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Since 2009, the Kharkov Institute of Physics and Technology is working towards the development of equipment
and methods for testing the materials for reactors SCWR (STCU project P4841). Supercritical water convection loop
with a vessel, which is exposed to electron irradiation of the electron accelerator LU-10 (8...10 MeV, 10 kW), pro-
vides an opportunity to study corrosion and mechanical damage of sample materials. Small quantity water sample
(1...3 ml) dispenser is designed for sampling the water out of the loop which is under 23.5 MPa pressure.

PACS: 29.20.Ej; 82.33.De

INTRODUCTION

For the experiment, the hydraulic scheme of convec-
tion loop CU-EITF (Fig. 1) was designed, which should
perform the following functions:

- Initial increase of pressure in the system up to
23.5 MPa.

- Monitoring and measurement of pressure up to
30 MPa in the loop.
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- Measurement of the amount of fluid flowing in
heating loop.

- Pressure stabilization at 23.5 MPa + 0.2 MPa.

- Sampling of water (1...3 ml) from the system un-
der pressure of 23.5 MPa.

- Chemical analysis of the water coming from the
loop (pH measurement and oxygen content).

- The degassing and decontamination of the water,
and feed it back into the system at a given speed.
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Fig. 1. Hydraulic circuit loop CU-EITF at the time of experiments 20.07-20.08. 2012

1. DISPENSER CONSTRUCTION

The control rack for the loop was made (Fig. 2). The
right side of the rack is control panel for system man-
agement. Left side performs the functions:

- mechanical purification and degassing;

- discharge of excessive water;

- pumping and pressure maintaining;

- chemical analysis.

Before starting the experiment, the loop was filled
with distilled water. Water poured into a loop through
the lower tube that would avoid the formation of air
pockets. Then using the pump Smartline Pump 100-
V5010A (capacity of 0.001 to 10 ml/min and a maxi-
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mum pressure of 40 MPa) (Fig. 3) the pressure in the
system was raised up to P = 23.5 MPa.

During heating the loop, pressure rapidly increases
(up to ~ 0.1 MPa/s) due to thermal expansion of water.
Excessive water is discharged from the loop in order to
allow further pressure increase. The amount of dis-
charged water is controlled by "block measuring the
amount of the flowing fluid".

After reaching the desired temperature and pressure
in the system, water selection and water injection,
switches to closed loop.

Next, the water injection was carried out as follows:
after passing through the 4-channel degasser Knauer
Online Degasser V7620 (decontamination performance
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up to 10 ml/min) (Fig. 4). The distilled water was sup-
plied to the loop through 1/8 inch capillary using Parker
pump Smartline Pump 100-V5010A with adjustable
speed from 0.001 to 10 ml/min.

Fig. 2. General view of the control rack

Smartline Pump 100
V5010A

Fig. 3. Smartline Pump 100-V5010A

Knauer Online Degasser
V7620
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Fig. 4. Knauer Online Degasser V7620

Sampling of water is performed through the capil-
lary 1/8 inch Parker and mechanical filter 5 microns
Parker. Due to the complexity of implementing the con-
tinuous collection the pressure, it was decided to use a
discrete dispenser Smartline Valve Drives S6 (Fig. 5) in
combination with throttle and expansion vessel (Fig. 6)
with volume V =4 ml filled with helium. Helium is
used because of its low solubility in water comparing to
other gases (Fig. 7).
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Smartline Valve Drives S6

Fig. 5. Digital dispenser Smartline Valve Drives S6
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Fig. 6. Expansion vessel with helium

Fig. 7. Solubility of the helium -He- in water

The principle of operation of the scheme is as fol-
lows: expansion vessel filled with helium through a dis-
crete dispenser Smartline Valve Drives S6 connected to
the loop in position «I» and during the pressure increas-
ing, water fills the pressure expansion vessel, and com-
presses the helium. When the pressure reaches up to
P = 23.5 MPa, electronic circuit switches the dispenser
in position «L», that water (~ 3...3.5 ml), from the ex-
pansion vessel, by compressed helium through the capil-
lary was dropped to the open container in which the
chemical analyzer WTW Multi 350i SET is placed
(Fig. 8), and then returns the dispenser in position «I».

L
Fig. 8. WTW Multi 350i SET
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Thereby, the pressure in the system drops
~0.2...0.4 MPa (Fig. 9). At the initial stage of the ex-
periment, when the temperature and the pressure in the
loop grows fast ~ 0.1 MPa/s, the water dropped from the
loop manually, by button placed on the electronics
scheme system via the nozzles of the dispenser. For
further protection, on the monitoring system installed
mechanical emergency valve Relief Valves (RH4 Se-
ries) Parker and and the pressure sensor is triggered
when pressure exceeds 27 MPa.

Fig. 9. Pressure fluctuations in the sst using
discrete dispenser

2. WATER'S CONTROL PARAMETERS

In August 2012 with the help of the LUE-10 accel-
erator held four sessions of exposure 16 (8+8) samples
Inconel 690 and Zr in a convection loop (see Fig. 1).
Loop mode of operation — (P = 23.5 MPa, the maximum
temperature on the surface of the irradiation chamber to
400°C). Total sessions time is 574 hours (of which 497
hours with a electron irradiation), maximum fluence on
the surface of the irradiation chamber to
1020 electrons/cm® 9...11 MeV electron energy, the
average current electron beam of 0.5...0.8 mA. Pulse
repetition rate is 250 Hz. Pulse duration 3.4 ps. Scan-
ning frequency 3.5 Hz. The water flow in the loop eval-
uated by simulation 70...80 g/s. Accordingly, the linear
velocity of the subcritical water in the irradiation cham-
ber to the cassette 0.5 m/s. Chemical analysis of the

water coming from the loop (pH measurement and the
content of oxygen) was performed throughout the ex-
periment using WTW Multi 350i SET.

The loop is filled with water with pH = 6.5, conduc-
tivity 7...11 puS/cm, oxygen ppb = 0.5. Water came out
of the loop at 5 ml/min flow rate. The delivery time of
samples on the 30-meter line was 5 hours. Parameters of
water exiting the pH=5.3...6.0 conductivity
7...23 uS/cm, oxygen ppb = 3...4. After degassing, the
water was putted back into the loop. Increase in conduc-
tivity was about 0.1 uS/cm per hour, i.e. the amount of
salts in the water increases. When conducting elemental
chemical composition analysis of water samples using a
spectrometer ICPE-9000 by "Sumadzo" it was found
that all samples contained chromium (8...54 mg/l) and
there is no zirconium. A rough estimate of the increase
in conductivity of water in the loop for 120 hours
amounted to 0.1 uS/cm per hour. Evaluation increasing
amounts of chromium in water for the same period of
about 0.1 mg/I per hour.

CONCLUSIONS

This hydraulic circuit (pump Smartline Pump 100
and discrete dosing Smartline Valve Drives) allows you
to maintain the required system  pressure
P =23.5+ 0.2 MPa and collect water samples for moni-
toring the parameters throughout the experiment.

Described discrete dispenser worked ~ 1.000 hours.

Using WTW Multi 350i device, the parameters of the
water were controlled on its way out the system.

Knauer Online Degasser device provides the "water
degassing™ before returning it in to the system.
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JTO3ATOP JIJI1 OTBOPA ITPOB BOJIbI N3 CBEPXKPUTHUYECKOM KOHBEKIITMOHHOM IMETJIN

B.H. bopuckun, IO.B. I'openxko, I.I'. Kosanee, B.A. Momom, A.H. Caguenxo, B.U. Conooosnuxos,
C.B. lllenenko, I'.H. I]ebenko

C 2009 rona B XapbKOBCKOM (PM3MKO-TEXHHYECKOM MHCTUTYTE BEAYTCS PaOOThI, HAalpaBJICHHBIC HA Pa3paboTKy
000py/IOBaHUSI M METOAOJIOTHH JUIsl OIIEHKH PEaKTOPHBIX MaTepHasoB, MpeaHa3Ha4eHHBIX i1 peaktopoB SCWR
(mpoext YHTL] P4841). Cneuunansuao paspadorana B XDPTU cBepXkpuTHUeCKas BOASHAs KOHBEKIMOHHAS TTETIIS C
KaMepoi Juist 001ydeHus yckopurenem amektporos JIY-10 (8...10 MaB, mo 10 kBT) gaer BO3MOXHOCTh H3y4EHHUSI
KOPPO3MH U MEXaHWYECKHX ITOBPEXICHUI MaTepHaIoB IPH OOIyYeHHH IIyYKOM 3JIeKTpOHOB. Pa3paboran quckper-
HBII 103aTOp A7t 0TOOpa mpod Bozw! (1...3 Mir) M3 cucTeMBbl, HaxosIelcs oy naBieHnem 23,5 MIla.

JIO3ATOP JIJISA BIIBOPY ITPOB BOJIA 3 HAJIKPUTUYHOI KOHBEKIIMHOI NETJII

B.M. bopickin, IO.B. I'openko, I'.I. Kosanvos, B.A. Momom, A.M. Caeuenxo, B.1. Conoodosnikos,
C.B. lllenenko, I M. Ilebenko

3 2009 poxy B XapKiBCbKOMY (Di3MKO-TEXHIYHOMY IHCTUTYTI BeIyTbcs pOOOTH, IO CHPSIMOBaHI Ha PO3POOKY
YCTaTKyBaHHS Ta METOOJIOTII /IS OIHKK PEaKTOpHHUX MartepiaiiB, Mpu3HaueHuXx s peakTopiB SCWR (mpoekt
YHTL] P4841). Crieniansao po3pobieHa B XPTI cymepkpurnuna BoasHa KOHBEKIIHHA METNIS 3 KaMeporo IS
ONpOMiHEHHs TpucKoproBadeM ejektpoHiB JIY-10 (8...10 MeB, no 10 kBT) nae MOXITHBICTh BUBYCHHSI KOpO3il i
MeXaHIYHHX MOIIKO/DKEHb MaTepiajliB IPH ONPOMiIHEHHI ITyIKOM €IEeKTPOHiB. Po3pobieHo AuckpeTHuil 1o3aTop s
BinOopy npod Boawm (1...3 M) 3 cucremu, sika 3HaXOMUThCs M THcKoM 23,5 MITa.
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