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THE EPFBCT AND UTILIZATION OF PROTECTION LAYERS3
IX MINE WATER CONTROL
Schmieder, A.
Centrsl Institute for the Development of Mining
1037 Budapset, Mikoviny u. 2-4,, Hungsry

SUMMARY

Movament of water and rock is analysed in the system of aqui-
fer and protection layer in order to reveal the behavior of
the protection layer and to recognizs new mater control
possibilities,

The water inrush process in interpreted from energy azspect,
and process identification is used for deriving the energy

budget equation of water inrushes, and the operation of the
protection leyer. Dynamic properties cof the water flow lead
to the coefficiente of reduction and sesling of the protec-—
tien layer. The derived relationships ars used for discuss-
ing the possibilities of protection layer utilization, the

reinforcement of the protection layer, and the principle

of the "instantan®™ weter conitrol methed.

1. INTRODUCTION

Those rocks hetween aquifers and artificial underground
cpenings, such as mining spaces are definied as protection
layers which are capable of preventing or decreazing water
flow. Their water control role is characterized by their
sealing and reduction effects /Schmieder, 1972./.

The physical phenomena in the protection layer was slmost
uniformly expleined by the initial condition of water flow
in this lsyer. This was chaeracterized by the necessary spe-
cific thickness of ithe protection layer /Vigh, 1949, 1952/,
which can be interpreted as the reciprocal of the threshold
hydreulic gredisnt /Schmieder, 1966, 1970/.

A growing mining depths and the resulting experience have

shown that water flow in the protection layer can be induced

by 2 change of state pertaining to enother energy threshold,
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such 88 the hydrauwlic rock fracture or the hydraulic rock
fgilure. As 2 result, practical conclusion# bused on the
generalization of large-scals exparisence n the lower energy
threshold may noi be welid any more. inrushss through the
proteciion layer are studied now in order to attain a more
general answer %o the opsretion and water control effesct of
the protection layer. In such a way, new araaes of process
control will be & revesled.

2. ENERGY IRTERPRETATION AFD CHARACTERIZATION OF THE WATER
IHRUSH PROCESS

Hining inrush ig8 salled such water inflow which ig siochas-
tic and not artificielly drained.

Mining spaces regerdless to their technelogical funciion
operzia a8 drainage elemeonita. This drainags effect cun be
direct if the opsnings are located in aquifers such as tec-
tonically fractured larstic limestone, dolomite or ore hody.
The dreinsge effeci mey be indirect if the opening ie located
in an adjacent inpermeahle rock such as cosl or marli. Under
such more freguent conditicons water from the acuifer can éun~
ter the opening only if the rezistance of theses adjacent
rocks, the protection laysrs is overcome. This would happen
where the prctection layer bresia®, becomes fractured or ite
previous, smeller fractures expand.

In both cames, & new equilibrium ies rsached by self-regula-~
tiom, a common property of free systems., Self-ragulation is
the spontaneous endevour of meture to restore the energy
equilibrium distorted by mining opeunings in view of the
smallest energy level.

In thiz process, state transition of meterial and ensrgy
transports resuits in minimum free energy of the aystem,
while its entropy becomes maximum due to the dissipation
anergy.

Finally a stsady-siate energy talance i8 reachsd sz ex-
pressed by the Bermoulll eqguation

v2
8 = +
bp 2,

/v

where the first term msans the dissipa®ion energy and the
second one ie the kinetic energy.

1 lack of protection layer equalization starts immediately
8t the smallest pressurs gradient and lasts as long as the
new squilitrium is reached or without drainags the upening
is filled wp and the piszometric head difference, B8, 18 eli-
minated.
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Such water inflowe are called inrushes without reduction
effect. Their smpirical and stutistical behavior /Fig. 1./
that i8, their energy budgst equation can be described for
fractured and karstic rocks by the same general equation:

2
goaaac‘,'fhoq

2/

Terms in equetion /2 can be expanded /Schmieder 1972, 1975/:

q ] R q ; X, q2 Y.
£ 3 in * L5 e 4
S 27 X, X/ Do Jiem/ 34

where q: inrush yield; kii: average aquifer transmissivity;
km: local lamipar transmissivity of the coenduciing fault
zone; R: radiue of ths cone of depression; X, : half distance
of fault zons; A : equivelent radius of inrush.

In the presence of protection layer, conditions of water
fiow are modified: seepage starts if available energy, 8, =
= Hy-Hp is grester than the resistance, E, of the prctecgion
layar againei seepage. If the difference

8, - E, < O /4/

in every point of the opening, no seepage can start, and the
protection layer behsves a8 s perfect sealing structure. If
the snergy difference or ite relative value

=12 /5/

becomes positive sither in a few points or along greater sur-
faces, state transition cccurs, and sespage starts, leading
gooner or later to an inrush,

Winkléner /1303/ enaly®ed mining experience of the Esztergom
coalfield; and showsd that inrushes occur 1in tectonically
fractured and wsakened zones of faults. These findings were
refined on morfologically bases by Vigh and Szentes /1952/
demonetreting that tectonices will denote zones of highest
available snmergy, that is, boundary points of inrush confi-
guration.

If thess zones sre approschsd or crossed by mining openings,

inrushes take place and their frequency graatly depends on
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the protection layer.

In Hungary first Vigh 1950/ showed that the hisher ia the
spacific thicknees of the protection layer,

m_~h

P =2 m/o8r 76/
0,1 L

the smaller is inrush frequency, and above a certain o DO
inrush would occur.

Spatial frequency ¢f inrushes in the Dorog cosl field

n
fP)s 71/

o

decreaser as mpecific protection layer thickness incremses
/Pig. 2./. In eccordance with Vigh’s early findings, the
chance of inrush occcurrence, sr the average coefficient of
cealing becomes negligible above a certain vealue of P
/Sehmieder, 1972/.

At values lower then r<»¥, inrush yizld first increases in
time genermlly, then slgwly ar more rapidly decreases,

¥omt of the inrushee carry more or lees sediment in the initi-~
al period. After a certain time, a new dynamic balance is
formed, sedimentsation i8 miopped, and the inrush yield bacomes
relatively siabls.

After seepage zisrts protection laysr acte za a front resis-
tance, and, serially connscied to the mouifer it may vlay

an 2etive role in snergy dissipation. This effact of the pro-
tection layer ie rczlled the reduecive effect snd a reduced
Field of inrush ocecurs, which can be described by the empi-
rical or statistical energy budget equation similarly to in-
rushss without this reduction.

Observation date can bs axplsined by the foliowing regression
equation

s, = ag + va® /8/

which is eimilar to the energy budget eguation /2/. Curves
start from the origo, and have varions slopes depending on
the reducing effsct. Different slopes pertain to the ztatis-
ticel curves,
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Considering average stabilized yields of inrushes as plotted
againsi the average depth bzlow actual water level, and the
effective thickness of protection layer, the curves start in
increasing distanse from 4he origo /Fig. Y.a./.

The regression equation, that is, the energy budpet equation
was ejpresaed for the mentioned Dorsg example /Schmieder,
1976,

- - - -2 _— 2
& = Tgm +8q + b g + a,fq + By /87

where Tg: the averags threshold gradient for seepapge; m: aver-
age affdctive thickmess of the protection layer; a b : reg-
regsion soefficisnte depending on the protection lgyer?
I¢ is to be emphasized that equation /3/ sxpressing the sto-
chestic relationship holde for the genersl yrocess and not

an actusl ona. The avsrage en2rgy loss in the nrotection layar
ie the sum of proteciion layer resistance E, =nd dissipation
energy in the zone of protection less than »,.
In equation /9/ constant term T,m expresszes that no meepags,
consequently inrush can eccur ug depth below

< =~ 7
30 ~ Yom ,/10/

or 2t specific protecticn higher than

1
VO o -'”—I /11/
[+

This latter valus for Dorog ccalfield ie 4 m/bar.

Where specific protection was less than »,, Beepage occured
and further, in the Dorog coelfield, protection layer exerted
both the memrling and refucing effecie.

3, HEDUCING EFFECT OF THE PROTECTIOR LAYER
The rveducing effect im related to the dissipation enerpy in
the protection layer. 3ince this enerpgy cannot be measured di-
rectly, it cun be characterized by ithe sversre yield reduction

/Fig. 31.b./ or the eversge relstive vield reduction, the re-
duetion coslfisient

PLES @ ammranes /ue/

Reproduced from best available copy



IMWA Proceedings 1982 ABCD | © International Mine Water Association 2012 | www.IMWA.info

for the same aquifer and depih /Schmieder, 1962./. The be-
hevior of ¢/»/ /Pig. 3.c¢./ i8 ths mame as that of T/»/.

Thus, the reduciion cosfficent sxpressmes for & given aquifer,
ths relative yield redustion which is attributed 4o protection
layer resistance.

The ragression squation /Pig. 3.c./ can be written &m the
ratio of average yields expressed from the smergy budget
equations /2/ snd /9/.

Y?/V/’\//'bo_ (1-—’-—)//})/ ’ /13/

bo+b1m

where / / and : coefficients of hydraulie interferemce
for inrushes with ¥nd without reduction effects resp, /Schmie-
der, 1972./.

Equation /13/ shows that reduction coefficients are about
the same for arees of the same depth, geclogic and hydrogeo-
logic conditions and affective protection layer thickness.

In such caree the expected wvalue of the sverage reduced yield
of inrushes can be calculat@d in an analogous way by multi~
plying the sverage yield € of inrushes without reduction ef-
fect and the average reduclion coefficient.

U/ = ¢ /YA, /14/

If_the resistance of the protection layer is characterized by
oy the reduction coefficient can be used for the above ana-
logous computation as long as dynamic conditions for the be-
ginning of seepage do not change.

When dynamic conditions change such qualitative alterations
are possible which may lead to the formation of inrushes
without any reduction effect of the protectim layer.

4. RELATIONSHIP BETWEEN DYNAMIC PROPERTIES OF SEEPAGE
COMMENCEMENT AND YIELD REDUCTION

Most significant chenges occur during hydraulic rock failure
due to the seepage force in the protection layer.

In rocks with small or without cohemion seepage force from
the underlying rock may reach the shearing resistance of the
protection layer. Thie would cause piping feilure,
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The most sevsre condition of hydraulic rock failure ie that
the effective main atress becomes zero as an effect sof the
seepage force

o'z = 0, /15/

or the piezometric head rsachsa the value

= N-n/ .2“_5}?_"_ m N6/

v

In this Terzaghy criterium n iz pore volume and @ and &
are mass denzities of rock and water resp.

If piezometric head graduvally reaches the above critical va-
lue, hydraulic failure and en#ning inrush occur relatively
slowliy. This is the case in deep foundations, or flood level,
If piezometric head is large, as typical to mining operaticne,
hydraulic failure and the resulting inrush occure suddenly as
an explosion with grest deformation velocity. Such inrushes
carry large-smount of sediment, cause conaiderable cavity and
soil erosion.

Similar process takes place not only in cchesionless Boil but
in clay too.

In cohesive soils, the condition for scil failure is again

the diminishing shearing resistance which prevails if asctual
plezometric heed sguals the critical value

+ /1-n/ " v - s/
v

etg §°
&)
§ .8

where c: cheeion; ' > ¢ : angle of frietion; g: acceleration
of zravity.

As an effect of the flow, pipes Tormed in the clay are ex-
panding &8 long as shearing forces osccur on the wall of the
pipes,

An equilibrium is prsached when the shearing streas is stoppad
again and consequenily water erosion is also ztopped. Thism
corresponds tc the state, when ihe reducilon coefficient for
the soil pipe i@ unity /Schmieder, 1977./. -
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®// z\fl AT 718/

ks 8 conmequence, if hydreulic rock fellure causes inrush,
this would fiow without yield reduction.

In the above cars, sand inflow coineldes with water inrush
if the squifer consists of icose sedimsntzry rocks,

Frpirical dets of 240 inrushes in the Vérpslota coalfield are
now used for supperting the sbove principles,

In this ares, thers i= %-20 m thick plastic day layer with
cohenion of 0, %~0, % MPs, underlying the coel mesm. This clay
isyer acis as protsciion layer between coal geam &nd & 5-10
w thick porous media aguifer.

4 8 preindicator of inmrush, clay swells., Next show, then
strongsr Bsepage occurd snd sand inrush takes place. After a
time, inrush yield decreases, water is graduslly clesning,
and the dynemic equilibrium dbetwaen rock and waterie raached,

Obeervation data of inrush yield show that average Sgepage
coefficiesnt caleculated from inrushes sguals with great sccu-
racy the areel sverage values derived from pumping tests. Thias
demonstrates that inrush yield has no reduction effect.

Jimultanecus tot¢el aresl rield of inrushes is proporticnal
to the en=rgy s -E /Schmieder, 1976,/

2/l /8 - % /
R N9/

©

The head difference E_ equals with good approximation the
threahold value caleulated from equation /17/. Since thise
equation does not conaider stresses increasing with depth,
result of the analysie may be explained that compression
stresses increasing with depth and tensile stresses crused
displacements due to the opemings compensate each other throssh
supsrposition.

Since the reducing effect af clay protaction layer irn the
Vdrpalote coalfield was not noticable, the protection layer
acted ss & ssaling ewiruciurs, dscresasing discharge eccording
to the ratio

luz
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N q /~/
ALY w ; /20/
[+
or the average ssaling coefficient:
A w1 - e /21/
&
o

Equation /21/ shows thst the sealing coefficient, in sccor-
dance with /5/, expresszees the ratio of the free energy to %the
total energy.

in case of protection layers with higher cohesion as clays

or maris /Fig. 4.8./, the critical heasd periaining to hydrau-
lic seil failure is higher with ordsers of masnitude than the

sritical value for seft clay. In genersl, %he criticzal wvalus

is considerably greater thanm the one corresgponding to the ex-
pansion of protection layer fractures, which become permeable
through this hydraulie rock fracturing.

This cen be experienced in rock fracturing applied with pront-
ing and in svery case when pors pressurs opens rock {recturea
znd modifies stress conditions,

The process was in-situ investigated in Csordakut and the
Dorsg comifield /Kesmerii ot al., 1980./, further develovning
aariier laboratory analiynes /Xesserdl, 1976./. An important
result of ¢these sxperiments is shown in Pig. 4.b. Accordinge
to the observations meepage gtarted in the marl or clay pro-
tection layers zhen head difference reached the value

B oo O+ Im /22/
9 P
Havra,
&, . Y4 !
R e 4 e -
== P +&of » p By =G,/ cos 2« /23/

is the norwsl siress closing frectures of anglex,’ and(72
are regp. the vertical end horizontal main stresses,
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The experimernt showed that it available enerpy iz leseg than

< valus o aponding to hydraulie rock failure but preater
than the one corresponding o hydraulic rock fracturing,
sxiwting fracturez in the protection layer are opening, and
nay lead 4c¢ imyushes, depsnding on $hsiy conductivity.

Fhere 18 some smount ol ded: ﬁaﬁ% in the pericd beiwssn rock
fracturing and th@ iw& eqm 3 L B2 conseqguence of erc-
eion im the initisl

j ’*a @w syochagtic sm'rnm'
?ﬁu&t;&ﬁ 73/t

expression dees not inw

segrary for fraciure

slesing fractures iun
%5» sverage z2ere 8t ?ﬁt inrugh
“tad on the sverese et the ens

by Pahalﬁ B

= ¥ A j28/

&7

Fhe large amount of obmervations from Vdrsalots and Doros
mainmously demonstrat that inruscesz wnitin ¢
2re ettt 4e low-8tress gonch dus to the h

@

5. JBALIRG COBPPICIERT

EXPreRn s the chance of inruah@ag ag r@~@teé
5 uf the gretertien BE:
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aquifer-protaction layer where the totel yield Q/1/ of in-
rushes ig approximately proporiionsl to the surface ares dus
to the quasi homogenscus tectonic frecturing /Szabsé and Szé-
kely, 1968.; Willems, 1969, 1973.; Kesserd and Willems, 1970./.

Beceuse of this surface proportiomality the total yields of
inrushes st@ﬁmin% {rom verious protection are comparsd for
constent energy ¥, and surface ares. Let us denote ¥, the
averags vield and KQ the average number of inrushes under
given conditions for p= 0, and §/»/ and H/»/ the same for

p=jpoe, Fow the disshargs decressing coelfficient » can be
expressel By

T BA TS
ol IZOL XL it el 25/
% o %

i

that is, a8 the product of the average ccsfficients of seal-~
ing < /L/ end reducing & //.

&y

From egustion /25/ follows
U = Q i S/ re8/

the general hydrsulic modsl of inrushes whose solution cén be
found under differsnt boundary conditions in eariisr papers
/Schmieder, 1972; 19763 1979./.

Cogyaring equations /26/ and /20/, 1t can be seen that for
o/ =

1 the two functions# are the sams, and the sealing co-
efficient

np/

%o

Gl =

21/

expresses the probability of inrush occurrencs.

If resistance B of the proiection layer lecks, that is, the
sealing coefficlent equals to one, then there iz an equal
chance of inyush occurreance in svery point of fault zones in
fractured rocks. The everage areal inrush density is

/xL/ py
N B e
° A=/
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Equation /28/ follows from the energy belsnce sugeiicn, and
& is the mversge mespags ccefficient, L ie the msaryre of
specifio tactonic frecturimg /Milleme, 1971,/ and bm {® the
average locd tranemiselvity of faul¢ zones,

The higher 18 the resistence ¥, of the protecticn laysr, the
smaller i8 the chanse of imrushes, The smpiriesl {resuency
curvs /Pig. 7,

3
32 N
/uff’w’/ = ayp - (m;m;} ;"59{;‘*
&’

has 8 parsseter ¥2F depemding on proteciion lsyer vroperdiss.

A ware exsct intermresstisn o¥ the sesling coeflicient Is
«68ible if ws considsy squaiione /217 emd 27/ and use
Taylor-serien of 27X for =aall veluew of B /a

AV = exp -

@l gowl
8
3

[+

Eguation /307 12 similer to ths Boltzmarm dimtribution of
statistical thermodynemice. According to this unslogy, ssaling
soefficient supresses the ordering of spergy conditions in

the system of aquifsr-orotection layer, they is, ite euntropy.
Frow thie followe that stste transition takes nlace Auring
gelf-regulation in such & way that sntropy, that is, retie
EO/EO increages in & wa¥imum degree.

Egualization oceurs whsn thz sealling coefficient peytaining
to stable stete beeswes zers; or the ratio wiil be 1:

2+ AT
ol ol w ) /31/

e -0%
o T Ta

After vesrrenging sguatiom 731/
LB + AT =5, - F /32/
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tha general mathematical wodel of self-regulation, that is,
the control of sguifer-protsction layer system is resched.

If entropy /3L/ increszes in & spontansous way without humsn
activity self-rsgulation corrasponds to pmssive control.
Otherwige active control will teke place such as siress re-
Guction, gronting, water protection pillers, instantan or
combined protseiion.

. POSSIBILITIES OF IWRUSH CORTROL

a./ One of the mosi generally ussd methods ig sireses reduc-
tion /Pig. 5.8./. Conditions of equilibrium sre that ihe
arount of stress reduction equels to the available energy,
that ie&, equation /32/ holds for svery point.

Aﬂous S /33/

o )

the necsassry smount of discharge to be pumpsd {8 5;/0¢y.

b./ Ancther widely applied control mathod is gronting /Pig.
5.5./., It® primeiple is tc inmcrease the resigiance of the pro-
tection layer

AEO =8 ~E /34/

for the increase of entropy corresponding to the equilibrium.
I? }pe limit case, energy will not change on the avaragse, thus
v/ =0,

Fot only local gronting but coniroel of whole blocks are poa-
sible with aement, fiyash or clay, but & small chance of inruah
ococurrance will ztay in that camse /Schmieder et al., 1975./.

As 8 consequence, in addition to sgronting a pumping station
should alsc be constiructed for the capacity of the expected
maximum inrush yield g,,.//. Subsequent control of inrushes
in spite of gronting nayxbe 8180 necessary, Such methods are
known in passive protection.

A preventive form iz the waier control piliar alons faults,
boundaries etc., miming at sliminating the posaibllity of in-
rushes, or, a8 Fig., S.c. showe, givinz egual chance for the
fault and the undsrlying sguifer. Thim condition is satis-
fied 1f ths sealing coafficient, or sonsequently tha proisa~
tive layer resistance iz isotrcpe.
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Reproduced from best available copy



IMWA Proceedings 1982 ABCD | © International Mine Water Association 2012 | www.IMWA.info

if the condition =f water movement beginning is connected

to the threshold gradient, for multilayer rocks c¢f various
quallty, the equivalent thickness from Bealing aapect can
be expressed by the help ©f the ratio of threshold gradients

I

/31 = oL /35/

IOC

as & product /Schmieder, 1970/.

)

n
=2 fym /36/

1
If a higher energy threshcld governms weter movement beginning,
the equivalsnt thiclmess, ©r the protection of the water con-
trol piller can be detsrmined only by rock-mechenical tools.

c./ A naw, less ¥mown control wethod is the instantan protec—
tion /Kapolyi, 1975, 1576, Kapolyi, Schmieder et al. 1376/,
which utilizes the sizmltaneous change of orotection layer
resistance and aguifer suergy conditions by a planned induc-
ing of inrushes in advance.

The principle of pasgsive conirol is Shat the drainage network
gsorresponds to producing mining spaces. Thus, the aquifsr
ensrgy reduciion, 4 s, &ud the higher resistance, & Ey result
in inrushes inte mining openings. The sguilibrium is express-
ed by equation /32/.

Tha increass of mrotscticn leysr resistance is csused by a
changs of ths set E,. A8 & resull of actual inrushes the
smallest valuse of ?n will be dropped from the sst.Consegueni-
ly, axcept singular 5168 whers inrueghes cccurred tha resis-
tencs relatively incrasses. Available energy is graduslly di-
minishing, and inrushes OCCuUr as long &8 the squilibrium as
expressed by eguation 3%/ ia restored.

This natural procsss is wkl
through the formation & =
from nining opsnings /°

cuts and
mpe Bysie : .ning ac?ivity a
ing of inrushea which would ocour

ngs. This drsi:
3% & controllad prove
®11l means,

anhas decreases
accomplished wo
sysiam is Del
iy minss /Schmisdesr

& high
wsiderable aalra ;
ad for the nsw Nagysgyhs
1978/,
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The nsme "instantan” refers to the simultanesum process of
gtress transformstion during drainamge syztiem eonstruction
then the subsequent sxploration and mining.

d./ An important element of instantan protection if %the post-~
-gronting of inrushse. This method became & control methed in
Hungerian mining after Schmidt /1926/, and umsed mostly for
closing high-yield inrushes /Ajtai st al., 1962./. Some data
1illustrate its sffectivensss,

in the Dorcg co0&lfield the inrueh yield wae higher than ths
everage in 16X among TOO events. This 16% conveysd eome 50%
of the totzl fleow. By posti-gronting the small number of in-
rushes of excess yiald, only 8-10% of the total flow had %o
be pumped,

Past-gronting cen he effscted from the surface /Schmids,
1932; Kassdn, 1948; Albel, 1950; K4dlmdn, 1950; Honvéd and
Schmieder, 1978./ or from mine openinge. This method changes
tiie state of squilibrium, but does not increase considerably
the chance osf further inrushes since the other points of the
protection laysr have larger resisitance EO.

e,/ Economic contrel of the nighest relisbdility can be uchievw
¢d by s proper combinration of the former methods. Thie rcombin-
ed protsciion aims et pumping minimum amount of groundwater
for the neceseary asfaty lavel.

Water ¢able lowsring reguires ihe highest amount of pum?iﬁgw
If water level equals mining level, the expected total flow

is §, with & relativs walue of ™= 1, Under the same condi-
tiens, discharge reduction cosfficientm, expressing the rois
of the protection layer fur the othsr methods sre: o v/ fer
sirsas_reduction Gv>§/ }>/5V for instantan protection,

A fof ¢ /of >/W/"-4/“ §/9/ for combined instantan ead subseguent
gronting, end 7. =0 for combined instenitzn snd regional gron-
ting.

In summariging, phenomens of rock &nd weizr were snalyred in
the system of aguifar-protsciion layer. & uniform physical
view was uszd for considering the operatisn of the protsciion
laysr, end its activs utilisation and sontrol.

It ie cissyr thet protsction layer offsci esn be utillzed in &
complex menuer &ccording o mining experiencs. An inersased
utilizeticn is warranted by frowing mining depths, and mcre
ai{ringeat 20onomic and snvironmental consir ty Schmisdar
and Zessard, 1978; Fchmlieder 1978./. In thip respect groatsst
denanda ace poszd 4o sowbined instantan groizction snd aub-
zsquent groenting, and the reinforoement of the proitection laysy
%0 be zpplisd in naw mines of ths Egcane Program. Counssguenily,
nlgher imphagis ghould be giver jo understandine all imrortant
rrocess and in-situ obsarvatione werifying theoretical reeulis
tased on the above physical visw,
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