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The paper makes exposition of the hydrochemical action and mo
del of karstic water from the shallow ~o·the deep within a com
plete hydrogeological ~nit, the determinaoion of the corrosion e
quilibrium boundary condition of carbonatite and sulfate rock and 
the calculatiorl for the corrosicr- qllanti ty. The hydrochemical mo
del of karst water has been verified basic tally with actual si
tuation by means of the data of the karstic development feature 
obtained by prospecting, tests and mining in the region. 'l'his 
provides theory basis for the correct planning of the coalfield 
development and control, 

Feng-Feng coalfield is one old mine areas earlier developed co· 
al in Ca.rhoniferous-?er:llan system ( CP). The development of coal 
has been carried out fro~ the shallower part to the deeper and 
from the upper to the lower coal formation in Carboniferous-Per
mian system close •o rich aquifers of the l1id-Ordovician limes
tone {o~) for years. Because the impermeable bed between the co
~1 for~tion and the limestone is thinner (15~25 m) and water 
pressure and quantity in the lower !ormation- water intrusion 
from the bottom of the :::l1e.ft has become one of major problems in
fluenced the further development of the coalfield and the tap of 

IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



potentialities of the old Illl.ne area. Since the guantity of wat.er 
intrusion in the mine pits is closely rela~ed to the k~st deve
loping feature in o2 limestone i~ the region, the inves~igao~?n 

of karst developing law in o2 limestone aq~ifers wl.ll be one ·.;a:r 
to correctly plan the coalfield development anc to present froffi 
floor water invasion. ~is paper discusses chemical action a~a 

variation of karstic water, and karst developing feature from ka

rst hydrochemical point. 

I. THE HYDROCHEifiCAL MODEL OF KARST WA1'ER IH MID-ORDOVICIAN Ll

Z.!ESTONE IN FENG-li'ENG COALFIELD 

In a given hydrogeological unit, the recharge and discharge a
reas are easily determined, while karst hydrochemical action, the 
type of corroded minerals and the corroded quantity are diffe
rent due to the variation of burried depth and hydrodynamic con
ditions. The karst developing characteristics is also different. 
This problem will be discussed below. 

Generally Geological and Hydrogeologioal Situation of the Mine 
Area 

The mine area is located at the middle section of the east fla· 
nk of Zanhuang anticline stretching in NNE direction which ~s 

dissected by faults in NW and nearly EW direction and which suf
fered from folds and intrusive body to form an independently hy

drogeological unit in rhombus range with recharge, runoff and di

scharge areas. The total area of the region is 2686 km2 and area 
cf exposed limestone is 1295.7 km2• Annually average rainfall is 
554 mm and annual evaporation is 1664-2231 mm. All of the rivers 
are the seasonal streams except the rivers near southern bounda
ry of the region, and the density of the river network in expo
sed limestone area is 0.414 m/km2, The largest runoff length of 
karst groudwater is about 45 km and the elevation of the largest 
circulation depth is about -500 m. Th& elevation of the dischar
ge point is +122.8 m. :rhe annual average discharge of the e:p::::-ing 
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., 
rnase is 7-9 m' is and steaa.y coefficl.em; and the var.;..able .rat:.·.; 01 

the springs are 2.23 and 84%, respectively. The :rat::.o of '1!1de:r

ground runoff is 0.0054-0.0G695 m3/s km2 • 
The thickness of 0 2 limestone, wnich is und~rlyine ~ain aqui

fers, is about 584 m i~ the region. The limestone is a set of ca
rbonatite-aulfate formation which is subdivided into tr~ee large 
groups according to rock facies. The lo·.rer parts of each group 
is much of dolomite breccia limestone and thin layer marlite, do
lomite, calcareous shale and gypsum etc. The middle part of the 
layer is tidal interval and low tidal zone facies which is much 
of pelitic crystal limestone, bright crystal granular limestone 
a~d pelitic crystal stain limestone in which karstic fissures and 
holes are intensively developed and which is one of mal~ rich-
ment sections in each group. The discharge of single we:l is ge
nerally 3.6-7.26 m3/h m. The top section strata are ~~cL of ea
rth crystal and stain limestone and earth crystal :limc:st:,r..e, ;.r. 
addition, thin layer marlite, dolomite limestone and su:ne layers 
of dolomite breccia limestone. In some drill ~oles, gyps~ lay
ers were found. In the group of strata, karstic fissure: and xar
stic holes are mainJ.y developed which form ricl'.ment zone: of ~ro
und water in the section of advantageous structure a.nc. ;::cod r.1-
noff condi tiona. In the lower coal layers in late cstr"Joni.C'ar·c;us 
system, main aquifers are ~~~ng limestone with thic£21ess o~ 5-7 
m. The steady drainage rate !rom the ~ne pit is generally 5c0-

600 :n3 /h. 

Hydrochemical Action of Karstic Water in water-reck Sy.;:ten:. 

In the regional interval from exposed car"bonati te reg:!.-::-: tt: 
the hidden region of occurrence of caco

3 
settlemen·<;, li.x:.e:=-::on': 

and dolomite is mainly distributed. Because tc~:al -cr~nc. o!: .gYou

ndwater circulation and exchange becomes more int-:r.sive, ~.:1e illOE<. 

of easily soluble su:!..fate has been dissolved away :for lor-€ g"'o
lo!;ical !:.istcry, and there mai.nly exists calcite and 'lolomi '·"' ir: 

'.!arbonati te of ground surface a:1C. the challo·,.;. Tne::-efore, <;he ::a
rtonatite rock in the region ·is :};:;ntir.uously d.iseol-~ed by aggres-

1 l 
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sive co2 in groundwater. Aggressive co2 decreases until equilib
rium state is reached as burried depth of carbonatite rock inc
reases. Thus, in the regional interval the main chamical reao
tion is as follows: 

Co2 + H20 ~ H2co
3 Ia (1) 

H2co3 ~ H+ + Hco; K1 (2) 

mCaco
3 
..,.- mCa2+ + meo2-

3 K 
sp1 (3) 

noaMg( co~ 2 - nca2+ + nMg2+ + 2nC02-
3 Ksp2 (4) 

2- + - :c1 (5) co3 + H ..paa HC03 2 

The above five reaction equations are combined and proper coe
fficients are given to obtain 

meaco3 + nCaMg(co~ 2 + (2n+m)co2 + (2n+m)H2o ..

(n+m)oa2+· + .nMg2+ + (2m+4n)Hoo; 

According to physical-chemical basic law, the balance 
tant of the reaction equation is 

tT v .,.-1 
K • 'a K1 Asp1 Asp2 A2 

(6) 

cons-

(7) 

From the equilibrium theory of chemical reaction, representa
tion of the balance constant.is obtained 

[aco;] 4n+2m [ca2+] m+n [Mg2+] n 
K • - (a) 

It is know from Eq.(a) that in the regional interval to take 
corroded carbonatite as the dominant rock, the factors controling 
ca2+ and Mg2+ content in groundwater is concentration of HC03 and 

2-the component pressure of co2• In fact, co2 and co3 are conti-
nuously transformed into Hco;, so Hco; is key ion for determina-
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~ion uf Xarstic c!:eEi:.a~- reaction and. dissolved ccntsr1t. iY,~. :::!l; :"·.: 

gl:.n:a: :i-nterval of the ::.nterest. In the exposed area of lit:les·~s

ru;. si:::J.Ce sc2 of the various ca1.0.se of formation replenishes :.no: o 

groundwater to change componet pressure of co2 in water and cir
cula~ion and exchange of groundwater become much more intenoive, 
water continuously dissolves carbonatite rock. Also, since the 

solubility of calcite and dolomite is different, calcite w!J.ose 
solubility is relative larger is mainly corroded on ground su.rfd

ce ana chemical type of karetic water is properly fresh water witr, 
the type ~; H?C

3
-ca. The aggressive co2, the saturation deficien

cy of ca2 \Ca) and saturation index (Sic) in water are determi
ned by using the following equations. Since temperature of water 
samples is much 17°-18°0, the constant with 20°0 is taken ao the 
chemical constant. 

I = ~ 2: CiZi2 

-lgf = 0,5046 fi , (HCO ) 
HC03 1+1.47 Vr 3 (B) 

-lg.f = 2.0184 VI , ( ca) = f ~a2+] 
Ca 1 + 1 • 97 Yr . Ca lS 

iB. co -j, 
L 2 3 aggressive 

(D) 

CLo 

~H) 

·::l 
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~Ca 

SI c 

! "· 2+) \"'a real 

(ca) real 

{ Ca) 
' 6 

The analysis data of wa"ter in "the ·water supply wel:::. of"Yijing" 

at the recharge regicn of GushaL. Feng-Feng are 
,... -,. -.. ,..., 

PH watertem- Na+ Oa2+ Ng2+ 01-1 so:- HOc: N6~ unit 
~ ) . 

'7 2 fer~~u~o ~ 74.166 15.893 15.566 27.1.5.9 244.278 _e_·_ mgil 
'• ~ • 0.129 3.701 1.307 0.493 -o:5b5 4.004 0.129 metl 

According to the aoove calcalation fori:nJ.:ias. we obtain: 

I .., C.0079235. fHCC
3 

= 0.9~3, ( HCo
3
) = 3.654; 

fca = 0.703, ( ca) = 2.603; 

H CO -r Q L 2 3 free -
4. 943x1 o-\ r2co3J s 3. 3i38x1 o-4, 

74 

~~~s aggressive co2 = 1.555x4.4 = 6.842 mg/1 

P 10-1.927 
,..0 = , 

<X -0 524 IV -· 1 r.-3.182 () = 10 • • 2 - .v 
" 2 

10-0.924 X 10-8,28 

10-1.41x 10-1.927x 10-3.182 

(ca] 
6 

= 2.055 x 40.08 = 82.78 mg;: 

~Ca = ?4.168-82. 78 = -8.612 mg/l 

SI c 74· 168 • 0.896 
82.78 
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l'".t1E: a.·ccveo ~alr~,.;latcd res-...tl~s. sr:<~, ca(c a.nd aggressive ·:~('. 2 
::.:: 5.342 mg/1. These indexes show t.:r_at the groundwater at t]:e pla
ce ;,a!! disc-J.ublP. capac~ty for carbonatite rock; Every w-ater sa!llp
ls pcinc ~istilbuted in ~he whole recharge region has been cal
cu.lated and the avera.ge value of each index in the whole rechar
ge region has been obtained as aggressive co2 = 2.99 mg/l,~Ca = 
-36.98 mg/1, and Sic "' 0.?5. ln confined aquifer section from the 
hidden section of the limestone aquifer to the lower limit o: 
CaCO~ settlemet, since the aquifer does not directly contact with _, 
the atmosphere and co2 in the atmosphere can not replenish the a-
quifer, these sections are taken as the regional section with no 
co2 re~lenishment. 

From the section on, co2 solved in the groundwater in the ex
posed region of the limestone (i.e. water table) is consumed. Ap 
the depth increases until the aggressive co2 exhausts and the !n

dex SIc of Caco
3 

is- equal to 1, water !lowing velocity and oir::•-t
lation and exchange are lese than those in the recharge area. Ti
me of water-rock interreaction also increases as the depth, the 
dissolved content of dolomite increases, Mg2+ content in water 
becomes more, eo HC0

3
-CaMg water is formed; Corresponding with 

the behavior that water movement becomes slow and the content of 
the material in the water increases as the depth and flow path in
crease,· it can form water '11'1 th HCo

3
so 

4 
-ca type in the deeper sec

tion. In the regional section, the method and formula for the c~l-
, \ 

culation of the parameters (aggressive co2 .~ca, Sic etc; are the 

same as the above, but since i• is more difficult to obtain di

rectly co2 from the atmosphere, the formula for calculation cf 

[ca
2+}:" is: 

?or example, hycrocnemical data ir. No. 643 drill hole in +,h.o; 

hidden limestone section in whic!, the elevation of the top S'..l.!'

face of the limescone is •13~.879 ~. is 

FH wacertem-Na+ ca2 ... M 2+ f"".,-1 so2- nco; No; unit .. s; ....... 4 perature 
?.2S '79.499 15.03 15.429 ~ 2H.082 1" '!l£4~ ....... c ' . -,., 

.3 J; o. 317 ~ 1.2;6 0.&:~6 .1, ('C, 0.177me, ~ o. .) .. -...; _ _, 
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action of karstiv water, water c:c.emico.: -:ype ~ecsmes ,.:;c ~ HGC·~-C:a 

or 304 HC0
3

-Ca.l';g together wit!: 304. ECC-.-GaNa :;n)et:; ae the burried 
deptt cf the aquifer and flow patt increase. ht f~cher deeper 
part, the content of ca2

+ and SO~- approac!les ~r;e balance and \<{a
ter type gradually becomes Cl S04-Ca Na type v.'8.-:;er. As the depth 
increases from the place of ca2+ and sc~- balance along the slant 
direction of the layers, in the case of the existence of gypsum, 
dolomite limestone and dolomite, water movement f~ther becomes 
slow and ca2

+ and so2- reaches saturation to settle. The repla
cement between ca2+ in water and Mg2

+ in dolomite forms calcite 
to settle, resulting iL the increase of Mg2+ in water to form 
~igh mineralization Cl-Mg type water. 

Simmarizing the above karst water che~cal action and the cha
nge in their corresponding hydrochemical type from the shallow 
part to the deep in the whole unit, we obtain the followi~~ hyd
rochemical model of karst water. 

HC HC"' H.C lhC... S..C S..C., c,.c .. -.... ~~.!..:.. 

Fib• 1. Model of kars• water chemical action in Carbonatite-sul
fate rock 

~e Characteristics and Determination of the Boundary 

It is know from karst water chemical action and the change in 
karstic water types in every regional zone that several important 
boundaries exist in the whole region, Boundary ! is the "entry" 
received recharge of precipitation, eurfa~e wa~er and groundwa-
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ter :'rom other i:nsolubla rock regions. ThiS sufficient excbaJ:¥:e 

and balance between OC~ i!l g=-oundwater and Co2 in the atmoophereo 
or ,:;c-:; from the variC'US formation cause occ= i!l the regior.. Be
cause ground·water in i;ile rE>gion ma!.nly depends on -che recharge 
!rom the precipitation in the exposed limestone region, the in
fluence of Pee.., car.. not be ignored and P00 carbonate equilibrium 
theory need ~ to be considered when 2 calculated in the wa
ter samples from the recharge region in region I, i.e. the con
tent of the balance Ca2+ is calculated using Eq.(H). Boundary I 
is easily determined in the field, that ie the phreatic water re
gion receiving recharge in exposed limestone. 

Boundary II is located in the flow region of the confined a
quifer when the carbonate rock is hidden underground. Its upper 
liud t is the line in which the exchange with outer co2 etops and 
aggressive cc2 solved in water is depleted to nzero" as the hur
ried depth of the aquifer and flow paths increaee. On the other 
words, boundary II is the boundary line in which the content ~f 

2+ 2-Ca and co
3 

reaches saturation balance-under the condition o! 
certain temperature and pressure. Thus the calculation is perfor
med by Eq.(K) to determine the saturation index Sic of Ca2

+ in 
water in the carbonate rock with various depth. SI value of 223 

c ' 
complete analysis water samples were calculated in the region ( va-
rious depths from the recharge area to flow area) ~n accordance 
with the above principle and fcr~~la (t = 20°C anc one atmosphe
ric prea.sure) H-SI

0 
relationshi:p curve ( Fig.2) was drawn in ac

cordance with the elevations of C~ top surface occupied by each 
<.. 

water sample point. "When t~e scattered point fig=e was made, the 
abnorJ:~al points from :pollution and gapaum of at the shallow part 
had been omitted to obtain the elevation with SI

0 
= 1 in the nor

mal ce.se (curve I) and tectonic condition ( cu...vove E) • .Figure " 
sho,,· that. in the normal geological condition in t!".e regicr., the 
elevation of lower limi.t fe>r the most possibly diEsolved calcium 
carjonat.e is -160 m. It is sho~m that in the regional section a
ocve che elevaoion, water has corrosion capability for Ca cc3 , 
but the c0rrosive capabi:~tJ is ~e~erally from large ~o small; 
E.: low the eleva7.ion. ~ater ~.~.ac nc- .)~rrosive ca·pabili ty for ~~ace..,.. 

IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



with the type of Hco
3
-ca. Using the !)revioue formula, we e>btain 

I = 0.0171; 

[H2co3J = 4.295x1o-4, [H2co3]
6 

= 2.992x1o-4 , ~2co3Jag = 1.303x1o-4 , 

I -3 126 aggressive co2 = 5.734 mg l;ct2 = 10 • ; 

[ca Js =0o-8 •28/1o-3• 126 = 2.6485x1o-3 

A Ca .. 79.499 - 106.16 = -26.653 mg/1 

SI - 79.499 0 749 c- 106.15 .... 

In the water supply well at the pump house with +32 m eleva
tion in Huangsha mine pit where the elevation of the top surface 
of 0

2 
limestone is -45 m, the water analysis data are 

PH 

7.3 

Vf. T., 

20° 
Na+ ca2+ Mg2+ Cl- so2+ Reo- NO- NO- unit 

4 3 2 3 
J2.Ji4 so.6g 2l.81 2t-~8 !§.._5__ 284.g6 o.gs g.s5 ~ 
~ 4. • 1 • --o:-9'1 4. 7 o. 1 .14 iii67l 

According to the previous formula, we obtain: l = Q.00988; 

- J 4 4 LH2co3 • 5.0933x10- , ~2co3Js • 4.667x10- , 

~2co3Jag .. 0.426x1o-
4

, 

aggressive co2 "' 0.426x4.4 • 1.876 mg/1; Ol2 • 10-3• 126 , 

[CaJs = 2.6485x40~08 • 106.15 mg/1, thus~Ca • 80.16 -106.15 .. 

I 80.16 = -25.99 mg 1, SI
0 

= 10g_ 1; = 0.755 with HCO;-Ca Mg type. 
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When groundwater moves to t!:'.& place where aggressive co2 ex
hausts, i.e. near the l~t of the occurrence of Caco3 sec'ment, 

2+ ,_ 
although the content of Ca and 003 reaches saturated state to 
settle, Caso

4 
3H20 and dolomite can still be dissolved and the 

salinity in water increases as flow path become long. Therefore, 
2+ 2-general tendency of change in the content of Oa and so4 in the 

water still increases, so groundwater chemical type is HC07 so4-
2+ ~ Ca or Hco

3 
so

4
-ca Mg near the limit. 

2+ 2-Below the limit of Ca and oo3 balance, since no co2 is rep-
lenished in karstic water ahd the groundwater has no erosion ca
pacity for carbonatite rock, dedolomitization i.e. the hydroche
mical action of karstic water in deep sulfate-carbonatite rock 
may occur. The conditions of the occurrence of this phenomena are 
the existence of dolomite rock and gypsum, higher content of ca2+ 

in water and very slow circulation and exchange of karstic water. 
If the phenomena occurs, the reaction equation ie 

ncaso4 2H20 ..- nca2+ + nSO~- + 2D!l20 

mCBM8( CO~ 
2 

+ mCa 2+ ,...._ 2mCaco
3 

+ mMg2+ 

Since the solubility of gypsum is more than that o! dolomite, 
generally n m Eq. (9) and ( 10) are combined to obtain 

Thus K• 

with IC .. 

It can be known from Eq.(12) that the content of ca2+ and Mg2+ 

in water is controlled by so~- concentration in this regional se-
2-ction, therefore, so4 is the key ion for the chemical action of 

karstic water. Because of the existence of the previous chemical 
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The dividing line between them is boundary I: i~ •he model. N~a~ 
the tectonic zones, the lower limit 0f water corros~on capabili
ty fo:= Caco3 is deepe::: ( -350 m in Fig. 2) than that in the normal 
geological condition. It should be pointed out that there is the 
dividing line between phreatic wate::: area and confined water area 
in the regional section between boundary I and II. Above the di-
viding line, [ca]

8 
is calculatec using ,_, ,_, ,_ 0 0 _, ,_, 0 _4 "·' , 

Eq.(H). According to the boundary line sk 

of the exposed limestone area and the 
observed data for a long term, the e
levation of the top surface of carbo
natite with +140 m may be taken as the 
dividing line between phreatic water 
and confined water (the line is no~ 
shown in the model). In other words, 
in the regional section more that +140 
m elevation of the top surface of the 
limestone, the calculation is perfor
med rr,r Eq.(H), and in the area less 
than +140 m Eq.(K) is used. 

''"4 I :, 
IOOi r: .. In 

I i :·. :. J 
' u1 I :· : • • f. 

I I· •• 

H>O~ .• :{ 

I .·~ •: ··~ • 
-1~1,1---- -· ... , : 

-zzoJ : •! 

i .. !. I 
-:wo~ • : / 
_,50~- __ ../ .,, ' / 

I / 

tH(m)/ 

Fig. 2. Sic-H eurve 

Boundary III is the boundary line of Caso4 reaching 
tion and balance. The method for determination of the 

satura
bounda...ry 

is that the chemical constant under the standard condition is de-
termined in accordance with the thermodynamic law and the values 
of the enthalpy and entropy of the various materials with stan
dard state, then these values are corrected into the constants 
under the required temperature according to Van't Hoff's formnla. 

2+ 2-Thus, from CaSO 
4 

__., Ca + SO 
4 

, the 
are obtained from the table and K50 

25 

0 

enthalpy and free 
is yielded: 

energy 

G t• -6.04 
lg Kso

25 
= 2.30'3 RT '" ""'2 ..... 3""6""'3,;::.x.;,.:O.:::;Ob0~1""98,..7..-x""'2""98,... ..... 1 .... 5 = -4.4282 

Thus K50 at 20°C using Van't Hoff's forM~la is 
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' ' 
2. 303 R 

-4.2? - ' -4-.4282 - f--~ - -- . 2,30"3x0.001987 \ '293. ', 298. "' J 

so 

= -4.3751 

[so~-]: = 10-4.3751 

fso~-l .. 10-2•18755 = 6.493x1o-3 mol/l 
'- js 

150
2- • 6.4931x10 I J -3 

L. 4 s 2 
• 3.247x10-3 me/1 

[so~-Js obtained is compared with the analysis values of so~
!rom water samples in the region to obtain the saturation index 

~0~-] 
Sis • ~0~-]s 

'For example, !rom the dat · from the complete analysis water 
sample collected from the depth of 200 m in no. 2409 drill hole, 

2-the fourth mine of Feng Feng, the content of SO~ was obtained to 
be 61.34 mg/1, therefore, 

SI0 = ~Js?36 • 0.3933. 

It shows that the gypsum is in dissolved state. 
From the data of the complete analysis water samrle collected 

from No. 7-2 drill hole in Piaozi area, the content 

obtained to be 2038.8639 mg/1, so SI
5 

= 2?~~:~~39 = 
shows that the gypsum is in the settlement state at 

c 2-cf uC J ·11as 
'!3.08. It 

-:he place 
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(th& elevation of the 'top surface o:' c
2 

:..:..meP"..~.'.T,.;:_ :..s -4'i~·.32 m .. 
SI

0 
values of all water sample point th:-oug:::c·U."C tLE :-egior: areo 

obtained wi tb the same method. Then the curve ·~Fig. ; .· ,):: s:c -E 

relationship are drawn in accordance with SI~ values and the ele-
vation of the top st:.:r.face of the li
mestone. T:'lerefore, ~:':1e low·er li!tl t of 
CaSO, settlement is deternined to ap
proach tc -450 ffi. In other words, for 
the section a~ove the elevation, Caso4 
is in the dissolved state and the sec
tion below the elevation, CaS0

4 
is in 

the settlement state. The line with the 
elevation is boundary III in the model. 

In order to demonstrate the varia-
tion in the hydrochemical types and 
hydrochemical action of karetic water, 
we have drawn up the plane map of kar

etic water chemical types (Fig. 4). 
The change from the shallow to the de
ep is basically similar to the model 
in Fig. 1. Fig. 3 The relationship 

curve of so4 saturation 
index SI -H in Feng-Feng 
coal:fiel8. 

II. THE CORROSION QUANTITY AND THE FEATURE OF KARST DEVELOPMEUT 
IN THE REGION 

The Evaluation ~f the Corrosion Quantity in the P.ine Area 

In the independet hydrogeological unit, the section from the 
recharge area to Sic = 1 line is the region in which tbe carbcna
tite rock is mainly dissolved in which flow~ng water quanti~y is 
important part of water quam;i ty ir: the ur..i t. Therefore, the flow 
rate and the chemical composition of the springs in the ~egic~ car 
generally show general patte~n of the ca~bonate rook aissolution. 
The calculation may be performed with the s~mplifie1 fo~mula p~e-
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§=3~(>,·HCu,-c._ 

~S{>•·C'IHC.Oo> c, 

~(:~so.·-~···Na•~>tt.• 
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Fig. 4. The plane map of karstic water chemical types in Feng
Feng mine area 

sented by Corbel ( 1975): 

X 4ET (mm1 1oo0v\ 4x1.5933x263.01 _ 30 1 ~ -ml•ooOy 
1 = 100 h · • J = 100x0.5559 - · ~ ~ · 

If the calculation is performed using the tota: salinity of wa
ter, we obtain: 

4ET = 4x1.5933x310.23 
100 h 100x0.5559 35.57 =/~OOOy 

Thus, the corroded rate of carbonate rock in the region ob
tained is 30.15-35.57 mrr./1000y and the chemical runoff modulus(?~) 
is 1000 Q

0 - ... F-- G 
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The deep-kars~ is actec by dedcloffiit~zatior. to incr9&Re 7.~~ 

:;Jorosity of the rock. This is obtained by Eq.( ~ 1 -~ a!!C. ::crre:2.atJ.o:r, 
analysis. 

~n the monoclinal mine area to the eastern part of ~ushan, the 
quantity of the dissolution and sediment of the minera: is ~hat 

The dissolved quantity of gypsum is 

(1.043x + 1.527) CaS04· 2R2o = ( 1.043x9,92~ + 1.527):::: 17Z = 
= 2.04 T/m3 

-3 
n • 2.04x10 8.8Bx10-4 
g 2.3 • 

The dissolved quantity of dolomite ie 

(0.309x + 0.445) c8Mg(co3) 2 .. (0.309x9.921 ... C.445)x184.3= 

• 0.647 T/m3 

0.647x10-3 2.311x1o-4 
nd • 2.8 • 

The sediment quantity o! calcite ie 

( 0.61~ + 0.89) Caco
3 

,. ( 0.618x9.921+0.69)x100 = 0.702 T/m3 

-3 
no .. 0.7~~~10 • 2.6x10-4 

Thus, in the monoclinal area in the east of Gushan, the quan
tity of dissolved and filled material by the chemical action of 
the deep-karst is 

Mae Mg + Md- M
0 

= 2.04 + 0.647- 0.702 = 1.985 T/m3 

or 
' -4 4 nde = ng + nd- nc,. (8.88 + 2.311 - 2.6)x10 = 8.59x1('-

In the fault sunken synclinal basin in the west of Gushan, the 
total quantity of corrosion and sediment filling !or carbona~e-su
lfate rock is that 

The dissolved quantity of gypsum is 
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,~ 1. <:99x2. 4 71+0. 30'ilx1 ?2 
~.604 T/m3 . 

The d~ssu:ved quantity of dolomite is 

. 0.293x + 0.051) CaJlg(co
3
) 2 ,.. ( 0.293x2.47~+0.051) x184. 3 

,. 0.143 T/m3 
-3 n = 0.14:5x10 

d '2.8 
.. 5.10~x10-5 

The sediment quantity o£ c~lcite is 

(o.5B6.x-+ o.w2) caco3 = (0.586x2.!71t0.102)x100 = 
_

3 
., C.155 T/m~ 

n = o.~5~x10 = 5.741x10-5 
C o I 

Therefore, 
Mde : 0.604 + 0.143 - 0.155 • 0.592 T/m3 

nde = (26.25 + 5.101 - 5.741)x1o-5 • 25.61x10-5 = 

• 2.561x1o-4 

It is seen from the results presented above that below SI =1 
' c 

boundary line, the dedolomitazation is calculated by Eq.(11) to 
form porosity. The dedolomitazation in "Gudong" area, Feng-Feng 
coalfield is 8,591x1c-4 and in Hu village basin, Guxi area is 
2.561x1o-4• 

The Feature of Karst Development in Feng-Feng Coalfield Re
gion 

Aocoreing to statistical data o! the pumping tests and karet 
in the drill holes, the feature and zor~ng of r~st development 
in the region are given in table ;, 

It is knov.'!l i:z:orn t:r.e calculation and SI
0 

-H curve that the E:

levation ( -16C m' with SI = 1 bounda!Jf line is :!oc.s.ted in the ' . c -
median runof: zone .• Acocr1ing t:o statistica: data of the vari0t:.s 
prospect:!.ng boreholes, above the elevations, karst caves v:itr. J:te 
diametGr more than 0,2 m were fouud :.r. the boreholes, Below thE 

boundary :.:.r1.e, the fiss11r-::s anC karst porosi t~T were mainly ji-.;V£-
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loped and the ka:::-s-c caves were nc-:- ::;as:.::"".::. __ ·- _ ~ .. __ ------·~- • -
logical condition. 

The elevation with Caso4 satur<Hlo:c :.;:->:iex ..:--
2 

~~ =-~',"-' 

the lower limit of the weak runoff zon~. -<>hove ..;: __ ::::.-:.. ::<-

st phenomenon, which are associa-ced wi.c;h the gy-_ps;.Lru :.:.sscl:1-:::.:::: 
and have effect on mining coal, were found. by sT.atistica.l &.at~ c:: 
the deep boreholes and driving. Belo~ the limit, the dee~ kars: 
phenomenon were seen in the boreholes. They mair2y are small ka~
stic pores and fissures together with obviously chemical filling 
ratio is more. 

It is f·Ether verified by recently prospecting ant tests that 
the hydrochemical model of karst water presented above bas~cally 
shows the feature of karst development and variation in the re
gion. The fifth mine located in the strong and median runoff zo
nes, for example, has 18 boreholes through o2 limestone in which 
the development of fractures and caves has been found at the a
quifer section and the real karstic cave height seen in the bo
rehole is 0.5-1.0 m. In the boreholes at the bottom of the mine 
pit, single well discharge is 1-3m3/min. In daqing limestone wit
hin the coal system strata about 25 m away from the previous pla
ce, the drainage tests were made in a group of boreholes at the 
bottom of the mine pit in June, 1983. When water level drawdown 
in the central borehole was 30m, the discharge was 26.21 m3/min 
the unit discharge q • 0.824 m3 /min m, and water chemical type 
was Bco

3 
so4-ca Mg water. Yangquhe mine located in the median and 

weak runoff sene has nearly 20 borehole through o2 limestone. "dhen 
the drain a.nd pumping tests- were made, q = 0.72 - 0.0072 m3/mn 
m but many boreholes is at 0.01-0.035. The boreholes with more 
discharge is in the median runoff aone. Water chemical types va
ry from HCo3so4-CaMg to so4HC03-CaMg. 

The prospecting data in Jiulongkou mine area and ~n the east 
explore area of Yangqu located in the weak and extreme weak ru
noff zone, for example are (1) In the completed boreholes. we saw 
much of inclination intersection !issures with not smooth planes 
and locally with the membrane of calci'te and the fiesures with the 
width of 1-2 mm have been complP.tely Elled oy (.!alcite. In the 
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:.:..:~;.._ ~-:::t-re w::.•r :.he lJeT7.!'". :.~1 A:..: -::he Zones of o
2 

Limest.O!le 

-:r,-; J'!'.;Y.":-: F.r<c?, ::..::: Fer:e--f'('!lg Coa.lf::..elli 

----- -·-·-·-----,-------------.-----,-----· 
~F ~;~. '~; ~~";,; 

1

i-' --':'":~~~~ng---,,...,.,_""_o_f_r.._: ~:X,;cdi~~'-,;"".,·,...run--o-ff4..!:~"an~IJk0~run=o,_f_r+j::c •,!~:'~r"'~r·,'·~:.,~·=-~__, 
~terr -----====-=--i 

":'!"1e fcr:r, c!' ka.r::;tlc water ci".E-mlca.!. 
actl.o:-. for Ca.CO~ ir. \\a~er 

:2 

0 

! s;>ecl.flc o.:.sch£:.rg€ q\~.i.$· m~· 
j ~ft~h~C·~mr,l.nt" test l-...rl:iz.l!'l£. 

average p01.nt numbE>rs c~ k&!"st 
j f:o.ssure &."ld cave 1.r: s:tr., ... le 
1 ·corehole 

+135-zC 

~ros1on 

normal 
"'1-7.4 
general;s: 2. 9 
near struc-
ture~7.4 

zo-200 

erosion-
sed.l.ment 

normal 
7.4..0.6 
general 
0.92-2.9 

: near struc-
ture 2.3-7 ·4 

1.03 

,-200-500 I -500 
sediment ~sediment 

i I I 

! I normal <0.3-0.4 
2.3..0.3 I 
general 
0.92-0.41 i 
near struc-1 
ture 2.6- \ 
0.92 

--+------· 
0.7; 

: ~ I karst cave rat~, (',t) of aqu1.fer 

1·: ~~!··~t~--------------------~~------+~~~----~--------i-----' c f karstic.: fisau!'E! a.."td caVt! rat.l.o 8~84 6.58 1.55 
! ·~ j (%) in aquifer ~et 
1 ~ 1 ·nsl.biJ.ity :ra.tl.( {~) of karst i! i caves in boreho}eE 

18.8 6.2 
--r------1---- -~------· 

i >-66 

I chemical 
1 filling 

karst fJ.ssur'! I nn:.ch of I a few ':)f I' karst fissure 
ar:d cave ka.rst fis- l kars\- po1·es r~ot much 
o.evelopment sur-e -oo.vP.:s 

near the 
shallow md 
stl"\leture 

' and fis- 1 developr.ent 
! st:.res j much filled 
I : 'by ealcl. te 

I 

layers of the upper formation of o2 exposed for nearl_v 130 m,kar

st fissures were found at five to six positions and the karstic 

pores with the diameter of only 5 mm. "''ere seldom found. ( 2) The 

pumping te~t in a group o~ well was carried out in Jiulongkou mi-
:le from I;cvember, 17 to December 1 6, 1983. The result ·w·as c;_ 

0. 334 n)/min m. wninh the least specific discharge of those cf 

all the pu~ping tests i:1 the :nine area, D'p to October, 19, ~987, 

tJ-,e wa.cer :e'"el l!i 0~ :imesto:-J.e aquife:: i::: the pumped area haC.r. '+. 
L 

:-ecovc>rec to the level ryefore pumping [the d.ifference between r.!".'""' 

3: :y_ the east ex::;::cre area o~ Yangqu !!line, 

IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



richment of the limestone obviously aecrease& at the sect::.on b-e
low the elevation of -500 m. q values from seven boreholes were 
all less than 0.1 1/ B m. qCll = 0. 0419 1/ s m. I:.1 ~ 4 boreholes abo
ve the elevation of -500 m,-qcp = ~.135 1/sec m. The latter is 
about 75 times of the former. The hydrochemical types in o2 :i
mestone of the section vary from so401-CaNa water. 

In summary • the feature of karst water chemica and karstic de·· 
velopment is expounded to provide the theory basis for correct 
planning o:f the ooal layer development and control in the area. 
This is o~ the actual significance. 
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