t rc l l i t i ca  to  lo rm lca lo  and ra l . r ra  coTros iF  c l rbon-d io r ida
0rs .  In  comblns t lon  w i th  c ! l c lu r t t  and mrgnor iu r t r ,  cauaa
ct rbonc la  h ! rdnaD,

Su l fa tc  In  wa lor  con t l in lng  cc lc lum fo r rna  hard  tca la  In  r taam
boi la r r .  In  I r rga  arnounts ,  cu l l r t r  In  cornb in r t lon  w l th  o thar  lonr
g l v c s  b i t l . r  t ! s t .  t o  w c t c r .  T c x a r  D . p r r t m a n t  o t  H . r l t h  ( 1 9 7 7 )
dr ink lng-watGr  t tandr rdr  racommond th r t  iha  ru l ta ta  contan t
rhou ld  no t  .xc . .d  3OO rng" / | .

ln l!r9. rmosntt In corrrbinarion wlth rodlurn, givar 3alty tarta to
dr lnk ing  wata? .  In  la rga  quant i t i6 ,  inc r .e ta i  th .  cor roa leanaar  o l
wc t r r .  T lx l r  Orpar tmrn t  o l  H . . l th  (  1077)  d r lnk lng-wa ia t
r t lndordr  r .commend th l t  th .  ch lo r id .  con tan l  rhou ld  no t
.xcoed 3OO m0/1 .

F l u o r i d a  i n  d r i n k i n O  w 6 l c r  r c d u c . r  t h !  I n c l d r n c a  o t  t o o t h  d a c a y
whon tho  wotGr  rs  contumad dur ing  tha  par lod  o l  anamel
co lc i t i c ! t ion .  Howcvcr ,  a l  maV csura  mot t l in0  o f  the  laa th ,
d c p o n . t i n 0  o n  t h a  c o n c . n t r a t l o n  o f  l l u o r l d G .  t h a  r F  o f  t h r  c h l l d ,
amount  o t  d r lnk ing  w! t . r  conrumad,  .nd  aurcapt lb l l i t y  o f  tha
I n d i v i d u r l  (  M r l c r ,  1 9 5 0 ,  p .  1  I  2 O . 1  1 3 2 ) .

Concont rc t ion  much graa tar  t  rn  thc  loc r l  aFraga may tugg:3 t
p o l l u t i o n .  T . x r l  O a p r r l m a n l  o f  H 6 . l t h  ( 1 9 7 7 1  d r l n k l n O - w s t a t
s r a n d a r d r  s u C p e r l  r  l i m i t  o l  4 5  m g / l  ( r a  N O ,  )  o r  t O  ( a r  N ) .
Wat r r t  o l  h igh  n i t rs ta  con lan t  h rvo  ba .n  lapor t€d  to  ba  tha
c !uao o{  methamoglob inomia  ( rn  o f t .n  la t r l  d i raara  In  in tan t r )
lnd  thcra tor !  rhou ld  nor  ba  ur rd  in  In f rn t  f . .d ino  (Mercv ,

1 9 5 O ,  p .  2 7 1 1 .  N i t r o r o  h a l  b . . n  r h o w n  r o  b .  h . l p t u l  I n  r . d u c t n g
rn ter -c rVr ta l l ina  c r tck ing  o l  t ro i la r  r tae l .  l t  ancourcg . r  g rowth  o f
a lOae and o tha .  o rgan i rma wh ich  produca undn l r lb la  t r r ta t  lnd
(rd or t.
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Tabte 2.-Source and Signif icance of Oirolved'Mincral Conrt i tuentt and Ptopert ier of Watar-Conlinued

Consti tu6nl
ot

proqgtY

t J o r o n  I  B )

O r s s o l v o d  s o l r d s

t l a r d n 6 3  a :  C o C O ,

Sourcc or cassc

A  m t r l r "  ,  o r r g t t t u c n t  o l  r o c k :  a n r l

o l  n . t l r r r . r l  w a i o t ! -

C h r o l l V  m r n c r ! l  c o n s t i l u e n l !

d r i r o l v o d  l . o m  r o c k s  r n d  r o i l t .

I n  m o s t  w a t e t t  n c a r l y  a l l  t l r o

h a r ( l n c 5 s  r s  { t u €  t o  c l l c i u m  a n d

n r o g r r o t r u m  A l l  o f  l h o  r n s t o l l i c

c  o  t  i  o  r r 5  o l h € r  l h l n  t h g  a l k o l l

m o t [ 1 1  a l s o  c l u t e  h l f d n o s t .

: ' o ( l I l r n  r r r  w J l 6 t .

5 o c J r r r m  a n d  c a t b o n a l €  o r

b r c a r  l r o n a l o  I n  w a t 6 r ,

N l r r r L r r . r l  c o n t o n t  O t  t h e  l v a t O l

A r i ( ! ! .  o ( : r d  g t n a r ! t l n g  t r l l t ,  o r d
l rce  carbon d iox lda  lowat  rh .  pH.

C  o  I  b  o  n  !  t  t r .  b i c a t b o n a l o t ,
hvdror id6 ,  photph . t6 ,  a l l l ca la : ,
and bora l6  ta isa  tha  PH.

S O d r u m  c d s O r p l r o r r

r a t r o  ( S A R )

R c s r d u r l  a o d a u m
c6rDonata
{ R S C }

Significence

An oxr :o i : rve  boron conten t  w i l l  m6k,a  wr tc r  unau i t lb lc  lo t
i r r r g l t i o n .  W i l c o x  1 1 9 5 6 ,  p .  I  l )  i n d l c 8 t ' d  t h r t  !  b o r o n
co i l con t rd t ion  o f  o r  much ar  1 .O mg/ l  i6  parmht lb ta  loz  la r lCa l lng
!or r l f t rvs  L rops ;  e t  much ! t  2 .O mg/ l  lo r  raml to la?ont  c iopr ;  tnd
as  nruch us  3 .O rng / l  lo r  to lo ren l  c ropr .  Cropt  onr l r i vc  to  bo ton
Inc lude most  doc lduour  t ru l t  lnd  nu t  t ta6  and nrvy  baang;
s rmi lo lo ran t  c ropr  inc ludo mo6t  r tna l l  g ra ln t ,  po ta to t r  and ioma
othor  vogat rb las ,  and co l ton ;  snd  to lc rsn t  c .opa inc lud6 l l la lh .
rnort root vcAatlblaa, lnd tha drta prlm.

Texas  Depar rmrn t  o l  Hec l th  (1977)  d r lnk lno-w. t . r  t t rnd l rd r
rGcommand lho t  wt te f t  con ta in ing  more  th !n  I ,OOO mgl l
d r3 to lved so l id t  no l  ba  u tad  i l  o thOr ,  la r r  m lnarc t l zcd  tupp l l . r  a ra
avo i l lb lo .  For  rn rny  p l r rpor . r  tha  d i t io lv rd -ao l id r  conr rn t  i t  !
mo jor  l im i ta t ion  on  lho  u to  o l  wataa .  A  Olner l l  c l r3 t i l i cs t ion  o l
w8r . r  bapd or r  d l r to lvad- ro l id r  con ton i ,  In  rn0 /1 ,  i r  a r  fo l lowr
(Wrns low and K l r t r r .  1956,  p .  6 ) :  Wr t . r !  con t ! in ing  lc r r  th rn
1 ,OO0 mg/ l  o t  d i r3o lv .d  3o l ld r  ! r .  conr idcr .d  t rcah ;  1 ,OOO ro
3 .OOO m9/1 .  r l igh t lv  t r l ine  ;  3 ,OOO to  lO,OOO mg/ | .  mod. r r t . l y
:a l ine ;  

. lO ,OOO to  35 .OOO mg/ | ,  v r ry  ra l inc ;  and moro  than 35 ,OOO
m O / | ,  b f r n o .

Congumss soap b€ lg r€  a  la th . r  w i l l  lo rm,  Otgos i r  ro lp  curd  on
ba ih tub3.  Ha.d  watar  lo rmr  rc r l r  In  bo l la r i ,  wr ta?  ha l ta r r .  and
p ipr r .  Hsrdnor r  aqu lv r l .n t  to  lh .  b lc l tbonat8  and c . rbonr ta  l t
co l l sd  corbonot .  ha tdnar i .  Any  ha tdn6r  ln .xcar i  o l  th la  13
cs l lod  non c l rbonat .  hardn . r t  Wr t r r r  o f  h l rdn . ' r  up  io  60  mCl
6 . .  conr idor .d  ro t t ;51  to  120 mgL/ I ,  modr r r to ly  hcrd ;  l2 l  ro
180 mg/1 ,  l ro td ;  tnor .  than 180 m9, /1 .  v . rV  ha ld .

A  rs r io  to r  ro i l  . x t rac t0  rnd  l r r lga l lon  watar t  u rad  to  axor .a r  tha
re la t i vo  scr iv i t y  o l  rod ium lonr  ln  axch!n0 .  ra lc t lonr  w l th  lo l l
(U .S.  Sa l in i ty  Labora to .y  Sra t f ,  1954,  9 .72 ,  1 ! t6 ) .  Oo l in .d  by
t h a  f  o l l o w i n g  o q u a l i o n  ;

N a r
s A R  -  - .

Wl rero  Na.  Ca .  and MO ioprcaent  tha  conc .n t . r t ion t  In
mi l l iequ ivd l .n$  pa .  l i to r  (m. / l l  o f  th .  ?arpac t l rn  ionr -

Ar crlclum end rnlgnalluri Draclpllata ar catbonlt.t In fha rolt,
tho rol6rivo proportion ol rodlum In tha wlt i la incraaaad
(Eaton ,  195O,  9 .  123-133) .  Det lnod bV th .  to l low lng .gu . t lon :

R S C -  ( C O 1  +  H C O | - )  - ( C r + + + M g + + l

rv l rc rc  CO,  
" ,  

HCOr ' .  Cgt+  end Mg++ rcpr lon t  tha  concant ra t lon l
in  mi l l i i qu lv r lan t r  par  l l t . r  (ma/ t )  o f  d ro  r ;p rc t l v r  lonr

Ind icar r r  dcar . .  o l  m inar r l i ra t lon .596q l f le  conduct rnca  l r  a
rflrasura of lha ctpacity of tha walar to conducl an alacttlc

cur r .n t .  v r r ia !  w l th  conc .n t r . i lon  rnd  dagtaa  o f  lon l r r t lon  o l
tho  conat i tuant3 .

A pH of 7.O ladlcatn n.rrtft l l tv ot . rolutlon. v.luo| hlghat th.n
7.0 d.not. inca.icrtne altatlolty; gtltJ.t lo$/!t rhln 7.O Indlcata

incr.ailng .cldlty, pH lr a matrut. ol tha .cllvlty ot t 'ha
hvdrog.n lon.. Corroohna$ of wotl gan.rrllY lncroarrt wltlr
dlcra!3ing ptt Howayrr, axcGEllrraly alkallno watrait mav rlro

o t t rc& m. !ah"  The T . tac  O.psntnen l  o t  H . . l th  (1977t

rocommondr ! pH eraotar thrn 7.

S  p o c  i f  r c

c o n ( l u c  l a n c e
( r n r c r o r n l r o r  a t  2 L "  C  I

l l V d r o g . n  i o n

c o n c € n t r a l i o n  ( 9 H )
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cha rac te r i s t i c s ,  i nc l ud ' i r r g  co lo r ,  t as te ,  odo r ,  t u rb i d i t y ,  and  t empera tu re ;

and  t he  chem ica l  cons t i t uen t s "  Ha te r -qua f  i t y  p rob lems  assoc ' i a t ed  w i t h  t he

f i r s t  two  sub jec t s  can  usua l l y  be  a l l ev i a ted  economica l l y .  The  neu t ra1 i za t ' i on

o r  r emova l  o f  mos t  o f  t he  unwan ted  chem ica l  cons t i t uen t s  i s  usua l l v  d ' i f f i cu l t

and  o f ten  ve ry  cos t l y .

To ta l  d i sso l ved -so l i ds  con ten t ' i s  usua l l y  t he  ma in  f ac to r  wh i ch  l im i t s  o r

de te r "m ' i nes  the  use  o f  g round  wa te r .  l ^ l i ns low  and  K is te r  (1956)  used  an  exce l -

1en t ,  and  ve ry  app l i cab le ,  gene ra l  c j ass ' i f i ca t i on  o f  wa te r s  based  on  t he

d i sso l ved -so l ' i d s  concen t ra t i on  i n  pa r t s  pe r  m i l l i on  (ppm) .  The  c l ass i f i ca t i on

i  s  as  fo l  I  ows :

Desc r i  p t i  on

F resh
S1  i  gh t l y  sa l  i  ne
Modera te l y  sa1  i  ne
Very  sa1  i  ne
Br i  ne

D i  sso l  ved -so l  i  ds  con ten t
(ppm)

Less  than  I ,000
1  ,000  to  3 ,000
3 ,000  to  10 ,000

10 ,000  to  35 ,000
More  than  35 ,000

I n  r ecen t  yea rs ,  mos t  I abo ra to r i es  have  begun  repo r t i ng  ana l yses  i n  m i1 I ' i g rams

pe r  l i t e r  (mg / l ) ' i n s tead  o f  ppm.  These  two  un j t s ,  f on  p rac t i ca l  pu rposes ,  a re

i den t i ca l  un t i l  t he  d i sso l ved -so l i ds  concen t ra t i on  o f  wa te r  r eaches  o r  exceeds

7  ,000  un i  t s  (ppm o r  mg /  I  )  .  The  concen t  ra t ' i  ons  o f  chemj  ca l  cons t ' i  t uen t  s

repo r ted  i n  t h i s  nepo r t  a re  ' i n  mg / ' l  .  A l l  o f  t he  chem ica l  concen t ra t i ons  a re

be low  7 ,000  mg / l ;  t he re fo re ,  t he  un i t s  a re  i n t enchangeab le .  Fo r  mo re  h i gh l y

m jne ra l i zed  wa te rs ,  a  dens i t y  co r rec t i on  shou ld  be  made  us ing  t he  f o l l ow ing

fonmu l  a :

parts per mi i l ion = f f i
the  water
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Pub l i c  Supp l y .  As  t he  f i r s t  s t ep  ' i n  se t t i ng  na t j ona l  s t anda rds  f o r

d r i nk i ng  wa te r  qua l i t y  unde r  t he  p rov i s i ons  o f  t he  Sa fe  D r i nk i ng  i , / a t e r  Ac t  o f

I 974 ,  t he  U .S .  Env inonmen ta l  P ro tec t i on  AgencV  (EPA)  ' i s sued  d r  i nk i ng  wa te r

negu la t i ons  on  December  10 ,1975 .  These  s tanda rds  app l y  t o  a l l  o f  t he  pub l i c

wa te r  sys tems  o f  Texas  and  became  e f f ec t j ve  June  1977 .  The  respons ib i l i t y  f o r

en fo rcemen t  o f  t hese  s tandards  was  assumed  by  the  Texas  Depar tmen t  o f  Hea l th

on  Ju l y  1 ,  1977 .  M jno r  r ev i s i on  o f  t he  s tanda rds  became  e f f ec t i ve  on  November

30 ,  1977 .

As  de f i ned  by  the  Texas  Depan tmen t  o f  Hea l th ,  mun ' i c i pa l  sys tems  a re  c lass ' i f i ed

as  fo l  I  ows :

l .  A  "pub l i c  wa te r  sys tem"  i s  any  sys tem fo r  t he  de l i ve r y  t o  t he  pub l i c

o f  p i ped  wa te r  f o r  human  consump t i on ,  i f  such  a  sys tem has  f ou r  o r

mone  senv i ce  connec t i ons  o r  r egu lan l y  senves  a t  l eas t  25 ' i nd i v i dua l s

da i l y  a t  l eas t  60  days  ou t  o f  t he  yea r - .

2"  A  "communi ty  water  sys tem"  is  any  sys tem wh ich  serves  a t  leas t  four

or  more  serv ice  connect ions  or  regu la r ly  serves  25  permanent - type

res iden ts  fo r  a t  l eas t  i 80  days  per  year .

3 .  A  "non -commun ' i t y  wa te r  sys tem"  i s  any  pub l i c  wa te r  sys tem wh i ch ' i s

not  a  communi ty  water  system.

s tandards  wh ich  re la te  to  mun ic ipa l  suppr ies  a re  o f  two  types :  (1 )  p r imar .y

and (2 )  secondary .  Pr imary  s tandards  are  devoted  to  cons t ' i tuen ts  and
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r egu la t i ons  a f f ec t ' i ng  t he  hea l t h  o f  consumens .  Secondany  s tandands  a re  t hose

wh i  ch  dea l  w i th  the  es the t i  c .  qua i  j + - j  es  o f  d r i  nk i  ng  wa ten .  Con tami  nan ts  fo r

wh ich  secondary  max ' imum con tamjnan t  l eve l s  a re  se t  i n  t hese  s tandards  do  no t

have  a  d ' i r ec t  impac t  on  t he  hea l t h  o f  t he  consumers ,  bu t  t he i r  p resence  i n

excess i ve  quan t i t i e s  may  d i scou rage  t he  use  o f  t he  wa te r "

1 .  P r ima ry  S tanda rds .  P r ima ry  s tanda rds  f o r  d i sso l ved  m ine ra l s  app l y  t o

commun ' i t y  wa te r  sys tems  and  a re  as  fo l l ows :

Con tam ' inan t

A rsen i c  (As )
Ba r i  um (Ba )
Cadmium (Cd )
Ch rom i  um (C ra ;
F luo l i de  (F )
Lead  (  Pb )
Mercu ry  (  Hg )
Se len ium (Se )
S ' i l  ve r  (AS)
N i t r a te  ( as  N03 )
N i t r a te  ( as  N )

Max imum Concen t ra t i on
(mg / l  )

0.05
1 n

0.010
0 .05
4 .0
0"05
0 .002
0 .01
0 .05

45  .0
10 .0

Excep t  f o r  n i t r a te  con ten t ,  none  o f  t he  above  con tam inan t  l eve l s  f on  t ox i c

m ine ra l s  app l i es  t o  non -comrnun i t y  wa te r  sys tems .  The  max imum o f  i 0  mg /1

n i t r a te  as  n i t r ogen  (abou t  45  mg / l  n i t r a te  as  N03 )  app l i es  t o  commun i t y  and

non -commun i t y  sys tems  a l i ke .  Wa te r  hav ' i ng  a  concen t ra t i on  o f  n i t r a te  ( as  N03 )

i n  excess  o f  45  mg / l  poses  a  po ten t i a l  hea l t h  haza rd .  A  h i gh  concen t ra t i on  o f

n i t na te  i s  an  i nd j ca t i on  o f  o rgan i c  decompos i t i on ,  usua l l y  w ' i t h i n  t he  sou rce

we l l .  S teps  shou ld  be  t aken  t o  i den t i f y  and  rec t i f y  t he  sou rce  o f  t he  con tam i -

na t i  on .
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Max ' imum con tam inan t  l im j t s  f o r  o rgan i c  chem ica l s ,  as  spec ' i f i ed ,  app l y  t o

commun i t y  wa te r  sys tems  and  a re  as  fo l l ows :

Const ' i tuen t

1 .  Ch l  o r i  na ted  hyd roca rbons :

End r i  n  (  1 ,2  03 ,4 ,10 ,  10 -
hexach l  o ro -6 ,7  , - epoxy  - I  , 4 , 4a ,
5  06  , 7  , 8 ,8a -oc tahydno -1 ,4 -endo ,
endo -5 ,8 -d imen thano  nap tha l  ene )  .

L i  ndane  (  1 ,2 ,3 ,4 ,5 ,6 -hexach l  o ro -
cyc l  ohexene,  gamma i  somer)  .
Me thoxych l  o r ^  (  1 ,1  ,1 -T r i  ch l  o ro -
2 ,z -b i s  (p -me thoxypheny l  I  e thane) .

Toxaphene  (C  toH  roC l  g  -  Techn i  ca l
ch l  o r i  na ted  camphene  

"  
67 -69

pe rcen t  ch lo r i ne ) .

2 .  Ch l  o rophenoxys :

2 ,4 -D  (  2 ,4 -D i  ch1  o rophenoxyace t i  c

Maximum
Concen tna t i  on

(mg /  1  )

0.0002

0 .004

0 .1

0 .005

. 1
ac id ) .

2 ,1  , 5 -TP  S i  I  vex  (  2 ,4  , 5 -T r i  ch l  o ro -  . 001
phenoxyp rop ion ' i c  ac i d )  .

Max imum leve l s  f o r  co l i f o rm  bac te r i a ,  as  spec i f i ed  by  t he  Texas  Depa r tmen t  o f

Hea l t h ,  app l y  t o  commun i t y  and  non -commun i t y  wa te r  sys tems .  The  l im i t s

spec ' i f i ed  a re  bas i ca l l y  t he  same  as  i n  t he  1962  U .S .  Pub l i c  Hea l t h  Se rv i ce

S tanda rds  wh i ch  have  been  w ' i de1y  adop ted  i n  mos t  s t a tes .

I n  add i t i on  t o  t he  pnev ious l y  s t a ted  requ i remen ts ,  t he re  a re  a l so  s t r i ngen t

ru l es  rega rd ing  gene ra l  samp l i ng  and  t he  f r equency  o f  samp l i ng  wh i ch  app l y  t o

a l l  pub l i c  wa te r  sys tems .  Ac id i t i ona l l y ,  commun j t y  wa te r  sys tems  a re  sub jec t

t o  r j g i d  r ad io ' l og i ca l  samp l i ng  and  ana l y t i ca l  r equ i remen ts .
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2 .  Secondary  S tandar_d ! .  Recommended  secondary  s tandards  app l i cab le  to

a l  I  pub l  i  c  wa te r  sys tems  a r "e  g i  ven  i  n  t he  fo l  I  ow i  ng  tab l  e :

Const  i  tuen t

Ch l  o r i  de  (C l  )
Co l  o r
Coppe r  (  Cu )
Cor ros ' i  v i  t y
F l  uo r j  de  (  F )
Foami  ng  agen ts
Hyd rogen  su l f i de  (HzS)  0 .05  mg / l

Max i  mum
I  eve l

300 mg/ l
15  co lo r  un i t s
1 .0  mg/ l
non-co rros ' i  ve
2 .0  ng l1
0 .5  mg/ l

I  r on  (  Fe )
Manganese  (Mn)
0do r

pH
Su l  f a te  (  SOa)
D i sso l ved  So l i ds
T tnc  (Zn )

0 .3  mg / l
0 .05  mg / l
3  Th resho l  d  Odor

Numbe r
>7 .0
300  mg / l
1 ,000  mg / l
5 .0  mg / l

The  above  secondary  s tandards  a re  recommended  l im i t s ,  excep t  f o r  wa te r  sys tems

wh ' i ch  ane  no t  i n  ex i s t ence  as  o f  t he  e f f ec t i ve  da te  o f  t hese  s tanda rds .  Fo r

wa ten  sys tems  wh ich  a re  cons t ruc ted  a f te r  t he  e f fec t i ve  da te ,  no  sou rce  o f

supp ly  wh ich  does  no t  mee t  t he  recommended  secondary  s tandar^ds  may  be  used

w i t hou t  w r i t t en  appnova l  by  t he  Texas  Depa r tmen t  o f  Hea l t h .  The  de tenm in ing

fac to r  w i l l  be  whe the r  t he re ' i s  an  a l t e rna te  sou rce  o f  supp l y  o f  accep tab le

chem ica l  qua ' l i t y  ava i l ab le  t o  t he  a rea  t o  be  senved .

A f t e r  Ju l y  l ,  7977  f o r  a l l  j n s tances  i n  wh i ch  d r i nk i ng  wa ten  does  no t  mee t  t he

necommended  l jm i t s  and ' i s  accep ted  f o r  use  by  t he  Texas  Depa r tmen t  o f  Hea l t h ,

such  accep tance  i s  va l i d  on l y  un t i l  such  t jme  as  wa te r  o f  accep tab le  chem ' i ca l

qua l i t y  can  be  made  ava i l ab le  a t  r easonab le  cos t  t o  t he  a rea  i n  ques t i on  f r om

an  a l t e rna te  sounce .  A t  such  t ime ,  e ' i t hen  t he  wa te r  wh i ch  was  p rev ious l y

accep ted  wou ld  have  t o  be  t nea ted  t o  l owen  t he  cons t i t uen t s  t o  accep tab le

l eve l s  o r  wa te r  wou ld  have  t o  be  secu red  f r om the  a l t e rna te  sou rce .
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Domes t i  c .  I dea l

f ree  o f  con taminan ts

l y ,  wa te rs  used  fo r  ru ra l  domes t i c  purposes  shou ld  be  as

as  those used f  o r  mun ' i  c ' i  pa1  purposes  ;  however ,  th  j  s  j  s  no t

econom ' i ca ' l 1y  poss ib l e "  A t  p resen t ,  t he re  a re  no  con t ro l  s  p l aced  on  pn ' i va te

domes t i c  o r  l i ves tock  we l l s .  I n  gene ra l ,  t he  chem ica l  cons t i t uen t s  o f  wa te r

used  f o r  domes t i c  pu rposes  shou ld  no t  exceed  t he  concen t ra t i ons  shown  i n  t he

fo l l ow ing  t ab ' l e  excep t  i n  t hose  a reas  whe re  more  su i t ab le  supp l i es  a re  no t

ava i  l ab le  (Texas  Depa r tmen t  o f  Hea l t h "  1977 ) :

Subs  t  ance

Ch l  o r i  de  (  C t  I
F l  uo r j  de  (  F )
I r on  (  Fe )
Manganese  (Mn)
N ' i t na te  (as  N )
N j t r a te  ( as  NOt )
Su l  f a te  (  SOa)
D i  sso l  ved  so l  i  ds

Concent rat  i  on
(mgl l  )

300
4 .0
0 .03
0 .05

10
45

300
1 "000

Many  a reas  o f  sou th -cen t ra l  Texas  do  no t  have  and  canno t  ob ta in  domes t i c  wa te r

supp l i es  wh i ch  mee t  t he  above  recommended  s tanda rds ;  howeve r ,  supp l i es  wh i ch

do  no t  mee t  t hese  s tanda rds  have  been  used  f o r  l ong  pe r i ods  o f  t ime  w i t hou t

any  appa ren t  i l l  e f f ec t s  t o  t he  use r .  I t  ' i s  no t  gene ra l ' l y  r ecommended  t ha t

wa te r  used  f o r  d r i nk i ng  pu rposes  con ta i n  mone  t han  a  max jmum o f  2 ,000  mg /1

d ' i s so l ved  so f  i ds ;  howeve r ,  wa ten  con ta j n i ng  somewha t  h ' i ghe r  m ine ra l  concen t ra -

t ' i ons  has  been  used  whe re  wa te r  o f  be t t e r  qua l i t y  was  no t  ava j l ab le ,

L i ves tock .  Gene ra l l y ,  wa te r  used  f o r  l i ves tock  pu rposes  i s  sub jec t  t o  t he

same  qua l i t y  l im i t a t i ons  as  t hose  re l a t i ng  t o  d r i nk i ng  wa te r  f o r  numans ;

howeve r ,  t he  t o l e rance  l im i t s  o f  t he  va r i ous  chem ica l  cons t i t uen t s  as  we l l  as

the  d i sso ' l ved -so l i ds  concen t ra t i on  may  be  cons ide rab l y  h i ghe r  f o r  l i ves tock

than  t ha t  wh i ch  j s  cons ide red  sa t i s f ac to r y  f o r  human  consump t i on .  The  t ype  o f
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an ima l  ,  t he  k i nd ' o f  so l ub le  sa l t s ,  anc i  t he  respec t ' i ve  amoun t  o f  so l ub le  sa l t s

de te r "m ine  t he  t o ' l e rance  l jm i t s  (He i1e r ,  1933 ,  p .2? ) .  I n  t he  wes te rn  Un i t ed

S ta tes ,  ca t t l e  may  t o l e ra te  d r i nk i ng  wa te r  con ta j n i nE  nean ' l y  10 ,000  mg / l  o f

d i sso l  ved  so l i ds  p rov id i ng  t hese  wa te rs  con ta ' i n  mos t l y  sod ium and  ch lo r i de

(  Hem,  L910 ,  p .  324 ) .  Wa te r  con ta i  n i  ng  h i  gh  concen t ra t i  ons  o f  su l  f a t e  ane

usua l  1y  cons ' i de red  undes i  i ^ab l  e  f  o r  I  i  ves tock  use .  Many  i  nves t i  ga to r s  r ecommend

an  uppe r  l im i t  o f  d l sso l ved  so l i ds  nea r  5 ,000  mg / l  as  necessany  f o r  max imum

grow th  and  rep roduc t i on .  Hem (1970 ,  p "  324 )  c i t ed  a  pub f i ca t j on  o f  t he

Depa r tmen t  o f  Ag r i cu l t u re  o f  t he  s ta te  o f  wes tenn  Aus t ra l i a  as  necommend ing

the  fo l  l  ow i  ng  max ' imurn  uppe i "  I  j r n i t s  f o r  d i  sso l  ved -so l  i  ds  concen t ra t i  on  j  n

I  i  ves tock  wa te r :

D i  sso l  ved  So l  i  ds  (mg / l  )An i  ma  I

Pou l t r y
Hogs
Horses
Ca t t l  e  ( da i  r y )
Ca t t l  e  (  bee f )
Adu ' l t  sheep

2,860
4 ,?90
A 41tr .
V  ' T J J

7,150
10 ,000
12  ,900

Wate r  hav ing  concen t ra t i ons  o f  chem jca l  cons t ' i t uen t s  i n  excess  o f  t he  Texas

Depa r tmen t  o f  Hea l t h ' s  s t anda rds  may  be  ob jec t j onab le  f o r  many  reasons .  B r i e f

exp lana t i ons  f o r  t hese  ob jec t i onsu  as  we l l  as  t he  s i gn i f i cance  o f  each  cons t i t -

uen t ,  a re  g i ven  ' i n  Tab le  2 "

I r r i ga t ' i on .  The  su i t ab i l i t y  o f  g round  wa te r  f o r  i r r i ga t i on  pu rposes

i s  l a rge l y  dependen t  on  t he  chem ica l  compos i t j on  o f  t he  wa te r .  The  ex ten t  t o

wh i ch  t he  chem ica l  qua l i t y  w i l l  a f f ec t  t he  g row th  o f  c rops  i s  i n  pa r t  de te r -

m ined  by  t he  c l ima te ,  so i1 ,  managemen t  p rac t i ces ,  c rop  g rown ,  dna ' i nage ,  and

quan t i  t y  o f  wa ten  app l  i  ed .
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Pr imary  cha rac te r i s t i c s  t ha t  de te rm ine  t he  su i t ab i l i t y  o f  g round  wa te r  f o r

i r r i ga t ' i on ,  acco rd ing  t o  t he  U"S .  Sa l i n ' i t y  Labo ra to r y  S ta f f  ( 1954 ) ,  a re :

(1 )  t o ta l  concen t ra t i on  o f  so lub ie  sa l t s ,  ( 2 )  r e l a t i ve  p ropon t i on  o f  sod iu rn  t o

o the r  ca t i ons  (magnes ium,  ca l c i um,  and  po tass ium) ,  ( 3 )  concen t ra t i on  o f  bo ron

o r  o the r  t ox i c  e l  emen ts  n  and  (4 )  unde r  some  cond ' i t i  ons ,  t he  canbona te  and

b i ca rbona te  concen t ra t i on  as  re l a ted  t o  t he  concen t ra t i on  o f  ca l c ' i um  and

magnes ium.  These  have  been  t e rmed  respec t i ve ' l y ,  t he  sa l i n i t y  haza r "d ,  t he

sod ium (a l ka l i )  haza rd ,  t he  bo ron  haza rd ,  and  t he  b i ca rbona te  i on  haza rd  (U .S .

Sa l i n i t y  Labo ra to r y  S ta f f , 1954 ,  p .69 -82 ;  W i1cox ,1955 ,  p .11 -12 ;  and  Lye r l y

and  Longenecke r ,  1957 ,  p .  13 -15 )  "

A  h i gh  concen t ra t i on  o f  so lub le  sa l t s  i n  i r r i ga t i on  wa te r  may  cause  a  bu i l dup

o f  sa l t s  i n  t he  so i l .  Sa l i ne  so i l s  dec rease  t he  ab i l i t y  o f  p l an t s  t o  t ake  up

mo is tu re  and  nu t r i en t s  f r om the  so i l  r esu l t i ng  i n  dec reased  y ' i e l ds "  Th i s

sa l i n i t y  haza rd  i s  exp ressed  i n  t enms  o f  spec i f i c  conduc tance ,  measu red  i n

m jc romhos  pe r  cen t . ime te r  a t  25oC  (77 'F ) .  I n  gene ra l ,  wa te r  hav ing  a  conduc -

tance  be low  750  m ic romhos  pe r  cen t ime te r  i s  sa t i s f ac tony  f o r  i r r i ga t i on ;

howeve r ,  sa l t - sens i t i ve  c rops ,  such  as  s t r awbe r r i es  and  g reen  beans ,  may  be

adve rse l y  a f f ec ted  by  i r r i ga t i on  wa te r  hav ing  a  conduc tance ' i n  t he  range  o f  250

to  750  m icnomhos  pe r  cen t ime t . en .  Tab le  5  g i ves  t he  spec i f i c  conduc tance  f o r

se lec t i ve  wa te r  samp les  ana i yzed  w i t h ' i n  t he  s tudy  a rea .

The  phys i ca l  cond ' i t i on  o f  so i l  can  be  adve rse l y  a f f ec ted  by  a  h i gh  concen -

t r a t i on  o f  sod ium re l a t i ve  t o  t he  concen t ra t i on  o f  ca l c i um and  magnes ium i n

i  r r i  ga t ' i on  wa te r .  The  sod i  um haza r "d  i  s  exp ressed  as  the  sod i  um-adso rp t i  on

ra t ' i o  (SAR,  see  Tab le  5 )  wh i ch  i s  t he  measu remen t  o f  t he  re l a t i ve  ac t i v i t y  o f

sod ium i ons  ' i n  exchange  neac t i ons  w ' i t h  so ' i l .  A  h i gh  SAR i n  ' i r r i ga t i on  wa te r
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a f  f ec t s  t he  so ' i 1  by  f o rn i  ng  a  ha r "d  impe rmeab le  c rus t  t ha t  r ^esu l t s  i n  cu l t i va -

t i on  and  d ra i nage  p rob lems"  Unde r  mos t  cond i t j ons ,  i r r i ga t i on  wa te rs  hav ing  a

pe rcen t  sod ium l ess  t han  60  (Tab le  5 )  and  a  l ow  b i ca rbona te  con ten t  a re

p robab l y  sa t i s f ac to r ; r ,  The  sod^ iun  hazand  becomes  p rog ress i ve l y  g rea ten  as  t he

sod jum pe rcen tage  i nc reases  above  60 .

Bo ron  i s  necessa ry  f o r  good  p l an t  g row th ,  bu t  nap id l y  becomes  h igh l y  t ox i c  a t

concen t ra t ' i ons  above  accep lab le  l eve l s "  Max imum to l e rab le  l eve l s  f on  va r i ous

c rops  range  f r om 1 "0  t o  3 "0  mg / l  (Sco f i e l d ,  1936 ) .  H igh  concen t ra t i ons  o f

bo ron  a re  no t  known  to  oe  a  p rob lem w i t h i n  t he  s tudy  reg ion .  Consu l t  Tab le  2

fo r  spec ' i f i c  c rops  and  t he i r  uo le rance  ranges .

A  concen t ra t i on  o f  b i ca rbona te  i n  i r r i ga t i on  wa te r  o f t en  causes  ca l c i um and

magnes ium ca rbona te  t o  p rec . i p i t . a t e  f r om so lu t i on  upon  d r y i ng ,  wh i ch  resu l t s  i n

an  i  nc rease  i  n  t he  p ropo r i ' i c , rn  o f  sod i  um i  n  so l  u t i  on .  The  e f  f ec t  o f  h i  ghe r

p ropo r t i ons  o f  sod ium has  t r een  p rev ious l y  d i scussed .  | ^ Ja te r ^  con ta i n i ng  1 .24  t o

2 .5  ne /1  (m i11 iequ ' i va l en t " s  pe r  l i t e r )  o f  r es i dua l  sod ium canbona te  a re

cons ide red  marg ina l  and  t hose  con ta i n i ng  gnea ten  t han  2 .5  ne /1  pnobab l y  a re  no t

su i t ed  f o r  i r r i ga t i on  use  (h l i l cox ,  1955 ) ,

I ndus t r i a l  .  Chen r i cc t  oua l i t v  s t anda rds  f on  q round  wa te r  used  f o r  i ndus -

t r i a l  pu rposes  va ry  g rea t l y  w i t h  t he  t ype  o f  i ndus t r y  u t i l j z ' i ng  t he  wa te r .

The  p r ima ry  conce rn  w i t i i  many  i ndus t r i es  i s  t ha t  t he  wa te r  does  no t  have

cons t j t uen t s  t ha t  ane  co r ros i ve  o r  sca le - f o rm ing "  A l so  o f  conce rn  a re  t hose

m inena l s  t ha t  a f f ec t  co lo r ,  odo r ,  and  t as te ;  t he re fo re ,  wa te r  w i t h  a  h i gh

con ten t  o f  d i sso l ved  so l j ds  j s  usua l l y  avo ided .  Tab le  2  l i s t s  t he  e f f ec t  t ha t

mos t  o f  t he  m ine ra l s  have  on  i ndus t r i a l  usage .
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l l ea tmen t  o f  Wa te r .  When  g round  wa te r  does  no t  mee t  spec i f i c  requ i remen ts

fo r  usageo  va r ious  me t ,hods  o f  t rea tmen t  can  be  imp lemen ted  to  a l t e r -  t he

chem ica l  compos i t i on .  Such  t r ea tmen ts ' i nc l ude  so f t en ing ,  ae ra t i on ,  f i l t r a t i on ,

coo l i ng ,  d i l u t j on ,  t he  add j t i on  o f  chem ica l s  and  reve rse  osmos ' i s .  The  t ype  o f

t rea tmen t  i  s  dependen t  on  the  pa r t i  cu l  a r  p rob l  em;  however ,  t he  p r ^ imary  l  im . i t . i ng

fac to r  i s  economics .

Add i t iona l  Terms Def ined

Not  d iscussed  in  the  p rev ious  sec t ion  bu t  never - the ress  per t inen t  to  th i s

repor t  a re  te rms  tha t  necess i ta te  de f in i t i on .

I n  an  uncon f i ned  aqu i f e r ,  t o t a l  s t o rage  o r  unde rg round  resenvo jn  capac i t y  i s

the  vo lume o f  g round  wa te r  occupy ing  vo id  spaces  i n  the  r -ock  wh ich  can  be

recove red  by  g rav i t y  d ra i nage .  I n  a  con f i ned  aqu i f e r ,  t o t a l  s t o r -age  i nc l udes

the  a r t ' es i an  (p ressu re )  s t o rage  and  wa ten  s toned  j n  t he  po re  spaces  o f  t he

wa te r -bea r ing  fo rma t ion "  Wate r  may  be  w i thd rawn  f rom s tonage  a t  a  ra te

g rea te r  t han  t he  e f f ec t i ve  recha rge .  Unde r  t h i s  cond i t i on ,  wa te r  l eve l s  w i l l

dec l i ne ,  s t o rage  w j11  dec rease ,  and  i f  con t i nued ,  necove rab le  s to rage  w i l l  be

dep le ted ,  bu t  on l y  i f  su f f j c j en t  amoun ts  o f  adequa te l y  l oca ted  we l l s  a re

es tab l i shed  t o  w i t hd raw  the  wa te r .
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GENERAL GEOLOGY OF I^JESTERN HAYS COUNTY AND THE
WATER.BEARING UNITS OF THE TRIN iTY  GROUP AQUIFER

Sed imen ta ry  rocks  o f  t he  Cne taceous  and  Qua te rna ry  sys tems  occu r  on  and

jmmed ia te l y  be low  the  l anc j  su r face  i n  wes te rn  Hays  Coun ty .  The  Cne taceous  age

s t ra ta  a re  unde r l a i n  by  o l de r  basemen t  r ocks  o f  Pa leozo i c  age  t ha t  we re

de fo rmed  and  me tamorphosed  in  p ' l aces  and  exposed  to  subaen ja l  e ros ion  (Ba rnes ,

1948 ) .  A t  t he  beg inn ing  o f  t he  C re taceous  Pe r i od ,  t he  Pa leozo i c  s t r a ta  i n  t he

s tudy  a rea  fo rmed  an  enoded ,  uneveno  and  fau l ted  su r face  known  as  the  Comanche

she l f  t ha t  s l oped  sou theas twa rd  t h rough  wha t ' i s  now  Hays  Coun ty  away  f r om the

up l ' i f t ed  L l ano  a rea  (Ashwor th ,  1983 ) .  I t  was  upon  t h i s ' i r r egu la r

p re -C re taceous  su r f ace  t ha t  i he  T r i n j t y  G roup ,  t he  wa te r -bea r i ng  f o rma t ' i ons

cove red  ' i n  t h i  s  s t udy ,  we re  depos i t ed  (Tab l  e  1 )  .

The  en t i r e  depos i t i ona l  h i s t o r y  o f  t he  T r i n ' i t y  G roup ' i s  t ha t  o f  a  l andward

t ransg ress ' i on  o f  t he  sea  f r om the  sou theas t , ' i n t e r rup ted  by  sho r t  seaward

reg ress ' i ons .  The  rocks  o f  t he  L l ano  Up f  i f t  Reg ion  we re  t he  p r ima ry  sou rce

o f  t he  sed ' imen ts  depos i t ed  du r ^ i  ng  t h i  s  pe r i od .  The  T r i n i t y  G roup  sed imen ts

we re  depos ' i t ed  i n  wedge -1 i ke ,  ove r l app ing  sequences  t ha t  t h ' i c ken  sou theas twa rd

and  p ' i nch  ou t  on  the  L l  ano  up l  i  f t  due  to  the  p re -Cre taceous  topograph ' i c  h i  gh

and  e ros iona l  t r unca t i on  (Ashwor th ,  1983 ) .

The  eas te rn  pon t i on  o f  t he  s tudy  anea  i nc l udes  pa r t  o f  t he  Ba l cones  Fau l t  Zone .

Th i s  zone ' i s  compr i sed  o f  numerous  f au l t s ,  mo re  o r  l ess  pana ' l 1e1  t o  one

ano the r ,  wh i ch  s t r i ke  gene ra ' l 1y  no r t h -no r t heas twa rd .  Some  o f  t hese  f au l t s  ac t

as  g round -wa te r  ba r r i e r s  wh i ch  con t ro l  gnound -wa te r  movemen t  j n  t he  d i nec t i on

o f  t he  s t r i ke  o f  t he  f au l t s .  O the r  f au l t s  may  t r ansm i t  wa te r ,  pa r t i cu l a r l y
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whene  the  G len  Rose  Fo rma t ion  i s  i n  con tac t  w i th  the  Edwards  and  assoc ' i a ted

I  imes tones  (Ashwor th ,  1983 )  .

f he  T r i n ' i t 3 r  f i peyp  o f  C re taceous  age  i s  t he  mos t ' impo r tan t  wa te r -bea r i ng  un i t

. i n  wes te rn  Hays  Coun ty .  I t  c rops  ou t  wes t  o f  t he  Ba lcones  Fau l t  Zone  wh ich  i s

de l i nea ted  sou theas t  o f  W imben ley  by  t he  H idden  Va l l ey  Fau l t  and  eas t  o f

Dr i f twood  h ry  the  Tom Creek  Fau l t  t ha t  i s  con t ' i nuous  w i th  the  Moun t  Bonne l  I

Fau l t  (F j gu re  2 ) .  I n  t he  eas te rn  po r t i on  o f  Hays  Coun ty ,  t he  T r i n i t y  G roup  i s

ove r l a i n  by  t he  younge r  r ocks  o f  t he  Edwards  and  assoc ja ted  l imes tones ,  a l so  o f

Cne taceous  age "  The  T r i n i t y  G roup  i s  d ' i v i ded  i n to  two  s t r a t i g raph i c  un i t s :

t he  o l de r .  T rav i s  Peak  Fo rma t ' i on  anc l  t he  younge r  G len  Rose  Fo rma t i on  (Tab le  1 ) .

I n  wes te rn  Hays  Coun ty ,  t he  T rav j s  Peak  Fo rma t i on ' i s  composed  o f  f i ve  members

f r - om o ldes t  t . o  t he  yc ,unges t . :  ( 1 )  Hoss ton  Sand "  ( 2 )  S l i go  L jmes tone '  ( 3 )  Cow

Creek  L jmes tone ,  and  (4 )  Hense l l  Sand  wh i ch  changes  downd ip ,  and  becomes

(5 )  t he  Bexa r  Sha le .  The  Hamine t t  Sha le ' i s  an  aqu i c l ude  wh i ch  i s  above  t he

S l ' i go /Hoss ton  members "  Ove r1y ' i ng  t he  T rav i s  Peak  Fo rma t i on ' i s  t he  G len

Rose  Fo rma t j on  wh i ch  i s  d i v i ded  i n to  t he  Lowen  and  Uppe r  G len  Rose  members

(Tab le  1 ,  S t ra t i g raph i c  Un i t s )  "  Toge the r  t hese  geo log i c  wa te r -bea r i ng  rocks

make  up  a  i eaky  aqu i f e r  sys ten r  ca l l ed  t he  T r i n i t y  G r  oup  aqu i f e r .

The  T l i n ' i t y  Group  aqu ' i f e r  i  s  sepa ra ted  i  n to  the  Lower ,  M idd l  e ,  and  Upper

T r i n i t y  aqu i f e r s  (Tab le  1 ,  Hyd ro log i c  Un i t ) .  Each  o f  t hese  aqu i f ens  has  a

cha rac te r i s t ' i c  hyd ros ta t i c  p ressu re  head  o r  wa te r  l eve l .  The  Lower  T r i n i t y

aqu i f e r  has  t he ' l owes t  hyd ros ta t i c  head  wh i l e  t he  M jdd le  and  Uppe r  T r i n i t y

aqu ' i f e r s  have  respec t i ve l y  h i ghen  heads "  F rom a  g round -wa te r  hyd ro log i c

pe rspec t i ve ,  t h i s  can  be  i n te rp re ted  to  mean  tha t  g round  wa ten  moves  a t  a
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ve ry  s l ow  ra te  downward  t h rough  t he  i ow-pe rmeab le  i t r a i a  ( aqu i t a rds )  t o

aqu i f e r s  benea th "  Tn i s  j s  a  sem ' i - con f i ned  and  o r ' l eaky  aqu i f e r  sys tem.

In  o rde r  t o  i den t i f y  t he  h . yd ros ta t i c  head  cha rac te r i s t ' i c  o f  each  aqu i f e r ,

wa te r  we l l s  mus t  be  p rope r ' 1 . v  cased ,  cemen ted ,  and  comp le ted  a t  t he  pnoper  dep th

i n te r va l  t o  p rope r l y  r eo resen t  t he  dep th ' i n t e r va l  and  head  o f  t he  aqu i f e r .  Fo r

examp le ,  wa te r  we l l s  57 -56 -902  and  58 -49 -509  a re  repon ted  to  be  cased  to  700

and  685  fee t  respec t i ve l y  and  have  open  ho le  comp le t i on  to  to ta l  dep ths  a t

1 ,000  and  1 ,060  f ee t  r espec t . i ve l y  (Tab le  3 ) .  The  wa te r  l eve l s  o f  t hese  two

we l ' l s  a re  l owe r  t han  o the r  wa te r  l eve l s  i n  t he  a rea  and  rep resen t  t he  hyd ro -

s ta t i c  p ressu re  head  o f  t he  Lower  T r i n i t y  aqu i f e r  composed  o f  t he  Hoss ton  Sand .

Fu r the r  i nspec t i on  o f  Tab le  3  i nd j ca tes  t ha t  mos t  o f  t he  we l l s  l i s t ed  a re  open

ho le  comp le t i on .  Th i s  i s  un fo r t una te  s i nce  i t  i s  no t  poss ib l e  t o  d i f f e ren t i a te

the  heads  o f  t he  t h ree  T r i n i t y  G roup  aqu i f e r s  f r om the  wa te r  l eve l s  measu red

du r i ng  t h i s  i nves t i ga t i on .  One  can  on l y  assume  tha t  i n  t he  case  o f  an  open

ho le  comp le t i on  t he  wa te r  l eve l  measu red  rep resen ts  t he  sha l l owes t  aqu i f e r

encoun te red  and  t ha t  t he  aqu i f e r ( s )  des ' i gna t i on  mus t  depend  on  we l l  dep th  on1y .

Unde r  t he  wa te r -bea r . i ng  p rope r t i es  i n  Tab le  1 ,  we l l  y i e l ds  a re  ra ted  acco rd ing

to  t he  f o l  1  ow i  ng :

Y i  e l  d
Descr  i  p t i  on  (  ga l  I  ons  per  m i  nu te )

Very smal  1
Sma l  I
Mode  ra te
La  rge

0-  5
5-  20

20 -  100
l4ore  than 100

35



' f a b l e  
5 " - - R e l a t l o n s h l p  o f  f l e l  I  C o m p l e t l o n ,  D e p t h ,  a n d

l {a fe r  Leve l  ln  the  Tr ln l i y  Group Aqu l fe r

Aqu l fe rs :  Kce,  Edvards  and Assoe la ted  L l rnes tones ;  Kc f ,  T r ln l ty  Group;  Kcar ,  G len  Rose L lmestone;

Kcgru ,  upper  member  o f  the  Glen  Rose L lmestone;  Kcgr l ,  lo re r  member  o f  tha  Glen  Rose

L lmestone;  Kche,  Hense l l  Sand Msrbar  o f  the  Trav ls  Peak Format lon ;  Kccc ,  Cos  Creek  L lmestone

Member  o f  fhe  Trav ls  Peak Format lon ;  Kcs ,  S l lgo  L lmestone Mernber  o f  the  Trav ls  Peak

Formaf lon ;  Kcho,  Hoss ton  Sand Member  o i  the  Trav ls  Peak Format lon

:  E l eva t f on  Above  Sea  L€ve l  l  h l e l  I  l

l n  Feet

:  l {e l  I

:  DeDth :

:  Land : : Bottom : In :

W e l l  :  S u r f a c e : W a t o r L e v e l :  l J e l l  :  F e e t  :  A q u l f e r  :  A r € a  : C o m p l e t l o n

51-55-401 1 ,321 1 ,058 867 460 Kcar l ,Kche Hen ly  Csg se t  f rom

+2-4601

6 0 1  I , l J O  1 , 0 0 8  7 9 0  1 4 0  K c g r l , K c h e  H e n l y

Kccc

6 0 1  1 , 5 1 0  I  ' 0 f 8  8 9 0  4 8 0  K c g r l , K c h e  H o n l y  O p e n  h o l e

troen 22O-4801

5 6 - f 0 l  1 , 2 5 0  9 5 0  1 5 0  5 0 0  K c g r , K c h e  N o r f h  o f  D r l p p l n g  0 p e n  h o l e

Spr lngs  f ro rn  20-500t

2 0 2  l , l ? 1  I , 0 5 4  ' 1 5 6  
3 6 5  K c g r  N o r f h  o f  o r l p p l n g  o p e n  h o l e

Sprlngs fron 2O-3651

2 0 4  1 , 1 4 ,  9 4 1  6 9 3  4 5 2  K c g r  N o r t h  o f  D r l p p l n g  O p e n  h o l e

Sprlngs fron 44-4521

503 I '180  805 574 606 Kcgr l  Her l tage 0aks  Csg se t  f rom

0-606 r

7 0 2  1 , 0 J 0  9 8 5  6 8 5  9 4 5  K c g r u , K c g r l  S o u t h  o f  D r l p p l n g  0 p e n  h o l e

Sprlngs fron 45-3451

703 1 ,050 956 210 820 Kcgr l ,Kccc  Soufh  o f  Dr lpp lng  S lo f ted  f ro rn

Kcho SDr l  nqs  3  I  5 -690r

704 1 ,065 951 685 J80 Kcgr l  South  o f  Dr lpp lng  Open ho le

Spr lngs  f rom 2BB-580r

9 0 2  l  r 0 l 0  7 2 6  l 0  I , 0 0 0  K c s , K c h o  T v o  m l  l e s  n o r t h  O p e n  h o l a

of Drl f tvood frorn

700-  |  ,000t

65-501 1 '21A 957 645 625 Kct Seven ml I  es norfh- Open hol e

west of l , l lmberley tron 39-6251
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T a b i e  j . - - R e l a t l o n s h { p  o i

l la te r  Leve l  In

W e l l  C ' o m p l e t l o n ,

t h e  T r l  n l t y  F o u p

Depth ,  and

A q u l f e r  *  C o n t l n u e d

W e l l

Land

S u r f a c e

Bottom

Wel  I

l{el I

Depth

l n

Feet Aqu I  fe r Ar€a

Elevat lon  Above See t -eve l
I n Feei

:  Water  Leve l  :

Wel  I

Comp I et l  on

502 1 ,24 |

8 0 1

804

970

I  , 1 6 l

957

923

948

9 1 0

74 t

353

J.J I

820

8  r 0

Kcgr I

Kcgrl rKccc

K c g r l , K c c c

Kcho

Kcgrl rKccc

K c g r l , K c c c

Kcgr |  ,Kccc

Kcgr I

Kcgr I

Kcaru?

Kcgr I

K c g r l , K c c c

Woodcreek

5 6 _ 1 0 0 r ,  f a u l t e d

Woodcreek

f{oodcreek

Woodcreek

l{oodcreek

0pen ho l  e

O p e n  h l e

f rom
'l f-370r 

,
fau  I  ted

Open ho l  e

f ron  2 l -J00r
fau  I  ted

Open ho l  e

from 240-400,

fau  I  ted

J a c o b r s  W e l  | ,

fau  I  ted

Fau I  ted

O p e n  h o l e

from 20-2801

O p e n  h o l e

f r o m  2 0 - 1 9 2 r

Open ho l  e

f rom l9 -287r

O p e n  h o l e

from f2-400t

Seven ml  les  nor th -  Per f .  f rom

rest of Wlmberley 218-320

S l x  m l l e s  w e s t  o f  0 p e n  h o l e

l{fmberfey fron 90-2251

F l v e  m l l e s  n o r t h -  O p e n  h o l €

w e s t  o f  W l m b e r l e y  f r o m  0 - B l 0 l

5 7 - 6 y 9 0 I  I , 0 4 0

9O2 1,025

9 0 1  1 , 0 4 5

9 0 4  1 , 0 0 5

905 930

9 0 7  I , 0 4 0

64-40 I | ,071

6 0  1  t , 0 1 6

7 0 1  I , 0 5 0

Y I I

931

9 ! 4

740

655

745

300

370

280

192

?87

400

60,

500 K c g r l , K c c c lbodcreek

400 Kccc Woodcr6ek

950

9 l o

926

925

939

902

t

797

824

7 4 3

550

500

702 930
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T a b l e  3 . - - R e l a t l o n s h l p  o f

t{ater Level I  n

H e l l  C a n p l e t l o n ,  D € p t h ,  a n d

t h e  T r l n l f y  f o u p  A q u l f e r  -  C o n t l n u e d

I {e l  I

Land

Sur face

Botfom

W e l l

} l e l l

D€pth

l n

Feet Aqu I  fe r Area

Elevat lon  Above Sea Leve l

I n Feet

: tdafer Leve | :

l lel  I

C o m p l e t l o n

104

7 0'l

959

950

109  I , 035

7 t0 |  ,020

8 0 1  1 , l 9 B

58-49-405 9 8 5

4 0 6  1 , 0 1 5

4 0 7  1 , 0  l 4

58-49-509 980

704  I , 04  I

705  1 ,030

706  I , 050

707  I , 09J

909

7 4 4

1  , O 1 2

I  ,008

9 t B

8 1 4

965

966

682

648

'195

758

509

530

9 t 5

820

485

- 8 0

450

400

200

530

I  ,060

5 l l

530

330

193

530

500

700

900

K c g r l , K c c c

K c g r l , K c c c

Kcgr I

Kcgr I

Kcgr I

Kcgr

Kcgr

Kcgr

Kcs  rKcho

Kcgr I

KcAr I

K c s , K c h o

Kccc ,Kcho?

}loodcreek

l{oodcreek

l{oodcr6€k

l{oodcreek

S k y l  I n e  A c r e s

Nutty Bro*n

Nutfy Brorn

Nutty Brown

H l l l s  o f  T e x a s

Open ho le

from 3O-4501

Open ho l  e

f rom t80-400r

0pen ho l  e

tron 2O-12O1

Open Ho le

20-2001

Open ho l  e

froar

685- l  r0601

Csg set from

+2.2-5001

Per f .  f rom

480-7001

Csg.  se t  f rom

+ I  .5 -900r
f a u l t e d ,

e a s t  s l d e  o f

Mt .  Bonne l  I

f a u l f

Gol denwood l{est

Go ldenwood West

Go ldenwood West

Rad I  ance
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T a b l e  i . * - R e l a t l o n s h i p  o f  l { e l l  C o m p l e t l o n ,  D e p t h ,  a n d

! , je r te ; -  Leve l  ln  the  Tr ln l ty  FouD Aqu l fe r  -  Cont lnued

:  E leva t lon  Above Sea Leve i  :  Wel  i  :  :  :
. .  I n F j g l _ - :  O € p t h  :  :  :

:  Land :  :  Bo f fom :  ln  3  i  :  Wel l

V { e l l  :  S u r f a c e : W a t e r L e v e l :  l { e i l  r  F e e t  :  A q u l f e r  :  A r e a  : C o m o l e t l o n

808 939 111 i19  42O Kcgr  Fr lendsh lp  Church  Open ho le

lron 287-4201

58-57- l0 l  993 940 883 l0 l  Kcgr  Open ho la?

401 965 151 463 500 Kcgr Hays Clty Conrn.

909 8J0 6  14  -20  850 Kce,Kcgr  Ky le

68-08-102 890 7  16  34A 550 Kcar l  rKccc
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CHEMICAL QUALITY OF GROUND WATER FROM THE TRIN ITY
GROUP AOUIFER OF hJESTERN HAYS COUNTY

Ground  wa te r  f rom the  T r jn ' i t y  Group  aqu i fe r  can  va ry  f rom f resh  (as  l ow  as  236

m i l l i g rams  pe r  l i t e r )  t o  s l i gh t l y  sa l i ne  (as  h i gh  as  2 ,273  mg / l )  i n  wes te rn

Hays  Coun ty  (Tab le  4 ) .  A l l  t he  27  we l l s  t es ted  y i e l d  wa te r  t ha t  i s  c l ass i f i ed

ve ry  ha rd  w i t h  ca l c i um ca rbona te  (CaCOr ) .  The  max ' imum handness  no ted ' i n  t h j s

i nves t i ga t i on  i s  f r om we l l  57 -57 -401  wh i ch  t es ted  1 ,739  mg / l  o r  102  g ra i ns  pe r

ga1 ' l on  ha rdness .  By  compar i son ,  we l l  57 -63 -801  has  t he  l owes t  ha rdness  t es ted

o f  2L9  ng / l  o r  13  g r ' / ga l  .  Excess ' i ve  su l f a te  con ten t  occu r ^ red ' i n  11  ou t  o f  t he

27  we l l s  samp led  f o r  ana l ys i s .  The  above  two  we11s  aga in  con ta j ned  t he  max imum

(1 ,400  mg / l  )  and  m in ' imum (2  mS/1  )  su l f a te  con ten t .  F l uo r i de  con ten t  exceeded

pub l ' i c  wa te r  supp l y  s tanda rds  ' i n  s ' i x  we l l s  o f  t he  27  we l l s  t ha t  we re  t es ted

(Tab le  4 ) .  The  chem ica l  qua l i t y  i n  t he  T r i n i t y  G roup  aqu i f e r  can  be  f u r t he r

ana l yzed  acco rd ing  t o  i t s  t h ree  aqu i f e r s ;  name)y ,  t he  Lower ,  M idd le ,  and  Uppe r

T r i n i t y  aqu i f e r s  (Tab1e  1 ) .

The  Lower  T r i n i t y  aqu i f e r  was  pene t ra ted  by  s i x  we l l s  f r om wh i ch  seven  wa te r

samp les  we re  ob ta ' i ned .  Howeve r ,  on l y  t h ree  o f  t hese  we l l s  have  comp le t i on

in te r va l s  so le l y  i n  t he  S l i go  L jmes tone /Hoss ton  Sand  o r  Lower  T r i n i t y  aqu i f e r

(Tab les  2  and  4 ) .  These  a re  we . l l s  57 -56 -902 ,  58 -49 -509 ,  and  58 -49 -706 .  To ta l

d i sso l ved  so l i ds  r anged  f r om 375  t o  1 ,166  mg / l ;  su l f a tes  20  t o  621  ng / l ;  and

ha rdness  343  t o  840  mg / l .  Appa ren t l y ,  t he  va r i a t i on  i n  wa te r  qua f  i t y  occu rs

na tu ra l l y .  Wh i l e  we l l  58 -49 -706  can  be  used  f o r  pub l i c  supp l y "  wa ten  qua l i t y

p rec ludes  t he  use  o f  we l l s  57 -56 -902  and  58 -49 -509  f o r  pub l i c  supp l y  un less

reve rse  osmos ' i s  t rea tmen t  i s  conduc ted .
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The  M idd le  T r i n i t y  aqu i f e r  chem ica l  qua ' l i t y  i s  we l l  r ep resen ted  by  17  samp les

co l l ec ted  f nom the  Lower  G len  Rose ,  Hense l l  Sand ,  and  Cow Creek  members .  t , t e l l

57 -63 -801 ,  l oca ted  abou t  s j x  m i l es  wes t  o f  W imbe r l ey ,  p roduced  t he  bes t  wa te r

t es ted  du r i ng  t he  s tudy .  To ta l  d i sso l ved  so l j ds  con ten t  (TDS)  was  236  mg / . l ,

su l f a te ,2  ng /1  and  ha rdness ,  2L9  mg /1 .  I n  con t ras t ,  we l l  57 -55 -40 i  o f  t he

Hen ley  Bap i i s t  Chu rch  p roduced  wa te r  con ta i n i ng  TDS o f  2 ,273  mg / . | ,  su l f a te  o f

1 ,406  mg / l  ,  f l uo r i de  o f  1 .7  ng /1 ,  and  a  ha rdness  o f  1  , 739  ng /1 .  Ano the r  s i x

we l l s  pnoduced  wa te r  exceed ing  1 ,000  mg / l  o f  TDS .  Seven  we l l s  had  wa te r  w i t h

su l f a te  exceed jng  300  mg /1  and  f l uo r i de  exceed ing  1 .4  mg / l .  I t  can  be  con -

c l uded  t ha t  wa te r  qua ' l i t y  i n  t he  M idd le  T r i n i t y  aqu j f e r  i n  wes tenn  Hays  Coun ty

can  va ry  f r om a rea  t o  a rea .

0n1y  one  wa te r  samp le  was  co l l ec ted  f r om the  Uppe r  T r i n i t y  aqu ' i f e r .  Th i s  was

f rom we l l  57 -56 -401  and  t he  qua i i t y  was  good  w i t h  381  mg / l  o f  TDS ,32  ng / l  o f

su l f a te ,  and  0 .3  f l uo r i de .
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ESTABLISHMENT OF HATER-LEVEL AND WATER-QUALITY
MONITORING PROGRAMS FOR THE TRIN ITY  GROUP AQUIFTR

IN WESTERN HAYS COUNTY

Idea l l y ,  t he  ob jec t j ves  when  es tab l i sh i ng  wa te r - l eve l  and  wa te r -qua l i t y

mon i t o r i ng  we l l  ne two rks  wou ld  be  ana logous  t o  d r i ' l 1 i ng  a  mon i t o r i ng  we l l  unde r

p rede tenm ined  spec i f i ca t i ons  t o  ob ta i n  t he  des i r ed  da ta .  Tha t  i s  t o  say ,

pen t i nen t  c r i t e r i a  i n  such  a  case  wou ld  be :  ( 1 )  we l ' l  dep th ;  ( 2 )  we l l  comp le -

t ' i on  i n t e r va l  and  cemen ted  ( sea led )  i n t e r va l ;  ( 3 )  d r i l l e r ' s  l og ,  geo log i ca l

desc r i p t i ve  1og ,  and  geophys i ca ' l  l ogs ;  ( 4 )  pump ing  t es t  da ta ;  ( 5 )  access ib i l i t y

o f  we l l s  f o r  measu r i ng  wa te r  l eve l s  and  t ak i ng  wa te r  samp les ;  ( 6 )  r e l a t i onsh ip

o f  s t r eamf l ow ,  nechange  a reas ,  geo log i ca l  s t r uc tu re ,  and  a reas  o f  pumpage ;  and

(  7  )  phys i  ca1  access ' i  b i  1  i  t y  t o  t he  we l  I  .  Un fo r tuna te i y ,  t he  cha rac ten i  s t i  cs  o f

r e l a ted  ava i l ab le  da ta  f o r  mos t  o f  t he  ex i s t i ng  wa te r  we l l s  i n  wes te rn  Hays

Coun ty  does  no t  adequa te l y  mee t  t he  des i r ed  we l l  c r i t e r i a  f o r  e f f ec t i ve

mon i t o r i ng  we1  I  ne two rks .

Se l  ec t i  on  o f  Mon ' i t o r i  ng  [ ' / e l  I  s

I n  o rde r  t o  se tup  a  mon i t o r i ng  we l l  ne two rk  i n  wes te rn  Hays  Coun ty ,  ce r t a i n

gu ide l i nes  we re  used  based  on  t he  ava i l ab le  da ta  f r om wa te r  we l l s  i nven to r i ed

du r i ng  t h i s  l im i t ed  s tudy .  These  gu ide f  i nes  we re  emp loyed  du r i ng  t he  se lec t i on

p rocess  t o  p rov ide  t he  bes t  poss ib l e  i n f o rma t i on .  Gu ide l ' i nes  we re :  ( 1 )  we l l

dep th  and  comp le t ' i on  i n te r va l  t o  r ep r ' esen t  spec i f i c  aqu i f e r s ' i f  poss ib l e ,

( 2 )  we l l  l o ca t i on  i n  a reas  o f  cu r ren t  and  p ro j ec ted  pumpage ,  ( 3 ) ' l o ca t i on  o f

we l l  ne twork  to  ob ta in  a rea l  cove rage  o f  aqu i fe rs  i n  wes te rn  Hays  Coun ty ,

( 4 )  ava ' i l ab ' i l ' i t y  o f  h i s t o r i ca l  wa te r - l eve l  and  wa te r -qua l i t y  da ta ,  ( 5 )  p rox i -

m i t y  o f  we '11  l oca t i on  t o  necha rge  aneas  and  geo log i ca l  s t r uc tu res ,  and

(6 )  phys i ca l  access ib i l i t y  t o  t he  mon i t o r i ng  we l1 .  I dea l  cond ' i t j ons  f o r  a
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mon i t o r i ng  we l l  we re  ra re l y  me t  du r i ng  t he  se lec t i on  p rocess ;  consequen t l y ,

t h i s  mus t  be  cons ide red  when  eva lua t i ng  t he  da ta  ob ta i ned .

Wa te r - l eve l  obse rva t i on  we l l s  se lec ted  t o  mon i t o r  t he  g round -wa te r  s t o rage  i n

T r in i t y  Group  aqu ' i f e rs  o f  wes te rn  Hays  Coun ty  ane  no ted  i n  the  "Remanks"  co lumn

o f  Tab le  3 .  Wa te r " -qua l i t y  obse rva t i on  we l l s  a re  no ted  by  an  as te r i s k .

Se l  ec t ' i on  o f  Mon ' i t o r  j  ng  Recorden  We l  I

One  s i t e  was  se lec ted  t o  i ns ta l l  a  wa te r - l eve l  r eco rden .  The  we11 ,  57 -64 -703 ,

i s  open ,  i n  good  cond i t i on ,  and  has  been  l ogged  by  t he  Boa rd ' s  geophys i ca l

l ogg ' i ng  un i t  and  an  au toma t ' i c  wa te r - l eve l  neco rde r  was  j ns ta l l ed  on  t he  we l l .

l . l o r k  w i l l  con t i nue  t o  se lec t  add ' i t i ona l  r eco rden  we l l  s ' i t es  ' i n  t he  T r i n i t v

Group  aqu i fe rs  o f  wes te rn  Hays  Coun ty .
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COMPARISON OF CURRENT AND HISTORICAL
I . IAIER LEVELS AND GROUND-WATER OUALITY

Even  t hough  pumpage  has  i nc reased  due  t o  r es j den t i a l  deve lopmen t  i n  wes te rn

Hays  Coun ty ,  wa te r  l eve l s  i n  we l l s  have  rema ' i ned  essen t i a l l y  s t ab le  i n  many

aneas  ove r  t he  yea rs .  The re  have  been  a reas  show ' i ng  a  ne t  s l i gh t  dec l i ne ,  ye t

t he re  a re  o then  a reas  show ing  s l i gh t  r i ses  i n  wa te r  l eve l s .  W i t h  t he  es ta -

b l i shmen t  o f  a  wa te r - l eve l  mon i t o r j ng  sys tem,  t he  e f f ec t s  o f  pump ing ,  r a . i n f a l l ,

and  seasona l  changes  i n  wa te r  l eve l s  can  be  eva lua ted  f o r "  f u tune  j nves t i qa -

t  i  ons .

The  amoun ts  o f  g round  wa te r  ava i l ab le  f r om the  Uppe r  T r i n i t y  aqu i f e r  o r  Uppe r

G l  en  Rose  L ' imes tone  have  f  I  uxua ted  due  to  g radua l  dec l  i  nes  o f  wa ten  I  eve l  s  ' i n

some  a reas ,  and  conve rse l y  i nc reases ' i n  o the r  a reas  due  t o  r j ses  o f  t he  wa te r

l eve l s .  Con t i nued  pump ing  f r om the  M idd le  T r i n i t y  aqu i f e r  w i l l  a f f ec t  wa te r

l eve l s  i n  t he  uppe r  T r i n i t y  aqu i f e r  due  t o  l eaky  aqu i f e r  cond i t i ons .

Conce rn ing  g round -wa te r  qua f i t y ,  t hene  we re  10  we l l s  samp led  t ha t  had  h i s t on j -

ca l  qua l i t y  da ta  f on  compan i son  (Tab1e  5 ) .  F i ve  o f  t hese  we l l s ;  name ly ,

57 -56 -303 ,  57 -56 -401 ,  57 -63 -501n  58 -57 -909 ,  and  68 -08 - i 03 ;  had  no  s i gn i f . i can t

change  i n  wa te r  qua l i t y .  Howeve r ,  we l l s  57 -55 -603 ,  5z -56 -101  ,  s l - 56 -902 ,

5B -49 -118 ,  and  5B -49 -509 ,  showed  i ncneases  i n  su l f a te ,  t o ta l  d i sso l ved  so l i ds ,

and  ha rdness .
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GROUND-WATER PUMPAGE

An  exam ina t i on  o f  pumpage  da ta  f r om the  D r i pp ing  sp r i ngs  wa te r  supp l y

Conpora t ' i on ,  t he  l ^ l imber ' l ey  l , Ja te r  Supp ly  Corpo ra t i on ,  and  Woodcneek  U t i l i t i es ,

Inc . ,  revea l  t he  rap id  popu la t ' i on  g rowth  o f  wes te rn  Hays  coun ty .

The  Dr ipp ing  Spr ings  I , Ja te r  Supp ly  Conpona t ion  nepon ted  a  to ta l  pumpage  o f  21 .1

acne- fee t  f rom i t s  we l l s  i n  1965"  By  1975 ,  t he  amoun t  o f  pumpage  had  mone  than

doub led  to  55 .2  ac re - fee t .  The  1984  amoun t  o f  pumpage  had  i nc reased  to  273 .4

ac re - f ee t  wh i ch  i s  f i ve  t imes  g rea ten  t han  t he  1975  amoun t .  The  t o ta l  pe r -

cen tage  i nc rease  f o r  t he  D r i pp ing  Sp r i ngs  Wa te r  Supp l y  Co rpo ra t ' i on  f r om 1965  t o

1984  was  appnox ima te l y  1 ,400  pe rcen t .

The  t ' J imber ley  Wate r  Supp ly  Corpo r^a t i on  repo r ted  a  to ta l  pumpage  o f  15  ac re - fee t

f r om i t s  we l l s  i n  i 966 .  The i r  amoun t  o f  pumpage  i nc reased  t o  215 .5  ac re - f ee t

i n  1975 ,  and  t o  42 I  ac re - f ee t  i n  1984 "  Th i s  r ep resen ts  an  i nc rease  o f  2 ,800

percen t  i n  t o ta l  pumpage  fo r  t he  } J imber ley  l , Ja te r  Supp ly  Corpo ra t i on  f rom 1966

to  1984 .

Woodc reek  U t i l i t i e s ,  I nc . ,  pumpage  i nc reases  wene  ve ry  s im i l a r  t o  t he  two

p rev ious l y  men t ' i oned  u t i l i t ' i e s .  A  pumpage  o f  6 .1  ac re - f ee t  was  repo r ted  f o r

1977 .  Pumpage  j nc reased  t o  a  h i gh  o f  448 .3  ac re - f ee t  i n  1983 ,  bu t  dec reased

to  269 .8  ac r ^e - f ee t ' i n  1984 .  Pumpage  i nc reased  by  4 ,500  pe rcen t  f o r  Woodcneek

U t i l i t i e s ,  I nc . ,  f r om 1977  t o  1984 .
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CONCLUSIONS AND RECOMMENDATIONS

Wate r - l  eve ' l  and  wa te r -qua l ' i t y  mon ' i t o r i  ng  we l  1  ne tworks  have  been  es tab l  i  shed

:n  wes te rn  Hays  Coun ty .  Da ta  co l l ec ted  f rom these  mon i to r i ng  we ' I1  ne tworks

w j i l  be  used  t o  eva lua te  t he  ava i l ab i l i t y  o f  g round  wa ten  t o  mee t  expec ted

q row th .

Du r i ng  t h i s  I  jm i t ed  i nves t i ga t i on  j n  t he  Woodc reek  a rea ,  no  s i gn i f i can t

dec l i nes  i n  $ ,a te r  l eve l s  we re  obse rved  due  t o  i ncneased  pumpage .  Th i s  sugges t s

tha t  cu r ren t l y  t he re  i s  e f fec t i ve  recha rge  to  the  a reas  o f  g round-wa ten

w i t hd rawa l s .  I t  i s  impo r tan t  t o  r ecogn i ze  t ha t  g round -wa te r  ava i l ab i l i t y  i s

l im i ted  by  the  ra te  o f  e f fec t i ve  recha rge ,  and  an  amoun t  t ha t  can  be  w i thd rawn

fnom s to rage  w i t hou t  adve rse  wa te r - l eve l  dec l ' i nes  and  sa l j ne -wa ten  enc roach -

men t .  Add i t i ona l l y ,  g round -wa te r  qua l i t y  has  no t  changed  s i gn i f i can t l y ,  and

nema ins  on l y  as  a  r esu l t  o f  na tu ra l  m inena l j za t i on  by  d i sso lu t j on  f r om the

paren t  rock  s  .

I t  i s  recommended  tha t  t he  wa te r - l eve l  mon ' i t o r i ng  we l l s  be  measured  as  f re -

quen t l y  as  poss ib l e  du r i ng  t he  nex t  two  o r  t h ree  yea rs  t o  es tab l i sh  t he

seasona l  f l uxua t i on  o f  wa ten  l eve l s  and  t he  a rea l  d i s t r i bu t i on  o f  wa te r - l eve l

changes .  Add i  t i  ona l  wa te r - l  eve l  reco rde r  s i  t es  shou l  d  be  es tab l  ' i  shed  nea r

a reas  o f  pumpage .

We l l s  shou ld  be  samp led  annua l l y ,  espec ia l l y  i n  heav ' i 1y  pumped  a reas  t o  no te

any  changes  i n  wa te t ' qua l i t y .  Su l f a te ,  t o ta l  d ' i s so l ved  so l i ds ,  and  ha rdness

a re  t he  p r imany  cons t i t uen t s  t o  obse rve .
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Qne anea  o f  j n te res t  where  a  compnehens jve  g round-wa te r  s tudy  cou ld  be  can r ied

ou t ' i s  i n  t he  reg ion  wes t  o f  W imbe r l ey  a ' l ong  t he  B lanco  R i ve r  and  t he  Woodcneek

Reso r t  a rea .  Geo ' l og i ca l ' l y ,  t he  a rea  i s  f au l t ed  and  f r ac tu red ,  t he re  appea rs  t o

be  hyd ro log i c  con t i nu ' i t y  due  t o  t he  f au l t s ,  and  t he re  i s  a  na tu ra l  d i scha rge

po in t  a t  " Jacob ' s  [ . Je ]1 . "  Mon i t o r i ng  s t r eamf l ow  a long  t he  B lanco  R i ve r  f au l t ed

segmen t  poss ib l y  wou ld  y ' i e1d  recha rge  da ta .  Measuremen t  o f  d i scha rge  f rom

Jacob ' s  We l l  as  we l l  as ' i nven to r y  o f  pumpage  i n  t he  Woodcneek  a rea  shou ld  be

done  more  accu ra te ' l y .  The  obse rva t i on  we l l  57 -64 -703  can  be  used  to  mon ' i t o r

t he  wa te r . l eve l  i n  t h i s  a rea  o f  r ecommended  add i t i ona l  ' i n ves t i qa t i on .

4 7



SELECTED REFERENCES

Ashwor th ,  John  8 . ,  1983 "  G round -wa ten  ava i l ab i l i t y  o f  t he  l owe r  C re taceous
fo rma t ions  ' i n  t he  H i l l  Coun t ry  o f  sou th -cen t ra l  Texas :  Texas  Depar tmen t
o f  l , l a te r  Resources  Repor t  273 ,  i 73  p .

Ba rnes ,8 .A . , 1938 ,  Hays  Coun ty ,  Texas :  neconds  o f  we l l s  and  sp r i ngs ,  d r i l -
l e r ' s  l ogs ,  wa te r  ana l yses  and  map  show ing  i oca t i on  o f  we l l s :  S ta te  Boa rd
o f  Wate r  Eng inee rs ,  l {PA  Pro jec t  9864 ,  30  p .

Ba rnes ,  V .E . ,  1948 ,  0uach j t a  f ac i es  i n  cen t ra l  Texas :  Un i ve rs i t y  o f  Texas ,
Buneau  o f  Economic  Geo logy ,  Repo r t  o f  I nves t i ga t ' i on  No .  2 ,  L?  p .

Bu reau  o f  Econom ' i c  Geo logy ,1974a ,  Geo log i c  A t i as  o f  Texas "  Aus t i n  Shee t :
Un j vens i t y  o f  Texas ,  Bu reau  o f  Economic  Geo logy  map .

_r  I97 4b,  Geol  ogy at1 as of  Texas ,  San Antoni  o  Sheet :  Uni  vers j  ty  o f
Texas ,  Bu reau  o f  Economjc  Geo logy  map"

_ ,  1981 ,  Geo log i c  a t l as  o f  Texas ,  L l ano  Shee t :  Un i vens i t y  o f  Texas ,
Bureau  o f  Economic  Geo logy  map .

DeCook ,  Kenne th  J . , 1960 ,  Geo ' l ogy  and  g round -wa te r  r esou rces  o f  Hays  Coun ty ,
Texas :  Texas  Boa rd  o f  Wa te r  Eng inee rs  Bu l l e t i n  6004 ,  170  p .

De  Cook ,  Kenne th  J " ,  and  Doye l ,  W .W. ,  1955 ,  Reco rds  o f  we l i s  i n  Hays  Coun ty :
Texas  Boa rd  o f  Wa te r  Eng inee rs  Bu l l e t i n  5501 ,  61  p .

Do11 ,  h I . L . ,  Meye r ,  G . ,  and  A rche rn  R .J . ,  1963 ,  | . l a t e r  r esou rces  o f  l , l e s t
V i  ng i  n i  a :  l ^ l es t  V i  rg i  n ' i a  Depar tmen t  o f  Na tu ra ' l  Resources ,  D i  v i  s i  on  o f  l , l a te r
Resou rces ,  134  p .

Fe r r i s ,  J .G . ;  Know les ,  D ,B . ,  B rown ,  R .H . ,  and  S ta l lman ,  R . l ^ l . , 1962 ,  Theo ry  o f
aqu i f e r  t es t s :  U .S "  Geo log i ca i  Sunvey  Wa te r -Supp l y  Pape r  1536 -E ,  174  p "

Fo l l e t t ,  C .R . ,  1956 ,  Reco rds  o f  wa te r - l eve l  measunemen ts  i n  Hays ,  T rav i s ,  and
[ . l j  I  I  i  amson  Coun t i  es ,  Texas :  Texas  Board  o f  Wate r  Eng i  nee rs  Bu l  I  e t ' i  n
5612 ,  74  p "

He l l e r "  V .G . ,1933 ,  The  e f f ec t  o f  sa l i ne  and  a l ka l i ne  wa te rs  on  domes t j c
an ima l s :  Ok lahoma  A&M Co l i ege ,  Expe r imen t  S ta t i on  Bu l l e t i n  2 I7 ,23  p .

Hem,  J .D . ,  1970 ,  S tudy  and  ' i n t e rpne ta t ' i on  o f  t he  chem ica l  cha rac ten ' i s t i c s  o f
na tu ra l  wa te r :  t J .S .  Geo log ' i ca1  Su rvey  Ha te r -Supp l y  Pape r  1473 ,  2nd  ed . ,
363  p .

Lye r l y ,  P . J . ,  and  Longenecke r ,  D .E . , 1957 ,  Sa l i n i t y  con t ro l  i n  i r r i ga t i on
ag r i cu l t u re :  Texas  A&M Un j vens i t y ,  Texas  Ag r i cu l t u re  Ex tens ion  Se rv i ce ,
Bu l  I  e t i  n  876 ,  20  p .

Lohman ,  S . l , / . ,  197? ,  G round -wa te r  hyd rau l i c s :  U .S .  Geo log ' i ca l  Su rvey  Pno f .
Pape r  708 ,  70  p .



Meinze r ,  0 .E . ,  ! 9?3 ,0u t l i ne  o f  g round -wa te r  hydno logy  w i t h  de f i n i t i ons :  U .S .
Geo log i ca l  Su r "vey  Wate r -Supp ly  Paper  494 .

Mu l  1e r ,  D .A . ,  and  P r i ce ,  R .D . ,  1979 ,  G round -wa te r  ava i l ab i l  i t y  i n  Texas :
Texas  Depan tmen t  o f  Wa te r  Resources  Repor t  238 ,77  p .

Peckham,  R .C , , 1965 ,  Ava i l ab i l i t y  and  qua l i t y  o f  g round -wa te r  i n  Leon  Coun ty ,
Texas :  Texas  Wate r  Commi  ss i  on  Bu l  I  e t i  n  6513 .

Sco f i e l d ,  C .5 . , 1936 ,  The  sa l i n i t y  o f  i r r i ga t i on  wa te r :  Sm i thson jan  I ns t i t u t e
Annua l  Repor t  1934-35  ,  p .  275 -287 .

Texas  Depan tmen t  o f  Hea l th ,  1977 ,  D r ink ing  wa te r  s tandards  gove rn ing  d r i nk ing
wa te r  qua f i t y  and  repo r t i ng  requ ' i r emen ts  fo r  pub f i c  wa te r - supp ly  sys tems .
Adop ted  by  the  Texas  Board  o f  Hea l th ,  Ju l y  L ,  1977 ,  Rev i sed  November  30 ,
L977 :  Texas  Depar tmen t  o f  Hea l th ,  D i v i s  j on  o f  l , l a te r  Hyg iene  dup l i ca ted
repo r t ,  17  p .

Todd ,  D .K . , 1959 ,  G round -wa te r  hydno logy :  New Yonk ,  John  t l i l e y  and  Sons ,  I nc . ,
336  p .

U .S .  Sa l i n i t y  Labo ra to r y  S ta f f , 1954 ,  D iagnos i s  and  imp rovemen t  o f  sa l i ne  and
a l ka l i  so j l s :  U .S .  Depan tmen t  o f  Ag r i cu l t u re ,  Handbook  60 ,160  p .

l , J i l cox ,  L .V . , 1955 ,  C lass i f i ca t i on  and  use  o f  i r r i ga t i on  wa te rs :  U .S .  Depa r t -
men t  o f  Ag r i cu l t u re  C i r cu la r  969 ,  19  p .

l . l ' i n s l ow ,  A .G .  and  K ' i s t e r ,  L .R . ,  J r . ,  1956 ,  Sa l  j ne -wa ten  resou rces  o f  Texas :
U .S .  Geo log i ca1  t l a t e r -Supp l y  Pape r  1365 ,  105  p .

4 9



,l
#

T.b le  ,1 .  S . l€c t6d  w.+ . r  t J6 l l  Invontory  Da l .
Aru l {o .s :  k .6 ,  Edrards  .nd  Assoc la t€d  L l t rEs ton6s ;  kc1 ,  r r ln l t y .^ roup;  kcgr ,  G lan  Rose L ln6s ton6;  kcgr ! ,  upp6.  mnb. r  o l  +ha 6 l€n  Roso L l f tes to t6 ;  kcgr l r

tor€r ftnb6r ol tn. Glon Ro.6 Lliostono; kch€, H€.s6ll S.nd Mdbe. ol th. Trav,s P.ak FdEtIon, kc.c, Co{ Cr6€k Llnestono M6nb€r of tn6 Travls

Psk Formtlon; kcs, sllgo ltms+6nq M6nb.r or th6 T.6vls P@k Fo.h.iloi; kcho, Hossion S.nd r1enb€. ot ihe T..vls P6.k Fo.n.]lon.

:  :  !  !  :  :  :  !  l t i a te r  Leve l  :  :  l

:  3  :  !  :  !  ,e l t l+r0" , -ElT l i= l - - :  i  i
:  :  :  3  : D e p t h  :  l o t L a n d : L a n d - :  :  I  :

;  :  :  :  D a t e  :  o f  !  3 S u r t a c e : S u r f a c e : D a t e o f  :  :  U s e  :

A .  : L a f l t u d e / :  :  :  C o m -  : l ' d e l l  :  :  D a t u m : D a t u m  : M e a s u r e - : M e t h o d  :  o f  :
. l
\ t  W e l t  3  L o n g l t u d € :  O y n e r  :  D r l l l e r  ;  p l e t e d :  ( f t )  : A q u l f 6 r :  ( f t )  :  ( f f )  :  n r e n f  :  o f  L l f t :  l { a t e r :  R e m a r k s

rr1-41-5o1 to-19-001 M€ch.nl.ll R6y tlhls6tr.nt 02-30 3l kcho 960 5,E PS obs. v6ll, 6 ln. Dvc,
98-10-,|2* R.p3,, Inc. 0 io 8t f1. t-rog.

902 50-18-57N do

98- t 0-4 lvl

98- t 0-4 5W

d o  d o  7 l  k c h o  9 6 5  S r E  P S  6  l n .  p v c ,  o  t o  7 1 ,

E -  l og .

"  505 l0-J8-5lN do dc  do  81  kcho  960 S , E  P S  6  l n .  p v c ,  0  t o  8 1  f t .
E_  |  og .

L^

r t5-4ol J0-11-tt{ fi.nly Baptlst lucko. ll-S4 460 kcg.l, 1,121 288.50 05-09-86 S,E PS 0b3. 16lr, 5 ln. pvc,+2-460
98-12-4al {  Church Dr l l l lng kch6,  Dt  puip set  440 l t .  R€p*t .d

kccc yl€ld 60 t6 80 ft. gDn.

r  55-601 30-11-02N Udo H.ur l . r  6 lEss a O1-ZA-15 J40 kcgr l r  I , l rO l?2.10 do S,E D obs.  v6 l l ,  DL,  pui r  r . t  1 t4
93-03-4tll Tuct.., kche, 120 01-28-7, ft. Rotortod yl.ld 200 gpn.

l h c .  k . cc

r  605 t0-12-0tN M. S.  Blss 4o 06-71 410 kcA. l ,  1 ,170 Jr l .65 05-09-06 5,€ o Obs.  r . l l ,  op. .  hol .22o to
98-OF{lf kcn6 t2, 06-16--11 440 fr. Df. R6oo.t.d yl.ld

20 qpn.

* 56-101 50-1J-55N Ja.ry N.l3on Tuck€r 03-1J-73 500 kcarl, 1,2t0 tzo 08-1!-7i 5,E D,S op.n hol. ?0 10 500 ft.
98-06-591{ 0rl I I lng lch6 R€por+ed yl.ld l0O qpD

9uhplng {l 4a0 11.

2OZ l0 - '14-58N Wl ley  Hayden -  1974 56)  kcgr  1 ,121 87 .00  05-08-86 S,E 0  Open ho le  20  to  165 f t .  Es t

9B-0J-4 l91  y te td  20  gpm.



T a b l e  4 .  S e l e c t e d  W a t e r  W e l  I  I n v e n t o r y  D a t a  -  C o n t l n u e d

:  :  :  !  :  :  :  :  f { a t e r  Leve l  :  :  :

:  ;  :  :  :  :  : A l t l t u d e : B e l o w  :  !  :  :

:  :  :  :  : D e p t h  :  : o f l a n d : L a n d -  :  :  :  :

:  3  :  3  D a t e  I  o f  :  : S u r f a c e l S u r t a c e l D a f e o f  :  :  U s e  :

: L a t l t u d e , / :  :  :  C o m -  : W e l l  :  :  D a t u m : D a t u m  : M e a s u r e - l M e t h o d  I  o f  i

l { e l l  :  L o n g l t u d e :  0 w n e r  :  D r l l l e r  :  p l e t e d :  ( f t )  : A q u l f e r :  ( f t }  I  ( f t )  :  m e n t  :  o f  L l f t :  V { a t e r :  R e m a r k s

2O1 ,0 -14-2 lN V.F .  T6 t ro r  c l . ss .nd  09- l l -76  1r2  kca .  t ,145 204.00  l0 - l ' l -77  N N 0b3.  i6 l l ,  op .n  ho l€
9&03-08N T!ck . r , lnc .  220 ?2o 09- l l -76  44-152 f l .  oL .  Repd i€d

y l€ ld  20  gpn.

* 30! JO-lr-5rN Sobby Dslby Gla3s 07-10-84 606 kcg.l 1,130 J75.20 0t-03-36 S,E D obs. v€ll 9.t pvc 0-606 fi.
98-21-00 l {  Ih t i . t l€ td  0L .R6por i6d  y l6 td  l2 - :5gp i .

3  *  4 o t  i o - l o - 5 2 N  A n t o n e  A l  t e n
98-05-05w

98-05-l l r{

* 5 7 - 1 6 - 7 0 2  l 0 - 0 9 - l l N  D r l p p l n g  G l a s s  &  O 4 - 7 ,  t 4 5  k c g r u ,  1 , 0 f 0

98 -05 -06V l  Sp r l ngs  Tucke r ,  I nc . kcgr I

705  i 0 -09 - l 4N  do  Texas  Wa te r  06 -64  820  kcg r  | ,  I  , 030
98-05-05r{ W e l  l s ,  I n c . k c c c ,

k c h o

F  l ows  D

T , E  P , S  O b s .  w e l l . O p e n  h o l e  4 5 - 5 4 5 ,

DL .  Repo r l ed  y l e l d  300 -550

gpm'

T , E  P , S  O b s .  w e l l .  S l o t t e d  l l 5 - 6 9 0

f t .  DL Est .  122 gpn.

T , E  P , S  O b s .  w e l l .  O p e n  h o l e  2 8 8 - 5 8 0

ft .  DL.  Reportod 500 gpm.

S p r l n g  k c A r u  | , 1 4 5

7O4 J0-09-03N do Centra I  02-06-86 380 kcgr |  |  ,055

45 04-75

74 01-02-64

t08 02-06-86Texas

D r l  I  I  l n g

|  9O2 30-09-09N The Cree i  8yr .n  E .  04-10-85 1 ,000 kcs ,  1 ,010 281,1  01-23-46 S,E PS Obe.  ,e l l .  0p6n ho l6
9a-01-4tt !t D.tftH@d kcho 280 04-10-a5 700-1000 DL. Roporl€d

Ylo ld  r r0  g9n.

r  6 l -501 ,0 -01-5611 A.O.  Ro lcherT  J . ios  B .  aA-2O-14 625 kc+ 1 ,270 l l r ,4  04- la -a6  S 'E  D Ob. .  16 l l .op .n  ho l6  5 t -62 t

t'-ll-2 t Tucke., Jr. lO0 O8-20-7t ft. DL E5i. !0 spn.



Tab le  4 .  Se lec ted  Wa te r  l { e l  I  I nven to r y  Da ta  -  Con t l nued

:  :  :  :  :  :  :  !  l {ater Level :  :  3
.  :  ,  A l t l t rd " r -B" to i - l - :  .

:  :  ;  :  : D e p t h  :  i o f L a n d l L a n d -  :  :  :  :

:  :  !  :  D a t e  :  o f  :  : S u r f a c e : S u r f a c e : D a t e o f  :  :  U s e  !

: L a t l t u d e / :  :  :  C o m - : W e l l  r  :  D a t u m : D a t u m  i M € a s u r e - : M e t h o d  :  o f  l

} l e l l  :  L o n g l t u d e :  O w n € r  :  D r l l l e r  :  p l € t e d :  ( f + )  : A q u l f e r :  ( f f )  :  ( f t )  :  m e n t  :  o f  L l f t :  P a t e r :  R e m a r k s

o  5O2  l 0 -02 -46N  Texas -New E .R .  Osbo rne  1931  J5 l  k cg r l  1 , 241  283 .6  04 - t 8 -86  S ,E  I nd  Pe r t  278 -520  f t .  DL .

98 -12 -04V{  Mex l co  289  l : - 37

P l p e f  I n e  C o "

8 0 1  3 0 - 0 0 - 0 3 N  G . W .  H a s c h k e  K u t s c h e r  1 9 6 8  7 2 5  k c g r l ,  9 7 0  4 7 . 2 3  0 4 - . | 6 - 8 6  S , E  D  O b s .  w e l l . 0 p 6 n  h o l e
98-12-07Yt Drl I I lng kccc 32.5 09-28-11 90-225 tr.

42  1 t -17-77

s .  8O/r  lo-02-o4 J.N.  8yt€r  5136,  1929 8 lO kcgr t ,  l , l6 i  214.8t  OFOS-86 S,E D Obs.  ,6I .  Op.n h6t6 0-810
96-10-t?ll Rothrook, kccc, 220.4 12-0t-r5 f1. S@ T.blo I tor sddl-

l rv lhg kcho 221.98 l t -01-J7 t lon l l  ,6 ior  l€v€l  d. ta.

901 t0 -01-06N H,A.  Sonson Co. t r t l  0 t -05-76  ,00  kcAr l ,  1 ,040 t7 .00  04-17-46 S,E l . r  obs .  ra l l .  Op6n ho l .56-100
98-08-!9 T.xas kccc lt. Dt .oporr6d 200-100 gpi,

D r t  |  |  I n o

,1-6 t -9O2 30-02-05 H.A.  S lnson cent r . l  0J -08-76 ,70  kcg . r ,  ! ,025  98 .4  04-17-86 S,E PS,  obs .  re l l .opon ho l6  l J -170
t3-08-t0l{ Tcr.3 kccc lfi ft. 01. R6o6.t.d vl6rd 100

Dr l l  I  Inq  Co.  gpn.

901 30-02- l3N d6 do  0 i - t4 -76  l0O kcq . l ,  1 ,045 l l4 .0o  do  S,E N obs .  * .1 r .  0p6n ho la  2 t -100
98-09-1r{ kccc ff. 0t. R6por+od ylold

100_200 tt.

904 l0-01-52N do do 0t-2r-16 10o kccc 1,005 00. 0l-J0-76 S,E Ps, obs. 16ll. 0p6n hol6 240-400
9a-04-24t1 a0.70 o4-i7-a6 lr.. tr, oL. R.pd.t.d yt.td i00

gpm.



Tab le  4 .  Se lec ted  Wa te r  We l  I  I  nven lo r y  Da ta  -  Con t l nued

W a t e r L e v e l  :  :  :

.  :  ,A l t l l r c " , -E " i l - - l - :  3  :
:  ;  :  :  l D e P t h  :  : o f l a n d : L a n d -  :  :  :  :

:  :  ;  :  D a t o  I  o f  :  : S u r f a c e : S u r t a c e : D a t e o f  :  !  U s e  !

: L a t l i u d e / :  :  I  C o m -  : | t { e l l  :  :  D a t u m  : D a t u m  : M e a s u r e - : M e t h o d  :  o f  l

W e t l : L o n g l t u d e : O w n e r : D r l l l e r : p l e t e d : ( t t ) l A q u l f e r : ( f t ) : ( f t ) : m e n t : o f L l f t : l { a t e r l R e m a r k s

r  905 !0 -02-0 !N do  -  -  Spr lnq  kcgr l ,  910 t lo r3  N J tcobre ,o l l .  R€por t€d  y l . ld

9a-07-f{f kccc 500 gDn.

9O1 t0-02-l8N rioodcr.6k North - - ,00 kcgrl !,040 lll.5 0a-18-86 s,E Ps,

98-09-l7H R.so.tg

|  64-401 lo -o2- r lN  VFf  Pos i  Rry rcnd 0 l -01-3 t  260 kcgr l  1 ,a11 151.0 t  05-08-36 S,E PS '  0b5.  16 l l .  Op€n ho l6  20-?80

98-06- l0v  644t  | {h ts€n.n1  r . r ,  f r .  D l .  Esr .  y l€ ld  100 gph.

u S

601 50-01-l6N Joo Gonz!|4 D6vls 06-05-?6 192 kcaru 1,016 60.00 06-05-76 S'E D ot€n hol6 20-192 fi. DL.

98-00-4 l t l  Dr l l l l hs  90 .65  l l - lo -77  R6pd lod  y ls ld  12  gpo.

701 0-02-24N Jo6 M. o,6h aA-29-19 2e1 kcgrl l,0JO 110 06-29-14 S,E N 0pen hole l9-287 tt. Dt.

98-06-17 Red lnger  0 - l  I  l l ng  91 . '10  04-16-66 R.por t .d  Y l€ ld  15  gpn.

702 J0-01-29N H.A.  Sanson cE i t r . l  07-05-74 400 kcAr l ,  930 20  06-05-74 S 'E  PS,  obs .  t€ l l .op€n ho l .  J2-400

98-06-51{ Texls kccc 27.65 01-16-a6 lrr tt. R.poried yl6ld 200 spn.

57-64-1Ot  !0 -01-42N H.A.  s .nson lJh ls€n.n+ l91 t  4a6 kcsr l ,  959 61 . t0  04-16-06 N N R€csd€r ,6 l l .  open ho l€
9a-o6-4zi kccc ,0_'160 lr. Repdt€d yl.ld

150 gpir.

704 30-01-4JN do

98-06-4 lV{

do 1 9 7 t  4 5 0  k c g r l ,  9 5 9  4 9 . 7 5  d o  S , E  l r r  O p e n  h o l e  f 0 - 4 5 0  f t .  E s t .

k c c c  y l e l d  2 0 0  g p m .

7 O 7  l 0 - 0 0 - 5 4 N  W l m b e r l e y  l { S C  G l a s s  E  1 9 7 4  4 0 0  k c g r l ,  9 1 0  1 8 6 . 2 0  0 4 - 1 6 - 8 6  S , E  P S  O b s .  r e l  l .  0 p e n  h o l e

98 -07 -02W Dr l  |  |  I  nq  I  nc .  k ccc  180 -400  f f .



T a b l e  4 .  S e l e c t e d  V l a t e r  W e l  |  |  n v s n t o r y  D a t a  -  C o n t l n u e d

f {a te r  Leve l  :  :  :

: : : l i 3 : A l t l t u d e : B e l o w : : , :

:  :  :  :  : D e p t h  :  : o f L a n d : L a n d -  :  :  :  i

:  :  :  :  D a t e  :  o f  :  : S u r f a c e : S u r f a c e l D a t e o f  :  :  U s e  3

: L a t l t u d e / :  I  :  C o m - : l i e l l  :  :  D a t u m  l D a f u m : M e a s u r 6 - : M e t h o d  :  o f  i

W e l l  :  L o n g l t u d e ;  O w n e r  :  D r l l l e r  :  p l e t e d :  ( f f )  l A q u l f e r :  ( f t )  :  ( f t )  :  m e n t  :  o f  L l f t :  l { a t e r :  R e m a r k s
' : : : : i i :

709  J0 -02 - ' l 8N  Robe r t  0wens  06 -71  120  kcg r l  
' 1 , 015  23 .00  do  S ,E  D ,S  Open  ho le  2Q-12O f t .

98 -06 -14 | l  Ma l t sbe roe r  D r l  |  |  l nq

710  J0 -02 -18N  do  do  12 -82  200  kcq r l  1 , 020  12 .4Q  04 -15 -86  S ,E  l r r  Open  ho le  20 -2OO 11 "

98-06- I 8V{

8 0 ' f  l 0 * 0 2 - 2 J N  S k y l  l n e  A c r e s  k c g r l  l , ' 1 9 8  2 7 9 . 6  0 4 - 1 6 - 8 6  S , E  P S  O b s .  w e l  l .

98-04-58|{  Estates

1 5 8 - 4 9 - 1 1 8  3 0 - 1 2 - l 4 N  M r s .  F . J "  S  W  G l a s s  1 9 l l  6 2 5  k c g r l  1 , 1 9 0  S , E  D

97-58- I  8 l i  Turck

405  J0 -10 -40N  Johnny  Howe th  kcg .  985  171 .4  04 -?4 -86  S ,E  PS

98-57-45W

5 8 - 4 9 - 4 0 6  i 0 - 1 0 - 4 1 N  J o h n n y  H o w e t h  E .  H .  G l a s s  0 8 - 8 5  5 1 0  k c g r  1 , 0 1 5  5 0 " 0  0 4 - 2 4 - 8 6  S , E  P S

98- 57-50w

407  l 0 -10 -40N  Johnny  Howe th  do  do  do  kcg r  I  ' 040  15 .51  04 -10 -86  N  N

98- 57-J8fi

509  J0 - ' 10 - ' f 9N  Kemp  H l  I  l s  do  12 -2 t -84  I , 060  kcs ,  980  313  12 -24 -84  S ,E  PS  Obs .  we l  l ,  open  ho le

98 -56 -18 l , l  U t l  I  l t y  Co rp .  Lcho  297 ,6  04 -25 -86  685 - l , 060  f t .  DL  repo r f ed

y l o l d  1 5 0  g p m .

704  l 0 -08 -21N  Go lden  Wood  By ron  Beno t  -  , 30  kcg r l  1 , 041  39 t . 4  do  S ,E  PS  Es t .  y l e l d  15  gpm.

98-58-081{ West Water

System



T a b l e  4 .  S e l e c t e d  l { a t e r  W e l l  I n v e n t o r y  D a f a  -  C o n t l n u e d

W a t e r L e v e l  :  :  :

.  :  ,  nt t l t ro",-E"ioi- l - :  :  :
r  :  :  :  : D e p t h  :  : o f L a n d : L a n d -  :  :  :  3

:  r  3  :  D a i e  I  o f  :  : S u r f a c e : S u r t a c e : D a t e o f  :  I  U s e  :

: L a t l t u d e / :  3  :  C o m -  : W e l t  :  :  D a t u m  : D a t u m  : M e a s u r e - : M e t h o d  :  o f  :

W e l l : L o n g l t u d e : O y n € r : D r l l l e r : p l e t e d : ( f t ) : A q u l f e r : ( f t ) r ( f t ) : m e n t : o f L l f t : W a t e r l R e m a r k s

r  905 ,0 -02-05N do -  -  s r r lng  kcqr r ,  910 f lds  N Jacob 's  r€ l  l .  R .po . t€d  y l€ ld

9a-07-341 kccc 500 OPn.

9O7 50-02- ' l8N lJoodcreek North

98-09- ' l7 l t l  Resorts

J 0 0  k c g r l  1 , 0 4 0  
' l l J . 5  0 4 - 1 8 - 8 6  S , E  P S ,

l r r

| 6't-4oi to-o2-llN vFr Post Rlyrcnd or-01-85 280 kcarl 1,017 151.0t 05-06-36 s,E Ps, obs. 16ll. opo. hol6 20-?60

u 
98-06-r0N 6441 th l36nsn+ l . r ,  fT.  DL.  €31.  Yl6 ld 100 gph.

u S

601 JHi-16{ J@ 6onz.les oavls 06-0>16 192 kcqru 1,016 60.00 0G0t-t6 S'E D oDBn hole 20-192 ft. DL.

9&00- . l r  D . l r l lhg  90 ,65  l l - r0 -77  R6por iod  y l6 ld  12  gpr .

701 l0-02-24N Je r'1. ovon oA-2r19 2A7 kcg.l 1,0J0 Il0 OA-29-14 S'E N ot.n hol6 19-287 11. DL.

98-06-17 R.d !ng6r  o . l l l l ng  91 .40  04-16-66 R6po. f6d  y l6 ld  I t  gpn!

702 l0-01-29N H.A. s.nson cent.6l 07-05-74 400 kcErt, 9!O 20 o6-oa-14 S'E PS' obs. r€ll. O9€n hol. 12-400

98-06-51rl T6rrs k.cc 27.65 04-16-46 lrr tt. R€pdtsd Yl6ld 200 Epn.

51-61-7Ot t0-0t-42fl B.A. Sanson Uhlsa.rn+ 1911 416 kcgrl, 959 65.t0 04-16-96 N N Rocorda. t€ll. Op€h hol.
9a-06-42t{ kccc !0-460 11. R.porl€d yl6ld

150 gpr.

704  30 -01 -4JN  do  do  \ 973  450  kcg r l ,  959  49 .7 ,  do  S ,E  l r r  Open  ho le  10 -450  f t .  Es t .

98 -06 -4 l l {  k ccc  y l e l d  200  gpm.

7 O 7  3 0 - 0 0 - 5 4 N  v { l m b e r l e y  W S C  G l a s s  &  1 9 7 4  4 0 0  k c g r l ,  9 1 0  1 8 6 . 2 0  0 4 - 1 6 - 8 6  S , E  P S  O b s .  r e l  l .  O p e n  h o l e

98 -07 -021 {  D r l  I  I  I  ng  I  nc .  k ccc  t 80 -400  f f .



T a b l e  4 .  S e l e c t e d  V l a l e r  l l e l  I  I n v e n t o r y  D a t a  -  C o n t l n u e d

I {a te r  Love l  :  :  :

:  :  :  :  :  :  : A l f l t u d e : B e l o *  :  :  :  :

: D a n t h  :  : o f L a n d : L a n d -  :  :  I  :

:  :  ;  :  D a t e  :  o f  :  : S u r f a c e : S u r t a c e : D a t a o f  :  :  U s e  :

: L a t l t u d e , / :  :  :  C o m -  l l { e l l  :  :  D a t u m  l D a t u m : M o a s u r e - : M e t h o d  ;  o f  i

W e l l  :  L o n q l t u d e :  O w n e r  :  D r l l l e r  :  p l e t e d :  ( f t )  : A q u l f e r :  ( f t )  :  ( f t )  :  m e n t  :  o f  L l f t :  W a t e r :  R e m a r k s

7 0 9  l 0 - 0 2 - l 8 N  R o b e r t  Q w e n s  0 6 - 7 1  1 2 0  k c g r  |  1 , 0 1 5  2 3 . 0 0  d o  S , E  D , S  0 p e n  h o l e  2 0 - 1 2 0  f t .

98 -06 -J4 | {  Ma l t sbe roe r  D r l  |  |  l no

7 f 0  l 0 - 0 2 - t B N  d o  d o  1 2 - 8 2  2 0 0  k c q r l  1 , 0 2 0  1 2 . 4 0  0 4 - J 5 - 8 6  S , E  l r r  o p e n  h o l e  2 0 - 2 0 0  f t .

98-06- t 8W

S 0 l  J 0 - 0 2 - 2 t N  S k y l i n e  A c r e s  k c g r l  ) , 1 9 8  2 7 9 . 6  0 4 - 1 6 - 8 6  S , F  P S  O b s .  w e l l .

98-04-58W Estates

r ( 5 8 - 4 9 - 1 1 8  l 0 - 1 2 - l 4 N  M r s .  F . J .  S  W  G l a s s  l 9 l l  6 2 3  k c g r l  I , ' l 9 0  S , E  D

97 -58 - l 8V {  Tu rck

4O9  l 0 -10 -40N  Johnny  Howe th  kcA r  985  171 .4  04 -24 -86  S ,E  PS

98-57-45W

5 8 - 4 9 - 4 0 6  l O - 1 0 - 4 1 N  J o h n n y  H o w e t h  E .  H .  G l a s s  0 8 - 8 5  5 5 O  k c g r  1 , 0 1 5  5 0 . 0  0 4 - 2 4 - 8 6  S , E  P S

98-57-50Ir

407  l 0 -10 -40N  Johnny  Howe th  do  do  do  kcg r  I  ' 040  75 .51  04 -10 -86  N  N

98-57- l8f t

5O9  i 0 - f 0 - l 9N  Kemp  H l  I  l s  do  12 -23 -84  1 ,060  kcs ,  980  l l l  12 -24 -84  S ,E  PS  Obs .  we l  l ,  open  ho le

98 -56 - l 8W U t l l l t y  Co rp .  kcho  291 .6  04 -25 -86  685 -1 ,060  f t .  DL  repo r f ed

y l e l d  1 5 0  g p m .

704  30 -08 -21N  Go lden  Wood  Ey ron  Beno t  -  530  kcg r l  I ,O4 l  t 9 t . 4  do  S ,E  PS  Es t .  y l e l d  15  gpm.

98-58-08W Wast Water

Sys tem



T a b l e  4 .  S e l e c t e d  W a t e r  l { e l  I  I n v e n t o r y  D a t a  -  C o n t l n u e d

|  :  :  :  :  3  :  :  l l a te r  Leve l  :  :  3

.  r  ,  n t t l t r A " , - E .  l o *  , - :  :  :

:  :  :  :  : D e p t h  :  : o f l a n d : L a n d -  :  I  :  i

:  :  :  3  D a t e  :  o f  :  : S u r f a c e : S u r f a c e : D a t e o f  :  3  U s e  :

:  L a t l t u d e / :  :  :  C o m -  :  W e l l  :  :  D a f u m  :  D a t u m  :  M e a s u r e - :  M e t h o d  :  o f  3

W e l l  :  l o n n l t r r r l c :  O w n e r  :  D r l l l e r  :  p l 6 t e d :  ( f t )  : A q u l f e r :  ( t t )  :  ( f t )  :  m e n t  :  o f  L l f t :  f { a t e r :  R e m a r k s

706  l 0 -08 -22N  do  do  02 -86  700  kcs ,  I  , 0J0  S ,E  PS  Obs .  we l  I  pe r f o ra ted

98 -58 -04N  kcho  480 -700  f f .  Es t .  v l e l d

200 gpm,

Gr l , i  lO-08- l9N Rdd lencq HSC F.A.  6 l .ss  l ! -05-s2  9OO kccc ,  1A93 265 02-04-61 S,E PS spot tv  s t6o l  iape  +1.5  pvc

96-57-J1N kcho? ll5.0J 04-25-86 900 rt. 01. E5+. l0 gpn.

808  50 -09 -34N  Co rde l  I  Webb  G lass  Tucke r  
' 10 -19 -84  420  kcq r  959  222 .40  05 -08 -86  S ,E  PS  Obs .  we l  l .  Open  ho le

98-57- I  0|{ 281 -420  f t .  DL .  Es t .  y l e l d

50-40 gpm.

i  t7 - l0 l  30-07-0Ci l  M.  o ,  Ro96rs  uarv t  Harmr  -  t lo  kcsr  995 , t .2 t  0 r -01-46  S,E D,S obs .  ro l l ,  E-17  In  Bu l l . t ln
9a-50-2]N t612. 566 Tlbr€ I tor

.dd l t lon . l  r . t€ r  l€v€ l  d .1 r .

158-57-401 l0-02-l7N Hays ctty 500 kcgr 961 lgt.ri ot-o4-t2 S'E D'S Obs. r€l l. 56o Tabl6 I ror

98-59- l5 I  Ranch 206.15  05-07-36 .dd l t lon . l  r .T6r  l6v6 l  d ! ta .

909 l0 -00-32N Ky-Tex  A.W.  Gregg,J r .  1950 850 kce ,kcgr  810 216.00  04-16-86 S,E PS Obs.  ve l  l .
97-53-48W Prooer t les

I  nc .

6 8 - 0 8 - 1 0 2  2 9 - 5 9 - 1 l N  I l l m b e r l y  l { S C  C e n t r a l  T e x a s  ' 1 9 7 8  
5 5 0  k c g r l , k c c c  8 9 0  1 1 5 . 5  O 4 - 1 7 - 8 6  S , E  P S  O b s .  x e l  l .  D L .  E s t .

9 8 - 0 5 - l l  D r l  |  |  l n g  Y l e l  d  1 0 0  g P m .

705 l0-08-22N do

98-58-02W

l0J  29 -59 -0 tN

98-07-Alt

d o  0 9 - 8 5  5 0 0  k c g r l  1 , 0 1 0  2 3 4 . 8  d o  S , E  P S  O b s .  w e l  |  + 2 . 2  -  5 0 0  f t .
E s t .  y l e l d  l 5  g p m .

S , E  P S  O b s .  w e l  l .  D L  e s t .  y l e l d

100  gpm.

0' l  -10-84 500 kcgr |  990



T a b l e  4 .  S e l e c t e d  W a t e r  W e l  |  |  n v e n t o r y  D a t a  -  C o n f l n u e d

La t  I  t ude /

Long  I  t ude Otrner D r l  I  l e r

: U s e :

:  f la te.  : Remarks

: !

.  f ) o n f h

Date :  of  :

C o m -  :  l { e l l  :
p l e t 6 d :  ( f t )  : A q u l f e r

A l f l t u d e :  B e l o w

o f  L a n d  :  L a n d -

S u r t a c e  l S u r f a c e

Da tum :  Da tum
( f t )  |  ( f t )

Water Leve I

r  Da te  o f  :

:  M e a s u r e - :  M e t h o d

;  m e n t  :  o f  L l f t

58-57 -101

o\

63.24  t  l -04-17
52.O9 01-08-40
51.59 02-26-40
52.44 03-25-40
, 1 . 2 5  0 4 - 2 9 - 4 0
50.67 05-24-40
50. t2  06-24-40
,6 .50  08-26-40
53.21 09-27-40
,1 .42  l0 - t0 -40
t 8 . 5  0 ' l - J 0 - 4 t
5 .26  0 l -28-4  I
8 .  65  05-3  1  -4  I

5 1 . 8 6  0 8 - 0 8 - 4  I
5 4 . 0 0  i l - t 8 - 4 1
52.33  04-10-42
48.  l8  12-04-42
51.42  0 t -50-45
51.99  09-09-41
34.46 04-28-44
5t.02 08-23-44
50.56 12-21-44
50.6  0r -22-45



Tab le  4 .  Se lec ted  l { a te r  We l  I  I nven to r v  Da ta  -  Con t l nued

i  o"ptn
Date  I  o f  :

C o m -  :  W e l l  :

p l e * e d  r  ( f t )  : A q u l f e r

Water Leve I
A l t l t u d e l  B e l o w  i

o f  Land  :  Land -  :

S u r f a c e : S u r f a c e :

Da tum l  Da tum :
( f t )  :  ( f f )  :

Da te  o f  :

Measu re -  !  Me thod

m e n t  :  o f  L l f tW e l l

La f  I  t ude l

Long  I  t ude 0wne r D r l  I  l e r

U s e

of

Wa te r Remarks

!

29.5 03-22-46
58.4 08-06-48
,3 .03  02- t0 -49
54.5' 08-24-49
56.12  1  l -30-49
56.90 04-12-50
55.40  08-0J-50
54.81 12-06-10
57.21  0 l -03-5 . |
56 . t1  08-08-51
5r.04 12-05-51
53.62 03-31-52
,8.22 08-08-52
5 1 . 6 0  0 4 - l l - 5 J
57.8 t  08- ' t  7 -51
56.95 04-01-r4
57.40 07-21-54
55.64 08-2t-r4
62.28 t2-06-54
, r .07  0 l -08-55
q 7  5 ' , |  n 7 - 1 6 - q q

59 .48  l  t - 09 -55

63.79 07-12-56
qo 6 I  ' !  n-nq- qA



Tab le  4 .  Se lec ted  l { a te r  l { e l  I  I nven to r y  Da ta  -  Con f l nued

: A q u l f e r

Wa fe r  Lev€ l

W e l l

La t  I  t ude /

Long  I  t ude 0wner D r l  l  l e r

Date

Com-

p I  et6d

Depth

o f

W e l l
( f i )

Date  o f
Meas ure-

ment
:  Method

:  o f  L l f t

:
:  U s e

: o f

:  l {ater

A l t l t u d e :  B e l o w  !

o f  Land  :  Land '  :

Su r f ace  :Su r f ac€  :

Da tum :  Da tum :
( f t )  :  ( f t )  :

62.18 ' , l  1-09-56
,9.t4 01-07-57
57.42  0 l -08-57
52.99 0r-09-57
47.52 07-16-57
6 . O 7  I  t - : 8 - 5 7

1 J . 9 8  0 1 - 1 0 - 5 8
3 . 1 4  0 l -  l  ' l - 5 8

8 . 6 5  0 5 - 1 2 - 5 8
54.08  07-0 f -58
9 . 9 0  1 ' , | - l t - 5 8

58.84  I  1 -08-7  l
q 7  q 7  n o - 1  1 - 7  1

52.40 01-31-72
50.J0  06-05-72
16.90 02-06-73
8.64 01-24-73

1t.51 02-11-74
19.30  07-18-74

6 . 7 5  0 2 - 1 0 - 7 5



Tab l s  4 .  Se lec ted  Wa ie r  l { e l l  I nven to r y  Da ta  -  Con t l nued

W s l  I 0wne r

Dafe

Com-

p |  €ted

Depth

W e l l
( f + ) Renarks

r  L a t l f u d e /  :

:  L o n g l t u d e : D r l  I  l e r :  A q u  I  t e r

: l,later Leve I

l  A l t l f u d e :  B e l o w  3  :  :

:  o f  Land  :  Land -  :  :  i

:  Su r f ace  rSu r f ace  :  Da te  o f  3  :  Use

:  Da fum :  Da tum :  I ' l easu re - :  Me thod  :  o f

:  ( f t )  :  ( t t )  :  m € n t  :  o f  L l f t :  W a t e r

\o

57 -63-804

58-57-401

208.00 01-25-38
213.12  0 f -01-18
214"76 o t -J1-18
172.9 04-28-J8
218.2 06-23-38
218.34  06-21-18
219.76 08-10-58
221.98 09-29-18
2 2 6 . 8 0  1 2 - 1 2 - 3 8

226.O1 0l-25-39
224.62 0l-01-39
226.60 03-29-t9

200.r1 03-29-4t
196.76 0t-30-41
202.29 12-12-50
203,27  0 l -01-51
207.0  0 t -31-52
206.5 09-0r-52
21t.9 09-23-54
204,88 09-29-56
1 9 1 . 9 6  0 l - l J - 5 8
' l  91  .  79  01  -05-61



T a b l e  5 .  C h e m l c a [  ] n a l y s 6 s  o l  f b t 6 r  S a m D t o s

A l a f y s € s  O r s  I n  n l f ( l g r o m s  p s r  I l t o r  o x c o p t  p € r c a n l  $ d l u D ,  s 9 * l t l c  c o n d € i a n c € ,  p l l ,  s o d l u m  o d s p t l d  f a t l o  ( S A R ) ,  r n d  r a s l d u a f  s o d l u n  c o r b o n o t s  ( R S C ) .

, n a f y s € s  b y  t h 6  T e x a 3  S t l l s  f l g t D r i h o n t  o f  f b a t t h .

& u l  t d s :  K c o ,  E d € r d s  a n d  A s s l o t e d  l l m e s t o n o s ;  k c f  ,  T r l n l t y  f  o u p ;  t 1 6 g 1  ,  G l e h  R o S o  L l f r e s t d s ;  K c q r u ,  u p m r  m f i b s r  o f  i h e  G l m  R o e  L l m o s i o n o i  X c q r f  o  f  o r e r  n e r 6 s  o f

t h e  G l 6 n  R o s o  L l m e s t o n o ;  K c h e ,  i b n s [ t  s a n d  M d r b e r  o f  t h e  T r o v l s  P € k  F o r m t l o n ;  K c c c ,  C o v  B e e k  U n e s t o n o  M € [ $ t r  o t  l h o  T r r v l s  P @ k  F o r m t l o n i  K c s .  S g l g o

L l m e s t 4 6  M m b € r  o f  t h o  T r a v l  s  P s k  F d m t l o n i  K c h o .  f b s s t o n  s a n d  M e m b e r  o f  t h e  T r o v l s  P o . k  f t r m t l o n

!  r  l t e p t h :
r  :  o f  3

i  S p o c l  f l c  r  I

!  :  !  C a [ -  t l ' b g n F  :  S o d -  :  P o t o h  t B i c o r -  !  S u i -  :  C h f e  :  F ( u f -  I  N l -  : : 0l 3- : Total :Crnducl-sncot :
Stats ldef I : : l l e l f  l  b t e o f : S l l l c a : l r o n r c l u m !  s l u n  ! l u n r r  s l u m  3 b o n a f e : t a l o  t r l d e  s  r l d o  t i r a t e t B r o n s s o l v € d ! h a r d n s s s : ( M l c r d r h o s t  r p t r c e n t : S A R T R S C

l . | l n b 6 f ,  t & u l t r  ! ( t t . ) t o o l l e t l o : ( S l O e ! : ( F E ) ! ( 6 l i  ( l , t S )  : ( l b r :  ( K '  : ( H c o r t : ( S 0 4 ) t ( C t )  :  ( F t  ! ( N O 3 t : r  s t l d s  :  a s  C r c O s :  s t  2 5 ' C t  :  p H  : S o d l u n  !  !

51-47-501 Kcho

502 Kcho

505 Kcho

55- t l0 l  Kcgr l ,Kche

Kcgr [ ,Kcha

Kcgr l ,Kchs

(car f ,Kche

Kcgr I

KcAru

8l 02-21-80

7! 02-21-80

8t o2-21-ao

0 " t

'160 05-0 9-86

606

05-09-86

06-16-77
05-o9-86

08-04-76
04-25-86

08-01-84
05-08-86

Spr I ng 09-02-37

04-25-86 ll

502 ?85

y5 z4c

265 210

2 ,21 t  1 ,759  4 ,108

I , ' 9  9 6 9

I , l l 4  I , 0 2 0
2 ,218  1 ,661

1.057 810
1 ,710  1 ,251

1 , t 85  1 ,222
I ,630 1.256

t8 l t56 750

2 .112  7 .9  t 0  0 .7

1 ,680  7 .6  7  o . i r
a , 216  1 "7  6  0 .5

t , 450  7 .e  I  0 . 5
t . 255  7 .8  l 2  0 .9

, , 087  8 .0  6  0 "4
1 ,066  7 .7  6  0 "4

5

20

5 t a 5

4 ]

6 t

24'  20

220  4 t

540  I , 406

122

690
l . J  e t

170
1 ,0  t 6

922
958

20
52

l 5  0 . 0

l 5  0 . 0

15  0 "0

24  l . ?

2 .8

! . 5
2.1

5 . 2

3 . 1
1 .4

5.0

5 .0

l . 6 l

t t

< . 0 4

1 . 5

0 .  1 8

.04

.09

6.60

t . l

0 " 1
o

0 . 0

0 .0

0 . 0

0 . 0

6 5  l 5

64  l 0

541 92

1 5

40
54

t1
t6

455

t56

568
l 8 l

1 4 5  l t 5
228 165

244 148
220 112

l 8

t99

t46

125ls2I t

480

t40

500

6 0 1

56-l0t

!01

4 0 1

l 2

t4

l l

I t

1 2  0 .  l 8
l 2

180  158
510  2 t5

t5  16
t0 lB

t5  l J
7 '  1 7

36 .0  t . 5
40  1 .6

20
2 t

,05
t6?

- 8 7
- lo2

l 9
l 9

t
2 7 . 8  7 o.2



T a b f o  5 .  C h m l c c l  f n a l y s € s  o l  l s t e r  S a m p f e s  -  C o n l l n u o d

: ! :

:  3 gbtth I

!  !  o f  :

I  S p r c l  t l c  I  :

:  D l  9  !  T o i a f  i c d d u c t a n c e s  :

! W s [ f r D r t e o l : S ! g l c 3 s l r o n : c l w 3 s l m : l u m r : s l u n S b o n a t 6 i i a t € ! r l d e ! r l d e r t r a t e r B d o n ; $ [ v o d : h a r d n o s s i ( M i c r 6 h o s : : P t r c 6 n t 3 s A R ! R S C

!  !  t  b l -  !  M a O n 6 -  !  S o d -  !  P o t a *  :  B l c a r -  r  S u l -  :  C h l >  r  F l u a -  :  N l -  !

S ta to  Is l l  :

705 Kcarf,Kccc 820 04-25-86
Kcho

902 Kca,Kcho 1,000 01-25-85

O!-22-86

6r-50t Kct 62, 08-04-76
01-l 6-86

,7-6t-502 Kcgr I ,5 | 04-l 8-86

801 Kcgr f ,Kccc  225 04-16-86

804 Kcgr l ,Kccc  810 I  t -02-17

f€ho 05-08-86

t u r b a r  : l 4 u l t a r  t ( f ? . ) : C o f l B c t l o n s ( S l O . ) : ( F e r : ( b ) !  ( l ' 1 9 )  : ( i b ) !  ( K )  ! ( H C 0 3 ) t ( S o a l r ( C t t  |  ( F )  : ( N O 3 t : t  s o l l d s  t  s s  C A C O 3 :  6 f  ? 5 ' C !  :  p H  s s o d l u n  !  |

l l - i l o

-  0 . 1 0  6 0

1 4  -  l o t

l 0 - 8 1
r 0 - 8 t

l 0  -  8 0

8 - t 5

' l l  -  l 0 l

94

t 0 - 9 t

t l

t 0

t 0

9

58

85

88

98

2 . 1  0 . 0 4

t A

1.5 < 0.0i1

0 .5  ? .8
0 .5  1 .42

0 . 2  r . 7 !

0 .5  <0 .0 t

0 ,1  !  0 . 68

n  1 a

- 89!

. J0  610
-  l r 05?

-  518
-  54 t

-  308

649 11694 ? . 89l

t 5
15

26

20

52

44

20

t 8

t 4

J 5 l

4 t

z )

l l
l l

l 0

J8

5 '
t 1

t?
f l

l l

t 2

l 6
' !5

t 5

t 5

t6n, 5 389

285

4 ? t

l 9

l 4

t92

160
529

,18
t55

,52

276

565

329
528

285

79'
) t 1

29 l

219

, t 9  2 9 r

t , l  t 7  900
t , 5 8 1  1 , 2 4 0
t , 4 1 0  r , 0 6 0
t , 1 t 5  1 . 5 t ,

7 ? '  ? . 9  r !  0 . 1

608 1.6 5 0" r

7 . 2  4 t  2 . 1
7 .9  ) 4  2 .4

8 .4  5  0 .1
7 "9  5  0 . t

? . 5  6  0 , 2

7 .9  9  0 "?

7 "1
8 . 0
7.6

905 Kcarl
lCcc

64{01 Kcarf

702 KcArt

704 Kcgr l ,Kccc

709 KcArl

7 ! 0  K c A r f

58-49-t t8 Kcgrf

Kcgr I
Kcgr I

Kegr f

Sprlnq l0-28-17
,bcobrs 04-14-86

| {e[  [

?80 0t-08-86

400 04-r4-86

450 04- l r l -86

120 01- l  5-85

200 04-t t-86

625 08-26-52
62t 09-lt-75
6?t 06-28-77
625 0548-86

l5

2 . O
2

I

90
tt?

1
I

I

t 0

I

,

I

I

l !

I t

1 . 0

0 .2

0 . 2

2 .6

l ,

<0.04

1 . 9

t . 5 r

O . O Z

t . 1 2

0 .4

.09

t , i>t

,24
666

600

4 7 !

620

t , 5 4 0
t , 8 8 0
I , 7 5 0
t , 216

0
0

5 t 5

106
Z O Jl l 4

I 5

t 7

0" 'N2t6

8 " 0

,

6

6

o

0

6

1

6

) 4 0  1 7

! 4 5  1 7

t 4 2  1 5

J l 8  1 5

421 541

)04 960

t82 790

5 8 t  1 , 0 5 9

t ?

1 2

l 4

t l

rc
3 '
l t
t ,

) f8 290 670 7.9 5

t22 291 624 7.6 5

33' 504 640 1.t t

0 . 1

n l

0 . 4

0 . 4

0 . 4

0 . 4

l 2
l 2
t t

t 2

9 4  l i  7

1 7 8  i l t  2 9

? 1 1  t 6 9  t 1

704 t lA  JJ

296 t40  40



T a b f s  5 .  C h m l c 6 f  ^ n a f y s e s  o l  v b t € r  S a n o ( e s  -  C o n t l h u e d

Sta t6  Wet f  :

l F p t h 3  3  !  M  :  I  :  :  :  :  !  :  !  : S p , o c l i l c  I  !  :  :
3  o f  ?  ?  :  3 b l - r t l a q n e ; S o d - : P o f . = r B l c a r - : S u f -  ! C h f r ! F t u 6 - :  N l -  :  :  D l 9  :  T o t 6 l  : C o n d u c f a D c o t  :  r  :

: r i b l l l b t e o t t S l l l c a : l r o n : c l m t s l u n : l u n t g s l u m : b o n a t a t t c t € 3 r l d 6 ! r l d c : t r 6 t e : B 6 o n ! F ( v e d : h a r d n € s s : f i i t l c r @ h o s : ; p o r c o n t : S A R : R S C

l I m b t r  : A g u l f *  ! ( f t . ) : c o t r 6 c t l o n ! ( s l 0 e ) ; ( F e ) ! ( c r l s  ( u 9 l  : ( l . b l t  ( K )  : ( H c o r ) t ( s o a l : ( c r )  |  ( F )  : ( N c a t : :  s l l d s  s  c s  C A C 0 3  !  a t  2 5 " C ,  r  p H  r s o d l u n  !  ?
! : ! t : : t : : a i : : : : :

N

701 Kcarf

705 Kcgr[

5B-49-706 K$,Kcho

707 Kccc ,Kcho

808 Kcgr

57- l0 l  KcAr

il0l Kcgr

909 Kco rKcgr

68-08-10' KcArl

t ,060 ot-27-86
0t-28-86

5J0 01-2r-86

500 04-25-86

700 04-25-96

900 I  l -05-82

420 05-08-86

I  l0 r  l -04-57
05-o7-86

500 I l-04-J7
05-o7-86

850 07- '15-85
04- l  6-86

,o0 t?-rt-84
I 0-28-85
04-t  5-86

Kcs,Kcho 1,060 12-26-81 .  l t  r l 0  70
19  -  160  t 07
t 9  -  t 5 6  t 0 7

t 2 - 7 2 7 2

l 2 - 7 9 2 9

I r  -  1 0 2  2 l

t 4 - 6 6 4 0

1 2  -  2 1 6  1 6 9

- 144 5?
- 9 1 2 A

-  t J s  t 70
- 1 5 5 2

- 78 24
-  8 1  2 l

605
840  t , r 20
829 t ,J00

478  1 .050

520 664

i4]  735

328 679

|  ,2J5 5,  r08

51?
150  750

I ,600
597 894

?9t 616
291  5 t6

!8t  9t2
! r 3  740
107 1?5

7 . t  t 8  1 . 0
8 . 5  t ?  . 8
8 . 2  t 5  . 8

7 . 9  6  0 . 2

1 " 1  5  0 " i

7 . 6  5  0 . 2

7 . 8  4  0 " t

? . 8  I  0 " 6

0 . 0  4  0 . 1

slo ;

B , !  5
7 . 7  A

7 . 5  t !
1  '  t t

8 . 0  t 5

0 . 1

0 . 1

0 . 5

0 , t

60

5t

56

r l

7

9

'l

6

'l

6

26
,2

l 0

I

I

t 6

?

260 460

, J 9  6 2 1

5r8  608

4?5 la?

t60  2 l

]86  20

561 l l

t67 967

244 4)

594 l0

354 I 28

t55 2l

5 t9  t4

406 t9
t12  J6

4 0  t . 0

t t I

l 8 t

l 2  . 6

t 6  " 2

l l  0 " 6

4 r  ! . t

1 2  0 . 1

24

l 0  0 . 9

i l  0 .4

I  I  0 . '

51  ' t .  t
t 8  0 . 9

t 7  0 . 9

. t 0
<0.04

<0.04

0 . ? 5

< 0 . 0 4

0 . 7  I

0 . 6 2

6 . 8 7

"  r 0  8 8 9
-  1  . 1 6 6
-  I  , 1 5 ]

-  t J g

- t4f

-  175

-  J 5 !

-  1 . 6 1 0

-  !78

]  ouo

- t22
-  5 1 9

- 15q
-  1 6 5

0

04

0 . 1

I

6 . 0

l 5

il

-  . t 0  8 0  4 4
-  0 . 5  5 9  4 0

t 4 - 5 8 1 9
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