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PREFACE

In the long process of history, the valiant and industrious Chinese people have created a
splendid ancient culture. One important part of this time—honored Chinese culture is science
and technology, which had in a considerablly long period led the world and is still admired.
The four great inventions, namely papermaking, printing, gunpowder and compass, had
made outstanding contributions to the progress of world history and the welfare of mankind.
Another invention which should be more famous to the world is well—drilling technique char-
acterized by the well—salt instruments.

Chinese well-salt production has a long and honored history. In the period from about
250 BC to 1840 AD when the Opium War took place, Chinese well—salt exploiting technique
had been the most advanced in the world. Especially during the middle of the 11th century,
with the epoch—making creation of the ring—edged deep well drilling bit and the vertical well,
China first came to the new technical stage of deep well drilling. The invention of the fish—tail
bit at the turn of the 19th century is a even greater technical contribution of the Chinese peo-
ple to the mankind. This technique found their way to the Western world from the 12th cen-
tury to 19th century and promoted the development of the world’s modern oil industry and
mining industry as a whole, and has been admired by foreign scholars as “the father of the
world’s oil well drilling” and “the ancestor of well drilling in the world”. We may safely say
that this technique is another great invention of our ancestors after those Four Great. Inven-
tions and constituted the Fifth. British science and technology historian Joseph Needham
excitedly claimed that“Chinese scientific acheivements in the ancient times and middle ages
time and again prove to be splendid and dazzling”. We may believe that ancient Chinese well
salt technique is the finest of the “gold mine” of Chinese culture. Just see the various scientifi-
cally designed and carefully wrought well drilling instruments in the Historical Museum of
Salt Industry in Zigong City. They really deserve the astonished admiration of Chinese and
foreign scholars and ought to be more conspicuous in the record of history.

Yet from the Northern Song Dynasty till now, almost 1, 000 years lapsed and this inven-
tion remains obscure, which certainly is a regrettable and weighty absence of ancient Chinese
and world history of science and technology. Today, in order to uncover and inherit the na-
tion’s cultural heritage, Liu Delin and Zhou Zhizheng have composed Study of Ancient
Chinese Well—salt Instruments. The attention and help from the science committees of
Sichuan Province and Zigong City have made possible the quick publication of the work. This
will be a first book in the world on the instruments for well—salt and oil drilling and a signifi-
. cant acheivement in the study of the history of science and technology.
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The following are the points in the book that should be emphasized.

Firstly, the development of ancient Chinese well—salt exploitation could roughly be di-
vided into three periods according to the different drilling instruments, the characteristics of
well forms and geological conditions: big dimensioned salt—well period from late Warring
States Period to early Northern Song Dynasty; vertical well period from early Song to early
Qing Dynasty; small dimensioned deep well period from middle Qing to late Qing Dynasty.
The success of the drilling of the Xinghai well in 1853 marked the maturity of deep well tech-
nique. This book focuses on the period from the Song Dynasty to the Qing Dynasty, when
the invention and changing of drilling instruments are the most rich and rapid. Detailed ac-
counts are given to the process of development and changes, and brief assessments are made
as to their technological and historical value and positions.

Secondly, the most important part of well—salt production is well drilling. As the old say-

ing goes: “It is easy to boil the sea , but difficult to boil the well; it is easy to boil the Yunnan
well, but difficult to boil the Sichuan well. Difficult because you have to drill wells”. Digging
well is the characteristic of well-salt production as compared with those of sea—salt and
lake—salt. Salt—well drilling demands difficult and complicated technique, and the speed and
depth of the drilling to a large extent are dependent on the instruments (including ground
equipment) for well drilling and maintenance. These instruments are important marks of well
drilling technique and at the same time of the prodution level of well—salt. Besides, there are
so many books about well—salt to be studied and so many tools to be observed that one is lost
in them because they involve a blend of many branches of learning. As a beginning step in the
study of ancient China’s well—salt technique, choosing instruments for the direction and
- major issue as the book does is well considered and farsighted.
’ Thirdly , this book makes valuable investigation into the scientific and technical princi-
ples of ancient salt—well drilling and digging and their functions in today’s life. The notions
presented by the authors will undoubtedly inspire the designing and innovating of instruments
for drilling, sounding and ground equipment in oil industry, well-salt industry, mining and
hydrogeology. So this book might well be used as a text book for higher educational institu-
tions in the line of oil production and mining, and as a reference book for cadres in the line of
science and technology.

Fourthly, I would like to make some more remarks on the layout of the book. The book
consists of three parts. The first part is an introduction. Part Two is about the inventions and
development of well—salt instruments, and Part Three is a collection of illustrations. The in-
troduction mainly dwells on how Chinese well drilling technique, characterized by well-salt
instruments, after being invented in the middlé of the 11th century, gradually passed to the
West and promoted the exploitation and development of such new energy sources as oil and
natural gas, and greatly accelerated the development of modern Western inductry.
Moreover, at a time when water is lacking in a large part of the world, these drilling
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techniques will prove vitally important for agriculture, industry, and rural and urban life.

The invention and quick spread of the ring—edged bit and the vertical well had helped to
alleviate the salt shortage in Sichuan in the Northern Song Dynasty.By the Ming and Qing
Dynasties and especially the Qing Dynasty, because of the improvement and perfection of
drilling instruments, China’s deep well drilling technique had attracted the world’s attention.
In this part the authors listed such examples as the world’s first over—1, 000—meter deep well,
the world famous exploitation of artesian—well gas field, the discovery and exploitation of
China’s first rock salt body, the pounding method in drilling technique of ancient salt—well
and a comparison of this method with the spinning approach. -

Part Two is a comprehensive discussion of the invention and development of the tools in
the context of ancient well drilling techniques, salt production level of the times and natural
conditions, while Part Three is a comprehensive collection of mechanical drawings and pho-
tographs of the salt—well instruments with explanatory notes to them. These two parts con-
firm the notions presented in the introduction.

The book is a crystallization of industrious work, including the hard and persevering
field study by the authors for 3 years. They live in Zigong City which is known as the Capital
of Salt. Liu Delin has been engaged in salt production and studies for 30 years. Zhou
Zhizheng has worked at the Historical Museum of Salt Industry also for 30 years, having
been collecting and studying the historical data and instruments. To complete this work, the
authors had toured some 40 counties and cities in the East, North and South Sichuan where
ancient salt production was focused and the small dimentsioned deep well was invented and
developed, for field investigation of the ruins of salt—wells, saltworks, and collected sample
instruments and historical data and materials.

The success of this book could readily be expected. Doctor Robert Highet, a geologist
from US Geological Investigation Bureau, once visited the exibition of the development of
well—salt science and technology at the Historical Museum of Salt Industry of Zigong City.
He praised the yvell drilling instruments with astonished admiration, and fervently suggested:
“these instruments and techniques of ancient Chinese for well drilling and bittern extraction
should be translated into English and published to the world”. He said “It would be a world
best seller. As far as I know, there is no such a book of instrumental technique”. I agree with
him. This book will become a world best seller and win the deserved approval and
assessment, and the technique of well drilling will be known as the Fifth Great Invention of
the Chinese nation and win more honor for the Chinese people.

Ran Guangrong
Professor of History,
SiChuan University

e v

S



£—F

H =

N N
‘é\ yﬁ

R #ﬁlﬁ%i%ﬁﬁﬁﬁ

BN
B

»
[1
<t

LTI

ER R EEE R EREE K

l

Bl

|

- Uy

|

%ﬁ#%*ﬁ%ﬂkﬂﬂﬁﬁ!#%ﬂﬁﬂ!ﬁ%ﬂ%%*ﬁﬁ

N
rd

F 301!
o9 St o o

l

o

Tkl
< of ot of WS ot

ﬂﬁﬁ#ﬁ%%lﬁfAHﬂﬂﬁﬁﬁﬁ

L pAR:3:up iR
%ﬂ##ﬁ%%&ﬁ
ﬁgfﬁﬁs;pjzgiaggggg.“.”.u.”.“.u.
BT RAGEIR e oor e oeerer e
STHRIIE TRMBH -
BIEH T ERBIIEG S e er e o
BEAHE TR v voevee e ven een e

HRARH RREILER -
ﬁR#ﬁ%é#IA&Mﬂﬁimﬁﬁ
[ 7] 8 & B i 5 A - -

%ﬁ%%#lﬂ%mﬁﬁﬁﬁ%#
HETRSHETE - -

#ﬁlﬁﬁ?

e
PJH -

veresans ( 1 )

- (41)

- (41)

veves (46)

= (49)

= (56)

~ (56)

- (58)
#ﬂlﬁ'ﬁﬁﬂﬁi?ﬂg?ﬁﬂl“""""'"'

ﬁEﬂ%#Fliﬁiﬂkﬁiﬂﬂﬁfﬂif”ﬁiﬁi"'“'"'"'"'"'"'“'"'"'"'"'"'"'"'"'"'"'

~ (74)

#ee et eee nes see taa nas tes ten sen see aes (74)

e eet et eet et aen bas aun vee sen ven bas (98)

see eeseec cee et sen sensen ats ten sas aes uc bae ane (105)
;;fkj:;iﬂmfg:tgg*§ﬁ§.".".".“.".".”.n.“.“.".".n.".n.n.“.“.".".”

BRI E T o oo ovevee eee me e e e e et et et e e e et et et e e e e e

B B BIE T3 e e e vee et et et et et et e e et et et e e e s e

FEBUBIVE T, o oo eeee e ere et et e e et et e e e et et s e e e

FHRE TR FEBARIP -+ oo oveoerome e e e e e e

FEER T ELFFE AR R o oo ve eme een e e et et et e et et et e e e et e e

;;;k:tjigg*§ﬁ5".".".".".n.".".".".".".“.”.".".”.n.".".“.”.“.".

(65)
(65)
(67)

(92)

(105)
(107)
(109)
(110)
(111)
(111)
(114)

S eme sel e rec eet e see cue aen ses b sen sea nes sun et tes aun nen sen (117)
Sen 8 s P06 0s ses ce see sen mee aen cna sas ton ses sue b bes 2o ses see sen . (120)

esnes (123)
~ (125) -

- (127)



BHY
A
BN
BAY
L-yii:)
FE+

%_l;j}{lﬁgﬁ...........................................................................
s T Y RO S O PP
PBEE LA oo oov vor voe mem eem soe sem aee et et en ct sa e s st e e ot ea e s e e e et
ﬁgg:;gj(ttu.".".".".".“.".".”.".u.".“.“.".”tu.;.n.”.".".“.“.”
f&ﬁ‘?\ﬁ%&&% 600 600 606 000 64 G0 000 ans 508 S0n 060 Bas S84 €68 £OE 506 406 480 60 S0 bra 008
PBELTE TR v vov voe veesvememvem ene et sae tee e s ettt et sa see e e s s e eae e e
E ia.. See e m s0e ees sen aes ses mee eus tes toe sen aes oo aee sse ses sun ses sas 4t aan nee san be

R L LR

(128)
(129)
(130)

- (134)

(138)

- (141)

(143)

“easen (319)



CONTENTS

Preface
Part One Introduction ------

Part Two Well—salt drilling Instruments: Invention and Development -
1. The Ancestor of Deep Well Drzllmg Bit: The ng—-edged Bit

and Its Development --
1.1 Invention of the rlng—edged bit

1.2 Improvement of well—drilling bits in the Ming Dynasty -«
1.3 Perfection of well—drilling instruments in the Qing Dynasty -----

2. The Development of Instruments for Well Maintenance

2.1 The development of instruments for fishing and dredging -+
2.2 Instruments for well maintenance: the height of development -+ -
2.3 Instruments for well drilling and maintenance: characters -
3. Evolution of Salt—Well Instruments Promoted Well-Salt Production *** -

3.1 The advantage of widely using the ring—edged bit in drilling

vertical wells and the alleviation of salt shortage in Sichuan Province -

3.2 Innovation of instruments for drilling and
maintenance promoted well-production --

3.3 The prime of Zlgong saltworks in the ng Dynasty and

its causes -vcvoceceeta
4. Ancient Instruments for Salt—Well Drzllmg and Maintenance:

Conditions for Their Invention and Development , <+« --- -+ +ssseseeeeesvnnans

4.1 Conditions for the invention of the ring—edged bit
4.2 Principal causes for major improvement of instruments
for well drilling and maintenance in late Ming Dynasty
4.3 The perfection of instruments for well drilling and maintenance
in the Qing Dynasty and geological conditions -
5. The Technology in Making Salt—Well Instruments
5.1 Characteristics of the technology in well tool making -
5.2 The V—-block—shaped drilling bit

5.3 The fishing device with pointed end and eccentric shoulders - -

3.4 The five barbed—rods fishing device
6. The Classification and Maintenance of Well—salt Instruments -+ -+ -
6.1 Scientific classification of well—salt instruments



2 CONTENTS

6.2 Characteristics of well—salt instruments =+ «+« - eeeoereeereeveeieiaees (114)
6.3 The maintenance of well—salt instruments ««- - ==« sereeeeeeseeeeneee (117)
7. Twelve Kinds Of TypicalInstruments B N (120)
7.1 The V—block—shaped DIt veeceeorrorr e ree it s e eeee (120)
7.2 The slanting—shoulder fishing device ««-::::eeeeeerremeenreereeeiencecees (123)
7.3 The five barded—rods fishing device e (125)
7.4 The sickle—shaped fishing device - seemreses s e (1277)
7.5 The ring—shaped drilling bit and the dlggmg of side holes -+ -+ (128)
7.6 Salt stain shovel and well maintenance - sereeeeeeee (129)
7.7 The textual research of “mud child” = (130)
7.8° Saws and wooden piles - - - (134)
7.9 The Zhuan Cao Zi bit connector, the Ting Zi fishing
device connector and the Ya Shou dredging device connector -+« (138)
7.10 The mud basin observation RARATETLRTTRTIRTS s (141)
Part Three Collected illustrations of Well-—Salt Instruments --------- (143)

Postscript -

“eee nae (319)



E—=

RATEABA B Mg 56, AT 11 g
MREEE T RS MRS L—E T
(BRI TI453%), 3 BRI A1 T 45
HTE., B 11 HEFET 19 LU, R
EeHEAR — i RO, 12
B0, B 45 e EE R 5 A BRI, 7E R B Sh b T
8T MK B, B UER LM
KB EABIBR ., 0% E G MARrES A
(¥ TR 22 ) i — 24k 3k (ROERAK
—71). T4k EB MO ER), SRERH
AT, ST B0 . BLACHE R4S
e MRk RREmHE R
HRE, RARSESHIZSRES/S
& (H) Sk B T 24/l 9 TR K B0
. Hit, REGREHEATE, WBAHE
B (EERRS) T XGEMN B
TREFE. FE A (FERK) 4R
TS, AR HASSEETEL
TR, BT LABE SN TR A M H 2R,
WM 2 TR,

REHREHSEL, ARVEH, CFH
FEFRTS (1840 F) TR B ¥H T
B FseE, A0 18354, WA FHL
(%) WHERBT XK, Al 7 Hatit R &
B, REGIE. 2HELA0AKESH
MIFFR, BR TRITERKSEA LS. X4
S B MBI T B 4E ] (4 5E 1573~ 1619
FE)YFER, HBIATC 1850 L H A FHITF R
MIFF R, K E—B FHOLERI, %
T 4B B REFK . RS, T 1892 48, 1y
MBREZHMED, REMFRTE—4
BT h—RKBRERT K, XA EHKk

SN

B R BEAIT R, ATHKIEIETT T 56,
REHRHETANRAMER R, S
£ N AR SHSCHME T S8 TTH,
A FREN AW I ILTRNERRA
FRAfER. BTk, 33 TR, FMUER
TEREMAMERMAE MABRRITH
ASH. e IR X TEERAR,
AERA T RN RE, B TmsHLH
FTHB TR, U ATHR —Ff, FAHRE
100 277 70, #E7 N JE , BAE IR T, €1
wTERNSFME. L ART Lk
J BB T BB A, Sl R AR R —iR
Mk, PRSI, TR RIRAE,
walldE T AEH L. MFHhE RN
HIEMER TRAFHRN. E=TRRE™S
MEZER, WRERMLE> TR RKTE
MEERE, DREBEGEFEYE )+
E BREF AKX, REFE=H4,
METERER, At A% 3R R e, 5
HRBANRALR RO, T HEY
HEUHTHH SR ROHERE ., Bk
ERMEETRBOKT, “REFE&
4, MIET EHAR, BREFEFEHAAA
TRAM, mAaHRTHE (BB, Hal)in
SE MR EKTE, BRTRAREE
PURAL B A P2 KO, 8028 TR NIARE#H 5t
BHSHEMKTEE. R BIRRE
TR A=K, 8R4F R AME TR
RETHARMHTAE KT, a S, B
B MR F TRBRAR T HRR A K
Vo BRLL IR AR EE TR, 5F TH
L SHE. 2FES, XHERE. A



