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Chapter 1.11

ENVIRONMENTAL PROBLEMS IN GYPSUM KARST TERRAINS
Alexander Klimchouk & Vjacheslav Andrejchuk

Introduction

Karst terrains are inherently vulnerable, as they are characterized by highly inhomogeneous
permeabilities, complex underground drainage sysiems, the ability to transmit fuids and pollu-
tants easily, and a suscepuibility 1w surface collapse and subsidence. Karst areas commonly pose
numerous and severe environmental problems and hazards. Human practices and management
procedures, developed for most normal terrains, may enhance these problems dramatically when
applied to karst terrains,

Ower the past few decades the specific and fragile natre of karst systems has become increa-
singly well understood scientifically, and much attention has been focused upon the methodology
and practices of karst resource protection and hazard assessment. However, the vast majority of
studies have been focused specifically upon carbonate karst. The exception was in the former
Soviet Union, where the extensive area covered by pypsum karst, and its associated severe pro-
lems {commonly enhanced by had management practices), forced investigators o pay paricular
atention to the special characteristics of gypsum karst terrains, The last decade, however. has
heen marked by an explosive increase in interest specifically in gvpsum karst, driven by the oeecs
of expanding and “deepening” economic activities, in many countries throughour Europe, North
America and Asia, particularly in Germany, England, France, Spain, the United States and Canacla.

Environmental problems and hazards induced by gypsum karst have been mare clearly reco-
gnized by engineering genlogists than by karstologists. The reasons are twofold: 1) there has been
a generally poor recognition of gypsum karst as 2 “true” karst among mainstream karstologists
(see Chapler L4} and, 2) compared to carbonate karst, areas of exposed gypsum karst are small,
and the wide development of deep-seated intrastratal gypsum karst has been poorly appreciated
within the predominant “geomaorphological” paradigm of karstology, Engineering geologists com-
monly deal with gypsum karst hazards. However, they tend to treat such hawards as local dissolu-
tliom or “leaching” effecrs, without recognizing the full nature and structure of karst sysiems, the
principles of their evolution and their detailed behavior.

Most af the environmental prohlems and hazards characteristic of carbonate karst are also
found commuonly gypsum karst terrains. However, the more rapicl dvnamics of gypsum karsufica-
liom and some of the gealogical peculiarities of evaporitic rock formations result i associated
problems and hazards commaonly being even mare severe than their equivalents in carbonate kar-
sts. Gypsum karst is alsa much more susceptible o human impacts, particulacy if changes in
growmcwater circulation are nduced.

The present paper is not intended 1o provide a comprehensive consideration of all recorded
envirsnmental problems associated with gypsum karst. In arder 1o draw attention towards specific
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areas of concern, it concentrates upon noting some of the effects related o human impacts that
arce unigue to karst systems in gypsum or most commonly occurring, and reviews some represen-
tative cramples.

1. Some characteristics specific to gypsum karst systems

The main differences between karst development in gypsum and in carbonate rocks lie in
their dissolution chemistry and kinetics, and in various gealogical peculiarities of the respective
rocks and formations. Solubility and dissolution mtes of gypsum are much greater than those of
carhonates. Under suitable hydrogeological conditions, substantial dissolutional growth of con-
duits and cavities can take place within a few years in gypsum, while in carbonate karst rates of
void enlargement can rarely achieve significance within the human life or construction industry
time scales, From the civil engineering viewpoint, gypsum is by far the most problematical of the
naturally occurring foundation materials. It has been pointed out (James, 1992, p.235). tha
avpsum ", has an ‘awkward' solubility; neither so high us o be casily washed from surface depo-
sits nor so low as to be unaffected in foundations”.

Carbonae and gypsum karsts both occur most commanly in intrasteatal settings, where karsti-
fiable units lie beneath some thickness of cover beds, which may be poordy consolidated. From
the pomt of view of many human practices, such settings can present more problems then are
presemted by exposed karst settings. Also, intrastratal karst termins are, in general, much more
heavily papulated and industrialized than are areas of exposed karst, and this imposes far greater
human impacts. Against this background, intrastratal gypsum karst terins are less stable, more
prone 1o subsidence and collapse phenomena and more vulnerable to changes induced by human
activitics, than are analogous regions of carbonate karst. Examples of the dramatic aceeleration of
karst processes In a response to anthropogenic changes, with consequently catastrophic results,
are numerous in gypsum karst regions. A final factor that should not he overlooked is that the
depth ar which intrastratal karseification can affect the surface through collapse is generally far
greater in gypsum karst than in carbonate karst wereains.

2. Water resources

Resources of underground water associated with gypsiferous formations are commonly quite
large, although their use is relatively limited because their quality is only fair o poor due to their
high content of sulphates, Substantial sulphates concentrations are also generally present in
waters stored within adjacent aquifers that are connected hydraulically to gypsiferous aquifers.
Waters in gypsum karst terraing commaonly contain aver 1000 mg/, (locally more than 2,000
mg/) of sulphates, which makes them unsuitable for use as domestic water supplies. Much
higher concentrations are not uncommaon where gypsum karstification is accompanied by dissolu-
tion of the various other salts that are associaed with evaporitic sedimentary formations.
However, underground water sources are exploited widely for industrial and agriculiural needs in
many areas where other water resources are scarce.. This practice is commonplace in miany pans
of the USA (including Oklahoma, Texas and New Mexica), Spain, Germany, the Baliic Republics,
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the Western Ukraine, Russia, Libva, lrag, China and elsewhere.

3. Pollution

Gypsum karst systems are susceptible w pollution in much the same way as carbonate karst,
especially in situations that include superficial recharge. This is a reflection of commonly well-
developed point recharge svstems (especially characteristic of intrastratal karst), reduced self-puri-
fication capahilities and rapid rates of conduit flow, There are few aspects relating o the pollution
susceptibility of gypsum karst that are not also applicable to carbonate karst. Several examples of
different kinds of pollution documented in typical gypsum karst areas are described below,

3.1. Pollution by oil

In the Kungursky area of the Pre-Urals (Russia) oil is produced from the thick Artinsky lime-
stone sequence, which is overlain by evaporitic (gvpsum, anhydrite and dolomite) and rerrige-
nous (sandstone and argillite) rocks, In the course of production, transportatdon and processing,
spillage is common due 10 poor technological standards and management. During such accidents,
large quantities of oil have been spilled into dolines with ponors; sometimes this has been done
intentionally, in order 1o “reduce” the visually impact of the losses. Some dolines with plugged, or
partially plugged, bottoms became oil lakes, and the karst aquifer can hecome severely polluted
tw oil, Areas of polluted groundwater {including karstic groundwaters - within areas of pypsum
karst) are shown in Fig, 1,

Fig. 1. Arcas of oil pollution in the karst
arcas of the Pre-Urals. Areis:

I = of carbomate karst,

2= of denuded gypsum karst,

3 = of karst hreceias,

4 = of mrrastratal eotrenched and subja-
cent gypsum karst,

5 = of groundwmers polluted by oll;

i = ropds,

T = ruilresds,

8 = seltlements,
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Well-developed karst permeability and the physical and chemical characteristics of the pollu-
tant determine a very slow rate of sell-purification of the groundwaters. In “favourable” conditions
oil has accumulated in karst reservoirs in such quantities that the possibility of developing such
“secondany” oil reserves has been put under evaluation. The problem of pollution of karst waters
b oil is of regional extent in the Pre-Ural region.

3.2. Radioactive pollution

After the Chernobyl accident radioactive fallout produced a pattern of pollution in some [ocali-
zed areas, even a a significant distance from Chernobyl. One such polluted “island” is an area in
the north-west of the Chernovitsky region in the Western Ukraine, some 500km from Chernobyl.
Levels of radioactive pollution at the surface remain as high as 3040 pR/h, even 10 years after the
accident. Study of the distribution of radioactvity has revealed that the local presence of karst
landscapes is one of the major factors controlling the differentiation of radioactive pollution
theough the area,

Accumulation of radionucleides is favoured by a high coment of carbonates and organic mat-
ter in soils. Relief plays an important role, causing radionucleides to be washed high ground and
transported towards refatively lower points, particularly into dolings. However, dolines accumula-
te radionucleides only if their bottoms are plugged by loose material (Fig. 2-B). Radicactivity levels
incresse from doline edges to their floors, where they reach the maxinum values recorded for the
area (60-70 (RM). At the Tips and on the stopes of dolings the radicactivity levels are lower (20-25

Fig.2. Distribution of madicacive polluton theough an area of gypsum karst in the Western Ukraine, Lefi: pan
of the map of surface rdioactiviey. Values i LR T = 2125, 2 = 20.30, 3 = 31-35, 4 = 56-50, 5 = 51635,
Right: characieristic distrbution of surface radioactivity across dolings: & = with an open ponor, B = with
phagged borons. 1= soil, 2= loam and clay, 3 = gypsum, 4 = radioactivity levels (URM), 5 = surface runell
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HRAY than the regional background. In contrast, dolines that contain sink points (ponors)
demonstrate the lowest values at their bases (Fig.2-A). 10-20 pRA, which is comparable with the
regional hackground levels befare the Chernabyl accident, Distribution of radioactivity throu-
ghout the area reflects the action of these two mechanisms (Fig2-left).

3.3. Pollution by fertilizers

Many regions of intrastraal gypsum karst throughout Germany, the Baltic Republics, Ukraine,
Russiz and other countries sre dominantly agrculural. Wide and locally intensive use of agricultural
chemicals leads 1o pollution of karst waters by organic and mineral fertilizers and pesticides. Heavy
pellution of a gvpsum karst agquifer by nitrogen and organic compounds in Lithuania and Latvia is
reporied by Paukstys & Narbutas (Chapter IL10), Significant concentrtions of pesticides have been
measured in the waters of cave lakes, and in clay fillings, in Optimisticheskaja, Crernaja and Zolushka
vaves in the Western Ukraine (Andrajehuk & Klimchouk, 19933, In the Western Ukraine pollution of
kanst aquifers by fentilizers is commaonly enhanced by the effects of land reclamation messurees (soil
waler drainage). where many soil drainage pipes are routed into dolines with sinking ponors.

4. Mining activity

Gypsum karst has a considerable influence upon the conditions of mining operations and, in
turn, mining commonly produces 4 strong impact on gypsum Karst,

Gypsum itsell is a commodity that is mined heavily in many countries (including Russia,
Ukraine, China, Germany, Canada, USA, Spain, lalv and France), Gypsum mines, whether open-
cut or underground, produce generally localized impacrs if the operation 1akes place in the unsa-
weated zone and does is not accompanied by underground water abstraction. However, even in
these cases, considerable damage 10 landscape characieristics and cave resources can occur (as
has happened in Germany, Ialy and Spainy. If water ahstraction is involved, the impact can he
much more complex and severe, as illustrated by examples from the Western Ukraine. The latter
prohlems are discussed helow,

A widespread problem associated with gypsum mining operations is that gypsum beds are
commonly assumed (o be aguifuges. This assumption seemingly allows the possibility of safe
mining, even below base level. However, the possibility of rapid dissolutional enlargement of
underground flow paths is [requently underestimated. Flooding experienced at the Izhemsky
gypsum mine in the Timansky region of Russia clearly illustrates the relevant dangers (Lysenin &
sosnovskaja, 1974). Underground workings in Devonian gypsum were some 20-35m below the
water level in the nearhy Izhma river. At the initial stage of the operation water inflows into the
workings were negligible, but they reached 1,700md/day in 1959 and increased to 20,000m?/day in
1963. This inflow developed due wo piracy of water from the surface rver and eventually necessita-
ted abandonment of the mine. Numerous collapses formed ar the surface between the ming area
and river during the kst few years of the operation and its associated intense water abstraction.
The 1otal water withdrawal in 1961-1963 amounted to 8820, 000m3, and the related dissolutional
removal of gypsum was estimated at 11,500 1ons or 5,000m3.
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Some commonly mined mineral commacdities (such as saltsy are found associated with evapo-
rite formations, or with gypsum that has formed due to epigenctic processes (such as native
sulphur). Extraction of salt by the underground leaching method commonly induces collapse and
subsidence processes in the overlying gypsiferous steata, distupting their integrity and greatly
enhancing gypsum karst development. Such cases are known from the Donetzk region in the
Ukraine and the pre-Caspian region in Russia. Epigenctic sulphur deposits associated with
aypsum are most extensively mined in the pre-Carpathian region of the Western Ukraine and
Poland, and in New Mexico and Texas in the United States,

Finally, mining of various materials that occur in the strata thar overlie or underlic gypsiferous
farmations can be severely complicated by the presence of gvpsum karst and can commonly
result in its activation. In the Western Ukrine, clavs overlying the gypsum bed are mined for the
cement industry. This activity is greatly complicated by the subsequent activation of karst proces-
ses in the confined gypsum aquifer below, resulting in massive inrushes of water, and collapses, In
the Shunxi coalfield of China, mining is severely complicated by the presence of vertical through
structures (VTS; see Chaprer 110 for discussion of their general characterstics) that are related w0
gypsum karst in the deepsseated Ordovician Fengleng Formation (Yaoru & Cooper, 1997; Chapter
1114 in this volume). The VIS serve cither as conduits, allowing surface and overlying groundwa-
ter to enter the mine workings, or as paths along which underlving confined carbonate aqguifers
can discharge upwards. Some of the largest inrushes of water recorded in Chinese mines were
related o the Ratter sinsaton. For example, a VTS intercepred by a ming at the depth over 300m
discharged up to 12m3/s w ood the mine, vielding about 46km? of warer (Chapter 11,13).

In all cases, hackward and forward impacts between mining operations and gyvpsum karst are
at their greatest where the mining has 4 significant effect upon the architecture of underground
water circulation, and is accompanied by water abstraction. This issue is discussed further below,

5. Underground water abstraction

Abstraction of groundwarer from gypsum karst aquifers, or from aquifers adjacent w them, for
witer supply, or during the course of mining operations, commonly causes a very marked imprct
on karst development in gypsum. Increased hydraulic gradients determine an increase in flow
velocities and dissolution rates, which can sometimes result in a dramatic intensification of karst
processes. Well-documented examples from the Western Ukraine llustrate the possible conse-
fueTCes,

Owing to dhfferential uplift during the Late Pliocene 1o Pleistocene and the consequent deep
incision of major vallevs, the current settings of karst development vary berween three sub-paraliel
zones. These represemt respectively the deep-seated (confined), subjacent and entrenched sub-
types of intrastracal karst (see Chapuer 119 for details). Within the zone of entrenched karst the
gypsum is fully drained and quarrving does not create many problems.

The Krvvsky gypsum guarry lies on the border berween Moldova and the Ukrtine, in an area
where, during the pre-quarving period, the water table was established within the upper part of s
30m-thick gypsum bed, just 1-2m below its upper surface (subjacent karst seiing), The gypsum
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Fig. 3. Distributiom uf hreak-
downs (VTS within the area
of Zolushika Cave o the vici-
nity  of  Krewsky  quarrey,
Western  Ukoaine  {Aler
Andrejchuk & Rlimchouk,
15335, A = plan, B = profiles,
Circles of different styles mi-

cae varins siazes of upward
propagation of Y75,

thickness of coverbeds, m

aquifer is connected hydraulically with an underlving sandy-carbonate aquifer. Forty-years of
quarrving and associated water ahstraction have led 1o a 15-25m lowering of the water mble, resul-
ting in that the upper starey of @ huge maze cave system hbecoming accessible (Zolushka Cave;
W2km of passages are surveved 10 date). The drawdown cone in the potentiometric surface has
expanded o cover an area of 400km2. There is also o lower storey to the cave, sull waterfilled,
and connected e the upper level by vertical pits.

De-watering of the cave system has been accompanied by drastic changes of hydrochemical
conditions within the agquiler, resulting in deposition of large quantities of iron and manganese
hvdroides (Volkow et al., 1987; Andrajchouk & Klimchouk, 1993). Also, desiceation of clay fill in
the cave and continuing water circulation at lower level have cansed a reduction in the volume of
cave sediments and triggered many subsidences imside the cave. Previously formed breakdowns
have heen re-activated due o subsidence of underlving marerial. Vertical soluation pipes have
developed in the extended vadose zone, causing new hreakdowns o ke place due o upward
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stoping (see Chapter L10). The distribution of breakdowns throughour the cave area in the vic-
nity of the quarry is shown in Fig. 3. Survey of the breakdown talus in the cave has allowed its clas-
sification according to age, relative to the stan of quarry operations, OFa total of 405 breakdowns,
24.4% are classified as oawural and pre-technological, 16.3% as pre-technological but re-activated
during the modem stage, and 60.3% are entirely recent, having formed in the last 35-40 vears of
QUAITY Opetation.

Even more severe consequences, in terms of underground water abstraction and the induced
intensificaion of karst processes, occurs if quarrying breaches anesian confinement. In the zone
where artesian hvdrogeological settings still predominate, sulphur ores (at the top of the gypsum
hed ) and overlying clays for cement industry are mined extensively by open pits. These operations
are exemplified respectively by the Jazovsky sulphur quarry (Fig.4) and by the Nikolaevsky clay
quarry; hoth breaching the thickness of the confining clay. Such quarrving schemes had been
hased on the widespread hut misguided belief among local gealogists that the gypsum is an aqui-
clude that would prevent hydraulic connection of the underlving regional aquifer with the quar-
ned sequences above the gypsum. In reality, pre-existing anesian cave systems within the gypsum
provide 2 highly efficient hydraulic connection through the bed (Kimchouk, 1997), and this has
caused major prohlems for the mining opermions.

Water withdrawal from both the Jazovsky and Nikolacvsky quarries has heen increasing drama-
ncally during the initial period of the operations, reaching respectively 100,000 and
280,000m/day. The following consequences have occurred in groundwarter circulation
(andrajchouk & Klimehouk, 1993):

Wom —

W23 5 o o o[ S
A= oiPE] o]

Fig.4, Geological-hydrogeological profile of the Jazovsky sulphur deposit acea (Alter Andrajchouk &
Elimchonk, 19931, 1 = Quaternary sediments (sands), 2 = clays, 3 = sandsiones, 4 = epigenetic sulphur.
hearing limestones, 5 = gypsum, 6 = hioherm limestones, 7 = sands. 84 = potentiomenric surface for dif-
{feren vears, 10 = directions of underground water Mo



ENVIRONMENTAL PROBLEMS IN GYPSUM KARST TERRAINS 153

1. Potentiometric surfaces have fallen dozens of meters (up o 90m ar the Jazovsky site; see
Fig-4) and hydraulic gradients have increased drastically.

2 local areas of upward flow in pre-existing groundwarer systems have been reversed into
wones of downsard recharge; piracy of surface runofl has occurred, Piried surface stream water
comprises up to 25% of the wal withdrawal from the main open-cut ming in the Jazovsky deposit
(Twanov et al, 19853, and the Zubra river, the course of which lay a few kilometres from the
Nikolzevsky quarry, has lost almost all of its ow,

3. Exvtensive drawdown cones have formed in the potentiometric surface, affecting an area of
up to 100km? at the Jazovsky deposit.

4. Yelocities of underground water flow have increased significantly, being up w 2.5km/dday
near the Jazovsky deposit and up to 10.2km/tday near the Nikolaevsky deposit.

As a result of the sharply accelerated circulation involving both surface waters and waters from
the underlying aquifer, rates of gypsum dissolution and of cavity enlargement have increased dra-
matically. Dissolution rates in the region, variously estimated by hvdrological-hvdrochemical and
stantlard-tahlet technigues, are normally about 0.2-0.4 mg dayt em2 uncler the natural conditions
af this wone. They have increased o Lo mg davt eor? in the Jazovsky deposic and are as high as
28.2 mg day’! eme® in the Nikolaevsky deposit’ due to the effects of the above factors (Klimehouk

Fig. 5. Activation (A} and stabilization (B of surface karst development induced by quarrving operations |
and abandonment a the quarry in the vicinity of the Nikolevsky chay deposit, 1 = new collipses, 2 = small|
aled and new (hlack ) collapses, 3 = karst features with lakes, 4 = old bur re-activated karst features, 5 = ver- |
tical and steep ledaes,
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e al, 1988; vanov e1 al, 1985) Also, washing out of unconsolidated fill has contributed 1o an ove-
rall increase in permeabilities.

The ahave processes have led to a sharp increase in collapses a the surface within extensive
surrounding areas. In the vicinity of the Jazovsky deposit there were 943 collapse dolines recor-
ced up until 1988, and of these, 260 (27.6%) had formed during the preceding decade
Catastrophic collapse development has affected the area of the Nikolaevsky quarry as well (Fig. 5).
causing severe damage 1o surface constructions and communications. [n the later case huge
water inflows and intense collapse development eventually caused flooding and abandonment of
the quarry. The potentiometric surface was established ahove the bottom of the clay deposits due
to anesian head, and many newly-formed collapse dolines became lakes (Fig, 5-B).

6. Construction of dams and reservoirs

The construction of dams and reservairs in gypsum karst areas locally increases hveraulic gra-
dients and raises a water tahle in previously unsaturated rocks. Both effects can lead 1o enhanced
disselution if gypsum rocks occur at the foundation of a dam construction or within the zone of
influence of a reservoir, This can lead 1o leakage from a reservoir and cause collapses affecting
dams and/or the areas surrounding reservoirs, The relevant practices and hazards, and the
methods of their assessment, are reviewed in James & Lupton (1978), James {19925 amd Pechorkin
{1969y, As dissolution of gypsum is much faster than thar of limestanes, these problems are
potentially more severe in gypsum karst than in carbonate kaest tercains,

There are numerous examples of dam failure and reservoir leakage due to accelerated deve-
lopment of gypsum karst in many countries. The most infamous filure associared with gypsum
wis in Californaa, USA, where the St Francis Dam failed in 1928, at the cost of more than 400 lives
and millions of doltars (Hill et al,, 1929, cited by James, 19923 The problem was associated with
dhissolution of gypsum that was cementing and flling fissures in gypsiferous conglomerare in the
tham foundations. Among other examples, the Hondo and Macmillan dams in New Mexico, USA,
are of interest, as they are associated with gypsum and limestone in which very large dissolutional
cavities had formed. The proposed reservoirs behind the Hondo and Macmillan dams were never
impounded, as leakage was too rpid. In the latter case, huge underground dissolution channels
with a capacity estimated at 30 million m? had been reported. Emplacement of a cement-gronted
cut-off in the foundations of the Red Rock Dam in lowa, USA, required the injection of dhoat 2800
metric ons of cement into boreholes that intercepted underdying dissolution conduits (James,
1992}, The Huoshir reservair in China, with @ capacity of 4.7 million m?, was huilt on 3 gypsunm-
limestone karsy in Guizhou Province, Afier a period of water Joss the resenvorr eventually empried
through underground routes that connected a series of sinkholes in the reservair Moo o resere
genee point A00m downstream of the dam, where up 1o 237 L of water had been discharging
(Yaoru & Coaper, 1997}, Cases of emptyving of smaller reservoirs impounded above gypsiferous
formations are numerous in the USA, Western Ukraine, Russia, Siberia, Irag, China and other
counthcs,

The effect of direct river water action on gypsum outcrops and of a water tble bemng ruised
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Figebv. Dynamics of collapse processes in
the cogsial zone of the Bama reservor
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within a gypsum sequence due to dam construction is exemplified by the Kama reservoir, created
on the Kama river in the Pre-Urals, Russia, where the river flows entrenched into a gypsum
sequence. A rise in water level of 115 m upstream of the dam, cavsed a related elevation of the
water tahle within the gypsum of surrounding arcas. Gypsum walls along the shorelines were
directly exposed 1o the dissolving action of the reservoir water. The widening of open fissures in
the gyvpsum outcrops during navigation season was measured, depending upon their orientation
relative 10 flow, 1o vary from 0.2-0.4 o 2.53.0m. Five year long observations of particular gvpsum
houliders submerged in a small pulf, have shown dissolution rates warving from 0.5 1o 1.2 kg day”!
m-2 (Pechorkin, 1986). Inside the gypsum massif, most active dissalution takes place within the
fMuctuation zone of the warer table, which responds to i 5-7m seasonal change in the reservoir
water level. Gypsum karst development has been greatly enhanced within 1 to 3km-wide zone
along the reservoir coasts, resulting, particularly, in the formation of new collapses (Fig.6) and
preseming severe land-use problems (Lukin et al, 1963, Gorbunova e al, 1992).

7. Collapse and subsidence hazards

Problems related 1o collapse and subsidence can be severe in intrastratal karst settings, They
are recorded o cause widespread damage o various kinds of constructions, communication rou-
tes and other property, and even 1o cause loss of life, The extensive lierature relating o subsiden-
ce includes hundreds of publications concerning gypsum karst. Mechanisms of breakdown propa-
gation through an overburden, and the characteristics of collapse dolines in typical gypsum karst
reginms, are considered in Chapter L10. Both the density and a rate of appearance of new colla-
pses can he high in gypsum karsts, The prablem is further complicated hecause collapse proces-
ses in gypsum karst can be greatly enhanced in response 10 human impacts, particularly in cases
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when such impacts modife 3 naral groundwater circulation pattemn. This type of interaction is
well illustrated in section 5 above,
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