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Luilt ur, G\1.(1 ~ ;;::;u ~·l'U'JCCG Gff"·cciVlJ ll 'h.;~'" j•_;,,·-

t ened., Tne metCJ_i_~_ur·gical tndustry systerr: tlCJd tt:1 it cur-
tains, 0f ~nicn 2 had teen comp~atea and the otnGI' une ~cuic 
~e co:cpleted soon. Tne mines of LGil materia: and cten~i~ 
cal haci a.lready begun to build or.12. Al gettler, l3 SL.crl 

lar co!1trol curtains had gc·t unde:r Gf v.f:ich ·-:; 
naa ~ted, throughout the country. e curtalLS 
wer·s, us aeFrees, effective for co~tr~l}ing aisncit~r, 
iffip~0Vi11r· dr~in3ge, r·educing mine inflo~ rate a~d lc~t~rlng 

tLs prcd~ctiun CG·St, (:esides which, tr..ore are c::-speciully 
fur,ction to tne protection of environment of tne mit1ing area, 
tne protection underground water resources, etc. 
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~-~ fiow-cutting of the ~ain sections of subsurface flow of 
\, ·l~·~:·:nj_rle \\';::ttel .supply aquifer of mine. 

Generally, tne main water supply aquifer, being thick, had a 
»Teat area of water surply and w:i.th a great motion and static 
{.esource, often results in a great mine inflow,when Cc .. se to 
the coal layer or mineral deposit. The aquifer, though some
times fa~ a~ay from the mineral deposit, may become the maln 
scurce of water supply of the miner{Jl deposit, once i.t is c~m
nected with the directive water supply aquifer nearby by the 
ttructure of water conductive fa~Jt. It is unecono~ic to merely 
drain the aquifer. So to reduce the amount of water to be drain
ed, the flow can be cut off by artificial flowcut grouting cur
tain after ccnf~uence-for~ing section of under-grGun suLsurface 
flow is fcu~d out through the exrloraticn of re~icnal ny~ro-
~ecl_ogy, so as t0 reduce tr1e water of tractiv0 cruund 
~~ter su~ply, ~hile draining ifer. The curt in hales are 
arrtJJ~gec o-:: -the section fclce flc~·N, v.-hicb is at 
tLe en tr:~JT1ce ty v.-bi_ct ldldergt·c)und v.atc:r flc-v.·s intc t.c:.e ccal field 
(mineral deposit area). Constructions 4 and 1C in Tatle V'-1 are 

L:s"t ~-J~·ical f i_t .. The construction, t~-~ou rema:l_r.s incc;fil~letc:, 

sot~e function in t ~ot8r reb-i_stonce. cce~s is sur·a to be 
achieved if th~ cor~1.r~ctiun is cu~tiriue 

flowcutting t'or tr:0 separatlcr~ cf 
~ater·(g; f ~~re .~ 

.)o.rns long-;nined a.L:-~Lccneci 

rust1 of mine water often 
rr:~iu atLC. m:int::::._; SL<: 

tlJr~~teLS t~e Lei 
8(:;.tJ.Y incrc:"J.S8S tte DliLC iLfl(.!V.- rate C?Ld 

v.i th 

L.Y trw in-

~ater ~ith th8 water cc~ducticn uf 8CUifer. aLd ccJrl-
trol the water hazard ar1a of crnund ~uLer· a ~8t~r 38-

par·ating cur·t~irl can Le ifer ~~t~ i cut ~-

t:i curtain ~.\t thu secticJr: cl' t: cc;;i ':d_L·,rs tetv.b::r. 
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water conductinr- ::.re:c Lu 1'2VcLt t~1l: 
sutmergt the ::1inl: fr-cm f~n:::ljnt ~i t0 tln~ 
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4. The inf.Lov,cutting for cr1en cL.ine Di.ts 

The flowcut grouting curtuin can also be applied to tne cut-
ting of flows around tte opencut ~i:~ pits to reauce tne t 
of water to be drained anu strengthen the s.Lope stability. 

UsuaLly, eternal grc,utir,g curtair1 iB buLl t at tr1e S'~Ction of 
nonworhi.ng area, and provisior,al arain v,ells are t.Bed !'or cut
ting flow at the section of worhir,g area, for it ito cCJLotantJy 
extending forware1. ,ice Fit; 1 - !+ 

~~ 
~ --r ope" m.lnc p;t 

q 2 L------------------~ 

Gr rc..c I "j c.,qr ·-

1. ""'w..Jer;':J wefl$ 2. borekol~ -f.rf;/IJ':J sf.my 

F'ij I-4 

The shallow flowcut groEtinr curtain for tile dee;:; tCJsen.eut 
rock aquifer is ofteL seen as one-row CJr two-row cense prou
ting pillar curtain. The sr:allov, flowcut gruc.ting curtain for 
the loosely covered aquifer can also te built by cuttinr a 
ditch with a ditch-cutting machine and fillinf tt1e dlitch witll 
water resisting material (such as clay, etc.). 

The cutting-off of flo\\s from tire aquifer of scme depth or of 
thick firm rocks (fissured aquifer and harst fissured aquifer) 
should te done by boring erouting curtain as is snc~n i~ con
struction 7 Table VI- 1. 

5. The flowcut at the drift and shaft construction pessing 
the aquifer 

For the aquifers, through which the drift and shaft may pass, 
which may not have teen connecteci 1.ithcut mining (usually far 
away from the mineral deposit being rninee with thic~ aquicluoe 
in tetween ) the flowcut ,routing curtain car1 also be useci to 
partly seal the aquifer section through which the drift will 
pass to avoid protracted inflow after the digging of drift 
and shaft, thus avoiding the protracted increase of in flo\' nut 
having needed draining from the aquifer. 

METHCD AKD PRECISIC~ OF HYD~DG~OIDGICAL 
EXPLORATION J GRCUTifG crRTAI~ CUTFYC~ 
WATER- CON'I'HOL El\GHiEL--;II.G 

Because of tremendous amcunc of work and ,"Te2t expense in 
gr;x~ting curtain cutflow w2ter-contr-:;J_ c:r,&jt:rcerinc minint: 
areas or coal f:i.eld require mCJre detailea G:.'_,c, • .. d· r.JCf"BU -

logical. exploration to ascerto~in tl~(; fec_;;_;:LLil.:i cf :)-rc:.uc_.Pf 
curtai.n cutflow rt'etrrod. In these ciet , ttte n:::;.:.r: \L-tc:r c>uc J./ 
d:Lrection and general route of the ;Jqu.~fcr, tLe t,~,r z.-t c..f eve-
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, : cw, s 1,ould Le snown clearly ( adui tior;a1 exploration work 
;~ould te made if these data are not availatie1. 

Iu addition to the above-mentioned data, special explorations 
should be made as following: 

l.Exploration for tne plan of curtain line selection 

1. 1Purpose, task of exploration 

J:t is highly necessary to carry out the partict,lar hydrogeolo
gical exploration to clearly find out the length or the i ntako 
section at thE: aquifer, the structure, depth, etc. of the v,ater 
conductive section at the intake edge. Cnly wher; the v;,rlCl:s 
data are at han(! can the plan of line selection and invec,tm,cnt 
budget for grouting curtain cutflow engineerir;g te mace. 

'I'hen water quar,ti ty is reduced by SO% as far as ['Ossi tle and 
economic analysis on investment and effect is given 8('e<~ust 

tte plan of line selection for the min. amour;t of work. 

1 • z.Borehole arrangement 

In apper reaches and lower reaches of intake edge of aquifer 
special hydrogeological boreholes fer test & cbserv~tion are 
arranged respectively. Borehole number is determined by cal
culating on the basis of intake edge length, hyaro~eological 
structure, water conductivity of aquifer 2nd flo~ ve~ccity 

of ground water in aquifer, etc. generally, fer medium aqui
fer in water conductivity (T=100m2/day), tlie toretlGlec; 
arrangement is shown in Fig. II - 1 

f+hr 
~t~ 

I· Uf stn"""" bcre hole for tes.t ~ ob5&.,. y,..t,·.,.. 
Z. dew If Jre..., fl.l-.nell!. f..r test 'L ohservJ.·,. 

b J L3J 3. d.ewn ~ D..IJ.H. a.dd.. 

w .. ter flaw w..:h.r c.,.cJ. ... ,t.·..,e 
PirectfoJt F'"""lt 

Fi.J U-1 

After the water penr::,trc1tlt..-~ ;..-;ccc~i_( r. is fc:t.r_o U1Jt turcL.t:·L t-1:e 
exploration tl:::::.J:~ t c ;;,ocijti_c,L~J,L L1 Lsc·r·vat~icE L..._.ra11c.ies r~r~; 

fixed on trjt; r1ec:o.s .. 
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1.3 Content of cest 

a.Pumping and injecting test 

After the hycirogeological torenoles fur test 2nd observatiun 
on totr, sides of intal\e eare ~·re co·npleted, SJoecj al EYU'O!~ec;c,_,_(;

gical test should be dOEe first, rrhe met nod of teot io tc in
ject water into upper reaches borehole(si, or to J .. u,np v.ater 
from aq1_,tfer in lower reaciles pi.t (sir:gle t.orel,o.le ur a grun; 
of boreholes), If the condi.tions of inG tetit i.n mJne don't 
exist, pumping tee>t can te made in cv.er re:.cr.uc; ot.sc:rv,,ticn 
borehole(s). Through test, the f~ow fiela of ur:der 
v.ater in whole :intake section is chane•·eci, and vari< us 
logical parameters which conform to tt1e r·2gime of under ground 
water ir: the course of the test are debugged ty mear:s of finite 
element dimensional moael. '/,i th tt1e pararnet.er, the edre :iL take 
yield of the cutflowed aquifer at various ciraina~e sta2es can 
be calculated. 

b.Ground water connect test with chemical tracer 

In the course of above-mentioned hydrogeological test, various 
tracers with high sensibility (ir:cluciing c :·r lnoq:;anic 
reagent, isolope, tritium, etc.) are put the urpur reaches 
boreholes respectively. Sampling is made or :instru,•·ent is rut 
in the lower reaches boreholes to measure undertrcunu ,ater 
flow velocity in the main >later-pass:ir:t: secUc;n and each 
section of the curtain. 

c.Long-term observation of underground ~oter retime 

The chang8s of underground water flow fielu :~r,Ger lli.'tLr<cl con
dition, conditions of i.njecti.n~;, pu:r.pin~" t bt0 ar d c;uJ'iL t',e 
operation of c~,;rtain ill the f~,;ture arc: cts·ccrv >oc a'-> 
direct tne curtBir, operation illcu tc" c'nalj:se c C\<~c.;tG 
the effect of grouting c~,;rtain cutflo~. 

2.Exploration for control of curtain enginet,rir;g 

2. 1 .Furpose a11c\ ta:o,\ of cxploraU on 

After the plan of curtain line selection is deter~incd,tietc:ileo 
explorati.on for curtain control must le carried out alonL the 
curtain line to work oGt the 11orl::i desig!l of tt:<c· en;_jneeriL 
and dt::cide material c;nci teccr~olct_~ic syste:~: useu \\l-1cn i'T.__ u L= 
and required quality ir:dex. 

The aim of the exploratior1 for cuct;~i1 eel tcc~L ic tc f'J110 c~t 
flov. veloc:L ty and uj_.cecticL vf Lr"Ct::l'{ rcu11c vic L·'--'1· j 1~ V(Jl·-i_.'-- LS (~-

tions of tf,e cvtflov.ed iJQci.fer, ur~Li der•:ree c.f l.:.t,;r-ccutiL.c-
tion fis0ure(d:iam. of y,ptGr coLdt;cliUl. r:~~:~s of l:r•c'cot '· c;,j fer', 
locat:icn Ot' t1:e lfii,.il: V,CJtc:r C',,LQUCt>·• "· ;,(: tr.e i'CCl ,, 

lent:;th Gf tbc; curtejrc tc, Le t:rilt u: 

c l· L 
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As c;Love mentioned, torehole arrungemEOnt is calculDted Ed"d cietc3r
. need in acco!'dance Wlth flo\\ velocity of underground water· 
;;d water conductivity in the cutflowed aquifer, thickness and 

cth of the aquifer, For medium water-conductive aquifer, as 
: 11 ~ic;:;ted in Fig II - 2 

I 

/."fest obS•rva.ti•n bo,.e ;.,.te 

2. ob~-erva.t,-.,, borehole 

..3. Ottt of CUI' 'tv-.. observo:f'""' bore A ole 

+. fs.l ~cess /Jore J..oleJ-r .JNW.t 

Fi.J 0-Z 

~'OI'O(~cles EJre CJrr.snged CJt ir~tervals of c:rtout )L - 1L,C~:: ol the 
line cf curta:in. ( the;y can l:8 uscci as 1st C8o0 lo-

~1Ul.es fer [rcut • In aa::litio' tG havs L:ll. kinas of est c~g:J.iL 
in GVJr,y tore!:cle, sini!,le-hcle s·pecial tests ,;,ust '-'B ci 'ren as 
belo\•.: a.specific injectinc; )ield of t~"e '" ifer suction ~" hc,l""; 
b. velocity and di.ruction of flow; c. cior;rEOe oi' wDtor 
cur,ducti on fissure C'r Ciiarr .. of water conciuc iii L,e rc:8c-
tj_on of aquj for, ecc. Apart from tnat, for a.uv.n 
hole radioexaminE,tion n,eter should tc m ed for ex-
amination, so c'G tu mol;e C8rtc:in uf Ut-VGlCJ:n,,.cLt si m,d 
St.\ctiur1 of watc1' cCJLductic~n paso tctv..een toreuoles. 

21. Lone;-term oLservaticrc hoJ.e en Loth sir~es of the curtnin: 

As snovdc in T"ig. 1 I - 2, three Lines of uLverv;;ticn Lurehule 
o.re arranged dt-r:irw exr.lo"·otiu, cr cGrL.'i_n IOE( :ieec:rine;. a. 
otc;ervatiun tcrerruleeo of 'haL,r su-crl,J a(lu:i fee e-n into,.e edge 
(the utr::Jervc_,tjcr. t~.~..c·eflcles rllle ci~;rJ_l,f' 8xr_lor~;tJC~~ for 
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line selection plan are employed), b. genEOr , observation 
boreholes inside intaKe edge and outside c should be 
arranged. c. the inside cuitain observation boreholes: It 
would be planed to be roughly opposite to tne out-of-curtain 
observation boreholes. 

III. THE i~ESF.ARCE AED ~XPEm;r;;:r:cr EFBCGECLCGY 
IN THE: CCtSTRUCTICN CF GWTTE1G YLC':.CliT CU'ITAIN 

Although detailed hydrogeological exploration and the explora
tion of the control of the flowcut construction is made before 
the appearance of its construction design, it is hi_ghly impor
tant to study the hydrogeological information attained during 
the construction of every grouUng hole, tl1e informatiun of tnc 
regime of underground water shown ty the observation holes, 
and the hydrogeological information from special experiment, 
for the judgement of curtain informc;tion and guidance for the 
construction, for the construcU_on of flov:cut cur-
tain iL itself is a largescaled experi:r,ent of 
So the analysis and judgement of hyorogeology and the 8Xperi
ment on it is thought to te the decisive factor and key part 
for the success of the construction of flowcut grouting cur
tain, according to which the whole construction assignment, 
technological measure and the construction technique preceed. 
The work details as follows: 

1.The building of the long-term observation holes net-work of 
the underground water regime of the flow-cutec aquifer. 

2.The determination of the hydrogeoloe;ical para:1jetu·s of tr:e 
grouted aquifer in the flowcut grouting curtain holes. 

1) .The specifi_c injecting yield Volue (q) is deterntir,ed. 

2).Determine the porosity, porous diameter, openln~ decree of 
fissures anti diameters of karst pipes etc. of tLe rTol~ted 

layers or sections in the groLting holes. 

j).Determine such data as the velocity ana direction of unaer
e;round water. 

j.Radio perspective of the holes 

1) .Make a radio purspecti ve exploration of th,,, .troles ar.a deter
mine the position of the ~ater conductive cnannels between ec;ch 
two neightoured holes and the rel Lively r:rcwn S<c;ction of tLce 
water conductive gaps with a ccmputer before the co1.struct~~n 
of the grouting of every holes. 

2) .Vake another test and perspective and j 
the flowcut groutint; curtain tctv.ecn t11e 
uotion of the electro-magnetic waves. 

fur,;c_,tion of 
es Ly tLe atter,-

/l.Co;:1pre:-1ensive anolysis cEd research of hydror8olc 

1 ' .. J•:ohe by hano cr a co1:ruter a cf the flov, rield of 
und~r~round water and hydrogeologic aitu~tion of the curtain-
ed arec tot:; Lefcre ar;d curinr; different c-ceriods of the con
struct-: on. 
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. p,r1e<l) Ge und c2lculate tne chance in v.ater resistance and the 
, , te of sur lus passir,e; water at differer,t sections of aqui-

,r aftecr grcuti1 g, so as tc regulate che arrangement of curtain 
les and deciae the key point of tne construction. 

TV. ~~'~',!<,r:TFt; CF G,K\TTJIG ':ATC:i~TAL AND TECH
NOLC'GY FCR c,lcr'IHG Cl'rnAIN CUTFLOW 

1 .,')election of ,e-recting material and technology 

,, election of grouting material and technology for grouting cur
t·ejn cutflow primarily depends on the object and task of cur
tain cutflow. For prevention and control of mine water hazar-d, 
o if water inrush of over 5m3/min. can be avoided, it 
~ dn't be harmful to safe production in mine. For this reason, 
chea~ materials, such as cement, clay, bentonite, sand and 
stone, are used as curtain grouting materials as far as pos
sible. Small amount of v.aterglass, triethanolamine and other 
accelerated cementing agent can be used. In order to prevent 
•,Jr:oerground water pollution and reduce grout cost, try to use 
cnemical grout as little as possible. 

In accordance ~ith uractical experiences drawn from grouting 
curtain objects in bhina and scientific research tests,selec
tion of grcuting material is shown in Table IV - 1 

SEL~CTION OF ~.".ATr:. iAL AND TECHNOLOGY USED IN 

GROUTING CURTAlN CUTPLOW UNDER DIFPKREMT CONDITION 

-0---:-,~-5--~~~~ ,_G,-•• -y-a_n_d_'_l'~~:J--;rtt;-~i-:r~~'-S-lc<;;~-c-"'" ~~-e-d-~-1-nl-y-, ;;;d------"--Fil:_e_d_a-nd--c~n:pac+ec: WJ.t~ 3e:J.d-- 1 

grouted with high filled when q>20, s&nd with gravel ana grsvPl, ~hen seeled •.:-
0.5 pressure, tLP;-; slc1rry C used when q>100 slurry C or G .. ~. !o1 rein~.,:-c-;,--------+----_ used !or re~-~~-"-"_m_e!l_t_~._- ment 

1 i - 20 

[ o.o1 
1 o ~, 

0.1 
r 

0.5 

0.01 

s 

Slurry C or mixture o! 
slurry C + '::l~toni te 

Slurry C or slurry C + S 

~- 1--;urry C. S or olurry 

I c .. 

I ~inly slurry C 

Primarily slurry C. sand filled 
when q>20, gravel added when 
q:~-100 till pressure rise, then 
slurry C grouted !or -·-'in!orce-

Filled 11tith s9.nd J.:ld grevel, 
tnen sl u-r:r· C' us'"C! for 
reir,farcemPnt 

ment ·-------------~- _ ___ ---------~-
W&J.al.v Slurry C + S or lllllrry C.S, 1 MaJ.nly filled with sa~d 'I":~ 
sand filled when q>20, gravel ! gravel then slurry C or s_ .-~y 
added whenq..,..iOO; after pressure C t S grouted interrntlter.:~,-
rise, atop tilling sand and gravel !or reinforcement. 

Primarily sJ .rry C+S and slurry 
C.S atu!d !illtd wi\en q>20, 
gravel added when q >100, a!ter 
pressure risP, stop filling sand 
and gravel. 

Chiefly slurry C, sand filled 'll'hen 
q :>- 20. aa.nd and gravel filled when 
q ::>-100. after pre3sure rise, '!top 
!illiag sand a.nd gravel. 

Sand and gravel fi lle'1 riM~, 
'llUrry C or slurry c ... s us~ 
!or rein!'orc~'>ment. 

Mi:J::ture of sand. grave: 
and slurry C gro--':ed 
int-':•rmittently u~';il pre
ssure r1se, slur::-·• C use! 
!or rein!'orcemen~ ~ I o.' I' 

10.1_____ --Slurry C or slurry C+S, Mainly slurry C or slurry CtS, 

I 
~~ slurry C.S can be used sand filled when q > 20, gravel 

Mainly tilled wit:". ae.nd ~-:1 
gravel, then alu:-:-y C or 
slurry C+S grouted '111 th 
pressure Cor rei~torc€'::.e:::t. 

0
•

5 
i! necessary. added when q > 100, stop tilling 

sand and gravel after pressure rise 

5 l --- Mainly !o slurry C+S or Mlurry c.s, 

-
~- 0 ----~~ ~Slurr-y C+S_o_r_''_"_rr_y_C_.S_.L__:_~-~-~-~-';.-'i_~_t_:_:_~~-Pq;;:l~~ng ~:~e!n~dded _ __ --- grovel a!ter pressure rise. 

~;~;r, !'~~;~d 1'~~;v s~; ~~ 
slurry C+S greu.ted- by 
press:.~.re !or reir.!:Jrce1'";o-:. 

----

q- !lpeci!'ic inJeCttng yield, <'- water jJressure !Jorr,; b·· r..1rtain, V- flow veloc1ty o( underground 'II'B.tE'r in tne are'l 
of curtain. 
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~lotes: 
1' .Grout C- accelerated cG:~,er:tinf s.iurry 
tri_ etrwnolamin e 

2~.Grout C+3- CP~ert, ~ntE~r·r·1~~3s Dr~j t· ic~-~r:· ·.rc ~e!·~tcd 

cementin~ slurry. 

3). Gn,~t e.s- Oldck-settir;c ~rcl.t 
glaf3S. 

4).Attention should te raid to t~e cr p 
avel. Ger~erolly, ctiarr1. of £):"' vei_ 1s ellcnve~. 

of pass. For sa\<_e of foafGty, -l.r:c~o f"i11;r, 
grave _ _l iEJ incrensed f~radual.L,y u~ t_., c::· 

·:,r c; Li l_~iL[ 
Le 1/h to 1/~ 

L ~: ' s -j ,!. c c f 

5) .To avoid hole blocl<at;c when Ldlin c,, fillinr 
operation should te stcroed and value o d te ~casur·ed j_n 
e~ery 1 or 2 bours, sc ~~ to find out ~hanres of rr: ting 
capacity in time. Once great changes occured, arrrerate fillinF 
should be stopped immediately. 

2.Grout thickness: 

Thickness of prepared grcut should te rouphly in liLe \'.itt [T,,u

ting capacity of water conductive ross. Teo thick cr too thin 
grot;t can not achieve a good result ecor:cc:;:Lc -~ ccrd raticr::' 
(See Table IV-2) 

SELJ~CTIO!i CF GRCT'T 'L"!'ICYI i':SS 

Specific injec- "(. (J 1 G.C 11 L. 1 
--;-

< 1-- iL -2: 
ting yield q -

I 
- 1 L 

(l[rr;in.m} 0.1 1 
1\'ater-cernent ratio iC.8 of c emer; t tJpe grout 2 0.7 C-.6 

(W/C 1 , 
----------

Aggregate added i ir.u-o::-::.1. 
---l 

3. Design of pressure aEd yield of fiEish ere tircr '"Ld tc,t.'d_ 
grouting amount for eacL hcle 

The value of this design is aetermined t,; calcGJ at' I:t' l nselj CL t;,,_ 
factors of the rock layer aLd the max. v.atcr i rcss';re v;r: i ch tlce 
grouting curtain must te bearea after the n;rt;,in fc: rdcd. 

4.Analysis and examination of curtPin qLality 

Curtain quality must te examined ti;rcG[:tl ir.Gr:ccU_l_,r• holeG. Frc 
changes of specific injecting yield (ottainca in in-
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tc3t of· ev~r: :~Gee ~:routir~ h~~8 durjn~ o~ero-
t j caL sec: 'l,hether watc:r CCCGilCU Ve capac[ ty l!1 curtain 

:·( :·~.c:r->8S v~i th tlle oy,Grc::Li cf evt::ry ~rocess borehole 
u.-.~~ :_, L ~;; ir~ :· j_l:'/ Gpec:lt-·, int~·, u pl_:-;r r:J tj ()Yl of tne later • 

tLr0tcle c~r. LP re~~r,~ed 8S ey i~atir~r~ of the former 
·cc Lc!re1li.jL8 ollt,Y. ncr; srccif:lc iL (-:ct1r~r~ yield of 
~ Lest ~cGce~~ ctic)n tlole comes to 6~01 1/min.m, 

; ' ~t41~0~2 llJ Lc un tc st1nd3rd. 

ese fo c:~r;cr j_ Cblii::JC t i: .r..s, the r:-:e t. 
Dt~r reti~e ~.nd r~diccx2mjnation 

c 7 

Q of analysis of 
etc. c~n be used. 

:0 r~,f CJLuL:rv.~.ticr u;d.;; Or: rer_:;irr.e Of UnCe.rgrot:.nd 
i 0LC Lest ~:·,·;t.eri~ 1 (dc::ta) of hycrr:1t;solcg·.ical 

,-. 1~ct;.~L ur- Lefcrt: [~Tc~·.t-lnt;, tne hydro~;eolo-
C'l LJ.·:.s. r(_;~~:....:t:JLCe (f'~~"'drsulic gradier.t) ar_d V.'ate:;r 

;: .ctr~c-·t_,_.:., '/l~ L(_' c;i cl.;rt,~iL c:;_r·cr, c:re ccLlCtd.:;t~:G. ~led Jeter-
': t :1 ,, tcr. 

2~' ./'.__fte>r p·cc_~\;tjy,, <JtCVv-:L\;tiCll2d calcul;_,tj_c:_:.;: iE ~ade a[>~?.}.n 
D C C ~"' Y. r L , :.3 .: C C I' '1- t j i. C: ~_, t ( J C' t :-:l Q C t S C r· V 8 t i U n d at D 0 f 
t.. J' (~ ~-l' ~ 

7-
1 :,rc_ tuc; c~_;__cl;lr:·.t,eri v&_luc ct' v;ater conouctive co~.:r'-:-

L c~ cL c1 yicc~G L,_;fc:r_; :cLc t'ter cru;;t~Lf: 11:_th e~;cn otlter 
:;r_c. eV-Sl ... uate tLe rercc·r;t-:-'[_"t·: of cfrect. 

ft..'1'c~~c :~t~ti11r for c:..~J·tc·.~j r1 cutflc\\ r.(:'..::;r , 0.11 1-:::::i o cf 
dc"t :~)rc cttc-'iilCG frl_m r' -ir~e ar~o jr~ t:-ct~,r_r· c_.,_;t.s ()E-. irl 
tr_c cutflo-~>c:d aauifer, ,~s v,c;j__; c,s lc;r,g-tj_:::e cLscrvcotic:r <l."Jta 

cf un ·v~ater rccj·r,e. ll.ftcr £_'1':Jutjr~r:, si ar t.E:-:sts 
a1' c cut or~ ce n. T'l: e c. at;:; c 11:--<"i.Lb c. t e fcd'e ~-~ 

are r,rl cc;s .. ~cc ty conl~-utr-::.c nJid tt:_rtJCO :il!'t.o cur..-e 
fer COi" ;-~ri.sc.__.n. ·, orcuvcr, ·~ t' s uf ever. [.rr_;:~tcr 

ficc-~Lcc; tc :JdDT t \'<at cc:J ct.iulL y i (;l_{ ~~t 

0c:~e drc~dc~~ or Jr 
yi cl_ tJ for ::omp::r~ sc~l. 

\
1
, o r: ~ '-~ c c, u t . 

"J..Yl CC'lJSt.:'Cl 

]D. thJ...__, '/-,(<)' 

iJ L ~.ateL' Cl r: ct 
c,f cfl'oct iL; 

G~r~c:1' ~ ~; :....... :i_rf::, tnc l:;tLcr ~i~ r~.vce re i:-Ll.c. Iut ~--·~ 
bcc:·u::..c cf lol; o~crr.c~ C·f cl ... rt.·=LY~, ~r~ ~- ceil '=·j_ticr:;_; l 
GLO c:-·ftc~r c~ c.:::~(...tjcn vc~r rrsz·~l..:r' ccr.c. tr ~.__: 

Lv \JQCC.:. T~l .. tf1i.s cc:·.se, tl~e fcr::.cr rJetLc ~; 
C0iCL~.l(:tiCJl' ~r~C. CL·!.,l ;;:!r:.isuL. 

(,)ee 'fE,L_ Co Vl - 1) 
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'iN/, 

' I - 1 t • P~;;;_, of "nd<r<ro '"' lc•ng'n/ D•p'h j 

l·" ~~-l-~=-- --~t~~~:i~~~~~c ~t groLtt~~ -~~ (o> t -l~~' ?h< oo::"'~' 
1 !x, .. qiJo Coal M ... ne, S..ll-u~e<! te<~t nf oehnilue 21(, 1'9.6 Msy 1961 )4,"1J i T ... ,n 

I
I 0 lxahou lhnlnl"; (Qr aballo.,.. 1lowoJt ~r:-uti~R l_1i? 1 to l'l"' plane(! 

> .. >.'l'pJ,~trl~ T~s~ )f te>c'u;i-<-e fo::- :~J"c 

proJtL'1~ ,..,·-t9.1- <:n~:~~:~..: 

........ -- ~I ..... · ~ ..... ". ~~ k,n• -~ - l.uiun~r.h11a~g ::oll.l 1 e~J..,. rlo;c~~r:;ttng-~ A.bout ~--rr,~~-~Pl"'' 
r) llhne, X:inwf>n 

1 
e.or1:a.1n PMIYMlting t!l• per.('t,.-e. I ip 1tu n<>d 

]""'""" ~urtatn t ~Oot 0%1 

1111H'tng Burea.J 1 t1on n! aate~ h: ~J:As allu.v.i<llll ooin l96o 

- 1 l lo.~c ~~JU -- -- - --'- - ! I 

~- 1 Q1n~shanaua01 ''>O.l 15lf.lp:;.~ate tl)e we.t<'r t'VIt htlfl "t>':l JO -~Feb.19J4 '· ''l4l :":nplt>te-d 
lll:in"', X:\Jr;hou loll.n_,_ng lOr'-':'lihed 1nt0 lfo J snf\!t 00 I to I 
IBurea.L! lt~rolgbl.cm;,~~n~a.~l!r 1

1 

Oct.ll'>"' 
I !os.9&1CJ &Ui:H' ~o.;: 'lh>,.'t I 
1 i:t Q1np;Billl.ll':l··ar. li">J.:'I ~l: 1,_ i. i ! 

~- ''""~'~"~~~~;"~~~~ I Pre~:;;:-;,:_~,:.;:,,;;~:;,,. -1--;,-,:-Jt-~-;-{,,. l'eS ne,s, Ji Co<ple· 
I iMluP, zaod:ua.r.g t Li!ll~aton~ aqu1.!~r, ~wpo.rnted r 

1 
;o' I tc 

I ? jM1n1M; Bc~r0au ~fr,:~!l~~t~l~~~~t~~n~tn. ;Jv 1 
I Li111ttaton" out-c·-op through 
' all1Yic1.111. • 

.. ~----~ --- ---- ----- --- - --------
ifell, "l'lun ~~ P:-!!lv~mt river water in rniny \ 

Ml1_1e. • .. .oor. in!lo•a ill IJ!ine throu.:;;h 20 00 : !"eb.l967 49,777.7$ Co'llplet!.'rJ. 
M1mng &qtd.fer in large quf.Ultitiea. 

1
/262 I to ; 

J 19ba 

~-+ ---·-~- _I -~~--
YlA.,;o;J:J;~;tf!.ng Mi~H' , , Aeducr~ •a tor •1.1.pplJ' of 
Lead .<~ Zinc Mining l,irllleatone aquifer. 

: Cnr'l>J'I:1Y r)! 5~uikou 
' Mountain 1 

··;:;•,:·,;:e ""'' \): 
sto~e U'"j\Hf<'r ::u·oc.: :11 fat.d t 
.o !'><CnR;'gt! the ctn·~onlcain 

F~~= ~:.~:~? ~;u; ~; ~~~~ r~: ~~; 
- ~-- ~J-----~-·-

i 5b0 

X:ler;hu"'n_g Goal .ri.educe Wt<ter· of a.lLuviu.r.~ that )200 lG-- Mar.1')72 
Mine,.X-.nwen llinin~ !lows .Lnto mines tlu•oc!g;-, 20 

Bure•w jli':ltostone s.qui!e':" o! the .::oe.ll I 19Fhl 

~system by shallOW !lowcuttlng 1

1

· 

II . • 

to Completed 

I 
J - ... ,, ~ ~ e ; ~ :- s a; 

o! ~ ~-. 

fl o•C'-1 t ~ .. : : '!.:::. 
Ill~ !":e •a ~t:-

S8.V _r.~ )i;/ 
dru .. :-.ln.: •'i:-er 

Mine inflow ~:" 
Accide:1t o: "':_.:::.-· 

Accid<>nt of mir:"' flJJ~~:::t; b.' 
wuter' 9 brea.k~·i:J. !r:J-r. ,r:a:-3t 
limeatonl! in lll!"le 'i'..:.!l:-.::tl••< 
in rainy seat'!On pr~Te:<tw,\ • 
.lo!l .. n~ in!low ra•;e r<>L~ed by 
vvPr )0 % 

Uri6inal mtn~ inflow ra:-,"' o! 

r·~duced by 1'jm3/."Uin., to ;?mJ/ .. : .. 
savtng 16o,677.S of drfl.UI~:Jf :..::'J 
every ye>J.r. 

;{eJ..wang Iron 

71 
Mine, Zibo 

·Redu~e iJ.:"low rate 0i I ! The inrll)wlng of river ll'a.te! ~:;·: 
!:~~i~~~v;~to~~~~~tY'!~~~ .. ·~;~~a!~s6o 1 100 1'J75-- J,9B9,444 $ :i~: f!;~ 0 ;n ~~ni ~.~~~~~~g~::~~~:~d. 
I in! lowing into :n·.ne plts}. t~ 1 Mar .. 1982) Co.llpleted reduced. 

Ji;,an Iron Mtne b;~:/~~'~1~~~~'.'\;:,~~t tl;~- ':~~0 'II 0;';:"' ~4 • 11 s,sa~ -.----·- :~:~:rl~l-=t~r~:.J::-Y~~~:c~ ~ .. 

l
'spring-cl•..tstt!rs 11nd water- :~Sept.1979 I Completed tht eastern suburbs o! Ji:1.an ~:::. 
supply source 1n J1nan. sprir.gcluaters in Jinan ?rot~c:,.:.. 

Fund for dra1..n1:1g mine water 
reduced by 1,18:j,111$. 

i I I I 
liline No. 2, 
Feng!eng Mining 

~ r '3ureau 

~Separate water of OrJ.~L .e! Mar.1_ona $70% I Water amo..Jnt to be :Ira l-ed ~-. 
·~~~~!;~e t~~·..tg~a;~~-~;c~~n Dec :a 1900 7~~~m~1i!t e ;~~;~g a~,;~~~ t;;~~;e~ 0 ~ ~ :-~;~;~: ~-
limest-:me aquifer. R.ed·~cr:>- / I Effec~:over )0%-----4.0%. savl:J.;: 

•Water arro .. -mt to ~,. dr•n~~d 194,4•-1-l of drf:l.i~ln,g .-:L!·~:I. 

-~-----·--~--~~~~---
fAbovt 

' 1 • (~ • 

There Ms been differe:1c:':' ~.~:•-"'·· 
wat<>r level at t:1e ;r,!Hn r.at~

cond.Jctlve chR.nne!. .~ectio.,.l... :~- • 
o! passing-water in rai:-:y s<>~lJ 

co•;trolled to A ';e~.tti!': ext<"-:0. 
10 

::;~,~nl:o'J.cbong. ]Reduce ':he ~~ate:-

Znl:ou Coa.l M1ne, I the areR o! 
Lia.n3ha.O Mining lin :iraining 
BUr<!'l.U 

1
nowc•Jtting 

1 
\ 
\ 

About 

Nov. i'l; 1 

to 
Dec. 

I 

-L--' 
336 

( 
Completed I 

li 

The in!lowint; of seli W'lter 
mine pits ~~evented. 

·--~-~J ·-~·-----~~ -~- ··-·d 
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VII. THE CG~PA~ISGf 0F LOWE~ING PR~SSU~E 
MD CPTTHG FLG'.' BY G1<C: TH:J Cl 'TAJr 
EY D:\AH:ACE Fh~ CC'! cr;~C'TLHiG !HI'~ AT ,;: }~; TllC: 
MINING OF MINERAL DEPOSIT 

Coritrolling mine water of aquifer ty lowerin~ rr·e:s:s~re through 
drainage is a traditional method in the mlning of mineral de
posit, which is uneconomic for the aquifer ~ith atunaant mo
tion resource. It is toG uneconomic _to make no uoe of or no 
store of water drained out in large queLtities • .' u:t•s ~lure Lne 
exn&ustion of the underground ~ater resource, the dama£e to 
such natural environment as spring-clusters, marshland, lakes 
and climote, anci the loss tc tht::: Lumc.n tcir..[s ccn~bE:d Cy tht:-
lar~e-scaled drair:c~ge wil_L nevF:r Le 1Jt3 1.· tc_c·,. '_:;_-
of the method is that people have quite aL :}ovaL sed t 
in using it. The drainage process is ~ct~d to te more ana 
more accurate and the cost of drainofC s te:i n[T cu:stor:tly lower 
cd with the wine arplicotion of cc::;T uttc•rs i1:1d svl'Clerc;e pumvs of 
great power and higtr lift. 

Draining after cutting flov, ·1,it:r grot.tir,t: curt;~·~r: rl&"s an ex
tremely important part in reducir:g the v;ater a:!.<J0t t to le dretin
ed, in perfecting drainin~· effect, in cor,trc Llin,,· o.J,c recc.c.:.J:L 
the extent to which tile unciergrolJna v~~~tt:r 11Ct:1.io L.ilJ[ CLC 

lowerir,g, and in lov.eri tlw cost of drair.j_r;£, 1.atcc1· of t:1e 
mineral deposit, esp in ectiLf <'H:d rcstc.rir:r, ti;e or-
iginal sr.r·ing-cluaters ir, e nine area, uS u:u_ as ~n kse;·,-
:ing the undergrouna v.ater resc.urce, t1:" nott:ral unv_iL'CLf!!'"J:t ;r.L. 

ecology in tne mininb ~rea. 

I1ut the construction of U;e flov.cut \;ljrl;' cr~rc:~L ts o r:-rt!tel 
v, hi Cl: r e q t;ires t1ich c:;Crl1. (_ 1 c;~__·J· c1 c;.r::. c:.~ c c;,;1.· o t c. 
uycirvcsolccJ col ccr.d:i_ti.c·n. 

:;o specia~ hy~rc Lutic?J tests snLl;ld l.e c tJ ,·1· c ~-- r.::· .i c 
.J L, cftt:n 

c:~ i l.lil1[!: 
L ti~;r-_ DiLci ~1 

GUt i,!Jd tLc ccr, ticn ane; ir,fc,r:r:c:ti Ln c,f ti,j ore 
cc~.nre_(j_cn.sivtt·ly aEaJyssa a_r;s.ct f.cc,ie tee oir·.~Ct 

of trcles, exp.LGsion i1, tnc hc:,les, ki[i:-nrec.jud 
serieo of teGt tec!n.clop;y ir, Lue uolsb lil:Jl it 
cut tiLL the rcfi','ct of cu~:slructi en cc:.Lu Lruc: 

)Jll<i....iL L\; CDrl·isc 

00 ~;:..·X~ ~::cL(j0. 

1herefore the cost oi' Ltil.cdir. ccrt;/j, v,ic l c" r 
ed, The fcLLul'iill{ talle GCOWS Lr:;; rracl_i Cal cc:..,i. 
tion of flowcc,t t~ruutir;r curtail iL uur cctLtry: 

t_i )' ! f1 C.f'L:U..::....-

_i' c', · ..__;trLc-

Dept.h of g~o~u-f ~·rjicknl.-.os-~of'h3l;o· 
tlng: curtcnn rc:cK CJOUJ i er tr.: t 

(m) must Le u·, utec1 
' ( \ I m, 

50 

lGU 
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Ci 1' tllu F_I'l1 Ltj L{, 

Clrr toj_n 
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