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SUBJECT: onthly Report - AID Work As.sgmemt No. Ise

PERIOD : 10 Jul IM - 10 Avg1IM

This is the seventh in a reporl series reviewivg Soviet
and Soviet-bloc developments in nuclear istummatation
and control for propulsion It is based On mgt-rlals
made a•ailable at the Air Iaformation Divi1sio dring
the periodd 10 Jul to 10 Avg I19. hems have been se-
lected with a view to the possible appicabity of
their subjct matter to problems of instrin. on and
control of nuclear propulsion, a1thovo such qpldca-
blilty is. of courat. rarely mestiosed in Soviet-bloc
open literature.

Ma: rials, in thi report deal with the following topics:#

M: Detectors
111. Control copoens

2. Peumstic
V. Miscellmeaou related subjects
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SUBJECT. Monthly Report - AID Work Assignment No. 16c

PERIOD : 10 Jul 1961 - 10 Aug 1961

TOPIC 11. DETECTORS

1.) CeliAski. Z. Device for measuring excess reactivity in a reactor.
Nukleonika, v. 6, no. 4, 1961, 261-286.

A device (see illustration) developed an.! put into operation by the
Reactor Operations Department of the Institute of Nl,.!ear Research. Polish
Academy of Sciences, Warsaw. gives a direct reading of excess reactivity
iii a nuclear reactor. It consists of two basic units: I) a summation unit
sone.,sting of resistors as well as potentiometers R., Ri . and R, , which

are coupled with the control rod drive systems and are individually fed from
special transformer windings. and 2) a measuring unit consisting of a mag-
ne'oelec'ric millivoltmeter V. a recttfier 0. and a range selector P.

R9

Basic circuit diagram of the device
for measurizg excess reacUvity

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 is directly
proportional to the total excess reactivity in the reactor. The device
which measures the output of the potentiometers is calibrated to give
a direc: reading of excess reactivity 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 rodi inserted in a re-
actor core. (Author's association: Institute of Nuclear Research.
V, arsaw)
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SU, 1J ECT: Monthly Report - AID Work Assignment No. lee

PERIuD 10 Jul 1961 - 10 Aug 161

TOPIC U. DETECTORS

2.) Grebenskly. B. S.. T. V. Timofeyeva. &. P. Khormushko. and 0. S.
Tsvetkov. On increasing the efficiency of a slow-neutron scintillation
detector. IN: Akademlya nask SSSR3 Ixestlya. Seriya flzicheskaya,
v. 25, no. 4, 1961. 500-503.

In a study of the means for improving the efficiency of slow -neutron
scintillation detectors, the relationship between the neutron-counting effl-
ciency 3n. the grain sire, and the thickness of a scintillator was eeter-
mined for various contents of boric acid enriched with the B16 isotope.
t.iffert-ntial curves of pulse amplitude distribution for slow neutrons and
v -rays were also obtained. Plain dispersion-type detectors with scin-
tillators counposed of ZnS-Ag and 1% 90, compounds (natural and enriched
with the B1 isotope) were studied. The scintillators were obtained 1) by
firtng the mixture of ZnS-Ag with He B06 . and 2) by the method described
by K. 11. Sun. P. R. Malmberg. and F. A. Pecjak (Nucleonics. v. 14.
July-Dec. 1956, 46-49]. Results are shown in the Table and Figs. I anrd
2.

It was found that with an increase in H. 1O0 content the scintill'ar
efficiency also increases until it reaches its peak value at the He BOg content
of 30-34% (by weight) and then drops. The curves showing the relationship
between the efficiency and thickness also pass through their respective
maxima, which are more pronounced and displaced in the direction of smaller
thickness for scintillators with a higher EP content. With an increase in
grain size the efficiency of a scintillator with a given thickness and H, P
content strongly increases until it reaches a certain limit at the grain size
of 800-1000 P . For example, the efficiency of a scintillator with a thick-
ness of 100 mg/cm' and a content of 30% Ho DO. (enriched with B10 to 87%)
increased 5. 14. and 25% with increases in grain size from 50-100, 150-300.
and 750-1000 9 respectively. At the same time the corresponding optimal
thickness increased from 50 to 110 mg/cm . For a scintitlasor of the same
composition but with natural H. B06 at the grai•r site of 750-350 IA. the
optimal thickness amounted to 160 mg/cms . The efficiency of the scintila-
tors shown in the table was increased by a factor of 1. 6-2. 0 by increasing
the grain size from 185 to 800p . Their respective optimal thicknesses were
also increased by a factor of 1.9-2.0. The differential curves shown in
FiH. 2 were obtained by using a 100-channel type AM-l00 "Raduga" pulse
analyzer. The experimental and theoretical determination of a gamma-ray
counting efficiency 'dy with g mams energy K y .2. 62 Mev and pulse discrimi-
nation from gamma rays with the energy E Y al. 76 May, have shown that B, is
lower than the neutron-counting efficiency Bn by a factor of three. A scin-
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!illator whose characteriatice are reprewxtod by eurvi 1 in Fig. 2 is
re:ornmemrded for neutron~ detection at high-Camma beckground.
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Ftig. 2. Differential curves of pulse amplitude distribution
for slow neutrons and T -rays

I slow neutron pulse disltribution for a scintillator eoMtunin( 0bH O
enriched with B1 to 8M5 scintillator thickness 1. 100 me cmu . gr'ain sine:
750-1000 p . ýJn - neutron -counting efficiency: 2$5; 2 - same for scintl~la-
tot with 34% natural H. BOs ; 1-200 mg cm-s ; gr'ain. sine: 750-1000 p ;
ý n-10%; 3 - total distributions of pulses from neutrons wWam ~uma ra~ys
for the first detector; 4. S. anid 6 - distribution %Lpuleafrom r -ras~y of
RsTh (E T .2. 62 Mev), Ra (E • -1. 76 Mev) and CS" (E • -061 Key) r'espc-
tively.
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';!I'.IH('T Monthly Report - AID Work Assi2nment No. lic

P'ELtl(Ol 10 Jul 1961 - 10 Aug 1961

TOPIC I1. 2. PNEUMATIC CONTROL COMPONENTS

) lDesign elements. IN Floshnyak, L. L., and L. N. Byzov. Izmereniye
malykh raskhodov zhidkostey (Measuring small now rates of fluids).
NIoskva. •taihiz, 1961, 43-45.

During 1958-1959 the Leningrad Mechanical Institute developed two
Clownmeters for measuring small flow rates. The flowmeters have the fol-
lowinR t haracterintics I) Flow-rate range- :-nm 3. 5 to 35 cm5/sec;
?) pipelne diameter 4 mm, 3) pipeline nuid pres.:,,re: up to 250 kg/c.n'
4) ,lutput parameter (electric signal frequency) from 50 to 500 spa; 5) mini-
-rum s:,nal voltage 20 my, 6) time constant less than 0. 03 sec; and 7)

prun -.pal er r or 0. 35!'.

The ,P-2-] flowmeter (Fig. I) consists of a sensor-rottu located in a
.'e: a•..e, an..' a pulm', transducer, designed for cunverti:g I otto I pm into

*.i. nmea.-uring .igial. The rotor assembly 13 (Fig. 1) consists of a rotor proper.
made of nonmagnetic-type :il-4j7b TY6211-66 [Nimonic BOA] steel, a mag-
nes'c plate 15 made of type 2X.3[AISI-321] steel, and a plate-fastening pin made
of type !-&.:.H9T [AISI-321] steel. The bearings for supports 2 are made of
-ynthetic ruby.

4. 1

t &, P-2. -1 flowmeter. I - body, 2 - supports;3 - coil.
S- washer, 5 - plug; 6 - screw; 7 - cup; 8 - washer;
9 - magnet; 10 - connecting pipe; 11 - packing ring;
12 - nut; 13 - rotor; 14 - bushing; 15 magnetic plate.

-7-. . . m



rh1 . body 1. supports 2, and bushing 14 are made of nonmagnetic-type IX 18H9T
( AISI-321 )steel. and the pressure nut 12 and connection pipe 10 are maae of
type 2N1.3 r= 5949-61 (AMI-430Jsteel. 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 ,4P-2B- I flrwmeter (Fig. 2) is a modifiedi design of the
,,P-2'-, meter. The pulse transducer has been replaced with 1b, induction-
type tachcmeter consisting of a coil wound on a permalloy toroidal core.
The magnetic plate in the rotor has been replaced with a permanent nmagnet
%hore interaction with the toroidal coil induces a signal with a frequency
equal , the rotor rps.

Fig. 2. 4P-2B-I i owmeter. 1 - Body; 2 - cover;
3 - toroidal coil; 4 - rotor; S - empport;
6 - connecting pipe; 7 - packing ring; I - nut.

- B-



"st IIU ECT: Monthly Report - AID Work Assignment No. lic

iERIOD : 10 Jul 1961 - 10 Aug 1Q61

TOPIC I11. 2. PNEUMATIC CONTROL COMPONENTS

2.) Filters and pressurt regulators. IN: Berklyd, I. M.. A. P.
Kurochkin, A. V. Lyakhovskiy, A. M. Snetkov, and V. A. Chudov.
Datchiki I izmeritel'nyyc golovki (Transducers and measuring
heads). Moskva, Mashgiz, 1960, 79-83.

The Bureau of Interchangeability has conducted comparative studies
of a number of Soviet and non-Soviet fniters, filtering materials, and pressure
re•ulators use,' in pneumatic control and mepwuring systems. The effi-
•'iency of filtering materials and filters was determined by means of
nephelometric analysis. It was found that the type W1A. -',-l. S filtering
material. (with glass fiber 0. 0015 p In diameter as a base, and perchlorvinyl
as a binder) developed by Professor I. Petryanov, had the highest filtering
efficiency, waa nonwettable, and was resistant to chemically aggressive
substances. At a load of lcre / sec/cnl the I. Smm-thick layer of this
filtering material has a pressure drop of 1. 5 mm water column. One
')f the' shortcomings of this material is its nonresistance to oil-saturated
media.

The study resulted in the design of a new type T0 -17-11 filter and
a type , -17-12 pressure regulator. The first stage of the new filter is
made of glass fiber, type Unn -15-1. 5 filtering material is used in the
second stage. The area of both stages insures optimal air-flow velocit ;,.
The filter, which has been successfully tested, has the following specif!-
cations: I) Air supply line pressure: 3-6 kg/cm' i 2) maximum air flow
at a supply pressure of 3 kg/cm5  8 mS/hour; 3) filtering efficiency:
99. 93%. 4) pressure drop: does not exceed 500 mm water column;
5) outside dimensions: 98 mm in diameter. 180 mm high, and 6) weight:
0. 93 kg.

A schematic diagram of the new type TO-17-12 pressure regulator is
shown in the illustration. The constant working pressure at the regulator's
outlet 13 is maintained by means of a ball valve 1. 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 followtng specifl-
cations: 1) air supply line pressure: 3-6 kglcmx ; 2) working pressure regu-
lation range: 0-2 kgl/cm'; 3) pressure stabilization error at suppply pressure
variation from 3 to 8 kg/cm' in the working pressure range ;rom 0-2
kg/cnm : does not exceed 0. 02 kg/cms ; 4) outside dimensiets: 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 96 mm in diameter, 209 mm
high, and weighing 2.170 kg.

-9-



The TO-17-12 pressure regulator

I - ball valve. 2 - nozzle. 3 • exhaust port. 4 - amplifter chamber;
- nozzle; 6 - plate. 7 - diaphragm; 8 - safety valve; S - spring;

10 - screw; 11 - diaphragm; 12 - double-layer diaphragm; 13 - out-
let p -t; 14 - spring; IS - exhaust port.

-10-



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

PERIOD : 10 Jul 1961 - 10 Aug 198l

TOPIC IV. MISCELLANEOUS RELATED SUBJECTS

. ) Andronov. 0. 0. , and N. K. Komarova. Cleaning corrosion products
from the reactor circuit. IN: Gerasimov. V. V. Wed.) Korroziya
reaktornykh matertalov; obornik statey (Corrosion of reactor mate-
.,1als; collecion of articles). Moskva&. tomizdat. 190, 277-262.

In spite of various protective measures. it it extremely difficult to
pri.vent contamination of the surfaces of reactor parts during their manu-
f.a, ture' itni, ast,, rmbling. anl while the nuclear reactor is in operation.
Small t hips or piec'es of metal can be deposited on the surfaces of the part
:uring variout 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
%ashed from the metal surfaces by cooling water are trapped waid accumu-
la'ed in the reactor at points of increased resistance, e.g., in the heat-
t-xnangtr tubing and filters. It is very difficult to clean the inner surfaces

of the reactor circuit from corrosion products and other contamir.gl. n.s bv
me'hmnivral methods. These deposits, however, can easily be rernovti by
.tssolvinq them in acid solutions and washing them away with a di., a.
%ater. The acid solutions used In chemical cleaning must be able "c#
dissolve corrosion products but should not affect the baowe metal. In this
connection numerous acid solutions were tested to deterwdme their effect
on materials widely used in the construction of nuclear research reactors.
Corroded and uncorroded specimens were tested. In ordr to obtain de-
posits of corrosion products on specimens made of aluminum alloys or
stainless steels the specimens were placed In a solution consisting of
CaCI-65 mg/l. Mg-30 mg/l, and FeCl-27 mg/l and held at room temper-
ature for a long period of time. The following solutions were used as
,tching agents 1) 8% nitric acid; 2) 30% nitric acid; 3) chrom ic anhydride-

20 g/l + 35 mi/l of phosphoric acid with a density of 1. Ui g/cmes: and 4)
a solution containing 15% phosphoric acid. 35% monomanganese phosphate, and
5% butyl alcohol. The results showed that the solution rf CrO0 and
H3 P04 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 is responsible for the formatior of a film on the our-
fate. in the temperature-affected region, which may become a contamination
source for the heat-transfer ageltt (water). The solution of phosphoric acid,
monomanganese phosph-le, and butyl alcohol removes corrosion deposits
from stainless-steel surfaces but cannot be used for cleaning aluminum-
alloy parts since aluminum alloys are intensively dissolved in this solution.

-I1 -



A solution of chronmic anhydride - 20 gII and phoepharlD 4V-d1 (with 4
di'tnity of 1. 6S g/cms) - 35 mI/l is recommmd"d for gloeaing th$

t t','utt of the type BP-C reactor.
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>tU IUJECT: Monthly Report - AID Work Assignment No. 18c

PEItIOD : 10 Jul 1961 - 10 Aug 1061

TOPIC IV. MISCLPLLANEOUS RCLA'Z'ED SUBIECTS

2..) Komarovskiy, A. N. Protective, coatings in radioactive Installations.
Atomnaya energlya, v. 10. no. 6S Ju"ne 1061, 597-605.

One of the most serious problems encountereu .n the construction of
baLildi.gs for nuclear reactors and for radiochemlal plants and inatallatione
itt that , onc•-rned with the protective coating of walls, floors, ceilings, and
,t,.er surfaces exposed io radioactive radiations or in contact with; radio-

,, c l1uids or gases. Fioors and ceilUngs are usually lined with a stain-
.,am sheet steel 2-3 mm thick. The same type of steel is also being used
for 'he facing of structures carrying pfping with radioactive or chemically
aggresuive fluids at pressures above 2 atm. At lower pressures, and at
fuid radioactivities below 10-0 g.ekvlcm8 (where g.ekv/cm8 Is defined
am a raliation dose rate equivalent to the v-radiation produced by 1 mg Ra)
(regardless of pressure) a special type 57-40 plasticized polyvtnylchlo' 1!,
is presently being used in Soviet reactor practice. The type 57-40 plea'.
cited polyvinylch!oride which has been developed Jointly by several orir.
i.,,llons as a result of long experimental research has the following bat.
t ', ristii m I) dtenslty- 1. 3-1. 4 g/cnt , 2) tensi!e strengoh: 160-IBC
kg--in , "3) re lative elongation at rupture' 200-210%, 4) resistance to
f',-" -2,f C. 5) coe,(fierlent of linear expansion: 8x10 -a"". 6) maximum
.,).ra, inal temperature: # 60( C. 7) thermal dissociation: * 200" C; 8)
.i.-f -r i, resistivity I. A X 10to ohm/cm; and 9) restdta1 contamimaUcio: 1. 5%.
P'lasti :id polyvtnylchloride produced in the form of sheets has a consider-
,,hl, ,eistance to radiation. 'Ahen heated with a gas burner it will melt
",n.1 mnolder but %ill not ignite. Plasticized polyvlnylchlorlde can easily
and reliably be butt - and lap-welded. Its resistance to various chemical
,gunts is shown by the following data: 1) 35% hydrochloric acid (up to '70* C)--
resistant. 2) 90% sulfuric acid (up to 400 C) -- relatively resistant. 3) 35%
nitric acid (up to 20' C) -- relatively resistant; 4) mixture or diluted sulfuric
and nitric acids (up to 65"C)-- relatively resistant; 5) 40% sodiuzn hydrate
(up to 60" C) -- resistant; 6) 32% fluosilicic acid (up to 600 C' -- resista.t;
7) 100% acetic acid (up to 400 C) - relatively resistant; 8) 35% chromic acid
(up to 60" C) -- relatively resistant; 9) 84% hydrogen peroxide (up to 200 C) --

r-4latively resistant; and 10) 100% phosphoric acid (up to 60' C) -- resietant.
( urrently the type 57-40 plasticized polyvinyl chloride is be".- produced in

ilia sheets 3 mm thick, and in strips 0. 5-1 anco 2. 2 mm thick, up to
* 2 nt yide, and 15 rn long. Special welding apparatus and methods for welding

ow pilyvinylchlorlde have hen developed. Surfaces exposed to agfreesive
iri'dia at temperatures up to 400" C are covered with l.Xl8HOT (AISI-32l)
::."I. "' ith highly agqresuive med'ia and teamperatures above 400 C.

-I3



XIBLa22 (AlM-316TImd Xl8Hl3T(A[lM-37 T)stes are rsed For
facing special torehoses and pools, a t-6'ch'ck G xe-layer cldv steel

consisting of a L 5-2mm layer of stainles IX18• T or nBRIMT stels and
a layer of type 3 or 10 carbon steel (.3% C or L " C) is being wi4uly used-
A. a temperature of 60 C and with low radioactivity levels, the expoezd
surfaces are coated with chemically stable type XCa peryinylchloride
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.)Andr onov. G.6G. . and N. K. Komrnrwa. Cle.mans corrosion prodect
fromt the reactor circui~t. 18: O~raolnow. V. V. (.d.) Kwrar~aty
reaktornykh matortalov, bofulk .tai-y (Corrosion of isecto
matcrals, collection~ of art~cles). Moskva,. 4touuts". 19O.
277, 282.

Kvtrklavd* .t.% * A. P. Kurochkin. A. V. Lyabbvskil, A. M. ha~thow.

and ineasuring heads). Moskva. Maglu. 10O. 73-03.

1iV*n~.L .. w L..CN.otchtiIea .rameruayygo6vaalyhkrssiv~o

Nlasgtz.1961. 43-45.

.alZ. Device for measuring me..t reaclivity toi a reactor.
Nukiconika. v. 6. no,, 4. IW1. 291-266.

(r ebenskly. It. S. . T. V. Timofwye%&, & P. Owmsko n 0.
Tovelkov. On Increauing the efficiency at a slow-wetran
scintillaotn deteclor. IN- Akadeuxlys s* ISM Ime~tiye.
Seriya fixichoskays. v. 25. no. 4. 190. NO-SOL

F))Koinarovskiy. A. N. Protective coati"* In radiactive utt*m
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