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Purpose. Scientific	substantiation	of	the	most	rational	geometrical	parameters	of	the	perforated	area	(shape	
and	configuration	of	holes	relative	to	each	other)	of	vertical	cross	partitions	placed	in	an	improved	mine	water	set
tling	basin	in	order	to	increase	their	flow	factor	and,	consequently,	the	efficiency	of	treatment	(clearing)	of	water	
through	removal	of	suspended	particles.

methodology. Selection	of	a	partition	perforation	pattern	is	carried	out	on	the	basis	of	study	and	comparison	
of	perforated	area	geometrical	parameters,	namely	shape,	size	of	holes	and	their	configuration	relative	to	each	
other;	a	correction	factor	that	allows	determining	a	distance	between	hole	centers	(perforation	pitch);	partition	
perforated	area	flow	factor.

findings. The	partition	perforated	area	flow	factors	have	been	determined	for	various	perforation	patterns.	
Analytical	dependences	of	a	partition	perforated	area	flow	factor	change	on	the	distance	between	hole	centers	have	
been	obtained.

Originality.	Revealed	regularities	of	the	partition	perforated	area	flow	factor	change	with	a	correction	factor	
value	allow	determining	a	distance	between	hole	centers	for	various	perforation	patterns.	The	dependencies	(in	the	
form	of	graphs	and	regression	equations)	between	suspended	particles	settling	depth	in	the	improved	settling	basin	
and	mine	water	treatment	efficiency	have	been	first	identified	for	various	perforation	patterns.

Practical value.	The	research	findings	allowed	justifying	rational	geometrical	parameters	of	the	perforated	
area	of	vertical	cross	partitions	placed	in	an	improved	mine	water	settling	basin.	Implementation	of	findings	will	
allow	increasing	efficiency	of	mine	waters	cleaning	from	suspended	particles,	as	well	as	decreasing	the	 level	of	
surface	waters	contamination	in	coal	mining	regions.

keywords: mine waters, suspended particles, water body pollution, horizontal settling basin, perforated 
partitions, treatment efficiency

The  problem  substantiation.  Mine	 waters	 are	
distinguished	by	a	wide	variety	of	chemical	composi
tion	and	exhibit	properties,	which	exclude	their	usage	
for	 engineering	 purposes	 or	 their	 discharge	 into	 the	
neighboring	bodies	of	water	without	pretreatment	[1].	
Opening	of	coal	deposits	under	complicated	geologi
cal	and	hydrological	conditions,	as	well	as	carrying	out	
of	mining	operations	at	deeper	levels	result	in	increased	
volume	 of	 mine	 waters	 pumped	 away	 to	 the	 surface	
and	increased	level	of	their	pollution	by	various	chem
ical	 substances	 [2].	 Subsequently,	 the	 discharge	 of	
contaminated	 mine	 waters	 poses	 an	 environmental	
hazard	to	the	components	of	the	environment,	partic
ularly	 for	 the	neighboring	 surface	bodies	of	water,	 in	
which	the	quality	of	water	changes	for	the	worse	in	re
spect	of	pollution	content	level	[3].

The	quality	of	water	in	surface	bodies	of	water	lo
cated	in	coal	mining	regions	does	not	comply	with	the	
environmental	safety	standards	in	respect	of	the	level	
of	 maximum	 permissible	 concentration	 of	 pollutants	
as	a	consequence	of	mine	water	discharge.	The	wors
ening	of	ecological	condition	of	surface	bodies	of	water	
is	observed	after	the	discharge	of	mine	waters	from	op
erational	 storage	 ponds	 [4].	 Mine	 waters	 also	 have	 a	
significant	negative	impact	on	underground	waters,	in	
this	case	deterioration	of	conditions	of	providing	pop
ulation	with	qualitative	drinkingwater	is	observed	[5].

Mine	 waters	 pumped	 away	 to	 the	 surface	 in	 the	
course	of	coal	mining	contain	a	significant	amount	of	
pollutants	including	heavy	metal	compounds	with	tox
ic	properties	[6].	The	distinctive	feature	of	their	behav
ior	in	the	hydrologic	system	is	absorbability	on	the	sur
face	of	watersuspended	particles	of	coal	and	rock	with	
different	particlesize	distribution,	which	contribute	to	
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accumulation	of	toxic	substances	in	the	settling	gravi
tating	to	the	bottom	of	a	body	of	water.	The	abovemen
tioned	 issues	 become	 front	 most	 during	 coal	 mine	
abandonment	[7].

Horizontal	 settling	basins	are	widely	used	by	col
lieries	 of	 Ukraine	 for	 increase	 of	 the	 environmental	
safety	 level	 of	 mine	 water	 discharge	 into	 the	 surface	
bodies	of	water	by	removing	suspended	particles	from	
it	(clearing).	Their	operating	efficiency	on	the	disperse	
phase	removal	is	around	30	%.	It	should	be	noted	that	
only	coarse	fractions	are	mainly	removed,	and	almost	
all	 fine	 particles	 are	 discharged	 with	 water	 into	 the	
neighboring	bodies	of	water,	 the	 level	of	 contamina
tion	of	which	exceeds	the	level	of	maximum	permissi
ble	concentration.	In	view	of	this,	the	existing	settling	
basins	do	not	comply	with	the	requirements	of	the	cur
rent	 Regulations on Surface Water Protection 
against Recirculated Water Pollution	 providing	 for	
the	discharge	of	pollutants	into	the	bodies	of	water	in	
quantities	that	should	not	exceed	their	MPC	value.	It	
is	evident	that	the	further	increase	of	the	efficiency	of	
treatment	of	contaminated	mine	waters	and	thus	 the	
increase	of	the	environmental	safety	level	of	their	dis
charge	should	be	associated	with	the	efficient	removal	
of	fine	particles.	This	is	precisely	why	the	existing	hor
izontal	settling	basin	constructions	are	required	to	be	
improved	in	respect	of	enhancement	of	the	process	of	
settlement	of	the	finest	suspended	particles	and,	as	a	
consequence,	 increase	 of	 the	 environmental	 safety	
level	due	to	the	discharge	of	highly	clarified	mine	wa
ters	into	the	surface	bodies	of	water.

The	 mine	 water	 treatment	 process	 improvement	
will	allow	ensuring	coal	comprehensive	use	[8],	as	well	
as	sustainable	development	and	further	reorganisation	
of	mining	industry	[9].

review  of  the  related  researches.  Papers	 by	
А.	I.	Bereza,	 К.	V.	Gnedin,	 V.	А.	Gorshkov,	 M.	V.	De
mu	ra,	L.	F.	Dolina,	А.	А.	Kroik,	I.	I.	Levi,	D.	M.	Mints,	
I.	L.	Mon	gayt,	 G.	I.	Nikoladze,	 P.	I.	Piskunov,	
D.	G.	Su	kho	rukov,	 К.	D.	Tekinidi,	 А.	А.	Kharionovs
kiy,	S.	М.	Shy	phrin,	S.	М.	Epoyan,	etc.	are	focused	on	
solution	 of	 the	 issue	 of	 enhancement	 of	 mine	 water	
treatment	efficiency	at	mining	enterprises.

The	 analysis	 of	 published	 findings	 of	 research	 of	
the	existing	industrial	horizontal	settling	basins	allows	
coming	sufficiently	to	improvement	of	their	construc
tions.	It	was	found	that	a	necessary	condition	for	ef
fective	operation	of	settling	structures,	as	well	as	con
sistency	 of	 the	 clarified	 water	 is	 the	 existence	 of	 its	
laminar	 flow	regime.	With	 regard	 to	 the	above	men
tioned,	it	is	important	to	maintain	its	stability	as	turbu
lence	increases	the	transporting	capacity	of	suspended	
matter	in	the	flow,	and	water	clarification	efficiency	is	
lowered.	Consequently,	a	settling	basin	design	should	
ensure	 the	 maximum	 uniform	 flow	 rate	 distribution	
over	its	crosssection	and	possibly	more	complete	uti
lization	 of	 its	 volume	 by	 removal	 of	 stagnation	 areas	
[10].

It	is	believed	that	the	best	condition	for	settling	in
dustrial	waste	waters	is	a	horizontal	movement	of	the	
main	water	flow,	which	is	perpendicular	to	the	motion	

of	settling	suspended	particles.	In	such	event,	settling	
rate	is	not	increased,	but	only	the	reduction	of	distur
bance	of	flow	motion	of	liquid	is	achieved	during	the	
process	of	its	clarification.

The	 improvement	of	conditions	of	 the	 suspended	
matter	settling	process	in	the	presence	of	a	free	surface	
in	the	flow	can	be	achieved	by	creating	a	stable	hydro
dynamic	 flow	 pattern,	 i.e.	 by	 means	 of	 reducing	 the	
intensity	of	highly	turbid	bottom	flows	and	the	elimi
nation	of	largescale	vortexes	in	the	upper	part	of	the	
flow.	This	may	be	achieved	by	placing	along	the	length	
of	a	settling	basin	some	intermediate	perforated	verti
cal	partitions	covering	almost	the	whole	vertical	cross
section	of	the	settling	basin	body.	Meanwhile,	the	par
tition	holes	divide	the	flow	of	the	liquid	to	be	treated	
into	 a	 great	 number	 of	 individual	 layers	 (streams)	 of	
small	height	(size).

The	 effect	 of	 partitions	 consists	 in	 a	 change	 of	 a	
longitudinal	 velocity	 diagram,	 at	 which	 flow	 velocity	
vertical	components	directed	to	the	settling	basin	bot
tom	 occur	 under	 the	 effect	 of	 viscosity	 forces.	 The	
value	of	these	velocities	exceeds	significantly	the	set
tling	rate	(median	fall	diameter)	of	suspended	particles	
retained	 in	 the	 settling	 basin.	 Meanwhile,	 the	 direc
tion	of	transport	force	effecting	a	particle	is	the	same	
as	the	direction	of	gravity	force,	that	leads	to	the	en
hancement	of	the	efficiency	of	suspended	particles	set
tling	upstream	of	each	partition.

The	intermediate	perforated	partitions	covering	the	
settling	basin	crosssection	contribute	to	dissipation	of	
energy	of	bottom	and	surface	flows,	adjustment	of	hor
izontal	 velocity	 profile	 in	 all	 crosssections	 of	 the	
structure,	as	well	as	make	for	increase	in	the	factor	of	
its	volume	utilization	and	enhancement	of	settling	in
tensity	of	particles	in	the	water	to	be	clarified.

Experimental	research	of	 the	 functional	mockup	
of	the	settling	basin	with	intermediate	perforated	par
titions	 [10]	 showed	 that	 its	 structural	volume	 is	used	
completely	enough	(about	70	%)	and,	thus,	the	actual	
time	of	waste	water	settling	and	the	flow	rate	approxi
mate	 to	 the	 calculated	 values.	 Furthermore,	 the	 set
tling	 capacity	 of	 the	 settling	 basin	 having	 partitions	
increases	significantly	(by	30–50	%)	compared	to	typ
ical	 horizontal	 settling	 basins	 at	 the	 same	 degree	 of	
clarification	(treatment)	of	water.

The allocation of unsolved issues. A	horizontal	
settling	basin	of	a	unique	design	for	waste	water	treat
ment	 from	 mechanical	 impurities	 (suspended	 parti
cles)	with	polydisperse	composition	by	means	of	grav
ity	settling	in	a	flow	has	been	proposed	for	the	purpose	
of	 ensuring	 environmental	 safety	 conditions	 where	
mine	water	discharge	into	surface	bodies	of	water	takes	
place	[10].	This	treatment	plant	can	be	used	in	various	
industrial	 sectors,	 including	 coal	 mining,	 for	 waste	
water	 treatment	 from	 undissolved	 solids	 with	 mainly	
homogeneous	 chemical	 composition	 and	 specific	
density	exceeding	water	density.

The	main	difference	between	the	proposed	settling	
basin	 design	 and	 the	 traditional	 structures	 for	 me
chanical	 treatment	 of	 waste	 waters	 from	 suspended	
particles	(matters)	is	that	the	body	of	the	first	is	made	
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in	 the	 shape	 of	 a	 trough,	 which	 tapers	 towards	 the	
drain	with	increase	of	its	depth.

The	perforated	vertical	cross	partitions	with	cross
sections	conforming	to	the	settling	basin	body	variable	
crosssection	 have	 been	 sequentially	 installed	 inside	
the	settling	basin	(Fig.	1).	The	perforation	shall	mean	
punching	 of	 holes	 in	 various	 shapes	 and	 sizes	 in	 the	
partition	material,	generally,	in	a	metal	plate.	The	pri
mary	purpose	of	partitions	is	an	adjustment	of	profile	
of	 horizontal	 velocity	 of	 movement	 of	 water	 to	 be	
treated	along	the	depth	when	its	level	is	gradually	de
creased	 along	 the	 length	 of	 the	 settling	 basin	 rather	
than	solids	 retention.	This	 significantly	 improves	 the	
hydraulic	 operation	 of	 the	 settling	 structure,	 and,	
therefore,	increases	the	efficiency	of	treatment	(clear
ing)	of	contaminated	water.

Available	perforated	partitions,	 installed	 in	differ
ent	 settling	 areas	 having	 variable	 shapes,	 allow	 a	
change	of	liquid	flow	trajectory	and	make	an	unidirec
tional	laminar	behavior	of	the	flow,	that	in	turn,	con
tributes	to	more	efficient	precipitation	of	mechanical	

impurities	(suspended	particles)	at	 the	bottom	of	 the	
settling	 structure.	 Laminar	 water	 flow	 regime	 in	 im
proved	horizontal	settling	basin	accelerates	the	settle
ment	and	precipitation	process	of	fine	particles.	In	ad
dition,	it	eliminates	the	destruction	of	sludge	bed,	slid
ing	 down	 the	 inclined	 bottom,	 i.	e.	 essentially	 elimi
nates	 the	“effect	of	 repeated	 sludge	breaking”	 in	 the	
bottom	water.

The	flow	structure	is	also	significantly	affected	by	
hole	 shapes	 in	 partitions.	 Most	 commonly	 the	 two	
types	of	distributive	partitions	such	as	perforated	and	
slotted	ones	are	installed	in	settling	basins,	where	the	
slits	may	be	horizontal	or	vertical.	 In	paper	 [10]	 it	 is	
noted	 that	coefficient	of	efficiency	of	horizontal	 set
tling	basins	having	cross	partitions	with	vertical	slits	is	
somewhat	 higher,	 than	 those	 with	 horizontal	 ones,	
and	is	only	slightly	different	from	the	efficiency	coef
ficient	 of	 settling	 basin	 having	 perforated	 partitions.	
However,	the	scientific	literature	gives	no	unambigu
ous	 answer	 to	 the	 question	 on	 what	 shape	 the	 holes	
shall	have	and	on	their	configuration	relative	to	each	
other.

The  purpose  formulation.  The	 objective	 of	 the	
paper	 is	 scientific	 justification	 of	 the	 most	 rational	
geometrical	 parameters	 of	 a	 perforated	 area	 (shape	
and	 configuration	 of	 holes	 relative	 to	 each	 other)	 of	
vertical	cross	partitions	placed	in	an	improved	settling	
basin	in	order	to	increase	efficiency	of	cleaning	mine	
waters	of	suspended	particles	(substances).

The main part. For	practical	perforation	of	a	set
tling	basin	partition	it	is	important	to	calculate	param
eters	of	the	perforated	area,	namely,	to	determine	the	
partition	 flow	 factor	 (k)	 and	 select	 the	 required	 dis
tance	between	the	centers	of	holes	(р).	In	addition,	the	
main	geometric	parameters	of	the	perforated	area	to	be	
considered	in	the	calculation	are	shape	and	configura
tion	of	the	holes	relative	to	each	other,	their	size	and	
the	 correction	 factor	 (Кр)	 which	 allows	 the	 distance	
between	the	centers	of	holes	(perforation	pitch)	to	be	
determined.

The	 choice	 of	 a	 partition	 perforation	 pattern	 de
pends	on	the	flow	factor	of	the	perforated	area,	which	
is	determined	from	the	formula

,
total

f
k

S


where	f	is	area	with	perforated	holes,	cm2;	Stotal	is	total	
area	on	which	the	holes	are	placed,	cm2.

For	the	purpose	of	justification	of	rational	geomet
ric	parameters	for	a	perforated	area	of	partitions	placed	
in	 an	 improved	 mine	 water	 settling	 basin,	 the	 most	
common	shape	of	holes	in	settling	basin	partitions	and	
their	 configuration	 relative	 to	 each	 other	 were	 ana
lyzed.	The	obtained	values	of	factor	k	were	compared	
to	each	other.	When	choosing	the	perforation	pattern,	
the	preference	was	given	to	that	one	with	which	factor	
k	would	be	maximum	and	the	efficiency	of	suspended	
particles	 removal	 from	 mine	 waters	 should	 also	 in
crease.

To	calculate	the	factor	k	the	following	parameters	
of	a	perforated	area	were	taken:

a

b

Fig. 1. The improved settling basin structural dia-
gram:
а – side view; b – A-A sectional view of settling ba-
sin: 1 – settling basin body; 2 – pipeline for supply of 
polluted water; 3 – tank for distribution of streams; 
4 – perforated holes at the tank bottom; 5 – water-
collecting tank; 6 – pipeline for clarified water drain 
away; 7 – receiving hopper for collection and com-
paction of sludge; 8 – pipeline for compacted sludge 
drain away; 9 – perforated partitions; 10 – clarified 
water drain; 11 – sludge drain; α – slope of settling 
basin bottom towards horizontal area; β – settling 
basin contraction angles
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	hole	shape:	round,	square,	rectangular,	hexago
nal;

	 configuration	 of	 holes	 relative	 to	 each	 other:	
square	pattern,	 rectangular	pattern,	hexagon	pattern,	
with	offset;

	 hole	 size	 (w,	 cm):	 diameter	 and	 side	 length	 for	
square	and	hexagonal	holes	or	width	(a)	and	length	(b)	
for	rectangular	holes.	In	calculation	the	values	w	and	
width	a	ranged	from	1	to	10	cm,	and	value	b	from	0.1	
to	(а–0.1)	cm;

	correction	 factor,	which	allows	 the	distance	be
tween	the	centers	of	holes	(Кр)	determination.

Since	the	perforation	pitch	(	р)	should	not	be	less	
than	the	size	of	a	hole	itself,	in	calculation	the	factor	
Кр	ranged	from	1.1	to	1.3.

Table	1	gives	a	systematized	description	for	the	type	
of	perforation	holes	of	different	shape	showing	the	key	
formulas	for	factor	k calculation.

Using	design	ratio	given	in	Table	1	(columns	1–4),	
the	 coefficient	 k	 values	 were	 determined	 for	 various	
holes	patterns	and	their	types	in	partitions	with	varying	
the	preset	geometric	parameters	of	perforated	area.

The	obtained	calculation	data	showed	that	with	the	
same	 area	 of	 different	 types	 of	 the	 holes	 (like	 circle,	

Table 1

Determination	of	partition	flow	coefficient	(k)	with	various	hole	shapes	and	their	configurations	relative	to	each	other

Pos.
Configuration	

of	rows	of	holes	
in	the	partitions

Design	ratio	to	calculate
coefficient	k

Description	and	permissible	varia
tions	of	design	ratio	parameters	

Formula	
for	calculation
of	coefficient	k

1.	For	round	holes

1.1 straight	rows	as	
square	pattern

21
4 4 ;

4 4s w

w
f S S

     

Ssquare	=	p2;	
2

24

w
k

p




Ss	is	area	of	the	hole	part	(sector),	
cm2;
Sw	is	hole	area,	cm2;
w	is	hole	diameter,	cm
(w	=	1–10	cm);
р	is	distance	between	centers	of	
the	holes,	cm;
(	р	=	Кр	·	w,	with	Кр	=	1.1–1.3)

 2

1
0.785

р

k
К

 

1.2 offset	rows	as	
hexagon	pattern

21
3 3 ;

6 8s w

w
f S S

     

21 3
tg60° ;

2 2 4triangle

p p
S p

       
	

2

22 3

w
k

p


 

 2

1
0.9064

р

k
К

 

1.3 straight	rows	as	
rectangular	
pattern

21
4 4 ;

4 4s w

w
f S S

      	

tan 1 2;rec gS p p  	
2

1 24

w
k

p p


 

p1	is	vertical	distance	between	
centers	of	the	holes,	cm;
(	p1	=	Кр	·	w,	with	Кр	=	1.1–1.3);
p2	is	horizontal	distance	between	
centers	of	the	holes,	cm
(	p2	=	р1	+	0.1…	p2	=	р1	+	0.4)

 1.9228

1
0.7144 ,

р

k
К

 

at	р2	=	Кр	+	0.1

1.4 diagonallyoffset	
rows	as	square	
pattern,	rotated	
by	45°

21
4 4 ;

4 2w s w w

w
f S S S S

        	

Ssquare	=	p2;	
2

22

w
k

p




P	=	0.7071	·	pd,	at	R2	= 1;
рd	is	diagonal	distance	between	
centers	of	the	holes,	cm;
(рd	=	Кр	·	2w,	at	Кр	=	1.1–1.3)

 2

1
0.785

р

k
К

 

2.	For	squareshaped	holes

2.1 straight	rows	as	
square	pattern

21
4 4 ;

4s wf S S w      	Ssquare	=	p2;	

2

2
wk

p


w	is	square	side,	cm	(w	=	
=	1–10	cm);
р	is	distance	between	centers	of	
the	holes,	cm;
(	р	=	Кр ·	w,	at	Кр	=	1.1–1.3)

 2

1

р

k
К



2.2 straight	rows	as	
rectangular	
pattern

21
4 4 ;

4s wf S S w      	

tan 1 2;rec gS p p 
	

2

1 2

w
k

p p




see	description	to	point	1.3

 1.9228

1
0.9101 ,

р

k
К

 

at	р2	=	Кр	+	0.1

2.3 diagonallyoffset	
rows	as	square	
pattern,	rotated	
by	45°

21
4 4 2 ;

4w s w wf S S S S w         	

Ssquare	=	p2;		
2

2

2 w
k

p



see	description	to	point	1.4

 2

1

р

k
К
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Pos.
Configuration	

of	rows	of	holes	
in	the	partitions

Design	ratio	to	calculate
coefficient	k

Description	and	permissible	varia
tions	of	design	ratio	parameters	

Formula	
for	calculation
of	coefficient	k

2.4 offset	rows	as	
hexagon	pattern

21
4 4 2 ;

4w s w wf S S S S w         	

tan 1 2;rec gS p p  	
2

1 2

2 w
k

p p




see	description	to	point	1.1	and	1.3

 2

1

р

k
К



3.	For	rectangularshaped	holes

3.1 straight	rows	as	
rectangular	
pattern

1
4 4 ;

4s wf S S a b      

	

tan 1 2;rec gS p p  	
1 2

a b
k

р р




a	is	hole	width,	cm	(а	=	1–	10	cm);
b	is	hole	length,	cm	(b	=	0,1…	
a -	0.1	cm);
p1	is	horizontal	distance	between	
centers	of	the	holes,	cm;	(р1	=	
=	Кр		а,	at	Кр	=	1.1–1.3);
p2	is	vertical	distance	between	
centers	of	the	holes,	cm
(р2	=	Кр 	b,	at	Кр	=	1.1–1.3)

 2

1

р

k
К



3.2 offset	rows 1
4 4 2 ;

4w s w wf S S S S a b          	

tan 1 2;rec gS p p  	
1 2

2 a b
k

р р

 


the	range	of	selected	values	a,	b,	
p1	is	given	in	description	to	p.	3.1;
p2	=	Кр ·	2b,	at	Кр =	1.1–1.3)  2

1

р

k
К



4.	For	hexagonshaped	holes

4.1 offset	rows	as	
hexagon	pattern

2

2

2 2

2

1 1 1 360°
sin

2 2 2

3 3 1
; tg60°

4 2 2

3 3
;

4

w

triangle

f S w n
n

w p
S p

р w
k

p

       

          

   	

w	is	hexagon	side,	cm
(w	=	1–10	cm);	n	is	number	of	
regular	polygon	sides	(n	=	6);
р	is	distance	between	centers	of	
the	holes,	cm;
р	=	1.7321		Kp		w,	at	Кр	=	1.1–1.3)

 2

1
0.9999

р

k
К

 

4.2 straight	rows	as	
square	pattern

2
2

1
4 4

4

1 360° 3 3
sin ;

2 2

s wf S S

w
w n

n

     

    

Ssquare	=	p2;	
2

2

3 3

2

w
k

p

 


P	=	Кр		2w,	at	Кр	=	1.1–1.3

 2

1
0.25

р

k
К

 

The end of the Table 1

square,	hexagon	and	 rectangle)	 the	coefficient	k	de
pends	only	on	the	perforation	pitch,	i.	e.	the	correction	
factor	Кр. Therefore,	the	coefficient	k	value	can	be	de
termined	 by	 the	 formulas	 shown	 in	column	 5	of	Ta
ble	1.

At	the	end	of	the	analysis	we	determine	the	settling	
depth	of	suspended	particles	of	different	settling	veloc
ity	 for	various	types	of	partition	perforated	areas	and	
for	 their	 related	 flow	coefficient	 (k),	calculated	 from	
the	formulas	obtained.	The	calculations	are	performed	
with	assigning	the	specific	values	of	effect	of	suspend
ed	particles	removal	from	mine	waters	(Р,	%),	by	the	
method	described	in	[10].

For	the	calculation	of	initial	data	we	select	the	fol
lowing	geometric	parameters	of	the	settling	basin:	ini
tial	width	В0 =10	m,	slope	of	bottom	α	≈	30°,	plan	view	
of	the	contraction	angles	β ≈	84°	and	the	length	of	the	
settling	basin	L =	20	m,	finite	width	Вk =	6	m	and	max
imum	depth	Нk =	11.5	m.

The	 calculation	 data	 for	 six	 hole	 types	 and	 their	
configuration	in	partitions	are	given	in	Fig.	2	with	re
lated	curve	fitting	equations	provided	below:

	first	perforation	pattern	–	offset,	diagonallyoff
set	and	straight	rows	of	square	and	rectangular	holes	as	
square	 pattern;	 offset	 rows	 of	 hexagon	 holes:	 hos =	
=	-0.0017	·	P 2	+	0.0396	·	P +	10.728,	at	R2 =	0.992;

	second	perforation	pattern	–	offset	rows	of	round	
holes:	hos =	-0.0022	·	P 2 +	0.058	 ·	P +	10.55,	at	R2 =	
=	0.989;

	third	perforation	pattern	–	diagonallyoffset	and	
straight	 rows	 of	 round	 holes	 as	 square	 pattern:	 hos =	
=	-0.0032	·	P 2 +	0.0961	·	P +	10.178,	at	R2 =	0.984;

	fourth	perforation	pattern	–	straight	rows	of	hexa
gon	holes:	hos =	-0.00146	·	P2	+	0.03566	·	P +	8.2592,	at	
R2 =	1;

	fifth	perforation	pattern	–straight	rows	of	square	
holes	 as	 rectangular	 pattern:	 hos =	 -0.002	 ·	 P 2 +	
+	0.0508	·	P +10.624,	at	R2 =	0.992;
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	sixth	perforation	pattern	–	straight	rows	of	round	
holes	 as	 rectangular	 pattern:	 hos =	 -0.0037	 ·	 P 2 +	
+	0.1108	·	P +	10.09,	at	R2 =	0.988.

Some	of	the	expected	process	parameters	of	hori
zontal	 settling	 basin	 as	 per	 partition	 perforation	 pat
terns	are	shown	in	the	Table	2.

Presented	 relationships	and	values	 illustrate	obvi
ously	the	effect	of	removal	of	particles	of	different	set
tling	 velocity	 from	 mine	 waters.	 As	 we	 can	 see,	 the	
maximum	effect	of	mine	water	treatment	is	provided	
by	the	perforation	pattern	1.

Therefore,	the	vertical	cross	partitions	with	square,	
rectangular	 or	 hexagonal	 holes	 are	 recommended	 to	
set	 in	 an	 improved	 horizontal	 settling	 basin. In	 this	
case	their	configuration	related	to	each	other	may	be	as	
follows:

	 in	 case	 of	 square	 perforation	 pattern	 –	 with	
straight	rows	as	square	pattern,	with	offset	or	diagonal
lyoffset	rows;

	in	case	of	rectangular	perforation	pattern	–	with	
straight	or	offset	rows;

	in	case	of	hexagon	perforation	pattern	–	with	off
set	rows.

The conclusions and further development pro-
spectives. Based	on	the	investigations	performed,	the	
following	 results	 and	 parameters	 have	 been	 obtained	
and	determined:

	 flow	 coefficient	 of	 the	 partition	 perforated	 area	
for	various	perforation	patterns;

	analytical	dependences	of	variation	of	flow	coef
ficient	 of	 the	 partition	 perforated	 area	 –	 on	 pitch	 of	
holes	that	allows	determining	a	distance	between	holes	
centers	for	various	perforation	patterns;

	characteristic	curves	and	analytical	dependences	
of	 suspended	particles	 settling	depth	on	 the	effect	of	
mine	water	treatment	for	various	perforation	patterns;

	the	most	rational	geometric	parameters	of	perfo
rated	areas	of	partitions	installed	in	the	improved	set
tling	basin	to	enable	obtaining	the	maximum	efficien
cy	of	mine	waters	cleaning	of	suspended	particles	with	
regard	to	their	settling	velocity.

As	 the	 future	 research	 activity	 prospective,	 it	 is	
planned	to	implement	the	results	obtained	and	to	as
sess	operational	efficiency	of	improved	horizontal	set
tling	basins	in	mines	of	major	coal	mining	regions	of	
Ukraine.
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мета. Наукове	обґрунтування	найбільш	раці
ональних	геометричних	параметрів	перфорованої	
області	 (форми	 й	 розташування	 отворів	 один	
щодо	 одного)	 вертикальних	 поперечних	 перего
родок,	 що	 розміщуються	 в	 удосконаленому	 від
стійнику	шахтної	води,	для	підвищення	коефіці
єнта	 їх	 пропускної	 здатності	 та,	 як	 наслідок,	
ефективності	очищення	(освітлення)	води	від	за
вислих	часток.

методика. Вибір	варіанту	перфорації	перего
родок	здійснювався	на	основі	вивчення	та	зістав
лення	геометричних	параметрів	перфорованої	об
ласті,	а	саме:	форми,	розміру	отворів	і	їх	розташу
вання	 один	 щодо	 одного;	 поправочного	 коефіці
єнта,	що	дозволяє	визначити	відстань	між	центра
ми	отворів	(крок	перфорації);	коефіцієнта	пропус
кної	здатності	перфорованої	області	перегородки.

результати.  Визначені	 коефіцієнти	 пропус
кної	здатності	перфорованої	області	перегородки	

за	 різних	 варіантів	 перфорації.	 Отримані	 аналі
тичні	залежності	зміни	пропускної	здатності	пер
форованої	 області	 перегородки	 від	 відстані	 між	
центрами	отворів.

Наукова  новизна.  Виявлені	 закономірності	
зміни	коефіцієнтів	пропускної	здатності	перфоро
ваної	 області	 перегородки,	 у	 залежності	 від	 вели
чини	 поправочного	 коефіцієнта,	 дозволяють	 ви
значити	 відстань	 між	 центрами	 отворів	 за	 різних	
варіантів	 перфорації.	 Уперше	 встановлені	 залеж
ності	(у	вигляді	графіків	і	рівнянь	регресії)	між	гли
биною	осідання	завислих	часток	в	удосконаленому	
відстійнику	 та	 ефективністю	 очищення	 шахтної	
води	для	різних	варіантів	перфорації	перегородок.

Практична  значимість.  Результати	 дослі
дження	дозволили	обґрунтувати	раціональні	гео
метричні	параметри	перфорованої	області	попе
речних	 вертикальних	 перегородок,	 що	 розміщу
ються	 в	 удосконаленому	 відстійнику	 шахтної	
води.	 Впровадження	 отриманих	 результатів	 до
зволить	підвищити	ефективність	очищення	шах
тних	 вод	 від	 завислих	 речовин	 і	 знизити	 рівень	
забруднення	поверхневих	вод	у	вугледобувних	ре
гіонах.

ключові слова: шахтні води, завислі речови-
ни, забруднення водойм, горизонтальний від-
стійник, перфоровані перегородки, ефектив-
ність очищення

Цель.	Научное	обоснование	наиболее	рацио
нальных	геометрических	параметров	перфориро
ванной	 области	 (формы	 и	 расположения	 отвер
стий	друг	относительно	друга)	вертикальных	по
перечных	 перегородок,	 размещаемых	 в	 усовер
шенствованном	 отстойнике	 шахтной	 воды,	 для	
повышения	 коэффициента	 их	 пропускной	 спо
собности	и,	как	следствие,	эффективности	очист
ки	(осветления)	воды	от	взвешенных	частиц.

методика.	 Выбор	 варианта	 перфорации	 пе
регородок	осуществлялся	на	основании	изучения	
и	 сопоставления	 геометрических	 параметров	
перфорированной	 области,	 а	 именно:	 формы,	
размера	отверстий	и	их	расположения	друг	отно
сительно	 друга;	 поправочного	 коэффициента,	
позволяющего	определить	расстояние	между	цен
трами	 отверстий	 (шаг	 перфорации);	 коэффици
ента	пропускной	способности	перфорированной	
области	перегородки.

результаты.	Определены	коэффициенты	про
пускной	способности	перфорированной	области	
перегородки	при	различных	вариантах	перфора
ции.	 Получены	 аналитические	 зависимости	 из
менения	 пропускной	 способности	 перфориро
ванной	области	перегородки	от	расстояния	между	
центрами	отверстий.

Научная  новизна.	 Выявленные	 закономер
ности	 изменения	 коэффициентов	 пропускной	
способности	 перфорированной	 области	 перего
родки,	в	зависимости	от	величины	поправочного	
коэффициента,	 позволяют	 определить	 расстоя
ние	между	центрами	отверстий,	при	разных	вари
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антах	перфорации.	Впервые	установлены	зависи
мости	 (в	 виде	 графиков	 и	 уравнений	 регрессии)	
между	 глу	биной	 оседания	 взвешенных	 частиц	 в	
усовер	шенствованном	 отстойнике	 и	 эффектив
ностью	очистки	шахтной	воды	для	различных	ва
риантов	перфорации	перегородок.

Практическая  значимость.	 Результаты	 ис
следования	позволили	обосновать	рациональные	
геометрические	 параметры	 перфорированной	
области	 поперечных	 вертикальных	 перегородок,	
размещаемых	в	усовершенствованном	отстойни
ке	шахтной	воды.	Внедрение	полученных	резуль

татов	позволит	повысить	эффективность	очистки	
шахтных	 вод	 от	 взвешенных	 веществ	 и	 снизить	
уровень	загрязнения	поверхностных	вод	в	угледо
бывающих	регионах.

ключевые  слова:	 шахтные воды, взвешен-
ные вещества, загрязнение водоемов, горизон-
тальный отстойник, перфорированные перего-
родки, эффективность очистки
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