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SURJECT: Monthly Report - AID Work Assignment No. 18c

: 10 Jul 1981 - 10 Aug 1963

This is the sevent: in a report series reviewing Soviet
and Soviet-bloc developments in nuclear instrumeatation
and contro} for propulsion. It is based on matarials
made availsbie at the Air Information Division during
the perind 19 Jul t0 10 Aug i106]. Items have been ge-
lected with a view to the possible applicabllity of

their subject matter %o problems of instrumentation and
control of nuclear propulsion, although such applica-
bility is, of course, rarsly mestioned in Soviet-bloc
ope= literature,

Matrrials in ™is report deal with the followiag topics:

II. Detectors
M. Control components
2. Paeumatic
iV. Miscellaneous relsted subjects

ady iy cetmpe e o [ .




SUBJECT. Monthly Report - AID Work Assignment No. 16¢

PERIOD : 10 Jul 1861 - 10 Aug 1961
TOPIC II. DETECTORS

1.) Celinski, Z. Device for measuring excess reactivity in a reactor.
Nukleonika, v. 6, no. 4, 196), 261-2886,

A device (see 1llustration) developed anJ put into operation by the
Reactor Operations Department of the Institute of Nu_'ear Research, Polish
Academy of Sciences, Warsaw, gives a direct reading of excess reactivity
11 a nuclear reactor. It consists of two basic units: 1) a summation unit
coneisting of resistors as well as potentiometers R,, R, , , and R, , which
are coupled with the control rod drive systems and are individually fed from
special ‘ransformer windings, and 2) a measuring unit consisting of a mag-
netoelectric millivoltmeter V, a rectifier G, and a range selector P.

e |

Basic circuit diagram of the device
for measuring excess reactivity

The potentiometers are designed in such a way that their char-
acteristics are nonlinear and correspond to those of the control rods.
Thus, the total voltage of the output of the potentiometers ia directly
proportional to the total excess reactivity in the reactor. The device
which measures the output of the potenticmeters is calibratad to give
a direc: reading of excess reaciivity in percentages with an accuracy
of 5%. The device makes possible the measurement of the excess
reactivity of individual control rods or a group of rods inserted in a re-
actor core, (Author's association: Institute of Nuclear Research,
Warsaw)



SUBJECT: Monthly Report - AID Work Assignment No, 16¢

PERIUD . 10 Jul 18861 - 10 Aug 1961
TOPIC I. DETECTORS

Grebenskdy, R.S., T.V. Timofeyeva, 8. P. Khormushko, and O, 8.
Tsvetkov. On increasing the efficiency of a slow-neutron scintillation
detector, IN: Akademliya nask SSSR. Izvestiya, Seriya fizicheskaya,
v. 25, no, 4, 1981, 500-303,

o
.
~—

In a study of the means for improving the efficiency of slow-neutron
scintiliation detectors, the relationship between the neutron-counting effi-
clency un, the grain sire, and the thickness of a scintillator ‘was ceter-
mined for various contents of boric acid enriched with the B'® {gotope.
Differential curves of pulse amplitude distribution for slow neutrons and
v -rays were also obtained, Plain dispersion-type detectors with scin-
tillators c?‘nmled of ZnS-Ag and Hy BO, compounds (natural and enriched
with the B~ isotope) were studied. The scintillators were obtained 1) by
firing the mixture of ZnS-Ag with Hg BOy , and 2) by the method described
by K. H, Sun, P.R. Malmberg, and F. A, Pecjak [Nucleonics, v. 14,
Juiy-Dec. 1956, 46-49], Rzsults are shown in the Table and Figs, 1 an!
2.

It was found that with an increase in Hy, BO, content the scintilluior
efficiency also increases until it reaches its peak value at the Hy BOy content
of 30-34% (by weight) and then drops. The curves showing the relationship
between the efficiency and thickness also pass through their reapective
maxima, which are more pronounced and displaced in the direction of amaller
thickness for scintillators with a higher B'® content. With an incresse in
grain size the efficiency of a scintillator with a given thickness and H RO,
content strongly increases until it reaches a certain limit at the grain size
of 800-1000 4, For example, the efficiency of a scintillator with a thick-
ness of 100 mg/cm® and a content of 30% H, BO, (enriched with Bi®to 87%)
increased 5, 14, and 25% with increases in grain size from 50-100, 150-300,
and 750-1000 1 recpectively. At the same_time the corresponding optimal
thickness increased from 50 to 110 mg/cm ™ . For a scintillstor of the same
composition but with natural H, BQ, at the grain size of 750-330 u, the
optimal thickness amounted to 160 mg/cm® . The efficiency of the scimtilla-
tors shown in the table was increaged by a factor of 1, 6-2. 0 by increasing
the grain size from 185 to 800 . Their respective optimal thicknesses were
also increased by a factor of 1.9-2.0, The differential curves shown in
Fig. 2 were obtained by using a 100-channel type AN-100 "Raduga" pulse
analyzer. The experimental and theoretical determination of a gamma-ray
counting efficiency Jy with g- mma energy E, 32, 62 Mev and pulse discrimi-
nation from gamma rays with the energy Ey 1, 76 Mev, have shown that 9, (s
lower than the neutron-counting efficiency On by a factor of three. A scin-




tiliator whose characteristics are represented by curve | in Fig. 2 is
re-ommended for neutron detection st high-gamma beckground.
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Fig. 2. Differential curves of pulse amplitude distribution
for slow neutrons and vy -rays

1 - alow neutron (Puln distribution for a scintillator containing 30% H, BO,
enriched with B! to 87%; scintillator thickness 1: 100 mg cm*¥; grain size:
750-1000 , . 9n - neutron-counting efficiency: 28%; 2 - same for scintilla-
tor with 34% natural H, BO, ;1200 mg cm-3 ; grain size: 750-1000 , ;

v n*l0%; 3 - total distributions of pulses from neutrons and gamma rays
for the first detector; 4, 3, and 6 - distribution ?Lpull. from ¢y -rays of
RaTh (E v 2,62 Mev), Ra (E v =], 76 Mev) and Cg (E v =661 Xev) respec-
tively.
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SURIECT Monthly Report - AID Work Assiznment No, 18c

PERIOD 10 Jul 1961 - 10 Aug 1961
TOPIC 1. 2, PNEUMATIC CONTROL COMPONENTS

i) Design elements. IN' Hoshnyak, L.L., and L, N. Byzov. Izmereniye
malykh raskhodov zhidkostey (Measuring small flow rates of fluids).
Moskva, Mashgiz, 1961, 43-485,

During 1058-1859 the Leningrad Mechunical Institute developed two
flowmeters for measuring small flow rates. The flowmetera have the fol-
lowing characteriatics 1) Flow-rate range: =nm 3.5 to 35 cm¥sec;

) pipeiine diameter 4 mm, 2J) pipeline fluid pres:ctre: up to 250 kglem?
i) cutput parameter (electric signal frequency) from 50 to 500 sps; 5) mini-
mum s:gnal voltage 20 mv, 6) time constant less than 0.03 sec; and 7)
principal error + 0,35%,

The LP-28-]1 flowmeter (Fig. 1) consists of a sensor -rotar located in a
tlatd ='ream, and a pulee transducer, designed for converting r1otor 1pm into
‘he mezsuring signal. The rotor assembly 13 (Fig. 1) consists of a rotor proper,
made of nonmagnetic-type :l-437p TY5211-55 [Nimonic 80A] steel, a mag-
netic plate 15 made of type 2X13 [AISI-321] steel, and a plate-fastening pin made
of type 1::8H9T [AISI-321] steel. The bearings for supports 2 are made of
synthetic ruby.

‘e, & dP-2. -1 fiowmeter, 1 - body, 2 - supports;3 - coil;
4 - washer, % - plug; 6 - screw; 7 -~ cup; 8 - washer;
8 - magnet; 10 - connecting pipe; 11 - packing ring;
12 - nut; 13 - rotor; 14 - bushing; 15 - magnetic plate.



e

The body 1, supports 2, and bushing 14 are made of nonmagnetic-type 1X 18H9T
( AISI-321 Jstcel, and the pressure nut 12 and connection pipe 10 are maae of
type 2X13 'CCT 5949-81 [AISI-430]steel. The pulse transducer consists of

a permanent magnet 9 and a coil 3, whose terminals are connected with a

plug 5. The interaction of the permanent magnet and magnetic plate mounted
in the rotor induces a signal with a frequency equal to twico the rotor rps.

The type LP-26-B flcwmeter (Fig. 2) is a modifieG design of the
wP=2:<! meter. The pulse transducer has been replaced with a. induction-
type tachcmeter consisting of a coll wound on a permalloy toroidal core.
The magnetic plate in the rotur has been replaced with s permanent magnet
whoee interaction with the toroidal coil {nduces a signal with a frequency
equal to the rotor rpes.

Fig. 2. /iP-2b<0l : owmeter, | - Body; 2 - cover;
3 - toroidal coil; 4 - rotor; 5 - support;
6 - connecting pipe; 7 - packing ring; 8§ - nut,




e

SURJECT: Monthly Report - AID Work Assignment No. 16c

PERIOD : 10 Jul 1961 - 10 Aug 1961
TOPIC I1I. 2. PNEUMATIC CONTROL COMPONENTS

Filters and pressurc regulators. IN: Berklayd, 1. M., A.P.
Kurochkin, A.V. Lyakhoveldy, A. M. Snetkov, and V., A, Chudov,
Daichiki { izmeritel'nyyc golovki (Transducers and measuring
heads). Mosakva, Mashgiz, 1060, 79-83,

(£
.
-

The Bureau of Interchangeability has conducted comparative studies
of a number of Soviet and non-Soviet fliters, filtering materials, and pressure
regulators use- {n pneumatic control and mesrsuring systems, The effi-
ctency of filtering materials and fliters was determined by means of
nephelometric analysis. It was found that the type QL] -1%-1. 5 filtering
material, (with glass fiber 0,0015 u in diameter as a base, and perchlorvinyl
as a binder) developed by Professor 1. Petryanov, had the highest filtering
efficiency, wao nonwettable, and was resistant to chemically aggressive
substances. At a load of le® /sec/cnf  the 1. Smm-thick layer of this
filtering material has a pressure drop of 1.5 mm water column. One
nf the ghortcomings of this material is its nonresistance to oil-saturated
media.

' The study resulted in the design of a new type TQ® -17-11 filter and
a type T2 -17-12 pressure regulator. The first stage of the new filter is
made of glass fiber; type $I[] -15-1, 5 filtering material 1s used in the
second stage. The area of both stages insures optimal air-flow velocitive,
The filter, which has been successfully tested, has the following specif!-
cations: 1) Air supply line pressure: 3-8 kglcm' i 2) maximum air flow
at a supply pressure of 3 kg/cm® 8 m@/hour; 3) filtering efficiency:
99. 93%, 4) pressure drop: does not exceed 500 mm water column;
5) outside dimensions: 88 mm in diameter, 180 mm high; and 8) weight:
0, 93 kg.

A schematic diagram of the new type T0-17-12 pressure regulator ie
shown in the {llustration. The constant working pressure at the regulator's
outlet 13 is maintained by means of a ball valve ], which is actuated by
diaphragm 12 and a servomotor. The pressure regulator has undergone
successful laboratory and industrial testing and can be used in both differ-
ential and nondifferential pneumatic systems. It has the following specifi-
cations: 1) air supply line pressure: 3-8 kg/cm? ; 2) working pressure regu-
lation range: 0-2 kg/cm?® ; 3) pressure stabilizsation error st supply pressure
variation from 3 to & kg/cm® in the working pressure range :rom 0-2
kg/cm® : doea not exceed 0,02 kg/cm? ; 4) outeide dimensions: 90 mm in
diameter, 170 mm high; and 5) weight: 1, 540 kg. The filter and pressure
regulator can be assembled as a single unit 88 mm in diaweter, 208 mm
high, and weighing 2,170 kg.

T
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The T®-17-12 presasure regulator

1 - ball valve; 2 - nozzle; 3 - exhaust port; 4 - amplifier chamber;
5 - nozele; 6 - plate, 7 - diaphragm; 8 - safety valve; 0 - spring;
10 - screw; 1l - diaphragm; 12 - double-layer diaphragm; 13 - out-
letp °t; 14 - spring; 15 - exhaust port,

«10-



SURJECT: Monthly Report - AID Work Assignment No. 16c

PERIOD : 10 Jul 1061 - 10 Aug 1961
TOPIC IV, MISCELLANEOUS RELATED SUBJECTS

Andronov, G.G., and N, K. Komarova. Cleaning corrosion products
from the reactor circuit, IN: Gerastmov, V.V, (ed.) Korroziya
reaktornykh materialov; abornix statey (Corrosicn of reactor mate-
rials; collection of articles). Moskva, Atomizdat, 1880, 277-282.

,-
.
~—

In spite of various protective measures, it {e extremely difficult to
prevent contamination of the surfaces of reactor parts during thelir manu-
fai ture and awnembling, and while the nuclear reactor {s tn operation,
Sinall chaps or preces of metal can be deposited on the surfaces of the part
turing various machining operations, and during polishing and sand-blast
cleaning. The contamination of reactor parts increases the nonhomogeneity
of metal surfaces as well as their corrosion rate, Corrosion products
washed from the metal surfaces by cooling water are trapped and accumu-
lated in the reactor at points of increased resistance, e.g., in the heat-
ex.nanger tubing and filters. It is very difficult to clean the inner surfaces
of the reactor circuit from corrosion products snd other contamira’.cns by
mechanical methods. These deposits, however, can easily be remov.d by
dissolving them in acid solutions and washing them away with a dis. . <
water. The acid solutions used in chemical cleaning must be able o
dissolve corrostion products but should not affect the bave metal. In this
connection numerous acid solutions were tested to determine their effect
on materials widely used in the construction of nuclear research reactors,
Corroded and uncorroded specimens were tested. In ordsr to obtain de-
posits of corroston products on specimens made of aluminum alloys or
stainless stecls the specimens were placed in a solution consisting of
CaCl-65 mg/l, Mg-30 mg/l, and FeCl-27 mg/! and held at room temper-
ature for a long period of time, The following solutions were usad as
ctching agents 1) 8% nitric acid; 2) 30% nitric acid; 3) chromic anhydride-
20 g/1 + 35 m1/1 of phosphoric acid with a density of 1. 68 g/cms ; and 4)

a solution containing 15% phoaphoric acid, 35% monomanganese phosphate, and

5% butyl alcohol. The results showed that the solution ¢f CrQ, and

Hy PO4 completely removed corrosion products from surfaces of aluminum
alloys and stainless steels without corroding the base metal and welded
joints, The use of the 8% HNO, solution is not recommended since this
solution dissolves the base metal and causes intergranular corrosion in the
weld zone. The latter {s responsible for the formatior of a fillm on the sur-
fa¢e {n the temperature-affected region, which may become a contamination
source for the heat-transfer agent (water). The solution of phosphoric acid,
monomanganese phosph-‘e, and butyl alcohol removes corrosion deposits
from stainless-steel aurfaces but cannot be used for cleaning aluminum-
alloy parts since aluminum alloys are intensively dissolved in this solution,

-11-




A solution of chromic anhydride - 20 g/1 and phosphoric deid (with »
deneity of 1, 88 g/cm®) - 35 ml/1 is recommended for cisaning the
vireuit of the type  BBP-C  reactor,

12
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SURJECT: Mcnthly Report - AID Work Assignment No,. 16c

PERIOD : 10 Jul 1061 - 10 Aug 1961

TOPIC IV, MISCFLLANEOUS RELATED SUBJECTS

t3

) Komarovskly, A.N. Frctective coatings in radioactive installations.
Atomnaya cnergiya, v. 10, no. 6, June 1061, %07-605,

One of the mnst serious problems encountereu .n the construction ot
bulldings for nuclear reactors and for radiochemical plants and {nstallationg
is that voncerned with the protective coating of walls, floors, ceilings, and
other surfaces expased to radioactive radiations or in contact with: radlo-
aive Tuids or gases. Fioors and ceilings are usually lined with a stain-
.88 sheet steel 2-3 mm thick, The same type of steel is also being used
for the facing of structures carrying ptping with radioactive or chemically
aggrensive flulds at pressures above 2 atm, At lower pressures, and at
fluid radioactivities below 107 g, ekv/cm® [where g. ekv/cm?® {s defined
as a radiation dose rate equivalent to the v-radiation produced by 1 mg Ra)
(ceygardless of pressure) a special type 57-40 plasticized polyvinylchloy 't
{s presently being used in Soviet reactor practice., The type 57-40 plas:.
cited polyvinylchloride which has been developed jointly by several organ
iratfons as a result of long experimental research has the following ba..

chara teristicn 1) denslty: 1,3-1,4 g/enf | 2) tensfle strength: 160-18C
kg -om® , 1) relative elongation at rupture: 200-210%,; 4) resistance to
freute -20P C, 5) coefficlent of Mnear expansion: 8x10-°* * 8) maxdmum

operational temperature: ¢+ 60° C, 7) thermal dissociation: ¢+ 200°C; 8)

clectric resistivity 1.6 x 10'%chm/cm: and 0) residusl contamination: 1. 5%,
Plasti:ized polyvinylchloride produced in the form of sheets has a consider-
able resistance to radiation, When heated with a gas burner it will melt

and smolder but will not {gnite, Plasticized polyvinylchloride can easily

and relinbly be butt - and lap-welded. Its resistance to various chemical
sguents i8 shown by the following data: 1) 35% hydrochloric acid (up to 70¢C)--
resistant, 2) 90% sulfuric acid (up to 40°C) -- relatively resistant, 3) 35%
nitric acid (up to 20° C) -- relatively resistant; 4) mixture of diluted sulfuric
and nitric acids (up to 65°C)-- relatively resistant; 5) 40% sodium hydrate
{up to 60° C) -- resistant; 6) 32% fluosilicic acid (up to 60° C' -- resistant;

7) 100% acetic acid (up to 40° C) -- relatively resistant; 8) 35% chromic acid
(up to 60° C) -- relatively resistant; 9) 84% hydrogen peroxide (up to 20°C) --
relatively resistant; and 10) 100% phosphoric acld (up to 80° C) ~- resietant,
Currently the type 57-40 plasticized polyvinylchloride is be*ng produced in

' m?* gheets 3 mm thick, and in strips 0, 5-1 anc 2.2 mm thick, up to

.2 m wide, and 15 m long, Speclal welding apparatua und methods for welding
the polyvinylehloride have heen developed., Surfaces exposed to agpressive
media at temperatures up to 400° C are covered with 1X18HOT [ AISI-¥21)
steel, With highly agqressive media and temjperatures above 400° C,

-13-
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A18H_2u2T [AISi-316T and X18Hi2M3T{AISI-317 Tlsteels are rsed. For
facing gpecial storehouses and pools, 3 i-S-cm-thick coutle-layer clad steel
consisting of a L 5-2mm layer of stainless IX18B3T or YISHI2M3T steels znd
2 layer of type 3 or 10 carbon steel (L 3% C or 1. 0% C) is being widely used.
Al 2 temperezture of §0°C and with low radlosctivity levels, the exposad
surfaces are coated with chemically stabie type XCZ pervinylchloride
enzmels,

-14-
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SURJECT: Monthly Report - AID Work Assignment No, 18¢

PERIOD 10 Jul - 10 Aug 1981
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