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SOME OBSERVATIONS ORN HYDHOGEOLOGIGAL PROSPECTING
' WORK OF PERMAFROST AREAS

/Following is the trenslation of sn article
by Cheng Ch'i-piu (6774 0796 2184), the 3rad
Design Institute of the Ministry of Rallroads,
in Shui-wen Ti-chih Kung-ch'en Ti~-chih, Ne. 11,
12 November 1959, ppe 15=15._/ '

As a consequence of the flying development of the
forest indusgtry since the liberation, the new railroads,
the lumbering industry eand the forestry cheml cal lndustry
have been extending dseply toward Ta-hsiuo Heing-en-ling.
During the past years, we made reconnalssance surveys along
railroade, more than 1000 km., the reault of which illustrates
that there are different kinds of permafrost layers in the
permsfrost areas of Northeast China. The writer presents
gome points of understanding from raliroad hydroegeological
reconnaissance for your reference and comments. In case of
disagrecients or mistakes in the grticls, please sdvise and
correct. '

I. Hydrogeological characteristics and types of underground -
water of the permalrost asress.

Acoording to our chservations from working experlences,
the depth betwssn the ground surfsce and the upper permef roat
layer, the thiokness of the frost layer, and its distribution
very with the heat conductlvity of the soll, terrsin, topo-
graphy, underground wateir actlviiy, climate and othsr factors
in the distrlect. :

In Chin-1in district, north latituds 517, east long-
itude 1222, the temperature of different soclle at the same
depth are obtained ns per the followlng table:s '

, {See next pags) .

During the reconnalissance survey, it was commonly
ohserved that the depth betwsen the upper frost layer and
the ground surfece is only 0.J3~0.5 m, some places reeching
3.5m, while the thickness of the frost layer varles at some
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- obseryved L ffe reanst Ave. DLote
Eopth Dep S Z‘E’MA o of
o bt £ cervaltion
Name of Layer o.8/m |hém (3.2 dégei wns -
Clayey Rocks ~9.2°C|~7.3°C}—4.8°Cl~ 33°C} T & 38
Sand sreie s " Samt gravel —8,2°C}~6.2°C -3 8°C|~ 42°C f") :
Cayey Rocks £ 5and s 10ne s ~8.7°C}-6.8"C}—4.1°C}~32.5°C Jan. 25,/958

Note: The ground tempéfatures are average value
during obaervational perlod.

places only 1-2 m and others up to 40-50 m. For instance,
during surveying at the Yin-a railroad station, it was found
that Doth sunny and shady gides are covered bY clayey rociks
with szndstones in between. After drilling, 1t revealed
that the permafrost layer does not exist on the sunny side,
but does exist on the shady side, 2 m in depthe

Under the different heat conductivity of soll, the
general depths between the permafrost layer and the ground
curface are listed below: o R

Clayeyusyenite Clayey pocks | Clayey rocks Sandstones O
- : | w/send-gravel |sand-gravels

0.5-1.2 m. 145242 Mo 1.8-2.6 m. | 245-3.5 m.

The underground burled water conditions in permafrost
arsas are gquite different from one area Lo another. s No
Hpo-erh~ch y-gzu-hsin-chiang” divided the underground water .
of permafrost areas into three catageories! upper frostwater,
antermediate frost water and lower frost water. The perma-
frogt areas in Northesast China have these three types of «
underground water extensively distributed, especially abundant
1g upper frost water. The inhabitants of Ta Heing-an~ling '
call these three itypes of underground water floating water,
mid-waber and bottom water. Their general characteristics
are ag follows: '

1. The upper water of the frost layer: This is an
underground water that exists above the frogt layer. Its
sctivity changee a8 the atmogpheric temperature changes. It -
gtarts freezing in nid-September, the underground water of '
liquid phase pecoming s01id phase. ‘11 melts in early April,
the underground water of solid phase converting back to liquid
phase. The thlokness of the activity layser greatly varies
with the periodic variation of the atmospheric temperature.
This water's activity is a function of the climatic conditions,
the topographical tocations, soil heat conductivity, the ‘




amount of frost snd the quantiily of covering snow in the
activity laysr.. For insiance, according to drilling results
an the digtrict of the I-t'u-1i River, the general thickness
of the activity layer on the sunny side 1s 2.0=3,0 m., and the
thickness on the shady side is only 0.8-1.0 m. In the sides
of the Chin River, the thickness is 2.3 m., bul at I-chi-t'al
with the same kinds of soil the thickness 1e only 1.2 m.,

due to the continuous flowing of river water, which produces

e certsin heat capacity increasing the thickness of the L
sctivity layer. This type of underground water 1a distributed
widely in the permafrost ereas of Northeast China, especlslly
at the foot of mountsins where the activity layer is composed
of clayey rocks with gravel, sandstones, crash stones and \
clayey syenite. The general tulckness of the layer in diff-
erent localities is listed as follows: L

Two eidee |Class 1-2 | Mountain foot | Within [Ta-t'ou {around
of river |sabove snd streams | forest igrass  |surface
o i7tal-tl sres covered
; ' -k 0t / BLOW
25w bm | 1e5w2.0m | 1.5=2.5m 2 403 JOm "~ “jof more
- 0B=1.0m|than O.21
l 05“2 -5m

Thse principal source of underground water in these
layera depends upon roinfelle Water quality 1is generally
good, except ln the lowlsnéds and difficult discharging areas.
We: collected water samples for chemical analysis from the.
distriects of Ken River, Chia~-chung, Tewerh-pu-erh, Mo-erh-
tao-ko, Chin-lin, A~l1l Rlver, Ning-a, Weng-tzu River, I-tu
River and the X'o-i River. The maln 1tems analyzed sre:

)

[ ¢ o~
SIS O L ®
STORI RNt ¥ g 6%
T RWE i g%‘%? - ')..v
2 0 <505 5 5. Bc0-~250} 50 160} Bo—120§ 5020

M - vy [ <
ol- | car | mger | sio, |T5i0am
Y iy Al T4
e/t | e/l | D | gy | 1S ;;3{:3
<56 110-20] 5-15 | 320 | 5-10 {s.0--6.8

From the sbove wsier snalysis date, the water quglity
in thege areas belongs mostly to carbonate salts in the form
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of calciugi. Other items ip relation to water for technical
uge of railrosd trangportation and drinking purposes meet
the stendard requilremsnts. , ' :

The moat remarkable polnt anout underground water in
this layer is that 1t has a shallow buried depih, belng merely -
0.3-0.5 m. Lfrom the ground surfaceos the water in this layer
ig sbundant and 18 collected by local inphahitants for dsily .
usage. QGenerslly, the pest underground water of thils layer
ia taken from a nearby river or lake that can be utilized E
during all gossons of the year. For snstence, the river bed .
erosg-section (Fig. 1) of the Ya-lln 1ine £ ¥ River ghows
the permafrost layer where underground wster iz usged for
water supplies during railroad congtruction.

. : ) ' };“'i.ﬁu 1

1. Frozen layer of river water.

2. BSand-graval, gravel md crash stones satursted
with water. » '

3, Melting district of clayey rocks.

4, Permafrost layer.

In short, the underground water of this layer can
gupply water 1o amall sesale mining industry, sesgonal lumber-
ing, genersal jinvestigstion of geologlceal minerals and fund-
smaental englneering congtructions. However, ite possible
ungteble form should we carefully consldered when underground
water of this laeyer is uged + .

5, The mid-water of the frost layer: This ls an
underground water lying within the frost layer. It 1s noh
as extensively distributed as the upper water of the {rost
layer. It ls related not only to the upper water of the
froat lasyer, but alsoc O the lower water of the frost layer.
1t is affected by both atmuspheric remperature and ground
temporaluré. Therefore, it csn be either in liquid phase '
of in solid phase. 3incs the supply condltions are different, .
its physical character, chemical composition and vapor con<
atituente very secordingly. ¢ 11 ip supplied by the lower
water of the frost layer, the temperature of the underground -
weter will be higher and it will have a definlte water presaure
hesd. From analysla-of its quality, this waler is olean and
pure and the quantity of water is compasratively stable all year.
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show any mid-water of the froet

If 1t is supplied by the upper water of the frost layer, the

water temperature affected by the atmospheric temperature ‘

can have either positive or negative values, From analysls

of its quality, tlils water is discovered io have unclean marks,

and sometimes the water quantity decreases gradually conforming

with seasonal freezlng. ‘ .
When prepering geological sectione, we frequently could

not reach the expected results because of the vague distri-

bution of underground water in thls layer. For instance,

two drillings less than 100 m. apari st Ning-a rallrosd statlon

were observed. One had no water, the other produced a great

smount of water when the drilling reached the irost layer.

Several wells drilled to 16 m. deep by the Operation Station

of the Minigtry of Forestry in the La=kou district did not -

show sny water, freezing down to the rock-beds. We drilled

to 26 m. deep in the same district and found nc water. It

wae later discovered that this district lies in the axial

part of a small island-shaped frost belt; therefore, no

mid-wster in the frost layer occurs. As another exampls, at

the intersection.of the Chin River and the Pel-la-erh Rlver

a geologlcal section was prepared as in Fige. 2 and 3.

#afe &

Aele i
‘i

7
e
"""""/f/. /
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Fig. 2
1. Gravel. 2. Wster and gravel. 3. Permafrost layer.

a. Upper water frosi layer.
b. Mid-water frost layer.
c. Lower wster frest layer.

Drilling holes 2 and 3 aid not

layer, but No. 1 produced a large
emount of water, which steamed
when pumped: outs Therefore, this
water is congidered to be
supplied by the lower water
of the frost layer.

A general conclusion of our
obgarvations in these digtricts
i that underground water in this
layer does not widely occur. Drilling top view.




in order to utilize underground water of this layer, it is
neceagary to undsratand thoroughly from the beginning lis

water distribution and sources. In preparing geologlcal ~
gections, the drilling spsce should not be too great and long
perieds of pumping experiments ahould be performed while the
fropt iz reaching oritical condition. Then the permanent .

water sources might be divided into poor, medium and rich
according 1o the water's capeclty. o ‘

3, fhe lowsr water of the frost layer {including
the deep layer undercurrent): This il an underground water
which liee under the frost layer. It is the most relliable
type of underground water in permafroat aress gnd slso the
nost eignificsnt type from the viewpolnt of water supply.

It not only has a large amount of water, but also has good
water quality, which ia nol affected by atmospheric varistion
snd ground surfece contamination and which has & posltive
water temperaturss It always exists in liquid phase which

ig not sppreciably different from the underground water ol
non-permafrost areas. The only differences are that it hes

a nen-permesble frogi layer as i%8 top which prevents water -
gupply wnd discharging conditions and generally has & definite
wator pressure head. The underground water of this leyer
exists commonly seversl meters below the froast layer, dbut ln
goms places 1t lieg 20 melers under the ground surface.
Chin-1in Station of ihe Ya~lin line needs a large gusntlty

of water for technical use in transportation. To solve thls
problem, we should gel the underground water below the frost
layer. According to the following sonditlions, wé predicted
the possible existance of underwater in the Trost layer at
the Statlong ' ’ o

(1) The statiom district is located in the axlal
part of & pedimentary basin between mounteins end has a
water gathering area of sbout S0=-100 squere km. Hain falla
in the station dligtrict. .

(2) The ignecus rook clevages sround the mountalns
are well developed by the ahrasion of wind. HARalnfalls rmun
directly through the clevages into the ground ie supply
underground water for the deed layal. :

(3) The Chin River passeg near the station dlgtrict.
Obgervations of the river's flow rate upatream ahd downohroean,
2 kme apart, indicated that the river pupplies a lsrge guantliiy
of the undsrground water. ' B

(4) A large plecs of sotive 1ey hill near Pel-la~-kou
after two years observailon, has the game saoctivity posltion
and ares wnich are probably resulte of being supplied by
underground water. ' ’

(5} The rugged ground surface with psrpendiculsr
oracks of Trosted scil near the sgtation district indicated




that underground water activity in this arsa has been very
active in the past. S
. Besed, on the above conditlons, with the aid of electirical
snalysis, we gselected two deep drillings where underground
water below the frost layer was found 50=-60 m. under the
ground surface. There 18 sbundant water of good qualitys
having e water pressure pesd of 30 m. Therefore, 1t basically
solved the water problem for that statlon. ' : ‘
The sbove three layers of underground water sometlmes
become & single underground water which varlies in 1tg form
or position. The mid-water of the frost layer ig an inter~
movement passway of the uppser and lower waters of the frost
layers. - Co

IT. The segson for reconnalssance survey . :

Hydrogaological gurvey in permafreost arsas can not be
earried out all year as in other areas, becauss both soll
and water meli or freeze as the £easons change. Therefore,
the survey should be performed 1n the critical freezling season
and the critical melting eeaslh. Generally, it is divided
jpto two surveying. psriods. = E

The first periocd is in late winter when the waler 1s
frozen. The lowest temperature of the activity leyer can
be determined in thls period. The £iow rate of the springs
and the lowest flow rate of the water-contalning layer and
the melting district can also be roughly determined by findling
the position of the constant spring flow and the thickness
of the frost layer. Such hydrogeologlcal rhenomens as 1oy _
hills and lcy ridges are ensily dissovered. All thls inform-
ation enables us to select a more exasct pogition for survey.
The principal work of the survey should be immediately done
within this period while the ground surface l1s largsly frozen
and is without traffic gifficulty. S

The second period is durlng the late summer and eerly
sutumne During the first period of survey the ground ls
almost covered with asccunulated msnow, 8o that rocks are

" hard to find. For this reason the second period supplements

the deficiency of the first survey pericd. The characteristics
of permafrost are noted, the depth of geasonal melting 1is '
determined, the gupply amount of peximum underground water
time is recorded and the depth of the permafrost layer and
melting areas 1s mensured in the second survey period.

TII. Several indications for hydrogeoclogical investigatlion
pided by the permafrost district.
1. Areas that are low and discharge water with diff-
“iculty usually become pondized. The pondized soll produces
meny tower-ghaped gragses, which are water-favored plants.
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| 88 grasses supply temperature-preserve getion to the
. pafrost. Therefore, s pendized distriot with tower-
.. ped grasses ls a good indication of a permafrost layer
i ng near the ground surface. Another indicatlon is bushes,
ally growing in the sedimentary layer. According to our
. srvations that bueh district ls &an indleation of a melting
“i" g,  Hydrogeologleal investigation should follow the dir-
ion of these bushes. , N | :

: 2.  Areas where winter snow is easglly melted or
| ulated snow is thinner and where spring melting is emrller
. ginter freezing is slower, indicate underground waler

ivity, seince the goll tempersture is different from the

oapheric temperature. Soil temperature is warm in winter
cool 1in punmel’.
3. Underground water is generally active in wetted,
i ny ground, in the feetl of mounteins where water constantly
' pruns, or in places that never arack, even in & drought
80Ts - e f T
"4, Areas thet have icy ridges, iloy rock or hilly
:  apd eplits and where waler overruns from lce indicate
I ¢ sctive underground water sctivity.
5., In winter, river water usually approaches zero .
. rees. Areas where water tempersture is higher probably
jcates underground weter supplylng waler t0 the river.
, 6. Aress with completely frozem surface water, having
5 spimals than vsual, usually indlcate the spots where
srground water overruns. , ‘ ;

7. On winter mornlngs, frogging and & thin layer
Frost on the tips of the trees indicsies an ares heving
srground water activity. " N o g

8. Areas with fzlling-leaf pines and bushes growing

* jcate permafrost districts. The frost layer is close 1o

ground surface.. Areas with watepr-Tavored plants growing
ag & river indicate the existence of a melting dlstrict.
depth is near the ground gsurface. '

8., Areas thet have bent trses indicate the presgsence
iey rocks and ridges. Areas that have wind-blown irees
joate & permafrast layer nesr the ground surface.

several cautiocns for hydrogeclogical investigation in
permafrogt districts. ‘ ‘ ' . :
1. Prior to 4drilling, the depth of the froat layer
uid be estimated and necessary srrangements made. Attention
" 1ld be pald Lo temperature pregervation of the hole whils
 1ling is discontinued. Generslly, strew bags or cotton
- oovared over the hole to prevend freezing of the hole
1 which would retard the drilling progress the next day.
2, During drilling it las very important to deiermine
upper and lower limits of the frost layer. Drilling should

8




be done in the center to avold ioy fragments falling into

the water causing a lesksge leyer to form. The limits can
be determined by the changing speed of the drilling and by
cooling when the drill head reaches the frost layer, .

- 5« The bushings should not stay in the frost layer
too long. They should be taken out when the drilling is
finished to prevent the hole from freszing. The drilling
equipment should not be kept in the hole overnight.

4. To obmerve the underground water level beneath
the frogt layer is very complicated, becruse the underground
water of this layer usnally has a definite water presgure
head which 1s frequently stabllzed gbove the lower limit of
the freost layer. The water in the hole is generally frozen.
‘Therefore, besldes a tent covering over the drilling hole .
it 1s necessary to keep the hole constantly warm by a heating
pysatem. . ’ " S
5. W®When drilling reaches a very thick frost layer,
the drilling speed should be very low. A boiler should be
installed to produce bolling water or steem which passes .
through the rubber tube inte the hole to incresse the drilling
gpaed., : . , : ' . o ’

6. During pusping tests, all equipment sgliculd be kept
in warm places such as a tent or a temporary straw roonm.
After pumping, the remaining water in the pump should be
poured out to svold damage by freezing. : :

T+ During the pumping experiment, the water leve
stablizing period should be continuously kept at 4«6 days.

The experliment should be performed under critical freezing
conditions to assure the relisbility of the water source.

. 8. During hydrogeologlcal surveying snd plotting, .
the benchmarks are displsced horizontally and vertiocally
because of periodic freezing and melting of the goil. For
thls reason, the benchmarks should be put 0.3=0.5 m. deep
into the permafrost layer and this should have trisngle-
shaped ends to yrevent horizontal displacement.

10,507
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ON THE APPLICATION OF MUD'DRILLING IN SUPPLY~
“WATER HYDROGEOLOGICAL EXPLORATION ~

--l?@llowing is' the translation of an article
“wy the Ministry of Construction and Engle
nsering, in Shui-wen Ti-chih Kupg-ch'en
‘Pjwchil, No. 1i, 42 November 1959, pp.
1626,/ ,

Introduction , » :
‘ “The sole charasteristic of mud drilling is to bore
2 hole without using a bushing. The mud - drilling method
adopted in the hydrogeoleglcal survey for water supply not
only solvss the problem of the iack of bushings, but also
speeds the progepess of survey. By this method, & hole of
8 larger diameter can be drilled and a bigger size filter
pipe ¢an be used, thus promoitlng the survey quality and
uniting production. Heowever, this method is not essy to.
apply because of technicsl difficultles with the mpud arcund
the holes In order to obtaln more guccessful results, these
technical difficulties must be solved. ‘ ' '
gince 1957 we have heen researching on these technical -
difficulties and the regults of research Indlcate that 1t ia
very possible to overcome the gifficuliies in the mud drilling
method . ) o v o
rhe content of our xasearﬁh consiste of (4) mud index,
(11) driliing method, (1il) using & rock center, (iv) deter
mining the static water level, {v) comparing results of well
washing and weater-pumping tesis and (vi) layer sealing. The
results of our preliminary regearch for some of the above -
topics are presented &s followsa:

1. Water-pumping test resuits of mud ardilling.

1. Well washing by & piston.

The mocurscy of the test ls closely related to the
completeness of well washlng. Therefore, 1t 1s necessary
first to Glscuss the problem of well washing. ' o

A piston ineide the filter plpe ig used for well washing
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in the mud drilling. The plston moves up and down to break
the clayey wall in preparation for washing the drilling hole.
When the piston in the filter pipe goes down, 1t opens the
valve; the piston is raised immedistely when 1t reaches a
certain position in the water layer. By close contact between
the piston and the filter pipe, this actlon produces a guetion
which assists underground water in breaking the mud wall and
which brings the mud, together with fine grains from the
ground layer, into the filter plpe. When the piston is :
roised to the top of the water layer, it is suddenly released
A striking force of underground water to the mud wall is
created by the moment of the initial actlon. The repeated
action of the pishon can break the mud wall completely and
sptisfactorily wash the boring hole. The accomplishment
of well waghing by a piston can be proved by physical phen-
omenon in a Tield experimente. (1) Well washing by a plston
can obtain more volume of sand from the filter pipe than
well washing with apy other equipment. For example, in
Kung-chu~fen district west of Peking, with a water layer
over 10 m. thick {sand-grsvel), the sand volume teken cut
of the filter pipe was about 1 m¥ ; at Ching-tao, with a
water layer of 7-8m thick (sand-gravel), the sand volume
reached 0.5 m®. These conditions could not have existed if
the mud wall had not been completely broken. It illustrates
that o better aptificial filter layer was formed around the
filter pipe. (2) After well washing by & piston, there was
no gend or little sand in the filter plpe durling the water
pumping test. For example, after 144 hours of continuous.
punping in & suburb west of Peking, a 1ittle sand was found
in the filter pipe. This condlition could not be obtained
except by effective well washing. (3) The unlt flow rate
end permeebility have no effect with respect to the relative
size of the bushings. The unit flow rate and permesblility
are greater when not using well washlng by a piston, which
further illustrates the effect of well washing by & plstone
This will be further explained in detall below. . '
Tn order to better understand the action and effects
of well washing by a2 plston, a simple model experiment was
performed in a laborztory. A model 50 om high, 60 cm wilde,
and B0 cm long, having water tanks 10c¢m long at brth ends,
with plywood covers on the hole openings was made. A 3"
filter pipe wrapped with copper sleve was installed in the
60 cm side and then filled with varlous graded samples
( sandstone, sand-gravel); water was allowed to flow from
the tank through the sesmples. A small scale plston was used
to move up and down mannually in the filter plpe. It could
be seen that greins within 6-7 cm of the fllter plpe were
grestly disturbed, and the dlsturbance was greater near the

11




filter pipe. Upon esch movement of the piston, the grains
changed their position guicklys Meanwhile, the fine gralins
wers sucked into the Tilter pipe. After ‘about 6 hours of
piston movement, the grains. in the sample, though they
continuously changed thelr positlon, were no longer sucked
into the fllter plpe, snd 1ts influential area no longer
inereased. It was found thai, after well washing by the
piston, there were no fine grains within6=-7 cm of the filter .
pips, but coarse grains with greater void ratio due to the '
gevere disturbance. nshle 1 shows the psample results. at
aifferent distances from the Tilter pipe. The diegmeter of
the copper sieve outside the filter pipe is 1 cm.

~ Table 1

“No. | o, ' TG radtes Croins
oF Sompling Loeation S S S o
Tect § >0 f10-44 22-0.5%0.5
'] Within =7 Cm of Phe Lifter pipe § v7 o0 f 4} 18] 1

S X joyt am away foom Ftber ppef ¢ 10 ] 57 o4

) P Witk G-7 om of theftterpipe] 3 | 45 ] 1 13| 0
T seerr em ciwary Fron Ie Fitterppel 2 | 15 | 6172 4

The experiment results 11lustrated that within 6-7 cm
of the filter pipe all grains smaller than 1 em had been ‘
completely sucked into the filter pipee. .

7 A model experiment 1o determine the effectiveness of
well washin§ by a piston in a mud hole was also done by
placing s 57 pushing in the previous model, f1lling in wlth
gsamples outside the bushing, then pouring liguid mud with
specific gravity of 1.3 in plaster form (1t 1s the worst
condition for well washing by mud), and finally, taking out
the 5% bushing without aliding phenomenon at the hole wall.
Aftar. about 40 hours, the 1igquid mud around the circumference
. ¢of the boring hole became & muddy walle A rubber tube was
ingerted at the bottom of the filter pipe to gently introduce
water Tor back washing. Within sn bour the effluent became
muddy water, the muddy wall not belng damsged. Then, well
washing was dorne using a plston for a 1ittle over 10 minutes,
and the muddy wall was completely demaged. Similer testing
conditions were observed when sandstones were mixed with mud
and placed under plston movement for 8-10 hours. B

©  These experiment results concluded the following:i
1. The circumference of a filter pipe is a better artificial
filtration layer not obtainable by other well washlng equlp-
mente 2+ Well washing by a piston produces a great disturbing
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force in the ground layersj the closer the fllter pipe, the
greater the force. It hes a definite influential area which
does not increase os the extent of tlme of wall washing in-
cresses. Therefore, it is best to obtein the well washling
gteandord in the field when thers is no sand eucklng into the
filter pips. 3. The ssme resulis are obhalned by using this
method for s mud hele; however, 1t takes & little longer.
There are various types of :

pilstons that cen be used; the iype ' qwf‘ing

thet we used 1s shown in Fig. 1. A N S
propsr diemster of the plston is _ Tedll pipe
necespery; & oo smell dlemeter ?%%

will affect the results snd & 10O ;{-,,;wk-»:tran band

large dismeter will choke the graluns 3/
arid cause sn accident. The platon ‘»i
can be operated either by a drilling %
machine or by mexnual power, Manual e NS
operation is not sultable for = .
deep hole. During operationg 11 =
is better to separete the waler Q»AQWNalwa
layer into sections of 1-2 m deep V3

each, and work each section Fige L

gseparately working from the upper ¥ud hele plston.

weter layer downward. Whlle well , ,
weshing, it is trouklesoms work to take ocut send from the
filter pipe; we used a flat bottom cylinder whilch provides
more than double efficiency ss compared to the gensral
punping eylinder. It hould be noted in waell washing by &
piston that, since s large amount of fine graing in the

ground layer are sucked into the Tilter pipe, the backfill
sandstoneg should be a few moters higher than the top of the
wator leyer to prevent theesllapse of the layereg between the
water layers.

In short, before spriying well washling by water pump-
ing, well waching by a plston is a very goourate methnod that
agsures the amount of flow rate into thne mud holes. Moreover,
1t ie a very simple operatlon. DBecsuse it can form a beiter
artificial filter layer sround the filter plpe, thls method
1s sppliceble to bushing drilling, teo, and zhould be widely
used. .

Hi~Wooden slats
st -Fubber band

»Ib(n‘r

2, Comparisgon of water pumping experiments by mud

hols snd bushing hole.

pable 2 18 a brief description ef each comparing ‘
|roup s

Teble 3 is an outline of water pumping tests of each
group. .

Table 4 iz a water analysis of each group.
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. . First group; The disience between the mud hole and .
the bushing hole wes 180 me Oround lsyers were generally
pinilar. the averasge grain gradatlon wag as}fellawa:
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 The K value of the mud hole was spproximately 60%
greater then thal of the bushing hole, because wall washling
by & platon was sppllied to the mud hole. ‘The bushing hole
wae not well weshed by a platon and 1t was well washed in
dimited production time. The well wasohing being done by
water pumping for only 3-4 heurs, the bushing hole was not .
completely washed. ‘ i

 gecond groupt The result of the water pumnping test -
evidently was not aoccurate. The parmeability of the bushlng
hole was 0% less than that of the mud hole. It sesms .
‘dmpossible t¢ have so smsll permesbility at Fu-heing-men
‘dLatrict in the weset guburb of Peking {this hoie will be done
pgain in 1959) with such a great difference af two holess
The principal reason is that there ie an intermediate clayey
iayer with sandatones between the water layers. At No. 136
érilling hole, it was consldered two water laysra; during
the testing, the second water layer was sealed. Actually,
it may only be one layer which cause & great deviation in
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the resultsa. : Cs
Third group: The dlstance between the mud hole and
the bushing hole was 2.5 m. Il was noted thet the bushing
hole, without applying well washing by a plston to-it, will
affect the flow rate. Therefors, well washing by a piston
wes made in both the mud hole and in the bughing hole. In
the first water layer experiment, both holes had the same
permeability. In the second water layer result, testing
in the mud hole created a deviatlon because its sealing work
was not properly done. The mud hole should have been sealed
both ingide asnd cutside of the pipe, because the working
part of the filter Plpe reached two water layers. Water
sealing can effectively be done by wrepping the eutside of
the ‘pkpe with sea plantse. Inside the plpe, a water gealing
pipe with a diameter of 127 mm., wrapped with gea plants,
was ingerted (this hole gpplied water pumps,  the outlet pipe
not replacing the water gealing pipej if a wuler soaling
pipe with a dlameter legs than 127 mm is placed with a
smsller outlet pipe, the flow rate in the drilling hole will
be affected). Because the spacte vetween two plpes was 10O
small, water-seallng ability was poor which ¢aused the mud
hole t0 have a greater deviatlion value. ) . _
Fourth group: - The distances between the mud hecles
and the bushing holes were 12 m and 18 m respectively. The
bughing hole also wag operated with well waghing by a2 pbistone.
The permeabllity of these three holes were baslically the same
(hole #6 and #6B did only once during the water pumplng tests
because they were limited by the capaclty of the air compressor).
. Though the number of the relative groups was not largse
enough for comparison, though the distance between holes was
. ¢o0 far apart, and though the conditions of technigue and
the equlpment were not strictly the same, the above experiment
results revealed that there was no affect in the water pumpe
Ang experiment after the mud hole had performed well washing
by a piston. The two mud holeg in Group 4 had the same E
results which indicates iurther the point. In 1959, gt Peking,
a comparing group wos experimented with. The distance between
the bushing hole snd the mud hele was 2 m with similar CR
basic conditions of technlque and equipment. The prellminary
pesult of this experiment was no different (8till under o
testing). This also pointed out clearly that an accurate = ! :
result could not have been obtained 1f well washing of the - -
bushing hole had noi besn properly performed. It ghould be -
especially noted and suggested that from now on all bushing
noles should operate well washing by.a piston to assure belter
quality and quentity. o . R
From the water guality snalysis of each group, mud -
drilling has no inferior affect as far as the water quality:
is concerned. , o
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TI. Using s rock center mud hole.

. We are concerned with the problem of whether or not
we can get a water sample without mud in the water layer of
a mud hole, becsuse it is & necessary datum for our invege
tigation. Before discussing this problem, we will introduce
a little information on the model experiment resultes of
pergesbility of mud in the ground layer of mud drilling,
because this experiment has great signiflcance for uslng the
rock center in determining the water level end ln well washing..

An 8%¢@ pipe is used tc form a model of Chi~-nlso-shih
permesbility equipment, 1 m. hlgh; the pipe la filled with
various graded samples (about 50 mm in cach experiment);
water ie poursd intc the top Lo saturate the semple and the
water level is allowed to be sitable abeve the sample. Liguld
mud with a specific gravity of 1.10 and viscosliy of about
20 mec. 18 added on the sample and then, & pregsgure of Q.5
2.5 kg/mm  4is applied on the plpe through a plston on the mud
gurfacae Trer pressure has been appliesd, water begling to
permeate out through the sampls (actually most water flows
out slong the pips wall) for about 20 minutes and then stops.
Aftear 45 minutes of continued preassure, a mud cake of 1.0=
1.5 mm thiek appears, when the model is opened. The boundary
line of the mud penetrabing lato the sample is not cleary
its maximum permesbility is less than 2-Jom and the penetrated
wud i dlluted into liguid mud by weter from the sample.
Though the model can not exactly reflect the actusl Field
condition, 3t st least ehowe the result that duripg a drilling
survey, the liguid mud can penetrate only to a limited depth
into the ground layer. This conclusion ls in agreement with
t1ie Russian expert, Prefessor "Ko-li-men-to-fu'‘s, ¥ . . o mud
hes litbtle affect on the rock laysr', from page 93 of "General
Surveying Hydrogseology" . ' :

In practice it ls pessible to obtaln samples free from
mud by rotary drilling with the contlnuous press-in method
uaing ball rock-center plpes. When drilllog reaches the
estimated dspth, the pipe is pleced into the bottom of the
hole to close the mud pumpe This stops mud clirculstlon in
the boring hole end contrcls it. The plpe lg pressed con=
tinuously. When rock sample comes inte the pipe, it replaces
the same volume of 1lquld mud in the pipe by action of the.
bell, and the liguild mud leaves through the dlscharging holes
Aa it enters a certain depth (based on sampling requiremsnta,
generally 3050 cm), the drilling rod is ralsed so that the
ball comes back to its oripinal position in the pipe. This
not only prevents the liquld mud from gntering, but also
bears mud presgsure in the hole. The rock sample ls suoked
without falling when the drilling red is raised becsuee the
rock center pipe contains s vacuum when the plpe is pressed-
in snd becsuse there ie s buoysney force of the llquld mud.
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1 possible to obtain rock eample
of grain size 10-30 mm. and
containing over 75% in the ground
water layer. Except the end
portion of 3-5 cm containing mud
(this is the permeabllity of
1iguid mud in the ground layer),
" the rot¢k ssmples obtalned by thils
method weére free from mud and met
- the quality requirements. .
, " The drilling of the striking
type takes samples by a movable
collector (Fige. 2). The principle
of this type 1s similar to that
of the previous one. The bottonm
of the hole is clzaned when ‘
drilling reaches the deslgnated
depth for sampling. The collector
is put into the hole and 1s held
by & rolling cyllinder at a dle-
tences of 1-2 m above the bottom |
of the hole. The rolling cylinder
is suddenly released sc that the
gollector hits the ground layer
with such a force that it will
.penetrate to a certain depth of
the layer. This method can not
only speed the sampling Pprogress,
but also can fix the position of
the collector to sasure a better
quality. Then the steel rope is
raised to a certain helight (it
. should be less than the moving
RS distence of the .collector, the
; greater the moving distance of
the collector, the betier the
regult; the distance aciually
" uped in Shanghal was TO om). :
The rolling cylinder is quickly
released sgain to produce a :
gravity impsct for the collector.
The required samples can be
obtained by the repeated striking
operation. The samples obtained
frem the mud hole in Shanghal
Fig. 2 Collector ‘ igﬁ@:}:wn in the phot.ograph

THREADED ' {*ﬂ In & west suburb of Peking, it
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(Fhotograph not repreduced here because of
poor gquality) .

In the Shanghai district there are generally more }
oloyey s0ill grains mixed in the water laysrs Thelr slze is
commonly less then 0.1 cm snd over 20% water content. By
uglng s pumplng cylinder for sampling in a bushing hole, the
fine grains (iless than 0.l mm} can hardly geot into the cyle
inder.. From the above dats, it le understood that ssmples
with less than o 0.1 mm grain size from a bushing hole are -
much smaller than those from a mud hole by the mud collector.
Fine grains exist in ground layers. Using the sleve snalyels
reagulte to design Fllter equipment is evidently wnreliable.
During & wabler pumpling experiment in the distriet of Shanghai,
a large smount of flowing water that affected tiie tesi result
and ceussd an inaccurste sampling frequently occurred. Ane
other example, in the Cheng-tu plain investigation, where
ths ground layer ls gravel mixed witlh clayey soll, the K
value by the permeablllity test in the laboratory was many
times greater than ithe X vsalue by the water pumping test.
After repeated checking, 11t wag found that the ground layer
consisted of a e¢srtain amcunt of claysy soll which could not
be sucked up by & punpling cylinder in a bushlng hole. This
cauged the greater value for permeabillity tested in the labe
oratory. '

Baged on the experimentsl results, except those ground
layers containing much big gravel, rock sampdes of good
guality can be obtained by both the rotary drllliing type and
by the siriking typve, especlally in ground layers conbaining
much fine grains. For ground layers, samples from a pumpling
eylinder can not glve very scourate rasulis. The represent-
ebility of these ssmples is 2 guestion of the neceasliy of
prasticel work, especislly in unevenly graded grain in ground
layers where samplies should be teken by a soll collector to
agsure the qualliye.

Telhile b.
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IIT. Determining the static water level in a mud hole,
At pregent, we can determine only the statle water

level in a mud hole; actuslly, the statle water level is
the main factor in supply-water hydrogeological survey. In
practice two methods are adopted; thesy are theoretically
the same.  According to both methods, a water-level test
pipe is placed in the mud hole and pressed into the ground
layer to a certain depth, the llquid mud outside the test
pips being kept away. Then, the fragments asnd mud in the
pipe are tgken cut, and mud pressgure is elimlinated in. order
to determine the gtatic waler level in the pipe. E

© The method of using well striking: When the pipe -
reaches the estimated water level, the bottom of *the hole
18 clesned and a 2"¢¥ test pipe with small holes around it
(veld ratic about 15%) is put about 20 om from the lower |
end and ig gtruck into the ground layer to a certsin depth.
Then, & 3/4"-1" pipe is inserted into the 2"y pipe to: act
as & striking rod with a valve drlilling head at its lower
end and as a striking handle at 1ts upper end. During striking
the rock fragmente can be brought up from the hele; - the
2"¢ pipe is lowered to a depth of over 50 cm below the original .
hole bottom.. A 2" msnual pump 1s installed to pump out the
mud in the 2"@ pipe (when the mud is too concentrated, 1t is
diluted with water firat) ond the water in the water layer
'is pressed Into the plipe. After the hand pumpi 1s stopped,
the static water level can be observed in the 2" pipe. By
using this method, a comparison of the gtatic water level of
the bushing hole and the mud hole 2.5m apart was made by
Group 3 in Peking, as listed in Table &, -

Toble 6 .

Hole No.| Drilling Method | Statlc | Date of | Surveying
' : water | survey |instrument

) level
163H Buﬁhi:ﬁg 4 N 906 ’ 57 « 10 27

1634 . Muad o 4,890 5T7.12.21

Table 6 indicsates that the static water level determined by
this methed lg relisble; it is a simple method in egquipment
and in operstion. However, this method applies only to hole
depths not over 60«80 m and to drilling holes of ghallow
ground water level (within 10 meters below ground surface).
Method of using a 4"-6"¢ pipe as & water level test
plpe: The pipe is struck inte the ground layer to a certain
depth; with the ald of a pumping oylinder or a soll collector,
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sthe pipe Ls lowered to more thean 50«80 m below the ground
teyers The outslde of the circunference of the pipe is fillied
yith a clayey ball to prevent mud from entering into the
sipes the mud ingide the pipe is tsken out (meanwhlle, the
md surfsce in the drilling hole should be watched to see i
bt i lowering; lowering mesns that mud 1is lesking, end an
tpmediate remedy lis required), snd then the static water
level cen be obuerved in the test plpe. Thig method has the
oroblen that during striking of the pumpling cylinder to lower
the test plpe it produces a vacuum suction which easily bresks
the ground lsyer and sifects the quallty. Therefore, 1t is
netbter to use a goil collector to lower the test plps to
golve this problem and to obtain pamples and water level
slmulteneovsly. Besldem, & 801l collector can determine
ncourately the grain graded condition of the obaerving water
lavel in the water layer. As a metter of fact, it ls hsrdly
pessible to take out ull the fragments, espsclally in a
Flowing sand layer:. In addition, the sediment mud so greatly
petards the up-rlsing velocity of the underground water that
nore btime is required to determine the water level and the
quslity is affected. Thile will be further studied in ocur
hydrogeological survey. :

Gonclugion | n
Application of mud drilling in water supply by the
hydrogeological survey has been materislly realized In
pocordance with our party's pollcy of walking on Lwo 18gse
The application is an effective wy to solve the pregent
lacking of bushings and to gpeed up the progreas of survey.
Since there is much to be done, it is necespery to invite
more pecple to particlpate in resesrch on this subject.

However, there is & gissgreement at present. Some
comrades pelleve that the mud drilling method c¢an not sssure
its qualitys  we think they are wrong because they have not
anderstood mud drilling. Though there are not many experiments,
and though problems vomein to be properly solved, the regults
of the abcve preliminary studles have ghown the application
of mud drilling in water supply by the hydrogecloglcal sure
vey. We ean only study earnestly, solve all technical
problems snd assure better quality. Some problems heve been
golved; esome gualities oblalned by mud drilling are better
tman that obtained by the bushing arilling. . If all of ug
study and work hard, all technical problems can be perfectly
solved and an overall aseurance Can be made to both the
guality and the gusntitye. '

105507
050 1562.5/1
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. SOME EXPERIENCES IN USING MUD TO CARRY OUT
. HYDROGEOLOGICAL BORING TO RAISE THE QUALITY
. OF THE BORE HOLE

-

/Following is the tranglation of an srticle
by Li Pao~hsing (2621 1405 5281), in ghui-
wen Ti-chih Kung-ch'ed Ti-chih, No. 11, 12
November 1959, pp. 21-22._/ :

When mud drilling is adopted in hydrogeologlical boring,
the gquality of the bore hols usually ie not high. The prin-
cipal reason is lack of study and experience. We dlscovered
en idea from ocur practical experiences (mainly in thick big
gravel layers) to improve the quality of the bore hole using
pud drilling. This ides is descrlibed below for your reference:

I. Applying boundries in mud controlling. o
1. Mud drilling should not always be applied where

water drilling is applicable. Water drilling can be appllied
to a sandatone layer, to sand and sand-gravel with a large
amount of c¢lay, or to a gravel layer of low hardnese. '

_ 2. In a boring hele, mud application should be strictly
controlled. Mud drilling can be used efter the hole is
ppened where the underground water level is generally deep;
the density of the mud can be high in order to protect the
hole wall and to speed the progress. Meanwhlls, 1t 1s not
nece ssary 1o place a bushing in the hole. Mud drilling can
be applied 10~20 m sbove the estimated underground water to
nud of low density to reduce the. sealing capsaclty of the
water layer. Water should be used instead of mud at the
section where underground water might be discovered {about , -
10 m above the water level), since undérground water level
cen hardly be digcovered during mud drilling. After the
underground water level is clearly determined, mud drilling
of low density should replace the water until the designated
jepth is reasched. This method is used mainly to speed the
irilling progress, to assure the quality of the bore hole
and to save a ¢ertain amouni of bushing. Water drlilling ls
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not applicable to the sectlion abovs the underground water
sctivity beceuse it will slow down the progress and will not
protect the hole walle In order to agsure the most effective
performance of the sbove method, it should be noted that (&)
prior to the hole layout, the drilling design and the deter-
ginstion of the arilling method, a careful study should be
meds of the locsl data, such ag an accurate estimation of the
underground water level, the deslign of the hole depth and
the proper position to place the pipe, etc. and (b} during
arilling, the designated ateps of changing freom the =mpplication
of mud snd water should be fellowed and the underground water
level should be carefully watched. 4 :

IT. The hole washing method after the completlon of Arililng.
After completion of the mud drilling, the bors hole's
bottem end wall should be washed immediately for a lengthy
time by powerful washing equipment. The scle purpose for
the waghing of the hole is to wagh away tha mud which is
golidified around the walle. This meihod has generally been
sdopted by every fileld team. Howeval, the guality of bore
holes havs not actually been lmproved besause enough has not .
been known asbout hole weshing and the progress has been
affected. Bushings should be placed in the hole before
washing; & filter plpe should be inserted in the water layer)
snd hole washing should be powerfully done for & lengihy
time with washing equipment. The water pump gshould run at
{ts full capscity while the washing equipment repeatedly .
moves up and down until all the mué in the bore hole has boen
cleaned upe. The clesnliness of the hole csn be determined
by cobserving the mud concentration of the waghed water; the
degrea of mud remaining on the hole wall can be determined
by o tubldity meter. Under insufficlent filter plipes, 3
double washing can be applied after completion of the drili-
ing. First, all bushings sre put in and only the bottom of
the hole igs washed., A water plpe ls inserted during pumpling
snd the bushings are taken cut. Then, the hole is washed
or long pumping is epplied to wagh the mud out of the water
layer. The washing squipment 1s made of a drilllng rod with
some modifications; the holeg and the dlastance betwesn holes
are based upon the actusl situation. Many holes of small -
slze produce a weak force but an extensive ares; few holeg
of large size produce & strong force but a limited ares. In
a grovel layer, few quincuncial holes of lerge size are more
effective to usei in a sand leyer, many guincuncial holesa
of small size ere more effective. When washing the botiom
of the hole, water can be transported directly from the
drilling rod without using the wezahing equipmentes
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1T« The mid-way hole wasghing method. ,

o By this method, & sultable sectlon where drilling can
beé stopped is selected, and filter type bushinge are put in
the hole for washinhg until the water level datum 1s obtalned
for continuation of the drilling (hole weshing should be made
several times, if several water layers are met). The principal
object is to understand the underground water level and the
weter layer conditlon to detsrmine the depth of the hole and
the bore hole's structure.’ When the underground water ia -
deep‘and“the,water‘leVel is uncertsin, it is difficult to
design the hole depth and bore hole structure.. Conditions
for applying the mid-wey hole washing method are: (1) the
underground water is deep and hole depth has not Ween deter-
mined; (2} two or more water layers may be discovered in
a bore hole, and the water level of each layer has not been .
determined; {3) though there 1s only one water layer in -
the hols, the layer appears very thick and the water level
can not be easily determined. - Lo

" The requirements for applying the mid-way hoele washlng .
method: (1) before drilling is started, a bushing of the
filtering type should by prepared (a bushing without wire
wrapping and having s void ratio<£30%); (2} the density
of the mud for drilling should be properly controlled in
sccordance with Section 1, Article I3 .(3) detalled research
data and carsful planning are necesgeary to better estimate
the underground water level and to design ihe working drawing
~ for drilling. This 18 especially important for hole drilling

in several wabter layers. v ' ; = - ;

. Understanding the static water level l1s very important
during hole drililing, especlally 1n & bore hole of seversl
water lsyers; the water level of each layer is most important
to be understood. Based on the water level data, the hole
depth and its miniwus dismeter at the bottom can be reason- -
gbly determined. The water layer sealing and pumping deslgn .
cen be appliled to the foundation of each water layer. At .
_ pregent an alr compressor ls usually ueed for deep hole pumping
by the hydrogeological teams. This kind of pumping machine
15 direcily related to the underground watere level, l.a.y
1t is a proportionsl elatlionship. fherefore, in order to
sgsure the pumping the hole depth becomss s fold function
of the water level. Under the other conditions, the hole
deptl can be reasonsbly designed on the basis of the water
level end it is the best way to eliminate wastlng. ~
‘ “The Arilling depth is equal to 2 times the statlc
water level plus the maximum water level dropping: :

H=2h+ 8,
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whoere H is the drilling depth to be determined In m.
h iz stebic weter level after hole washing in m.
Bpax i8 the degligned nax weler level dropping ﬁurin&
pumping in =m.

: : Experience proved that the hele depuh can bhe alimhtl?
. lwaa thers the ealoulated value, but it will not be idesl when
‘pumping. This is beczuse the buried depth of the ventilation
pipe ear not satiasly the relationship of mlixing the ratio. '
For example, after mid-way hole washing the etatic |
W@uur level in the hole is 53 'm¢ ths designed maximun wa ter
level dropping during pumping is 10 mi hn@ﬁ the hole ﬁapbh
‘osn be computed ss:

Hz 2 x 55 # 10 = 116 n

Tharefore, the hole depth is dsatermined ss 116 m;
..its end hole diameter should not be less than 130 mmy  so
‘& 127 wm Tilter pipe iﬂ ugeds C

™e hole drilling <f thig method fs pimllar to o%hars,
the only dAifference is that it can be siopped urgahﬁra in the
‘hele durlng the drilling, and thsn bushings of the Iilterling
typs can be pubt in plsce for hole washing. When the siat Lh
water level is obbtained, drilling contintes untll the next .
water layer ig digcovered. The process of hole drilliing is
repested sfter snother gtafic water level is reecched. The
‘dongity of the mud cen be higher in the beginning se that |
the wud csr be used for widening the hole. The mud denslty
‘should be iow at sbout 10 m sbove the eatimsted underground
water surfecs: +the density sheuld be hlgh sgalin when the
water leyer ia passed through. The bushing should be placed
‘geversl meters beneath the bottom of the water layer. Hole
wae*lnﬁ ig perfcrmed by the washing eguwlpment ﬂﬁving up anﬂ
down rapeau@ﬂlv until the hols is clesned, Then the static
water level is observed and the stable curvea of the static
water level are plobited. Drilling le continued by using ine
naxt smaller drilling eoaipmant to the next water layerand
the hole lg washed sccording to the same procedure pg ocutlined
above, using s bushing., BSimilarly, drilling csn reach the |
‘designed depih of the hole. If s large, thick gravel 1ayar
peeurs after the firset hole washing, the undergrounl ter |
level not being diacu«ufuéﬂ anocther hole washing pvnceaa

- snhould be done Lo tbable deptih below uatll the water
. level dstum ls ob tmnéﬁ.

Adeption of this method not only osn raise the quelity
of the pud hols but alss cen incresse the sffiui@nay of thw :
hydrogeclegical boring. ;

. The ii”u#ﬁﬁ huinw are thea aaaﬁgw&@em aeaaiana of &



drilling hole having undergone the washing procsss under
mevsral Gifferent condlilons.
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EUSHINGS AND THE PROTECTIVE WALL OF MUD IN
A BORE HOLE

/Following is the trauslation of an articie
by Ch'en Ying-lung (7115 2503 7893), in

- Shui-wen Ti-chih Kung-ch'en Ti-chih, No. 11,
12 November 1959, pp. 2324 o/ . o

According to past experiences 1n hydrogeologlcal
survey, each set of bushings can protect only a 30-40 m
boring wall. If a hole welghlng more than 30 tons ls to be
drilled 160 m deep using bushings for wall protection, a = =
total length of 400 m composed of bushings with gw, 10%, 18"
snd 14" dlsmeters is required for one holee. Hydrogeological
gurvey in our country is expanding every yesr; our industries
and sgriculture are developing ard need more underground
water surveys in the deep layers. T¢ meel these requirements,
deep holes. will be drilled that require s lerge amount of
bushings with large dlameters. Howaver, our country lacks
bushkngs with large diameters. Under present conditions,
nogt hydrogeologlcal drillings need bughlings 1o protect the -
wall of the boring hole, Therefors, 1% 18 & very urgent and -
jmportsnt mission for our nydrogeologlsts to find & proper
sconomical method for bering wlth the hole wall protected,
reducing the amount of bushings, increasing the revolving

~application of bushings and eliminating the need for bushings

with large dismeters in hydrogeological deep drilling. For
these reasons, thls article presents 2 wall protection method
for boring a hole by using bushings with mud (ebbreviated
as the combined method), for your reference and commentd.

mhe descripbtion and procedure of the combined hole wall
protection method. . v o ~
mo understand this method, an example is introduced
for reference. A hydrogeological survey will be performed
in the district of a sedlmentaly layer for water supply to
g citys 'Adoording to the svailable dats and judgement by -
electrical analyeis, the sadimentary layer 80-~160 m thick
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hag three principal water-contalning layers,
the smount of water in each layer, and the
The survey requires the use of bush-
layer data and a filter dliameter not
the amount of water in each
to be known in hopes that it will
But the team who s |

~of the layer,
quality being unknowi.
ings, accurste ground
less than 6Y; 1t also requlres
layer snd the water quality
be combined into a preduction welle
regponsible for this survey has only

10% and 8" bushings. ({According to
pest drilling methods), the survey
team would not be able to 4o the Jjobe..
‘However, the team did the job by
afopting the combined method. Hole
#108, which is the deepest in that

sedimentary layer, is selected for

t11iustration. The procedurs of the

survey ig as follows! .

Firgt step: Put a 20" bushing
4e8 m long, as required (a wooden
bushing can be used) in the hole as
‘a conducting pipe fer hole gxpansion
by ligquid mud (Fig. 1}. '
: ‘ Second step!

pipe, & 10* bushing is bored 40 m, and
‘then an 8Y.bushing ieg comtlpuousily
bored. The firat water layer is
discovered at 41 m; the boittom of

the first water layer is found al
70 m; and boring 1is conbinued %o
87 m and then stopped (Fig. 2).
gpecified in the nydrogenlogleal

gurvey, rock samples in the bughling

ghould be collected tu determine

the water table, the sistic water

level, the water iemperatura, eic.

.  Third step: A 6" filtsr is
placed in the first water layer and
the &* bushing is taken oute The
punping-water teast should e made as
specified (Fig. 3). : S

© Fourth step: After the
pumping-water tesi, the filier is
Fiiled with consenirated mud with a
viscosity of more than 40 sec. Then
the 6" riiter and the 10% bushing are
taken oute The hole is widened by
boring with liguid mudé to a depth of .

Ao

- £8

In the conducting

A

the crogs-section
water

L AN

» Fige 4

87 m (Fig. 4). Mud application standard exists when there



is no gas and methane, and when the
static water level of the underground
water is 2 m above the hole opening.
The sand and sandgtone laysr .use mud
with a viscosity of 18-22 gec and
specific gravity of sbout 1.10; the
clayey layer uses mud with s viscosity
of 17 sec or pure water.

Fifth step: A 10" bushing is
placed in the hole snd struck down
0.5-1.0 m for mud separation. The
mud in the bushing 1s pumped out and
‘& 10" bushing is inserted to 2 m.
Experience proves that when a bushling
enters 0.5 my the mud can be separated
g0 that the drilled layer will not be
dirtied by mud. Liquid mud should be
supplied constantly to the 10" bushing
10 maintain the atatic pressure at a
definite height {(2m higher then the
underground water). The liquid mud
gediments in the hole slowly form
plaster in the botiom, which will not
affect the pulling of the bushing.

An 8" bughing follows the 10"
bushing and is borsd down to S0 m,
where the second water layer 1s reached,
end then to 125 m, where the bottom of
the second water layer is founde. Then,
the boring is stopped (Fig. 5).
Hydrogeological observations and
sample collections are made accordingly
at the section between 87-132 m in N 2
the bushing. N

sixth step: Ssme as the third | '{f"\‘\\‘;_"’“
step. Pumping-water test should be. VAN
- mede in the second water layer (Fige. 6). 0%

‘Seventh step: Same as step 4. I
Liquid mud is poured in., The filter and
bushing are taken out. The hole is
widened by drilling with mud to 132 m
(Fige T) o : ‘
Eighth step: Same as step 5.

A 10" bushing is placed in the hole and
an 8" bushing is bored to 135 m where
the third weter layer is reached and
then to i65 m where rock-bed 1s reached
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‘ench layer.  The water gquality of the
‘first and second water layers neet the
reqguirenents for drinklng purposes,
while the third water layer ls not

The filter snd bushing in the third

for delivery

1g widenod, & gravel £illing

overrun quantity of water lsyers -
1,2, and 3 -exceeds 30 liters/ses in

o+
“

Nimth step: Same sg step 3.
Pumping-water test should be made in
the thirda water layer. (Fig. %) =

Tenth step: The hydrogeological
conciusion is made for the bering hole.
jocording to pumping-water tesie, the

adsquate for drinking.

Eleventh step: Swmme as step 4.

weter layer are taken out. From the
gbove conclusion, the water quallty
4s the third water layer ls not
asdequate for drinking purposes. C
to sgaln

Therefore, it is not pecessary
widen the hele by liguid mud. Clay

ig uped to seal the third walerr layer.
A filter with & large diameter ls -
instalied in the firet and seccnd
water layers only (Fig. 10}. Finally,
the well is washed and haznded to the
profuction orgenization for uss.

Conclusion snd Evalustion, _

1. The cembined meithiod can Beve
g oconsiderable amount of bushlvgs &
compared with the bushing mothod. For
instance, hole #1068 needs more than 400 m
of bushing with dismeters of 8", 10%, '
12" snd 24" by the bushing method; but
it requires only 280 m of pushing with
8" and 10" by the combined method. Each
nole can ssve 110 m of bushing welghling
tatlion

N

NNV

o
I

10 tons, thus saving 8 large trangpor Pig. ¢
sogle. MHorecver, the combined method can be

bushings with diameters larger than
ions of work walting

parformed without uaing
12% gnd 14%, thus svolding interrupt
of the vusblnga. S , .

5. The widened hols by the combined method cen be
used ss a production hole becsuse 1t has % large dlsmetsr
thet will it all types of filters, suen asp cast iron pipes
and wooden pipes of large dismeter. -8ince the hole diamster
filter wag invented to be adopted.
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{Thua. punping~-water tests can be carried out In fine sand
land olayey sand water layers. The bushing methoed can nob
‘do this sinply becauge of the
dismoter limltstlon. In addition,
the combined method is simpler and
mere reliable in dividing the layers
and gesling thé water.. It ls eamsler
‘4o pull out the bushinge (the bushings
‘Gismeter ig smeller than ithe hole's)
‘and it ig also sultable for deep
‘holes of water layer (over 150 m}.

: 3. The sgerious demerit of

the combined method lg that work :
progress le greatly reduced by wldenln
the mud holey during drilling, the
boring machine can not dsvelop lis
full working capscity. This limite
the extensive use of thls method.
Therefore, it would be worthwhlle -

te¢ atudy this method further, in

order +o achieve a betier, Tasgter,

end mors econvmical method fon
kydregeologlical invastigation. : Plg. 10

10,507
€801 1562-8/n
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 EXPERIENCES REGARDING WATER TABLE, WATER
TEMPERATURE AND WATER QUALITY TESTS IN
WATER LAYER DURING MUD DRILLING

4

/Following is the tranglation of an artiele
by the Geological Bureau, Ho-pel TFrovince, -
in Shui-wen Ti-chih Kung-ch'en Ti-chih,

Ho. 11, 12 November 1959, pD. 25-=20._/

During the water supply reconnalssance survey at.
fuang~hua salt field in August 1958, our team adopted the
aud drilling method, with observations of the statlic water
level , the water temperature asnd the water quallty of each
layer, with preliminary success.

Based on several deep hele data, the boundary line of
;he highly mineralized water in the K'uang-hua salt field
1as found around 200 meters deep. Thersefore, we declided to
1ge the individual leyer cbservation methed above 200 m to
letermine the vertical variation order of underground water
iineralizability, the depth of the water supply and the

iethod of isolsting highly mlneralized water in the upper
arte. .

"« Test aspparatus. .
1. A 108 mm bushinz.
2. A water bucket made of a sand collector.
3, Palm skin, sea-plants, wire asnd rope.
4, A thermometer, a water level measuring meter,
and water sampling egulpmente.

I. Test procedure.

le After mud drilling 1 m into the water layer, the
rilling equipment is pulled up and sand samples are collected,
f the water layer is composed of sand, the test can be
tarted. The drilling egquipment is pulled up and the 108 mm
ushing which ig wrapped with palm skin and gep~plant for
ater sealing at its bottom end 1ig placed in the hole. The
osition cof the water sealing is made on top of the water
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[layer where the ground lsyer is non~permesble. A strble
lground loyer witidn 10 m above the top of the waler layer
4p selecied, and & gection Lo again wrapped with water
igealing materisl {use #14 wire for wrapping) . Then press
'the 108 mm bushing into the sand layer sbout 10 cm. The
ihole opening should be clumped. . ST
! 2. The water gealing materiel should be wrapped sbout
150 cm long for sach sesliin; “1%s outsids dimmeter needs
slightly less than the hole dismeter (in agreement with the
'gize of the drilling head); 1t shouid be tightened at the
thop, bub let loose al ihe bottom in order to have Gloae
‘eontast with the heole wall st the bottom of the hole. :
{ 3. fThe mud is removed from the bushlng: TFirst the -
darilling sguipment ie put 5.6 m above the vottom of the
hole. A&fter taxing the mué out of lts upper part, the
drdlling equipment is lowered to the bottem. Water ig
gupplied for a few minutes to ¢lean the mud in whe eand
iayer. Then the depth of ihe hole ig determined. If there
1a pno sediment, & water bucket is used Lo pull the water
wp end the liguid mud outside the busghing is obgerved 1o
gee 1f it ieg lowering. . _ ‘

4. Bucketing shoulé be slow at first and then grod-
ually epeeded, If the mud outeide the btushing doss not
‘drop sericusly after bucketing has sterted, the bucketing
‘gpead can be increased. ®hen clesn water con be resoversd
11 the bushing while bucketling, and when the mud level outslde
the bushing does pot show & Lowering, the waléer seallng process
ia congidered Lo be effective.
' 5. The hole Gepth should be determined sfter the
water bucketed from the bushing ls cloatie Any sadinentation
of sond or mud should be noehed.
' 4. The shatic water level ig obperved after the waler
4 clesn; meanwhile, the water temperature lg recerded snd
g wober asasmple is taken for sualysis. For thig step the
following conditions shoull be noted: {8} ®hen zedimentation
of wend and other materisl occurs in ithe hole botlom, 2 water
ssmple should be collected, and o water temperature observailon
ehould be mede, immedlately sfter completion of bucketlng
in the bushing (more than twics the bushing volumey o Howe
ever, the water level can nol be dstermined becange 1t usually
yises very slowly. (b} When no ficwing sand and no pedinen~
pation ocours in the Lottom of the hols, water tempersture
observeticon, water lavel dctermination and water ssmple col-
jection cap bs done immedlately after completion of water
bucksting in the bushing {more than twice the bushing volume) .
thoerved slso is the recoverlng water jevel untll the curve
resches the inflectlion point. '

7. Mud is poured into the pushing to replscs the
gater after completion of the observations and sampling, and
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then the bushing is pulled out. Drilling is continued to
the second water layer and the procedure sbove is followed.

1IT. Test experiences. ' ' e -

First layer: Hole depth was 68,17~7T1.17 m. Fine
gand. Tests were made four tlmess - : :

1., First test: A 50 mm drilling rod with filter
equipment attached at its lower end was placed in the sand
layer. Water in the water layer did not rise becauss the.
filter could nct be inserted deep enough inte the water
layer and becausge 1t was choked by mud. The test falled.

2. BSecond test: 108 mm bushings were used and a
0.5 m long, pointed filter (made of 6 steel rods -welded 1In
‘a copne ghape with copper wire wrapped outside) was connected
to the lower end of the bushing. A section of water sealing
material was wrapped outslde the pushing ebove the iop of
the water layer. Due to a migscaleulation of the hole depth,
the bushing could not be drilled in. Meanwhils, the fllter
equipment wae broken. After water had been pumpad out by a
piston for over 10 minutes, mud began flowing lnto the bushing,
end the mud level outside the bushing quickly lowered. Thils
tegt also falled. ‘

3, Third test: Again the bushing was equipped with
a 0.5 m long pointed filter at its lower end; wabter seallng
was done as in the previous test. The bushlng was drilled
into the sand layer. After water had been pumped up by &
piston for over 10 minutes, mud still slew into the bushing,
snd this test was a fallure. :

4, Fourth test: Based on the condition of mud
fiowing into the bushing, the water sealing method was lm-
proved by adjusting the gsealing position closer to the top
of ithe water layer. A stable section of the ground layer
within 10 m above the bp of the water layer was selected for
water sealing. The bushlng was placed inside as usual, but.
s pbucket wes used for pulling up the water. The result was.
$zo0d. Water could flow into the bushing from the water layer
 without mud flow. This test took about 5 min to pull out
50 1liters of water; the water level dropped to 10 m below
the ground surface; the recovery water level was 23 my
lowering apout 7 me. The result of water sample analysls
indicated that the water contained sollds of 11855 mg/1,
KelNa 338%.99mg /1, end Cl 5388.65 mg/l. It was very g2alty,
being guite different from the gquality ln the uppsr part of
the ground layere. _ ‘ _

5, The first water layer had four tests. The tlme
for the Tirst test was not recorded. - Five shifts (including
putting in the bushing) were required for the gecond, third -
snd fourth tests. : ‘ :
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Bocond watér layer: Hole depth was 135.44-129.16 meters,

Tine sand. The tast was performed only oncs. Teo gections

of water sealing wore mads et the top of the water layer and
abiove bthe water isysr. After the bushing wae placed down,
the wud in the bushing wes teken out. Waler was removed by
a buecket; over 60 m of flowing sand occurred st the bottom

of the holas. Therefors; in order to save tlme, only a water
sample collection and s water temperature chnervation were
done withoud observing the water level.

Third water layer: Hole depth was 193.72-196.20 meters,

Pipe zunde Two tests were made. The flrst test was not a

gucesss due Lo the Tact that the wrapping of water sealing
war broken by the fristion of the bushing. Ths second teat

was similar te the procedurs followsd in the second water

layer. Flowing send wss found in the botlom of the hole}
water rose too slowly. Due to a lack of long, steoel rope,
removal of the water from the bushing hed to be stopped,
Only & water pemple ccllection and a water temperature

ohservation oould De done. Nine shifis were sssigned to pul

out the water because of the slow rising of the walter level.
Therelfore, because mud war settling arcound the bushing, the.
busihing was acoidently burled.
e QCmutlona : .

1. For testing purposes, the hole depth should not

e boo deepi o depth pebtwsen 1004150 m is recommended. A

stable arca should be selected beegupe a deep hoele has mony
gediments, making 1t difficult for the bushing to be puiled

out snd limiting the diameier of ihe holo.

n. Droiliing the holets diemeter: A 7" hole dismeter

ghmould be made 1T a 108 mn bushing iz adopted Tor testings. -

1f the bushins e burled, s drilling rod can be applled oute
aide the bushing to save 4t from belng hurled, ,

%, fhe siemeter of the waler sesling wrapplng should
agres with the size of the hole: the gealing position ghould
be & shable ground lsyer. Iwo gsotlons of sealing are nec-
BBEALY .

A, Bealing should he properiy doene Lo prevent leswsge
snd te sveld sliding of the hele. The water seallng process
ip setuslly the most importsnt feotor to the affectivenass

5. Good quality mud¢ shoeuld be used before the bushing
48 put in the hele. Tis vigcoglty ahould be high In erder
Lo protect the hols wall.

6. “he time for tesiing should not be teo long. Other-
wige, bthe bushing will be enslly vurded by sedimented mud.

7. Kogulpment and meterial shouid be ready for uge,
egapecislly steel ropes and other cmsrgensy toolse Lesgs time

N
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will be required if steel rope 1is used for pulling the bucket,
besides belng safer. ' :

8. sSince the upper part is a brine district, it is
better to use non-salty water for mud washing. The liquld , .
in the bushing should be ta en out %0 examine the quality of
the watere. .

V. Conclusion e o
1. The tests proved that a hydrogecloglcal survey
can be made on a mud hole. If bushlngs are lacking and
gpeedy drilling 1s needed, the mud drilling method can fund-
amentally collect the game required data as water drilliing.
2, The ground layer of the tests 1ls fine sand; the

depth of the holes i1g more than 20C me After a prelimlnary
study, it wes decided that thils method is applicable to self-
flowing water districts. The time for weshing and bucketlng
can be reduced by using self-flowing water, but the.sand y
flowing problem at the hole's bottom in water-bearing districts
sti1l must be solved. Whether other layers, guch as sand-
gravel, are appllcable 1ls pending further test proof.

%, Only one set of 108 mm bushings was added to the
tests: each test requires about 2 shifte. Each observatlion
of sn individual water layer requires wastlng some mud in the
bushing and having more clay consumed. However, the data
obtained is far more accurate than that from s mud hole.

4, The piston type equipment to remove water hag a8
great enough force to suck the mud from around the bushlng;
the bucket seems better, but the efficlency is lower. The
water sealing process sghould be improved so that the more
effective piston type egulpment can be adopted. '

5, Moreover, it takes go much tlme for each observatlion
that the bushing might be buried. This should be gtudied
further for lmprovement. ' ' 3

e
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PROBLEMS OF THE REMAINING WATER IN THE BORE ,
RBOLE IN PRESSURE-WATER EXPERIMENTS o

/Following is the translation of an article
by L1 Ch'eng-ts'ai (2621 2052 6299), in
shui-won Ti-chih Kumg-ch'en Ti-chih, No. 1l,
12 Wovemper 1959, pp. 27=28._/

‘ ¥oat test meciuions of & dry boring hole at & dam
phoulder sre above the underground water level. Liquid '
washing and presgsure-water experiments are applied along wlth
the drilling, so that the dry rock layer abscrbs the water
‘and temporarily reaches & saturated conditlon. Then the
remaining water sppears in the hole. In a definlte period
the remaining water becomes constent 8O that water flows
baek into the hole, belancing with the water thalt permeatesn
into the rock layers. This baisnsing condition forms a steble
false underground water level, which can be kepi for gseveral
deye in a rock layer of low permeability. In the past, Lb
took more then & week for the remaining water 1o be pesrmeated.
Thie walting period could not meet our Tast, sconomical f
principles. The suthor, having geveral yemrs experience in
pressure-water tests, przeents s few pointe telling how to
trest the remsining water in the bore hole.

Ssction I . ' :

1f the height of the water level iz designed by a
dry hole in & pressurs-water experiment, without consldering
the sffect of the remaining water in the bors hole, it is
very posgible to produce the Tollowing two conditlons!

1, A folse water level steble conditlon: Sinte we
do not recognlize & stable false waler level becsuse of the
éry hole, Guring a pregsure-water test the rising height of
the water level i1s one-half of the test length plus 5 (Figs 1)
Then the total height of the water hesd is: ‘

% 178 (1)
1 = the teat length in m.
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LA Sts

" Actually, the stable false water
jevel is h meters from the bottom of the

LR | . tesat section. Therefore, the actual raige
- SR “4n height of the water head should be . . -
oW (1 -n)¥s (2) '
P l ﬁl_: - From (1) and (2) we get: ;
S p1+5-3Fm-S=kn (3)
IR R I o 1 e
Plilo it Thus, the rising helght of the water level

Flg. 1 that we designed will be $h less than

Ee _ the actual condition.

: : : o . When the water flow becomes a layer
f T flow, the flow rate is proporiional to. .
B . the water head, followlng "Ta-erh-hsi"'s
 law. The unit water ebsorbing quantity '
ig constent regardless of the helght. of ‘the
water head: e ‘ EEE "
L ‘ = (4y -

When the water flew becomes diver-

- gent, the area sround the hole produces

a condition that does not sgree with "Ta=-

erh-hei" 'a law. The relationship betwesn

" the water head snd the flow rate can be

expresssed by the following equation: .
K | M=o (5)

wot w8

wers || o {4 is evident from equations (4) &

ore

: | and (6) that the unit water absorbing
‘ quantity is a constant; when the rising o
g neight of water level drops %h, the pressure-

B % b ‘water ilow rate ¢ decreases accordinglye.

T A This is reflected on the curve Q= f(8),

! which does not pass through the point of

i origin (Fig. 2). o S

-~ 4 ‘2. A false water level unstable .
f,'~*~~1 condition: Bince the false water level . -
e f ¥ X changes from time to time, let's aggume - v
;] Tl that the falase water level dropsash at time .
At bd e 2 at (Fig. 3)+ Then the actual rising of . -

Fige 3 the water level increases aAh. Simllarly,

from (4) and (6), we know that when the
rising height of the water level increases from #(1-n)*8 to
3(1=h=gh)#8 the pressure-water flew rate increases alsO.
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""" ¥hen the remaining water in the hele lowers and the
rleing helght of the walor level increases, the presgure-
weter flow rate § should incresse accordingly. The stable !

‘gondition Q= £(T) is: Qma_éﬁm < /0%

. Sraiey
P Then the steble condition camot be gatisfled, the
‘reaction of the water level and the flow rate on the curve |
‘pecomes unstable, too, (Fig. 4} and the experiment cannot |
{be succeasful. Thereforeée, the remaining water in the hole |
‘should be consldered in. a preaaurewwater-exparim&nﬁ.
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‘Section IX : ’
: After working for seversl yesrs, we gradually found
‘some guldes to the remsining water in the bors hole snd a
‘method to solve this problem. Our practical experimentis ‘
proved that this method does not affect the resulis gqualite-
tively or quantitatlvely. _ ;
‘ 1. The stable false water level in the bore hole- ls
low when the depth of the hole is desp. ?
: 5, Since the perwesbility of esch sectlon of the |
rock layer in the hole is different, the atable false water
‘Jevel of the remaiming water is varisble, t00. In ordsr o
get a water level helight as the baslis for design, it 1g |
necssaary Lo determine the stable false water level vefore |
any pressure-water experiment ls made. o §
%. The observed water level in the hole cannot be
used as a design basis for the rising height of the water |
heat before it is properly corked. After 1t la torked, the
permeating water from the upper part of the test section is
‘stopped, breasking the exleting stable condition and creating
& new gtable falge water level. Therefore, it 1is necessary
to properly cork without any lesksge snd then t¢ determine |
the stable false underground water level in the hole. The
result of this is the rising height of the water hesad for :
the basls of dasligne R
4, In order to shorten the time of determining the
stable false water level, do not wait for its stable before
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corkinge . It ip nesgssary to pump out 2. pert of the remaining
water (the smount o be pumped out ghould sgree with lis L
zpermeability) and then tightly cerk ita . After checking that
thers is no loskagey the water 1evel in the héle csn be detor-
mined. 1If the false water level is deoreasing it illustregtes
‘that the stable false water level is still below the existlng
water level. Under such a condl tion, pumping pipe with & & mm
_ dismeter and 2-4 m long is used to pump the water out of the
inner pipe. Thie_helpﬁ.te(law@rnthe water level and to quicken
‘the mtablization of the weier level. II the false water level
1s increasing, 1t 31iustrates that the gtable falwe water |
level is still above the existing water levele Und&r'suohl
& condition, & sultable smount of water is added.to the inner
pipe to help lis recoverds . o o
' 5e In the determination of the false water level, ;
the varistion sghould not exceed 2«3 ok 1n one houre . . |
: 6.  If the stable false waler jevel is within the
test mection, it le still measurad from the taat section which
38 the design basis for the rising height of the water level.
‘31f the stable false waber 1gvel is higher than the test sectlon,
1t should be measured from the stable false water level which
i1g considersd to be the 2erc point for designing the rising
_height of the weter level. — " A
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