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Introduction

The first part of this publication was devoted to the review of methods of sustainable design of
chemical-engineering systems (CES), in particular, such important subsystem of CES as water
economy network (WEN).

As already mentioned in the first part of the article, there are two main classes of CES
subsystems sustainable design procedures that deserve the attention: insight-based hierarchical design
methods and superstructural simultaneous design methods.

Exhaustive overviews of the WEN conceptual design methods were presented by Foo (2009)
(as of February 2009) and also by Jezowski (2010) — as of early 2010. This paper, therefore, will
focus on the following points:

a) a brief description of the principles of the conceptual approach, and

b) consideration of development trends of this approach, which have been defined in recent
years.

It should be pointed out that recent review publications in this area are also available (Meng at
al. (2014), Venkatesh (2018)). But they largely covered some aspects of industrial implementation of
hierarchical design methods.

Main stages of insight-based methods of WEN design

The basic principles of the conceptual approach to WEN design and optimization were
formulated by Wang & Smith (1994a, 1994b, 1995). The pre-existing methods of both optimal mass-
exchange networks (Hamad & El-Halwagi (1998), El-Halwagi & Manousiouthakis (1990)) and heat-
exchange networks (Linhoff & Hindmarsh, 1983) synthesis were successfully used in the
development of WEN design ideology. The research vocabulary (including “pinch analysis”™, etc.)
had also been inherited (see, in particular, interesting surveys of the implementation of pinch
methodology by Klemes et al., 2018).

Generally “water pinch analysis” (WPA) is a multi-stage procedure that essentially depends on
the skill, practical experience and intuition of the researcher.

As it was noted in the first part this paper, the WEN design process involves three phases:

1. Input data preparation.

2. Synthesis of the optimal WEN structure.

26



3. Preparation for implementation.

When insight-based “water pinch analysis” approach is applied, the phase of the optimal WEN
structure synthesis includes the following steps:

Step 1. The “targeting stage”: graphical/analytic modeling of the WEN.

Step 2. Optimal network structure design stage.

Targeting strategies

The objective of this stage is to detect the water saving potential (as target) for WEN. In other
words, the goal of targeting is to locate minimum permissible values of fresh water consumption as
well as wastewater generation.

To fulfill that objective the visual representation (by constructing special-form graphs) of all
the WEN constituents is used. An example of such graph/analytic modeling of WEN is the
construction of «concentration vs mass load» diagrams.

It should be noted that mass load is expressed as mass transfer per time (see fig. 1). The mass
load value can be calculated as follows:

Am:f'ACZf'(COUT_CIN)’ (1)
where Am is mass load, f is water flowrate, AC = (COUT -C IN) 1s concentration difference (see fig.

1.

—— e

Cpy H j Process i COUE

\ 4
N

a)

Am is mass load, kg/hr;

C,y is contaminant concentration in inlet water stream, mg/l;

C,yr is contaminant concentration in outlet water stream, mg/l. b) Am
Figure 1 — Concept of water use representation as “‘concentration vs mass load” diagram:
a) water usage process as mass-exchanger; b) — “concentration vs mass load” diagram for a single
water usage process; P— «process technology stream»; W — water stream; Am — mass transferred;
D — driving force of mass transfer.

The idea of equation (1) becomes evident from dimensional analysis:

[kg (of cont) } B [kg (of cont)+ kg (of water) } kg (of cont) )
hour hour kg (of cont)+ kg (of water)
For wastewater as dilute solution (2) can be converted as follows:
[ Lo L) ~
hour | | hour | | litre
In the event that water gains and losses should be taken into account, equation (1) becomes:
Am = fOUT .COUT _]rIN ' CIN - ﬁoss : Closs + figain ! Cgain ’ (4)

where C), is contaminant concentration in inlet water stream; COUT is contaminant concentration

in outlet water stream; C, . is contaminant concentration in water losses stream; C is

0ss gain
contaminant concentration in water gains stream; f; is inlet water stream flowrate; /. our 1s outlet
water stream flowrate; f,, . is water losses stream flowrate; f, ain 18 Water gains stream flowrate.

The «concentration vs mass load» mass-transfer representation of water usage process is known
in the literature as quality controlled, or fixed load (FL) model.
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Example 1. Wang & Smith (1994a) performed the targeting for a simplified WEN (see Table
1), for which the following assumptions were adopted:
a) only water-use mass transfer processes are available (i.e., there are no water treatment as well as
water-cooling processes, etc.);
b) there is only one contaminant in the system;
c¢) water gains and losses are absent;
d) there is only one freshwater source, etc.

Initially, concentration intervals were allocated: the intervals [O;SO]U [SO;IOO]U [1 00;400]u

[400;800] correspond to the limiting values of the concentrations (fig 2, a). Next, the “water profiles”

of individual water users were built (fig. 2, b). After that, for the network as a whole, the limiting
composite curve (fig. 2, ¢) and also the curve (in the simplest case — the line) of water supply (fig. 2,
d) were constructed.

Table 1 — Input data for the WEN synthesis (Wang & Smith, 1994a)

) o . Limiting concentration of
Process Contaminant Limiting concentration of contaminant (process outlet),
number, | mass load, contaminant (process inlet), C
i,CIN °
i m, ., kg/hr Cicw»>mgll
Cicours mg/l
1 2.0 0 100
2 5.0 50 100
3 30.0 50 800
4 4.0 400 800

Water supply line (WSL) begins at the point that corresponds to the contaminant concentration
in fresh water. In this case, WSL begins at the origin of the coordinates. The larger the WSL
inclination value « to positive direction of mass load axis (abscissa), the lower the freshwater
flowrate value. Fig. 2, ¢ shows the limiting case when the angle « is maximal, and the WSL touches
the LCC at the pinch point. With a further increase in the angle of WSL inclination, the mass transfer
becomes impossible due to the negative driving force of mass transfer. At the pinch point, the driving
force of the process is minimal, but not zero. As one can see, the maximum possible angle of
inclination of WSL (i.e, the pinch point) corresponds to 90.0 t/hr of freshwater flowrate. Simple
calculations indicate that the initial parallel-flow WEN structure is characterized by 112.5 t/hr of
freshwater flowrate. That is, due to the synthesis of the optimal WEN 22.5 t/hr of water saving can
be achieved.

The diagram shown in fig. 2 was created for the case of water reuse and recycle. As the first
approximation, such a diagram can also be used for the network containing water regeneration (i.e.,
partial treatment of water). But several papers were specifically dedicated to the methods correct
calculation of the pinch point for the case of partial wastewater treatment (see, e.g., Kuo & Smith
(1998), Feng et al. (2007), Parand et al. (2016), etc.). In particular, Kuo & Smith (1998) used an
iterative procedure for interaction between freshwater and water regeneration areas on concentration
intervals diagram. Mann & Liu (1999) presented the algebraic “Mass problem table” (MPT) targeting
method, which is complementary to limiting composite curves approach from Wang & Smith
(1994a).

An essential problem of pinch analysis is taking into account the several contaminants. To
achieve this goal Wang & Smith (1994a), Mann & Liu (1999) proposed a so-called “concentration
shifting”. The method of graphoanalytical formation of the WEN on the basis of the new concept of
“water balance” (providing for the construction of “water surplus diagrams” — WSD) was proposed
by Hallale (2002). The latter approach is rather difficult to formalize both at the targeting and
synthesis stages. However, there are some references to the computer implementation of WSD using
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so-called “cascade tables” — Water Cascade Analysis (WCA) — see Manan et al. (2004), Wang et al.
(2006), Foo et al. (2006), etc.
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Figure 2 — Graphical/analytic pinch analysis of water usage network (Wang & Smith, 1994a):
a) — presenting water users on concentration intervals diagram; b) — graphing water profiles of
four individual processes; ¢) — constructing composite curve, d) — identifying pinch concentration;
1 - limiting composite curve; 2 — water supply line; PP — pinch point.

In certain cases it is possible to group the contaminants according to their properties. In
particular, Kutepov et al. (2002) used an integral characteristic of the water contamination (chemical
oxygen demand) during the design of WEN of the textile industry. It was hence possible to reduce
the problem to the one-contaminant case. After that, the simplest form of water pinch analysis was
successfully applied.

As already noted, pinch analysis is quite difficult to formalize, and this hinders attempts to
automate WEN design technologies. However, there are some “hybrid” (e.g “algebraic/graphical’)
targeting approaches: so-called Composite Table Algorithm (CTA) Agrawal & Shenoy (2006) and
also the Source Composite Curve (SCC) method Bandyopadhyay at al. (2006a). The purpose of the
Source Composite Curve was to take into account the relationship between water usage and
wastewater treatment processes. An analytical model for the pinch point (concentration)
determination was proposed by Alva-Argaez et al. (1999) & Jezowski et al. (2006), who offered to
perform pinch analysis using so-called “transshipment model” of linear programming. The
mathematical transshipment problem appears as a modification of the classical transportation
problem, with taking into account not only the origins (points of production) and destinations (points
of consumption), but also intermediate points (warehouses).

The problem of water use is regarded as transportation of contaminant from "technological"
flows (i.e., transshipment model’s origins) to water flows (i.e., transshipment model’s destinations)
through the concentration intervals (which function as transshipment nodes).

It should be noted that this approach is similar to how energy transportation is considered during
the heat-exchange networks design Papoulias & Grossmann (1983), as well as mass transportation is
considered during the mass-exchange networks design El-Halwagi & Manousiouthakis (1990).
Namely, the “goods” are transported within the intervals of temperature or concentration from
"producers" (hot or "rich" streams) to "consumers" (cold or "poor" streams).

The algorithms proposed by Alva-Argaez et al. (1999), Jezowski et al. (2006) seems to be used
not only for a single contaminant, but also for a system of several contaminants (see Pungthong &
Siemanond (2015)). The engineering application of these algorithms presented, inter alia, by
Nikolakopoulos & Kokossis (2017).
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It is also worth mentioning source/sink composite curves or “stream mapping diagrams”
(“material recovery pinch diagrams”) approach Dhole et al. (1996), Polley G. & Polley H. (2000),
Dunn & Bush (2001), Hallale (2002), EI-Halwagi et al. (2003); Prakash & Shenoy (2005), Saw et al.
(2011). Source/sink composite curves were built in coordinates «contaminantion vs flowrate» (so-
called “water surplus diagrams” — WSD), for example “total suspended solids vs flowrate”. The idea
is that WEN is seen not as a set of processes (including water users, water treatment processes, etc.),
but as the set of the material (contaminant) sinks and sources. Normally the material sources are outlet
streams of water usage processes. Accordingly, units where the resource is consumed are sinks (fig.
4).

Such a way of WEN representation is convenient for WEN containing water users which is not
mass-transfer (e.g., chemical reactors using water as reagent, water-steam circuits, chemical facilities
as part of eco-industrial parks, some components of urban water networks, etc.).
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Figure 4 — Concept of material source and sink:
P— «process technology stream»; W — water stream; T — transferable resource (contaminant).

The aim of the «contaminantion vs flowrate» diagrams is to identify various possibilities of
single streams interception. The “algebraic targeting” and “improved concentration interval” analysis
techniques (Al-Mutlaq et al. (2005), Bandyopadhyay et al. (2006b), Liu et al. (2007a & 2007b)) as
well as “automated targeting model” (Ng et al. (2009 & 2014), Bavar et al. (2018)) techniques are
computer implementations of source/sink composite curves approach.

The non-mass-transfer representation of water usage process is known in the literature as
quantity controlled or fixed flowrate (FF) model.

It should be also noted that there isn’t always one freshwater supply source. There can be
several freshwater sources (characterized by different water contamination rates) like mine water,
artesian water, etc. And the water sources of “lower quality” are believed to be either free of charge
or very cheap. The “multiple utilities” problem was taken into account by “Limiting composite
curves” approach (Wang & Smith, 1995), as well as by “Water cascade analysis” (Foo et al. (2006)),
and the “Material Recovery Pinch Diagram” approach (Alwi & Manan, 2007), etc. Nevertheless,
none of the above contributions adress the “economic efficiency”. Meanwhile, a “cost factor”
criterion was proposed by Deng & Feng (2011b) in order to obtain economically optimal combination
of water sources used.

Strategies of optimal WEN structure synthesis

At the stage of the network synthesis, all the WEN constituents must be combined in an optimal
way to provide optimum flowrates that were calculated at the previous (targeting) stage. It is
important to note that network design problems may contain several identical suboptimal solutions
and therefore the network synthesis can be recognized as the degenerate problem.

In this regard, the specificity of insight-based approach is the possibility of "step-by-step
upgrading" of the sub-optimal structure of the network (see, for example, papers by Ng et al. (2009),
Prakash & Shenoy (2005), Wang & Smith (1994a), Li & Chang (2012)). An example of such a
"network evolution" is given below (see Example 2).

It should be noted that procedures of WEN structure synthesis differ significantly depending
on the type of water users (i.e. either quality controlled (FL) or quantity controlled (FF) problems).

A so-called “water grid diagram approach” was developed by Wang & Smith (1994a) and also
by Kuo & Smith (1998), Mann & Liu (1999) for the WEN containing mass-transfer water users (FL
problem) — see Example 2.
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Olesen and Polley (1997) presented the “Load table” model approach to realize the optimal
network structure. Unfortunately, this approach can't deal with more than four (or five) water users
as it was based on a special analysis procedure.

Kuo & Smith (1998) also proposed the graphical “Water main method”, under which the “water
mains” were identified and then mass balances were made-out in relation to water mains.

Prakash & Shenoy (2005) proposed the heuristics-based approach for design of water network
containing FL operations (the “three design rules” approach). Extension of the “three design rules”
approach problems can be found in the papers of Deng & Feng (2011a) and Deng et al. (2008).

The “Concentration intervals analysis” approach was proposed by Liu et al. (2007a & 2007b)
as the WEN synthesis tool for “Improved concentration interval table method” mentioned above.

Furthermore, such approaches for FL problems as “Mass content diagram” (Mann & Liu, 1999),
“Water sources diagrams” (Gomes et al., 2007), etc. were proposed.

Francisco et al. (2015) extended the water source diagram approach by Gomes et al. (2007) to
include both FL and FF water users.

Alwi Manan (2007), Parand et al. (2013) provided an original heuristic procedure, which is a
modification of the source/sink composite curves approach by El-Halwagi et al. (2003) for the case
of several freshwater sources in both quality controlled and quantity controlled problems.

Alwi & Manan (2008) presented “network allocation diagram” (NAD) graphical approach (for
quality controlled and quantity controlled problems), which included simultaneous performing both
the targeting and synthesis phases.

Moreover, such FF-oriented approaches as “Source/demand mapping” Polley G. & Polley H.
(2000), “Nearest neighbours algorithm” Prakash & Shenoy (2005), Bandyopadhyay (2006b) “Load
problem table” (LPT) Aly et al. (2005) etc. were proposed.

Example 2. The optimal WEN structure must be synthesized on the base of minimum flowrate
targets (obtained in example 1), using the following heuristic rules (Wang & Smith, 1994a):

— concentration of contaminant for processes that are “below the pinch concentration C”” in
the pinch analysis diagram, must be increased to pinch concentration value;

— water users, which are “above the pinch point” in the pinch analysis diagram, can not use
water with a “less than the pinch concentration C”” of contaminant concentration

The first step is to construct a design grid (fig. 3, b) based on the water pinch analysis diagram
(fig. 3, a).
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Figure 3 — Creating WEN by design grid approach:
a) — limiting composite curve; b) — design grid; ¢) — initial structure of water usage network;
Ui — water user #i.

The design grid (fig. 3, b) and corresponding WEN structure (fig. 3, ¢) involves streams mixing
“inside” water usage processes. In general, such a technical solution can not be realized.
Consequently, the next iteration of the WEN structure creation is required. Wang & Smith (1994a)
proposed a loop breaking technique, which eliminates flows bypassing and mixing. fig. 4 shows the
loop and the result of the loop breaking procedure.
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Figure 4 — Loop breaking procedure:
a) — design grid with the loops defined; b) — design grid after loops break; c) — structure of
water usage network after loops break;
Uj — water user #1.

As mentioned before, the synthesis routines developed for non-mass-transfer problems are
normally unable to handle mass-transfer problems, and vice versa. Nevertheless, Shenoy (2012)
proposed an original approach similar to “nearest neighbor algorithm”. Note that the above-
mentioned algorithm of the nearest neighbor is one of the heuristic methods for solving “travelling
salesman problem” (which is one of the common Operation research’s problems). The approach of
Shenoy (2012) is suitable for solving both quality controlled and quantity controlled problems.

Yet another problem of most water design approaches is the lack of accounting expenses
dictated by “plant geography” (i.e the network topology). This problem (relative to WEN) was first
formulated in Olesen & Polley (1996). Subsequently, more detailed cost-benefit analysis as part of
WEN design process was presented in Alwi & Manan (2006), Rubio-Castro et al. (2010), Aguilar-
Oropeza et al. (2019). Some industrial applications of such an approach can be found, e.g., in
Parthasarathy & Krishnagopalan (2001), Wenzel et al. (2002), Thevendiraraj et al. (2003), Hamad et
al. (2003), Alnouri et al. (2016).

Insight-based methods have a number of advantages. In particular, the visibility of WEN
hierarchical design procedures simplifies inclusion sustainable development concepts to the design
process. According to this, Ku-Pineda & Tan (2006) proposed a Sustainable Process Index (SPI) to
assess the environmental, economic and social implications of implementation of optimized WEN.
To address the similar concerns Statyukha et al. (2009) developed a “Water efficiency index” based
on the concept of “Life cycle analysis” (LCA). The criterion of the effectiveness of the industrial
WEN proposed by Gu et al. (2014), Jia (2015), and Skouteris et al. (2018) is based on the concept of
“water environmental footprint”. Patole et al. (2016, 2017) applied “Composite quality index”, which
is based on a set of indicators, including land footprint, carbon footprint, water footprint, inoperability
risks, return on energy efficiency investments, etc. The weighting factors for individual indicators are
determined by using a well-known hierarchy analysis technique.

Conclusions

A brief analysis of the strengths and capabilities of insight-based methods was performed in
this part of the paper.

It has been twenty-five years since the water pinch approach was introduced. Within this time
period many of its shortcomings have been eliminated. The visibility of “sequential” design
procedures as well as the possibility of taking into account “informal aspects” (e.g. safe conditions of
work, aesthetic considerations, etc.), and gathered designers’ experience resulted in a significant
spread of “water pinch” approach in the design practice.

The third part of the study will consist of an examination of superstructural design methods as
alternative approach to sustainable designing of CES subsystems.
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ITPOEKTYBAHHA CXEM BOJHOTI'O I'OCITIOJAPCTBA 3A ITIPUHIUITIAMMU
CTAJIOT'O PO3BUTKY: 2. «ITIOCIIAOBHI» METOJAN CUHTE3Y
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Jpyea wacmuna nybnaikayii npuceauena o020y CYYACHUX KOHYENmyalbHUx Memooie
RIOMPUMKU NPUUHAMMS NPOEKMHUX PileHb ) CMALOMY NPOEKMYBAHHI NPOMUCIOBUX CXeM B0OHO20
eocnoodapcmea, moomo MmexHONOSIYHUX CXeM B8000CHONCUBAHHS, MEXHONIO2IYHUX CXeM OYUUJeHHS.
NPUPOOHUX MaA CMIYHUX 800. BKrazani KoHyenmyanvHi nioxoou GUCBIMIIOB8ANUC Yy Jimepamypi
MaKoic Nio HA36aMU THMYIMUBHUX, NOCTIOOBHUX, IEPAPXIYHUX MEMOOI8, MOWO.

3adauero cmammi 6Oys awnaniz 3anponoOHOBaHUX Yy Jimepamypi nioxodie 00 peanizayii
KOHYEeNnmyanbHux Memooié cmano2o npoexmyeanusa. byno eudineno 060 6a308i emanu
KOHYeNnmyaibHux Memooié HNpPOeKMYBaHHs — emanu GU3HAYEeHHS KpPUmepio NnpoeKmy6aHHs
(nomenyiany exomomii 600u) ma CuHmesy ONMUMALbHOI CXeMU B0OHO20 20CNO0ApPCMed y
8I0N0BIOHOCMI 00 BU3HAYEHO20 paHiule Kpumepito npoeKmysanHs. BUKOHaHO NOPIGHANbHUL aHAI3
nioxo0ié 00 U3HAYEHHS NOMEHYIAY eKOHOMIL 600U HA OCHOBI epagiunoco abo epagpoanarimuynozo
ONUCY NPOMUCTOBUX CXeM 800H020 2ocnodapcmea. llokazano euxopucmanusa odiazpam «macoee
HABAHMAJICEHHSI — KOHUEHmMpayiay ONsl MACOOOMIHHUX Npoyecié 8000CNONCUBAHHA (MAaK 36aHi
«mooeni (hikco8anHoco HABAHMANCEHHA»), Ma 0iacpam «BUMpPAma — KOHYEHMpayisy Ois
«HEMACOOOMIHHUXY B000CHONCUBAUIE (MAK 38aHi «mooelni ¢hikcosanoi eumpamuy). llokazano
NPONOHOBAHI OOCHIOHUKAMU WLIAXU NOOOJAHHSA OCHOBHUX HeOOJIKI8 KOHYEenmyaibHUux nioxooie —
cnabkoi popmanizoeanocmi ma opicHMOBAHOCHI Ha 00CBI0 MEXHON02A-NPOEKMYBANbHUKA, A MAKOHC
MEmMOOON0ITUHUX NPObAEM Ni0 4ac PO3PAXYHKY MEXHONOIUHUX CXeM B0O0O0CHONCUBANHHSA, OUUUJEHHS
NPUPOOHUX MA CIMIYHUX 800 NPU 8PAXYBAHHI NPUCYMHOCMI Y 8001 KiIbKOX 3A0PYOHIOIOUUX OOMIULOK.
Bucsimneno xapakxmepHi ocodaugocmi ma nepcnexmusu po3eUmKy e6pUCmMudHUx Memooie cunmesy
ONMUMATLHUX CXeM 800HO20 20CNO0APCME, WO 3a0e3neyyioms po3pPaxyHKo8uUll pieenb NOMeHYiaIy
eKOHOMIT 800U.

XapaxkmepHhi npuiiomu peanizayii KOHYEeNMyanbHUx Memooie NPOeKmy8anHs Cucmem 800H020
20Cn00apcmea npointoCmpo8ano NPUKIAOAMU.

Knrouosi cnosa: npoexmysanus XiMIiKO-MeXHONORIYHUX CUCMEM, 600HE 20CHO0APCME0,
8000CNOJICUBAHHS, OYUWEHHSI 800U, NOCHIO08HI Memoou, IEPAPXiYHI Memoou, NiHY-aHAdi3,
onmumizayis
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INPOEKTUPOBAHUE CXEM BOJHOI'O XO34AMCTBA B COOTBETCTBUHU C
IMPUHIUITAMHAU YCTOUYUBOT O PA3BUTHUA: 2. «IIOCJIIEJOBATEJIBHBIE»
METOAbI CUHTE3A.

A. IllaxnoBckuii, A. KButka
HanmoHanpHbll TEXHUUECKUN YHUBEPCUTET Y KpauHbl "KHeBCKU MOIUTEXHUYECKUM HHCTUTYT UM.
Urops Cukopckoro", Kues, Ykpauna, e-mail: kxtp@kpi.ua

Bmopas uacme nybnukayuu noceswena 00630py COBPEeMEHHbIX KOHYENMYAIbHbIX Memo0o08
(U36eCMHBIX MaKHCe NO0 HA3BAHUAMU UHMYUMUBHBIX, NOCIe008AMENbHBIX, UEPAPXULECKUX
Memo008) NOOOePICKU NPUHAMUSL NPOEKMHLIX PEUeHUull 6 YCMOUYUBOM NPOeKMUPOSaHUU
NPOMBIULIEHHBIX CXeM B00HO20 XO3AUCMBd, MO eCmb cXem B8000NompeONeHus, cxem OYUCIKU
NPUPOOHBIX U CMOYHBIX 800.

Ipoananuzuposarnsl npednodcentvle 8 1umepamype nooxoovl K peaiu3ayuu KOHYenmyaibHuix
Memo008 YCMOU4U8020 NPOEKMUPOSaAnUsl KAk HaA CmMaouu onpeoenenus yeau npoekmuposanus —
HOMEHYUANa IKOHOMUU B800bl (Nymem 2paguuecko2o uiu 2papoaHaiumuiecko20 OnucaHus
NPOMBIULIICHHBIX CXeM B00HO20 XO3AUCMBa), MAaK U HA CMAOUU CUHME3d ONMUMAILHOU CXeMbl
B800HO20 X035UCMEA.

Knrouesvie cnoea: npoekmuposanue XUMUKO-MEXHOI02UYECKUX CUCTEM, 80OHOE XO35UCMEO,
s8o0onompe0ienue, O4UCMKA B00bl, NOCA008aAMeNlbHble Memoobl, Uepapxudeckue mMemoobvl, NUH4Y-
AHanU3, ONMUMU3AUUS
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