
<-£** 'Tic- 

fcAMÜEU«! 

JPRSJ W<$ 

1& August 1961 

SELECTIONS ON HTDRCGEOLOGt AND 
ENGINEERING'GEOLOGY 

- COMMUNistf CHINA - 

AA W 

Reproduced From 
Best Available Copy 

Distributed by: 

OFFICE OF TECHNICAL SERVICES 
U. S. DEPARTMENT OF COMMERCE 

WASHINGTON 25, D. C. 

U. S. JOINT PUBLICATIONS RESEARCH SERVICE 
1636 CONNECTICUT AVE., N. W. 

WASHINGTON 253  D. C. 

20000329 124 



''.p.'o i.l W.o RJD•;''•--' 

This publication, was prepared under contract 

hy the UNTIED STATES JOINT PUBLICATIONS RE- 

SEARCH SERVICE, a federal government organi- 

zation established to service the translation 

and research needs of the various government ^ 

departments. ff f i'.l 



JPRS: if87ö ' 

CSO: 1562«S/k-p 

SELECTIONS ON HYDROGEOLOGY AND 
ENGINEERING GEOLOGY 

[The following are translations of selected articles from 
Shui-wen Ti-ohih Kung-Chteng Ti-chih, No. 11, Peiping, 
12 November 19591 - 

- GÖMÄST CHINA - 

TABLE OF CONTENTS 

Article Page 

SOME OBSERVATIONS ON HYDROGEOLOGICAL PROSPECTING WORK 
OF PERMAFROST AREAS   1 

ON THE APPLICATION OF MOD DRILLING IN SUPPLY-WATER 
HYDROGEOLOGICAL EXPLORATION ................*................. 10 

SOME EXPERIENCES IN USING MUD TO CARRY OUT HYDROGEOLOGICAL 
BORING TO RAISE THE QUALITY OF THE BORE HOLE ................. 22 

BUSHINGS AND THE PROTECTIVE WALL OF MUD IN A BORE HOLE ......... 2? 

EXPERIENCES REGARDING WATER TABLE, WATER TEMPERATURE AND 
WATER QUALITY TESTS IN WATER LAYER DURING MUD DRILLING ....... 32 

PROBLEMS OF THE REMAINING WATER IN THE BORE HOLE IN 
PRESSURE-WATER EXPERIMENTS ..  37 

a 



SOME OBSERVATIONS ON HXDROGEO;LOGICAL PROSPECTING 
WORK OF PERMAFROST AREAS 

/Following is the translation of an article 
by Cheng Ch'i-p'u (677* 0796 3164), the 3rd 
Design Institute of the Ministry of Railroads» 
in Shui-wen Ti-chlh Kung-ch'en Ti~chih, Ho. 11» 
12 November 1959»'"lipTT^-lST/ 

As a consequence of the flying development of the 
forest industry since the liberation, the new railroads, 
the lumbering industry and the forestry chemical industry 
have been extending deeply toward Ta-hsi&o Hsing~an-llng» 
During the past years» we made reconnaissance surveys along 
railroads» more than 1000 km., the result of which illustrates 
that there are different kinds of permafrost layers in the 
permafrost areas of Northeast China« The writer presents 
some points of understanding from railroad hydrogeologieal 
reconnaissance for your reference and commente. In o'aae of 
disagreements or mistakes in the article, please advise and 
correct* 

I. Hydrogeologieal characteristics and types of underground • 
water of the permafrost areas« 

According to our observations from working experiences» 
the depth between the ground surface and the upper permafrost 
layer» the thickness of the frost layer» and its distribution 
vary with the heat conductivity of the soil, terrain» topo- 
graphy, underground water activity» climate and other factors 
in the district, _        . 

In Chin-lin district»  north latitude 51 *  east long- 
itude 122*,  the temperature of different soils at the same 
depth are obtained as per the following tablet 

(See next page) 
During the reconnaissance survey» it was commonly 

observed that the depth between the upper fro et layer and 
the ground surface is only 0*3-0.5 mf some places reaching 
3~5ra» while the thickness of the froat layer varies at some 



Nom& crfJLayer 

C/ayey  ROCKS 

OcB/n 
-9.2°C ~7.3°C -4.8"C - 33°C 

Chyey #t*xs €,.$a/K*&n>»e<,   \~ s-rc -6.8'C 

-8.2°C ~6.2"C -3.9'C - 32°C 

Pofc 
of 

-4.1X -32.5r 

0J>8e,fivaf-j&9$ 

Note: The ground temperatures are average value 
during observational period. 

places only !-2 . »*ot ^«P^^t^iÄ™^^ 

«eneral depths between the permafrost layer and the groun 
surface are listed below;     _;  

Clayey-syenite 

0.5-1.2 m< 

Clayey rocks 

1.5-2.2 m. 

CTayey rocks   |Sandstones or 
w/fiand-firayelisand-eravela 

1.8-2.6 m< 2.5-3.5 m 

^S^Wl buried water conditions in Permafrost 

areas «S quite Sitte-^^^f^^fthe unfergrSund^atr 
"To-erh-oh'i-Bau-hflin-chiang /^J^rie-    upper frostwater, 
of permafrost areas into ^^f^l'sl^tT.    The perma- 
intermediate frost water »Jja xuw« of 
frost areas in Northeast China have these x,niji       abundant 
underground water «xten^ve^ dxetrlbuted,   W-  i^_^ 

is upper frost water.    ^J^^Sd%ater fSo^Ung water, 
call  these  ^£«  £*" °*r^Sfi? general characteristics mid-water and bottom water,     lnoxi   & 

are  as follows: frost laver:     This  Is an 

liquid phase becoming sj^ Ph<^      converting back to liquid 
the under-ground water of   s?l^ gaseconv g yaries 
phase.     The  thickness OJ-the  activity  xay      &    temperature. 
with the periodic var I at ^ °*  *5^a£°g£  climatic conditions, This water's activity  is  a function of  the the 

the topographical locations,   SOU I-<=U, 



amount of frost and the quantity of covering enow in the 
activity layer.. For instance, according to drilling result» 
in the district of the I-t'u-li River, the general thickness 
of the activity layer on the sunny side is 2.0-3.0 ra.^ana tne 
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., but at I-chi-t ai 
with the same kinds of soil the thickness is only 1.2 m., 
due to the continuous flowing of river water, which produces 
a certain heat capacity increasing the thickness of the 
activity layer. This type of underground water is distributed 
widelv in the permafrost areas of Northeast China, especially 
at the foot of mountains where the activity layer is composed 
of clayey rocks with gravel, sandstones, crash stones and 
clayey syenite. The general tuickness of the layer An diff- 
erent localities is listed as follows: 

Two sides 
of river 

2.5-4 »5121 

Class 
above 
T'ai-ti 

1-2 

1.5-2 .Gm 

Mountain foot t Within 
and streams forest 

ilMWiW  M—II »HUhl IIHMMi 

Ta~t'< 
igrass 
area 

1 »5-2.5m 2.0-3 .Om 
Ct.5-l.offi 

Ground 
surface 
covered 
w/snow 
of more 
than 0.2i 

1.5-2.5m 

The principal source of underground water in these 
lavers depends upon rainfall. Water quality is generally 
iood» except in the lowlands^ and difficult discharging areas. 
Was collected water samples for chemical analysis from the. 
districts of Ken River, Chia-chung, Te-erh-pu-erh, Mo-erh- 
tao-ko, Chin-lin, A-li River, Eing-a, fang-tzu River, I-tu 
River and the K'o-i River. The main items analyzed are. 

"3- 

From the above water analysis data, the water quality 
in these areas belongs mostly to carbonate salts in the form 



of oaloliafi.    Other items in relation to water for technical 
Sse of railroad transportation and drinking purpose meet 

the ■t«*f*>S
QS.SSbli point about underground water in 

this law is tha?U has a ahallow hurled depth» being merely 
0 \~0 ?m^ f?omthe ground Burfaoe*    The water in this layer 
?« pb««dant and is collected by local inhabitants for daily 
,.«»•      XMSIIT! the best underground water of this layer 
y^f!;™ ?5Sm a nearby river or lake that can be utilised 
is J^V/aLt«™ of the year.    For instance*  the river bed 
cro^ection SS. 1)   of Sfia-lin line x x River Aow. 3    S™st lafer where underground water is used for 
iater S?PS« during railroad construction. 

Fig»   1 
1. Frozen layer of river water» 
21 Sand-gravel,» gravel and crash.etonee saturate* 

with water. 
3. Melting district of clayey rocks. 
4« Permafrost layer* 

Tn short» the underground water of this layer can 

water of *1B 1^«^ «ed. ■ m 

unaeT
2o^|Ä «ithin^^i^t IVl^i 

aa extensively «etr^uteaaB tna JPP the 

Ä'laJer    but also ?o the !o«r Satafof the frost layer. 
?? ?B Saotad by "th atmo.pherio temperature and grouni 

1^-J/ltA^l    y^Ä^Ä«^ etable all year, 



If it 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 analysis 
of its quality, this water is discovered to have unclean marks, 
and sometimes the water quantity decreases gradually conforming 
with seasonal freezing* ■       - . ..' 

When preparing geological sections, we frequently could 
not reach the expected results because of the vague distri- 
bution of underground water in this layer. For instance, 
two drillings less than 100 m. apart at Ning-a railroad station 
were observed. One had no water, the other produced a great 
amount of water when the drilling reached the frost layer. 
Several wells drilled to 16 m. deep by the Operation Station 
of the Ministry of Forestry in the La-kou district die not 
show any water, freezing down to the rock-beds. Vfe drilled 
to 26 m. deep In the same district and found no water. It 
was later discovered that this district lies in the. axial 
part of a small island-shaped frost belt;  therefore, no 
mid-water in the frost layer occurs. As another example, at 
the intersection.of the Chin River and the Pel-la-erh River 
a geological section was prepared as in Fig. 2 and j. 

1. 
a. 
b. 
c. 

,t. „Jb7 

Fig. 2 
Gravel. 2. Water and gravel. 
Upper water frost layer. 
Mid-water frost layer. 
Lower water frost layer. 

2 fo .';£'• 

3. Permafrost layer. 

Drilling holes 2 and 3 did not 
show any mid-water of the frost 
layer, but No. 1 produced a large 
amount of water, which steamed 
when pumped* out. Therefore, this 
water is considered to be 
supplied by the lower water 
of the frost layer. 

A general conclusion of our 
observations in these districts 
is that underground water in this 
layer does not widely occur. 

Fig. 3 
Drilling top view. 



In order to utilise underground water of this layer, it is 
necessary to understand thoroughly from tne beginning its 
water distribution and sources» In preparing geological      ■ 
sections, the drilling ^paca should not be ^ogrjat am long 
neriods of pumping experimenta should be performed while the 
frost is reaching critical condition* Then the peraaae&t 
water sources might be divided into poor» medium and rich 
according to the water*© capacity»    ■ 

3. The lower water of the frost layer (Including 
the deep layer undercurrent)! This is an underground water 
which lies under the frost layer. It is the most reliable 
tvpe of underground water ih permafrost areas and also the 
most significant type from the viewpoint of water supply. 
Tt not oril* has a large amount of water» but also nas good 
water quality» which is not affected by atmospheric variation 
and Srourd aukace contamination and which has a positive 
water temperature* It always exists in liquid phase which ■ 
is not appreciably different from the underground water of 
non-permafrost areas* The only differences are that it has 
a noS-penneabl« frost layer as its top which prevents water 
supply and discharging condition* ma  generally hw »■ *£   • 
water pressure head* The underground water of this layer 
exists eommorlv several meters below the frost layer, but in 
aoms places it"lies 20 meters under the ground surface« 
Chin-lin Station of the Ya~iin line needs a large ^«^"jr 
of water for technical use in transportation« Jo solve this 
Problem! we should get the underground water below the frost 
laver! According tS the following conditions,, *t predicted 
the possible exist&nee of underwater In the frost layer at 

the sta*gn,The Btatl0B district is located in the axial 
part of a sedimentary basin between mountains ana has a 
water gathering area of about 80-100 square km» Rain tails 
in the station district* . 

(2) The igneous rock clevages around the mountains 
are well developed bv the abrasion of wind. Rainfalls run 
direct3y through the" clevages Into the ground to supply 
underground wate^^the^dee^laye^ ^ ^^ ^^^ 

Observations^ the river«a"flow rate upstrcan ahd downstream, 
2 km» apart» indicated that the river supplies a xarge quantity 

of the «JJ*Y2SS/;*S; of RCtlYe ley hill near Pei~la-kou 
after two years observation, has the same activity position 
and area which are probably results of being eupplled by 

underground water.       m  surface with perpendicular 
cracks of frosted soil near the station district indicated 



that underground water activity in this area has been very 
aCUVe Basefofthe above condition, with the aid of electrical 
analysier- selected two deep ^W*e- SÄ^ 

SS abater pressure head of 30  m. Therefore, It basically 
SOlVed & Ifove ^^^.^IÄÄ^ water sometimes 
become a single underground W?ter which varies in it« form_ 
or position* The mid-water of the ^oat layer is an inter 
movement passway of the upper and lower waters of the irost 
layer. 

TT  Tha season for reconnaissance survey. 
Hy?roseological survey in permafrost areas can not be 

carried out 111 ytar as in other areas, because *°th*°£  . 

and JnVcrltioal melting season. Generally, it is divxded 
into two surveyln| P^iods. ^ ^ watQr lfl 

rn- l^&ssrÄ fTow^rs £•». 
be/?vtf vStt ?low ?atf of the water-containing layer and 
?Se meltS district can also be roughly determined by finding 
the SSeitlSn of the constant spring flow and the thickness 
of the fros? layer. Such hydrogeological phenomena as icy 
nllls and icy ridges are easily discovered. All this inform 

Ä?i« of" thflirstau A period/ The characteristics 
of oerma?rost are notea, the depth of aeaeoaal melting Is 

meUlng SeaflS measured in the second survey period. 

III. Several indications for hydrogeological investigation 
aided bv the permafrost district. **?•?,. 
TASLA that are low and discharge water with diff- 

1.1* liJS"^ P f iaea     The PJ-^-Sä —* 
many tower-shaped grasses,  which ai e water lavu*       y 



ae «rasses supply temperature-preserve action to the 
aafrost. Therefore, a pendized district with tower- 
oed grasses is a good indication.of a permafrost layer 
a« near the ground surface» Another Indication is bushes, 
allv «rowing in the sedimentary layer* According to our 
arvatlons that bush district is an indication of a melting 
e. Hydrogeologieal investigation should follow the dir« 
Ion of these hushes. 

2. Areas where winter snow is easily melted or 
ulated snow is thinner and where spring melting is earlier 
winter freezing is slower* indicate underground water 
ivitv. since the soil temperature is different from the 
ospherio temperature. Soil temperature is warm in winter 
cool in summer» „++«* 

3. Underground water is generally active in wetted, 
a? ground» in the feet of mountains where water constantly 
rruna, or in places that never crack» even in & drought 
son * „     ■%■•»*■»«•• 

•4. Areas that have icy ridges* icy rock or hilxy 
and splits and where water overruns from loe indicate 
y active underground water activity* 

5. In winter, river water usually approaches zero 
rees. Areas where water temperature is higher probably 
icates underground water supplying water to the river. 

6. Areas with completely froaen surface water, having 
•a animals than usual» usually Indicate the spots where 
srground water overruns. A, .  - ' 

7. On winter mornings» frogging-and a thin layer 
frost on the tips of the trees indicates an area having 
arground water activity. _ 

8. Areas with failing-leaf pines and bushes growing 
icate permafrost districts. The frost layer is close to 
«round surface.. Areas with water-favorea plants growing 

tig a river indicate the existence of. a melting district. 
deoth is near the ground surface» 

9. Areas that have bent trees indicate the presence 
lev rocks and ridges. Areas that have wind-blown trees 
leite a permafrost layer near the ground surface* 

Several cautions for bydr©geological investigation in 
■permafrost districts. ..*,'., 

1. Prior to drilling» the depth of tne frcat layer 
aid be estimated and necessary arrangements made. Attention 
aid be paid to temperature preservation of the hole while 
Hin« is discontinued. Generally» straw bags or cotton 
covered over the hole to prevent freezing of the hole 

1 which would retard the drilling progress the next day. 
'   2. During drilling it is very important to determine 
upper and lower limits of the frost layer» Drilling should 

8 



be done in the center to avoid icy fragments falling into 
the water causing a leakage layer 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. 

3» 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 freezing« The drilling 
equipment should not be kept in the hole overnight. 

4. To observe the underground water level beneath 
the frost layer is very complicated, because the underground 
water of this layer usually has a definite water pressure 
head which is frequently stablized above the lower limit of 
the frost layer. The water in the hole is generally frozen. 
Therefore, besides a tent covering over the drilling hole 
It is necessary to keep the hole constantly warm by a heating 
system* 

5» When drilling reaches a very thick frost layer, 
the drilling speed should be very low. A boiler should be 
installed to produce boiling water or steam which passes 
through the rubber tube into the hole to increase the drilling 
speed. 

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

7» During the pumping experiment, the water level 
stabllzing period should be continuously kept at 4-6 days. 
The experiment should be performed under critical freezing', 
conditions to assure the reliability of the water source. 

8. During hydrogeological surveying and plotting, 
the benchmarks are displaced horizontally and vertically 
because of, periodic freezing and melting of the soil. For 
this reason, the benchmarks should be put 0.3-0.5 m. deep 
into the permafrost layer and this should have triangle- 
shaped ends to prevent horizontal displacement. 

10,507 
CSOt 1562-S/k 



OH THE APPLICATION OF ltOD"ÖRILLlKfr IK SUPPLE- 
WATER HIBRO&EOLOaiCAL EXPLORATION 

/following Is the translation of an article 
%j the Ministry of Construction and Engi- 

ne'ering,  in 3bul~wen. fi-^Mk.m&z&LM 
Ti-chih. Ho. 11,  53THoVe»"ber 1959» PP* 

Introduction ''.„.., 
" ' " ' The~sole characteristic of mud drilling is to bore 
a hole without using a bushing« The mud drilling method 
adopted in the hydrogeologlcal auw«y for water .supply not 
only solves 'the problem of the labk of bushings, but aleo 
speeds the progress of survey« By this method» a hole of 
a larger diameter can be drilled and a bigger siae filter 
pipe can be used» thus promoting the survey quality and 
uniting production. However, this method ia not easy-to. 
applv because of technical difficulties with the sud around 
the hole* In order to obtain more successful results» these 
technical difficulties, must b© Bolved.      " 

Since 1957 we have been researching -on tnese technical • 
difficulties and the results of research indicate that it ia 
very possible to overcome the difficultlea in the mud drilling 

#The content of our research consists of (i) mud index» 
(ii) drilling method, (iii) usins a rock center, (iv) deter- 
mining the static water level, (v) comparing results oi well 
washing and water-pimping teste and (vi) layer sealing» The 
results of our preliminary research for some of the above 
topics are presented as follows*. 

I. Water-pumping test results of mud drilling;. 
1. Well washing by a piston. 
The accuracy of the test is closely related to the 

completeness of well washing. Therefore, it is necessary 
first to discuss the problem, of well washing. 

A piston inside the filter pipe is used for well washing 
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in the mud drilling. The piston 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, it opens the 
valve; the piston is raised immediately when it reaches as- 
certain position in the water layer. By close contact between 
the piston and the filter pipe, this action produces a suction 
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 pipe. When the piston is 
raised 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 action. The repeated 
action of the niston can break the mud wall completely and 
satisfactorily wash the boring hole. The accomplishment 
of well washing by a piston can be proved by physical phen- 
omenon in a field experiment* (l) Well washing by a piston 
can obtain more volume of sand from the filter pipe than 
well washing with any other equipment. For example, In 
Kung-chu-fen district west of Peking, with a water layer 
over 10 m. thick (sand-gravel), the sand volume taken out 
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 a better Artificial filter layer was formed around the 
filter pipe.  (2)  After well washing by a piston, there was 
no sand or little sand in the filter pipe during the water 
pumping test. For example, after 144 hours of continuous 
pumping in a suburb west of Peking, a little sand was found 
in the filter pipe* This condition could not be obtained 
except by effective well washing.  (3)  The unit flow rate 
end permeability have no effect with respect to the relative 
size of the bushings. The unit flow rate and permeability 
are greater when not using well washing by a piston, which 
further illustrates the effect of well washing by a piston. 
This will be further explained in detail below. 

In order to better understand the action and effects 
of well"washing by a piston, a simple model experiment was 
performed in a laboratory. A model 50 cm high, 60 cm wide, 
and 80 cm long, having water tanks 10cm long at both ends, 
with plywood covers on the hole openings was made. A 3 
filter pipe wrapped with copper sieve was installed in the 
60 cm side and then filled with various graded samples 
(sandstone, sand-gravel); water was allowed to flow from 
the tank through the samples. A small scale piston was used 
to move up and down mannually in the filter pipe. It could 
be seen that grains within 6-7 cm of the filter pipe were 
greatly disturbed, and the disturbance was greater near the 

11 



filter» pipe.    Upon each movement of the piston,   the grains 
oha^edtheir potion quickly.    Meanwhile    the /grains 

inc?easld!    I? waaPfoun? that»   after well washing by the 
S^on'there were no fine grains within6-7  ™ °*.  ?**/"£er 

Pipe? out coarse grains with greater void ratio due to the 
fevere. disturbance.    Table 1 |howa ^hj jamplj re ults^t 
different distances from the- filter Pipe«    iVe ° 
the copper sieve outside the filter pipe is 1 oau 

Table 1 

Sanp/'rtß loca^^n 

to>M;» i-7 cm of tee fitter P*PI 

/o -~/i <?<*> ova/ fiw?> -fi'/tes- ppe 
W/M;» t~7 c#> <?f Me/>/&<■/»/»e 

(?rae/ec/ G/ufas  *% 

>io 

87 

38 

y^//a*•£>»«*/&*«**■ £'"*■/»/"{  j 

10-4 

40 

1? 

45 

4 2 b-e. 

18 

71 

13 

72 

<0 5 

The experiment resulte llluatrated that ""hin 6-7 cm 
of the filter pipe  all grains smaller than 1 cm had been 
eompletely euf e, into^the^ilter P.pe. f f    « „ of 

water for back washing»    Within an nuuz   w«? ^   •'- 
Say water,  the muddy „all not jeln« damaged •    ««^«11 

SSrwäSJSsgs^B aa-a. 
and placed under platen movement f°*- 8-10 joura. 

These experiment resuits concluded h     »^ • 
i  >tie» circumference of a filter pipe x& ■-? ^ "i4* 0fl,,4n- 
filtratlSn lwer not obtainable by other well washing JJ^P- 
ment7 I! Well washing by a piston produces a great disturbing 

12 



— Drill pipe 

-jÄ-'«Iron band 
-Wooden slat« 
•lubber band 

■Valva 

Fig« X 
Mud hole piston. 

fore® i» the ground layers? the closer the filter pipe, the 
greater the force. It has a definite influential area, which 
does not increase as the extent of time of well washing in- 
creases. Therefore, it iß best to obtain the well washing 
standard in the field when there is no sand sucking into th». 
filter pipe. 3* The seme results are obtained by using this 
method for a mud hole? however, it takes a little longer. 

There are various types of 
pistons that can. be used); th© type 
that we used is shown In Fig* 1. A 
proper diameter of the piston Is 
necessary; a too email diameter 
will affect the results and a too 
large diameter will choice the grains 
and cause an accident. The piston 
can be operated either by a drilling 
Kachln© or by manual power» Manual 
operation is not suitable for a 
deep hole. During operations it 
IB better to separate the water 
layer into sections of 1-2 m deep 
each, and work each section 
separately working from the upper . 
water layer downward* While well 
washing, it is troublesome work to take out sand from the 
filter- pipe; w© used a flat bottom cylinder which provides 
more than double efficiency as compared to the general 
pumping cylinder. It kould be noted in well washing hj  a 
piston that, since a large amount of fine grains in. the 
ground layer are sucked into the filter pipe, tne backfill 
sandstones should be a. few meters higher than the top of the 
water layer to prevent the collapse of the layers between the 
water layers* 

In short, before aoplying well washing by water pump- 
1ns» well washing by a piston is a very accurate method that 
assures the amount of flow rate into the mud holes. Moreover, 
it is a very simple operation» Because it can form a better 
artificial filter layer around the filter pipe, this method. 
la applicable to bushing drilling, too, and should be widely 

2. Comparison of water pumping experiments by mud 
hole and bushing hole. 

Table 2 is a brief description of each comparing 
group. 

Table 3 is an outline of water pumping tessts of each 
groun * 

Table 4 is a water analysis of each group. 

13 



Table 2« 
Group Location 
No. 

\ffUtt& 

Location 
Marker' 

■H 

115 
o 

114 

Hole. Drilling 
No. 

lu}l5.Wß9:rP 

1N| 
308   137   136 
©    o    o 

200M   1B0M 
i 4-«——► 

lesAO't' TN 
■   2.5WL 

®i 
183M 

tN 
6B 18M 
O  * 
\   ©6 
 , .,LL„,fc 

12ME 

314 

Method 

ßuirtttfdr 

[KAM~SOQ._ 

3ö6JKyc-2o    L 

500 
,,-   \ffUD U1 JKAM—I 

163W 

1S3Ä 

« 

6A 

-300 I 

yKC-22 
ttWa£> ' 
yKC-22 

%KC--22 

Dia, of 
Filter 

13Ö 

134 

134 

134 

134 

146 

146 

141 : 

150 

150 

Pumping 
Equip. 

Water 
Level 

/ 

z 

Table 3 * 

/XWe;   £ 3£ ashing ?/#*6> v^J 
14 



Table 4, 

T 

/ft. 

& 
£. 

" 

MM 

306 

/3b 

Wutt 

jgJLflSteL. 

„IIJWIIIIT —      I '    "   "*  ™""—>" —— .-r—~— 

First groupj The distance between the mud hoi© and 
'the'bushing hole wae 180 m, öround layers were generally 
similar. The average grain gradation was as follows: 

The K Value of the mud hole was approximately 60$ 
greater than that of the hushing hole» because well washing 
by a piston was applied to the mud hole. The bushing hole 
was not well washed by a piston and it was well washed in ; 
limited production tiae. The well wash tog being done hj 
water- pumping for only 3-4 hours, the hushing hole wats not ; 
completely washed. . : 

Second groups The result of the water punping test 
evidently was not accurate. The permeability of,the bushing • 
feoDe was 90$ less than that of the mud hole. It seem® 

;Impossible to have BO small permeability at Fu-hBing-men  ; 
dietrlct in the west suburb of Peking (this hole will be don© 
attain in 1959) with such a great difference of two holes* 
The principal reason iß that there is an intermediate clayey 
layer with sandstones between the water layers» At No. U& 
drilling hole» it was considered two water layers? during : 
the te&ting, the second water layer was sealed. Actually, 
it may only be one layer which eause a great deviation in 
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reSfhird group: The distance between the mud hole and 
the hushing hole was 2.5 m. It was noted that the bushing 
hole, without applying well washing by a Pj-J^n to^xt, Jill 
affect the flow rate. Therefore, well washing by a piston 
was made in both the mud hole and in the bushing hole. In 
the first water layer experiment, both holes had the same 
oermeabilitv. In the second water layer result, testing 
STthf mud hole created a deviation because its sealing work 
was not properly done. The mud hole should have been sealed 
b??h xnsidTand outside of the pipe, because the working 
part of the filter pipe reached two water layers. Water 
sealim can effectively be done by wrapping the outside of 
?he pSe wxth sea plants.: Inside the pipe, a water sealing 
pipe with a diameter of 12? mm., wrapped with sea P^nts, 
Sas inserted (this hole applied water pumps, .^outlet pi pe 
not replacing the water sealing pipe? if a v^ter paling 
pipe with a diameter less than 127 mm is placed with a 
smaller outlet pipe, the flow rate in the.drilling hole will 
55 affectSd)! BeSaise the space between two pipes was too 
smaS, waterlseallng ability was poor which caused the mud 
hole to have a greater deviation value. 

Fourth group: The distances between the mud holes  ■ 
and the bushing holes were 12 m and 18 m respectively. The 
bushin* hole also was operated with well washing by a piston. 
The Permeability of these three holes were basically the same 
(holel? and #1 did only once during the «ter^ tjj . 
because they were limited by the capacity of the air compressor; oecaase jney     ^^ ^^ relatlTO groups was not large 

enough for comparison, though the distance between hoi« was 
too far-apart, and though the conditions of technique and 
the e^uipS wSre not strictly the same, the above experiment 
resuxts revealed that there was no affect in the water PW- 

■ InS experiment after the mud hole had performed «11 »«h.in6 
by a piston. The two mud holes in Group 4 had the same 
results which indicates further the Point, In 1959, at JjjW. 
a comparing group was experimented with. The distance between 
the bSshin! hole and the mud hole was 2 » Jlth «^"Simlnarr 
basic conditions of technique and equipment, lhe preliminary 
result of this experiment was no dlffe™n* < J^1^!*- 
tMtlntt\ . This also pointed out clearly that an accurate 
rrsui?6couldhnot have'been obtained ^IJ«^^. 
bushing hole had not been properly performed. " f^uld bp , 
especially noted and suggested that from now on all bushing 
holes should operate well washing by a piston to assure oetter 
quality «d quantity.     ^ ^^ Qf 

drilling has no inferior affect as far as the water quality 
is concerned. 
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II. Using a 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, because it is a necessary datum for our inves- 
tigation. Before discussing this problem, we will introduce 
a little information on the model experiment results of 
permeability of &ud in the ground layer of mud drilling» 
because this experiment has groat significance for using the 
rock center in determining the water level and in well washing. 

An Qn0  pipe is used to for© a model of Chi-niao-shih 
permeability equipment, 1 m» high? the pipe la filled with 
various graded samples (about 50 mm in each experiment}; 
water is poured into the top to saturate the sample and the 
water level is allowed to be stable above the sample» Liquid 
mud with a specific gravity of 1*10 and viscosity of about 
20 sec» la added on the sample and then, a pressure of 0.5» 
2,5 kg/mm la applied on the pipe through a piston on the mud 
surface* After pressure has been applied, water begins to 
permeate out through the sample (actually most water flows 
out along the pipe wall) for about 20 minutes and then stops. 
After 45. minutes of continued pressure, a mud cake of 1.0«' 
1.5 mm thick appears, when the model is opened. The boundary 
line of the mud penetrating into the sample is not clear? 
its maximum permeability is lesn than 2»3om and the penetrated 
mud is diluted into liquid mud by water from the sample. 
Though the model can not exactly reflect the actual field 
condition, it at least shows the result that during a drilling 
survey, the liquid mud can penetrate only to a limited depth 
into the ground layer* This conclusion is in agreement with 
the Russian exuert, Professor "Ko-li-men-to-fu'*B, 

! . ♦ . mud 
has little affect on the rock layer", from page 93 of 'General 
Surveying Hydrogeology"• . 

In' practice it is possible to obtain samples free from 
mud by rotary drilling; with the continuous press-in method 
using, ball rock-center pipes» When drilling reaches the 
estimated depth» the pipe is placed into the bottom of the 
hole to close the mud pump. This stops iaud circulation In 
the boring hole and controls it« The pipe is pressed con- 
tinuously ♦ When rock sample comes into the pipe» it replaces 
the easie volume of liquid mud in the pipe by action of the. 
ball, and the liquid mud leaves through the discharging hole. 
Aa it enters a certain depth (based on sampling requirements, 
generally 30-50 cm), the drilling rod is raised so that the 
ball cornea back to its original position in the pipe» This 
not only prevents the liquid mud from entering, but also 
bears mud pressure in the hole. The rock sample is sucked 
without falling when the drilling rod is raised because the 
rock, center pipe contains a vacuum when the pipe is pressed- 
in and because there le a buoyancy force of the liquid mud» 
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In a weat suburb of Peking, it 
Is possible to obtain rock sample 
of grain size iO-30 mm. and 
containing over lb%  in the ground 
water layer» Except the end 
portion of 3-5 cm containing mud 
(this is the permeability of 
liquid mud in the ground layer), 
the rook samples obtained by this 
method were free from mud and met 
the quality requirements. 

The drilling of the striking 
type takes samples by a movable 
collector (Fig. 2). The principle 
of this type is similar to that 
of the previous one. The bottom 
of the hole is cleaned when 
drilling reaches the designated 
depth for sampling* The collector 
is put into the hole and. is held 
by a rolling cylinder at a dis- 
tance of 1-2 m above the bottom 
of the hole. The rolling cylinder 
is suddenly released so that the 
collector 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 progress, 
but also can fix the position of 
the collector to assure a better 
quality. Then the steel rope Is 
raised to a certain height (it 
should be less than the moving 
distance of the collector, the 
greater the moving distance of 
the collector, the better the 
resultj the distance actually 
used in Shanghai was TO cm)• 
The rolling cylinder is quickly 
released again to produce a 
gravity impact for the collector. 
The required samples can be 
obtained by the repeated striking 
operation. The samples obtained 
from the mud hole in Shanghai 
are shown in the photograph 
belowr 
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(Photograph not reproduced here because of 
poor quality) 

In the Shanghai district there are generally more 
clayey soil grains mixed in the water layer* Their size Is 
commonly 3.eas than 0.1 em and over 20$ water content* By 
using a pumping cylinder for sampling in a hushing hole, the 
fine grains (less than 0*1 ram) can hardly get into the cyl- 
inder* Prom the above data, it is understood that samples 
with lees than a 0.1 mm grain size from a bushing hole are 
much smaller then those from a mud hole by the mud collector» 
Fine grains exist in ground layers» Using the sieve■analysis 
results to design filter equipment is evidently unreliable. 
During a water pumping experiment in the district of Shanghai, 
a large amount of flowing water that affected the teat result 
and caused an inaccurate sampling frequently occurred. An- 
other example, in the Cheng-tu plain investigation, where 
the ground layer is gravel mixed with clayey soil, the K 
value by the permeability test in the laboratory was many 
times greater than the K value by the water pumping teat. 
After repeated checking, it was found that the ground layer 
consisted of a certain amount of clayey soil which could not 
be sucked up by a pumping cylinder in a bushing hole» This 
caused the greater value for permeability tasted in the lab- 
oratory» 

Based on the experimental results, except those ground'1 

layers containing much big gravel, rock s&mp&es of good 
quality can be obtained by both the rotary drilling type and 
by the striking type, especially in ground layers containing 
much fine grains» For ground layers, samples from a pumping 
cylinder can not give very accurate results. The represent« 
abillty of these samples is a question of the necessity of 
practical work, especially in unevenly graded grain in ground 
layers where samples should be taken by a soil collector to 
assure the quality» 

Table 5 

II 
■ft*"»***)   cenewJ* 
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78.15 
—78.70 
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—80.00. 

80,00 
—80.2* 
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III. Determining the static water level In a mud hole. 
At present, we can determine only the static water 

level in a mud holej  actually, the static water level is 
the main factor in' supply-water hydrogeological survey. In 
practice two methods are adopted; they 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 liquid mud outside the test 
pipe being kept away. Then, the fragments and mud in the 
pipe are taken out, and mud pressure is eliminated in.order 
to determine the static water level in the pipe. 

The method of using well strikingi    When the pipe 
reaches the estimated water level, the bottom of the hole 
Is cleaned and a 2l,0  test pipe with small holes around it 
(void ratio about' 15$) is put about 20 cm from the lower 
end and is struck into the ground layer to a certain depth. 
Then, a 3/4"-l" pipe is inserted into the 2H0 pipe to act 
as a striking rod with a valve drilling head at its lower 
end and as a striking handle at its upper end. During striking 
the rock fragments can be brought up from the hole? the 
2U0 pipe is lowered to a depth of over 50 cm below the original 
hole bottom. A 2" manual pump la installed to pump out the 
iaud In the 2H0  pipe (when the mud is too concentrated, it is 
diluted with water first) and the water in the water layer 
is pressed into the pipe» After the hand pumping is stopped, 
the statie water level can be observed in the 2np  pipe» By 
using this method, a comparison of the static water level of 
the bushing hole and the mud hole 2.5m apart was made by 
Group 3 in Peking, as listed in Table 6. 

Table 6. 

Hole No, 

163H 
163A 

Drilling Method 

Bushing 
Mud 

JL 

Static 
water 
level 

4,906 
4 „890 

Data of 
survey 

57.10.2? 
57.12.21. 

Surveying 
instrument 

Table 6 indicates 
this method is rel 
and in operation. 
depths not over 60 
ground water level 

Method of u 
pipe: The pipe is 
depth; with the a 

that the static water level determined by 
iablej  it is a simple method In equipment 
However» this method applies only to hole 

-80 m  and to drilling'holes of shallow 
(within 10 meters below ground surface). 

sing a 4"~6B0 pipe as a water level test 
struck into the ground layer to a certain 

id of a pumping cylinder or a soil collector, 
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{.he pi pe 3« lowered to more than 50-60 m below the ground 
Laver. Th* outside of the circumference of the pipe is filxed 
vlth a clayey ball to prevent mud from entering Into the 
Dines the mud. Inside the pipe la taken out (Meanwhile, the 
kud surface in the drilling hole should be watched to see li 
it  iß loweringr lowering means that mud is leaking, and an 
Immediate remedy is required), and then the static water 
L«*vel can be observed in the test pipe. This method has the 
problem that during striking of the pumping cylinder to lower 
fchft test Pipe it produces a vacuum suotion which easily breaJcs 
the «pound laver and affects the quality. Therefore, it iß 
setter to use"a soil collector to lower the test pipe to 
solve this problem and to obtain samples and water leyex 
simultaneously. Beside®, a soil colleotor can detenune 
accurately the grain graded condition of the observing water 
level in the water layer. As a matter of fact, it is hardly 
possible to take out all the fragments, especially in a 
flowing sand layer;. In addition, the sediment mud so greatly 
retards the up-rising velocity of the underground water that 
»ore time is required to determine the water level and the . 
Juality is affected. This will be further studied in our 
hydrogeological survey. 

£2fi22aSJ^110ft1.lon of ffiud drillins m water supply by the 
hvdroßeologleal survey has been materially realized in 
accordance with our party's policy of walking on two legs. 
?he application la an effective my to solve tue present 
lacking of bushings and to speed up the progress of survey. 
Since there is much to be done, it is necessary to invite 
more people to participate in research on this subject. 

However, there is a disagreement at present«, Some 
comrades believe that the mud drilling method can not assure 
its quality{ we think they are wrong because they have not 
i^e?Btood mud drilling. Though, there are not w*nj  experiments, 
S though problems remain to be properly solved, the results 
of the above preliminary studies have shown the application 
of mud drilling in water supply by the hydrogeological sur- 
vey. We can only study earnestly, solve all technical 
problems and assure better quality. Some problems have been 
solved; eme  qualities obtained by mud drilling are better 
than that obtained by the bushing drilling. • U   oil of us 
study and work hard, all technical problems can be perfectly 
solved and an overall assurance can be made to both the 
quality and the quantity. 

10,50? 
030s 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 translation of an article 
by Li Pao-hsing .(2621:1405 5281), in Shui- 
wen Ti~chlh Kung-oh'eh Ti-chih. No* 11, 12 
November 1959, pp. 21-22._/ 

When mud drilling is adopted in hydrogeological boring, 
the quality of the bore hoi© usually is not high« The prin- 
cipal reason is lack of study and experience» We discovered 
an idea from our practical experiences (mainly in thick big 
gravel layers) to improve the quality of the bore hole using 
mud drilling« This idea is described below for your reference:, 

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

water drilling ie applicable. Water drilling can be applied 
to a sandstone layer» to sand and sand-gravel with a large 
amount of clay, or to a gravel layer of low hardness. 

2. In a boring hole, mud application should be strictly 
controlled. Mud drilling can be used after the hole is 
opened where the underground water level is generally deep; 
the density of the mud can be high in order to protect the 
tiole wall and to speed the progress. Meanwhile, it is not 
necessary to place a bushing in the hole. Mud drilling can 
be applied 10-20 m above the estimated underground water to 
nud of low density to reduce the sealing capacity of the 
«rater 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 undergroundwater level 
can hardly be discovered during mud drilling« After the 
underground water level is clearly determined, mud drilling 
of low density should replace the water until the designated 
iepth is reached. This method is used mainly to speed the 
drilling progress, to assure the quality of the bore hole 
and to save a certain amount of bushing. Water drilling is 
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not applicable to the section above the underground water 
activity because it will Blow down the progress and will not 
protect the hole wall. In order to assure the most effective 
performance of the above method, it should be noted that (a) 
prior to the hole layout, the drilling design and the deter- 
mination of the drilling method, a careful study should be 
made of the local data, euch as an accurate estimation of the 
underground water level, the design of the hole depth and 
the proper position to place the pipe, etc« and (b) during 
drilling, the designated steps of changing from the application 
of mud and water should be'followed and the underground water 
level should be carefully watched» 

II. The hole washing method after the completion of drilling« 
After completion of the mud drilling, the bore hole1a 

bottom and wall should be washed immediately for a lengthy 
time by powerful washing equipment. The sole purpose for 
the washing of the hole is to wash away the mud which is 
solidified around the wall. This method has generally been 
adopted by every field team. However, the quality of bore 
holes have not actually been Improved because enough has not 
been known about hole washing and the progress has been 
affected. Bushings should be placed in the hole before 
washing: a filter pipe should be inserted In the water layer} 
and hole washing should be powerfully done for a lengthy 
time with washing equipment. The water pump should run at 
Its full capacity while the washing equipment repeatealy 
moves up and down until all the mud in. the bore hole has been 
cleaned up. The cleanliness of the hole can be determined 
bv observing the mud concentration of the washed water; the 
decree of mud remaining on the hole wall can be determined 
by a tubidity meter. Under insufficient filter pipes, a 
double washing can be applied after completion of the drill- 
in«. First* all bushings ***« Put in **&  onlv the t>ottom of 

the hole is washed. A water pipe is inserted during pumping • 
arid the bushings are taken out. Then, the hole Is washed 
or long pumping is applied to wash the mud out of the water 
layer. The washing equipment is made of a drilling rod with 
some modifications; the holes and the distance between holes 
are based upon the actual situation. Many holes of small 
size produce a weak force but an extensive area; few holes 
of lar&e size produce a strong force but a limited area. Ifc 
a «ravel layer, few quincuncial holes of large size are more 
effective to use? in a sand layer, many quincuncial holes 
of small size are more effective. When washing the bottom 
of the hole, water can be transported directly from the 
drilling rod without using the washing equipment. 
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Ill* The mid-way hole washing method« 
By this method, a suitable section where drilling can 

be stopped is selected,.and filter type bushings are put in 
the hole for washing until the water level datum is obtained 
for continuation of the drilling (hole washing should be made :_ 
several times, if several water layers are met). The principal 
object is to understand the underground water level and the 
water layer condition to determine the depth of the hole and 
the bore hole's structure#; -When the underground water is 
deep and the water level is uncertain, it is difficult to • 
design the hole depth and bore hole structure,. Conditions 
for applying the mid-way hole washing method are:  (1) the 
underground water Is deep and hole depth has not been 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;  0)  though there is only one water layer in 
the hole» the layer appears very  thick and the water level 
can not be easily determined * .:  ' 

The requirements for applying the mid-way hole washing . 
method:  (1) before drilling is started, a bushing of the 
filtering type should by prepared (a bushing without wire 
wrapping and having a void ratio<30#) ;  {2}  the density 
of the mud for drilling should be properly controlled in 
accordance with Section 1, Article I;  (3) detailed research • 
data and careful planning are necessary to better estimate 
the underground water level and to design the working drawing 
for drilling. This is especially important for hole drilling 
in several water layers. ■.■■'"■ 

-. Understanding the static water levex is very important 
during hole drilling, especially in a bore hols of several 
water layers;  the water level of each layer is most important 
tö be understood. Based on the water level data» the hole   ; 
depth and its minimum diameter at the bottom can be reason- ■• 
ably determined. The water layer sealing and pumping design 
can be applied to the foundation of each water layer» At   . 
present an air compressor is usually used for deep hole pumping 
by the hydrogeologleal teams. This kind of pumping machine 
is directly related to the underground water« level» i.e.» 
it is a proportional Blationship. Therefore, in order to 
assure the pumping the hole depth becomes a fold function 
of the water level. Under the other conditions» the hole 
depth can be reasonably designed on the basis of the water 
level and it is the best way to eliminate wasting. 

The drilling depth is equal to 2 times the static 
water-level plus the maximum water level dropping: 
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'where H Is the drilling depth to bo determined In a». 
h Is static water level after- hole washing in m. 
SjnjflB  the designed max water level dropping during 

pumping in a. 

Experlan.ee proved that the hole depth can be slightly" 
[less than the calculated value, but It will not be ideal when. 
!pumping* This is because the1 buried depth'of the ventilation 
;j>ipe can not satisfy the relationship of mixing the ratio« ; 
s     For example, after mld~wäy hol© «ashing the static j 
:water level in the hole is 53;iaj the designed maximum''water' 
: level dropping during pumping is 10 m; then the hole depth; 
•oa» be computed ass j 

H» 2 x 53 * 10 * 116 m I 

Therefore, the hole depth is determined as 116 m; 
its end hole diameter should not he less than 13G w&i  . so ; 
a 127 mm  filter pipe is used* 

The hoi© drilling of this method is similar to others* 
the only difference is that it can be stopped anywhere in the 
ihole during the drilling, and then bushings of the filtering 
type can be put in place for hole washing• When the static; 
iwater level is obtained, drilling continues until the next : 
water layer is discovered* The process of hole drilling la 
'repeated after another static water level is reached«. Trie \ 
density of the mud can be higher in the beginning so that ' 
;the mud can be used for widening the hole* the mud density; 
'should be low at about 10 m above the estimated underground 
water surface; the density should be high, ©gain when the 
water layer is passed through* The bushing should be placed 
several meters beneath the bottom of the water layer» Hole 
'washing is performed, by the washing equipment moving' up and 
down repeatedly until the hole is cleaned. Then the static; 
water level Is* observed and the stable curves of the static: 
water level are plotted» Drilling la continued by using the 
next smaller drilling eauipsaent to the next water layeraad ; 
the hole is washed according to the sand procedure as outlined 
above, using a. hushing* Similarly, drilling can reach the ! . 
designed depth of the hole»- If a large» thick gravel layer; 
occura after the first hole washing, the underground water ; 
level not being discovered* another hole washing process  j 
should be done to a suitable depth below until the water 
level datum is obtained* 

Adoption of 'this method not only can raise the quality 
of the nsudfhole but alee oan Increase'the efficiency of thai;-.., 
hydrogeolcglcal boring* .:■;•■■ 

The figures below are the designated sections of a 
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drilling hol© having undergone 
several different conditions. 

. I    «• » -Jo -» 

'iHtitMh 

i.'(-'l.'.'e-0.u>t. „~ 

r}0 0lii 

. •r;tT*.'t.:-1.fl.o.:.*. ■ 

■ - *#*«?■ #»&** *■****■ 

the washing process under 

>.; At«*g 

^iJ^tr^rrt» 

_!:i!sci--'-----i-"--      09rmef #***■ b 

■aw* j 

ACS***- wJWrA A*tf*l° 

■a -ö Vi".o.V. 
i   'n. -*'.'i..f,! ..w 

L.I    -    ~    I       -0 ,0 .y  .  <j.^ 

o.'o •:•" I  "To.'- " 
'-'•'■«iliSit '*^"Ä-> 

o.^V ■•■.! Ill    ;':'.:J^   te 
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'■■ o;- ■ Hfc:^- 

A - A larget thick .gravel layer* 
B - Two water bearing layers (eaon can be computed 

separately by mixed water pumping, beoauae h and 
h are known; fiach layer can be calculated by 

■ the water pumping method)• • 
B - Two non-water bearing layers« (A water bearing 

layer can be computed separately by ©ach water 
layer or mixed water pumping)• 

r - Three water layers .(oan be computed separately . 
■ .by each layer or by mixed water pumping). 

Remarks: (1) The bushing of filtering type can bs used as 
a tflltr  pipe in a larSe gravel layer or in a sandstone lay«) 

with more Q™**^  buahlng of filtering typo can be used as 
a filter pipe in a surv.eyins hole, but not. in a producing 
hole because it will be choked by large amounts of sand 
flowing into the pipe» 
10,507 
GSG* IS^-S/m 
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BUSHINGS AND THE PROTECTIVE WALL OF  MUD  IN 
A BORE HOLE 

/Following iß the translation of an article 
by Ch'en Ying-lung (7115 2.503 7893), £»    . 
Snui-wen T^-chih Kung-ch'en Ti-chih, ho. 11» 
12 November 1959, PP« 23-24._/ 

According to past experiences in hydrogeological 
survey, each set of bushings can protect only a 30-40 m 
boring wall. If a hole weighing more than 30 tons is to be . 
drilled 160 m deep using bushings for wall projection, a 
total length of 400 m composed of bushings with ö ,-io , i* 
and 14» diameters is required for one *°le; «!***• Ä£L 
survey in our country is expanding every year; our industries 
and agriculture are developing and need more underground 
wate^surveys in the deep layers.  To meet these requirements, 
deep holes.will be drilled that require a large amount of 
bushings with large diameters. However, our country lacks 
buehtoSa with large diameters. Under PfJs«nt.J°n"J^? {he" 
most hydrogeological drillings need bushings to protect the 
wall of the boring hole. Therefore, it is a very urgent and 
important mission for our hydrogeologists to find a V™*f 
economical method for boring with the hole wall P^ected, 
reducing the amount of bushings, Increasing thV?™ S^« 
application of bushings and eliminating the ^ *"* bUB"j«B 
with large diameters in hydrogeological deep drilling. lor 
these reasons, this article presents a wall protection method 
for boring a hole by using bushings with mud (aobreviatea 
as the combined method), for your reference ana comments» 

The description and procedure of the combined hole wall 
protectior^method.^ ^ ^     ^ m B lntroäxxQed 

for reference. A hydrogeological survey will be performed 
in the district of a sedimentary layer for water supply to 
a city. According to the available data and Judgement by 
electrical analysis, the sedimentary layer 80-160 m thick 
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has three principal water-containing layers, the cross-section 
of the layer* the amount of water In each layer, and the water 
quality being unknown» Tm  survey requires the use of bush- 
ings, accurate ground layer data and a filter diameter not : 
less than 6H} It also requires the amount  of water in ©ach 
layer and the water quality to he known in hopes that it will 
he combined into a production well. But the team who is 
responsible for this surrey has only 
10" and 8U bushings. {According to 
past drilling- methods), the survey 
team would not be able to do the job* 
However, the team did the job by 
adopting the combined method. Hole 
#108» which iß the deepest in that 
sedimentary layer» Is selected for 
illustration» The procedure of the 
survey is as follows: 

First step; Put a 20" bushing 
4-8 m long» as required (a wooden 
bushing can be used) in the hole as 
a conducting PiP«* *<er hol@ expansion 
by liquid mud (Fig. 1)« 

Second step $ ■In the conducting 
pipe» a 10" bushing is bored 40 m, and 
then an 8"-bushing is continuously 
bored. ' The first'water layer is 
discovered at 41 mj  the bottom of 
the first water layer is found'at 
70 mj a&d boring is continued to 
67 m and then stopped (Fig. 2). As- 
specified in the hydrogeological 
survey, rock samples in the bushing 
should be collected to determine 
the water table» the .static water 
level, the water temperature» ate. 

Third steps A 6M filter is 
placed in the first water layer'and 
the 8" bushing is taken out« The 
pumping-water test should be mad© as- 
specified (Fig* 3)* 

Fourth stepj After the 
pumplng~water test* the filter is 
filled with concentrated mud with a 
viscosity of more than 40 sec.» Then 
the 6" filter and the lO* • bushing are 
taken out. The hole „is widened py 
boring with liquid mud to a depth of 
8? m(Fig. 4)♦ Mud application standard exists when there 

Fig« 3 

'» 

Fig» 4 
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is no gas and methane, and when the 
static water level of the underground 
water is 2 i above the hole opening. 
The sand and sandstone layer.use mud 
with a viscosity of 18-22 sec and 
specific gravity of about 1.10j the 
clayey layer uses mud with a viscosity 
of 1? sec or pure water» 

Fifth step: A 10" bushing is 
placed in the hole end struck down 
0.5-1.0 m for mud separation. The 
mud in the bushing is pumped out and 
a 10" bushing is inserted to 2 m. 
Experience proves that when a bushing 
enters 0.5 m, the mud can be separated 
so that the drilled layer will not be 
dirtied by mud. Liquid mud should be 
supplied constantly to the 10" bushing 
to' maintain the static pressure at a 
definite height (2m higher than the 
underground water). The liquid mud 
sediments in the hole slowly form 
plaster in the bottom, which will not 
affect the pulling of the bushing. 

An 8" bushing follows the Kr 
bushing and is bored down to 90 m, 
where the second water layer is reached, 
and then to 125 m, where the bottom of 
the second water layer is found. Then, 
the boring is stopped (Fig. 5). 
Hydrogeologioal observations and 
sample collections are made accordingly 
at the section between 87-132 m in 
the bushing. 

Sixth step: Same as the third 
step. Pumping-water test should be 

•made in the second water layer (Fig. 6). 
Seventh step; Same as step 4. 

Liquid' mud is poured in. The filter and 
bushing are taken out. The hole is 
widened by drilling with mud to 132 m 
(Fig. 7). ^  _ 

Eighth step: Same as step 5» 
A 10M bushing is placed in the hole and 
an 8'! bushing is bored to 135 m where 
the third water layer is reached and 
then to 165 m where rock-bed is reached 
(Fig. 8). 

8"- 
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Hlath ateps Same as step 3* 
PamplBg-vater test should, be -made in • 
the third water layer. (Fig« 9) . 

Tenth steps The hydrogeologlcal 
conclusion is made for the boring hole» 
According to -pumplng-water teste* the 
overrun quantity of water layers :-: 
1,2, and 3 -exceeds-30 liters/sec in 
each layer;' The water quality of the 
first and second water layers meet the . 
requirement® for drinking purposes, 
while the third water layer is not 
adequate for drinking» 

Eleventh «steps Same as step 4, 
The filter and bushing in the third 
water layer are taken out. From the 
above conclusions the water quality . 
is the third water layer is not 
adequate for drinking purposes* 
Therefore,, it is not necessary to again 
widen the hole by liquid mud. Clay 
is used to seal the third water layer, 
A filter with a large disaster is •. 
instails« in the first and second 
water layers only (Fig* 10) < Finally-, 
the well is washed and handed to the 
production organization'-for use* 

Conclusion and Evaluation.    ■ 
1» The combined method can save 

a considerable amount of bushings as 
coaroared with -the bushing' method» For 
instance» hole #108 needs »ore than^QO is. 
of bushing with diameters of 8 # 10 * 
12" arid 24H by the bushing method j but 
it requires only 290 m  of bushing with 
8W and 10" by the combined-method» Each 
hole can save 110 m of bushing weighing 
10 tons» thus saving a large transportation  kig« 9 
ooat* Moreover, the combined method can.be   . ; 
performed without using bushings- with diameters larger than 
12t! and 2.4", thus avoiding interruption« of work waiting, 
for delivery of the bushing a«       - "     Al-    *. 

2» The widened hols by the combined method can be 
used BB  a production hole" because .It has »large diameter ■■ 
th-t will fit all types of filters, such as east iron pipes 
and wooden pipes of largo diameter. Since the hole ««•]"* 
is widened, a gravel filling filter waa invented to be adopted- 
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[Thus, pumping-water tests ean be carried out In fine sand 
land olayey sand water layers» The bushing method can not 
I do this simply because of the 
;diameter limitation. In addition» 
the combined method is simpler and 

■mere reliable in dividing the layers 
tand sealing the water». It is easier 
I to pull out the bushings (the bushings 
: diameter is smaller than the hole*s) 
and it is also suitable for deep 
Iholea of water layer (over 150 m). 

3. The serious'demerit of 
the combined method is that work 
progress ie greatly reduced by widening 
the mud hole} during drilling» the 
boring machine can not develop Its . 
full working capacity« This limits 
the extensive use of this method* 
Therefore, it would be worthwhile' • 
to study this method further, in 
order to achieve a better» faster» 
and more economical jaathod. for 
hy&rogeological Investigation* 

jrMa   «n4<.i|>«iw>iiiiliiiuij|>> 
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EXPERIENCES REGARDING WATER TABLE, WATER 
TEMPERATÜRE AND WATER QUALITY TESTS IK 
WATER LAYER DURING- MUD DRILLING 

/following Is the translation of an article 
by the Geological Bureau, Ho-pei Province* 
in Shul-yen Ti-ohlh ftiin&-ch,en Tl-chih, 
No. 11, 12 November 1959, pp. 25-26T_/ 

Pairing the water supply reconnaissance survey at 
feang~b.ua salt field in August 1958, our team adopted the 
aud drilling method, with observations of the static water 
Level , the water temperature and the water quality of each 
Layer, with preliminary success. 

Based on several deep hole data, the boundary line of 
ihe highly mineralized water in the K'uang-hua salt field 
ras found around 200 meters deep. Therefore, we decided to 
tse the individual layer observation method above 200 m to 
letermlne the vertical variation order of underground water 
ilneralizability, the depth of the water supply and the 
lethod of isolating highly mineralized water in the upper 
>art • 

. Test apparatus. 
1. A 108 mm bushing. 
2. A water bucket made of a sand collector. 
3. Palm skin, sea-plants, wire and rope. 
4. A thermometer, a water level measuring meter, 

and water sampling equipment. 

I. Test procedure. 
1. 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'equipment is pulled up and the 108 mm 
uahing which is wrapped with palm skin and sea-plant for ■ 
ater sealing at its bottom end is placed in the hole. The 
osition of the water sealing is made on top of the water 
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flaw "Where the ground layer is non-permeable. A stable 
Urnunä layer within 10 m above the top of the water layer 
lie"selected, and & section iß again wrapped with water 
isealing material (use #14- wire for wrapping). «hen press 
|th* 108 mm buBhine Into the sand layer about 10 cm* The 
I hole opening should he clasped. ■  : 
I     2. The water sealing material should be wrapped about 
\m  cm ion« for each section; its outside diameter needs 
Slightly less than the hole diameter (in agreement_with the 
'Biae of the drilling head}?  it should be tightened at the 
\tox>.  tout 3 et loose at the bottom in order to have oloso 
'contact with the hoi© wall at the bottom of the ^o. 
:      3. The mud is removed from the oushing: First the 
;driUln« equipment ie put 5-6 m  above the bottom of the 
hole. After taking the mud out of it's upper part, the    ; 

:drilling equipment is lowered to the bottom. Wcter la 
supplied for a few minutes to clean the mud xii >he sand 
laver. Then the depth of the hole is determined. If there 
is no sediment, a water bucket is used to pull the water 
up  and the liquid mud outside the bushing is observed to 

■ see if it ie lowering.. . - '  ,,     , 
4. Bucketing should be slow at first and then grad- 

ually speeded.- If the mud outside, the bushing &08S not 
drop sarlously after bucketing has started, the bucketing 
speed can be increased. When oleim water can b© recovered, 
in the bushing while bucketing, and when the mud level outsiae 
the bushing does not show a lowering, the water sealing procesa 
is considered to be effective. 

5« The hole depth should be determined after the 
water bucketed from the bushing ie clean* Any sedimentation 
of a and or sand should be noted» 

' '6. Tho Ptatio water level is obsorted arter the water 
is öle«!! meanwhile* the water temperature is recorded end 
a »pter sample is taken for analysis. For this step the 
folW»* conditions should be noted', (a; »Hen sedimentation 
of' «PA tnA other material occurs in the hole bottom,, a water 
sample' should be collected, and a water temperature observation 
should be DAde, immediately after completion of ouckoting 
in the bushin« (more than twice the bushing volume). How» 
ever, the water level COT. not be determined because it usually 
rises very'slowly* (*>> ^ien no flwinS Band and no sedimen- 
tation ooaurs in the bottom of the hole, water temperature 
observe Won, water levol determination and water sample col- 
lection can be done Mediately after completion of «*«*  . 
wirat*™* in the bushing (more than, twice the buahiag voluue). 
OocerJ;f a£o is the recovering water level until the curve 
reaches the inflection point. 

7» Mud is poured into the bushing to replace the 
Vater after'completion of the observations and sampling» and 



then the bushing Is pulled out. Drilling is oontinuedto 
the second water layer and the procedure above is followed. 

Ill» Test experiences» ,■«•-„ „-. -,«    pi|Tva 
First layers Hole depth was 68.17-71*17 m. fine 

sand. Tests were made four times* ' -..,4. « sana. ^^^ teßt. A 50 mm drliilns rod with filter 
equipment attached at its lower end wa^rplaced in the sand 
layer. Water in the water layer did not rise because the 
filter could not be inserted deep enough into the water 
layer and because it was choked by mud. The teat failed, 

2. Second test:  108 mm bushings were used and a 
OJS m lorw. pointed filter (made of 6 steel rods-welded in 
a cone Se with copper wire wrapped outside) was connected 
to tit  lower end of the bushing. A section of water sealing 
material was wrapped outside the bushing above th£ gp * 
the water layer. Due to a miscalculation of the hole aep-on, 
Se ashing could not be drilled in. Meanwhile, the filter 
equipment was broken. After water had been pumped out by a 
p?stS ?or "er 10 minutes, mud began flowing into the bushing, 
and the mud level outside the bushing quickly lowered. This, 
test also failed.^^ ^^ ^ hu&h±m  wag equippea with 

a 0.5 m long pointed filter at its lower end; water sealing 
was done afin the previous test. The bushing was drilled 
Into tne sand layer. After water had been pumped up by a 
piston for over 10 minutes, mud still slew into the bushing, 
and this test was a failure. . ',*,»''' 

4. Fourth test: Based on the condition of mud 
flowing into the bushing, the water sealing method was im- 
proved by adjusting the sealing position closer to the top 
of the water layer. A stable section of the ground layer 
SttSn IS m above the tp of the water layer was selected for 
wate* sealing. The bushing was placed inside as usual, but 
locket was used for pulling up the water.  The result was 
gooL Water could flow into f'V^HV^ ITZll  out y 

■ Without mud flow. This test took about 5 mxn to P^1 ™*   ' 
20 liters of water?  the water level dropped to 10 m below 
He  ground surface; the recovery water leve was  .3 m, 
lowering about 7 m. The result of w^ter sample analysis 
inflirated that the water contained solids of 11855 m/j-, 
K^a°33r?.99mgA, and Cl 5388.65 mg/1. 11 was very salty 
being quite different from the quality in the uppor part, oi 

the ground Jg^J had four teBtß> ^he time . 

for the'first test wa, not recorded. ™\****J£"**%* 
Putting in the bushing) were required for the second, third . 
and fourth tests. 
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Second -watar layers Hole depth was 135•44-139.16 meters* 
tin®  sand« The test -was performed only one©* Two sections 
of water sealing ware made at tha top of the water layer and 
above the water layer» After the bushing was placed down» 
the wo&  in the bushing was taken out. Water was removed by ^ 
».bucket; ov&v 60 m  of flowing sand occurred at the bottom 
of the» hole* Therefore, in order to save time» only a water 

'■sample collection ana a water temperature observation were 
done without observing the water level» 

Third water layers Hole depth was X9i*?S~196«2Q meters, 
fine sand«' two tests «ere made. The first test was not a ; 
gucGeas due to the fact that the wrapping of water a@al.ing 
was broken bv the friction of the bushing* Tha second test 
waa similar to the procedure followed in the second water 
layer» Flowing send was found in the bottom of the hole? 
water rose too'slowly* Due to a lack of long, steel rope» 
removal of the water fro» the busking had to be stopped« 
Onl? a'water smsnle collection and a water temperature 

■observation could be done* Nino shifts were assigned to pull 
out the water because of the slow rising of the water level. 
Therefore, beoauso mud was ■ settling around the bushing» the:. 
bushing was accidently burled* 

IV. Cautions , V **,,,.  * 
1.« for testing purposes* the hole depth should not 

be too deep}  a depth between 100-150 is is recommended«. A : 

atable" are A should be selected, because a deep hole has many 
sediments, making it difficult for the bushing to be pulled 

:out and limiting tbo diameter of the hole«. 
2. Drilling the hole8a diameterJ A 7" hole diameter 

should bo made if &  108 mm  bushing is adopted for testing. • 
If the buahtnfS is buried*, a drilling rod can be applied out- 
side the bushing to save it from being buried. 

>♦ fhe ni&meter  of the water sealing wrapping should 
agi*es with tb*> Biz® of th& hole; the sealing position should 
be a stable ground .layer, «ivo sections of sealing are nee- 

4* Sealing should bs proper!.-; done to prevent leakag« 
and to «void sliding of the hole« The water sealing; process 
is actually the most important factor to the effectiveness 
of the test* . , „        , ,' 

5« Good quality mu&.  should DO usea bei or© the oushlng 
is put in the hole* Its viscosity should be high in ordar 
to protect the hole wail. 

6* i'ho time for teati&K should not be too long» Other- 
wise* the bushing will be easily burled by eedimented mud«  . 

7. Equipment and material should be ready for us&9 
especially steel ropes and other'emergency tools. Less time 
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will be required if steel rope is used for pulling the bucket, 
besides being safer. „ 

8. Since the upper part is a brine district, His 
better to use non-salty water for mud washing. The liquid 
in the bushing should be ta en out to examine the quality 01 
the water. 

V.  0n^#
us

T^" teats proved that a hydrogeological survey 
can be made on a mud hole. If bushings are lacking and 
speedy drilling is needed, the mud drilling ffieJh°VfN^ 
amentally collect the same required data as water drilling. 

2. The ground layer of the tests is fine sand; the 
depth of the holes is more than 200 m. After a preliminary 
study* it was decided that this method is applicable to self- 
flowing water districts. The time for washing and bucketing 
can be reduced by using self -flowing water, but ^e^and ■ 
flowing problem at the hole's bottom In water-bearing districts 
still must be solved. Whether other layers, such as sand- 
gravel, are applicable is pending further test proof.. 

3. Only one set of 108 mm bushings was added to the 
tests;  each test requires about 2 shifts.  Each observation 
of an individual water layer requires wasting some mud in the 
bushing and having more clay consumed. However, the data 
obtained 5 s far more accurate than that from a mud hole. 

4. The piston type equipment ,to remove water has a 
areat enough force to suck the mud from around the bushing; 
the bucket seems better, but the efficiency is lower. The 
water sealing process should be improved so that the more 
effective piston type eauipment can be adopted. 

5. Moreover, it takes so much time for each observation 
that the bushing might be buried. This should be studied 
further for improvement. 

10,50? 
CSOJ 1562-s/o 
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PROBLEMS OF THE REMAINING WATER IN THE BORE 
HOLE IK PRESSURE-WATER EXPERIMENTS ; 

/Following is the translation of an article 
toy Li Ch'eng-ts'ai (2621 2052 6299)»   In 
Shui-wen Tl-chih Kuns^ch!jgLJE^i^fe* Ti0*  n» 
12 November 1959» ppTW»289_/ 

Most test sections of a dry boring hole at a dam 
shoulder are above the underground water level* Liquid 
washing and pressure-water experiments are applied along with 
the drilling« so that the dry rock layer absorbs the water 
and temporarily reaches a saturated condition* Then the 
remaining water appears in the hole» .In a definite period 
the remaining water becomes constant so that water flows 
back Into the hole» balancing with the water that permeates 
into the rock layer» This balancing condition forms a stable 

;false underground water level, which can be kept  for several 
days in a rock layer of low permeability« In the past, it 
took more than a week for the remaining water to be permeated. 
This waiting period could not meet our fast, economical 
principles* The author, having several years experience In 
pressure-water tests».presents a few pointß telling how to 
treat the remaining water in the bore hole* 

Section I -■.-,'.,,, 
If the height of the water level is designed by a 

dry hole in a pressure-water experiment» without considering 
the affect of the remaining water in the bore hole* it is 
very possible to produce the following two conditions it 

1» A false water level stable condition:  Pinoe 'we 
do not recognize a stable false water- level because of the 
dry hole» during a pressure-water test -the.rising height of 
the water level is one-half of the test length plua S \Pi6» 1)• 
Then the total height of the water head, is; 

£ lfS (1) 
I as the test length in au 
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Actually,  the stable false water» 
level is h meters from the bottom of the 
test section»    Therefore,  the actual rale© 

• in height of  the water head should be 

1(1- h)V"S (2) ■ i 

From (1)  and (2)  we get? , 

ilfS- il^irh - s^ih       (3) 

Thus,   the rising height of the water.level 
that we designed will be ih less than      > 
the actual condition. i' 

When the water flow becomes a layer 
flow,  the flow rate is proportional to    I 
the water head, following MTa-erh^hsi  's. 
law.    The unit water absorbing quantity ; 
is constant regardless of the height of the 
water heads A 

Fig.  2 
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Fig* 3 
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When the water flow becomes diver- 
gent,   tbe area around the hole produces \ 
a condition that doss not agree with    Ta~ 
erh-hsi"fs law.    The relationship between 
the water head and the flow rate can be 
expressed by the following equation: 

(6) or 
if 

It. is evident from equations (4) 

rising height of 
Ml-h-tfh)*S the 

and (6) that the unit water absorbing 
quantity is a constant? when the rising: 
height of water level drops ih, the pressure- 
water Alow rate 'Q decreases accordingly.; 
This is reflected on the curve Q- f(S), ; 
which does not pass through the point of 
origin (Fig. 2) . ' •'   ■ 

2. A false water level unstable 
condition: Since the false water level ! 
changes from time to time, let's assume 
that the false water level dropsah at time 
At (Fig. 3)*    Then the actual rising of 
the water level increases Ah. Similarly:, 
from (4) and (6), we know that when the 

the water level increases from %(l-h)»*S to 
pressure-water flow rate increases „also» 
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;"  when the remaining water in the feel© lowers and the 
rising height of the water level increases» the pressure- ■. 

: water flow"rate (fc should increase accordingly. The stable [ 
icondition Q« f(T) is: &m*~z.&m£&. £  /£>% 

: When the stable condition cannot be satisf led, the j 
I reaction of the water level and the flow rate on the curve t 
'becomes unstable, too, (Fig. 4) and the experiment cannot j 
jbe successful« Therefore, the remaining water in the hole ;. 
'should be considered in & preß sure-water experiment. • 
! ■ sax   ■ . I 

<r- 
Fig* 4 

■ Section II .,,*,'■ 
After working for ...several years, we gradually found ; 

some guides to the remaining water in the bore hole and a ; 
method to solve this problem. Our practical experiments 
proved that this method does not affect the results qualita- 
tively or quantitatively* 

■ 1* The stable false water level in the bore hole -laj 
low when the depth of the hole is deep« 

2* Since the permeability of each section of the \ 
rock layer in the hole is different, the stable false waterj- 
'level of the remaining water is variable, too* In order tOj 
get a water level height as the basis for design, it is  . j 
.necessary to determine the stable false water level before j 
any pressure-water experiment is made. 

3. The observed water level in the hole cannot be ( 
used as a design basis for the rising height of the water i 
head before it is properly corked* After it is Corked, the; 
permeating water from the upper part of the test section laj 
stopped, breaking the existing stable condition and creating 
a new stable false water level. Therefore, it is necessary 
to properly cork without any leakage and then to determine 
the stable false underground water level in the hole. The , 
result of this is the rising height of the water head for ; 
the basis of design* ^ 

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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?inft\/«tä?e falsa Sater limits still below the existing 
that the ■ «Jab%e*iiB*:J a condition* pimping PlP«3 **«* * 4i ^ 
water level, .«J4«"™ * ^5 to-W the water out of the    , 
diameter and 2-4 m long la ^^^Hlter level and to quicken 
Inner pipe.    Thie» »«IP? ™ j£WV&    *1#    Tf the false water level 

pipe to help its recovery* folB8 «rater level,    ; *       in the determination of the false water w»^    i 

is the design basis tor the rialn| height gj»^ ^ ^ 
If the «table false «E"^if*"n"t)?ge'fal(i9 water level whloh 
is Sered^belhe^fJoEfS/S-l«*« the rising 
height of the water level. 

10*50? 
esot i5^2-s/p 

-END* 
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