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Outline

Luohui Canal is the largest diversion project since the complete of “Longsou Canal”
built in the period of Emperor wu of Han dynasty, which get water from Luohe River
for irrigation. The Luohui Canal was designed by the famous hydralic engineer Li Yizhi
and promoted by General Yang Hueheng in the 1930s.

The canal has been extended and improved for several times after liberation, so that
the irrigation develops vigorously and the benefit raises progressively. The Luohui Irri-
gation Area has become an important base for marketable grain and high quality cotton,
and is an advanced irrigation area. Luohui Irrigation management Bureau was acclaimed

by Department of Water Conservancy as the grade—1 management agent.

Luohui Irrigation Area located in the lower stream of Luohe River,east part of mid-
dle Shaanxi Province, concerning Dali, Pucheng and Chengcheng counties, with the
area of 750 kml. The terrain goes down from north to south, with the altitude between
335 to 400m, and is a part of the terrace of the Wei—Luo Rivers. This area has a long
history, acclaimed as the granary for the ancient capital. The area belongs to warm-
temperate, semi-arid, continental, monsoon climate zone, with distinct seasons. The
rainfall in this area is not sufficient and the rainfall distribution varies in time and in
space. Drought and flood disasters occured frequently, especially the droughts. Luohe
River, the source of irrigation water, originates from Baiyu Mountain in Dingbian
County, North Shaanxi Province. The whole drainage area of Luohe River is 26905
km2 The area in the upper side of diversion weir of Luohui Canal occupies 93. 5% of

the whole basin, and locates on the Loess Plateau and ravine. The area is with rich wa-



ter and sediment resources with the annual runoff of 837000000 m3and sediment dis-
charge of 86790000 T. Thewater quality is good and sediment is rich in nutriments, so
that it is suitable for farmland irrigation. Diversion water from Luohe River for irriga-
tion is the long-cherished wish of local people.

Liu Che, thd emperor of Han Dynasty, adopted the suggestion proposed by Zhuang
Xiongpi, sent 10000 soldiers to dug the “Longshou Canal’for 10 years. The method of
“Well-Canal” ,initiated at that time, spreaded to Xinjiang, then to middle Asia, through
the so called “Silk Road”, and became today's “Kaner well” , which contributed a lot for
the development of water conservancy. After that, “Longshou Canal” was rebuild in
Beizhou dynasty, and built water diversion work to irrigate Tonglingpo Area in Tang
dynasty, but none of them got long term benefit.

In 1929, a severe drought took place in middle Shaanxi Province. During 3 years,
there was no rain, so that no grain product. Famine refugee could be seen along the
roads, and the strewn with bodies of the starved everywhere. It was recognized by all
circles that development of water resources was essential for administering the country
and reassuring the people. At that time,General Yang Hucheng had the power over af-
fairs in Shaanxi Province. Understanding and sympathizing with the people, he invited
Mr. Li Yizhi to come back Shaanxi and to take charge of water conservancy plan. In
1933, the survey and design of Luohui Canal, one of the 8 diversion canals in Middle
Shaanxi, was begun. According to the plan, a diversion dam was to be constructed at
Laozhuang water fall on the Luohe River in Chengcheng county. The main canal was to
be built along the east bank of the river, it was to be cut through plateau and acrossed
valleys by means of bridges and tunnels. At Yijing village in Dali county, the canal
would flow out of Tielian Mountain to irrigate 500000 mu farmland. Because of large
scale and huge cost of the water diversion work,it was difficult to undertake by local
government. Jingluo Bureau of Construction was set up to build the project under the
Economic Committe of centrial government. The dam was begun to construct in Mar. ,
1934. Within three years, the key water control project and main canal was completed in
succession, only the No. 5 tunnel of the main canal met with quicksand and submerged
springs in the Tielian Mountain, the construction suffered setbacks. On that time, dur-
ing anti-Japanese War, South Shaanxi and Luoyang falled into enemy hands. Facing the

tense situation and turbulent public feeling, the project was almost given up halfway be-



cause of lack of financial and material supports. Under the leadership of Mr. Lu Shiji
and Mr. Li Kuishun, the workers decided to move the headquarters to the construction
site and continued fighting against quicksand and submerged springs in spite of personal
dangers and rumours. They changed the construction scheme for 5 times, experienced
all kinds of hardships and difficuties during the 13 years construction period. 48 of them
died for the water diversion project. The tunnel was finally completed on 26th,Nov. ,
1946 by means of the method named “working well and working hold". The work of
lining the tunnel by masonry and renovation was finiked in Aug., 1947. The grand
ceremony for water delivery and the memorial meeting for the ones who died during con-
struction were held on 12th, Dec., 1947. Chairman of centrial government Jiang
Zhongzheng, Vice-chairman Sun Ke, Prime minister Zhang Qun, Controller of supervi-
sory Yu Youren and others writted the inscriptions and dedications for the project. Af-

ter that, the project was at a standstill, irrigation was not put into effect.

He Long, Director of Xian military control commission of the People’s Liberation
Army, issued a decree to take over the job of Jingluo Bureau of Constrution in May,
1949. On the 1st of Oct., Engineering Division of Luohui Canal was set up. In the
same year , centrial government set aside 7500000 kg of wheet and the provincial gov-
ernment allocated 800000000 yuan (old currency) for the reconstruction of Luohui
Canal. Under the leadership of local government,over 5000 labourers took part in the
work of renovation and construction of canal system. The work was completed within
150 days since Nov. , 1949. A grand ceremony for water delivery was held on 10th,
Apr., 1950. Summer irrigation started on 22nd of May, then irrigation area began to
get benefit. The people here were filled with joy and set off a new upsurge of irrigation
construction. 4 new branch canals and 71 subbranch canals had been built, and facilities
for irrigation of 400000 mu farmland had been completed before the end of 1952. The ir-
rigated area was up to 203000 mu at that year.

The Administrative Bureau of Luohui Canal established in Mar. , 1953. The main
task of the irrigation area shifted to operation. In order to meet the need of extending ir-
rigation benefit for the people and to promote the development of national economy, the

water conservancy project was expanded and improved in large scale for several times



within the irrigation area, in the meantime, the irrigation management was strength-
ened. In the summer of 1958, after 17 days and nights of valiant struggle, the 20000
labourers from Dali and Chaoyi county completed the earthwork of 1370000 m3 for the
improvement of East main canal, which made the winter irrigation possible in that year.

The irrigated area was enlarged to 520000 mu in 1959. The No. 5 tunnel was consolidat-
ed in 1963. The West Luohui irrigation area in Pucheng county started to construction
in 1966. The general main canal was enlarged in 1974, which enabled the water delivery
capacity increased from 13.5m3/s to 18.5m3/s and the irrigation area was expanded
240000 mu. After that, Middle and West main canals and parts of branch canals were
reconstructed, the effective irrigation area was up to 776900 mu in 1980. At the same
time, the construction of square farmland and lining of canals were undertaken, and the
overall arrangement of the irrigation project was perfecting its system rationally. The
facilities of the project included a diversion dam, 18 main and branch canals with the
length of 235. 7 km and 1255 structures, 249 lateral canals (among them 54 were pump-
ing station canals) with the length of 932. 1 km and 6590 structures, and 68 pumping
stations with the total capacity of 9464 kw. In 1956, the drainage works began to form
systems for both West and East Luohui irrigation area with the controlled area of
330000 mu after extension and improvement for several times. With the development of
planned water use, improvement of salinized soil, diversion water with high silt content
and application of computer, irrigation researches achieved great success and the results
were spreaded in practice. The management level was raised gradually and the benefit of
the project displayed fully. In 1980’ s the average volume of diverted water was
171750000 m3/year, which was twice of the volume in 1950's. The total water volume
diverted at the head of the canal was 59X 108 m3, 268m3 of water was irrigated per mu
and 2. 5 times were done annually. 1.52X 108 T of sediment was diverted into the area,
which restrained the salinization of soil and improved the farming conditions of waste-
land with saline-alkali soil. The production of grain and cotton increased from 79 kg and
15 kg at the initial stage of irrigation to 582. 9 kg and 75. 6 kg, respectively, which cor-
respondind to 7. 38 and 5. 04 times of those before the begining of irrigation. In grand
total, the output of grain and cotton increased 16. 7 X108 kg and 1. 23X 108 kg. The to-
tal value of agricultural increasement was up to 6. 28 X108 yuan accordind to the shear-

ing of water conservancy. On the basis of static economy analysis of irrigation area in



1987, the net benefit was 4. 36 X108 yuan, the benefit—cost ratio was 3. 59, and the re-
turn period on investment was 3. 65 years.

The development of irrigation agriculture accelerated the enlargement of reforesta-
tion area, and the ecological environment transfigurated apparently. Based on the data,
it was estimated that the dryness in the irrigation area decreased from 2. 88 before the
begining of irrigation to 1. 84. With the advance of irrigation water, bumper harvests of
grain, vegetable and fruit were seen, and flourshing forests were emerged. The condi-
tions of drink water for local people were improved. A lot of salinized lands wasted for
a long time, took on an entirely new look.

Diversified economy in the irrigation area developed and widened gradually on the
basis of tree planting along the canals, farming, and plantation in courtyards. The
product capacity of cement factory, which was founded in 1970" s, had reached 150000
T per year. The factory became an economic entity, including not only cement produc-
tion but also plantation and construction. The output value and tax increased gradually.
The revenue of diversified economy was up to 264. 7 X 108 yuan, the tax and profit were
43. 2X 108 yuan.

A lot of technicians were brought up in the construction and operation of the irriga-
tion area. These batches of technicians also contributed a lot to the irrigation project
and to the water conservancy construction inside and outside the province. They pub-
lished many books and papers with high quality. Of them, Li Kuishun, Rong Cihong,
Li Tianwen and Zhang Zhiquan were awarded, early or late, the honourable titles of
model worker of the province or the country. Students from 10 universities and colleges
came to Luohui irrigation area for practical training. Colleagues from other agencies,
foreign specialists and scholars from the former Soviet Union, the United States and
other countries visited the Luohui Irrigation Area for exchange of experience in scientific

research and technology.

Luohui Canal has the history of 60 years, which is a brilliant chapter written with
the mordern technology and the spirit of building an enterprise through arduous effort.
The 16 years of the construction before liberation may be characterized by the words of

“magnificent” and “precipitous”, the successful experience can be summarized by the



phrases of “accurate plan”, “farseeing opinion”,and “firm an persistent spirit” and the
importance of the project can be stated as “the Luohe River diversion project was the
first one of the irrigation works in the country for its large scale and huge cost”. Irriga-
tion management is the main task during the 40 years after liberation. The irrigated area
has been enlarging year by year. The project forms a conveyance system with scientific
management and advanced technology, creates great economic benefit and social effec-
tiveness, and accumulates a lot of experiences. The irrigation area has been cited by the
local, provincial and centrial government for many times. The major experiences are as
follows:

(1)Management system of three—in—one combination

A management system, combining democratic management, professional manage-
ment and mass management, has been formed since 1950’ s. The Luohui Canal Irriga-
tion Committee was set up in June, 1950. It was a democratic management organization
composed of local administrative leaders, management agencies and mass representa-
tives. The committee was a decision—making organization, its functions were: (a)
Putting the related policies into effect; (b) Considering the working plan; (c) Formu-
lating rules and regulations; (d) Harmonizing important affairs in the construction and
operation of the irrigation project. As a professional agency, the Administration Bureau
of Luohui Canal and its subordinates play a key role in management, including construc-
tion guiding, scientific research and experiment organizing, and so on. The mass organi-
zation, composed of over 600 persons including the staffs in charge of segment or lateral
canal operation and the farmers responsible for canal protection and irrigation, is a solid
basis of the management system. This kind system of three—in—one and the series ser-
vice by bureau, station, segment and lateral agent have a lot of advantages, which are:
(a) The system is convenient to operate. (b) The commands are unblocked. (c) The ir-
rigation plans are easier to realize. (d) The advanced irrigation methods are easier to
spread. (e) The construction can be done by several units cooperating together. (f)
There is no clog in collection water charge. The management system reflects the charac-
teristics of irrigation technology and the feature of mass participation, and provides a
solid foundation for raising the management level and for making full use of the project.
In the reform of management system of water conservancy agencies, the provincial gov-

ernment considered in 1986, that* the integrated management system of the Luohui Irri-



gation Area in operation now enjoys the support of the masses and local government, it
may be remained in power’.

(2) Rigorous, accurate and careful management

After liberation, the irrigation area often presupposed the management and mainte-
nace of the facilities as the basis for making full use of the project. Equal stress were
laid on both construction and management. Based on the principle of combining man-
agement with operation, the project was under rigorous ,accurate and careful manage-
mert and maintenace. According to the regulation, the canals and the irrigation area
were divided into responsibility ranges with obvious boundary markers in order to put
the measures of management and ma imenace into effect. For the key structures, such
as the dam, special persons were assigned for observation and inspection regularly, so
that repair work would be undertaken when problem was discovered. For the overage
structures, such as Duocun and Quli Aqueducts, several experts from institutes and u-
niversities had been invited to measure their stress and to analyse their endogenic
forces, and then corresponding measures were taken to consolidate the structures. Up
to now, these overage structures are still operating under full loads. The intact ratio of
the overage structures was over 90%. About 2000 workers, organized by management
stations, went on patrol for protecting the canals, and repair the canal during the dry
period between irrigations. They made the canal section up to the standard with “7 sur-
faces smooth”, “8lines straight”, plant trees in lines, and kept the structures in good
condition . In the later half of 80" s, the activities of appraising the “advanced
segment”, “top 10 lateral canals” through comparison and making the canal up to the
standard were undertaken, which made the intact ratio of the canals over 85%.

The management and maintenace of drainage works were performed by the drainage
stations at county or township level and also by the masses. The daily maintenace was
combined with mass repairments, which enabled the drainage system unimpeded. The
work of setting up boundary markers was awarded the grade—2 prize by Water Conser-
vancy Bureau of Shaanxi Province.

(3) Normalization of planned water use

Planned water use was a key part of management in this irrigation area, and also a
focal point of scientific experiments. Prediction of water source variation, design of irri-

gation procedures for different crops, irrigation method experiments had been completed



since the 1950s. The water use plan was begun to formulate before the summer irriga-
tion in 1952. Making use of the experience of the former Soviet Union, water distribu-
tion stations were established in order to carry out the planned water use inside the
province in 1953. The principle of that“ lateral canals were the basis, water right was
centralized, distribution was unified, and management was operated at 3 levels” was de-
termined, and the planned water use was put into effect in the irrigation area in 1957 .
In 60's, “use water in advance” was got attention, according to practice, the experience
of “irrigating before the harvest of wheet” was generalized, which made the corn could
be sowed in time for a large area. The contracts were concluded with management sta-
tions, segments and lateral canals to carry out the rule of “assigned flow rate and as-
signed water volume”. Staffs in basic level agencies were trained and several lateral
canals were selected as the examples for planned water use. The network for measuring
the flow in canals was perfected to collect the water use data. On this basis, extensive
irrigation methods experiments were conducted. The effective utilization ratio for irriga-
tion water increased from 0. 308 at the initial year of irrigation to 0. 590 in 80.'s for the
practice of quota irrigation. The “irrigation scheme” was generalized, which stated that
under the lateral canal level, irrigation quotas were determined according to different
soil texture, field slope, and size of ridged field. At the same time, “Standard of
planned water use in Luohui Irrigation Area” (Provisional standard) was formulated, it
marked that the planned water use had been entered a normalized and mordernized new
stage. In 1982, the research on planned water use and irrigation technology was award-
ed the grade—1 prize of agricultural technology generalization in Shaanxi Province.

(4) Creative scientific experiments

Adhering to the principle of being usable in production and serving the manage-
ment, the purposes of experiments were to solve some problem met in practice, inlud-
ing: (a) Great variation of water source between dry and flood seasons; (b) Huge vol-
ume of sediment; (c) Large different between water use and supply volume; (d) Severe
salinized soil; and so on. A batch of results were achieved through experiments by
means of the combination of leaders, technicians and masses. And the results were put
into effect by means of the combination of experiments, demonstration and populariza-
tion, and which promoted the advance of production. By the experiments of diverting

water with high sediment content, the characteristics of sediment in Luohe River and



the law of sediment transportation in canal were mastered, and then the principle of
scouring and deposition in balance was proposed, which breaked through the sediment
content limit of 15%. In 1974, the limit was normally raised to 25% ,and for some canal
segments with better conditions the limit was up to 35%. In 1977, the muddy flow with
the sediment content of 60% was transported to Lubotan, 50 km away from the canal
head, which improved over 50000 mu salinized land in total and got the successful expe-
rience for diverting flood to warp the salinized land. This technique made full use of wa-
ter and sand resources, mitigated the conflict of water uses. It is a new way to alleviate
the jeopard of the Yellow River sediment. The results of warping by flood with high
sediment content were awarded in the Scientific Congress of the Country, and had pre-
sented to the international symposium for 4 times. The result of application of computer
in water management inside the irrigation area made the operation steped forward in the
road of mordernization. In 1990, the appraisement by Ministry of Water Conservancy
stated that“ ~~as a management software for the whole irrigation area, it is a creative
result. It occupies the first place in our country and approaches the advanced rank of the
world. ”

(5) Water charge collection in the reform process

Water charge was first collected in the irrigation area in 1953. According to related
policies, the regulation for water charge collection was formulated. Based on measure-
ment of land area and arrangement of the title deed for land, a land list was compiled,
which provided a reliable foundation for water charge collection. In order to suit the
needs of the economic development, water charge had been adjusted for 6 times and the
collection range was enlarged from water use in agriculture to water use in industry,
sideline production, daily life, fishing and warping by flood. The agricultural water use
was charged by unit area originally. In 1965, the charge was divided into two parts, the
one was fixed charge by unit area and the other was stipulated charge by volume of wa-
ter used. It reflected the advantages of the reform. In 1980, the financial contract was
ratified by the higher authorities for trial implement. The content of the contract was
that “ Income would not hand in , difference would not make up by allocation, balance
would keep by the effort of responsible persons, surplus would used to fill the deficit”.
The contract kindled the staffs’ enthusiasm for irrigation management. The income

from water charge in late 10 years was over 15000000 yuan annually. The water charge



income in 1990 increased 2 times more than that of 1980. Besides the use of daily man-
agement cost, 2700000 yuan was used in maintenace and repairment of the project. Un-
der the guidance of strengthening operational management and increasing economic ben-
efit, water charge cost were calculated for two times in 1981 and in 1986. The calcula-
tion indicated that the water charge was only 50% of the cost. It was known by people
that water is a kind of merchandise,which provided some preparations for reducing the
difference between water charge and cost. In recent years, the activity of honest in wa-
ter charge collection was undertaken in the irrigation area. The Administration Bureau
of Luohui Irrigation Area was awarded the title of “honest agent in water charge collec-
tion” by Water Conservancy Bureau of Shaanxi Province. The return ratio of water
charge was over 90% for many years. With the depeening of the reform and founding of
socialist market economy, the irrigation area are marching forward to the goal of main-

ten and advance by itself. It may be a good mechanism for development.

Looking back on the over 50 years course of construction and development of the ir-
rigation area, having the situation of the reform prospect of water conservancy in view,
set us thinking, make us striving. Although great successes were achieved, there are
problems remained to be solved urgently. The majoy problems are: (a) Great difference
between water use and supply; (b) The overage structures remained to be replaced;
(c) The drainage system needs to be enlarged; (d) Water charge is too low to maintain
the project let along development.

In June, 1990 , a conference was held in time to discuss the economics of improve-
ment, replacement, planning and technology for the Luohui Canal. On the conference,
all experts and scholars considered that the improvement and replacement of structures
should be undertaken immidiately. The conference got the attention of governors at
country and provincial levels. Yang Zhenhuai, Minister of Water Conservancy, writted
a specific instruction on the report; Wang Shuangxi, the deputy governor of Shaanxi
Province, held a meeting to treat the problem and ratified the report for undertaking im-
provement and replacement from Mar. , 1991. During the period of the 8th* Five—year
Plan”, the project of improvement and replacement begins with the emphasis on recon-

struction of Quli and Duocun aqueducts, enlargement of West Luohe River siphon cul-



vert, and the “=m type segment of the No. 5 tunnel. All of them are based on the dis-

charge capacity of 256m3/s of the enlarged general main canal. In the period of the 9th
“five—year Plan”, the focal points are to build gates on the top of the dam, which will
increase the control capacity, and put the mordernized management measures into ef-
fect. The project will keep running based on the principle of operation and development
by itself and will be perfecting its irrigation management system.

In the upsurge of constructing a mordernized socialist country with chinese feature,
the staffs and workers of Luohui Irrigation Area will stride forward to the 21 century
with new looks and large steps. They will make a greater contribution to the thriving

and prospering of the irrigation area.
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T RAMMAK SHRAM AR BN AR
R &S % H % H K 55 # K
1953 0. 097
1954 0.432 0.195
1955 0.470 0.398 0.329
1956 0.466 0.508 0.502 0.471 0.511 0.506
1957 0.514 0.698 0.666 0.840 0.827 0.464 0.584 0.469
1958 0.708 0.685 0.608 0.877 0.870 0.896 0.552 0.596 0.412
1959 0.695 0.624 0.874 0.867 0.847 0.490 0.596 O0.487
1960 0.710 0.687 0.552 0.852 0.855 0.844 0.589 0.611 0.593
1961 0.726 0.674 0.599 0.865 0.869 0.864 0.493 0.599 0.470
1962 0.662 0.638 0.503 0.884 0.867 0.818 0.416 0.572 0.407
1963 0.633 0.643 0.598 0.865 0.845 0.535 0.546 0.461
1964 0.574 0.645 0.601 0.863 0.861 0.533 0.454
1965 0.574 0.652 0.632 0.880 0.850 0.840 0.462 0.540 0.522
1966 0.663 0.645 0.660 0.860 0.840 0.850 0.503 0.574 0.592
1967 0.870 0. 847 0.855 0.838 0.560 0.544 0.566
1970 0. 557 0. 845 0.510
1971 0. 521
1972 0.731 0.648 0.528 0.551 0.542
1973 0.625 0.665 0.640 0.850 0.513 0.560 0.578
1974 0.612 0.632 0.538 0.527 0.578
1975 0.832 0.856 0.864 0.482 0.567 0.530
1976 0.839 0.862 0. 589 0. 547
1977 0.756 0.856 0.846 0.480 0.563 0.580
1978 0.880 0.880 0.930 0.860 0.537 0.555 0.558
1979 0.660 0.662 0.645 0.882 0.874 0.536 0.582 0.595
1980 0.682 0.675 0.640 0.875 0.904 0.883 0.579 0.598 0.598
1981 0.661 0.680 0.648 0.883 0.892 0.557 0.596 0.596
1982 0.671 0.878 0.880 0.551 0.596 0.600
1983 0. 666 0.887 0.799 0.576 0.589 0.600
1986 0.640 0.667 0.880 0.880 0.826 0.593 0.600 0.600
1987 0. 684 0.885 0.885 0.880 0.598 0.598 0.595
1988 0.634 0.647 0.592 0.592 0.600
1989 0.884 0.882 0.887 0.580 0.597 0.595
1990 0.590 0.592 0.598
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ERACE (1) SR (B SHRMEK R LR /)
FEMHE K & & 2 K &% £ 2 K & F E
1953 181
1954 255 542 329
1955 261 522 544
1956 742 966 985 1090 1424 43.4 60.7
1957 707 1061 1011 1053 1139 1368 82.0 75.8 63.2
1958 665 1401 945 1361 2024 1415 63.5 42.7 61.1
1959 747 945 1465 908 1130 2011 1202 76.5 43.0 71.9
1960 736 987 1859 1432 1273 2335 18hH9 67.8 37.0 46.5
1961 885 1320 753 1113 1642 949 77.6 52.6 91.0
1962 574 682 975 692 755 1239 933 114.5 69.7 87.0
1963 690 832 848 757 845 1074 1037 999 102.1 80.3 83.3 86.5
1964 683 973 818 1141 1279 1033 75.7 67.6 83.5
1965 719 942 873 974 1232 1239 88.7 70.0 69.7
1966 759 1039 1305 989 1340 1736 87.4 64.5 49.8
1967 823 945 1052
1968 762 880 900 1116 77.5
1969 762 893 916 991 1176 1193 87.2 73.5 72.4
1970 665 944 1145 882 1200 1540 98.0 72.0 56.2
1971 717 873 945 963 1135 1300 89.7 76.1 66.5
1972 705 971 1005 970 1330 1379 89.1 65.0 62.7
1973 516 775 954 1070 1080 1340 1510 80.0 64.5 57.0
1974 815 920 1030 1109 1260 1400 77.9 68.6 61.7
1975 762 978 955 1000 1295 1252 86.4 66.7 69.0
1976 766 837 977 997 1120 1295 86.7 77.1 66.7
1977 761 952 1024 1013 1261 1348 65.3 68.5 64.1
1978 863 706 970 947 1146 1201 1290 1262 71.9 67.0 68.5
1979 740 876 1038 1095 979 1152 1364 1412 75.0 63.3 61.2
1980 1048 1112 1171 1382 1461 1540 62.0 59.1 56.1
1981 988 1026 1163 1191 1354 1537 72.5 63.8 bH6.2
1982 882 1024 1129 1172 1355 1482 73.7 63.8 58.3
1983 912 1041 1134 1209 1387 1476 71.5 62.3 58.5
1984 860 969 1061 1138 1295 1416 75.9 66.7 61.5
1985 924 1039 1098 1233 1389 1452 70.1 62.2 59.6
1986 986 1011 1057 1299 1337 1394 66.5 64.6 62.0
1987 893 992 1051 1109 1180 1313 1387 1468 73.2 65.8 62.3 58.9
1988 771 742 980 987 988 1246 1306 1294 87.5 69.3 66.1 66.8
1989 861 977 1177 1139 1289 1326 77.6 73.4 67.0 64.7
1990 862 947 999 1141 1256 1306 75.7 68.8 66.2
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1967 2716. 2 2346. 0 2273. 1 7335.3
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*8—6 FEDC PIEE /NS TR R

A b i AR W B B NETR: R 50 Tk
(T H) (kg) (7 kg) (kg) (7 kg)

& 1368. 3 250659. 2 73592. 7
1950 6.3 65. 0 409. 5 32.5 204. 8
1951 7.1 105. 0 745.5 40. 0 284. 0
1952 11.1 93. 0 1032. 3 18.5 205. 4
1953 10. 6 89. 2 946. 1 24.7 262. 4
1954 8.7 124.0 1078. 8 35.0 304. 5
1955 15.2 109. 9 1671. 2 33.3 506. 9
1956 20. 7 140. 4 2906. 3 50. 3 1042. 2
1957 23.0 99. 4 2287. 4 37.1 854. 4
1958 30.9 140. 3 4335. 3 63. 2 1945. 2
1959 30. 6 95.9 2943.5 33.7 1034. 2
1960 35. 7 102. 0 3641. 4 54. 2 1936. 7
1961 34. 2 63.5 2173. 4 29.0 991. 8
1962 29.5 82.2 2424.9 39.7 1171.2
1963 21. 1 92.5 1951. 8 34.2 722.6
1964 26. 8 109. 1 2925. 2 38.6 1034. 4
1965 19. 4 153.5 2978.9 23.0 446. 2
1966 28.9 152.8 4417. 4 37.8 1093. 6
1967 28.8 132.0 3801.6 28.9 833.8
1968 23. 4 130.5 3053. 7 23.1 540. 5
1969 22.4 109.0 2441. 6 27.0 605. 9
1970 32. 4 111.5 3612. 6 31.8 1031.9
1971 24.9 141.5 3523. 4 40. 8 1015.9
1972 30.5 163.5 4986. 8 36. 7 1120.9
1973 35.8 144.3 5167. 2 45. 7 1636. 1
1974 39.9 164.0 6543. 6 27. 4 1093. 2
1975 36. 1 194.0 7003. 4 50. 0 1805. 0
1976 39.1 175.5 6862. 1 50. 0 1955. 0
1977 45. 2 133.0 6011.6 61.0 2757. 2
1978 47. 2 158.5 7481. 2 58.0 2737.6
1979 46. 2 199. 2 9203. 0 63.0 2910. 6
1980 47.1 147.2 6933. 1 52.0 2449. 2
1981 46. 9 235. 7 11056. 7 48. 4 2270.0
1982 46. 8 250. 8 11737. 4 68. 0 3182. 4
1983 46. 6 245.7 11449. 6 57. 4 2677. 2
1984 47. 4 263. 0 12468. 6 58. 2 2761. 0
1985 52. 4 249.3 13063. 3 63.0 3303. 8
1986 48. 2 271.1 13067. 0 68. 6 3306. 5
1987 57.6 284. 7 16398. 7 58.8 3386. 8
1988 59. 1 254.9 15064. 6 83.7 4946. 6
1989 56. 4 295. 3 16654. 9 110.8 7375. 3
1990 48. 1 295.5 14213. 6 79. 8 3840. 8



® 87 TEDC DR TR AR B

I P 1 AR I BT be R = S s
i) (kg) (77 kg) (kg) (J7 kg)

& 3 1004. 8 201967. 8 93536. 5
1950 0.7 45.0 31.5 20. 0 14.0
1951 4.4 87.5 385.0 42.5 187.0
1952 1.2 42. 4 50.9 22.9 27.5
1953 3.2 65. 4 209. 4 19.9 63. 8
1954 9.2 93.8 863. 4 43.2 397.9
1955 10.7 53.2 569. 2 23.8 255. 2
1956 14. 4 101. 4 1460. 9 43. 7 630. 0
1957 11.4 78.6 896. 6 37. 4 426. 4
1958 11.4 115.3 1315.0 41.6 474. 8
1959 15.3 73.0 1116.9 46.0 703.8
1960 11.4 66. 2 755. 2 44.7 510. 2
1961 14.7 48.7 715.9 27.5 404. 2
1962 17.7 81.5 1442. 6 31.8 563. 8
1963 20. 2 109. 0 2201.6 50. 0 1010. 0
1964 12.2 124. 8 1523. 2 49. 5 603. 9
1965 19.6 151.3 2966. 5 22.5 441.0
1966 18.7 136. 4 2551. 6 36. 4 681.6
1967 17.5 127.8 2237. 4 27.9 488. 2
1968 16.5 122.2 2017. 1 22.2 367. 1
1969 16.7 114.9 1919. 7 26. 0 434. 2
1970 23.6 139.3 3288. 7 21.0 495. 6
1971 17. 4 132.5 2305. 5 34. 7 604. 6
1972 21.3 152.5 3248. 2 131.7 2805. 2
1973 33.9 182.5 6186. 8 122.5 4152. 8
1974 38.9 175.0 6807. 5 110.0 4279. 0
1975 41.9 165. 0 6913. 5 124. 8 5229. 1
1976 48.5 155.5 7541. 8 85.5 4146. 8
1977 43.3 219.5 9504. 4 149.5 6473. 4
1978 47.9 199. 5 9556. 0 113.0 5412.7
1979 44. 8 213.5 9564. 8 128.5 5756. 8
1980 45. 1 227.0 10237. 7 108. 0 4870. 8
1981 33.0 198.7 6558. 8 98.3 3234.9
1982 33.5 254.5 8527. 4 98. 2 3291. 4
1983 34. 1 248. 0 8456. 8 150. 0 5115.0
1984 33.6 257.1 8638. 6 106. 0 3561. 6
1985 36. 1 287.9 10395. 0 98.5 3555. 8
1986 37.5 313.6 11760. 0 149. 3 5598. 8
1987 37.9 342.0 12961. 8 145. 2 5503. 1
1988 31.2 349. 6 10907. 5 115. 2 3594. 2
1989 31.9 315.0 10048. 5 150. 5 4801. 0
1990 42.3 315. 1 13328.7 55. 8 2360. 3



% 8—=8 HEDX JIAE R TR =

e T i AR W B RS NETR e S Bt a4
(JTH) (kg) (J7 kg) (kg) (7 kg)
& 1 721.3 29102. 48 12279. 3
1950 5.0 15.2 76.0 12.5 62.5
1951 5.7 40. 0 228. 0 24.5 128.2
1952 6.4 23.7 152.0 9.3 59. 5
1953 6.9 24.0 166. 0 8.2 56. 5
1954 8. 4 27.5 231.4 10. 3 86. 5
1955 9.9 29. 1 288. 6 20. 1 198.9
1956 13.5 28. 8 388. 8 9.6 129. 6
1957 16. 3 33.1 539. 5 12.2 199. 6
1958 17.8 45. 7 814. 4 17.7 315.9
1959 17.3 33.7 583.9 19.0 328. 7
1960 17.5 26. 5 463. 8 18.5 323.8
1961 15. 6 24.7 386. 1 7.5 117.0
1962 14.7 24.0 352.8 6.6 97.8
1963 14. 1 28. 6 403. 3 6.6 182.6
1964 16.3 27.6 449. 9 9.1 148.3
1965 16.5 38.1 628. 6 10.9 180. 6
1966 17.1 38.7 661. 8 11.6 198. 4
1967 17.5 38. 4 672.0 11.2 196.9
1968 17.8 29.9 533. 1 10. 7 191. 4
1969 17. 4 35. 2 612.5 15.2 264. 4
1970 18. 4 32.7 601.7 7.3 134. 3
1971 19.9 35.5 707. 4 15.0 298. 5
1972 20.5 24.7 506. 4 14.9 304. 4
1973 20. 4 52.5 1071. 0 25.5 520. 2
1974 20. 4 31. 1 635. 5 20. 1 411.0
1975 20.5 36. 7 753. 4 22.7 466. 4
1976 23. 4 34.0 795. 6 17.0 397. 8
1977 21.1 41.1 868. 3 27.1 569. 4
1978 21.0 44.5 934. 5 31.3 658. 4
1979 21.5 45.7 982. 6 20.9 450. 4
1980 21.4 41.6 891.3 16.9 313.7
1981 30. 4 32. 1 975. 8 16.0 492. 4
1982 29.5 57.4 1694. 8 15.2 449. 8
1983 29.3 15.3 448. 3 0 0
1984 27.0 47.2 1275. 8 14.2 384. 8
1985 20.9 57.0 1191. 30 23.8 499. 4
1986 15.7 73.4 1152. 4 44. 3 696. 2
1987 16. 8 86. 2 1448. 7 36. 3 609. 8
1988 15.3 63. 6 973.1 29.0 444, 4
1989 18.2 66. 0 1201. 2 25.9 471. 4
1990 18.0 75.6 1360. 8 13.2 238.5



#*8—9 I R IR X D 4 il ST AR B B

Tl T AR WO & b R bR SR
(JIH7) kg) (77 kg) (kg) (J7 kg)
i 10. 45 1714. 2 922.3
1984 1.3 144.3 187.6 97. 0 126. 1
1985 1.4 191.7 269. 4 98.0 137.2
1986 1.4 172.7 241. 8 102.0 142.8
1987 1.5 184.5 276. 8 100. 5 150. 8
1988 1.6 97. 6 156. 2 95. 0 152.0
1989 1.75 186. 1 325.7 91. 1 159. 4
1990 1.5 171.8 257. 17 36. 0 54.0
#*8—10 T HEIEE X A P IR Je = 1
I FhkE AR WO & b R bR SR
(1) (kg) ()7 kg) (kg) ()7 kg)
& ot 24. 2 61300 15044. 0
1984 2.9 2250 6525 446. 7 1295. 0
1985 3.5 2250 7875 457. 2 1600. 0
1986 4.1 2250 9225 457. 2 1874.0
1987 3.5 2750 9625 750. 0 2625. 0
1988 3.5 2750 9625 750. 0 2625. 0
1989 3.5 2750 9625 750. 0 2625. 0
1990 3.2 2750 8800 750.0 2400. 0
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