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MODERN WATER WORKS FOR CHINA

H. A, Petterson

China has gone ahead rapidly with the construction of electric plants,
but relative slow progress has been made in the development of modern
water works. While hundreds of cities and towns have electric lighting,
only a comparatively few cities have public water systems. Most of the
electric plants have been started as private enterprises. In many cities,
both an electric plant and a water works were originally contemplated,
but the latter was eventually abandoned because of the large capital outlay.
Electrie lighting has seemed a much more tempting field in offering larger
returns on capital invested.

It is doubtless true that the electric lighting and power business is
more profitable than the business of supplying water to a city, but there
is no question but that a modern water system can also be made to yield
an adequate return on the capital invested if properly designed and man-
aged. This paper will not go into management but will discuss two ques-
tions of policy and a number of design problems, in which, the writer’s
experience indicates, serious mistakes are made.

The questions of policy to be discussed are:—

1} The preparation of p}ans, or design of the works.
2) Number of contracts to be awarded.

THE PREPARATION OF PLANS

Not so many years ago, it secemed to be the vogue in China to award
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a single contract to a foreign business concern, who made the design and
supplied the materials. This methed was followed hy the promoters of
many electric light plants and often with quite satisfactory results. How-
ever, I do not believe it can be applied successfully to water works. The
design of water works is a special problem for each city. The choice of
hest source is often a problem that demands intensive study of local cond-
i tions and collecfion of data, which the engineer of the foreign importing
house has not time to do,

1 believe best resulis will always be obtained by employing a com-
petent and experienced professional engineer. He and his staff mauke
surveys, collect essential data and prepare contract drawings and specific-
ations,

After the drawings and specifications are prepared, invitations for
tenders or bids should be advertised in newspapers so as to reach as many
bidders as possible, Bids should be publicly opened and read so there will
be no chance for favoritism or suspicion of unfairness about awarding of
contracts. |

NUMBER OF CONTRACTS TO BE AWARDED

There has also been a tendency in China to award a single contract
for all materials and labor. Some of the arguments in favor of the single
contract are:—

1) Less work and trouble for engineers and promoters as there
is only one confractor to hold responsible.
2) More likelihood of a big contractor being trustworthy and of

getting good work done. .....,
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3) Possibility of getting better terms for payment; that is

extending payments over a number of years.

The chief argument against & single contract is that of high cos

There is no question but that the total cost of the entire work will !

much less (20 to 30 per cent) if a number of contracts be awarded,

Suggested contracts for a water works are as follows: —

A) Imported Materials

B)

1)
2)
3)

Pipe, Fittings, Valves, Hydrants and Meters.
Pumping Plants.
Purification Equipment for applying chemicals and {

filters.

Construction Contracts and Local Materials

1)
2)

3)

4)

Pipe Laying.

Constraction of Pumping Stations. Erection of machine
usually done by the firm who supplies the machinery.
Reinforeed Concrete Structures, as gedimentation basi
filters, clear water reservoirs, e'_tc.

Office Building, Laboratory and eother buildings a

structures.

The above list shows only seven contracts, but someétimes a numtl

of subdivisions may profitably be made. As an example, take contract A

1t is possible that a considerable saving would result by buying the p

and fittings from one firm, valves and hydrants from a second firm w

specializes in these products, but who cannot quote as cheaply on pipe

firm No. 1, and meters from a third firm. There are many other mi
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confracts not listed above, such as
1) Pipe Tools
2} Machine Tools for a Repair Shop
3) Meter Testing Equipment
4) Laboratory Equipment
5) Sand and Gravel for Filters.
These contracts will of course not all be awarded at the same time. The
pipe laying, for instance, cannot be started until the materials have ar-
rived, so the contract for materials must be awarded 2 number of monthg
before that for pipe laying. A schedule showing seqguence of _operations
and time of completion should be prepared, and plans completed and con-
tracts awarded somewhat in the order called for by this schedule,
Three important points in design which will be taken up are:—
1) Capacity of Works for Initial Installation -
2) Master Plan for Future Development
3) Type of Filter.
CAPACITY OF WORKS FOR INITIAL INSTALLATION

A most expensive error may be made by designing a water system
with too large an initial capacity. The usual pfoeedure of the inexperien-
ced engineer is to follow text book practice. This is to estimate the total
daily consumption as the product of total population by an assumed per
capita rate.

Using algebraic symbols, let

P =tofat population

C=estimated or assumed consumption per person
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Q=total daily consumption
Q=PC

There are two sources of error in this procedure, one in determining
the magnitude of C, but the most serious error is in the value of P.

Let U= kP =actual number of people who will use

the public supply,

then Q= UC =CkP.

As a concrete example, take Hangchow,

P =500,000 for the city and suburbs,
C=10 is quite a conservative estimate,

then Q= PC =5,000,000 gallons daily

The works have been designed for a capacity of 1,375,000 gallons per
day, but is not expected that the actual daily consumption will be as much
as 200,000 gallons when first operate, nor over 500,000 gallons at the end
of first year of operation. The inhabitants of Hangchow, as of most other
old Chinese eities, have been obtaining water for centuries from various
sources. Many of them will continue to use the old sources after the
modern water works is built,

The safest guide to the probable consumption during the first year
of operation is data from water works in other Chinese cities. The record
of the Tientsin Water Works may be seen on the accompanying chart.

Too large an initial capacity means high construction cost and cor-
responding high interest charges. The interest charges alone may bhe
greater than the gross income from the sale of water. Then bankruptcy

is bound to follow,
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A concrete example is given for the Hangchow Water Works:—

Construction! Annual | lnterest for
Cost Interest 5 years
Approximate Cost as Actually : !
Built % 1,250,000 | 4%100,000 § ¢ 500,000
Estimated Cost of Works for
5,000,000 gallons daily 4,000,000 320,000 1,600,000
capacity _

Supposs that the annual net income, after deducting operating costs,
is $600,000 for the first five years of operation. Then the works will show
a profit of #100,000 after paying of interest charges. If the more ex-
pensive system had been constructed, the interest will be greater than
net income by $1,000,000. Obviously the works could not be operated very
many years at an annual loss of $200,000.

MASTER PLAN FOR FUTURE DEVELOPMENT

~As shown in the preceding article, it is wise to keep initial costs

down, so that the plant may operate at a profit at the very start. It is also
wise to plan the entire works, so that additions can be made to any part
when needed. Master Plans should be made to control future develop-
ments. ‘Then new work can be carried cut according te a prearranged
plan. Without a Master Plan, the final costs are apt to be much greater
and results accomplished not nearly se good. An entire water works may
be divided into three parts:— |

1) Collection System, including Delivery Mains

2} Purification System

3) Distribution System, including Pumping Plants,
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Master Plans are especially important for the Purification System
and for the Pumping Plants of the Distribution System. If additional
sources of supply may be needed, an outline should be prepared of surveys
and studies to be made in connection with the compilation of essential
data for proper development of the source or sources.

TYPE OF FILTER FOR CHINA

In view of the fact that returned students, and especially those who
have studied in the United States, seem to advocate the use of rapid filters
in preference to slow filters, a comparison of the merits of the two types
of filters is advisable:—

The chief differences of the two types of filters are:—

1) Rate of Filtration.

2) Manner of washing the sand: Entire sand bed of rapid; top
skimmed off of slow.

3) Use of coagulant practically compulsory with a rapid filler,
optiponal with a slow filter,

4) Friction Head; 10 to 12 ft. with rapid, 3 to 4 ft. with slow.

5) Control of Rate; Automatic for rapid, hand operated for slow.

7) Nearly all of the slow {filter, including valves and control
apparatus, can be made locally, the only imported material
being reinforcing stéel. The biggest part of the cost of rapid
filler is for imported materials and devices.

The {wo filters differ markedly in the quantity of water required for
sand washing. The quantity required for the rapid filter varies from

1-1/2 to 4-1/2 per cent of the amount filtered, An average amount of
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2-1/2 per cent may be used for estimates,

Only an upper layer from 1/2” to 17 thick is removed from the sand
bed of the slow filter and washed. The amount required for washing
should not exceed 50 gallons per cubic foot of sand washed.

In the following tabulation of cost of water for washing, the thick-
ness of the layer is taken as 8/4”. Also an average of 1,500 gallons per
square foot is assumed to be {filtered between cleanings. The cost for
stripping, washing and replacing the sand is taken at 2.00 per cubic fong,
or ¥£0.02 per cubic foof. The lador cost of washing the radid filter is
neglected, only the cost of water is included at 40.30 per 1,000 gallons.

Cost of Sand Washing per 1,000,000 Gallons of Water Filtered

Slow Rapid
Filter Filter
Cubic Feet of Sand to be Washed 41.7 | correvrns

Gallons of Water Required for Washing 2,085 25,000

_Cost of Washing Water @ §0.30 per 1,000 gallons | $0.636 & 7.50
Labor Costs of Stripping, Washing and Replacing | $0.834 | --oveer
Total Cost for Water and Labor $1.470 | §7.50

Another basis of comparison is Ufor annual! interest and depreciation.
This may be called ‘fixed charges’. In view of present unfiavorable exchange,
the estimate given below for the rapid filter is believed to be very re-
asonable. That is rapid filter equipped with good control apparatu, will

cost at least three times as much as a slow filter in China {oday.



Modern Water Works for China

Fixed Charges

Slow Rapid
Filter Filter
N
First Cost per M. G. D. Gapacity 425,000 | $75,000
Rate for Interest and Depreciation B89 109
Annual Cost for Interest Cost & Depreciation 2,000 $%7,500
Millions of Gallons Filtered in the year _ZY_EE 330 350
Cost per Million Gallons Filtered 6.07 $21.42
Fixed Charges and Cost of Sand Washing
Slow Papid
Filter Filter
Sand Washing 1.47 7.50
Fixed Charges 6.07 21.42
Total per 1,000,000 Gallons Filtered %7540 | $#28.920
. ,» 1,000 Gallons Filfered 5 0.754 2.892

Another item of expense not included is for coagulant which mnst
be used with a rapid filter even in waters of low turbidity, while a slow
sand filter can successfully handle water with a turbidity up to 100 p.p.m.
without the aid of a coagulant.

A disadvantage éf the slow filter is the larger area required for
land. This is not a serious objection for most Chinese cities where land

for the purification plant can be purchased quite cheaply.

Also a considerable area is required in any event for clear wafer
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reservoirs to regulate between filters and high lift pumps. A saving in
land area may be obtained by building the régulating reservoirs under the
Tilters.

A distinct advantage of the slow filters for small plants is that they
can be run by comparatively unskilled men, while the proper operation of
a rapid filler demands considerable technical knowledge and supervision
by a competent chemist and bacteriologist.

PROFITS FROM WATER WORKS

Three benefits from a public water system in which all inhabitants

share are:— |
1)} Better health
2) Lesser fire bazard
3) Lower insurancerates,

The losses and suffering from an epidemic of cholera or typhoid
fever are incalculable in terms of money. The loss from a single large
fire, such as that experienced by Hangchow two years ago, is enough to
build several water works.

In addition to the three benefits enumerated, which may be a called
‘INDIRECT PROFITS’, another benefit that should result from a public
water supply is ‘LOWER COST' per unit volume of water. That is a
modern water system can actually supply a clear potable water at a cheaper
price than is now being paid for an impure, dirty water delivered by
water carriers.

A Wa‘ter works should be builf by the municipality. It should be

operated for the benefit of the citizens, not as a8 money-making private
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'enterprise. Ratgs charged should be sufficient to pay interest on capital -
invested and to provide a sinking fund for amortization of bonds. If it
can do this, the water works is really a very profitable enterprise in
view of the benefits mentioned.

All of the larger cities of China are contemplating the construction
of W\ater works. This is very commendable. However, there is no reason
why the construction of modern water systms should be limited to the
larger cities. Every village or town with a population of 1,000 or more
should have a public water supply. If such works are properly designed
and operated, even the smallest can be made to pay a return on the
capital invested. Works for a small town can be made very simple, so
that no skill is required to operate.Also the number of people employed
can be in proportion to the size of the works and of the town. The
minimum operating staff is one man who could be trained in his duties
by the engineer who built the plant.

Skilled supervision could be obtained by occasional visits of a water
wyorks specialist, who could be in responsible charge of seme 30 or 40 small
plants.

To aid the smaller towns in getting water works at low cost, the
National Government could employ the skilled water works specialists, who

would furnish designs and advice to the smaller towns without charge.
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Winter Paving With Asphaltic Concrete on Macadam Base

Walter H. Flood
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GENERAL PRINCIPLE OF WATER POWER

DEVELOPMENT

by T A fit

Within the last four decades, one of the most wonderful and romantis
engineering achievemant that had amazed the whole world is the water
power development. Although the Utilization of water energy for power pu-
rposes is quite an ancient practice, but the great objection of limited use
locally had preocuted from its power extensively utilized, until the intro-
duction of electricity for long distance transmission.

Water power is better than any kind of power derived from fuel, oil
and petroleum for many reasons; but the most important two are:(1)inex-
haustible and self-renewing character, and (2) its ability to furnish much
cheaper power. Other advantages are betler hygienic conditions; better sp-
ced control; reduction in maintenance cost, depreciation and accidents; inc-
rease in production, and efficient management of machines, tools etc.

By water power or so called hydro-electric power engineering is mea-
at the kind of science that can transfer water energy into electric power,
one wants to develop water power, two kinds of knowledge are essential, these
are the hydraulic engineering on the one part; and the electrical engineer-
ing on the other part.

By admitting the water flowing from a high level to a low level into
a water turbine, turbine tends to rotate due to the potential and kinetic

energy of falling water, whish strikes the buckets or vanes of the turbine.
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The methed of obtaining this falling water is either from a natural water
fall or to build a dam for a certain head, and then {o construct open ch-
annel or closed penstock for the convegence of this falling water from the
site of fall or dam to the power house. By connecting the electric genera-
tor to the shaft of the turbine either direct or indirect, either vertical or
horizontal, electrical power is then produced from the hydraulic energy.
This electrical power can be utilized either in local region or to distant
cities by transmission lines and intermediate distributing stations.

Water power is chiefly dependent on two factors: namely, the Head
and the Discharge: The head is the total height of the fall (or it is the
difference of elevation between the head race and the tail race) the disch-
arge is the total flow of water passed in a specified fime. Both can be‘
obtained by measurement. Then the theoretical horse power of the river
can be, calculated by the formula.

Discharge x Head _ QH

3.8 8.8
From this formula we can see that either a fall of one foot with a discha-

Theoretical H. P.=

rge of 8.8 cu. ft per second or one cu. ft per second dischargs with 8.8
feet fall will produce one theoretical horse-power.

In obtaining actual horse power, we must consider different losses
of power occured from f{riction and shock in guides and passages of
the wheel; the friction and leakage of shaft; the eddy in the draft fube;
the friction in the penstiock, etc. These losses ranges from 10% to 309
consequently, the range of efficiency is from 709 to 903, 802 is gener-
ally taken for estimation. Therefore the formula for estimating actual

heorse power will Le
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QxH ATY
2 ¥ p o =X o = il
Actual H. P. —58 x 8094 = —i

While the actual electrical energy developed (expressed in kilo-watt,) sho-
uld consider the combined efficiency of generafor, transformer, ete, $09%
being generally assumed as the average value. Therefore the formula for

estimating actual electrical power delivered from the power house will be

QxH N 90 _ QH
11 134 ~ 164

For the purpose of illustration, the world famous Niagara falls will

actual K. W. utilized =

be taken, The vast amount of water flows through this fall to Lake Ontario
at an average discharge of 210,000 cu. ft- per second; while the drop of this

fall is about 300 ft. So, by the application of the formulae just mentioned,

we have
Theoretical H. P.= 210,03%55(39: 7,160,000.
Actual H. P.= 21°’°ffX3°°=5,730,eoo. (based on 809 Eff.)
Actual K. W. utilized = Z1:300X 9002 3.840,000. (based on 903 Bft.)

In the design and comnstruction of any water power plant, three things
are of vital importance on the hydraulic side, namely, the dam; the head
race and penstock; and the turbine. Other three things are essential on
the electrical side, these are the generator, the transformer and the dist-
ributing line. The comnstruction of building for the power house is also im-
portant. Other minor things, such as auxiiiary steam engine, pumping ma-
chinery, and various other details are also needed. Due to limited space,
only these three impertant things on the hydraulic side will be disscused brie-
fly ag follows. Dam: The principle of a dam for water power ig practically the

same as those for water.supply, irrigation and river improvement purposes.
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The main object is to concenirate the fail of the river at one point, so as
to convey the water ecqnomically to the turtine, and to store the water so
as to act as impounding reservoirs. The dam should be built to required
height, of proper material, of water-proof surface, of encugh strength to
resist sliding, and overturning during great flood on storm. Flood gates sho-
uld be used to control the extreme floor heights near the dam site; spill-
ways should be built in the dam as a passs;ge to permit the escape of {loo-
ded water. There is a close relation b':'e_ztwecn the location of power house
and that of dam; because good location of both will afford great economy
in developing maximum head and give more safety protection of power-
house. The head-race and the penstock: The purpose of the head-race is
to convey water at the dam site to the wheel-pit or penstock; and the
purpose of penstock is to direct the water from the pipe line to the turb-
ine or wheel. Both have the function as an intake for the water power
plant. Head race may be built either of open-channel or of pipe line. Pen-
stocks are of two kinds, namely, the closed and the opened. Closed ﬁenst—
ocks should be used for heads higher than 20 feet, while for head below
this value, open penstocks are generally preferred. Penstocks may be built
of stone metal, concrete in modern power plants; while Wooden. penstocks
are commonly used for small plants, Each individual ﬁenstock used to
supply each one turbine is the general practice; but sometimes, a number
of tui-bine can be set in the same penstock for the sake of economy.
Both pipe line and penstock should be designed for least frictional resist-
ance to the flow of water, otherwise, the loss of power will be considera-

ble great.
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The turebine: There are two kinds of turbine in general use, namely, (1)
The Tangential turbine or impulse water wheel and (2) The Reaction tu-
rebine; the former is suitable for high head and high speed, and its action
is based upon the impulse when the water jet strikes buckets or vanes
fixed around the wheel; while the latter is good for great dircharge and
medium head and ils action is based upon the reaction, where water passes
through closed passages formed by curved vanes and completely fills these
passages. The essential parts of a reaction turbine are the ruuner, the
gate or passage mechanism and the draft tube, while that of the impulse
wheel are the wheel disk, bucket or vanes and nozzle. These things are
not intended to be described here. The design and selection of turbines is
very intricately related to the design ard lay-out of the power plant,
because turbines are the prime movers of the plant, or the controlling fac-
tor of whole project, which is just as important as the steam engines
in steam power plant., Therefore, in order to get good result, the genéral
layout should be the joint conception of plant fdesigner and the turbine
| designer.

Electrical machineries: Now, having briefly stated the important things
on the hydraulic side, it is not necessary to state the essential things on
the electrical side, such as generators, transformers, switeh-boards, distri-
buting towers and transmission lines, because those are more or less the
works of electrical engineers. Although when the horse power capacity
of the turbine is known, one can figure out the corresponding capacity of
generators, transformers, els, then, select and or.der those equipments for

installation. But the advice and service of electrical engincers are alwaya
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needed before and during the installation of electrical machineries;

wise, a complete success of the whole plant cannot be secured.
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IMPROVEMENT OF WEST LAKE

at

HANGCHOW

by
Arthar M. Shaw, Consulting Engineer.

In the absénce of written instructions, stating iIn detail the results
which are desired, certain assumptions have been made for the purpose
of this report which are based on various conversations and which_ I
believe represent the ideas which have been given. As the entire report
is based on these assumptions however, it has been considered desirable
that these be stated at the outset, in order that, if the assumptions are
in error, the deductions may be corrected accordingly.

ASSUMPTIONS.

1. Outside of the commercial interests of the city, the tourist business
(both Chinese and foreign) is ‘of the most importaxllce to the city of
Hangchow, not only because of the direct benefits derived but becausge it
is through the arousal of interest of tourists that new business may be
brought to this section. |

2. West Lake, with its surrounding: mountain scenery and points of
historic interest, is an absolute essential as a “drawing card” for tourists,
and a serious impairment of the lake, by filling, will destroy this most
valuable asset.

3. The shallowing process, which has been going on since the lake was

created, has now reached a peint requiring a general cleaning out if the



42 +t A T B B—%

characteristics of the lake are to be preserved.

4, It is realized that this general cleaning out of the lake will require
the excavation and removal of many millions of cubic yards of material
and that the cost of transportation Wﬂl prohibit the ase of any method of
disposal involving ifs removal to poiuts very far from Ithe lake border,
thus necessitating the use of some of the excavated material for the
creation of new land, within the present boundary lines of the lake.

9. It is desived that, in doing such filling, the present beauty of the
lake be enhanced, rather than decreased, the idea being that unsightly
angles in the present shore lies will be rounded out but that curved lines
will be employed and that straight lines, with sharp angles, will be avoided.

6. The usefulness, as well as the beauty of the lake is to he preserved,
due provision being made to continue in service, the openings which provide
for furnishing water to the canal system of the city.

HISTORY.

In the study of a project of this nature, it is both interesting and.
usefnl to examine its history and the origin of present conditions.. There
has been no opportunity to examine the written histery to any extent though
it is recalled that in one historical works, written nearly 700 years ago,
ref(;rence is made to the Infricate nefwork of canals of the city of
Hangchow, and that these were supplied with water, through gates, from
the lake at’ the west of the city. From a practical standpoint, the geological
history, as evidenced by the soil formations, is of more value than written
history could be, for our purpose. From this, it is apparent that the

entire flat in the vicinity of Hangchow was, at one time, an arm of the
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sea whicn has been graduslly filled up by sediment brought down by the
Chien Tang River. Some of this filling has been done during historic fimes.
The original bar, on which Hangchow now is si:cuated, apparently shuot off
a small area of water, which now forms West Lake. There probably was
left a narrow connection with the main river, which has been straightened
out later to form one of the principal canals.

Considerable dredging from the lake bottom has been done in the past,
both by hand and by machinery, but in spite of this, there has been a
continuing decrease in the depth of the lake. It is safe to assume that
this shoaling has been caused partially by the usual process, the accumula-
tion of sediment brought down from the higher lands by the streams
which enter the lake from the west, but it also is certain that in the ease
of West Lake, there is another important source, one which apparently is
contributing more material than the tributary streams. This other material
is the product of decaying vegetation, probably principally aquatie plants.
A physical examination of the deposits found in the northern portions of

“the lake indicate a preponderance of this class of material. It is recom-
mended that studies of this vegetable matter be studied further, by
microscopic examinations, with a view to determining its origin, and the
apecies of plants from which it is formed, in order that the trouble may
be jessened, if not entirely controlled.

CHARACTER OF MATERIAL IN LAKE BED.

As would be expected, the sub-soil of the lake bed, the material which
formed the bottowm of the lake when it was first shut off from the river

and the sea, is an alluvial clay. This i3 similar to the “sharkey clay”
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which is found in the deita’of the Mississippi river and is the same as the
sub-soil under the city of Hangehow. Above this clay, is a layer, several
feet in thickness of soft material, commonly classed as “muck”, which, as '
already stated in principally made up of vegetable matter, partially or
wholly decayed. It is extremely soft, only slightly heavier than water,
and when stirred up, it remains in suspension in the water for a consi-
derable length of time. Material of such a nature is easy to excavate, by
the use of proper machinery, but most difficult to handle and to convert
into good land.

Therejihas been no opportunity for making a study of the material
found in other portions of the lake, ag was done a few weeks ago of that
portion in the vicinity of Pei’s Causeway, though it would be reasonable
to expect that in the western portion, especially at the rear of Su’s
Causeway, there would be a greater proportion of silt, and perhaps some
sand, To get something of an idea of conditions in that area, I made a
trip on foot on Saturday, February lst, around the southern and western
boundary of the lake, noting particulariy the characteristics of the tributary
streams. With one exception, none of the streams entering the lake gave
any evidence of scouring their beds or of bringing in course material from
the hills. The exception referred to is King Sha Kang, which enters North
Lake near Tung’s Villa, The deposits in the bed of this small stream
indicate that in times of flood, it brings down sand (as its name would
indicate) and even small gravel. I doubt however, if much of this coarser
material is carried very far out into the lake. The above stream apparently

is the most important tributary to the lake, It rises in the mountains to
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the west of Ling Yin Temple.

While a careful study should be made of the material to be found in
all parts of the lake, in order that the work of dredging may be directed
intelligently, I am certain that there will be found no variations in material
which would dictate a modification of the general type of equipment as
' herein recommended,

While it is reasonably certain that some silt, and possibly sand and
gravel, are brought down to the lake by the King Sha Kang, it is doubtful
if this is a very important factor in the filling of the lake as the methods
of agriculture, in the matter of prevention of soil erosion, are far in
advance of those of the Western countries and it is not probable that any
congiderable amount of material iz brought in from the cultivated areas,
-If it is found that soils are being washed from the mountain sides, and
being carried to the lake, this would be an additional argument in favor
of immediate efforts toward re-forestation of these steep slopes for the
various reasons of prevention of erosion, and consequent filling of the lake,
restoration of timbered lands, for the use of the next generation, and a
beautifying of the mountain sides,

A special effort should be made to determine the origin of the muck
upper layer, as an aid in lessening, or eliminating this eause of deteriora-
tion of the lake, In this study, a microscopic-botanical examination should
be of value. Some acquatic plants can be held in confrol by annual
sprinkling of chemicals on the surfiace of the water, in quantities not
injurious to fish life, while others will not thrive in any but shallow waters,

By securing a knowledge of the type of plants supplying the material,_ a
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method of combatting them can doubtiess be devised.

QUANTITY OF MATERIAL TO BE EXCAVATED.

As the most of the records which have been consulted in connection
with the preparation of this report have used English measures, these will
be employed in the following, though in ail important matters, these will
also be expressed in the old Chinese measures, for convenient reference,
and in metric measure, to conform to present official standards.

¥rom available maps, which apparently are sufficiently accurate for
preparing preliminary estimates, I find that the lake has an area of 1,400
Acres=9,300, Mow =567 Hectares.

The lake ordinarily is held at an elevation of about 3 ft. 10 in. below
the general level of the boulevard skirting the eastern shore which lake
elevation will be referred to as the “normal” lake level. The following
estimates are based on securing a normal, average depth of ]Jake of six ft.
=58.7 chih =1.8 meters. This will require the removal of the equivalent
of 3.7 ft. of material from the bed of the entire lake. The present depth
is not uniform though there are no places where the depth is ‘much‘in
excess of three feet. This material amounts to 7,200,000 cubic yards =
1,800,000 fang = 5,600,000 cu. meter.

METHODS OF DISPOSAL.

Owing to the economics controlling the methods of disposal, as already
mentioned, it will be necessary to discharge the material at points_within
a few thouand feet from the point of excavation, I have assumed this
economic limit at approximately four thousand feet (about 1,200 meters)

though this limjt is not absolute. The relative amount of matgrial which
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may be disposed of by pumping )nto low lands bordering the lake can be”
determined only by a careful to;ographic survey, though these are indicated,

in ageneral way, on the accompanying map. On this plan, I have indicated

more defintely, the areas which it is proposed to fill within the present

borders of the lake. These are indicated by letters A to M inclusive and

will be of approximately the following area:

Tract Areas of tracts in:

Acres Mow Hectares
A 17.3 114 7.0
B 23.0 151 9.3
C 0.9 6 04
D 13.6 90 5.5
E 274 180 111
F 1413 94 5.8
G 17.5 116 7.1
H 19.5 128 7.9
i 74 49 3.0
J 10.6 70 4.3
X 6.9 48 2.8
L 14.6 96 5.9
M 7.7 50 . 31

Total areas to be filled - 1803 1,190 73.2

As it will be impossible to predict the amount of shrinkage which will
take place when the soft material from the lake bed is placed so that it

will dry out and become compact, there can be no advantage, at this time,
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«dn attempting to make an exact estimate of the filling which can be done
from the excavated material though it is reasonably certain that there
will be a considerable amount of material available for the filling of low
lands in the vieinity of the lake, affer the areas marked to be filled within
the present borders, have been brought up to the required height. For the
preliminary estimates of this work, T have assumed that it will require
from two and one half, to three cubic yards of excavated material to make
one net cubic yard of filling, after shrinkage and subsidence have taken
place. This is based on the behavior of similar materials in the lower delta
country of the Mississippi river, where, as already stated, conditions are
guite similar, After filling operations have proceeded for a few months, obser-
vations of shrinkage can be taken which will make it possible to determine
conditions with more accuracy, thougn some shrinkage will take place for
gseveral months after the filling has been completed and this must be compen-
sated for by placing all material sufficiently above final established grade.

EFFECT OF FILLING ON STORAGE CAPACITY.

In addition to the necessity for preserving the scenic beauty of the
lake, as already mentioned, there should be no encroachment on its storage
capacity which might result in its reaching a dangerous stage as a result
of excessive storms, or which would lessen the amount of water available
for use in the city canals during long periods of drouth. Through the
assistance rendered by Rev. E. Cherzi, 8. J., Director of the Observatory
at Siccawei, and of the Municipal Engineering Department of Hangchow,
I have been able to investigate this phase of the subject satisfactorily,

Studies have been made of the maximum' rainfalls for periods of one day,
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one week and one month, it being apparent that the one week records place
the greatest demand on the storage capacity and on the discharge outl}ets.
Some changes in the outlets have been made during the past year, but an
analysis of the situation shows that there still is an smple margin of
safety in these to guard against a dangerous stage of water in the Icke,
following excessive rainfalls. The small reduction in total area of the lnke
which is proposed, would have some minor eifect on its storage capzeity,
were it not for the fact that the extra depth which is to be provided will
more than offset this. With a depth of six feel at normal stage, it will
be possible to draw the water down to a considerably lower stage than has
been possible in the past, to provide against extremes of drouth such as was
experienced during the autumn of 1929.

CONSTRUCTION METHODS.

. Ordinary methods of the control of materials discharged by a hydraulic
dredge can not be employed in this case, owing to the very soft nature of
the material and its tendeney to remain in suspension for an extremely
Iong time. On the other hand, the hydraunlic method of excavation will
prove to be much more economical’than asuy other method which can be
employéd for doing such work on the scale that is proposed. For this
reason, the hydraulic dredging plan is recommended, making special pro-
vision for the control of the discharged material. For this purpose, I have
planned on the construction of ‘a light, sheet pile retaining wall to be built
alq;ng the proposed boundary of the tracts to be filled. "For the purpose:

of a preliminary estimate, I have figured on constructing the sheet pile

structure by the use of twenty four foob cedar piling, such as can be
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secured locally, placing these at Three foot intervals and filling in the
intervening space with light pbles, During the early progress of the work,
considerable experimenting with this structure should be carried on to
secure the cheapest design which will serve the purpose. 1t is probable
that a considerable saving can be effected over the proposed type by a
wider spacing of piles, use of brush and grass in place of some of the
poles, and by other expedients. With this pole and brush structure as a
core, 2 mud levee will be constructed which will serve to retain the
material which is to be pumped in by the hydraulic dredge, this levee being
built up by the use of a grab-bucket dredge described below. Owing to
the nature of material encountered, it will be impossible to construct a
satisfactory levee without the use of some such a temporary retaining
device as has been described.

After this retaining levee has been built up fo'a height of perhaps two
feet above water level, and has become sufficiently compact to withstand
hydrostatic pressure, the filling of the arca behind it, by hydraulic dredging,
will be started.

If working in sand, or other heavy material, the ordinary process
would be to pump into this artificial basin, at one end, and permit the
surplus water to escape at the farther end. With the material with which
we will be dealing, this method can not be employed’ as the mud wounld
remain in suspension so long that the most of it would escape back into
the lake. To prevent this, it will be necessary io entirely enclose each
basin so that precipitation can take place in quiet water. In order that

dredging may proceed without Interruption, two basins will be prepared
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50 that as one is filled with mud and water, the discharge may be diverted
to the second basin, giving the first one time for sedimentation. When
the mud has precipitated, the surplus water will be drained off and the
basin again filled.

For cleaning ouf the Inner Lake, west of Su’s Causeway, it will be
necegsary to make temporary out throngh this causeway to permit the pas-
sage of the hydraulic dredge. As this dredging will require several months
for its completion, it probably will be found adviseable to construct a
temporary wooden bridge across this opening, so as to avoid interference
with traffic. In the case of the smaller Inner Lake, back of Pei’s Causeway,
consideration should be given i{o the use of the grab-bucket dredge for
this purpose, planning its construction to permit its passage under one of
the existing bridges, if this is found to be feasible. The grab-bucket dredge
will not do this work so economically as the hydraulic but the smaller unit
will not be required all the time in the construction of retaining walls and
the cleaning out of this smaller lake might well be reserved so that the
small dredge can be employed usefully when not required for other work.

CONSTRUCTION EQUIPMENT.

Following are the principal items of equipment which will be required

for doing the work as above recommended:
1., Hydraulic dredge with the main pump having a suction and discharge
diameter of either I2 or 10 inches (preferably the larger).

1. Grab-bucket dredge with # cubic yard “clam-shell” bucket and fiity

foot boom.

1. Hand operated pile driver.
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A number of mud barges for transporting filling material which will
be leaded by the zrab-bucket dredge. (These will not be required until the
work has been in progress for some time, when it will be possible to
determine what type will be best suited to the purpose).

Each of the dredges should be monnted on a steel barge of approximately
94 ft. in width by 50 ft. in length. Exact dimensions can not be determined
until an estimate can be secured of tho weight of machinery. The above
stated dimensions probably are conservative, |

As there are no local concerns equipped for the construction of the
dredges, it is recommended that these be furnished complete, by some
shipbuiMing concern which can furnish a proper guarantee of completion
and sat.lisfactory performance,

The smsll pile driver will be the first piece of equipment required.
It should be mounted on a small wooden barge, or on two large sampans,
lashed together and decked over by planks. I would furnish complete
plans for this so that it can be constructed locally. It would be used not
only for the construction of the sheet pile retaining walls but also would
be used for setting the potes, out in the lake, for the electric transmission
lines and for the construction of trestles to carry the discharge pipe of
the hydraulic dredge. It will be engaged almost confinuously, on one class
of work or another.

CONSTRUCTION PROGRAM.

In sny large construction project, it is essential to satisfactory progress
and economy of prosecution, that a schedule of procedure be prepared at

as early 2 date as practicable, modifying this as the work progresses, only
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to meet unforseen conditions or to improve on methods as planned. A
schedule of this nature is especiaily important in a venture such as this,
where the ezonomical and continuous operation of the main unit (the
hydraulic dredge) will be entirely dependent on the preparatory work,
such as construction of retaining levees, erection of eleciric transmission
lines, placing of discharge pipe lines, ete. All this will rcguire planning
of a high order and prompt execution. Unnecessary delars to the dredge
will be reﬁectgd both in the totsl cost of work and in its rate of progress.

The managers of the shipyards in Shanghai, whom I have interviewed
in the matter, esfimate that it will require from four tc; five months to
complete the small dredge, ready for operation, and perhaps twice that
long for the completion of the hydraulic dredge. This delsy in receipt of
the main unit will not be serious for the rezson, 25 zbove indicated, that
considerable preparatory work must Le completed, and the mud levees
permitted to settle, before hydraulic filling is under-taken.

As a preliminary outline, I would suggest the following tentative
working schedule:

1. As soon as it is rezsonably certain thet the work will be authorized,
s field party of engineers should be organized for the purpose of:

a.~—Securing samples of matesial from all portions of the lake bed, as
I already have done at the northerly end.

b.—Make an instrumental survey of the borders of the lake, jocation
of islands and all other features whieh might have a kearing on the work,

c—As other work may permit, make a complete topographic survey

of all low lands bordering the lake which may be considered for imp-
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rovement by filling.

d.—Take a complete set of soundings of the bed of the lake. (The
soundings which I have been using were made with sufficient accuracy for
preliminary estimates but will not be satisfactory for construction purposes).

2. When it is definitely decided to proceed with the work, and
provigions have been made for financing it, tenders to be called for the
construction of the two dredges and for supplying all auxilliary equipment,
such as cables, discharge pipe, pontoons, etc. “Preliminary Specifications”
were furnished to possible bidders early in January and they now are in
correspondence with manufacturers of equipment. I should have sufficient
data at hand to enable me to prepare final specifications not later than
the middle of March.

3. In the inferim, between the calling for tenders, and before my
time would be fully taken up in the inspection of progress of construction
of the dredges, I should prepare a construction plan, based on this report
as approved, or modified, by the Construction Division, but in exact detail
as to location of areas to be filled, the order in which the work is to be
undertaken, and other details which must be determined before actual
construction can start.

4. Also, during the interim mentioned, I would prepare plans for, and
superintend the construction of, the small, floating pile driver.

9. Following approval of the construction program, the field survey
party would stake out the first of the retaining levees and the construction
of the pile retaining wall would be started.

6. As soon as the small dredge is ready for operation, it would start
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construction of the earth levee, : ong the line of sheet piling. On account
of the soft nature of the malcrial, this will have to be done in several
repeated operations, permitting the first layer to settle before adding
more.

7. By the time fhat the hydraulic dredge is ready for operation, levees
should have been completed sufficiently in advance fo permit filling with
safety, pipe lines should have been placed and the electric transmission
line completed so as to serve the dredge with current.

It is contemplated that the hydraulic dredge will be fully lighted so as
to permit night operation but that all other work will be planned only
for daylight operation. In an emergency however, any of the work can be
carried on at night, to prevent delay {o the main unit.

COSTS.

It has not been possible to get an estimate of even the approximate
cost of the complete equipment from the Shanghai interests, though they
have given me some preliminary figures on some of the elements of the
plant, ¥rom these data, 1 am convinced that if any error was made in my
original estimate of Mex, $ 200,000.00, it is on the safe side. I would
recommend however that financial plans be based on this estimate in
order that we may be fully protected, though every eifort will be made to
hold down the cost of equipment where this can be done without impairing
the efliciency of the plant. The above figure is estimated to cover the
entire plant cost, including the hydraulic dredge with all necessary piping,
the smaller dredge. fully equipped, the small pile driver etc.

The cost per cubic yard of maferial excavated, will depend, in a large
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measure, on the ability and the energy displayed by the Superintendent.
With proper supervision, the hydraulic dredge should average twenty hours
per day of actual pumping, sorae time being unavoidably lost in changing
pipes, adjusting machinery, making minor repairs and adjustments., While,
as ncted, the material to be handled will be espeacially diffieult to control
as it comes from the discharge pipe, these qualities which have been
mentioned will assist in economical excaxation. In ordinary material, such
a dredge as has been recommended seldom averages more than about 2,500
cubic yards per day of solid materiz] but, when working in the soft muck,
which will form the principal work done by this outfit, I shall expect a
daily average of better than 3,000 cubic yards, probably a monthly average
somewhat in excess of 100,600 cubic yards. DBased on this estimated output,
I would es{imate the cost of dredging fto be kept under five cents per cubic
yard, or say $ 5,000.00 per month for all field construction costs, including
the cost of operating the grab-bucket dredge, pile driver etc. This figure
does not include interest, general supervision and such other items as
generally are classed as “Generzl Overhead”. It contemplates that a
competent Superintendent will be employed, at whatever salary may be
necessary to get the best man obtainable, and that he will so organize the
work that there will be no avoidable delays to the operation of the main
dredge, and that, at the same time, there will be no men employed on the
job who are not needed. The Superintendent should be a man of experience
in selecting men, in working them to advantage, and in discharging them
promptly if they prove to be unfit. Unless this principle is followed, the

cost of work will incerease and the amount of work done will decrezse,
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ADDITIONAL WORKS REQUIRED.

In addition to the actual dredging, and the construction of retaining
levees (which are an essential part of the dredging program) there will be
some additional items which have not been included in the foregoing
estimate as they belong, more properly, to whal might be termed the
“Liand Development and Sales” part of the project. These will congist of
snch items as shore protection and beautification by the construction of
stone or concrete walls, extensions of existing intakes of conduits leading
to the city canals, finishing off of the filled areas with a suitable top-
dressing of soil from the adjoining hills (or from other sources) and the
disposal, by sale or otherwise, of the newly-mads lands. All of these items,
with the exception of provision for extension of canal intakes, may well
be postponed until after filling operations are well under way.

ADMINISTRATION.

Mention already has been made of the gualities considered necessary in
the man who is to be placed in charge of the works. It has been my
experience that the best man for such a position can be secured by
selecting one who has the proper mental and moral qualifications, plus a
good general experience, even if he has not had much experience in the
particular work to be undertaken. If it is desired that I should assume
the responsibility of designing the plant to be purchased, and assist in
getting it started properly, I would recommend that an effort be made fo
find 2 man of the type described, preferably with an engineering educa-
tion, but one who is not afraid to get ouf into the mud occasionally, as 1

shall exspect to do; one who is sufficiently mature to command respect; and
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one who has not stopped studying just because he left school a number of
vears ago, It would be my idea that this man be employed at the start,
placing him in charge of field surveys at first, but with instructions fo
“break in” his assistant as promptly as pdssible so that this second man
can take full charge of the surveys at as early a date as this may be
required. There should be an unvarying policy of training each man so
that he can immediately step into the position next above, on a minute
notice, in the event of a vacancy. Following this policy, I would expect
the man selected to serve later as Superintendent, would work with me in
planning the eguipment and in superintending its installation. If he is of
the type specified, he would be fully qualified to assume full, responsible
control by the time that the plant has been in operation a few months,
requiring my sérvices later, in a consulting capacity only. and to an extent
which would not interfere with any other work on which I might be
~engaged.

While the Sulperintendent should be essentially an “out-door” man, he
should have charge of an office in which all engineering data are kept and
should have a secretary who is competent to keep all records in proper
ordei‘a It is assumed that all major purchases, payment of men employed
on the job, etc, will be handled through the ;regularlay established agencies
of the Province but all such expenditures should be approved first by the
Superintendent, and duly recorded by his secretary. Unless this is done,
it will ' be impossible for the man in responsible charge to keep proper
supervision of expenditures and, unless these are kept in shape for frequent

and convenient exaniination, it will not be possible for him to correct
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errors of operation before serious injury te the prosecution of the work
may result.

I have devoted considerable space to this matter of administration for
the reason that I consider it one of the most vital matters connected with
the project, Next to the proper planning of the equipment, it is the most
important.

If it is expected that my services will be employed in the preparation
of plans and to assist in supervising the work during its initial stages, it
would be very desirable that the Superintendent and, if practicable, his
secretary, have a reasonably good knowledge of English. It also would b_e
necessary that I be furnished with an assistant who could do typing and
other secretarial work and who would have a good knowledge of English.
A knowledge of stenography would not be necessary.

SUMMARY.

For convenience in considering the foregoing report, it may be condensed
ag follows:

It -is recommended that the lake be dredged to as great a depth as is
economically practicable (assumed to be six feet), Lhis being done to
improve it as a pleasure report; to postpone So far as possible, the
necessity of another cleaning out; and to serve as an aid in preventing the
further growth of aquatic plants.

A study of the origin of present accumulations to be made, with a
view to their future elimination. or at least, to reduce the rate of
accumulation.

The amount of material to be excavated is estimated to be approx-
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imately 7,200,000 cubic yards.

The new lands to be created, within the present boundaries of the
lake will be about 1,200 mow, Additional lands, the area of which can
not be estimated at this time, will be improved, these lands now being
partial:iy used but not suitable for general purpose on account of their
being too low for either genel'al agriculture or for the building of homes.

The total cost of construction equipment (liberal estimate) will be
about Mex. $ 200,000.00,

The cost of field operations will be about Mex. § 5,000.00 per month,
or tive cents per cubic yard of material excavated,

Arrangements to be made to give the job the very best, most efficient

and most intelligent supervision possible.
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3 8 i

i 1K
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anchor—B. g
Signal—B, BE AR

3roken base line i 7 SRR

Jorrow pit + 3%

Buoy pEp ]

Camera AR £

Chart Bl

hydrographie—C. i % i

Chronometer (%

Civil time W W

Contour SR

Culmination T3 ER

Current meter o 3K &

Curvature il 2=

C. and refraction 2= 50 4 X
Correction i AR

Dial, of Aneroid SRR Rz | AR

Direction instrument B A 4

Discharge Ay |

Earth, ek
figure of % 4 T
radius of He 2R F 18
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Ecceniric stafion

Eecliptic

Equal altitude
circle of
equation of
method of

Equation of time

Equator

Equinox

Exprffssion map

. | I“

Fixed stadia hair

Float
gauge—F.
F.—rod
surface—F.
Fo—~tube
Focal length

Gauge
Automatic—g.

Hool—g.

Hand level
Heliotrope

T 35
FH

o

HE ALK
HE A

W

9 3B

Do R B

B% b

Bl € it il Ak

v %

7 2

7

(F ), 13 48
e 0 9

AKILHFRK?
# R

Mok E
e % &
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Hydrographic
H.~maps 1] Tak 54
H.—surveying o] % iR
Indeterminate position o 52 Kb Bh
Index
arm—I. HE
I.—correction &% 2E B
Jupiter y
Lake surveying pro R E IR =
Least squares b Ay
Leus &8
Mean
M.,—sea level ¥ s I i o
M.—solar day BB A
M.—sun 2ol ol =
Normal tension E®REH
Observation m =
Obgerving tower MEE
QOcean shore line T 2



B8 WaE®H[R[Z—WED

Perimeter

Perspective
Photographic surveying
Pivot

Plane table

Pocket compass

Polaris

Primary triangulation
Quadrant

Reconnoissance
Repeating instrument

Resection

Sea level reduction
Secondary triangulation
sextant

Sidereal time

Sounding

Spherical excess

Stake

Tertiary triangulution

P

|

& W

% W&
B

AR

IR (i
i 5 B
—H=HEH

& IR

B ¥
P&
Wk

WG R
TR AW
A

(8 &)

i 87 UK
HREKAH

A W

ZEZARB
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Three-point problem
Tide gauge
Topographical signal

Transit

=%
KA &R
o T 55 BE
B
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SR UEE L SRS HE5) 2 I i
L1 oL
18845 (Web reinforcement) > fE Fl00 38 & & 2 8 5L 30 Jrifk £ 1 Al
ZoEmMBEzAETEERP2ZABEABBZESHAIRZE R D
RMEM A BERZERPEZABREE _RAEW B E B
a3l F T
A TSR AR R I IR 2 B S KRR i LR B
ZABZE RS
ek (=)
i —.= MR ABC, B8 7z W MR E 2 B T8 AR % 2 ORI
7 AC RBEZATEDH aqaa, FERAMETU ACRERZF
[ A E2Z bibgbsbs R EL C 58 b piCbs, Chg- 18 F K 1E IR AC R
T cicz o TP el ~FHMEERDHBRRZEFIAR

# 0
% a=ACcd (), A=AABC (H &)
AC=D C§d=V1 A.B"-"—'Vz CC*:X
17 _ X = VzD
i a=—s= A —5
a _ v4X
Ny X
B Vo D
a . Xx¢
A T D¢
¥a Cb‘j _ Ca,,
%&é_i(’b‘}a‘hcb!A AC - Cb.j.

2
, Cbg =CagAC
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e Cesf=CaygAC

D D#
i= = _D=22_
Xé= 5 D= =

fietk ()

B C i AC ZEMAUNVT ANV /T2 H 5 250 1 eA fit
WiEFFFT eA ZFFTHRME AC RMARF cyczCo BT CiopCe HF B
EEERESRRZEDERL

W
i 1R () E M

A CLEC,CeA
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f BB ABED BN E N 2T RLEEAS 4 M2 AL ik
g BDR=A ABC, Y ACBAHERBEFEAD CE BHEIEILR
EEMAETF bW BB AEL beag FaARB I TARBIKE S
BREREDBHRZEEAER (B

e (Z)

B CBifE AC ZSE# Ce, H UV, VYT, MV =22 BB 2,85 3

Vi ve, BT EAZY 0 %R Z TN

n
LY MALAIIIEIIRRINL D (1)
1-(3)
Rl eA RIEFTATHE caeocy, BB Z 478 fog, %48 FE BT
BUBEAT cicycs FHETFEHRAGHRZBERERLE

£

g
=
=TT ?
-~ h
8 by //| ,/ 1 Z Jg:l“le
/] Glys 7 \
/
/ i II - | \ ,3_0
] ! -[\\‘-\ \\
A 2 a: L2 €34z Cqéig da - Q
e

o amec,DETZE M A=ABDE ZH MG n=%73Z &
Cs=x AC=D DE=vy AB=v,

_.‘_@‘.:9 CsG: Va'X

R BB ERG CE= Va g 5
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VgeX
—'-'W.X
D Vi¥D _ vgixi—v,*D?
= Geg— DE = S } —-_ V2 1
2= ALUemAL 2 2Vy 2D
A=AABC-ACDE= 2D _v1*D _(vs®—v4*)D
4 Vg 2vg

a _ szxz-v;zDz
AT Dé(vg4—v,%)
%&Ccsh,CeA
X D

~NY—n+l Y
_Da/y—n+1
~y

X

- n
X_DJTit%ﬁ“"*l_DVho%Vii%?¥i
= =2 = L e (3)
{ n y’'n

EL

DEYRR AR E 2 a5
a 1

A n
RBEANEHAFTENFUEHE S ERALEFEZENLERDG 26

BREAGABEBZTEER =47 EE _HUZERRASABEE
HAF-HHEBEHAOBFRAGZEBEER AR ZEEB K
BT B R ARk AF R R 2 = AR B — T T B R R B 3 SO B 14 0 .

RO MR 3 AB, AC, B xy BN = A J 45 (Moment)
ZHBRTREARTBELZX BEDBABRM ERRZERLE L x
%R X IR BB AC Z L —ZEANE Z B D
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e R A4 AR TR b A M B R O A
Economics of Geology as apply to Engineering
i 3% Ducley Yorke

A KNE

it

5l

7] 58 R % Bo D F2 i (Municipal Engineers) Jif 3% $15F 5% 69 i
BROLZIRMAEAEEIBRREA GO GRARORER 2GR D
WEN— MR EMREE 2 EF D A TR RS R R &Ik
— B AENERERXAATER IR IERAEUREOHEELRAT AL
i TR R AR B BT RSB R R B R MR T R R T 4 R IE AR o9 Rk 1% R
KsFlabt K TR P REMBMEAFMBHOBRCB/ARIE (COFK
BB THAGEAEABRIRR T L(MEEMERMER TR GO MET
F2 48 F 1 AUR 69,80 B 5 01 1 I B R UL I 8 BT LR 69 4 .3k R A
& T W T ML BB 1R 00 ELRR B R A I BT 2R v

| (=) #MAKLR

WEABRRMBAIBZHBEBZSBEES X FPHREMRE (G The

Surveyor, Febrl_;ary 28, 1931) & H.f A B £ 06 3 &% o
(Z) BRBEILR

RETHALOABRGAEATRA LN IR LRBBZEBRKE
BAREEELHABEFEESFRREBEORERE WA H O KEnR
KFAGZHERGEREHAFABEBZRARRREBREL R REF MR
BAARGRKREMEBEREESKIBUSGWH AR S ANESE
B-fREEand Zhfd-EX 23l EHEHRARE A @
() Jf R:
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EMBEAMERAIREMAEMSIRE &IE— %%m@mx&@ﬁmb
ARBRENE S FRAPPEARERSRS AALIARAREBHWILAE
MEBEAELEERELLE EZE NS L IRERA N LR NE
MTEEEAT TRBREFRERLIE LE S NBRREEL—
MTHATMBHERLERARE F—BATRAFAIAEE LR
WRAKSVRER TGO ERENFE 0 L E LRAFHEE
Sk B DLELES £ M DL ERAL b AT 68 BE 0 ML T sk 8 DU A R A
BRERFSBHBRTH WK ELZER
F L IRBE O PSR R S KR R G KE & RLEH MK
BEETHSHERSHAAER S EHRATRKEE KRR 1 AXKEME S,
o LREE—GhZElwibEsSdhnd () FRRmd — %
o=

6 4 I8 B — B B LS K B8 & ILEP.P 0 R 2 & 1T B R i B
F i B B S b A A 0 LG 3 90 69 e T o AY 0 /K00 K 38 38 K B Jr et
S 30 30 i, % 8 SR b VA R R S IR AE 5 K A5 8% BT R R IR TR 0T RAE —
S K B S 2 O 6 T G B T R 06 BLIR N I B A A A% 0 F
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LA B R

TR E 4 4 o 4K % 3 B N ST bR AR 00 4 1% T % R 8
B 6 L R4 % R B8 R0 T R 6 TH R A JELR ok BB O MR b M BB IE K AR A
Tt 00 W 2,0 o TR R O AR 09 M7 0 A0 R v K U SR8 U0
EREHEREROBEET B EABENEN KA TZORR
B % W % 2 o B

(2) HWIBRET

B - W TR kT S AT PR R O 6 S TLR — R T kb i
1,00 B8 R R 0 AR A AR % — SE A T RR 9 9 9 R 0 78 3% /5 (Angle
of Repose) — &%, [l & 75 3 14 7% S8 N Ji 4E X2 48 b 78 T. 5% 40 4% 95 00 F 208
GBI B AR (—) R AT A A 9 O 00 B AR R B Y
W () K R0 ok ot 60 17 L35 8 6 B B W T BL 4B & R + 2 1,00l 2 BB
EIRTAS LESFAETNARQUANEN EASRE AN B S
75 95 201 U5 i 0 R B WK 2 75 0 LT 65 0 0 9 B 7 R S 38 SE R B
WM 45 o 56 AR 6 T T U4 2 W B BT YRR R A 0 4 B R A 13 3
G o0 b 0 B () R A A R M T 2 B IL B R A M T o B R K,

| (=)

BEABEIHBEREAASZRTERERSETHENMUENEARE
JB & R BB R TR E W ABGE AR DALk A B L I A B B A i
HAEATEGRRE-FRGTERONERARERLELEZREEE N
T HL# 8 2 $ 69 88 & (L
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TR R — gk AA B B B R RS RS R R AR
BB H N TEATREOEE NG RRE S TRR 2B EBRSH
EFE RS E N B W — O B 2B R R SOK B ko
27 R B W B8 T8 3 (Schistone) 40 K & ¥ (Igneous) 4 % 7 48 10 45 £
Goint), R& 2 BB AR ETHEAEABRSRAIAKRNSTHREERE
BHEHLOEARZEEABBHAIMET BN BB ES KRR
e, 36 M0 B W T EL M50 A% 00,00 S B4R Uk UK 8RR K R WL 3B AT 3 A ok 0k
B A U T B A AT U8 o R RE N e 0 3B B3 AL T B 0B T kK L B IR
o 8% i w0 55 Bk,

(R) BRMBRS LN

REBARBLERROLE M ENBLRB S4B R B EHEAD
MOBEOHERNER BB LEDH LR PR LHRAEAER X
ARAEBEEE RN EEERE LRI T ERR LS 2 R
EHEMEARANEATLLBEL A L2098 a2 TR E
WELRENHRARBHRARGUREATHOABHXBRY A
Bt LEREREYENEXEREB ARG R LS~ BT MBI DK
£ 60 B2 95 0 AL B £ TR T

REGHEBNE S AOSF LA SAZ T i@aag+En
ik 20K % kBT TE BB 55 £ S I ok R OK W B B OB R K
 HBERRERETREBEBALERIRABRENB L BB MTE
3 55 BB A A AF T 5 £ Rl 0 b BT O 4 3 I .

(#) 8

NIRRT R ASR T ERELATIRFEA BLRZ NS
ERERFEONERFI LT FBASR NS BRI L H THS L RS
MANAEZEOBRRGHEAN N ARSE BB &6 im0
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5 1 30 S8LI0 Ay 6 % T BB B ok %, W) 16 48 E il iR A ot AL BB TR SR B
AE B AR R ARRE NSRRI B A R IEF
MOARZATRAMD R EEATLNBX—XESNFMEDN P0G
# b J (Antictinal Strata and Synctinal Strata):

o

8 3B R B T hLRT B WL TR W O T 6R 6 8% FL.ED R 6B MR R 5 B oh 3 BE B T

%t 5 b 09 BR a0 8 T R TR A & K 6 A8 BJIT L) 32 3% 40 1l 1R IR B e 3t R

BT W T UK SR A R R B TE 0 P AR B A

HWMARE AR THHASABESA KDHET 2 Mo RAEE L

FWHEABEHENIL ARERAEE b —BMARELEH

DEXBEREEBAMENEHARERNXE-FRE/ERNGE B
B’ (E : :

BT TR R T 00 — AT RS 0 A U 4 AR K o, B8 B 3
AT AR T EORRRRAS S I ERE LB mA KRS TR
¥ #% 4% (Capacity of Support) fj 5,
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AFRNAHABREKAGANRSEFTCEWN G DEDROEWEMLEE
570 00 3 TR O TORE G M &0 TR LA K AT IR U R RN BE &R
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HEBILERETHRES T
B % %

M5 B0 2 A 8 — k7 E SR LI R AR — 2 B RS
RO T OLEE 2R B b b K PR R S LA W BT R — R
IRERSRE LGB R EMMABLEREL - BB TR LS
B ENE RS ER A EES B EE SR ERB BT LES 9
B 0 9 A7 4 2 RO 4 AR 8 50O B F B 2% IR I AR LD B0 b B
TS TR A8 T AR AL H0 R B AR N B A R B RS E 2Rk
LR AL SR UGN THEF-ASEEARRKAERZ Tl
6 S RIA 5k TR R 2 G2 E KRB LS
EEWHEAHL GRS E B ERGREE SRAA G R PRIEKE B
T 18 4 5 T 0 b — 6 BRIR 2 SR OL B A S K B RCEE 2 K AL00 R AT
15 T B R TG 2B R RS BT K 2 B R MK
g3

EHRERAEANE R USRS BRE - REEEEETE
XEMEAN— BB EZ A BREONUBRTS 20500 EBREA
AGRBEERE L ERE L E AP RRE RS B R BR
EEATERE L PATERERSE T DA TANEES -85+ 8
B 22 AL B A S B B RLRL 1y R 5T R T A AB.E1 B B A .58
B T b AR LA S T 0 R R T AR B B R O A A I
5 28 30 7V LT B 0 .76 R O TS0 B AU 98 B R R M ALE R R4
A7 0 BB B B 10 7 AR I % O R P G Ok B AL B TR AR B
ROBEIR 05 5 6 o B 0 I TR 4 KRR W — MR o T S K DA MR O B
LT B E R R AR R K B B 2R BT
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BZ R kA7 T — 45 VR V5 BE R S SN 4R 50 E M B 5% B K SR 4
B 2 T IE O R O 2 B R T B A R RO W A AR RS LG 15,
Wi A, T T O B 94—k M R — 2 4T (8 BB A T,
BB M BB R RATRRAE AL BT B E R IR
Bz B BT I BJE RA b GRS 5 0 L0 I A SRR LD R
ERERRRE SR

EREXEBERHBSAELT:

A 23 WE—O AT @ MR 3 ¥ (TR G) 1R &
S DRAKTA K @4 (9) Bz 78 (10) 4 5 X (11) 3 fi
K % G 5.8 430 AR (12) B o K Rk -

B. Tt #——1) T AR B (2 THME (3 THRER@T
R ) THRE O THERBRDMEZHHEKR G BR2 RS
B3R (9) 2 R A (10 TH

C. MzHBP—=ERZ (OEM () BEG) TA KM@ TR
(5) b8 25 B 3 Mo B R

D. FEAFERM—C(DIE B () T A K HE (3) 81k 5 8 (4) T A 7 Fil 2%
Ri (5) B T4k (6) 15 2 4 98 B 0

E. W&

¥R , |

A zz2E8

() & T——dt % i 1l o 1 T,

(2) ER-—TEENBEE S E RSO LR

(Z) BE—EE KM T (TR — AL ) W s i 1B
i 5 52 MMk B B 4 9 B2 B B T U o ol %R W T AR B A B % R B IR
B AT %SGR o e 1 K o BB R B AR R M 9 A 6 AR 8 0 4 R




gt | b w0 i B T PR H R 79

B ) 2k 56 DA B A AE 2

() TERi——2 B 2 T R A9 A T 28 % A R, (square meter) ik B 2
EMHBRN B ZTEFRR,

F) BAREBE—BEREREHED B RLERS LT R
ok 3 8 48 678 48 (Girder bridge), 7% # (Truss bridge) % 4§ (ovethead
bridge) 5 i, ¥l i, (Turntable), B % %6 5 T 4k 8% Y, &% 25, 7K 4%, 7K 0, B 25
(Signal), 38 7 (Crossing), #% %7K 9,15 Y (Sluice valve), K& (MiK1§) (we-
ter pump), Bk 1K 45,0 B4 2424 G647 4 45,00 35,75 4L, (trolley), i 8148 8 &
— ) B

GR) HLH—in F &

CrTHOET IOV IO T IO IORL S
TR L (6) b5 8 B BH () B b ik B
BODBER QBBEG RAR G RRE G {RR
| ig; i{l (6) 8 7 J (1) 85 8 53 (8) LT 5 (9) /K 11 55 (10) 2 36 P&
TIlan rrpa we s 0D R s 5 Q0L 8 R
U8 6 T TR B— (L) 4 3% (2) @ 35 (3) 3 W (4) B 8 K 5 (5) fL. B (L 4

Wit EBREREABELEFRUAAFBRIRAREDA
% T A IERBRREAS T EMTH TEREAT B & F A

(k) BEETIAGB—O—FZHA

O BE—RARTAF R6E AN E ST H 8RR
— 3y & AR A,

) BEzAS—2ERB+E=E-RARA B2 ESRAAE
HMEARGE TARKREERBREESFERIA—RBR

(P BEAH-—BFEAEAMNBIRZ AR BEARAGHE
TR 4 R 2,5 B AT 7 00 ) B 2% R B A T B G B R K M A AR

R
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HREBERRNRBEERNYTF L HEE b

(F—) B K E—— B K % ¥ J8 583, % 58 0 K 3 R 0E B B 1
B BRRE 35T R A 2 R Z bR S MR R RS I DU
EHBENERERBERETR B G &8 5K E 2 ks & e
CRMEBRSRA S R PRS- RSN A TEEE TR
ZRIF B BT RRE A KIFLE R Z THE 5] B(belt)E 5% 18 M.
H B oK PR VR KB 60 R 4 R O O FT G R R B A 2 BB LR A
SHAY A =2 BORR Ak R 8% UM R AT K B (overhead crane) R T U Z 3R 4.
A4 35 W R AT #1142 ¥ (locomotive crane) 5 BLAE 13T B ¥,k /b 2 Hi(trolly)
2010 SR 3 00 K 4 HE B O BB K 3 AR B B AR AT B A K B R A B K
L |

(F2) S K B——IE B VL3 S R B AR IR g K R
NEHEREE RS TR IEME RN BEEE N ZE G % E B0
C. 45 K. WOt MG eT Rk AN 2 RER K DA BEMIBRIE 2
.78 Bk B 15 blower)3T . |

“ B. sz T8

(—) TARBRIRG—E I T 5 o 6 0 JE 2% 2 6 3 ik 18
L2 ERERBHELZRAAOBREBARARSESARRAELTE
RETAENERE: OBABREEATE=Z QORKESTZAG)
REABREATAZE-ATIR WO REEHREA LA E~ATH
GYELEE %W R |

(=) TAR S B b T4 3F 500 T 5 R B T S T 60 16
17 85 4 2 S0 dn — T PR RS HE 1R B BB x A 68 4 x v, BT 43 B 000 9 m S
FLBR OO0 T 206 4k T AR D00 T Eha i — A 3 — 0 T2 6l K
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T8 T 508 3 A 20 R 3 A3 R FIA R TR 2 B R Sk 7 B 2R
BMTAINRBERSFRBEEERBRELR

E) IEBRM—IABAITIHREREBTAEFRELEBA
B FLBE=CKERER W R

=ZA—H +—RA—8 FZTH—H
E+RAE Et+—RAKE EE—-RE

J:fiz{ﬁiz:l: AEEF AW A R
TX =8 + =B 4 Z ¥
LI B — B — B4
w{
TI XN R H

FIRTFTIREBEEAREFABRFF —BEHG—RETD
AEBREHZTRARFARRALEECVBABEHREFABN+ AR
FHE—BN+ARGERFEBREE LTABS R R $%KHET
EFURIRK LA ISR TIRBR AR BELAET
AE N SRR T 5 B R R M R B AR B SO 00 IR W TR R
THERREARTARSERER IRFEEIRARALET L
AR T4 =W W Rl R 5 T A R B

(M) THEBRF—EBEEIELEMAEH - SRELEEEET
HEINBREERREES RS RBE BRI ERFARRA
Bk LB MR EEN AT BN BERERE TR IR
REBAZIHFERALENEERNMALRHEETHASRARERY
AR B F 250 T R AR R E AR S LM R B R S DRI TR
ZHEINBEFAZIARESN VA TAEE T WEDERER T
BRRNERAELBRMETHEBLRBEIEY T TEARTARK

(B) TIERE—RE TA T2 % EES T /F S0 e %N AR
B b R G 2R B4R 4 4 R F DA B2 B T 0 2 RB LR B R R,
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MM REREMIFAITRARNBR LI EA RSl ET
MEBIANIFTHMEEESIRRE IZ L2 INAIRG X Z LN
47 42 51,

GS) THERHFE—TIANARIRL IR IR ITHEBREE BB
BAEIZIERALIG LA EREEERAEZRBTAERBFHRRA
THEBEAREBEEFVIBR (MRABRETOIAEETHABFH AT
BELAMBFFABEREZ.

(B) HRZBERARKBE—INFRIRWMERAIFASEEASE
BRIAEIHEEREERBERIBHNEPRERELEE LI R B RME
REBXEZFAHBEREENSABBEZZHEBERBEMH e mE
SRREMBREIEFRBBEEAREFTEHSEEH L RAR SR
HEABEFERIAEBHS UG OEEHEEEERBE

(V) RARBABE—E—- RO IHERFUSERHHAM
PABEHI R SRS T TR RSN BT S A A MR &R
KRB ERE |

() BHZEBRBHF—RBREREMABE=ZAN ZEREE
AERERAZEABEENE _EHNEAE - RBEEF ZBEE—X
HEFRBSBLHAE T ABERE

G Iﬁ-—-——IAIﬁJBH%ﬁAﬁHE?%%E—T‘-&EE%@@E?_E)
F—-RAAEREULT) A

C. M=za#K
1. |2 (Girder Shop) |—FHMIB TR ERR U ERRERE ¥
R -ZHRUAKZ ELH T HRB (Deck and Through Truss Bridge) & &
25 836 2.4 o 8745 (Plate Girder) & 105 B (I—beam bridge) = B 3 5 /B
B %5 U0 4 2 4t W 58 8 45 % (Btrengthening bridges) Z 3t &, (R & 4H
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BREBE-SRFEALNENEEE—S0, K EFEENBBERAEAR
BERBRUBFIEBRIESEIARZE BB RN X EMZ % HI40
ZRESHBEESR.

(1) T 5 B8 5 4 5 5566.6 x 600493,66028 Jf5 2 KB 4K & fik(Marking-
off Floor) #5 16 x30%45025 5 A R,

(2) HE&—2p 5 = A 20 5K %88 8 & B (corrugated iron) B T8,

(3) T AK—H246 A,

4 I EREREAERREHFR2EMNKESHBIRE YN

B 2% 660 &7 4 H.
(56) #MF—:
7 2 S
TE % Lathe _ 1
JfE ¥% 9% #8 Wall Radial drilling manine 36
I8, & blower |

% #8 Sawing machine

7 R % plate edge-planning machine

& A% % Straightening press

B AR B % 4R 48 Straightening of bending roll

% B & b 5 & +% Punching and Shearing and angle-cutting machine

7K & €0 4T #% Hydraulic riveter

* 3 (overhead crane) - 10

REFHAHZEE EAE AR s — BRI R E MBI,

FHZIGRERBRZNTF:

MBITAUABEEZAABRRETRZ-—PEALEBREREZ
AR (Sdindle) R @K LR 2 TREFA ST — R & KEEW T8

=] N e e s e
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BAREHELRGSETHRZERANE B B2 L6 LB R UEL
2 %48 4 — 98 0 4 B, (punch) b F 7 R 36 F BB mh AR AL — 68 0 4 A
(die) JLik B LSS S LR 2 2 IR M B H A B P4 LI — B
B %, BT 6D T 5 40 5B FL WA 9% T Y F A5 A R0 TR LR 22 Ok /D TG B #
2L W2 TR R S5 o 2 W O AL B B 50 LA AR LI R 1A e
906 57 T AT — S0 0 (blade) £ F R %% F 0% — K28 7 & bLa %5
B 7746 J AR L 48 A8 T T M VY 5B AT LR 6 A 3K 5.0 G L 00 6 4k 4
M PR R0 48 9T U0 OB M TELBE 90 B0 429 b1 K O Y A 6 44 BD T K LT O
Y] 3620 20 36 066 2845 0 35 68 .2 5 P S 7R G SR 2 B W LT SR AR 8,
I 75 B 9 8RB AR — SEAL L A K (rol)— B 8K F = % g
A5 5 B BT I % ST 6 4 R0 5 R T8 2P 2 I 220K 1 600 6T LA = 9 B LR
TR A B AOGE ST o 4 STHA T U 3 T — A6 B T T BRI 6
SRR ® —~ FRRAZTER

(6) I i ke

R B g (Marking off Floor) 1€ 4% R B s+ A7 — BB SR SN E: T & 2 K
WL 30x16 R HFBJILIMEER N — B AMIDE T HE L EERE
05 % AR SN B A R M T E 3 W (werking drawing) A A KB HE
ERNBHADMEFBE L LRI HETRER S L EREZ
BAMGGTERAETLBARENLARBARELADOR EWE R -
ZRAGBREKRTERBEBEZHALBERB AR KANEE T
— - BIELA T U A SR AR k2 RO T B O T BY A A
B AR M B2 BLE T A R R €53



HH R AR Z WM& YR 85

TR AR BN R EE R
2w
EAMBIRENFRBEBRKZELTRRELED 8 AME&S
THRERE—KRBH KELNMEZICRBEMMERDNEHEE
TEHWME_+HRERBOETHBEEMERBTRBOTEREL R
R AR A ST LN\ FE T B R AT RLR 6 B R A B
E B4 56
REAFBBE=ZFZABRLE PHFEPFT RELEE RN K
HEARGENMBREAUAN AR Z—HEEE A Z AN
AN AT
WM B ERETAEXXRSE TR R
B BAS GRLE) W R &0 87 5L R A F EM A A
BEHE OO LB EH R E SR CaREE
A EFEiEB8 EBRELKRUEXSETRREELS
BOEA B M HLIE) A RGER B R E Z AN W OR E AR
WA BueMRBLIHEERTECHL ZHE RBREL
HFARERBRERELERRPAMH G LHERELT:
Important Topics on Topographic and Hydrographie
Surveying of camp
Test instrument assigned.
Selecting and Marking triangulation stations and B. M. B.
Base line measurement and corrections.

Measurement of angles (Horizontal and Vertical).

S A

_Estab}i_shing B. M. S. (precise and ordinary leveling).
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Astronomical determination of base line between triangunlar sta-

o

tions.
7. Connecting traverse with triangulation.

8. Adjustment of triangulation,

9, Plotting triangulations.

10. Filling in topographic details,

11. Hydrophic surveying.

12, Mapping (Topographic and Hydrographic),

13. Testing instrument to be handed in.

¥ E P

Lo RS = A 0 B K 4 g

IL e 3R 80= 5 3 & 2K,

L. 5 38 8 Rk 7K 30 &

IV. 35 B M T

V. i

B-URA AR AR BEE 20 DI 10 BR 1 B GR 3 BR kBRI L B SR
BHBEBEHFR_ASDBERA - SAARSEFEZMBAE RS
BNMFRBZOVN_EWBEUHBEUBRELEANRBEBS - AR ZIKY
LSRR SRARBRBENERNTEEENZTEETREALS S
TP BRRPEENARBSMETERICMAPIMYEZ = A
EARXKEBFERAMABEECHEAEERERDERSEL AWM T
Zp = 4% 48 (Tripod signal), 3

BEBNATHRERIEEZILBSLLAXARBIRARE
Rl B = T 5 T TELEE 7 6 268 IT B 0 0 K B T 00 4 05 SOEE B A
HHRBHEHA -BEREARRZET XBWNILMNEE
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LANEEHTEIRBARBLZEERAHBERE KA H.2Z H
EMEEELARBEEZEFMAEREBRBREERANIERZ NS A
B-RBoWHBRERENTFARB AU EREEREA=ZAN
YUBKEFAR ERTEASPR-ABELAFEEEE I Z BT
A EREJRZAMAVKEEEAZRES S 2Z2BBES AR KE
B W kb B,

- KRR K EERES - = AR RE = A HEOK
EBERFTLEXRABZLEBKERIBIE, AFGEXRENZ W=
548 2 2k LE0 AR — ROOE == A0 2 B AT SEGR I AR 2 I R 3 Rk
RN ERREKXBCERDREABMESTA BN EESMAT
EHESERISSERBZUERERRBHAEZZZGRUAAR
$ER P Z M4 & (Brror of closure) # i 010 ft Z EREAEAR
(0.017y/miles ft) FE MM HEMHEN ToLUEES 2B/ KE & 584
T 0013, AR APHUMBZAKERABEEALSUREA A #
& R (Long self-reading rod) Wp{F K 5 13 5.0 M UK /% 3 25 I M5 & Ju 5
Z 85 iR .

ABE-HAEAZAMASHARER A8 “HMBERERE =M
WPFBRERERENESZAMBERIZKETHEBEEXAE
B3 JUBE R RIS 3R E B b B OE TR T AR K B
ELERGRBEERZ FFRORABASERETARTFENS
W4 DTk R 2 iF 8 45 I # (Atmospheric refraction correction)f
EW%#%A%@W@ﬁ%&WEEﬁﬁkﬁ%ﬁﬁﬁ%&ﬂi@%
BRREREBSESEAS I RE GRG0 A B

EHpEAZAR T AT 2ERNEBRKITREAREBRZHES
KOS RYBROEXRBRERNBRZLIREEZEZRMGE
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FRTHFEFERBEEERZEE
R/EEZOECNAEEBHFKREZ NS Z2HKEERE A PHER
BEAEEEMAS B ERBABEAABZNARRE RS KEXE HE
H B — ik
LAHES—-=ZHAEBKREENE ZHBEREM T4 BN
1,30 0k 5 UK e, L I 3 S K A 8L BT AR A AR Iy NGl AE D BB OB S8 (k3K
WEBERBPLAIARFHDSPERBBEREFERZRREERA
AT IGELTREBEZABAHFEBHEBHEARZAE
THMBRTFREBOTHARATREZEFEGERIEXR B BNz LY
TR &R R
+RE—ZZZHASEMNAKESNAMN=Z=AM23H A8 EHMA
MAEAMEEFAESAAREREFOIEXARBH BRI ET SR
THELARTS USSR ERBEEUBELBRR NS HM A ERE
BIAEFENAEATFEEYUF T TERA R 2% B R,
TR B,EERTRN =S A2 0 H AR A RSN N K EE,
B E AR K |
+HAFEBAEEBAFELEZER BRI ZENFAN N
B HERLRIERGREE=AMZHEFMERAKRESANZ T RS,
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Bz AEAEZAEASEIE A - AAE G b BD B E g
R > T AL, — 25 B0 B 8% I, (Station adjustment) BB 4 &% B A 2 4 2 8% 26
SPZ=ZAARTE—BEBHEE (Figure adjustment), 81 £ = & # .88 =
AB=ZAZNHEP—FEAPERZHE NS4 0EREEZ— K
ENB#BRARE2EAUHEAHE IR IR TELXE2HR
A BT S AR AR N RO E B KR

3% 2 B E R A 28— AKE (Angle adjustment), — 35 H
#% M IE (Side adjustment) 8 JE = ik H AR M IE 2 200 3L % & P R 2 % 5
BB E Y

ABFEANSAFEIKCHMBREREHMORE=AMRGRE
SHMAGT=AZEREBENTLZAMBUNEFIPRBTZ L ERA
F3 42 48 (Ep A &% UB Latitude J% #% JE Departure) # T H LUB B R B Z M.

£ 3038 8 5 B AR 3% (Traverse station) 2 A% & K 86 2% % (58 &—
HEABAMEZ R~ FHABRRESZRIDUERHERIRERES
Z 56 2 A% 3 B R T T K K T A2 Wl 45 (Sub-station)zz B .0 8 3
3 T B 2 .

MRS 2 B B IE i (Stadia method) T MM, 3 8 M 3G Z & B
Bz EBRMEDORBRF R 2 E G AAEE CHABR AN ERZ
WA (Azimuth) RLADAFHERFL B IR R EALBUERRK
K-~ BRARCUELETHUNEFABEBBF P FE—SRLM4 KT
% — 3 B

THAEATHRBAERARZHRIE |

ZH—-RAENKAPTHAXBEHNUERSTESAFNERNE
EAXHBEERE _OHEARSIA-SENEL-QER LGN
FRRAMEMRZERAREEESEREZ-HAHEREBZE=S
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S5 05 b S Y 2 O T T B R AR GO ) B v DL OE B BT Y b 2 — AL
5 8 45 Gk 16 VR S 2 B W I $ b (Range line) 28 A 2% 3 95 70,30 1 2 — KU
5 U 05 A0 7 45 B30 A B S BE MR B L OO T T M O A A L 0 U 4 R
L 6 90 R  T BF,IE 887K 5 BB K B R B Y B8 75 R 5 T R Y 47 B E
R B 400 3R 7K 26 55 78 A ELSE S 0 RN UL E 08 48 IR MR W G 0 0% I
R A W T AR UK, BB OK 2 S U, 4R T R MR B (Price current
meter) IR — B W ¥ & . (Single point method)W K kS T LB B 1.

S S B KR T AR T 2 R R B LR B O
# |
BERELE T EP TR EETE I ot & o AR
WLIE H K SR BAE K 330 R 0 R 48 S 2 Me D U IF 160 4 R U 2L &
B Tk B B |

SR H ARG TR A AL A
B 7 00 R AR TR AR RN 2 b 2l S A B 7 A A R IR
R T 2B 15 4 5. 2 0 B 5T K ST B TR 3505 I MK B 0
408 52 0 L T S O K R S '

M zBE S HRE RS HEAAE L2 BB EE FAX
WEHMEKKRKREN ST AR DEAB - F o042 8+ KRS
AT K T B 9 BT S 4% 0% 75 SR M0 T 04 B0 4 R O SRL
WK B K R R TR R T 2 K W 2R R B & AT AN I b
(Tracing paper), % Jb 2 6 L4675 %5 5 do— F 4 00K 06 = W38 7 1% 46
W F . .

R R R RS b A — 0 — P2
T EN T T L At
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A 7 OE R

ARBRETAFKAHEATRBE B EREE T+ A5 HK
RLES T ERAAAS (HATFA)BLH—TE+— ANER
EAFAANCBEE P RAGEREE T AAERASN SR ETE
Z Wk B K ok

BB R

REHE  EWERTRRD

Hifege KB ErRAZS®

FREX k@b LRRE

BAW  WRLE R

TR WILARER

BER ARPK(RELTHERKRRRN)
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MAT R TRS
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ML — R S8 25 A 5 B R0 3T 400 AR AT B AR08 — 9 A0 8 0 R I T A 4
86 00 28 2 00 S AL AR TR P ML A R W 46 o Bk R D LR O 0 4 KL 0
7 T B AL 5k A5 2 46 I

A S 1 36 W10 3R BLME AT B B AR B30 T AR R 6 50 K DA A ok
EMPERDREE AT EG R EN SRR EH R



v Bt K S e E 7
T 22 | filler filter
8 9 lador labor
8 b radid rapid
8 22 apparatu apparatus
10 12 | bazovd hazard
10 13 insurancerates ‘insurance rates
11 7 systms systems
20 10 8 Safety Safe
23 20 ] wh;ish which
24 3 7 Convegence Convergence
26 2 8 turtine turbine
30 24 3 %._ | —:_.—
% | &= il | 998 70, |t 1199 %2,
37 7 12 eqrly early
89 23 2 5 M
48 i3 5 thougn though
49 16 5 tendeney tendency
49 18 8 auy any
51 6 6 throngh through
52 7 3 tho the
03 8 7 totsl total
53 19 1 8 a
63 22 12 iocation location
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53 23 K whieh which ~ .
56 7 6 excaxation excavation
57 25 2 exspect expect
80 5 8 purpose purposes
_64 14 1 il n
69 13 2 3 Cq
78 1 16 ) &

80 6 26 g} i

81 8 28 % it

81 9 10 B e

81 12 6,7 23 R

83 25 6 Sdindle Spindle
85 2 L 97 tH c

85 15 8 &= =

86 7 1 Hydrophic Hydrographic
86 19 16 #+ 77

87 12 6,7,26,27, Bia FAde
87 13 26, 27, - GE
87 24 29 fis 1
90 19 13 &k 2
o1 4 17 T *

92 23 B AR MEEH
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