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BBenenue
B mocnegnue roasl Bce yaile BBOASTCA B pa3paOOTKy MECTOPOXKIACHHUS C TPYAHO-

M3BJIEKAEMBIMU 3aI1aCaMU YTJIEBOJOPOIHOTO ChIPbs, C HEOJHOPOAHBIMU U PACUIECHEHHBIMH
KoJuiekTopaMu.  [IpuimeHeHHe NOBEepXHOCTHO-akTUBHBIX BemiecTB ([IAB) Ha Takux
MECTOPOXKICHUSIX, B  JIOOBIBAIONIMX CKBAaXXMHAX, SBJSETCS OJHHUM M3  CaMbIX
pacipoCTpaHEHHBIX M A(PQPEKTUBHBIX HHCTPYMEHTOB TMOBBIICHUS HE(TAHYIO OTIAYH.
OKoJIO TpeTH MHPOBBIX 3alacoB YIJIIEBOJOPOJAOB MOXKHO H3BJIE€Yb JHUIIb HPU MOMOLIU
JAHHOW TE€XHOJIOTHUU.

AKTyanpHOCTh pabOThl CBf3aHA C TEM, 4YTO CEPbE3HBIE IOCIEIACTBUSA
HEKaYeCTBEHHOIO TMPUMEHEHHs, a Takxke  OoJbllas CTOMMOCTb CaMOW OIEpalluy,
oOycnaBiuBaeT HEOOXOAUMOCTh MOAEIUPOBaHUs HanbOosee 3PPEeKTUBHON pelenTypbl s
YMEHBIIEHUS! PUCKOB U NOBBIIIEHUS 3()(PEKTUBHOCTU MOBEPXHOCTHO-AaKTUBHBIX BEILIECTB.

Ha cerogusimHuii 1€Hb CyHIECTBYIOT CHOCOOBI MOJENUpPOBaHuUs IeraoyHoro-I1AB-
MOJIMMEPHOTO BO3JCUCTBUS Ha KOI(P(ULUMEHT H3BIECYEHUS HE(DTH, HO OHM OCHOBAHBI Ha
IpsAMOM H3MepeHuu. To ecTh, 3Has CBOMCTBA MOBEPXHOCTHO-aKTHBHBIX BELIECTB, MOKHO
paccuuTarh MNPOTHO3UPYEMBbIH KOIG UIIMEHT u3BIeUeHUs] HEPTH, HO JOCTATOYHO HE
BEJIMKO YKCIIO MPOTPAMMHBIX MPOIYKTOB, KOTOPbIE CUUTAIOT B OOpPATHOM MOPSIKE: 3HAs
HE0OX0aMMBINH KOA(DPUIIMEHT U3BICUYCHHS] HEPTH, PACCUUTATh PEUENTYPY MOBEPXHOCTHO-
aKTUBHBIX BelIECTB. B cBoeil paboTe s paccMaTpuBai0 BIMSHUE OJHOTO W3 OCHOBHBIX
[apaMeTpOB — JJIMHHA YIJIEBOJOPOIHOM LIEMOYKH.

[lenbto paboThl SBISETCS MCCIEAOBAHWE BIUSHUS JJIMHHBL YIJIE€BOJAOPOIHON
LEMOoYKM Ha KodpduuueHt wu3BiedeHuss Hedptu. C MOCHEAYIONMM BKIHOUYEHHEM
pEe3yJIbTaTOB B CO3JaHHME ONTUMAIBHOIO MH(OPMALMOHHOIO MHCTPYMEHTA AJii 00paTHOTO
MOJEIIUPOBAHUSL CTPYKTYPhl MOBEPXHOCTHO-aKTUBHBIX BEIIECTB B THUAPOAMHAMUYECKUX
MOJEJSAX MECTOPOKICHUN.

B nmanHO#l paboTe mpemocTaBiieHbl pe3yibTaThl JaOOPATOPHBIX HCCIICIOBAHUMA, B
paMKax KOTOpBIX OBLIO TMPOBEIEHO CpaBHEHHE 3(PPEKTUBHOCTH BO3ACUCTBUS IIETOYHO-
[TAB-monuMepHbIX COCTaBOB Ha HE(PTAHYIO OTJauy AJISl YCIOBHI M1acTa MECTOPOXKICHUSI.

B pamkax 51a00opaTOpHBIX HUCCIENOBAHUNA JIOJKHBI OBITH PEUIEHBI CIIEAYIOIINE

3aa4H;



1. UW3yuuThb JUTEpaTypy, OCHOBHBIC KPUTCPHH aHAIIN3a TTOBEPXHOCTHO-aKTUBHBIX
BEIIIECTB.

2. OxapakTepu3oBaTh OOIIHE CBEJCHHUS O MECTOPOXKICHHUH.

3. PaccMoOTpeTh METOIMKH MCCIICIOBAHHI TOBEPXHOCTHO-aKTUBHBIX BEILECTB.

4.,  OcyIecTBUTH JJa0OPaTOPHBIC TECTHI MOBEPXHOCTHO-aKTUBHBIX BEIIIECTB.

5. TlpoaHanu3upoBaTh MOJYyYCHHBIC PE3yJIbTAThl, CIIEIATh BHIBOJ O B3aHMOCBSI3H
WIA OTCYTCTBUHU BIIMSIHHS JUTHHBI YTJIEBOJOPOIHOM IIEMTOYKH ITOBEPXHOCTHO-aKTHBHBIX
BEIIECTB Ha He(pTeOTAaqy TIIacTa.

6. TIlpoBecTH aHanMM3 OMACHBIX M BPEAHBIX MPOU3BOJCTBEHHBIX (PAKTOPOB,
BO3HHUKAIOIINX IMPU pabOTe ¢ TOBEPXHOCTHO-aKTHBHBIMHU BEIIICCTBAMH.

7. Paccuntarh SKOHOMHYECKYIO PEHTA0CIbHOCTh HCCIICIOBAHUI IMOBEPXHOCTHO-
AKTUBHBIX BEIIECTB.

3amumaeMoe  MOJIOKEHHWE:  CYIIECTBYeT  3aBHCHMOCTh  MEXAY  JUIMHOW
YIJICBOJIOPOTHON  IICTIOYKHM  TTOBEPXHOCTHO-aKTHBHBIX BEIIECTB U KOAPPHUITUESHTOM

W3BJICYCHUS HEPTH.



AHHOTALIUA
B mocnennue roapl Bce yaie BBOASTCA B pa3paOOTKy MECTOPOXKICHHS C TPYAHO-

W3BJICKAEMBIMU 3allaCaMU YTJIEBOJOPOIHOTO ChIPbS, C HEOJHOPOAHBIMU U PACUIICHECHHBIMU
KoJuiekTopamu.  [IpuimeHeHne mNOBEepXHOCTHO-akTUBHBIX BemiecTB ([IAB) Ha Takux
MECTOPOXKICHUSIX, B  JOOBIBAIONIMX CKBaXXHMHAX, SBJSIETCS OJIHUM U3  CaMbIX
pactpocTpaHeHHBIX U 3(()EKTUBHBIX HHCTPYMEHTOB TOBBIIEHUST HEPTIHOM oTaaun. OK0I0
TPETU MHUPOBBIX 3aIlACOB YIJIEBOJOPOJOB MOKHO M3BJIEYb JIMIIb IIPU IOMOIIM JAHHOU
TEXHOJIOT U U.

JIaHHBIN TUIUIOMHBIN MPOEKT MOCBAILIEH BOMPOCY COBEPIICHCTBOBAHUS IMOAXOAA K
MPUMEHEHUS TOBEPXHOCTHO-AKTUBHBIX BEIIECTB MPU MPOTHO3UPOBAHUU HEDTSHON OTIAUU
IJ1aCTa Ha MPUMEPE MECTOPOxAeHU ToMCKoM 00IacTu.

B nmepBoii WacTM JUIJIOMHOTO TMPOEKTAa MPOU3BOAUTCA 0030p JUTEPATYphl O
PA3TUYHBIX MOJIEIISX, UCTIOJIB3YEMbBIX MPU U3YYCHUU HEPTSIHBIX MECTOPOXKJICHUM. A TakKe
KPUTEPUHN aHAJIN3a MOBEPXHOCTHO-AKTUBHBIX BEMIECTB. B 4aCTHOCTH, MPUBOAUTCA pACUET U
OCHOBHOM mpuHIMN 3akoHa Jlapcu, omuchiBaeTcss Mojeib (QuiIbTpaluud, a TakkKe
rpaHUYaIlHE YCIOBUS.

Bo BTOpo#l uwacTu AWIJIOMHOTO MPOEKTa PacCMaTpPUBAIOTCS OOIIUE CBEACHUS O
MECTOPOKICHUU: reoJioro-reousnveckas XapaKTEPUCTHUKA MECTOPOXKICHUS,
JUTOJIOTUYECKUN M CTpaTUrpa@uyeckuii aHain3 C XapaKTEPUCTUKOU HEPTSHBIX TOJIII.
Oco6oe BHUMAaHKE YACICHO TEKTOHUYECKOM COCTABIIAIONICH U3yuaeMOTro MECTOPOKIACHHUS.

Bo TpeThelt yacTu JUIIIIOMHOTO MPOEKTa PacCMAaTPUBAIOTCS JTAOOPATOPHBIE METObI
WCCJICIOBAHUS, IPUMEHSIEMbIEC TP U3YUYEHUH MMOBEPXHOCTHO-AKTUBHBIX BEIIECTB. AKIICHT
CAelaH HWMEHHO Ha TE€ METOAbl, KOTOPbIE BO3MOXKHO OCYIIECTBUTh B paMKax
HCCIIeIOBATENIbCKOM JIaOOpaTOPUH.

Bo deTBepTOii 4YacTM JUIUIOMHOTO MPOEKTA PACCMATPUBAIOTCS OCYIIECTBJICHHBIC
uccaenoBanus 0 (a3oBOM MOBEACHUM KOMMEPYECKUX OOpas3IOB MOBEPXHOCTHO-aKTUBHBIX
BEIIECTB, O UX (UIBTPAIMOHHBIX XapaKTEPUCTHKAX, a TaKkKe BIUSHUU JJIUHBI
YTIIEBOJOPOTHON IIETTOYKH Ha HEPTAHYIO OT/AAUY.

B mATOoM WacTM MNOABOIMTCA WMTOT MPOBEIECHHBIX HCCIEAOBAHUM, IPOU3BOIAUTCA
CpaBHEHHME TIOJYYEHHBIX PE3YyJbTAaTOB MCCJIEAOBAHUNA KOMMEpPUYECKHUX  0OpasIloB.

[Ipoucxoaut Koppensnus JaHHBIX.



B mecroii 4yacTu paccmaTpuBaeTCs COUMAJIbBHAs OTBETCTBEHHOCTh COTPYIHHUKA
nabopaTopuu, TIpU TPOBENCHUU HcclenoBaHui. OmnucaHbl OCHOBHBIE BUIBI BPEIHBIX H
omacHbIX (AaKTOPOB BIHMAHMS Ha YeJOBEKa M SKoJOruio. OmNucaHbl ACUCTBUS TIpU
YpEe3BbIYANHON CUTYAIWH.

B cegpmoil dYacT OMHMCHIBAaCTCS HSKOHOMHUYECKOE OOOCHOBAaHHME TPUMCHCHUS
MOBEPXHOCTHO-aKTUBHBIX BEHICCTB MpPHU TOBBIINICHUA HEPTSHOM OTIAa4YM IjIacTa, a TaKkKe

MMPUMCHACMOT'O UCCIICTOBATCIILCKOTO IMTOAXO01A4A.



Alkaline-Surfactant-Polymer (ASP) Flooding

With growing global energy demand and depleting reserves, enhanced oil recovery
(EOR) from existing brown fields becomes more and more important. Since most of oil
fields have been under waterflooding, chemical EOR method should be easily implemented
because minimum facilities are needed to add chemicals in injection water. Among
chemical methods, alkaline-surfactant-polymer (ASP) is the most promising method
because it has the synergy of alkaline, surfactant and polymer. In an ASP process, alkali,
surfactant and polymer are added in the same solution slug.

ASP Mechanisms

Mechanisms of polymer flooding

It is well known that when the viscosity of polymer solution is increased, the sweep
efficiency is improved.

Another mechanism is related to polymer viscoelastic behavior. Due to polymer
viscoelastic properties, there is normal stress between oil and polymer solution. Thus
polymer exerts a larger pull force on oil droplets or oil films. Oil is “pushed and pulled” out
of dead-end pores. Thus residual oil saturation is decreased. This mechanism was rarely
discussed until recently.

One economic impact of polymer flooding which has been less discussed is the
reduced amount of water injected and produced, compared with waterflooding [1]. Because
polymer improves the sweep efficiency, less water is produced and injected. In some
situations like an offshore environment and a desert area, water and the treatment of water
could be costly.

Mechanisms of surfactant flooding

The key mechanism for surfactant flooding is low interfacial-tension (IFT) effect. To
discuss this mechanism, we need to first discuss the concept of capillary number versus
residual oil saturation. The capillary number, N., is defined as

u* U 1
N = ®)

where W is the displacing fluid, u is the displacing velocity, and o is the interfacial

tension between the displacing fluid and the displaced fluid (oil). Many experimental data

show that as the capillary number is increased, the residual oil saturation is decreased [2].



A typical capillary number is about 107. To reduce waterflooding residual oil
saturation, the capillary number must be higher than 107. How can we increase the capillary
number? From the definition of capillary number, there are three ways: (1) increasing
injection fluid velocity u, (2) increasing displacing fluid viscosity p and (3) reducing the
IFT . The injection fluid velocity is limited by pump capacity or formation injectivity.
Even though the pump capacity is not a problem, if the injection velocity is too high, the
Injection pressure may be higher than the formation fracture pressure. Increasing injection
fluid viscosity is limited at least by economics, because increasing polymer solution
viscosity needs higher polymer concentration. In reality, we could not use a too high
polymer concentration owing to a solubility issue. The way left is to reduce IFT. It is known
that the interfacial tension between a surfactant solution and oil can be reduced from 20-30
to 10°mN/m. In other words, by adding surfactants, we can practically increase the capillary
number by more than 1000 times.

Mechanisms of alkaline flooding

One mechanism is that a surfactant (called soap to differentiate it from an injected
synthetic surfactant) is generated in situ when an alkaline solution reacts with the acid
component in a crude oil. The reaction equation is

HA+OH > A +HO (2)
where HA is a pseudo-acid component and A-is the soap component.



More importantly, when an alkali is added with a surfactant like in an ASP process,
alkali can reduce the adsorption of surfactant on the grain surfaces. This makes surfactant
work more efficiently and less surfactant needs to be injected. Other mechanisms include
emulsification, oil entrainment, bubble entrapment and wettability reversal [3].

Synergy in ASP

Some incremental oil recovery factors over waterflooding from alkaline flooding,
polymer flooding and ASP flooding from laboratory. The recovery factor from surfactant
flooding was not available. The recovery factors from alkaline and polymer flooding were
10% and 11.6%, respectively. The sum of these factors was 21.6%, whereas the recovery
factor from the ASP was 45.3%. Even we assume the recovery factor from surfactant
flooding could be 15%, the sum of the three processes would be 36.6%, still lower than

45.3%. These data clearly demonstrate the ASP synergy.

Another important mechanism is the synergy between in situ generated soap and
synthetic surfactant. Generally, the optimum salinity for the soap is unrealistically low, and
the optimum salinity for the surfactant is high. When they function together, the salinity
range in which IFT reaches its low values is increased [4]

An incomplete list of the synergies and interactions of ASP may be summarized as
follows.

1. Alkaline injection reduces surfactant adsorption.

2. Alkali reacts with crude oil to generate soap. Soap has low optimum salinity, whereas
a synthetic surfactant has relatively high optimum salinity. The mixture of soap and
synthetic surfactant has a wider range of salinity in which the IFT is low.

3. Emulsions improve the sweep efficiency. Soap and surfactant make emulsions stable
owing to the reduced IFT. Polymer may help to stabilize emulsions owing to its high
viscosity to retard coalescence.

4. There is a competition of adsorption sites between polymer and surfactant. Therefore,
addition of polymer reduces surfactant adsorption, or vice versa.

5. Addition of polymer improves the sweep efficiency of alkaline and surfactants.

6. It was reported that the decrease of liquid production was not only related to the

increase of the viscosity of displacing fluid, but also related to emulsification and



scaling after injection of ASP slug [5]

Screening Criteria

Like any EOR method, before we consider an ASP project, we need to make sure the
resources for the ASP project are available, the project is supported by the company
management, and it meets local environmental regulations.

Formation

Almost all of the chemical EOR applications have been in sandstone reservoirs,
except a few stimulation projects that were conducted in carbonate reservoirs. One reason
for fewer applications in carbonate reservoirs is that anionic surfactants have high
adsorption in carbonates and cationic surfactants are expensive. Another reason is that
anhydrite often exists in carbonates which causes precipitation and high alkaline
consumption. Clays in sandstones also cause high surfactant adsorption and high alkaline
consumption. Therefore, clay contents must be low for a chemical EOR application.

Oil composition and oil viscosity

Oil composition is very important to alkalis and surfactants, but it is not critical to
polymer. Acid number of a crude oil should be high so that alkali reacts with the acid
component to generate soap. However, there is no clear relationship observed between the
ASP performance and the acid number in ASP projects. There is no requirement established
regarding the minimum acid number to apply ASP EOR. Chang stated that the minimum
acid number should be 0.3 mg KOH/g oil [7]. In the Lagomar ASP test in Venezuela, the
acid number is as low as 0.04 mg KOH/g oil . Daging oils have low acid number as well (in
the order of 0.1 mgKOHY/g oil). In these cases, the main mechanism is not related to soap
generation. Instead, the mechanism is related to the reduction of surfactant and polymer
adsorption by injecting high-pH alkaline solution. The role of acid component in ASP
should be more systematically studied. Therefore, the value of acid number is not proposed
in Table 1 as a screening criterion.

Formation water salinity and divalents

Formation water salinity and divalents are critical to ASP EOR. Most of ASP projects
were carried out in low-salinity reservoirs of about 10,000 ppm. Al-Bahar et al. criterion is
50,000 ppm salinity and 1000 ppm hardness. This 1000 ppm hardness is probably too high

and needs extra chelating agents.



Reservoir temperature

The reservoir temperature should be lower than 93 °C for A/S/P projects, but the
average temperature for actual A/S field projects was 27 °C, and the average temperature for
polymer projects was 60 °C although some chemical suppliers state that polymer can be
applied up to 120 °C. Daging reservoir temperature is about 45

°C. The maximum temperature for few Chinese projects was in the order of 80 °C. It
seems that some ASP projects with higher reservoir temperature are being considered.

Formation permeability

High permeability is favorable to ASP flooding, and it is critical to polymer injection.
Simply, polymer may not be able to flow through low permeability formations.
Interestingly, showed that although the criteria for chemical projects is > 10 md, the average
permeabilities in actual projects were 450 md for A/S, and 800 md for Polymer flooding.

As chemical products are improved, the screening criteria will be changed. From the
current chemical EOR technology, extensive laboratory measurements are still needed for
every project. ASP EOR in high temperature and high salinity is a challenge.

Laboratory Work

There are so many kinds of laboratory tests which need to be done that in practice we
could not afford to do every laboratory test needed. These are the minimum laboratory tests
for almost every ASP project. The tests for polymer include the aqueous stability test,
filtration test, and viscosity measurements at different shear rates. To select surfactants, the
necessary test is the phase behavior test using pipettes called the salinity scan test, in
additional to the aqueous stability test. One important objective from such test is to select a
surfactant or surfactants that will generate a very low interfacial tension (IFT), preferably in
the order of 10°mN/m. Apparently, measuring IFT directly in the laboratory was preferred
in China because the IFT measurements were reported in the Chinese literature for their
projects. But selection of surfactants based on the solubilization ratios may be an alternative
to the IFT measurement because we may use Huh’s equations to calculate IFT from the
solubilization ratios. For the salinity scan test, we use a fixed water-oil volume ratio which
Is generally one. For an ASP solution, we need to run an additional test called oil scan in
which the water-oil volume ratio is changed, because alkali reacts with the acid component

in the crude oil and different saturations of oil will result in different amount of surfactant



generated in situ, thus different phase behaviors. The oil scan test results are generally
presented in the called activity map [4]. For a detailed description of these tests, see Sheng
[1]. At the end, core flood tests are needed to see whether a significant oil recovery could be
obtained. Because we only do very limited experiments, a database including measurements
in earlier projects will be very useful.

Generally, all those tests mentioned above are conducted using dead oils because of
difficulty to do the tests using live oils. It is the industry interest to know the effect of
dissolved gas. Few papers reported the experimental work using live oils. And dissolution
of methane dominated the pressure effect.

Numerical Simulation Work

A proper numerical simulation work includes history-matching laboratory core flood
tests to calibrate ASP flow parameters, using the calibrated or upscaled parameters in a
pilot-scale, field-scale or sector model to optimize the injection schemes and to predict ASP
performance, and using both the coreflood scale model and the upscaled model to do
sensitivity studies and perform engineering analysis. A good example of such detailed
simulation work has not been presented in the literature, partly because a good simulator
which captures ASP mechanisms and is user-friendly is not available. UTCHEM, a
chemical flood simulator developed by the University of Texas, is the best simulator to
capture the mechanisms, but it is difficult to simulate a large field-scale case because of
slow computation algorithm (sometimes solutions are not convergent) and lack of functions
to include real geological features. Another weakness of UTCHEM is that it has not been
equipped with visualization package for post-processing analysis.

In old days, a simulator called GCOMP developed by PHH Petroleum Consultants
Ltd. was used in simulating ASP projects. These days, people start to use STARS developed
by Computer Modeling Group. Actually, REVEAL developed by Petroleum Experts may
also be used to simulate the ASP process.

Summary of Pilots and Large-Scale Applications

It is impossible to present detailed project description and results in this paper.
Detailed data are presented in our Chemical EOR knowledge Database. Here we only

summarize the main results of pilots and large-scale field applications.



Single well tracer test before a pilot
Before carrying out a field pilot, generally a single well (chemical) tracer test (SWTT

or SWCT) is conducted. The SWTT is sometimes called chemical huff and puff. During a
SWTT, a slug of ASP solution is injected in a well and the oil saturation before and after the
chemical injection is measured. The main objective is to see how much oil saturation can be
reduced. Generally polymer is not added in the slug. Such test is less expensive, but there is
an uncertainty in estimating oil saturation, and limited information regarding interwell
connectivity, sweep efficiency and injectivity can be obtained. When a field pilot is
conducted, more expensive observation wells may be drilled.

Summary of ASP projects

About 21 ASP field pilots and large-scale applications have been reported with
performance data so far worldwide. These projects are listed in Table 2. Note that other
combination processes such as alkaline-surfactant (AS), alkaline-polymer (AP) and
alkaline-surfactant-polymer-foam (ASPF) are not included in this review. The former
Soviet Union was active in chemical EOR, but the current status is unknown because field
case studies have not appeared in the modern English literature. Thus the Russian projects
are not included in this review. Among these 21 ASP projects, 12 projects were carried out
in China, 6 in USA, 2 in India and 1 in Venezuela. All the projects were carried out in
onshore reservoirs except the Lagomar project in Venezuela which is in offshore. It was
also reported that ASP flooding was conducted recently in the Elk Hills field in California
and the Taber South in Canada, but the detailed results are not available. The Marmul field
has been put in polymer flooding. It was reported that an ASP pilot is being planned.
Mangala was reported to have an ASP project [6]. Several papers have been presented about
the design and preparation of the offshore ASP pilots in two fields, St. Joseph in Malaysia
and La Salina in VenezuelaThe field status was not reported in the literature.

Most of the field ASP projects were conducted in either five-spot patterns or inverted
five-spot patterns. The Lagomar pilot was in an inverted seven-spot pattern; the Jilin Hong-
Gang pilot was in an inverted 13-spot pattern; and the Sa-bei was in a four-spot pattern.
Most of the pilots were in small scales with a few injectors used. The largest ASP project so
far was the Xingbei Xing-2-Zhong project in Daqging with 17 injectors and 27 producers.
The average values of important parameters are listed in Table 1.



All the ASP projects were carried out in sandstone reservoirs. For chemical EOR in
carbonate reservoirs, many polymer projects were conducted in 60s — 90s. During this
period, there were only a few surfactant-polymer (SP) projects, but no ASP project was
reported. From 1990s — 2000s, no chemical flood projects were reported, except four
surfactant stimulation projects reported

Injection scheme and amount of chemicals injected

The injection schemes and amount of chemicals injected in all the ASP projects are
shown in Table 3. A typical ASP injection process has three slugs: pre-slug, main ASP slug
and post-slug. The function of a pre-slug is to inject polymer solution for profile
improvement. Sometimes, alkaline slug is injected as a pre-slug. Its objective is to remove
high- concentration divalents to avoid association of these divalent with the subsequent
surfactants. Sometimes, the injected alkalis can react with divalents so that insoluble
precipitates are generated. The precipitates reduce permeability; thus sweep efficiency is
improved, as suggested by Sarem [10]. This process is known as mobility-controlled caustic
flood (MCCF). However, as shown in Table 3, not all the projects had pre-slugs. The
average injected pre-slug pore volume (PV) was 9.7% PV and the average polymer (P)
concentration was 0.145 wt.%.

The main slug consists of alkali (A), surfactant (S) and polymer (P). The average
injection concentrations of these chemicals were 1.25 wt.% A, 0.27 wt.% S and 0.135 wt.%
P, respectively, and 30.8% PV was injected.

After the main slug is injected, if only water is injected, the water will finger into the
main ASP slug, because water mobility is much high than that of ASP slug. To avoid the
fingering, a post-slug of polymer is injected immediately following the main ASP slug. In
some cases, a graded or tapered scheme that is an empirical model The reason is that the
chase water would have less opportunity to break through the polymer slug ahead of it if the
polymer slug is large. The average injected post-slug was 24.2% PV and the average
polymer concentration was 0.08 wt.%. In general, incremental oil recovery over
waterflooding would increase with the amount of chemicals injected [11], also as shown
later in Fig. 3. Although post-slug polymer flooding is more practiced, for the same amount
of polymer to be injected, analyzing field data indicated that placing polymer in the pre-
slug was better than placing in the post-slug [12].



The total chemical injected can be described by the injection pore volume multiplied

by the chemical concentration. For all the projects, the injected alkali, surfactant and
polymer averaged 43.16, 9.44 and 5.25, respectively, if both the PV and chemical
concentrations were in the unit of percentage (%).
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Figure — 3 — Incremental oil recovery factors versus the total amount of weighted chemicals

Field performance

injected

The incremental oil recovery factors over waterflooding available for the projects are

shown in Fig. 1.
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Figure — 1 — Incremental oil recovery factors available for the projects and their average



The average incremental recovery factor was 21.8% OOIP. The decreases in water
cut after ASP injection available for the projects are shown in Fig. 2. The average decrease
was 18% OOIP. Fig. 3 shows the incremental oil recovery factors versus the total amount of
weighted chemicals injected. The total amount of weighted chemicals is calculated by the
weighted sum of alkali, surfactant and polymer injected in pore volumes multiplied by their
respective concentrations. The weights for A, S and P are 0.1, 1, and 0.5, respectively,
which is based on their approximate prices in the market. In this figure, the highest amount
of chemicals injected in the Yumen Lao-jun-miao field is not included. The figure shows
that with more chemicals injected, higher incremental oil recovery factors were obtained

overall.
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Figure — 2 — Decreases in water cut available for the projects and their average

Only limited data are available about produced chemical concentrations. The
normalized produced alkali, surfactant and polymer concentrations were 0.07, 0.05, and
0.38, respectively. The normalized concentration is defined as the produced concentration
divided by the injected concentration.

Project Economics

Fig. 4 shows the available chemical cost per barrel of incremental oil from the
surveyed ASP projects.
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Figure — 4 — Chemical costs in actual ASP projects

The average was about $6/bbl. We further did an estimate based on 21.8%
incremental oil recovery and the average chemical slug sizes and concentrations from actual
ASP projects as reported above. The chemical costs are from Chang et al [7]. The results are
shown in Table 4. It shows that the average chemical cost is $4.93/bbl which is line with the
actual average cost. This is only the chemical cost and the facility cost and operation cost
are not included. If the chemical costs are changed, we can simply use this table to have an
estimate. When ASP is injected, less water will be produced. Here the cost saving from less
water injection is not included.

Chemicals Used

For the 21 ASP field projects surveyed, Na,CO;was used in 14 cases, NaOH was used
in 6 cases, and NaOH and Na,CO; were combined in one case. In earlier projects, NaOH
was used in Daging projects. Silicate precipitates are generally hydrated, flocculent, and
highly plugging even at low concentrations. Carbonate precipitates are relatively granular
and less adhering on solid surfaces [8]. Thus sodium carbonate shows less degree of
permeability damage in the presence of hard water under similar conditions. Moreover,
carbonate scales can be successfully removed at production wells by acidizing or by using
inhibitors, but no long-term treatment exists to control silicate-containing precipitation. This
is probably one reason that sodium orthosilicate was not frequently used in chemical
flooding.

As the scaling problem was experienced in some projects, the weak alkali was more

and more used. To minimize the corrosion and scale problems associated with inorganic



alkalis. The organic alkali is derived from the sodium salts of certain weak polymer acids.
No field test using organic alkali was reported.

Different surfactants were used in the field ASP projects. The surfactants used
included ORS-41HF, ORS-46HF, ORS-62, a bio-surfactant, OP10 and CY1 (local Chinese
products), BES (an anionic surfactant), lignosulfonate, KPS-1 (anionic surfactant which was
a local Chinese product), dodecyl sulfobetaine (DSB), YPS-3A (local petroleum sulfonate),
Petrostep B-100, TDA-13PO-SO., and Cx.. 10S. Some cosurfactants were used, for
example, isobutanol (IBA), N-butanol, and isopropyl alcohol. In terms of chemical EOR in
carbonates, much more surfactants were tested in laboratory and some were used in fields.

Only in one case was a biopolymer, xanthan, used. In the rest of projects, HPAM type
of polymers were used. The commercial names of these polymers included 1275A, 3530S,
Alcoflood 1175A, and Pusher 700.

Water Quality

In Daging ASP projects, fresh water was used initially. In some cases, produced
water was re-injected at later stages of the projects. Hernandez et al. (2003) proposed that
the water to be used in the ASP preparation should meet the following requirements:

e Suspended solids limit: < 0.5 ppm, 5 ppm for k < 100 md; 10 ppm for 100 < k <300;

15 ppm for 300 < k < 600; 20 ppm for k > 600 md [12]

e Particle size: < 5um (the size of filters used water source lines in Daging was 20 pm.)
e Dissolved oxygen: < 20 ppb (50 ppb required in China)

e Total hardness (Ca2+ and Mg2+): <10 ppm

e |ron concentration (Fe3+): < 1 ppm (0.5 ppm in Daging)

e Microorganisms and bacteria control

The oxygen content in solution should be low. However, dissolved oxygen in the
Daging mixing and injection system was high, and it seemed that such high oxygen did not
cause serious problem. Daging sand has 0.25% pyrite and 0.5% siderite. These minerals
effectively removed the dissolved oxygen within a day and in a short moving distance from
injector. Similarly, the dissolved oxygen content (3-8 ppm) in the Suriname Tambaredjo
polymer project might not cause a serious problem because the sand had up to 12% siderite

and pyrite.



Salinity Gradient

In surfactant flooding, it was believed that a negative salinity gradient was needed.
The negative salinity gradient means the salinities of pre-flush water slug, surfactant slug,
and post-flush slug (polymer solution and/or water drive) are in descending order. The
negative salinity gradient was proposed based on the relationship that the optimum salinity
decreases as the surfactant concentration is decreased [4]. Because of surfactant adsorption
and retention, the surfactant concentration will be decreased as the surfactant solution
moves forwards. If the optimum salinity decreases with surfactant concentration, then the
optimum salinity also decreases as the surfactant solution move forwards. Thus, the
decreasing salinity will be consistent with the decreasing optimum salinity so that the
optimum salinity is maintained as the surfactant solution move forwards. As Sheng
discussed, some surfactants exhibit higher optimum salinity as the surfactant solution is
diluted. In other words, the surfactant optimum salinity will be increased as the surfactant
solution moves forwards [1]. Following the same reasoning, we would need a salinity
gradient opposite to the negative salinity gradient (positive salinity gradient).

The reasoning for the negative salinity gradient is that a higher-salinity slug forms an
oil external microemulsion which has a higher viscosity so that it would mitigate surfactant
fingering ahead. One problem to form a high-salinity slug ahead of the surfactant slug is
that a pre-flush water slug of a high salt concentration needs to be injected in an originally
low salinity reservoir. This will result in an additional cost for the project.

Sheng did simulation study to investigate this issue. He found that the negative
salinity gradient is not necessary [1]. He also proposed an optimum salinity profile which
has the following characteristics:

. The optimum salinity is within the optimum phase type which corresponds to

the highest oil recovery, not necessarily within the type 11 microemulsion.

o The optimum salinity must be used in the surfactant slug.

o Two guard slugs with the same optimum salinity are placed immediately before

and after the surfactant slug. The optimum salinity in the guard slug before the

surfactant-polymer slug is preferred but not mandatory.

o The salinity in the post-flush must be below the lower salinity bound of Type

I1.



His simulation results show that the optimum salinity profile can always lead to the
highest oil recovery compared with different salinity schemes, especially higher than that
from the corresponding negative salinity gradient (12.3% higher in the simulation results).

It is known that the optimum salinity of the soap in situ generated by alkaline reaction
with the acid component in a crude oil is lower than that of a synthetic surfactant.
Therefore, in the beginning of an ASP flood, as the crude oil saturation is higher, the
optimum salinity of the mixed surfactant system will be lower so that it would be easier to
have an over-optimum system. If the formation water salinity is higher than the optimum
salinity in the surfactant slug, salt diffusion will lead the surfactant system much highr than
the optimum salinity, which is not desirable.

Problems Associated with ASP Flooding

Common operational problems in an ASP project are low injectivity, polymer
degradation, difficulty to separate produced water from oil, pump failures, bacterial growth,
corrosion, problems related logistics and handling, especially in an offshore environment
[13]. This section discusses some issues resulting from ASP applications, including
produced emulsion, chromatographic separation, precipitation and scaling.

Produced emulsions

Stable emulsions can be formed in surfactant, alkaline, and even in water injection. In
water injection, stable emulsions can be formed because crude oil has natural emulsifiers
such as asphaltene. In surfactant injection, surfactant reduces the water/oil interfacial
tension so that stable emulsions can be formed. In alkaline flooding, stable emulsions can be
formed because alkali reacts with crude oil to generate in situ surfactant (soap). Although
polymer helps to stabilize emulsions, it cannot form emulsions with oils. According to their
structures, there are four types of emulsions: W/O, O/W, W/O/W and O/W/QO. Sometimes,
W/O/W and/or O/W/O are called multiple types. Generally, W/O emulsion was much more
stable than O/W emulsion [1].

Emulsification is an important mechanism in alkaline flooding [3]. In other words,
emulsion in ASP flooding could improve oil recovery. reported that emulsification
increased the oil recovery factor by about 5% in their corefloods. Many wells in Daging

ASP applications showed that if the produced fluids were more emulsified, the decrease in



water cut would be higher. The disadvantages of emulsification are that it increases
Injection pressure and decreases water injection rate and liquid production rate. It also can
cause difficulties in transportation and oil/water separation. In a Shengli Gudong ASP pilot
test started in 1992, it was difficult to separate water from oil even though the weak alkali
Na,CO; was injected. Overall, the advantages of emulsions appear to be greater than the
disadvantages [9]

Chromatographic separation of alkali, surfactant and polymer

Fig. 5 is the effluent concentration histories of an ASP slug injection. The vertical
axis shows the normalized concentrations of polymer, alkali and surfactant. The horizontal
axis is the injection pore volume. First we can see that polymer broke through first, then
alkali followed by surfactant. Second, each maximum relative concentration depended on
its retention or consumption in the pore medium. The maximum polymer concentration was
1, the maximum alkali concentration was 0.9, and the maximum surfactant concentration
was 0.09 in this case. Third, their concentration ratios in the system were constantly
changing. In other words, the chemical injection concentrations will not be proportionally
decreased.
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Figure — 5 — Effluent concentration histories of polymer, alkali and surfactant

Because of the inaccessible pore volume (IPV), polymer may even transport faster
than the aqueous phase. Polymer will break though earlier than surfactant and alkali. In
general, actual effluent concentrations and breakthrough times depend on their individual

balance between the injection concentration and the retention or consumption.



To have the ASP synergy, the three components should transport at the same velocity.
We cannot get rid of IPV or change retention too much to solve the separation problem.
What we can do is to change the injection concentrations. Here is a simulated example.
Initially, the injection scheme is 0.5 PV slug of 0.7% Na,CO,, 1% surfactant and 0.15%
polymer. Fig. 6 shows the pH which represents alkaline concentration, and surfactant and

polymer concentrations of the produced fluids.
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Figure — 6 — Concentration histories of the produced fluid at the initial injection

concentration

Polymer breaks through first, followed by surfactant and alkali.

If we only change the alkaline concentration from 0.7% to 1.8 %, keeping the other
injection concentrations and the slug volume same as the initial case, the produced
concentrations are shown in Fig. 7. Now the alkali and surfactant break though the
production end at the same time, although polymer still transports ahead of them. This
example demonstrates that we can change injection concentrations to solve separation

problem.
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Figure — 7 — Concentration histories of the produced fluid when alkaline injection

concentration is increased

Facility problems

Because of scaling problem of ASP solution, the average work life of screw pumps in
Daging ASP flooding was shortened to 97 days, compared with 375 days in polymer
flooding and 618 days in waterflooding [14].

Other facility problems associated with ASP are related to polymer viscoelastic
behavior. Because of polymer solution viscoelastic behavior, when polymer solution flows
into a branch line (at a tee section), a “pulling force” tries to pull the solution back into the
main supply line. This pulling force increases with the increase in velocities of the branch
and main supply lines. The velocity in the branch line oscillates, when the triplex pump
pumps. The oscillation of the velocity changes normal stress and extension viscosity, thus
causing the pump vibration. The solution was to increase pipe size [14].

The polymer solution causes a larger blind area in the bottom of a maturation tank,
which makes mixing more difficult and consumes more energy to mix polymer solution.
Re-design of the mixing blades mitigated the problem. For beam pumps, polymer solution
enhances the sucker-rod eccentric wear. The centralizers were used to solve the problem
[14]



Table 1 — Summary of screening criteria for ASP

paper

. . Well
Proposed by po (cP) | So(frac.) | k (mD) T (°C) Sa';?}:g???gg Tots:n) DZ\F/)ZI;T Lithology | Clay sz;i)ng Aquifer | Gas cap
Lake et al. 1992 <200
Taber et al (1997a,b)| <35 | >0.35 >10 <933
Al-Bahar et al. 2004 | <150 >50 <70 50,000 1000 Sandstone | Low No No
< 200,000 if TR< 60
Dickson et al. 2010 | <35 | >0.45 | >100 <93.3 |°C,<50,000if Tr> 60
°c
. Weak in
From ASP projects 12.9 0.3 473.0 52 7993 178 | Sandstone | Low | 403.6 few cases No
Proposed in this <50 | >023 > 50 <95 < 50,000 <100 | Sandstone | Low | <656 Weak Weak

In the table, W, is oil viscosity, S, is oil saturation before ASP, T, is reservoir temperature.




Table 2 — Summary of ASP projects worldwide

Ca#se Field Country Startdate | P* | I* References
Daging Sa-zhong-xi . can. Wang et al., 1997; Gao et al., 1996; Li et
1 (S-ZX) China 01-Sep-1994 | 9 | 4 al. 1099
Daging Xing-wu- . an. Wang et al., 1997; Han, 2001; Wang et
2 zhong (X5-2) China 29-Jan-1995 | 4 | 1 al.. 2006
Daging Xing-2-xi . can.
3 (X2-X) China 28-Sep-1996 | 9 | 4 | Wangetal., 1998
4 g’}g)”g Sa-bel-1xi | pina | 15-Dec-1997 | 4 | 3 | Wang etal., 1999a
Daging Xing-bei
5 xing-2-zhong (X2- China 01-Apr-2000 | 27 | 17 | Lietal., 2003; Wang et al., 2006
Z)
Daging Sabei-bei-2- . At
6 dong (SB-B2-D) China 03-Oct-2004 | 4 | 3 | Wanetal., 2006
. . At Qu et al., 1998; Song et al., 1995; Wang
7 Shengli Gudong China 01-Aug-1992 | 9 | 4 etal, 1997
. i . 01-May- Yang et al., 2002; Cao et al., 2002;
8 Shengli Gudao-xi China 1997 13| 6 Chang et al., 2006
Gu et al., 1998; Delshad et al., 1998;
9 Karamay China 22-Jul-1996 | 9 | 4 | Qiao etal., 2000; Han, 2001; Chang et
al., 2006
10 | Jilin Hong-gang China 01-Sep-1997 Zhang et al., 2001
11 | Zhong-yuan Hu- China | 12-Jan-2000 | 5 | 5 | Jiangetal., 2003
zhuang-ji
12 | vumen Laojun- China | 01-Mar-1994 | 4 | 1 | Wangetal., 1999b
13 Cambridge USA 01-Feb-1993 Vargo et al., 2000
14 West Kiehl USA 03-Dec-1987 Clark et al., 1993; Meyers et al., 1992
01-May- .
15 Tanner USA 2000 2 | 1 | Pittsetal., 2006
16 Mellot Ranch USA 01-Aug-2000 | 3 | 2 | http://www.surtek.com/mellottranch.html
17 Lawrence USA 01-Aug-2010 | 6 | 12 | Sharmaetal., 2012; Dean, 2011
18 Sho-Vel-Tum USA 4 |1
19 Lagomar Venezuela Manrique et al., 2000; Hernandez et al.,
2002
20 Viraj India 10-Aug-2002 4 Pratap and Gauma, 2004
21 Jhalora India 07-Feb-2010 1 | Jainetal., 2012

P and | means the number of producers and injectors.
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Table 3 - Injection schemes and amount of chemicals injected in ASP Projects

Total chemicals, PV x

Pre-slug Main slug Post-slug Conc.
A, P, P,
Case ID PV,% | P,wt% | PV, % wt% | S,wt% | wt% PV, % wt.% A S P

Daging Sa-zhong-xi (S-ZX) 32.0000 | 1.2500 | 0.3000 | 0.1200 | 28.3000 | 0.0600 | 40.00 9.60 5.54
Daging Xing-wu-zhong (X5-2) 37.0000 | 1.3100 | 0.3200 | 0.1400 | 30.8000 | 0.1100 | 48.47 11.84 | 8.57
Daging Xing-2-xi (X2-X) 3.7500 | 0.1284 | 45.6000 | 2.9000 | 0.4560 | 0.2074 | 0.2000 | 0.0872 | 132.24 | 20.79 | 9.96
Daging, Sa-bei-1-xi (S-B) 47.5000 | 1.2000 | 0.2700 | 0.1800 | 20.0000 | 0.0800 | 57.60 12.96 | 10.24
Daging Xing-bei xing-2-zhong (X2-Z) 12.8000 | 0.1538 | 45.4000 | 1.0200 | 0.1800 | 0.1400 | 20.0000 | 0.0800 | 46.31 8.17 9.92
Daging Sabei-bei-2-dong (SB-B2-D) 4.0000 | 0.1400 | 50.0000 | 1.5400 | 0.2100 | 0.1800 | 20.0000 | 0.1400 | 77.00 10.50 | 12.36
Shengli Gudong 5.0000 | 0.1000 | 40.0000 | 1.5000 | 0.3800 | 0.0900 | 10.0000 | 0.0500 | 60.00 15.20 | 4.60
Shengli Gudao-xi 9.7000 | 0.2000 | 30.9000 | 1.2000 | 0.3000 | 0.1700 | 5.0000 | 0.1500 | 37.08 9.27 8.07
Karamay 33.7000 | 1.4000 | 0.3000 | 0.1300 | 16.6000 | 0.1000 | 47.18 10.11 | 6.04
Jilin Hong-gang 18.0000 | 0.7500 | 0.0600 | 0.1500 13.50 1.08 2.70
Zhong-yuan Hu-zhuang-ji 0.1500 0.5000 | 1.5800 | 0.0800 0.1000

Yumen, Lao-jun-miao 28.0000 ?AS)Z 17.0000 | 4.7000 | 12.6000 52.0000 | 0.0810 | 95.86 | 214.20 | 4.21
Cambridge 30.7000 | 1.2500 | 0.1000 | 0.1475 | 29.7000 38.38 3.07 4.53
West Kiehl 25.0000 | 0.8000 | 0.1000 | 0.1050 20.00 2.50 2.63
Tanner 25.1000 | 1.0000 | 0.1000 | 0.1000 25.10 2.51 2.51
Mellot Ranch 30.1000 | 1.0000 | 0.1000 | 0.1300 | 20.0000 30.10 3.01 3.91
Lawrence 25.0000 | 1.0000 | 1.7500 | 0.2200 25.00 43.75 | 5.50
Sho-Vel-Tum 10.0000 | 2.2 (A)* | 30.0000 | 2.2000 | 0.5000 | 0.1000 | 50.0000 | 0.0276 | 88.00 15.00 | 4.38
Lagomar 35.0000 | 0.5000 | 0.2000 | 0.1000 | 15.0000 | 0.1000 | 17.50 7.00 5.00
Viraj 20.0000 | 1.5000 | 0.2000 | 0.0800 | 30.0000 | 0.0400 | 30.00 4.00 2.80
Jhalora 30.0000 | 2.5000 | 0.2500 | 0.1500 | 30.0000 | 0.0800 | 75.00 7.50 6.90
Average (rank and percentile) 9.7000 | 0.1450 | 30.8000 | 1.2500 | 0.2700 | 0.1350 | 24.2000 | 0.0800 | 43.16 9.44 5.25
* Alkaline pre-slug.




Table 4 — Estimation of chemical costs for a typical ASP Process

Item Chemical Slugs
Pre-flush | Mainslug | Post-flush

Slug Size, PV (one unit volume) 0.097 0.308 0.242

Polymer, ppm 1450 1350 800

Alkaline Agents, % 1.25

Surfactants, % 0.27

Alkaline cost, USS/Ib 0.12

HPAM Cost, USS/lb 1.03

Surfactant cost, USS/Ib 2.2

Incremental oil, %00IP 21.8

Chemical Slug Costs, USS/bbl 0.23 437 0.32

Total chemical Cost, USS/bbl Inc. Oil 4.93




3akioueHue
[enbto HacTosEel pabOTHI SIBUJIOCH UCCIICIOBAHUE BIUSIHUE JITTUHHBI

YIJIEBOJOPOAHOM LENOYkd Ha KodpouuueHT wusBiaedeHus Heptu. C
MOCJEAYIOIIUM  BKJIKOYEHHEM pE3yJbTATOB B CO3JAaHUE ONTUMAJIBHOTO
UH(GOPMAIIMOHHOTO HHCTPYMEHTA JJIsl 0OpaTHOTO MOJEIUPOBAHUS CTPYKTYPbI
IIOBEPXHOCTHO-AaKTUBHBIX  BEUIECTB B  T'MAPOAMHAMHYECKUX  MOJEIAX
MECTOPOKICHUM.

JUis  JocTuKEeHWsT JaHHOM 1enu  Oblla  TOCTaBJI€Ha  CETKa
7a00paTOPHBIX ~ SKCIEPUMEHTOB ISl JEMOHCTpaiuu  3(P(HEKTUBHOCTH
Bo3sericTBUS MIENOYHO-ITAB-nioIMMepHBIX cMeceil Ha HEPTAHYIO OTAauy s
YCJIOBUH I1JIACTa MECTOPOXKIACHUS.

B pamkax 11a0opaTOpHBIX  HCCJIEIOBAaHUN  OBLIM  TOJIYYCHBI
CJIEAYIOIIUE PE3YJIbTATHI:

1. MW3yuena  nuTepaTypa, OCHOBHBIE  KpUTEpUUM  aHaIMU3a
ITOBEPXHOCTHO-AKTUBHBIX BEIIECTB.

2.  OxapakTepu30BaHbI OOIIUE CBEJACHUS O MECTOPOKICHUH.

3. PaccMoTpeHbl = METOAMKM  WCCIEAOBAHWNH  MOBEPXHOCTHO-
AKTHBHBIX BELIECTB.

4. mpoBeneHbl J1a0OpaTOpPHBIE TECThl MOBEPXHOCTHO-aKTUBHBIX
BEILIECTB.

5. [Ipoananm3upoBaHbl MOJyYEHHBIE PE3YNbTAThI, CAEIAH BBIBOJ O
B3aMMOCBSI3M WJIM OTCYTCTBUM BIIMSHHUS JUIMHBI YIJIEBOJOPOAHOM ULEMOYKH
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA HEPTEOTAaUy IJIaCTa.

6. [IlpoBeneH aHaiM3 OMACHBIX M BPEIHBIX MPOU3BOJICTBEHHBIX
(GakTopoB, BO3HUKAIOUUMX TpU paboOTe C TMOBEPXHOCTHO-AaKTHUBHBIMU
BEILIECTBAMH.

7. PaccunraHa »KOHOMHYECKas pPEHTA0CIbHOCTh MCCIICIOBAHUI

MMOBCPXHOCTHO-AKTHBHBIX BCIICCTB.



[Tomy4yeHHbIE pE3yJIbTATBl KAYECTBEHHOMW M KOJMYECTBEHHOM OLIEHKU
3G ()EKTUBHOCTH BO3JACUCTBUS CMECH IMOBEPXHOCTHO-AaKTHUBHBIX BEIIECTB Ha
HE(TAHYIO OTJa4y BBIIBWIM BBIPAXKEHHOE TMOJOXKHUTEIBHOE BIHUSHHUE Ha
KO3 PUIIMEHT BbITeCHEHUST HEPTH. A TakkKe TMO3BOIWIA KAa4eCTBEHHO
OLICHUTH BJIMSHUE JJIMHBI YTJIEBOJAOPOJHON IEMOYKM Ha HEPTSIHYIO OTHauy
wiacta. CpenHsis 1O KOJOHKE o0Opa3noB He(TsHAas HACHIIIEHHOCTD
YMEHBIIWIACH NIOCIe 3akayku [TAB-nionmMepHOi KOMIIO3UIMY B MpeIesiax OT
10 o 20%.

beina oOHapyxeHa 4eTkKas B3auMOCBS3b JUIMHBI YIJIEBOJOPOAHOU
LENOYKU M 3HaueHue kod(pduuuenta usneueHuss Hetu. C pocToM ITMHBI
YIIE€BOAOPOJIHOM LEMOYKH BO3PACTAET 3HAUEHUE HEPTAHON OT/Ia4YM IUIACTA.

B xone mpoBeneHus paboT, ObLI INPOBEAEH pacyeT 3KOHOMHUYECKOU
peHTabeNbHOCTH uccienoBaHuii. Takum o00pa3oM, NPUMEHEHUE JaHHOTO
pe3yabTara B MCCIEAOBAHUSX IO3BOJISIET COKOHOMUTH A0 70% Oromxkera

IIPOCKTa I10 HOII60py ITOBCPXOCTHO-AKTUBHBIX BCUICCTB MJIsSI MCCTOPOKICHUA.



