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THE ORIGIN OF BRECCI
LING RIVER SYSTEM I
PERIOD IN SC

ﬁﬁ,y JMESTOHNE OF THE CHIA=-
THE MIDDLE AND UPPER TRIASSIC
JUTHEASTERN SZECHUAN

I
N

o

llowing is the translation of an article
v Ch'ien Hsueh-p'u (6959 1331 3302), in
Shui-wen Ti-chih Kunp-ch'eng Ti-chih, No. 1,
12 January 1959, ppe i7-2Ll. /

agﬁ

I. Intredustion

The L1imesions snd Upper Triassi

gt

in the Chia-ling River s ¥ theastern Ssechuan
commonly mixed with a thick 1 of brecciated limegtuone
The study of the origin of brec 31 limesntons has a g
815n1¢1 cance in the fozmuia*iv~ f sneient and higtori
gecgraphy, petroleum resources, hol spr!

rg and the hqdwom

Y

geologlical corditions of mineral mou s snd water Tazellitle
In the past only a few sritlcle ave been puoliguea
concerning r~ ux*gin of brecciated limestone in the Chis-

ling river stem in southeastern Szechuan. We consider these

brecciated ]ijmtOﬂ«u t0 ke typilcal products of gypsum.

I1. Digtribution and ch
1. Limestone mixed

scteristices of brecoisted limegione.
with breccisted limestone in the

2, Limegtone of the Chia~ling River cystem generally
s a 600=700 m thickness, which can be divided into five
L4
yers according to thelr charceieristlics. The 5th layer 1is

Chis-ling river uJ‘TCw ig digtributed in southeast Szechuan,
il.2¢., it appears in arc form at the inclired axial part of
Rast Szechuasn end at the scuth edge of Szechuan basin. The
distribution areas extends from 5 1h«ahu Chung-hsien and the
Feng-tu districts in the east to T! n”~cH10hwtz in the west,
and from the Ch'u-hsien, Ta-hsien and Llang-shan dlstricts in
the north to the basgin's edpe at the intersection of the Sze-
chuan and Kweichow boundary in the south (references 2«6, 9,
11, 12}. The area is sbout 450 km wide and 350 km long (Fig.
hs
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e bueelasiated LIlnestuns Ls Miisd netweon thie middls
jo)
2

i 3
sie Period and the bottom pe:

part oi Ghe Mlddle Triasc part of
the Upper Triasslc Teriod. That which isg found in the letter
ig especielly well developed.

3. Szechuan basin 1s £

g = more steble portlon of Yang-
rieti-ttal;  limestone of the middle send upper Triassic
.riod in the Chis-ling River, which belongs tc a continental
stform type of challow phase, nas bic-chemical sediments

1es slightly in an east-west direction. Its charact-
cs can be coppared over an extengive area. DBased on
ensive desp well drilling survey for petroleum in the
Szechusn basin, Lo Chih-1i polnted out firstly that the breccia
layer of the ground surfate 1s squivalent to the hard gypsum
lsver =t the bottom of the well {reference 12) '

We compiled a column-shaped comparing Tigure for rock
‘rn the district. From the fipgure the relstlve Ccon-

ol
;
[V
-t
i
w2
>
rf\
o

20 l
ditions of the brecciated llmestons and hard gypsum layers
an be clearly seen, based on the ground survey and data
soup petroleum drilling dletricts

~
R
of well bottoms Ircm var
N

. Tu-weli
. Hua~teng=-shan

Huang-kua~shan
Li-pi-hisla
Kuan-yin-hglia
S. hot spring
ghiheyu-kou
T!po~-tzu~tang

-
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in 1639 at Ch'i-chiang dlstrict of goutiy Szechuan, brscciated
limegtone wou eimilerly discovered. In thelr paper they
congidered these brecclated iineﬁfas vossibly to be a kind
of intermittent product of sediments (ra‘o“ence 2).

53, In r@uent vears eAtwpaﬁve deep well drilling sure
veyas were condustes in Srechusn bagin to find petroleum
resourcss and natural gas. Meny drilling data proved that no
breceisted Limegione ng Aistributed in the deep underground,

relative layers of which ere thick lsyers of hard gypsum,
schish and limestone (Pelo 12 and 13). fThis can hardl be
supleined by the theory of gea«botiom sliding or the theory
of intermitlent semimenwse _

¥ollowing Lo Chih-11's relstive comparison ?etween

ground &rpcciatcd limestone and the position of the herd
sypsum layer, he copsidered the grouﬁd breccisted 1;meg+0ne
to be e result of h?drolvﬂin, o digsolving end cr@etgéizin@
actlion of the sandwiched gypsul. Haru “ypsum gbaorbs ubF,
beceming water-contalining gypsum, ite volume increa iﬂ E7% s
This breaks the layers sbove and below te form the brscolataﬂ
limestone, & product of cryetellized actione In his repord
Lo Chih-1i brought to atiention the similarity of this bre-
ceciated limesitone to Russlan L,yw .81 breocels, which resulted
from Lvﬂsum crygt 1iiziné in the "Hiacels mﬂrhmmwk 0w sh i ya
pin=gzu~k'e" disteict {(ref. 12}.

C"‘ jax Y 5

A2

I

“"*;“‘t'tti:"

mraceisted limcestone.
¢ uﬁu L,LVQOB [ t;‘:‘ [ogsd
hreacina :

IV. New comments on the formation of
Lo Chih-11 considered the broo:

formed later, pointing out alse that
t0o the hard gypeus laysy. The wﬂcur" Lo 1a eviden
remsrkable improvement in the knowledgs of Dbrsccis lim stone
formationa. However, we conglder “ne “Crystallizing Thcory

t0 over-giress the volume swelling action when hard gypsum
becomes water containing &"E v =nd to neglect the oollapsing
actien efter the gzc;mw szolved. Actuzlly, the Husslan
breccis Lig compused of : gznigtoﬁ: snd clayey sione
fraguments gseveral mm tm 1 in size: ite colloid conslsts
of ¢lay and gypsum (ref. I it is different from the
breccis of uZ@Chuﬁﬁ in ba“h struchture and composition.

Based on daba from velerences; interleced gypcum

comnonly upmﬂaru 2t the top of limestone in Shansl Trovince;
fer instance, Yfai-yuen Hsi-ghan has seversl laysrs of water
contalning bvgsam with thicknesses reaching 1<% m. The
braececisted limestone 1s ssndwiched beitween small, gypsunm
layers, its thicknesa ugually belng lvaﬁ then 1 @ {ref. 10).
#e conslder thegs brecels, as fer as its formation as a
crystal breccls ig ¢oncernad, oo ba similar to those of the
“41°om1w«9rhm T R e M‘iuwpinwf wio" district. The aiff-
erencas between the ﬁo;mﬁ+*on,%f hraccleted limestone of
Shansi snd that of Szechusn mizhit be becszuse the gypsum layer

N
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cenly 1Y sgond from the covering
of coal syste are results of

“I’Omsaumt
; gl dered t h breceis limestone of tneé
bhia~llnb Rivar system in southsaaiern szeciman o be a
gypeun produst 3 b wellin@ aCuiGA cf hard gypsum by
hydrolyels and Zing dur* ¢ the formation of breccla
to be of saﬁanﬂaay importande. The brecels was distr cibuted
1 the ground layer and the layer where it was no t very
pe Based on the drilling results at Mao~erh~hsla, the
¢istributed dwm}” wns estineted to be 200-%00 m (m@,. 4).

"‘3

Flge. %.

rd G;q3utan

P

2. ﬁqu o Gypsum

2, Precclaied Li

he Coczi

In 'be%ﬁma River FerdjRussiz o thick Joiomitized
limestone layer ol thd fiﬂ:‘ S o] i in¢ was dlstributed.
A gypsum layef WS ] the dolomite limestone,
a total thickuness O ind © VD G l?yar B
arently existed in thne w t ; e P Goenselasho=chiu’ dlsirict
while in the east o3 ' the brecciated ;im gtone.

Brecciated limestone hah heen notly debated. Some
geolopists belleve that 3ne breccisted llmestone res 5$+e£
from collapeing sediments é cwalc da after "¥'o-gzu-t’ e"
wivuamvinga iaiﬁ e gDt zﬂwﬁﬁ b? a geological
survey of ghe "Ru-pl-hisu-li st " Ha-mas

ey

To~ho=ch u" (P@f. 15 and 16 .

]
dn
"

ﬁe consider the brecc 3wn<d 1imestone in southsastern
anechuen of the Middle and Un Triasnic Per*od o bo simie
iere to the bregcisted limestons af the Stone-Cosl Perlod at
" sa-pe~loeho-ch ‘u'ly Russlz, ar a8 its 10rmatﬁﬁn is con=-
cernel .

gsignificancs of studye
IMestONES .

Y. 7Tha geologlioal &
kﬂ( the forpastlon




l. Since we consider the breccis to be
collapsing, it can not be a product oif gil :
bottom, but it can be g product of st
the hard gypsum layer. Also, it cen no _
historically represent g sedimented initerulssion.

Ze Based on the otgerveilion of the disgtrict in parts,
gtructurally the breccis thal resulted from collapsi wes
freely mixed up with the breccia of the broken 1ayern?ref. 3).

3+ On grovnd guriecw,thn brecciated limestones have high void
ratic {based on test result: The void *atTOn of limestone at Chia~ling
River is 2-L%, and of brecciated limestone is 3-77)3; buvd as to the reser-
vaticn of petroleum, the breccis evidently can not be the oil reserving
layer. Actually, each exploration area of petrolzum and the equivalent
hard gypsum layer of breceiated limestore are , on the contrary, the
dividing layer of oil and gas.

4, When the astone layer beuam&a sently sloping, the

ingrel layer on the golusble stone can be broken spart due
to "Klo~szu~t'e" collapsiz

5« The brecciated limesione is
and it digsolwvsg easlly on a ground
meability (Fhoto 7). Springs Varely
of ground breccia limestone. AL T! iwrwu and Chung-1liang-
shan cozl mines, the revealing water point was disgtributed

ostly nesr the lower pert in the breccis. Theretfore, we
c an say that the hard chrum mized with dolomite and lime~
stone in the deep underground of the Chils~ling River system
is & relatively ﬁOﬂ“pwaBQQ?e layer, while on the ground
surface the breccls 1i“dSLOn€ yroaavvé later in sn eguivalent
layer pealtion is & relatively oe =hle layer,

osely stue together,
ce with good per-~
g at & district

Py
2%

By by et
Q CD oy CJY

6. There are GV?? 10 ?mt grrings in the vicinity of
Chung-ch'ing xFWb.- water temperature iz ususlly
30%459C;  thelr wat or qua$ity Lo Cn t of sulfuric salts,

2
with minerslizebility of ebout 1.8-2.8 /1, making it &
gsaturasted bypqum water. Thease hot gp r5 sre not merely
distributed in the district of brecelsied 1imestone at Chunge
ch'ing but alst where bracoisted limestcne sppears st Szow
chuan. Therefore, we o1 ier this tvpm of hot snring neax
Chunge-ch'ing to be thz deep products of "Kio=szu-t'e"gypaunm,
the twin to breccliated llnesions.

7. The b&@, water conservatory projects of the Yangtze -
River =nd Chia-ling River wsre constructed in the valleys
of Szechuan bQEi%. The hrecclated limestone of the Chla-
ling River system 1s commonly distributed in valleys inclined
in structures 7This breccis *? loosely combined sand,; there-
fore, is not sultable for ihe foundation of = high dam (baged
on experimentzl resultas, the liaestone of the Chis-ling River
system has a compres~4hliwtv ol 700-1400 kg/fo mig wnlle the
breceisted limesione only aboui 500800 kg/cm?).
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15. Ae Yu. "Ye-k'u-ghee-ya"; Exsnples of "Kfo-pzu~-t'e”
develcped history on {Samarskaya River Bend), last
issue, 14H6. '

15, Vo P» "Ma~szu-lo-fu"; Comparison method of rock layer
section of cerbonlc salts, Geological trans-
lation, 1957

17. Geologicel data from Chung-lieng-shan and Ch'usn=-chi

coal ming.

/Tote: Photographs No. 1-8 were unclear and
not sble to be reproduced._/
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CONCERNING FURTHER SIMPLIFICATION CF SCME B
IREORETICAL M@E mwwmm qxzza;;:rm 3 oF ©
BINED PUNPInG®

[Foliowing e the traneletion of an artic
by Kao Qhuﬂ% (TR5G S088Y, in Shul-wen Ti-cnih ;
Burgech'ong Tiechdl, Lo. 1, January 1959, z
E."}’J m &ZE.'"QJ 2 :

thegss of "Aw-chisepieyeh-fu, Ko Lisng~t'ac (55
Kso Ching~liang €7§5$ shir OOB1Y, Toang. ?m«%&*ew
7359) and others . Ho mhumghﬂ- bk uwaﬁ of the au
topic would improve the experlinmel ALe '
ledge and methods for hydroged

Prior to %Pl;&?& thin srticio the wratfv aﬁu?%wd

Combined pumplng can sy i
letency end eiapllfy the
degire Lo learn the wrlter pWMfﬁ
methods and procedures Lol

I. ¥Fraotical velus of pped pumrirgs in the pressnt slages

Combined pumplr g rather new gublact, &0 118
relishility ¢ *@ practicsl value sre yet to be proved by actual
peW‘armegba At the pressnt shege most pad ople 4o not aarej
udopt Pole New m@thaz eufuuiﬂmkv under large snd gpedium

gum & conditions gi:ﬁbﬁﬁ% ‘ wJ@Vd}s Tna reasons are: (1)
that the P@l&ﬁﬂilit? ip uncertzin snd (2) that during prag-
ticsl work, as analyzed by dso wZ&n{ ilsng, the totsl amourd

£ work had not been redussd or i“ay a 1ittle’ impjﬁviad v

{even incresssd the WOrE o o -« dﬁ Ko Lisng=t'ac’s method).
Undey smali actsels (1:;«updﬁu A urnder) au%vey 14 should ,
largely be adopted (18, 20 5@ m mapuel striking, rotery
drililings are now extensively used by Ho-peld, Sung=-ilao teams,stc.
i an Lo Lhne 9tk and Llth ilesuves, 157 and to the S5th
 isaus of 1958 of this publicsilon. B

1




since thies puxping test regulres only one combined pumpin
¢ g . > = N S % N
(generally omitting the upper water layer) snd one dspin

lowering, the methods deseribed in the sbove mentionad theges
are not sapplicable { reguired unknown factors, such ag Ka or
Sb, are lscking) . '

The writer considered practical conditions of the
mentioned field teams to be sccurate and to be a natural
consequence. 1t should Tirst pe carried cut in a shallow
nole without individusl layer pumping, and then, gradually
to & deep hole with individusl layer puniping, this to be
replaced by the combined pusmping method.

I1. TDemeriits of Kac's and Tseng's methods.

1. 4The ¥Kao Ching-lisng Nethod.

(a) This method with great limitation applies only
two self-flow water layers; the upper und ercurrent layer
1g ususlly widely distributed and 31 freguently meets with
three gelf-flow layers.

(b} This method requires the combined layer and the
vpper water layer 1o be pumped twics snd also requires the
drillin% for water sealing ito be stopped. Though slmuler
than Kofs method, Keo's method is stlll considered complicated
end would slow dcwn the progress.

~ {¢) Since no derivetion and proof of the value of
average permeabllity Kgf}hag besn written it is not valld

o introduce Fepe - B, M, + KM,
I Hopm J22I8 T 200 (j )
¢ Ma4-M, ‘

Becguse the ngxvalue wlll be directly affecied by Say Se
and 3, F 8z, the more scourate equation should be:
. K M, S, +¥,8,M,
e T (1)
where K,, Mo permesbility and sthickness of the Tirst water
besring layer, reéspectively.
R
1

Lgy Mg permeapility and thickness of the second water
bearins, lazyer, respectlively.

S B¢ dtable water levels, a and b, in the first and
gsecond water lavers, relatcd to the combined

_ water level, a+ b, ralsing or lowerlng.
2. Tueng Te-hsien'se uethod.
o only one pumpling this method

(2) Though requiring
still requires the drilling Tor water ssealing 10 be stopped
after it reaches the sscond water layer. This method retards
progress and 1lis operatlional vrocess neads to be ilmproved.
If érilling is done directly to the second weter layer and
311 combined pumpling 1is started, the drilling and experiment
can be done simultaneously witimul interference. Thls 1s
adventageous to the drliliing progiess and operstional pro-
cedure. ‘

(p) The results from previous tests 4o not take into

12




consideration the affect of the Kéxa iue in the lower water
layer on the rock powdel. &

Afver drilling t?x@ugh two or i
ple w%ter tevel of esch laver (&, b H“i ¢} must have
tionship with the combined water level (s&+D and
L«Qe, there mush be s function ween them. IF

r level, a, of the first water 1aver and the combined
Eegﬂln oib, of the first znd zacond wster layers, or
ahaned water level, stbie, of the three }ayeru rep-
5!

-

I1II, lew method.
ree watey lnyers 9 the
o)

e
P

r b oot
toor

Rl St
we ¥
IRt
@
a..l
7

O W

c‘;;.érg
f'l‘st.’*(}

3
At
r*"

+

o H R0
et
%

1]
y g

oot s b OmW
e i

ne o

egant spatwiduel steble water level D Puﬁ ¢ in the
gecond on 1ird lavers, our experiment would be greatly
simplifisd. Then it would not be netessary to .tOp drilling
for weber sealing apd Lo punp twice: moreover; punplng can
arbitrarily be done in the first water layer or the first
snd second leysr mixed. Begldes, 1t would not 1limit the

number of layers or the type of hY@PJﬁynMN‘G% {(bearing or
free) . The functional pelationship of 2, b, ©, a+hk ond
stbtc iz computed by the following method.

% LA
%:‘»‘». 'j% Gl/i’ '1 fzi

!3,{‘}”‘

«\

k M‘ : L’_'f_ -1 l
}ZZZ‘{'Z#Z’/@ T
‘Mg aKb ‘4
i i Xt e ‘ GPRPPITITE Y T ITVIVE,
Flgs. 4
{1} Under twa watay bearl 1}
After bhe combination of Lwo vers
G, b * 'Sa ......
theﬂ., & 7.'_3‘70 R .
1 . . . - { ;, B
Bob 8, =B M B, i
where: Q&fb-z the relaiive flow rate #nd smount sbsorbed of
saoh the uprer and lower waler layer after the
combined water levsl hes been gtabilized.

R = inflweﬁti redius {neiﬁeu“ deviation of K
valiue L by aifferent 3).

Ta -  pradlug of well holea.

Q = fiow rate in bhe nole when lowering depth

’ qx S ﬁ'{i &

ir the wahel .u':":'%}'t"’l flruff;ﬁ

&
{1 eprried on, the equation th
QE:

to 54 while combined pumping
hecomes:

Len{ M, 41, 78, -

1o —In7, S¢ (3)

«.../T,*;, (}&ﬁ +Mb)

13




L

~ P o L
wher T

But b layer stops sbsorbing water at thab time, so the submerged water
amount is completely sury*Jeé by pive a to geb

b= Z M (8, 4+ 8, ) =aR M, 8, oK M, &}(4)'
From (2} we know: Wy = M8, 4B M8, = 8y (K, '
M+ KM, ) {4a)

Cowblining (3), (#) and (4a):
Qy=oK (M, +M 860K, Md(b +Sb,~ 8By
(K, M, +E M),
. K Md\»le.@ fuf’) j& M E\.;,Mh (5)

BT MS, T WM,

We know {rom the method of least squars :
K, M5,
K, B S+ KM S, (

M E"’u. rhibbb
From the concept of Equabion {2), it can be written as:
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From {5} and {ib} we zet
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Developing (6) into a guadric equation:

£8,7 448, 485, =0,

In this equation, only 3y is therefore, ws bclv? by
&

e use only the poe itive value because 5S¢ is considered
to be a positive value. _

- From the sbove eguastlons, we can compute the unknown
5¢ by tne known values l,, Mg and 3. (equation 6b). Then,
perform the combined pumpling only once ?if negaseary, or
pumplng once in each layer); the value K, or K., can be
obtalined from equation 6. Finally, ecuation 2 1d used to
solve K : ,

(2) Under three water bearing layers (Fig. 2):

Tre simplest method Is *to find S., Sz, Kas, and Xiby
the method given sbove., Conslédsr the first and Uwcond layers
as a combination of the first and third snd compuie g, Ke etse
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when water level b ig lowsr then a (Fig. &), sssunlng
the combined pumping ammgy the thickpess of undsroeurrent ﬁa,
will be ﬂqm&‘ % ’hﬁm%mw ¢ aince B4 1z unknown, KA Le un=
Kn@wn» tinder 5uuh ~Mﬂm3u&¢hﬁ the above methoed can be tr@aw
re tes’ly spplied, bul 4t is rether complicated. The best |
way to do thig de to led B=3, during ths pouring test. Tﬁe
purpoge for pouring the water Lp to make water level b highier
th”u wabar level a se that the combined pumping method can |
be applied asg sbovs. If the watsr pouring test is not appu-
1i¢ah1e, the pumping test caa slill De done.. Then the Value
84 chould be caleulated by the following equshionss
® o B M8, 8y B M LS,
Paie wz”f+mb _ WIS, M, 8,

Fere: Myt =a 213‘1;:”"}; Sy i :

M, = (H, w% LN

,% 8,01 (8, - »-f;—i-l‘n;,hf Hlu M;’ ’\
tem B HIIR, 420 -8 H - ) O
_This methed further simplifics the combined pumplng
method; A% simply orevmbed by punplng without the weter |
saaling process to obgorve the ﬁmwﬁr lsvel of the next layer
and withous pwaping twlce eashi layer and sach combined layer.
Its accuracy 1s no less tnen uhmb of "Aeshigepleyeh-fu"'s 2
‘whis method net only saves usitional expan&i*urea, but alge
promotes the drilliios efficlendty. - -~
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A\ﬁ@n&ﬁ th@ extant uf %cllﬁp@ag
i- ewdned by the sbove
goir well collepse.
'?wubtuM¢ ot Lha reaervolr
o of ﬁh@'bamk)ﬁ geological
grrubture and Sy AR ST éwﬁimﬁ nya 1e% Gaiﬁapr@n
in crder Emm poasible developing extsnt of the
r&aarvamf wall aulia;a@ 5 ALffarer yaarg, 4t le neceszsry 10O
mdsrstend the de@&ﬁiﬁ;d off the hank appearants during 20le
&&Qﬁﬁg the relgtlonshiip bebwasn the %ﬁilﬁpﬁ@ﬁ msterial and
the sedipented materisi, and the revedling order of 1is 6ole
lapeing mpast. R
T&@ Lank sppes wad after the ressrvolr well
may b fiw,dwﬂ &ﬂm ?ﬂf ¢ perhs sotording to the
n mf axternal foress nnd Lopogrephisel charascteristioss
Senk - locabed above the high water level of the reservoir;
raiged by the wavs action; this part ia not pubject
to wavs sobian. _
2. Flat -~ locstsd betwesn the nwﬁh end low water 1&?&1& aft
‘ the regervelr; a regust of wave sotion.
%. Sedimsnted mﬁuwa beneath the fligt - located below the iuw
wabter levsl of the reservoir; this part is a2lao
not gubject to wave sttlon, being formed under
guiescant cwm&mﬂmwhﬁm
During the reservoir well collepse the bank gf&du&lwy
fell snd its slope secordingly fistermed. The metsrial falling
from tne benk into the water piisd up forming the sedimented
part of the flaty the flat extenied from both ends end Lts
plope bheogne ¢faagah“¢ fhat. Then the sedimerited gleps bengath .
the ©iat gentiy moved toward the rezsrvolr. During %n@ dige
plaa&mﬁmtﬁ ite glops wed o SonpLent. o
' After the benk foll in the irst siage of the repervelr
wall collapss, the new slope was miedd in @%i@%@&? squilibrium
of the bank zoil. When »lobting this new alepe in predicting
the reservolr wall coilnpss, 1t 1ls 00% necspssry to determine
the slope by compll sal BrHELED Boll m@ehanlna, as v
can be H%Jkﬁ&& determing by the deta in Teble 1. Thus, the
result of predioting will not be alfecled very muth.

)
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reble 1. Critical equilibrive slops of the bank in the

b mf regerveir wall collapse.
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‘ fhe medimentsed slope beneats
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C After ths verlatliun ot the esternal shape of the rege
arvoly wall during collapse tp plotted, the mothod for des
rermining the pogition of the reservoir wall section in any
ghogs QUL collsnse i Turthey skudiisd, To solve this
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puring collapse the Dond was dumaged.. Ths demsged
meterial was carried by wave sotion into the wabter, thus forming
she sedimented poriiom of the fint. During the sedlmentation
the Ting particles of the denseed maberlal wero nerried away
cated beyond the flabt; the

Wy wave ad rion inte deo
aoii asneivy bocems b sor ln socordsnve with the
new gediments {(in mogl cusds whe density decreages). For thie
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' f= Y

. y‘ﬁ v
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V@,é&%:‘velum& and speciflc gpraviiy of the ssdimented’
, filah portion from V. ;
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dxy of averagl CORPOS son of original soll
o 1p benk falling porticun; in decimales
Qg = smount of pariicies with dlamdter less then 4X;
of average composition in fled godimented por-
‘ riop: in declualpe ,
g, =nd QYgn= O.0L wes tained by obssrving the pRa-
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3 grad on some Cata nnal
the f1 sedinented porvion
;able: l,
Teble é, Specific gravity of the flat sedimented
BOrtlon. g
301l type Loam 841t @Siity-clay | Ssand=clay § Candsione
SDe Brave él 0 ,0=1.0 Lalimltudl Jakeel 2 1.2=ldd la-:)‘_')a-:j_.#f}
U4 L2 hard Lo determine. Baged on some limited anslysis,
the amoun af particies in thb £iat sedimented portion that

sre less than 0,019 cm in size znd formed bv wave action of
1.5=2.0 wave h:ight is generslly 10204, Therefore, Table 5

15 recoomendsd for reference in compubing qdz for the coefficlent
of sedimentation.

Table 5. Amount of particles less than 0.01 com in
aize in the flat ssdimsnted portlon.

S0il type | Loam .| B81lt silty-clay | Medium | Coarge Sandstone
and fine | slze annd
: gand ! sand
q(/g, vaiue Q.2 3 a2=0 lb Q. 15"‘{:3 ek é Q s L uOS 05 GE‘

Thus, when 2ll valusg of 8 s Qo and Qe are xnown,
1% is easy Lo find I, the coefficient of sedimenbation. For
example, the density of ihe original so0ll &n 03“’8JWSLHQ socil
d;= LleB; the =smount of :\"*Wm,&cs of g sition in
the bank that are less then .01 in siz 5
using dp= 1.2 and (= 0.15, tihe coglf

is: f = /" & { - 4::‘&5” e {)é z"fﬁ =

It ghould ge vomﬁ*n* cult that

of sedimentation app S 3

by flowing ditches. e f s correcs]

when the bank is cubt by flowing ditches.
 After the cosffictent of q‘din~@? ion L1s c¢slculated,

let the retlo V, and V, be sgqual o L, Ti&p the position of

the ressrvolir gsection alt collapess in that stage 1is equal

to the computed ratio. Kext, the functional curve can be

cbtained From the volume of the bank I 31“¢n¢ 5011 and ita

bsck distsnce at differsnt siemes after the collapse. If the

pogsible falling volums of the bank soll at any period of water

in the reservoir is known, the extent of fell of the bank in

thet 3riod can he eaplly otuis _ub& by using the plotied curve.

' The poasible fallling vo Mmma of the bank soll in any

year of preserving water in the reservolr Ve Can be calculated

from eguation (4}. ’
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Under the leadership of loonl suthorities, the Provinelel
ﬁmreau of Geology end the support of our p@hﬂlﬁﬁ we overcaue
aifficuliles with reveluslonsry splrit ant rapldly completed
ths bva?all engineering gsell BUIEY af the Erhumai
aguaduct project 1n Doteber .
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Erh~chierine o .

fhire oguedn. & te siliusted in Hel-tunge<hnsien at the
snot edge of Erhehsi. The prelimipery survey indlcsted thai
gaology of thig disbtrict is vory complicated;s it ie stratifled
‘with sanfeghels snd sgglomepste of the fo-tss Perdcd, llrese
tones of the Shihetal Second Yeriod snd ignecus of the Second
vepiod. Besides, there are many quartsits, granlte and :
gresnstong penetrating lnto the stwratilication. The largest
hrokeon gzone of feult rescnes 100 metera end emsll folds and
feults cun be poon svervwhere. Desplte the complicated
seclogical conditiope snd on ascount of the spesdy line-gé-
Jecting for essriier sonstruction, our preliminery survey made
only & /10,000 geologltsl survey. FHowever, we fully con~
sidersd the geclogicsl characterisiics ln the districet durling
gurvey end took Anto consideraticn those problems which effecs
aqueduct line-gelectlion, ’ ' - ‘ :

(1) To investigate the sxiaenglun, bDrozen condition,
broken width of the principal atruciural breken zone snd see
whether it has baen celloided. : o

(2) To distinguish the different dlstriet (section)
where it iz szubjected 4o strong wind, where igneocus invadeo
most, where mantle rotks are brok whers rocky sre hardur
and sre coversd wiith thieck metérial, where 1t ie integral eand
is coverad wiih thin moberiale S _

O (3) To Anvestigate the smount of underground water 1n

Mgig.gmu-b'e’ limestones and its dletribution. :
. {4y To find out the digtribution andreszgon Tor huge
Tandalides and rushing eti*esnd. _

with toe above prineiples in mind, we Tinished a
1/10,000 geologiesl mep of 85 km (Rel', 2) in 7 group-Gays.
Three linss of agueduct were selecied Lor comparisom and the
best line was Tinally dscided upon for conglruction under
Cthe conditions that it passes through good geologlesl lotals-.
itdes and is the most sconpomicsl, of courss. '

hecording to tine specification requirements, the prae
liminery swrvey of geoclopy for squeduct onginesring “should
perform znginsering geclogleal survey, roule survey, entrance
séction survey, permeapility itesis, and laborstory tesia and
anelysis in order te obioin sufficlent date for determining
the best line of agueduct”. But for the purpese of Yapeedy
line-gelecting”, we greatly simplifisd the working procedure
py a simple geological survey withoub doing eny drilling and
testing snoalysis. From ths wiewpolnt of working quelity, as
we kert the principal goologleosl peints in mind, the baslc
reguirssents can be aspursd. The gelesisd line of the aques
dust hae the followling meritns: : 1

(1) It evelded the structural broken zone. 3
: (2}  The cherscteristics of rotk mechenlcs along the
aqueduct was superlor than the otper possible lines, and lbé

]
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eovering meterisl wau i : .
' {5y = , i conditicne along the aquedupt
ware baLLeP Lhen ihe clhery ONed. o
(&4} Ho lsodaliding wes present sl the anbrence part
of bhs agueduct. : .
(%) It was o shorjed sguaduct dlsitance and able to
drill & lesding verbital well for aiding the construction of
‘the agueduti, , o - o :
After the line was selected, we sharted our detsiled
wurvey fur oblalning erpinoering gesologloal dots of the
sgueduct constauction and sirengthening, finelly deocldling o
the pegitions o lopstions of the sgueduct entrance and The
vertical walle o . i
Our detelied survey wss earrisd out in e very shord
tize. However, in order to gulckly évaluate the englineering
geoiogical conditlons slorg the squedutt with Llimited techniogl
fasilities, we had to greatly simplily the survey proteduras.
Undeyr the condivlons of 1o line-selecting”, 1t - :
was impossibile %o thorougl and the geologinald condlitions
along the sguedust. Therelcre, Fo ] NEaring.
geologleal survey (vovering an e
1/2000 engineerlng geols 3
vere made at both bldes :
gqueduct construction.  I0 qoh of the geologlond
purvey was to find oul the styust . Yeulies, rock chargoter
istics and hydrogeological condliiions. Baged on th UEVET,
3§t was found theb there were L1 big faulis slong the agueduds
1line, among which the lavpest feulis reached %00 m leng and
ovar 50 m wide of the broken sone. Meny small faulis and
folds were not counted in. Thsre wers many inds Of mentle
rocks along the 1line such eas loamed Tine sand, clayey send,
guartzite gand, ghple sandy mh&i@,'iﬁm@ﬁman@,,gahiﬁﬁ,*grean+
stone, ehce The rock phace onanged greatly, and ite charact-
eristies of mecharics varied moeordingly; the rock itself
changsd rather gaverely Iopl plructulral ressons, eni wag
penetrated by many lgneows rocks eo Lhe olsaveages werée well
developed and was easlly broken by whnd aotlhon.
T Driiling work wos Cone sleng the lins of the pogueduet.
pecording to the spsciiicction requlrement, "wher: the depth
of the lime s within 19 aters,  the disbance between drille
ing holes should ke 100200 meters apert slong the Line;
where tho geslogivsl condliiong are compliicuted, the distance
shonld be reduced to 5O maters « Though the geological cone
ditions slong the line wewre somplineted, wo only mads & amall
nurber of controlling érills of 600-110C n spart without _
adat tional Ariliing holes ev ah the scusduct oatrance. The
dritiing holes were located whare ‘ , g
(1) rocks were broken st the gouedust entrance, and
greengbones cub lng : : S

-
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{(2) +the broken zone of Taulls wes greater and the
oroken zons gf arond :fﬁmrw&& WOTS | -
(37 "Kiomazuetle" I ones couid poanlibly be mel;

] i LA
‘ (4} wind actlon was aevaers, and poselble flowlng
sand Lagyer. '
Dased on the sbove, we losabed only six drililing holsg
siong the 5.7 m agueduct line with the designed ddpth of
668 me The original drillilng hole dezien was 5 m beneath
the sgueduet elevation, bub Lt was shanged to 510 m below
the hard rock seoording o the sotuml sliuation., Therzfore,
most drilling holes had not resched the aqueduat glavation..
During Grilling, in order %o satlaly the field reguirsments,
the fasign wag revised sgein e ih sotual depth of only 375 m.
The acgusdust elwvatlon wag i@ 7 meters below the
pean water level of Erh-bel; the it was peesible to
meet “K'o-szu~t'e" waber and under . water from uhe
broken zone during congbtructlon, Aerground water and
Tlowing sand ususlly Lring {3 8 50 conglruction
work. For the purpose of L the underground water
condition, & welter pumplng test w

 mets Yor each drilling
hole, Bub conaldering only & small spount of water in the
layer, we ¢id the water pumpling Hest by Lowsrlng Only ORGS.
since we 916 not heve leborstory facilitlies in ouwr

team, we sent 10 rook gauples 0 the Hydpro-power Design
tnstitute for testing. Based on thelr requlrensnis, only the
specifiic graviiy, capacliiy, Learing power, and herdneseg CU~
st ficient wore bested For the rock ssmpleg. Jince the under
ground waber gualiiy im the dlstrict variaed slightly, only

7 weter samples were teken for weter quality anslysla. _

The sbove work, under the limited, short time, basically

satiafied the reguirvenents of englneering geologicel dats.
During the survey, we conghbantly studied and analyzed the
- progress, and mede suggesticns 10 the Design and Consirustion
Department for revislon and o gupplement the agueduct pro-
ject. For instance, the sgueduct sntrance wag originally
dezlgned in looss snd cofy sedlmented laysr of the Fourth
Feriod. Aftsr discovering this condltion, we puggeshed o
move the lecation of the agusduct sntranse Lo the rock bed

to avoid collapse spd selilement. Another example; Tagsd

on the arilling results, we found thel the original deslgn

of the verbticsl well was located in o broken zone of feulis
with flowing send, and zuggested a change in the location,

end zlac recommended a betiter loevavion Pegsrding gevloglosl
conditions for the vertical well smd e losation for an inie
clined well to the Design Departument 0¥ domparisone.

Erpechi-wel snd Erheshi-tong foueduols
2 st Mo-haien southwest

TRrh-cntowel agueduct L5 _
of Erhn-hat, and the genlogloel conditions ef this agueduct




are gimgler thean the Lri-
of this diphricet TRl bats
‘atone of tho Hid Triagsic Period,
Upper Trizgeil Poritd. In the widad
distrliot, there

with very bhick muberlial

Ma~anu=~p'o aorthesst of Y
4a the sinriest among three. ghe ground layer of this dls-

v e ground layer
spratal sehiet, 1liwmse
adr ghale of the
wiion of the aguedudd
vz Pragnentarcy shapes
woeng wnd Ls coversd

g ghouing rooks.

educt Lo tooabted at Tengechiuan
~hate JSte peslomioal condition

5 e
Sl LER

is & b

: b Frauld ino2 ¥
The Aisbrict La e by op

w1

he Erkechi-tbong o

wprd et eonglste of Tustwnd stene of the Erhebaie Period whers
no stppoturel broken wone exieted. s ;
e iine of the Erbeshlewel Agueduct wes pelocted dis
poutly &fier reconnalspancs survey without & preliminary sut'-
yaye & 1/1G,000 gecloglicel suwvey ecorering 80 ku* wagoasde
in the aguedust &iatrict. Baresd on the geoiogical strutture,
vook charecteristics and dube on ine ghebility of the ente
rapce of the aguedusi, o mortest line of %.45 ko was pelected.
Many dizgings for gaviegiosl lavestigation alons the lins =
wape pardermed whion did not reaeh the expected resulis b -
cauge Lt wez coversd by & very thick laver. Under such conw
ditiong the gsologlical survey should soplagiie the following
problones '
- (1) Investigation of the prinelpsd faults and thelr
broken z20ues; ' '
(2} Liniing the dividi
(2%  understanding thoroughly €
ares sround the entrande : ARG
: After the geologloal survey .
1eated iine had svolded ihe hpoken L6
fore, the rocks slong the 1line weka I
structural bresxing. However, ibhe
the ground wers saslly worn by v
pioges. In order Lo know Hhe coull
and ite-infinential depth, & drilding nols of 40 weters deep
wae designed at the rivse walley intermesting aree in the .
niddle of/the 1Ting. N othnar expsrianental work was perforned. .
‘ heahlebong aousduct was completed
in a day. 4 3/10,000 108l survey snd s 1/5000 goologless
cal croge-gection survey wers made at boiln sidesycanch 300 n,
slong the selected 3 lun line of the aguedutt. Since the goo-
logiesl conditions of the a4 gbrect wors simple, we dld only:
2 few digginge for the geological invsellgation to find the
Tollowing walin points? : ,
1) The thickmness of ihe acvering wuabérisl st the en-
repnos area of tho sgueduct an? its stability; ‘ _
{2} the dividing Lliue 5% the Tusnewd rook system in
the ground layel. ; 3
Briliing work and testas ware naglecteds.

Linelof the big rock systemsy
f ghebhility of the

spm found thet the sew
of the Teuller therss '
aub jested %o severs

§ o pand the guy 7 Bae @E.‘
o upen the broke:n

wf the wind aotion

%
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procetures and deseripe
osute of spsciiflatlion

sions of the Wwd aguecusts, ih

.
& eyl
R vy

had been greatly simpliiled.. e popvey work wag baslely
gty oy " . .

aivided into two alepn ‘ -
: {1) Reoonud Ssurvey-iine propogal: In this ghage
414 4g necepshry o understand Cay Lhe geclogienl condltions
of the sguasdutl ArGR and ho pipt 8 peolocical pap of amall -
senle gor live DEOPOERle - P ' _ : L
: {2}, Simplifled Sarvey-line evsiuaiion: In thia stege
8 geologloal wmurvey Ly parformed actording Lo the preposged
1ine o Tind the pinoipel SRginsering govlogical faolors that
ePfect consbt uctlon snd strengbtijning of the agusfuct. Then
e Line is &ncided. _ . ' :
This method of wmuvey ip appliselbls to places where
aeologicsl conditions of the construction of the agueduct
ere rether simple. 1% baeicly sstisflies the required dais
in & very limited time for & opsedy 1ine propasal” end &
Yypesdy 1ine aeaivation®. . )

Principle Domeriis _ .

e oriod, sbove, the geclogical surveys of the
Erh=hal sgueduscis wers perforued in & very shoct Lime. Ths
merit of the swrvey is thet do grostly simpliiled the pro=
cedurs and ibg contant, resulting Lo the principle of Y apeedy
iine proposal” and “apesdy Line avetustion” .. However, there
ara several demesrliis due o v Teot thet this sse the first
time this kind of survey was Jo g our tesm, who were nob
familisr with ithese guwrvey prics rog, 4id not have adsguate
equipment, anl weré Timited by Linme. Lo

{1}, The detailed suevey {1ine eweluation) hed done
Tew AlgBRINEH. Theraf o, the geslogioal abructurs of @il
individusl eres Gould not be elesrly uwnderstesd, thin alfehe-
ing the best location of the driiling holeg. For insbtense,
Holes #8 and #9 did ach repgsh whe otiecstive of revealing the
proken sone arnd VK'oesmi-tte” warer pocsuss of the insdeguate
jecation of the holes ¥ aital structure wasg CORe
pilcated and Tew peickn wore Lheoughn the ground surdiscs. Lo

_ (2) The Arilling guality wes poor. Host of ine dril
ling holes were Tpested i sress subjiectod teo gtructural '
breeking zonaes, erroded nessking woned, and strong wind acticne.
verscnel lacked prastical dpsiling expsriencsd, which cauged
1ow sfficieney in obtaining rock-hesri of leas than 308 from
each irdividusl drilling hols. The collected rock~heart was
rather confusing in lapier ordel.. o S

(3} Drilling efficlency was low. Thia was due to 60dw-
lspee of the hule wall, lack L nocepssry eguipment, inadequato
pupply of equipment whon Broi .  Che neximin oapaciiy of the
drilling egulpnent was 128 wivonth, this affesting the progress

a great deal. L : e e e




For @E’m’ oK

L g had Lo be done

3 ¥ the somy JJ‘.W{‘} was Alifie
gult: more Line wey noesded) auaber of pamples vas 1ide
Adved &lﬁﬂﬁp Therefore, 4t was impossibie io evgluste secubabely
the owﬂ@aﬂﬁﬂrimnieg of rock mechanies elong the 1line of the

ééi i O T
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aguedust entirely on tlne.

Rafe Lencs #e 4 bl m-’"; » hns besn trangll Lﬂshrabm;
i {i? @@G?QVWwQL tamporary specificaiion for %3ﬁrauiie

sneering (o mmﬁii@ by the Hydrossologlicsl Researoh Iﬁeti%wﬁ@-

eng
and o wean of Hydrogsolony, 1957, .

(03 Geologlonl pmwvmv sy ﬂwﬁ”mr”h db@cif%rm*iaﬁa for
aqn&&maa somstructicn, f&a%i piehe ted »1%, translaeted by the

wor Bure “ns 2558} .
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GEOLOGICAL, COMPUTATION fpEsch

Mreitowing s Lae pranglation of an articls
P, o

wy Ohi Cpih-tiao (1323 QAT BAATY, dn Bhude
von Theenin Kupa-ohens Timchih, 32 J sraEry
956, ﬁ@,_i” Yoe BowdBa ) '

i
1
i
H
H

. The Firet drall of this erticle was writlen in Novem
ey, 1056 with & model of & peologicnl Aled. After revision
in December, tne article was prepented o the 1956 techniocel
sonference at the Deaign Instlibule, conserning the sub jecty .
of engineering HeOLOEY, hydraps0LlogY, Arililing rochnigues, |
slectrical drilling and wator soil snalysis. The degeription
andt gample of Comrade Suan Enewel's (TOTQ 1869 1218) “Come
petation Diss for goology” published i Y"geslogloal gnowladge” ,
Tenusiy, 1957, art Largely similar 10 this srticle. In Fugn's
paper, it ig, nowevwsr, not ﬁ%@ﬁ?iyﬂﬁﬁﬁcribﬁﬁ gnd the lines

of theo scale are rathar coniusing {the lines are partly ovér-
1apped; bhough WO colops ara used for scaling, 1t 15 sbill
gonsidered s pronventent). paoily desis 50 mistakes snd not
corvenient snough o somonke the freguent applying aquati@ﬁeu
For exsmple, 10 ordar Lo compute the obligue inclined sngLe

on & pechion, it is no sy te turn bhe 4hsC pwica. The
gubject priicle wag ¥t 4 wariy 1958, ﬁy&ﬁ@nﬁimg

o petter seals for ravlacing the el mlide yuls and f
various gs@l@gical gy apis! and hak o gave time in LOmP-
tption. under the groat develupment of snolnlistic songlrudi-
jen, 1t 1s posgible to benefit Lhe devalopaent of geologloal
£191d, appecially enginesring geological work which serves .

as the screw of ihe maching. ?

1. fTheory and Constraction of D1CB. : o

: Thecry: The geologloal sompubation dise { aboravisted
gg compubatlon dime) ie thoorehically similar o the gensral
glide rule. It 1s made on the nesis of logarithm functions
whioh cen be preferred from the wﬁlaﬁ@ﬁﬂbﬂakawanﬂmﬂi;lhuaimﬁe
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discussed C alliole.
Hetnod of Construction: The compu 4
of two discs (Pig. 1, inner and outer Giacs which are
by the intervel of the T scale end the n scale), and &

sliding index {(Fig

po
Lfn e )

valug

In geolop

of cse, nol even

8
caleuiation, we ingtesd of the
gin value. Therefore, aomes inte the
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= false bsaring 2i o be found.
g = bezring angle of uh“ rock Layere
w = ths izcludau angle between the rock lffﬁ? inecline
ztion snd ithe scetion.
in praogtice, we often use the lncluded angle between
extending Girection of rock leyer cnd the ssction @; there-
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= tgaBing
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