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Development of the Wink Sink 'in west Texas due to salt dbo1ution and collapse 
KEX'NETH S.JOHNSON Oklahoma ( ; e o l q i c a / S m y .  N o r m w  USA 

ABSTRACT 

The Wink Sink, in Winkler County, Texas, is a collapse feature that 
formed in June 1980 when an underground dissolution cavity migrated upward 
by successive roof failures until it breached the land surface. The 
original cavity developed in the Permian Salado Formation salt beds more 
than 400 rn (1,300 ft) below ground level. Natural dissolution of salt 
occurred in the vicinlty of the Wink Sink in several episodes that began 
as early as Salado time and recurred in later Permian, Triassic, and 
Cenozoic times. Although natural dissolution occurred in the past below 
the Wink Sink, it appears likely that the dissolution cavity and resultant 
collapse described in this report were influenced by petroleum-production 
activity in the immediate area. Drilling, completion, and plugging 
procedures used on an abandoned oil well at the site of the sink appear 
to have created a conduit that enabled water to circulate down the borehole 
and dissolve the salt. When the dissolution cavity became large enough, 
the roof failed and the overlying rocks collapsed into the cavity. Similar 
collapse features existwhere underground salt beds have been intentionally 
dissolved during solution mining or accidentally dissolved aa a result 
of petroleum-production activity. 

Introduction 
The Wink Sink, located 3.2 km ( 2  miles) north of the town of Wink in Winkler County, 

Texas (Figure l), formed on June 3, 1980, and within 24 hours it had expanded to a maximum width 
of 110 m ( 360 f tl (Baumgardner et al., 19821 . Two days later, the maximum depth of the sinkhole 
was 3 1  m (110 ft) and the volume was estimated at about 159,000 cubic m (5.6 million cubic ftl. 
The collapse occurred near the middle of tlendrick Field, a giant oilfield that has been 
operating since 1926: one abandoned oil well was incorporated within the sink itself, and a 
second oil well was plugged and abandoned because of its proximity to the sinkhole. There 
appears to be no doubt that the Wink Sink resulted 
from an underground dissolution cavity that 
migrated upward by successive roof failures , 
thereby producing a collapse chimney filled with 
brecciated rock (8aumgardner et al., 1982). The 

. dissolution cavity had developed in salt beds 
of the Permian Salado Formation, which is about 
260 m ( 8 5 0  ft) thick and lies about 400 to 655 m 
(1,300 to 2,150 ft) beneath the Wink Sink. 
Natural dissolution of salt beds in the Salado 
Formation in Winkler County and other arsas of 
West Texas and New Mexico is well known, but the 
dissolution and collapse associated with the 
Wink Sink apparently resulted from, or at least 
was accelerated by, oilfield activity in the 
immediate vicinj ty of the sink. Whether thc 
dissolution is due to natural causes or oilf ield 
activity, there are four distinct requirements 
for salt dissolution to occur (Johnson, 1981): 
(1) a deposit of salt through which water can 
flow, (2) a supply of water unsaturated with 
respect to NaCl, (31 an outlet whereby the result- 
ing brine can escape, and I0 energy (such as 
hydrostatic head or density gradient) to cause 
the flow of water through the system. 

Previous reports on the Wink Sink include 
widely distributed articles by Baumgardner et 
al. (1980, 19821 and a limited-distribution gov- Figure 1: Hap of west Texas and southeast 
ernment document by .Johnson (1986 1 .  The current New Mexico showing major geologic 
report is a summary of data presented by Johnson provinces and location of Wink Sink in 
(1986). , Uinkler County. 
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Geologic History and Stratiqraph 
WinKler County is located as%ride the 

boundary between the Delaware Basin on the 
west and the Central Basin Platform on the 
east (Figure 1). These major structural 
provinces are both part of the greater 
Permian Basin of West Texas and southeast 
New Mexico and are characterized by dif- 
ferent sequences of Permian-aye strata. 
The provinces are separated by the Capitan 
Reef, a massive limestone and dolomite reef 
that fringed the Delaware Basin during 
Guadalupian time when diEEerent suites of 
sediment were deposited on either side of 
the reef. 

Rock units of principal concern in the 
vicinity of the Wink Sink are all of 
sedimentary origin and are of Permian, 
Triassic, or Cenozoic age (Figure 2). The 
Capitan Reef, the oldest Permian unit of 
interest, is a massive sequence of lime- 
stone and dolomite about 157  to 610 m (1,500 
to 2,000 ft) thick and 13 to 16 km (8 to 
10 miles) wide in western Winkler County 
(Garza and Wesselman, 1959). Carbonate 
rocks in the Capitan typically have a high 
porosity and permeability. The Capitan 
grades eastward into contemporaneous back- 
reef carbonates and clastics of the Artesia 
Group; the two uppermost formations of the 
Artesia (the Yates and Tansill Formations) 
are present above the Capitan beneath the 
Wink Sink. 

Figure 2: Schematic east-west cross section in The Yates Formation consists of light- 
Winkler County showing natural dissolution of gray, white, and flesh-colored dolomite and 
Salado Formation salts on the eastern edge of limestone with some interbeds of fine- 
the Delaware Basin (modified from Baumgardner grained g r a y  sandstone and shale (Ackers 
et al., 1982). All strata below the "UndifEer- et al., 1930). The Yates is about 85 m 
entiated Cenozoic and Triassic" are Permian in (280 ft) thick in the vicinity of the Wink 
age. Sink (Baumgardner et dl., 1982). Porosity 

occurs in the form of irregular solution 
cavities as large as 5 cm ( 2  in) indiameter, 
and also as interstitial voids in the 

granular rocks. Solution cavities lined with calcite are commonly found in the oil-producing 
horizons. 

The overlying Tansill Formation consists mainly of dolomite and limestone, interbedded 
with dolomitic shales, and a persistent bed of anhydrite that overlies the dolomitic sequence 
(Ackers et al., 1930; Baumgardner et dl., 1982). The Tansill Formation is about 50 m (160 ft) 
thick beneath the Wink Sink, and the anhydcite in t h e  upper part of the Tansill is generally 9 
to 15 m (30 to SO ft) thick. The top of the formation is a t  the base of the lowest salt unit in 
the Salado Formation (Baumgardner et dl., 1982). 

The Salado Formation is a thick sequence of interbedded salt (halite) and anhydrite. ! 
The formation is about 260 m (850 it) thick beneath the Wink Sink, but it is as much as 400 m 
(1,300 ft) thick just to the east and only about 180 m I600 ft) thick just to the west 
(Figure 2 ) .  Individual Salado anhydrite units in the area typically are 3 to 15 m (10 to 
50 Zt) thick, whereas the intervening salt units commonly are 3 to 30 rn (10 to 100 ft) thick. 
Variations in thickness of the Salado Formation and of the individual salt units are largely 
dt~a to dissolution of one or more of the salt units during Salado and post-Salado times. 
Dissolution of the salts in the Salado h a s  been noted several ti~es in earlier literature 
(Ackers et al., 1930; Maley and Huffington, 1953; Anderson and Kirkland, 19801, and, most 
recently, Baumgardner et al. (1982 and Johnson ( 1986 J have shown that dissolution has occurred 
in each of the Salado salt units in the vicinity of the Wink Sink. 

Overlying the Salado is the Rustler Formation, which consists of interbedded anhydrite, 
dolomite, limestone, shale (or mudstone), and sandstone (Ackers et al., 1930; Baumgardner et 

i 
al., 1982). The Rustler is about 82 m (270 ft) thick beneath the sink, but locally it is as much 
as 95 m 0 1 0  ft) thick where it apparently thickens due to dissolution and collapse of 



underlying salad0 Salt units prior to or during Rustler depositlon, The Dewey Lake Formation 
consists of Lnterbedded red-brown shale, sandy shale, and siltstone overlying the Rustler 
(Ackers et al., 1930; Baumgardner et al., 1982). The thickness of Dewey Lake strata in the 
area ranges from about 110 to 146 m (360 to 480 ft). and is about 137 a (450 it) beneath the 
Wink Sink. The local sharp increase In thickness of the Dewey Lake indicate8 the likelihood 
that soma of the diseolutlon of salt In the Salado occurred prior to or during Devey Lake 
~eposition. 

unconformably above the Dewey Lake Formation lies a sequence of Triassic shales and 
sandstones overlain by unconsolidated Cenozoic elastics; these strata are not readily dif- 
ferentiable in the area, and thus have been referred to as .undifferentiated Cenozoic and 
Triassic* strata (Figure 2). This undifferentiated sequence increases in thickness markedly 
across the area from about 120 m (400 ft) on the east to as much as 457 m (1,500 ft) in the 
dissolution trough west of Wlnk Sink (Figure 2 ) .  The abrupt thickening of these strata in the 
same area where the Salado salts reach minimum thickness supports the interpretation of salt 
dissolution and concurrent (or subsequent) basin filling during Triassic and Cenozoic times. 

Natural dissolution of salt beds of the Salado Formation in western Winkler County began 
during Late Permian time and still may,be going on today (Baumgardner et al., 1982). Abnormal 
thinning and thickening of individual salt units in the Salado, as well as local thickening 
of each of the overlying formations of Permian, Triassic, and Cenozoic age, indicate that 
this process of dissolution and subsidence has occurred intermittently in the Wink area and 
began even before the end OF Salado deposition (Johnson, 1986). 

petroleum Activity in the Hendrick Field 
The Hendrick Field, whlch includes the location of the Wink Sink (Figure 31, is one of 

the giant oilfields of Texas. More than 1,400 wells have been drilled in the field since its 
discovery in 1926, and there wells have yielded a cumulative total of about 40.55 million 
cubic m t 255 million barrels) of oil (one metric ton of crude oil equals 1.166 cubic m). 
~rilling activity and oil production were phenomenally high in the first few years after the 
discovery well was drilled, but by the early 1930s, the activity was reduced greatly and has 
continue6 to decline to a relatively low level today. One of the major problems in the 
Hendrlck Field since its beginnings is the great volume of oifield brine that has been produced 
along with the oil and has required disposal. 

Several articles were published during the early boom period of the Bendrick Field (Vance, 
1928; Bignell, 1929, 1930; Ackers et al., 1930; Heithecker, 1932: Carpenter and Hill, 19361, 
and these documents provide valuable insight into the methods of drilling, well completion, 
oil production, brine production, and brine disposal used in the field. 

Production in the Rendrick Field has been 
predominantly oil, with small amounts of natural 
gas. Most of the oil has come from the Yates 
Formation, although some is produced from the 
overlying Tansill Formation. Initial daily pro- 
duction of individual wells, based on short-time 
gages, ranged from 48 to 15,583 cubic m (300 to 
98,000 barrels) of oil per day, and pilot-tube 
measurements of natural-gas production on some 
wells indicated as much as 2 million cubic m 
(70 million cubic ft) per day. Most wells were 
drilled only 201 rn (660 ft) from neighboring 
wells, with spacing throughout the field 
typically being one well per 4 or 8 hectares (LO 
or 20 acres) (Figure 4 ) .  In parts of the field 
explosives were used to fracture the producing 
zones and thereby increase production oE some of 
the wells with low yields (Vance, 1928). 

Many crooked boreholes were drilled in the 
early years of development of the Bendrick Field 
(Carpenter and Hill, 1936). As a result, the 
lower part of some boreholes is shifted a hundred 
meters (several hundred Feet) or more laterally 
away from the surface location. In surveys of 
some of the boreholes, it was found that the 
deflection of the holes at various depths was as 
much as 20 to 40 degrees from the vertical. In 
some of these boreholes where the deviation was Figure 3: Winkler County, Texas, show- 
excessive, such as in the Hendrick well 1 0 - A  at ing oil- and gas-producing areas 
the Wink Sink, explosives were used to fracture (diagonal lines and location of Hendrick 
the rock and allow realignment of the hole. Field and Wink Sink. 



O i l f i e l d  B r i n e s  i n  t h e  Hendr ick  F i e l d  
P r o d u c t i o n  and d i s p o s a l  o f  o i l f i e l d  b r i n e s  h a s  been a  s e r i o u s  problem I n  t h e  Hendr ick  

P i e l d  since s h o r t l y  a f t e r  t h e  f i e l d  was d i s c o v e r e d .  The vuge and  f r a c t u r e s  w i t h i n  t h e  T a n s i l l  
a n d  Yatee c a r b o n a t e  r e s e r v o i r s  y i e l d  s a l i n e  fo rmat ion  w a t e r s  a l o n g  w i t h  t h e  o i l ,  a n d ,  i n  m o s t  
cases, l a r g e  amounts  of  b r i n e  were  p roduced  s h o r t l y  a f t e r  c o m p l e t i o n  oL an o i l  w e l l .  T h e  
b r i n e s  g e n e r a l l y  c o n t a i n  f rom 5,000 t o  48,000 p a r t s  p e r  m i l l i o n  d i s s o l v e d  s o l i d s .  Water  
p r o d u c t i o n  ranged  from a b o u t  95 ,400  t o  139,000 c u b i c  m (600 ,000  t o  875,000 b a r r e l s )  p e r  day  i n  
t h e  19309 ,  and t h e  w a t e r - o i l  r a t i o  f o r  t h e  p roduc ing  w e l l s  i n c r e a s e d  from a b o u t  16 t o  1 i n  1930  
t o  a s  much a s  50 t o  1 i n  1934  ( C a r p e n t e r  and  H i l l ,  1936) .  

Al though  no a c c u r a t e  t o t a l s  are a v a i l a b l e ,  i t  is  c l e a r  t h a t  a t remendous q u a n t i t y  o f  
w a t e r  h a s  been p roduced  i n  t h e  Hendr ick  P i e l d .  BY assuming a n  a v e r a g e  p r o d u c t i o n  o f  
1 3 5 , 0 0 0  c u b i c  m (850,000 b a r r e l s )  o f  w a t e r  p e r  day  from 1929 th rough  1957 (Garza  and Wesselman,  
19591  a n d  a n  a v e r a g e  of 47,700 c u b i c  m (300,000 b a r r e l s )  per day from 1958 t h r o u g h  1982  
( J o h n s o n ,  19861,  it is h e r e i n  e s t i m a t e d  t h a t  t h e  c u m u l a t i v e  p r o d u c t i o n  of water h a s  amounted 
to a b o u t  1 .86  b i l l i o n  c u b i c  m (11 .7  b i l l i o n  b a r r e l s ,  o r  1 . 5  m i l l i o n  a c r e - f e e t ) .  

The p r i n c i p a l  means f o r  h a n d l i n g  t h e  g r e a t  q u a n t i t y  of  w a t e r  produced w i t h  o i l  i n  t h e  
H e n d r i c k  P i e l d  c o n s i s t e d  of d i s p o s a l  i n  u n l i n e d ,  n a t u r a l  a n d  a r t i f i c i a l  e a r t h e n  g e v a p o r a t i o n .  
p i t s  ( E e i t h e c k e t ,  1 9 3 2 ) .  I n  soma p l a c e s ,  dynami te  was used  t o  b l a s t  c a l i c h e  o r  o t h e r  h a r d  
r o c k  u n i t s  p r e s e n t  i n  t h e  f l o o r  of a p i t .  I t  was r e a l i z e d  f rom t h e  o u t s e t  t h a t  most  o f  t h e  
w a t e r  d i s p o s e d  of  I n  t h e  e a r t h e n  p i t s  was i n  f a c t  l o s t  th rough  s e e p a g e  i n t o  t h e  g r o u n d  
( R e i t h e c k e r ,  1 9 3 2 ) .  The g round  s u r f a c e  i n  most  p a r t s  of t h e  Eendr lck  P i e l d  c o n s i s t s  o f  loose 
s a n d ,  a n d  t h i s  c o v e r s  t h e  u n c o n s o l i d a t e d  s a n d ,  g r a v e l ,  s i l t ,  and c l a y  i n  t h e  Cenozo ic  a l l u v i u m .  
T h e r e f o r e ,  w a t e r s  ( i n c l u d i n g  o i l f i e l d  b r i n e s )  were able t o  p e r c o l a t e  down e a s i l y  t h r o u g h  t h e  
p o r o u s  and pe rmeab le  s u r f a c e  m a t e r i a l s  t o  r e a c h  and r e c h a r g e  t h e  ground w a t e r .  

No p u b l i c  r e c o r d s  have  been k e p t  of t h e  l o c a t i o n  of t h e s e  e a r t h e n  p i t a ,  t h e  p e r i o d  of 
t h e i r  u s e ,  or t h e  q u a n t i t y  o f  w a s t e w a t e r  t h a t  was d i s c a r d e d  i n t o  i n d i v i d u a l  p i t s  o r  i n t o  a l l  
p i t s  combined.  However, a series of a e r i a l  pho tographs  t a k e n  i n  1942 ,  1946,  1954,  a n d  1968  
show t h e  l o c a t i o n  of a g r e a t  many n a t u r a l  and a r t i f i c i a l  e a r t h e n  p i t s  t h a t  were u s e d  
i n t e r m i t t e n t l y  or c o n t i n u o u s l y  f o r  d i s p o s a l  of w a t e r .  By s t e r e o s c o p i c  s t u d y  o f  t h e s e  
p h o t o g r a p h s ,  I have  e s t a b l i s h e d  t h a t  n e a r l y  50 s e p a r a t e  areas, rang ing  i n  s i z e  f rom 0.4 t o  
1 2  h e c t a r e s  (1 t o  30 a c r e s ) ,  were u s e d  a t  o n e  t i m e  or a n o t h e r  a s  d i s p o s a l  p i t s  i n  t h e  v i c i n i t y  
o f  t h e  Wink S ink  ( F i g u r e  5 ) .  I n  f a c t ,  t h e  l a r g e s t  p i t ,  l o c a t e d  i n  t h e  n o r t h e a s t  q u a r t e r  o f  
s e c t i o n  34,  is j u s t  300 m ( 1 , 0 0 0  f t )  s o u t h - s o u t h e a s t  of t h e  Wink S i n k ;  p o r t i o n s  of t h i s  p i t  

I 1 Mile 
1.8 Km 

4 

F i g u r e  4: L o c a t i o n  o f  t h e  227 p e t r o l e u m  F i g u r e  5: Map showing l o c a t i o n  o f  e a r t h e r n  
tests and o t h e r  b o r e h o l e s  d r i l l e d  n e a r  ponds and p i t s  [heavy l i n e s )  u s e d  f o r  
Wink S i n k  i n  s e c t i o n s  34 ,  35 ,  40, and 41 d i s p o s a l  of o i l f i e l d b r i n e s  i n  f o u r - s e c t i o n  
o f  B lock  8-5, F u b l i c  S c h o o l  Land Survey ,  a r e a  s u r r o u n d i n g  t h e  Wink S i n k  i n  W i n k l e r  
W i n k l e r  County. County . 
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have  been  used  c o n t i n u o u s l y  f rom 1942 t h r o u g h  
1968,  a n d  t h e  p i t  may have been p u t  i n  u s e  as Depth 

€lev 2.618 ft L859mt 
e a r l y  as t h e  e a r l y  1930s.  S e v e r a l  s m a l l e r  p i t s ,  
l o c a t e d  i n  t h e  s o u t h e a s t  q u a r t e r  of  s e c t i o n  41 Plugged with fQ rocks of 

( F i g u r e  51,  are e v e n  c l o s e r  to  t h e  Wink S i n k ,  b u t  
cemsnt on 3 /2 /64  

have  b e e n  i n  u s e  f o r  s h o r t e r  p e r i o d s  of t i m e .  

W i t h i n t h e l f e n d r i c k F i e l d t h e  s h a l l o w ,  f r e s h -  
w a t e r  a q u i f e r s  have been r e c h a r g e d  s u b s t a n t i a l l y  15 112 - Inch coslng set ot 
by l e a k a g e  o f  w a s t e w a t e r  from t h e  d i s p o s a l  p i t s  40011 ~n 1928 
( G a r z a  a n d  Weeselman, 1 9 5 9 ) .  Great volumes of 
w a t e r  h a v e  s e e p e d  down t h r o u g h  permeab le ,  sandy  
soi l  i n  t h e  c e n t r a l  p a r t  oE t h e  f i e l d ,  i n c l u d i n g  .Casing removed between 

t h e  l o c a t i o n  of the Wink S i n k ,  c r e a t i n g  a l a r g e  4 0 0  and =ti in 1964 
ground-wate r  mound t h a t  i n  1956 e x t e n d e d  a b o u t  
1 3  km ( 0  miles) nor th - sou th  and  6.5 kin ( 4  m i l e s )  
eas t -Wes t  (Garza  and  Wesselman, 1 9 5 9 ) .  I t a p p e a r s  
t h a t  t h e  w a t e r  t a b l e  i n  t h e  mound may have  been  
r a i s e d  some 1 5  to 30 m ( 5 0  t o  100 f t )  by t h a t  
time. I n  1956 t h e  w a t e r  t a b l e  a t  t h e  s i te  o f  t h e  Plugged wilh 90 socks 

Wink S i n k  was a b o u t  9  m (30  f t  1 below ground  l e v e l .  of cement on 3/2/64 

H i s t o r y  o f  Hendr ick  Well 10-A 
An abandoned o i l  w e l l ,  t h e  B e n d r i c k  w e l l  

10-A, is  l o c a t e d  w i t h i n  t h e  c i r c u m f e r e n c e  of t h e  
Wink S i n k .  The s i n k  a p p a r e n t l y  d i d  n o t  b r e a c h  
t h e  s u r f a c e  a t  t h e  l o c a t i o n  of  t h e  b o r e h o l e ,  b u t  
r e p o r t e d l y  a p p e a r e d  t o  one  s i d e  of  t h e  b o r e h o l e  
(Baumgardner  e t  a l . ,  1 9 8 2 ) .  As t h e  s i n k  e n l a r g e d  
by s l u m p i n g  a n d  c a v i n g  of  t h e  s i d e s ,  t h e  s u r f a c e  
c a s i n g  o f  t h e  w e l l  a p p a r e n t l y  was i n c o r p o r a t e d  
i n  t h e  s l u m p  m a t e r i a l ,  a l t h o u g h  no e y e w i t n e s s e s  
r e p o r t e d  s i g h t i n g  t h e  s u r f a c e  c a s i n g .  The f o l -  
lowing  d i s c u s s i o n  o n  t h e  h i s t o r y  of  t h e  H e n d r i c k  
w e l l  10-A i s  m o d i f i e d  s l i g h t l y  f rom a n  o r i g i n a l  
d i s c u s s i o n  by Baumgardner e t  a l .  ( 1 9 8 2 )  b a s e d  
l a r g e l y  o n  d a t a  f i l e d  w i t h  t h e  Texas  R a i l r o a d  10-inch casing set at 
commiss ion .  2,W f 1 WI 1928 

I60 qh of rdtroglycetine 
R e p u b l i c  P r o d u c t i o n  Company began  d r i l l i n g  "shot" at 2,300 1 t in 1928 

t h e  H e n d r i c k  w e l l  10-A on J u n e  29, 1928,  a n d  8 IA-inch cosing set Of 
c o m p l e t e d  i t  o n  Oc tober  25, 1928. The d r i l l e r ' s  
l o g  and  t h e  b o r e h o l e  r e p r e s e n t a t i o n  ( F i g u r e  6 )  -2,500 2,440ft in t928 

show d r i l l i n g ,  c a s i n g ,  and p l u g g i n g  p r o c e d u r e s  -Total depth 2,570 ft 
r e p o r t e d  t o  t h e  Texas R a i l r o a d  Commission d u r i n g  (783 m) 

t h e  l i f e  of t h e  w e l l .  The w e l l  was d r i l l e d  w i t h  
EXFUNATION 

r o t a r y  tools t o  t h e  t o p  of  "brown l i m e  of  t h e  cA'bV'w" 
T a n s i l l  F o r m a t i o n m  a t  a d e p t h  o f  668 m ( 2 , 1 9 3  f t )  , a Red 
a n d  c a b l e  tools w e r e  u s e d  t o  c o m p l e t e  t h e  w e l l  
i n  t h e  Yates Format ion  a t  a d e p t h  o f  778 rn m ~ n h ~ d r i t e  
( 2 , 5 5 2  L t ) .  I n i t i a l  d a i l y  p r o d u c t i o n  from t h e  
w e l l  was e s t i m a t e d  t o  be  159 c u b i c  in ( 1 , 0 0 0  b a r -  ~ 0 l m l f e  
rels)  o f  o i l  and 636 c u b i c  m (4 ,000  b a r r e l s )  o f  a w a t e r .  The  c a s i n g  program c o n s i s t e d  f i r s t  of *' Sands'onc 
s e t t i n g s u r f a c e p i p e , 3 9 . 4 c m ( 1 5 . 5 i n )  i n d i a m -  m k l t  
e t e r ,  a t  a  d e p t h  oE 1 2 2  m  (400 f t )  and cement ing  Locat Ian of w e l l  
it w i t h  300 aacko  o f  cement .  Second, 25. 4-CIT a Solf d~ssolul~on ra lat lvo t o  Wink Sink 
( 1 0 - i n )  c a s i n g  was set a t  a d e p t h  of  669 m 
( 2 , 1 9 6  f t )  a n d  cemented w i t h  800 s a c k s  o f  cement. 
F i n a l l y ,  c a s i n g  2 1  cia (8 .25 i n 1  i n  diameter was F i g u r e  6:  S t r a t i g r a p h i c  s e c t i o n  o f  Ren- 
set a t  a d e p t h  o f  744 m ( 2 , 4 4 0  f t )  b u t  was n o t  d r i c k  w e l l  10-A, s e c t i o n  41, B lock  8-51, 
cemented .  N o  c a s i n g  was set below 744 m P u b l i c  Schoo l  Land S u r v e y ,  W i n k l e r  County ,  
( 2 , 4 4 0  f  t )  . The Hendr ick  w e l l  10-A vas a  c r o o k e d  Texas  ( m o d i f i e d  f rom Baumgardner e t  a l . ,  
b o r e h o l e  t h a t  d e v i a t e d  t o o  much from t h e  v e r t i c a l ;  1982 1 .  
it was s t r a i g h t e n e d  a t  a d e p t h  of  701  m ( 2 , 3 0 0  ft) 
b y  e x p l o d i n g  151  l i t e r s  (160  q u a r t s )  of  n i t r o -  
g l y c e r i n e  i n  t h e  b o r e h o l e .  

The R e p u b l i c  P r o d u c t i o n  Company later deepened  t h e  w e l l  t o  783 m (2 ,570  f t )  i n  J a n u a r y  
1930 .  They t h e n  f i l e d  a n  a p p l i c a t i o n  t o  a g a i n  d e e p e n  t h e  w e l l  t o  945 m (3 ,100  E t )  i n  December 
1 9 3 1 ,  LuL n o  d a t a  a r e  on f i l e  w i t h  t h e  T e x a s  R a i l r o a d  Cdmmission to i n d i c a t e  t h a t  t h e  w e l l  
was d r i l l e d  d e e p e r  t h a n  1 0 3  m ( 2 , 5 7 0  f t ) .  The  B r a d b e r r y  and S a s s e r  Company l a t e r  E i l e d  a 

Hendr ick 
Well#lO 

3qOO 



p l u g g i n g  r e c o r d  f o r  t h e  w e l l  i n  J u l y  1951 ,  r e f e r r i n g  t o  t h e  v e l l  as be ing  on  t h e  T. G .  H e n d r i c k  
" A R  lease. The r e c o r d  s t a t e d  t h a t  t h e  u e l l  was s h o t  " t o  p a r t  c a s i n g , '  b u t  t h e  d e p t h  (or d e p t h s )  
o f  t h e a e  s h o t s  and t h e i r  e f f e c t  on  t h e  c a s i n g  w e r e  n o t  r e p o r t e d .  The r e c o r d  d i d  show. however.  
t h a t  t h e  w e l l  was p l u g g e d  w i t h  cement  a t  d e p t h s  from 783 to 655 m ( 2 , 5 7 0  t o  2 ,150  f t ) .  The  
w e l l b o r e  a b o v e  t h i s  was f i l l e d  w i t h  mud a n d  p l u g g e d  a t  d e p t h s  Erom 122 to 1 1 3  m (400  t o  370 f t )  
w i t h  25 s a c k s  o f  c e m e n t .  a n d  t h e n  p l u g g e d  a t  t h e  s u r f a c e  w i t h  1 5  s a c k s  of  cement .  The w e l l  w a s  
t h e n  abandoned  f o r  1 3  y e a r s .  

I n  1 9 6 4 ,  t h e  M a l l a r d  P e t r o l e u m  Company removed t h e  s h a l l o w  cement p l u g s  and a t t e m p t e d  
to  d e e p e n  t h e  w e l l .  However, t h e  d r i l l e r s  w e r e  u n a b l e  t o  r e e n t e r  t h e  h o l e  'because  o f  j u n k R  i n  
t h e  b o r e h o l e .  The w e l l  was t h e n  r e p l u g g e d  i n  March 1964 w i t h  90 s a c k s  of  cement  a t  a d e p t h  o f  
3 2 3  m (1.060 f t ) ,  and w i t h  1 0  s a c k s  of  cement  a t  t h e  s u r f a c e .  Dur ing  t h i s  r e e n t r y  a t t e m p t ,  
t h e  company removed more t h a n  1 8 3  m ( 6 0 0  f t )  o f  25.4-cm ( 1 0 - i n )  d i a m e t e r  c a s i n g ,  l e a v i n g  a n  
u n l i n e d  b o r e h o l e  ( p r e s u m a b l y  f i l l e d  w i t h  mud) be tween  324 and  122  m  ( 1 , 0 6 2  and 400 f t ) ,  o r  f r o m  
t h e  u p p e r  p a r t  o f  t h e  R u s t l e r  F o r m a t i o n  to  j u s t  be low t h e  S a n t a  Rosa Format ion .  

S a l t  D i s r o l u t i o n  by N a t u r a l  C a u s e s  i n  t h e  Wink S i n k  Area 
b number of  s t u d i e s  have  been  c o n d u c t e d  on sal t  d i s s o l u t i o n  i n  v a r i o u s  p a r t s  o f  t h e  

D e l a w a r e  B a s i n  and n e a r b y  a r e a s ,  i n c l u d i n g  work by Ackers  e t  a l .  ( 1 9 3 0 ) .  Adams ( 1 9 4 4 ) ,  M a l t y  
a n d  A u f f i n g t o n  ( 1 9 5 3 ) ,  B i l l s  ( 1 9 7 0 ) ,  Bachman ( 1 9 7 6 )  ,' R i r k l a n d  and Evans ( 1 9 7 6 ) ,  A n d e r s o n  
e t  a l .  ( 1 9 7 8 ) ,  Mercer  and  H i s s  ( 1 9 7 8 ) ,  Anderson  and  K i r k l a n d  ( 1 9 8 0 1 ,  Baumgardner e t  a l .  (1980:  
1 9 8 2 ) ,  Lamber t  ( 1 9 8 3 ) ,  a n d  J o h n s o n  ( 1 9 8 6 ) .  T h e r e  is, i n  a d d i t i o n ,  overwhelming e v i d e n c e  t h a t  
s a l t  h a s  b e e n  p a r t l y d i s s o l v e d  by n a t u r a l  p r o c e s s e s  i n  t h e  v i c i n i t y o f t h e  Wink S i n k  (Baumgardner  
e t  a l . ,  1 9 8 2 ;  J o h n s o n ,  1 9 8 6 ) .  Abnormal a n d  a b r u p t  t h i n n i n g  of  s a l t  u n i t s  w i t h  c o n c u r r e n t  
t h i c k e n i n g  o f  o v e r l y i n g  r o c k  u n i t s  i n  t h e  same a r e a  is m a j o r  p r o o f  f o r  t h i s  n a t u r a l  d i s s o l u t i o n  
( F i g u r e  2 ) .  The d i s s o l u t i o n  h a s  been  e p i s o d i c  i n  v a r i o u s  p a r t s  o f  t h e  Wink a r e a ,  w i t h  e v i d e n c e  
t h a t  i t  began  as e a r l y  as S a l a d o  t i m e  a n d  t h e n  r e c u r r e d  d u r l n g  l a t e r  Permian ,  T r i a s s i c ,  a n d  
C e n o z o i c  time. Some n a t u r a l  d i s s o l u t i o n  o f  S a l a d o  s a l t s  may be g o i n g  on  a t  t h e  p r e s e n t  t i m e ,  
b u t  t h e r e  i s  n o  e v i d e n c e  c u r r e n t l y  a v a i l a b l e  to c o n f i r m  or r e f u t e  t h i s .  

T h e r e  i s  no  e v i d e n c e  t h a t  a  n a t u r a l  c a v e r n  e x i s t e d  I n  t h e  v i c i n i t y  of  t h e  Wink S i n k  p r i o r  
t o  d r i l l i n g  o f  t h e  H e n d r i c k  w e l l  10-A. No c a v i t i e s  were  r e p o r t e d  i n  1928  d u r i n g  d r l l l i n g  Of 
t h e  w e l l ,  a n d  s u b s u r f a c e  c o n d i t i o n s  a t  a n d  n e a r  t h e  s i n k  h a v e  n o t  been examined by b o r e h o l e e  
or o t h e r  m e t h o d s  s i n c e  d e v e l o p m e n t  o f  t h e  s i n k .  The p r e s e n c e  o f  p e r m e a b l e  f r a c t u r e  z o n e s  or 
c a v i t i e s  i n  t h e  a r e a  i s  i n d i c a t e d  by t h e  l o s s  of  f l u i d s  d u r i n g  t h e  d r i l l i n g  of  f o u r  o f  t h e  o i l  
w e l l s  l o c a t e d  w i t h i n  1 . 6  km (1 m i l e )  o f  t h e  Wink S i n k  (Baumgardner et  d l . ,  1 9 8 2 ) .  The w e l l s ,  
d r i l l e d  i n  1927  a n d  1 9 2 8 ,  l o s t  c i r c u l a t i o n  a t  d e p t h s  r a n g i n g  from 291 t o  699 m ( 9 5 6  t o  
2 , 2 9 3  f t ) .  One w e l l  l o s t  c i r c u l a t i o n  d u r i n g  d r i l l i n g  i n  s a n d  and r e d  b e d s  of  t h e  Dewey Lake  
F o r m a t i o n ;  o n e  u e l l  lost  c i r c u l a t i o n  i n  d o l o m i t e  of  t h e  T a n s i l l  F o r m a t i o n ;  s n d  t h e  o t h e r  t w o  
w e l l s  lost c i r c u l a t i o n  d u r i n g  d r i l l i n g  i n  t h e  S a l a d o  F o r m a t i o n .  These  l o s t - c i r c u l a t i o n  z o n e s  
a r e  p e r m e a b l e  p a t h w a y s  t h a t  c a n  a l l o w  f o r  t h e  movement o f  f l u i d s  w i t h i n ,  above ,  and b e l o v  t h e  
S a l a d o  F o r m a t i o n .  

S a l t  D i s s o l u t i o n  R e l a t e d  to  P e t r o l e u m  A c t i v i t y  i n  t h e  Wink S i n k  Area 
A l t h o u g h  i t  is c l e a r  t h a t  mos t  o f  t h e  sa l t  d i s s o l u t i o n  i n  t h e  Wink a r e a  ( i n c l u d i n g  t h e  

d i s s o l u t i o n  t r o u g h )  h a s  r e s u l t e d  f rom n a t u r a l  p r o c e s s e s ,  it is e q u a l l y  c l e a r  t h a t  aoae o f  t h e  
e a r l y - d a y  o i l f i e l d  p r a c t i c e s  employed d u r i n g  t h e  boom p e r i o d  o f - t h e  Uendr ick  F i e l d  may h a v e  
c o n t r i b u t e d  t o  t h e  a c c e l e r a t e d  d i s s o l u t i o n  o f  s a l t  i n  t h e  v i c i n i t y  of t h e  Hendr ick  w e l l  10-A 
a n d  t h i s  may have  c a u s e d  t h e  c o l l a p s e  of  t h e  wink  S i n k .  s i m i l a r  c o l l a p s e  f e a t u r e s  h a v e  
d e v e l o p e d  i n  t h e  p a s t  a b o v e  c a v e r n s  t h a t  r e s u l t e d  Erom s o l u t i o n  min ing  o f  salt  o r  f rom u n p l a n n e d  
b o r e h o l e  e n l a r g e m e n t  i n  s a l t  b e d s  p e n e t r a t e d  d u r i n g  o i l  and g a s  o p e r a t i o n s .  

D r i l l i n g  and  c o m p l e t i o n  o f  t h e  B e n d r i c k  w e l l  10-A a p p a r e n t l y  were  c o n s i s t e n t  w i t h  s t a n d a r d  
i n d u s t r y  p r a c t i c e s  o f  West T e x a s  d u r i n g  t h e  l a t e  1 9 2 0 s .  I n  r e t r o s p e c t ,  however,  s e v e r a l  
f a c t o r s  a n d  e v e n t s  c a n  b e  i d e n t i f i e d  t h a t  may h a v e  c o n t r i b u t e d  t o  deve lopment  o f  a d i s s o l u t i o n  
c a v e r n  i n  t h e  S a l a d o  s a l t  a r o u n d  t h i s  b o r e h o l e .  T h e s e  i n c l u d e  t h e  p r o b a b l e  u s e  o f  a  f r e s h -  
w a t e r  d r i l l i n g  f l u i d ,  u s e  o f  n i t r o g l y c e r i n e  50 s t r a i g h t e n  t h e  h o l e ,  t h e  p o s s i b i l i t y  o f  p o o r  
c e m e n t  j o b s  i n a d e q u a t e l y  s e a l i n g  o f f  t h e  s a l t  b e d s  b e h i n d  t h e  c a s i n g ,  p o s s i b l e  C O ~ K O ~ ~ O ~  o f  
c a s i n g  by s a l t  w a t e r ,  a n d  removing  some of  t h e  c a s i n g  upon f i n a l  p l u g g i n g  of  t h e  b o r e h o l e .  
S u c h  f a c t o r s  and e v e n t s  may h a v e  a s s i s t e d  i n  making t h e  b o r e h o l e  a  pathway whereby  s h a l l o w  
g r o u n d  w a t e r  c o u l d  h a v e  f l o w e d  down t o  and  t h r o u g h  t h e  S a l a d o  s a l t s .  

D a t a  are n o t  a v a i l a b l e  o n  t h e  n a t u r e  of  d r i l L i n g  f l u i d s  u s e d  i n  d r i l l i n g  t h e  B e n d r i c k  
w e l l  10-A, b u t  i n  a l l  p r o b a b i l i t y  t h e  f l u i d  c o n s i s t e d  o f  f r e s h  w a t e r  ( f r o m  l o c a l  w a t e r  W e l l s 1  
mixed w i t h  c l a y s  t o  i n c r e a s e  i t s  w e i g h t  a n d  v i s c o s i t y .  Such  a  f r e s h - w a t e r  f l u i d  would h a v e  
d i s s o l v e d  some o f  t h e  sa l t  a d j a c e n t  t o  t h e  b o r r h o l e  d u r i n g  d r i l l i n g  o p e r a t i o n s ,  and  t h u s  Would 
h a v e  e n l a r g e d  o r  "washed o u t n  t h e  h o l e  w i t h i n  t h e  S a l a d o  s a l t  s e q u e n c e .  W a l t e r s  ( 1 9 7 8 )  p o i n t 6  
o u t  t h a t  o i l  w e l l s  d r i l l e d  by similar r o t a r y  methods  i n  c e n t r a l  Kansas d u r i n g  t h e  1 9 3 0 s  w e r e  
e n l a r g e d  c o n s i d e r a b l y  t h r o u g h  t h e  H u t c h i n s o n  s a l t  beds:  h o l e s  d r i l l e d  w i t h  23-nn ( 9 - i n )  b i t s  
w e r e  washed o u t  t o  1 . 5  m  ( 5  f t l  or more i n  t h e  s a l t  s e c t i o n .  T h e r e f o r e ,  i t  is  q u i t e  l i k e l y  t h a t  
t h e  H e n d r i c k  v e l l  LO-A b c r e h o l e  was a t  l e a s t  somewhat e n l a r g e d  and washed o u t  w i t h i n  t h e  
S a l a d o  s a l t  s e c t i o n  d u r l n g  d r i l l i n g .  


