STIMULATING OIL, GAS AND GAS CONDENSATE PRODUCTION WITH THE 
            HELP OF HYDROGEN THERMO-BARO-CHEMICAL TECHNOLOGY
                                              (TGC-EHR Technology) 
Productive capacity of oil, gas and gas condensate wells depends mainly on deposits’ hydrocarbon reserves and quality condition of the bottomhole formation zone (BFZ), its permeability, which drops when payout beds are penetrated, developed and operated. Several recently commissioned deposits have a natural low reservoirs permeability, which drops even more when wells are developed. Roughly, 60% oil and 40 % of gas and gas condensate is generally considered unrecoverable, and they remain bound with the bedrock.

The developed technology is designed to solve the problem of complete hydrocarbons extraction as well as to increase oil, gas and gas condensate wells productive capacity through active (multistage) impulse thermal-gas-chemical action on the productive bed perforation zone using compositions that contain components of torpedo and rocket propellants together with different combustion and oxidizing mixtures (COM). 

Combustion and oxidizing mixtures, as well as their reaction products are ecologically clean systems (proved by respective certificates, including those of the sanitary and epidemiological service). All chemical compositions are made in compliance with Specifications of Ukraine (SU), and these compositions are the intellectual property of the technology developers.
The made reagents are new high-energy sources of chemically active gas and heat.
They are pumped into the bottomhole formation zone of a payout bed. Inside the bed, the fuel combustion components are initially oxidized under the effect of the in-situ temperature, and later they combust in water without air access, liberating chemically active gases and heat, while other components, like complex nitrate compounds, simultaneously get decomposed. The reactions yield atom and molecular hydrogen, nitrogen and carbon oxides, nitric and hydrochloric acid vapors, which affect the bed and fluid in a multifunctional manner. The basic working medium is hydrogen. It not only possesses an extremely high bedrock permeative capacity on its own, but also increases the bedrock permeability for other gases. A mixture of gases (hydrogen, nitrogen and carbon oxides, acid vapors, etc.) affects the bed. In contrast to existing analogs, the bond of hydrocarbons with the bedrock is disrupted, i.e. the volume of oil and gas recovery increases. Gases create pressure pulses, and the discrete pulse energy exceeds many folds the action of any explosive. New cracks appear in the rock and the existing ones expand. Non-uniform heating with gas provides also for rock particles non-uniform expansion. They change their position to “pin” the cracks and prevent their “closure”, when the in-situ pressure drops. Moreover, the gases condensate in cracks and pores to form hot acids that dissolves the rock surface providing for its permeability increase.

The changes affect both the rock (its permeability increases) and the fluid that saturates it.

The unique properties of new chemical energy sources have been found to ensure selective in-situ treatment of only high-molecular fluid components. The longer the molecules, the easier they get disrupted (their activation energy is less) to benzene and gas fractions. The drilling mud remains are dissolved.
As a result, reservoir porosity and permeability dramatically increase and, respectively, the productive capacity of oil, gas and gas condensate wells also increases due to the following:

- Additional crack formation and possible bed rupture;

- In-situ cracking (hydro-conversion) and pyrolysis of high-molecular hydrocarbons with their transformation into benzene and gas fractions;

- Short-time in-situ combustion of tar deposits;

- Skin-factor decrease; and
- New type of acid-base treatment providing for bed heating and practicable consolidation of loose reservoirs due to rock structure secondary modification.

General hydrogen thermo-baro-chemical treatment of oil beds
BFZ TREATMENT PROCESS
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	STAGE Ι

1. FILL THE WELL WITH WATER
2. LOWER PUMP TUBING TO THE BOTTOMHOLE
3. PUMP IN SOLUTION No.1 (its density is 1.2 to 1.3 g/cm3) KEEPING THE ANNULAR SPACE OPEN
	STAGE ΙΙ

1.LIFT THE TUBING 20 m ABOVE THE UPPERMOST HOLES OF THE PERFORATION ZONE
2. PUMP IN SOLUTION No.2 TILL ITS SPILLING FROM OF THE TUBING (the solution density is 1.6 to 1.62 g/cm3) 
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	STAGE ΙΙΙ

1. LEAVE THE WELL FOR 12 HOURS
2. CLOSE THE ANNULAR SPACE AND INJECT THE REACTION PRODUCTS INTO THE BED. LOWER DOWN THE TUBING TO THE UPPERMOST HOLES OF THE PERFORATION ZONE.

	STAGE ΙV

1. LOWER DOWN THE TUBING TO THE UPPERMOST HOLES OF THE PERFORATION ZONE.
2. CLOSE THE ANNULAR SPACE
3. PUMP-IN SOLUTION No.3 INTO THE BED TO NEUTRALIZE AND REMOVE THE FORMED COLLOID SYSTEMS 


Redox compound components in ready-made suspension solutions belong to the class of complex salts with addition of boron hexoxide and its intermetallic compounds.
The mixing method can be selected depending on the equipment: manually 

Approximate chemical (typical) composition of redox compounds; mass share of the components: 

 - water H2O







13 %.
 - sal ammonia NH4Cl





7 % 
- ammonium nitrate NH4NO3 


 

40 % 
-  carbamide CO(NH2)2 





17 % 
 - boron hexoxide, carboranes, lithium and aluminium borides
B6O, LiB10,  AlB12  






13 % 

- bisodium salt of tetraacetic acid (complexon ІІІ) 


6 % 

- acetic acid CH3COOH





 4 %

The actual component composition is much more complex due to special additives to control the process kinetics (activators, inhibitors and anticorrosive additives).
Depending on the well condition (high-molecular paraffin in pipes and in the rock should be eliminated), the content of boron intermetallic compounds, its hexoxide, carboranes and complexon ІІІ in the redox compounds may vary in the range 0.4 % - 20%.


Redox compounds are transported in plastic drums, Minimum 50-litre drums to be used. 230 liter drum, GOST 26319, Specifications 2297-001-54011141-01, is the maximum limit.

	Process stage
	Outcome

	· The well is killed. The pump tubing is lowered into the current bottom hole. Working solution No.1 (1.3 kg/dm3 density) is pumped into the bottomhole 
	The solution is in the bottomhole and does not react.

	· The tubing is lifted 25 - 30 meters above the uppermost holes of the perforation zone.

Solution No.2 (1.6 kg/dm3 density) is pumped in. The annular space to be closed.

· Acid vapors are formed (the killing fluid also participates in the reaction)  and condensate (immediately in the bed pores).
	Solution No.2 is mixed with Solution No.1. The intermediate components and the basic final products are shown for some chemical reactions of the stage (in green). An exothermal reaction with temperature increase by 80 - 100 ºC occurs.

NaNO2 + NH4Cl =  NaCl + N2 + 2 H2O

NaNO2 + NH4NO3 = NaNO3 + N2 + 2H2O

2NaNO3 = Na2O + N2O5
Na2O + H2O  = 2NaOH

· Decomposition of nitrate carbamide during reaction with water
CO(NH2)2 ·HNO3 = 2NH3 + CO2 + HNO3(gas)

NH4Cl = NH3  + HCl  

· Further decomposition of carbamide (urea)

·  3CO(NH2)2  = 3CO + 4 NH3  + N2
CO(NH2)2  + H2O  = 2NH3 + CO2
Heating of the bottom hole formation zone for 30 -  40 minutes (time-controlled process). 

	· Achieving the temperature of 150 ºС, when hydro-reactive compositions (HRC) start acting. 

· Further temperature increase to
250 ºС.
	Liberation of atomic hydrogen from water.

C3B10H18 + 21 H2O = 3 CO2 + 5 B2O3 + 30 H2 
B6O  + 8H2O  = 3B2O3 + 8 H2  :

a) B6O  + 5H2O  = 6BO +  10H

b) 2BO  +  H2O   = B2O3 + 2H 

c) H + H = H2
Pressure increases. Hydrogen diffuses into the bed and improves its diffusion properties. This hydrogen property is anomalous as many other ones are (see comments). 

	· Dehydration and decomposition of complex compounds.
	Further temperature increase up to 300 - 350 ºС. 

	· Liberation of gases: СО, СО2, N2,NO2, N2O5 (shown in blue), heat-up and evaporation of nitric and hydrochloric acids (hydrofluoric acid may be added).
	A hetero-phase medium:  liquid –gas-vapor - is formed out of active components. It penetrates into the bed. Vapor permeability is significantly higher than that of liquid. This mixture affects the bed bottom hole formation zone (green color stands for the main rock-colmatants). Acids react with the rock and asphalt-tar-paraffin deposits in the following way:
NH3+ H2O = NH4OH

SiO2+ 2NH4OH = (NH4)2SiO3+H2O

SiO2 + 2 NaOH = Na2SiO3 + H2O

Al2O3 + 2NaOH = 2NaAlO2 +H2O
Al2O3 + 6HNO3 = 2Al(NO3)3 +3H2O

Al2O3+6HCl =2AlCl3+3H2O

MgO+N2O5 = Mg(NO3)2
CaO+N2O5 = Ca(NO3)2
(NH4)2SiO3 + 2HCl = 2NH4Cl +H2SiO3
Na2SiO3 + 2HCl = 2NaCl + H2SiO3
Na2SiO3 + 2 CH3COOH = 2 CH3COONa + H2SiO3

The reaction of carbonates with hydrochloric acid is well known. It’s worth mentioning, however, that hot acid treatment is significantly more efficient than low temperature treatment.

Chlorides, nitrates and nitrides are soluble in water and washed out readily.

Carbon dioxide reduces oil viscosity. Carbon oxide is partially transformed into carbonic acid, participates in formation of clathrate compounds and improves the reservoir’s oil permeability. 

	· Temperature, pressure, atomic hydrogen, added catalysts and the rock participate in heavy hydrocarbons cracking and pyrolysis process.
Comments and research results follow the Table.
	Partial asphalt-tar-paraffin deposits’ hydro-conversion and transformation into volatile and gasoil fractions. Carbon further participates in the conversion reaction, especially if stratum water is present. 

	· Decomposition of saltpeter NH4NO3 with oxygen generation 
· In-situ combustion ensures the presence of a unique component in the compound, a polymer nitrile paracyanogen (C2N2)n. Its minimal amount (0.01 %) ensures chain oxidation).
	In-situ combustion in nitriles presence and increased volume of newly formed and combusted compositions ensure further improvement of reservoir properties. Un-reacted hydrogen continues oxidizing. In the reaction:
 (C2N2)n = nC2N2

C2N2 + O2 = 2CO + N2

a) C2N2 + 2 O2 = 2CO + 2O+ N2

b) C + O= CO

c) C + 2O= CO2
interstitial combustion continues. 

The alkalascent medium partially consolidates the reservoir.

	· In 12 and more hours the pump tubing is lowered to the level of the perforation zone uppermost holes. Aalkali medium (NaOH) remains in the bottom hole, which is neutralized by a weak acid solution (neutralizing solution).
	The system is neutralized. The well is developed. 


Some implementation results
The technology was successfully tested at several gas condensate and oil fields in Ukraine and Russia. More than 35 wells were treated. In the majority of cases (88 %), the technology demonstrated a dramatic increase in well productivity and hydrocarbons production. The increase varied from 3 to 15 times.

The first field tests were conducted in 1997. The subsidiary Poltavagazprom treated wells No.9 and No.14 at the Eastern-Poltava gas condensate field, which had been under suspension since 1976 and were commissioned to idling stock. All conventional methods to decolmatage dense low-permeable reservoir proved to be ineffective. 

After treatment in 1997-1998, the well No.9 additionally yielded 35,845,000 m3 of gas and 3,399 t of condensate. In seven months period the well No.14 yielded 22,320,000 m3 of gas and 2,130 tons of condensate. The wells stopped production in 2001, having operated to the year 2000 with practically the same well yield.

As of 1 January 1998, the well No.173 of the Pikhta oil field in Perm Oblast, Russia, had 4t of water-free oil output daily. After treatment and development, the well demonstrated a stable daily yield of 12 tons.

Prior to being stopped, the well No.68 of the Bugrevatovsky oil field (Ukraine) had a daily fluid output of 2.5 tons (80 % of well stream watering). On the third day after treatment, the well reached a stable daily production of 26 m3 of fluid with 20 % water cut.
After thermal gas-chemical treatment in 1999, the well No.24 of the Levintsovsky gas condensate field (Ukraine) demonstrated 10 times yield increase (from 12,000 to 120,000 m3 of gas daily).

After treatment in 2001, the well No.51 of the Korobochkino gas condensate field (Shebelinka field, Ukraine) increased its yield by a factor of 30 (it has been in stable operation to date).

After treatment on 21 September 2001, the well No.1324 of the Yaun-Lorsky field, cluster 445 (Russia), had demonstrated stable operation with an increment of 6 tons of oil daily until being decommissioned in 2007.

Well No.58-88 of the Datsin field (China) was treated on 21.11.2009. By 26.11.2010, the oil output had increased from 2.8 m3 to 15 m3.

Well No.98-84 of the Datsin field (China) was treated on 21.11.2009. Before treatment the liquid inflow was 4.7t. Daily oil inflow was 4.6t. The production was carried out with the help of a sucker-rod pump. In 12 hours after treatment, the well started flowing. The wellhead was plugged, the pressure increased up to 0.6 MPa. Currently, the daily fluid flow rate is 11 tons including 9.2 tons of oil.
· Well No.ххх of Barsy Gelmes oil field ххххх (Turkmenia). It was drilled in March 2008. The well failed to yield the expected oil inflow. There was 2 m3 of fluid with 47% water cut. In January 2009, additional perforation was conducted and thermal gas-chemical treatment performed with no effect. At the moment of hydrogen thermal baro-chemical treatment the fluid yield was zero (Test Certificate dated 29.07.2010). On 04.08.2010 the well was stimulated with the help of hydrogen thermal baro-chemical technology. Since 25.08.2010 and to date, the well has been producing 13-13.5 tons of fluid daily with 9 - 12% water cut. Two other wells, treated in October 2010, reached their rated capacity and increased their yields from 12 to 37 and from 8 to 28 m3 respectively.
The technology was successfully adapted for the wells in the Donbass coal field. The objective was to increase methane outflow in order to reduce its concentration during coal mining and at the same time obtain an important energy carrier for the national economy. The activities were conducted according to the Resolution of the Cabinet of Ministers of Ukraine No. 939 dated July 6 2002. The State Budget funded the operations. On 17 June 2003, the bottomhole zone of well No.НН 5745 of the North Rodinsky area, Krasnoarmeisky site, was treated. After treating the interval of 1,192m - 1,120m in sandy rock with coal layers, the gas factor increased 2 times.

On September 16, 2003, the dead horizon (988m – 1,028m) of the well No.МТ – 301 P, the mine “Chaikino”, “ Makeevugol” amalgamation, was successfully treated.
The reagents used by the technology, as well as the products of their reaction are environmentally clean systems.

Results comparable in effectiveness can be obtained only when using the hydrofracturing technique whose implementation requires special equipment and substantial labor input.

Standard equipment used for capital overhaul is required to conduct the work on the well,:

- a cement pumper (a vessel with a pump for pumping cement);

- seal-tested shut-off valves for injection and suction lines;

- in some cases, standard drilling equipment is needed for tripping operations.

SELECTING the deposit
1. The deposit should not be completely depleted. The potential reserve determines the future yield. Sometimes it is profitable to “extend the life” of an unpromising well in a depleted field to prevent its decommissioning to the idling well stock (which is sufficiently expensive). This problem is a challenging one, particularly in the U.S.
2. The payout horizon should be not less than 500 -700 m deep (at lesser depths the operations were not performed) and represented by terrigeneous rock. There can be carbonate inclusions up to 40 %. Beds with higher carbonates content as well as purely carbonate beds have not been treated yet, though laboratory tests with model samples yielded positive results.

3. The thickness of the payout bed can vary from 1- 2 meters up to 180 meters (bigger thicknesses were not treated). The payout horizon can also be represented by inter layers. If the bed thickness is small, like, 1.5 m, the distance from the bottom hole to the bed floor - the sump -  should be not less than 20 - 25m; however, the sump can be within 200 - 350m (bigger ones were not used). 

4. To implement the technology, proximity of natural water reservoirs are undesirable (subsurface lakes and rivers).

WELL SELECTION
To adapt the technology to specific conditions (selecting the composition of reagents and optimal treatment mode), the following data are required:

· Well design (the diameter of the boring casing and the depth of the tubing);
· Occurrence depth of the pay bed or inter layers;

· Well depth and the position of the current bottomhole;

· Perforation intervals (filters);

· Number of perforations per 1 running meter should be not less than 12-13 holes;

· Brief description of well operation schedules and flow rates (well production history); 

· Hydrocarbons, rocks and  stratum water chemical composition;

· Porosity and permeability of the bed rock (a deposit data can be used); the current static and operating pressure, and temperature;

· Fluid daily yield (condensate, oil, gas, and the condensate factor);

· Information on stratum water proximity;

It is desirable to have brief findings of the industrial agency regarding the causes (geologic and engineering ones) of the unsatisfactory well condition to be corrected.









