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THE  ORIGIN   OF  BRECCIATED   LIMESTONE OF   THE  CHIA- 
LING- RIVER   SYSTEM!  IN   THE] MIDDLE AMD  UPPER  TRIASSIC 

PERIOD  IK   SOUTHEASTERN   SZECHUAN 

/Following is  the  translation of  an article 
"bv  Ch'ien Ksueh-p'u  (6929  1331 3302),   in 

Shul-wen Ti-chih KunG-chVong. Ti~chlh,  No.   1, 
12 January/  1959.,   PP«   17-21._/ 

I. Introduction 
The limestone of the Middle and Upper Triassic Period 

in the Chia-ling River system in southeastern Saeohuan is 
commonly mixed with a thick layer of brecciated limestone* 
The study of the origin of brecciated limestone has a. great 
significance in the formulation of ancient and historical 
geography, petroleum resources, hot springs and the hydro- 
geological conditions of mineral mountains and water facilitie 

In the past only a few articles have been published 
concerning the origin of brecciated limestone In the Chia- 
ling river system in southeastern Szechuan. We consider these 
brecciated limestones to be typical products of gypsum, 

II, Distribution and characteristics of brecciated limestone. 
1. Limestone mixed with brecciated limestone in the 

Chia-ling river system Is distributed in southeast Szechuan, 
i.e., it" appears in arc form at the inclined axial part of 
East Szechuan and at the south edge of Szechuan basin« The 
distribution area extends from Shih-chu, Chung-hsien and the 
Feng-tu districts in the east to T'ung-chieh-tzu in the west, 
and from the Ch'u-heien, Ta-hsien and Liang-shan districts in 
the north to the basin's edge at. the intersection of the Sze- 
chuan and Kweichow boundary in the south (references 2-6, 9, 
11, 12} .  The area is about 4.50 km wide and 350 km long (Fig. 

2. Limestone of the Chia-ling River system generally 
has a 600-700 m thickness, which can be divided into five 
layers according to their characteristics.  The 5th layer is 

1 



f. S 
pt s   /"" \ 

u'J 

^     ; \ 
t ^ '-■--j 
' S   V s.,. 
y; 'A - 

/■ >> i \ 
ß   K •  v ff*  s- ) 

i * f     s 

s  i.     **&>- ■- «/ ^^'#1 *r ,ylr5J S"   "t '•---• 

'A   '%<*■ 

■■y ?'     yj' M* T /■/» w 

S 4H>V^ 
Si       S      50      109     isa      1 

£>ji     Oa    120 3     GJ4    L£ls     GQ* 
Fig» 1 

Distribution map of breeclated limestone of the 
Chia-ling River system in the middle and upper 
IriaBöte Period in southeastern Szeehuan* 
1»  The edge of the Szeehuan basin» 
2«  Inclined and hollowed structure in the basin« 
3.  Are-a 'where limestone appears in breeeiated 

limestone of the Chis~ling River system. 
4*  Hot springs» 
3» Gypsum mineral production district in the Chia- 

ling River system» 
6*  Column-shaped section map of the ground layer 

(Fig* 2) » 
Locations:  1»  f'' ao~tau»tang*  2-  Shih.~yu--.kou« 
3»  South hot sprinp» 4»  Euari-yin-hoia, 5«  Li-pi- 
hsia* 6. Kuang^kua-»'-han* 7»  liua-teng-snan» 8* 
Wu~wei« 

covered by a coal system of the Jurassic Period forming a 
false combination* " The 5th layer sometimes is reduced to a 
thin layer or even to non-existence*. According to Lo Chih- 
li (0925 180?'4h39} the layers 1-3, which belong to the Middle 
Triassic period» are called the "Ohia-ling River System" 
(in a narrow sense) and the 4tb layer, which belongs to the 
Upper Triassic Period, is called the "Lel-k'ou-p'o System" 
(reference 13}» 



>etween the middle The fci-ewolated lime^ume is mixed 
pavt ol the Middle Triassic Period snd the bottom part oi 
the Upper Trlassie Period,  That which is founa in üfce latter 
is especially well developed» 

"3. sieohuan basin is a more stable portion 01 Yang- 
^v-tl-t'ai;  limestone of the middle and upper Triassic 
Period in the Cbio-ling River, which belongs to a continental 
Dlatform tvpe of shallow phase, has blo-chemical sediments 
and' varies'slightly in an east-west direction.  Its charac- 
+ orlSHo« cpn be compared over an extensive area. Based on 
the ^tensive deep well drilling survey for petroleum in the 
Schuan bnain, Lo Cbih-li pointed out firstly that the breccia 
ln    r c,r  vne ground surface is equivalent to the hard gypsum 
lPver  st the bottom of the well (reference 12). 

"*' '"  W* compiled a column-shaped comparing figure for rock 
lovers in the'district. From the figure the relative con- 
^if-on« of the breceiatad limestone and hard gypsum layers 
cpn'Ve "clearly seen, based on the ground survey and aa.ta 
of"well bottoms from various petroleum drilling dietricus 
(Fig. 2) ♦ teg 

(From the left) 

1. Wu-wei 
2. Kua-teng-ahan 
3. Huang-kua-shan 
4. Li-pi-hsia 
5* 
6. 
7 
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Fig     2.     Column--shaped comparing map; of  the ground 
surface  and well bottoms of  the  Chia-ling River 
limestone  layer» 
1»   Tb-'ck Iftyer limestone    2,  Tbin layer  limestone 

limestone    4«  Dolomite  limestone  and dolomite    5.  Hard 
tf 

iin -er o 3hale Br iiated  limestone. 



4. It nan ajAüovercd that tha bottoms of the deep 
-»ell* ^ tb1^---)n>n«;oc survey district are hard gypsum (water- 
leas'Vvpcum) bluo-^rey in color (Photo 1) and, as shown by 
BUoropoopio ox&mination, radial fabric in structure and 
oh.^<)  m pMer (Photo 2)« The hsro gypsum layer has great 
oiastjcii^ and'little cleavage* Therefore, from the view- 
point of reserve structure of oll, saß end water, it is a 
r-pipt-xvelY rnhxed iß. vor» 

"""" '*.* »T'V^ brecciatod limestone of the second layer of 
+>.- ChJe-lir^ niver system is commonly 80-120 m thick and 
is frequently mixed with thin layers of schist, shale, or 
limestone, • 

The breccia does not clearly show the layer?  it is 
co>npo.&d of ßbale or limestone aimil&r to nearby stones* It 
h*p~nri£iiiatic an?lees of different sizns (Photo 5}$  usually 
^-20* en. its lonrent dimension reachir^ 1.5 flu Ihe colloid 
between the breccia ic corapcBed cf coarsely broken stones 
and clay (Photo 4). .. , 

Part of the breccia contains o tnin ioyer of oeicxum 
shalej  it has a gentle»»! olding where the shale brsa&s. 

6* From microscopic excminptiQU no mineral cypsum 
was discovered in the ground breecicx-ed .LioieauO-nej  caiy cue 
gyrsum laver, 1 m thick of coarse crystal «hita-grey in 
color, was discovered in the brecciuood limestone ro muösrs 
deao at drilling hole #33 in the south honk of liec-cni-ya^ 
(Photo 5)*  It was determined through &  microscope that tnxs 
gypsum was ordinary sypsum (gypsum containing water/ with 
integral crystalloid (Photo 6], .*-,,, 

on r/ne ground at the edges of the brocciatod .limestone 
distribution area, sypsum uenhlly appears forming a gypsum 
rcineral bed (Fly* lT* For instance, sypaum w*s produced on 
the top of the Chia-lins River's* limestone at Pa-wei~hsien, 
Pbout to krc went of western T'unk-ehieh-tau (reference 12); 
'TOCUJ. wa? produced also io the north part of on u-hEien, 
Mgjur-.e.^on sn*3 fa~holen districts (references 4 and 8^» The 
IvuzMofthe  Chia-iinii Rüver system, consisting of two 
^dw^- I--- iibxed between orecclared listo stone layers*  Cue 
layer lies near its top?  the other» in the middle. Both 
are y."e.tor containing sypsura (relerenc© 7; . 

TU.  Sore assumptions on the origin of brecciateb limestone* 
1. when Mr. A. lieini did a. geological survey near 

Chur^c-h^nc in 19"i3, he discovered the brecclatea limestone. 
"r h~p p^ucr ho pRPunsscT thef the breoeiated limestone might 
exi'-t,"naturally;  it is probcoly a breccia formed by the 
movement or ciidinfe; of sedlr-.wr. < o on an^ificlinecl slope near 
the «©a bottom» becoming a colloid (reference 1)•  . 

2» hiring the ;rcolopiccP survey made by l-'an yauns- 
hsianft (Prb2 6988 '+30^ ana ± c.u0 AUO-^U xn^ ui3« u„,-K, J-^J<< 
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in 1939 at Ch'1-chiang district of south Szechuan, breceiated 
limestone was similarly discovered* in their paper they 
considered these breceiated limestone possibly to be a kind 
of intermittent product of sediments (reference 2). 

3. In recent years extensive deep well drilling sur- 
veys were conducted in Ssechuan basin to find petroleum 
resources and natural gas» Many drilling data proved that no 
breceiated limestone was distributed in the deep underground, 
the relative layers of which are thick layers of hard gypsum, 
schist and limestone (ref* 12 and 13). This can hardly be 
explained by the theory of sea-bottom sliding or the theory 
of intermittent sediments« 

Folio-sing to Chih-li's relative comparison between 
ground breceiated limestone and the position of the hard 
gypsum layer, he considered the ground breceiated limestone 
to be a result of hydrolysis, a dissolving and crystallising 
action of the sandwiched" gypsum» Hard gypsum, absorbs water, 
becoming water-containing gypsum* its volume increasing 61% * 
This breaks the layers above and below to form the breceiated 
limestone, a product of crystallised action« In his report 
Lo Chih-li brought to attention the similarity of this bre- 
ceiated limestone to Russian crystal breccia, which resulted 
from gypsum crystallising in the "Kiao-la-erh-a-k'o-oh'iu- 
pin-Bzu-k'o" district (ref» 12). 

IV. New comments on the formation of breceiated limestone. 
Lo Chih-li considered the breceiated limeatone to be 

formed later» pointing out also that this breccia wee related 
to the hard gypsum layer* The assumption is evidently a 
remarkable improvement in the knowledge of breccia limestone 
formations. However, we consider the Crystallizing Theory 
to over-stress the volume swelling action when hard gypsum 
becomes water containing gypsum end to neglect the collapsing 
action after the gypsum has dissolved, Actually, the Russian 
breccia is composed of shales sandstone and clayey stone 
fragments several mm to 2 em in sizej  its colloid consists 
of clay and gypsum (ref» 14);  it is different from the 
breccia of Szechuan in both structure and composition. 

Based on data from references, interlaced gypsum 
commonly appears at the top of limestone in Shansi rrovince; 
for instance, 'f'ai-yuan Hsi-shan has several layers of water 
containing gypsum with thicknesses reaching 1-5 m. The 
breceiated limestone is sandwiched between smalls gypsum 
layers, its thickness usually being; less than 1 m (ref. 10). 
V.'e consider these breccia, as far as its formation as a 
crystal breccia is concerned, co be similar to those of the 
"Niso-la-erh-a-k'o-ch'iu-pin-szu-k'o" district. The diff- 
erences between the formation of breceiated limestone of 
Shanei and that of Szechuan might be because the gypsum layer 



thinner» 
During t-ho formation of breed? ted limestone in Sze« 

chuan, T?O consider the existence of i!K*o™ß£u~tVä collapsing* 
This Is Illustrated by the following facts: 

1, ' Through microscopic examination no mineral gypsum 
1#£s louncl in the" ground, breed ated limestone, while the 
thickness of the hard gypsum layer in the well's bottom can 
reach 20-30 m. Gypsüm is easily dissolved;  after öisSOITament» 
the phenomenon of collapse near the ground aurfs.ee can readily 
be seen* 

2* in Gh'uan-chi eoal mine at.Ho-ch'uan-hsien it was 
frequently discovered that the broken coal layer had been 
replaced by a phenomenon of irregular naand pier" (Fig, 3). 

€. 

ASS 

f—~"t 

Fig*  3« Bietribi-tion Ms.p of Ta^ang.^a.-^eng at Bast of 
Ci'iierv-ciij   Cos.."! 

-•    COö.1 Bed of Jurassic Period 
■•    Expl. or its Portion 

Sandy i'iii..i.i 

The srnd pieig which is composed of sandstone, shale breccia 
and coal fragments, has a longest dimension of sever-nl meters 
to 60 iru  The largest br&ccia exceeds 1 E, 'ohile the smallest 
one is only a lev?' mm«  They are comhticatodly mixed without 
distinct layers«  the sand pier generally passes up and clown 
through several coal layers,  The small scale broken^layer 
frcQuently can be found in. nearby locations (ref. 1?)* 

The coal layer of the Ch*uan-chi COP! mine v?as taken 
directly from the upper covering of the Chia-ling River 
limestone where the layer is sloping gently with an angle of 
only 20 «25 * Therefore», we consider the send pier to b© a 
collapsing, phenomenon * 

3*' Baaed on the recorded data from Chung-liang-shan 
Ban-P* ing-Vung of Ghung-eh'iMg,, sand-stone and. shale breccia 
ware" found in the breed* ted llsffsicne &t  öde top of the 
(Phia-ling. River system»  This phenomenon can be explained 



on-'v 3d' sa^ &P- shale breeoi? are derived from the covering 
of coal systems of the Jurassic Period end are results of 
"K'o-ezu-t'e" collapsing* 

In "bort, we considered the breccia limestone ol tae 
Chia-lirw itivar" system in southeastern Szechiian to be a 
SVTJPum product and the swelling, action of ^* ^s™ ** «. 
bferoivs^ and crystallizing during the formation of breccia 
to "be of'"seconda/y importance« The breccia was distributed 
11  the ground layer and the layer where It was not very 
de«^. B«sed on the drilling results at Map-erh-hsia, ..he 
£,J^i»fi  d9r)th w*s estimated to be 200-400 m (Pis- 4) • 

isfii'i tsüs ms«. 

FiF.  4.    Cross-section Map Shewing Vertical Distribution_of 
brecciaied limestone of Chilling River System xn 
Southeastern Ssecmian 

1» Hard Gypsuin 
2, Aquifer Gypsum 
3„ Brecciated Limestone 
k, Cocal    Eroded Surface _   _ 
in feaaarßfcaya River Bend)*"*?** a  thick aoi.omitxsoü 

. fell thi'ccn.« of 200 ».  ^^-«.SSoJ^-SSiet. 
arentlv existed in the west or äcciated limestone, while in the east it WED i-spleced by the w-«■ 

Breed ateä limestone has Deen hotly debated»  ooa.9 
geologists believe that the brecciatel limestone resisted 
from collMtJsinß sediments r,-d colloids aftor K o-sau-t e 
"i^virc. This aeawpti-.i wrs later proved by a geoloSical 
survey" rf the «Ku-pi-hsu-fa" water power otation at «as-ma- 
i«-.hc-chru" (ref. 15 and 16)* 

We cor-sidor the brecciated limestone in southeastern 
«j^chuen of the Middle and upper Triasaic Period to be simi- 
i?r tct the' brecciated liuefltor.a of the Stone-Coal Period at 
«Sa-^-la-ho-ch'u", Russia, ae far as it* formation is con- 
cornea» 

V. Th3 geological and hyäro8eologic&l significance of study« 
ins the formation of brecciated limestones. 



' 1«     Since we  consider the breccia to be a result of 
collapsing,   it can not be a product of  eliding near the sea 
bottom, but it can be a product of  structural reaction of 
the hard, gypsum layer.    Also,   it can not geographically-» 
historically represent a sedlmented interm!asion» 

2e    Based on the observation of the district in parts, 
structurally the breccia that resulted from collapsing was 
freely mixed up with the breccia of the broken layer (ref. 3). 

3 * On ground surface, ths brecciated limestones have high void 
ratio (based on test result: Ths void ration of limestone at Chia-ling 
River is 2~k%,  and of brecciated limestone is 3-7$); but as to the reser- 
vation of petroleum,  the breccia evidently can not be the oil reserving 
layer.    Actually, each exploration area of petroleum and the equivalent 
hard gypsum layer of brecciated limestone are , on the contrary,  the 
dividing layer of oil ard gas. 

4« When the stone layer becomes gently sloping, the 
min seal layer on the soluable stone can be broken apart due 
to "K*o-s2u-t'e"   collapsing. 

5*    The brecciated limestone is loosely stuck together, 
and it dissolves easily on a ground surface with good per- 
meability  (Photo 7),    Springs rarely appear at a district 
of ground breccia lime stone.    At T'ien-fu and Chung-11ang- 
shan coal mines,   the revealing water point was distributed 
mostly near the lower part in the breccia»    Therefore,  we 
can say that the hard gypsum mixed with dolomite  and lime- 
stone in the deep underground of  the Chia-ling River system 
ia a relatively non-permeable layer,  while on the ground 
surface the breccia limestone produced later In an equivalent 
layer position is a relatively permeable layer, 

6«    There' are over 10 hot springs in the vicinity of 
Chung-ch*ing  (Fig.-l).    Their water temperature is usually 
30-4-5°C.|     their water quality is calcium of sulfuric salts, 
with mineralisability of  about 1*8-2*6 g/1,  making  it a 
saturated gypsum water»    These hot  springs are not merely 
distributed in the district of brecciated limestone at Chung- 
ch'ing but also where brecciated limestone appears at Sze- 
chuan»    Therefore,  we consider this type of hot spring near 
Chung-ch1 .lag to be the deep products of "K'c-szu-t'e"gypsum, 
the twin to brecciated limeatone» 

7*    The big,  water conservatory projects of the Yangtze 
River  and Chia-ling River were  constructed  in the valleys 
of  Saechuan basin.     The brecciated limestone of  the Chia- 
ling River system is commonly distributed in valleys inclined 
in structure"»    This breccia is loosely combined and,   there- 
fore,   is not suitable for the foundation of  a high dam (based 
on experimental results,   the limestone of the Chia-ling River 
system has a  compressibility of 700-1400 kg/cm^-,  while  the 
brecciated limestone only about 500-800 kg/cnr*) • 



BSSS'L   OB.   "th&   c'rlliijrJG   roiiUit"   fct   m.c\'J^BT{l-"V\e''i :5.s    'CHO 
rock center* CT'al lability  of  this breccia WES  only 40-»7t3'*' 
after the breeds hsa  seriously diesr/lved (;ebota__8),   the 
rock center showed.a b&ö^hi^o  structure;;   ©v'sn below 100 &» 
Based on the water pressure experiiiontrl reeults»   this 
hreeeiatec! limestona usually had lei'se permeaMXtty*     Its 
unit absorbability reached 0.1-.i«0 I/min;     it-did not show 
aopreclabil? a decrease as the clapth incresusodj     even 100 m 
below the river bed could not be considered tc be a relatively 
noa-oerffieeble laver*     Since this br<aociataä limestone has a 
great viörroeabiliw,  vh-m construction ia made in this breccia 
district or in nearby lintriets»  onsineerli^ steps to prevent 
Xe&ica&o around the dam or ttmrjäatiors of  the draine.se  system 
mu^t be taken* 

Ref er-enoe-g-x /Russian naaau have been transliterated? 
1*    Heim,  A." I    Geological structure and petroleum 1B the 

vicinity of ü!imig.>~chs ings   Szeobu&rtj,   1931» 
a*    P'an Churus-haiang  C33S2 698ö"4382)   and P'eng Euo-oh'ing 

(1736 0948 1987)   j  Chi»ohiarg river bed in south Ssechuan* 
1939 «■ 

3«    Li Ch*u;i-yu (Soil 25CM? 3533}   etc; Geology or Hua-hsiung- 

4.     Li T'&o  (2621 ?113)   arid  Lo Chen&-yuen (0925  2973 66?6) ,• 
Geological min&ral products at north bank 
of yoxigtse Riror between Pei-ling Chiang- 
ehou Chung-hole« .Liang-shen»   1543- 

Hou Te-f&ng (0230 1795  1403) ;  Geolog of Shin-elm Chi en- 
chiaiiA ana Itu neighboring districts*   1944. 

6,    B.OU Te-fens   I     Geological Msierole  in. ir>rth Kwolohow» 
1943 * 

7*    Hsitmg vune-iisien (35?4 30.57 0341) j     Gypsma mine of(tie 
Triassic Period,  in  oast  Skeehuen.;   1949» 

8«    Ho Gbtua-ourÄ  (0149 2304 5533) ;     ^tiiries of  Chinoao 
gypsiiffi minerals, data^   last, issue» 

9. Chinese G-oüloeicai i-..:    (1/1,000.000),   Churs-ch'lng  sheet* 
1950» 

10. Li Heins-hßueh  (£621 1313  1331)   ana  She-Tg Chin.-oha.ng 
(851.8 6835 4545)j  ö-yprr.j. aril coal cf Mii^j-taßien.-tß'un of 

T^ai-vmm Bsi-sban* 
11. Ground  layer i?lie of Chine so district  (manuscript),  1956- 
12. Lo Ghih-li  (0923  1Ö07 4133)%    Research report on Trlaesio 

sy-stam of Ya-ns-iip   1956■. 
13«   lo Chili-li?     Preliminary discussion OB. layers  ?snd its 

rook phase'" of £rlassie eystsra in Sseohuan 
ba8ins   1337» 

14. xu. >.  MKo-hal~cMri";     öroirr   structural  theory of   the 
r>©iroloum district*   193r.«. 



15- A« Xu» "Ya-k'u-Bhe-ya" j Examples of ''K'o-sau-t V 
developed history on (Samars'kaya River Bend),last 
issue, 1956» ,     , , 

IS. V. P. MMa-ezu-lo-fuM; Comparlaon method of rock layer 
section of carbonic salts, Geological-trans- 
lation, 1957 c •■ ,    .4 

1?8 Geological data from Chung-liens-shan and vh uan-chl 
coal mine* 

/Hotel Photographs No« 1-8 were unclear» and 
*"not able to be reproduced »J 

10,507 
CSOs 1599-S/a 
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GCMGEmim FURTHER SIMPLIFICATION OF  ''SOME 
THEORETICAL AM) PRACTICAL QUE3TI0N3 OF  COM™ 

' 3INED  PUMPING-" 

' /Following is 'the translation of  an article 
bj Eao Chung (7559 6945)»  in m^zEMLlk^M 
KußK-ch'eiiÄ Ti-ehl&,  Ko* 1»  *2 January IS69» ■ 
PP*      ßl-ai«^ ; 

Prior to writing this article the writer studiod the 
theses of 8SA~eMa~pi~yeti*-%fu% Zö Lia,as~t*a© (55I\OOfel 7290), 
Kao Ching-liang (7559 2*17 0081), Teens. ?e-hsieti ^2562 1795 
73S9) and others « R@ thought■thai study of the surest 
topic would improve the experiment*.! work end. add row ^:r;o\?~ 
ledge and methods for hyärogeologicsl experimentation, 
Combined pumping can save materials- raise the drilling efr- 
ieiency and simplify the experiment»! procedure« With a 
desire* to learn'the" writer presents sons simplified, practical 
methods and. procedures for mutual discussion« 

1» Practical value of eoitbined pumping in the present stage» 
Combined pumpira; tc  a rather new eubjset, &o  its 

reliability and practical value are yet to b© proved bj actual 
Performance. At the pre sent stage most people do not daro : 
aßopt this new method, especially uaier large and medium 
BOBI« conditions (Is50G00 :;;.rui above) . ihe reasons are: (1) 
that the reliability ia uncertain and (a) that during prac-, 
tical work? as analysed fcy K&o Cfcins-IlsiiS« tha total amount 
of work had not been reduced or only a little simplified . 
(even increased the» work * . * as Ko Liang-t'ao ' s method). ; 
linder small scale (1^200,CK)C ana  under) survey it should 
3arg-eiy bo adopted (10, 20 drc; 30 m manual striking» rotary 
drillings are now extensively uced by Ho-pel, Sung-liao teams,etc. 

Refer To the 9 th and 11th issues, 1937 and to the 5th 
ssue of 1958 of thiß publicßtion»  
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Since this pumping test requires only one oonciued Wing 
(generally omit;tins the upper water layer) and one deytn 
lowering, the methods described in the above mentioned theses 
are not applicable (required unknown factors, such aa Ka or 
Sb, are lacking). _ ±. 

The writer considered practical conditions of t,he 
mentioned field teams to be accurate and to be a natural 
conseauence. It should first be carried cut in a snallow 
hole without individual layer pumping, and then, graaually 
to a deep hole with individual layer pumpins, this to be 
replaced by the combined pumping, method* 

II. Demerits of Kao's and Tseng8s methods. 
1. The Kao Ching-liang Method, 
(e)  This method with *reat limitation applies oruy 

two self-flo?; water" layers;  the upper undercurrent layer 
is usually widely distributed and it frequently meets with 
.three self-flow layers. 

(b) This method requires the combined layer end «he 
uuper water layer to be pumped twice r-nd also «quires the 
drilling for water sealing; to be stopped. Though simpler 
than Ko^s method, Kao's method is still considered complicated 
snd would slow down the progress* 

(c) Since no derivation and proof of the value of 
average permeability Kcphas been written It is not valid 
to introduce Kfcp.       K..pX *^«±*&*!s.        (1) 1 -y Ma+Mj, 

Because the IUp value will be directly affected by Sa, S*. 
and 3 r£  SA- the more accurate equation should. De: 

where K , M^ permeability and thickness of the first water 
c~    bear*!»? layer, respectively. 

K*, Mz. uermeabillty and thickness of the second wate, 
bearing layer, respectively. 

S , s, stable water levels, a and b, m the first and 
cV  *" second water layers, related to the combined 

water level, a + b, raising or lowering» 
2. Tseng Te-hsien'e uethod. 
(s)  Though requiring only one Piping this method 

still reauires the drilling for water sealing; to be stopped 
afler it^lao^s  the aecoÄ water layer. ^" »•ftf*^ardB 
crOKTeas and its operational process needs to be improved. 
If drilling is done directly to the second water layer and 
If combined pumping is started, the drilling and experiment 
can be done simultaneously without interference. This is 
advantageous to the drilline progress and operational pro- 

*(b)  The results from previous tests do not take into 
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consideration the affect of the K^vaiuo in tbe lower water 
layer on the rock powder, 

III*    New method. ,       _        .. 
After drilling through two or three water Inyers,  the 

«tFble water level of each layer (s,  b and o)  must have-a 
certain relationship with the combined water level (a+o and 
i+tH-oW     I.e..   there must be a function oetween them.    U 
Se'^Wievel    a}   of  the firet water layer and.  the combined 
V« + ^r'"]ev^l,   *a-b,   of tbe  first and second water layers,  or 
the"combined water level,   a+b+c,   of the three layers,   rep» 
retried the Individual stable water level o  ana c in  uhe 
second  PPCI third  layers,   our experiment would be greatly 
«irr^fi^U    *hen it would not be necessary to atop drilling 
Sr^ter^ sealing and to punip t^ice;    moreover,   pumping can 
arbitrarily be done in the first water layer or the first 
;^"opootyl  lfver mixed«    Besides»   it would not  limit the 
number' of "layers or the type of hydrodynamics  (beerir^or 
fr>Ae) .     The functional relationship of  a,  b#   c,   a+b auu 
a-tbfc is computed by the following method* 

H."4i     1Kb-   -M 

O)  Under two water bearing layers (Fig. 1}? 
After the combination of the two water bearing layers 

then» 

_Wp, n + b - the relative flow rate end amount absorbed of 
where. Q^ o _ ^h

r^f~ppfir, and lowor water layer after the 
combined water level has been stabilised. 

R  A. influential radius (neglect deviation of K 
value caused by different S) . 

rft ^ radius of well hole. 
Q, "^ flow rstc in the hole when lowering depth 

If the water level drops to s> while combined pumping 
A c. cpr^'iea on, the equation then becomes: 



where;        — ^--T- la'd.—lot. 

But b layer stops absorbing water at that time,  so the submerged water 
amount is completely supplied bv pioe a to get 

From (2)   we know: sib = <achMbs,,+<.KaMas0= sb <,KU    "* 

Combining (3),   (4)   and <4a) :        Mj+X*M") 

Q6«oK ^(M^ + M^Sb^c^M^S^ + S^.^ ,S„ 

We know from the method of least square 
K    „KjjM.Sfl + K^Ss 

From the concept of Equation (2).   it can be -written as: 

(4a) 

(5) 

K.-^A+sM,, «MA (lb) 

From (5)   and (lb)   we get: 
"  KffM,,(Ss+Sfc) _      <,KaMflS.t 

2SflS&(Mft + M,,) = (Sa+S&)(Kl,S,-|^^Sfe) (6a) 

Developing  (6) into a, quadric eauation; 

?v + A, + §S, .=0. 
„ -   % 

Ma + Mfr 

1 "HA 

A= 2) 

In this equation,  only % is unknown^ therefore, we solve 
s ==jri*?^IS±!!.f (6b) 
"b        .>s 

We use only the positive value because Sx. is considered 
to be a positive value« 

From the shove equations, we'can compute the unknown 
Sxby the known values liit$  M^ and siV. (equation 6b). Then, 
perform the combined pumping only once (if necessary, or 
pumping once in each layer)?  the value K^or Kro can be 
obtained from equation 6. Finally, equation 2 is used to 
solve Kx» 

T2)  Under three water bearing layers (Fig. 2) : 
The simplest method is to find Sa., S^, Ka, and Kx-by 

the method given above. Consider the first and second layers 
as a combination of the first and third and compute 0o Kc et«. 

Hi 
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This says that th@ abor© method can, ba perf©oily 
applied when h"is higher-. thsxi a* 

«L,.~„4L- .„...„, ! 

7>. ".'IK .- %'j 

8    S St.  i i 

■ n ;-..:■ <- . i 

•,'it! IM, 

When water level b is lower than a (B'ig*'4)* .asaumlrig 
the combined pumping BzStf,  the thieäneas of undercurrent S& 
will fee- equal to (Ke^f %-) I sin©« B> is uokaoim» MJL is ta>4 
known* Under such conditions? the above method can be ifae.cH 
retic&IXy applied* but. it is rather compileated* The  best ; 
way.to do this is to let 8»Se„ durimg the pouring test. The 
purpose lor pouring the water is to malm water'level b higher 
than water level a so that the combined pumping method can \ 
he applied as abova». If the water pouring test is not app-* 
licable*-. the pumping test' eaa still he done*... Then the value 
iy, should be calculated by the-following ©qu&tionas '     ! 

7 = 

j£4' Mb,' «(Hfl~li *>) 

"a" «(H u.„J.(S,4 s& 0 
* V + 

r"*"i 
•J:r 

tt=(*vtf ft'— 2 
1) ' 

SaCH*(fi..- -+M&-j-i>- 1 

'2" 
fit, >J 

Oil»") 

-.1" i 

t«sSaHC2Ha + 2Mi,--S.Ha+?J 

Jhie method further simplifies the combiasd pumping; 
method? it simply operates by pumplrig without the water  ; 
sealing process to observe the t-ater .Isvel of the next lay^r 
and without pumping twice eaah layer and ©ach combined -layeir« 
Its accuracy is no less than that of "A-oliia-pl-yeh-fu" *s» \ 
Tftls  method not only saves ns.Uoa.al expenditures, but als© | ■■ 
-promotes the drill!as-efficiency» - - ■■- -■  : 

10, 507 
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IPTHOBS /.KD  PRXKG11LS5  OP  FGPSCASTll*! RES52WCTR 
rfALL COLLÄPSÜ    AMD   SCK.E REFtlt^ICE D.ATA. 

to 

Following is the translation ot  an article ■ 
by Sun itaan*-chuns (132?  iSfc-l   l.b;.J>},   in ShujU 

12" January 1959*  PP*  24-26«_/ 

fV^P a reservoir ic built on a river course where its 
in* la composed of  loose secUments^toankslldirig frequently 

Land above the reservoir wall,   tö  oomäoe- the necer^ar-y tnethod 
,t sliding*   etc, 
; predicting the  colla; 
h" to work out the pos 
kin* of  the bank;     it Is important to p.reaict_ihe 

prevent sliding?   etc. 
In oredictlr^ the  collape-  of  tiie reservoir wall,   it is 

mt enoi^h'to work out the possible development  ot  only Uie 
aal 0'' 

:.to 
Liffarer.it years« .. ,     ,       -t ,,.,.? 

f^v,' m-z.+^fi c of  r;rer-ictins;  tbe possxDle development 01 
^Bervoi^TJallccilrpee irfdirfarent years baa been feoorlbed 

"   ' 1 Predicting the Method 

Psible development of bank  sliding tor wsxer reserved in 

ream District"*     Sie 
lent the methods 

c GERES sncUi  soa© r©f~* 

>y tu© writer in HAU P%«- ;■     ±± ^^*.<=,>., 
;f Reservoir Wall Goilaps"  !'-t a iowr. 
HiUbleot article presents some points i>o supp 
Lsntioned In his prtTioue papor arcs 

«be'"principal factors of  the external force causing 
reaorvoir wai"eollaps<3 sre vavc action,  water level variation 
i^A  ptrno «cleric wind action« 
"— c     ,£yo  «tvr.n if. tbe principal hieran! force that develops 
^n^voi'? w«tl collapse,   especially In toiling: the riat. 
v;r;y, i^rei is,  the basic  condition tor wave action.    A'wnos- 
Jheric%infl action is  the prinvtp-1 external force thr.t forms 

1?   .. 



a stable hanh appea^snö® after tee Ptserroii» wall collapse«;' 
The appesifafto« of & sihfols bank,  the extent of collapse» 

and the ap®#& of" th© eolistps« su4® Yietermined fey th® above 
•■factors of external fore© aft©? th© resspvolr- w#.Il 'coll&psev 
Thcsy ais® also determined by the fctruetu» of th© reservoir ■;■ 
:w&il {tepegi'spiiiösl ohsr&ets^isti&s ©f th® ■ bank), geological 
■stru&tur® and ccsn&iii&ns for p^oteotion against collapse* 

In ordtir- to. find the pü«?sihl© developing extent of th* 
reservoir wail collapse -m &l£fer&tit jBsrat  it la necessary' to 
uadergtaxid the' tarlatioxi® of the feaak .appearanfie during col» 
la.Dser the relationship betw^xi the collapsed material and ; 
th's aädlKöateä material^ and th© rweäliag order of its «sol«* 

■lapsing speed* 
'"'fh» baak appearance ■ foi-msa after th© r®@sr?oir wall 

eollaps« aay b© öivldsid into three 'parts ao©ordlag t& th© 
action öf external fos^as and topogr aphis al chax»aofcerlstios-i 

■1,    Bank - located abov® the higß ;water level of the reaerroirj 
'raißöd. bj th© »BY© astioai    this part ia not Biih^00^ 
to wv© aetiosu 

Flat « located betweaia. the high and low water latrels of; 
th© s*© servo jU"|    a result of wave aetiosu 

'sedlsaented. elope beneath th® fist « loo&te'd below the low 
water !#¥*! of the reservoirj    this part la also 
not subject to wa;?'ö s^tXon, Ming formed under 
q1u@se.er4t conditions» 

Dtfi'lÄg th© reservoir '»all ßollapge th® hai& gradually 
fell and its^slop® aooor&inglj ffl&tem&d*    The material falling 
f rößi the bsj&k iat© th© water piled, up fernlag the sedimented 
part of the fl&tf th.® flat ©rtsnäed from both ®»As and it«: 

slope heeaia© gradually flat 
the" flat gesntly stove«! towajf< 
placements  its» slope was a, e®B,stan.t# . .   ' 

After the hank fell In th© first stage of the ressrroir 
wall collapse».- th$ new slop<a was »tse-p in critical equilibrium 
of the haak soil*    When plottisg .this new a lops in predicting. 
the reasryoir wall collapse.,,  it is im% neoseaary to d®t©rmihö 
the sl«P© by complicated formulas of  soil mechanics»  as it  ; 
ca& b© ro'oghif &».t@miisö-d by the data in Table !*•    fhus*  th® 
result of pre&ictiHMg will not he sf'fhetad Tery muöh* 

Table 1*.   Critical equilibrium slop©, of th® hahfe in the 
flr-ßt stag© of »servoir wall collaps®. 

2 

*J?hcm the sedlmented slop® beneath 
th® r&a&woir*    Duringth® Sis« 

Isitlon 
[of        ä 

jtoaiür. 

;cl&¥ 

■B):«P»tnej>Ji.Wi«(>^HnHul.**llL» 

jCompo-|Ciay Stösy^stonel Ole^efj Clay & Pin© JLoauj Silt 
%^,ffias " I fine    1 sand 

lay f f Isjrwaj tweei 

0lSJ 

■äifc«a«w^^*tt«wiweta)$BR«^äMW«^ ij^jata^r>«itffl^)a^«j>/»V(.,
l 
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During the reservoir wall collapse the elope of fh© 
bank gradually cherts from steep to fl?W To preß lot the 
rA^ervoir wall collapse the difference of the critical equil- 
ibrium slope and the final stable slope is divided into several 
equal divisions (usually 9 equal divisions) representing the 
variation during that period* 

The flat appearance complicatedly changes during the 
oollanse. When the water level temporarily becomes stable 
et a certain heights the reservoir wall under the wave action 
ia quickly shaped into a stable flat appearancej wheK the 
water level changes, the flat appearance will be damaged by 
water action mshir^.a new temporarily fiat appearance * Taue, 
during the whole course of the collapse the flat repeatedly 
developed into a trauesoid shape, and its slope gradually 
became" flat and smooth in appearance. In-order to simplify 
the predicting the flat appearance of any stage during the 
collar.se may be assumed to be a smooth curve. 

Based on the actual data analysis from the well collapse 
observations at Kuan-ting Reaorvoir, if was.found that under 
a constant water level the flat appearance with respect, to 
wave action (from the highest point of the waves to the in- 
fluential depth of the wave action beneath the water level) 
can be represented by equation (1), which is a curve» 

The point of origin of the curve of equation (1) is 
._red at the intersection of the high water level and the 

.dope of the wall section*  The curve is considered to be 
positive toward the reservoir on the X-axis and positive down- 
ward on the Y-sjeis.  The K value In the equation ia a coeff- 
icient that can be computed from equation (2): 

/Off   ^ *_J, K 

where h « height of wave; can be computed by "ju-k'o-fu- 
N      ezu-chl"%a formula or by approximation by using 

|s- wave height* 
H ss influential depth by vravo action] can be computed 

by K, bh MK'aRÄ-te-ie-chiöh-ru,Ms formula or, 
aouroximately by asinß 2.5h, h m  wave height. 

a s coefficient of flat slope atwater edge; m tan ■; . 
z is the slopinp: anxpte of tho flat at the water 

eäpe  and c?m be obtained from Table 2* Table 2 ■■ 
was compiled froa huar-ting reservoir observations 
and data from E.&.MK!&»oSi!iu-chin" and V.V.''Po-ll- 
ya-k'o-fu"* 
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m * coefficient of flat elope at influential depth; 
J      Srtftnr»' ria the sloping angle of flat &t in- 

fluential d&ntih. The anßle is 0 function of mat- 
erial composition ant we,vo h^l^ht. "r can be obtained 
from Ta.ble 3 when the reservoir is composed by 

sand-clay and fine sand,« E 1   **ST^ 

Tab 

iwa^ 
$Aj5fct -'s, 

1.0M 
|X»Sitt 
2.0m 

JL,Of 

,,    Relationship of wave height and stable slope 
■beneath water at edge of the flat« 

Ici^IllT^rm'^äl^mTBiit wlthTcoarse[stone 
;        f [sand (sand ■■ (gravel  . 'jsanÄ    j 

4, 

Gravel! 

»j«aiiimawMM»^--wriJ-,i'*"'t'""f' «"sMtSiiuranW.W'CJ: 

Table 3* 

Wars height 
, SJLope * 

Relationship of ?iav6 height and the flat slope 
at critical water- depth under wave action« 

"V 

The overall appearance oi 
level conditions was mtiy 

flat urufler variable wataif 
i by the combination of 

flat appearances under a constant wate? l^vej.» ins upper 
portion" of the overall appearance of the li&t under high water 
lot el by wave 
uation (l), the lower 

the curve ci ©a- action can L>ö represerr&^a ay   ww ^wv» <.-*  «a^- 
V.mavi   r>nyvh\0^   of   v/ülcli   beCOIEeß    ä   GOIltlKiiOUS 

flat curve from the end or the upper portion. In order to 
simplify the woric for prec'lctux« .collapse, the lovor portion 
may toe assuiaad to ba & ati-alght line?  Its selected slope 
should sgreo with the flat elope  under high water levei. 

Äs Ftentioned abov®* the flat slope le equal to tn.e 
reservoir wall slope, which follow a th© flat gradually extend- 
ing f^om steep to flat* The fiat appearance obtained from the 
data "in Table'2 arid fable 3 r©preseats the Hat appearance 
o-P the final stable shape; the slope shaped by ®nj  stage 
flm^n* the oollaDse is greater than the stable flat appearance, 
fh« 'flat aopaaranee shaped by sny stage during zhe  collapse 
n be coa\Duted fey sesuming th.-;.t 3 is the final flat width 
th~ influential detvth. under the high water leval wave 

<iot.io« *zid~that B' isthe origlsst width of the bank slope at 
a relative hejfht* The difference B -B* is then divided into 

e 
of 



+ i   ^.,«'i  Mv'--:-<^\n ^swallv 10 divisions)  to plot the ■ 
several ^^^^i"feat the number of aivUloM should 
cury***    t"'^2S Si-'- S^ nnftW of «lope variations ■ of tne 

wal1*    ^!Al.« *w? ,.T^***ar>o«»« of the baric and flat during thö 

oolxapa«,^ i'^^^pj. th,3 reiRttve ats^e are ooxmaetjd 
""J Se wr

aS;    L plotted accord!^ to the sedimented 
aact the iwer P«^;"+*    nL*.t>>» pcmaible overall appearance 
?SebS^o^wair;^^k£öd in «* et«, during 
OOXI&PS®* „    -.,.. ^ i>.-,«*^*^ +irt» 'fii't 1 P "fe')at0d only 

varies between ^ ana £,  .    » fS,,f  iaJS^be used for silt, 

20^22 %;f^^^tI^ of the external shape of to »«• 
.    ^v   wrr  ^lUi^e is plotted»   the method for a»r 

termlniag the P^f-^f^^* i^r «tuAS*«.    To solve this 

SSÄS ä« L££SV*o,a the flat segmented portion a*d that 

"from thg *** ^S5S«PäTSSSk ™ fiamased.,   The ^aSod 
*    < ? «^r-ritSS hv wwe aotiou into the water,  thus fomlag material was car*Ae~ »/ ««*'£    ru,*.    During tre sedimentation    ■ 

the eodimented potion of Jj^^ ^t^af w£o carried away 
the fino P«f^0}^r^.^4^ incSSed beyond th* fiat?    the      . 
^HSntm^oJ^ fciijU « lS^ m «oSordinw with the      ' soil ajujlty t»oc fa* u.« b    density de«*as»&).    For tale 

reason tne "-*t i^i? Uiua* of the uank f alii** portion oaa 
flat ana the f^xn^J^n<V>    where f iß the coefficient   • ho represented as equation i;h  wau A 

.of eedUaentAtioa.      . •   x 

t,™ v    *T s volume ask asectfle gravity of the original 
where .V,, «5, .  •oxiu^       . faille portion* 

V- »«K*.3* volume a-na-toywcaxc* &*.«/**.,},  «   w 
** 'PI «at,  rjf>3?t1 o>i fro© ¥/ * ,, 

•n       _ ÜSunt Sr^tAo^es vitti a diameter leas than 
ftrf* S°    Sf «reraeo composition of original soil 

v^tm-afc ^alliw* portion;    in declnala« . 
n   ' * tSoSSTof p&rftles with diamoter^eafl then Jc; 
^ of «wag* coiapositlon In flat Bedln«nted por- 

+ 1nn'      lift d@Cll'Ä'äi,0* 
rf,   and Si*« 0,01 was obtained by ob.ewtng the pre- . 

dieted reservoir-wall oollftpss*-- 
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Based on. some data analysis^ the specific gravity of 
the flat sedlmented portion e?n be selected from the data in 
Table 4. 

Table 4. Specific gravity of the flat sedlmented 
portion« 

q^ is hard to determine» Based on some limited analysis, 
the amount of particles in the flat sedlmented portion that 
are Sepstban 0*019 cm in else and formed by wave action of 
l.R-2,0 wave height ia generally 10-2(#. Therefore, Table 5 
is"recommended for reference in computing q^ for the coefficient 
of sedimentation. 

Table 5« Amount of particles less than 0.01 cm In 
size in the flat sedlmented portion« 

Soil type s Loam . I Silt ^3ilty^cTayTMedi^m| CoarseTTsandstone 
§       and fine  j si a©   s aa'r'ft-        ! 

sand     1 sand , 
ka<j£ value "0.2       |0l2'^0Tl5| 0.15-0.1.   } 0..1--.05 

,L \J 

Thus, when all values of «J,, «fit Q^ and q^ are known, 
-t is easv to find f, the coefficient of sedimentation« For 
example, the density of the original aoil in clayey-sand soil 
«0- 1.5; the amount of particles of average composition in 
the bank that are less than 0.01 in siae is 65%  or Q^g-0.65» 
usinsrfx* X*2  aad ^x'-3  °*15* the coefficient of sedimentation 
1S % /= A^ (/_ ö e £ ^ y. £), / ,r ) ~ Ö. 4 i*iT 

It should be pointed out that the calculated coefficient 
of sedimentation applies only if the bank has not been cut 
by flowing ditches* Therefore* correction should be made 
when the bank is cut by flowing ditches. 

After the coefficient of sedimentation is calculated, 
let the ratio V, and Vfe be equal to f.  Then tho position of 
the reservoir section after collapse in that stage is equal 
to the computed ratio* Kext, the functional curve can be 
obtained from the volume of the bank falling soil and ita 
back distance at different stages after the collapse» If the 
possible falling volume of the bank soil at any period of water 
in the reservoir is known,'the extent of fall of the bank in 
that period can be easily obtained by using the plotted curve. 

The possible falling volume of the bank soil in any 
year of preserving water in tha reservoir Vt  can be calculated 
from equation (4}3 
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where t « time of the predicted reservoir well collapse» In 

Va« final or maximum falling volume of bank soil, in 
metsrs« 

t,Rtw5. V* * time and volume of the falling- soil of the 
*    '  bank* which are known In the beginning, of the 

collapse* 

Table 6* The falling volume of bank soil for preserv- 
ing 4 jeers of water at 10 m height of the 
reservoir bs-rik* 

Soil tvpo  I Yellow I Fine iMediuia Silt | Silt  Loam j Loam 
folay  I Bend Isaxid- (    I with j     with | 

.VsäsYtf   ß6.i-öJji/j! .      E I if 

La..agters_f „^^^X^,^^^^^'^-.^^^^^^A-^^"-^^ 
0.5 | 110 56 f  ^0 f yd I    «o I 20   j .10 ; 
1.0 220 62 | 58 j 44 j 36 | 32 j 26 
l.«> i260 100 f 72 | 53 j 44 | 38 j 3S j 
2.0 32Ü j 113 { GO |6C [50 43 j^ 37 j 

h'« the predicted batik  height of' the reservoir, which is. 
leas' than 10 maters, 

Vaiu'3 V» can he chosen from Table 6,. which gives the 
falling volume' of the bank soil for preserving -four years of 
water, "with a bsmk height equal to or* greater than 10 m. The 
values in Table 6 are based on the data of E* &. E8a-eh iu- 
ohln" exid  the observed data from the reservoir wall collapse 
of Kuan-ting Reservoir* 

When the bank height is less then 10 ®P the failing 
volume of the bank soil for pt®serving four years of water 
should be computed by equation (5) instead of equation i4;. 

V*' = *.*&' CS) 
where %* « the falling volune of bank soil for preserving 

4 years of water at predicted height "of reservoir 
b atlk« 

V^ ~ the fällig volume of hank soil for preserving 
""'   4 years of water at 10 HI bank height* ■ Use values 

in. Table 6« 
Baaed on the above described method and some recommended 

reference data, the extent of developing collapse can he pre» 
dieted when water is prsservad -m  the reservoir for one year. 
Th*s method» as far as its accuracy is concerned, can be applied 
to the preliminary design of a v;«;ter r«sarvoir for atudying 
problems on reservoir -rmll eollftpjse* 
10,£0? 23  .. 
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wmnimmo, &mum siitfss OF SRH«KAI AQUEDUCT 

/Yollowi«* i« the traasJLfttiosi cr &B gptisxe 
by th© ¥unn*urt PrevinciRi Buffenu of Geolosy* 

Nu»b«r 1,  is jWaary 1959* PP* S?0*_/ 

Introduction. c ,,  ,,.    ' 
-——^g^U^j  wat«3f introtoaing «mfiinostfiag Iß o.ie oi   the 
iauöortant' fevdr»ulic «ngiaeötflng workri In Hainan. province,    . 
and It la also til* principal ©nsiaeering work tor irrigsten 
in Te-11-pftl-tBU ÄufcORoaouä Chou.    fli® subject ©i^sinee.-rtig 
consists maiall' of fcfcrse aqu&äuötaj    Srh-ohl-pln^ I introducing 
water frrea jgph-h&l to Plagi-öh*uan> * ia-h-chl-wei v iatrsduclag 
water from EPh-had' to Wai-ohaa)   »ad firh-ehi-tang ,(iiitroducjins 
water froa Erfa-hai to Teag-üh'uaa).    Amc».g ths%,  the £Ä=sfe.l~. 
ping aqueduct* notailing 5.7 tot in lfe«sths  Is tho lenses* 
aaueduct so tar ia oar country. ■ The ouastanastion 01 th»     . 
throe aqueducts will irrigate «a area öf »ore than bOO*iX>0 
n'ou for ootton,   sugar swao,  ric® raft otfc«? products»    Besides, 
its water level head loss can, "i?e utdiiseci fop producing 
electrical power* . -v. A •    it'was the hor>© for hunäreäs of years to carry out the 
ffublect endowing by tho people la Ta-ll-p&i-tsu Autonomous 
Cbou,  but it «as iropo08il-ie to carry out the engineering • , ■ 
«iBÄör ©tar old  social evetant before liberation*    After libe^a» 
*lor    the People's G-overmaeni mad© a preliminary survey fop 
the'Jtfoleot,  m& decided to toogin eon struct ion by the late 
r>d-iod «-P "the Second Five-y*ar Plan''.    However, uts&ar the: 
«up^estion of orovtncial repräsentativ* B for water conservaoy 
o* th* two-year plsr»   the sub^ot-project was decided  uo to« 
started in 1956;' ■ Owing to ttia limited time available* we 
adoDt»d the policy of doing &arveyt design ana construction 
stoitaneonsly*    Thoutfi th* Geological oondltionj for o«f- : . 

' atruetloa of the aqueduct a wer» compiieated and seonnioal __: 
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--"IS-lHiTa larft» Xftire in w«»t ttaanan, with steep :.: 
mot>nt*lnfl' of 4020 m hlfsh iö. thwwest and sountalnoua riages 
of oAoo a» Mfi'fl in the enst.    The EöSK w«.tor IOTOI of &rb»n&i 
?P l5?4 m with a total capacity of 3,300,005,000 aybio Biters. 

Geologie*! eusweys of thi.ß. 'district ware rarely äon® 
in the past*    It is locate, at the ,3^t ©age of th© Ti©&~ 
rn^n ySannan-Bui^W «arth bait sM htn frequent dlestropaie»; 
its-rock «Hase varies gristly sin.4 a la^gs a^ou&t ©i furious 
5*ncous röck moves into the district*    Tm Sa-lt-erh-yu«a 
M^alor^ Erh-hal hao sever*! ler^»  dsep f lMilitJ.«..  .West 
of the Line is mainly composed of gaöias and. eryist&^aoUxstj 
east of the Line,  the ancient « middle age ground .Layers  ;. 
anpear <*5ih extensive folds and structural clo&vagea.    Con- 
pliSntötJon of acueducts ta%bi meet a great deal-of strucoxraX 
broken belt aon©ö and un&örgFounö. water ox   'Ko-ezu-t * 

limeatonoa^ dlBt)!.tott  BBnt#Ie r0ck 1B easily broken fey wind, 
asia the atreams are well developed;    there a*» lasaa-udes snfl 
OSIBüB*-   too*'   Ta-li is tb« «arttoquatea **r.t*r or Weat Yumianj 
the "Ä^w of e&rthouake» reachas 8«-$ grado according to 
the Russian" standst* " :

1VJ wa^thqua-ko effects dictate further ^ 
«trens-therin« o*   the aqueduct construction, 8 BaSdon tha above reasons,  tte geological condition 
of the Erh-hai aqueAuets ©ngia&erl^ ia rather oesP11^«*» 
ÄAcoSdl^ to instruction from tfeo provincial representatives 
and "the iWinci&l Bura&u of Geology, w* carried out the 
JSoi^ckL siuw of the *4U*taot project.    We star tea the 
fiS^BelootlBS survey,  «eoispanied by the Water Conservatory 
Siirsau in March!    then»  following the line,  ^e macte the 

?%JoooIo 1/80,000 eagiiia^rlns geological surwy,  drilling- 

In* W^;*!;^^  ^ th0 pro^oi Should b, oarrlja . 
out at the earliest possible date,   eo we coldly Birapliri«a 
the eurw procedure and reduced the amount of drilling work* 
SSSP tJw* lia&eröhi* of local authorities,   the ftwtnoial    ^ 
aSSiu of oeolet^y and th© support of our poopl», wa cnrcrem 
dWlSulti« with rwolutionpry spirit and rapidly complated 
ttil overall onslneerics s*»l-ii-eßi ^^'^^^ of %h@ ^b-hai 

.aoueduot project in October* .; . 
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E^h~Ghi<~rdr>c ;h: add'•.*«''>> . 
——''""§l£t£ "a^ueduct Is »itu&tad in Hal-tuag-hsien at tfe» 
east edge of-Brh-hal.' The p3E«el4»t»«ry survey indicated that 
geology of this district is very compiieatedj 'it ie stratified 
with sand-shale arid ap^loKtarat© of th© Au-t&o Period* lim©s« 
tones of the Shih-tal"Second Period and igneous of the Second 
Period. -Besides» there ar© many ^uartaite, granltd and 

■gjceenstcnd penetrating into tfee stratification« Th® largest ■ 
broken aoae of fault raaefces. 100 meters and small folds ana- 
faults can b« ß«ön everywhere •• Deapit« the complicated 
e-doloelo&l conditions and on aceount of .the speedy line-s«*».. 
lect-iris for «srlier construction» our preliminary surrey mad® 
oolv a 1/10,000 seologiosl öurvey.- However, TO fully oon- 
sidered the geological obaretÄteristies In the district during 
survey end took into consideration 'those problems which effect 
aqueduct liaa-aelfcotiozu 

(1) To-Investigate th© sxtonöion, Woken condition». 
broken width of th« principal structural broken aona and eee 
whether it has been coiloided« #     ' ■ 

(2). TO distinguish the different 41 strict I section) 
where it is subjected'to strong wind, where igneous imradoe 
most.« where mantle rooks ar@ broken,, ^her® rooks &re hard*?, 
and are covered with thick material, where It ie iniiosrai and 
is covered- with thin jBat@rial* 

(3)  To investigate the amount of underground water in 
^E'D-szu-t'e1* limestones and its distribution. 

■(4) To fifed out the distribution andreaeon for huge 
landslides and rushing streams» 

With the shove orinoiples in Bisdf wo.finished a 
1/10.000 geological map cf 25  km (Kef* 2/ in T group-day». 
Three linos of'aqueduct wore selected for comparison and the 
heet line was finally decided upon for construction under 
the conditions that it passes through good geological .local*, 
itiea arid is the most economical» of ooursi« 

According to th© specification requirement*, the pre- 
liminary surve-jTof geology for aqueduct engineering should 
perform, fcnglneering geological survey, route survey, entrance 
section survey, oeraoabllity testa» and laboratory tests and 
analysis in order to obUdn sufficient data for determining 
the best line of aoueducfc". But for the purpose of • speedy 
line-seieetlns'% we greatly simplified th© working procedure 
by a simple geological survey without doing any drilling and 
testing analysis« Fron ths viewpoint of working quality, as 
we haut the principal geological points in minÄ, the basic ; 
requirements oa» be assured* The selected line of the aque? 
duet has- th® following merits« 

(1) It avoided the structural broken ao.no» 
' {2} . I'hs eb&raoteristies of rook mechanics along, th® 

aqueduct was superior than the other pogjsihl© lines». and.Ltis 
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'oovar.i»& material was very this*       ■. ■»'*■■'• 
|3) 5fh* hjainsgeologieal conditions along -the aqueaupt . 

were better then the otha.1* ones* ' ; 
(4) Ho laBdsliäl!G£ «as present .at the entrance .part; 

of fcha aqueduct; ■,.,..      * , «. *-.'* 
(5) ' It was a shorter aqueduct disii&nc© and afel© to \ 

'drill a leading vertical well for aiding the construction of 
■the aqueduct* .  .       , .   „,; 

if t@r the 11R@ was a«l®ät#&» we started our detslsa. 
aurvev for obtaining eogiaoarlng; geological data of the   : 
aaueduct construction imß.  «4r«nsth«ntag» finally deciding on . 
the positions'or looationu of the aqueduct ©jatrancs and xh»; 
Tertlßfi.1 well* ■:'.-■    ' ' . .' 

Our detailed surrey was cmvi-%6.  out in ft. very short 
'««•©. However. In order to' cmlckly evaluate the engineering 
MOiogloal conditions alow  tho &.q'ueduet. with limited teebnioal 
facilities, we had to greatly simplify the eurrey procedure». . 

Under the conditions of "apa-ed« line-selecting , xt ■   ■ 
was impossible to thoroughly understand the geological conditions 
along the aqueduct» Therefore^ only the 1/5000 enginearise 
geological survey (oeroasttng an area of J.b tea*; «mo sas      . 
1/2000 engineering gsologlcal orop,-soctloa Burvoy or s.quadaot 
were made at both sides «long the ;>0O ai e^leeteö: lj.no for 
aqueduct construction* th* wsin  cbjeot of th» geological 
survey was to find out 'the «structural tf&ults, rocR oharpcter- 
lBt*os and hyüro*eol<Maoal conAltionö. Based on thsa eurjey, 

■it was foiasd that there were 11 big faults aloag the aqueduct 
line* among which the largest f awlts re&«hed 500 is. long «*» • 
'over 50 to wScie of'the broken »one* Keay saaia, faults ami 
folds wore not counted in. ' lhara wer© many kinds öf mantle - 
rocks along the line euch as learned' £ia&- sana, clayey sema, 
auartaite asnd, shale sanfty shslo,'limestone, .schißt, "green- 
stone» ate. ftee rook phaö© changed greatly, and its ch^aet» 
©pistley of mechanics varied «tcoordjLr^lyj the rock itself 

■char«ed- ^athor severelv for atsractural reasons, ana warn 
penetrated bv many Ignaoua rooks BC ita cleevages «ere well 
dev*l©ped and was eaaily broken fcy »5-»* fiction* . 

Doling worJc vs..* a one along the line of the aqueduct. 
According to-the epooif lotion requirement, sf«haft the ÄJPUj 
o** the Äs Is within 100 waters, • the distance bet-ween drill» 
lap bolea should fee 100-300 meters «part along the line; 
where the geologicA! conditions are complicated, tne distance . 
should be reduced to 50 nsatere". Though the geological con-r 
iitüona elon« the lizxe were ooaplic&ted, we only made a small 
nuu-Wof eontrolling drills of 600-1100 si apart without  . 
additional drilling holes evca at the aqueduct entrance» Tb« 
dri">lin& holes were located where 

(1) rooks were broken at the aqueduct entrance:, am 
greenstones out In*. .'   • 
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(2) th© orokmi  aone of faults was greater »sä the _ 
broken £oks of erosion oceurred isos*©? 

(3) "K'o-eau-Ve" limestones could possibly h© aetj: 
(4) wind action was ae^sre^ and.pöselble flowing 

sand layer. ■ , .  „     s ,.„£  , , 
Bsaed on th» &öOV#S ws looated OBI.J SIX driiAing holes 

along the 5*T fca aqti*duot line with the designed d«tpth of ■ 
668 m« Tb© original drilling hoi© Assign was 5 m beneath ■ 
the aouaduct elevation, but it wae öhaageä to 5-10 m below 
the bard rock according to the- actual situation» Therefore, 
moat drilling hole© had not reached the aqueduct elevation. 
During drilling*' In- order to «satisfy the field requirements^ 
the dosign was revised a«Ältt to'' tfc» actual depth of only ^75> a* 

The aaueduot elsv&tl'Oft w&s dösigfisd 7 m«rfcers below the 
aaea water 'iiWl'of Erh-hai; thäfröfor-a» it TO® poeaible to 
m«et "K'o-sau-t.V water and undersrotsnd water fron» the 
broken »one durlns construction, 'the uj.'idergro«ad water and 
flowing sand usually bringing äiötwftv&'"t«s«3» to conetruotion- 
work« For the purco«« of under starring the underground water 
condition* a water" pumping teet WAS mads for each drilling 
hole* But considering only a small amount of water in-the 
layer* we- aid the water pumping test by lowering only one©» 

Sinoe we did not have laboratory facilities in our* 
team, wo sent 10 rook samples to the Hydi?G-power Da sign 
Tnstltut© for testing. Bäß«3 on their requirement a, only the 
specific'gravity, capacity, bearing power, and hardness co- 
efficient wer® tested for tha rook sesaples* Sine® the' under« 
ground, water au&llty in the district varied slightly, only 
? water-samples were taken for» water quality anedysia* 

The above work, .»under the limited, short tlae, basically 
satisfied 'the requirements of engineering geological data* 
During the survey»'-we constantly' studied and analyzed the 
propresa, and made suggestions to the Design and Construction 
Department for revision and to supplement the aqueduct pro»' 
ieot. For Instance, the acjueäüct entraao* was■originally 
designed in loose and soft sedimented layer of the Fourth ■ 
Period* After discovering this coalition* we suggested to 
move the location of the aqueduct entrance to. the rocfc bad", 
to avoid collapse aad settlement. Another example; haaed 
on the drilling reatilta, w© found that the original design 
of the Tertlo&l well w&s located in a bro&en son© or f milts 
with flowing sand,' and suggested a changa in the location«. , 
and «£90 recommended a better location regarding geological 
conditions for the vortloal well aad a location for an in- 
clined well to the Deöigp. Department f oi* comparison* 

———g^„Qhi„wei aqueduct iß located at Mo»ftsl©n southeast . 
of Erh-h&ig and the geological conditions of this .aqueduct 
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are stapler then the Erfc-«hi*l>lHS aqueduct*    ffhe ground layer . 
of this district co-atots of anoint wptei schist,  xiae- 

;«+rtr.» of the» MM frSaps^e Period»  ei>.d »sady saai« of  tA© 
|™? Sla«io PeSoS!    in tha middle portion of ths aqusduet 
district    there 1B a bis?/fault in a ratfcör fragmöntary shape» . 
The district i» heavy vlth ;^a^ and t^eae and is covaraa    . 

■with very thick material without showing rocks. 
The Erh-chl-terift aqueduct Is located at Tang-ch t«n 

Ma-aae-p'o northaa&t of Brh-hfti.    It« gecXogioal conation 
7, ?vL" «lsreiftst among throe.    The grouaa lay«r of this «Us- 
t^ct eSSilit! of raSn-*u etohe of the Ert»-haia Period wh«r» 
>io ßtructuraX brofcön »on* existed* . . 

2b© *nm of tb« Krh-ehl-vei Aqueäaat was B®lo®t@ä diT   . 
**©^+,iv after r*cennaiB»wa»e survey without a praltminary aur- 
vSjI   A- 1/20,000 geological aurwy «^•rtne^ao ka^wj*^^ 
«n the aqWluot dietrict.    Based on tha geological structure, 
j£ofc characteristic» and date, en the stability öf tne <mt« 
rSice Sf the aquaduot,  a. alicrt^st Xin© of 4„b k® was eeXecUd» 

me SirifwSea Which did not reaeh the expected reaults be-- 
wS»*lt us. owl** by a very thick Isyjr. Jnj.r •£* •«£ 
ditlbaa the geologiöal survey »nould «?fti&a»i*a tue xoll^rix^ 

problems^    2mreatigatl0;ri of the principal faults and thalr 

broken ■«*•*£ fa    dividing Una.-.of th« bis rook Wrtwasf 
(||    iSderstatins thoroughly the stability of the 

area srou&d the ejjtrimoe ottfes aqueauci;» ■ .,...., 
After U» geological survey it was found ««at tao »•- 

i*oted "Lira had'avoided the broken soas of thr faults?  tnere- 
JSM    the roo£ along the lino we« m% subjected to sevara 
ÄÄ^rtli^r Howler,  to r«h, a««* the a^e of 
tbe «roonA ware eaSlly worn by dad A^lon tspon the ®vok®u 
DlloSa!    I» ord«r to blow the- coodtU^ of ik» wipa aotlon 
SS "J-inflwntial depth,  a drilling hoi« of «G aaterj de^p 
«S desirad at the riv®r valley intersecting area in the -,. 
«iSaiJ $tha ilS.    »o ot^BT «xp^Jaeatal work waa performed. 

The Burvev of the :*'h«ohl-ta»6 aqueduct was oompjÄted 
in a day*.   A 1/10,000 seolasical aurrey &od *,V5000 gaolosi-F 
Si-oroBS-aeot'lon'surwy were aade at both aidAs^asoh^300 a, 
along the Selected 5 km lit* of ths aquoduot.    ^•to%&*- 
toglo&lSoaUtlona of th« dietrect wr« «laple, we did only. 
.a few diggings for the geological instigation to find the 
followtos main^poiintE^^ ^ ^ owerlng material at th® en» 
tvanoe «rea of ths aqueduct air! its? stability; .       . 

(2)    the divi&ivje litt^ cf the Xuaa-ma rook system ln; 

the ground layer». .Sää*^.* 
-      BrilllEMS woÄ and test® war© nsgieotaa.*, 
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V*cm the PbcA'O ßsolOfcleal suvey procedurea and d«scrlp« 
flora of the two aque<s.tt«tisf  the retirements ©i  epwCif-drtion 
hadtee'i pSatly eiWw.- Tb* *a™y work «a» baolaly   / 
dlvid@&

{^f°R^LS2Sace aurr.y-111» propoaali    In this atjge 
:it Is v»4c««airy to wi&ertstajaÄ aaljr tfe» geological condition* 
S ttV;a^el5Ä «roa cod to p3*t A e«©l©sio»l **P of mail  . 

scale ^»j^g^gJ^J^jyLxitts evaluationt    In this -Bta$o 
a geological eurvey 1» pqrtforaeA-woordlAS *o tto« g^f _    . 
"ine to find the ps»iiwipftl engia$n»ring göologieal fajtorb taat 
if act conat.tooUott and 8troi«th*WM« <* tbo aqueduct.    Th«   . 
the liable ^üto&^. ^^ ^ «ppiiflabl« to pXaeea where  ■ 
«olesiial oonlttions of the constniotlpn of the fq^duct 
Se rlther simple»    It baoioto BOtistien to» required data 
Si a wylimited tin« far a 'opoeäy ***• propoBol" and a 
Speedy Hae evaluation" » • 

iS^^TrWlMBi& iibave,   the geological aumystf the      • 
Erh-hfti aaueduetfi were p@rfore.oa In & very short tliae.    xlae 

SStar« Ld it.^ontent,  resulting 1» ttoo principle of *jas»ooy 
??Sf SrSSos&l1 and "«niadT Una •valuation"».   Hower,   there 
äf eS?SdomSSta due fo the fact that thi« »a* ^/J"* ' 
f^Auie it* «a of ßurvev was d.ojaa-lwr ovff team» who we,c@ not 
IStlÄr ",Sht£.T£&yW>*~«. .did not 1»*. Equate 
Äflnitment»  and were limited toy time» .    < eqnipa*nt,  anr^ d0tailfta svan4,f (lln0 «valuation)  had done 
fm dlfiinss*'   Ttoreforo,  tbo g^Xogleal structure of «ajji 
iSividuia Ire* oouIA not be eletf-iy uaä&rstood,  tb« «tt«ct-- 
S« tSS biet looatlo» of the billing hole«.    Jfw *»■*«*•• 
HATA. IS and ^Q aid not r® ash' the o&fectiv© of revealing the 
b£k£n-SoSS and ¥o? ^t«eK water bootus« of the inadequate 
SScatloEof thS kolas *bero th« g*0l^al «trueture was co^ 
plicated and rw rtfo&e were thtfough tta* 6*ow* f^*?«; _, 

(2)    The drilling quality was. poor*    Most of the dr11- 
l1n, noles were located"In »©as stthjectod to structural 
brSSkSa *ono8,  errodod Soaking «on»«,  «Ä »tron* wlna action, 
SSSSS lacked practical «llllBg •^«moo, which <^* 
•U* «ff^lonoT In obtaining rook-heant of less than .x^ i^om 
iaViSltiSull drtlling hSl«.    The collated roo^heart waS 

rather oonfuains to JgJ^^Jf ;„ l£We    Thi3 was dw to oo^- 
l&t>ae ©f the hols wall*  lack I>f nooeBÄary equipment,  inadequate 
iSSlT of aQuiriant «hSa brc*:.»*    Th» waciaua oapaoity of the 
SiUiaS eSSS^nt waa 125 «vV.onth.  this «ffeetia« the prog»«« 
a -gyeat d@al» 
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* did net have equlpsant for the r&ck 
analyses a    Stea, tosilage had to ba dome 
fkM» &@2±w®ff of the asÄplea was- dlffi- 

(A)    CXü* teas 
tests &a&''the water 
by other agenoil®®* 
•öultj .SUM*© tiiBB was 'nt©dei.i tbs BHinfeef" ©f esaples wa® lias«- ■■ 
,lteä-'also» .■ Th«ref <«•«»,  it was impossible to ev&ltt&t& aeöt#®iely 
the characteristics of rook laechaaiee along tha line of the; 

:aqueduct 'entirely on tiiß®* 

■Bsfc?x»enG6ss   /Kassiaa ixase has been tff&nsllierät^      ' 
^.—.  -j^y   (j-^oiogiöfti temporary specification for hydraulic 
.engineering {complied, toy the Kyaros&ol&glc&l Roseeroh Xnetlttvti» 
ajid Bui'ftau ©f Hyd3fö«eolog;y,  3.95?)«' . 

(2) G-eelegic&l ßiupvey atoä reßaerch specifications for 
aqueduct construct!^' |L*"L*/ "Pieh«* lei -1", translated by the 
Deeis» Department of 'fee Hy&rö-pewer Bureau, .1956)* 

io,5' 
CSb». 1599-S/d 
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ÖBÖDOG-ICAL CC!C?UTATION '?il>lSC,6 

ÄfllMia, iß tiiö translation of-an artiel« 
^S^S?^ImV'io CX323 0037 3447).  m 38&z \ 

K 2t St? ?w-«h«»n« Tl-öbjLfe. 12 January ; 
1959* So» ■**» PP* «^«O*:«..^- . I 

«* first *a« of th:LCS? «e* ltfSr «Ä 
„er, 1956 with a ^,f ,£,«£££££ S'tt. W56 technical 
conference at iha Baals» x™, r"„-,„»»   .wtlir»   bechnlstuss, ; 
Äsi««^ seoxoS *£«•«?*^i«»«1^011 

IS «oie of CemraA. Kuan ;^f^(i?/«aSiS£i' Kno-l^f • 
putation 51.0 'orttjolo^    S&5 Äis article,    In Kuan's 
January?  1957,.^J;;fg.^l clearly described and the linesi-     • 
paper,   it 1». *«*•***^LfSim <th» lima are partly oyör» 
of the scale are -at,** ^"^^ for sealing,   it ij ^f^t1 

lapp^di    thouen ^V'!*?rs^tl«r 3**5* to mistakes and not; 
considered ^™f ^X t& fluent applying ecpatioja* 
ooawnieiA @n?^.^^lo impute the oblique Inclined *rgl« 
For exaople,  ^ °^a;   <^ ;^<   to turs tha also twioa.    &e.; 
on a sections  it is rwL?^ALl7r.\l e«^v 1959,  »refloating 
Sbjact article was wiaad aß^^£iaXe iul* «*       • 
^bitter aeale for replewlflb .^Jft'* * o ,Jw  tlw in oo»pu-i 
various geological «P^,^,^^ ^ JSoiallstic e«wtwt- 

as tii» aorss of «ie n»*lo«. j 

I,    M,«ry »a OonetractloB «f ^^tl0B «..<■ (abbreviated 
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alBOUSS^ü1S!)
tSE'colnS"'äaokon: The confutation disc ts made 

of two di.c^(Pl8. 1. inner nna outer oisos »hioh a« separated 
toy the interval of the T scale sad tna n seals), and a 
sliding Index (Fig. 2). « 
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In geological computation,  we rarely use  tha value 
of  esc,   not even using OBC.    But for the convenience of 
c-aculstion,   we use the esc vvhie for scaline instead of the 
B^^aluir Therefore,   when tbo   Bin v,lue comes into the 
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calculation,   we  should us» the  1/cac  value  instead-;     ft« a 
matter  of  facts   it 1B not necessary  to  change but  to convert 
the mh tu^iee/ticn  into chi/vlsion during  computation.    When 
ctg &nd cos cose into  c&'UuiÄilon,   it is required  to  convert 
them into  tan srid  sin for  computation* 

The  sis^e of  the  cornratatiuri disc  is optional},  but for 
the eoiweniöRCe cf carrflrp*   it  should not be too large«    It 
is tetter to draw a larp:e  'h.so printg   and to take photostats 
icr practical use.    Thus*   the computation disc is both ace- 
ye?-!te arib  convenient *     The sliding index can be made of a 
celluloid sheet,   ana its  sis« should be äc-&enni>ied with 
resDect to the  computation disc,  but its radius should be 
sliPlitXY ^yoater  than the graded  scale  of  the outmost circle* 
On the  sliding index*   two fine "lines should be marked a* 
per-oea^'cnlar"" to  each other and  intereeotirjg  at its center 
Or  "then  assembll^;*   they  aliould be ple,«3d on tha   same center 
f coacutatlon discs  and   sliäinß  index) . 
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II«    ns^e of  Scale and its fPP^f;^ 

which is a <5ir&ctloa »calo l^«fg';s- 
eluded an&Xe of the groxum g^c^A. - 
gradation of  the BGBU %& based o.i^c 

■ l'hs satdcile cirtue ox tne u-ai^ 
rhi^h iJ3 "aK issclia®0 Angular goal© S 
-falie emleß- Cincluding Inoliaftd ans 

als© la the !iCK  so ale 
f@r «somputias ^L& il1"* 

thö T'oofc layer» 
<i'{-p&-alBT angle of 3ÖCT 
iss- is the 90H seals» 
computing various j 
reiriEioö aiaa obliqu4 

^r^,.5^ **.,}*  w't.^ "»seUOB}.    Gradation of the seal» i»;, 

based °» ^f J;J;58^^\/^lhe"outer täi.ßO is the "TB  ßöale ; 
„,-*„*  4»";< JA! VÄe'* BCÄltt for multiplication and division 
w it^^Aö* Mih W V  «eale.   But it abouM be noted 
?Si* SS, Sot £; pirö»dT Ätt-tod 04 fee  ßcale«    She seal© 
>r:iS a £inouSn Joalo'off t«**>t,  a*i*«i on the basis of 
the loßarithj of «g^ 4lB0 lfl the »n«  f ale , 

SS inclCÄ a^5 ^ Tm^hÄ «ton tottercnt BOalea aw( 
used« 

rpy. Ldcil© eirc 
3   T& h© incl: 

the inaer dieö is the *Stt ßö&Xe 
Uetwsafc a section line and ax- ; 

,. ..5»,» ■■»•'■K»e"*tlr-n ofV the rocs* layar (k&own value) • '^ ds > 
.^S^f^e^'c^iatlr^: false bo&ri^ sßgl© awl obliqus* false 
v* *: ,^it ; r ^4ton. ft in ftraded OR the basis of ; 
the logarithm öf peclr-"" 

led. aitg. 

'v^ ru ^ 

for calculating tho lnoi.utwa aagJ-o **< 
en*le and the obftque fflse besr^rs&^a! 
the basis of th* circular angle* ?oit  „ 

III.    Illustrative ©xaaples* 

*e^a the false bearing 
;A# * X' v 3" '■ ad on 

"&    '.W ■* • -ji" 

s 

/ 

1» Section lia» 
i2. Lins direction 
'3. Cress ssctjioaal 

, ■ '" si#tisxg' j 
L*   : direction j 
p- | it« RßKxiiBg dir©2- 

1 tion of r'qek. 
layer I 

/LI - 

By   **s    As ir» Pi». % "tho-directions of the line snd 
ro^v i^tor hairs; ]£aOT!ig'

:'>ißci out the false, .bearißft. .ansle-Q*1 

» 



the rocK Ipver bonri.GP; ans'Ie on the section, (i.e.* the cor- 
rected bearing aB£.le)"and"the oblique falae bearing angle of 
the rock layer on"the section with a vertical and horizontal 
scale ratio of 25*     ' „,■.,,-■, 

Solutions  Set 72° on the S scale (the Included angxe 

f leid/ <, ana reau JJ     vu  ww F 
scale, 33° is the false hearing angle of rook layer on the 
section* 

- Move the sliding index to 25 on the n scale witaou», 
moving the computation"disc and read 86°30' on the 0  scale 
which'is the oblique false bearing angle on the section with 
a vertical and horizontal scale ratio of 25* 

fiote: Formula for false hearing angle (from geological 
drawings) :   tg^tgaco«» 

where 8 = false bearing angle to be found* 
as' bearing angle of the rock layer. 
ui = the included angle between the rock lryer inclin- 

ation and the ■ onM aon. 
In rtraotice, we often use the included angle between 

extending direction of rook layer and the section 0;     there- 
fores the above formula can be written as: 

To find the oblique false bearing angle of axi'ferenu 
vertical and horizontal scale, the formula is: 

the section with where p' rz  obliaue false bearing angle of 
'   different vertical and horizontal scales. 
n =r the ratio of the different vertical and horizontal 

scales on the section* 
v<*>~*  the purpose of accuracy and convenience in solving 

.lej, the 8 scale is used, which 
i  cse (it can reduce the operation 
.so once) » 

F03 
the oblique false bearing 
is graded on the basis of 
of turning the computation 

w / 

/ 
/ 

X 
o 
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Ex,  2 s    As In Fly;* 4ffi   when the height difference and 
ground  sto?w between .around" poin.ts> A  and B  are known*   wha& 
are the inclined dißtänee I« ad the horizontal distance 1 
between A and fit 

Solutions    fui?n I on the r; scale opposite 120 on the 
T scale and read the nuiabsr on the f scale opposits 35s on 
til®   P   C.0&P6* 

"-ÖD 

üßinp, the 5 sttala at 90° opposite 55 ö of  the $ scale„ 
find   the nuaber on the n scßle;. which is pointed by 120 of th< 
JL    a»w.;.j.w * _      j2fi     ..,,„»   .    „, 

If the angle or number is too big or* too email- the 
number can be Säjusted by moving Its digits are! road,Vastyd 
back aft&r getting the answer, 

... /    A "T 

/ 
/       / ( ■   N 

\ Am 

/ 
|  !. j 

Ex* 31    As In Fig. 5>  when the inclined distance and 
its  elope between two points A and, B  on th& ground are known* 
what are  the height K ant horizontal ciietanoe 1 batween the 
two points'? 

Solution: Using <•(?' of the S scale opposite XbO of 
the T scale, read the mihbor- on tho 1 scale v^here 1 of the 
n scale points* • ■,       ., _ ,, .&.„, ^4,4 ^n,   • 

Similarly,   th« H valuc^osii be,,found as: 
rt — 1 sc ,«,       ---;"x -' ö" ■-'"' 'lh^l w';--' 

Ex. 4t    As in lig* 6,  vhcn tie height difference end 
horizontal distance betes on two points A sr-ci B on th?s ground 
are known»   vihst Is  the ground  elops? 

Solutions     Set 66 of the n scale opposite 38 of the 
T scale;    oppocite 1 of  the  n sc«le,   read. 0.5757 on the T 
scale;     opposite 90° of  the  8 scale,  rs^d the number on the 
0 scale,  which Is the required ground slope« 

..* f 



1Ä, ft 
<>$»-*!. .jk-^Qjij^-' 

,.\a=23''&n SKiKT 
'.?y, R-     M is Klgff7ih0n Ute height difference artf 
a "dißißßse between two points A. and B are knoi*i„ what 

IEI tfc» ground slope at ; 
iaelined 

i ii ; 
,„.,,. .A_ 

■K'Jl   ,"- f'~ i 

Solutions    Use 132 of  the ft scale oppooite 52 on ««* 
■T A*«lo e«a.  opposite 1 of to9 n coal©»  read Q*Ä9 on the 
i aoSlJ;     then;  oppoait« 45* en £ *ü*1«,  *«A the nuaber en 
the ö sc&lÄ*       . ". Ahiar,.§r,QMm' i     ' ■ i 

Kv. 6T As in Fig. 8,  when the horizontal distance   . 
(©erpawSieul« extsnflinB directs OR of the rook layarj  and   : 
tha taeartn»? ,-mKi« fcvrtw€>«-i two K^und points A' and B arc 
S^ShSt U the doptt H cf th* wck layer at point At    - . 

^^' 

'    Fir*,  8 | 

üolutiom    Use 90°' of  tne ö scale opposite 38° of tt*. 
.0 scale*  ascL oppoait,* 275 of t-ho n 00ml© .reaa thA. msafe«" ..w» 
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the T  scale«   u-iy^n,   ySf-   IX t ±f-t9 n > 

Ex* 1i    As in Fig« 9$   the  given ground Inclined angle 
iß 19° {perpendicular extending direction of reck layer), 
the outcome width of the ground rock layer is 130 meters,* 
and its bearing angle is 30°* What are tbe real thickness 
h and false thickness H of the rock layer? 

y--y A. 

^^y>yyyy *-**Xif   yyy-yy^      i 
"csyyy/ > H! 

s y . *$&&& 7 

Fig»  J? 

Solutions Fine the Ii value as in Ex* 3$  which equals 
98,15 meters. Find tbe H value by sotting 71° of the S 
scale opposite 30° of tbe 0  scale and opposita 130 of the n 
sQ.<J,a to resd the number* on the T scale* 
h^3o/vu s;K.(3r/n?*) = /^^ ,i^-5/p«-Ä 9?,/sr,n 

The above examples commonly ocoured in our computa- 
tion j other examples which are net jrentioned here can be 
calculated in the' sstue manner by the readers with the ex- 
ception of a few specis.1 cases*  The formulas used in this 
article are adopted from "Geological Drawings"» "Structural 
G-eology and Field Geology"? irolume 1 and 2* and "Geologic 
Structures", etc» 

IV. Merits of the Geological Computation Disc* 
1* In comparison, with general graphs and tsblee? its 

efficiency is 4-6 times higher» 
2» The results are accurate and reliable. 
3» It is applicable to oblique false bearing angle 

on the section under varioue different vertical end  horizon- 
tal scales» 

4«, it can replace various geological computation 
tables« 

5« It reduces the stress of using our minds (to use 
tables/ it is generally required to interpolate certain num- 
bers which is not only time consuming but also troublesome? 
moreover, it lee&s easily to mietakes)« 

6» it is easy to carry end convenient to apply« 
7* It is easy for sealing gradation and construction 

and is 6.1 so accurate* 
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.coins  *he eonrpirtation disc  and preparing 
the article,   1 received many suggestions ana. contributions 
from Ko Fu-cbao  C'd^lA 4395 3513)$  Tl®m Cheng "»p*iisg (X756 
2973  1627),  Kuar-ß ChE^~b«ri*ii (7806 083.0 034-1}   and others» 

After completion of  the _model construction,   it was 
s%nt to the Rusel&n ye© login!;, "?i*tS"-Io-fun  for comments» 
with his  suggestions and encouragement»   1 rewrote this 
articls wita soiae iRip.i'ovomentf*    fhö writer wishes to express 
Mö  ßtnosre appreciation to those who contributed to xfol& 
article * 
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