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Methane Gas-Hydrates

o 3.
¢ =900kg/m’;
The mass contents of methane G = O, 12

Specific heat of decomposition [ =5 x10°m?2/s?

(melting heat of water ice [ ~3 x10°m?/s?)

T' C Gas - water t
204 W
0
-20
40 Gas — gas-hydrate
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Gas-Hydrate State for the Gas Storage

Mass of the Gas (Methane) in V,=1m3
M=c,G=900x0,11~100kg

Volume of this Gas at the Normal conditions:
o 3
1'=273K, p=1bar, p;=0,7kg/m

V=Mz150m3

o

Cq

In the Gas Tank by V=1 m3 p =~ 200 bar
In Gas-Hydrate state (GH-Tank) by V, = 1 m3 P = 25 bar

Fulerens: Cgy, CgoHgo !
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Likely Locations of World Gas Hydrates
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...Gas-Hydrate is a very large potential
resource, it just needs some very bright
people with new ideas to find the

Distribution of organic carbon solutions. ..
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Gas-Hydrates

Coal, Oil, Gas

i PEAT,
Soil oRrGANIC SEA FLORA,
- INWATER  FLORA otc

Underground Gas-Hydrate Resources:

15— 35000 Tm?

Marine Gas-Hydrate Resources:
30 000 — 8 000 000 Tm3 7?7
Mineral Gas Resources V =200 Tm?3



The Transition Temperature for the Methane Gas-Hydrate on

Pressure
T, C
204 las ‘:aE_OB'%Ea - rnppat
g4 Bopa - nen
-204
40l a3 -rasorugpar Temperature Reserve of a Porous Medium
FE to extract the Gas from the Gas-Hydrate
0 s 100 150 200 P ATM mc(})l l

~ 25K evenform=0,1 (porosity)

T
CC
pc~2 x10° J/m* K
Heat Capacity per volume unit of
«Gas-Hydrate — Skeleton» Porous System

Only by depression we can not to extract the Gas.
HEATING !!!
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“NbIHbK-3PekT” — “PYANK-effect”-
Implosion

Hydrate [
Shell







Warm Water Technologies

a) b)
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Mathematical Modelling

For products of washout For injected warm water
Equations of weights for liquid and gas phases dp() 7
dm ] dz - _pl g+ a(
=2paj;, m;=Swc;0;,, (i=g.l) c
dr" O (-
j. =G, j=(1-G)/, (ag +a, =1, S = 72'(612 —af)z)) ml( )cl = 27’5(1((3 )qg )9

. (@) (=2, () 0
Momentum equation ( —ra. o w p,)

dw d : .
mg =-S dIZ) Scg —2par - 2Pa£+)(1i+) —2pagjw, p"” - pressure in a tube,
)
( —m,+m, p=pla, + P?Oﬂz) 4. -internal radius of a tube,
> g—g
_ 7. - Force of hydraulic friction between
Heat CHHX %qudatlon a flow and wall, referred to unit of its
(mgcg +m,cl) = K dIz) +2naje(T, -T)+2naq,,’ area,
g . . .
) m”, TV, w" - Temperature, mass flow,
+2na,,q,,", speed of water
(c=¢,G+¢,(1-G)) ¢”) - Heattransfer  intensity
Stat ti referred to a unit area of a wall
ate equations of a tube.

c, = const, D= pgRgT



Power and thermal interactions

For injected water

0 (l)
LW ) _ _ -2 ¢" = pO (T — T - _ ANu,
=G T & =(1.821gRe,—1.64) °, (T -1), B AT
©)/8)Re, Pr, 2a”
Nu;: (fc /) ! 12 , PI}:lulcl, Rel: a. pw
1.07+12.7 gﬁ/g(Prﬁ—l) 4 H

For products of washing
. 2 _ . . . A, e
nl=r=E f=(182gRe-164) 7, ¢ =g, =¢ =BTV -T), ¢ =BT-T), p=gm Pr="F

8 ‘ A, A
8)RePr () 1 1 1 N A Nu _ ANu

Ru= -~ %1\ ReZZ(a = )pw’ R pOo @ T E’):2(a al”)’ g ):2(a—a(”)
1.07+12.7w/E_,/8(Pr 3—1) u BB B. Be ¢

Dependence of temperature of a wall in working face from pressure

T,=T.(p),  Ty(P)=Tup+T.1n(p/p)

Intensity of a the Liquid and Gas Production

(=) (+)
qu —( , g = k(aTj
[ or Jq




Evolution of the temperature field in the solid gas-hydrates stratum

______________ (ler/or?on; joe)
Thermal conduction in
a gas-hydrate stratum Boundary condition
pzch%:}“hr_l C raTh , (a<r<wo) T, =1, (r=a) u T=T,, (r=)
ot or\ or
The approximation of temperature around the bag
(Tho _T)
T = . r—a—a,In(r/a))+T
! a*—a—a*ln(a*/a)( v/ )) ‘
Satisfying the conditions Th :Taa (r=a) U Th :Thm %:0, (rza*)

From the equation of a heat balance gjz;rrchp,? (Th —Tho)di” =-2mal, (G_Tj
t

We’ll receive an equation for radius of thermal influencing
o 6alln(a./a)-3a, (af —az)—4(af —a3)+ 6a(a,,<2 —az)
ot a.—a—a,In(a./a)

a.—da

=-12v,

a.—a—a.In(a./a)

oa_q”—q" (o -1,)(a-a.)

Evolution of radius of the bag — g =-1,
ot ool a(a* —a-a, ln(a*/a))

9



Evolution of hydrodynamic and temperature fields
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The temperature of the two-phase stream

pi? = 6MIla, p, =1MIla, T, = 300K

O05Mm, a,=0.1m, z=400m, H =100™

400+
3004
2004

100+

The length of the borehole

o

o

Pressure

The numbers labels = the time, hour



Dynamics of well production (p, = 6MIla, p, = IMIIa, T, = 300K

Depending on initial temperature of the heat
carrier

The yield of gas




eadons Periodic Regime “-%*

""In
ShCiL

Quantity of gas, washed out by the volume of water V,
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R~1m H~10m, t=5-6 hours
AT =10 K;




Energy Balance
for Gas-Hydrate Production

O6L e TennoBble 3aTpaTbl Ha pa3foXeHne rasoryngpaTa, HaxoAsLLEerocs B
eJuH1Le obbema NopucTon cpeapl

Q_, =pcVT +mp,l,

Methane Energy Resource

Q(+) =mp,Gq

AT =10°K, [ =5x10°J/kg, q=4x10"J/kg, m=0.1, G=0.1

O -
0

EFFICIENCY 10




Heat

Depression
Pe < P(s)(Tn)

The solutions with a volume zone of Phase Transition Wave at different values of
permeability

. . / —= —T
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Saturation Shock in Low Permeability Porous Media

with a Surface Jump
s

T/Ty T/T,
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a) b)

a) Disintegrating of the gas-hydrate in a porous medium at simultaneous heating and depression. The lines 1-3
correspond to permittivity of a skeleton k,= 10-13, 106, 10-1" m?;
b) Disintegrating of the gas-hydrate at depression and reductuion of boundary temperature below initial.



THERMAL GAS HYDRATE BOMB

Gas-hydrate of methan: : density %~ 900 Kr/M, The mass contents of gas ~10% (water 90%)

Thermal effect on gas-hydrate stratum through a weak permeable wall:

e
Ta3 + BOJA | ra3orpiapar + ra3 ra3
® @ ® @ 09 5 S @ o
=, & = & @ @ - P
Iy, o @6 @ @Y T G 5 “Tasorwzipar |
2 B2 e, ® o, ®
D @) o G [ cKeneT |
Ba ®e Mg a5 e s

TP=80 Mpa (k = 0)

-
A oo A

p 2 T;: 20C g"

P 30| & z
, p.=5Mlla
1 20 "

AD 1 s

1 10 /
1 %h

P, 1 0 _4 .
Xs x 10 20 30 40 T.(O)

Maximal pressure, arising in the gas-hydrate stratum P A 80 Mlla (ko =0)]1



Two modes of hydrate formation at gas injection
to the wet porous medium

The hydrate is formed only at frontal boundary

FA3
+

rMAOPAT

. D>

The hydrate is formed in a volumetric zone
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a) The near-field region
is held by gas and
hydrate

>
1
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i Pe™  ra3 +
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>
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b) The near-field region
is held by gas and water



Schematic section
of the pipe line

L — laid length, a,— inner radius, a — internal radius of a tube at presence of gas-hydrate layer,
d — Thickness of gas-hydrate layer.



1.5Mm

Shock Wave Production of Gas-Hydrate

V.Y.Dontsov, V.Y. Nakoryakov, A.A.
Chernov, 2007

Water with Freon-12 Gas Bubbles



Experimental (a) and computational (b) oscillograms of pressure and volumetric gas content

Metrics of gas liquid environment in section x = 1M from boundaries of a surface at a wave propagation of pressure in water with
bubbles of Freon-12:

Wave amplitude:

po=0,1MIla; a,=2x103m; a,,=0,107; T,=274K;

AP MIla &, To
5,51 (a) 12 1 Ap = 0,25 Mlla
4,5
3,94
2.5
1,51
] 2
0,51
e — . -
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25 1AP, MITa ®) _
010 = .
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of bubbles —— %% -
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0, 0a =
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] | L} B T L L 1
asJo 0,01 0,02 0,03 5,04 005 } Cc O 0,0t te

The red and black computational oscillograms are obtained with th registratian a51d without the registration of splitting of

bubbles. The splitting takes place, if The current value of a Weber (We = 2ap;v, /o

number at the moment of the maiden

maximum contraction surpasses critical value (W¢>12) The number of pieces is determined from a condition, that the value of
radius after splitting meets condition (We ~ 12)



Experimental (a) and computational (b) oscillograms of pressure and volumetric gas content

po=0,1MIla; a,=2x10m; @, =0,104; T,=274K;

e (a) i Ap = 0,13 Mrla

0,10 ~
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The red and black computational oscillograms are obtained with the reglstratlon and without the registration of splitting of
bubbles. The splitting takes place, if The current value of a Weber (We 2apgv gz/") number at the moment of the maiden
maximum contraction surpasses critical value (We¢ >12)  The number of pieces is determined from a condition, that the value of

radius after splitting meets condition (We ~ 12)
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