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SW.MARY 

Results of settling hydraulics make possible the u.:·lder­
ground removal of the solid content of drained rr:ine water. 
Sediment-free: water can then be pumped by sediment-sensi­
tive, large·-capa.ci ty and efi ictent pumps. The separated 
sed5ment is conveyed to the su.rface by efficient hydraulic 
transport. Also, spoil can be conveyed by hydraulic trans­
port. A large-capacity water treatment plant is descri.bed 
which can be highly automated and installed :for a pumping 
station of 170 ur/min. 

INTRODUCTION 

In Hungarj', minir.g in the karetic region has been reaching 
i·>'euter depthF uno.er the karstic water. Thus water hazard 
in mines has 'b<'.len alec increasing. 'I'he base rock is covered 
by weathered 1olomite, increasing the yield b•lt also the 
'"olid content of mine watex· inrushes, 

As a result of greater dentha, the economics of pumping 
has received more emp.'lasi s. PU .. 'nPf' less sensl. ti ve to sedi­
ment are less efficient f0r greater pumping hllight. On the 
other hand, submersible ?Ump are efficient for greater pump­
ing height but very sensi t< ·ve to the aediment carried by 
water, 

This situation prompted the idea to design a."l. equ.ipnent for 
decreasing the sediment content of mine water to the extent 
se.tisfying submersible pump specifications. 

Research leading to underground settling basins was reported 
earlier QJ. 
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Those theoretical results were strenehtened by the help of 
pilot experiments and this more extensive experience per­
mitted the design of a settling system for a 170 ~/min pump­
ing station of an underground mine under water hazard. 

A great concern related to such settline stations is the 
subsequent disposal of settled sediment. In our design, 
manual sediment removal ifl envisaged first, which can be 
later automat4d. A hydraulic transport equipnent is used 
for that purpose which has been successfully applied in 
several Hungarian and foreign cases [~ 

MAIN EXPERIMENTAL RESULTS OF MINE WATER TREATMENT 

Full-scale experiments were performed in order to check 
theoretical results. In Hungarian mining, it has been re­
cognized that the safe control of mine water for a large­
capacity mine cannot be solely based on a theoretically 
!>Ound and well designed engineering solutio·n. This new 
approach has contributed to attaining the considerable fi­
nancial means for these :f'ull-scale experiments. The under­
ground settling basin was constructed as an experimental 
basin on the surface. 

Positive results were that settling efficiency was greater 
than the design theoretical value. On the other hand, the 
loading capacity and hydraulic efficiency were smaller than 
expected. 

The exnerimental basin was flexible in Yiew of sediment 
loading changes. HO'fl'ever, much difficulty occurred in re­
moving the settled sediment. 

Hydraulic effic,:!..ency ot: ;the experimental basir.!; 

Hydraulic e:ffici.ency VJVas determined for both clea>J. water 
and sedJ.mented water of ve.ricus discharge, 

Dye tracer was ueed. 

For clean water the~ hvdraul.ic effi.c].ency ranged between 
50 and 70 :' depending""" discharge:., 

For •3edimented water ·the c orr·es pnnding values x·&nf:ed be·t­
W€•?'i 46 and 60 ~" 

'fiw hi.gher was the d5.scharge the lens Nas hydrsnlic efficiGn-
1> This efficiency Ct&crease was lees ~~.ccentuHt~~il for sedim~n-­

but e•vm ',he highest '!ffid.ercy value was less than 
tc1 clean watnro 'I'he e;(clanation i.s that; back 

:Cl(nll occurs j.n ~h" upper z:orw of the ·~Jasin for s!l!l_mented wa-
':,r, leading to formation. !!lost of these edd:tef< were 
loc~ted at the end t}i:e aec1i.mcn~; col:~ t1.np; sh,2ft near thf<: 
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Setlli,.n,g efficiency of the ex_p~rimental basin 

Settling efficiency was meMured for various discharp,es, 
sediment qualities and loadings. Our objective to achieve 
100 " of settling efficiency for 0,1 mm particles was at­
tained in every but ~;'ffo cases. 

For each case the settling efficiency related to total se­
diment los.dine was greater than 80 %. An exrunple: 98.5 'f. 
settling efficiency 'lraB reached for a discharge of 17,5 of/min 
lo&ded with 4,5 %sediment consisting of 30% coal and 70% 
lime in ])article size rBI\!!:eS of 0-5 mm. Some ~0 % of thin 
mixture contained particle sizes smaller than 0,1 mm. Under 
these conditions, the basin settJed even particles of 0,05 
mm with almost 100" efficiency. 

It is clear, however, that mining inrusheo cn.tmot be ex­
~ected to have such well distributed sediment partic1es 
rmd uniform loading. All the sa:ne, the above results are 
sigruficant for the proper design of in-mine settlers. 

A detailed description of these experiments can be found in 
~3]. 

The above information permitted to prepare a technological 
design for an underground treatment 11lant of minewater and 
sediment. This plant will protect the water control system 
of a planned underground mine with a predicted water flow 
of 170 ui'/min, 

Next, this plan is described by showing first water treat­
ment, then sediment removal. 

TECHNOLOGY OP' MINE WATER TREATMENT 

Two figures are used for describing the technology. In re­
ferences, the first number indicates the number of the fi­
gure, the second number gives the serial number within the 
figure. 

Either controlled or uncontrolled inrush water is collec­
ted by a main water tunnel or cut beneath workings, and 
carried to the treatment plant gravitationally. Prior~ 
the main water cut, rough sediment collectors are built 
into block water cut, preventing the arrival to the main 
water cut of sediment particles greater than 25 mm. 

The main water cut reaches the treatment 11la.nt /1-1/. In­
flow water comes to the distribution channel distributinc 
water a..11d sediment among operating settJ.i!'li·: elements /1-y. 
Distribution channels a:·e located in the inflow cut /2-1 • 
Each of thE>so cha.nnele can be closed in order to penni t 
maintenance. 
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Each distribution channel is connected with !3 r;ettlinr~ ba­
sin /1-5 and 2-2/ through an in fl. ow head / 2-7 /, Several 
types of r1uch head were investip:ate<l IJUch aG the Stu t tr:Art­
head1 Stengel-system, type Geie;er, "T" heads. The "T" head 
proved to be the best solution, so it will be tlesie;ned for 
the mines, Settling basins are planned to be constructed 
by usine; the section of roadway 2 ·- I • 

Speci,ficatione of. the eettHn~ 

Longitudinal flow, sediment collector shaft, co,xnter-in­
clined bottom, sectional cleanine\ 
Volume: 525 J, surface area: 210m, 
Average surface loading: 4,2 ~/~/h, averaee flow velocity: 
58.8 ffi/h. 
Average residence time of water: 0,595 h. 
Design loading: 882 ~/h. 
The maximum discharge per one basin is 1,133 rc/h if one 
settling basin i.s out of operation and the peak minewater 
discharge arri.ves, In this case the ave:r:!l{~e f1 ow velocity 
is 75,5 m/h and surface loading is 5, 4 m/ni/h. 

The Reynolds number of the basin in 16700 for the desit;n 
loadi.ne and about 21000 for p~~ loadinp;, 'I'he~;corresponu-
ing Froude-numbers are 1,9"10 and 2,9 • 10-~. Settline 
efficiency for the •3esign load is 95 % and for the ;:;eak 
load: 82 - 87 f.. 

The pa.rticl·~ sizes gre<?.t~r than 0,1 mm of tn-mine sediment 
is 60-75 %. Thus settli.n~ efficien,,y of 82-87 % wi.ll sa·­
fely remove part:l.cles h&rm.ful to s<.::tnersi b1 e pumps. 

~J,fi ce.ti onE.~9f the~d ~.E.£Jl,~~2£.l~.h~.I! 

'l'ransversaly divided by plates, :;irc·ula.r C!'OSB-section due 
tt:t mining tt~eh.no1 ogtcal aYid conet!"'_lc t:i on reascnfL; conic 
bottom /2-8/ , Collected sedi.ment corr,~sponding to 60-75 ;~ 
of income E<~dim·ent down to the outlet during cJ.ean1ng, 
Total vohlfn•• iB •. 00 , 7)-80 f, cf ~his volurr.e can be effi­
ciently ussdj oth~rwie..a collecte(~. r:H.:diment Jec~rea.ses net 
cross sections of the aet1::lil"lg Oc. .. sin, les.diri[; to t:maJ ler 
settling parametu:ra"' 

WE ter flows out 'lf the t.tn·ouc;h a 
of controllabll! he:i.c;ht , londinr: 
for the design f1 o~r and for the TLec:e 
observed numbers e.re in B.Cc with l v<1lues 

f_:4 J showing that rJXCep't disturbed ZOW.~S B.CCOllJlted for in 
the desi.r:,n, weir dor~s not infl 'J.cn::e settlil1{~ WY1 

hydruulic i 7 t_ Next, 'hl'::er ent2Y'' 
collector ,Joth 6ldes ;f the pla:nt /l-7 an0 
111ese C\.l ts have t~1•? cross·-s8cti on~ 2 ,, .. IV, Enerr:,y 
patorr• ar:e buil in t~.1ese cute /2-61 .. These n&tente(J dis­
sipato_..rs prevent the :t:-\crea:3e of ~Nat~r 1reJ oci hirher thrm. 
3, 5 m/s and e: ... osion the .::oncret~ c:h<',.nnel lk ., 
;> . 
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A sluice built in the right-hand outflow cut /1-·'J ancl 1-B/ 
assures water~nupp1y for seniment renoval, Excess flow is 
united with water of the other outflow cut /1-15/ ru1u is 
directed toward the sump of t11e pumping atation /l-2/. 

TECHNOLOGY OF SEDIMENT REMOVAL 
/Fig. 3./ 

Collected sediment is emptied through a valve /1/ in the 
basin outlet. These valves can be telecontrolled. Emptying 
is .goine; on subsequently. Sediment fl.ows throut~h collector 
pipe /2/ to the suction pipe of slur~; pump /3/, then through 
the slurry pipe /4/ to the open chamber of the removal 
equipnent. Diameter of all slurry pipes is 200 mm. 

The water-supply pipe has a diruneter of 350 mm. From the 
two hieh-pressure pumps /5/, hydrau.lic transport requires 
one pump. The 10 m head on the suction side is advantageous 
since the ten~·stop pumps carmoc. be operated under auction. 

Water from pumps /5/ is conveyed to the removal equipnent 
throue,h clean water pipe /6/. 

A flow meter and controller /?/ is installed into pipe /6/. 
Its sensor is a Venturi. meter together with a mercury J1res­
su.re gauge ru1d a recording unit. The controller is a valve 
operate"l 'rYy an electn.c motor. 

High-pressure wuter enters sedime~t removal equipnent /10/ 
through pipe /6/, valves /8/ and <lUXiliary va i ves /9/, The 
principle of sediment removal is to fill chambers ~lter­
natively by slu:.-ry and tc empty them by hydrauli(: means. 
Water left in ·the chamber is pushed cut during thE• next 
filling. 

Both slurry flow and \¥ater f~.ow are contJ..ilUOus as an effect 
~ach~ Each chamber is 

iary eates, valves, Thus 
12 and that of auxi.iiary 

o:f the thr11c chambers ef .300 
equipped by four main a.-11 
the tota). mllllber of valves 
valves /9/ i;c 6. 

Outf1ow pj_pe /11/ is connected to the cha.mtle!'" through the 
main yalve2 1md it contains the 11H!!l.0v.rine; e.ncl. controllirlf: 
device /12/ cf filling flow. (h:tflow water is directed to 
the sump ·~unnbl, 

The <rurth pi"}llline :;oru1~eted to thB equipment is the traJ1f>~ 
Jlort .~ine convoying slurry to the surface, 

..u·ce:mative oneration of valves /8/ RXl.d /9/ of the 
;ne:nt i.s contrCr1.led autom~d-;ica} hydraulic u.ni t 
with electric a.nd telecontTol /14/, 

S2diment Jo<J~t.ne; is necessa..rJr for sediment Tr!lea;::~e f:::"'om the 
settlers, 2or this purpose vvater f101" of 14··15 bar come>:: 
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from pumps /15/ to p"i.pe line rlirectinp to settler outle',s, 
Loosenine nozzles /J.7/ are branche5 from this pipelL1e. 

Vertical boreholeE directly reach the upper c;clfe ef the 
sc.c!r-r; :lump /18/; so the horizontal tra:ns)'o;-·t line can be 
et-:n·t a.;.d directly connected to the distribuhon pipe of the 
s.;.,.trry aump. 

Fo:r the hydrau.lic transport of 1;he r:iVNl secli.ment ;specific 
densiY. 2,7 t/n?, max, particle size: 40 mm/ pipe diameter 
300 nun is neceeea.ry at least with <1lurry velocit;' of 3,0-
4,4 nVFJec. 

Under t~hese cr.>ndi tione "the ~1eOiment remov111 cq:llpi'"lent as­
sures a slurry con;:eutratior. of 30 1'{, /wcir:ht/. 

PiPeline diemeter: 
Sltrrr'.f velocity 1 
Slurry loading: 
Slurry concentration: 
Max. bulk density: 
Yield of solid transport: 

?illing J?U!!lJ?!.l, 

200 mm 
3,8 - 4,4 rr:/scc 
dO - )00 m/h 
30 )1, 
1,22 t/of 
uo - 1)0 t/h 

Type: Wa:nnan 8/6 F-AH /Tatab<i.nya/ 
Slurry flow approx.: £3,3 m'/min 
~~ping height approx.: 45 m 
Revolution numberz 1000/min 
Capacity: 132 kW 
Max, pP..rti.cle size: 70 mm 

Trans-eort pumps 

Type: ON 250 A 10 /Polish/ 
Discharge: 
PurnpiJ1E height with 10 stepe: 
Revolution number: 
Efficiency: 
Capacity: 
Weight: 

Ic•osenine; jet pumoo 

Type: DEB 200 II. /Dorog/ 
Diecharfe: 
Pumpine height: 
Revolution number: 
Capacity l 

2 

492 ni/min 
700 m 
1450/min 

75 " 1250 kW 
4820 kg 

1600 1/rnin 
160 m 
2900/rnin 
110 k','/ 
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Ene~~~rement of the esui~~nt 

1 water pump; ow 250 A 10 1250 kW 

l slurry pump; Warman 8/6 F-AH 132 k\V 

1 oil-hydraulic unit; Danuvia .320 TE 80-160 30 kl'l 

2 loosening jet pumps 220 kW 

2 sump pumps; Bibo B-2250 108 kW 

Total requirement: 1740 kW 

The specific energy requirement is about 12 kW/t sediment 
transported. 

The above equipment extended with a mixing tank can be 
used for the hydraulic transport of spoil. lt.ixing tank can 
be the conic outlet of a non-operatine settler. Spoil 
crushed to 40 mm particle sizes is fed in dry state and 
slurry is formed by water inflow, A joint dump of sediment 
and spoil can be formed on the surface. 

SETTLING PLAN'r OPERATION 

It :is required that the plant should~operated by ski] led 
workers. 

Settlers do not need any special maintena:1ce except the 
daily cleaning of inflow heads and weir edges and the re­
moval of floating garbage. 

Sediment collector shafts should be emptied in case of 
50 'f. fullness without the interruption of settling opera­
tion. A 10 rl/min increase of dicharge requires the intro­
duction of a new settler. Settlers out of operation should 
be kept empty. As a result, in case of a great inrush the 
filling of new settlers gives enoueh time for the prepara­
tion of excessive pumping and sediment treatment. 

If silt th:ickness reaches 30 em over the counter inclined 
bed of the settler, it should be emptied throu~h the col1ec­
tor shaft. Silt from the bottom should be washed into the 
shaft by jet effect. 

Maintenance works can be accomp~hed in the empty basin. It 
is of great importance to check the horizontality of weir 
crest. If the deviation from horizontal i ty is creater than 
1 mm, our measurement shows that ~~ asymmetrical flow pattern 
arises, leading to decreased hydraulic efficiency. 

Depending on the type of pumpa used in the serliMent removal 
equi f.r~JE>nt various operational and maintenance reeulati ons 
should be prepared. 207 
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The removal equipment receives clean water from the cleRn 
water tank and used water flows into the safety s1wp /1-12/ 
from where water arrives in the settlers SRRin through the 
pumping station and sump shaft /1-13/. 

The safety sump is sized in such a way that enough time of 
escape should be available for workers through the escape 
shaft /1-13/ and for deelectrifying in the case of a simul­
taneous failure of two settlers of 50% fullness. Workers 
of the treatment plant can reach staff transporting equip­
ment and exits located at higher poin~over against water 
flow. 

Automation possibilities 

Almost a full automation is possible for the treatment plant. 

By level sensing of the settlers the introduction of new 
settlers can be automated. Also, by sensing silt level the 
whole process can be automated: collector shaft emptyine, 
watering of released sediment, starting of chwr.ber feedine 
pumps, alternative chamber operation. 

Silt level sensing on the bottom of the settlers may indi­
cate the necessity of settler cleaning. This, however, can 
not be automated, similarly to the hydraulic formation of 
the dump. 

COftCLDSIOK AND RECOMMENDATION 

The described design of a large-capacity minewater tre11tment 
plant will be realised soon. Some further remarks are as 
follows: 

-Silt collected in the shaft can be removed by a submer­
sible slurry pump instead of the method shown earlier. The 
same submersible pump may fill the chambers too. 

- It is be~eved that the removal capacity is sufficient 
for the transport of mininR spoil too. In this case prooer 
crushing equipment and spoil storage would be necessary, 
but the process would not change. 

- A basic figure of treatment plant design is sediment 
loading; a rather uncertain quantity. In order to avoid 
both over and underdesign, research, possibly experiments 
would be necessary how to estimate this loading. So far, 
mostly financial means have delayed such a research. 
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I. Settli~ basins, with 2-row concrete bricks, 
27.25 11 

II. Inflow cut, bell eecticn of 2'5 kg and shot·~c-:m­
crete Sllpport, 18,2 rl 

III. Machine place .,;f the removal equipment, he::i.l 
aection of 25 kg, ahot.-concr~te support, 16,5 ~ 

IV. Collector cut of treated wa-ter, outflow cut, 
machine plac!!, sediment capturing cute1 bell 
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Fig • .3. Scheme of sediment trar1s port 

l, Release valve 
2. SJurry collecting line 
.3. Slurry }mmp 
4. Slurry pipeline 
5. Transport water pump 
6. High-pressure water manifold 
7. Flow meter and controller 
8. Main valves of the sediment removal equipnent 
9. Auxili~~ valves 

10. Chambers 
11. Release pipe 
12. Feeding flow meter and controller 
13. Hydraulic servo unit of the removal equipnent 
14. Control device of the removal equipnent 
15. Looseriing water pumpe 
16. Loo;!elli.ng water pipe 
17. Nozzles 
18. Hydraulic dump 
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