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SUMMARY

I. TITLE

Planning and Evaluating Pipeline Water Delivery Systems for

Conserving and Managing Efficient Agricultural Water Uses

II. PURPOSES AND SIGNIFICANCE

Agricultural water projects have been implemented primarily for supplying
irrigation water to paddy rice. Presently, nine hundreds seventy-six thousand
hectare of paddies have been facilitated with irrigation systems, which
encompasses approximately seventy two percent of the total averages.
However, majority of the existing agricultural water resources have the capacity
not enough to overcome drought spans of moderate degrees. In fact, only thirty
one percent of total paddies are being supplied with water from the water
sources having the capacities to suffice the droughts of five year recurrence
intervals. And existing water delivery systems are not well maintained and
experience excessive delivery losses due to leaks and infiltration. All of the
conditions have contributed to demanding supplemental water resources for
temporal relieves from water shortage, which may have been prevented through

proper operation and management of the systems.

Pipeline water delivery systems have been recently adopted for irrigation

purposes, which were thought to be effective to reduce the delivery losses from
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leaks and -infiltration, and thus improve the irrigation efficiencies. However,
problems aroused due to improper planning and designing, and also from field

operations, which often resulted in poor irrigation efficiencies at many districts.

This research was initiated to pin-point the problems at the sites, and to
develop proper tools and methods to systematically diagnose and correct them,

particularly in areas of planning, designing, and managing pipeline systems.

The purposes of this multi-year, interdisciplinary researches were:

(1) To develop proper tools and softwares for evaluating hydraulic
characteristics of existing pipeline systems, and for designing a new system.

(2) To develop computer softwares to simulate hydraulic characteristics of
pipeline systems at steady and unsteady conditions.

(3) To extend those results for combining delivery systems having open
channel and closed conduits within a system, and thus tools are to be applied at
different phases of planning and design, and to be adopted for identifying
optimal systems operation rules to enhance irrigation efficiencies.

(4) To develop tools and procedures to define optimal systems that are cost
effective.

(5) To explore probable alternatives of utilizing existing agricultural water
resources for multiple applications, and to extend the water uses along the
water courses for scenic sites at rural areas. And

(6) To field monitor the water uses and management at existing systems so
that the results from the research may be field tested prior to applying
exclusively for various purposes, which may ensure the applicability of the

research results to solve the problems at the sites.

_12..



The specific objectives of the research are as follows.

(1) To review the existing documents and literature regarding planing,
designing and operating irrigation pipeline systems.

(2) To develop an economically feasible optimization model for pipeline
layouts.

(3) To develop mathematical models for simulating flow characteristics at
low-pressured pipelines.

(4) To develop mathematical models for evaluating and simulating steady
and unsteady flow characteristics at pressurized pipeline networks.

(5) To develop mathematical models for simulating flow characteristics at
combined channel systems with open channel and closed conduits.

(6) To evaluate and develop feasible methodologies for utilizing agricultural
water resources for purposes other than irrigation, and to discuss the feasibility
of high-level water uses along the courses as a pipeline system replaces the
existing open channel ones.

(7) To select field monitoring sites and implement hydrologic monitoring of
the system operations, to apply research results to field data thus collected,
and to apply those techniques and tools from the research to diagnosing and

solving problems at sites.

As has been discussed, the research was formulated to develop proper tools
and techniques to efficient and feasible planning and operating pipeline systems
for agricultural uses, and also to apply them for diagnosing the existing systems
to identify alternative operation schemes to enhance the performance. The
research also aimed to developing feasible methods to conserving agricultural
water resources for rural water applications, and developing projects to extend

the water uses for scenetic attractions. All of the efforts will be used to
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identify problems at the sites associated with the planning, design, and
operations of water delivery systems, and to identify feasible alternatives to

improve the efficient uses of the valuable resources.

III. CONTENTS AND SCOPES

The research will be implemented as three year efforts from 1994 to 1997.
The specific goals of the programs were: 1) to collect field data and develop
computer programs for specified purposes in the first year (1994-95), 2) to
develop computer softwares for the planning and design, and the efficient
management of pipeline water delivery systems during the second vyear
(1995-96), and 3) to implement exclusive, economic feasibility studies for pipeline
systems and to come up with high-level utilization of agricultural water

resources during the last year (1996-97).

The contents and scopes of the research are as follows

(1) Review and Evaluation of Existing Methodologies for Planning and
Designing Pipeline Systems

To collect document and literature regarding pipeline systems for
agricultural water delivery, to investigate the problems in the planning, design,
construction, and operation and management of the systems, to compare the
methodologies between the domestic and foreign projects, and to identify the
problems at the sites in general and set up procedures to get to the appropriate

solutions.
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(2) Developing Optimal Pipeline Network Planning Models.

To formulate an optimal pipeline layout that minimize pipeline costs, and to
develop an algorithm to determine economically feasible, optimal model for
determining pipeline diameters and hydraulic head distributions, and to explore

the applicabilities of those models to field conditions.

(3) Developing Mathematical Models for Hydraulics at Low-Pressured
Pipeline Systems

To identify the problems associated with water management at eXxisting
conduits at sub-laterals in irrigation systems, to diagnose the problems causing
unequal distributions of irrigated water, to develop mathematical models to be
applicable to the planning, design, and evaluation of the systems, and to test the

applicability of the models with field data.

(4) Developing Mathematical Models for Hydraulic Characteristics of
Pressurized Pipeline Systeme

To vdevelop mathematical models for simulating steady and unsteady flow
conditions at a pipeline network, to apply the models with existing field

conditions, and to identify methodologies for improving irrigation efficiencies.

{5) Developing Mathematical Models for Complex Water Delivery Networks
with Open Channel and Pipeline Systems

To develop mathematical models for evaluating hydraulic characteristics of
combined water delivery systems with open channel and pipeline, to apply the
resulting models with field data, and to evaluate the applicability of models for

existing and proposed networks
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(6) Evaluating the Feasibility of Multi-Purposed, High~Level Applications of
Agricultural Wate; Resources

To review the feasible alternatives of utilizing agricultural water resources,
to investigate examples and methodology of applying the resources for purposes
other than agricultural uses, and to review foreign examples of applying the

irrigated water for the purposes of high-level applications.

IV. RESULTS AND RECOMMENDATIONS

1. Research Results

The results from the research are as follows:

(1) Present Status of Agricultural Pipelines and Reviews of Planning and
Design Methodologies

Typical agricultural water delivery systems are in forms of open channel,
but a few districts are implemented with closed conduit systems of various
types. And the number of such districts is increasing though a slow rate.
Existing conduits are often facing engineering and management problems such
as silting, malfunction, improper water uses, and unequal water distribution
within an irrigation unit. Typical systems adopts a low-pressured type as
applied to sub-laterals, while pressured systems are also being installed at few
districts. The engineering methods being used for planning and designing the
new systems were found to be simple, and not sophisticated enough to
fore-sight all problems mentioned above. The techniques were compared with
those being currently used in developed countries, with clear drawbacks found

at conventional methods. These may well justify the contents and scopes of
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this research projects.

(2) Developing Mathematical Models for Optimizing a Pipeline Network

Positioning hydrants and pipeline networks for a proposed district was
formulated to ensure the shorter pipe lengths and/or least costs. Proximity
method, 120° method, least length method, and least cost method were
formulated and mathematical models developed. The program was incorporated
with physical and managemental constraints such as construction cost,
topography, and hydrant locations. The models were applied to a hypotechincal
site with presumed hydrant positions, and the results from the four methods
compared. It was demonstrated that the proposed models identify the shortest

pipe lengths and/or the least cost lines, given proper hydrant positions.

(3) Developing an Optimal Model for Determining Pipeline Diameters.

An optimal model for determining pipeline systems was formulated that
considers hydraulic heads, head distributions, and hydraulic head losses within a
system. The model was tested with field conditions and compared with
conventional layouts. The results showed a significant saving in pipeline costs
could be achieved by applying the model. Pre- and post- processors were

developed that may help potential users in their field applications of the model.

(4) Developing Mathematical Models for Analyzing Low-Pressured Pipe
Flow

Two types of conduits are being used as sub-laterals, closed and open pipe
flows. The flow at such pipes is characterized to be of low-pressured type,
and modelled mathematically. The model was formulated and tested with field

data from a project site. The results showed that the model was applicable to
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the planning and design of such pipelines and also to comparing different water

distribution schemes.

(5) Developing a Mathematical Model for Analyzing Pipe Network Flow
Steady-State Flow Simulation

A nonlinear flow simulation model was formulated that is applicable to
analyzing pipe network flow. It was applied to simulating flow conditions along
different nodes and segments at an existing pipe network, given the maximum
and most frequent flow rates. The results indicated that the model is applicable

to evaluating the system performances under different operational schemes.

(6) Developing a Mathematical Model for Analyzing Pipe Network Flow
Transient Flow Simulation

A finite difference scheme was adopted to formulate a mathematical model
that is capable of simulating transient flow resulting from pump operations and
valve closes. Water hammer resulting from pump operation was simulated
using the model, as it was applied to an existing pipe network. The variations
of pressure along the network were evaluated, which are important to the

design of pipe materials.

(7) Developing Mathematical Models for Analyzing Flow Characteristics on
Combined Channel Types

A mathematical model was formulated to simulate flow characteristics along
water courses at an irrigation system having both open channel and pipe
networks. The boundary conditions between the two different flow types are
adequately defined in the model, which is, thus, applicable to evaluating such

complex systems. Initial runs indicated that the model is capable of simulating
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water profiles along the courses, and thus of reflecting adequately the system

conditions.

(8) Reviewing Multi-Purposed, High-Level Uses of Agricultural Water
Resources

Coping effectively with rapid changes in agricultural activities in a region
where the water was used conventionally for agricultural purposes, the
feasibility of diverting the resources to other purposes such as domestic and
industrial uses at nearby towns and cities, was reviewed and some examples
presented. Multi-purposed water uses appear feasible from the review, but
further studies need to be implemented to explore possible alternatives. And
high-level utilization of agricultural water was reviewed based on Japanese
projects, where scenetic sites were constructed using the water along the

courses for a newly installed pipeline network.

2. Recommendations

The followings are to be recommended from the research:

(1) Reviewing documents and literature from existing pipeline projects,
several drawbacks and problems were identified in every aspect of planning,
design, operation and management. Most problems may have been identified
when adequate flow computations were made prior to the construction. Of
particular concerns were no records found to exercise the evaluation process of
system performance under different flow conditions. Frequent and low flow
conditions should have been reviewed whether the systems performed alright, in
addition to present routines of applying maximum designing flow through the

systems.
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(2) Flow computations and economic optimization should be applied for
planning the pipe network. Many drawbacks of the planned network may have
been identified when a simple network flow computation was reviewed. And an
optimization model may have reduced the construction costs for the systems,
and make the project feasible as compared to conventional earth canal
alternatives.

(3) Several mathematical models were developed and tested with limited
field conditions. They were formulated to be applied as basic tools to evaluate
the existing systems, but may be used to test the performance of planning and

designing pipeline systems.

(4) The irrigation efficiencies from reservoir operations may be significantly
improved when the operations were made based on field water requirements.
Good rotational schemes based on canal capacities should be pre-reviewed to
enhance the -equality of water distribution. Such recommendations were

particularly applied to those systems of supply-oriented system types.

(5) The field monitoring projects led to a conclusion that the allocation of
hydraulic heads along a closed conduit is important to enhancing equal
distribution of water. Valve adjustments should be made to ensure the equal
distributions, otherwise the lower paddies received most water which eventually

drained to ditches without being used.
(6) Simple field rules for distributing water deliveries at paddies were

proposed that may significantly improve the uniformity of water applications and

the irrigation efficiencies.
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{(7) Equality in field applications may be achieved by altering the existing
supply-oriented system to user-oriented, which may not be feasible for most
irrigation districts. Another alternative is to allocate irrigation time to individual

plots with better water management.

(8) Field modification methods were suggested that should solve
hydraulical problems associated with existing pipe irrigation canal

systems.

(9) Unequal distribution of irrigation water has been observed at
irrigation districts with pipeline systems. The research pinpointed
adequate management practices to ease the problems. Optimal design
can be achieved using the programs and models developed in this

studies.

(10) High utilization methods of irrigation water at a pipe canal

system were suggested, which include bio-park and water parks.

(11) The results may be applied to safe and efficient management of

pipeline systems.
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Nete} ol vigoz BIWEL MASE d, @ 445 WY FUYNES HA
41, @ 4AKLH £U2 AW, @ M B2 YL P, @B 2 A
AL HRsM, @ 1 AH2RYH B2 42, 724 15 Hds@,
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BRe AL HAFFFH J1&71d wa AP g5 FHHT, 48
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3 24g 8402 ANEdoldso] UAE REsE Aol Was

uh, 7leh Roj A A

AZANE AL B2FE dY2 o & AFL AL AL DG
oy, B2 FoAN BARE o AN FA2AL FAF GFE LHAHL AY
g & AEE o] o FojAck ¥ ol
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g EokdlAd Fuele 7] | 2 3
2} Ao

MEdAE ¥98 B2 A9 Agdold T2y
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N3y E=2Y 2ANdX =229 Y

A1d A &

598 242 WAL A4zdE 2 AYFA A% YAY Hemz
RAATFY BAVAEE B4 ASHUAE, HEFA B e dolr) B, B
of 2X YEE del, AAAA B2EAL AYsE Rel KANT. o9 go 4
ATV A2 BAVANY $48 A B2ZE WARE AL DY AY
o2 goh

Zol2 BT HYE B2FE o9 2gol sbsath ady, Gl
Hgae, AT, FARA £58 + At B2 AYSE RE fo@ U
o ohuul, HTFu BAD ol, FAM S uAsd P AYY W B
FHEe Be AAE mestdl ook Y Rojth ol @ B WAL =Wl
A +3d% Fote Hudols FAAY =4 AWSE Ao, e A A
%08 aTs GUHO2 HHY BEeHE AFHsI YU

gzge AYe WA BFE A2YUe 2 A FIedd B TEHL £
g A A+ ANE 248 Be, $UF02 PH 4 F5AE 42

S HoAdd FARY =4 AP AoY. wUs BLIFE FUF, Wy
HE So B2ai% o]SE JAGE B2 FAY U oH@ VL Ie %
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AT o129 HuAY YuAEE A £UTAN Ve AN HoAe
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BEY WAYAL DBHD, THTO|E2L o fate] B2 WolE Aoz
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H24 FHdA9 R
1 499 39
B42 A2de & Aol QoiMY B Ago FH BAW EE AAd A
Mol F¥e vAA =2 kol 4% AL Wl Ax NEP TE TF
g YAz AIFY Wast A ol BE BHE A2dy JE FHARAS 53
g9 @,

B5z A2de AA%E dE $4 5 BF2Y 408 SHoz 2
SAHE e SRS BEE Aaygud NAE IF] WAE Hoay, o
de ¥eE ¥ A AAHeZ UE £ e W, 48 89 £d4 2FA4,
BEAM, 2UNY, YZAH 59 FARA EE ols A T ol aP
#oh AARe 4A AN AY=EA, BANGY 3%, B 2B Py 5oz
329 Foiz 4sFel fFolu +H2d0 o FRAG

2. #9a999 4

TeEdA €L AT FAzxde O FAKH) B4, @ #F 24, @ F
A-F% ZAAZ FEEYG. (28 3-1D& FLsd £ 48 2452 Udd. +

9 AAe £= T 9% 9T F47 2dHE Hold, £33 FAE 5 N4
ol % WE Fo g3 F#IF& zAHE Aot =Y, FU-4F FAE Fx,
de, eeva Fo g8 A% FFL FAA 2T Aot AT HAz
AL 2 dddAN F3S AAse FAZ oLHy AP FIBHANME ¥
39 BEPLE ol ¥

FUIAUNY FE AT D9 FHANRes JYHE F A= E 5YHez
TRk 9, Ful4s A, g Fdo g FAHE A, AM, Td T
gAZ FUGHE FEIG. oY FYTAE FHUY 718 dHolEN FAd
g 2 2 V2 dedn & F Ut E53He A s FHL
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A3Ad FgF=9 ujxuy

B52 =4S A2 Had NP 2A4 e AFzPo Homz 3
A AAAY wHo] HEE AYPY. xHe WA @ F5dA(hydran)e A
MRS, @ ztzte] B2E MAGE eM2 oo,

1 @+de A
2z MAAYANE 4 BANTFH FTAe A4S Ped. F4A
e BE 3670 REY Y F4WS AGoT s, 059 AXNE ARHHE
o vl s},
4Ad9 N 2 5 HAdo] B4 WA snold AHsHIE wFE 3
Aul watel, 2@e ZUNMH fol@ AFAE Aol7 Y F YoD2 oSz
ZHHo2 st o WAL Ao HaAM, 4 RS }ue FrAoz
26 Hsdoksts ASE A3A 2 YAzRy A AN, AsE & 9
t NPgez st Ao WasT wAd YFYe ASE WA oM A4
=2 sofo} @},

Y

2. B2 WA
T A HAHDY, o)E F4rAE de #2LE FAHHA He d, B

ERe 71E8A ZAAYL =Hdez HdAYHol dg. x=Ho HAYYPAE gL 4
ZEA 7L

O o] Wi XY (proximity layout) - S A FL2HE Z FFA7R Y Agrt 7
3 H=E ke Wy

@ 120° WX (120° layout) - FF A ol HAHE o) &sld LolujAY L
g3t Reg, & FFAFA wxZe] 120° Y o HA A= Mo ®rf.

Q@ HaA" =M% - 120° AR 2 Wgez FFANNE A
Aed, 2 At H22 He dZFE Fe LU, 3 ol FFAAA A
€.

=4 g

rr



@ HAZu W AW (least cost layout) - 7133 73 #=29 AFL Folx,
Al 2779 Zolg A s BE LY FAHE HL=2 FEF wAee W
¥ Sl

(2" 3-3)2 Foid F54dd dgd & wx2de HE 4 waszn o
(2" 3-3)oll Mgt Zo] AolufAY L F5AE A& =4S Hsta Jovy, 120° =
AYPL 3 FL2 3 oY FrAE B A=
o, &7 AR #3E neg ALY E e o, (2F 3-3)alA

120° M E s HAZw MAYEe gel §AY AL HAFEG

Zko] vl 2} 4 120° ®i 2} 3 273 vl 2]
(29 4-1) 3299 WY

3. 83=2%¢9 =34
B2 WA A FAHez FA2 Y P £8F d, 2 FAE=
7 400mmol el el HEaE Rol mFolY. I oate HAeE B §x
By A7t ol #29 vl 8 F$7 €7 wEol,
B, F T84 B A$E A B2 wAEod: 3w HEse
Aol 72T Aol AmuwAe ZFS, "Ad FHEo FaF 3971 27 @ £o)



o.

24, 120° WA Eol L Hagul MAEY A FFANAY B2 Bolg 3
c8st 2NEL AsoeA A4 YW 23 5o me X EAsE w2
o e AANY B Assch weAd, B2oe WAGHE AYY AFzAL
2 2R o FolAo woh.

o] @ o], B2 WMNE ZHSFE AL BEYY ZHolTH Fo.

)

A4d A=2F HAHuA =3P A
1. Graph ol &
adEZe HAFHE HAdt ¥ £ 4 FoM AAY 25 dA=
zdy @ AEL HAASe =72 MR #ol ol&Hx gen, AP (Vertex)® T
A (Edge)9] A &§old.

UG B2 A2de B2, Y4y F549 € FFEFold AFAYG e 4
T2z FAH Ao oA BFE A2de WY TP = (Directed Graph)E °}
£3tA 4A JEtd £ dg. o o HB HT F& HF (node)o2 EAE +
on, olEE M2 dZASdE BRE YAH(edge)22 YEh} A,

aHZE 7leste Bydt JHYHFH(Adjacency Matrix)et AHB2EHY
(Adjacency List)e]l 129, g7l thgo] AL & Dijkstra € Fol HgF
AHFAYPo M drA.

JHYIE YL HFY oY= E gdsted HgEn, oda drgy deges &
"ol QAT ABHom 4A YT E FA}E Wgold. aAZAN WY &
€ Vvain & o VxVYP S ol&soq REY + don, ¥F iy} 4 FA
Vig Yetd 2, Vigt Vjrtolo] kel A& Afoe 2 [,i]1 2 0,18 12
3o %Mol g ASE 022 Fd.A47M, [,i)] R [, ilE 12 & Re Vig
Viel ZkdAtelel WMol & Afo 3lv, ol F¥aYPT dAYHojgn
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olg AW e 2
- Vigt Vig dZdsE Ao dewd kil = G, il

- Vigt Vig d4d3% = Ao Qued [, 3] = (G, i}

1]
[y

i}
[

- 2 jo daAM [, i) =1

HY A2 AAAN WA ad Feod, AP} AME dAsE B W

$4¢ el ol W TAZe @k WY 2ATY FES AHVIYE
gt UEd £ Qow, ViH Vize 58] A58 FSolE, 2 qY=
dxe w@dol el [ 1% [, 18 25 12 Yo, 4% 24z 3¢

[, j]%g 12 Yetid g,

AFNAE AARY A2 FHWo] F2F F o dtoq Ao, dA &
AdMEeE 9429 71527 T2 dE Ut TFFAAME 284 R 2 FH
b 7hEAR ol&E £ dow, tF YT E ol & HawE EE HE: &8
Aztel 228 HAY £ Ag Aot 71F 2HZE A9 FE v WY 2H=
g Wysto A8 5 ded, g2 10 HAAFH Je L, jlEe [j, ildA 19
A 7tEAE AHEEY vEdE £ A

A BCDEZFGHTI ] K
Aj0 41 2 3 0 0 0 0 0O
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(2" 3-4(a))9] W% -71F 2d=ZE ddFFYPez deud (2@ 3-40b)%
#ol g & 4.

2. Dijkstra &322 &
Dijkstra ¢ 3123 && 2 A H(vertex, node)ol Al 3t AM(edge, arc) ¥ AH %
7} % 2l (impedance, registance)® o] 7bd HA7 HEE MHE FolNq A2
F7HAFIR, 2E HAHol AXE drx F A ol HAA AHEL Folye
W o] o}
o &

o

o] 4934, (29 3-4a)e ¥ Tl HFY o&H} M Fdo HF
AE 7HAR Ye A2 MEHIE RAFT U, vla2&d e gnisie F
Mol AFAe neldA @& Y. 1¥o]l 5F0 AAEE HHoln, g BE
AR HIAYE R Ao o *dnYFY EFolth. (¥ 3-59M #E
del FES B F A, (p, ndidA ipe 1HAA jA7AAY £ 71F 29 o
I nde 1HAA jA7EA Y HAavEF2AA j3 vz F9 FFE duidd. =
g, nde ol - EANVE Ae S ALPAI2Z, o] AP o2 & Hav
€327 AT F ATE dugd. nd¥del A UE FHES AgPYes
HAuEF27 43d FP L dndd. adelA 4 2HE AL asterisk(+)2
EAHD A,

(29 3-5(a)c ¢nadF A GAE 2dF31 Jed, 293U 1883 a2
"2 3 48383 9428 A9 stF:A FoA sbF e 28 HAgFPoz MR
Hol . 239 (2, De AAFHAYE BT Jdoy, 144 2879 HIA
A(H2 B)e 20/, HAHEFE FoAAM b2 A FHLS 19¢ vedg, =
T, 379 (8, -)% 4- 9 (4, -)e ALAHlT, ADAZI A YA @od,
2zt AYARANY NHFAE 8%} 49 & EAF 2 U,

T oA A A dAY AGHHAN AREHA Hed (2 E 3-5(0b)9 2H
M Az, 2387 AZE AP S dEHA HFAY Fol AdHE, 5PN
9ol3, 3HAM 69E RAF Aok, 53 R 3HANAY ¢S ojd EE A



AYEGH 2439 e vuEn, MY A e AR Ae 4Fo) AHA
Hog AARHUSE 2dF 1 U, =& 3-Ho A9 1-34 29 83 1-2-342 9
69 & FTAAM FHL 60 MEE FAY oz dAH A,

thgel dAE vtAARZ 402 R A= RE FHo] RF X FY A
A wEEg. (29 3-5(d)E AT dAE BEdFa gloy, #3F ¢y FEL ]
Foziey I HFEZAXNY HdAHA dd HEE Az Yz, ol (29
3-5(dN¢t Zeol Uded £ Ao THAME 3Ho2REHe M5 A9 ¢ 4402y
o ol A Hol FE0] WA, Y2 FUE ddgsiod HA2€ ¢+ A,

(c) st & A (d) 3¥3= HA

(1Y 3-5) Dijkstra ¢ 2] &9 A& A
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g4z 528 YHo2 A pREHE nser Y. o 7 A%
o Bz HuoA Yo} Ut Aol ojuve}, sEude WHY HIR P Wwp o
B (elbow)5e $580 JdAMNE A7 44H ¥A 550 AANE A
YR 228 E£A5LF(h)E ££559 B oDl HaHFT BA (D
wudste Roz ddA Ao, G833} T Darcy-Weisbach 2422 EAE
o},

2

Y A % -
k}’._ d 28' (3 1)

714, f & vt E&AA F(riction factor)E, F2 #9 ZEd TFAHY 5 &9
4, A4S 2 B9 HF FoAE FA o9, Reynolds¥ Fdzxxe &
F2 EAE # AU

2 TN BARE £ALFE ANH AFAE ASHI AL g 7
Mol §Fe Yook AW, B AFE Bzl AAWY A APHs AE
o BE fEe ¢+ At WAA, 4 FFAAAY Be S $H 7 4

e MAFRL s ALErI2 AT P A2 PR oA
Z T fFe gol W EAE AEEI AMM dEH 2L AL
&3t o
- 2ol #5432 FZ4 dtd B9 FEFAPLE2RY AFE FEU(}HY
g A e WRAE)
- ZAF7t bE E&EEY) €989 AFtE das¥E FAM MHE 2 @
o A5 AAFFez JdFIG(d: AR &2 AF7E ToAUE W@ AFIH T
Q] 4789 Bel TN BoFFo] 44 2 3 4,56 m/solAUTE A7 7
BE 48 Fo i HAFZEL 5 w/s2 )
- 57t FAEFE doA HAFFA dAF A5 BN DaFF Fo
A7t 2 @g 3t dARZeR Fo.(d: AF7E 634U BE FoAM €



2439 Joge) 3 m/solUTY, 642 ZE BE) AARBL TH9 59 3
2 @ 8ol nh)
%, SFE2 24E Bo Ao Bastd, ofE nAG AdA ol 2
e tge Agec
- A4 wAEE B HAL vEA AFEh(d: 1-3%=400mm, 4-63 =
350mm, 72 ©] 4 =300mm)

A 7HHEENE HA F#FFH vFo FAANE A5LAHYA AN £E(V)E
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3 0.792 323.0 800.0 7324 800.0
4 0.710 251.2 800.0 710.2 800.0
66.8 800.0 710.2 700.0
5 0.630 143.0 700.0 686.7 700.0
6 0.620 1840 700.0 _ 683.6 700.0
7 0.550 345.0 700.0 661.0 700.0
8 0.493 198.0 700.0 641.0 700.0
9 0.489 169.0 531.0 6395 700.0
10 0.442 155.0 531.0 621.6 600.0
11 0.398 166.0 531.0 603.6 600.0
12 0.348 356.0 531.0 581.2 500.0
13 0625 9.0 700.0 685.2 600.0
14 0.530 129.0 700.0 654.2 600.0
o2 Ax)y] 776,55934 ¢ 761,119 ¢ 676,351 ¢

A5d 9 2 AL
ol Aol Al AAAHQ DAL AAL A TIPS FASD, IRAHL Hie
[,
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4% vxe 97 2348 3A%Y GeF 2o,
© ZAHY 2R 4P AL FFoAEol G AWn, ANY BS
2ol QoI BAS FAAY FRuEe
@ 7129 B52 AT AW BFL 4HED, BFY HFEE
RET-LY |
® Z2ETWYYOE e o8 273 FFHT HYAYYL o5t

2EE, F H2EAE =F3d.

HH 74 ¥73& 2A%e 22L& THEYed, & Ay E nso v B
g8 248U,

@ Aged =238 A 4 B&}A &3, ArdFYd LFE £
o ey dAe Z2aPgE Mg

© 34 #73 24 T2 HEHL F71s7] g 1§ #A5=2 AT
o A& A, AY BAF KA Z2FE ey A FAwiel ddME o
13%¢] ¥l & HFAFAE 7Y + AR
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Hqs5& ZEESs=3 NMA =207 WY

A1d A £
FU8F2E FANE A¥22 ojFARoY A2 o2y 2AAE Foly

£2 2 A5 AFol TAUD A, B5EE A5 Had £2&M0) H
AgA e BRAS s, T 298I FYo AW sAede
Ag 4 97 WEo) Yoz §42Ho2 Wol o]§Y Fojth, T LAY
2YE AANE F28Y £52AAAY Basne /&9 Ty 8427
NYEE ARSE ez #v, oo o AAHA &5z AL 32
Az dFE Aol
$zxe AN £223e 5% $29d2 FHASAY N2 ge $2 3§
Gstl FHYUD. 48 T, $UTOILRY £5AHE NS YH A
AAE BEHAAY, T F5P02 RE B52E B3 A4RA S
APe A2z FARYNE 8o oladT 5229 FAH AANE A
3 A ogte] B@ AW Frisk ol Foj A @t

g4z AL £ 23, AY2A, B EFF, 7189 £2 9y 5
g nEsd ZPAANDT AANe2 AANY 24 FAHI FLY RELS A
@, GeM, 84248 FAYES T FAANA HLu 8o §52He A
stejol @t

B AoAE ERE52AY HHHAS Ao 8522 £22A¢ Foaz,
Z2ayge FAHNY, ¥F A4S Foa 4% HE 54 L YASEE S

ki

of

£ & = T S
-_g Kooy ob
boP N

N
2
5:a

(Y

A28 &= HAAHALAA
1. 38949y
A8 A 8 Y (linear programming)< S3§{F U AGxPo] 2F AF¥PgF2 F
Aol de HHY TAE Fu dold. AYAYYPY A= 715 8l (feasible
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solution) 9] FXHA A7in, &4 A H A (global optimal solution)&
T4 2. AYPAYY FoA YurH oz de oL HI Yx @AY (simplex
method)& 1948 d 9] G. B. Dantzigo] 2ld /i% g w8y dFojr),

7h. @AYy _

AAse] 2L ZH S (objective function) f & HAH}, F A E&
A%ae Aot wREd AR FAA A ¥4+ f = Aol M4 (control
variable)2t £ 274 AF, x1,..,x, o JE3A Ho, AARFE TAG W5
of 54 o ¥AHA AGg WA He o o8 A %FxAlconstraints)olt @
.

AYAYRY YBAA Yy oY} o] FTAUSY MFzBoZ ojFo
.

S5 Mas(or Min) £ = 25 cox; (5-1)
ApzA ,ﬁ_.]la,;x,, =&  i=1,2-m (5-2)
%20, i=1,2 -, n (5-3)

AAA, ¢, a;, b Axolm, zE AHAFoITG. A9 N ol AH M
Aol Aead, TAYSLE BZ MAuS FAH $& FaHsHe Roln, AY
zde B2 Aol FAAAY £F 502 74T + Atk

v gAyg e Ay
gAge HALYYL Az & o]FolAe G 7t H(feasible point)F
ool ZHE 7t oM FHFFRL A cAHoz FARE TIe A
olt}, duty oz WHyt WolA A =W H(simplex tableaw)E FH A3t W5 S
7bs el wet 718 ¥« (basic variable)# H] 7] € ¥ 4 (nonbasic variable)® u-F
oAM BARYFAE FIq HAHHE FEY.
gAYe MRS Fegd 953 2o

- 119 -



2AESE © Max(or Min) x = ¢’ x (5-4)

Aotz (A”)";g (5-5)

A71AH, Ie BAYY, ok TAFS AT, AL AGzA4Y Afuo| s

xe ¥Folg.
ZRFFAR AF2AY4E gA AAsE 9453 2o,
Maxx, = chxg + chxn (5-6)
Bxg + Nxy = b (5-7)

4714, A BE 7BA4E sdnsn BA N uAE A52A, AtzdAe

71 ¥ b7 ¥ AT E vedd. AL FHAA b7 dFEE Qo=
2 a5 2ol ¥ F Ao

Maxx, = chxp (5-8)

Bxp = b | (5-9)

4o Hozvd ANY A7t Aol e gol FAY & Atk

T 1a_ Xo Tp-1
(1 c3B 'A-cf Cz—c ) | = (Calf] b) (5-10)
0 B 'A B™' [\ «, B b

A71A, I e 271442 A% H712 o)z, e £7]44d o&dH= 718

¥ H o] ot
ot dAY HMAAHE AHYstd (2¥ 5-1)F 2o

2. B2

b ERYgFY A

Sz HAMAE A FHFFE AAY AEHE Hagste ot
B2 2 QoM AAHE BF M Ay AxHz Ao DL
2 239 ZAHYSTE Hostd oty A% 2o
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Q1P [, Jtsoll ¢

: 4

<0 T
SIELEECE LD LE-5) i

>0

k4

None 25t 8l
“found message = &

Ht
>

2H(#)2] XI% B/A, &7

Y
HEC O 2Ol W,
NMZE2 JI2 Jisdl 28

(29 5-1) DAY AM 5§=

Min cost= ; CiimXijm
: (.)el meM, ; i o

A71M, Cijm = 4 79 AgH S AAH, X,;, = "W B3 & 77
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Zol& uedy,

Y. Ag=za

B+2 £5z2H9 AF2HEE I A T2l dg AdzP, daddsxF
o d% AFz=d R 4§ Zd(nonnegativity) 322 FAHAEG.

1) & Zolo] i Az

o Zole AAFA HPAeld Feo distd 3 AY AR g2IFRez o
Al FEHAQ g, HF F2FPold FUAE VAL AR} BRE 9
t Aoz, Yol FREE P AAHYE, FYE 8AEL A #w29 Ho
E BT ¥3d AN #2273 Pols} ZoAEE @

Xijvw=L;js (5-12)

mEM

AZIM, Lije € T G, ) Aole] A4 B2 Holg Yedn,

2) ¢4+ F AFzd
HA2E T3 BVAEFE TI87 A 4 &7 FaAHAM 9 4
T5F ol E FAAA Fojol 2 OqgFd & AJAYE UFAHA Fojof
Lid= 3
DP>FG- (‘;EM;MHL iimX ijm— DH (5-13)
@74, DP = 4 #2249 WA$F, FG = A+AU ¥+3% go| 571
A APAMNY nBFF, HL,;, = TG DA ALE7158 239 @9 o9

dolg £44%, DH = 84 $2x39 Eng oneg
3) W&z

AAE5A oE B4 RE B2l Yol FFolool Foz B Wz
Ae BEseiop v,
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Xiim20 (5-14)

o EAdF T A

Yo FRAAM AN dFE &4
A HAYEYE AAL & ez, dX7ted #4E Zolg AAWMTE s A
EAF5F AAA L Darcy-Weisbach &4 ol

I8

%8 AA%F) det Y Avgos

TT e

gAYY TAS FAE 4+ Ao
e 2o

2
hy= %2% (5-15)
"
=145 (5-16)
D3
= F3A(m), V = &5 (m/sec), f = o}pBEAAF n

4714, L = &9 #Hol(m), D

manningd Z T A §Fo]t}.

3. A=

o 2AGEY 74
Aezel HRUAE A SHAYSE B2 F99 Lol ojghy Hoz 7

4.
Min cost = (gelof,;xi,, (5-17)

=2 79 Wolg und

q71M, O,; = 7 739 Ase g dAulew, X,

L
2
19,
PN
)
2
ins
X
o
10
P
g
H
3!
R

D 2g sEHD
FRAFAN 2L ALy AdAE 943 FEL o}EE #A
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ANA Folok sog, tes g AGzBAL FEAA Folof vy

WL(D=RWL(J) (5-18)
471, WL(D = §452x¥9 A4 $EHDi(m), RWLD) = 55249 ¥
2 $ERI(M)E 9n o

2) dAANHY FEUR

2 g5 7N HaFd A2 FHAMY FAE otde AFzAL BE
ool sk, o] & %o AHY FEHAILE dFA FEH B A4 wA FAA
Aok @t |

UPWL(I)= DNWL(1) (5-19)
4714, UPWL() = 459 $EF2(m), DNWL(D = &%9 FEHD(m) °lth
3) #29 ¥l
Nez adel gole &

Fole 29 AAFZH FAo WE SHS
A wols wEsop v}

CH(D)=>NIDX1)+ F(D (5-20)

 ND(D = 4A#%F, ZAel e 5FHFA, FOD = 5
249 T (1/3 X 29 £4)8 dehd

q714, CH() = +29 ¥

CEREA AN

g Fzrol HAASE AAY FHREYE £27A
Avgozm, 4AZA RE A4 AL ZE 2 vV T 5 A 5
F%44 € Manning 34¢ o855 ojgs NG-22¥E ANy

, AAFF we olg

F A,
1 p5c?
A7, Q = AASE(mdsec), R = T4 %74 (m),

Ao, ZHA MA F2E ALY F2Rolun
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(6-21)¢ #AHMHe2 AYsA 4 (5-22)% #4.

3
;13— Si B H® — 4Q°H2 — 4Q* BH~ Q*B* =0 (5-22)
21(5-22)8 Newton-Rapson ¥ P& o]&3ld &9, Aty dde SHFANELE 7+ &
g A},

4. ET¢F=
EEFEG MRy BFEV REAHOLRZ dA FAHHY UAE FEEH, £+2

of ool wet gFdA A

<H 5-1> &£grz2z239 -

£ A £ A £ AA
Nr2 Nrz MNT=2
- N2 T2
NE=E T2 v
Nez BFR Nrz
Br2 B2 N2
A4 2 Nz B+ 2
dr2 R N2
R B2 L

b BFE2-As2(HER)

Bzl AS2E ASedE A9, B52 VU WAaSEE A2 Asz
o HARFZ HAD. 3, Arz2e FUBL Be2 Bue FALTY A

29 4 Ao Hsn A(5-23)7 2o
Q=C0V 2g(Hp_Hg)Ap (5-23)

q714, Qe AARHE, Ct #+2AF, gt FHYNHSEE08m/sec’), He BF+=E
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¢ F(m), He N+29 $4m), A, @529 ddFolg. 4 (NE #F=

dde] dasF2 Ugdd 4(5-24)% 24

Hx—i—«:»ffo -24
"= gl (5-24)

Q) A+2-FF2EFHID)
AT 2 FH FF22 A4 3¢, 475 29
7 H9, #52 ¥ddM asFe @2 2@l AF
ol &3tn, #id VF2I EFAANAY, AdFRI BF
o 2L AFx2AL U= AHAAZE 78

)

il

FAol B FYF
29 A= H(B-24)8
go

A Ao 4(5-25)

ojn
=]

DP>ND+ JELE— (§EIHL X i (5-25)

4714, DP = £ 8Xde 84 F(m), ND = WM$& $4m), HL,; = +
G DN AE Vs E SAE B 49 Hold &A5F(m), JELE = ® 313
(m)e} o},

5. X223 74

tueszHe HAUAS 948 Tzade FAL (23 525 20 (29
-2l M Zol #4542, 42 2 EYF2d datd 53 ANS AAHD TA
W AE2EH §4274 gad AQ L F BANE Aveo

A3d =z aPe AL

1. 29 £54x89 34
Eg ez HHMEA Z2aPe AF HLAS BAEI H3d 2y &4
Z2g FAEY. 2d £42HL <F 5-2>9 o] £5UAH 3 £4A
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A, 909 $5AAZ FHAAY. §FTHY FFFL 12 m/s ol, FE IF

< 2100 m2 dQ{d. #AZe BFEAMAE 3MY 2F 9o EFAAS A=A s
o, Z A2 &4E TEHES Q.

(1Y 5-3)& 2d 523 BAEE B Fa Yo},

24%% X2 2

-$2xAY 2|8 X2
- Y BEE DA
- YA HHSE HHE BAh|

B2 Efs=2 T2

-3y, dArad
EdFFAN
-2 gS$exHe
gess Al
-MEAEY
(simplex method)
-85 xEY
2| X Z At 2|
HHEy

B - B
52 UCh
YFSFAL

[USE, By
WRLS A
- MBS Y
% = WA
42 ool 2y

irzaasz: <5

-EYA AHEE
A, AR
SR A
-228 081,
845+2xIH
SEAD A
- KK Z At o)
ey

\J/

S5 ey MY A A

-85z N

- 2A|

- 127 -

(2Y 5-2) ZaYde FAHT




<E 5-2> 29 f3x3xe 74

o g5z A% BT vy AP
T A A A 2| A (m) (m*/sec) Ei (m)
1 1 2,100 1.2
2 1-1 400 03
3 1-1-1 300 0.1 04
4 1-1-2 300 0.1 04
5 1-1-3 300 0.1 04
6 1-2 400 0.6
7 1-2-1 300 02 06
8 1-2-2 300 0.2 0.6
9 1-2-3 300 0.2 0.6
10 1-3 500 03
11 1-3-1 300 0.1 - 05
12 1-3-2 300 0.1 0.5
13 1-3-3 300 0.1 0.5
1-2-3
122
12
1-2-1
M
ETE 1-1-1 131 —
1-1 13
112 132 —
113 133

(¥ 5-3) 2d g4 239 AR
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2. §AH A8

7 B3 F A

gz FAHE #o Amulst vfEu T HAH Fog oFojyUg. &
AdTdMeE B34 SAHE A7) At @ AR EVMHRE ol & T
dom, dajvle FAEIAEFETAY EED7HEY 4IAF AGAIAME F=xs
o FA}AT. <E 5-3>2 4UE& PE duvt#t 2 FHo dAZoG FAHE
Yetdiz . dZHeld #2e FAEE 0300me PE. dw@e] S, A=
HlE 17556¥0ln Adxjule 9352¢ 02 AAMe Fauwle 26905¥elth. did Ao
2 B7o A w2 23 Aol AANmE vEn Fo HAuI FrEA €
o ZA#e BFE HY T FTARIE BFobAA PE @dtdd vl FAu g}
A AAEo.

<E 5-3> 4 & PE dt#t ¢ Zuo] FAY

. - 2 7 3 Al (W/m)
-t (mm) A 2 1] A %) ] 2 A}y
200 9,384 7,362 16,746
250 13,235 8475 21,710
300 17,556 9,352 26,908
350 27,282 10,634 37,916
PE ¢xsts 400 35,325 12,386 47,711
450 41,729 13,674 55,403
500 48,580 14,961 63,541
550 55,449 16,230 71,679
600 61,725 17,453 79,178
700 89,735 38,287 128,022
2
800 113,655 48,758 162,413
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. 284 ALY FAHH

Ae2 4700 de AXNYAE A FAMY 4H dFHE <F 5-4>9
Zg. <E 5-4>% ¥4 MAY FAHE o @ 7Y Ao, YRYE B
HBRRAE ol &AL HAHE FAEJEFTAY] EEUIEE ol &3 %d.

3.x21399 Hg A3}
AFEAYULE ol R 2d &z dizstd 3 HdAE dAsHG. o
€ 98t <E 5-2>oM FoA Z 7Y FAxFE VHFAEE L4xAL T
B3, FAEE Haser] A48 @74 2 £2 99 298 AAHdAS

<E 5-5> 2d §5zx #73 ¥ F2ddy AF

a4y Aol (m) 4429 AY (mm)
1 1,000 | A 1,500 % 1,100 7R 1,500 1,100
24304 2 700 T 1,300 < 1,000 a 1,300 % 1,000
3 500 g2 1,200 < 800 2 1,200 % 800
1-1 200 1,000 600 350
1-2 100 800X 490 350
1-3 100 7R 600 X 380 = 350
2-1 200 1,000 X900 450
et K 2-2 100 | & 1,000 x 800 & 450
2-3 100 800 X490 450
3-1 300 | 2 1,000 X 600 =4 350
3-2 100 800 X 490 350
3-3 100 600 X 380 350
1-1-1 300 600 X 380 600 X 380
1-2-1 300 600 % 380 600 % 380
1-3-1 300 74 600 X 380 7N 600 x 380
2-1-1 300 800 X 490 800 x 490
&£+2A | 2-2-1 300 | F 800 X 490 F 800 % 490
2-3-1 300 800 x 490 800 X 490
3-1-1 300 2 600 x 380 2 600X 380
3-2-1 300 600 x 380 600 X 380
3-3-1 300 600 X 380 600 x 380
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<E 5-4> Z YA MAS By

| < (om) ¥ A Hl (/m)

z ¥ 9 A =7y A A v & Al
200 150 5950 3254 9204
250 175 7000 3254 10254
300 200 8500 3254 11754
350 235 9350 3254 12604
400 260 11300 3254 14554
450 295 12500 3254 15754
500 320 15350 3254 18604
550 355 15800 4366 20166
600 380 18000 4366 22366
650 145 20000 4366 24366
700 440 24200 4366 28566
800 490 28400 5371 33771
900 550 36000 5371 41371
1000 600 41300 5371 46671
1000 800 87000 10689 97689
1000 900 92600 11807 104407
1000 1000 98400 11923 110323
1200 800 93250 11820 105070
1200 900 99000 11935 110935
1200 1000 104700 12049 116749
1200 1200 116150 13284 129434
1300 1000 107930 13120 121070
1300 1100 113650 13234 126884
1300 1200 119400 14354 133754
1300 1300 125150 14469 139619
1500 1000 114200 13245 127445
1500 1100 119950 14365 134315
1500 1200 125650 14480 140130
1500 1300 131400 15600 147000
1500 1400 137100 15714 152814
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<E 5-2>9 43 zdozRY A% AL FAHD, BAYL olgstd T
o flelA BRoU A VWL FAY AAE <E 5559 2. <E 5-5>=
£404, A4 L AAE 25 294 AAZ ARE A4S $4AMe BHE
2 A8 F3ol g A4 Aoold. §42e TS FIL AADZ HAsE
A%, #9822 Als 549 EAYANY FHL 1500%1,000me) $2 o
WMol a7 W, FURA M35 §4AM 3-3-1 F2E 600x380mY F2 9
ol WasgE RE ¢ £ AY. £5ANUVE V422 AAsE Fede A1,
3z &ML 0350me PE 4@tdo] WAy, A2z 4L 0450mm 9
PE dwge d3stojof 9o,

olae Az ¥E =Y £5FA0 dao AR o Ru gL AP
HX FAENLE DAY S, 2 84229 Yoo Be FIANE <E 5-6>7
2T <E 5-6>0A 9% Tol Ha FANE L4VMY E5AMNE ArE HA
B3, §4AME BEZZ FHY AolH, ool FAuE 398536 HUolH,
W FAME AA TR BE2E FASE Ao, FFAUE 550,000 Aol
o},

<E 5-6> &54x3 Feud FAY

TEH 3 F 3 A
B5HA 8524 £5AA (Hd)

MNez NE= M= 411,345
Mz Nz Br2 413,895
NeE2 g2 g2 453,994
NE2 B Nez 398,536
By Brg Nz 438,897
i N2 a2 423,945
4= M2 T2 421,395
dT=2 S Tige gl 550,009
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600,000

500,000 r
400,000
300,000
200,000 r
100,000

0

7H ~7H-74 H-TH-g JH--2H AR B4 B-H-@ B-R-74 B-D-p

BAtE] (YY)

Bx3 Yey

(29 5-4) 23 FAHd] bjn

<E 5-6>9 §5Z4 Fud FAHE vz dE (2Y 5-4)9 2.

AMad g R A8
5dEF2Ae AS2, BFE2 L A52-B42 ERY 520z 74
Hol Ak, Y852 HAF sAZAL VEHE Ha0gY FANA &5
2Hg FHRE A0E, %9 42 Yool Wato FANE VWL, o ZEH
A4 4AE 9% T2aYL ALHAG. =@, 29 §4230 Feste 2
del ¥% 984 Frhsan
el AT ARE fotad theH 2o
O 4249 AAHA 4AES Aste] $AzAR FANZYH TARS
S AFRAE FHHEL, AFAYYL ol g H43 FAS AHHAT.
@ B4z, AF2 L TYF2Y FA54E s, 2z dato 24
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$49 AFzae FASAG.
® §429 Y dAS A% T2ade Auadyoen, 29 §5274
Ngsto] $424 Fed FAUE ATsHAAG.
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A6x Het #4z $aAAL z2ams A
- S4XH BEE SN

A1d A &

8 Alge YRR slE 297

AT dF sANZZ2HA HAHT e B2
A HFEEY &FAAE EFTFER

do] ¥ SFAAS B2z dgAsE
Ao, #4712 F F27 A5 £28 23 Yo FFd AFE Fu
£ o] ddoltd. =g, FEuU EAY ¥, 4, HH Fol WY 7|
NEsg ANgsta ol 47 ofdx, £2 dd F7 2deA e, o
BA, FANFZHFAGAA FH, oid AR Tz FAATY &FAAE
#zssn e Ao

EFA A dAE B2E NFE F49 &5AMAA B22 F9° £ LA
2 $Fste 715 E &9, A FFE Aty BB E dAsu AFYEE
st AAASe] 2Fo wy BB g T Y2 2L TIHA 9. ol 2
o] M ZERE FHFstd FHd 3o B22 B FF3E 7tded §5AAY
dF FRAAME ez 58 2AANE FY, dFFANE AXNFFA A
Fel st 7t o) FojT

aRd, dF B2 AJATY FE, dFRY GHFFEAAS B2 FATL
A3 =3E oFA X 7 AdFFUAANY WE EEZ T F¢o] FREY
¥ 2d7t 2AHN, BRAME A5 o ¥l 2AdE AU A
AP0z AFA AFTAE 7 F57 o) FAAA F=E HdAHE T 2
o BAF EAZ okr1H UAe Aol BHEH, Frloke ¥ AFeAe dA=
B2E AARD, EFFEE OA dBse dx TAHDT Qe Rl

S5 AA BRI AAE YA s, T olv] XY BR2RH JHY B
BP e AdME AdBLz FYALe] JtSHES W& Z2aP S MEdn
o] o] &3t F=23 EFAANAN B Je dFN2E THE Ao I

ol

.
*
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st}

metd, BPolME AYBsEe FYAN Tzade PAHSD, 1 282 HE
stol, d4ATY B2 FPPP] Hgste WAz LAE AHAAEES 2
s ch.

A2d AgBAF=9 583 54
1. 8424 #z9 74
$4AA w2 Ade Ngoz A% FAAREE BW BAXNTFA 4A Y
T YE $5AA BEE AYAY 2Aoy B2 Ao w NP Holg

Holx oy dwtAHoez (29 6-1)3 22 F4e BAF2 Q. Mgy B+
=

WE T2 745 A, HAH FF2E (2¥ 6-1b)AANY o] /YR, B

FUB, F2F o EA #U2 PARE AN L FF 23 AW ASw
B 502 74589 Yot

SEAC1)) _\ 2awy

s [ e ]
(D I

o}
E=J

(29 6-1(a)) WY Bz 74
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(28 6-1(b)) HHf4 AF2e T4

YR

FAPE 474 (EF Z& @z

Im
¥
fru
©
o
hu
of
o
2
i
N
2
1)
H1
Jy

g
F2do 4o, F FARE +54 AFEE AAsHd 2
9§ 223

BEUHE o249 F#49€ wAss A

(24 6-2) FdFe #73
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238 F&Ad o|2F0 3o 23de] dde] HaHo AT S FEI %
#atx En 232 F5edE AT F 32 FA HAFAN HEE
B FFFA 2T, 3522 A Ao uFHaG. <K 6-1>& 23d9 7

A& vdeuz glen, 42 A % & (29 6-3)F #c}

<HE 6-1> 23d9y #34

7 2 12 23 2% 2349 3% =ad
Aug 33:7!0
SRR vl 10m A= 5m AE

3TAIE (Smm)
/ ya
M {/- 1

GGG
40
1>
]
o

AN

\— 24432 (10mm)
\ L
\— IRAIY (15-25mm)

w\\
\___N

(19 6-3) 23d Mz ¢Y1

Bz dA £FS BF UV F4 w2 2Fdd. FAdFEL A5z
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A ¢ ZAsE Roln. ol L JFHEE ANME A BN sdel B
2gd, 22239 33 53¢ $%4 2dL FHHS FEFE Aol

a3, #5290 $£YP4L ALFY FAFS dEY $ UAs d, olse 1
$4 Wi} FE ZHo) soj7t Yomz, Wre Rde HEHE Aol BHon).
A4F HE M5 Fol I3 W degynz S4HY FFA FEHn, B

Fe Hxe A, WExHY Fol g Ho)ZEHHZAM HEAH Fe AP =
% st 24"l
FolNE 240 - A4S B2 B2 P U@ FAd FES ASHES
#t Z2aPe AL} $4¢ UFEE @ A/ME JSPEE AAZ 9
F2 AT FdolAe ANEBhold Rde ALY 4L FESE W, RAF A
Beld 24ste £3% AN F& FFo WELZ GFEE @

rle

A2d #A=2F Y o2
1. g2 74
#2792 @ B2st PN Be B2Ed ddde Y= A2dez Fo
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L BEZS FAY FRoz FEH AR BF, 716 ALFH AHAAM H
ZF %o g 2 3 50 Fodd. 9oz PS4 d=Ye d=2, H
dH Fo2 FAHY, ol 229 ¥ 5 dgH 2o

[ER

¢)

B2 §F 3P0z 92€ $Y ¥F, POz T ¥z
#2& w70l YHE voz oFoA Fuez orde I, Up
o B PUFAES EHE FE A

#29 ¥ BHL ATt FA(node)e B¢ AR 2P £F Yoz FEY
+ Ao g¢ APe Be Fedel A%T de AW, ¥ vAol
dstste AMe 0¥ 1Y £F FHE AFA FF Lol £F& AR o
3 dAsA #AST Y= FUFE B

o
Er
i
mg
%
L

i)
dd
Iz}
ojft

b

'S
M
X
@
o
£

e S [
Ze 7980 BNATFEYG @S By £ BAEFE 4H S ol fdd &
R Rk "oél—"- HLees Zd ojgd8t. T2 Al2g9 HAHd Yol HE
T #29 o= FReE EFANY F U9, HEZE otFo2 yEyEe HZ 9 F
A dAY 2HEHE Ueus FEZE4I3HY A8E oj8sod HHE ¢+ Yo

PZo SHE 4y 459 2ol YIE ENY § ArE SFNUAY 2z
AgsE ¥ ousn, g Noz AU
P=—151=3;3Q5— (7-1)

oA71M, P = =9 F¥(Hp), Q = X9 EEH (cms), H = A ¥H(m), »= ¥
o A SOIY.
A HE £5U A A Fog AFHHE, tbg H(7-2)8 #u.

9P _
H=1330 (7-2)

A4e UdetlE Aoz, AFd B2, F5d dY

o
=}
o
il
ok
4
o3
flo
o
IH
o
dm
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3, 5%4,

YT 58S O1deE vdegd Ao,

ge gol A4y BYYL o] § @0

h‘p:H _CQ” (7_3)
71 M, hy = BZo] &g 4% £F(m), Hi = Z9 AAF ¥AH, C,n= 49 A
£ 2 AFE oo,
12 ]
WHo 9% FHE S oz FAEY,
2g.| op -
Q= A\/ for A\j fu\/ 4 7-4)

A71M, A = B9 G, f, = BB vA&EHASF, Jp = YB oF ¢4
8t Fol ot
PHo vaEdATE BB AMAEY we Pk B EHSeo] ¥Wa

73S, 4B 9
g <¥ 7-1>3 o

AT 4L o457 A5

M=zt ou AA 283 AT Ad4E B3 Gl ()9 vl oz

24494,

<E 7-1> Bg &Eeto] dE vaE&HdAF
) 5 10 15 20 25 30 35
a/A 0.81 0.83 0.74 0.66 0.58 0.50 0.43
fo 0.24 0.52 0.90 1.54 251 3.91 6.22
8 40 45 50 60 70 90
a/A 0.36 0.29 0.23 0.13 0.06 0.0
f 10.8 187 326 118 751 oo

2. 2o HAY

2249 BPAAY F5FE (29 7-DF ol AALT, YASLF, #45
Fo go2 HoiUu o9 F5FE dAHW (1Y 7-DF 2L ANE 2E
9, ol & AU £FAAMelA #oh qn, ANSFY FP4F gE B4
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S2n 80, SE5E A AL E5AA M0 &4,
¢ BN EUFFE 4(7-5)% 2o A
JH,'= Hk— i (7-5)
#2E EHsE R
Qi=A;V; (7-6)
olo], 42 Hazen-Williamsd e 28y dea 2o,
0.54
v=0.354sco°‘ﬁ3~é—"%,—5; 7-7)
EA4LF AHE HAN 32 Tad
.63
Q=AV= (0,2784 %’%2 = ) AH* (7-8)
ze
Q= kaH" (7-9)
83
k=0.2784 (}:‘3254 (7-10)
2A4 EAYE + U,

(g 7-1) #5829 £F
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dH, 2 (7-9)9] 849 K& t3# o] Hosid

K= mf"'“ (7-11)
42 Q: e o,
Q' =k AH' (7-12)

B2 24cld F A A BN $2e e 2o,
Qu=Fk4H' = k'(Hy—Hp) . (7-13)
Qs= —FKAH' = —F (Hs—Hp) (7-14)
olge 4 MEFrz AEw
[Q'1=[K] [H'] (7-15)

4. F=% A4
B2 829 WEHAE AAN #2T AT, FAXZEL neldd A9
HEYdAE FAHAE 5 A o E2dqA 2 B2 3L 7 & 9. &
2% BT Fee HAFHE ol &M #HE Fae o, 4L HdEe 948 7HA
b Red, A3 #da vy fPer FRE.
A(7-15)8 ol &3t Ao B2 zAd distd HAYNE FAASHH ofdl (29
7-2)% 2ol EH22 Yegd £ o

B0 H, G
[K] x! [Hll=| [C]
0 & | H, C,

(2" 7-2) Al2=d BN o
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(28 7-2) WMEH: FEYPE of 83 UYetdlB J7-16)7% 2o gy e
24 (7-16)8] K slEY2E Hdgoz 7ASE Aolm, HlMY HYL 4 (7-11)9]
Aot Zol HY #5224 vHAdYEE neste Aoy,

KH=C (7-16)

A3 #A=2F 4 TP A
1. 8|43 Y : Newton-Raphson %%
Newton-Raphson W& Taylor &84 2AE § Ax)=09 & F3&
FAHAAH BPeld. Ax)=0& TVIANIE A& xan ¥, Ax)=00 =z,
o] A& TAtsl x,& ol &Fd AANEHY offe Nz 2o

)‘(xo)‘—",f(xk)+-‘-9-—j§-§*—)~ =0 (7-17)

_ Axy) o
A7, = —Frafex N

Ze Yoz N2E @, x5 ® T8 FE XS UEY AR NE AL
gt
Xpe1 = Xp+ 0x, (7-18)
Newton-Raphson & o] &3« uHdy wAY KMHH = C & F37]
f1std g el Uded F, F2BE o83 HPY FFE ALT
F(H)=K(H)H—-C=0 (7-19)

AN 4 AMEY FHUSH we} ANusg, ol AHES F
Azdez MR} AWstdol . FEHF FEHANE A4¢ FA
T &% AA, 23 £9 FA4, 3= € 88 Fe2 FEY £ QU
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7. &% ABA

#5220 YoM FFEEY HFF JAAM fFo) dAHHA Y 7
F3FE FAxAez 4G 4E B9, 1Y, 38 FAFF(ZT L F54H)
o] F3° @ 2= dABHA ATEUE, Q. T AH(7-16)9 C W EY 2 H
43t FEE #AHT 5 Ao

Fd

rlr

4. 24 4734
2 FARAYE FEEF 2ol 7FF L AS5HoE AFsdAE AP F9
7t dASA FAHE FF+E 2Ed. A F9 FAPA AddME #9474
dASA A" goeg FAAI QF 4(7-16) FAANE FAFA AAAM F9H
dAZzAE st BAHNY F& FAHY £UF 94X TG,

9. ®x

gzel Bzo oa FFBo] EAMaE ALt WZo EHTHEL o83
of AAzBL ARV 3, e E2FL (29 7-3)% o] e H-Q &
¥F3He olgste AR BT,

H2UY FLUD 5 FAZACE HAY Aol Bue SHIY

AR GAFEFo el AP el 4

[o]

o

olo
o4
ul
i1
i:4
Yo
Jm
oX
K
r)~
flo
T3
[z

= CAV 2g(h — GH) (7-20)
q4714, Q = M2 FF(m/s), C = & FAF, A = BB HFF dAH ('), h =
BEAFERE)Y 4FF5F(m), GH = 42X Yo F3(m)olHt.
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RS
Loy
Ah
H, BWOsNE DRE B
T T/ HQ &N
e
z
o
8 Boo 2y
Q o2y
(g 7-3) ¥=X9 H-Q A
229
_“—/— 2ULE
. < gEsNg Tas
2O HQEYN / WY HQES
u |

bt

(29 7-4) Yoo FA+F % H-Q FHIAH
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3. 22089 T4
7t dH AR
27 FAHY T2aP9 ALE Adde F B2 JEH SHH WY
A2, YA B2 BA, AFANM FAAZY F BE2F B AR, FAHH L
A% @A} ol BT oleg JIvHoE FEA HsH <E 7-2>9 2
o <E 7-2>cMEe Z4 dFHARY d59, W, 27IAE F& AAGz U

<E 7-2> B2 #HHEYY dY=

T8 W oo 3 Ay W £
1 712 dAEs
NN 110 Ay
NE 110 FIF
NLN 110 712 % AAds
NBN 110 2NA =% AHds
NMAX 110 Hog 2 3l
TOL F10.7 3 &9 x}
2 A¥HE
X F10.2 A4 X#R
Y (i) F10.2 Ao YAE
3 T A 2 B B4
IC(1) 110 Fe] Ala Ay
IC(2) 110 e B 4dA
PROP() F105 TFZte] #74 (m)
EG) F10.2 TF7+e}l Hazen-Williams C3t
4 3y AAFH
W Fl124 iBAEe Z1AFF (mYs)
RENO() F10.4 iAde 71AFF (m)
KODE 110 E Y M BALY
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. Zzage 74
<E 7-2>9 JYPA=2XEH 4 AP g3 #=29 F¥ T& ALY

dEYOo2RH FHES 33, & BHEA vg ALY 2HE Y52, FHaz

HE THES U 2P AN €48 FYFE (2Y 7-9)M % 2o

inintial
solution

Initialize parameters

ISTEP=0
¥ |
s 2
Input Add H(in AL) ta
- array H
Check Limits

:

INCOME

ASSEM

Restore initial
consumption to Q

Yes
Convergence

SLBSI

ISTEP=ISTEP+1

P

Compute
tangent matrix;

LIMIT exceeded

Y
RESULT
OUTPUT

(ag 7-5) 2239 BER
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A4d V=Y Y Z=2a99 &8

1. 23AF

7t AT A8

DEFATE AFUHY FFAM dd E2Fze £ FA%D, AALH
Aoz L4 AL T3 BAGEE AYSo Y. TFATY BREAHLS
W3 449 4 x4 (branch) #F22 o] FoA A, LFATE (¥ 7-6)% 2
o] A1z &5TH ¢ Al-1 ~ 1-58 &5 do] AFE2E AYHA Yo, &5
2o 2R, £5AHg g8 L EFAAE AFRE Ho A
FrFozRHY E2FE o183 77131 hadl &5E IF
(2" 7-13 ol 18 mold, A&+ F & 2.2923

2
lo
fu rlo
Fo
ok
B
HF

molz, BAL 5% gt 1300~531me} 5522 AYHY UG

¢ . 9 00
5750 50 6 600

3
333555

99_?99969

Hi148 %14

© 00 0 —

Ha2
a2
O  nooeNo.

@7\

(29 7-6) LFAT 1Z T VE2Y FAHE
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14

12

10

ELE. (m)

0 I I 4 L L

. 7
{ 1000 2000 3000 4000 5000 6000

Azl (m)

(Z" 7-7) AllE &340 Fd=

4. AZF #Y
Fredoz FEH FEYGA 18 mdd Al §5Tdd dd HLHF Ay
e <8 7-3>9d HEHUIUAY. <E 7-3>dAME & #29 2875F € 52X F
FEFTF € RAF3 Ud. AlE &340 E HAEFF Q=229 m/sol F
THI, 4 FRAN HAEFFE 28 F5F22 3o YW FFFE AL I.
A4F A4 Ax, Al-l, 1-2, 1-43 &5 Ao E7|%e 2-3 73 B
5% EL2 1215 m& 2opA 3, A1-3%2 &FAMdol £718%<€ 3-4 739 &+
FE 11.05 m2 AYHUYG. 4-5 FAolFoe YA F£F7 #add, g2
R A 138 Y £5F& 366 mE YEIRY.
Az 4349 AYn 2 FFFHE EASE (29 7-8)% 29, AY
A% APAAe 2RIt 283 L JAHAE Holn Jdon, o #vF2
Z3o] AYHA Ao e AL BAgF 3 .

o

e K

¥ F

f
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<E 7-3> ZEFAT ALH A4 23

Hf2dol AYxn ELEE FH(m'/s)
(m) EL(m) EL(m xg83a =383

+ ¢ 23 ()

1-2 1300 50  -0.26 179 083 2.29
2-3 1100 2716  -047 12.15 0 1.42
3-4 800 323  -054 11.06 0.08 0.79
4-5 800 318 0.36 10.17 0.08 0.71
5-6 700 143 0.36 9.56 0.01 0.63
6-7 700 184 1.10 88 0.07 0.62
7-8 700 345 1.05 7.66 0.06 055
8-9 700 198 1.07 7.12 0 0.49
9-10 531 169 1.0 6.15 0.05 0.49
10-11 531 155 1.13 5.41 0.05 0.44
11-12 531 166 1.40 477 0.05 0.40
12-13 531 386  -047 3.68 0.35 035
Gl 5123 2.29
2. 93A 7

ZhAT AL

HEAFE (ZE 7-9% 2ol A A 45499 &89 37080 A3
T e ATFEAM, 19959 ~1996d 71 FES HFAT FAPFYAA] d@ez F
AEAYG. HIFAFe F5939 9395 Fo2 ¥ §£404 1% 3870 m. &
FAM 2% 2658 m, £5A7A 19% 8,028 mE M X9 AW FF7 N5}
g, &%, W2 WM 22 3414 m, WFAA 23% 9,456 mE A Ao
A9 e Jagsin AE vjs£& 884 =& A,
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URAFHE (m)

A
ZEAELN
R Jl

ST D vy

P
&)

(29 7-9) 4FAF A4A=
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AT #2 232 FATAMYEH 23 F5A7HA AxAE A4E W
o 5% #E3oq 249 YA §5E TFTY F =S FAL R %

T2& Ad3add. 140 &AA =M BE wjdadg FFAHAAAN #
de &8 & Az F4%e FAY BF2E F Aol 6,18 moly, 1Y
(#%) 52 72 6,189 mEA, 9 #R7 FE331 Yol F&F 37.2 had
gd 7 st TAH £ 4% AA dHY FLYAE H B M3
Ao

37 B2 A2 F8 AAE <F 7-4>° YEHUJY. FA L 020
0~@350 mme} PE 4B L A3 ey, 58 075 mel PE dta g 4
AP F4UBE BAWR Y Yo TAE P 238 dAsden, FaAd
2 AN F4 BHIFE A¥std Ao

<E 7-4> F8 A 2 #373

+ ¥ # F (m) 5498 () oo A A
XA
I = 3 o BAwH :1](2!!&] NE F4RIF

1.0x1.0 | 560x% 560

=l
N

@200~ @350, @75 Q75

xX1.0 X 680
2 PE dv¥zt | PE 43 A2 HgEeld z94
E A |(2F, Tkg/a)|(2F, Tkg/cil) (P.V.C) Con’c Con'c

Y. AL4F 7 FE
4z HAF FYHNL 9§ B AZE (2¥ 7-108 2o
H2ge 88/l BRase 82709 AHPoZ FAHH on, & Fraso
A" B7, d2dole <X 7-5>¢9 #H.
(28 7-1009 =P d3tyg W dHY &3 dez FH HARZ Q =
0.1385 m/s7t FAAE A, AAF FHY AJEs <F 7-5>9 o #Z 9
F&ATE C = 1408 A& AT, &434H2ez REH H5d &5 5 2 A
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(29 7-10) 93X T V2Y 2YE

YA we B 58 FANA ¥y, v 58 U9y FaxyY 43
£ EANSR (29 7-103 2o

E@, 2t WY £5U8E v (29 7-129 2o A47A 19 WYL
1557 m& 2on, 199 FPAME 1473 m2AH % BFe] FFo] gANE =
ol @¢, o

3. A3y A

7 AT AL

HFAHAFE Ad MG AdE, F49, oA F 30 g9 A H3
3 glon, 198530 A F3e WERA 1= 1874 kms WU E 142 E SF3
o FAA FL 27, AU £ 3FFE AdAHsd A" € FAANM F IF
ZIvzAdE AASR Jd. o F A3FTEE (2™ 7-13)F Zol £33 ZHd
A AFFrFez FH AH1E 2 25 &334, A33 £50M0] AlFHa A3
3 &40 Heg B ANMAEZ, 6%, A4F, AS5E e BAHO Z AP
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Q=0.1385¢"/s

0.0429 0.0626 (gagg
— o - “+—

(29 7-1D) AZH A4 23

—— HGL{m)
~—— EL{m}

8 11 13 15 17 19 21 23 25 27 29

3 § 7

1

NODE NO.

12) 334 Agx

(g 7-
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<E 7-5> ALHF sdHY F=>

i)

PIPE NODE No. o]

<)
»
Fo
b
2
al

TERg $HRE w & 544

No. FROM TO 1y  (mm) C (m’/s) (m¥s)  (m/s) m
1 1 2 36 140 0.001369 0.048414 068 1557
2 2 3 34 140 0.001369 0047044 067 1551
3 3 4 30 140 0.001361 0.045686 065 1547
4 4 5 36 140 0.001589 0.044084 062 1543
5 5 6 34 140 0.001589  0.042506 06 15.38
6 6 7 40 140 0001581 0.040925 058 1535
7 7 8 40 140 0.001500 0.039425 056 1530
8 8 9 30 140 0.001139 0.038286 054 1526
9 9 10 50 140 0.001150 0.037136 053 1522
10 10 11 185 140 0.001150 0035986 051 1517

[u—y
[a—
p—
[
—
o
[\~)
s
—t
(S

0 0034017 048 1501

FEELEEEBBE YUY EEEEEEEEE8E8888EE .
5

12 12 13 200 140 0 0.025322 036 1485
13 13 14 20 140 0 0.022347 032 14.77
14 14 15 202 140 0 0012228 017 1476
15 15 16 206 0 0.005578 008 14.74
16 16 17 16 140 0 0.005578 0.11 14.73
17 17 18 30 140 0.002261 0.003319 007 1473
18 18 19 34 140 0.002261 0.001058 0.02 14.73
19 20 19 36 140 0.002231 0.001211 002 1473
20 21 20 36 140 0.001200 0.003442 0.07 1473
21 22 21 30 140 0.002231 0.004642 009 1474
22 23 22 50 140 0.001200 0.006022 012 14.74
23 24 23 50 140 0.001381 0.0074 015 1474
24 25 24 160 140 0.001381 0.008781 0.18 14.77
25 26 25 206 140 0.001381 0014522 0.15 1478
26 27 26 20 140 0.002869 0.031583 033 14.79
27 28 27 204 140 0.001139 0.042878 045 1490
28 29 28 207 140 0.001250 0.062633 065 1513
29 1 29 205 140 0.001369 0.088306 092 1557
30 11 30 14 140 0.001150 _ 0.001969 _ 0.04 1501
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<E 7-5> A&

PIPE _ NODE No. 29 R5AF 289F SART ¥ & 559
No. FROM TO (o o) ¢ m¥s) (ms) (m/s) m
31 31 30 30 140 0.001969 0 0.04 15.01
32 32 31 36 140 0.001981 0.001972- 0.04 15.01

33 33 32 30
34 34 33 34
35 35 34 36
36 36 35 30
37 37 36 34
38 38 37 36
39 39 38 30
40 40 39 34
41 29 40 36
42 12 41 12

140 0.002481  0.00395  0.08 . 15.01
140 0.002481 0.006431 0.13 15.01
140 0.002481 0.008911 0.18 15.02
140 0.002481 0.011392 023 15.02
140 0.002481 0.013872 0.28 15.04
140 0.002481 0.01635 033 15.05
140 0.002481 0.018331 038 15.07
140 0.002481 0.021311 043 1510
140 = 0.002489 0.023792 048 15.13
140 -0 0.008692 0.18 14.85

R
FYRB B EEEEE YRR E 88y Ys S

43 41 42 30 140 0.002031 0.006664 0.14 14.85
44 42 43 140 0.002039 0.004622 0.09 148
45 43 44 30 140 0.002039 0.002583 0.05 1485
46 44 45 34 140 0.002481  0.000103 0 14.85
47 46 45 36 140 0.002481 0.002378 0.05 14.8
48 47 46 30 140 0.002489 0.004858 0.10 1485
49 43 47 34 140 0.002481 0.007347 0.15 1485
50 49 48 36 140 0.002481 0.009828 0.20 14.86
51 50 49 30 140 0.002481 0.012308 025 14.87
52 51 50 34 140 0.002481 001478 030 1488
53 28 51 36 140 0.002489 0017267 035 1490
54 13 52 16 140 0 0.002978 0.06 14.77
55 52 53 30 140 0.001031 0.001947 0.04 14.77
56 53 54 36 140 0.001031 0.000917 0.02 14.77
57 55 54 30 140 0.001239  0.000125 0 1477
58 56 55 34 140 0.001239 0.001364 0.03 14.77
59 57 56 36 140 0.001239  0.002603 0.05 14.77
60 58 57 30 140 0.001239  0.003844  0.08  14.77

- 179 -



<E 7-5> A&

PIPE NODE No. dol 373 #FEFAT 287" FAFEF & & F+4
No. FROM TO (m)  (mm) C (m’/s) (m’/s) (m/s) m

61 59 58 34 140 0.001233 0.005083 0.10 14.77
62 60 59 36 140 0.001239 0006322 0.13 14.77

63 61 60 30 140 0.001239 0.007564 015 14.78
64 62 61 34 140 0.001239 0.008803 0.18 14.78
65 27 62 36 140 0.002869 0.010044 020 1479
66 14 63 14 140 0 0010117 021 1476
67 63 64 34 140 0.001061 0.009058 0.18 14.76
68 64 65 36 140 0.001061 0007997 0.16 1476
69 65 66 30 140 0.001061 0006939 014 1475
70 66 67 34 140 0.001233 0005697 012 1475
71 67 68 36 140 0.001239 0.004458 009 1475
72 68 69 30 140 0.001239 0003217 007 1474

73 69 70 34
74 71 70 36
75 72 71 30
76 73 72 34
i 26 73 36
78 15 74 32
79 74 75 34
80 75 76 30
81 77 76 34
82 78 77 36
83 79 78 30
84 70 79 34

140 0.001239 0001978 0.04 1474
140 0.001250 0.007422 015 1475
140 0.001139 0011153 023 1475
140 0.001139 0.014781 030 1477
140 0.001139 0015922 032 1478
140 0 0.006650 014 1474
140 0.002439 0004211 009 14.74
140 0.002450 0.001761 004 1474
140 0.002481  0.000719 001 1474
140 0.002481 0.003200 007 14.74
140 0.002481 0.005681 012 1474
140 0.002481 0.008161 0.17 14.74
85 71 80 36 140 0.001250 0.002481 005 1475
86 72 81 42 140 0.001139 0.002489 005 14.75
87 25 82 40 250 140 0.002869 0.002863 0.06 14.77
33 0 1 10 140 0 0.138689 196 1567

PEEEEEEEY BB YRR YY

3
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2 &7 388

Al 3F79 BFFALE L£5TM 62 12500 m, 524 21F 18239 m, &5
A A 86 38232 mZ HAHANLH, 4Z9 AYL <F 7-6>F% 2o NP 5 F
of & A 33 H£FUAHML A% 4338 m, AW HAH 541.6 ha, FFFol 13730
m¥/secol®, Z 778 B4 2E 1.10 m, 0.80 m, 0.60 m, 0.50 m, 0.45 m, 0.40 m,
035m 59 FFZ FAHY g (2¥ 7-14) ~ (2Y 7-16)2 & &5y Mde 7
HA2HE 2ASE2 Yl o,

2-7X|M A
H
26 (M 2 5.1 x| 4
s
<_—"— h
£
ES
2-5 X| 2t
< M
5-2 X| M H
2-3 X| M 5
< 2-4 XM . v =
31 XM 32 K| M 34 XM 33 X|M g
2-1 x| 22 x| = = - - x
<& - rd
< > M
\ M3z g4
>
1-1 X|4 ‘1’ X 6-1 X|4d ‘1' R
< 6 5 | U
3 5 3
2
12 K| S g 2
— ;' = 6-2 Xj A T 4-2 X| M
2 2 > 2 >
M o T v
1-3 X| M
1-4 X| 4

(29 7-13) dg 37+ &£5%237 23
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<8 7-6> #F 3FF &L AN R

a3 A v @ A ks

TE A 2 d Bl (&3, m)

(m) (ha) ( m%/sec)

1 1 1216 295.70 0.56522 = 2(0.80)
2 1-1 355 17.60 0.1129 T 2(0.35)
3 1-2 428 14.90 0.1090 T4 2(0.35)
4 1-3 698 32.50 0.1302 T4 2(0.40)
5 1-4 1595 71.70 0.2001 T 2(0.40)
6 2 2409 287.40 1.4316 B4 2(0.80)
7 2-1 625 17.70 0.1130 4= 2 (0.40)
8 2-2 856 49.50 0.1501 4 2(045)
9 2-3 1064 30.20 0.1276 2 4 2(0.45)
10 2-4 552 68.40 0.2055 o 5~ 2(0.50)
11 2-5 320 13.50 0.0344 & 2(0.35)
12 2-6 870 41.60 0.1409 &4 2 (0.40)
13 2-7 410 9.80 0.1079 T+ 2(0.35)
14 3 4338 541.60 1.6940 a5+ 2(1.10)
15 3-1 1150 82.00 0.2460 = Z2(0.40)
16 3-2 1085 68.30 0.2052 o4 2(0.60)
17 3-3 485 29.30 0.1265 B 2(0.45)
18 3-4 206 950 0.1034 4 2(0.35)
19 4 911 166.10 0.4503 4= 2(0.60)
20 4-1 687 46.10 0.1461 T4 2(045)
21 4-2 1922 120.0 0.3042 o 2(0.45)
22 5 2020 162.22 0.4110 NeE 2

23 5-1 700 13.75 0.1627 T2

24 5-2 1316 36.40 0.1348 AT

25 6 913 15.30 0.1140 T 2(0.40)
26 6-1 756 2.50 0.0441 @4 2£(0.35)
27 6-2 2064 12.80 0.1073 R+ =2
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1-4-8 14-7 148 14.5 1.44 143 142 13-4 1-3-2 1-3-1
NN KN XX HX UX UH KA XA A A
1-3 e
14 I
1-2:3 1.2-2 1-2:3 1-1-4 1-4-3 1-1-2
baP] b b X bib.] XN XA
141
XA
1208 FETEL FREY
Hi1a 82y
te1-1
XA
= A
(Y 7-14) AllE &5 BT
2-7-1 272 273
XA XN XIH
2685 284 2.8-3 282 281
X X1 XA O3 XA
27T X
28 | nu
247 248 243 2-52 2-5-1 ';
X H XNH XK X1 a
[
P
2
24 NG “ 28 118
244 243 242 241 i,‘;‘ 232 233 -3-4 2-35
b (B, X N XI 0% (P P, ] ax AN
2w 22X4
214 213 2.2 211
fib,] jib]] XN XIH

(Z¥ 7-15) A2% &7 H E4=
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3I3ING

By
333 332 331 341] 34
X 2 S MR

32 |ue a1] ne

411 UH 4120H 413X 414 LN

325 324 323 322 321
UHX XA A XN XK 42| 1e

424N 423N 422X 4-2-1 XIH

3 |
3
&
8
&
)
@ 428 27 426 425
B2aX X A XtAH pp]
@ Hea Badm
&1 X
31X 311 XA

(g 7-16) A 3, 4,5, 63 &5 24

. Ads 8 38
AT 523 AYE FFFo2 HEH HARZ HEFZ Fa
Al =rHE RS JAR o, I 73 HA=ETFSE $5T F U ¢°
< Z2Asn A, YANTY FAF IS §5U%4e A1z 2 25 &5
(XA} A3E B Hdoez FEIY A Fx29 FEUIE LHYFFE 3
3,7 &EFAAANY dAFZFS §5340 Y 287Fe2 89, 2t £AF
o ¢HAFFE AMEdAG. s 3FF %—’Fi‘&’—‘]ﬂ AHF THALE A
g ‘g 3FTF EFAFE H OF-¥ydHEE £ Fuddeon,
Hazen-Williams®l C#& €& 130€ Ar&3t .
(29 7-11 $EAL7 1580 mY FFFFF AlFEoA 1432 m?/sec

#rEol Al 23 f3Hder FaHI, £ 4 BAPAAN HAFZS
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0.140 m¥/s
2-6

2-5
0.034 m3¥/s

2-4
0.206 md/s 12.67m

T 0.128 md/s
—
21 - T 0.150 m¥/s
14.12m
0.113 mi/s T
1.432 mi¥/s
L H 1=
15.80m
» — ||
B 15.79m
0.113 md/s l
0.109 md/s
<
1-2 15.32m
— |4
1-3 15.32m
0.130 mi/s l
-
1-4
14.08m
0.200 m3/s

(27 7-17) A1, 25 85704 FA4F +a84 A7

_185_.



0.411m/s

3.88m
/ NS 429m
0.127 m¥/s / \ 6.18m 287m
33 6.20m > >
34 0.103mds l l
S
32
6.52m 4-2
0.205 md/s a
0.146 m¥/s 0.304 m¥/s
0.107 m%/s
H2a2X
11.36 m T
— —> —> —>
l 851m l
1.684 m’/s
13.80m
0.246 mP/s 6.1 0.044mds
31
(29 7-18 ) A 3,4,5,6 3 534 REF 8 A4 A3
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A+ 4 3 NP 28 7FH 4P+ FE BdF 1 Yo
(2Y 7-18)¢ $EW 27}t 1380 mQ 2 Y543 Al 252 A 1.694 m®/sec & F
o] M3% &FNMeR 5 5o A6E, A 45, M55 5P o2 BAF

of 49 do # XY 287FH YYFFE RAF 2 AT

As5d g H A&

Bz N2de] AAF FUAHNE Astd Z2aPL AL, BFE AF

o &3 7l HES AANEA HEAHE HrAd. o] A+EAE 8%
39 os 2o

O B2Y HHE Asd B2 848 Adsdon, ALHF FdA4E A
o oBdY BANE FAEA.

@ Newton-Raphson W& o] &3t v dy WHHE Folayad, FA
ZzPog 2y B2Y Y T2aPE NEHAG.

® B2 A4F FIdANE Ao £2AY 52 A7 28Y #F
2 AFE AAGsHAon, FolA FYPzxd g FAHPEE HUen, T2
HE&49E& HrksAo.
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Hqed a2 AAFH AL =233 Y
- HEYT AL -

Ald A4 &

B2y AfdAMe Bl ¢4, F UFLLEE Ad F Y& FAE JAHF
go. U F5943 sAJez FHHE U, F5UYS @29 559 "o
dFeoz Ao AFAHoH, A7ZY #2F AYAM G FAd. a2-bH, FHYLS
TH2Fe ¥y, FE 2 oA HE FAF - AA, YH HAH Feo] o|FA
W, 4% FY 549 W FHAEs dPez £ FHI FAAHE 3
e vay g AT Fgo-24, 23 EJ L st

AAFALE LT F449 ez AosHez A2 AHdMe FH¢A
He A FHo| WadH, o] vBoz FAY #FHE AF 2HAYA T
Agsto, B2 FHE nefdiof gk, #A=2Fe 2RAMNE o 7tA Fd
Ao Azdd BE FALE FAHNY ¢AYF @Yt o] FoA £ Y=EE 3}
E Aol "asdy,

GeM, & ZolMHe FF2YAM FAHAF A4S A4F 7124 olgs AHHYsn,
TAZAE AU 2 FALALE A% FARLE 7432, 2 ARE HA

B5E YA T 5] AFHENL FEHES @b

A2A wARR AN
1. & 3
4L &3 998 (waterhammer)gt 20 #F2oM FF9 FF%
Wtz Aty s Z AFPol LI, o2 UAstY B2 U FEol & A
U, &5 84¢€ 2y, FZFo LAE 99 ¢4¥E FHYoH G, o ¢
2 <& waterhammere #52 W {F3Fo] £z AHd AdHE 3o &

£o] §43 FadezN FUF 580 LAY Yrie Aol Bl
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T4 A8 BF2oA Bz FF - AA, R A, BAZY) D B FF
o A% #H=H 3F FHAM LARA HH, A= FAHAYY THL B2
Ao d&S vAA dd. (2Y 8-1)2 2d Wro FHMo wet 2 5
Aot &) WEAARI} &g FHE RAF 2 Y.

b M AGF FEUPE £F
NALFY FAAE e g3 2o,

O H=Z ZF - A, B9 M, ¥ B FF2 Astd BAHE £4¢ (A
T 5L FEHy ZUN7t BE YA EY dEld AR ARG o o
Be AEs,

Q@ BF2 BT R LA FUAFT MA@l AALFR dstd
AdHdGEst AR a2 S HES D,

(249 8-1) AFE 4 & FH&
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™

T Aoy 9 a3 e FHo FF2Z A2 F-uFIE

® "Wxy 2
2% + QEvte A¥s 1 e FEHE A

& e 2

g B AER] dEAR

HAYF A4S Bez ste FeE 98 2o,
O A4 #52 N2dd £A%0 dE S84 RYS AEFE 4
@ B4z Nxgol B5Y $28 2E A

@ #r=E AN2dy F -ujF@AE AFANZ st F ¢ Fold.

2. A3 ¥y
FAYS AMYHE (2¥ 8-2)9% ol 7 ALY FEY 2oz FEH
o, 8 AAYLE ¢ B2 P FALE HYse oleH YN ¥ waz
o FAYE AN e FAHYez Yd.

——— 9B gl ——— Joukowsky 4
—— Allievi T+&4]
— Ol —F+—— wBaddy —
—— Quick 4
— A4 — ——— HEXFAHRX ——— Parmakian £ ¥
——— v} A E A A E4ZHAY
— FRHY —
—— SAJIAY
——— vl B EN T —
— &Y
— 3¥y 7AYo o uy

(7€ 8-2) #3¢9 A
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dergoz ¥Y4 BFEZE WIS F4I L HASA H22, 2T £
ol FF T & =3 $7t

o Hd A4S FAAYo2 A48 Sv), 53], A4 BF2Y Yo I
7t Beze FAHYPLZ AHAE Ao HFolr,

B a23eEz, 8% AdFE T

3. 718 %34
B HEF AML 9 A ANoZE 2SFYANN A5 WA o] AHE
g, 1Y 589 fAdN F52¥/ A F5udd g FF5sm npEE
Aol AAF e FId&TD AR o, A5 AR LEFFPYHAL oA
A (8-1)F 4} (8-2)% ol ENE &£ U

_J OH _ _
gA dx at_O (8-1)

J _f _
+gA ax+2DAQ|Q|_0 (8-2)

o714, QE #F(m¥/sec), HE $F(m), Ax E+2U¥(m), gt FI/NEE
( 9.8m/sec?), f= Z= A%, DE #3 (m)ol .

B FEHFAAS AT A4 4 8-1), 4 (8-2)& FA ¥ (Quasilinear), %
2 M (Hyperbolic) Hul2$AAolnl, olg WA dxe HHtyge LA
QAR o, AFEHE o8¢ FAHHYPo) B o) &HI Uk, ols FAHY
gHozE E4Y, AEAEY, 822 So] on, B AFANE 9 o &
H31 Qe SAHA d@ FAHHE ol FEAFZo N FAHH S A
st 53, 139 2AF AN e, SHE A% HHLYo] & FAHAY
P So us B ARE AL F Ye Roz A U
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4. FA Y
4 @B-DF 4 (8-2)8 #:MA 7] A& 5AY(Characteristic method)E H &
712 stx, AA 4 B-DF 4 (8-2)8 A ol 2 4 (8-3)2 H
st ch. |

(0 Q 20Q oH , 1 aH f _ _
5 t e ax)+AgA(—at+ 1 —_ax)+ 2DAQIQI =0 (8-3)

A (8-3)dM HulE¥E AEFoz HFYsd 4 (8-4), 4 (8-5)9% .

dQ _ 30 9@ dx _
dt =~ ot T ax dt (8-4)

dH_aH_*_aHQ

dt = ot T ax dt (8-5)

zEAdY %% +ad W2 P 4 (8-3)¢ FAFA, A (8-6), (8-

Yed 4 9o,
a4  gAdH , _f - Lodx _
49 gA dH | _f _ Lode -

S48 4% Z AP §FF FFFE (Z¥ 8-3)M} 2o t+A4NT
o PAIAAAMSY gt} (AR d@ AN, BAFY gtez Y 7€ £ 3o,

%=ag W, 3% 25 ARG A 8-8)F 4 (8-9)T ued & o

dQ= Qp— Qa (8-8)
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dH= Hp"“HA (8-9)

Loy W, #FF R AEYE H @103 4 -1D2 gy + 3
oh.

dQ=Qp— Qs : (8-10)

dH=Hp“‘H3 (8-11)

fel A (8-8)~4 (8-11)8 4 (8-6), 4 (8-7el WiYstqd #F=2Z 2 HH M9
TG F59 A E 4 (8-13), (8-14)¢ o] AME + Ut

(Qr— Qa) + (B ) Hp— Hp) + 57 QAlQi =0 (8-13)
(Qp— Qo) — (B )(Hp— Hp) + 57 Q4 Qs =0 (8-14)

tA

tot o P

to A

oo

aX ax

(29 8-3) S54UANAMY x—¢t A
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5. 3A=xA

EAdYe 4% 3L ANdME ALY AFHoly EHAA dA 149 W
Aol ArEH7 qEe v FHA FAAZdo o FAEL FF A9
BAZAVL A2d FAH SAHAY AF2IL AFAY H=9 Het Jdady,
F2AE& 79 WY 9 F, ¥8 Y, AANZE T HeEst Ad. A £
FT2 A2de FAY HAHE A olE AAZE AMYHE #EY LY
42 PR dsEd oS 2o

7h. @8, HE A o 474
(1) 4Fddd AT =99 AFLA7t e 3%
(1Y 8-4)8 ol AFZ HAAZAY AFAY 5 (Hp)e A4 AL

dAGEE FF (Qre)e 4 (8-15)d 3 78 5 U,

QRE=QB+('%A)(HRE“HB)+7DIL4'QBIQA=O (8-15)

11K

(29 8-4) A%FA] 5424
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(2) 4Fdd HZ} A= B¢

HZo §F&5F Qe AMEE NI} = ¢A Hel 4 2=, =TIt 7t&
HAY ZAE o HALEE EIZ Tl & 2AH7] d&d ¥ Q H N, T
of @ F3HA Aol s olgd BAE (2d 8-5)% L EYFHe=
Yetd 4+ lon, 4 (8-16)~4 (8-18)2 EA &,

Wi(x) = ﬁ (8-16)
Wp(x) = —(?5_*7)— (8-17)
x=r+ tan'l-% (8-18)

AN, o=, = a=f", p==Tcin, d3a Re BARFIT.

R'
o Azt WE F2H 4F £F= 4 (8-19), 4 (8200 dH 7 + 3
o},

Qrump= VQr (8-19)

HPUMP=HRh=HR(az+ Uz) M{(X) (8-20)

(3) &2 Yoo WE7 HAE FS
(219 8-6)3 ol Wrzze X FHAHAY] BT , 37 BAxA
o2 M Qe Ao WEE FHIE FF Quues 4 (B-2D)F Zo.

L Ny
Quae = gy Tawd 4H (8-21)

CiA
= =g
Tau (C.A,),

A71N, Q=32F FHd #+F(m¥s), Hi=323% Ad9 £%(m), dH=4

B gaRe £534(m), C=%%A%, A,=d929 ATE G mdel.
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1.5

Pi + tan—1{v/a) (in degree)

(14 8-5) ¥= HH4FA

(219 8-6) U@ Wuo EYTAH

.._1%..




(4) ¥R W3 B¢

a3 8- 2ol @9 13 29 &x5FXE F
Hol A 5 4 (8-22)% ol YedE F o,
(8-23)% Zo] Yed & Act,

i

Hy, ys=Hy, (8-22)
Q1 x5= @1 (8-23)

4 (8-22), (8-23)3% SALAYE Ao EW, VAERAAH £33 ¢4F+
AdE & Ao

j

L=
T

(5) surge tank (A=)

YA o2 surge tank® FHLHY dol= #AAN {FE&HE KAE FA AF
FozA %33794 Bed %3, ¢Ee] EojF dole FAE FTIFIFo2A AFH L
zA38A dd. 48 BFEY FLde AM2dTFRY £ drid HEAde
Az ZAAZPE surge tanks] A2 A& sAEt surge tanks AA=E
e (2¥ 8-8)#% ol surge tankel @A BT SYTAY, 3¢ AAH
A (8-24)9 A ZAFAG.

Hyi=H,.= %’j (Qi+at Q) (8-24)

4714, HpE surge tank® BFF Ad2%9 ¢F+F(m), Hy,.1® surge
tank® 3 FF 2R Y+ F(m), Quat t+ AN surge tankoll M Fo 2
o #<dF( mdsec), Q,= tNztel surge tankoA] To 29 49 2 m3/sec), A,

+ surge tank® @ ¥ A ( m?o)t}.
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(2% 8-7) BAWAAN R SHLA A

m-1

Datum

34

ks

A

(¥ 8-8) surge tank® 5
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G0 e 240 @ +2%$

(29 8-9)st Zol BFZ Wusge] s N BL 25AY o, B F
e ozt AReel e FrWL FHM BWeE BAUJY. od 4%
ge g9 9% R vy BuBe] 9@ Aol o Aoz, Eods AP U
279 9ge FAY + A,

-~
T

(1) £vg A9

W f@o F4A B F45L FAAHY 4520 A HA, E0idy Y
o @& f%9 Wsl: (2Y 8-1003% 2 Control Volumedl %% LAHAE 3
&89a 4 (8-25% zdo.

PLA— PLA—F,sin6— Fy=pLASL (8-25)

A71H, Poe BFFY FH(=pgh ), P& BIR(=0), Fe FAo @ &4
o A pgLA), F, e BHAA B (= $oVDL), A & BRAA(mY), o¥

29 AT (=1000 kg/m?), g FYH4E E(=9.8 m/sec?), L& APS+F ZAol(m), D=
B3 (m), f= Darcy-Weiswach v} & A 0]},
4 (8-25)2 YA 4 (8-26)7 L& MY FFoM F£WUME F= F
2t}
4aQ _ By o [V _
p —(pz +gsing— 55 )A (8-26)
q714, P BEHFYRY ¢4 e 22T AFSY dFoln, LS g9
olE Aol 4 (8-27)& ol &3 AAY F Ut}
L= Lot | "Vat (8-27)

AN, Lopars 2718 E0 8 Y Xolv, VE ol /M HIFHSFIH, tE ol F
Al Ztol ot
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.||<

LINITI

(29 8-9) "HE o 4% W @ &5

(1¢g 8-10) 5 %L HLE ¢4¢ Control Volume
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t+ 4t Ao fF Brle 1Y Age 4 (8-26), 8-27)E FAHMNY P&
ol &3t At A (8-26), (8-27)9] AEL FHMYE A&3v, 4 (8-26)9 vt
A2 A 72 A SAYez HAF. Y (8-26), (8-27)€ AL HHA
2] (8-28), (8-29)¢% &,

Q”+1"" Qn =( gHo

n+1
+ gsinf— f,(Q__+Q_)__lQJ.

n+l 2
at L 2DA (8-28)
L= L"+JQ"—“2ALQ—"14: (8-29)

2] (8-28), (8-29)8 AMF Y HZF(Q"hHol dstd AsA A (8-30)7 #o}.

(5 + éﬂgq—é diy @+ (L2 — L gsingar+ %&%—L Do+

Ao aa_ L om ”"21_9_19¢9__
gHyA— gL"sin 6A 2detsm0+ DA T DA dt+ 1 (8-30)
=0

4 (8-30)9 Sl: AtF el §F(QNHol Hul, Toiae AXNE 4 (8-2908 o &

g ALY 5 A

(2 v 2P #4324
(2¥ 8-11)7 Zol &5 V2 ¥ #& A+t JA HAdWHe] AT ¥
2230 223 o, A ASHHE FA 2L AL duie goz IPdg,
o] f g FHARAN HAT AHAs JAH HaX 3% a9 £=E2 FF
2 Andd.
Ao Aol G FHARE FAT FFo A2 B ¢HL W3 o
71¢e FASA @9, 23922 @9 1, 29 Bernoullis] WA HAHHELE H LA
4 (-3 e #AE =28 F A

il
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(Qo+ 4Q)*

(Q+4Q)° (Qu+4Q)°*
28A?

+4H= +4H + K
2gA% TR 2gAl

(8-31)

AFN, K& vde 3520 4@ UASAASoD, JHE B S23 A
FAel A ME FAYLET SHALRAAE o857 4 (8-32)% ol yg
W 4 Qew, gH e Ehds d98E FAAYY £52 4 (8-33)F 2e #
2Ho2 Ued 4 U

AH=Hp~ 25— (Qu+ 40~ Qa5 Qel Q) (8-32)
Ly 49, o (@ +QY) 1@ ]
4H, = g[ A + gsinf— f D) 2DA2] (8-33)

4 (8-32), (8-33)& 4 (8-31)ol W3, Newton-Rapson method& = & &<
AN A BFFLE AHY FIFARF 4QE ALY, AUdE 408 A
(8-32)%F 4 (8-33) diYEHA YA AEsHE oA HAsist Evigst
Agste #dolAMe dHUHE AZJY & Ao

Y
R T CV,
| } It -
5 vy
R e
i [ - Ay

(24 8-11) ¥dEB F24dM 54 o4& £424
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A3d vAY -2 535 J4 2P A
1. 48”8

NAY BFE 5§ #4 Z2ade A4S AHHAE 4 B2 VY 53
3 d9Be z2a A, 283 £AHNE AT FAZPBE Badd, oF UH
ARES 7ITH2E BEFIHYE <E 81> Zh. <H 8-1> A go] 22
9 dPREE N2 A3 F BAZBAE, A5 F9, A EAHR HIF
Ao fFo 27 xd Aad Weo A AeHd ©E WE A5, 2gn #F,
#He) Zo], nlAEAAT T VRZAY AE, N B9 S5 4T FHAHYE H
3 F4Aas TEE & Ao

do
X

54 L o83t HARRF 55 MHE AT ZzaP AdesMde o

(1) =, 48 27 48 AL AR

O J¥AEE 9] 718 A8 E FAH, 2EFd.

@ B2 27 4882 ¥ & HHP Q, HE AL

@ 279 AsxA 9 A82 FH AF BAxISE AAZEH.

@ 82 9 #2 A8 FH F FAzIE 2AL

® tAZkel i@ AT 55 AL, AdE ARE AFY F t+ 4t
AlZtel i@ 585 FHE ANEY.

® ©9 A& AP £ W7A HEGo,

@ A" 238 2384,

(2) A FAFAY
@ dPARE ol V2 A8 E FASHZ, TH
@ =71 €73 AN B AR AHAA t Ao} AY FF R Ev
g Ay Aglg AT,
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<¥ 81> FAY A 22y YdFA=

T Hedg W&
L d2 AT
RESERVOIR AL E A7
e
1 #738s 2 £
AAzD A8 NPEND(D) 2 ;T}ja g éﬁ;ﬁf A
3 surge tank
NBR(I) H3tFol 429 #2 U3
NO(I) HatFol AZE B AF
NX@ 2 Ar
VALVE(®D #3t§Fol VALVE &4
DT A b E(sec)
TG Al 4HF & Al 2 (sec)
27124 A&z H(1,1) A2 L FF(m)
HRT HEo] FAFF(m)
QRT Hixol AAFF(mYs)
A dHAEE F=(m/s)
D) F74(m)
HzAdE DIST(I) #dol(m)
F(D) upaEA A5
QO(I) A3dde & F(mYs)
DTAU(D TAU VALUES®] A 74223 (sec)
VALVE A= TCD VALVE ## F8A]7Hsec)
TS VALVE #H 3} A 3A] ZH(sec)
V_INT Z71%% (m/s)
42y L_INT Z7] A5 Zol(m)
KL AT A EHATF
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@ €rgdrt B3ERANH =2e o, FHBY 4 AP 73 L &
3e AL,

@ tA o A HABYF 2ELS AME, AJY A8E AZT F i+
AlZte] tid 3 AHES AL

©®© @9 #AAZ EniYrt BLD £2F g7 WEAG,

® Add 234 294,

3.x2a%9 T4
EAUS SANANS HEdd 2L AEWAYS AFEHE o) &8 FAHAY
of ojste] WE zRolyt HIZ Fol A FAALY HHol W FLF Wyol
o HEod xid F FAPRY HY ZzaPe (2Y 8-12)% ol FAF
Qom, 5o A% FHAPARY WY zaPL (1Y 8-13)F o] FR&HAC.

A4d NAZY 52 55 Y Z2aP9 H/E

1. 980 & F£4¢ AL

7 SEA T

EHHA B FAYAY 22332 FAATF HE3d HEHE HES
Ao FdATY §52HL T2 §5A4H BF2 E4XNMo2 Y EF
T2 F4& s A9, BFEY EFAAE (Y 8-149)% 2ol AF2 &
AR AstdFo FAzI HAH Jdon, §5AH FAE A5 d8 B2
2ol #2F HEI AR HojUdo =@, TV &) tsHE=E AFE g
Bet f2F WHo FFNe Fr¥el dA=H . (29 8-15) &5AA 2
dol dAd #2F HEE Y Qo

AT SFAAY FAL HF 250mm BRI HFBE A&z o,
Az BALLE A7 800mm Huolg] #yPAG A&t Uk (2Y 8-16)e
SFAAY FLAAEE Yedz o, FFFAE 0.02420) .
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START

[/a‘ilﬂifﬂei

NO YES
Hatategel Q, H AL
» dEF=d
ARXIE Q, HAM
- X £x|
. 4
stR=U
SHFXIY Q, H A4t -
- A
-WEnA
- surge tank
X1&Y AR
Q, HAHL
YES =
NO
H4tad o

| =

A

STOP

(g 8-12) H=, e o3 FAHYG AL T2y FAE



No HP2S0 2 Q
Water Column Length Hl At

gl _JJ BAN B
g Baco] g

Water Column Length Hiat

AN
&

(29 8-13) 39 ¢ 44 AN T2y FY=



LN

(19 8-14) 9IAF £FAAA B4

(19 8-15) #&& HE



m =44 54

GEATY FLF YR HHd BE FAYGS (29 8-17)F o] olgdra
A FEAE FLF YEIAA 80m FFH AT TAFIYYES HAstog F A3
e, ¢HAY dgo e FALY VFE HA/AA Yoz Rsd 7 E
gt fFEE WE AHANL 0%, £522 A,

2) ¢3¢ 29

GEAT &FAA FLTFT YR HHd W& FAYGL AxdE 4979 A FH
o2 UyF3, YA ZE surge tank®] FAZH LR Ao 2.

(29 8-18)2 FAY AFAN oA Ao} g AF5F W3S Zogd A
2M RAANHAN HoGHL 2850me EHT ot FGAdHd FHAFFEQ
12.64mel < 28] s F3t= FHolo,

25

20

~ 15 +

o

8] g i 1 !
0 100 200 300 400 500
7421 (m)

(29 8-16) FFAT &FAA FLEHE
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(24 8-17) 4% &3

(29 8-19)c HAz9 FHIE Ao wd Y ARz A FAzxe HogF

HiE 13.656mE B A4,

(3) A5 A9 2oA v
GEAT EAA BEHH HE HAZ A9 oA vae 4P
Aatol ME 4P QWS N5z B & F7)9 HA/HA¢ H2E FHA
Ao
(28 8-200% (¥ 8-21)& Z F7]19 HA/HA4L 4 ZHIHS 45X =
g2 FESFS BRdF LA Yed AHIZAN AEAY ReX FAS FFS
Bolaz AE2 & + U A4FAY HAYHFFE 267 mol, o X9 Hugt
JrFE 285 mE AAY B & AolE YEUA Fou, 4FA7 2oz
o #2 ZPAHZY AFHT Yo ol ALY WEe} FUF YHo] HAH
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UAEF (m)

AL £9 (m)

30

25

20

15

14

12

10

0 50 100 150 200
AIZ (SEC)
(29 8-18) FAAFY ¢H+F Ay

250

1 1 2 i

¢ 50 100 150 200

AlZ} (sec)

(2% 8-19) WA ze 491 29 A
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of e F7¥ &N Tl 2ol AS5snE YPSF gaHe 2Nt
2oz uy g FALHAEZ NEHE o2 Az

12 S B

1) A=k 74

REATY 53 E FFALA g4 EEs-x A dASA FA, B
E4Z2E Y AJdL™Ne2 582 U9, AN F2e FEYAE 4 18mo)
o, 53R §5AMdo F522 FAHS de VA dF2 Aado|,
5N 74L& (29 8-22)9 4.

(2) 1843

AFAT B2 ANAHd dtd 5049 2dfe X WBo 3o
e FAG AHES AAHAG. 70 FdRo MXE WH HHYARE
Ztzt 10, 30, 45 R 6022 dFHon ojg Z B2 Fho AXT FrEEE WA
¥ 3HE FANY 2D YBAA HA&+FE FFeY EEFE 9= 9F
A FAEG 7HFEHAG. <F 8-3>2 nEFATF FEALELE Yegda gley,
olt FAHAY AMZ2aR9 dYPARZ AEHA.

<E 8-3> LEFEAT9 #=AY

- oz do] 4gs e Fx w73 uEEAdAS
(m) (m/s) (m) ()
1 2850 987 1.1 0.0173
2 570 977 08 0.0193
3 570 937 0.7 0.0201
4 1140 1320 0.531 0.0221
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UYL T (m)

U TF (m)

10.0

1.0

100.0

10.0

1.0

0.1

T
:
e e ° 'Y Py
A A

@ simulated

& observed
1 2 3 4 5 6 7

79

(29 18-20) A<ty A4

. A
= * e -
& *
[
‘l ‘ F ad 7 hd
@simulated — |
A observed
7

(29 8-21) Hagdy Fes34d
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<E 8-4>t ¥E MAATY HE HdFUYE ved Ao2AM duo HAHAD
ol 1029 #$9 HuU$ YL 945kg/cm® olUeH, 602U H$olE 3.06 kg/cm’2
24 g8 HAgANUo] BEFF z FZ%to] AT QU wepA, F2 HAAA
ey A3 Feg FHY] LAY Ao qFE FHode FEE WYAEE
7HR &9 g& AYAY =& 489 RN U3 F£Y3}= FA FAL ¥
A o] fFE}.

<E 8-4> AL AN A

Wi B = 2L A 2H(sec) 10 30 45 60

H o)+ ¥ (kg/m?) 9.45 483 372 3.06

(29 8-23)& WHZEFA FEFIYE AL HE TAYe] WHE HAFI
eow, duxa Aol FAFFE vuA B FFFHE I Yo

2. XS BE 53 AR

o N2de 74

2 Ed BH2E $99 Awas Bob FEANLN g3 e £ F 84
$4He B8 TRVUAA 248 FIHE Yeold. Wz @ ydFFe
30molv}, WX @2 7ol ANE £4UnE A4Y Yulot, Ry BHze T
He (29 8-20% 2o},

(29 8-25)% WZY #23(Q, NASEN), T FJ(H), E2(T)e B4
§ #4502 Yy TURs2y PYESYI NI,

4. HE&@s
HEAGYEY AP35 2o it @2 DIUE HAA HEskso & 4
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(14 8-22) AT &£474H 2y

- - = - L=2850m
------ L=3420m
- — = L=3%90m
L=5130m

Al 2 (sec)

(¥ 8-23(a)) B ZZAN

1]
=
it
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10

0 .y 40 & 120 140 100

& 100
Al 2H{s)

(23 8~23(b)) M2E ZAAZZ = 30%

10

o I3 L L i - 1 1. "3
0 -4 40 Y 80 10 120 140 160

Al ZH(S)

(1Y 8-23(c)) My ZZAY = 45%
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10

0 .4} 20 60 4] 100 120 140 160
Al 2H{sec)

(7Y 8-23(d) ¥x Z&ZAI = 60x

¢ HE JEF 4B dd 9% FAYGE ALSAY WEFF HET o 4A
o] A4ANA Asstcd e NS 222 Ao AdGAG.

(29 8-26) @2 YU #HfA HLrFd ¢ FAYY ¥MEE YEYD
Qom, Bdde] FASFFE FINFF 327 AF QL o 750kg/cm’oE FASE
A7t A3 Fd e dFAA2 U

(¥ 8-27)2 HEZFTH 3271 ZAFYE o Yddng s dE FHY
HRE gl den BEJ 4d3 AYAE o ALEY dYFFE o

AgAR B2 olBEASF BF 9 Hojg vol: Ut

3. 34 4% A%

7t 24 #52

Z2ad9 HES A% RdAT2E (2¥ 8-28)34 ol FFAM g3 E
24z £98 dBA #AsY, EEZTFZE ¥ AP Yoz F53%a Q

- 217 -



(29 8-24) HEEYY 2d @52 YT

Pl + tan—1{v/a)

(29 8-25) Rd@FE HEEHIH
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mﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂnnnnnnnnm
oAb b

ARYFF (m)

10 1

0 X QO &0 &0 100 120
ARHsec)

(79 8-26) #2 U dE HHA FEFd BE ¢F+F W3}

AY$LSE (m)
&

0 .4 L ¢ & : 4] 10 120
AR Hsac)

(29 8-27) BLASF B2 VAU YA FASE A
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(1¢g 8-28) 2diysE RALT

o, AA B2 FEYRAE % 18meln §5FHF £5AMe Br2E T
Hol e WA B42 A2dolt, <E 8-4>: R2d#HF B AYL Y
ez gleh,

(29 8-29= 2d@as 29 FUUSO, Tdoy $FE o7 A 19
29 AAE 02752 FAAtelw, 2, 44 B2olME AP G JFAG-E 3
&3 slch.

i

Y. 48 33
(1) €vig] gAY P+ F ¥
0t & ge JYE 9 FFHD Je FAAA Hd, H: gFFFA 2
A AL R FFL <E 8-5>9 .
<E 8-5>cA 9 2ol 3 Bz B0 VYT o, FFFF -17.19mA ¥
o] HATG. ol 2 AFY AAZ JAA(-)olEZ, Enrt 3 #Boz Y
g o @9 FHANA ¥hol BAEHA Hui, 48 FANME Evst sHBoz A
PFol w2}, FY FHAM o] HABA o o] B4 2¥, 498 F9 F
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<E 8-4> 24 #52 V=AY

22 2o W% A &5 @n  Taod
Bz Ae  BAA
{m) (m/s) (m)
()
1 50 1000.0 08 0.0259 0.2750
2 100 1000.0 0.7 0.0255 -0.0001
3 100 1000.0 05 0.0255 0.0007
4 100 1000.0 035 0.0246 -0.0051
5 100 1000.0 0.300 0.0246 0.0002

A7 B2 -0.01%, -0.05% 2 H® F3A goernz w2 JEPY,

(2 873 338 A4 % € 4F+F A

Eoigzt W #oz AN o, AP BelA FHA Ao WE 7 o
Ao Ho, 2 ¢Y 5= <HEB-6>F g,

<E 8-6>3 o] EvYrst VY F& AP L FAF we AR FAYH

< 2 A7 HAY Rd FsEe] FS 1MB w2oAAM 36.19m (3619
kg/mH)2 7tF &A Jdego. gadA, 22 AAAN sAHY A3} FE@ 53
FHo] AT Ao dqiE Wt FEE WY F=E R VFTFE AYso,
22 S o A iAo ¥ Aok, (2 8-30)~(2H 8-33)& F #9
ZaolN dHRe] Ao mE FF R 4H £59 ¥3E vehdln A (29
8-30)~ (¥ 8-33)AM & + UKol Enjd7t FFFL: AHE 3 AF %3
o Zao w2 BFF2 AFAAM 4HA B A AHFF 2A BEF A
B3HE AEHG, gA Enjedr 9 W Boz AP g A ¥ AL
TR 4HFFI ForEA Eo
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s
H

b -d
o N
T

o]
u

ELEVATION (m)

0 B S Il

1

H 3

1

IR |

C 50 100 150 200 250 300 350 400 450
DISTANCE (m)

(19 8-29) 2das-=2 FUu e

<E 8-5> B9’ AHPste Bl HA/HA L dHFF

ge o PP 32 48 +5
g2 Uz (sec) (m%sec) (m) (sec)  (m¥sec)  (m)
2 19.50 10.12 11.11 10.90 8.69 0.28
3 22.08 7.18 1420 19.81 9.62 -17.19
4 36.20 325 1097 27.39 491 -2.75
5 46.21 1.75 14.78 37.33 3.03 0.07




<E 8-6> 4ARY A me & B2 ¢Y £F

4y +% A ¥HF Ha A 5
ae ua A1z Q Himnax A3t Q Hanin
8% ¥z (sec)  (m%/sec) (m) (sec)  (m/sec) (m)
1 19.70 9.84 36.19 10.89 8.69 452
2 1991 941 31.3% 19.81 9.62 5.38
3 3754 297 24.78 27.39 491 4.30
4 39.83 2.48 19.53 37.32 3.03 1.16

2 (md/s)

Ad+F (m)

AlRH(sec)

(219 8-30) 29 BN §3 R YA+

%9

W 3



K (m¥s)

88 (m¥/s)

Af2t (sec)

0 1 1 1 0
19.5 29.5 39.5 49.5 59.5
A2t (sec)
(28 8-31)3¥ BAN %3 £ ¢ExF9 W3
25
20
15§
uk
<+
14
1030
5
0 A . A 0
26.9 36.9 46.9 56.9 66.9

(28 8-32) 44 BN F3F ¢ FHAFF9 ¥
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F2 (m¥s)

0.5 +
2
0 t Q0
36.6 46.6 56.6 66.6 76.6

Al (sec)

(14 8-33) 6 &AM /% % dd+Fo Wz

As5d g ¢ A&

ol ol B2 AN2de HAYF 28 A4S AY B &L Y,
FAZE LAYAYE FALYEL FAHT{A, AA #FE T HEdd 42
Aot 2oxE v FF HEALE AEFHFAT.

B d7e A%E 2% o5} &

@ @x2A Fxo AFoly Hro A, BAZY ¥ @ F£ Foz A
o] dAsE v ARFY T8 HE EF{FA HE ddd dstod FeldAd.

@ ¥iAAF AP E FAALYA F¥Pes: FEHF9 HYgsigaod, 3
HHE AT 712 AAE FAH, SAEE HLsd EAYAYE FEREHA
onf, o]2RH FAZEL LAIAEE FAZAE s NAYF A4 £
3& AgsHAd.

@ HAY B2 H4 2P dY ARG AMS, YT - GHe 2o
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Ao

@ e =299 EF HEAHL A7 HAsto, AT &FAAA
g3t FLYILEY A BE FHAJGES ALz, 44 FHE ¢ wu
o, RFATF FFLMHA Lot TEWE e HHA T dE GYFF WA
e 2ddAd.

©@ Hxzz=Fd @ £ AN Z23PL& ZLAT2E HFsA, 287 o
H8 oM, §EI1Fd dE dHTF URE Rogsged, @A 27 W @
9 FA FAYE AN A T2aYPe RAdFIF2E MAAYEY, B0
Yol w2t FFFLFANN TYse Y5 ¥E 2y,



594 +229¢ Y¥P Asze F4YS Yon, BL2E IR A
z e YR Fhol HEHD YE Ao WAY. AE F

of, 3AMFEYN AAYD YT BSFTE YREE $5AA B2 Ao o
gog 2781 Yt Aolg. T, 84U -4 BF22 dE ALdE &5
AAE A2 Adsts 47 B o go| BFEs AF2s Y S
de z $8% 34 40 A2 Yoy Ho: 45 BAYL =g o
A4, Zze 2R gE ALHA HHE BagAP AAY F2xIY £
2 @ae dotss Aol Wasy.

$4AA BE2Y A4S 42 Yo g5AMozRY ASHE W, 2 AF
AMe AAFLe A+ 497 9. BaAA, B2 442 9@ FRAAZ
Adg 187 HANE As2e A8 542 sHotsior s Rolnh, ol
& E¥rzzAY AL Aez 249 FAd4 U DL FAAH WYL
2gstn, AAZAL Y5 2 229 ALL ANHA = Rolg,

2ge4zAe $UPES AHME A £420L HHAY 4+ YE 2Ye 7
ol WasY. EHEFZAL A4z P B2 FPoz FEad, BF
F3e OA A4z 587 4z 5802 TRY 4 A IHHoE AL
B2 AQYFZ2A S0 22 Py AEC) NS B2 AFsHA ALY
4 glon, XA, dFPIY V5% FAZAo2¥H ANAY £522 58
40 b5},

X QA7 2RHe ge52AY £94 542 Hotsn, £AANS 4@ 7
2RHAe £98n AAZAL o, oj2Ey ¢S sANY 2y A
watol, £2 HE WA £YsE ol

o

b=
-



A2d Ed+=2xH9 83 53

1. £ =2

Mezed 342 28 $£323 & 98 A 2¢0] 7158 Rojd. F,

@ &FAA B2 AdAAYG Zol AF2 F5AMF B52 AA2Z FAHL
A% Ol+=2-352 ¥),

@ F22RE d5d S 9542 VAL oo wWEsST, AF2 AMdoly A
AZ T4 3% (@F2+452 1),

@ M2 B-AdozFE BF2 AAM, AA, 28 2EFEde Ar2 A
A TY 2822 FHHE A5 Uls2+3F2+0472 §)

@ 71} Ayzs B4 EFPY F$ Fold

2. A+ =
M4z FRaMe a8 S4& XY A f70 wd F4F, PARE
FEE1, BXH A g TF, EFHZ Udg. A 29 58 B
MA 271dls RAFold, 943 Aol AUE Y FHE 71AH, A, F£2
Fol et FFSG FEF7 HAHE W g 559 EFL ddH ¥4,

7t B F
TF9 A8, #2299 §4& Mamningd 2279 4§34 2o,
23112
v=B5_ (9-1)
n
d71M, V=2l HFFKE (m/s), R = %% (A/P), A = @83, P= 84,8

= ot &7 A n = Manning Z=EAFolt. 4 (9-D9 St FF 3% wtgA3A
#o.

A(9-1)e] T, e¥F, &8 F& 98 V% gad%: v, oF 9
BA= e Y 4 <E 9-1>% Ao



<& 9-1> 2d9 7133 g4

R R gHA, A &4, P E4%7%3, R W o:
bh
Azdyaa bh b+2h b+ 2k
b=g9d%
A sudg 2 5 bh+ 2k’ h = %4
tet el bh+ zh b+2m 1+2 B2V | 5= 2wna
6=34%4
)od : posl D, _ sing

< H9-DY 43 duHe Foz2RY AdEd. add,

1 FFo A dHe J§H axE dEAF FoEgel A2 B e

22, 0% HdM £4E& A 3L AL, AMGIFR AYFFol ol
b ve Bee GEHA A £4E Ao,

312
= AR5 9-2)

q4714,Q = %, A = @8 3o,
¥, SHFAHY 55L& FABAS vigd3A7 23, g bR FASG uig T
Ab7E & x3o] @4

F5H U 2F9A4 FAHoE 40 ¥ AL F¥EHFS 9. ¥4
£ M2 3§ A ddl FAF2 AAE 5 don, FTHeRE 2
Zz76) wet F40] HEde FAFEZ HU4Y F UG FHLFEY FEAF W
Hg A4 71E HFe g3 g
@ 29 ArAe e FolAM sinfd > tanfol i, cosf = 1olth.
@ o™ Fel AdN F2e dE S R Y.
® 589 SEREYEE SEEoY oux U mAY BAASE d9 FuolA

._229..



d A3t ot
@ +29 22ATE FA4A SEHH, FUUHANE A

o4 APez $H qUALRAT A5PANo2RY AF2d FEF

A4 72PN E A2 57 A
Fold Az FRAA AU LHAAE g5 o

& &
+ v ’I =z;+y; + +h
z,+y,~f—ar2 % z;ty; az ? £

(9-3)9 vlBEAFTFE ol &3 AEHA H(9-4)% 2o

. =z,~+y,~+a2m? 2

Q= Qi
Y 1
’ ht}jﬂ
g_& A
2g aszH
2g
\v4
‘k W—
= S TT—— i
Yj Flow Yiui
—_—
i
z, |
Datum %
Y ;‘ L
X; X4y

(2% 9-1) N4z £z R
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& & Qinl Qint
-5 + L (x; ‘xi)( A'f}?’l'ss - A?Rf':n

48

(9-3)

) @-a

(9-5)



N4z $42108 A487 dstd $2 700 dad U PP A5y

A4 E 74H&dE 9453 o

¢ __&

Fl= 29— 2) +y2-—yl+7a§( ng% - ngl

1 @@\ _
+ 9 (JCZ X )( A%R'}!m A%R}m 0

Fy=0, - =0

Fy= 23—z, +y; —y, +

28" 2gA% 2gA%

1, _ Gnd _Gind \_
+ ) (x3 xz)( ALRL® A%R};-”“’“O

Fy=Q;— Q=0

(478

a
F2n-l = Zpe)] TRy +yn+l “ ¥Yn+ —EE(

2gAL,;  2gAl’
Qiﬂ"iﬂ Q%.ni

+ %’ (xn+l _xs)(

F2n= Qa-H—Qn =0

2 3 T 2 pl.3
An+1Rn+l A,:R»

(9-6)

21(9-6) HlAY WA o2 Newton-Raphson®y $€ ol&3ld 8 3¢ 4

At

3. ¥

B2E AYRY 9 B 99 Aolo] @ AFZY AFz BFe

Y E e, FAc BFEY & Ao HF 2 5§ LAs1,

_.231_
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e Ayde AFE &0 HAEY. olHF BRUSY BEELE FEIE YYPS
AA, BE2SHAM F3Fol THEN TF 35Y W F3 T2 My
42 E§02 W3a, Bl FFEAA 3o A Fasd 2@d g9 &
Zoldrt HAE Ne2 5502 HEgddn AR E YA, N F4H €A
g Eo] 2%, 09 D(DE FAECY ) 24 AAA HF2 5§ Hi 2o}

AP LR 5FFd3 s e Hyge] o

Piezometric Gradient
d/dx (-B/r)

- BNy - e .- -

Depth-Diameter
Ratio h/D
Max.

e am om m m n we w de w  o emNp m m on  w e - e m me ae o e e e

0 1.0
Ratio of Discharge to Pipe-Full Discharge

(29 9-2) ¥4 @& &3 A
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T BE FF UHE AWEF, (¥ 9-2)% Zol F4o HA FAEFHF #
Fol Frtetcksl 44 £4H(09 D)ol HE #o WWotF Ao g 23 #
Fol ZasA Ha, BB 580 Ho ALE B2EF AH HA A F£49 F
7tell w2t fFol FItste AL BAY. AR BFRAAMY e 5§ A
geol Hates FUdNANA dHTE FARA ¥ 7Ed BB AL 5] T A
A % AF7 87 W&ol

Ztzte] 38 Ade we Fy FAE G Fo

b AF2 BE
g2l F4o #FEgd L FHAdME AFFEE AER AFR 2F
o] At MFrE EEFLS Manning Jo2RE g 2o

Q= ARZIBSUZ ©-7)
n
A7NM, Q = #F (m¥s), A = @¥H (m?), R = 53 (m), S = vt&AA
{m/m), n = Manning =E A $olc},
U, sz 58
a2 54

=z

o] $4el BHI gol BE A zEAHANE BFZe 38
o, H42 E8dM9 #F& Hazen-Williams A o2 2¥ AHogr),
Q=0.27853CD> 8% (9-8)

A714, Q = %, (m¥s), C = #&A+, D =374 (m), I = $5734 (m/m)eloh.
FrAAME FFFY Add 92 dgzAM FogHE d, FFFE AAFFS
HFLF 2 2. 23, FFFE B2 opF &4 nL &4 T
gt Fade, FHAJANE ol&9 e ol ol o,
(1) st 2 &L F
U7 D, BEfHol VL B29] Fo] LYd vt A EHAFF he &3 Zoh



v (9-9)

L
hy=f 5 5

ol e 4 (8-9)ezRE geFd g}

Ag71A, fE ofFEL Aol
f= C 1.95223%.'1’6737‘/ 0,188 (9-10)
(2) Alasyd
He2 AT oldo o dHEA ol FUF, UI R, dH S
A ujaE&dol WA Fig,
HE2ode nladde g Hoz BAHEY
- Vv _
h; fi 2g (9-11)
(m), V= %% (m/s), fi = €4 A%, g =

A71M, hi =i 820 G n2EPSFF

Y714 (m/sd)eldh

o4, FUR
E%Y $29 $93 538 279 58 YAAAS 2 HolA g9k a9
Fo &40 wAHY, o2 As =

& Yo FA¢ APoz AW 54
% Ze FTHH W4L 74 +RYANW FuR ol

o

W,

¥4 Y@l Ao

A %48 d, o8 Fsd e 2o

(1) AY®

As22Rd 8422 H5¢ 4%, A52d49 FURE den 2e 53
 RRREANE $97 spen, #UFe U2 Aol 9}

d@dol HyEY.
T A HRE.

F7h 2481, AYREL AD &F
52 HAARY £5E SASLFEE FASD, YA F999 A5 #9949

B 2oz AP £ A &,
(9-12)

_ (mthy

A7, b = 9 (m), A o, 1, 25 FFE #AY, 52 AR ASe 49



ol ek,

28, A 2ol BFZ2 AF-HE F9, B2 RANE 49%Y &4 55
od o@ 4R Fr 4AHE W, OB AANY FAAE ARE Dolg ol
7 4RSI, 378 A48 Ao WasHth o, #YFL YAVE #Y
FAAY BBEYE A7t Fob FAY + Jonz, FUEAET VIS n9
o,

@ 2y

rs

#52A AFZ YU A8sH7) AAHE 4TS APsA 2ASHE
Aol Bosrz $9¥L ANse o, 2 4t (3¢ 9-3)% 2o £LIAASY
£9% B429 e £FAH EUET VEE AYHe Ao, o] FFAA

Aszedne $44F 222 9 924 398 5 A

ey, 252 dgRe] AFE £9& g Hoz FAY &£ A
V2
hy=h, h,o—a-é—é (9-13)

A71AM, he = 2T EL4FF, V= AF29 §&, g = THNHEE, a = A YA

TARAAF, A 12 Fz dd, e

rir
i
r
bu
A
e
e
i
L
Su)
e
£

- o
- —
v —

'\--]r ----------------------------
S AN
h, h, e
- %
I 4 2 .2_
5 JIIIIIIIY,
/]
< %
0 A /
Y IT77 77777777777

(249 9-3) #5229 F2F
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A3 = FEUAN 233 A
1. Eg¢+=2 FAA
Me2 §52HE H(9-6)9 vy HFYE Eolstd HE Tz, ol RH
FzaEe] FHL AL HHY F UG 4 (9-6)9 HAHY HHA HE F
371 93t Newton-Raphson ¥ & HL&sd g3 o,
vV =y0 4y, (9-14)

A7, yP x7d 2AW 299y FAH, JyE o]&HAd HEFHo y,

(3F R 9F 1% ay Fy©
Byl ayz ¥y
OF, OF, _ OF,
v, 9y, Yy A2 - F
= o— (9-15)
oF, 9F, _ 9F,
3 ayl ay? ayn ] Ayn Fyx
H(9-15)04 AVE dy7t FolW $PZVL VEHES VA AMGA, $270

O dE +4E FaA ok

ez ZFde 2& AH7 Ar2 243 Az 2doz FEE £ A
MEA M2 BE ANLPYL Hgslok v A 5EZA dANE )
42 §42A% 2o HO-0F 48Y & U, $US DL AYBL2A
YuHoz AWAAe B AAYIAoz e, FUe AMBHAL o
sl SHE4ZAY AR Aokl Bzo A4 slot@ HAH BAuG &
Hol @ 58& A4 slot2 o83 A4z 3802 AFE 4+ Ao

AN, $29 GEAR FUE e 2o yed & o

Y2 ys: y=yaty,

(9-16)
A = Ad+Ap
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1K

(¥ 9-4) 7} slots) 70

G724, Fx de BEE dusA, pe M slotg 9o @

2. 3A=xA
7b, g@de) N2 g ggdae
#2909 ddo] #2 Fd wa FdIAAY F4E F e F4H ¥I}e A
ZEo HATY. F2 T FJd = FAHY WFsAT G F
AN FFE A7 WEA ot A5 Aol JYPE.
Q=Q="=Qu1 =@ (9-17)

T, 4(9-172 H(9-4) AY3 L, o, n £ AN T Fahol s
g3 AYsE e 22 duATYNE A& 5 Ao

83

¥
2 Hu

Fi= 23—z, +y;, —y ng( 254% - 254% )
1, _ Pn® QR \_
+ 9 (x; — % )( ALRLT AR )—0

(9-18)

1 _ _@nt  __Qn \_
+ 9 (x5 xz)( AR AIRLD )—0
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o & &,

F = Zp41 —Rp +yn+l “Vr+ o 2g gA l 2&42
n

1 anz _
+ 2 (xn+l )( A,,+1R"+1 A2Rl33) 0

SRR

eg529 AN AN BEAYE sue FAzAE FASA €.
2ARAMY AAZEY BAFFS AUATYNS A5y o2 By P 4
Aok, (2 9-5)% Te BAFA AN AdALYATY A4PHYE SESF
£0%e TAY A, B A9-19~2DF ol Yed & U

F punction) = Qi— Qi — Q=0 (9-19)
_ & ¢

F pnction2 = 2; +y; + 9gAL % y; —(1+k) —’—ngl =0 (9-20)
@ &%

F]unctumS zx+yx ng? Ze— (1+k) ngk 0 (9 21)

A71M, z = GHe| B,y = $4, A= gdHoln, k= AP SUSFAFE
Getdch

(29 9-5) #2 #AHH} & HFA



o, #&73
2o F Y Y B2 FAAAN dUd £28 M B9, @
FAAMY ZFAzZRL g 2.

Frm=Q—Q,—Q;=0 (9-22)
1‘m2=2'+y'+—““‘"‘i —zi—y—(1+ k) —25 =0 (9-23)
Froma = 2434 o2 04T
Q& Q&
Foonmzidy Ny Yk _
Joint,3 = 2; + y; + 2gAf 2=y —(1+4A) 2 qi 0 (9-24)

k. Ak AAzY
F29 Z&o| AH & 5 (supercritical flow) && A7 & &(subcritical flow)el
wel FAAzxdel @A 9. AFIEY Ao 4(9-25)9 ol U9
7 BAZAE o8y, FREF LAY Feode AG9-20038 & FHFFT
o] RFFFE o183 FAZIE FAHAE F+ A
Fop1=Yn41=y4=0 (9-25)
Fi=y-y.=0 (9-26)
A71A, yi, v, 42 dF R AR ¥ FFE dn @

o 4P
F£2 FU HE7 o)FA4A Ase AR FYH DAL HEHA
U, 9% 257 A5de Ao @9 83 BAE G Ao 9o
gi=ad (9-27)

A71M, a = H5F, a, b = djAEF (FA8)l o},
3. #5249 d¥ A=

<E 9-2>¢ &Y w2z JFAsY FAH4E veEbdd. <FE 9-2> A%

Zol 1) Ax=dAE, 2) 7AE, IMNFE 27 d¥AEF, 4 B2 23 YIRS
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Tog TEIA, de 2349

YANEE olgatod EFETEAY 4o

7t EE A, EFTEY FFHY BAE A AN A E Y

o

<E 9-2> Eg &+ 239 %}%_3 28

F B dgas W £
PROJECT Al A+ 9
A .
N&dze Q_XIN ¢ % (ton/sec)
NOREACH AA FY F
IDREACH T+ H3
JUNCTNS UdHFHe Yo e FE HS
NO_DOWN dF 2709 A
ID_DOWN s T WE
13 Ak o 2 ¥
2axg NO_CANL TEAYY F T
SLOPE T F A (m/m)
XLENGTH F72+9 Zo] (m)
ELE_IN HAYJHF E3 (m)
XN_MANN Manning A<+
HIGH_IN ACE Y Eol
THETHA Ao AoE MY Fel (Degree)
NO_GEOM T2 A
X_WIDE T2 gde vgdE (m)
TREZRZ2 - _
AF2ZH 0 ¢ SIDEM gme &9 7127 (4)
dEzs ~ o
X_FREEB #29 df3 Fo] (m)
X_HEIGT 29 Hd$54 (m)
P_DIA #74 (mm)
#8223 | P_LLENGT 9 Zol (m)
b < P_COEFF B 25 AF
P_SLOP 71€7) (m/m)

As5d g d AL

o) ol A &

Asz-Bsrze 48 $54249 £IH43 584 &

e
Au)




S¢ A% NEHY E72A A% 249 £97 53 EHY & Ax AN =
2a¥e FHHD, T A4 Yohaw, doz wd ¥He RAILE a3
oh.
HE 4724 2 2EY 2ANY 52 3 e 2o
© EHY F2E AFE2 FUH BEZ FRUE 249 £F 5L
Bt W, ogd £I4 542 A
@ E¥+29 HYPEY FYRS FLVEAAY £F BANEL §EHT,

EdsF 5& Ao,

4

su, 2 FRAANAE FARE

L

[+

® g5z a8 ANL 9 T2ade FAs, AN F2zhyy 5
94 53¢ B & YES A

@ A+2-B52 TYY F22HL U §52H02 AV £ Ye =

u

2%Eg Aesn, AAZAE AN, 44 ¢S dHBgey, AEe 58
By g 589 HolF ko] i H o] o Fo

% Hgo 7t Aoz B,

Ad gz £3 FEE A%H
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4108 S8+ OSd A1=0/SAY
_AL 2 A|AH 22-

418 A

A3 o A9 B2H Wgo] 1 gou, YRE w4 Imu 1 %
HeAE SAY 34 $X So2 8aE § /A Res unwc os
AEA F ATPLEE A HNEY Ado] ge d, o2 Asd FAWAo
QAG Fad £9F AHol 473 Utk WaAA, oF U8 24U g
de dES Waye BEHD o

ded, NS 4BE5Y FASS 59 S8 FE B ¥ AGA
t FAgel $EHAG BuHA 2@ Aol Atk ok BE& AL, NEY ¥

48 485U 3852 A 2 A 249D Yok

A (1990€ AFAY FLEA 5o de AEES YA, T4 BHY =
4g B 4% PR FLEAE TURY ¢ At BRI Bdo dad =9
ATt VW, FAEZVEFA 199DAHE ABINTY G55 24T BASAS
22o2H $A% AFAMY T4AE ¥AE AW 98e HIHAT

43 e AAEL AL £AUol AIAAY BAE 9L THAY o] g0
MREH 2H olgo] AsaAUY, HBA J5e olvl £¥sm US S UL
Aolth, wad, U84 oSMAE APEHD, H2H o8y AE4e AE
st Aol Wasttm AFeo

W, FUg 4% 227 94 £20 Roldl wa $Y% ¥&2 J¥ol o
FAAT Y= Aol Adolth WD ARE V48Rl W@ FANY 8% F
Afm Qom, oBe & Av U@ AN, AAH £a7 3AFD Ys
A= Adolt

HepA, B ATFqHE 549 A4 T FARAY Agd BE ¥AE5e 0§
e nAHD, 5485 GEH 0§ AAE EAHD, FTUde A8
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83X mxolf wWete] sl AuEn oF uwwog £ HAAN L= £
9ol 1xol g HAAE FHIEE P,

A2d FHETY 4 5FH olf A BF
1. ¥d41d 8%

AAE (1990) o4& 2yt £A9 ZF7IALA Y a2, vt &
AP 19913 7N1Fe2 FAS9 Ay FTo2iH 1839E, YFFLE YH
1264 € & ¥ 3099 Eo&2 200149 &448 FYF 33048ry Feov, 10 7
ZELe EFNLE FH TIFAHE 56%E FEE 1 YT (KE 10-1>F=E).
<E 10-1>2 §x=4 A4 F£8%FE 24F = d, 191d4¢& 7Igez2 & o,
2001 9] %2 117%, 201182 131% 522
YJEb st o

dH, EFAF (1989) % A& FALFS 19884 71E 1439 €z u
Bwton, AAAHe 743 A&+ 8L 1Y o, 2001dd = 1739 E 9
447 ed Aoz dewg, 2y, <F 10-2>A4 9 Zo] FojEAHY A
B85 T FodE 859 £2%FL 2001 dd] oF 2399 €02 /&9 1539 EY 15
wlo] 23le Aoz HFFHJYD.

ot L FOELF FHAYL ¢ ALHHY FoAELEF Jide] e E
€ THFE AoE, AE £23HAAN FHE&EFT olYdol= VLT, FHESF, 3
AfAsF 59 53HE A8 Mgl 23EE Utz Aot

AFF 15%F T Z718 Hoz

2. 453 ol§ A
b AEEF
FAEFxE #de 5, ok 3 59 AFA=R
T3t 29 hadl FA e By e d, YA+ E T, old F
doljstn Ud. =, FIFxY Foe HIAHeE2REH YFEFE HAFEHA

-4
il
o
u
-
fuj
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)
(X
4
fu
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<HE 10-1> A= £+5+F4A9 (1991-2011) (& 9]: 9ulm®)

LS
o 1991 1996 2001 2006 2011
e

F8F T8 28,237 30,241 32,986 34,921 37,015
oY F 4,892 5919 7,068 7,685 8,199
oFTYd LT 2,309 2,783 3,052 3,365 3,663
oFdLET 15,084 15,797 16,430 17,119 17,770
ofA LT 5,742 5,742 6,436 6,752 7.383
£ FTF 18,282 18,599 19,451 20,129 20,320
o st 4 16,425 16,466 17,044 17,443 17,358

o A 3} 1,857 2,133 2,407 2,686 2,962
3 B F -9,955 ~-11,642 -13,5635 -14,792 ~16,695
W F F 12,618 13,954 15,368 15,432 17,260

d oA F F 2,663 2,312 1,833 640 565
FH dv& 9.4% 7.6% 5.6% 1.8% 1.5%

(F2: PALANEZHAEY 1991~2011E 24, A (1990))

< B 10-2> &8s oAy (ek 9 Wekm?)
20014 +23 B9 A AU Agsg
T B
FF  TAE 85T TA FF A
A 23,873 100% 15,382 100% 8,491 100%
4dE&F 17,340 726 14,270 92.8 3,070 36.2
g g 1,260 53 410 2.7 850 10.0
e R 744 31 32 02 712 8.4
ZA &S 379 16 278 18 101 1.2
FAE S 2,121 89 392 25 1,729 20.4
R FAF 2,029 85 - - 2,029 23.8

(A8: FolEEFolEAYsA Y (FHFAN, 1989)



AT EANE F5E Zojstn Ak, Ol B F9 FANZTZHANE A F
AR AAF AxAed 28 =AY A5E dF2H TIF As el E4Ao)
o}

ol 22 vdETAYY YF 0§ AT NG Yo WaH 2E FF
gtz dudM H2E 715 S FYsE Aol Pt dHd, d¥L T A5
2R ARG w2 2 5 e FAEFS FF dg FA 94 HEAN H
83 Ro] Atdelg.

&8, & &5 o8 TAsAYd gt AFAAY I ET MM B
o A JFEF T UFH o&e AF o] HEHT Yo, o9 P&
AL 58T OdFEH ojgd dE M2E FE} dagg THFE Aol

Y. x4

Held (1994)2 dZgAFAd £E2HS F3t9 HF7FRY 2424 75 s
AEHAT. dZAE T2 d3td FFY JoAFE FHRIES @ AFAH,
qetAM, FA BFd o3 FFE A AR FHF FRAMY F+ =
4 71%°l AES EHGAG. ol ¥4, FFxHEE AT £ = B W
€ 24332 U4,

ol 2L AIAe YFH AN L& AFAN F99 Fyaged & Jld
€ e RS vEdz ed, A BLdo] vidd F ¢ F99 FrAYyE
A ANd2H 289 § Ads FAY] ASE LTHEG.

o

¢

o. g5 ¢

A E AFA FALFY FHoR B& AFAAAM #AAHST o, £d
Hole dxyos gL e AFAd dXAstd & £9& & At A
o o, a2z o] FAAEE HEFozN FolR ArY 4F P F FAE
A oAl Fol Bxo EAMA el AFA FRAYAM oJFolFozn ALY

TAE oF71F Ho] Atdolnh,
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wop, o Zol e gol £ AU %4E FUL YA FASAR, AFA
el g5geld AEE & HEPHE A8 AFAY USRS B4 0P
@ g4olel izt A5 ¥ Hol BT

3. 83 ol gyt
7t 712 A A
ojdol et o], FUEFTY AdEFH ol&2 AT FAMIFEHAA oln
dAstn loew, £ J7tE Fdde FAEETY MEo] gAsHEE ¥ B
o g3 238 F A& Aeg AdAEHd. I olfE dSFH 2L AY - FAH
A FAd 71AF Aoz BAY. F,
DO BETLT F8Fo] &3 F7stn An
@ M2e FALY Lol oA & 5439 oJEES FTUAA &5
488 &%t Ao vasy,
@ A+ 4z A% AFFAANNY 4TS A5 e W
ol 4359 AR $d8& AFAE Fdo 7 AAstq FALAZA {4
s Ay 2 A ol fo] 75,
@ 4% AYQAME ANy 2922 YFLTEHN 8ol oJyda
® sA9d HEgo2 Astdq FYAAH] FAY lold Fd& AFAY F
7 23 Ao IV oE FAUY ojf S5l B nE F£ U3, ®
48 AFAYd F54xE 7150 Yoy, o8 AAHK%eH,
@ 23 48 AFANY G5 FoiANAELS FEALIYAE nstA &S
7ol g Aoz HAY FALIWAAE Agnzy s oy #
02 FAYe ¥oH,
2 %o LT 24 EFHE ¥ &£ A= A
Folo.
ay, ol Add L "YoAHdx EFHL U] FAYY BEH oL AAE
437 AsiMe S 2 AARAE FF3E Ao Yoy, F



D 548 £49e 54802 M 1 £YAL FAAFEHY EE
F5AAY FAA ASHD2, FeA) AP PHA BFo) o FojA1, ol
A A%A A wAs o} B,

@ 548+9 B85 Fo) $HHoZ F4Hn
g5 olo} s,

® 544 $AAe wes BALF2ZH FFAE o RE £ Y2 532
2AAH A ol gol AW T Yomz, O2H ogelME AR £
Zol HtAR R dgsgolol 5,

@ F+24 715¢ A% AARA AL, o2 Aste] FeAA ol A
A& HA oo s,

® th2H ojgel me FAH, ANA AW BAE FEI PR,
ool W@ +eAel Hgol BT o} s,

® BUAHC] Fas] HEHoZ HEo) AS@ ANt AFA Mol o
# +29de wotstedl 2 @Yol oldel WE AHH uate] oFojNE ZAstol
N geHoze Agol AEH O Hit A
Folth.

uf

e 4o gERoz A

b = o] g

S 4SS, TUES, FAEF, FAES, FHAAES 5o A% TH, A4A
t EFEE7%E 23 YR, A5EA 242 AW AW <AL 2E
gk 3299 $AWH] £39 & Y& 2AAAE FFAY o7t A5 @
59 dg A 2HY B§o] A5k

el 7t BAM olg WUIe AWM olg AP A A7 WadL H
se e 2o

(1) 4384 © 949 2HY $4428 24489 (29 10-DF 2o

(29 10-DAAMS ol 54857 4-98 Fol WFHE o Dao], 4VEF, T

[=]

H

—_—
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d84 5 AdF 20%UAY Aol B, $4539 2YVOTE 4459
olgol AAL FA Y= WA AFT&59 ol 8o A5Y Aoz A€

548 AU 428529 of WHozE B & Ho A5Y Aol
o

e

TUE &% FEHAY, TUIAY Far T2 Y Fado] o
BEe old AY 52N EEIAAY, & V&Y HrE8 FUF
o 883t Wel ZEE F AS Aol

of X438}

fr

@ F93¥9 30 ¥FF Fft RELAL FFEA, 2 FTAS HA
i, JJ2HE A5 FE VTELTE AdEo] 5T HAold. AFe HAAL @
ol Mg o,

® HEd FIEFAEANY T FAMLAY Fol ot 24 G2 A
3, 475 59 +344% 598 $AUL 4% vgHoz YEHE AYe £
s, olo] ME Yo £AUL BFESES BEAE YAo] A5 Y Aok,

@ IWAE, 272 4F45 A+ FFol A5@ dit ¥ Rolmz

2.0

Exdds EARES, IU8S OHUSASS

1.6

dd +23|

(¥ 10-1) € 23



A2 =AE AASY, 3485 5% E FFH2 ¢ A4 A&H
gaude FE 7 oo,

(2) 8385 : Fol& AP AAstHe] dHE FA TL HdAAME 43
¥ dHEFALEFI oG o, A7) FdelE BL Mo £ ¥
AefAldl 2 S48e] HI AH. FPE FAYL AR HHY {KEA¥e FdA
71e d 71948 3tz YE Aol Adeld. BT F AAF e B, B
FEEAA g8 £ Fol M HaHo A HEz A BAC 7148
I A

gk, A8 FAEY HEFY 7l FEE A BHEnzA, @F &5

7IdxE 738 F s Roln, Y3 &MY Po] WY S YA FFS
sdtdog WHRAA MY AAS FAA 7Q7 5 Roln.

3) F5z3d 54§ AFAY F5zd 7T TFLAAN ARELEZA #
g oA 922, 99 F52EE 2E AFANE dPLr 9 Fr2d 7T
& ZA BM8z, 2 FAAGE 7HENA, BFE B AIAHA FFExH £¥S
dgste Wete HEZ "oy, o, FFrzE7T 8

FESH ZEE FIHM AAHoln ¢HE W

1]

9l
vt & 8

tjo

¢ {f
>
2
2
2
ik
2
*3
<
et

(4) Ax874e] 24 7N1E9 A8 AFAY FB35e A9 947 FAA
g ATstz 3z, I+8FY 715 ¢ TP A FH FHe= @we AUEs
of ME}L, FAH T2 BEH EARIESY FH FUo HI dod, 74 F
T4 2Ez2y dadeld g g T 7S FYdn e Reld,

Ged, 379 $4& AFAE dAA4A Fo @ v AFFY =
Ae T UFd 5Hoz #84 ARE FEFORHA, RO HIHE Fd
€& FA49 715¢ #dte ol WaY Hojth. ol AHME ¥dE& FAL
g olgg ¥ FEHY, £ALTHY HIAH L FENAS, AFHF} AFET
EXo me £ gL AT FEI dAH o} T Ao,
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A3d 5498 AFAY T+ 75

A8 AxA F42d EHde AFAE FHde FrAYd FHE FHA
ZRol 7k530, ol& AFR FHolgrn . o] AFAFHLE AFAY FFX
g3 ZAAPolREA dHEol % R&EIFZEY FelMdAE A% NERFFS
AFde o o§H7I= o

A4 F£53 wide A FA B (storage-indication method), A+
(coefficient method), Gould¥ 4 ¥ (method of Gould Function) ¥ *7}5 % (mass
curve method) T°l ded, Arixe ALHEANL AT ARAEH

(storage-indication method)& A}& 3t}

1. A % A ¥ Y (storage-indication method)

o 4= 2 (spillway) %% 2 (outletwork)oll F#&0°] gl AFAY Afde +2
Z0) 2 AFFSV #HERY 524 EANE £ demg FFF3o HuHy
E3g o]8 dE&EA4 A E4 3 (flood routing in a simple reservoir , reservoir
routing)ol & @k, FEo JYe ALAE FE AAAEI nAHE @
A2 HFsd FFFAHALE A @

A4 F4FEHE YA Ee (2¥9 10-2)9 2 Exd A FF X XH(elevation
L]

A &5

Ay

-storage curve) @ E ¥ %% FA (elevation-discharge curve) & #2 A

871 988, End AFF JIHe AFA AP 4 ALY HAHE 7H

712 78 g8 SnHed HAF7ed £AE AAsdcs FdLEIAHY( average

end-area method)2 Al&3o wED, E3d F&F A4S 4 (10-D, 4 (10-2)
L8

g} 2ol dlof(weir) T2 ¥ 2 (orifice) T4 & Al g3 2 & UH.

0,= C,LH"? (10-1)
0,= C,AV 2gH, (10-2)

d7NM, 0 d42 92 FHE +F(m¥/sec), L dF2 Zol(m), H,

£ 44299 £%m), CE 4429 FFAFIN, 0, 528 T4 IF



E S3(m¥sec)oll, A w429 wdH(m?), gt FAASE (= 9.8m/sec)

He #52 FHF22 F¢ 248 £Fmeld G 8329 {KI3FAFol

A2 FFFHA AEHE AFEEHL 4 (10-3ol5, ol & 49 AL fol A
o fd-FEFLE YUY 4 (10-4)9 2o

—0=233 -
I-0= dt (10-3)

-%“(I,+12)At+(5;-—% 0,49 =(sg+%— 0,40 (10-4)

A71A, I+ F4%F, 08 #&F, St AfFoy, &FA 1, 28 Ztz ALAL
AR -z, dte AR HoIg,
A (10-4)o g3 FHALE 37 AdfdE (g 10-3)9 S-FHeoz R

H-O curve H-S curve

T

w - 213 I~

‘("}: O = CLH #

g #
H

FE20
log(RE O% HAYS) —————

(19 10-2) E3¥ AFHFF 2 FFIA
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i%OAt% o Si%OAt—E}-'}i% og AN o FHALES 4 (10-4)9
Huo] 71AY B WAstd Swg szi%ozmk—% ANG 48 (27 10-3)2
2 %Y o ol HFHE 0,8 FLOZR A WA 2HING ol AT AL

S FEUU. OF FHIND fHht+del dF AL AdME A2 0,7 00l

93, 2% (10-3)2 % 94 (S,— 204D e T 4ULE2H Az 2
2

B de ¢ 9= —%—(11+12) g oo oo (Sz+%02.4t)—2= ARSA B, o g

A #Fdde 0, (2¥ 10-3)9 VAR RH Fad t+4e 5% A

90, $EoE #4232 2PAE ASA 2% AFTAAL 4 (10-5)9% 2

7

6 p e
- 1 / L~
g’ . S—EOAt // //
§ S/ /
5 4 17
m 3 / / / S+;CAI
ok / v

2 //

1

0 2 4 6 8 10 12 14 16

S s- %OA! S+ %om (102m?¥/sec day)

(19 10-3) AFAEYS H&37] A4 FA
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L+ p)at- 0par+(5,-1 01ap = (5, + % 0,49 (10-5)

A7 M, Ope +%o) ZHY %2 F(regulated outflow)olth. 4 (10-4)8] Opdt
ge ANHD A (10-5)% FYHA Sz, ddAN FEAFAE G
S+ % A2 vlE A FE 580 9 A9 FUE wPoz FHANE ¥

£ Ao

2. 4AAFA

Aol 424 715E H7ksk7] 48 dAAFAZ A7 AN HYF
of 9P VYALAZ AFAYY. BYASA @ FETBEL 19859 ol Y
Nedsi s3gTA AN don, $FFY 23 Y FEEo 4AH
of A, A £9-WEH BA 5 NEARI M= A

MAASAE 196030l FZHo], 1 aFol AP 360had) =o] ALFE
F81n gom, (29 10-4)% 2o 428 3 AFYFPAL Aoz Yo,
B57E SHM ZAAT BAS FU. <E 10-3>8 BYAFA] FaAAdL
YWz Lo
MY ER Y £EVEFL (29 10-5)% 2o HYREAE 2o BPAHo
2H f#8ed, 2 F U AHo) ANFAAS AAST (WSH3), A 57
222 9o A4E T2 A/AFAAWSE), 28 FvAsF £
HA" ZTE(flume)ol A715AAE HASA(PFH), $UF, A5, 233
HEF 59 AY A2E £YSHEES dQY. 20T 499 PR AN
AE 4AsAem, 1 %o A4ARE SkmUoiW £UEFA2 PH FNEA
22 20 RLHAES AT,

4
L)

e
2

=

(2" 10-6)2 YA FA Y FA-U & ZHE BAdFT oy, (¥ 10-1)F
(1Y 10-8) Zrzt WS#3n 529 £-§FBAS BdFa Qo



<E 10-3> ¥ X+ F2 A4

A4 37
9 & 3 (ha) 1,220
%44 A (ha) 46
E M A (ha) 405
W 8 3 (ha-m) 139.6
24 9 (m) 35.0
AL 9 (m) 27.0
Ho A FF(10°m?) 1,602
A % (m) 344
B E(m) 6.0
Hax+4(m) 8.5
AT+ E AdA(m) 4.2
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1. 282 2¥HAMA 2203

1. 3A T

11 B4 %
1-23

122
12
1-2-1

O___.‘__._

&+ 1141 ———cvmnm——— 131
11 1-3
1012 e e 1-3-2
1-1-3 133
12 #2A4
2n £ 5z 3 LR B
- A A A AA (m) (m%/sec)

1 1 2,100 1.2
2 1-1 400 0.3
3 1-1-1 300 0.1
4 1-1-2 300 0.1
5 1-1-3 300 0.1
6 1-2 400 06
7 1-2-1 300 0.2
8 1-2-2 300 0.2
9 1-2-3 300 0.2
10 1-3 500 03
11 1-3-1 300 0.1
12 1-3-2 300 0.1
13 1-3-3 300 0.1




2. d48As

Pipeline Cost
Data

Pipeline System

Data

Optimization
Data

Open Channel
Cost Data

1112
020 167456
025 217102
030 269076
035 379164
040 477110
045 554027
050 635414
055 716796
060 791780
0.70 128022.3
0.80 1624128

1.200001000.00000  0.01000

0.90000 700.00000
0.60000 500.00000
0.10000 300.00000
0.10000 300.00000
0.10000 300.00000
0.20000 300.00000
0.20000 300.00000
0.20000 300.00000
0.10000 300.00000
0.10000 300.00000
0.10000 300.00000

0.01000
0.01000
0.01000
0.01000
0.01000
0.01000
0.01000
0.01000
0.01000
0.01000
0.01000

47 48 24 46 10

30

0200  0.150
0250 0175
0300  0.200
0350  0.235
0400  0.260
0450  0.295

9204.00
10254.00
11754.00
12604.00
14554.00
15753.00

A-2
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Open Channel
System Data

0.500 0.320 18604.00
0.550 0.355 20166.00
0.600 0.380 22366.00
0.650 0415 24366.00
0.700 0.440 28566.00
0.800 0.490 33771.00
0.900 0.550 41371.00
1.000 0.600 47677.00
1.000 0.800 97689.00
1.000 0.900 104407.00
1.000 1.000 110323.00
1.200 0.800 105070.00
1.200 0.900 110935.00
1.200 1.000 116749.00
1.200 1.200 129434.00
1.300 1.000 121070.00
1.300 1.100 126884.00
1.300 1.200 133754.00
1.300 1.300 139619.00
1.500 1.000 127445.00
1.500 1.100 134315.00
1.500 1.200 140130.00
1.500 1.300 147000.00
1.500 1.900 152814.00

1

3

3

0.10000 300.00000  0.01500
0.10000 300.00000 0.01500
0.10000 300.00000  0.01500
0.15000 300.00000  0.01500
0.15000 300.00000  0.01500
0.15000 300.00000  0.01500
0.30000 200.00000  0.01500
0.20000 100.00000  0.01500
0.10000 100.00000  0.01500

A-3

0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100
0.00100

1.50000
1.50000
1.50000
1.50000
1.50000
1.50000

1.10000
1.10000
1.10000
1.10000
1.10000
1.10000



0.45000 200.00000 0.01500 0.00100
0.30000 100.00000 0.01500 0.00100
0.15000 100.00000 0.01500 0.00100
0.75000 200.00000 0.01500 0.00100
0.45000 200.00000 0.01500 0.00100

3. Axast
DETERMINATION OF PIPELINE'S OPTIMAL DIAMETER

S/ FAA B2HA E2FAM] (B-7-1)
H2FFAH 383893800.000

L5 FA 162412.8 1624128 79178.0
|FAA FAH] 217102 379164 217102
B2 EF A 388893800.0

&4 48 ¥ 10.0

E5AA 45T '10.0
CONSTRAINT CONDITION EACH NODE'S COST
CONS1 732 .000 X1 1000.000 162412.800
CONS2 688 000 X2 .000 162412.800
CONS3 630 000 X3 700.000 162412.800
CONS4 549 .000 X4 000 162412.800
CONS5 4.631 .000 X5 500.000 79178.000
CONS6 4.483 000 X6 000 79178.000
CONS7 -4.323 .000 X7 300.000 21710.200
CONSS8 688 .000 X8 000 21710.200
CONS9 630 .000 X9 300.000 21710.200
CON10 549 .000 X10 .000 21710.200
CONZ23 1000.000 .000 X11 300.000 21710.200
CONZ25 700.000 .000 X12 .000 21710.200
CONZ27 500.000 000 X13 300.000 37916.400
CONZ29 300.000 .000 X14 000 37916.400
CON3l1 300.000 .000 X15 300.000 37916.400
CON33 300.000 .000 X16 .000 37916.400



CON35
CON37
CON39
CON41
CON43
CON45

588888

X17 300.000
X18 .000
X19 300.000
X20 .000
X21 300.000
X22 000
X23 300.000
X24 000

37916.400
37916.400
21710.200
21710.200
21710.200
21710.200
21710.200
21710.200

DETERMINATION OF OPENCHANNEL OPTIMAL SECION

EACH SUBSUBCHANNEL OPTIMAL SECTION, NORMAL DEPTH AND COST
NODE WIDTH HEIGHT NDEPTH S

W W W N DN DN = e
W N = W N =W -

EACH SUBCHANNEL OPTIMAL SECTION, NORMAL DEPTH AND COST

.38000
.38000
.38000
49000
.49000
.49000
.38000
.38000
.38000

28495
28495
.284%
.36651
.36651

00100
00100
.00100
.00095
00035
.0003%
00100
00100
.00100

ELE.

1.30000
1.30000
1.30000
1.20000
1.20000
1.20000
1.30000
1.30000
1.30000

NODE WIDTH HEIGHT NDEPTH SLOPE ELE.

W W W NN N = =
LW DN = W N = W N

1.00000
.80000
.60000

1.00000

1.00000
.80000

1.00000
.80000
.60000

.60000
49000
.38000
90000
.80000
49000
.60000
49000
.38000

42438
.36651
28495
67446
52577
.36651
42438
.36651
28495

1.76000
1.68500
1.70000
1.67300
1.56500
1.58000
1.76000
1.69500
1.70000

UPELE. m-COST TCOST

1.60000
1.60000
1.60000
1.48500
1.48500
1.48500
1.60000
1.60000
1.60000

22366.0
22366.0
22366.0
33771.0
33771.0
337710
22366.0
22366.0
22366.0

6709800.0
6709800.0
6709800.0
10131300.0
10131300.0
10131300.0
6709800.0
6709800.0
6709800.0

m~-COST TOTAL COST
95635400.0
3377100.0
2236600.0

20881400.0
9768900.0
3377100.0
9535400.0
3377100.0
2236600.0

47677.0
33771.0
22366.0
104407.0
97689.0
33771.0
47677.0
33771.0
22366.0

EACH MAIN CHANNEL OPTIMAL SECTION, NORMAL DEPTH AND COST



NODE WIDTH HEIGHT NDEPTH SLOPE  ELE.
1 150000 1.10000 79907 00080  2.56000
2 1.30000  1.00000 74373 00080  2.23300
3 1.20000 .80000 59377 00080  2.16000

TOTAL COST EACH COMPONENT
SUBSUB CHANNEL SUBCHANNEL

1 20129400.0 15149100.0
2 30393900.0 34027400.0
3 20129400.0 15149100.0
MAIN CHANNEL TOTAL COST = 271599000.0

TOTAL COST OF OPEN CHANNEL= 406577300.0

A-6

m-COST
1343150
1210700
105070.0

TOTAL COST
134315000.0
84749000.0
52535000.0
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12 82 Ad

= = 2 T ST¥83ED Ny +£%5 3F$ -
73 ¥A % ¢ BN AN 2F
No(l) 0 0 60546 ozt upgt
(61.989) (AALD)
No2 4 4 61926 o A Ae
(61.835) (30cm# $ )
No(3) 61.07 CFFETHAY
No(4) 60.71 n
No(5) 60.44 i
No(6) 60.56 "
No(7) 59.65 "
No(8) 58.41 TP
No(9) 5795 oFFEFBR
No(10) 57.68 "
No(11) 57.00 "
No(12) 55.14 oAFFUA
No(13) ;13 | V40 VIO CB4EFBA
No(14) 54.63 "
No(15) 239 243 5362 035 (BAFFFW)
No(16) 25 268 5309 0.17 "
No(17) 10 278 5288 0.17 "
No(18) 25 303 5184 0.30 "
No(19) 30 333 5LIL 0.28 "
No(20) 30 363 5073 0.26 "
No(21) 40 403 5008 0.15 "
No(22) 10 413 5013 0.15 "
No(23) 55 468 4936 0.22 "
No(24) - - 4891 oRYF A
& A 468 5.76




2. 98As

Control Data

910 1 500 0.00001

Element Data
00 1110025

11 2110025

22 3110025
33 4110025
44 5110 025
55 6110025
66 7110 0.15
77 8110015

55.0
10.0

40.0
30.0
30.0
25.0
10.0
25.0

8 8 9110 0.15 243.0

Node Data

4936 1 0.010
50.13 1 0.010
50.08 1 001G
90.73 1 ¢OIG
51.11 1 G032
5184 1 0010
5288 1 0.010
53.09 1 0.010
5362 1 0.010
60.546 0
Boundary Data
9 07

W 00 3 M Ot b W N = O

05
05
HE)
133
.5
05
05
0.5
05

A-9



3. A A3

Control Data
9 10 1 500 0.000010

Element Data

00 N O O b W NN = O

0

[—

00 N O U b W N -
O 00 2 O O s W N

1100
110.0
1100
1100
1100
110.0
110.0
110.0
110.0

Node Data

0

[—y

O 00 3 O O = W N

49.36
50.13

50.08
50.73
51.11
51.84
52.88
53.09
53.62
60.546

—_

O = - e e ks e

Boundary Data
0 9 0.700000

0.25
0.25
0.25
0.25
0.25
0.25
0.15
0.15
0.15

0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01

55.00
10.00
40.00
30.00
30.00
25.00
10.00
25.00
243.00

0.50
0.50

0.50
0.50
050
0.50
0.50

1050
0.50

*x* Successive, Iteration No = 422 **=*

A-10



xx% Matrix [K] #**
262.99 -260.26
260.26 128729 -1023.74
0.00 -1023.74 1082.80
000 -5582

0.00
0.00
0.00
0.00
0.00
0.00

*xx  {F})
203.1284
-248.2897
90.7082
-2.0418
40.1382
13.8426
-12.9506
9.7098
104742

0.00
0.00
0.00
0.00
0.00

{H}
2.449
‘1:694
1.750
0.414
0.526
0.163
0.009
0.436
0.561

0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
-55.82
134.91
-72.34
0.00
0.00
0.00
0.00

{Q) *xx

0.016
0.013
0.013
0.006
0.007
0.004
0.001
0.007
0.007

0.00
0.00
0.00
-72.34
162.86
-84.76
0.00
0.00
0.00

0.00
0.00
0.00
0.00
-84.76
157.95
-63.08
0.00
0.00

0.00
0.00
0.00
0.00
0.00
-63.08
140.64
-31.53
0.00

0.00
0.00
0.00
0.00
0.00
0.00
-31.53
56.63
-18.64

0.00
0.00
0.00
0.00
0.00
0.00
0.00
-18.64
26.19
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1. AFA
11 24%
0411 m¥s
5 \
0.127 m¥%s /
33 — —
0.103m¥s >4 T l l
3.2
4-1 42
0.205 m¥s
0.146 m/s 0.304 m¥s
6-2
0.107 m¥s

13.80m

!

0.246 m3/s

31

!

61  0.044ms



12 #2A4

2 O A S A ARS8
S Z o) % FEAS # &
(m) (m) (H-W) ( m3/sec)
1 11230 1.1 130 0.2463
2 11080 1.0 130 0.0000
3 7710 1.0 130 0.2052
4 98.0 09 130 0.0000
5 589.0 0.7 130 0.1034
6 175.0 0.7 130 0.1265
7 4680 0.7 130 0.4112
8 40 06 130 0.1461
9 907.0 06 130 03042
10 1370 04 130 0.0441
11 776 0 04 130 0.1073
2. 948A=s
Hydraulic data 12 11 9 1 100 0.00010
1 1 2 1.100001123.00000 130.00000
2 2 3 1.000001108.00000 130.00000
3 3 4 1.00000 771.00000 130.00000
4 4 5 090000 98.00000 130.00000
5 5 6 0.70000 589.00000 130.00000
6 6 7 0.70000 175.00000 130.00000
7 7 8 0.70000 468.00000 130.00000
8 5 9 060000 4.00000 130.00000
9 9 10 0.60000 907.00000 130.00000
10 10 11 0.40000 137.00000 130.00000
1 11 12 0.40000 776.00000 130.00000

Bounday condition 2 -0.2463

A-13



1. Water demand 4  -0.2052
6 -0.1034
7 -0.1265
8 -04112
9 -0.1461
10 -0.3042
11 -0.0441
12 -0.1073
2. Fixed head 1 1380
Printing format 1
3. Air4 s}
% 3k o ke 3k o % 3 3k 3K 3k ok ok 3k ok ok ok ok KK 3 oKk ok kK ok 2k K K o K K ok ok KK K K 3k ok 3k K %k K K 3k oK K ok 3K o oK ok ok oK 3K kK ok ok ok ok %k ok ok ok Kk Xk k%
INTERNAL DATA
NUMBER OF NODES - 12
NUMBER OF ELEMENTS o1
NUMBER OF NODES WITH KNOWN DISCHARGE: 9
NUMBER OF NODES WITH KNOWN HEAD: 1
MAXIMUM NUMBER OF ITERATIONS: 100
TOLERANCE: 0001000

ELEMENT CONNECTIVITY AND DIAMETER

ELEMENT START END DIA. LENGTH H-W
1 1 2 1.10000 1123.00000 130.00000

2 2 3 1.00000 1108.00000 130.00000

3 3 4 1.00000 771.00000 130.00000

4 4 5 90000 98.00000 130.00000

5 5 6 70000 589.00000 130.00000

6 6 7 70000 175.00000 130.00000

7 7 8 70000 468.00000 130.00000

8 5 9 60000 4.00000 130.00000

9 9 10 60000 907.00000 130.00000

A-14



10 10 11 40000 137.00000 130.00000
11 11 12 40000 776.00000 130.00000

--- HALF-BANDWIDTH IS EQUAL TO 5 ----

NODAL DISCHARGES
NODE VALUE
~.2463
-.2052
-.1034
-.1265
-.4112
-.1461
10 -.3042
11 -.0441
12 -.1073

© 00 N O s N

BOUNDARY CONDITION DATA
NODE PRESCRIBED VALUES
1 13.8000

ek o o o ok ok ok e K oK K ok ok ok ok 3K ko ok oKk oK o oK oK ok o ok oS oK ok o oK ok ok o o oK ok oKk K o K oK ok oK o ok ok ook oKk oK ok ok oK K K
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RESULTS

NODAL HEADS
NODE HEAD
1 13.8000
11.3649

2

3 8.5077
4 6.5196
5 6.2015
6 4.2930
7 3.8836



8 3.2174

9 6.1771
10 2.86%4
11 2.4014
12 1.0003

NODAL DISCHARGES
NODE DISCHARGE

1 1.6943
-.2463
.0000
-.2052
0000
-.1034
-.1265
-4112
-.1461
-.3042
-.0441
-.1073

W 00 3O O &b W N

P et s
N = O

MEMBER DISCHARGES
MEMBER DISCHARGE

1 1.6943
1.4480
1.4480
1.2428
6411
5377
4112
6017
4556
1514
11 1073

333 S22 2SR 2 2223223222222 2222223332223 2322222223 32322 32223232222 223 ¢ %t ]

O 00 3, O b W N

—
(]
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V. HENFE S Z20y

1 Ausgd Be £4% A

L1 ddATF
111 4%
N
gaan
SHE L
112 #=2A4
5152 #do ¥R Aesx 73 ot &L A
(m) (m/s) (m) f
! 10 1000 025 00135
2 470 100.0 025 00135
12 48 s
Boundary condition 2RESERVOIR
System data 1 2 2 1
2 0 0 47
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Hydraulic data

0100 250.0000
100.0000 2500

12.6460 1510
10.0000 0135 0250
100.0000 2500  470.0000 0135 0250

Valve control 0000 30.0000 0000 3.0000
data 10000 6888 4870 .3444 2514 .1743 .1178 0827

0471 0163 .0000

Surge tank data 8000 1.0000

1.3 A4a=

DT= 01000 TG= 250000 H(L1)= 12646

QRT=  .I51
PIPE LINE DATA

No. DIA. CEL. LEN. @ F B. NBR NO NX

1 25 1000 100 15 014 1 2 2 1

2 925 1000 4700 15 014 2 0 0 47

TS = 0000 TC = 30.0000

TAUFIN = 0000 DTAU = 30000

TAU = 10000 .6888 4870 .3444 2514 1743 .1178 0827 0471 .0163 .0000

DTANK = 8000 DHEAD=  1.0000

VALUE OF DT RESET TO  .01000

NODE HMAX

DN 0N DN DN N DN e

=] O N b W = -

12.64600
13.65484
13.65484
13.63886
14.14439
14.67253
15.20060
15.72512
16.24441

NODE

N DN N DN NN N e =

1
2
1
2
3
4
5
6
7

12.64600
11.64978
11.64978
11.63993
11.40723
11.08176
10.72020
10.34385

9.96161

HMIN

A-18



2 8
29
210
211
212
213
2 14
215
216
217
218
219
220

221

2 22
223
224
225
226
227
228
229
230
231
2 32
233
234
235
2 36
237
238
239
240
241
242
243

16.75738
17.26326
17.76145
18.25155
18.73326
19.20643
19.67093

-20.12673

20.57381
21.01218
21.44187
21.86287
22.27516

22.67874

23.07352
23.45544
23.83638
24.20418
24.56270
2491178
25.25120
25.58079
25.90033
26.20966
26.50858
26.79691
27.07449
27.34112
27.59668
27.84100
28.07399
28.29553
28.50563
28.70432
28.89184
29.06846

2 8
29
210
211
212
213
214
215
216
217
218
219
220

221

222
223
224
22
226
227
228
229
230
231
2 32
233
234
235
2 36
237
2 38
239
240
241
2 42
2 43

957717

9.19470
881391
8.43648
8.06320
769475
7.33164
6.97434
6.62324
6.27867
5.94094
561031
5.28699

497120

4.66311
4.36286
4.07062
3.78649
3.51060
3.24307
2.98399
273348
249165
2.25864
2.03463
1.81983
1.61452
1.41903
1.23381
1.05940

89645

74566

60778

48366

37409

27986
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2. x5 4 & F3% AL

21 YBAF+
211 24

gm

/
N

74
212 #2444
dews T o) dEyu A4 %4 ol g &M A4
(m) {m/s) (m) (f)
1 1000 1000.0 0.80 0.020
22 J4¥A=8
Hydraulic data  1000.0000 1000.0000 0.0200 .8000 9.8100
Pump data 120.0000 2.0000 30.0000 .4429 0.0002 0.9000
Node data 10 1 5
2.3 At s}
A XL D F = 1000.000 1000.000 .800 020
QR, HR, G = 443 30000 9810
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™, TS, TOL, VI = 120.000 2000 ~ .000 .900
N, JPR, KIT = 10 1 5

TIME ALPHA V Q(1) H() HNS)
1.400 700 208 .092 18700 3.087
1600 800 270 .120 24290 6939
1800 900 341 161 30616 12317
2000 1.000 418 .18 37574 19234
2200 1.000 410 .181 37609 27.552

2400 1.000 .38 .170 37.703 37.365
2600 1.000 344 152 37907 48523
2800 1.000 288 127 38204 61.146

3000 1000 214 095 38486 75023
3200 1000 .122 054 38555 74325
3400 1000 014 006 38607 72207
3600 1.000 -.109 -048 38743 68777
3800 1.000 -239 -.106 39.711 64.013
4000 1.000 -376 -.167 41.183 57.682
4200 1.000 -3 -164 41.101 49527
4400 1000 -349 -.184 40852 39845
4600 1000 -314 -.139 40.508 2393
4800 1000 -267 -.118 40.006 18336
5000 1.000 -203 -.090 39378 7.445
5200 1.000 -.119 -.053 3878 7977
5400 1000 -.014 -.006 38613 9.588
5600 1.000 .107 047 38558 12318
5800 1000 224 099 38453 16.064
6.000 1000 339 .150 37948 21.120
6200 1.000 334 .148 37965 28.070
6.400 1000 316 .140 38043 37.383
6.600 1000 .28  .127 38204 48103
6.800 1000 247 110 38327 58519
7.000 1.000 .193 085 38480 68368
7.200 1.000 116 052 38553 67.872
7400 1.000 013 .006 38607 66421
7600 1.000 -.104 -.046 38.727 64.022
7.800 1.000 -.212 -.094 39468 60.533
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3. MBY 354 FAY AN
31 AT+
311 B4

312 Bz AY

#A ol ¢Es ddE&: #7 gEE&dds

BEZYUE
(m) (m/s) (m) (f).
1 50 1000.0 0.80 0.0255
2 100 1000.0 0.70 0.0267
3 100 1000.0 050 0.0255
4 100 1000.0 0.35 0.0256
5 100 1000.0 0.30 0.0256
32 Jd¥w

Boundary condition S5RESERVOIR

System data 1 2 2 5
1 3 3 10
1 4 4 10
1 5 5 10
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1 6 6 10
1 0 0 10
Hydraulic data  0.0100 100.0000 4.00000  0.0000  0.3000 5000 .0001
0.8000 50.0000 027500 00259 14.0000
0.7000 100.0000 -0.00010  0.0267  0.2600
0.5000 100.0000 0.00070  0.0255  0.4700
0.3500 100.0000 0.00510 00256  0.5400
0.3000 100.0000 -0.00020  0.0256 1.0500
33 A2
DT = 010 TG = 10000 HR= 4.000
V_INITIAL = 000 L_INITIAL = .30
KL = 500 ETOL = 00010
PIPELINE DATA
NO. DIA. L SLOPE F B NBR NO ELE.
1 800  50.000 275000 02590 1 2 2 14.000
2 700 100.000 -.000100 .02670 1 3 3 260
3 500 100.000 .000700  .02550 1 4 4 470
4 350  100.000 .005100  .02560 1 5 5 540
5 300 100.000 -.000200  .02560 1 6 6 1.050
TIME L H1 H2 H3 H4 H5 H6
4.80001 4770159  4.00000 16.00188 14.00376 12.00564 10.00752 .00000
4.81002 4781170  4.00000 16.00087 14.00175 12.00262 10.00349 .00000
4.82002 4792184 400000 1599987 13.99973 11.99960 9.99947 00000
4.83002 48.03200 4.00000 1599886 1399773 11.99659 9.99545  .00000
4.84002 48.14219 4.00000 1599786 13.99572 11.99358 9.99144 00000
4.85002 4825241 4.00000 1599686 13.99372 11.99058 9.98744 00000
4.86002 4836266 4.00000 1599586 1399172 1198758 9.98345 00000
4.87002 4847294 400000 1599487 1398973 11.98460 9.97946 .00000
4.88002 4858324 4.00000 1599387 1398774 11.98161 997548  .00000
4.89002 4869357 4.00000 1599288 1398576 11.97864 9.97151 .00000
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4.90002
491002
4.92002
4.93002
4.94002
4.95002
4.96002
4.97002
4.98002
4.99002
5.00002
5.00824

48.80393
4891431
49.02473
49.13517
49.24563
49.35612
49.46664
49.57719
49.68776
49.79836
49.90839
50.00000

4.00000
4.00000
4.00000
4.00000
4.00000
4.00000
4.00000
4.00000
4.00000
4.00000
4.00000
4.00000

1599189
15.99090
15.98991
15.98892
15.98794
15.98696
15.98598
15.98500
15.98402
15.98305
15.98208
15.98110

13.98377
13.98180
13.97982
13.97785
13.97588
13.97392
13.97196
13.97000
13.96805
13.96610
13.96415
13.96221
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11.97566
11.97269
11.96973
11.96678
11.96382
11.96088
11.95794
11.95500
11.95207
11.94915
11.94623
11.94332

9.96755
9.96359
9.95964
9.95570
9.95177
9.94784
9.94392
9.94000
9.93610
9.93220
9.92831
9.92442
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