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Trangletor's Fereword

Latoratory and field cata on electrochemical stabilization of clays, by
three Russian authors, are hLere presentecd in translaticn, Abstracts of the
Russian pavers "wcre pubtlished in lay 1€47 issue of the Lngineering 'ews Record
(pre 100-101). There exists also & small body of literature, in Cerman and
English, dealing with the electrochemical stabilization and relatec subjects.
Elemerts of the electrochemical process were patented by Casagrande in
Germary, shortly before the last war,

Results of the Nussians and of others, including the “armen patent, appea:

to te sound anc¢ interesting accordingly. ilechenism of ti -ectrochemical
stabilizaticn, however, aprears to »e surmised iather thr- =:teblished., Unless
the recheanism of such stabilizaticw is uncerstnod in cetel , little progress
may te expected in fielc apnlicatisns of the electrec-hemic~.. method.

Electroosmosis, a poorly reversible coagulatirn of the soil rolloids,
and introcduction of exchangestle aivmirnu inte the 1ay cov~lex have been
given crecdit for the rrouncd-stabilizing effects of cirect e£lectrizal current.
Much remains to be done, as the reecer may see, in cdevelopi.g further the theory
of the method, &4 critical stud: is indicated, in tiis conrecticn, by agencies
or individuals qualified and equipped for basi: research I soil physics.
Optimum schedules for field treatments need be ascertainec with particular care,
to suit any given kind of mzteriel and envircnment., A wide range of variation,
in such schedules, is most certainly to be encountered in cealing with materials
as diverse in their compositicn and nroperties as &re clays, any generaliza-
tion on relaticnships tetieen scil, electrolytes, moisture, and current would
be premature if based cr the Kussian work alone,

Stabilizetion of ground is & mejor engireering geologric problem of
national interest. lNeedless to say, pcrhaps, that tailures are to be expected,
in laborztory and in the fielé, in this as well as in any other kind of research
To mirimize probabilities of such failures, it mey be recomrended that investi-
gators cevelop the electrochemical stabilization problem not merely against
the relatively narrow backgreound of soil mechanies, but with a certain feeling
for geolory, mineralogy, pedology, scil nhysics, and soil chemistry.
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INTRODUCTICN

Recently developed new methods of stabilization of weak grounds (e.g. the
silicate treatment) are based on injection of chemical solutions into the grounc
Such methods are applicable accordingly only to the kinds of ground thet have
the coefficient of filtration higher than 2 meters per 24 hours and permit pene
tration of the chemical solutions under preszure., This limit, however, as it
is shcwn by our experience in construction, excludes a numerous and an impor-
tant class of grounds, stabilization of which is indispensable in many instanc-
For example, digging of trenches and pits in clayey, silty, or sandy ground
shows that all these types act like typical "floaters" (sluds? -S) in the
presence of the ground water pressure, There were several instances in the
canalization of the city of Moskow where the laying of trcnches below the
ground water level has led to extreme difficulties with c.ayey and silty
ground.

Similar examples could be cited in mining, engineering hydrology, and
railroad construction, For these reasons, the development of methods of stabi-
lizing such difficult types of ground has become an urgent problem of our day.

In 1936, the author began his investigations, at the ground Stabilization
Leboratory of VODGEO Institute, with direct electrical current as the means of
stabilization of grounds. Experiments had shown that a large number of clayey
types, following passage of direct electrical current, undergoes a traneforma-
tion of its physico-chemical properties, It was established that the (apparent
-S) density of the eround is substantially increased in consequence of the
application of direct electricel current. The ground loses elso its capacity
to swell and to soften in water, Leter, after a more detailed study of the
physico-chemicel mechanism of the electrical stabilization, it beceme possible
to develop the method so as to make it applicable to sendy and silty as well
as to clayey ground. By this time (1941,S.), the method has already been
tested in the field, was found satisfactory, end is being introduced into
coenstruction practice,

I Physico-Cnemical Processes

A system of metallic rods, the electrodes, is forced into the ground,
The application of current is fcllowed by the electro-osmosis and & consequent
dehydration of the ground. Aluminum and hydrogen ions replace, by the cation
exchange mechanism, sodium and calcium (if so, Mg and other exchangeable bases
should be likewise replaced - S.). Finally, the structure-forming processes are
initiated, in consequence of the separation of aluminum hydroxide. In such
manrer, the effect of electro-osmosis is not only intensified by the exchange
reactions but is also rendered stzble (i.e. practically irreversible - S). This
is cenfirmed by two year observations. It is well krnown that the degree of
hydration of clay depends on the kind of exchangeehle cations, Thus hydration
end thickness of the water films of' & sodium clay are always greater than that
of a calcium clay; they are also greater for e calcium clay then for an aluminun.
clay. Thus, making use of aluminum electrodes and inducing exchange reeactions
vhereby sodium and celecium are replaced by ealuminum and hydrogen, we produce a
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dehydretion of the clay oznd & fixation of the total effect, Occurrence of the
exchenge reactions, in the coursc of the c<lectrochemical stebilization, was
provec by & number of experiments,

The first scries of experiments consisted of determining exchangeable
bvases (Ne,Ce,H, Al) in four natursl kinds of cley, before and after stabiliza-
tion. The results indiceted that, in all four instances, exchangeable hydrogen
hes entered the complex in consequence of the stabilization and the proportion
of exchangeable aluminum hes incrensed. Concurrently, the proportion of
exchangecable sodium decreessed significantly and exchangeable calcium was
somewhat diminished,

The second scries of experiments, with two cleys saturcted previously by
sodium, ce&lcium arnd hydrogen, gave still morc significtnt rcsults. The effects
werc more pronounced (i.e. more Al entcred the exchange complex = S.)s The

results showed, beyond doubt, thot exchenge recctions tc “uke place during the
electro-chemical stabilization,

Electro-osmosis, i.€., the movement of ground water to the cathode, was
also studied.

The theory of the cepillary woter tronsfers, following applicetion of
diffcrent potentials, was studied first by Helmholtz in 1879, After the cor-
recticn of Helmholtz's equation by Pellet 1/ in 1904 end the generalization of
Perren 1/, the well-known cquetion for the electro-osmosis through a multi-
capillary diephragm hed become, in the c.g.s. dimensions:

U = YD‘VE
1L, (1)

In electro-osmatic mecsurements in water or in weak aqueous solutions of
electrolytes, in the precence of « diaphragm of a porous material,

D 1is the dielectric constant of wrter, and equels 81,
E 1is expressed in volts;
¢ the potential, is in millivolts;
U - in cme S/Ein.;
L - in cm.
the total cross-section aree of the capillars of the diaphragm, in cng

Viscosity (i.e. ¥ , the viscosity coefficient of woter in equation 1.-S)
is assumed to equel 0,01 poises.

The equetion assumes then & simplified form,

Uz ;{LE (2), where k = 2355.

.



This equetion is used in many instences for calculection of the rotential,
In the literature on the e€lectro-osmosis excmined by the zuthor, the transter
of water or of 2ny other licuid is considered under the following conditions:

(1) The perous tody is a dicphragm scparating anode from cathode.
(2) Properties of the disphregm remain unchanged during thc electro-
osmosis,

Our work cimed at discovering regulerities in the electro-osmosis, with
the ewrth mass es a diaphragm betweun the electrodes. Physical and mechanical
properties of this diaphragm are changing continuously with the pessage of the
electricel current, inasmuch as both water and ions of the inner Helmholt:z
layer, ot the surface of cley particles, fre removed in the process. For th-«e
reesons, in equation (2) E should te replnced by I x R «rd R expressed in th:
dimension of specific resisitnnce and size of the dicphr:-m. The equaticn
becomes:

U= ‘gi (3), where © is sp, resistence of the

ground, in ohms.

Since, in the electro-csmosis, the amount of water remeining in the
ground is diminishing continuously, it shou]d be reesonable to supnose 1/%hat

the velocity of electro-osmosis conforms to the equation du = kQ, where Q is
dat

1/ Engineer A, M, Malysrkev participated, togethcr with the tuthor, in the
development of the method,

quentity of water remeining in the grcund end subject to the clectro-osmosis.
The above diffcrential equution is solved ecsily, for the quantity of water
separated during time I:

Q= Qo ( 1l - e-kt )o (4)

where T is in minutes, Q, - the quantity of woter subject to removal by the
electro-osmosis € T zc~>, k - a2 constant which depends on mugnitude of the
Y - potential of the clay and on the density of current.

The latter equation was verified in 12 experiments. The quentity of water
trensported, in the appuratus, to the cathode coincided entirely with the
quentity calculeted from equation (4).

The movement of weter towcrd the cathode indicates an excess of negative
cherges in the inner Helmholtz leyer of the investigated.clays,

e hove considered also, alongside the electro-osmosis and the chemicel
mechenism of the process, the water-stebility of both stebilized &nd untreated
samples. As to the cataphoresis, i.e. transfer of clay perticles, toward the
anode, as & consequence of the anmplication of current, our experiments showed
thet the phenomenon has no place, ir this particular casc, within the ground
mass. WNater-stebility of both stabiliged and untreated samples was studied in
two aspects; first, by determining the rate of disintegration in water, end
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second, by determining the degrce of swelling in wetcr and in solutions of
geletine. The experiments, indicated that both nctural clays and the clays
pre-scturated with sodium or celcium do not disintegrate and cease to swell
in consequence of their electrochemical stabilization.

Fig. I shows semples of a naturcl clay kept in vmter for 23 years after
their stabilization by the current. Fige 2 shows differences in swelling of
stebilized and untrceted samples in solutions of geletine. Untreated samples,
saturated by different cations, are in the upper row of the bezkers (Fig.?);
the stocbilized semples cre in the lower row, The greatest swelling is observe.
in untrecated sodium clays, which is in harmony with the present day concept -
the significence of the ubsorbing complex of cleys in determining their behe--
iour in weter, These same scmples, however, lose their capncity to swell
efter ‘their stabilization,

I1 Redius and Massiveness* of Stabilizaticn

*"Monolitnost" - '"monolithic character", in the originel, This noun, in
Russien, has a broader usage than in English, !y rendition of the tcrm is
not entirely fortunete - S,

A roticeable increese in density of the ground at the anode and & cer-
tain thinning et the cathode cen be seen shortly after the application of thc
current, Later on, the cathode zone similarly gains in density, In such
menner, in the majority of the cases, the fluid clayey ground is made dense .ir
the vicinity of both electrodes. If the current is applied for o sufficiently
long time, the entire mass between the eclectrodes may be rendered equally
dense, in the mejority of the ceases,

Fig. 3 illustrates the dynemics of stabilization, The dicgrams refer to
the four clays whose physical and mechanical characteristics are given in
Tebles 1 and II,

Teble 1 - Absorbed bases, in millieguivelents (per 100 g. -S), before
experiment
Clays**  Hygr.H, O Ca Mg Na Fe Al CaCOz* Sum  Exchange Cap

___ar.JL. —

Kudinovo,

sandy 4,12 19,31 4,67 0463 2,49 5.72 none 33456 32,82
n “lﬂrd"-
(@ gumbo 8) 5.90 21.94 4.26 0.56 5.29 6.45 9 40,34 38.50
Borovichi 4,26 11,03 5.33 5.63 2.84 3.88 " 24,02 28.71

*) The originel hes "expressed os Catt " which is nonsense.
I heve corrected this error, It is e standard practice to
indicate presence or sbsence of lime in all ceation excheange
mcesurements, The item "none" cennot possibly refer to any
other measurement - S,



Table 2 - Mechanical Composition of Clays before Experiment (Robison's Methced)
< Fraction

Sieve Analysis (Sedimentation 7 - §)
Clay 52 2+1 1-3 2~ 0.2690,05. .05+.01. 401-,0C5 .005v.0CI .QO1
mm mm mm mm mm mm mm mm mm
Kudinovo, Sandy T= 0.15 0e22 0.13 3.19 2,20 37.56 18.18 36.37
n, "ard" - B - - 11,17 19,14 40,51 14.43 14.15
porovichi - - - - 0.08 12,03 16,58 12,39 58.32
rearitsino 2.08.2.56 4,16 4,30 32.38 29.79 17,47 2.76 4.57
Density Volume WWeight  Porosity Plasticity Ind.:
Kudinovo, Sandy 2.71 1.67 22436 21.11
" M"ard" 2,71 1.87 31.0C 26,12
Borovicni 2.,70%% 1.74 35,3€ 15.32
Tearitsino 2472 1.84 32,58 3432

esThe original has "3,70" which is obviously an error. 2,70 is probably right - %,

seeClays are identified by adjectives derived from proper nouns, names of localitie-
where the clays were collected., It is impossible to surmise with complete
accuracy, the proper noun from an adjective so derived, because of certain pecul
jarities of the highly inflected Russian language., For example, the adjective
"kudinovskaia" (fem.) couléd be equally correctly derived from Kudinovskoe,
Kudinovsk, Kudinovo, Kudinov, Kudino, and possibly others. The same applies

to the other two, Having nc clue in the original, except for Tsaritsino,

I have made the best reasonable guess - S.

The curves (Fig. 3) indicete the depth of penetration of a special needle
(Wick type) at different distances from the electrodes. The curves represent
26, 50, 75, 100, end 200 hcur effects of the current, Current densities selected
for the tests were such as to avoid heating of the ground,

It is evident from the diagrams that the effect of current of one and the
seame density is far from being the same for different cleys, For example, Borovichi
olay can be stabilized at a rapid rate and may become monolithic after 100 hours.
At the samc period of time, stebilization of Kudinovo cley fziled to give signifi-
cant results, This contrast leeds us to the supposition that there exists certain
limits of epplicability of the method vhich are determined by physico-chemical
properties of clays intended for the stabilization., e do not have us yet a
sufficient basis for establishing such limits, It is beyond any cdoubt, however,
that one of the indicators, in determining suitability of grecund for the method,
will prove to be the character of the exchanrge comnlcx and the dcgrece of dispersion
of the ground.

As to the current density and the power expenditure, & certain regulerity
("zakonomernost" = conformity to the lsw - S) can also be observed, The higher
the current density - the more repid the stobilization. Experiments and calculation
Prove, however, thgt, in the stabilizaticn of fluid greound, current densities in
excess of 20 amp/h“ devel op considcrable hent, In reg'rds to the total power
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cxpended, 1m of ground recuircs 30 to 200 KWH, This wide renge of variation is
expleined by variction of properties of the ground. For example, even among the
tested cleys, the Borovichi required but a fruction of the power consumed by the

other tWOO

The pressure of .current required for production of the desired density of
current depends on the ohmic resistance of the ground and on distance between
the clectrodes. Every meter distence betwcen the electrcdes requires, on the

average, 100 to 200 v,

It follows, therefore, from the dynamics curves =2nd from the relationship
petween density of current and effectiveness of stabilizatiorn, that powcr ex-
pended, per m3, also depends on distence between the electredes, Indeed, to
obtain the same density of current betwecn (two pairs of - S) the clectrodes one
meter and helf a meter apart, about 100 V and about 200 V res-cctively should be
required, If the density of current is the seme in both cases, and if the increasc
of the bulk of stabilized material takes place at the same rete, a complete
stabilization of the entire mass betweern the clectredes will take place sooner
where the cistonce is sherter. (i.e. All other things being equal, the rate of
stebilization is inversely proportional to distance betwcen the elcctrodes - 8).
Hence, wherever the electredes can be driven inte thc ground without much trouble,
we should aim to minimizc the distance. In such manrner, the time and powcr cxpensc
would be reduced., If a close spacing of The elzctrodes is not feasible, they cer
be arranged at any desired distance from ecch other. The requirec nower and
time, in such ce&se, shall be determined by the distance choscn,

The depth of stabilization depends entirely on powecr of the rig for forcing
the electrodes into the ground., Thc silicotc-trectment cxpericence indicates a

20-25 meter depth.

IIT Reising the carrying strength of piles)
("svaia" = pile, bridge support - S)

One of the applications cf the eluctro-chemicel process mey be, undoubtedly,
an increcse in the carrying strength ol piles. As it can bc seen in the diagrams,
the stabilization at the snode, and in & number of cases et the ccthocde as well,
begins shortly after the current is appliec., If the oiles arc macde to serve as
the electrodes, the eleoctric current mey produce a stebilized pediment at the
foot of every pile. On account of the appreciable cohesion between the ground
so treated and the surface of piles, the carrying strength of the letter may be
made to increase significantly. These considerctions have led us to laboratory
experiments with models, Aluminum pilcs, 40 cm. long end 34 mm in diameter
were sunk into a thinned clayey ground (Tscritsino cley)., Because of the insig-
rificant beering power of such ground, the piles wrre ellecwed to sink under their
om weight., They were suprorted by special rods before the current was turned on.
From then on, the carrying strength of piles was determined at regular intervals
of time.

After & large number of tests, it becamc possible to establish a relationship
between the cerrying strength of piles end the cxpernditure of power. The ordinete

~
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of Fig. 4 expresses the cerrying strength in g./bmz, and the abscisse = the expen-
diture of power in Vih/cm® pile surface. It may be seen that cohesion between the
anode and the ground is greater than it is for the cathode and that the optimun

for both electrodes is at 1.25 Wh/em®., A decrease in the carrying strength,
following atteinment of the maximum, should be related to cracking and to loosening
of the pediment (due to progressive drying? - §)*

*In the course of our experiments an erticle by Casagrande eppeared in "Die
pautechnik", No. 1, 1937, on increasing cerrying strength of piles by the elec-
trochemicel process. His experiments in the field, with piles 8 m., long, yielded
curves analogous to Fig, 4.

Our results show thet a several-fold increecse in the cerrying strength of
piles required a very small amount of electrical power, Tioodcr piles should be
comted by metallic plates,

We heve conducted also & lerge number of experiments with introduction of
solutions of chemicals into the ground, in edditiocn to the previously described
experiments with the utilizetion of DC only. Th~ ivtroduction of chemicais wes
pade feasible by the fact thet, undcr the influence of electrical current, water
moves frcm unrode to cathode. In such menner, -m~ll emounts of soiutions of chemi-
ecls can be introduced into nn almost imperviovs ground. In the letter c-ses,
in additicn to the processes previously descrit»d, there occurs & separat’on of
the cemcnting substance within pores cof the grecund. This is importent, particulariy
where the erchonge capncity is inadequate for the stabilization by DC only.

It is of interest to nectc that the stebilization prorresses at a considerably
higher rcte in the presence of chemicals and leads to u cementation and to a
mechanical firmness of the ground, as well cs to & general incriese in density.
Fige 5 is « photogroph of o ground cemcnted in proximity to the rod, as .seen after
the rod was pulled out of the ground.

IV Stabilization in digging threugh "floater"
("plyvun" = "floater", & wet unsteble clay = S)

The electrochemical process, as & means of stabilizing cleyey giround, wes
tested in the field.

The clayey ground to be stabilized, e {loater, had a very low exchenge
Ctpacity anc, accordingly, neccded addition of chemicels, prior to the stabilizetion.
For this reeson, extensive preliminery studics were required to determine the
tompositi~n of the best suitec chemical mixture. Aftcr the recipe was compounded,
the ficld experiment was bcgun.

The experimental plot was situated on the left bark of Iausa River in the
*cgion of Epipany Street (Preobrezhenie = Epiphany - S) In this area, construc-
Pon of the Iausa collector drain wrs begun by the Moscow canalization agency
Mbosstroikanalizétziia - S) A shield-screen ("shpunt" in the original-S)
®s driven in, after the trench was sunk tc 8 m. depth, which was the ground wcter
‘®vel, Under the protection of this shield, a pit wes being dug below the ground
Rmter level. It develcpeé, howcver, that, on account of the low permeability of
‘he ground an¢ of the upward pressure of ground water, the clay was loosened and
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acqulred grorerties cf a floatee¢ within a reletively short time. It became cvi-
aent, before 1ong, that, desrite intense excavation, the rit cannct be sunk t

jntended ’9"“1. A kind of an equilibrium developed in the rit and no amount of
axcavatic? could lower the rit btottom below a certair mark. Cre of the rits was

chosen ior our experiment where it was required to excavate at 3.5 m, below groun
”tgr 1?"6 le

+ %

To stabilize the entire ground mass enclosed within timbered walls of the
e electrocdes were ar: s shown in Fig, 6. uc nrement was con-

pit;, the electrodes w ar:anged as sh £+ 6+ Such arrangement wa

ned o e cessi o creasing e sity r in the enti cress
ditiO d the necessity of increasing the density of grecund in the entire
section of the pit, Distance between tn electrodes was about 1 m, and wes
defined by the characteristics of the circuit, 120 V rressure and 62 kW power,
After 8 days, however, the work hac to te discontinued bteccuse of the frequency
of "no-current” periods ("prostoi") due to faulty connections {"~ontaj ar rcbat'"
. "assembley of the aggregate", !y translation may be incorvizot =8),

Further stabilization work wrs concucted with the utilization of the
"electrosvarochnyi aggregat" (neanlng urknown to me. See note to Table I. appendir
to the first earticle. "Agfrorate may refer also to the circuit - s), yi i
maximum precsure of 60 V., For t his reascn, *he original arrangements of %Lhe

-

electrodes was altered, Distance between ine lectrodes was cut down to &
After the total power expense attained €z kih jer m.3, the stebilizetion wes dis-

continuecd ané the excavation was begun,.

Probings with a metallic roc¢ showed that the ground was not lithified but
has merely increased in density significantly. It was proposed therefore to
install a protective shield, fer the sake of safety (lit. "to create a more juiet
environment" - S) during the excavation enc the collection of samples., Our
attempts to force the shielc into the stabilized ground did not succeed., The
excavation was begun therefore without the protective shield ancd merely with a
very light timbering of the walls, as the rit depth increased,

Digging through the floater, transfcrmed, in consequence of the stabilization,
into a very dense clayey mass, was quite easy. The ground was cut with a space
and, while slightly moist, was loadecd into & bucket, As the depth increased, the
upper secticn of the pit wes timbered and the evcavation continued.

As it may be seen in Fig. 7, the moisture content of the pit meterial was
very low, which shows that thin walls or the stabilized material were practically
imperrmcable to water. After the pit wes dug to & m. below grounc water level,
i,e,, to the cnd of the stebilized zone, a still deeper excavation was macde im-
Possible by the flcater which, as e fluicd hipghly hydrated mass, began to flccd the
pit,

Samples for laboratory tests were collected in the course of the excavation,
Meisture-content cf the stabtilized grouncd wes about 20% for the untreated - up
to 537

/e

Tcgether with samplies of the stabilized f{loater, scmples of a well-cemented

. ground were taken in proximity to the electrodes. The radius of cementation was
not great, 15-20 cm.



Comperison of different metiods of statilization.

(Tadble 1 from izhanitzin, B.A., pp. 1l4-15, of the "Keports")

Method Suitability Ssabilizstion Application Material Equipment Cost
Gharacteristics Kind Quantity (4n roubles)
pilicate-treatment Sandy ground; filt. coef. 2-80m./::Ars.| (1)Firmness; 15-60 Kg./c.-% (1)Structure foundations (1)NapS103;mod. (1)200-400 1)Pumps; pres. up to 30 gqtm. 150-250 per nd
(2)Impervicusness (2)Protection of pits 2.6-3; Sp.gr ) & 3. a)hpdraulic press
from ground water 1.25-1.30. (2)m n » b)type "E" (izhoretz)
(3)Undergrcaund excavation (2)CaCly; sp. 2)"Serpente™#®)
gr. 25-1.%0 3)Injectors; (4)Silicate cookers
5)Equipment far driving in and for
wi L "
Sandy ground; filtr. coel, 10-100 (I)Imperviousness (1)Screens and walls (1)Bitumen emul- (1)200-5(!) ;ﬁu-!ic .‘ﬁiﬁiﬁ erpents"#¥ ) 150-200 per m.’
Bitumen, cold m./24hrs. (2)Cohesiveness impervious to water. sion, 30-45%; L/m. 3)Injectors (4)Equipment for driving
(2)Protection of pits from particles .001 (2)1-2Kg. in and for withdraming the injectois
ground water to .003mm. (per md2-S)
(2)caCl; or
[ ex ethers
Siity-clayey, clayey, and loess {1)increase in density {1)increase of bearing Tect current | (1)200-100 mecrodn(inﬂ 10-50 per m?
Electrochemical ground; filtr. coef. 1 m./24hrs. (2)Water-=stability strength of piles and (2)cacl,, Na5PO,, kh/md [3)"Serpente"##) and hydraulic
foundations. other salts (2) g. presses
(2)Construction in fluid (per )
ground
(3)Control of landslides
Fractured rock; cracks 0.15mm. {1)Monolithic structure (1) rvious screens in Cement, not lower Varies (1)Drills or perforators Drilling: 50-100 per .7
Cementation (2)Imperviousness hydrotechics than "4L00" grade within 2)Cament pusp (3)Mixers Cementation: 50-100
(2)Mining in water-bearing wide range 4)Pipes
strata
(3)Filling of cavities in
shafts and tumnels. T
Caverncus cracked rock with a 1 viocusness Shafts and underground 1)C: suspension| (1)Varies with- 1)Drill u t zﬁnf? ssure Drilling: 50-100 per a.
Clay-treatment weak flow of ground water e works S 4 )-:ygr. 1.20-1. in wide range g-ont w£=o B)Ehy n{nn J;:p. Clv-'-x-t-nh 10’-.50
45 (2)5-10% of clay | conduits
Fractured and cavernous rock Impervicusness T1)Protection of pits from ésg 8. per | (1)Drilling equipment (2)Pusps with Drilling: 50-100; Bitume|
Bi tumen, hot undergrownd water or "IV" grade n.*) pres, up to 30 qta. (3)Boiler for treatment: 15-60
(2)Water-impermaadble screens heating bitumsn (4)Drill-hole armature,
in hydrotechics with electric heaters
Freezing Water-sat. ground and rock Temporary stability Underground excavations (1)cacC. 1)Drilling equipment 100 per m,>
and imperviousness and pits (2)Nl|3 (2)Freezing plant
(3)Drill-hole armature

Translator's notes:
=y

onnyl" metr”, I think, refers o one meter either depth, length, or height; other dimensions variable.-S.

##)"Serpents” is probably hose, tubiig, or flexible pipes; the original uses "Schlange", a German term, although there are Russian equivalents of "schlange".

m)"nngnﬂéce];" may mean a pump working in reverse, to force liquid into soil; Rus, for "
####)nElectrosvirochny] aggregat" is "aggregate suited for electrical cooking (or blending?)" or "electrically cooked aggregate”, The meaning is obscure to me.-S.

* is "nasde”.
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