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ABSTRACT

The paper makes exposition of the hydrochemical action and mo-
del of karstic water from the ghallow to-the deep within a com-
plete hydrogeological unii, the determination of the corrosiom e-
quilibrium boundary condition of carbonatite and sulfate rock and
the caleculation for the corrosiocn guantity. 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
cbtained by prospecting, tests and mining in the region, This
rrovides theory basis for the correct planning of the coalfield
development and contrcl.

Feng-FPeng coalfield is one 0ld mine areas earlier developed co-
al in Carboniferous-rermian system (C?). The develdpment of coal
has been carried out frox the shallower part to the déeper and
from the upper to the lower coal formation in Carboniferous-Per-
mian system close 3To rich aguifers of the Mid-Ordovician limes-
tcne {09) for years. Because the impermeable bed befween the co-
2l formation and the limestone is thinner (15425 m} and water
pressure and quantity in the lower formaticn, water intrusion
from the bottor of the shafthas become one of major problems in-
fluenced the further development of the coalfield apd the tap of
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potentialities of the 0ld mine area, Since the guantiiy of water
intrusicn in the mine pits is closely reiated to the karst deve-~
ioping feature in 02 limestone iz the region, the investigation
of karst developing law in O2 limestone aguifers will be one way
to correctly plan the coalfield development ané to present from
floor water invasion, This paper discusses chemical action ané
variation of karstic water, and karst developing feature from ka-
rst hydrochemical point, ,

I. THE EYDROCHEMICAL MODEL CF KARST WATER IR MID-ORDOVICIAN LI~
MESTONE IN FENG-FENG COALFIELD

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

Generally Geological and Hydrogeological Situation of the Mine
Area

The mine area is located at the middle section of the east fla-
nk of Zaphuang anticline stretching in ENE direction which = was
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 kmz. Anmually average rainfall is
554 mm and annual evaporation is 1664-2231 mm. All of the rivers
are the seagsonal streams except the rivers near scuthern bounda=-
ry of the region, and the density of the river network in expo~
sed limestone area is 0.414 m/kmz. The largest runoff length of
karst groudwater is about 45 km and the elevation of the largest
circulation depth is about =500 m. The elevation of the dischar-
ge ?oint is +122.,8 m., The annual average discharge of the spring
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mass is T-~9 mE/s and steady coefficient and the wvariable ratic 57
the springs are 2.23 and 84%, respectively. The ratio of under-~
ground runoff ia 0.0054-0.00695 m°/s km®.

The thickness of 02 limestone, wnich is underlying main aqui-
fers, is about 584 m in the region. The limestone is @ set of ca=-
rbonatite-sulfate formation which is subdivided into three large
groups according to rock facieas. The lower parts of each  group
is much of dolomite breccia limestone and thin layer marlite, do-
icrite, 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 granuiar limestore
and pelitic crystai stain limestone in which karstic fissures and
hcoles are intensively developed and which is one of main  rich-
xent sections in each group. The discharge of single well is ge-
nerally 3.6-7.2¢ mj/h m, The top section strate are mich <f ea~
rth erystal and stain limestone and earth crystal Iimesione, in
addition, thirn layer marlite, dolomite limestone and sume layers
of dolomite breccia limestone. In some drill noles, gypsum lay-
ers were found. In the group of strata, karstic fissure:z and kar-
stic holes are mainly developed which form richment zenez of gro=
uné water in the section of advantagecus structure and aood o=
noff cornditions. In the lower ¢oal layers in late carbonilesrou
system, mein aguifers are Daging iimestore with thicimess of -7
z. The steady drainage rate from the mine pit is generzlliy 3¢
60G m°/h.

Hydrochemical Action of Xarstic Water in Water-rock System.

In the regional interval from exposed carbonatité region to
the hidden region of occurrence of Ca.CO3 settlement,
and doclemite is mainly distributed., Because total trend of grou-
ndwater circulation and exchange becomes more intensive, the mest
of easily soluble suifate has teen dissolved awey for long g<o
iogical history, and there mainly exists caleite and 2olomite iz
carbonatite of ground surface ancd the zhallow. Tnerefore, the za-
ruonatite rock in the region 'is continuously 4disscived by aggres-
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sive 002 in groundwater, Aggressive 002 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:

o, + H,0 === H,C0, Ey (1)
o+ -
B,CO, === E* + HCO; K, (2
2+ 2- s

uCaC0, === m0a“’ + mCo; , Tep, (3)
2+ 2+ 2~ )

n0akg(C05) , === nCa®* + aMg®* + 2nC0% Xop, (4)
02 + H* mapmm HCO] ol (5)
3 3 2 )

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

m0aCo; + nCalg(Co,), + (20+m)co, + (20+m)H,0 =

(nd-ml)caz""rnMgz+ + (2m+4ﬂ)300; (6)

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

-1
X=Xy K Ky xapz K, (D

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

. [HCOE] 4n+2m [_C a2+ men [;462+]n

2n+m
P
002

(8)

It is know from Eq.(8) that in the regional interval to take
corrcded carbonatite as the dominant rock, the factors controling
Ca2+ content in groundwater is concentration of ECOE and
the component pressure of C0,. In fact, CO, and CO%' are conti-
nuously transformed into Hco;, s0 HCOE is key ion for determina-
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tion oif karstic cherical reaction and dissolved content in the ve-~
gicnal interval of the interest. In the exposed area of limesic-

o)

ne, s8ince oe, of the various cause of formation replenishes inio
groundwater to change componet pressure of CO, in water and cir-
culation and exchange of groundwater become mach more intengive,
water contimaously dissolves carbonatite rock. Also, since the
solubility of calcite and dolomite is different, calcite whose
solubility is relative larger is mainly corroded on ground suria-~
ce and chemical type of karstic water is properly fresh water with
the type of H003-Ca. The aggressive 002, the saturation deficien-
cy of Ca”*((a) and saturation index (SI,) in water are determi-
ned by using the following equations. Since temperature of water
samples is much 17°-18°C, the constant with 20°C is taken as the
chemical constant,

3 cuzs? e
“2atygo, = %’:?—ﬁ—:’/—z ; (Hcoj‘) - Zy00, 8003 ] (2)
-1gfy, = T_?%—F (Ca) fo [Caz":} (o
La 003J [11 CO,L [H co]

aggressive ree

(g%

{
" o (Ec0g)- KK T (Ee0)?®) ()

-1ekg, = (B") + (Hco;) + IS, - 7.8 ()
Qg = (1+4.15x10PH-7 + 1,741102PH'¢T)”1 (%)
oy = 1+2,38x10'07 P | 5 74x10"672H) " (9
r -
[oe?] - (=) (&)

KE CO 2
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Vg 2F -
ACe = (Ca™ ) o - ga) I
”~
(va/ 5
I = —real 3
d kCa)s

The analysis data of water in the water suprly well of%iIijing”
at the recharge regicn of nfusha{;. Feng~Feng are

PE watertem- Na® et o1mt o socT HCOZ N6l  umit

peraturg , ,21 74.168 15.892 15,566 2 is 244,275 g mg/3
7.25 18.57 51120 “Ei707 T T.307 C.403 0.565  4.004 0,129 me/1

G‘Z+

According to the avove calculation formuias, we obtain:

is= o.qmezss. face, * 0.5%3, (E003> = 3,854;

£ = 0.70%, (Ca) = 2.60%;

Ga
[H,,CO{} = 4.943x107%, [52003] = 3.388x107%,
€ free .

1.555x10™%,

B

’gzco{lag = (4,343 - 3.388) x 1674

Trus aggressive CO, = 1.555x4.4 = §.842 ng/1

By = 107927, a - 1070524 o o 473182
~ 2 ~ -
-C.924 -8.28 o
[Ca}s .30 x 10 - 1072685 5 ceniiom3

- - 7 -3
10 ‘!.41x 10 ‘1.92‘x 10 3.182

2.06% x 40,08 = 82,78 mg/2

- -~
[“a..ls
OCa = 74,168-82.78 = -8.612 mg/l

1 - 14:188 0 a9
82.78

[ 4]
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The ztove saleulated resulis, IIKY, Caft and aggressive 30?
15 £.842 mg/l, These indexes show that the groundwater at the pla-
ce heg disciuble capacity for carbonatite rock; Every water gamp-
le peint distributed in the whole recharge region has been calw
culated and the average value of each index in the whole rechar-
ge Tegion has been cbtained as aggressive CO, = 2.99 mg/1,ACa =
-36.98 mg/1, and SIc = 0,35, In confined aquifer section from the
hidden section of the limestone aquifer to the lower limit of
CaCO settlemet, since the aguifer does not directly contact with
the atmosphere and LOZ in the atmosphere can not replenish the a-
quifer, tkese sections are taken as the regional section with no
CO replenishment,

From the section on, “02 solved in the groundwater in the ex~
posed regicn of the limesgtone \1 e, water table/ is consumed, ig
the depth increases until the aggressive 002 exhausts and the in-
dex SIc of CaCO3-isrequal to 1, water flowing velocity and circu-
lation and exchange are lesg than those in the recharge area, Ti-
me of water-rock interreaction also inc*eases ag the depth, the
dissolved content of dolomite increases, Mg content in water
becomes more, 80 H”OS-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-
creagze, it can form water with 3003804—Ca type in the deeper sec~
tion, In the regional section, the method and formula for the cal~
culation of the parameters (aggressive ¢0,,40Ca, SI, ete) are the
szme as the a2bove, but since it is more difficult to obtain di-
rectly cc from the atmosphere, the formula for caleculation of

[C62+] is'
L’Ja““}s =y Ks/("2

For example, hydrocnemical data in Fo, 643 drill hole inm i
nidden limestone secticn in whielh the elevation of the top sur-
face of the limestome is +134,87% m, is

N
)

]

FH watertem=y, + e wme?* o1t SOE_ acos RO umnit
perature = 4 3 z .
L0 7,20 79,479 15,0% 15,458 41,15 247.082 11 umg/o

vyt ey T3R8 Befl B2 e SE S
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action of karstiv water, water ¢
ar SOA HCO3—Ca&g together withr 30, ECC,-lala :tyves
depth ¢f the aquifer and flow p=z
part, the content of Ca’’ and SO
ter type gradually becomes C1 &

increases from the place of ca?* and SOE' balance along the sglant
direction of the layers, ir the case of the existence of gypsum,
dolomite limestone and dolomite, water movement further becomes
slow and Ca’® and S0 reaches saturation to settle. The repla~
cement between Caz+ in water and Mgz+ in delomite forms calcite
to settle, resulting irn the increase of Mg2+ in water %o form
nigh mineralization Cl-Mg type water.

Simmarizing the above karst water chemical actiorn and the cha-~
nge ir their corresponding hydrechemical type from the shallow
part to the deep in the whole unit, we obtain the following hyd-
rochemical model of karst water.

A0, ~Ca

&
ease. At futher  deeper
approacnzs tne balance and wa-

SKcacoss 1 Skcasozuso= s
caso, 21, 05221, C i
CasD, 2H,0 (g, & . 3
. —— - —— ;
. === H, | H Cas0,
H, O H C:),- N SN | Mg™ +SO? u l Y ‘
'4_’14 Vsor —n C H
- TNy I o e T e eSO MY
- c == B COua= COI | 4] Mg +Ca™ ‘ cors » Ca™ ) - -
X SOy HCOm== CO: | g + ; 04
e e == BOou== SOl W S-S DO :\ —_—= l MgCa(C0s 1, &= CaC0: )
f g | AN ﬂ// AN § S
, % 1 OH™ ~H . T#C0y§
o CaCOs+ MICI(COs 5 !
1y 8y o s
HC BCw HeC HC: S SuCw  CeCaiw,  MEh

Fig, 1. Model of karst water chemical action in Carbonatite-sul~
fate rock

The Characteristics and Determination of the Boundary

It is know from karst water chemical acticn and the change in
karstic water types ir every regional zone that sgeveral important
boundaries exigst in the whole region, Boundary I is the "entry"
regeived rechargze of precipitation, gurface water and groundwa-

i
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ter from other insoluble rock regioms. The sufficient exchange
and talance beltween b»n in groundwater and COA ir the aimosphere
or uu, fromw the varicus formation cause ocour in the region. Be-
cause groundwater in the region mainly deperds on the recharge
frem the precipitation in the expesed limestone region, +he in-
fiuence of PCCO can not be ignoreéd and PCOZ carbonate eguilibrivm
theory need “ 4o be considered when calculated in the wa-
ter samples from the recharge region in region I, i{.e. the con-
tent of the balance Ca?® is caleniated using Eq.(H). Boundary I
is eagily determined in the field, that f{eg the phreatic water re
gion receiving recharge in exposed limestone.

Bourdary II is located in the flow region of the confined a-
quifer when the carbonate rock is hidder underground., Its upper
limit ie the line in which the exchange with outer 002 stops and
aggreesive 002 golved in water is depleted to "zero® as the bur-
ried depth of the aquifer and flow paths increasge, Cn the other
words, boundary II is the boundery line in which the content of
Caz+ and CO§- reaches saturation balance-under the condition of
certair temperature and pressure. Thus the calculation is perfor-
med by Eq.(K} to determine the saturation index SI, of ca®* in
water in the carbonate rock with various depth. Sl value of 223
complete analysis water samples were calculated in the regiorn \V¢-
rioug depths from the recharge area to flow area) in accordance
with the above principle and formula /t = 20° anéd cne atmosphe-
ric pressure) B-SI_ relationship curve { Fig.2) was drawn in ac-
cordance with the eleva*icns of <ﬂ top surface occupied by each
water sample point. When the scattcred point figure was made, the
abnormal points from pellution and gapsum of at the shallow part
had been omitted to obtain the elevaticn with SI_ = 1 in the nor-
mal case \curve I\ and tectornic cconditiorn { { curve I }. Figure 2

show *that in the normal geclogical condltlon in the regiczn, the
elevation of lower 1imit for the most possibly dissolved caleium
caroonate is ~160 m. It is shown that in the regiomal section a-
bcve the elevation, water has corrosion capability for Ca uux,
but *the corrosgive capability ig generally from large tc small,
Below the elevation, water has no sorrosive carpability for Jall.,
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with the type of HCOB-Ca. Using the previous formula, we obtain
I= 0.0171;

H.CO, | = 4.295x107%, |B.C i = 2.992x1o‘4, E,CO = 1,303x107%,
2°"3 2731, 273 g

aggressive C0, = 5.734 mg/1; %, = 10-3.126;

[ca], =1/7078:28/1073+126 . 2. 6ae5x107
ACa = 79,499 - 10€.16 = -26.653 mg/l

< 19.499 _
SIc = m 0.749

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 02 limestone is =45 m, the water analysis data are

PR W.T. Na* ca?* mg?* c1” soi+ HCO NC,  NO3 unit
Lo

7.3 20 15.64 80,16 22.01 24.82 46 284.96 0.65 8.8 1

. 4.00 1.8 %.‘75 :?.%7 4'.%7 0.621 5.':14 !me! éi

Acconrding to the previous formula, we obtain: I = Q,00988;
M8.00,) = 5.0933x107%, [6.00.] = 4.667x10™%
[1,9,) = 5. , [rg005]_ = 466781074,
l‘fzzcoﬂ = 0,426x1074,
ag.

aggressive CO, = 0.426x4.4 = 1,876 mg/1; dz - 10-3.126.,

[Ca]s -1/1078-284073:126 _ 5 g405x107

[CaJs = 2,6485x40,08 = 106.15 mg/l, thus ACa = 80.16 =106.15 =

- -25.99 mg/1, SI_ = 2518 = 0.755 with HCO,~Ca Mg type.
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When groundwater moves to the place where aggressive C02 ex-
hausts, i.e. near the limit of the occurrence of CaCO3 sed’ment,
although the content of ca?* and CO%' reaches saturated state to
settle, Caso4 3H20 and dolomite can still be dissolved and the
galinity in water increases as flow path become long. Therefore,
general tendency of change in the content of Ca2+ and soi‘ in the
water still increases, so groundwater chemical type is BCO3 SO4-
ca?* or HCO, S0,-Ca Mg mear the limit.

Below the limit of Ca’* ana CO%’ balance, since no CO, 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 suifate-carbonatite rock
may oceur, 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 egquation ie

2 2~
nCaso, 2E,0 == nCa * . S0y~ + 2nH,0 14 (9)
- 2 - 2
mCa.PIg(COZ) , + mca?* === oncaco, + mMg® x, (10

Since the solubility of gypsum is more than that of dolomite,
generally n m Eq.(9) and (1(9 are combined to cbtain

nCaso, 2,0 +.mCa.Mg(003) , === (n-m)Ca®” + n502 + mMg®*

+ 2n320 + 2mC&CO3 T

Thus K = Kn Km

vith K= [0a2+] o [M32+]m [sof"]n (12)

I% can be known from Eq.(12) that the content of Ca2+ and Mg2+
in water is controlled by SOi'_concentration in this regional se~
ction, therefore, Soi' is the key ion for the chemical action of
¥arstic water., Because of the existence of the previcus chemical
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The éividing line between them is poundary II in the medel., Near
r corrosion capabili-

the tectonic zones, the lower 1imit of wate
} than that ir the normal

ty for Cal0, is deeper (~350 m in Fig. 2]

geclogical condition. It should be pointed out that there is the
dividing line between phreatic water area and confined water area
in the regional section between boundary I and II, Above the di-
viding line, [Ca] is calculated using a e e oa g0 ue o

Ske

Eq.(H). According to the boundary line
of the exposed limestone area and the
observed data for a long term, the e-
levatiorn 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 mo3
shown in the model). In other words,
in the regional seetion more that +140
n elevation of the top surface of the
limestone, the calculation is perfor-
med by Eq.(H), and in the area less
than +140 m Eq.(K) 1s used, m”

‘Pig. 2. SI,-E curve

Boundary III is the boundary lins of Caso4 reaching satura-
tion and balance, The method for determination of the boundary
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 formmla,
Thus, from Caso4==ﬂ= Ca2+ + soi', the enthalpy and free energy
are obtained from the table and KSO is yielded:

2
Go;
N - -€,04 )
e KS°25’ . T = 3.303x0.001957%298. 15 = ~4-4282

Thus Kg, at 20°C using Van‘t Hoff ‘s formula is

80
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. b { 2

s k50 = 18 T " TIBEE LT T
. _ _=4.22 rool m s
= ~4,4282 3 T505%0,001387 &\ 393,75 28g.% /
= -4.3751

2-]2 43751
S0, | = 107770
Js

[se37] = 10721875 = 6,493210™ mo1/2

. Js
50 =3 .
80 |sof = 5.4 ;"0 = 3.247%107° me/1
[ 48
S°§- = 3,247x48,03 = 155.93 mg/l
48

4
from water samples in the region to obtain the saturation index

]

TR
For example, from the dat - from the complete analysis water
gsample collected from the depth of 200 m in No. 2409 drill hole,

the fourth mine cf Feng Feng, the content of SOE' was obtained to
be 61,34 mg/l, therefore,

61.34
SIC = T;;?-gz = 0,3933,

It shows thet the gypsum is in dissclved state.
From the data of the complete analysis water sample collected

[éoft] obtained is compared with the analysis valnes of S0°~
L g v

from No. 7-2 drill hole in Piaozi area, the content cf SC was
obtained to be 2038.8639 mg/l, so SI_ = 2328:8633 . :x 0g ¢
shows that the gypsum is in the sett‘ement sta e at the place
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{the elevation of the top surface of S, =

ol 2 .
446,22 m,

¥
2]

SIC values of all water sample point throughout the region are
obtained with the same method. Then the curve | Fig, 7. of SI _-B
relationship are drawn in accordance with SI_ values and <he ele-
vaetion of the top surface of the li- )

P8 jad DGR G v 9,0
mestone, Therefore, the lower limit of I

CaS0O, settlement ie determined to ap- a0
proaéh tc =450 nm, In other words, for i
the section atrove the elevatioa, CaSOA ‘Wf ;
igs in the dissolved state and the sec- ol {
tion pelow the elevation, 03804 is in "
the settlement state. The line with the 1004
elevation is boundary III in the model.
In order to demonstrate the varia-
tion in the hydrochemical types and 3004 !
hydrochemical action of karstic water, "
we have drawn up the plane map of kar-

stic water chemical types (Fig. 4).

450 - — —

The change from the shallow to the de- H(m)
ep is basically similar to the model - . )
in Fig. 1. Fig. 3 The relationship

curve of 504 saturation
index SI_-H" in Feng-Feng
coalfiell

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

The Evaluation of the Corrosion QJuantity in the Mine Are=z

In the independet hydrogeological unit, the section from <the
recharge area to SIC = 1 line is the region ir which tbe carbena-
tite rock is mainly dissolved in which flowing water guantity is
important part of water gquantiiy ir the unit. Therefore, the flow
rate and the chemical compositicn of the springs ir the regicn car
generally show general patterrn of the carbonate rock dissolution.
The calculaticn may be performed witn the simplified formula pre-
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Fig. 4. The plane map of karstic water chemical types in Feng-
Feng mine area ’

sented by Corbel (1975):

_ 4ET ) o AX1.5933%263.01 _ 5 4
X, = 35 (mm/1000y) o2 5E S = 30.15 am/ 4000y

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

ET 4%1,5933%310,23 . oo .
Xy = oo = oA = 5557 mn/1000y

Thus, the corroded rate of carbonate rock in the region  ob=
tained is 30.15-35.57 mr/1000y and the chemical runcff modulus(¥ )

ie
£ 1000 Q 17 mpex 1expesnl0 : R
¥, = ————0g - 1 2.54x .1;362!.\,. X 310.23 = .5674 2/8 rmos
¢ . 2680x1G° '
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= 49,43 /7 km©

The deep-karst is acted by dedclomiiizatian to incraese The
porosity of the rock. Thieg is obtained by Eg.{1 1 ané scorrelation
analysis.

In the monoclinal mine area to the eastern part of Gushan, the
quantity of the dissclution and sediment of the mineral is that
The dissolveé guantity of gypsum ig

{ 1.043% + 1.527) CaSO,- 20,0 = { 1.043%9,92% + 1.527)x 172 =

= 2,04 T/m’
_3 -
ng = 2.24210 ~ . g.88x10 4

The dissolved quantity of dolomite im
(o 309x + O. 44;) CaMg(C0,), = (0.309%9.921 + 0.445)x184,3=
= 0.647 Mw

172103
ng = LEHXI0T o 2, 39421074

The sediment guantity of calcite ie
(0.618x + 0.89) CaCoy = (0.618x9.921+0, 89)x1oo = 0.702 2/m’

-3 -
z, = 4—7%3%1—0— = 2.6x1074

Thus, in the monoclinal area in the east of Gushan, the quan-
tity of dissolved and filled material by the chemical acticn of
the deep-karst 1is

¥ M, + Mg = M = 2.00 + 0.647 - 0.702 = 1.925 /m

de a
or

- n, = (8.88 + 2.311 - 2.6)x1074 = e.59x107¢

"

Be ng + n4
In the fault sunken synclinal basin in the west of Gﬁshan, the
total quantity of corrosion and sediment filling for carbonate-su-

lfate rock is that
The dissolved quantity of gypsum is
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.299x » 0,00 CaSt ZH,0 = 1.29922,471+40.303x172 =
- 0.604 Dm®

- 2:65431070 ;) ocyios

3

£ 2.3
The disscvived quantity of dolomite is
70.293x + 0.051) CaMg(C05), = (0.293x2. 47*+o 051) x184.3 =
- = 0,143 /w’
0.145X10 -5
o = 578 = 5.101x10

The sediment quantity of calcite is

(0.586x + 0.102) Cacoy = (0.586x2, 471+0. 102)x100 =
= v.755 T/m

-3
= 2199210 7. 5 741x1075

e 2.7

Therefore,
My, = 0.604 + 0.143 = 0.155 = 0.592 T/m’

ng, = {26.25 + 5.101 - 5,741)x10™ = 25.61x107 =
= 2,561x107%

It -is seen from the results presented above that below SL =1
boundary line, the dedolomitazation is calculated by Eq. (11 te
form poresity. The dedolomitazation in "Gudong" area, Feng-Fer
coalfield is 8,591x1C™% and in Hu village basin, Cuxi area  is
2.561x10™%,

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

Accoréing to statisticel data of the pumping %ests and karst
ir the drill holes, the feature and zoning of karst development
in the regicn are given in table 1.

It is known Irom the caliculaticn and SI -H curve that the e-
levation { ~16C m? with SI = | boundary lige is located in the
median runoff zone. Acocr d*n& to statistical data of the various
vrospecting boreholes, above the elevations, karst caves with the
diameter wore than 5,2 m were found in the boreholesg, Belew the
boundary lire, the fissures and karet porosity were mainly deve-
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lcped and the karst caves were neT D&SIZEILT Iouwni Ll LITTel fele
logical condition,

The elevation with CaSQ, saturation imzex JI_ =
the lower limit of the weak runcff gomne. ~bove I = °

[

and have effect on mining coal, were found by statistical date
the deep boreholes and driving. Below the limit, the deep karst
phenomenon were seen in the boreholes, They mainly are small kar-
gtic pores and fissures together with obviously chemical filling
ratio is more.

It is further verified by recently proegpecting ané tects that
the hydrochemical model of karst water presented above basically
shows the feature of karst development and variation in the re-
gion, The fifth mine located in the strong and median runof?f zo-
nes, for example, has 18 boreholes through 02 limestcne 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 1-3 m3/min. In daging limestone wit-
hin the coal system strata about 25 m away from the previous pla-
ce, the drainage teste were made in a group of boreholes at the
bottom of the mine pit in June, 1985. When water level drawdown
in the central borehole was 30 m, the digcharge was 26,21 m3/min
the unit diascharge q = 0.824'm3/min m, and water chemical type
was HCO3 804-Ca Mg water. Yangquhe mine located in the median and
weak runoff sone has nearly 20 borehole through 02 limestone. When
the drain and pumping tests were made, g = 0.72 - 0.0072 memin
m but many boreholee is at 0.01-0.035. The boreholes with more
discharge is in the median runoff mone. Water chemical types va-
ry from H003804~CaMg to SO4H003—CaMg.

The prospecting data in Jiulongkou mine area and in 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
ruch of inclinatiorn intersecticn fissures with not smooth planes
and locally with the membrane of calcite and the fiesures with the
width of 1-2 mm have been completely filled oy calcite. In the
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anle a ALl the Zomes of 02 Limestone
% ,
MEES upg the strong runoff! median runoffiweak runoff|extreme weak
* wurface oy o L zone . zone zohe runoff zone
item T2 13540 " 20200 ~200—500 —5C0

The ferm of karstic water cremical {  erosion " erosion e sediment sediment

action for 53(103 in water ! sediment

E

specific discharge gyl : normal ; normal normal «<0e3-044
of the pumring test ( =1-T.4 7.4-0.6 2.3-0.3
s to 10 m, L generals1.% ' general general

. near struc- | 2,92-2.9 0.92-0.41

- ture=7.4 { near struc- |near struc- -

® | ture 2.3-T.4 | ture o6~

] : 0.52

§ t

[ average point numbers ol karst . Se4 i 2e2 Q.7%

Y { fissure and cave in sinsle B )
g berencle i ; j

1";' karst cave ratic (%) of aguifer | 3.32 Po1,03

T set i

i * karstic fissure ond cave ratic : 8.84 { 6,58 1.5% .

§‘§‘ (%) in aguifer set i : i

e vigibiiity ratic (%) of karst i 18,8 Co6.2 . : !

tg caves in boreholiee : i . H

] full filling ratio of karst 13 | 26-54 - 54-66 =65

' g fisgure (%) ; |

@ P filiing type ; dominant | mechanic dominant chemical

T | mechanic | and chemical { chemical - | filling

N . £illing | filling filling |

12 _\.} €11ling material | clay, sand : clay, dominant ;cucite,

) ! calcite ; caicite i calcite { gypsuz

iR ; :

» main xarst oattern i karst flssu.re; much of a few of karst fissure
.and cave ! kargt fis- karsy poresinot much
development | Sure cavas H and fis~ development

! . { near the i sures muck filled

; . shallow and | ity calcite

§ : ‘ strocture | H

layers c¢f the upper formation of C, exposed for nearly 130 m,Xar-
st figsures were found at five to six positions and the karstic

pores with the diameter of onrly 5 mm. were seldom found. { 2! The
pumping tesi in a group of well was carried out in Jiulongkou mi-
ne from Ncvember, 17 to December 15, 1983, The result was ¢ =
C.334 mzimin m, Wniph the least specific discharge of those of
21l the pumping tests in the mirne area, Up *o October, 19, 1987,
vnz water level in O, limestone aquifer in the pumped area hadn’t

ok
recovarec to the level hefore pumping [ the difference between t
! k3 -

1=
waes ©,72 w ;.1 3, In the east explere area of Yangqu mine, water

ot
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richment of the limestone obviously decreaseg at the sectiorn bhe-
low the elevation of -500 m. g valuesg from seven berehcles were
all less than 0.1 1/e m, %, = 0.0419 1/s ». In “4 borenhclss avo-
ve the elevetion of -500 m,’qc = 2,135 1/sec m. The latter is
about 75 times of the former. The hydrochemical types in 02 i~
mestone of the section vary from SOACI—CaNa water,

In gsummary, the feature of karst water chemics and karstic de-
velopment is expounded to provide the theory basis for . correact
planning of the coal layer development and control in the area.
This is of the actual significance,

Ak
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