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ABSTRACT

In this paper, a new analytical method is developed from original In-Vessel Melt Retention
with the aim of predicting heat load from a two-layer stratified molten pool to VVVER1000
lower head wall under Station Black-Out (SBO) accident accompanied with reactor vessel
external cooling strategy. The MELCOR code is used to study the accident consequence in
order to provide initial conditions for calculation of the new method. The results show that
heat load imposed from the metallic layer exceeded critical heat fluxes of external reactor
vessel cooling water.
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1. INTRODUCTION

In case of core melt accident, it will lead to establish a molten corium pool in lower plenum
if there are not any measures to suspend core degradation and prevent relocation of core debris to
lower plenum. A molten corium pool in lower plenum threatens the integrity of reactor vessel,
and raises concern of radioactivity release. For the first time, a novel strategy [1] has been
proposed with the aim of confining molten pool in reactor vessel, through submerging reactor
vessel in water and sufficiently cooling down molten corium pool through external reactor vessel,
known as In-Vessel Melt Retention (IVR).

The IVR strategy has been, so far, successfully adopted as severe accident management
strategy for low power reactors, namely AP600 [1] and VVER440 reactor [2]. Recently, it has
been introduced for advanced passive high power reactors such as AP1000 [3] and APR1400 [4].
However, these studies also pointed out that, compared to low power reactors, IVR application
for high power reactor was a challenging issue because of higher decay heat power and
complicated accident consequence.

A value used to evaluate success of the IVR strategy is known as the safety margin. The
safety margin is defined by ratio between critical heat flux (CHF), known as capability of
externally cooling ambient, and heat load cause by molten pool along lower head vessel
curvature. For heat load evaluation, along with experimental studies, there have been many
efforts dedicated to develop theoretical methods, such as analytical method [1], numerical
methods [5-7], and lump parameter method integrated in severe accident codes [8-9]. The
analytical method [1], compared to other methods in term of engineering, is simpler and only
calculated for simple 2-demension molten pool configuration. However, it could provide good
results and its calculation is simple, less time consumption and less expensive.
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Recently, the IVR concept has been introduced for higher power VVER reactors namely
VVERG600 [10] and VVER1000 [11-14]. The IVR studies for VVER1000 have been done by
using ASTEC showed that there was not failure of lower head vessel in both Large Break Loss of
Coolant accident [11, 12] and Station Black-Out [13]. In the contrary, the results in [14] by using
MELCOR code presented that there was a failure of lower head vessel in case of LBLOCA plus
SBO. Therefore, before proving final judgment on possibility of IVR application for VVER1000,
it iIs necessary to take more studies on IVR strategy for VVVER1000.

The paper presents an analytical method derived from original analytical VR method
proposed by Theofanous et al., [1]. The new method is, referred as Modified-IVR (MIVR), used
to evaluate heat load along VVER1000 lower head curvature imposed by a two-layer stratified
molten pool in case of SBO accident. The MELCOR code was used to analyze in-vessel accident
consequences from initiation of accident to the failure of lower core support plate. The purpose of
MELCOR calculation is to determine the configuration of two-layer stratified molten pool
formed in VVER1000 lower plenum. The results obtained by MIVR method indicated that the
heat flux distribution on external surface of lower head wall exceeded the critical heat fluxes at
locations contacting to metallic layer.

2. MELCOR INPUT MODEL FOR VVER1000

MELCOR code [8] is an integrated severe accident code, which has been developed by
Sandia Laboratory. MELCOR code can simulate wide range of accidents with a series of
consequential phenomena in light water reactors. Therefore, it will be a good assistant for stand-
alone analytical method in this case.

The VVER1000 reactor is a Russian pressurized water reactor, which consists of four
primary circulation loops, with 3000 MW thermal power and 1000 MW electric power. Each
closure loop comprises a main coolant pump and a horizontal steam generator. The reactor core
consists of 163 fuel assemblies (FAs) and each FA comprises 312 fuel rods; 61 FAs additionally
contain 18 control rods per assembly.

T et R

(CV104)

-
Upper core
(CV103) -

Level 12

[

Levelll

Level 10

Lewvel @
Reactor core

(CV101)

Lewvel 8

(Z01 AD) 103U Ao

(201 AD) 3nuetmoq|

Lewvel 7
Lewvel &

_.-l-'-"—-‘

Y

a
o

Lewvel 4

Lower plenum
Lewvel 3

(CV100)
Lewvel 2
Lewvel l

T ONIY
T ONIY
£ ONIY
¥ ONI
s ONIY
9 ONIM

Figure 1: Nodalization of thermal hydraulics volume (left) and structure inside reactor vessel (right)
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Thermal hydraulics volume of reactor vessel comprises of lower plenum, reactor core,
down-comer, upper plenum, upper head which are assigned as following identifiers CV100,
CV101, CV102, CV103 and CV104 respectively (Fig.1). Radically, the reactor core and lower
plenum are divided into 5 concentric rings and 6™ is for downcomer (Fig.1). In axial direction,
the lower plenum is subdivided into 4 levels, the 5" presents for lower core support plate, the
reactor core is represented from 6" to 11" level, and the 12" level represents for upper core
support plate.

The four circulation loops are modeled separately but have the same scheme. Figure 2
demonstrates nodalization scheme of the first loop including the pressurizer: hot leg is
represented by two control volumes (CV110 and CV111) and cold leg is divided into three
control volumes (CV130, CV131 and CV132); heat exchanger tubes in steam generator are
separated to five stages and each stage is split into two parts such as hot part with red boundary
and cold part with blue boundary; hot collector and cold collector are modeled as control volumes
(CV112 and CV123); pressurizer systems comprises of surge line, pressurizer and relief tank, are
also modeled. The secondary part in steam generator is modeled as a single control volume
(CV101);

3. MIVR and verification calculations
3.1. The model of MIVR

The MIVR is developed from the original IVR model proposed by Theofanous et al., [1].
The original model was applied to evaluate heat load from a two-layer molten pool to
hemispherical-shaped lower head vessel likely AP600 reactor (Fig.5). In this model, the molten
pool completely located in hemispherical lower plenum and heat flow in oxidic pool comprised
of two elements, namely downward and upward (Fig.5). However, for VVER reactors, the semi-
elliptical part of lower head vessel could not cope with the volume of oxidic pool in case of
relocation of total core structure to lower plenum, therefore, part of oxidic pool will occupy the
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volume of cylindrical part of lower head vessel. Hence, in order to apply the original VR model
for VVER reactors, it is necessary to add a component representing for heat flow transferring to
the cylindrical part of VVVER lower head vessel into energy balance equation of oxidic pool.

Therefore, the MIVR model is only different to the original model by an additional
component in the energy balance equation of oxidic pool. Then, the energy partition in oxidic
pool of MIVR is split into three components (upward, downward and sideward) instead of two
components (upward and downward) as in original model. The downward flow represents heat
flow to elliptical curvature, the sideward flow represents to cylindrical part, and the last one is
respect to heat flow transferring to above metallic layer (figure 6). Additionally, the radiation
heat flows from other components to molten pool are ignored in MIVR. Then, the MIVR model
is described as following.

Energy partition in oxidic pool:
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These equations (8), (9), (10) and (11) are iteratively solved to get the values of corium
crust thickness, reactor vessel thickness and then the heat flux to water of external surface of
lower head vessel would be obtained.

Light metallic layer:

Qi = Qup T - 5:;:.:;: = ;_Er R (Ton — 1) (12)
crtop
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The equations (12) and (13) are also iteratively solved to obtain heat flux transferring to
upper metallic layer, crust thickness between oxidic pool and metallic layer, and temperature of
bottom surface of metallic layer. Then, the system of equations (14), (15), and (16) are solved
iteratively, after adapting values obtained from solution of equations (12) and (13), to get upward
heat flux, sideward heat flux and lower head vessel thickness.

&,.(8) &1.,.(8 q..(8)

Figure 6: Energy partition of two-layer stratified molten pool in semi-elliptical shape

Finally, it is assumed that the heat transfer regime from lower head wall to water in cooling
channel is nucleate boiling regime. The heat transfer coefficient is Rohsenow’s correlations [3].

3.2. Verification of MIVR
3.2.1.Benchmark calculation for AP600

In this section, MIVR model is verified by benchmark calculation based UCSB-assumed
final boundary state for two-layer stratified molten pool [1] and ERI input description [3]. In this
calculation, the molten pool entirely locates in hemispherical lower plenum (Fig.5), therefore, the
sideward heat flow will not be taken account in MIVR model. The results obtained from MIVR
are heat flux transferring to water, corium crust thickness and vessel wall thickness, which would

5



be compared to UCSB results and INEEL results given in [3]. The heat transfer correlations in
oxidic pool and metallic layer for MIVR, UCSB and INEEL calculations are presented in table 1.

Table 1: Heat transfer correlation in models

ool/layer Metallic layer Oxidic pool

Top and bottom surface (Globe- | Top surface (Mini-ACOPO):
Dropkin “Specialized”): Nuy, = 0.345R 50233

UCSB Nu = 0.15Ra'/? Bottom surface (Mini-ACOPO):
Side wall (Churchill-Chu): 025
Nu,; = 0.076Ral/?
Top and bottom surface (Globe- | Top surface (ACOPO):
Dropkin): Nuu:: = 2.4415Rp™1772

Niyy = 0.069Ra333proo7e Bottom surface (ACOPO):
INEEL Side wall (Churchill-Chu):

Nu, = 0.0038Ra®3% (f}

H 25
Nug, = 0.1857Ra%230+ (ﬁ)

0.387RaY® 2
N’Hj.d = [0825 + ([1+|:[!|,492.-"P?"}9"I'—5'])i|

Top and bottom surface (Globe- | Top surface (Mini-ACOPO):

Dropkin “Specialized”): Nuy, = 0.345R %232
Nu = 0.15Ra'/? Bottom surface (Mini-ACOPO):
MIVR Side wall (Churchill-Chu): 0.25
Nu,; = 0.076Ral/3 Nug, = CI.EIEISSR&“‘HE(E)
Side wall (Steinberner and Reineke,
1978)

Nu.; = 0.85Ra%?

As seen in figure7, heat flux predicted from MIVR, UCSB and INEEL calculation are quite
different at lowest locations of oxidic pool (between 0 — 35°) and slightly different in the rest of
oxidic pool. The heat flux peak at transition between oxidic pool and metallic layer predicted by
UCSB is highest, whereas this value predicted by MIVR and INEEL was almost similar. For
locations adjacent to metallic layer, MIVR heat flux is highest, and INEEL prediction is lowest.
The remain reactor vessel wall thickness obtained from calculation is presented in figure 8 which
showed wall thickness bounding oxidic pool predicted by MIVR is smallest and INEEL
prediction is larger than UCSB. However, there is significant change in vessel bounding metallic
layer, IVMR prediction is highest and INEEL value is smallest. Figure 9 shows corium thickness
obtained from calculations. At locations between 0 to 50°, USCB calculation is smallest and
MIVR calculation is largest. At the rest locations, calculations are quite similar.

The differences in these calculations may be accounted for the difference in heat transfer
correlations for molten pool, conductivity of corium thickness and vessel wall, and other input
parameters. Comparison results as showed in figures 7, 8 and 9 proves that MIVR correctly
interpreted equations in UCSB analysis.
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3.2.2.Calculation for VVER440

In this part, the MIVR is applied to predict to heat load to VVER440 lower heat vessel by
final boundary state of molten pool configuration with case designated as case 1 presented in
[15]. The basic input parameters of the molten pool are H, =096m, H_ = 0.09m,
H, = 0.455m, heat flux density ¢ = 1.5 MW/m?®, emissivity € = 0.4, initial vessel wall
§ = 0.14 m, liquidus temperature of oxidic pool T™ = 2700K and liquidus temperature of
metallic layer T, ,, = 2700K. Dombrovskii et al. [15] used a combined model, which originated
from numerical model and heat balance model to predict density of heat flux to vessel wall. The
heat load in axial direction of molten pool predicted by MIVR is compared to that of case 1 in
[15] showed in figure 10.

The result showed that the heat densities to vessel wall along with axial coordinate of
molten pool predicted by MIVR at lowest position between 0 to 0.3 m are different to results
predicted by Dombrovskii et al.[15]. In range of height between 0.3 m to 0.95 m, MIVR results
are similar to predictions in [15]. In the cylindrical part of oxidic pool with the range from 0.96 m
to 1.05 m, MIVR calculation showed that the predicted heat load is higher than that of
Dombrovskii et al.[15]. A heat flux peak also was observed at the transition point between oxidic
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pool and metallic layer. However, heat load from metallic layer predicted by MIVR is much
smaller than that of Dombrovskii et al.[15], the peaks are 967 kW/m? and 1540 kW/m?
respectively. In general, heat flux densities imposed from oxidic pool predicted by MIVR were
higher than that of Dombrovskii et al.[15]. This finding partly explained the reason of smaller
heat flux from metallic layer in MIVR was smaller than prediction in [15] in range of height
between 1.05 m to 1.5 m, and the other reasons might come from differences in initial conditions.

The value of increase of heat density to vessel wall at transition point is increased and the
average heat flux on the vertical cylinder is uniform as seen in results obtained from COPO I&II
experiments [16]. Therefore, MIVR has shown the capability of evaluating the heat density
imposing on internal surface of lower head vessel shape like VVER reactors from molten pool.

4.  DEFINITION OF ACCIDENT SCENARIO

The hypothetical severe accident studied in this paper is the SBO accident accompanied
with externally vessel cooling. Following is the main assumption of the scenario:

- Loss of offsite and onsite power including diesel generator and batteries except batteries
for BRU-A valves of SGs;

- Loss of all active safety systems;

- Failure of Emergency Feed Water;

- Pressure of PRZ was controlled by relief valves and safety valves with characteristics in
table 2;

- There was not taken into account main coolant pumps seal leakages;

- Pressure of SGs is control by BRU-A valves to maintain pressure in SGs below 6.7MPa;

- Four hydro-accumulator are available;

- The depressurization for reactor vessel by opening safety valves on top of PRZ and cavity
flooding strategy will be triggered when temperature of steam in reactor core exceeds
650°C;

- With the aim of providing initial parameters for MIVR, MELCOR simulation is stopped
at 15000 seconds since begin of accident.

Table 2: Pressurizer safety valve characteristics

Name Characteristics Design value | MELCOR value
Relief valves | Opening pressure (MPa) 16.0 16.0
Closing pressure (MPa) 15.7 15.7
Safety valves | Opening pressure (MPa) 18.11 18.11
Stage 1 Closing pressure (MPa) 16.67 16.67
Safety valves | Opening pressure (MPa) 18.6 18.6
Stage 2, 3 Closing pressure (MPa) 17.07 17.07

5. INITIAL CONDITIONS OF ACCIDENT SCENARIO

The basic parameters obtained from MECLOR simulation for VVER1000 under steady
state condition are compared to design values (table 3).



Table 3: Comparison of parameters at steady state condition

MELCOR value | Design value
Parameteres
Core power (MW) 3100 3000+210
Primary pressure (MPa) 15.6 15.7+0.3
Maximum coolant temperature at reactor intlet (°K) 567 559.15+2.0
Average coolant temperature at reactor outlet (°K) 596 593.15+3.5
Mass flow rate through reactor core (kg/s) 17650 17 611
Pressure in steam generator (MPa) 6.29 6.28+0.2
Steam mass flow rate at steam generator outlet (kg/s) 420 437

6. RESULTS AND DISCUSSION
6.1. Accident progression from MELCOR simulation

MELCOR code is aimed at providing initial conditions for MIVR calculation. MELCOR
calculation is stopped at 15000 seconds since begin of accident. The main events of the scenario
are given in table 4.

Table 4: The timing of main events

TIME
Main events (second)
Accident happened 0.0
Reactor tripped 1.6
Temperature of steam in core exceeded 650°C 9723.7
Start of HASs injection 9906.6
Start of fuel cladding rupture 10300.0
Massive relocation of core debris to lower plenum 11550.0
Due to failure of lower core support plate
Lower plenum totally dried out 11600.0
Stop of HAs injection 13000.0
Reactor core totally dried out 13050.0
Stop calculation 15000.0

The reactor is tripped after 1.6 seconds since start of the accident. The sudden drop of pressure in
primary loops (figure 11) is a result of reactor shutdown, which reduces reactor power to decay heat
power. Since decay heat continuously heats reactor core which leads to increase of pressure in primary
loop. The fluctuation of pressure (figure 11) in primary loop is due to open and close of relief valves and
safety valves when it reaches to these set points. At 9723.7 seconds, temperature of steam in reactor core
is observed to exceed 650°C, which triggers the opening of safety valves to depressurize for reactor vessel.
The depressurization causes the sharp descend of pressure in primary loop (figure 11).

Before the occurrence of depressurization, water in reactor vessel totally evaporates (figure
12). When the depressurization is initiated, pressure in reactor vessel quickly decreased to below
set points of HAs (figure 11) at 9906.6 seconds. Additional water from four hydro accumulators
(HAS) is partly recovered reactor core (figure 12). However, the additional water from HAs was
not enough to sustain the re-flooding and the reactor vessel secondly losses water completely at
13000s (figure 12).

The oxidation reactions happen at 10000 seconds and the total mass of hydro generated is
nearly 400 kg (figure 13). When re-flooding do not last long enough together with the exo-
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thermal oxidation reactions causes collapse of fuel cladding at 10300s at central of reactor core
(figure 14). Figure 14 demonstrates cladding temperature of core ring 1, the temperature lines go down
to zero means that the cladding structures are collapsed. Following degradation of core structure, lower
core support plate is observed to be failed at 11500s triggering massive relocation of core debris to lower
plenum. Total mass of core debris in lower plenum predicted by MELCOR is given in Table 5.
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Table 5: Mass of debris in lower plenum

Components Mass (kg)
uo2 80600
Zr 19370
ZrO2 7150
Steel 29260
Oxide of steel 5200
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6.2. Results from MIVR calculation
6.2.1. Define initial and boundary conditions

MELCOR calculation shows that lower core support plate failed at 11500s and total
components mass of debris bed is presented in table 5. Temperature of debris in lower plenum at
11500s is assumed at 500 K uniformly and components of debris bed are grouped in two groups
as oxide debris (UO2+ZrO2+oxide steel) and metallic debris (steel+Zr). The thermal
characteristics of debris bed are listed in table 6.

Table 6: Thermo-physical properties of debris [10]

Property Oxide debris Metal debris
A, (W/m.K) 4.0 20.0
€, (I7kg.K) 561 654
2, (kg/m?) 7560 6500
Thig (K) 2700 1750
L (MJ/kg) 0.247 0.279
B, (1/K) 1.0x10™ 1.5x10™
i, (Pa.s) 3.4x107 3.06x10™

The need energy is to liquate oxide debris and metal debris is given below:
Q =m X {Cﬁ' * [T!iq - Ti?‘!i)—i_ L} (17)

From equation (17) and thermo-physical properties of debris, the need energy to liquate
oxide debris and metal debris are 137.68 GJ and 53.32 GJ respectively, total is 191 GJ. Because
all UO2 in reactor core relocated to lower plenum, so the decay heat released in debris bed is
based on core decay heat power from MELCOR calculation (figure 15). A fit function is used to
roughly estimate amount of time when the debris bed is melt into liquid. The fit function is given
following:

P=47176 %t~ %3 (18)

Form equations (17-18), the amount of time is to liquate debris bed since 11500 seconds is
estimated by solving the following equation:

t -3 —
Ji1cop 471.76t7%° = 191000 (19)

By solving equation (19) with taking account of 20% decay lost from volatile product, the
time which debris bed is completely melt at 20700s since accident happened. The decay heat at
20700s is 19.14 MeV and assumed to be generated only in oxidic pool.

The volume of oxidic pool is 12.3 m® whereas volume of semi-ellipsoid head of
VVER1000 reactor vessel is about 7 m* and height (H,) of 0.965 m. The oxidic pool, therefore,
completely occupied volume of semi-ellipsoid head and the remaining volume contacted to
cylindrical part of lower head vessel with the height (Hs) of 0.392 m. The volume of metallic
layer was 7.5 m®, and totally located in cylindrical part of reactor vessel with the height (H;) of
0.56 m. The configuration of molten pool in VVER1000 lower plenum and nomenclature of
physical parameters are demonstrated in figure 6, and the heat transfer correlations for oxidic
pool and metallic layer were presented in table 1. The emissivity of metallic layer is taken as
0.45.
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6.2.2. Calculation results

The thermal distribution along external VVER1000 lower head vessel predicted by MIVR is
presented in figure 16. The results show that there is intensive heat load from metallic layer to lower head
wall from axial height of 1.33 m to 1.89 m. The intensive heat peak is predicted as 1.14 MW/m? The
boundary effect is also observed in oxidic pool at the height of 0.965 m, in which the oxidic pool
boundary changes from elliptic curve to vertical line. At the transition point, there is an increase change of
heat flux trend.

In order to evaluate possibility of IVR strategy for VVER1000 in viewpoint of thermal load, the
critical heat fluxes obtained from experiments on large-scale models of the VVER vessel [17] and from
the external cooling of the vessel with boiling of water in a large volume [18], CHF1 and CHF2
respectively, are also presented in figure 16. The comparison between external heat flux and the critical
heat fluxes shows that the head load imposed to elliptical part of lower head is well below CHF1 and
CHF2 curve, whereas the heat load imposed to cylindrical part of reactor vessel by metallic layer is far
larger than CHF2, and slightly smaller than CHF1.
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The remain thickness of VVVER1000 lower head wall and corium crust thickness bounding oxidic
pool predicted by MIVR are presented in figure 17 and figure 18 respectively. Figure 17 shows that the
smallest remain thickness of VVVER1000 lower head vessel is 3,34cm at locations contacting to metallic
layer. The largest corium crust thickness is predicted as 6,27cm at very bottom of oxidic pool and the
smallest at locations bounding cylindrical part of oxidic pool (Fig.18).

7. CONCLUSION

In this paper, a new IVR analytical model was proposed to evaluate In-Vessel Melt Retention for
VVER1000 under Station Black-Out accident accompanied by support of MELCOR code. According to
obtained results, some conclusions are given following:

- A new analytical model was developed from original IVR model proposed by Theofanous et al,. [1],
referred as Modified IVR (MIVR). The MIVR was verified through AP600 benchmark calculation
and calculation for configuration of molten pool in VVER440 lower plenum [15]. The results showed
that MIVR could be applied to predict the heat load from a two-layer stratified molten pool
establishing in both hemispherical and semi-elliptical lower head vessel,

- Then, MIVR was applied to predict heat load from a two-layer stratified molten pool to VVER1000
lower head wall. The results showed that heat fluxes on external surface of VVER1000 lower wall
exceeded existing critical heat fluxes in this scenario. Therefore, the IVR strategy in this scenario did
not provide safety margin large enough to secure the integrity of VVVER1000 reactor vessel. In the
future, it is necessary to set up new experimental facilities in order to improve capability of cooling
of external ambient for VVVER1000 lower head vessel shaped curvature.

NOMENCLATURES
L Latent heat
Q Volumetric heat generation heat

Qi Heat flux at vessel wall in contact with metallic layer
q.(8) Local heat flux at vessel wall in contact with oxidic pool at angular position

q Average heat flux at boundaries
S Surface area
T Temperature
T+ Water saturated temperature
\Y Volume of oxidic pool
Greeks
g Thickness

£ Emissivity of metallic layer
a Polar angle on the lower head vessel
&, Polar angle of oxidic pool top

g, Polar angle of metallic layer top

b Bulk value

cr Crust value

dn  Downward

I Metallic layer

L Inner metallic boundary value

I,m  Liquidus of vessel wall in contact with metallic layer
I,o  Outer metallic layer boundary value

Lw At vessel wal in contact with metallic layer
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m Liquidus

sd  Sideward

up  Upward

w Vessel wall value
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GIOI THIEU

Trong bai béo nay, mot phuong phap tinh toan giai tich di dwoc phat trién tir mot mé hinh tinh toén
danh gia kha ning giir nhién vat liéu nong chay bén trong thang 10 phan tmg ban dau, v6i muc dich danh
gié tAc dung nhiét tir mot bé vat cht néng chay phén hai tang (I6p kim loai ¢ trén va bé oxit ¢ dudi) vao
thanh thung 10 phan tng VVVER1000, khi xay sy co Mat hoan toan ngudn dién (SBO), c6 &p dung bi¢n
phép 1am mat bé mat ngoai vo thang 16 phan tmg. Chuong trinh MELCOR duoc sir dung dé cung cap céc
dir kién dau vao cho mé hinh tinh toan giai tich. Két qua tinh toan cho thay gié tri thong luong nhiét tac
dung vao vo day thung 10 phan ung VVER1000 vuot qué gia tri thong lugng nhiét tai han cia moi treong
lam méat bén ngoai tai vi tri tiép xdc vai 16p kim loai.

- TUKHOA
Bi¢n phap IVR, VVER1000, MELCOR, SBO, sir ¢4 nghiém trong
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