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" RESUME _

Very little has been written about energy 1osseu at
__junctions in sewer systems with circular pipes flowing partly
;full Designers of sewer systems have made use of Hind s
results (lh)* and rules of thumb_ which take itnto account the
number afpipesand the angles at which these pipes Join‘at a .
Jun@tion to ensure the satisfactory performance of such sewer
- gystems. The reason for making this study of stormisewer
Junction geometry and related energy losses was to proyide
designers with some information on this subject. _

"It 1s known that some junctions in existing' systems l ‘
fail to perform satisfactorily. Model tests conducted for . A
the Borough of Scarboro suggested that alterations of the
Junction geometry, which could be accomplished simply in the
‘field, could improve the Junction hydraulics and hence the,
performance of the entire sewer system. The author was
encouraged to study this subject due to the strong interest .
shown in this topic by Dr. D R-. Townsend P. Eng s Department
of Civil Engineering, University of Ottawa and w.J. Yarwick,

P.Engf, Director of Engineerin ror the Borough of Scarboro.

";“-‘-—

‘® see list of references 1isted at the end of thesis
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The study was divided into three parts, namely;
(1) to R:epare a complete 1ist of references on the subject of
sewer junction energy losses, (2) to determine what effect

Junttion geometry has ©

energy 1osses and, (3) to test
Junctions with differe t geometries, in'order"to obtain the .
mostjsuitable confi ration witb respect to achieving minimum d

—

energy loss. 1

The. second and thisd parts of the study were
investigated with the ald of a physical model having g scale of
1:9. 16 The model was assembled in the hydraulic laboratory of
'the University of Ottawa - The junction type chosen for the.
:'study was the common "main with single lateral“ Jdnction,.where

fthe main flow in passing directly through the Junction box is
~

augmented by the additiqnal flow in the lateral The program ‘

:of tests consisted of a total of 268 Separate experiments of ‘.
lwhich 210 were conducted on a 45° 1ateral and 58 on a 90°
lateral. ‘Energy loss coefficients were: calculated for each
Ijunction geometry considered. In addition, backwater effects
and power losses at the Junction were evaluatéd. e

The'principal findings can be summarized as follows:

'(15 the recommended Junctio design practice of using -
°’ channels of U-shaped crpss- secﬂzon resulted in minimum energy
‘loss ' ‘. . i ‘ |
.(2} the open Junction.bor (with no finishing) resulted in °
' 1 .

the highest energy loss . Ry . .-
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3 thé\
outlet throy

presence ‘of an. invert Joining Fh\“main inlet and

h the“Junction and a sidewall was effective in o N

reducing eqergy loss o o o

'(u) - hinged flow- deflectors were not helpful in(reducing‘ L

losses in the 45° junction but were effective in the case of

4 Y

the 90° Junction S o
(5) flow rate’ and the lateral to main flow ratic affect L

Lo - - .

he egergy . loss coefficients : o o .;

“
L3

(6) increasing the junction 1ength was, not effective in

reducing energy 1osses

(7) an abrupt or smooth drop proviaed through-the Junction
between the inlet and outlet pipes was effective in reducing
~ the energy ioss and the backwater effect s | -
. (8) _ power losses were greater when an abrupt or 'smoot‘h ‘
‘.drop was provided through the Junction ) | r('
" {(9) .the lost poﬁer;atiohincreased with increasing nipe
slope | - o . ': ; | | ' (\aﬁas)
L The importance of these findings can be sunnarize
fojhahs: o RN ’
(1) \ Designers are further encouraged to. adopt the :

L, i
cross—sections in Junctions. o R

¢ -

recommended design practice of specifying U-shaped channel “\u,/’
N . . ’

(2) Junction boxes should be kept‘as spbrt as possible.

In the model tests, the shorter overall 1 sth of Junction

gave reduced energy losses. The idea offlengthening the -+

!Junction box 1s not recommended as there will be an increase

in energy loss.
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(3) The importance of prov

through the manhoie was clearl

o4

iding a smooth or abrupt drop

y demonstrated by the reduced

energy losses and backwater effects 1n the'presence of same.

hd

“PrOper provision 'of such a drop 3n the structure ensures

»

efficient conveyance of floﬂs.
. ’ . . ' ) . . -
(H) Curves are presented ihdicating howlthe energy 1loss

coefficient varies with asyarying 1atera1 infl
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L PREFACE
~d ) \ -

Very 1itt1e has been writte}'about.energy~los3es at’

Junctions in sewer systems with circular pipes flowing partly
full. 'Designers of sewer systems have made use of Hind'
results (14)* and rules of thumb whichatake into acceunt‘the

number of'pipesand the angles at which these pipes Join at a

junction to epsure the satisfactory performance of such‘sewer_

systems. The reason for making this study of storm sewer

r'a “
Juné\&oisgeometry and related energy 1osse$ was to provide
e i

desi with some information on this subject e

It 1s known that some Junctions in exlsting systems
fail to perform satisfactorily. Model tests cqiducted for
i

the Borough of Scarboro suggested that alterat ns of the-

| 7Junction geometry, which .could o/’accomplished simply in thé

field could’ improve the Junction hydraulics.and hence the

..é;m

-perfonmance of the entire sewer System. The author wgs .

encouraged to! study this subJect due to the strong interest

.shcwn in this topic by Dr. D. R Townsend, P.EnRg., Department“

of Civil Engineering, University of Ottawa and W.J. Warwick -

P. Eng , Director of Engineering for the Borough of Scarboro.'
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E’ The study was divided into three parts, namely°*” :
(l) to prepare a complete 1list of references on the subject of

i

‘sewer Junction energy losses, (2) to determine what ‘effect ‘r-'
Junction geometry has on energy 1osses and (3) to test

+

' Junctions with different geometries, in order to- obtain the
most suitable configuration with respect to achieving minimum
energy loss h |

The second and third parts of- the study were 7 .
nvestiﬁated with the aid of a.plexiguﬁm model having a scale of

_ }:9.16. The model was assembled in the hydraulic laboratory of

the Unirersityiof bttawa. The Junction type chosen for the
study was‘the'co;non "main with‘single lateral" Junction, here
the mainlrlow in passing directly through the junction box is

) augmented by the additibnal flow in the 1ateral " The program

.of tests consisted of a total of 268 separate experinsnts of |

4

7 which 210 were conducted ‘on a H5° lateral and-58 on a 90°
lateral Energy 1oss coefficients were’ calculated for each‘

junction geometry considered.‘ In addition, backwater effects

‘and poWer losses at the Junction were evaluated -

i

‘ The-principal findings can be summarized as. follows:

'.

'(l)‘ the’recommended Junction design practice of using

chaﬁnels of U-shaped cross-section resulted-in fminimum energy

loss . .
1(2) - the open junction box (with no finishing) resulted in S
(('ﬁhthe highest energy loss SRR | |

&

- T



LR
(3) . the presence of an invert Joining ghe main‘inlet‘and
outlet through 22? Junction agd a sidewall was effective in e \B>
reducing energy loss . . . ‘r \
ﬁwih) " hinged flow deflectors were nof helpful in reducing
losses in the HBijunction but.were effective in the case of
the 90° junction I _ _ ' t
(5) flow rate and the lateral to mailn flow ratio affect
the energy loss coefficients \ - ‘ ) . -_
(6) increasing the junction length was<;;3 effectfve in .

-,

reducing‘energy losses : . ﬁh‘gb O

(1) an abrupt or smooth drop provided through the Junction

between the inlet and outlet pipes was effective 1n reducing ‘

the energy loss and the backwater

(8) - power losses were greater when an abrupt or smooth

.drop was provided thrd@&h the Junction

(9) ‘ the'lost'power ratio increased with increasing pipe

" slope : . ' . | | . ‘
o The importance c;-these findings can bg summarized as '”y.

foiﬁw-sz ‘

(1) Designers are further encouraged to adopt the

recommended design practice of specifying U-shaped channel

cross—sections in junciions. ' . ‘ B

(2) Junction boxes should be kept as short as possible.

In tne model tests, the shorter overall iength,of Junction

gave reduced energ& losses.. The 1ldea of lengthening the-’

junctlon box 1s not recommended as_tgerehnill be an. increase

. in energy. loss. _ ' ';L:JV/ S - < .‘
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(3)‘ The importance of providing a- smooth or abrupt drop' {ﬂ\\
. SR v N

through the manhole was clearly demonstrated by the reduced.
energy losses~and backwater effects Ain the preserice of same.

Properiprovision of sucﬁ'a drop in the structure ensures

efficient ‘conveyance of Tlows.’

(H) Curves are presented indlicating how the energy 1oss -
coefficient varies with.a varying 1ateral inflow ' -
| v | LI
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~
- NOTATION .
THE. FOLLOWING SYMBOLS ARE USED IN' THIS THESIS i
SYMBOLS 3 N DIMENSIONS
Al~c~ — area of flow in the outlet | ‘ 12
A2 area of flow in the lateral L2
A3 . area of flow in the maln L2
C head 1loss coefficient, equation (2.1) '
(used by Acker®) ’ .
CP pitot tube calibration coefficient,
equation (4.13)
C+EeL+J- combined energy loss coefficient,
) equatilon (3.10)
DP1 _ outlet pipe diameter L
pp2 lateral plpe diameter L @
DP3 main plpe diameter _ ) L
DR . ratio of depth immedlately upstream from |
the -junctien box to the diameter .of the -

upstream pilpe .

D1 outlet flow depth L
D2 lateraY flow depth L
D3 - . main flow depth L
D1C critical outlet flow depth L
D3N normal main flow depth . L
E value of the energy grade line at a point,
equation (2.6)
E*G* L energy grade line L
AE*G*L- difference in energles or E+«G+L* L
E«L* energy loss, equation (2.1) L
E+L+J- energy loss at the junctlon, (3.1) L
E3P main specificenergy at the junetion,
. equation (3.4) ' L
E1lF outlet specificenergy at the junctilon,
equation (3.4) A L
E3B main energy line 'at the branch polnt L
E1B outlet energy line at the branch polnt L
E2B lateral energy llne at the branch point L
Ff . form loss due to wall friction, equatlion
(3:6) L
Fr Froude number ' .
g . gravitational constant 980.6 ‘cm/sec? L/T4
H~G-L- hydraulic grade line ‘ L
HR hydraulic radius L




[
SYMBOLS

HT
ah
JUNCB
JUNC1
JUNC2
JUNC3
K
K3

K3M

K2
KeL
KC

LeE*L+J*

Le PR °

L
. -7~ LMANDR

- MMANDR
MeEeL+J*

M
M1C
M3N
N1

N2

N3
n

P
PR

Q

QL

QM
QL/QM

_change in the water surface

. drop of invert elevation of the lateral

. through the junction

horizdmtal location of lateral reference .

- ] ‘ _ x1id

DIMENSIONS e

head loss or energy loss

hranch point see figure 3-1 . . ke
horizontal location see figure 3-1 )
horizontal .location see flgure 3-1
horizontal location see figure 3-1- '
energy loss coefficient used by Hinds,
Camp, Gharghourl -

main loss coefficient relative- to qutlet
velocity head, equation (3.13) ' .
main loss coefficlept-pefative n .- ‘ - #e

Bl el el o

to main velocity head, equation

(3.1h) .

laterar ioss coefficlent relative to outlet

velocity head, equatlon (3.11) ‘ ‘

lateral loss coefficient relative to outlet

veloclty head, equation (3.12) -

?ombined energy loss coefficient, equation
2.11) ' . .

lateral energy loss at’ the junction,

equation (3.9) . ot

loss power ratio, equation (3.22)

length of the Junction box

pipe through the junction
drop of invert elevation of the main pipe

(R Bl ol

maln energy loss at the Jjunction, equation

(3.8) ‘ L
momentum, equation (3.28) ML/T
momentum at critical depth . - ML/T?
momentum at normal depth _ ‘ ML/T?
horizontal location of downstream reference
point e L

polnt : L
Horizontal location of main reference paint L
Manning's frietion coefficient, equation 1
(4.3) ‘ L®
power, equation (2.6) , MI%/T¢
ratio of power lost to power entering

the junctlon (L*P*R+) , .
total discharge (QL + QM)equivalent to Ql L3/T
1ateral discharge, equivalent to’ Q2 - L3¥/T
main discharge, equivalent to Q3 . ' L*/T
relative discharge (QR)
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SYMBOLS

QM/Q
QL/Q
QR
QJ
Q
Qm
Re
R
ds/dt
S1
se
S3
v
V1

V2
V3

V

Vn
W

X1

Xe
X3
X4
X5
X6

. xXiv

DIMENSIONS
relative maln dlscharge :
relative lateral discharge c
relative discharge or flow rate (QL/QM) -1?1-
direct inlet flow, equation (2.1%) S s
prototype discharge _ JL3/T
model discharge L3/T
Reynolds number
pipe radius . L -
change of water storage in _the nction L/T
outlet pipe slope ; :
lateral plpe slope
main pipe slope - _
average veloclty L/T

i)average uniform flow outlet velocity,

~ equation (2.7) ) - . L/T -

ii1)average outlet velocity . .
average lateral velocity L/T
average main veloclty L/T .
prototype velocity L/T
model velocity _ L/T
width of the Junction L

lengtyrsumber (see chapter 4.1)

flow area number (see chapter 4.1) .

main drop number (see chapter 4.1)
‘lateral drop number (see chapter. 4.1)
pipe ratio number (see chapter bh.1) .
angle number (see chapter 4.1)

slope number (see chapter 4.1)

siope number (see chapter 4.1y

slope number (see chapter 4.1). - -
lateral flow rate number (see chapter 4.1y
main flow rate number (see chapter 4.1y
change in the water surface elevatilon

through the junction L
invert drop, equation (2.2) (=2) L
invert drop through the Junction L
. invert drop, see .figure 3-1 L
“ynvert drop, see figure 3-1 L
outlet pipe invert L
lateral plpe invert L
main pipe invert 'L
difference between or change R
velocity distribution or energy coefficient:
equation (3.1) " oo
specific weight of water S W/LET?

' , ' i




 ,sca1e ratlo

~ ) DIMENSIONS
':'theFang;e of cdnveggence between center—;' .
line of the main and the lateral pipé degrees
dynamic viscosity : _ ., M/LT
density of water -

M/L3
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_ CHAPTER 1 °

¥

The hydraulic des
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of the entire sewer syste
This conclusion,
n junction design and pe
encouraged the author to
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NTRODUCTION ‘\\-

4

lgn of storm sewer‘Junction structures

of energy losses, (and assoclated.

vieinity of the Junctidn),fto provide_

d hence prevent possible surcharging

A

e known to be hydraulically inadequate

lons often due to backwater effects

Borough of Scarboro (12)1 suggested .

terations toineffective junctioﬁs

ncy of same and hence the performance

LA
SN

m.
apd the fact that very little research
rformance has been done.to date, |
undertake this particular study

r of this thesis isfﬁAESented in the

twé presents the avallable literature °

ergy losses at junctions including

pipe full" flow conditions, but with

The 1itepature indicated that altering
been tried before with some success

condition and for one existing storm

sewer junction ander dben channel flow‘conditions:

"

1 Numerals in parenthesesrefertocorresponding items in the List

of Reférences, page 129
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‘ The Thompson equation(31) equations(2.8) in the‘text;waﬁ
developed using conservaticn of momentum principles to take -
into. account the effect of invert drop on the water surface
profile with a main and lateral flow Other researchers .

.:developed depth prediction equations for junction‘flows or
energy “loss coefficient equations for. varying flows, velocities

nd Junction angle Because sewer designers need to know the
elevation of the energy grade- line (E.G.L.) and the hydraulic<’?
grade line (H G L) throughout the system, knowledge of the
losses at'Junctions is important. The second part of‘chapter
two describes how these grade lines are calculated. |

‘ In chapter three 1s presented the theory used to calculate

energy and power losses and the methods used by municipalities .
to design their storm sewer Junctions The calculated loss is
lbased on the analysis suggested by T. R Camp (8) using the |
specific energy concept and by Lorah (23) using an extended -
energy grade 1ine Five energy loss coefficients were
calculated the@iateral energy loss coefficient (K2) and the
' main energy losifcoefficient (K3) with respect to the outlet
\velocity heag, the lateral: energy loss coefficient (K2L) and
the malin enirgy losq,coefficient (K3M) witHd respect to their
respective inlet velocity heads, and the combined energy loss
,coeffipient KC, a loss, coefficient which sums ‘the lateral and

main_energy loss coefficient according to the fraction of .

-
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. I .
total flow that is in each of the two inlet pipes. ?ower 1oss

l

is analyzed by means of the lost power ratio wh{ch ‘is a dimen-

“.sionless formulation-of the power loss divided by the power, f‘

*

input“to the Junction.

With regards to the procedures adopted by municipalities,
" the Denver Colorado Man al (Nl) is the most up-to date, complete
guide in storm drainﬁ!ﬁfdesign o - .
- In’ chapter four can be found ‘the details of the hydraulic
'model approach used in this study Using dimensional analysils
.on those“pa%ameters that define the hydraulics of the Junction,‘
a relationship is defined between the . energy loss- coefficlent

. -~
(K) and eleven dimensionless numbers Because "scale effects"

cannot be evaluated without some prototype tests, using the model

4

’results must necessarily include some engineering judgement

From a supply tan{ wabter. was continually circulated

o

through the model pipe system. Two water supply header boxes

4

measured ‘'by means of a weir,the respective discharges in the
main and 1ateral pipes The distance from the main header box
to the Junction was 6. 5 meters and from the lateral header box
- to theljunction was ‘5.5 meters. . The header boxes were ‘made of
'plywood,whereas the reat of the system was made of clear

'acrylic plastic to facilitate measurement Qﬁ the water surface

+

profiles in same. The water surface proflle was recorded Vet

using a'bank.of 30 piezometers fixed to a single board and four
v . "

o



pointer gauges. Usangalpitot tube, calibrated at the Canada
Center of Inland Waters, measurements were made of the velocity
profile at‘fOur stations upstream of the Junction to check

‘the uniformitg of the flow and cOmpute the energy correction
coefficient (a). Nine different junction geometries were
studied: The dimensions-of the various’ geometric configurations
are presented-in the figures in chapter four.

Chapter five concerns itself with the experimental
methodélogy, the type of data collected and the results of the
velocity traverses The experiments were conducted ‘in the
classical way by changing one variable at a time, keeping the
others constant. Theé maineflow rate was chosen to create a '
‘water surface packwater profile in the lateral upstream of the
junction. The flow in the lateral was such that both pipes

were in a design f1low condition. The energy correction

coefficient "c" was found to be sufficiently c103e to 1.0 to

" make the assumption a = 1.0 qalid for energy line calculation

puI‘pOSes . ) ' e - v Pes

‘e
a

, Chapter six presents the results of the experimental

pr gram. The results are discuSsed under the headings of
JunctiOn type, flow rate, manhole drop and manhole length,
backwater effects and power loOss. : ; o . a

Three criteria a sed to Judge ‘the performance of the _

junction box: (1 the minimum energy loss, (11) the leaste

.

backwater effect and (11i1) the lovest power losses. The test

Y

. C
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results indicate that the optimal junction box was consistently
the U-shaped channel configuration The open Junction box,

(4. e, a box with no refinements and a storage volume used to
trap sediment) resulted in fthe ‘highest energy . loss. In practice,
junction boxes ‘are frequently open for one reason or another.

A varying lateral flow rate has the- effect of giving a .
.~ hon-linear relation

etween "KC" the combined energy loss: .

coefficlent and '/QM) the relative flow rate
: \ ——

=]

The proti on of an invert drop across the Jjunection box

decreased the depth:o flow in'the pioes upstream from the
junction, hence provit ing additional flow capacity in'the
system, and preventing the Junction from "choking" the design
flow. Test result‘“ipdicated that as the Junction box decreased
in length, the energy "loss ceofficient decreased also.

A greater percentage of the power entering the junction
mas 1ost'when the invert drop across the Junctlon was greater
than Zero. The'lostrpower ratio (L.P.R.) increased with

) . . i o !

increasing pipe'slope.

Chapter seven summarizes ‘the conclusions. Designers

-

are encouraged to .adopt the recommended practice of specifying.f5
U-shaped channel cross—sections in stormp sewer Junctions since
this-tQpe was shown in these tests to reduce,energy losseéﬂ

The practice of making junction boxes as short as possible
appears to be good economic and’ hydraulic practice Results

showed that-of the three lengths tested the shortest box

L




1ength had associated with it the lowest energy losses.

"Lengthening the junction box to improve the hydraulics is not

recommended as it will lead to higher energy losses and

creased costs The importance of providing an invert drop

through the manhole is evident from the reduced backwater

_ effects and the inereased flow capacity avallable.

Further references on related toplecs can be found in
appéndix B. A review of recent literature on storm water

management is given in appendix D.

-
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CHAPTER 2

LITERATURE REVIEW

2.1 Energy lLosses At Junctions

To the author's knowledge very little has been
writteq about energy losses‘at Junctions 1n a-sewer system
with circular pipes flowing partly full. No study has been
made with the specific aim of providing the designer of sewer
system Junctions. witrlempirical data on energy losses. Desplte
the fact phet almost all”’ investigators recommend that model
studies be done for 1arge Junctions, again the author could
not locate any reports on thils subject T o

In the literature search, use was made of the
CAN—S-DI computerized information retrieval ,system at the
National Science Library in Ottawa, Oontario, Canada. 'In
addition, the usual periodicals and indexes were consulted
(see Appendix B).

The most complete study on pressure changes 1in
pipes flowing full (35) concluded that "_,.. the most
pressing need for further  study -4nvolves the investigation
of pilpes flowingrpartly full ...." (page 81 of (35)) and

"..... at angles other than 90° with the junction wall ..."

i

(page 81 of (35)). The following recommendations appear in

&
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more recent ggbliqatioﬁs: under "éuggestion for further
reéeardh“:..:;l“ ah inﬁestigation.of the significance-df.

" energy losses at side entry pits, junctions, and bequ‘on
the desigﬂ dlameters of individualqpipes" (page 88 of (13))§
in."De;lgn of storm water §eﬁers by nonlinear programming",
the analysis ".... neglected the hydraulic losses at the
junctionff,u." (page 6 of (263) due to {ﬁfk of "data;
McCorﬁigk stated: "further~re$;arch into the subject of
manholé eneréy losses would be of conslderable éssisbance:to
desigﬁers'...." épage 14 of (26)). .

The following discussion of various reports deals -
only with energy losses in sgorm sewers or models of storm
sewers. . _ _ |

The only field study was done in England in ;959'
(2) with 15:2»cm (6 in.) diameter smooth pipes at invert
slopes of appYoximately 1.5%. Lateral flows wereﬂnot
considéred. Manometers were installed 915 cm (330 ft) up-
stream and downstream from each of the four manho;es tested.
To the measured hydraullc grade iine (H.G.L.) was added the
kinetic energy term, (using a%erage veloclity), to'give'the
energy gradé 1ine (E.G.L.) before and after the manhole
;tructure, The friction loss, for an "eqﬁivalent"2 lenggh :

of pipe was subtracted from the difference in energles (i.e..

AE.G.L.) to establish the energy loss across the manhole’ .

structure. . (j_“\\

2ngquivalent® refers to a pipe in which the loss of head for
a specified flow is the. same as the loss of head of theiplpe
or pipes 1t replaces. : -

¥




The head loss coefficlent wéslthen defined as

tx
&=

C =
72

2g e BRI I |
T o ]

.Wherg E-L- é the energy loss, and 78 = the average inlet

velocity head. ’ ;

' In addition to the usual open %nvert design a
"haﬁch-box"3 design was also tested. These experimehts lead
to the .following conclusions: .

" (1) .‘ ' Head losses 1n open invert manholes are small
(maximum C = 0.26). Under surchgrge“ conditions, and with
bends included in the manhole ? the head loss coefficientslwere
much higher (Cmax.=i-“4)-_ ' .
(2) . Hateh-boxes did not reduce-the energy losses except
undgr surcharge conditions. _ , _

Thomas Camp has written often about the ﬂydraulics

of sewers (8,9,10). He warned that:

w_ .. if sufficient allowance is not made
for invert drops at transltions, the
transition may reduce the expectéd_capacify_
of the sewer and caljse surcharging at the
peak design flows" (page'63 of (10)}).

35 hatch-box refers to a closed pipe with a detachable .
profiled 1id. S .
“surcharging refers to the condition of pipe full flow

with possible backing up of the flow in the manhole.
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For a manhole without a.lateral he recommended the following

_invert droprdesign equations

Y = AE+GeLe # HT©  coveeveeranoansensen(2.2)
. _ !2— ) ot
HT = KA_[ag] e ceea(2.3)

where Yy = invert drop, AE+GeLs = the change in projected'
energy gra&% line, dT = the‘head loss et the transition-or
juhctibn, k = the energy loss coefficient.

Equation 2.3 resulted from measurements done by
J Hinds (1%) in. flume "transitions, where K = 0.1 for
increasing velocities and K = 0.2 for.decreasing velocities.
The- values can be applied only to cases where subcritical
flow conditions occur ("K" will be large for supercritical
flows). Camp recommended a -minimum drop of 6.0 mm (.02 ft)
across the manhole and that the downst¥eam pipe invert never
be higher than the upstream ones, to gZevent the collection
of sediments. ‘

With lateral flows, allowance for additional hgad

G

loss should be made for the effects of stream curvature d

Jet impact. -However, Camp did not provide recommended values.

Thienpont (40) did research on head losses in

* lateral drop chambers. He performed eighty tests to detetpine

the head losses for four different junctions, of different

cross sectional shaﬁes?'He defined ?he head loss coefficlents

10.-

.
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in a similar manner to that appearing in Ackers' equation
2.1 . The coefficient was in the range of 0.8 to 1.45 for
a ratio of %5 from 0.0 to 0.3 where Q 1s the total flow and
QL = the lateral inflo"wa(Q = 10.3 x 10° cm?® sec”!). The
1aterai invert was at fne same or hlgher elevation than the
crown® of the maln inlet pipe. The pipes flowed full during
all tests. " |
A great deal‘of air entreinment was dbserved in
the main flow downstream of the junction. ,It was concluded
that the direction of the side flow entering the manhole has
little influence on the head 1oss, as loné as it is less |
than 90°. Also, further complication of manhole construction,
# corresponding to the modified designs tested in this labora-
tory study (which seemed favorable but whose results were
very uncertain) was not recommended * _ .

In 1958, the University of Missouri (35) publiuhed

- pesults of experiments done to measure the magnitude of

hanges at 90° open junctions with laterals (opposed
and offset) and grate® flow, in a storm drain system flowing
‘fuil. In cdses where the losses were large, modified

structures Jere devised and tested.

[

Vo '

scrown refers to the top of the pipe : .

6 Grate flow refers to flow entering the junction through
a street gutter inlet \\\

N
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The results are presented in chart form with "K'
coefficienfs versus “relative. flow rate. This report 1s
a véry thorough and detailed account with a concluding
section on recommenaed methods for the desigi of junctions.

The Baltimalye County design manual (3) takes the
 nmissouri” results (35) into account in their design standards.
_The Denver Colorado Manual (41) uses the "Missouriﬁ results.
(35) directly without adjustment. The City of London, Ontario,
also makes extensive use of the test results (17). o ‘

In the 1960's the University of Colofadojgonducted
.a very extensive program of studies on the ‘movement of flood
waves through storm drains (23, 48, 49, 50). A model study
of the 91.5 cd (3.0 ft) diameter, 253 m (830 ft) long

prototype outdoor experimental facility was performed:

) to define the hydraulic pérformance of the
Junction,
) to evaluate the energy losses due ‘to turbulent

mixing at the confluence of the main and
, 77 later flows and those 'resulting from changes

in channel geometry.

Jorah (23) presents the results for two different
junctions under suberitical flow conditions. One‘Junction
had the lateral and main plpe crowns atbthe same elevation,
whereas the second had the*lateral and main pipe inverts at

the same elevation. No main invert drbp was provided




D a3,

through the junction in both cases. The main plpe diameter o

was 7.95 cm (3.125 in.) and the lateral was 4.76 em (1.87H

~

in.). The: junction box cross- -section geometry below the

Y

spring line matched the main conduit cross—-section.
" Two hundred and six tests were performed resulting
in two equations for power 10sSs for combining flows 1n a

90° junction. ' These equatione‘are:

__0.u82 : -
PR = &R +(155 FOTT e (2.4)

here PR = the ratio of power lost to the power entering the

junction, and QR = the ratio of lateral inflow to main conduit

flow and, - - . - ' . s

> 7% + 1.71 DR ' '
PR QF ¥ 3:107 = 1.67 DR F 0.TT wennanans (2.5) .

where DR = the ratio of the depth immediately upstream from

the junction box to thé diameter of the main conduit

1

- Equation (2.4) applles to the "equal- crowns“ case and eguation

(2.

) .corresponds to "equal inverts" case.

) Power 1s defined as: ‘-'-. .'f.

= yQE R S (2.6)

T,

where Y = the specific weight of water, Q-=7the riOW.rete,
E = the energy grade iine value.

3

. ) - ._ .
78p ring line refers to the water level .in a pipe flowing L .
half full o

.
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Lorah concludes that, for a given ratio of 1ateral to
main flow, the power 1oss is greater with the "crowns—even“
inleﬁ= the ratio of power lost to power entering for the same
jniet is dependent only on QR; the ratio of power lost to
power entering for the "inverts- even" inlet.depends on QR and
DR; the slope of the main conduit does not affect the power
ioss to power entering ratio for subcritical ‘flow conditions;
and the friction factor downstream from the junction has a
larger value than the frictlon factor upstream The report
(23) also provided a comprehensive review of the. literature on
energy losses at. junctions

-'r’—‘f\\\\ . P. Ghar

~ prototype storm sewer Junctilon ‘as well as two modifications of

ghouri (12) studied ‘the model performance of &,

that Jjunction, with the agim of reducing the energy losses. The
‘\\W protype junction-was known to have failed to perform its
- function properly. _ B

Head loss was evaluated'by means of a coefficient defined

by €he relationship:

_ Ah .

K=y _- b
7R L P s easasae (2.7

where Ah = 3 - hl _where h3 ‘and hl are the e evations of the'

water surface'just.upstrean and dowgstream of the Junction
respectively] and vl is the uniform flow veloclyy calculated
fromhthe hydraulic elements chart for‘circular ipes; Flow. wf' =
in the inlet pipes was always under pressur (1.e. sucharged’

“conditlons prevailed)‘while flow in the utlet was always open

A
channel flow.




K" var);d from 0.9 to 1,5 for lateral flows ranging.

-.from 17 x 104 m sec ! (O 60 cfs) to 3M X ldﬂ m sec"l(l 2 ‘(’

efs) and a main flow rate of 1“ 1 x 1C}'3 nﬁ sec "1 (0.50 cfs)

tov3l.2 x lU3 m sec . (J 1 cfs) ' : . K ' -
» . -

The modified Junction performed better, i 2., lower K

values:  This was due to improved flow streamlining accomplished

N -
‘by;Penching the channel' to the pipe crawns. Head loss increased

S When'the lateral flow became a ‘significant part of the total

Vaeopted by the ‘City of .Los Angeles is given in (31). The X

';Thompson equation‘(for invert drop calculations), which ‘appears

in which A is the apea of Flow, Ay the change in the water
s:convergence between the centerline of the main and lateral
'the flow in the lateral, subscripts (1) and (3) refer to

'and ‘ ‘ St _ .

Flow: ‘ . . !

A description of Junction design and manhole design

B

“'in-the Los Angeles office Standard No. 115 "Hydraulic Analysis

of Junctions" is expressed thus;: Cote : v
. .G- _

-

_. Q2 (QM)2 (QL)? cos 8 -
(Al o AB) Ay Alg = A3g ADE  eeeeceees (2.8)

-

surface elevation through the Junction 8 = the angle of

pipes Q@ = QM + QL where QM = the flow in the maln and QL .=

sections downstream and upstream.of the junctions respectively,

Ay = Z + D3 =DL - lieeeeeeens ceeena(2.9)
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‘in which Z = the main invert-drop, D1 = the downstream £1low

i

depth, D3°=. the'upstream £low depth. Equation (2.8).can be
solved directly for 7 if’ the flow ‘rates are known. .«
Model testsat the laboratory of the Bureau of
Engineering for Los Angeles‘City have verified the validity
of the Thompson equation. The preceding sec%ion summarizes

the major contributions concerning energy losses ‘at sewer

'

Junctlons. ) o : L o

The following reports also present research on

Jjunction flows. ) *

*

Taylor (39) in 1944 investigated the problem of

‘predicting'the depths.upstream from a Junction when the .flow

Naval Air Statlon (6). . 'The channels were trapezoid in croséj sl

..

rates in the. ‘branches, and the downstreamcégpth were known.
He carried out experimental work in the 1aboratory using

rectangular channels ofequal width (10 cm) and'zero slope
N

Usling the momentum equation he was able to predict the depths -
satisfactorily for the 45° combining flow-junction " for

subcritical flow conditions . : o i

L

The fact that these results were of 1llttle use to

sewer designers ig\‘bvious ;. sewer Junctionﬁiﬁgve no

simple geometry, .sewer pilpes do have a slope and © -

sewer pipes are normally circular in cross-section T
In 1950 the University of Minnesota modeled open

channel junctions for a drainage system for yhiting Field

_section with up to 27. 2 x 10 em® sec'1 (960 cfs) in the main ¢

~ -7 w

t..

g
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_channel and up .to 19.8 x.10% cm5 sec ! (70 efs) in the side ™

" channel. The 1nvestigators were primarily interested 1n the

cessary wall heights near the confluence to preventspill-

- over and erosion of the sides of the plateau along which the

channels passed. In all cases flows were supercritical.

Final designs included a fixed pier along the channel center-

" 1ine to (1) direct the 1ateral flow (11) direct the gotal

combined flow _ K - R

[}

Behlke (5) discussed the problems of diagonal

waves and. "pile up". pioblems at the intersection of two openg

',channels containing supercritical flou.

He recommended (1) the uSe of a tapered‘Paffle which.

xtended from the main channel wall downstream in front of

'theAside chanhel, and (i1) an enlargement of the downstream

channel area to accommodate the added flow volume.‘ These two

L1

suggestions minimized-the degree of pile up andkbresence of

diagonal waves.

Hu -(15) iipestigated the methods used for calculating

L 4

the water surface profiles in a soil dralnage system. As id/

sewer system design, the design criteria:assumes open channel

-£16w conditions at the deslgn. discharge. Theoretical deriva-

tions resulted in a depth.prediction;iiyation:

gAg +.(?3 R).AB + 3@_2RD3 (D3)?
. Q | 5 R 217 -
- (D1 - R) 51 3 (2391L- (Dl)'] .. (2.20)

!

17.
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where R = the pipe radius and the- other variables are as
defined preyiously. With one of the .depths known, the other
cen be cslculated. Comparison betneen predicted and actual
water surface profiles, in a scale model using 6.75 cm,

4’ 7.6 em, and 10.2 cm (2.6, 3, 4 in.) diameter pipes, was

adequate. >

‘ﬁuus,(33) reported head loss due to combining'flows
in scale models of wyes and manifolds; Detailed description '
was presented cf the constrﬁction,:set up and preiiminary
tests‘bn the model. Charbs of head loss versus discharge
or relative discharge [%ﬁ] were presented for fifteen aif-
ferent junctions tested. The fo lowing conclusions were made:

‘(l) _ For symmetrical flow conditilons the head loss in
the Jye or manifold diminishes with decreasing angle of
bifurcation. '

(2) For'symmetrical flcw conditions the head loss 1n
the wye or manifold with an angle.of bifurcation not over

. 60°% is less than 10% of the velocity head in the main pipe.
(3) Thgihead 1oss in a spherical wye increases rapidly
wlth the increasing diameter of the wye. o
(4) Head loss coefficients at prototypes;are-likely to
pe different from those obteined in mode}.tests.(pége 606
in (33)) ”

Many reports (27, 29, .30, 34, 43) have been written on the
topic of flow in manifolds, which sre impertent'features in

pumping and hydropower piping systems.
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Much has also been written about energy losses in
pipes, bends and junctions. Ito (19)‘oresents equations_
to predict the energy loss and the power 1oss for combining
and dividing flow at smooth tees with diameter ratios of
unity, which are in good agreement with previous experimental.
work. He derived the following equation . | 3
~ ‘ - | -
- KC = QM (K3) + QL (K2 e el (2011) C

to evaluate the combining flow loss coefficient*in which
| KC = the combined loss coefficlent, K3 = the malin loss
cosfficient, K2 = the lateral ig;E>toefficient Gréphs
showing the variation of the loss coefficient with relative ;
flow rate are-presented. One conclusion of the experiments -
is that a large radius of curvature of the joining edges at
the Junotion such as R =0.5D 1s very‘effeotive.in reducing

.power and €energy loss. '

An equation similar to equation (2.11) was suggested
by Villemonte (42). ' |
. Idel'chick in his "Handbook of Hydraulic Resistance"
(page 2H7?274 of (18)) presents a complete set of values of
energy loss cogfficlents for branch angles of 30°, 45°, 60°, °
and §0° The loss coefficients are a function of the ratio

. pipe sectional areas and the -ratio of flow rates. Fornthe .

o~
45° branch angle he presents the following equations:




20, °

4 ek

—

- QL Al)* _~Q£2l QL}*
K2 =1+ (Q ] - 2(1 .Q] o 1A vl [Q] e (2.12)

>P>
(4%

and

2=1 (12 9% . Al fQL)®

K3 1.( Q] o i [Q] . (213),
L} 7? " v \'. . S -_.‘ .
No special restfictions, for application'ot,tﬁe

eqﬁations, are glven except that the pipes flow full He

states
"The resistancé coefficients of converging
wyes are functions of the branch angle,

the ratios of the cross sectlons of the
A3 A2 A2
_ A1’ A1’ A3
discharges (%%’%%] and the ratios of velo-

v3 VE]." (page 248 of (18))

three, outlets [ ], the ratios of

cities.[VI, 71

-

2.2 Storm'Sewer Systems_and Energy Losses

The Denver Manual (41) describes procedures for
the hydraullc design of a storm sewer system taking into
account energy losses at junctions. For onen channel flow
conditions, the energy grade line 1is recommended as a base

for calculation whereas for conduilts flowing full, the

- -

hydraullc grade 1ine should be the reference line.

For open channel flow through a manhoie, the
’Thompson formula (equation 2.8), or the results presented by
Camp, can be used to determine the energy 1oss and the change

of the E.G.L.. C B
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For condults flowing full, energy losses are
“compensated for" by a rise of pressnre:upstream of the
junction, (calculated by means of the charts end‘coefficients
first-presented 1n the University of Missourl (35) study, and
duplicated in the Denver Colorado Manual (Hl)) ) -
| The designer would, in the final design sbart with
a point of known H. G L. and E.G.L., a dralnage outlet, or a " e
point where the designed dralnage syktem Joins an existing _
system. Moving upstream: and usi‘hg the values for p_j.pe vai"f"
friction, pipe slope and discharge; the E:G.L. enddthe H.G.L.
could be calculated At a Junction,'depending on whether
open channel flow or pressure conduit flow exists, the E.G.L.

'and H.G.L. are adjusted accordingly ' .This procedure is
carried out until the: upstream inlets are reached.

A second, more recent method proposed by Yen and

Sevuk (UT) designs a storm sewer network with the aid of a

computer A multiple staged, branched sewer system, with

~the layout already determined, is designed by five methods:
(i) the steady w routing method (Ratilonal Method), (il)
the Chicago Hydrograph Method, (iil) the SWMM Method, ..
(iv))the IS8 model (37), and (v) the kinematic wave model. '
Comparisons are presented. The ISS model appears to be the
most accurate method. - Its use is recommended for deslgn.

of lerge sewer systems where accuracy will lead to slgnifi-
cant savings and the high cost of the design process (computer

&

use) 1s a small part of the total cost.
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Junction or manhole hydraullcs is considered in the
\Epllowing way. Junctions aré classified into two categonies:
{1) those which are large, and héve a storage capaclty, with a
practically horizontal water surface, called a fesgr#oib type
junction, and (ii) those which are small and have no storage
capécity, called a point type junction,. The equations which
account for the hyd;aulic compatibility at the Ju ction are
(1) continuity equation: . . 1 )

| T, _ ds . -
QM+QL+QJ—.Q_.E~E s v e s 0w ----‘--(2-1&)

-

‘4n which Q] = the direct inlet inflow and %% = the change .in

storage (zero for a point type Jjunction), and- (i1) an equation

s d
for the water surface: *

A _ -, (v1)? "
73 + D3 = 22 + D2 = 21 + Hl + S55= ... ... (2.15)

~

in which Z = the pipe invert (for the point type jun¢tion

2 '\
i%%l = 0). In this way backwater effects at the junction are
taken into account. For the.solution method the reader shall

refer to (37).



CHAPTER 3

+

THEORY , MEASUREMENT AND COMPUTATION OF ENERGY LOSS

3.1 Spécific Energy at the Junctlon

With reference to figure-3-1, the following -
equation relating total energy upstream and downstream of a.

junction can be written for the main (figure 5 'of (9))

2
73 + Elééil + D3 - Ff3 = MeE+L+J+ ~ Ffl

a1(Vl)2_ _ -
- Dl - Z1 = 0 ' ..........(3:1)

in which Z = the pipe invert elevation, a = the enérgy
coefficient g = gravitational.acceleration, D = the flow
-depth, Ff = the energy 1oss due to wall frictilon (friction
loss), E<LeJ* =the energy loss at the Junction (form loss)
and V = the average velocity.

By inspectlon .of figure 3-1, 1t can be seen that
23 - z1 = AZ3 + AZ1°+ MMANDR ......... e (3.2)

i Rewriting equation 3.1 and groupiﬁékgerES‘”

. 2
{Eiégilz + D3 - Ff3 +‘AZ3} - [Eiigél; + D1 + Ffl

- AZl] + MMANDR = M-E-L?J- ..............(355)
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in which MMANDﬁ = the drop of the pipe invert through the
manhole,AZ = the change In plpe 1lnvert elevation between the

measuring point and the junction box wall.

Equation (3.3)may be simplified by rewrlting /it as
. o i
(E3P - E1P) + MMANDR = M<E-L-J* ...... ‘..(é.u) ®»

in which E3P = the main specific energy at the “bran:;\point"'
(see figufe 3.2 for the explanation of branch pgint), E1P =
tﬁ;.outlet specific energy at the brgnch point. To solve’

for energy 1oss'at the junction, the change in pipe Invert
elevation, thé frictiop loss, the invert drop of the main and
lateral pipe through the Junction, the depth and the average
velocities must be known quantities. wThése values are

determined experimentally. ' An equation similar to equation

3.4 can be written for the lateral pipe

(E2P - E1P) + LMANDR = LeEsL*d- ..ovveenn (3&5)

.

in which LMANDR = the invert drop of the lateral i e‘through
the Junctilon. ‘
The values of the energy coefficlents are
a3 = 0 = 1.0 (f;om experimental %ata)._ The results are
discussed in chapter fivequniiz/tﬁe heading "velocity
traverses”.
The energy coefficient for the outlet pipe"a," 1s

+

alsc assigned the value of 1.0 for lack of experimental data.
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- The friction loss is determined byﬁassuming=uniform
: N ]
flow conditions between the points N1 and N3 (see figure 3. 1)

The uniform flow friction'lose equals the. pipe length.

between the. tapping points nultiplied-by-the pipe invert
. . - .. . oy

slope,. | . e .
FE3 = (83) (JUNCB = N3) - euiiiivucencnnen i (3:6)
Ffle= (S1) (N1 - JUNCB) (37) )

e

A _
in which 83 = slope of main pipe Sl = slope of outlet plpe,'
N1 = the locatlion of the upstream reference point 3 = the

-

location of the downstream reference point. The reference

A

-

. points Ni- and N3 are chosen in the seotion“pf pipelwnere the
flow would normally be uniform co
The calcul d energy loss at the Junction can be
subdivided imto fofir compone:};f .
(1) loss due to turbulent mixing of two streams
| with different veloclty vectors,
(é) loss due to-turning af tne stream as 1t
passes from leterel to_the outlet pipe,
{(3) . expansion and contraction losses,
() ‘ ~ loss due to change 1in pipe invert elevation»
Losses 1, 2, and 3, are grouped together and are called
q@ie energy losses at the\J ction. Loss &4 is written as MMANDR ’

b

or LMANDR.
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Equations (3.4) and (3.5) can now be_restaﬁed

(E3P - E1P) + MMANDR M+E*Leds  ..... cereeanaea(3.8)

!
(E2P - E1P) + LMANDR

LeEeLeJe .........:..:T.(3ﬂ9jq

Ay

in which M*E+L*J- =.the losses 1, 2, and 3. for the main pipe

" and L*E-LeJ* = the losses 1, 2, and 3 (the lateral enérgy

losses) At the Junctlon.

. “wnr

The combined energy loss at the junction can be .. . )

defined similar to equation 5 (in (42))-by

——

.-

B - L) [$er Brpes & o

where C*E-L-J* = the combined energy loss for the Junection.

At this peoint five eriergy loss coefficiehts can be

. . ]
defihed. The lateral energy loss with respect.to the outlet
) £ A
yelocity 1is: ‘ o R
ko = LeE-L+d:
'2g _‘.". N s s 3 a8 B 8= e --cu--nl(3-ll)
a - -~ 3 :

The lateral energy loss with respect to the inlet velocity
head 1s: = e N

.‘-

A

 LeE-L-J-

.7 'KaL = 4
(v2)? ‘ :
2g I A PN R S .-'1---(3-1}.??

R
/
N



Similarly for the main pipe.. ’ . P .

n

. M-E+L-J* . *

Wy

K3 - .
28 e (3.23)

- _ M.E.L.j'- : . . .I » : ) - ) -.ui':.-
KM = TR coen o sl
- 28 - ' '..;...:..;...;..(3;1u)

Also for the combined energy loss:

go = SELIL S
gv]_)Z . -
. . .28 . ) ' ....;.:: ..... ..:(3.15A)

Le-

The calculations are done on the computer. See Appendix G for -iffﬂ

a1

the program. In terms of power at the’Junction

[

X

‘;' PL | (A-(L.P. R)A) ) \ .j . 5
KC = [[ IR Y 4 LMANDR +£c2 . 'i
‘ Q2 pM i ¥ (A - (L P.R.) A) . ' %

- Cl] (aﬂ * [(QB) (Y) - (Ql)/'(v)

| ) sv_lf"
+ MMANDR + C3 01 ]]// o eeivee..(3.15B)

-

where, C1 ,czl - 71,502 = AZZ - 72, C3 = AZB - 23, A= PM+ + PL.

B, om e,
.

3.2 PowenoLosses at- the SunctiOn

P 8 N

As indicated in chapter 2, section 2 1, the power

quation 1s defined by equation 2.6. For the 1ateral pipe.

| (QL) (y) (E2B)  eeeneeens J.....(3 16) ;gwf;‘
is the power at the branch point where ‘ o R ' '
WG : | | ;-
E2B = E2 - Ff2 _ Ceeeeeeeeeesta(3.1T) |
For the main pzpe. ' ‘ ;
(QM) () (E3B)  eeeweeeseceness-(3.18) 4
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is the.power at the branch point in which’

E3 - Ff3 = . :/)ﬁ..........,;....,.§3.19)

. . E3B

1

"For the outlet

' T \ L ) R

PO = (Q) (y) (ElB) . e j> (3 20) I
is tl'ipower at the branch point in. which S A
E1B = EL + PrL o '_ e leeiataen .o(3.21) '

The flow at the Junction caﬁ,now be énalyzed by means 4
"of the lost gowé} ratio (L-P-R¢) where g . ~\" o ' .
_PM + PL - PO - "
L-P-R-= ="y pL . e e (3.22).

which is a dimensionless formulation of the power loss divided
by the power input at the junction v \
In chapter 6 the calculated values of L.P.-R., KC, X3,

and K2, for thé‘junction configuratiohs tested are presented.

_The following seqtions in this chapter outline briefly
the various méthods used by different municipalities to

‘calculate Egergy loss at Junctions.

¢

3.3 Scarbgfd Method
a

The Borough uses a combination ofaquick and'eas&
calculations done -anually in tabular form, adjusted according .
to rules of thumb/gained from ppaétical-exserience., To
determine tﬁe i t drop.use is made of an eduation similar

to equation 3.8.. In that eqﬁation_there are two unknowns:



._ﬁ%“

-

.
.
. . - ‘ i -
1 - ‘
. .
L} . .
4 hd - .
. . . . Ly
- .
X i - . - ,

MMANDR.and EeL<Je. e Lo 13 solved to give the desired
- 'result, i e.,the invert drop required to supply the sewer
~gystem with energy that was lost at the Junction ' .

{;?l;J_ _ K(V1 - V3P

n 2B - .....,.,...;,..;...(3.23)

in which K = 0.1 for V1> V3 and X -39 2 for V1 < V3.
‘Equation (3 23) is used to calculate the energy loss
at the Jjunction. The calculation for the reguired invert
drop is repeated for each inlet‘pipe and the outlet pipe, and
the maximum value is adopted in ghe design '
“ ~In the present laboratory study, these- calculations‘
lwould be performed_for the lateral and the outlet and the

'

malp and the outlet. As stated above, maximum calculated invert

drop sets the reduired drop through the manhole. Furthermore = °

it 1s recommended that the desi ner restrict the velocity

change to not more than 0. 61 meters per second (2.0 f.p.s.}.

{
In special,cases bell-mouth entrances are considered. The

followina rules of thumb also apply in the design procedure
(36):

.(1)3 Endeaueuzifoykeep entrance and exit velocities equal
(2)' " No sewer pipes greater than. 38.0 cm (15 in ) diameter
-~/

should be turned through 90°

(3) No acute Anterlor angles should(be allowed in any case.

i

:f—-:;‘ﬁiﬁ;‘:"’"]
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(%) - All sewer pipes turning through 459 or less in a manhole

- h

: require a 7.62 cm (3 in.) drop.
(5) A1l incoming sewer pipes turning ‘through angles
¥ greater than 45° in a manhole require a 15.24 cm (6 in.) drop.

(6) |A‘minimum drop of 0.91 meters (3.0 ft) is requiréd .

before a drop structure is used.

HIRCEE ¥, S

(7) A1l manholes should be. benched throughout to crown . "
. level -on a vertlcal projection from spring line for all pipes.'

(8) All manhole chamber opepings should be ldcated on

the upstream side of the manhole.

(9) Minimum storm sewer size - 0.30 metérs (12.0 in.)
- diameter at 0.50% slope. _ ) -
(10) ' Minimum sanitary sewer size - 25.H4 cm (10.0 in.) T

diameter at 0.67%‘s}ope.,(Exception 25.4 ¢cem (10.0 in.) _ ,
diameter asbéstos. cement at 0.50% slope '
(11} The first or highest_leg-of all sewers should have

a minimum grade of 1.00% and a maximum grade of 2,00%.

(12) Minimum veloeity of flow in both storm ahd sanitary
F AN .
/// sewers recommended 0.76 m/s, (2.5 fps).
'(i3) Maximum velocity of flow recommended:

' Storm. sewers : - (no maximum)
'_ ) ‘Sanitary sewers - 4.57 m/s (15 fps)
(14) Radial pipes less than 76.2 cm (30 in.) dlameter
- . " .o

are not recommended. Wedge-shaped pipes should not be used.
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{(15)" No decrease‘in pipe diameter from a larger slze-

.o ¥, .
upstream to a smallers size downstream should be allowed

L]
i

regardless of increase™ in _grade.
- I '

(16) Where an increase in pipe size occurs at the down-

Stream side of the manhole, malntain crowns of inc@ming and

outgoing pipes level.
.

3.4 Baltimore Method

Cut-ins, wye brénches, preformed concrete pipe
:fittings; manholes,tbrick bends, and type 1 junction
chambers as discussed in reference (3), are stahdard details.
Special Junction chambers are used where velocities exceed
N, 57 m/s (15 fps) or the largest pipe exceeds l 22 m (b8 iﬁ’/
in diameter with streamliping to limit head losses. Type 1
'junction.chamber head losses are-calcclated using flgures
3- 3 and 3-4. .
These curves are based upon surcharged pipes entering
rectangular structures.' For mapholes,'the calculated loss 1s
the summation of mpn, wp®, "C", and "D" losses. For pipe ‘
siizes 83.8 em (33 1n. ) and 1arger the "A" 10ss is substituted
by the "C" loss.: For a Junction chamber type 1, the calcu-
lated loss is the summation of "BY, ngh, and "D" losses.
For chambers with manholes the loss 1s calculated by summing
ng", 1.5 "C" and 0.5 "D" losses. Final design 1imits the
levation of the hfdraulic grade l1ine to be (i) no more than
1. 83 m (6 ft) above the crown of the pipe and (ii) not above B

"an elevation of 0.457 m 1.5 ft) below) the established str et

-4

A

IR .
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h= HEAD LOSS IN

” EXAMPLES ' &
"I BEND. STRUCTURE WiTH MANHOLE AND CONNECTION {_\
‘3;2: : Qi=150, Q2: 180, Q3= 30 _3 ’ .
Vi = 11.9; Va= 14l a3 -3' @
‘ HEAD LOSSES —ar =100%
30 : ‘ .3
B 330-2.20 = 1.10 / N
28 0z 20x 0.69 = 1,38 Qi Use full head loss
. D= 0.35 indicoted for
pl - TOTAL: Tpg3 ET. HEAD LOSS . / Manholes, Wye
- / Use /2 indicated
/ head loss for
24——=; T
TYPICAL JUNGTION GHAMBER /
“Qi- 130, Q2= 195, 03=65 . ——
22 : —
5 Vi= 135, V2= 12.3-
}1_-‘2 HEAD LOSSES g a1/ —QQ%- =50%
o al .
Bz 2.35-2.85==0.50 ]
G- '0.60 /
1.8 I 7
D= 050x084: 047 -~ ) /
| ToTAL 0.57 FT. HEAD LOSS._ | / /
= A 17
1.4 / 7 A Q3. 309
. / / Qi JO o
2
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// : /
1.0 A— :
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. 1/ / /
' - / / z/
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. . 1 il
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'HEAD LOSS IN STRUCTURES
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FIGURE 3-3

Branches, and Bends.

Junction Chambers.
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“EXAMPLES
34 ,
MANHOLE 35
32— — o ’
1 wi=57,Vez8. @ = Upstream: flow, CES. -
‘30 HEAD LOSSES Qz= Downstream flow, CFS.
. Az 0.34 Q3z Incoming volume, CES.
28 8:1.02-051=051 .x.-/ Wi Upsireurn velocny, F PS.
’ C: 018 gl V2= Downstream veloclty, ERS.
26 D= 0.20 (FI1G6. D~-E) g,-' Vh= Velocity head, Feet
' TOTAL .23 FT.LOSS .
24 . 4.
WYE BRANCH ¥ / . Ty
22 Q1=40, Q244 Q2 . QL L—'Loss due to chonge in \
Vi= 57, V2:=6.2 . 36" / VQIOC!tY-Vh- _ S
20 HEAD LOSSES / " A'Minor loss in MH
W "8-0.58-051: 0.0 , /|| Entr. t0ss “in MHlor intet)
L. a - " T T
N 0.10 _ / AY For 33 and larger: -
z ‘.8 - % ] " " - ) ‘,‘?II\ ~
- D= 003 / ‘ 0/ ([{use C curve
n TOTAL  0.20 ) X/
0 . |
3 _ / b/ ~—
=, : R\ r_ Loss due to 45” bend in
. % L4 ' - / | & | |MH: Multiply by 2.0 for 90°
x /1 &1 ) Deduc! V3 tor 22 1/2°
€12 1 ' . 5/ |) '
r_ .
' ' / . "%\/1 L, S & lL,r:rss. on Run ot Wye
Lo/ 4
ol SRAPHIC EXANPLE OF MY LAy, .
__HEAD LOSSES ABOVEL. /b :-/ (q\‘] Loss due to 90°bend
8 1/ k A 1 & \ | |structure(Dedust /3 for 457
' ' /- I _/'/ " Multiply C curve loss ty
6 / '. ,/ A 11.5 for bends with MH or
e N ____‘/ ) / /( ' with connection;, 2,0 for
4 ! 11 ,/ // , bend struclures with '
B e e b -/-;i I g //- * | |MH ond connection.
ol b b LA o -
R /7 A" 1 //? -«
2. 4 6 8

-

FIGURE 3-4
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V= VELOCITY FT/SEC. |

(From (3))
HEAD LOSS IN STRUCTURES - \
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grade. . The hydraullc grade line computatiohs start at a point
.0f known hydraullc gfade line elevation (often the downstream
end of the drainage system). The friction loss in the drain

to the next‘structgre 1s added to the known H.G.L. elevation.

To this ii)added the head loss in the structure. This procedure

is continued until the H.G.L. is determined everywhere along

the plpe system. -

3.5 Denver Method ... .

The Denvér Manual (41) is the most up to date (1969)
complete gulide 1n sﬁorm drainage design;. Full use is made of
the results of the Universiﬁyjof Miésouri'studies (35) for
calcuiating Junction losses. For open channel flow the

following practice is recommended.

For the «change in pipe size
kA N
E-L.J. = K A[Eg] ....... e (3.24) R

in which K = 0.1 for increasing veloéity'and K = 0.2 for
decreasing vel;;ity if the flow is suberitical. For super-
critical fiow "K" values are not avgilable. ‘Values for head-
logs coefficlents in bends and Junctions with free surface
§%§ws are also not ayvailable. For major junictions it is
recommended that a model be.consfructed and;tested.
Often"gravity flow sewers operate as_pressure
c;nduits when actual runoff 1s-gfeater than the design'runoff

value. Storm sewers are sometimes designed as pressuf§\ﬁ\\ :



~

condults. The University of Missouri study result;‘
are used to andiyze éhe position of the H.G.L. Thils is
important to ensure proper functioning of the storm water
iniets, and to prevent storm water dischargingLTrom the
storm sewer onto the street (with the "popping" manhole -
cover pheﬁomenon). Manhole ZOnstruction and inside shaéigg
details are summarized 1n'figures 3-5 and 3-6. Furthermore,
lateral pipes should no? be located'directly opposite each
other. . l
Giving the manhole bottom alcircular or Uashaped
flow cross sectlon 1s Qetrimental from an energy logs point

of view when lateral flows are involved. Limited shaping.

of the invert to handle low flows is practical (41)

3.6 Los Angeles Method

"The hydraulic analysi%‘of sewer Juhctions for both
open channel‘and'pressure conduit flow is presented in
off;ce standard no. 115, sform drain design divisian, Bureau
of Engineering, City qf Los Angeleé (31). The Thompson formula,
- 3 (AL + A3) (4y) = H%% - %%%;
_ (QL)? cos® ~

) Azs . 0--0000'.-.o-c-o(3'25).
where \ _y//// | " '

Ay = Z + D3 - D1 e (3.26)

in which Z = 'MMANDR, D = the depth of flow (see figure 3-7)
9 : ) 1

*




: , Offset laterol with deflector

-

(

Inline upstream main & 90°
lateral with divider

1

Intine upstream main & 90°

lﬂtﬁrul with deflector

- 'FIGURE 3-5

EXAMPLES OF INEFFICIENT MANHOLE SHAPING (from (41))



Diroctly opposed lateral with defiector

(head losses ore still axcessive with
this method , but ore significontly
less thon when no deflectes exists.}

. Bend with straight deflector

Bend with curved defiactor

i with

“Inline upstream main & 90° lotera
- deftlector - - T

FIGURE 3-6

EXAMPLES OF EFFICIEET MANHOLE SHAPING (from 1))




/
'

FIGURE. 3-7 FLOW IN JUNCTION
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N
is based on the "pressure plus momentum“ theory, which

equates all the pressures acting at the Junction with the

momentums - ‘ ' i

s

Pi =

e .
e
H@

i=1

..... RN 6 11 5

in which Pi = the hydrostatic pressure and Mi = the momentum.

Equation (3.27) is.solved to give the Thompson

formula based on the following assumptlons: - ‘ ‘ﬁ
(1) _the calculated pressufe'is the nydrostatic .
R pressure, |
. (2) friction losses are ignored, "
(3) the lateral inlet water. surface elevation

equels the average water surface elevatlon
{  through the junction,

(1) transition losses are ignored.



; The.Thompson'equation 1s useful in three ways:
. (1) If the depths upstream and downstream of the
junction are specified or glven, tpe required invert drop
can he calculatea.' Th%s is usgeful in préliminary desién.
(2) ' If;one depth and the invert drop are knowﬁ the
other depth can be calculated. This is useful when checkiﬁg
the hydraullc grade line_in'final design. . ;
(3) .Igpequation‘(3;28), namely

MIC > M3N + M2 cos + 3 (AL + A3) 8y ....(3.28)

in wﬁich M1C = the momentum calculated (with D1 = crltical
depth), M3N = the momentum calculated (with the depth equal

to normal depth), applles then a hydréulic Jump wiil_occur
upstre f the Jgnction. If\the hydrfeuwlic JQmp is unwantéd
the designer can calcu;ate tﬁe value of Z so that an hydraulic

4

;> Jump cannot occur (D3?¥ D3N and maximum DI = D1C).

-

/ The mihimum length .of the transition structure
" (see page 1661 (38)) 1sd§hem;arger of the fo;;QWing: (i)fé:
length computed with a maximum %2& dqéree interior angle
between the opposlte sides of theltransition, or (il) a
length equal to the diameter of the larger plpe but not to
exceed 1.8 m (6 ft). .

In practice, drops across manholes for small

sewers are never less than 0.03 m (0.1 ft). PFor side inlet

Junctions 0.03 m (0.1 ft) iscadded to the average slope of

Tr e




o+’ o
the inlet and outlet sewers. The maximum.drop;of stralght
through' flows 1s 0.i8,m (0.6 ft). ‘Special care 1s exerclsed’
in design to avold hydraulic jpmp? or to confine thelr

"location td confluence structures.

A




CHAPTER 4 - ,

‘ v a o
NP THE_HYDRAULIC MODEL - ,
4.1 Model Prototype Similitude- :

le

A review of typical storm sewer Junctions in

Scarboro and Ottawa, Ontario revealed the varlety of typical

;geometric conditions encountered in prototype Jjunctions with

variations in length, number of pipes, angles between the
plpes, invert drop, flow area and finishing in the manhole.;

Rather than studying ‘8 particular junetion, as ‘was done bv/
Ao

\Gharghouri (12), it was decided to study the general case,

w}th the objective of determining (1) what effect Junction .’

’ geometry has on energy loss (11) testing alternative designs’

to minimize energy 1osses..
The parameters that can be varied by the designer are

the following:

T

(1) L the length of the manhole
(2) ﬁ the width of the flow channel
(3) = MMANDR the change in elevation of_the main pipe ’

through the manhole (invert drop)

(1) LMANDR the change in elevation of the lateral
pipe through the manhole

(5). - DPl the downstream main pipe diameter |

43.
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(6) qré tne lateral pioe‘diameter .
‘ ;5_(7) | DP3 the upstream main pipe dlameter
- -(8) ‘8 the angle‘between tHe lateral and upstream )
. " - main pipe center lines -
(9’ s1 ). .- o )
(10) s2 the respective slopes of the pipesi
{11) : S? : ! : LT R

The author is aware that the above parameter;\are
often ffxed_due to Cf nstraints in the drainage system, e.g. "
energy needs to be issipated where steep gradients occur. In
" those cases the designer will have little use for the rgsults

in thils thesis. o o . //,—

The following fixed parameters, also necessary in

defining the hydraulic performance of the junction are.given: ﬂ!
(12) . u the dynamic viscokity of water - - ‘

(13) 2 ) the density of water

(15) ' n the friction coefficient

(15) - g the gra tationaliconstant

(16) Q2 the flo:%e in the lateral ‘

(17) Q3 the flow rate in the upstream main pipe A.?

The friction coefficient and the’flow rates-arej

fixed in a special sense It has-been'established that the.

-

¥ . friction coefficient varies with depth of flow as well as for

different @ipe materials.' The flow rate 1is fixed by virtue

L
o

of a chosen -design dlscharge for the dralnage area, and
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finally the design discharge is fixed by .deslgn criteria adopted
by.the.various municipalities. These governing parameters are
jdentified in figure 4-1. . o '

From the continuity equation for the junction

- ds ' LT
Q2 + Q3 - Ql = ¢ e (021D
or N
“rqu+ QM- = g o E
...--.-.--;..l..--...(u.z)-‘
in which Q1 = Q = the junction outflow, %% = the time rate of
change of storage .in the Junction [%% =0 in the present
study}. Manning's equation is expressed as : '
% * \JA’
Q = A(HR} - S

'g}..nr -..-oo-o---‘..--.o- (u 3)

An which HR = the hydraulic radiusi S = the pipe slope, A =
flow area.’ Depth can be calculated 1if Q, n, and S are known.‘
This -is the case in all three pipes considered herein.

o _ It is well known that for incompressible fluld flow,
the head loss coefficient K is a function of the geometry of

the boundaries, the Reynolds number and the Froude number
K= 1, (geometric conditions, Re, Fr) RPN ¢ 8 )

_eVD g = V¥
in which Re = .t Fr 7ed.
'

Hence,

(L W, MMANDR DP1, DP2, DP3, P n,

R
L}

g, @2, Q3) B . T e (B5)

- .
- . “
. o
. R ) . - o L
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v3, Q3 ‘W : \ V1, Q1, DP1, St
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S3 : RS . | 1
- ‘|' l . z - -
. : ' e FLUID PROPERTIES: p,
. p ' V . 4 .
e\ 7
0 v2,02 p0Ps. s2
. 3 |
' PLAN VIEW OF 45° JUNCTION
*open channel flow - ﬁ
i | A ,
5 T @ i | —~ o Mi&A'r:an LMANDR .
LMANDR i S K\ : ¥ v T
HORIZONTAL 1 - HORIZONTAL _f\
LMANDR = 4,93 cm LMANDR » 0.0 cm s
MMANDR =.0.0 cm MMANDR # 0.0 cm
. : . '
SIDEVIEW OF JUNCTION
- it I
o ' _ L . 1
s FIG. 4.1 HYDRAULIC AND GEOMETRIC PARAMETERS '
N .- ‘ - ! .. o ]
E '- ‘e ~




"Since the following parameters, 1.e, MMANDR, LMANDR,
L, W, Q3, Q2, S, 82, 83, B, sre to be variea during the
experiments, they cannot be selected as basic gquantities (see

~ page 9 of (HG)) The basic quantities therefore may be. chosen
from M, p, n, g, DP1,' DP2, DP3 ST

It flow in both the model and ‘the prototype is
consldered rough turbulent,- then viscosity (and hence‘the.
vReynolds number) . can be ignored Under these conditions (see
page 111 of (MG)), a small scale model is possible. When o,

‘g, DP1l are chosen as the basic guantities, it can be shown

that they are dimensionally iodepentht i.e. .|

7» p g B DPl f -
. . 1 ot

-2 -1 , 8
-2 -2 _'o £ 0 R S 21-)
1 0 0. :

Two scale relationshiﬁf\are fixed (4. e. Ag = 1 and

Ap 1). The 1atter is due to the fact that the model fluid is
the same as’ the prototype fluid. Ip is assumed that model
and prototype_fluiodtemperatures are effectively the same.
The length scale is oormally chosen to suit.the available
space in the laboratory, the available pipe sizes and the

funds avallable for the study. f .,
T
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In this study the length scale is A; = 9.I6. Model

4

pipe diameters of 15.1 cm (519 in.) and 9.98 cm (3.9 .in.)

reoresent therefore, prototype pipe diameters of 0.914 m

(36 in.) and 1. 37 m (EH in.) - two commercially avallable
.and much used pipe sizes.' _

It can bé shown that viscosity does influgnce the
model flow behaviour~ . The term "scale effect" 1s the name ;
given to such nonneglible effects introduced by forces other
than. the dominant one (gravity in this case) To evaluate
the scale effect, the model results must be compared with
prototype results. B

The local energy losses due to changes in the- flow area
geometry are much greater than friction energy losses, and
therefore the frictioh scale may be-ignored.' In view of

theee statements equation (4.5) may be written as:

K = £, (X1, ...., X11) R TRRTTISEELE (u 7)
e
where
X1¥¥= .L/DP1 i ————— length number
X2 = W/DP1 . ——~—wwcw~-—- flow area number
‘X3 = MMANDR/DPl  —=rm=—=—-os mailn drop number
X4 aLMAbDR/DPl ---------- lateral drop number
X5.= DP2/DP1 [ pipe ratio number
X6 = @ ~—=————=—w= angle number
X7 =81 = mm————————= slope number
X8 =82 = —memem——em—- slope number
X9 = S3 R —— slope number

X10 = Q2/gi (DPl)Z* —emm—————= lateral flow rate no.
X11 = QB/Si (DP1)2§ —————————— "main flow rate number

e ——— et e e
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Dynamic similarity is glven by:

;\xl-le".-o- lxll—-l P L S R (ll 8)

The following list of scale ratlos csn be derived

L= 2} I

,}Q Al | ..-.-...1-.--...-(1‘.9)
_ 23 o

Qp = Q‘n (9"16) “ .'oo-----o'o---.o-(u-lo) :
- 3 .

Vp Vm (9-16) ..Ill.".ll‘iiit(ulll)

where p and m stand for prototype and model values.
Using these scale ratios, and taking into account
the scale effect, all model results may be translated into

prototype performance.

4.2 Physical Description of Model

A general layout of the apparatus 1 shown in flgure
, L-2a and 4-2B. '

4.2.1‘Head Boxes ,
) [ A

These'units were‘used to supply and measure flows to -
the two pipes upstream from the Junction. The boxes were bullt
of 1.90 em (% in. ) plywood, coated with poly-urethane to

waterproof the wood. The nominal dimensions were as follows:

length = 1.52'm (5ft), width 0.76 m (2.5 £t), depth = 1.06 m
(3. 5 ft) (see figureH-B)' Stilling screens were installed before

the welrs and at the outlets of the header boXes to calm the

'water surface.
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4.2.2. Welr Flow Measurements

A 90° sharp edged fz"-notch weir was placed 1in each-‘
header box to measure flows. Two identical welrs were machined
-from 0.127 cm Sﬁ in ) thick plexiglass. The maximum deslgn
head for the weirs was one foot giving a capacity of 70,792 cm3
sec ! (2.5 c¢fs). The head above the "v"-notch was measured by
recording the water surface elevation in a stilling well
attached to the box (see figure y-4y.

| Before experiments were started each welr was,
calibrated to produce rating curves for same.

For a particular‘setﬁing of.the valve on the supply
plpe, the time taken to fill a known volume was reco;dedm
‘Twenty readings were taken for the weir in the main header box

and thirteen readings were taken for the welr in the laterai

header box. The head above the "v"-notch and flow rate were

plotted on logepithmig scale paper. The readings presented in
figure 4-5. All stilling well readings were read with a cathe-

tometer (figure 4-6). -@%'

4.2.3. Model Pipelines

The upstream main pipe was made up“of four clear
cast acrylic plastic tubes with a nominal inside diameter of
15.24 cm (6.0 in.) + 0.50 cm and an outside dlameter of

16.50 em (6.5 in.) + 0.50 em totalling about 6.55 m (2}.5 ft)

o
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CATHETOMETER

FIGURE 4-6 CATHETOMETER
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in length. The ends of the tubes were machined square and
" plexiglass flanges were machined to fit the ends of the units.
The pipe units were theh\bolted together using eight equally

a

spaced bolts
The pipe was supported by means of thr¥e equally
. spaced adjustable Jacks, and attached with flexible couplings
to the junction box, at the cutflow end and the main header
"i\;_", box, at the inflow end (see figure U4-7). A bell-mouth entry
"was provided at the ihlet (with a radius of curuature of
3.05 cm‘(i.2 in.)'(see figure 4-7) to ensure a smooth entry
of the flow to the plpe. | '
The lateral bipe was made up of three clear cast
ecrylic'plastic tubes with a nominal inside diameter of
10. 16 em (4 in.) * 0.50 cm and an outside diameter of 11.4 cm
. 5 in. ) + 0.50 em totalling about 5.5 m (19 ft) in 1ength
The pipe had two intermediate supports (two adjustable Jacks).
The pipe ends were attached as before with flexibleycouplings
The inlet was provided with a bell-mouth entry of radius
2.03 cm (0.8 in.). ,
.With the main pilpe 6.55 m (21.5 ft) long (or 43
pipe diameters) and the 1ateral 5.5 m (18 ft) long br 54 pipe
diameters) there was sufficient length (25 to 40 pipe dlameters
1s usually sufficilent) to develop uniform flow upstream of,
" the Jjunction boxr Initial tests confirqed that uniform flow
conditions were achieved in the pipés upstreém of the junction

box. . .
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The 2.7 m (9 i‘t){}%ng outlet pipe was simil"d}’ to the -

59.

et TAREER

main pipe. One end was attached to the junction«and the other*:"%ﬂm

end-cantilevered from a single. Jack support. The. flow

conditions, at ou!l:t,'werefthErefore the "free-outf 1" type.

3

Jlope measd;Eﬁents were made for each individual <
pipe sectlon with the pipe flowing near fudl by means®of
' _recording the change in elevation.of measured length along the
Cho.l Piezometers . (\_—TES"

o = ) :
Thirty open pieZOmeteis were connected to the pipeline

top of the pipe (see figure %3 )

invert to record the hydraulic.grade line in the pipes;. Holes
i.6 mm (fﬁin.) in diameter; were driiled at varlous iocations
along'the"three pipelinES" "~ at the piazbmeter tapping

points (see flgures 4-g9, i- 10 " 4-11). The tapping points were

not evenly spaced insofar‘as closer spacings‘Jere made Just
~

upstream of the Junction box where gradually ‘varlied water -

.gsurface proflles were expected to occur. The construction

A
-~

| details are presented in figure 4-12. All tapping points were
u N

connected to a manometer board consisting of a corresponding

_ number of cgear plastic rigid tubes (l 27 cm (& 1n. ) I.D.), b
lengths of flexible tubing All piezometer ‘levels were read

. with the aid of a cathethometer (see fIgure h-6) (precision of

fom e

the cathethometer is + 0 0005 cm),

e

Y |
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FIGURE 4-8 ..

. . . °  SLOPE INDICATOR SPACING (cm)

. SECTION-1 . ° SECTIS 2 SECTION 3 . SECTION
‘Main_Pipe - -

L = 165.10 L = 162.56 L=121.92 L= 91.uu.

LetersiPlpe o T

L = 165.10 'L = 91.44 L = 152.40

outlet_Pipe ©

L= 167.64 . L= 91.ud

..'_“.k-fM

PIPE LENGTH | 167.64 | 165.10 | 162.56 152.40°| 121.92 | 91.44

A For Slope=.0005 | - .083 { <082 08| .o76| -oe1| .06

A For Slope=.001 | .167.| 1651 162 .52 | a22) .09l

b

A For Slope=.002 | - .334 5,33(_1‘ .32 o0 | .oun | -.183

11 a For s10pe=.005 | .838 825 | .813|. .162| 610 | 45T

A For Slope=.010 | 1.676 | 1.650 | 1.626 1.524 | 1.219 | -914,

< ¢

A is the ci'xange of pipe elevé.tion over the slope indicator
spacing (L)

?



SPACING OF ‘PIEZOMETER TAPéING'beNTS

JUNCTION 8-9

LOCATION

ALONG THE MAIN PIPE INVERT

POINT COMMENT
. {cm) .
0 0.0 Main Header Box
1 120.6 Papping Point
2 176.5 Tapping Point
3 2h2.6 Tapping- Point
4 303.5 Tapping Polnt
5 364.5 Tapping Point
6 B25.5 Tapping Point
7 286.4 . Tapping Point
8 510.0 Tapping Point
9 S547.4  Tapping Point:
10 563.2 Tapping Polnt
11 ° 578.5 Tapping Point
12 . 593.7 Tapping Point
13 606.4 Tapplng Polnt
14 608.9 Tapping Point
15 . 624.2 Tapping Point
16 - 639.5 Tapping Point
" JJUNCTION . :
BOX 670.0 Junction 3 : End of
Main Pipe
715.7-or Junction B : Branch
694.3 ‘ Point
) Junction 1 : Beginning
73\H2 : of outlet pipe
17 750.3 Tapping\ Polnt
18 780 8 Tapping\Point
19 811.3 Tapping \Point
20 872.3 Tapping/Point
21 972-.3 Tapping FPolnt
1035«“_ Eng-of Pipe
< -



JUNCTION
BOX

35
36
37

39

. FIGURE §-10
SPACING oF PIEZOMETER TAPPING POINTS
ALONG THE LATERAL PIPE INVERT:
FOR A 45° JUNCTION

- [}

LOCATION

COMMENT

(cm) -

275.6 Lateral Header Box
304.5 ~ fapping Point
365.5 . Tapping Point
435.7 Tapping Point
396.6 Tapping Point
557.6 - Papping Point
586.7 Pointer Gauge
588.1 Tapping Point
618.5 “Tapping Polnt
633.8 - - Tapping Point
e6uu.4 Fointer Gauge
649.0 _Tapping Point
.664.3 L Tapping Point
679.5 ' ' Tapping Point

' Junction 2: End of

- 687.8 _ Lateral Pipe
' . Junction B: Branch
715.7 - © ¢ Point
. , + Junection 1: Beginning

~732.2 . of outlet plpe
750.3 . Tapping Point
780.8 _ . Tapping Point

- 811.3 Tapping Point
872.3 Tapping Polnt

- 972.6 : Tapping Point
1035.4 End of Pipe

vt s T

O&£.



FIGURE 4-11

L,
SPACING OF PIEZOMETER TAPPING POINTS
ALONG THE LATERAL PIPE INVERT

FOR A 90° JUNCTION:
X | a

POINT LOCATION ) " COMMENT
. (cm) . '
203.1 . Lateral Header Box
22 292.0 Tapping Point
.23 353.0 : Tapping Point
24 . U23.2 ‘ . Tapping Point
25 . h84.1 . Tapping Point
26 545.1 Tapping Point
27 573.2 - Pointer Gauge
28 575.6 - Tapping Point
29 606.0 : - Tapping Point
30 621.3 Papping’ Point,
31 631.9 L Pointer Gauge .
32 636.5 © Tapping Point
33 651.8 , Tapping Point
34 667.Q . Tapping Polnt
JUNCTION . - Junction 2: End of
1 BOX 675.3 - o Lateral Pipe -
) Junction B: Branch
694.3 Point .
: Junction 1: Befinning
. -732.2 of ‘Outlet Pipe
35 750.3 . .~ ‘Tapping Point
36 780.8 | .Tapping Point
37 811.3 . ‘mapping Polnt
38CT . g72.3 - ° .. tTapping Point I>
39 72.6 Tapping Point
' 1035. 4 End of Pipe
"}.l. T :
w . '_n
LN

‘- 630‘
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FIGURE 4-12 PIEZOMETER TAPPING
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Before the commencement of tests, the lines were
cleared with compressed ailr to dislodge air bubbles In the
lines. Clear plastic tubing allowed observation of the lines

for any trapped air bubbles.

4.2.5 Velocity Traverses and Point- Gauge Stations

At approximately 5.2 m (17 ft) and 6.1 m (20 ft)
from the main header box, and at 4.26 m (14 ft) and 4.87 m ¥
(16 ft) from the lateral header box, slots were cut in the
erown of the plpes to enable measurements of water depth and
V&locity to be made,. The slot was 0.64 cm (} in.) wide and
extended for a dep{Cﬂof 1 of the pipe diameter. This was
done so that a pitot tube could reach near the pipe wall at
the "half-depth" elevation.(see fighre 4-13),

The pltot tube used was calibrated by the National
Calibration Servide at the{Canada Centre of Inland Waters in
Burlington, Ontarlo. The pitot tube was of the cylindrical
head type with a diameter of 0.32 ém (3 in.). The velocity

4

measured by the instrument 1s @#iven by

¥ = CP J1§31‘§‘E“' - L............:...(u;lz)
_/

where Ah = the pitot tube reading differential in centimeters,
and values for CP are given in Appendix E. Veloclty traverses
& 5R

were made wilth as many as forty -one point veloclty readings a

both stations in each plpe with the flow held constant.



PITOT TUBE
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. FPIGURE 4-13 PITOT TUBE ARRANGEMENT
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HT3 Junction Detalls

The maJor experimental effort was directed at studying
the energy losses for the case where the lateral pipe enters
the Junction at a 45° angle to the maln pipe. For this case
the geometry inside the Junction box was_altered in 9 ways.

using movable sections (see figure 4-14). 'Aside from the

" hydraulic properties of each Junction type, ‘there 1s a cost

associated with each Junction. No study was made of the costs
assoclated with improved junctions versus the benefits to be
derived from the improved hydraulics of the system as a whole.

b B
e 90° Jjunction case was studied to compare with-losses 1n a

4o junction.

T

“Junction partlally serves to catch s

Junction Lengthﬁ To test the effect of Junction box

length, tests were done for different box lengths. The

. - 1 .
junction box length took on three values 1in this study:

59.7 em (£§'5 in.y, 40.6 em (16 in.) for thé 45° Junction and
59.7 cm, 40.6 cm and 27.9 em (11 in.) for the 90° junction _'
(see figure 4-15).. A 35.0:cm (14 in. ) model length corresponds
to a typical prototype.length for these pipe dlameters. It

was hypotesized that a longer Junction box would reduce energy
1osses. Some experiments for different Junction. configurations

and plpe slep&s we carried out to test this hypothesis.

"open" Jlnc on: The open Junctio

in prototype s stems. In sanitary sewer junctions), the pipe

inverts e joined smoothly with a shaped ¢hannel. In storm

sewer—junctions, the plpe inverts arJ’not Joined smoothly. The.

O

gutter'inlet‘sediment”trap. £
o iy ,

iment which bypassed the.

is often encountered )

4
B
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FIGURE 4-14

JUNCTION TYPE AND NUMBER

JUNCTION TYPE

-

4 .
’

Open_Box - -
Open Box L = 59.69 cm
Open Box L = 40.64 cm
Open Box L = 27.94 em
Deflectors

Fixed Downstream Deflector
15.7 cm hinged deflector
15.2 cm hinged deflector .

" U Shape

o . S S - S . - S PP -

Invert only

Expansion

Expansion

'No Manhole -

v e g —— — —

Pipe jolned direcﬁly

JUNCTION
NUMBER
WITHOUT

SIDEWALL

w N J

W =

10

JUNCTION
NUMBER
WITH FIGURE
SIDEWALL NUMBER
1A 4-13
2A 4-13
3A =13
. 4A 14
4-15
6A 415
4-16
8A §-17
4-18




LATERAL .
PIPE .

1
38,10- | mawpirE
X - ™
_ =—757.84cm—; '
t<—40 . 64cm— —t
| h .
. 59.69cm — .

FIGURE 4-15, EOX LENGTH - PLAN VIEW OF JURCTION
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~ Because 1t is the simplest junction to construct, and because-
it acts as a sediment trap, if the energy losées‘are low,.this'
would be the preferred Junction.»

Pipe Elevations: The crowns of the incoming pipes were

positioned at the same elevations and.the outlet plpe crown was
droped according to the value of.MMANDRL
Deflectors: A series of tests were ‘conducted where a .
rigid deflector was attached to the downstream end of the
junction box. The deflector projectedhfar enough. into the
box (15.24% cm or.6 in.) to: (i) force an immediate change in
direction of the incoming lateral flow and, (i1) ensure that
both streams flowed 1ln a common direction before free stream
. mixing occurred (see figure 4-18). ' , S
It was assumed that the latter effect uould help reduce
energy losses (and the generation of severe secondary currentsl
that would otherwise occur following the initial impact of the ﬂ'
main and lateral flows. ~

.

; Two hinged deflectors were tested for the "inverts- _

1 joined" casg and the "open box" type junction (see figure U4-19A,.°

4-19B) . 'The main difference between these units and the fixed

type 1s the fact that the hinged deflectors are capable of

adjusting to the relative impact forces of the two incoming streams,
*Whille it was felt that this feature merited investigation,

1t was nevertheless appreciated that hinged deflectors might

malfunction under certain canditions, i. e accumulation of

sediments'in the Junction box and.possibly cause‘severe flow _..l?

obstruction;in a prototype system. o . {;.

-
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ng" Shaped Channel: The tests done by Gharghouri

'(12) 1ed to the conclusion that manhole shaping and stream—.
1ining reduced the energy losses. Current recommended practlce
suggests the use of ng" shaped channels in junctlons (page 145
of (U5)) to m{nimize the changé of cross sectional areas and
-the loss of energy.

In chapfer three, mention was made of the possible
detrimental effects;of bottom shaping (Denver Colorado Manual
(41)).

In this study, the "U" shaped channel was studied
to compare the recommen&gd practice with alternatlve designs
(see figure 4-20A, 4_208). |

Inverts Joined: '?he case where inverts of plpes

entering and leaving the juhction box were jolned, was

tested to investigate the possible advantage of supporting

phe streams as they passed through the structure (figure I-21).

. Furthermore, the University of Missourl tests showed a side-

wall _def‘lector to be an improvement. Heﬁce the same junction ‘
configuration was adopted in these tests.

e

Expansion: If the velocities. in‘thehjunction are

'y

small then the kinetlec energy loss due to Jet impaet should

«

" also ‘be small. By expanding the flow area at the Junction {.“'a.
_(threby decreasing the velocity, for a constant discharge) ' |
* and inéluding the ‘positive Features such as 1O bottﬁm

finishing, a vertical sidewall, and minimal change in cross

sectional flow area, & junction with manytheoretically
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desirable features was developed The streams were guided

in the downstream direction by the junction boundaries (see

b

figure u~22).

-

Invert Drop across the Junction: A drop was given

' ¢6 the main pipe invert (MMANDR) by tilting the function box
(see flgures U-16, 4-17). At the same time the lateral pipe

drop (LMANDR) was increased.

v

| *

In practice the outlet pipe invert is usually lower,
never higher, than the inlet pipe inverts. This is done to
compensate for the energy lost at the junction due to impact ¢

. . /
and mixing of the streams. Some designers provide this drop 7

to the outlet pipe invert elevation whereas others 1increase

the slopes of. the upstream plpes by an appropriate am '
Tests were done with invert drops for the outlet -

pipe ranging from 0.0 to 3.96 cm (0 to 1} in.). )

Case with no Manholeé In this case the lateral -

pipa was Joined directly to the main pipe (tompareblerto a

precast "y—connection" in praotice). Ne such case was.

investigated for the 90° Junc‘t_ioﬁ, because 1t 1s generally ‘
not the practice to join these pipe slzes in this manner 1in

et prototype sewer systems (see figure 4-23). ™
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PIPE JOINED DIRECTLY

FIGURE 4-23 EXPANSION AND PIPE JOINED DIRECTLY
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EXPERIMENTAL PROCEDURE
R \51 Data Collection h
' ~ Appendlx A presents the different conditions under
L which the tests were done. Appendix c. prESents the computer

\. BN
program used to reduce the collected data go the parameters of -interest.

The end result of the testing was the detegpination of the"
énergy Ibss coeffici ntcs for each Junction flow considered.
This" required determination of the energy grade line and to

this end for each tést run, the foﬂlowing data was recorded

(1) 14 piezometer readings af%ng the upstream main plpe
(2) 11 piezometér*reédings along the lateral oipe
(3) 5 piezometerireadinésfalong tne outlet plpe
(4) water surface elevations in the stilling wells at

| the welrs inithe lateral and main header boxes T
(5) two pointer gauge depth readings in the mailn pipe

and two similar readings in the lateral pipe.

Up ﬂgﬁnine runs Were performed using the same junction
type varying only the lateral flow rate or the main flow rate
The flow rate was controlled by adjusting the butterfly valves
on the pipes delivering water to the maln header box and

the lateral header boX. Completion of these groups of tests

was followed by consideration of a different junction

\\N : '
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v ’ 7

i

geometry. This procedure was repeated for up to J junction /

geometries. o T

N Following these initilal tests the drop through the‘
manhole (MMANDR) or the pipe slopes (Sl 82, 83) and the
length of the manhole (L) were changed ~ This sequence of"’
experiments 1is summarized in the form of a flow chart

(figure 5-1) - Co o
5.2 Flow Ratés

initial tests were done with the flow rete'in the
maln held consfant while the lateral flow rate was varied up
to twice the rate in-the ﬁain. The 'high lateral flsw situation
is' of speeial interest, as 1t 1s responsible fof_higher energy
| losses. With the main flow_at this low iniltial rate (test
series 3, and A) the lateral flow water surface exhibited a
drawdown‘profile (M2 curve) near the Junctlen box.

'A second higher value of the main flow rate was
chosen to creeﬁe a ﬁaten surface backwater profile (Ml curve)
in the lateral upstream of the Junction. Test seriles ﬁland '
ali the following series of ﬁests represent thtsucondition,
j.e., a high flow rate 1th backwater effects in both pipes -
without surcharge.

; Tests on the 90° junction were also done with these

maximum fleu rates, 1.€. repeating the. rates qsed for similanr .

.. . .
* slopes and junction types for the 45° Junctlon.
; ] '
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13 . N : . >

5 3 -Piezométers o S .

;"A‘ In nearly all cé@es e piezometer readings were ' -

observed values For eaéh'test,' cathetometer'used to’

;_read the levels was kept in the same place. Every tine'the j'

slope of e pipe was‘adjnsted the cathetometer was moved. . o
'TheﬂeEére level readings are consistent only for each test

) For comparisons of water level elevation between tests, the

' 'computed H.G.L. was used. o : & ) —— -

5.4 Point Gauge Headings and\Velocity Traverses
I-

Point_gauge readings were made for three purp Ses

. o ]
(i) they provided a reference depth to which all plezometer

%

readings could 2e related, and }rom which the H.G.L. could be

calculated (ii) they provided checks on the calc &ated depths

at the other three stations and (iii) they served as the depth

used for the veloclity traverses.

-

The velocity traverses were done for two pu oses:

-

(1) to check for a uniform velocity distribution at two ’ ‘

'stations upstream from the junction (ii) to obtain the value 4

of "a"-the energy coefficient which is included in the

' 2
kinetic energy term (,LX)_]_ No detailed experimental work

2g
was done-to evaluate‘how "o" changed, at different sections

'of he pipe and in the Junction for different Junctlon types.

Som experimental results were presented by Formica (see



page U466 in Chow (11)). .qu.an expansion,Formica reported a
sudden increase in "a“ with gradual decay to 1ts original
avalue. A rapid contra7tion caused a decrease in the value of
na" in the downstream channel.

Yevjevich and Barnes (50) report energy coefficlents
measured infa'circular-cross section W éh open channel flow.
They concluded-that gt yaries petween 1.05 and 1.01 for
Reypolds numbers from Q.25“x 10 3 to 3.0 x110 > with "a"
decreasing for increaging Reynolds numbers. The value of "a"
also increased witq(aedecrease in depth. They tested to a ’
minimum depth of % of .the pipe diameter_and flow rates
petween 0.5380 m3/sec (19 cfs) and.0.0566 m*/sec (2 cfs).
The report by Yevjevich and Barnes (50) presents the mosé
complete experimental investigation of 4'a™ for open channé{/

" flow in circular cross sections. .

The results of measurements dohe by the author
agree.well with the concluslons presented by Yevjevich and
Barnes. The highest calculated value .of"a"was 1.02. These
results glve support tqQ the assumetion’%f ng" = 1.0 used 1n
the calculation of the E. G L as discussed in chapter two.

The use of "a" = 1 in the outlet pipe will lead to
a wvalue of E. L]E‘\greater than that if a > 1.0 is used. |

A Hencdc the energy loss calculati&nw are ovirgstimated
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-

] Two sample isove;“ patterns’ for flow in partially
" full condults are presented in figures 5-2 and 5-3. The
veloclty distribu%}ons at consecutive stations are similar,

indicating the presence of parallel streamlines upstream of

the junction.

Prc
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CHAPTER 6

ANALYSIS AND RESULTS

6+1 Energy Loss and Junction Type

4

Before reviewing the results, the reader's
.attentioﬁ is drawn to the method by which the loss coeffl-
cients are derived. The equations ih chapter three, equatlons
(3 9), (3.11) for the lateral .energy loss calculation and<
equations (3. 8), (3.13) for the main energy 1dss calculation,
are found in Fortran language in the computer program, lines
193-229, in Appendix C. The energles calculated are
"projected" energles from upstream (N3), downstream (N1) and
lateral (N2) .reference ‘points to the branch point. Ideally
these reference points are located‘in zones of uniform flow,
remocte from hydraulic effects, e.g, hydraulic jump, back-
water, drawdown) of the junction. Point N1 1s. .= 80 cm
(31.5 in.) from the junction. Point N2 1s = 65 cm_(25.6 in.)
from'fhe junction, and point N3 js = 77 em (30.3 in.) from
the iunction.(see figures 4-9, 4-10, 4-11).

During some tests, these points were in the hon-
ideal zone where the Junction has hydraullc effect, with
the resultant change 1in the calculated losses. For slope ofib%,
and 1%, the effecﬁ of changing the position of the reference

points was studied.” The loss coefficients changed littie.

)
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The veloclty head used in the energy loss coefficient
calculation was the velcclity head at the first tapping point
in th% outlet pipe (= 22 cm (8.7 in.) from the junction box
wall). This was the zone of rapidly varying flow. These

considerations have been emphasized here to prevent hasty
b .

conclusidns and comparisons with other experimental results.

'
45° Junction L))

Each of the Junction types can be consldered as a
W

change in the flow areanumber [X2 = 5T]' Not only 1s the
flow area available for the lateral and main stream flows (and
therefore the ve}ocities) altered, but also the general flow
paths that the streams assume in the junction. and the degree
to whicp-the two_spreams are allowed to mix with each other in
the juncéion box; _ ) | _
Test results indicate (figures 6-1,6-2,6-3,6-4) that
the'optimal junction box configuration 1s consistently the
ny" shaped channel, (junctlon type 7)9 , with the pilpes joined
directly (junction type 10) having the same favourable pro-
perty of low energy 10ss. ' '
With regard to other configuratiors of juncfion
geometry investigated,the expansion ttype 9), performed well
4n all test series. One can think of this type as a linear
version of the "U" shapéd‘channgl with the additional feature
of flow expansion upon entering;the Junction box. This parti-

cular‘configura;ion'is easy to construct and has good hydraulic

properties.

3see figure 4-14 for an expianation of the "type



" 95,
2.0
1.9 4
n
1.8 —
1.7 —
1.6 —
1.5 -
1.4-
Y
1.3
ko
1.2 Y
@/ ¢
1.0+4 9 2
g TEST ;Emesé
T N
B Iy 4
G o 8
N A O 6
_ . o~) s
56—
A 7
§3 = o005
o5 S22 = 0.00 3
MMANDR= O\D
_ a>= 2208 [ISTE
A4 T T T T T, T T T =
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
QR = RATIO 2% QL/OM
FIG. 6-1 ENERGY LOSS VS. RELATIVE DISCHARGE




" 96.
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_ FIGURE 6-4

ENERGY LOSS COEFFICIENTS — TEST SERIES C-N
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The bpgp Jﬁhction box (type_lj fgsuits in th
highest eqprgy losses, as was exbeéﬁed. :ThéFperformancq of
. the opén‘ﬁoi nype 1) can bglééhﬁaféd with_fhét.of the

‘invgyts qd;ned'(typelé) 'té ;llustraté now a modification
céﬁ reduce'energy‘lééses.: Figur; 6=5 -1llustrates ;hat the
enefgy loss cogffipient'is 1oweﬁ'for:type 8! and that in

some cases {;est;se;ieS_CS, HY ) phe.lateralifléw i's decreased
significéﬁtly-iﬁ-type'l'due'fo.;nergy‘lbss and backwater

[ ) . .
effects. ‘ ; - ' . o

FIGURE 6-5 _ CL
. v B

COMPARISON OF "OPEN' VS "INVERT"TYPE JUNCTIleQ

P

- R L i
TEST SERIES K@ JUNCTION TYPE .o QM
A2-3 2.03 g _ 0.99
AL-3 2.26 . 1 oo 1.06
Cc1 0.32 -8 o 0.63
Cc5 0. 30 1 0.45
D2 0.47 BA 0.72
\214/) 0,61 1. 0.72
E2 0.57 8A 0.72
e 0.74 1 0.72
~ F3 0.56 8A 0.80
F6 0.86 . 1 - 0.80
H3 0.34 . * BA 0.72
HA . 0.38 B 0.56

o

In all experimj;;; open .channel flow conditions were maintained

in the pipes. .

/

R Type'l OE theropen junction. Type 8§ is the junctionyhere
the invert of the inlet and oytlet are Joined;smoot 1y .
Type BA 1s type 8 with the sidewall. =

-

F
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Sangster, et ak. (35)‘in thelr exp

flowing full found a sidewall’effective i

losse

by th

open

s. That this feature also appears-t

chaﬁnel flow, without extensive test

gomparing junction-type 4 with Junction t

and junction type 5 with type 5A for test

is re

duced by 0.12 due to the 'sidewall.

the lateral flow was observed to "pile-up

i

box corner. After test series B, all tes

‘sid;;;zi\present.

hinge
condil

6-6,

9Q° J

L

was t
not ©

Due b

was decreased,

throughbut all tests,

Thg\qse of deflectors, tygg\u,'5,
d, did not reduce thé energy losses
tions described in this thesis. The
6-7, illustrate some of the complex
e userf potassium permangenate dye.

unction /

t
In the case of the 90° model junct
urned through 90° 1n the .Junction bo
'

he practice 1n prototype sewer~s§éte

101,

eriments_with pipes

n reducing energy

o be desirable 1in

ing, can be shéwn by

ype HA in figure 6-3,
seri B6, where KC

withdut the sidewall,

v _{n the junction

ts were-done with a

6, elthef fixed or
under experimental

drawings, figures

flow patterns observed -

4

2

ion, théflateral £low
. '
x even though this is

ms for large pipes.

o this largé change of direction, the lateral flow rate

of fuli depth.

the ©

while the main flow rate was kept constant

to maintaln open channelLﬁ}ow at about i

~

Test results indicate that junction type 9, 6A, 8A were

ptimal Jjunctions (see figure 6—é}v
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FIGURE 6-7: PLAN VIEW OF OBSERVED FLOW PATTERNS

npead” Water: no flow
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FIGURE 6-8
,0SS COEFFICIENTS FOR 90° TESTS ™
, : JUNCTION BOX
TEST SERIES QL/QM KC . TYPE " K3 LENGTH
Pl 0.35 0.65 2 0.76 40.6
P2 0.35 0.81 Yy 0.92 40.6
P4 0.35 . =0.36 9 - -0.26 - 10.6
P5 0.35 -0.02 6 -0.22 4.6
Ql 0.35 0.6H4 1A . 0.77 59.7
Q2 0.35 0.44 BA 0.55 59.7
Q3 0.35 0.39 9. ©0.51 59.7
QH 0.35 0.36 6A 0.49 59.7
R1 0.35 1.20 1 1.40 7 59.7
R2 0.35 . 0.40 g8 . 0.38 59.7
R3 0.35 0.87 8A- 1.17 59.7
RA 0.35 0.60 6A 0.85 59.7
R5 0.35 0.44 9 0.65 59.7
51 0.35 1.33 2 1.55 ° 40.6
s2 0.35 1.3k uA 1.54 . 40.6
S3.1 0.25 0.91 9 1.4 ~.. 40.6
S3.2 0.41 0.93 g9 1.13 40.6
sS4 0.35 o~ 88 6A 1.10 46.6
T1.1 0. 34 0.28 6A 0.33 40.6
T1.2 0.53 ™.0.25 6A 0.29 h0.6
T2.1 0.25 022 9 0.32 40.6
T2.2 0.34 0.22.- 9 0.27 40.6
T3 0. 34 0.22 8A 0.28 - 4.6
T4 0.3H 0.28 2A 0.33 40.6
5 0. 34 0.37 ha 0.43 40.6
T6 0.38 0-.08 9 0.16 40.6
T7 0.34 0.16 8A 0.25 59.7
T8 0.34 0.37 . 14 0.47 59.7
Ul.l 0.34 0.63 S 0.53 59.7
vl.2 0.55 0.67 « 9+ - 0.60 59.7
2.1 0.34 0.60 8A 0.58 59.7
u2.2 0.70  0.80 BA . 0.63 - 59.7
U3.1 0.34 0.83 1A 1.10 59.1
‘U3.2 0.70 0.96 1A 1.05 59.7
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FICURE 6-8 (continued)

. y JUNCTION BOX
TEST SERIES QL/QM KC TYPE K3 LENGHT
X U4.1 0.34 0.51 : 6 . 0.57 40.6
% .2 0.55 0.4 6 0.42 4o.6
.1 * 0.35 . 0.40 g 0.43 40.6
2 0.55 1.02 9 1.02 4o.6
1 0.35 0.55 BA 0.57 4o.6
0.72 0.55 ] 0.51 40.6
0. 34 0.42 2A 0.50 bo.6
0.72 1.35 : 2A 1.30 40.6
0.34 0.60 3A 0.68 27.9
0. 34 0.58 8a 0.65 27.9
0.72 1.19 8A 1.09 27.9
0.35 0.15 8A 0.22 27.9
0.35 0.07 3A 0.15 1 27.9
0.26 0.08 g 0.16 4g.6
0.39 0.34 9 0.30 hg.6 |
0. 64 0.33 64 " 0.42 0.6
0. 34 0.10 6A 40.17 4o.6
0.26 0.30 ba 0.37 40.6
0.31 0.43 4aA 0.47 40.6
0.26 .32 9 0.12 bo.6
0. 35 1.57 (\GA . -0.18 40.6
0.25 .38 ha 0.36 40.6-



The following features accounted for this performance: (1)
the flow in the junct}on was always confined in a channel
of similar diménsigns as the pipes, and (11) the lateral
flow was directed towards the outlet.

As was the case 1n the 45° configuration the open
junction box resulted in the highest energy losses, and'
greatest baékwater effects. Modificatiéns.to the open box
such as‘the placement'of an invert and a sidgwall, usually

~reduced the energy losses put not in all cases (see KC for

56.1 and U7.1, V1 and V2). Unlike the 45° test, the 15.2 cm

»

deflector with inﬁsrt (type 6A) also performed well. In

106.

test_series v, junction type 6A had the second lowest energy

10ss coefficlent xt - to thé open box, type 2A, In test
W2 type 6A had the highest losses. The flow in test

series V, and W, with pipe slopes of 0.5% 1n the main and

.1.4% in the lateral, was supercritical. The.resulﬁs of these

tests suggest the need for more experimentation to study

the behaviour of model junctions under supercritical flow

bl

co T tions. Preliminary results for supercritical flow

conditions indicate certain differences to corresponding data

obtained for subcritical flows.

6.24Energy Loss and Flow Rate

Energy loss 1s a function of the total flow rate (Ql),

and the proportioning of the flow in the 1ateral and the main

pipe (QRY. That this 1s so can be seen from figures 6-1,

L]
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-2, 6-3, 6-9, 6-101 6-11, 6-~12; 6-13, 6;1u, §-15. The first
three tests serles (3,A,B) were carried out to exaﬁine this
relationship in more detail, whereas test series after that‘
only measured energy loss for the design flow condition@f
with diffgrent Junction geometries. A summary of. the curves
és well as results from other experiments are presented in
figure 6-15.

Using equations 2-12, 2-13 from (18), where energ

e .

is a function of flow rates and velocities, energy 10SS was
calculéted and compared to‘the measured values. NO agreement
was féund; it can be sald that energy loss In open ;;annel
junctlons 1s also dependent on the geometric configuration

and not only on flow rates.

6.2.1. Variation of the Lateral Flow Rate.d .

Y

The KC coefficient increased at a ‘decreasing rate
“with in;reasing 1ateral flow (see flgure 6-1,6—2,6-3,6-h).
For the ve;y 1ow lateral flow, QL/QM = 0.05 (figure 6-3).
KC increased.
& The lateral energy loss coefficlent (}52) increased ‘[
with increasing lateral flow fate. The main energy 1055
coefficient (K3).deéreased with increasing lateral flow.for .
all typges except the open Junctién bhox. Tn this case, the

coefficients increased or fluctuated considerably.

11 pesign flows use a depth of 50%-100% of the pipe diameter
depending on nthe degree of conservatism with which the
peak flows are calculated" (p. 130 of (U5)) |

-~
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TESYSERIES 2

© JUNCTION

POINT NUMBER

1

P OO & D
~ cn_m‘cn.-h

Sh= ooon

S2= 0.0033
MMﬁNDQ:l-O‘O 3
&3= 3208 ¢ /-Se"

0.0

| i | T | T I T 1 ! | i | | | [
0.2 0.4 06 08 10 12 14 16 18 20 22 24 26 2.8 3.0 32

. . QL/QM
FIG. 6-9 LATERAL ENERGY LOSS COEFFICIENT FQR VARYING LATERAL INFLOW/‘_
R ' ‘ ;
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TEST SERIES 3

1.3 - JUNCTION »

POINT .| NUMBER

1.2 4

opcOed
®Ne s o

ppa

N

K3osl

0.1

-0.0-

-0.10

-0.20 -

-0.30 ¢

i 1 | § 1 1 | L) 1 ¥ | ] | 1 ] 1 | ] | L] | |
0.2 0.4 0.6 0.8 1.0 12 1.4 16 1.8 2.0 2.2 24 26 28 3.0 3.2
QL/QM ‘

FIG. 6-10 MAIN ENERGY LOSS COEFFICIENT FOR VARYING LATERAL INFLOW




- 110.°

3.7 : . ) , : : #
3.6 -
3.5
3.4
3.3-
3.2-

3.4-

3.0

2.9

2.8~

TESTSERIES A

J . JUNCTION
27 " POINT NUMBER

2.6 J . '

§3= 0.0005.
MMANDA= W 8em
©13= 2208 cw>[52

2.5+

2.4

h = th BN

lep DOP»O

2.20

] ] T - Ll I LI I ] r 1 ] ] 1 T ] T T
0.1 0.2 03 0.4 05 0.6 0.7 08 09 1.0 11 1.2 13 1.4 15 1.6 1.7 1.8 19 2
o - qL/am |
FIG. 6-11 LATERAL ENERGY LOSS COEFFICIENT FOR VARYING LATERAL INFLOW

L




- 111.°

1.6

TEST SERIES A
1.5

' “JYUNCTION
POINT | NumBER

1.4
1.3

1.2-

R

0.0 -

1 1 ] 1 T 1 1 1 LIS 1
J4 1.2 1.3 14 1.5 1.6 1.7 1.8 1..9 2.0
| QL/Qm

FIG. 6-12 MAIN ENERGY LOSS COEFFICIENT FOR VARYING LATERAL FLOW

I T T 1 . T T T
0.1 02 03 04 05 j0.6 07 08 09 10 1
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K2
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TEST SERIES B

1 suncrion
POINT NUMBER

. .
HoeNwoh =

qao0ro0ed

0.4 : M . — — '
0.0 0.1 0.2 0.3 04 05 0.6 QL/QM
' FIG 6-14 MAIN ENERGY LOSS COEFFICIENT FOR VARYING
{ / LATERAL INFLOW .
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FIG. 6-15 GEN
G- 6-15 2 URVES PLOTTED AGAINST RELATIVE FLOW RATE

S
PIPE FLOW
IDELCHICK (45°) ..
LATERAL MAIN
: 01/\
0 2
-1 . o
0 0.5 RATIO 0 RATIO 0 N
ITO (90°) 0.6 1
- 0.5 | -
L , K3
. \ o \
| — 0 -
. - — FREE SURFACE FLOW
% RATIO= QL /aLram | N
LATERAL PRINS (3 SERIES) ,( 7 MAIN
Y 1.1 - o
0.4 \-——0
K2 - / Ka \ 5
0.5 . N : -—e.2
0 HATIO 0.7 0 RATIO ) 0.7
LATERAL . PRINS (A SERIES) MAIN
| <
. L3 ~
o5 3.5 ‘ - :
K2\ 3.0 /-\ K3 \
- - .4 .
0 . RATI007 A ) 0 RATIC 0.7
< LATERAL PRINS (B SERIES) MAIN'
170] \ ’ |
.. .09
K2 / s KS \ 0.8
-1.0 L i . —
-, 0 RATIO 0.4 0 RATIO 0.7
o ., . Y i
ERAL SHAPES OF ENERGY LOSS COEFFlClENTS’
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6£.2.2. Variation of thq‘Main Flow Rate

For the same ratio of latersl to main flowyan
increase in the main flow rate firstly decreased the range
and value of KC, '(for example type 7 with QL/QM = 0.5 ~
test ;“ghes B, KC = O. 55 ahd test serles A, ‘KC = 1. é),
secondly decreased the value of K2 from 3.2 to 0.7, and;‘

—_—

thirdly did not change the value of K3 significantly.
-

6.3 Energy Loss with Respect to Manhole Drop and Length

Limited tests were dene to determine whether and
how manhole drop and length affect energy loss. For the
‘ y5° junctidn (figure 6-16) the shorter manhole length for
Junction types 1A, 4A, 6A, 8aA, 9 resulted in reduced energy'
loss coefficlents. With a drop provided through the shorter
manhole, the energy loss reductlons ﬁ%re even more pronounced.
The results for 12 tests for different Junction configurations
with the shorter junction suggest that the longer junction
is not effective in reduéﬁQs}Znergy losses but lnstead
incrs;ses the losses. This a satisfying conclusion from'
the cost point of view for prototype systems. |
For the 90° junction box inspection of the loss
coefficlents and box length in figure 6-8 suggested the -
following conclusions. For a slope of main pipe slope of
0.0005 (when MANDR = 0.0), the shorter 40.6 em box had

lower energy losses, whereas with an invert drop the longer
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4 ’{'
pox ‘performped more favourably With the slope of the main
increased to O 002 the reverse conclusions are true. .The
27.94 cm long box in test series UB, U9 did not change the

}unction performance compared to the other results in test

_series U for longer boxes

For Ei;Ji?V"Tﬁnction provision of a drop through .
) the manhole had the beneficial effect of reducing the energy

)_\,

loss and allowing the passage of a greater lageral discharge
(the main discharge was kept constant except for test series
Dl, D3, and D5 (see figure 6-4). The value of providing a
drop through the Junction has been demonstrated by the results
of these experiments. Precisely how large a drop to provide
for various types of. junctions, to ensure efficient -
conveyance of the design flow and minimize the need for
excavation ‘:annot pe ascertained with this limited data.

The influence of manhole drop on the efficliency of the

system with respect to backwater'effects and power 1lossS is

discussed further in the following two sections.

6.4 Backwater Effects

- The depth increase in thenminflow leediately
upstream of the Jjunctlon with the addition of lateral flow
provides a second criteria for Judgin the perfornsnce%qf
the junction (the first being minimum eneregy 1oss). Energy
losses caused by the mixing and expansion of the main and
lateral flows‘at the confluence, produce éfingis in depth in
the flow immediately upstream of the Junctionfin ‘both the main

7 .
and the lateral pipes. . ,
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iy . .. ) 1/

In figures 5—17, 6-18, and 6-19, are shown the increases 1n
depth upstream of the junctlon in the main flow for different
Junction types due to the introduction of lateral flow, The‘
different junction types exhlibit- different hydraulié effects
(recall sectilon (6.1) re. the reference points N1,N2, N3 Y °
such as this backwater effect. The water surface profile ‘has
4 Mi%r S12shape. " The introductioﬁ‘of a drop through the -
' manhole has the effect of reducing-or removing the backwater

effect. The presence of a backwater-1s often the cause of

sﬁaé? surcharging in prototype systems. Figure 6- 18, illustrates
{the effect for different invert drops for different Jjunctions |

types. The expansion (type 9) reduces the packwater effect

py 2.5 cm when QL = 3.5 X 13 emisec tand QM = 5.66 x 10" em?

sec ! anh is the most effective arrangement in doing so. Under

supercritical flow conditions in the main, the lateral inflow

forced the formation of a hydraulic Jump in the main flow

upstream f;om¢tﬂe jynctidn.

Increaséd inlet and outlet junction velocitles
-resulted from the provislon of %n jnvert drop. The depths of
flow in the incoming pipes were reduced, hence providing

additional flow capacity in the system or rather preventing

rthe junction from nchoking" the design flow.

2gee p. 226, classification of flow profiles in (11)
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6.5 Power Losses

Power losses and the Lost Power Ratio (L.P.R.)
provide a third criteria for Judging the performance of the
junction types as well as giving trends into general Junction
performance.
The power loSses in the model's Junction box for
various combinatlons of diecharge condult slope, manhole
drop and junction geometry are shown, in figures 6-20, and 6-21,
for the 45° junction, (nc®istinction belng made of different. . .,
Junetion geometries). The losses were-analyzed by means of
the lost power ratio (L.P.R. equation (3.25)) and the
relative flow rate (QR = QL/QM) plotted on logarithmic paper.
A greater‘percentage of the power entering was lost
when MMANDR # 0.0 than when MMANDR = 0.0 for OiOS *»QR > 3.0.
For QR < 0.7, L.P.R. 0.013 when MMANDR = 0.0.
For the 90° Jjunction no similar analysis could be.
calrried out since QR = 0.35 for all tests, however, Some power ‘
*10ss trends can be obtained from figure 6-22. These trends
also apply for the 45° junction. The lost pPOWET ratio
increased wi%h increasing plpe slope, furthermore the q?st
power ratlo increased when there was a drop through the man- ;)
hole. For the 90° junction, the junction type 9 configuration
consistently had the lewest L.P.R. of the junctions testeq.
The lines drawn on figure 6—20,‘6~21 were drawn in by eye,

- using the criteria of minimum deviation from the chosen line.
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“J
JUNCTION TYPE
MAIN SLOPE ;
1,1A,2,34 )u,HA 6,6A 8,84 9
0.0106 2% | 0.0127 4* “l0.0058 6A | 0.0071 B8A | 0.0063
0.0097 1A | 0.0176 4a* [0.0075 6A 0.010 8 | 0.0069
0.0005 0.012 1 - 0.0113 6A* | 0.0135 8A | 0.0113*
®,Q,R,5) - 0.0166 2¥
} #1,=540.6 cm
5.o113 2¢ | 0.0143 4p¥ |0.0107 GA¥ | 0. 0092 BAX 0.008M4*
0.0077 1 | .- {o0.0181 6% | 0. 0039 8A | 0.0020 &
0.002 0.0121 1A . 0. 0102 8A | 0.0113
(T,U) 0.0155 2A¥ 0. 0175 BA%* ‘0.0143%
: M 0. 0205-8A°)
Ve ’ _ . ‘|*L=40.6 cm
: . : 3‘ ‘L=27.9 cm
.0.005 0.0026 2A% | 0.0101 sar] 0.0016 6ar 0.0053 BA* | 0.0029%
(V,M) ~ 0.0161 A% |0.1214 6A* } 0.0139%
. ‘ L' . “ )
. FIGURE 6-22
'FOR THE 90° JUNCTION WHEN QR = 0.35

L.P.R.
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.
L CHAPTER 7
'CONCLUSIONS
k‘\
‘ X - e
7.1 ~Junction Type - . : <

The experimenfal results presented in the preceeding
chapter econfirm the recommended junction design practice of
using U-shaped channels .in Junction structures. In the
experiments this shape was consistently the~optima1'Junction
“box configuration using the criteria of the lowest energy
loss coefficient. The open Junction box resulted in the
highest energy losses; The presence of an invert connecting
‘ the upstream and downstiream pipehinverts and a slde wallrwas
effective An reducing the energy. losses Tne deflectors_tested
were not helpful for the 450 Junctionvbut in the 90° junction,

junietion type 6 did exhibit reduced energy losses.

T- 2 -Variables AffectingsEnergy Loss

It can be "said that ene;ggonss in open channel

e

Junctions is not only dependent on flow rates or stream
velocity but also on junction configuration i. e, manhole drop,‘
.~ manhole length, angle of intersection of the incoming streams
“and channel cross—section, Equation (2- 12) and (2-13) cannot
be used to predict the energy 1loss coefficients in open .

“
channel junctions.

-

"y
/' . k
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k]

In the tests, the shorter-overall length éavehreduced
enepgy losses.” Lengthening'the Junction box to improve ‘the
hydraulics is not recommended For the H5° juriction the 1oss
coefficient (KC) average was 0. hg with a variance of 0. 26 when
QL/QM averaged 0.56, while for the 90° junction the loss co
ficient average was 0.5Y with a variance of 0.38, when QL/QM averaged 0.39.
J The single most important variable in junction design
is the proper provision of . an invert drop between1ﬂuainiet
and outlet pipe Results have ghown that an adequate invert
drop can completely eliminate the backwater effects in the
main upstream of the Junction, due to the lateral flow.
Especially in flat terrain, -where provision of additional

vert drop means more excavatlon, adequate invert drop will

event surcharging in the systemsduring high flows,
‘ Further research should consider studying the
~following area5°
(1) e Prototype junction hydraullcs must Dbe studied to
determine scale effects before analysis on small scale models
can be applled in the design of prototypecsystems. Studies
could consist of a comprehensive program field.tests or
alternatively an analysis ofuflow data as it becomes avallable
from gauged sewer systems.
(2y Field work could also determine which existing
junctions fall to perform successfully during peak flow and

which design features are responsible for this poor hydraullc

.« performance.
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-

(3) For the U-shaped junction extensi;e laborétory tests
should be perfofmeé‘%o determine the invert’ drop required to
minimize the backwéter effects in. the incoming pibes.
() Future laboratory tests should be performed to e :
determine sultable modifications in Junction exit geometry

~ to reduce energy losses and backwater effects.
(5) Future laboratory tests should be performed with the

. shorier length junction boxes for further comparison of the

- effect of junction length on energy 1osses.

J

~

or
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TEST SERIES, FLOW RATE, JUNCTION TYF;E13

3

- -

~

FIGURE A-3

TEST SERIE&(fE;‘ .. QM _ QL/QM JUNCTION TYPE
' (cm ¥sec x 10 :
L1.1 ©1.387(QL) 1
Ll.2 2.152(QL) 1
L1.3 3.964(QL) 1
L1.4 3,114(QL) 1
L1.5 2.548(QL) ' 1
L1.6 .934(QL) ' 1
L1.7 .552(QL) 1
L1.8 .311(QL) 1
L1.9 .155(QL) 1
M1.1 7.079 - 1
M1.2 6.173 & 1 . -
M1.3 4.530 1 Ak
M1. 4 4,105 1
M1.5 2.180 1
Ml1.6 1.812 1
M1. 7 1.160 1
M1. 8 .1B1 _ 1
3.1 1.217 3.26 1 - S
1.217 . 2.44 1 (ﬁ ‘
1.217 1.72 1 o
1.7 1.42 1 '
1.217 0.94 1
1.217 0.79 1
1.217 0.uY 1
1.217 0.18 1
3.2 2.208 1.67 4
2.208 1.13 4
2.208" 0.85 4
2.208 0.62 y
2.208 0.44 b
2.208 ° 0.1A4 b
2.208. 0.05 4
13 gee figure 4-14 ¢
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TEST SERIES . : QL/QM JUNCTION TYPE
-~ (em®/sec x 10Y) ' '
3.3 - 2.208 © 1.5k 8
2.208 0.96 8
, 2.208 »0.68 8
.~ 2.208 0.46 8
g;gps ‘ 0.28 8
2,208 0.19 8
2.208 0.05. 8
2.208 1.13 8
3.4 o 2.208 . 1,14 6
2.208 1.79 - 6
2.208° , 0.90 . 6
et . 2.208 0.59. . 6
2.208 0.47 ¥ 6
2.208 , 0.24 6
2.208 - 0.19 - 64
3.5 . ‘ 2.208 1.79 5
2.208 1.54 5
‘._/—3\508 1.19 5
2.208 0.91 5
2.208 0.59 5
1 2.208 0.35 5
e 2.208 0.18 5
e 2.208 0.10 5
"
3.6 : 2.208 2.37 7
. 2.208 1.54 ™ T
2.208 1.18 7
2.208 0.88 7
2.208 0.72 T
2.208 0.41 7
2.208 0.22 7,
2.208 0.13 T
Al 2.208 2.05 T
\ 5.578 0.81 7
2.208 1.54 7
. 2.208 1.22° | 7
2.208 0.86 1
2.208 0.63 7
2.208 ' 0.45 7
2.208 0.22 7

—



TEST SERIES QM ; QL/QM JUNCTION TYPE

(cm?/sec x 103
N T,

A2 ‘ - 2.208 1.99 8
S . - 2.208 " 1.73 8
2.208 0.99 " 8

2,208 - . 0.77 8

2.208 0.17 8

2.208 0.13 8

2.208 - 0.00 8

A3 2.208 . 1.96 ’5
2.208 1.51. ' 5

2.208 .1.18 5

2.208 0.83 » 0

2.208 0.58 5

. 2.208 D.40 5
Al 2.208 1.79 A1
" 2.208 . 1.38 1

2.208 1.06 1

2.208 0.56 1

2.208 0.44 1

A 2.208 1.94 - 6
- A 2.208 1,54 6
2.208 1.10 6

. 2.208 0.83 6
- 2.208 T 0.63 6

& 2.208 0.4y 6

i, . .

A6 2.208 1.92 y
2.208 1.50 4

2.208 1.19 4

2.208 0.83 4

2.208 0.50 b

2.208 0.20 4

A7 2.208 1.79 10
A8 2.208 1.85 9

A9 2.208 " 1.85.



TEST SERIES

Bl

B2

- B3’

" BY

B5

.B6

L663

>

2

5

5

5

5.663

5.663
-5.663

5.663

5.663

5.663

>

5

5

663

663

.663
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w

1663

| ﬂcma/sec x 10%)
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Q.
0.

[aYaleNoRa)

QL/QM

.60"
.46
.27
.32
.16
.09
oou

.63
45
26
.15
.09
.0}

0.52.
0.36
0.23
0.15
0.09
0.06
0.60
0.05
0.
0
0
0
0
0
0
0
0
0

32

.24
15
.06

.58
.43
.24
l>33
17
.09
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.61
.48

¢33
22

16
15
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TEST .SERIES ‘ _ QL/QM .  JUNCTION TYPE
T P (em®/sec x 10%) : Y
BT ® 5.663 . 0.66 '
T 5.663 - 0.51 7
5.663 0.40 7 .

5,663 ' 0.29 T

‘ 5.663 0.06 T .
.. 5,663 | 0.20 | T

B8 5.663 0.75 10 X

B9 | 5.663 ' 0.72 | 9
Bl0 5.663 ' 0.72 9
M 5.663(QM) 1
| 2.208(M) 1

L2 3,964(QL) 1.
' 1.005(QL) 1
cl 5.663 0.63 8
ce : 5.663" 0.63 9

.C3 5.663 0.63, 6A

ch .. 5.663 0.45° 4 A
Cc5 5.663 0.45 1
c6 . 5.663 0.66 10
c7.1 5.663 0.65 7
CT.2. 5.663 0.46 7
c7.3 5.663 0.26 7
M3 © 5.663(4M) 7
L3 2.5U8(QL) ' 7
- 3. 624(aL) ) 7
" p1.l 5.663 0.65 7
D1.2 5.663: 0.35 7
D1.3 . 1-787 0.26 7
DL.k - . 2.463. 1.86 7
D2 5,663 , 0.72- 1

D3 5.663 . 0.72 8A

Dl 5.223 g.;g 6A

.D : o 5.663 .
Dg.l © 5,663 0.72 - A
D6.2 5.663 . 0.72 A



TEST SERIES

El
E2
E3

E5

E6.1
E6.2
E6.3

M4

L4.1°
LU.?2

Fl.1l
Fi.2
F2
F3
Fl
F5
F6

"Gl ‘
G2

G3 -
Gh

Hl.1l
Hl.2
Hi.3

M5.1
M5. 2
15

H2
H3
Hi

I1.1

I1.2
. 12
I3
14

QM - QL/QM
(em3/sec x 10%
—

" 5.663 .48
5.663 0.48
5.663 ' 0.48
5.663 _ 0.48
5.663 . 0.62
5.663 0.70
5.663 0.20
5.663 0.15
5.663(QM)

.1.146(QL)

2.690(QL)

5.663 0.72

7.130 0.53

5.663 0.80

5.663 0.80

5.663 0.80

5.663 0.80

5.663 0.80
.663 0.73
.663 0.73
.663 0.77
.663 0.69
.663 0.63
.663 0.27
.079 0.23

5
5
5
5
5
5
7
5.946(QM)
5
1
5
5
g
5

.663 0.72
.663 0.72
.663 0.5
.663 oﬁﬁg
B%663 0.20
5.663 0,53
5.663 . 0.53
5.663 0.53
" o

663(Q -
L 61U(QL) :

AN

AN

JUNCTION TYPE |

-t

o =3 -};q —1—1—3 —gcy:m: (-

oo
=

0

WO o =31 ~3—3 =313

=

&

=]

=
=

o O
=

[ S )
=

- A <



TEST SERIES QM. QL/QM  JUNCTION TYPE
" em®/sec x 10%) .

o

J1 5.663 ‘ 0.54 6A
J2.1 5.663 0.54 : 9
J2.2 o 5.663 0.97 ° 9
J3 5.663 0.72 "8A
Jh 5.663 0.70 - 2A
K1 5.663 0.64 6A
K2 5.663 0.64 ' 9
K3 5.663 © 0.64 8A -
KA 5,663 ** 0.45 YA .
M 5.663 < 0.72 LA
N2 5.663 0.72 8A
N3 5.663 0.72 6A
N4 5-223 0-73 g
. , 0.7 :
N5 5 3. | P
Pl 5.663 - 0.35 2
P2 ’ " 5.663 0.35 4
Pl 5.663 . 0.35 9
P5 5.663 0.35 6
16.1 1.953(QL)
- 16.2 3.766(QL)
Q1 . 5.663 0.35 . 1A
Q2 5,663 0.35 . 8A
Q3 5.663 | 0.% g
Q4 5.663 0.35 §A
Rl * 5.663 - 0:35 v 1
< R2 5.663 v/p.35 8
- R3 5,663 . -~0.35 8A
R4 5.663.. 0.35 6A
R5 5.663 - 0.35 9
s1 5.663 , 0.35 2
s2 5.663 0135 ha
53.1 5.663 0.25 9
33.2 5.663 0.l -9
sy 5.

663 0.35. - 6A



Ti.
Tl.
T2.
TZ2.

T3
T4
T5
T6
7
T8

ul.
Ul.
uz.
v2.
us.
Us3.

ulb.
U5.
Us.
- Ub.

uT.
u7.

U8

ug.
Ug.

Vi
v2

V3.
V3.
vi.
V4.
V5.
V5.

Wl
W2
W3

S

SRR

TEST SERIES

N MDY

NHNHNHDE R R

QM
(cm®/sec x 10°)

663
663 .
663 .

.663
1663
.663
.663
663
663
663

.663

.663
663 -
.663
.663
.663
.263
.663
03
.663
663
.663
.663
.663
.663
.663
.663

.663
.663

>
5
5
5
5
5
>
5
5.
5
5
5
5
5
5
5
5

663

.663
.663
.663
.663
.663

.663
.663
.663

QL/QM

. JUNCTION TYPE

&

6A
6A
9
9

2A
ha
9

8A
1A

9

9
8A

8A
1A
1A

o bas i



APPENDTIX "B"




GENERAL

. SELECTED REFERENCES | -

%t L
Babbitt, H.E., Baumann, E.R., Sewerage and Sewage Treat-
ment, 8th Ed., McGraw-H111l Book Co. Inc., New York, 1958.

Chorley, R.J., Water, Earth and Man, Methuen and Co. Ltd.,

' London, 1969. See Sectlon 5 Surface Runoff, 5.3 Over nd

Flow and Man, 5.4 Urban Drainage, P. 249,

Hathaway, G.. "pesign of Drainage Facilities," Proceedings

of the Symposium on Military Airfields, Transactions

A.S.C.E., Vol. 110, Paper 2247, 1945, ppP. 6a7-730.

.~ McPherson, M.B., Domestic Séwage Flow Criteria for

Evaluation of Application of Project Scheme to Actual
Combined Sewer Drainage Areas," Combined Sewer Separation
Project, A:S8.C.E., Tech. Memo 8, Nov. 17, 1967.

-,

overfield, J.L. et al., nTnereasing Waste Water Flow
Veloclity by Using Chemical Additive," Water Pollution
Control Federation, Vol. 41, No. 8, Sept. 1969, pp. 1570~
1585. - .

Rawn, A.W., "What cost Leaking Manhole," waég}works and
Sewerage, vVol. g4, No. 12, 1937. .

Report and Technical'Discussion on Master Plan of Water-
works and Waste Water Control for the Regional Municipality
of Ottawa - Carleton, J.L. Richards and Assoclates Ltd.,

.consulting Englneers, Jan. 1970.

Sellin, R.H.J., Barnard, B.J.S., Use of Friétion Reducing
pdditives to Increase Capaclty of Storm “Water Sewers,

J. Inst. Mun. Eng., Vol. 98, No.-8, Aug., 1971, PP. 207-

209. :

Steel,.Ernest, W., Water Supply and Sewerage, 4th Edy,
1960. g

.Symposium, High Velocity Flow in Open Channels, Transactions

A.S.C.E., Vol. 116, 1951, pp- 265-325.

Waste Water Engineering: Collection, Tpeatment and

Disposal, Metcall and Eddy Inc., McGraw-Hill, 1972.




)
. t_\'-"
13. Yevjevich, V.M., "Bibliography and Discussion of Flood
Routing Methgds and Unsteady Flow in Channels, U.S
Geologlcal Survey," Water Supply Paper 1690, 1964.

THESIS
@

. 1. Ailtken, A.P., "Improvements 1n Urban Drainage Design,"
PhéD. Thesls, University of New South Wales, Australia,
1967. .

2. Atalik, A., "Hydraullc conditions at the Confluence of

Two Channels," M.S. Thesig, Middle East Technical
University, Turkey, 1964 ¥

3. Baez, S.Y., wstudy of the Hydraulics of Open Channel
Transitions,"” M.S. Thesis, Massachusetts Institute of
Technology, U.S.A., 1931. ’

4. Barnes, A.H., "Predictablility of Free  Surface Proflles
for Steady Nonuniform Flow in a Circular cross Section,"
PhéD. Thesls, Colorado State University, U.S.A., Aug.
1965. : co

5. Brown, A.C., "Design of Storm Sewers," M.S. Thesis,
Dept. of clivil Engineering, University of Toronto, Canada
March, 1950.

6. Evans,'D.R., "The Flow of Water in Pipes as Applied to
Water and Sewer Pipe Design," M.S. Thesis, Dept. of :
Civil Engineering, University of Toronto, Canada, Aprill

1954,

7. Futrakul, S., "Flood Routing in‘a Circular Section,"
- M.S. Thesis, Dept. of Civil Engineering, Colorado State
University, Colorado, U.S.A., June 1967.

- B. Hollanﬁ, M.G., "Computer Modlels of Waste Water Collectlon '
Systems," Ph.D. Thesis, Harvard University, U-S.A., 1966.

9. Horowitz, F.C-, Morgan, J.R., nCombining of Streams in
Open Rectangular Channels," Bachelor of Science Thesis,
University of california, {is Angeles, Ccalifornia, U.S.A.,

1937.

10. Ligget, J-A.> "Unsteady Open Channel Flow with Lateral
Inflow," Ph.D. Thesis, gganford University, U.S.A., 1959.

P

——




11.

2.

13.

-

14,

Ragan, R.M., "gynthesis of Hydrographs and Water Surface
Profiles for Unsteady Open Channel. Flow with Lateral '
Inflow," Ph.D. Thesis, Cornell University, Water
Resources Center, 1965.

Sevuk, A.S., "Unsteady Flow in Sewér Networks," Ph.D.
Thesls, University of Illinois, U.S.A., 1973. -

sundih,-A., "Hydraulic and Structural Design of Large .
Sewgrs," Ph.D. Thesis, University of Illinois, U.S.A.°

Shulef, W.R., "Energy Loss 1n Mixing Streams 1n Closed
Circular Conduits," M.S. Thesis, University of california
at Berkeley, U.S.A., May 1940. .

‘\
STORM WATER M NAGEMENT

1.

6.

7.

Aaron, G., Egborge, Charles, E., "Final Report of a
Practical Feaslibility Study of Flood Peak Abatement 1n
Urban Storm Runoff," Dept.-of the Army, Sacremento '
District, Corps of Engineers, Contract No. DACW05-T72-
0003, March 1973.

Anderson, J.J., "Real Time Computer Control of Urban
Runoff," Journal of Hydraulics Division, A.S.C.E., Vol.
96, No. HYl, Paper 7028, Jan. 1970, PP- 153-164.

Anonymous, "Storm Water Management.for Residential Land
Development ,” Public Works, Feb. 197%4. :
i

Anonymous, "Storm water Control for a Shopping centre,” e
civil Engineerigg, Feb. 1960. ,

‘Click, C.N., nFeasibility of Flow Smoothihg ‘stations in = ‘
Municipal Sewage Systems, Technical Series, EPA-R2-73-138 #
EoPo, FEb- 1973'

pajani, F.S., Gemmel, R.S., noptimal Design of Waste
Wwater Collection Networks," Journal of the Sanitary

Engineerinﬁ.Division, A.S.C.E., Vol. 98, No. SAb, Dec.
19723 pp- 53— 7'

npispatching System for Control of Combined Sewer Losses
Part II1, Mathematical Modtl," Federal Environmental
Protection Agency, Water Pollutlon control Research

“geries 11020FAQ, St. Paul;QMinnesota Metropolitan Sewer

Board, 1971.

s



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pield, R., Zager, J.A., "Urban Runoff Pollution Control -
State of the Art, "Journal of Environmental Engineering
DiVj.Sion, A.SICIE!’ IEl’ Febc 1975, ppc 107-125-

Harris, G.S., "Real Time Routing of Flood Hydrograph in
S;orm Sewers," Journal of Hydraulics Division, Vol. g6,
No. HY6, June 1970, pp. 1287-1260.

Heaney, J.P., Huber, W.C., 'et al., "Storm Water Manage~
ment Model, Refinements, Testing and Decision Making -
Final Report," Dept. of Environmental Engineering,
sciences, University of Floridd, Jyne 1973.

-

Hutchison, B.G., "Tpols for Urban Land Use - Trans@
Strategy Planning," Canadlan Journal of Civil Engineering

Vol. 2,°No. 1, 1975, pp. 85-97. (Computer programs to

water, -sewer and storm network for alternative patterns
of development)

Labadle, J.W., Grigg, N.S., Bradford, B.H., "pAutomatic
control of Large Scale Combined Sewer Systems," Journal
of the Environmental Engineering pivision, A.S5.C.E.,
Feb. 1075, EEL pp. 27-39.

Mays, LyW., Yen, B.C.,"Optimal Cost Design of Branched
gewer -3ystems," Water Resources Research, Vol. 11, No. 1
1975, pp. 37-47.

Poertner, Herbert G., npetter Storm Drainage Facilities
at Lower Cost," Civll Engineering A.8.C.E., Vol. 43, No.
10, Oct. 1973. ' !

Poertner, H.G., "Detention Storage of Urban Storm Water
Runoff," APWA Reporter, May 1973

"Storm Water Management Model," Federal Environmental
Protectlon Agency, Water Pollution Control Research .
Serie 11024DOC, % volumes (Metcalf and Eddy Inc. and
University of Florida and Water Resoupces Englneers Inc.)
1971. . :

nppeatise on Urban Water Systems," Civil Engineering
Dept. ., Colorado State University, Jan. 1972,

Yen Ben Chie, "Methodologles for Fliow Prediction in
UrbapﬂS%orm Dralnage Systems," WRC Research Report 72,
University of Tilinols Water Resources Center, Sept.
1973. ' )

7
Droste, R.In Hartt, J.P., n"Quality and variation of
Pollutant Loads 1n Urban Stormwater Runoff", Canadian
Journad of Civil Engineering, Vo.2, No.l, pp. 18-%29.

»



™

hl

URBAN HYDROLOGY

1.  American Soclety of Civil Englneers, "Basié Information
Needs 1n Urban Hydrology," A.83.C.E. Urban Water Resources
Program, 1969. _

2. "Analysis of Storm Runoff ahd Lake Storage," Report to
the City of Winnipeg by Underwood McLelland and
Associates, Winnlpeg, Man., Canada, Feb. 1970.

3. Anderson, Daniel B., "Effects of Urban Development on
Floods - Water in .the Urban Environment," U.S. Geological

survey. Water Supply Paper 2001-C, 1970.

4. . "aspects of Hydrological Effects of Urbanization,”
Journal of Hydraulics Division, A.S.C.E., Vol. 100, No.
HY5, May 1975, PP- Lho-L68. :

5. naustralian Rainfall and Runoff," Institution of
Englneers, Australia, First Report of the Storm Water
standards Committee, 1958.

6. Bandyopadhyay, M., "Synthetic Storm Pattern and Runoff
for Gauhati, India,"e%purnal of Hydraulles Division, May
1952,

7. Brater, E.F., "Steps Toward 2 Better Underétanding of
Urban Runoff Processes," Water Resources Research, Vol.
4, No. 2, April 1968, pp. 335-347. '

8.. Beil, F.C., Songthara Om Kar, ncharacterlistic Response
Times in Design Flood Estimation," Journal of Hydrology,
No. 8, 1969. ‘

9. Brown, R.K.,'"Drainage.Alternatives," APWA Reporter,
_ June 1973e

10. "Bunn's Creek Study,” city of Winnipeg Water Works ,
W§§pgwgqugisposal Division, Nov. 1973.

11. Butler, S.5., "Engineering Hydrology," Prentice Hall
—Tnc., 1957. .t

12. Chen, C.W., Shubinsky, R.P., "Computer Simulation of
Urban Storm Water Runoff," Journal of Hydraulics Division
Feb. 1971.

13. Chow, Ven Te, "Handbo%k’afxépp jed Hydiology," McGraw-

Hi1l Book Co. Inc., Ngw York, 1964.



1h.

15.

16.
1T7.
18.

19.
20.

21.
22.
23.
.2H.
25.

26.

—

Crawfopd, W.H., "Studles in the Applicatilon of Digltal
Simulation to Urban Hydrology," U.S. office of Water-
Resources Research Contract Report 14-31~-0001-3375,
Washington, D.C:, 1971.

Crawford, N.H., Linsley, R.X., "Digital Simulation in.
Hydrology, Stanford Watershed Model IV," Technlcal

Report 22, Stanford University, Stanford, California,
July 1966. :

Dawdy, D.R., "Mathematical Modelling in Hy Arokeofy »"
The Progress of Hydrology 1, University of Illinols,
Urbana, Illinols, 196G, pp. 346-361.

Eagleson, P.S., nModelling Surface Runoff in Urban
Hydrology," A.S.C.E. Urban Hydrology Research Council
First Year Report on Urban Water Resources Research,
Sept. 1968, pp. A-32 = A-T8.

Eagleson, P.S., "Unit Hydrograph Characteristics for
gewered Areas," Journal of Hydraulics Division, A.S.C.E.
Vol. 88, No. HY2, Paper 3069, March 1962, pp. 1-25.

Everhart, Ralph C., "New Towﬁ Planned Around Environmental
Aspects,” Clvil Engineering, A.S.C.E., Vol. 9, Sept. 1973.

Forest, E., Aranson, H.G., "Highway Ramp Areas become
Flood Control Reservolirs," Civil Engineering, Feb. 1959,

Gregory, R.Il., Arnold, C.E., "Runoff: Rational Runoff
Formulas," Transactions A.S.C.E., Vol. 96, No. 1812,
1932, PP. 1038-1099. :

Grigg, N.S., et al., "Metropolitan Water Intelligence
Systems," Dept. of Civil Engineering, Coloradoc State
Upiversity, June 1973.

Hicks, W.I., "A Method of Computing Urban Runoff,"
Transactions A-S.C.E., Vol. 109, No. 2230, 19#“, PP -

T217-1253.

Horton, R.E., "An Approach Toward 2 Physical Inter-
pretation of Infiltration Capacity," Proceedlngs,
Soll Science gocilety of Amerlca, Vol. 5, 1940.

Horton, R.E., "surface Runoff Phenomena, pPart I, AnalySis

of the Hydrograph," Horton Hydrological Laboratories
‘Publication 101, 1935. '

Horner, W.W., Flynt, F.L., "Relation Between Rainfall nd
Runoff from Small Urban Areas," Transactlons A.S.C.E.,
Vol. 101,.1936, p. 140. i




27.
28.

29.

30.

Tt31.

. 32.

33.
34.

35.

38.

39.

Izzard, C.F., "Hydraullics of Runoff from Developed
Surfaces," Proceedings, Highway Research Board, Vol. 26,
1946, pp. 129-150. ‘ o

Izzard, C.F., "The Surface Profiles of Overland'Flow,"
Transactions, American Geophysical Union, Part VI, 1944,

_ James, L. Douglas, "Using a Digital Computer to Estimate

the Effects of Urban Development on Flood Peaks," Water

' Resources Research, VYol. 1, No. 2, 1965.

Jones, Earl, D., "Urban Hydrology - & Redirection,"
Civil Engineering, A.S.C.E., Aug. 1967.

kiefer, C.J., Chu, H.H., "Synthetic Storm Pattern for
Dralnage Design," Journal of Hydraulics Division, Aug.
1957.

Kidd, C.H.R., nphe Development of an Urban Runoff Model,"
Unpublished M.Sc. Thesls, Dept. of civil Engineering,
Queen's University at Kingston,-l97g.

Klym, H., et al., "Urban Hydrologic Propess—Computef

' simulation," Dorsch Consult, Munich, Germany.

Lanyon R.; Jackson, J.P., " Flow Simulation System,":
A.S.C.E. Hydraulic Conference, 1thaca, 1972.

Leclerc, G., Shaake, J.C., "Methodology for Assessing

the Potentilal Impact of Urban Development on Urban

Runoff and the Relatlve Alternatives," Ralph M. Parsons
Laboratory, Dept: of Civil Engineering, No. 167, : '
Massachusetts Institute of Technology - ‘ ‘
Morgalli, J.R., Linsley, R.X., ncomputer Anglysls of

Overland Flow, Journal of Hydraulics pivision, A.S5.C.E.

Vol. 91, No. HY3, 1965, pp. 81-100. )

Normand, D.; "Modeles’ pour 1tgtude du ruisselement
urbain," La Houille Blanche, Vol. 3, 1971.

o
Of fner, Franklin F., "Computer Simulation of Storm Water

- Runoff," Journal of Hydraullcs Division, A.S.C.E.,

Vol. 99, No. HY12, Paper 10216, Dec. 1973, PP. 2185-
2194,

Papadakis, C.N., Preul, H.C., "pevelopment of Design
Storm Hyetographs for Cincinnati, Ohlo," Water Resources
Bulletin, Vol. 9,.No. 2, April 1973.

%

'
._.L:ac.:‘);i,ég‘-



4o.

Papadakis, C.N., Preul, H.C., "Infiltration and Antecedent
Precipitation," Journal of Hydraulics Division, Sept. 1973.

~

4.

ha.

45.

46.

47, .

o

48.

49.

Papadakls, C.N., Preui, H.C:, "Urban Runoff Characteris-'

‘ttes," Final Report, No. 111024 DQU, Environmental

Protectlon Agency, Water Quality Offlice, Water Pollutlon
Control Research Serles, Washlngton, D.C., Oct. 1972.

Papadakis, C.N., Preul, H.C., mgniversity of Cincinnati
Egbgn Runoff Model," Journal of Hydraulics Division, Oct.
72.

. Pecher, R., "Analysis of Runoff M rements,"” Proceedings,.

European Symposium on Waste Water eatment, Munich, West
Germany, 1969, Pp. 75-94. '

.44 .5 Pecher, R., "Temporal Dependencé of Runoff Coefficlent on

Rainfall Duration and Intensity," Gas Wasserfach, Wasser
A. Bwasser, Vol. 111, No.:B,uAug. 1970, pp. u444-450.

Proceedings, Drainage Engiheers ponferencé, University of
Guelph, School of Englneering Technical Publication No. 24
Oct. 26, 1972. . .

Ramey, H.P., "Storm Water Drainage in the Chicago Area,"
Journal of Hydrauﬁics pivision, A.S.C.E., Vol. 85, .
No. HYH4, 1959, PP- 11-37. : ;

Rao, A.R., Delleur, J.W., Sama, .S.P., "Conceptual
Hydrologic Models for Urbanizing Basins,” Journal of
Hydraulics Division, July 1972. ’

Safma, P.B.S., Delleur, J.W., Rao, A.R.;, An Evaluation
of Rainfall --Runoff Modelggfor Small Urbanized Water-
.sheds," Purdue University, 1969. . :

*Schaake, J.C., "Modelling Urban Runoff as a Deterministic
Process,” "General Rationale for Modelling Urban Runoff,"
tpeterministic Urban Runoff Model," Treatlse.on Urban
Water Systems, Colorado State ‘University, July 1972,

Bp. 343-383.

50.

51.

Schaake, J.C. "Response€ Characteristics of Urban Water
‘Resoupce Data Systems," A.S.C.E. Urban Water Resource
Research FProgram, Technical Memorandum 3.

Seaburn, G.E., npreliminary Results of Hydrologlc Studies
at Two Recharge Basins .on Long Island, New York," U.S.
Geological Survey Professional Paper 627-C, 1970.

~

RS 1]



[

52.

53.

54.

55.

- . Pp. 1308-1355.

56.

"*March 3, 1969:

57.

58.

-59.

60.

61.

62.

63.

L}

r

Shubinski, R.P., Roesner, L.A., "Linked Process Routing
Models, Proceedings, Symposium on Models for Urban
Hydrology, American Geophyslcal Unlon, April 1973.

Stall, John B., Floyd A. Huff,.I'The Structure of
Thunderstorm Rainfall," Illinods State Water Survey
Reprint 165, Urbana, 1971. -

Terstriep, Michael L., Stall, John B., "Urban Runoff
by the Road Research Laboratory Method," Journal of

Hydraulics Division, A.3.C.E., Vol., 95, No. HY6, Nov.
.1969," pp- 1800-183%. '

Tholin, A.L., Kiefer, C.J., "The Hydrology of Urban :
Runoff," Transactions A.S.C.E., Vol. 125, No. 3061, 1960,

+

.

Tucker, L.S., "Availability of Rhinfall-Runoff Data
for Sewered Drainaged Catchments," A.S5.C.E. Water
Resources Research Program, Technical Memorandum No. 8,

Tucker, L.S., "Northwood Gauging installation Baltimore-
Instrumentation and Data," A.S.C.E. Urban Water Resources
Research Program, Technical Memorandum No. 1, Aug. 1968.

Tucker, L.S., "Oakdale Gauging Installation, Chicago- = =
Instrumentation and Data," A.S.C.E. Urban Water Resoutges
Research Program,;Technical Memorandum No. 2, Aug. 15,{
1968. ] _

Tucker, L.S., “Rain‘Gaﬁée Networks in the Largest Cities," qg
A.S8.C.E. Urban Water Resources Research FProgram, '
Technical Memorandum No. 8.. -

Tucker, L.S., "Sewered Drainage Catchmenis in Major Cities,"
"A.S.C.E. Urban Water Resources Research Program, Technlcal
Memorandum No. 10. ) -

:vlesman, We, dP.) Geyer, J.C., "Characteristics of the
Inlet -Hydrograph," Journal of Hydraulics- Division, Sept.
1962. .

Jo

Viesman, W. Jr., "Runoff Estimation for .Very Small
‘Drainage Areas," Water Resources Research, Nov. 1967.

'Waﬁkins,'L.G., Young, C.P.,'“Developments in Urban
Hydrology in Great Britain," Proceedings, Conference on
Urban Hydrology Research at Proctor Academy, New )

« Hampshire, Aug. 1964.



SEW

<

ER SYSTEM DESIGN

7

- 1. Acker, P., "Tables for the Hydraulic Design of Storm

<

2.

. No.l4, HMSO, England, 1963. .

Drains, Sewers and Pipelines,™ Hydraullc Research Paper

Alverson,‘Kept,“ Storm.Sewer of Lakes? Stored Water is
Part of Bettér Life by Design for Miiwaukee Development,"
Roads .Streets, Vol. 116, No. 5,:1973, pp. 148-151.

Anonymous, "Computer Asslsted Sewer Design,“ Water

Pollution Contreol, Don Mills, Ontario, Canada, vol. 109,
No. 11, Nov. 1971, pp. 36-39. R )

_ Azdis, Colby V., Kenneth J. Dueker, Arno T. Lenz, "Storm-

‘Drainage Practices of Thirty-two Clties," ‘Journal of

8.0

9.

Hydraullcs Division, A.S{C.E., Vo. 95, ‘No. HY1, Jan.
199:pp-\33"_0- . L - -
Argaman, X., Shegir, U., Spivak, E., "pesign of Optimal

Sewerage Systems," Journal of Erfvironmental  Engineering
Divi€ion, A.S.C.E., vol. 99, Oct. 1673, PP+ f03-771.

Blakey, A.W., McCreath, G.F., Thomson, M.G.D., “"Design of
Long Interceptor Sewers," Journal of Institute of
Municipal Engineering, Vol. 99, No. 12, Dec. 1972, PP-
338‘3"'3- oo . . T

prandsietter, A., Engel, R.L., Cerlock; D.B., "Mathematical
Model for Optimum Design and Control 09§Metropolitan

Waste Water Management Systems," Water esources Bulletiny
Vol. 9, No. 6, Ded 1973, pp. 1188-1200.

Bruschin, J., "Design of Sewers," Bulletin Technique

Suisse Romande, Ecole Polytechnique Fédérale, Lausanne,

Switz., Vol. 99, No. 117 May ?6, 1973, pp. 216-223.

clark, J.W., Yiessman, Warren 'J.R., Hammer, Mark J..,
Water. Supply and Pollution Control, 2nd Edition Interna-
tional Text Book Company, Scanton, Pensylvania, U.S.A.,
1971, pp. 184-225, P. 221 head.losBes in manhole
structures in' chapter 6 waste water systems.
- - [

‘\SigyCOmb,'E.L., "Urban Storh Drainage Criteria Marmual,"

"MMvil-Engineering, New York, Vol. 40, No. T, July 1970, ',
pp. 39- 1.~ - : SN

v , . ’ . S

feag

o,




.

11. )

12.

i3.

14,

15~

16,

17.

-18.

‘>19.

" 20.

22.

S

by Computer," Public'Works, Vol. 191, No. 6, June 1970,

, - Engineering Division, A.S.C.E., Vol. 99, No. EE1,
 Feb. 1973, Faper 9578, pp.35-53+ :

Kz .

e LD,

<

CujéIETlE., "Velocityjﬁﬁasﬁrements in Sewer Vital to !

‘Design and Maintenance," Water and Sewage Works, Vol.

116, No. u? April 1969, pp. 144-147,

Dajani, Farir S., Gemmell, Robert S., Morlok, Edward K.,
"Optimal Design of Urban Wastewater Collectlon Networks,"

Journal of Sanitary Engineerin Division, A.S.C.E.,
Vol. 98, No. SgE, Dec. 19072, Paper 9418, pp. 853-867.

.

Duff, H.W., Hsieh, C.C., "Computer Initiates Sewer

Investigation and Design," A.S.C.E. Hydraulics Conference
Tthaca’, 1972. B - -

Fisher, J.M., Kafadl, G.M., McVinnile, W.W., "Design of
Sewer Systems," Water Resources Bulletin, Vol. 7, No. 2,
April 1971, pp. 294-302.

Geyer, J.C., Lentz, J.J., "Ag Evaluation of the Problems:
of Sanitary Sewer System Design," J.W.P.C.F., Vol. 38, .
No. 7, July 1966, pp. 1138-1147. i

Guifie for Englneers to Design ofiStorm Sewer. Systems,
Great Britain," Dept. Scilence and Industrial Research,
Road Research Laboratory, Road Note 35, 1963. '

Johnson, R.E.L., "Deyelopment of Saniltary Sewer Deslgn
criteria for the City of Houston Texas," J.Ww.P.C.F.
vé1l. 37, No. 11, 1965. o .
Lager, J.A., Shubinski s R.P., Russel, L.W., #Development’
of a Simulation Model for Storm Water Management ," ERS o
Journal of Water Pollutlon Control: Federation, Vol. 43,

No. 12, Dec. 1971, PP. 2424-2435. '

v

Leary A.G®,°Zepp, P., "Sewer Design and Cost Estimation ' ‘

<

pp. 90-91.

MePherson, M.B.,. "Some Notes on tha Rational Method of
Storm Drain Design," A.S.C.E. Urbap Water Resources

. Research Program, T chnical Memer#ndum 6, Jan. 22, 1969.

McPherson, M.B., Tucker, L.S., Hobbs, M.F., "Minimum
Transport Velocity for Pressurized Sanitary Sewers," .
A.S.C.E. Combined Sewer Separation Project, Technical ’
Memorandum 7, Nov. 15, 1967. ’

Merritt, Lavere B., Bogan, Richard H., "Computer Based
Optimal, Design of Sewer §ystems;‘Journa1 of Environmental

AN

-
—-—



 mali i K d .

23. Muz, W., "Critical Considerations in Design of Storm
sewers Overflow and Storage Capacities," European
Symposium on Waste Water Treatment, Munich, West Germany,
1969, pp. 95-117.

5. Nitzsche, W.N., Nissen, L., Marais, G.V.R., "Deslgn
Chart for Sewers in Metrlc Units," Civil Engineer {South
Africa), Vol. 14, No. 6, June 1972, pp. 203~-206.

’

25, Pearson, F.H., "Hydraullic Design of Gravity Flow 1n
Sewers," New Zealand Engineering, Vol. 26, No. 7, July
1971, pp. 21B-217.

26. Clean Water for our Future Environment ," Proceedings,
Specialty Conference of the Sanltary Engineering Divislion,
A.5.C.E., March 20-24, 1971, p. 57, Regional Waste Water
Management System, D. 157, New Directions for Waste
Water Collectlon and Disposal, p. 349, Drainage Today and
2050 A.D. - : :

27. Rickman, F.D., nggorm Sewer Design," Proceedings, State
Highway Officials National Conference Committee on
Electronics, Austin, Texas, U.S.A., May 7-8, 1968.

28. Rice L., "Reductlon of Urban Runoff Peak Flows by Ponding,"
Proceedings, Journal of Irrigation and Dralnage Division,
A.S.C.E., Sept. 1971. ' .

29. Rogers, R.A., "Rational-Rational Method of Storm Drainage
Design," Journal of Irrigation and Drainage Division,
ﬁ.S.C.E. Vol. 9h, No. IRH, Paper 5301, Dec. 1968, PP. 465-

80. ‘ ‘ - ‘

-

30. Schmidt, 0.J., Wpollution Control in Sewers," J.W.P.C.F.
. Vol. U4k, No. 7, July 1972, PpP. 1384-1392. ’

31. ngewers - Fundamentals of Sewer Deéign," W.0. SEFPPA
Hydrocarbon Processing and Petroleum Refiner, Vol. 43,
No. 10, Oct. 196%, pp. 171~176. .

32. "Dgsigﬁ and Constructioh in a Residential Area_1959-1963,"

Dept. of Environmental Englneering Sclence, Johns Hépkins

University.- Studied: Bradenton, Florida, Springfield,
Montana, Anahelm, Ccalifornia, Baltimore‘County, Maryland. = ! ,

33.“Shah, J.B., "Simple Method for Waste Water Flow Measurement,"

_ J.W.P.C.F., Vol. 45, No. 5, May 1973, PP: 932-935. .

3&. Smith, A.ﬂ., "optimum Design of SeWers,ﬁ-Ci 11 Engineering-

(London), Vol. 60, No. 703, 704, Feb. 19654 pp. 206-

March, PP- 3“9,351,353-




3

35,

. 36.

37.

38.

39.

ll‘o.

ll’lu

HYDRAULICS

1.

h.

O pintad

Stanley, W.E., Kaufman, Warren, J., ngewer Capacity Design

Practice," presented at a meeting of the Sanitayy Sectlon
of the Boston Soclety of Civil Engineers, D?E;/E, 1949.

Walsh, Stephen, Brown, Linfield C., "Least Cost Method

for Sewer Design,“‘Journal'of Environmental Engineering ’
Division, A.S.C.E., Vol. 99, No. EE3, June 1973, Paper ' -
9796, pp. .33-345.

Watkins, L.H., "The Design of Urban Sewer Systems," Road .
Research Technical Paper No. 55, Dept. of Scientiflc

and Industrial Research, London, Her Majesty's Stationery

Office (HMSO),.1962. : i

np Guide for Engineers U - the Design of Storm Sewer Systems,"
Dept. of Scientific and 1 dustrial Research Road Note 35

" H.M.S.0., London, England, 1963.

Wei, W.E., "The study of the Effect of the Foundatlon -
Drain on the Sanitary Sewerage‘System," Departmental
Memorandum, Borough of Etoblcoke, Ontario, Canada, Jan. 21,
1971. .

Wistort, Robert A.,-*Storm Drainage System Design,” Bulld
System Design, Voll 70, No. 2, Feb. 1973, PP. 32-36.

zusmanovich, V.M., "Resistance of Y-Branches of Sewer
Pipes," Voprosy Otopleniya 1 ventilyatsii, Gosstrolilzdat
(in Russian). ' - =

\

¢

Anderson, A.G., Straub, L.B. "Hydraullcs Qf Conduilt Bends,"
Bulletin No. 1, St. Anthony Falls HydraullcsLaboratory.,
University of Minnesota, ¥948. :

L

' "

Cole, I.R{, éf al., "Street and Highway Drainage in 2
volumes," Lecture notes from Institute of Transporatlion

an% Traffic-Engineeringx.Begkeley~University of Californla,
1965. - : '

Cote,; M., "Vertical Trans. curve for Sewer Pipes," .Water
Sewage Works, vol. 117, No. 10, Oct. 1970, ppP. 344305
196, Eng. Index, 1971. . R : , .

Edlis, J.,* "Study of ﬁnsteadf’%low'in Branched Channels,” |
Proceedings, Institution of Civil Engineers, Vol. Ly, ~
Dec., 1969, PP- 341-348. - mrpoern . ‘




4

"
I
Aa—;a};w' R v

5. "Factors Influencing Flow in Large Condults," Report on
Task Force on Flow 1n Large Conduits, Journal of

Hydraullcs Division, Proceedings, A.8.C.E., Vol. 91, ¢
No. BYb, 1965, Discussion Vol. 92, No. HYY, 1966, p. 168. i

6. Hilding,‘Beij; K., "Pressure Losses for Fluid Flow 1in
90° Pipe Bends," Journal of Research of the Natlonal
Bureau of Standards, Vol. 21, July 1938, pp. 1-18.

——

7. Hofmann, A., "Loss in 90° Pipe Bends of Constant Circular
Cross Section,” Transactions of Munich Hydraulic Institute
1928, pp. 29-41. ,

¥

8. .Ito, H., nppegsure ,Losses in Smooth Plpe Bends,"'Journal
of Basic Engineering, Trahsactions A.S.C.E., March 1960
pp. L131-143. . L

9. King, H.W., Brater, E.F., Handbook of Hydraulics, 5th
ed., McGraw-Hill Book Co., Toronto, Ontario, Canada, 1963,
pp. 8-29 (Minor Losses). “

10. NalXuri, C., Novak P., "Turbulence Characteristics 1in an
Open Channel of Ccircular Cross Section," Journal of
Hydraullics Research, .(IAHR), Vol: 11, No. I, 1973, pp- A

& .

11. Pinkayan, S., ngolution of the Unsteady Free Surface Flow
in a Storm Drain by the Method of Characteristics,”
Engineering Research Center, Colorado State University,
Fort Collins,-6olcrado,”Sept. 1966.

12. Pinkayan, S., Barnes, A.H., "Unsteady Free Surface Flow
in a Storm Drain with Lateral Inflows,"yﬁeport for U.S.
Bureau of Public Roads, Engineering Research Center, ‘
Golorado State uUniversity, Feb. 1967. b ‘ b,

13. nppessure Losses for Fluild Flow in g0° Bends," Journal of
Research of the National Bureau of Standards, U.S.A.
Voi. 21, Paper RP 1110, 1938, PP- 1-18.

14. Rao, P.V., Ral S.P., "Flow Separatlon in Open Channel
Expansions,” Irrigation and Power (India}, Vol. 26, No. 2,

April 1969, pp. 171%178.

15. Rhone, I.J., "Genéral Considerations of Flows in Branching
Conduits," Speclalty Coniference of the Hydraulics Division
A.8.C.E., Montana, ‘1973, PP. 205-21”. .

16. Skogerboe, G.V., Austin, L.H., Bennett/iR.S., "Energy .-
Loss Analysis,K for Open Channel Expansions,” Journal of,

Hydraulic pivision, A.S.C.E., Vol. 97, No. HYIO, Oct..l971,°
pp. 1719-1736. & :

+




17.
18.
19.
20.

21.

X

Steven?fﬁg.c., "Theoretical Energy Losses 1n Intersecting
Pipes," Engineerln News Record, July 22, 1926, pp. 140,
141, Sept. 9, 1926, P 437, Nov. 25, Pp. 883-884

Strauss, V., "Kénetlc Energy correvtion Factor and the

Momentum Correction Factor I Open Channels," Proceedings

12th Congress International Association Hydraulic Research,
Fort Collins, Colorado, Sept. 11-14, Vol. 1, Paper A39.

Thandveswara, B.S., Seetharamiah, K., "Some Characteristics
of Flow around a 90° Open Channel Bend," Houllle Blanche,

Vol. 26, No. 1, 1971, pP. u3-u7.

whittington,\R.B., Ali, K.H.M., ngiphons, Some Scale -

Effects in M els," Journal of H draulics Division, A.S.C.E.
Vol. 98, No. 1, Paper 8629, Jaw. 1972, PP- [5-70.

Wwilliamson, J.V., "Combining Flow in Branches and Wyes,"
Specilalty Conference of the Hydraulics Division, A.S.C.E.

Montana, 1973, pp._215-226.

Sk

.
‘|

.}



‘ o ~

‘

»
3
.
>
3
v
. -
»
- -
i et e -
»
-
-
-
-
) ~
-
v “ _ .

fe

3

et

oy



: "
’-
-4 o .
|« SV T wl
axo X s - —~
wod g o z P - o
L 12 . -4 o ' Wl ] (]
ww - O — a Z - L
ool O JTTR | %] - 0 o w .
Mt Tl O > « ZE Z o Wd - ) o g m
W= < D=l z xOo O a Z o -~ w o
i (YT b ret=nl e O > D " o~ - Z - b
[ s L =X v T [oal.~] ~
D Ak Wi Ll I 4 o L A o =
wivsx >0 XL sty A & o< w [T ] - 4« Lo MY g
F Ol —E I o o I Qr~ (N7, W | L]
YL P . ) [ STV 71 i o >~ [ W N L
ATEWTMN r ©r©r T w o Lo -l - o Z
-l O Llk=li— « . m [ - - 0 D .
ry OQlailr—- ra T x w. —~f] e WD ~3. - - .
wu.C 2 O =0 < O T O wme B3 A~ 0w -
a —Dui€—D A — L — .y M=~ —=— O N
e T T o ™™ - o o —I WX ww M W
T WwWF oo e Oy O= [FY ) rd Tl =l Mo o~ Z B .
3 LOZD IO I O o | —CMY_ I sl < D
.. it 0D Tl T - X Z aviBE D™ -~ ™
ul-of T 0O il (L} w 2 T S S
» X (0 Foroo 2 n Z STl v~ B < ‘.’m‘ . .
- =i - Az O -, FoaD X pmrmtw was & "
- Q. Dui—uit Oa= DA X -t af (D w YO Ty (8]
D ou Xl -l - - I SILGDIA Wl | o -
ruw rZz W wild Ol QX el & L Lo | D
O =Tl arrano ZOr N S L i o - (&)
—t =00 O - = O Zx Y AEJOR e bl z
i A T na. Ll (o] 0] frr =M 3 e -0 O O p |
- Oum~ « = 4] o - Ly 4T L - QN W=
wi o o wi- AT uivy D WA =~ O D - a =
r ZrewZo W O e I o ~m T~ &8N WD ™ [/2Ys 4 & o -
OAF T Z=TF Jd —~ F = O T Dt «d o~ FF 10
Z =D A0 = e « - O 177 L e p g ) o =X W T~
- 00 X JALIDX £ [ap Sp A Y et T o X wbd o~ M=
< MDWOT oxZTull O b= L R . wiZ o @ - ™ &
O U <OV < FueX wl (=] ol CADNC O~ O Bl M & W =
[¥9} O > OO ZW o~ T [BF f=] T addor D N O DODOXYE - Z 0 N -~
[ W ) o CsOmy J |l W a3 aliilif SO e Ll I w0 e = o O -
z rxZO0 Doxm O o < Z PR PO T - ke ASE N E ) =z "
- O LKE O wl— - [ o-—--—-s:--w--msn. PO e ) = -
X € eI q<OOXT o W< NG oy oy Y et wme X T
[+ H*Hmuﬂb-:DZZI—m Z—X o PN D AER s ONEZ meX = > —
Z Lot Ot O o - = ZO DRt mNG T wlis = B AL A e
[N ] om‘:-::t-m:zx_m:'-zm (=] ano cmm.—rcr.-c.-.wsom S EE 02 OO DO e T
e NS PRI ITY ., 2| T oz Y it et 2 Lt £ 3200 0NU < O +Z oL *
o e AxEn T L W o . Ok oa:ud.mq:n._nu-_! INMIMDG‘!.’IH.J‘-D-OUE-
- 4 mo:mmmmu.t-:c:m -_d x> u--m:-m-th [N | -.om-—o::u.mu.wu.vm
o Oowu > I Irmnc [« 1) |~ .4 Z W v XX -l w NI T o
- ::z;i;:r:u:r.o- - i =rs =2 OZ 4 F ONMEZ LI s S s
[ R = A wmuEok- N~ 2ZCZHCZZQZZZZZ:ZUK-*U‘NXFIX-'JX-OX
e ) u-»—m—mzzmmmu— DOMQU!HDDHDDO(‘I&I M P 1 O LN LN
@ E - Z Gl ZX (W 7 , CZU HM{DHZUJH?‘UJWH:INNQI [ N B
W nnant ,'udt-m_D-QH_ (=1 ] 4 mmzwu.:zmmzmmu: ..!KZIu.I-‘C-w—-ﬁ—-b-—lr-
@ : W OX) <O { X zzmz;..zz»azzz.: (0 ot T o o et A N
NZ L ANIEXN o - — - uu::u.;-c::u;u.'zuum«.t_x.u_suon:o::a::ozcn:
- @D -l LT O It—,;"QHII-S..I‘.AIU<-¢<<D-<Q¢C:-¢.Z<&<E
-l GOl w0 Ooxw -cpH,oo—.uomnn:uuuuzmmuau.:ou;omo
- n.I_NF-!L{B'>1E'> =Nz [ o fa N = L} [aYaTa] oo L ouunaru.
OUE WL Wl TEr<L p o .
(o L s L4 Jn OmOoE - N
] o ul o Ww SDw £ ;
-] : o oW - .
by | y S : ; - M T 0
nuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuc: . Mot Y

*

U MT D00 B M LS 0 O S - T U D P D
ﬁ—ﬁﬂ—'ﬁ—idﬁd—NNNNmNNN

-




-

Ky

e

|8 ]
* »
4]
=z
H *
[ =}
‘ -
st .
Y I
"
x
wl - .
Lt o
L ol -~ .
- E - o o~
¢ a . -~ - =
~ (=) w ‘e
ad = -« .
Lend o - L -
g o, o o - . ~—
- wd - - — —
- -] [ T | - -~
> - =< 1 n
7o) o o T« 4 , —~~ x|
- U — [= 2 TV} ~ ®
. - o - ~ - "
- ~ - -~ nN O a
n = [¥ - Q- | - N O (=]
. x o - - (5] - ] -
L&) w = |-~ - = v o~ o
- ~ - N - . 2 [ I L =
- v wl ¥ wl w o= -y o - !
o - T ~ - ;# - - ¥ 0 1
- O -t - - L -~ — N O -
[S [« 8 [V - Z (Y 4 - o (] L o -
- L w= Ot = (T3 [ ] -t T [
(5] ~ d « O T 0O ) o3 D o« -
-~ 4 - wu x Y O oZ o -y D o
o s — - - Nem o ny n - s
-~ o~ s ] -t ond w - us ¥ a4 ® b « G
r—~ [~ - <L [ L} - 3T -t} e i *« - O
U~ -~ - W= m lal o0 e Ll -~ Ll J
het W=t W H = =t e T~ s O 0ol (19 a w
I - -4 o an N Qe ZO o o o 4 .
g e e . ™ Lo L - e gy Z O Q - - .~}
= 1 H -~ - - - - wl -~ W «ExN O A 3 @w - \n \
0 =t et L - et - - e 4 e W c B L 3
de = = e 0 ~ " - )..J ~ o wld, - —EE QO T =l
.~ o~ -=C [ o D r « - LWar.d -« o St et 3 e
R o Lon S 4 ~ o~ o bk’ o oo > IwE ‘- wI+ 1 O L
hos Py ST 2 TuiMn s - (7 I zowL (CwZX myEE ¥ >IN = T oo
= o) X = X =t o3 &TIT - O 0 w=— RS 4 - | wons - WD - [3- 10
(cDIh-Ih:fIf\'Zﬂ.l“- a0 > aw - LA INAaE S W LiMLetTD  _d=y D> [T
e s aeALEl o & in o0 - L2 DIITET : S ITDND=wuDuTw T 0
Y (O O vt Z i v oconOD ~a M e e e e e o _3E 3 s 0™ AN [\
s wl) wl s w S we S — TEe- —te U &M T el Al e e el bl wemladiild il - b
c:x-x.-x-:oxmhxmxmm = emes een Lt D vt I v D w2 O | . = hlll...l_J"'u-ll"-d:_lul‘ﬂll . oM
mm:mmmmmnmmmmmm O o H e D wlhun PRY RRT QST AN e Lk U Wl e Lot
e AN WS WS e Y Z M- S T NS ST s ) et P a1 U0 BRI SRR = L0
| P et -t s wtwmt b T i s o W - st e A S P A e = L QAT et pmgtt (UCU s [
o s Nt i, &\-’4.5-“-‘4{\-'( x.l L [T o PP oSl LS L W 3> [ en Tyt g > < XX
DIDIQI—IOI‘.-—‘OIOIGG - —EZEmEE-E—I 1 o Feuww S>> IL J O
g (¥ <Xl <X <SOraM i O M 4 B I~ T SowOW kw2 ~0
NOUONOGNOGNONQIJ Zz o= orouEoOroxoxXoXxo W o« _lOquJGJGJJ_ICJhJ W bkl
u:u.zu.rru.oczu.on:u.n:u.qa E .,Il—ic'!u.. ZTu X TL TLWTU o woe w uwouwuiuo. 21 (=]
[+ 18 - ‘ [ &)
- U .
0 e - c ~ un = -t~ QR T N 0 : .
u-a-mmmr-md-a-—mmn' : n-a Pt 0 S OUMET LN -0 O 8 - NM:I'I!\QI‘-QO‘S—‘NME‘ [Ty¥el
mmnnnnmpnmaaaza * =3 -;r::r:rmmmmmmmmmmo 0 OOQ-D-OOQ-OI‘-NF-H‘- : |t

o S



~=(HS[UPE**7])

WL L L]

.

o et u.ummn-u-vzmr-a—n-z-—zmr—wocsb-n-wa Lo 2 T T Y

N TTOT Ot T

@ O 9 =P INT N OO O
P~ "-T"mﬂmﬂm [ o1 0]

OPEAx2))

LOPER?

St el =
i 8 -z:l--cn-n.::r...:z_m:::mmz 1L S e i

b = g
,n PR

OOQO‘O‘O‘QO‘O‘CU‘O‘ CEREESESNANE -

>

—_N A Z A i Z W O
-

L

—

- o .

e - T '

] uwn N .

N -

P~ ~ ~
pu— Sy Wy

=4 AT 11 =
(N = N~ —
W v e d ST -~ | = -~

N T O e Y v (&} -4 [ S I TV ] 4 o
o =t O ! et [V LA« 4 A =
b~ o TN D x > xx X o > -~
LYl e [ lanl™ 4 oFiad ax @ o Wnouw 1«
= €03 O =1L MIND TN [= = ] Tl o
b e lu it D o wow S . [TE I L
(> ~0 8 1A fo]=b g ob O™~~~ I 10 = ™ 0010 o
LY Vel B =kl (el Ll P Pl | ~ o - ‘e
il emtemTHY A, - D ALIMIOICD P vt~ [ e . g
wply. oo C~ O e mnAl® geEwr0I00- G
[ e oL -l - S0 0> T =N NON’\DPQNF\L'IQ.J L]
uu:—c:_:vf\lo-—nhl oD Al s e eewuul SO R T ~
HOwNOd Ml T -1 ET )] [T~ ] N L, P mu.:ma.;mo-r\.lr-—-r —
P—«u_lu::o--oc—-—-v-uu-nco--uu et 1D smmlals OLJIt:LuNt-lNHMn.NNMIIL-ImU
M L= HI W e o LN * v-\:)p--:IIIMZG-IhHllu.HHI:)nn..lln.llHIl P e e e

L]

ZZ 0D T
et O —t T
[ g L

;hmcmphwés«mmamohwdmamnumahmosamm:
-t et et vt et OIS

-

L(I)-HGL(I+l))/(POS(I+1)-PQS(I))

—
—y
gt
-
u -
-
[
§
~
hY. T
L o D
[ N g T~ nNX
L -e
oM NES - H
ZHit LTI SR S

O:IGHIDIH)—N_I
QT b= b ST = Z )

o Z LI -
o OLO0oLBVo<
oSVuaoT oOF

mchmo-sﬂmamo

ﬁﬂﬂv—!ﬂﬁ-—iﬁ-‘ﬁ.—i-—- i

-l =t

M\INNNNNMH\!‘\MMM




S(1+11=POS(I))

1)=HGLCI+1))/(PD

g'%u
RELC

CALCULATING THE EGL

S

N n .
I . -
N n ”
L -
bl -
] N 47} 0 —
o = o -~
. N " (a'] - J—
~— X S - oy ~— [
- n - — - a o J
L . ~ 0 ~ w e
[+ 4 - N - n fo e
- o - - K 3 > >
- [+ o « .. - e = p =
- —— L~ e~ o~ - Y
o -~ [a"] ~ey - - -
- -~ ey fux [ F o) o ~N
= ) -t <N~ o« N~ N - F.)
™ 0 Fe i) e . " e bl > [
- oW —O O e | — it o =3 o =
L oS .2 —-00 -2 ~ o
< o~ A - ) -l x L+
- = Fer e ] U L | P LT | o« N
o - — Ll L ot Lt - "t e
wy A N> M (D> N % x o -
<0 il L oL O T o« il [V g0
o T KL v e T~ [ s B == -,
D CI0H ~OL™~ D O WDIIT ~oa.un r T N
T o HAL - ~inam K0 =2 = -
- - e (D N B z I -
ac MDD +las C xddgC., $LIFC - O
Wt €~ E>+L ] O K>+l T~ ] w o [L]a]
Dy r= -u_\-c—-w—-clvnu } [] -~ PG (b= Li) oor [ Y T84 - S
- T O L et D (e b bt R-Rw Y 2 b T N Yt e e S Qe =T o } AN -
Ll TP L e Cl n i & e ® i) Wt T N~ o - &
e ar@lmr=D_l~ borm A& S Mt O3 _ L= (B = ~rm r o - M
o e T nOH e L T e Dl Lo 1 g Lar=tOI M. W I [ el Ly
el o)) M b T i=Zs Y T Rl Lk < Al k) DDt H mE -3 OB
<'|..'|-o-amuo-u—|nIIUQHHHHHZuHHﬁnuHHMquVHHH . w < Lt ST
L) o ety UMY Y i st bl -l | | N vy W
N ISGV‘-‘Z#‘OV.—:OZZsOD_H-_.'-ervHZLnGWDQI—ZOG L gl -< Lo alela)
: _JG-DU)D_'HOG‘JDUOF-DHQ(DLDZG-OmOUH-omO.JOi—ZH-DlDV = PR R IS
O S i | L. | o Ud O PSS T D N [ L. O a7 jus TS ~0 0
<L_ou4mu.:uoduwuc A u..uouu.'wc.ao;:umucumow - [ OLxoo
IO > SO >W>G >0 —aSs s> >0 >0 > L P =T TR L]
. -l
R L=
- +
‘ ! "
< . L ~N O+~ = S M T
LLLLUV o s 2 Y- JX. ] . O . D ODYLIOLL WU af
n' . 4
MST RO 00 [a¥] :mébmoaﬁmm:rmohma-s'—-mmcrm PG ] wtarn ST UY
FTITITY un DIMAMANLAN D U DD .n-oo.oor-h-r-r-r--r- P~ © o0 e 0 W

et et el gl ph e gt sl ot ot et vt ﬂﬂ—:ﬂv‘—l.—lﬂ.—lﬁ'ﬂﬂlﬂ—d—lﬂﬁﬁ - N -l .-Oﬂ—l'-lq-l

.

- .
- .. . . ‘ « A




~ .
L J
{
.
[ |
E ‘
i , i
: . .. .
P ' T -
\ : . ¢
t
J.l
\ LS
lond -~ ~ ~
- Ll Lol ”~ Ll
nad - T . — m
\ bt T O - O
| a. o z Z . z Z
i [T - - -2 bl 2
(=] z [ B ] 7, -
> | ] o 1 o | ] \
x j- o o~ a ~ L
x (& 1, 4 o
O i z B =z A2
- [} - - [=2
) o - O -t A .
[+ a) o - e N Rt
a o o ~ -« L] ~
At - 72 ] ~ "~ P ~ ~— -~ '
= 7] W Ll DX (TPR T e
- o n o O 20 - a ‘'Sa 2
T3 - [+ o] o o = x 4 @ [= 2 o =] -z
" ) . - s Ml . an e ~owund
Q™. b o o O’)DCDDHG".JI ' - om | [Ty Lo} ip o 12 P
—r (L - LU AT — TR L T P TR
- e x , ot L LA et L O e i LD . '
Q' ied o ot P A .. o - 0] WD N -
owa LI 4 B [RTTL LN i Nl . T [EPHL R ITU B L) . ht
N".A_f = uw ~ P Y e W Y bt * ~ PP R ot
Dl ] T AU e Y ' ko] B - T VP Lo i) . A
N> S Wl . Z T ) b T u= . . T AT =T [InsE U
NSHIND X - hartE P T Y B S s LR ot Tt e DD el ser Xl
i, ez . » _lfﬂ_l-lu_l'u.litf‘l_l SSLT T -ty O DJEN ) ¥V B ey ¥ SEEXRD0
—t TRt St [=] CuliwiuwE AT DR =TT . LQ'...!...L‘),'..;.L.:III.QJ!IM'.Z‘ HRU »ZH
o e (Y2 ] METINT Y % K 2 NS '....'lIZ!...IIIDH_ll‘IHtDZ PN L L T |
T eu.OwsT - [ IlﬂllﬁHlthCIH —~ot - & T R4l Kl - _.l_.l..lllt-HHCJD
T IS ol < CE OO e e A b e ——es T O P i & b A e O = [ el e
TAD D2 - a---l-n-u-u-»-tv'»-!vz 1’.-4\-4'2'1_IacHNH\Mch:Hur-ﬁHv_n—zv-c_lﬁ_.'.,lcvvzh-
-0 = SRR il S E JOCmT e L N o e & ot Qe ) O E IO
(=] . 411 4 o n..-.rm-nummﬁ—'.;mma_:w-.:HMu.:vﬁ ;hll—f\:N'\NNLa..-t--Cl;-..NNLJCUIIKu.:.JN OOouXx,
[T L PR P -t szzwwmumiyv’h-. _ht-—‘I't ot T T T Lt s Y X O 3 ey R
. L H il
) . . e . T '
2%} U , . - n N
vt -t nJ - N . = - N
=1 - JEIEIN SN . . o< o< - ™~ w o« ‘.
e N Rl ’
| . .
. . .
PO el m-.rm-.nr-noo-s--mmr.-mor-coo-samm:mor-mc-aummr:m-ar-noos—-mn::mor-n:-o-s .
ﬁﬂwQ‘U:O' - 0‘O‘OO0‘0‘OGQ&GESSESE-—!-l-c-adﬁnﬁ_ﬁ-ﬂNNNNNNNNNNMMMMMMM .
et et gt e ot et o-«-_-u-nﬂ-:—t—NNmNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN_NNNNNN
1 : - : '

™

-

-
.

Ly



{ . .
t
. . P . ™
-
, -
. ’ - \ ul
e » T~
. - - ==
]
e
(B8
. . . 20
. '
R jw .
-
" - -
L - ' -
. a -
3
' . -2
L
. . . . n
» (LY 4
- TXx
-~ -
. - -
! \ -~ ; - T ’:W
Q2 a = =
; . L - _l
. Ll m
a ) ..:_
~ . ~ ) oo
* v ’ x b
~ o or
(] ‘ e - -
ot - ~ = ul
L [ o -~ [os ] o -
- N - B : O
o | « wn - ‘ (=Y - ‘.
L e em & w — z - e LY
xE M O ~ Q o ” ot -~ z o
-—eZ Z - -3 " o L. . e~ -~ O~
un e N 1) | x L ] : — O
o ~e=tr X o ~D -~ = [ -2
P > th, W L | .l Y o T S Y E - -
KO b = x T et I Z - > L)
= ~e-l) WO 2 U0 W (0 s s . 5, w2 ' T~
- - > D W o [ L ] - - 4 0O - P
x -0 NN VO el -4 N o =2 1y O
oo™ B o~ . = A b o-=> w7 a -
(LY o Mt e o - AT Ix~ o - KE> - wiy
~_1 e e 0 — e s c = _E.ex e R 4
20 5 LW - % -9 KK K 3 w IWD fo BN ¢ I -
B N 3T XK - * o eqddY - L . ~
T ] el e = —HIDOETEL " -0 o . W, e iy
optD bt N el IN o - e B ETEIwT ILE &) L <-ITZI . O e w
cs-csuo-quﬂau-quzv -1 HAICOdqCI =T & & [ =1 - bl F- 4TV 4 -
u..vl‘-‘_";UDHu.'.llf'-ll —-E - AR WILTETEY T k] nZ - T=BENL" _— e )
3 e\ ZOLZF4 _—teal B osahtlt~ TN [TH 1 Mt )] 5 < XEOoOU e IR
\tcothU_J'—c—!zH ‘_ﬂ-I.JHHﬁHCJHMHHP' = (D ZELZ [l W] 4T
_IBHr-r-Ht—':C!l-ﬂ——-'::a zae-—«—nuua-—-w—'-tvz o N —=-
P e T Zdert L Fongiwnry  Z X 4 & X OE = -
n LL(OD‘OBJ\.LUO\J " il E O SODEO JMS |- r QO O . 2 aebx
PHI(DUC[ULJ)-‘!L’}{ » (=000 vwaa b, iu @ ¥ ¥ ° ; ':u.tg
. N - i a
W O ,y S Ll - 2
L~ T~ = 2= ¢ . * = = ‘ . . i -
~ "~ PP STETRIE T R LY . ~ C eouwouuou LLLLLOLL ™~
- . . . * . ‘ -
et (U MYET A0 B 00 O 1S IS mar-g:‘!)‘ G el MT LN -0 O R NS g
:r:u:t.a-‘:a-:r::mmmmw . .o l.."tmmo.o-a.ao.a.no.oo [l R s
N AN NNNNNNNNNNNNNNN aananIneng " . [y ]41]

.

SURIAI O NI

A

. . . -
s

]

nu-r

TS ]



— — Wl o ALY
« =~ . x o N WD
Ll - . M WZOZ
- W - - NE- Z D0
-~ - > - - WA D
- * - -t . Yo o >IX
- - - - R il T o _jraZ L n MY
W © .= Lt r 2 —_— D Z O
o u N ks - z = LEOAD=
2 = - | T - Or JEO3 =
o x w b I R Y sl E ~
T n A - 0 > = WNE>OX=
w = - -~ > 7 w,® >N . .
-~ ¥ - - -~ . il = wZ
-~ = »x - N o M Y
. = - (=] - Ll I (I e D
- - - .- z m AT WO
-4 = - Lud B R T Kt
. X . = x o« " = N St W NMZ
W ” - - x 3 5 OZ see—uul
- - . "4 —~ - W OENOTAT
-~ T . -~ - - - > M =Y DI
B o ' - - . » a ML =TT feeeld
I . - I - n XX - nN - - o OZu il
[« I - 8 - T - . | LY - ax e Ol
n & — 'ar+ SR - aom - =0
4 = - o N e Eu OOl
BEETYRR =3 [ v - — o n _MY Z il
> = - o N —_— e e W eD=0X
N z e T <~ = N LD T SO N
-~ - oJ b = W - e A L, O M= N
~v4 @ X ' w wtd o . FOT O TO GXOr
w .\ O oW X Y EQ = P e A
J = x ., ra W 4 S OM e e L7 Lo E w «
TR S [E] w L 0~ - S = w 0 v W IJENZ D
T " X, i ) ~ w - o Cox ~Dto=- 00
R Tw i v N - O s o QoL
-~ . OE , .. -4 n x| — IR R T U e b
-t [ -0 < D -0 =) - -l e =L
-~ M ¥ > .23 = N ' € - TN I—ZO
r w T o »x . X LA XX - X T OO
- - T3 - ¥ - M- - — sh— LI TN
o oz 0n v me Tl M | e = LO O
w ul (=] ¥y =-- - IR N <QH>2thg
[=] - x - 1 w _fNT - o~ - e it IY-Y (MW
- v XO . Z X ath N = T Lt el O Tt
-~ . X R VU ¥, = f=] Dl T W i
b SO =S [} - - - ™~ d D>w _*guzuuhm&
[T o 4 - = ~rls . NN . ~D>WZOWE
> 0w 2z w - s N T LA ™ ] o AO0Z
o M, . Z S e e R e s X 3T 0%
-2 n TEN wl - L nS - bost s Wb NN O e
Wl - OO | “.[De WM -« T ) MY OO LN
eyl VY FEL / L o~ |Z- Cle  F Dme NOZu-e X0
mun—u—-‘ P e akl =] N e Pl > - Pl - KD D
O w2 & et i. . wd o~ - e Z i v - o L «X
e _le 8 MM - sl D XD el .z - >
L © RS g Peoe Pl o= vt = SO LS WgXed D - nZ
) e Ulll weet e X - wete 3l sl are Al » weD alf) L *aLAIC I [l
W et L ol Sl M -a:.-mu.-::mwuv-ennvzmauﬂ ™
“ u-u-:(z-ﬂ-uo-h- - ui—x? AL D T Nt e i —_ e je= O
Q§n<mmu<m<z.'z LBl U T o e il e LI N2
T aIT=I0 = - —E aZtepmmi-E £ ZrEM a0 = EN
GO ST Z D LD @ tetEeslle e (S OOy = J&
o e 0 OEOXO | a xeaed O OY O JOX 00K ¥ Cee 2
ogmumuzmzw T T ITDOTE uzuzgzqu-zm-»x>u w
x & ' . « % _ T X
4 - L * . 3 =
. e n e oo =
- [ - o
-0 O %am ARO[ St
Pt P eoo0@ oOood oo oDan
Ny N OO NS IR

t

» v

NN
. :

- . P N

0SS

'CALCULATE POWER L

.

. Wl
s B P
o
a.
. Y n
]
L 4
u,’
T
Q
o
- f
7. -
A R
[ A ..
FTR
x .
o
a
» .|
; .
A w
T, . -
L (] ‘
- -
-~ B 4
- -
2] a.,
L] 0 x -
A I TV ~
e = X —
[ e ] Nt
B - S (=]
Ll Q.
=z Z -
o - ~
a < L
t z'. L —
- Ll
- - a .
I > —r~
= —T
= - -
-t e NeTY
- - Tout |
A
NN OZ AT
A I e Bt
o et O o vt
-8
Y R .
B o ad M3
b b (DO b= T
L e D ey o
X O X

ouLLLLO -~
N ]

-l =EZ
oo ;OO0

tm&mfctuu
'd(d?;‘@m
a oy i el i

=

-
-

TING OO
DEea, Q55—
prte SR




!
END

LU T LN
- el vt =t

MDD

- M
. -
-!— "
DN -
- \
. » .
: Y
. L
'~ pJ .
=] . 4 .
=
- - - .
~
a -~ - '] .
-ml
o
d . .
x - /‘\ : y 3
- - f\\ ~
L
b
= . e
S Fd
[
- ! -
~ . -
-~ 5 R
£ 4,
- .
i . .
o« . ) {
w2
T = i o~
[=. X ]
-l
b 2 ]
< X L )
Yol o (Y] N ' e
- - < «
L L N - -« K- -«
o = — — ~
O~ ~ LR Y - A
wC . -~ L . S
X » ¥ ¥ ( i\.
s . - T N . A
o X _ o~ ~ Hf*
L - - e 0 N2 T MND
oo — g W - K
= Lid o IS~ ERS,S [w] <~
wo - g5~ AR~ [ -~
L - [ O s hanion | Pt
-~ a O Ox- O®- W Ll Oox~
gJoo = O L [+ o 9 e
<Ml A, o =t [ oL | T
ru;s. T4 O et a s -
=~ < s O N0 et O3 )
W oL o« =T [ ) z wruXHuul
oZx o a0\ LY WD (=1 . sl \
-D WGP et AL O T
——a i~ B~ F w gz
Sh.. < 0 O—0aO T -t =z
Oz 4 2 Hian mui = W X e nrx
[o L VI W OO MmD o on~Ac~Z208
CE £ ~ b i e Z ~ b A=
D=z O WO~ Ol - ot e Ol
DO L —“O0X<ooxra<y ul ox<s X
- ax
- A q
u '
o
q L]

SIS 1) N MU sy
el ot ul O = N T WN-O =0 O e OUMTIND
—r IR N TR N N 0 T o ok Lt Lo
MM - mmmmrﬂnmmm P T L Lt L

A

]
+

t

~~
o
m. - - .
— - i
a
3V}
[ T
b .
-
-
L]
3]
L
X
-
] - '
A s
. - .
—
=
— S R
Fand ol .
P« S L '
wo
ar
> =
k=
-
~Ar .
[ B B
X - -
F -
= 0 .
wliy
ED - "~ -
o =~ — o 7] n
Pt - St -
N k2 ¥ ¥
-5 - L. L4 -
o-— » = -~ ol
X~ (o] a ¢ j ]
~ay x x *
x - ~ i -
[ o) —~ o~~~ _— -
O} = = = 4 e n -
[ YY) — N et e : —
O © ISo rsa C E2QA
- oa b AW AW L-4-~] 18]
OP —tert Prt—O [Tt
T’ © oxd ox_t O oxd
190w ~eld el ™ .
o L) gt -
L) S XD ST A e O 2t L
O OO —— O
ul W «THI ~EnX AT HET \

SO ZOIN~OW =D

ny LAt o

~ ocs:-«um:rm-or-ma»s -ty TN o
MmN IIII XX ITT S LN LML
Lrﬂ mmmmmmmmmmmmmmmm

.

e —— ———

Ow wa0Z—0
OO~ AL O T
oo TOXL

SENTRY




Fu

-
~

Y

-

.'r.,‘;

—



N

STORM WATER MANAGEMENT

With increased cosﬁs, with continued growth of
urban areas and hence the need for additional storm sSewer
capacity, the problem of comblned sewer overflows, and the

awarenes® that storm water is also polluting our: watercourses,

- much has been written recently'ahnué managing urban runoff

drainage systems (1, 4, 7, 16, 21, 2L, 28, 32), Appendix B.

A number of techniques have been suggested and

some are in use to "get more for the public’s money" 1.e.

_make optimal use of existing and new systems.

The following technlques are, in the author's
opinion, in the ordér "most effective“ to "least effective”
as regards improving the capacity and minimizing the cost.

‘The first management objective 1s to control the .

inflow rate to the sewer system. Urban Storm Drainage
Criteria Manual (41) presents an entire chapter on the
possibilities of using retention, detenqrbn, offstream ‘!l
cﬁannel, or onstream storage to reducevinflow rates to ;
collectioh systems. " Storage of rainfall near the point of
rainfall occurencé can take the form of ponding on roof tops
in parking lots, recreation areas, parks, road embankme?t§,
on éite ponds. TFor example (41) (sectlon 2.3, storage
chapter) if 3§ inch of precipitation is detained; with_a

c&ntrolled release of the detained water, the peak runoff

i 4]



L} . '

fprom 50 e¢fs to 10 cfs. The inconvenience o parking lot -
users 1s small whereas the cost benefits are great.

- In §25) a further example is worked out for the

impact that tpb construction of a shopping centre 7.4 ha

(18. 2 a&res)/of impervious area added to a 23 ha (57 acres)
/Watershed hag. on the runoff The plaza development increases
the peak discharge by\fB% and surcharges the existing system.
Witn 1.3 ém (i in.) of‘surface detention allowed, the peak -
runoff was less than the predevelopment ‘punoff rate. This
ooviated ;he need fcr.a rélief sewer, and an enlargement of

the exlsting system. |

‘_ A second tech\‘que controls the flow in the system

itself. Yen and gsevuk (47) have worked out an example of

the effectiveness of a retention ‘basin, for temporary storage

of storm water, 1n reducing_the required slze of downstream
sewers. They recommended’ the following: . o ‘
(1) For neu storm uatér disposal systems the wisdom

pf building expensivé intermediate,retentionfstcrage facilitles

to reduce sewer slzes is questionable. Retention basins with

storage volume approaching that of the runoff volume can be

——

effective in reduclng pipe sizes R
(2) For modification of exlsting system, intermediate -
retention storage may pe desirable to avold reconstruction

and to avold overloading of treatment facilities.’



The philosopny of the storage concept 1s_to
equalize the tlme distribution of flow, l.e. Eo aim for
pipes flowing fuli\i large percentage of the time, and not
“to have surcharglng at one time and sewers empty some time
later. A variation of the second technique is presently
employed by Minneapolls - St. Paul (7),Detroilt, Seattle, and
Toronto. Because of areal and time variations In rainfall, -
the proportion of sewer'capacity in uQE at a given time |
varies between various nain sewers throughout a rain storm.‘
Adtomatically contrplled gates can constrict and redirect the
flow ‘in a main.sewer until such time that the full capaclity
{s needed. In thils way, maln sewers that might not be of
use in a particular storm, can act as a storage area.
operation models exist to produce actual control decisions
i.e. regulator settings, diversions, etc., during a storm
event based on telemetered rainfall data.

A third technlque considers the idea of increesing “
1nfiltration i.e. by means of porous pavements, or various
landscaping practices to decrease flow in the sewer syetem.

A fourth technique, which has implications for |
existing and new systems, suggests the possibillty of reducing
exoavatipn costs and surcharging frequency. Locally the
problem of surcharging and public relations was commented on
by W.J. Warwick (44). If the hydfaulics of manholes and
junctions can be improved and energy losses can be reduced
the aforementioned benefiﬁs will be realized. NO studies

of this concept have peen presented up to now (1975).

|
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Using the Rational Method, Long (22) compared the
qost sensitivity of various design criteria based on a
48.6 ha (120 acre) subdivision. To provide storﬁ sewers to
drain basements was found to be the most cost sensitive factor.

The results are presented 1in figure D-1.

FIGURE D-1

MODIFIED DESIGN CRITERIA AND ASSOCIATED

STORM SYSTEM COSTS % .
—
Basic Modifled
Criteria ° Criterla Costs

1. C (Single Family

Residential)Q = CIA , W4 .5 + 4.,2%
A .3 - 5.5%

5. ¢ (Commercial) .75 .9 + .9%
3. Storm Frequency (yrs) 5 10 + 7.8%
5 2 - 5.8%

4. 1Inlet Time (min) 15 30 -11.0%
15 10 + 6.5%

5. Minimuﬁ Cover (ft) 10 5 -39.5%

A
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PITOT TUBE CQLIBRATION

-~

Carriage Velocity Differential Head ’ CP (Calibration

(em/sec) Ah(cem) at 30° Angle - v2g Ah Factor)
15.016 0.21 -14,3503 1.0464
20.002 0.38 19.3038 1.0362
21.996 0.45 21.0066 1.0471
26.008 0.60 2l 2564 1.0722
28,004 0.78 27.6565 1.0126
30.007 0.93 30.1990 0.9936
32.011 0.98 31.0001 1.0326
34,014 1.02 31.6265 1.0755
36.012 1.22 34,5884 1,0412
38.015 1.37 "36.6531 ~1.0372

108 1.60 395104 1.0103
.005 1.70 - 40.8296 1.0288
5.034 1.92 h3.3911 1.0379 .

50.021 2.26 47.0765 - 1.0625
60.032 3.45 58,1648 1.0321
70.024 y.72 68.0333 1.0293
79.992 615 77.6583 1.0301
90.002 6.65 80.7535 18495

100.071 9.77 97.8808 A0224

. 110.008 . 11.85 107.7977 10205

120.078 14.75 120.2670 0,998

130.037 17.70  *© 131.7459 0.9870

140.072 20.75 142.6459 0.9820

150.070 23.90 153.0909 0.9803

160.007 26.90 162.4151 0.9852

170.042 30. 40 172.6582 0.9848

180.024 - ’ 33.60 : 181.5181 0.9918

190.029 36.80 189.9653 1.0003

200.011 40,10 198.2999 1.0086

225.003 49.50 220.3195 1.0213

250.053 - i 60.20 242.9677 1.0292

275.057 .. 71.80 265. 3460 1.0366

-300.010 84.50 287.8583 - 1.0422

CPp. = v where V = velocity 1n cm/sec
"~y2g An . g = 980.62 cm/sec

Ah = differentlal head in cm
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VOLUME II

LISTING OF OBSERVATIONS AND

CALCULATIONS DONE ON COMPUTER
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PErg, 712 an6e )39 ne?29 a0l 2599 32922 a2 31 7359 40230 Te 609
cECR7VE 4RY 1235 the1 8 Na2?2 26 11 .NOomm 4] 4 &N 6792 3,020 74159
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K23 MAIM LSS COSFFICTENT WoPaTas CUTLET VELCCITY
K2L: WeFaTe LATERAL INLFT VFEL.NCITY
KEMEWe G- T MAIN INLET VELNCITY
LsLJ: LATTFAL ENFRGY LTSS DUE TR JUNCTITM -
MEL JIMATN TNTRGY LOnSS nuUT TN JUNCTION .
Srepmt TOTaAL INTRGY LNES THFEOUGH JUNCTIN s K
EATIO ©OF LATERAL FLOw TN TATAL FLOW v
TVELIN,VILOUT @ INUST AND AUTLET VELICITIFS
CATIONDILATESAL FLOW TC MATIN FLOwW .
KCCOAMBINTD JUNCTIOM LOSS COEFFICIENT . -
K3IZYe ¢ qacED MN FUSSTIAN PESCICTION cQUATINN —-F12 CAMPARI SOCN .
POWER LNSS
o
. 3.6
MLIN DOTWER LATFS AL DOwWER nyUT POWER PAWER L0OSS RATIN
2451970307 APQAAG, IY 28 RPQEZR. 5625 Ne D285 -
wauwpobmﬁm IA52735- 0625 A150G2, 3125 Npg 1N -
235922+ 3125 201 ER H25D 524880, 275 0,152
21361 794 5875 217222 300" a57223,8750 NyaN133
paA5r 2. 6250 1751566 000NC 4N3INTH, NE2S na 0111
f ZIRET 4 &8T5 QATN1s 6375 233211-.9375 n. ONAI
2IRAIT L, 625 1 357.87221 2AK5M« 3125 ne RSN
TsARYLTIT.TISAC 1n2p1-44%4 2/4TAS. TS Ny, N3




TEZOMETER READING CM

BOSTTION ALONG PIPE(CM ) P

. 12046 N 1 47530

St 17645 . 2 - 47500

. 2426 3 47.470
o+ 303.5 4 . 47,430 - ) .

uﬂbum S ) 47.400 ’ - 2!
42545 ) b ) 47.370 )
486.4 ) 7 A7.370
550.0 8 3.680 .
5474 9 47,370 . -
563.2 10 47.330" ,
57B.5 11 47.330
593.7 12 47.330 , :
@OO.P 13 U-ﬂ.mo . . L
60849 14 47.330 : . .
62402 15 47..370 : ; .
639.5 16 47350 :
75043 17 44,880 ’ R
780.8 .\. 18 A45.790 A .
B8ile3 19 45,610 :
B72.3 20 45.350° ‘ -
972.6 21 44,750 "
304.5 ‘ 22 51.470
365.5° 23 51470
435.7 24 51.470
496.6 25 50,980 .
5576 26 50.480 S @
583.7 27 3.060 - P
588.1 29 50210 : .
518.5 23 50.210
633.8 30 504290
64424 31 3.190
649.0 . 32 504290
‘66403 33 50160
6755 34 504140 .
750.3 35 44.880 : :
780.8 36 45,790 : . +
£11.3 37 45.5610 , :
9726 319 44 .750 ¥ : _ : .

£LOw RATE(CUBIC CENTIMETERS PER SECOND) N : .

LATERAL 4530.,6G14MAIN 2208.7119 N

SLOPE : . .

LATERAL 0.003400MAIN 0.0005000UTLET . 0.000500 :

MANHGLE DROP 3MAIN 1 .4B80LATERAL 6.000 !

AL PR
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Y P T PRy e

e - —————-

- FOSITION ALONG PIPE(CTM } STEZCMETER READING CM -
. : HNQ.O ﬂ mﬂ.NNO .
176.5, -2 514130 1
242.,6 3 51.070
! 303.5 4 50.960
364.5 5 50.880
425.5 6 . 50.830
4864 { 7 50:760
51040 a8 S5.010 .
547.4 9. 50730 -
563.2 10 . 506730
ST845 11 . mo.qom&m
563, 7 12 50.70
' . 606ad 13 ‘54070 .7
608.9 ' 1 50660
7 E28,2 15 50660
653945 16 . 50,660 *
750.3 17 © 4B.370 .
. 78048 .18 48,310
81113 19 47.970
. 8723 =e 20 47.700
972.6 21 - 464860
. 304.5 22 _  51.8¥0
365.5 a3 51.810
: 435, 7 ‘24 -51.810 :
49646 . "25 . 51420
. 55746 . 26 . T 51.190 . .
. 583, 7 o 27 3.410 - R
S 588.1 .28 L 51.150 o DR
e 618.5 v .29 7 - 51,050 . e
C ‘ 633, 8 . ., 30 . 51100 ., -
68444 - 31 : 3,550 S .
- 68940 ) 32 51.100 - ] -
664.3 . 33 50,930 .
6795 34 . 50,970 -
750.2 _ 35 . . 4B.370 .
7B0. 8 . 36 48,310 , -
] 811.3 .. 37 47,970
a72.3 S 38 47700 X
. G72. & T 39 ¢ 46.8B60 )
FLOW RATE (CUBIC CENTIMETERS PER SECOND) : ‘
r»qmm>r 4530.6914MAIN . 557Be4141 . - ot .
SLOPE . .

L ATERAL 0.003400MAIN 0.000S000UTLET 0,000500
MANHCLE DROP :MAIN 1 .4 B0LATERAL 6000




.. Y

A ————

FLOW RANE(CU
. . LATERAL
SLOPE

120.5
1765
2842.6

. 30M5

3€4.:5
425.5
486+4
510.C
S47.4
563.2
57845
5937
606¢4
&0B. S
626.2
63945
750.3
780.8
811.3
872.,3
9726
304.5
365.5
A435,7

- 49646

§57. &
583.7
588.1
61845
633.8
644 ¢4
649.0
66403
6795
750 3
780.8
811.3
872.3
972+6

8IC CENT

————OSTTION ALONG PIPEICM }

STEZONMEYER READING CH

1 46,790+
2 a6.710
3 464660
4 46600
5 46.520
6 46.440
7 46.480
8 3.315
9 464420
10 46490
) 11 464360
¢ 12 A6.410
13 3,230
14 - 46,410
15 46500
16 46.380
17 45,080
18 45.150
19 -~ 486 4960
mwfl\\\\ 44.580
2 44,180 )
22 . 504670 .
23 50.610
24 50130
. 25 49.770
26 49,230
27 24380
28 4B%730
29 . 4B.620
30 48970
31 ) 2.630
32 49,240
33 494030
34 494340
35 45,080
36 , 454150
37 - &84 960
38 ' 44,580
39 44.180
IMETERS PER SECOND)
3368.01 GOMAIN 2208.7119

- LATERAL 0+003400MALN
SMBIN

MANHOLE DROP

0.0005000UTLET 0.000500
1.,AB0LATERAL 6.000 ,

Lo M

b
]
|
|
I
i

——————
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BOSIYION ALONG PIPE{CM T PIEZOMETER READING CM -
. 120.6 , 1 46,000 - * -
* 5. 2 45a O”O - .
: ) 24246 3. 45,880 " o
303} 5 S6 45.800
) v 5 4 5 45.790 . b
-m. -2 45,770 .
486.8 7 45.750 _ : ©L o )
P 510.0 8 2.920
. 5474 ! ‘9 A45.680 -~ ' v
563.2 - 10 45,700 ) -
w.ﬂm.m 11 - 45,640 . M
: 593.7 12 45.700 : |
- . 6064 13 2995 ’ .
: . 608491 14 © 454700 . o
. 62442 .15 | 45.600° - . |
v 639.5 16 45.680 . “
75043 17 . 484140 © o ‘ >
780.8 . 18 : 44,300 e . * Y
’ 81143 19 44,120 JRREPS
et B72.3 20 43.750 . I “ ¢ -
> 972.6 21 43,420 . ’ - T -t
L 304.5 - 22 48,590
sk 365.5 237 494380 *
7T 4357 - 24 48.980 - ) . . L
i ' 4G6. 6 v 25 48.630 ' o Te W
< 5576 26 4B.060 ’ ' ’ o T
. 583.7 27 1.960 - . , P L
: - 58E.1 28 47.650. . - : . PR
61845 29 a7.770 - : . Al
633.8 .. 30 48.200 . . o SR Y
T 63444 31 2.290 c Lo . A
64940 32 48.200 . . -
o ., 66843 - 33 484270 . . i :
- _ S 67%e5 . . = 48,350 . . : , .-
o ’ P 75043 : -35 "hbe 410 L Car .
. 780.8 36 44.300 : o . PR » .
o glle3 37 .. ‘48,120 ' - - : . . c.
B72.3 . 38 43.750 = =
R 9726 » 39 43.420 ' : . . . .
FLOW RATE(CUBIC CENTIMETERS PER SECCND) | -~ : - : -
LATERAL 2690+0989MALIN . 2208, 7119 & . 9 . RN
. SLUOPE ) . ' . . ) . * . . ’
LATERAL 0.003400MAIN +0.,000500CUTLET . 0.000500 T ; : oo oo
MANHCLE DROP :IMAIN 1.480LATERAL 6.000 )
.
Al . B - . . . ‘ .
A Al LY N - .
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POSITION AL

FLOW RATE(CU

<LATERAL J.

SLLOPE o

ONG PIPE(CM )

1206
1765
242.6
303.5
3645
a425.5
4B6 +4
510 0
5474
563.2
5785
563.7
6064
608.9
€634.2
63195
75043
78048
8113
BT2.3
g72. €
304.5
365.5
435.7
496 .6
5576
583.7
5881
6185
633. 8
644 .4
Mbﬂoo

4.3
o%ﬂ.m
750.3
780.8

811.3 °

87243
972+6"
g1c CEN

-

N lumwuu—ﬂurnﬂprd- : ’
W NOAPUWNFOOD NI PN

uuuwuuuuummmmmm n
mqompumwoomqomo RN=O0dD

.. 29
TIMETERS PER SECO
BY9T7«2273MAIN

CATERAL 0s003400MAIN o.ooomdmmmﬂym

ZJZIDFN DROP

IMAIN

1.480LATERAL

R

-

45.260
45,210
45.150
45.080
45.040
44,970
44.930

24600
444920
44.920

. #4.880

44.880

& 2.690
. 44 .880
44.880
44,800
43,600
43,680
43.460

43.190
43, )
&7

4B.200
47.900

47.750 *

‘47240
1590
464900
46,700
47350
1.890C
47,400
47.370
47.510
43.600
43,680
43,460
43.100
43,820
ND)
2208.

T 0.000500
64000

BPIEZCME TER READING CM

7119

ALS

[

e e e

e

pm e o —



Lrrarae T s

QT rAavvA. ord n\a‘f.-hu‘ PN
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POSITION ALONG PIPE(CM ) BIEZOMETER READING M : - . -
. 12046 ) 1 : 45.140 : ) .
. ’ 1765 2 44,990 . .
* ".m NPN.O 3 PPQO&O . . . R . .
| 303.5 4 44.780 : . ) .
_ | 36445 5 44.690 : :
| a25.5 6 444600
4864 . 7 44,540 . .
. 51040 8 24510 . .
5474 g - ALt 480 . - . -
. 5632 10 44,480 - s : ' '
578.5 11 44.480
. 59347 12 44,480 )
. 50644 13 , 2590
€08.5 14 44.480
62442 15 44.480 . .
6395 16 44,390 L
750.3 17 43.060 -
N 780.8 18 43.260 .
811 .3 19 43.130 _ , .
B72.3 20 s 42.780 . )
9726 21 42.540
304.5 22 47,080 : ,
36545 23 47.200 .
435.7 24 47.200
4 49646 25 46,950 : : :
E57.6 26 . 46840 . z ) i
. . . 583.7 27 1.390
. 588.1 - 28 464220
. 61845 . 20 46,430 _ : :
. 633.8 30 . 46,430 . . m ..
’ 644 .4 - 31 t1.770 . . ) :
. - ) 645.0 32 464700 -
‘ : . 66443 - 33 46700
' 6795 : 34 46.740 )
. } 750+ 3 ’ 35 43.060
AT 780.8 36 : 43,260
811.3 37 . 43,130 .
872.3 38 42.780 X " _
. 97246 39 . 42.540 . .
FLOW RATE(CUBIC CENTIMETERS PER SECOND}
LATERAL .- ) ﬁNWQomN#o!bHZ - 2208.7119
SLOPE . :
LATERAL 0.003400MAIN 0.0005000UTLET 0.000500 ) . - :
MANHOLE DROP IMAIN uabmbr?dmﬂbr. 6.000"° : - -

U .?...: e



LPIPTARWS Y FRT oY < oxre- EAC I B e i
< iAvVYA, COMNYT RN Ter, RIS ren

i e e L et el o R I AL

DSITION ALING PIPE(CM ) PIEZOMETER READING CM - )
120.6 1 44,840
17645 . 2 34,740 -
242.6" 3 44.530
303. 5 4 44,390
36445 S 448,230 .
425.5 6 44,090
486+ 4 7 44.010
510.0 8 2.300
S94T+48 9 43.910 .
Y 563.2 10 43,910
S78.5 11 43,910 ‘-
593.7 12 43.910
606.4 13 2.360
608.9 14 43,910
624,.2 15 43.910
. 639.5 16 434910
75043 17 42.950
780.8 18 . 42.980
811.3 ° 19 42.830
8723 20 424390
ONNOO 21 . 9”.##0
304.5 22 4E€E+4540
36545: 23 4E£,540
435.7 249 46,620
49646 ' 25 46+350
5576 26 : 45.890
583.7 - 27 1120 '
588.1 . 28 45,580
61885 29 46,000
} - £33.8 30 , a€.100
Lo \\.,. 6444 4% i 31 1.510
T 68940 32 464180
P &4 .3 33 46,240
\\.\\ : N 678. S 34 46,270
s ] 7503 ) 3s 42,950
T . : 780.8 . 36 42.980
- 811.3 37 42.830C
8723 386 ‘ 42,390 ‘-
972.6 39 42.110 ‘
FLOW RATE(CUBIC CENTIMETERS PER SECOND} .
.- LATERAL ' 991 J0B91MAIN ‘ 2208.7119
SLOPE )

LATERAL 0.003400MAIN 0. 0005000UTLET Onﬁoomoo
MANHCLE OROP :MAIN 1.480LATERAL 6,000
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POSITION ALONG PIPELCHM )

b

m

1

FCMETER READING CM

4

. 120.6 i 44,600
. 1765 2 44,440
. 24246 3 464310
: 30345 4 44,200
. 364.5 5 44,050
- . 42545 & 43.820
. 4B6.48 7 434640
5300 8 2.100
54 T7.4 9 43.530
i 56342 10 43.530
. .. 578.5 11 43,530
' 593.7 12 . 43.460
60644 13 2.100
e08% 9 14 43,400
€24, 2 15 43.350
- 6395 - . 16 . 43,290
qmmfu 17 42,2230
780.8 18 42.570%
811 .3 19 42.400
872.3 20 42,000 .
972.€ 21 41720
. 304 5 22 45,700
' 36545 23 . 45,700
4357 24 45.530 .
49665 _ 25 4 45,480 1
5576 26 s 45,000
583.7 27. 0.760
: 58841 28 » 48,680
. 618.5 29 44,870
£33, 8 a0 ! 45,000
644 40 31 1.020 .
: 669.0 32 45,070
. 664,43 , 33 45,070 _
€TG5S 34 45,070
- . 75043 35 42,480
780.8 36 42.570
. 811 .3 37 42,400
8723 38 42,600
972.£ . 39 41.720
FLOW RATE(CUSBIC CENTIMETERS PER SECOND)
LATERAL , 681 ,<3860MAIN 2208.711%
SLOPE

LATERAL 0+0034Q0MAIN 0.0C05000UTLET 0.000500 .
MANHOLE DROP :IMAIN 1.480LATERAL 64000
i . .

. | h_.w . | %



T

©

ENERGY LOSS COEFFICIENTS . -
ND K2 - K3 K2L K3M LELJY . MELJ TELL TELM K2RUS K2LRUS K3RU
( 1 2.31. 0.01 1.5 m&—o 5,03 0.02 11.03 1.50 1.69 072 =057
2 1.09 0.38 1.15 .40 P2.41 . 0.84 Batl 2432 0.80 0.76 0405
-3 2.85 0.01 *1 462 0.05 4 .48 0.02 10.48 150 1.43 O.74 =034
T4 2+95 Qel?7 169 0a.82 4.29 0«26 10429 1.74 1.20 0.76 "—-0.18
! 5 2.88 0.29 1.67 0.96& 3.83, 0.39 9,83 1.87 De35. 0.76 0.02
- 2,70 0.48 235 1.21 3,10 0«55 9410 203 Q.55 0.70 Os148
T 2+ 86 0.56 2.79 0.91 r2eT6E 0«54 B.75 2402 Q.24 0«48 0.21
. 8 2.45 0.98 2427 1.09 / 216 0.87 8.16. 2.35 =028 =—1.69 022
v MAIN FLOW LATERAL FLOW RATI1O RATIOZ2 VELINM VEL INL VELOUT E1P E2P
B 2208,712 omwbqﬁﬁ# 0.67 205 18.59 - 6921 6631 11134 10159
5578.414 4530.66G .,o.wm 0.51 34.39 63.28 65.82 14.134 10,540 1
2208.712° 3398,019 0.61 l.5a 22439 62.048 55.56 9.888 84370
2208.712 .Nooo.omo 055 . 1+22 ,\w>ﬁlq 58,40 53,35 G.113 72398
thﬁiﬂPN wmouﬂ-NN.N Qe 6 .Oomm —29%11 4G« T7 51 . 06 A.301 6+134
2208.712 . 1387.525 039 0463 30.00 43,14 47.39 7.933., 5.029
2208.712 991,089 0.31 0.45 34.16 36433 a3 ea6b Te4G8 4.254
2208.712 481 .3686 0.18 022 41.13 31.49 41 .60 €.786 2.948
K2 :LATERAL: LOSS COEF JeFeTe OQUTLET VELGCITY -
xi: MAIN LOSS COEFFIGIENT WaReTe OQUTLET VELOCLITY
K2L3: WeReTs LATERAL NLET VELOCITY — ) .
K3M:IwWaRaeTe MAIN INLET VELOCITY _ ,
LELJ.: LATERAL ENERGY LOSS DUZ TO JUNCTION
NMELJ:IMAIN ENERGY LOSS CUE TC JUNCTION - T
TELM: TOTAL ENERGY LOSS THROUGH JUNCTICN .
RATIC OF LATEPAL FLOW-TO TOTAL FLCW ‘ .
VELIN, VELCUT -t INLET AMC OUTLET VELOCITIES »
RATIOZ2:LATERAL FLOW TO MAIN FLOW ,
KC:COMBINED JUNCTION LOSS COEFF1CIENT .
‘K3RUS : BASED ON RUSSI AN PREDICTION EGUATION =~FOR CcOMPAR ISON
pPOwWER LOSS
MAIN POWER LATERAL POWER ouUT .POWER' POWER LDSS RATIO .
241384.5000 21 7822.4375 736408,7500 0.0300
630984 ,.687 516547 .3125 1134933.0000 0.0136
238643.875 382290.8125 605659.9375" 0.0246
237646812 300034.0000 5265395.1250 0.0225 -
235950500 209205 .8125 437028.1875 0.0183
' 235503.8750 151468.3750 381454.2500 0.0143
S 234514.3750 107424 .2500 338010.4375 0.0115
- 282254.1875 G.0103

233657.0625

£1549.0117

«—

-

K3MRUS
|ObN.N
*15
-2+20
-0.87
0.0F -
0.3
045
D.33
E 3P .
9.672
3.498

S

"B.431

T.888
7e211
7.008
6560
6.172

KC
1.56
070
173
1.70
149
1.34
1.28
1.24

e = ——

CELJ
3.38
1 AR
2.73 .
2.47 -
1.8
1.54
122

1.10
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FOS ITION ALTONG PIPE(CH )
120.5
17645
- 242 6
303.5
364.5
4255
. A86.%
4 . mnOQO
S47 .4
E63.2
57845
5937
6064
€085
[ - 628 02
639.5
750. 3
780.8
8l11.3
872.3 '
- - G726 :
304 .5
- umm-om *
435.7
49646
E57.6
S583.7
588.1
&1845
63328
€444
64G. 0
66442
6795
750.73
. 780.8
.~ 81l1.3
872.13
G726 . .
FLOW RATEL(CUBIC CENTIMETERS P
LATEFAL - 4389.1C55MA
SLOFE '

10 10 N0 1\ 1 10 13 113 [\ 10 48 s b o st 0" 4 b 1
ﬂom&umuoomqmm#umuoomﬂmm

30
31
32-
3z
34
35
36
37
ae
3%
ER
IN

SECOND)}

LATERAL 0.0C32400MAIN 0,0005000UTLET

MANHCLE DROP :MAIN 1.480LATERAL

./l_\\

0.000500
6000

et b en ami o Tt A g i

ST LT E T T

JONETER READING (M

48.110
48.000
48,000
47,950
47910
474910

47.910
3.870 .
474850 '

87920
47.87C
47.B70C .
3.860
47.870Q
47870
AT.870
45720
45,800
45,660 .
45,300
44,730
52.110
51150
51.130 s

50.600 :
49.900 \\\

2.710 ,
aso400 €F ¥
49.250
4G,250” .

2..800
49.150
48.950
48,620
45.720-

454800

45 .660
454300
44,730

2208.7119

. -

At

\-

A\

I X35

!

vk bgf.xfg
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BGSTTION ALONG PIPE(CM )

T

Ou.l.-.l\-’.'\r\\.ru P YoV 0 SPAT I O . A A

SRR T

1E ZCME TER READING CM

120.6 1 47350
{ 1765 2 47.300 i
< T4z, € 3 47.290
303.5 & 47.230
36445 5 47.240
. 425, 5 & a7.240
4864 7 474170
51040 8. 3.620
mbﬂo# 9 pQONOO .
5632 10 847200 -
578+5 11 47,200
. 593. 7. i2 47.200
o 6064 13 3,710
.- 608.9 : srila 47,200
62862 115 47.200
£39.5 - 16 47.200
750.3 17 Pm-#mo
780.9 : 18 45 0
811.3 . 19 45.100
B72s 20 44,820
G72«€ 21 44.210
304 .5 22 51,050
‘3655 23 50+960
435.7 ) 24 50.450
496 6 2Ss 50,000 -
557« 6 26 4G .250
583.7 27 . 2530
588.1 28 -1 48.920
£18.5 29 . 4B.860
E£33.8 30 48550
44 08 31 2.500
E£49.0 32 48,480
664,33 33 48,300
"ET9eS 34 47.830
75043 35 45.150
780.8 . 36 45150
8113 37 45.100
-B872e3 38 a4 ,820
. ; g72.¢€ 39 84.210
FLOW mbdmnﬁcmmnMMmZﬂnimdem PER SECOND} ,
LATERAL u@mmoﬂﬂNOIPHZ NNO@.N&FO
SLOPE
LATERAL o-oouaoozbuz 0.000WOODCAFN% 0.,000500

MANHOLE DROP :iMAIN 1 .480LATER

AL .- ODOOO
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{ZZGMETER READING CM

POSITION ALONG PIPE(CM Y

120.56 1 ./Iu\ 45,770 .
. , 1765 - 2 45.770 ’
: 242 .46 3 45. 680 . - . . . ,
’ 303.5 .3 . 454610 .- ° - : ’ .
3€4.5 5 - 45,610 -~ b .
PNm.m 6 b.momuo . Ot .
" 486.4 7 45,510 _ -
— 510.0 B8 2.970 - .
- 5474 9 45.470 . ' N N - Q.
5632 10 45,470 ' : . :
5785 11 45.470 . .
mou.nﬁ * ﬂN- b.m-baﬁo 3
« MWW.M Hu ulu.n.o "
: e G 14 = 45,410 ,
62442 18 =~ = 45,410 _
6395 16 45,360
75043 17 444000 . . .
780.8 18 43. 850 ] T . - . .
Bll.3 : 1< 43.70 ;
872.3 . 20 bUcP&w - ' N
972.6 21 42495 :
. 304.5 22 47.910 2
. i . 365, S . 23 4.8. .NOO : T
, 435.7 < 24 ’ 48.240 : .
‘ 49646 : 25 : 48.040 o .
: . 55746 ; 26 47.380 o .
. 58347 . 27 1.790, e ]
588.1 S 28 - 47.100 - .
. ' ” E1B.5 . i 29 46.820 ' . .
: 633.9 30 ., 4€.700 . . . -
644 .4 . ' 31 1.740 - -
. €8%.0 32 4€.620 ‘ - .
’ ’ 6683 33 - 4EC e 650 .
b ) 6795 . 34° 46,130 : -
750.3 35 44 .000 ’ i ' .
v © - 780.8 .36 . 43,850 . _ : .
811.3 37 43.700 . .
87243 38 . 43.440 : , . -
Q726 39 42+ 950 . .
FLOW RATE(CURIC CENTIMETERS PER SECOND} v :
LATERAL 2180, 3GS5MALIN 2208.7119 s
SLOPE . . : : .
LATERAL 0.003400MAIN 0.0005000QUTLET 0.000500 - N - :
MANHCLE DROP STMAIN 1.4B0LATERAL 6.000 "
& . - . .
. ) . . ..
u..M. Ha . * -~ '
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BHSTTION ALONG PIPE(CM ) BFTE7CMETER READING CM
120.6 1 45,300 .
17€.5 2 45,260 .
242.6 3 45,170
303.5 . 4 45.170
364.5 5 45,120 _
. 42545 6 £5.0480
- ‘ 486.4 7 44,980
: 510.0 a  2.T740
R mb.ﬂob. - Q9 - Phoouo
‘T 563.2 10 44,940
S578.5 11 44,940
593.7 12 44,940 -
E06. 4 13 2.7T70 .
608.9 14 44,900
624.2 15 44,860
639.5 16 44.860 N N
75043 17 43.610 - 5
780.8 18 . 43,470
¢ © B811.3 19 43.330
872.3 20° 43,070
G72.6 21 42.550 "
. 30445 22 47.370
, 36545 23 47.800 -
, 435,7 24 47.540 .- .
h poo.m Nm b.n\. 25 ..u. .
S57«6 26 46,760 7
883, 7 R 27 « 530 -
mmm.w .mmf pmcnoo -
" 61 B 2 4 +180
Ouwvw. 30 46.090" - .
64844 31 - 1.500 ¢ _
649,0 o 32 ~ 85,950 - _ C
. 66443 . 33 . 45.920 - .
. ¢ £79.5 34 45.620 .
. 75043 as 43,610
780.8 36 43,470
811.3 37 43,330 . .t
B72.3 38 43,070, - ¢
97246 3% . . ®2.550
FLOW RATE{CUBIC CENTIMETERS PER SECQND) .
LATERAL 1699.0103MAIN . 2208.7119,. ,/
m-l%m ) ‘ 1
. LATERAL 0+003400MA 0.0005000UTLET 0.'000500.
: .:»z:nrm Onou tMAIN ».aﬂor»4mn>r. 6000 .
. . ¥ -

*»



. ~FOSITION ALONG PIPET(CM )
12046
17645
242. €&
303.5
364.5
425.5
ABE .4
51040
S47.4
§63.2
578.5
593, 7

60648
608.9
0%9.N
689.5
750.3
780.8
811.3
B72.3
972. 6
3045
265.5

- . 435,.,7

- 49646
557.6
583.7
5B8.1
€18.5
633.8
€44 .4

..OP0.0
65683
ET79.5
750.3
780.8

o B11.32

- 872.3
Q726

LATERAL
SLOPE

FLOW RATE(CUBIC CENT IMETERS PER
382.27T1IMAIN

L,

[umnurndﬂﬂhnnﬂﬂ
woomﬂmmbumuoomﬂOmaumw

22

39

LI

SECOND)

LATERAL 0.003400MAIN OoooomoodC4Fmﬂ

MANHCLE - DROP IMAIN

1.4E0LATERAL

TEZTMETER READING

44,400
44,300
A4,180
44,080
43,890
43,730
43,580

24170
43.500
43,460
43.430
43,360

2.140
43,300
43.240
43.130
42,240
42.200
42,060
41 .840
41 450
45,320
45,360
45.210
45,020
44,600

D«690
844,320
44,130
84,020
. 0s680
A43.910
“$UCWUO
43.710
424240
42.200
42,060
a4l .840
41.450°

220B.7119

0,000500

6.000

B
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STEZOMETER READING CM

——""Bps1TION ALCNG PIPE(C™ ) (]
120. € . 1 464320
1755 2 464280
242.6 3 462270 '
. 303.5 a »m.MWo‘
) 364.5 5 46.820 .
425.5 6 . 460180 -
4B6.4 7 : a6.140
51040 8 3.260 - . -
54T« 9 46.140
56342 10. 46,130 -
578.5 / 11 46.120 ;
593,7 12 464110
60644 w\\‘ r3 3.260 . .
608.9 14 46.100
€28.2 15 46.100 :
£36.5 16 ﬁ, 46.090 -
750.23 17 ' 44,500
780.8 . i8 . 444460 . .
2113 19 . @a.310
ar2.2 , 20 43,950
97246 21 43490
30445 22 48.790 ,
365.5 - 23 49.770
435.7 - 24 49.230
49646 25 484800 .
557+ 6 26 aBg.130
5827 - 27 2.140 /
588,41 28 47.850 . )
s ) 618.5 29 47.650
: n\wmum.w 30 47.580
644.48 31 2.100 : .
49.0 32 47.440 )
663 .3 a3 47.360 :
7G5 36 46.910
750.32 35 44.500
780.8 36 44,460
. £11.3 37 464,310 <.
P aT2.3 3as 43,950 .
, 97246 . 39 . 43,490
FLOW RATE(CUBIC CENTIMETERS PER SECOND)
LATERAL 288 .8321EMAIN 220847119
SL.OPE , . :
LATERAL 0.003400MAIN 0.0005000UTLET 0.,000500
SMAIN 1 .080LATERAL 6.000

MANHOLF DROP

&~

- . -
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uammuﬂqz ALONG PYPE(CH 1} PTEZCMETERK- READTING ol °]
. 120. € ) I 44,390
* 17645 2 . 44 .240
242, 6 3 o 44,100
303.% 4 ! 43,990
. 364 .5 5 . 43.860-
4255 / & L 43.650
486. 4 “~ 7 43,520
510.0 8 24170 oY
58.7. & . 3 434410
562.2 10 43,380 Q
' . 5785 11 43,310 '
. 563.7 12 ., 43,250
i 606+ 4 13 . 2.080 ;
- 4 60849 14 a3.t70
i €24.2 , 15 43.100 : )
639.5 16 42,970 -
750.3 17 ’ 41.800 .
. 780.8 18 41.800 , ¢ :
: B811.23 19 41.660 ,
- B72.32 20 41 .470.
i G726 . 21 . 41.100
304.5 22 . Qe 0 .
36545 : 23 0.0 .
“ Dumtﬂ 24 0.0 i “
: 49646 25 Q.0 " . . C
557 «6 . 26 i 0.0 . - .
S83.7 . 27 00 - '
; 58801 28 0.0 o
61845 29 o 0.0 . .
€33.8 ‘ 20 . 0.0
; 5444 31 M * 0.0 ’
649.0 32 0.0
664,.3 33 0.0 .
. . 6725 34 , 0.0
750.3 " 35 0«0
. 780.8 36 0.0 -
811.23 a7 0.0
87243 38 0.0 : )
- G726 . 39 Q0.0 ; - :
FLOW RATE(CUBIC CENTIMETERS PER SECOND} -
LATERAL - O MAIN 2208.7119:
SLOPE . :
LATERAL 0.003800MAIN 0.0005000UTLET 0.000500 - - /
MANMCLE DROP tMAIN 1 .4BOLATERAL & 000 . / -

3

- a2
S f/er
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ENERGY LOSS CCEFFICIENTS
NO K2 K3 . Kzl K 3M L
1 2s81 0.29 1.41 2.99
- 2.84 0.36 1465 3.14
¥ 3 3.25 0.73 1.80 2.77
& 330 - Qb3 1 «55 177
. 5 2467 .28 1.59 1.42
6 8.10 4391 100.06 6  6.28
T 0.0 - 2.01 - 0.0 1.86
MAJIN FLOW LATERAL FLOW RATIO RAT
2208.712 4389,105 ° 0.67 199
2208.712 3822773 0+63 173
2208.712 2180.396 0450 0699
2208.712 1699.010 0483 077
2208.712 382,277 0.15 0017
220B.712 258:832 0412 0e13
2208.712 0. 0.0

2:L ATERAL LOSS COEF WeFaTe
3: MAIN LOSS CQEFFILCIENT WeRoT, OUT
2L; WeR.T. LATERAL INLET VELOCITY

IMIW.R.T+ MAIN INLET VELOCITY
m-.-ﬂ.va..)._. ERAL ENERGY LOSS puE

ELJ YMAIN ENERGY LOSS DUE TO JUNCTI

0.0

S OTUAVYAL N A2, P L !
ez oot e 3 oo e A : -~ - —— H& .
L] +
. . F
. ' [

ELJ ImFM& TELL HNFZ K2RUS K2LRUS KIRUS K3MRUS .KC CELJ
.96 OD.F1 10.96 “1.93 _1.67 0472 —0.54 =—8.82 1.97 347
4.55 0.57 10,55 2.05 ~1.54 0.73 " =0.43 =—3.21 1.93  3.09
3.54 0 38 .54 2426 099 077" ~0.05° -0.20 ~ 2402 215
386 0.68 9356 2.16 0.74 ~0.79 0.07 0.22 1.79 193
2.19 B.19 2.53 =—0.41 =3.59 0.20 , °0.23 1.49 " 1e.222 -
246 B.65 .3.0B =-0.54 =7.67 0.17 Q.22 S.28° 1e72
0.0 00 5796 0.26 0.88 00 0.0 1,608 .,1.48
102 VELINM | VELINL _ VELOUT E1P E2P E3P &

17.9 58.81 10.918 9+.880 G945

, 18,94 56.01 10,482 9030 9577« .

23.47 A5.54 © B.924 64465 Be22I °° )

2747 2 45,98 8.236 5.793 7.438 ‘ ) .

39,54 80207 6.643 2832 6.214 ) weoo

NN-U@ NmeUﬂ m.uop moopou Be Mm - ;Jbﬁ M

42,86 38.05 6.143 4,256 6.144 .

QUTLET VELDOCITY

LET .VELOCITY

on

TO gcznqaozd ,

ELM: TOTAL ENERGY LOSS THROUGH JURCTICN - -
AT1O0 OF LATERAL FLOW TC TOTAL FLCW -
VEL IN, VELOUT = INLET ANC CUTLET VELOCITIES

ATIO2:LATERAL FLOW TO MAIN FLOW
C:COMBINED JUNCTION LCSE COEFFICIEN
K3RUS : BASED ON RUSSIAN PREDICTIO

!

POWER LOSS
ap

MAIN POWER  LATEHAL POWER

281987 .4375 5004168750 719513.8750.
241175.0625 432598.,1875 £65129.1250
230181.1875 241181. 2125 4€9899.6875
236452.1875 1B6768+4375 4156751250 °
233751 .1875 40891 .6875 271484.4375

- 238837.7500 31533.2891 266065.3125

i ’ o0 ) 0.0 0.0

T -
N EQUATION —-FOR COMPARISON

. OUT PCWER

)
POWER LOSS RAT

060308 "
0.0277
. 0.0197
- 0s0178
D.0115
0.0159

.m - 00 -

10 T

-



{

T T PBSITION ATONG BIPEICM ) - . PIFZOMETER READING Yom TN
120.6 .1 47.850 =
17645 , 2 47.850 v
24246 3 47.850
. 303.5 : . 4 67.820
', 364,.5 N 5 47.820 .
Py 425+5 - & 47.820 °
48644 . : 7 47 750
§10.0 8 3.880
" . 547.4 Auv 9 47.750 ¢
: 56342 _ 10 “ 47.750 _
R STE.S 1 474700
: . 593.7 § 1z 47.700 .
60648 : 13 3.915 \
€08B. S 14 47.700 . X
X . ‘ P 62442 15 47.700 d |
. - 63%.5 16 47,660
- 720.3 17 ' 45,780
v .y 7808 ;L 18- 45,780 . ™
g a11.3 19 45,580
N - B72.3 . 20 45,270
. G726 21 44.600 -
. 20445 ' 22 Sd +760 '
L ©. 36545 23 51.760 4 —
' " 435.7 24 51100
49L .6 zZ5 50 .850
. 557:€ . 26 49,800
i 583247 : 27 N 2.825 '
. Y - E88.1 _ 28 59,500
. £1E8.5 29 4%.250 «
) €33.8 um !w.me
6448 ¢4 2 . :
= €4G.0 32 4%.130 -
. 664 43, R 49,000
4 6775 34 =~ 48,350 _
. 750. 3 3s 45.780 ¢
' 4 . * 780.6 2 ‘45,780 .
8113 37 45,580
— 872+ 3 3 45,270
‘ : 97246 2 46,600
e FLOW RATE(CUBIC CENTIMETERS PER SECGND)- :
LATERAL . 4332.4727MAIN , 220B.7119
SLCPE - ) . ) \
LATERAL 0.,003400! 0. S000UTLET  0,000500
MANHCLE DROP IMAIN - OJATERAL 6.000
. ‘q Tt . ' L '
’ -~
- ’ bl ’ '
A .
o CEN
. . Vu ¥ - y
Ir - *

F

sy



LTmw CXI 0 N, T
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4
4

- BOSTTION ALONG P FE(CM ) ﬂmwn;mamn.mmmunzﬂ e I
120. 6 1 46,700
1765 2 4a6.700
24245 3 464700 .
3032.5 4 46,620 7 @
364.S 5 4E.620 ‘ > .
425.5 6 464520 . :
- 486.4 7 A6.520
510.0 2] 3.380 . .
S4T7.4 G 46.520 ’ i
u, -,WOUoN HO b.@om.-NO :
5785 11 46.450
593.7 12 46,450
’ E£06. 8 13 3.410
60849 14 464,450 .
62442 15 46.450 ,
£39.5 16 46.450
. 75043 17 44,540
780.8 18 44,800
o . 811.3 1-9 44,650
P72.3 20 44,300
g972.6 21 pu.4m° v -
304.5 22 ' 50,120
. <. 36545 3 po.omo\\‘ N
' 835.7 : 24 45,140 . : .
896.6 4 25 48.480 . -
mml__‘lm.\ mﬁu " N pm.HNO
' 5B3.7 27 i . 2.260 : e
€88, 1 28 - 474500 : 4
618.5 . 29 47.800 -~
33,8 30 47.730 ,
B84 o4 ' 31 2.230 .
£49.0 . 32 47690 .
FHG .3 . 33 4a7.650 | -
£7%e5 24 . 47.200 . .
75043 35 48,940 P o ) :
- 780,.8 _ 3¢ 44,800 :
: B11.3 - a7 v 84.650 — " .
8723 | a8 . 464300 ~F
Q72.6 39 a3,740 -
FLOW RATE(CUBIC CENTIMETERS PER SECOND) : .
. LATERAL 3114 .8511MAIN . 2208.7119 .
SLOPE ’ C .
LATERAL 0.003400MAIN 0.,0005000UTLET 0.000500 ‘
MANHCLE DROP IMAIN | 1.4E0LATERAL 65.000



N i SEETTION ALONG PIFETCH ) BIE
120.6 1 4€.200
176.5 2 46,120 °
24246 3 46.120
303.5 4 46,090
368.5 5 46.090
42545 6 464040
4BE .4 7 46,010
v 5474 9 45.96
563.2 10 45.965
578.5 11 45,965
593.7 12 45.960
606.4 13 3.18%
= 6508.9 14 45,930
. 62442 15 45.910
639.5 16 . 45,910
750.3 17 - 44,460
780+8 18 46,340 7
s B11.3 16 44,150
B72.3 B , 20 43,870
,972.€ 21 43.290
304.5 22 48,430
36545 23 .49.400
435.7 24 . 48.810
496 .6 25 - . 48.500
55746 - 26 47.880
sR3, 7 27 1.960 -
588.1 28 . 87.5€0
618.5 29 47.260
s £232.8 30 , 4T.170
fad b ‘ 31 * 31.925
£47.0 32 57.080
2 E64e 2 - \ 33 a6.570
6755 34 664650
750.3 35 a4 .460
\ 780.8 - 36 44.340
811,32 J 37 44,150
. 872.32 38 43,870
. Y .9T72eF 39 43,290
s FLOwW RATE(CUBIC CENT IMETERS PER SECCND)
_ LATEPAL 2605.16TTMAIN 2208.7118G
SILOPE .
. LATERAL 0es003400MAIN 0.0005000UTLET 0,000500
MANHCLE DROP IMAIN 1.480LATERAL 6.000
§
e \ .

d | A3

e oME TER READTNG € =



- EOTITITN ALDONG PTPEITHTT THIEZOMETER FEADING CH

120. & 1 45,780
176. 5 2 45,620
242 .6 3 45.550
303.5 a A5 ,450
36445 5 45,430
a25,5 & 45.360
486, 4 7 45,300
51040 g 2.850
S4Te4 9 45.250
SE£3.2 10 45.250
578+ 5 11 45.250
593,7 12 45.190
606.48 13 2.900
608.9 14 45.190
£24,.2 15 45.190
£3G.5 16 45.190
750. 3 17 43,760
7B0.8 18 43.670
811.3 19 43,500
872.72 20 43,210
97248 21 42.730
. 304.5 22 47,530
36855 23 48,150
435,7 24 47.780
LGELE 25 47.550 )
mmﬂ-ﬂu No pNUQQD /t,.a
583.7 27 " 1.615 b
cag,l 249 46,660
- 61845 Z9 4£.400
£33.8 30 46.270
E4b,4 31 1.575
54540 22 8664170
- LTE =3 “464100
£7GeD ‘34 45,.830
750. 3 35 43,760
7B0.8 3€ 43.670
£11.3 ar 43,500
£E72.3 38 43,210
G726 33 42.730
FLAOW RATE[CURIC CENTIMETERS PER SECOND) ) : Y
LATERAL . 1840 .5Ga5MAIN 2208.7119 )
sLaPE 7 .
LATERAL ©0.,003400MAIN 0.0005000UTLET 0.000500

MANHCLE DROP :IMAIN 1.480LATERAL 6.000

bm;ﬂ_



- pOSTTION ALONG Pl REICNV ) "PIE .Nd’lm]._..mnlﬂam.hd.ﬂzd!].ﬂ.ﬁtlil T T ‘Wl.l'll‘i.l e T T T T

120.¢ 1 45,000
17645 2 44 .960
264245 3 44,870
303.5 a 44.810
N 364a.3 5 44,730
425,5 & 44,630
mwm.b 7 44,570
IO w NI m
547, 4 .9 48550,
5622 - 10 44,550 ™
57845 11 46 .550 .
563.7 12 44,490
606.4 13 2.620
608.9 14 44,490
624842 15 44,430
6395 16 44 M30 .
75042 17 434200
s TBOLE 18 : 43I]100
a11.3 19 42.920
A72,3 20 o a2 .140 ’
G72.06 21 42.380
304.5 22 46,780
365.5 23 46.800
435.7 24 46 .850
&36. 6 25 46,600
o 26 46,100 v
/823.7 ' 27 1.310 . : !
58841 29 45.790
£18.3 2% 45,540 . : .
€33. E 30 45,450
EGA .4 31 1.265
. 649.0 32 a5.350 N
6€4.3 33 45,230 , ;
6795 3a 45,110
75042 35 43.200
780+ 8 . 36 43,100
811.3 37 42,930
872,12 38 42 .740 .
G72. € 39 42.280
FLOW RATE (CUBIC CENTIMETERS PEP SECCND)
LATERAL . 1278.25TEMATN 2208.7117 J
SLOPR : _

LATERAL 0.,003400MAIN 0.000500CUTLET 0.000500
MANHCLE DROP :IMAIN 1 .6BOLATERAL 6 .000

A 35
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1EZCMETER READING CM

GEYTION ALONG PIPETCHM T P
\ 120.6 1 46,620

176.5 2 44,550
. 2482.6 3 44.450
302.5 a 44,330
364.5 5 44 .220
425.5 € 44.090
486.6 7 44,050
510.0 B 2.375
5474 9 -~ I~ 44.000
563.2 10 - 84.000
578.5 11 43.975
593.7 12 43,910
ECE o O 13 2.400
608.9 14 43.B70
624.2 15 43,840
639.5 1£ 43,800
750.3 17 42.700
780.8 18 42.570
511 .2 19 42,480
872.3 20 42 .250
972.6 21 41 .5860
304.5 2z 46,090
365.5 23 46,090
43547 24 46.090
43F . 6 25 45.830
557.6 25 45,100
582.7 27 - 1.010
EEE ] 28 44,860
E18,5 29 44 . 800 ey
ONU.E 320 44 .670 \\\\)..A
€44 .8 . 31 0.950 / :
£49.0 32 44,610
664473 33 A4.610
679.5 36 44,860
750,.3 35. 42.700
780.8 36 42.570
E11.3 37 42,480
B72.7 3B 42.250
Q726 : 30 41 .860

FLCwW RATE(CUBIC CENTIMETERS PER SECTOND)

LATERAL A77.821BMATIN 2208.7113 : .

SLOPE

¢
LATERAL 0.003400MAIN 0.0005000UTLET 0.0005093
MANHCLE DROP :MAIN 1.480LATERAL 6000

A3 b
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ENERGY LOSS COEFFICIENTS e

NO K2 K3 Kel K3M LELJ MEL J TELL TELM K2RUS K2LRUS K3RUS K3MRUS KC CELJ
# u.oo O.Uﬂ Muom.m U-b@ _Poﬂﬂ o.mﬂ uOn:Nﬁ mlom Hoow O..NN lOtwu |POOJ N-u\..w utmw
2 3.29 0.38 146 2.22 4.28 0«50 10.28 1.98 1.34 0«75 ~0+28 -1.€1 2.09 2.71
3 3.18 0«50 153 2437 4,05 0.63 10.05 2.11 1.17 0.76 =0s16 =0.74 1.95 2.48
. 4 3.30 D.64 ' 1456 2«04 3.62 0.70 .62 2.18 0.82 C.76 0.048 012 1.ES 2.03
5 3.45 0.80 . 1.50 1.87 3.46 D.81 9.49 2.29 0.47 0.&€ 0.17 0.41 177 1.79
& 3.20 0.90 1.4 1.35% 3.05 0.86 G.05 2e36 0«14 0.33 0.23 Oa.40 1.56 1.48
wa IN FLOW LATERAL FLOW RATIO RATIG2 VELINM VELINL VELOUT E1P gar E3P
rUNOWu.\#N Puumabdm 0.66 H-OO HN.OU mmtpw 55.04 wO-O@@ Q.758 MO:O-\O
- 220B.712 3114.8E1 0«59 1+41 2098 Bl.72 50 .48 o,840 8.121 8.86¢
2208.712 260S.148 0.54 1.18 22.92 81.00 43.95 G.209 7.258 8.363
2208.712 1840.594 (s PV 0.83 25499 7B.47 46,41 B.658 6.078 7.£81
2208.712 1274.258 0,37 0.58 30.00 T&77 44 .56 7 729 5.222 7.058
2208.712 877.822 0.28 .40 23.02 73.51 43.22 7.289 4,340 6 .6609

K2:L ATERAL LOSS COEF WeRaeTe OUTLET VELOCITY
K3: MAIN LOSS COEFFICIERT WeRaT. OQUTLET VELOCITY
KoL, WeRaTe LATERAL INLET VELOCITY
K3MiwaReTs MARN INLET VELDCITY
LELJ: LATFRAL ENERGY LCSS DUE TC JUNCTION
MELJIMAIN EMERGY LOSS DUE TO JUNCTION
TELM: TOTAL ENERGY LOSS THEOUGH JURETION
RATIC OF LATERAL FLOw TC TOTAL FLCW
VEL IN, VELQUT : INLET AMND OUTLET VELCCITIES .
RATIC2 :LATERAL FLOwW TC MAIN FLCW
KC:COMB INED JUNCTION LCSS COEFFICIENT
k3RUS : BASED ON RUSSI AN PREDICTION EQUATION -FOR COMPARISON

POWER LOSS

MAINPOWER LATERAL POWER OJUT POWER POWER LOSS RATIO

242282,6250 463433,1250 713794,5625 0.0298
239582.8750 ALCES6.8750 574813.6250 0. 0245
238495.6250 290193,5625 S516744.3750 0,022¢
236989.6250 2028258.2500 431635.0000 0.,0187
£35612.7500 1293250.1875 36R727.0000 0. 0166
234755.2500 ©5222.0625 325400.2500 0.,013%

N KA:
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FLCw RATE(CUBIC CENTINETERS PI R
LATERAL 39Ea .

SLCPE
LATERAL 0+ 003200MAIN
MANHCLE CROP SMAIN

Tev )

dl

O JOUNE NN OOEm~IU P

[ el acdl il aall oull ol ol

LVIVEAVEAVE LS
PunO

[REREREWENIVE SR IVEAY)
R—=CO0n~Ne0

W W
[0 o

36
37
38
2g

IEEGMAIN

0.000500QUTLET
{1 s4B0OLATERAL

el

1€ ZOMETER
P

€ ZCAOND}

READING M
48.250
848,250
4684250
48,250
48.,230
48,230
48.230

4.060
48,230
48.230
48.000
48,190

4,100
48.180
48,160
48.,160
45,7060
$5.520
45,300
44,940
44,300
S51.150
51.210
50,610
50.100
49,400

24585
49,000
48,780
48,720
i 2595
48.660
ag,5360
48,300
4%5.700
454520
45,300
44,940
44,200

2208.7119%

0.000300
6.000



TSI TION ALO
1

L

FLOW RATE(CU
LATERAL
SLOPE
LATEFRAL 0.0
MANHCLE 0OROP

NG
20
176.
2482.
303.
364,
Dmm.
486,
510.
547.
552.
578.
5G63.
606.
£08.
6248
639
750,
7EQ.
a11.
BT2.
72
304.
2165,
435.
496,
557,
SEB3.
588.
&18.
€33,
644,
643,
EEG,
673,
750.
780,
B11.72
872.13
S72. &
BIC CENTI
305

MDWNWO POy IR ~NATWLDWAND O, U SO SGU.AC T T

OMDOO?DHZ
IMATR

J

TPE {

|
i

T30 bt "D‘

=l
m
M~

cvy

W= QOB NPNP W OO0~ TU e

TN T R 1D 14 e b gk e 8 s on et m

24

33
METERS PER SE
3.2180MAIN

~HETEP READING CM

47,340
47.330
47.310
47.260
47.220
47,130
47.190

3.640
47.150
47.150
47.150
47.150

3.685
&74130
47.100
47.100
44,970
44,850
44,600
44,320
43.740
4G.970
50,100
49.580
49,120
48,860
2.210
48,080
47.840
47.750

2.185%
4 7.650
47.600
47.350
844 4970
44,850
44,600
48,320
43.740

COND) .
2208 .7116G

0.0005000UTLFET 0.000500

1 +4BOLATEFAL

6.000

AL L

a0



- POSITION ALING PIPE(CH ) =}
120.6 1 46.530
176.5 2 a6.530
242.F 3 4E. 470
303.5 a 46 <880
364.5 3 46,410
' . 425.% & . 846,390
4B6 .4 7 464350
5104 C ) 3.300
S47.4 9 4€. 330
5632 10 464330
578.5 11 i 46,270
592,7 12 46.220
6064 13 3.340
6CB. G 14 46,220
€24.2 15 46.220
£3943 16 46.220
750.3 17 aa8,310
730.8 18 4a4.160
811.3 19 43.970
87243 20 43.700
G726 21 L a2.360
304 .5 22 484150
365, 5 23 48.8B50
438.7 24 468.480 -
496 o & 25 48,180
557.6& . 26 47.560
583.7 27 1.880
588.1 28 46.970
€E18.5 232 46,830
€33.6 30 46, TR0
Y- TNy 3 1.820
‘ €4S, 0 32 46,680
66443 33 ag.680
679.5 Fa 46.500
750 3 35 44,310
780.8 36 48.160
811.3 27 43.970
B72.3 33 43,700
. 972.6 39 43,160
FLOW RATE{CURBIC CENTIMETERS PER SECOND)
LATERAL P350.2G5GMAIN 2208.7119
SLCPE _
LATERAL 0+003400MAIN 0.0005000UTLET 0000500
MANHOLS DROP :MAIN 1.6 E80LATERAL £.000

1 Z0ME TED FEADING "TM

Al

-



- - pAS IYTAON ALCNG PIFETCM ) R [E2AMETER READING CM 7 T
- 120. & 1 45,120
17645 2 45,070
246246 3 45,000 .
) 30345 a 44.910 :
264, 5 5 44,870
425.5 6 46,760
. : 48€,4 7 44,730
- 510.0 8 2.680
Y 54744 9 a8.660
. 563,2 10 44,660
578.5 11 44.660
53327 12 44 +640
€06, 8 13 2.660
£08.9 15 46,610
£24 42 15 44.610
£3545 16 48,610
750. 3 17 43.160 :
780.8 18 43,050 Wl. \\\
. 811.3 10 424900 N
87243 - 20 42.690 ~— {
9726 21 42.230
/ 304.5 22 4E.650
365.5 23 46,760
435.7 24 46.700
496, € 25, 46,480
8576 z 46.000
£33,7 27 1,295
SaE. 1 28 45,510
6185 29 45,470
63343 30 454360
O-ﬁb-b = 31 MONOW
629,.0 32 45,250
664 43 z 45.230
67545 3a 45,050
750, 2 35 43,160
780.8 36 43.050
811, 3 37 42.900
87242 38 42,690
G72.6 39 424230
FLOW RATE(CUBIC CENTIMETERS PER SECOND)
LATEPAL 1245,9409MA IN 2208.7116 ]
SLOPE .
CATERAL 0.00340CMAIN '0,0005000UTLET 0.000500

MANHCLE DROP :1MAIN 1.4B0LATERAL 6.000 .

’ Al



————— TS TT1DF "ALCNG PIPELCV v;¥|!‘dJM&dﬁﬂ4MHIHMHd4aQJ TH

120. 6 . 1 44,880
17653 2 44,750
242.5 3 a4 .700
303.C 4 44,550
354.5 S 44,580
4255 ) a6 .460
486+ 4 7 44,400
510.0 8 ~ 24510
5474 9 44,380
56342 \ 10 44,380
572.5 11 44,330
5637 12 44.320
EQE. 4 13 2560
608.9 14 44.300
£24.2 13 44,260
£39.5 16 44,240
75043 17 424900
790.8 ' 18 42.750
811.3 13 424650
872.3 20 42.430
G72.6 21 42.000
304.5 22 4€.240 '
- . 3655 23 4€.240
435.7 24 46.330
L POO.N- Nm DOtomO
£557.€ 26 454610
58347 27 1.100 )
SB8.1 28 45,310
618,535 29 45,080
. E33. 8 30 45.010
644 .4 31 1. 0BE
£49,0 3z 446 .870
EEhe 3 33 44,830
679 S 34 ' 44,720
7503 35 42.900
780.8 36 42.750
211.23 37 ) 424,650
E72.3 38 42.430
G72e6 32 az.000C
FLOW RATE(CUBIC CENTIMETERS PER SECOND)
LATERAL GER2 L TT25MAIN 2208.73119
SLOPE .
L ATERAL 0.,003400MAIN OoooomOOOCAFMH 0. 000500
MANHCLE DROP tMAILN 1 .48B0LAJERAL 6 .000
—

_ A U5




ENERGY LOSS COEFFICIENTS

NJ K2 K32 KZL LS L
1 3.17 0.97 1.52 G.6a
2 .27 0.97 1.55 6. 7TE
3 3.46 0«98 1.45 a.,79
4 3.32 0.94 1.48 2.18
35 3.24 1.07 1.52 2.21
MAIN FLOW LATERAL FLCW ®RATIC
220B.712 3964,3S7 D64 -
2208.712 3058,218 0.58
2208.712 2350.296 052
)Ba. 712 1245.941 0.36
. 2208.712 g962.772 0.30
oy

xugi‘-
LEL.J:

AIN LCSS
WaRTa

QeToe

LATERAL .ENERGY LG
s DUE

MELJYMAIN ENERGY LOS

VEL IN
RATIO2

KC'TCOMB INED JU

KARUS

TOTAL ENERGY L

OF LATERAL FLOw TG TOTAL
INLET AND CU
FLCW TC -MAIN
NCTION LO
: HASED ON RUSSIA

» VELOUT 2
tLATERAL

POWER LOSS

MAIN OOWER
243300.1250
24108€,2500
239212.1875

.235314,1875
235337.1250

CRAL LOSS COEF WaeF.T.
COEFFICIENT WaReTe.
LATERAL INLET VELOCITY
MAIN. INLET VELOCITY - :

s DUE TO JUNCTICN
TQ JUNCTION .
0ss THFOUGH JUNCTION
FLCwW

TLET VELOCITIES

LY

FLCw

LATERAL POWER

44G178.5625
"IA2 7625625
261194 .H250
3602).6875
ca

1
10458049375

-

QUTLET VELOCITY
CUTLET VELQCITY

SE& COEFFICIENT
N PREDICTION EQUATTON

QUT POWER

671474,6875
S68395.1875
48B654.8125
365746.3125
334776.0000

J TELL TELM Kz
38 10,33 2.86 1.
24 10.16 2.72 1.
12 9.95 2.60 1.
94 9. 30 2.42 0
01 9.07 2.49 0.
M VELINL VELOUT

03 ° 80490 52.93
.30 78.19 49.96
.40 7S.34 47,30
.11 77.08 44 .20
«93 664 71 a3, 08

-F0OR CIOVMPARISON

POWER LOSS RATIO
0.0303
0. 0265
0.,0235
OmOMOU
0,013

K3
=04
'Ol
|O¢

Qe

0.

E2P

9.171
7 «945
&.998
S5.036
4 ,4BG

K2LRUS
0.73
075
Q.77
0.65
O.pm

RUS K3MRUS
as IU.mO
26 =150
O@ |O-MO
17 0.42
22 0 .45
E3F
10.540
G537
B.5688
7.194
€955

A4

uoooox'

=Ty Y
NN a0
Wod =T

CELJ
3.40
2.94
258
1.79
1.64



PR o N IR B I
L A AR = R . i}
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EIEyNHMETEG READING M
6 1 47.380
5 2 47.380 _
6 2 47.250 T
S & 4aT.240
5 5 47.220
e5 & 47.190 ‘ o
ol 7 47.150
510.0 8 3.670
5470 9 a47.150
563.2 10 47.150
»5 11 . 47.150 o
.7 12 - S 47.150 . .
606 h 13 3.690 .
60849 14 f a47.150 .
624.2 15 47.150
6539 .5 16 47,090
75043 17 45,410
780.8 18 85.620 , -
8113 19 454500
: £7243 20 454170
. Y 97246 M 21 46,525,
: -30445 B 22 52.090
1 36545 - 23 52.000
. 43577 24 51,100
b 49646 25 504450 .
557.6 26 49.75Q )
582.7 27 4. 24760 L
58841 - 23 % 494430
E1Ee43 29 - 49,100
£23.8 T 20 "49.,050
i 66844 k3| 2.710
’ . m!..‘w £46G. 0 32 48,950 '
3 Y 66443 33 - 48.740 :
: 67945 3a 47.860 »
75043 a3 45,410 - 8 3
780.8 3e ‘ 45,620 .
511.3 37 45.500
B723 33 45.170
972.6 39 44,525 A .
FLOW RATE(CUBIC CENT IMETERS PER SECOND) ' .
LATERAL az7B.6T1GMAIN 2208B.7119
) SLOPE
LATERAL 0.003400MAIN 0 .000500C0UTLET 0.000500
MANHOLE DROP<IMAIN 1.480LATERAL 6.000
— ,
'
p) \ t;



|
\
n
|
|
|
|
;

POsTTION ALONG BIBETCH )7 S{EZOMETER READING CM
- 12046 i 46.670
17€.5 z 46.670
24246 3 46.600 .
30345 4 46,570 '
68,5 5 46,520 * -
- 425.5 6 464500
486,48 7 46,500
510.0 B 34 360 .
. 547 ¢% 9 464850
563.2 10 46,050
578.5 11 464450
563,.,7 12 464430
606, 0 13 3.380
60849 14 — 464430
62842 15 46.400
£3G.3 16 46,360
750 .2 17 ' 44.990 - .
780.8 18 44 .990
#11.3 e Y9 44,860 R
87243 20 44,580
GT7249 21 43,940
30445 -2 50.580 -
3655 2 50,580 3
435.7 24 ¢ 49,950
: £G6hae b 25 49,950 >
557 «5 26 4B8.810 .
583.7 27 2.380
SB8. 1 28 4B.450 »
£1Ba5 2'9 48.190 -
£33.8" 30 484100
. 6846 31 2.295 B
Op@no - - 32 alﬁlopo -
: 664 ¢3 33 47820 f
. 6765 36 47.180 : ~
750, 3 as 44,990
- nNmO-m 36 koooo " —
1143 37 am#&b@?lﬂ\\ ' .
mﬂmnu 28 44..58 & —
9726 39 43940
FLOW RATE(CUBIC CENTIMETERS PER SECOND)
LATERAL 3338 ,0190MAIN 2208. 71 W7
_ SLCPE . . :
L ATERAL 0.003400MAIN 0.0005000UTLET 0.000500 !
MANHCLE DROP IMAIN 1 .4 BOLATERAL 6.000 % ( , e W\
£ .
AS. 2



ST TERSITION ..vﬂﬁmul- ‘

G72.6
ﬂrmﬂ RATE(CUBIC CE

LATERAL

SLORE
LATERAL 0.003400M
MANHCOLE DROP TMAIN

SE{CM ) ~—BYEZCVMETER READING CHM

3 45.920

2 45,860

3 45,860

4 5,770

3 45,730

& 45,680

7 45,660

8 3.02%

9 45,630

10 45,620

11 4%.580

12 45.570

13 3.015

14 45,570

15 . 45.570

16 45,570

17 44,280

18 4%.130

19 44,040

20 43,780
21 43,240

. 22 48.320
. 23 49,220

\u 24 48,700
R 25 48.360
26 47.720

27 1.900

28 47.37C

29 ‘47 .060

30 46.550

31 1.87C

32 46 .820

23 46.760

24 46,270

35 44 .280

36 44,1300

ar 44,080

3a 43.780

39 43,240

NT IMETERS PER
2435,2471 MXIN

'SECOND)
2208.7119

AIN 0.0005000UTLET 0«0003500
1.48B0LATERAL 6,000

AsS2

o1
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‘

- POSITION ALONG BIPE(CM ) — - BIEZOMETER READING CH™
1206 1 45,300
17€.5 2 45.250
262 .6 3 454200
303.5 4 45,140
, 3Es.5 5 454100
~ 425.5 & 45,020
- ‘436.4 7 44,960
. 510.0 8 2.730
S47T « 4 G 46,900
563.2 10 —~0t 4900
E78.5 11 : 44,900
53347 12 44900
- 606.8 13 2.740
\ &0B. S 14 44.900
E24 .2 15 44,900
' 6395 16 44 .860
. 750. 3 17 43.670
) 780.8 18 43.560
£811.3 19 43,360 . :
g72.3 20 43.130 ;
G726 21 42.690 '
. uoplm " \\ Nm ’N.D.@.O ’
36545 23 48.000
435.7 24 47.700
84966 25 47 .460
- E57.6 26 46.880
: 583.7 27 1.600 >
£88.1 s 28 46.530
E18.5 29 46.250 .
6£33.8 20 46.140 “n
E4G 4 kS| 1.560 N
664 43 323 45,960 P
ET9.5 : ia 45.610
750. 3 35 43,670
7B0.8 36 43,560 -
e11.3 37 43,360 .
BT72. 3 38 43.130
GTz 6 a 3 624690
FLOW RATE{(CuUBIC CENTIMETERS PER SECOND)
« LATEPRAL 1840.5Ga5MATIN 2208.7119
sSLOPS v &
LATERAL 0.,003400MAILN 0.000500CUTLET 0.,000500 Vi
MANHCOLE DRQAP IMAIN H.nmorb._.mnbr 64000 . AT
L m.hT b



\

|
|
l

W
'a
|
;«
|
|

BRhALCNG PIPE(CCM ) uﬁﬂwmmmamn.nMpuHﬂmilﬁzllltl.s.|=
: 120. € 1 44 .980
17645 2 N 54,920
: mwm.m 3 44,830
- 3032.5 & a4.760
i) ‘ 36445 5 44,670
425.5 6 44,600
486 4 7 84 .550
510.0 8 2.579Q '
" - 547.4 9 44,500
56342 10 44,500
5785 11 44,460
593.7 12 44 ,4650%
0644 13 2.550 .
60893 14 46,400
628.2 15 44 .400-
£39.5 16 44.380
7503 17 473,250 -
. A780,.8 18 43.170
811.3 19 42.920
872,13 20 42,750
g72.6 21 424350
304.5 22 46.930
36545 23 47.200
a35.7 24 47060
4966 25 46£.780
5575 25 46,290
. - - mmu.ﬂ 27 .—-Umo
P S88.1 28 46,000
. 6183 29 45,680
633,49 30 45.600
6abe b 31 1.350
- 669.0 32 Ve 45,480
664632 33, 45,300 °
679.5 34 45,180 §
750.3 . _ p 35 43,250
780.8 36 43.170
81143 37 42.920
B72.3 34 42.750
GT246 ’ 39 42,350
FLOW RATE(CUBIC CENTIMETERS PE®Z SECOND)
LATESAL . 1387 .5249MAIN 2208.7113
SLOPE ]
LATERAL 0.003400MAIN 0.0005000UTLET 0. 000300
MANHCLE. DROP :MAIN 1.480LATERAL A.000
3 - .
] L4
- ”
_ A5 5



T ;.;ﬂm@&4~dﬁ'ﬂh133.dAUmAdm‘ul.i.iwnﬂddeJWH HEADING T CM

G
12046 1 44.570
17645 2 44,500
2624 € 3 44.390
) 302.5 4 a4, 290
364 .5 5 44,150
- 425, ¢ 6 44.010
486 & 7 43.950
510.0 8 2.335
5474 5 43.870
563 .2 10 43,870
5785 11 43,820
593, 7 12 43,790 ‘
606 o4 13, 2.310
. 60849 . 14 43,750
62642 15 43.680
- 63945 16 43.630
75043 17 42 .850
780.8 18 42.750
8113 19 42.600
87232 Z0 42.390
G724+ 6 21 41.930
306.5 22 464250
16545 23 46,230
435, 7 2a 46.270
496 46 25 46.030
. 55746 26 45,610 L -
583, 7 - 27 1.095
538.1 28 45,300 . - .
61845 29+ 45,090 :
633.8 20 84.940
£44 + 6 31 1.060 -
64940 32 44,810
£6s. 3 33 44.750 il
67G 5 aa a4.560
75043 : 35 472,850
78048 36 42.750
B11 3 - 37 42.600
B72e3 ) g 42 .390
4 G72. & 19 41.930
FLOW RATE{CUBIC CENT IMETERS PER SECOND) v
LATERAL §76+9309MAIN 2208.7119
SLOPE

LATERAL 0.003400MAIN 0 «§005000UTLET 0.000500
MANHCLE DROP :MAIN 1.,480LATERAL 6.000

A5 5 :

h



PN S R I ' A

ENMERGY LOSS CGEFFICIENTS

. NO K2 K3 KZL K 3 LELJ MEL J TELL TELM K2RUS K2LRUS KIRUS K3IMRUS KC
1 2.75 0.05 1.51 Q.8¢C 4 .66 0.08 10.69 1«56 1.64 0.72 -0.52 -8.49 1.3
N NQOP O.NU ﬂ.mo OumH boup O-HO Ho-u& Mn@ﬂ ﬂ-bu Olﬂb |O-up 'NONO H-mm
3 3.24 Q.29 1.6 1.16 4,02 0,356 10.02 1.84 1.10 D.76 =011 -0.50 1.84
4 3.56 0«45 1.42 1.3¢€ 4.12 0.52 10.12 2.00 0.82 0.76 0.04 0.12 1.8¢
5 3.41 C.61 1.46 1.45 3,68 0.66 9,68 2.14 0«55 0.70 O.14 0.38 1.€0
5 3.53 0«62 146 1.00 3.37 0.59 9437 2.07 0.23 .46 C.22 0.45 1.51
MAIN FLOw LATERAL FLOW RATIC RATI 02 VELINM "VELINL VELJUT EL1P E2P E 3P
2208.712 4278.6T7T2 Q66 1.94 19.30 97.06 57.83 10.921 9.616 9.526
220B8.712 3398.019 0.61 1.54 21.40 91 .54 53,17 10.080 g.4824 B.790
2208.712 2435.247 0.52 1.10 294 .67 89.27 43 .35 G.059 7.082 7.939
220B.712 1840.564 045 0.83 28.26- 89.10 47 .65 B.272 €352 7T+31%
220R. 712 1387.525 0.39 0.€63 30.93 Bl.42" 46.01 7781 S5.865 6.965
2208.71¢c gT76.921 « 21 0.44 35.37 81.71 a3.z27 7.32656 6G.732 6.480
- I
xmnrbﬂmﬂbr LOSS COEF WeF o Te CUTLET VELCCITY
K3: MAIN LOSS CCEFFICIENT WeReT o+ QUTLET VELOCITY
K23 WeReTe LATERAL INLET VELOCITY

K3MiwsRT+ MAIN INLET VELOCITY
LELJ: LATERAL ENERGY LOSS DUE TO JUNCTIONW
MEL J tMA IN ENERGY LOSS DUE TO JUNCTIOM
TELM: TOTAL ENERGY LGSS THROUGH JUNCTION
QRATIO OF LATZRAL FLCw TC TOTAL FLCW
VEL INs VELOUT = INLET AND OQUTLET VELOCITIES ' »
PATICZ :LATERAL FLOW To MAIN  FLCW
KC:COM3INED JUNCTION LOSS COEFFICIENT \¢Mw
K2RUS - BASSD ON RUSSIAN PREDICTION ZOQUATION ~FOR COMPARISON

13

PGWER L OS5 ‘ \ \

MAIN POWER LATERAL POWER OuUT POWER UDKMW LOSS RATID

ey PR

s st 0N
pO=N~N=—T
pLIcD=NT

241062.8750 6E6694 « 7500 707494 .8750 0,.,0278
239436.5000 362473.1875 506737.1250 D.02a54
237559.0000 270838.8750 4G7812.1875 0., 020E
236181.1250 203434.937% 430881.6875 0D.0199
235408.1250 1520732.8750 380907.6250 0.0170
234336.8125 10£355.812% 136096.3750 0.,0135

g



[T el B .- -

—PpHEITIION ALCNG preelcy ¥ SYS7IME tER FEADING CH™
120.6 1 47.800
17€.5 2 47.7B0

242.6 2 67.750
303.53 4 47720
358,43 5 - 47,700
42545 5 47.680
4B6E .G 7 47660
£10.C 8 3.860
S4T«0 9 . 47.640
56342 10 47.630
57845 11 47,630
593.7 12 47,630
E06 .4 13 3.925%
08+ G 14 47630
62442 15 47.630
£39,5 1¢& 47.630
750.3 17 45,520
780.8 18 45,710
g11.73 19 45.500
872, 3 20 A% ,.,220
972. & 21 44.560
304.5 22 51.720
365.5 23 51.720
4a35.7 Za 51,040
436.€ 25 504430
€37. € 26 : 49,840
593,7 27 2.775
538.1 23 49 .450
E1 8.5 29 a9.140
~£33.8 30 49,020
\ €44 .48 31 2.725
£a5.0 32 49,000
5643 23 48.900
6795 34 48.300
7504 3 35 45.520
7804 2 36 45.710
Bil1.} 37 45.500
872.3 38 45,220
97245 39 44.560

FLOW RATE(CUBIC CENT IMETERS PEP SECOND)

LATERAL A247.5E234MAIN ‘n,mmom.ﬁp_o

SLOPE e

LATERAL 0.0U3a00MALN 0.0005000UTLET 0000500

MANHCLE DROP IMAIN {1 4EQLATERAL 0.0.qbo

£ Al

Y



a e T

S . '

T RIBITTCR ALTNG PIRETICS T~ 77 P1E JOMETER READING — CH -
120C. & 1 46.870
17€.5 2 45.870
4200 3 4t .860
303.5 4 RS RV
3685 =] 4E.740
4255 & 46 .730
4EE. L 7 4€,710
£340.0 3 2. 450
547.4 G 46,700
BE32. 2 16 4€£.680
578.°5 11 LE6B50
w'\k..uu f 12 b.mr-.m_mo
E0G. 2 13 3,540
608.% 14 464650
6242 15 46.650
€3G+ 5 16 46,600
750.72 17 84,700
78045 1a a4 .00
Al143 e +u, 730
BT2.3 20 4a4.400
G720 21 432,800
304.5% 22 50.070
2HE.E 23 504160
43547 24 4G .650
a36. ¢t 25 49.140
557 +6 o 4F. 440
S83.7 27 2.248%
caR.1 2% . 48,070
618.5 e 47. 340
€33.3 20 47.750
£G4 44 31 2.205
€8G .0 32 37660
E64 .3 332 47..530
ETG.E 14 47,230
750,12 35 44,700
780.8 76 44,300
Bl11.2 37 448,720
B872.2 32 44,400
G7Ze6 Z3 a41.800

FLOw RATEICUBIC CENTIMETZRS PER SECCND)

LATERAL 3313.06%24AIN 2z08.71193

SLCPE

LATERAL 0.003400MAIN 0.0005000UTLFT 0.000500

MANHCLE D3CP IMAIN 1 .4 30LATERAL 6.000

* fioe
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POSTITION ALONG BIPE(CY Y 512 ZCMETER READING  CM
: 120.6 1 4E.450
t7ALS 2 46.430
242.6 3 46.400
3I03.5 a 4F.350
26445 5 464330
425,5 £ 26.290
aBts s 7 46,250
510.0 8 3,250
cS47.4 9 464,230
563a2 10 46.210
S578.3 11 46.180
593, 7 12 46.180
cUbaet 13 3.300
£0B .9 14 46.180
62842 15 48.180
. 639+ 5 le ar,rAD
750473 17 ah 4450
wvued 18 44,450
211.2 13 44,230
872,13 20 a3 .370
5726 21 43,380
304.5 22 48,440
. 365.5 23 49.320
435,7 2a 48,940
436 & 25 48,500
5575 26 47.390
S83.7 27 2.000
538. % 28 47570
61845 29 a7.260
£33.8 30 47,170
‘ £ad8.4 31 1.955
: 649.0 . 3z 4E€.990
6E4,.3 33 854960
67545 34 46.700
75043 35 44 .450
780.8 36 44,450
* B11.° 37 464330
. 872.3 . 38 43.970
‘ . G72.% : 39 43,380
FLGW RATZ (CunlC CENTIMETERS PER SECCND)
LATERAL 2633 4 E658MAIN 2208.7119
s SLOPE :
LATERAL D.003400MAIN 0.0005000UTLET 0,000500
MANHCLE ODROP IMAIN 1.480LATFRAL 6000

i



T R R SR . Vo

||||||| - pos ITION ALONG PTPEICH ] “plE Naﬂ.qm[.ﬂmﬂmﬂolurzdl T T
120.6 1 45.860
17€45 2 45.840
zaz.6 3 45.800
30345 a 45,740
36445 5 45,700
425.5 6 45,640
48648 7 45.620
€10.C a 3,100
£47.4 3 454550 i
563+2 10 45.560
578.5 11 45.550
503.7 12 454550
60648 13 3,025
€0B. S 14 45.550 4!
£248.2 15 45.550
639.5 16 45.520 -
780.3 17 43,900 M/
780.8 18 43,750
B11 .3 19 43,650 .
87243 20 43,270
97246 21 42.830
30445 - 22 47-600
3E5. 5 23 ag,130
435.7 24 47.820
- 439Es6 25 47480
557, ¢ L 26 45,910
ER2,7 27 1.640
£38,1 24 4€.530
E1E. 3 29 a6.320
£37.8 2 46.220
604 00 21 1 .6£00
68G. 0 32 45,110
£64 41 33 46.050
E79e5 2a A5.880 )
75C. 3 45 43,900
780.8 36 42,750
811 .3 27 43,650
87243 38 43,270 _
972.6€ 39 42+ 830 y t
FLCW RATE(CUBIC CENTIMETERS PER SECOND)
LATERAL _ 1840.5GASMAIN 2208.7119
SLOPE
LATERAL 0.003800MAIN 0.0005000UTLET 0000500
MANHOLE DROP IMAIN 1.a80LATERAL 6.000
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- pESYTION ALONG PTPEICM )

120. €

. $17€.5
- 246249
303.5
364..5
A25.5
4064
510.0
S47 .8
563,
578
593,
606,
608,
624 .
6£63G.
750
780.

- 8l1l.
872
Q72
304.
365

AN G uud)..am!\:-{)b-umm

foud
P pw—al
ondFopUnaid
..-I.UI"
Mumeh»CDmun—ﬂ

B72e2

G726

FLOW RaTE(CUBIC C
LATERAL

SLOFE
LATERAL 0.003400
MANHCLE DRCP sMAl

“TPIEZINE

(RN F R RN I

TER WEADING TTW T

.

Y

e e

1 a5.170Q
- 2 454120
3 45.070 -
4 44,990
< 444910
6 44,830
7 44,770
a8 2.650 J
9 44 4,740 ok
10. 44,740
11 444740
12 ! 44,700
13 24665
14 44,680
15 44 680 . -
16 44,630
17 42,160
18 43.060
19 42.880
20 42.630
21 42.170
22 46,340
23 46e 360
24 afk 360
25 46.180
2€ 45,670 .
27 1.140
28 as.400
£9 43,1580
20 454,150
o 1.1350 N
32 48,520 - "
e 3E a4 860
34 448,750
as 43.,1€0
!// 2 42,060
; 37 42,880 : i
38 a2.630 :
29 42170 ;
ENTIMETERS pER SECONC) ’
1108 .3564%A 1IN £208.7117% S
Pl
MalN 0.000mOODC4rm4 0.000500 - 7
N 1 4BOLATERAL 6.000 . '



~pHSTTION ALONG PIPET cy ) S{F ZCMETER READTRG THMT

12046 1 44,620
176D 2 44,500
242. € 3 44.400
I03.5 4 444330
364.5 S a6 .230
425.5 [ q4.0a0
49644 7 42,97C
510.,0 a 2 .350
5470 = 2.870
563.2 10 43.860
578.5 11 43.820
593.7 12 43.800
E06 4 13 24340
c0B.9 ‘14 43,760
£26. 2 15 43,720
6395 . 16 43.670
750473 s 17 a2 .330
760.8 I 13 42.330
811.3 19 42,180
BT2+ 3¢ 20 42 ..000
Q726 21 al.600
A04 .5 22 45.250
365.5 23 45 .3240
435.7 24 45.150
436 .t 25 ' 44,930
55 7.6 26 48,480
tE3.7 27 0.690
sSmda.l ae 44,200
61R.5 29 a4 .000
£33.3 30 43,940
f48 o8 £ 0.660
€43.0 3z 43,840
66bs 3 33 43,790
6TI5 3a 43,710
7303 35 42 .380
. 780.8 36 , 42.330
£11.3 2y 42,180
BT2e32 38 42.000
G72. 6 739 41 .60C
FLOW paTE{CURIC cenTIMETERS 2EF SECOND)
LATCFAL a3ge.,c1CoGMATIN 2208.71173
SLOPE
LATERAL 0.,U03400MATIN 0.000500CJTLET 0.000500
MANHOLZ L ROP TMAIN ~.nmorb4mn>r 6000




R LY N I . D e
V . T e

ENERGY LOSS momﬂﬂmﬂwm24m

NO K2 K3 K2L KM LELJ MEL J TELL 4mrn£uxNMCm K2LRUS K3RUS KIMRUS KC CEL J
1 2.58 0.40 157 3,80 4,66 0.62 10,66 2.10 164 0.72 =0s451 =4.39 2.10 3.2€
2 2 .98 Qea2 1 .44 .01 4.35 D62 1035 2.10 1.40 0.74 =—0:22 =2.01 1.9€ 2 .86
LN -2 1.z8 D57 = 147 2 «BE 31.97 0.70 .97 2.18 1.18 0.76 =0.16 =0.7E 2.02 2.48
a 3,48 0.90 1.45 3.04 3.63 0.94 .63 2ett2 0.82 Q.76 0.04 0.12 202 2.16
3 2,62 ., lelé 1.32 €57 FIeH2 1.11 Q,52 Z.59 0.23 0.57 0.20 Datits 1.57 1 .31
5 2.51 . 1.57 1.26 2.10 2.81 1.25 .81 2,73 =0D.36 —2¢38 O0.22 0. 31 1.87 1.51
MAIM FLOW LATERAL FLOW RATIG FATIOZ VELINM VELINL VELOUT E1P £2P E3P
2208.712 426 7,822 Q.66 1.92 17:62 A4 +99 55,36 10962 Ge624 10,108
2208.712 4 3313.070 0.60 150 20.09 R4 .70 53,581 10.029 8,376 9.1€8
2208.712 263 ALHEE 0.54 1.165 2189 8l.83 49.08 Ge3T73 73532 8597
2208.712 1840564 045 0.83 24.67 7E.432 45,22 E.501 6,129 T.9€CE
2208.,712 1104,356 0.33 0.50 £9.11 81.23 43 4605 T 564 5.0848 7T:165
2208.712 43B8.511 0+.17 0.20 25.37 73.45 3G.53 €.785 3.590 6.556 -

K2 :iLATERAL LGSS COEF WaReT. CUTLET VELOCITY
KS: MAIN LOSS COEFFICIENT WoR.Ts GUTLET VELOCITY
KoL s WeD.Te LATERAL INLET VELOCITY
KaMiwe2sTo MAIN FNLET VELOCITY
LFLJ LATERAL ENERGY LCSS Ous 10 JUNCTICN .
MELJtMAINM ENERGY LOSS CUE TO JUNCTION ,
TEL¥: TOTAL ENERGY L0SS THROUGH JUNCT ICN
RATIC ~F LATERPAL FLOw TC TOTAL FLCW
VEL INsVELOUT : INLET AND QUTLET VELDOCITIES
RATIC2:LATEEAL FLGW TC MAIMN FLCW . . :
R COMaINEL JUNCTION LUSS COEFF ICILNT A
KaRUS : BASTD DN PUSSIAN GFDICTION EQUATION —FOR COMPARISCN

.

-

POWER LOSS

MAIN POWER LATERAL UDEWWF - QuT POwWER: POWER LNSS RATIO

"

262338.6E75 4R3I1 28,0000 706337.2500 0.0292
! 240272+ 3125 T72754.1875 56726441875 0.0257
1 2329011 .,437% 2G3563.4375 520605.8750 0.0225
-~ 237615.0€2¢% Z202582.1875 4318083.,12¢<0 0.0199
35316.5000 120617.3750 35019£.6875 0.,0178

25 47282 ,40672 27779a.,0625 Q.0142

£34505.06
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ER READING

T ees1TION ALONG BIPF(CM } PIEZOMET "CM
120.5 1 46,990
. 17645 2 86,950
242 +€ 3 a46.940 -
, uou.w & . A6 ..B90
! 364.5 ] a46.850
42545 6 46,820 - ™~
L86.8 -7 46.R20
510.0 A 3.480
547 .4 9 48,820
E€3,2 10 46 .8320 -
5TE.E 11 46, T60
593.7 12 46 .7TED
EQ0E. 13 3.515
. E0B. G, 14 46.,TED
£248.2 15 A6 .760 »
£3Se5 16 46.760
750. 2 17 4ag,350
7HO & 18 45.700
1143 13 a5.630
RT243 20 45,310
972 .6 21 44 4640
304.5 22 514760
- 3655 23 51.530
$ 435.7 2a 50.800
4GE. € 25 50240
5576 26 . 49.600
. . 583.7 e 2.670 0
cag. 1 2% 69 .250
612.5 29 . aBe5%0 &>
633.8 30 4B.900
Y- 31 2.630 .
649.0 32 48.820 .
£64 43 32 48,730
J( 57545 34 . AaR.,500
750.73 35 . 85.350 :
780.3 36 . 45,700
. 5 211.3 37 -85 .630
- - B72.3 38 : 45.310
G722 .F 33 44.640 .
FLOW RATE(CUBIC CENTIMETERS PER SECCND) .
LATERAL 35644 3SEGMAIN ; 2208.711%
SLCPRE .
, LATERAL 0. 003400MATIN 0.0005000UTLET 0.000500
MANHCLE ®DRCP IMAIN 1 .4BOLATERAL 6. 000 .
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\\\mzmﬂ0< LAOS5 COEFFICIENTS

K 3RUS K 3MRUS

|O|me |Uom0.

NO K2 K3 K2L K3M LELJ MEL J TELL TELM K2RUS5 K 2LRUS

ﬂ No@@ .IOoﬁmu . uome l.wnmm D.-NN |OQNO JO.UN #QNN w-mnﬁ O-QU

MAIN FLOW LATERAL FLCW RAT 19 RATIO2 VELINM VELINL VELOUT E1P EZ2P
9.166

2208.712 3G64,357 0.68 1.79 20.09 79.32 56.15 108482

s

k2:LATERAL LSS COEF WeR aToe QuUTLET VELOCITY
K3: MAIN LOSS nomﬂﬂunumzq WaReT o OUTLET VELOCITY
K2L s WeReToe LATERAL INLET VELOCITY

K3MIWaR T MAIN INLET VELOCITY

Pmrgu.r>%mn>r ENERGY LOSS DUE T0O chnqﬁoz.
Emrguzbmr EMNMERGY LOSS DUE TO JUNCTIOMN

TELM: TOTAL ENERGY LOSS THROUGH JUNCTION

RATIEC *OF LATERAL FLGCwW TC TYOTAL FLCW -
.<mrmZ.<mFOC4 + INLET AND QUTLET VELQCITIES ’
RATIODZ:LATERAL FLOW TO MAIN FLOw

xn“nnzmuzmo JUNCTION LOSS nommnunHmZA

K3RUS @ BASED ON RLSSIAN PREDICTION EQUATION -FOR CcCoMPARISION

1

POWER LOSS . -

WAIN POWER  LATERAL POAER GUT POWER pOWER LOSS RATIO
P aD132.1250 4491621875 67272546875 G.0240
-
N - N ;
;
* - 9
. N

‘v

1,

R

E 3P
9.10F%

KC
1.67

L

CELJ
269
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— PO TTTON ALONG PTRETCH T

120. € 1

1765 2

242.6 3

303.5 T4

. 354.5 S

-, 4255 6

Co- 486448 - 7

5100 8

' 547 ¢4 Q

Be3v2 10

5785 11

L E0Ga & 13

mvom-ﬁw [ A 14

624a.2 15

€3G+ 5 16

75043 17

780.8 18

a11.3 19

B72.3 20

972.€ , 21

’ 30445 22

! 365+ 5 23

435%.7 . 24

4GEL. 6 25

. mmﬂcﬂ 26

583.,7 27

' 8.1 =258

185 29

€33.3 30

EQG. 4 31

£0G. 0 22

6443 23

6765 34

750% 3 35

- .Nmoom as

ail1.3 a7

B72e3 38

572.6 : 39

FLOwW RATE(CUBIC CENTIMETEKRS PER

LATERAL N 407T«E24BMATIN
SLOPE

LATERAL 0.003400MAIN

MANHCLE OROP :IMAIN

TTTTPTE.

P

IR YA R T B

o 46.800
. 464800
46.7T40
46,710
46,660
464640
. A64620
3.400
» 46.600
46580
46,510
46.500
3.410
46.580
46.580
’ a46.540
45,460
45,510
45,380
45,100
A4 4460
51.150°
51,030
S0.600
50,170
456,290
2.590
49,040
48.770
48 ..670
2+560
48,600
.PD.P#O
° a7 650
45,4860
45.510
: as5.380
prmowco
44,460

SECOND)

2208.7119

0.0005000UTLET 0.,000500
1 .480LATERAL - 6.000

]
¢

& READING €W

'
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ENERGY L7JSS COEFFICLENTS v . - .
NO K2 K3 K24 K3M LELJ MEL J TELL TELM K2RUS K 2ZLRUS X3RUS K3MRUS KC

1 2.84 —0.25 1,40 =1.81 4.74 ~0,42 1074 1.06 1.60 0«73 =0:88 =390 1.76
MAIN FLOW LATERAL FLOwW RATIO RATIO2 VEL INM VEL INL VELOUT ElP g2e E3P
NmomJﬂﬂw 4077.€25 C.65 1.85 20.534 99.20 57 .18 10,675 9413 B.T73

T

k2:LATERAL LOSS COEF WeR eTe OUTLET VELOCITY , . _
K3: WAIN LOSS COEFFICIENT WeRasTas QUTLET VWELOCITY - . '
K2L: WeReTe LATERAL INLET VELOCITY .
K3MzWaReTe MAIN INLET VELOCITY

LELJ: LATERAL ENERGY LOSS DUE TO JUNCTION . s
MEL J :MAIN ENERGY LOSS DUE TO JUNCTION . .
TELM: TOTAL ENERGY LOSS THROUGH JUNCTION

RATIC 0OF LATERAL FLOw TO TOTAL FLCW

VEL INs VELDUT & INLET AND OUTLET VELOCITIES ‘

RATIC2:LUATERAL FLOwW TO MAIN FLDOW : . -
KC:CCMBINED JUNCTION LOSS COEFFICIENT : :

K3IRUS ¢ BASED ON'RUSSIAN PREDICTION EQUATION -FOR COMPARISON

POWER LOSS

MAIN POWER  LATERAL POWER OuUT PCWER POWER LOSS5 RATIC i
2392350.0625 463002.3125 684018B.9375 0.0262 ‘k\

o

A6

— e ———— - e e il e

CELJ
293
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POUSTTION ALONG PIPE(CH ) PIC7OMETER READING (M
120. 6 1 46.430
176.5 2 46,430
282.6 3 46,380
303.5 4 46,350
364.5 5 46.320
425.5 ) 46.280
486,48 7 46.250
. 610.0 a 3.260
547.4 ] 46.220
563.2 10 46.200
578.5 11 46.180
. 593.7 12 . 46.180
606. 4 13 2.290
608B.9 14 46.180
624 .2 15 46.180
639.5 16 46,180
75043 17 43.690
780.8 y 18 42 .940
811.3 19 42.800
87243 20 42.670
Q7246 21 3.090
304.5 22 51,240
3655 23 50,190
435,.,7 24 50.600
496.6 25 50.200
55746 26 49.440 . “
583.7 27 2.610 .
58841 28 49,060
618.5 29 4B.720
633.8 30 48.700 -
686,48 3t 2.560
649.0 3z 4B.640
66443 33 48,490
6795 34 47.540
750.3 35 43,690
780.8 36 42,940 .
a11.3 37 42,800 o
872.13 38 42.670
972.6 ' 39 43.090
FLOW RATE{CUBIC CENTIMETERS PER SECOND) _
LATERAL 4077 .6248MAIN 2208.7119 A

SLOPE
LATERAL 0.003400MAIN 0.0005000UTLET 0.000500

MANHOLE DROP IMAIN 1.480LATERAL 6.000

A




>
V »
ENERGY LUUS COEFFICIENTS
NO K2 K3 K 2L K3M meg MEL J
1 T.87 -0.07 1e5& =—0483 22 =0.20

MAIN FLOW LATERAL FLOW RATIO RATIOZ VELINM
2208.712 4077.625 0465 1.85 21.89

K3:L ATERAL LOSS COEF W.R.T. QUTLET VELOCITY
K3: MAIN LOSS COEFFICIENT WeRaT+ OUTLET VELOCITY
K2L.; WeRoTs LATERAL INLET VELOCITY
K3MiWeR.To MAIN INLET VELOCITY
CELJ: LATERAL ENERGY 10SS DUE TO JUNCTION
LELJ:MAIN ENERGY LOSS DUE TO JUNCTION
TELM: TOTAL ENERGY LOSS THROUGH JUNCT ION
naTlI of LATERAL FLOW TC TOTAL FLOW

VEL INs VELOUT : INLET AND QUTLET VELOCITICS
QATIO2 SLATERAL FLOW TC MAIN FL OW
KC:COMBINEC JUNCTION LOSS COEFFICIENT

K2LRUS K3RUS K 3IMRUS
I.U.OO

TELL TELM K2RUS

11.22 1.28 1.60 D.73 =0.48

VELINL VELOUT EL1P g2P
99.20 73.97 10.253 Q9.472

K3RUS = BASED ON RUSSIAN PREDICTION EQUATION ~FOR CCMPARISUN

POWER LOSS —
MAIN POWER  LATERAL POWER  OUT POWER POWER LOSS RATIO
538055.3750 4632802500 661371 .8125 0.0297

v

A 9

E3P
8.572

CELJ

[

3.31
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PCSITICN ALTNG PIPE{CM } PICZOMETER PEADING CM
120c & 1 < 0e B6O
17645 2 50e 790
28206 3 50e720
303eE & 50e 630
364457 ) 50e 580 -
425¢ 5 & S0e 850
486¢ & 7 S5Ce37(
mHﬂ,...L m D. O_DO
547a 4 Q S0e 340
€63 2 1C 50e 300
578+ 5 11 S5Ge 287 i
5937 12 50«2E0 .
60&c 2 13 957
608+ 9 14 5Je 250
624a 2 1€ SHe 250
6395 1€ S3.220
75C«2 X 17 474 6610 w
* 7808 18 474683 : ) .
211: 3 e 4 T7e430
nluﬂN.A U.O Pl\.OJ.-Q *
G726 21 460070
304e S 22 SCe 850
259+5 232 S0e 690
43507 24 ENg3CH
L35 € 2% S0el7J
5576 26 SNe 102
58347 27 32060
=351 ¢ zR ECe 170
618e5 29 S5Ta 197 \
613, F 30 Staltl
HLaw b g z1 3132
645c¢ 32 5ne1C2
. E68,5 3 23 SCe 05D
€795 14 50050
< T5CGa 3 35 474 660
T7B8le R 3& aTeB5BO
8112 7 47,430
8720 2 3B 4T7e 030
G7zakr 3 466000 .
FlL_ae FATE(ZU®RIC CENTIMETERS PEF STCOND) 0
LATERAL IIGEL NI ULMATIN SHE6 I 3672 o~
SLCPE
LATERAL VTali FLLOMATIN e JCOECrOUTLET L, 0NANSOC
MANHOLE DROP IMATIN 1e 48TLATERAL 6e 2CC

Bl




PASITICN AL 3ING PIPEF(CM ) Wmﬂmozmqmn READING CM

1204 6 50 30
17645 2 SCe 200
2426 = 504080
30345 a 494950
36445 5 49,900
425a 5 & * a9e 800
4B86e¢ L 7 65 7C D
S1C.0 B EPE-L.3L
5478 =] 43¢ 65U
563e¢ 7 1¢ 494650 .
S7Be5 11 494620 rs
5924 7 12 494 570
6060 8 13 G4 62D
6£08. 9 14 434530
G248 2 15 aGe533
63%¢5 16 ' 4Ge 530
750Ce 3 17 474210
78CaB 12 sT7e 210
811le 19 47,003
8723 2C aba540
Q724 6 21 {a5e 790
3046e 5 22 6Ge 35C
1555 23 49760
43547 24 494400 .
4Qte b . 2c 4G9e 380
557577 26 494329
583 7 27 2¢ 650
$R3,41 2R 49,320
£l 8.5 29 434329
623 B 2u 4Ge O
Eoabab 31 22000
Y A=FRt 32 ) ag9e 26D
E£Bbe 3 33 : 496 26T o
£7G9e 5 24 LGg 265
7503 35 AT7.215
Talis B a6 a4T7e210
11«72 37 476 OCO
872473 38 460560
G724 6 313 45 793

FLOW FATE(CUBIC CENTINETERS PER SECOND)

L&aTFRAL 261Ce3CHHME LN, 566343072

sLCPE

LATERAL Det. TANIMATLN n.pODWOOOCdFmﬂ e 0Qn0S0Y

0P MAIN 1 +4ROLATERAL 6.00C

NANHCOLE D

B2

‘\
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17605

z462e 6

303.5

1640 5

L25e 5
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ENTINMETZRS PER
152G 1U9LMAILIN

G772
FLNw SATE(CUBIC
LATE22L
SLGPF
LAT® QAL
MANHAILT

AGHWIWNWD R E NN

SECCND)

e £ OtOSNCQUTLET e
DRC 1« 0RDLATERAL w:ﬁa

T4 0MAIN
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READING
DO.H&W
4G4160G
4 9 050
4By 310
LBe7ED
484 650
4 3 6EC

44160
4Be84SGC
48 420
484 360
a4Be 310

a4 12¢
486310
48e 310
4Be 210
6 gy 2N
GEhe B8
464 280
654860
454220
47e 1990
47e920
ATe 990
48e 029
4aBeN2

2e 26
454020
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23 35°¢
48y 2330
6Bge 0B
484087
469 320
4694870
464 287
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TCSITION ALONG PIPELCM ) STEZCMETER READING CM
12Ce €& 1 4Ge 51
17645 2 494370 .
242e 6 3 age 300 .
IN3e5 4 494170 :
36464 5 = 49,05C
425¢ 5 e 7 48e 920 ~
ARHe O 7 4 P4 B20
Sl ue v =) 44290 . .
Y-Sr -} 9 .4 8s TGO
- S63e2 10 aseg TEQ
E78e S 11 4a8,7EQ
5934 7 12 48es 0O
Q6o & 12 49 300
6GEe @ 14 484700
624e 2 1% 48e HA D
€£2Ge E 1€ 4PRe590
750, 2 17 46,550 N
T7T3( e 8 18 a3 46 653N .
B8l1le 3 19 a6e51¢C
g72¢3 2Ca 66,050
CT72¢ 6 21 - 454 4730}
I0Le S 22 472560
36545 23 //MM“QOU
. 4354 7 24 340 v
R 4860 6 25 48e 340
E57e 6 2€ 48,340
5830 7 27 20 350
£3Re1 78 4Ba&0"
E1 B¢ S 2¢ 4B.82H
£33, 3 an 4Be 20
Ohn:& - 31 e 895
HE&Te ’ 3z 48,470
664 3 . 32 a48s 839
E7G5eS 34 4044830 -
750Ge 3 35 464553 :
78Ce 8 36 8 6e HIN
8113 27 4a6eS10
B724 32 IR uhea D
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K Faias 31 3,350
EQaSe D 32 4 Ge B8OQ
€64 3 33 - & Ga AT
E6Tve 3a 43,80
, 75Ca 3 38 4 T7e 2BC
TR e 8B 3¢& 4741390
mﬂuaw 37 » POUON_I.. ~
AT2a 3 28 A Ee 43U
ZT72¢c £ 39 65473
FLOW RATZ(CUIIC CSNTIMFTERS PP STCIAND)
LATZRAL 2865345H3TYWAIN ceE 3 3672
SLOPE ’ B
LATFERAL Jefi 340 CHMATIN Cemt3S{ TUTLET 03550
MANHILE DRCP MAIN 1 8RGLATERF AL 64700
Rs 2
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FCSITICN ALLNG PIPR(CM ) PIEZOMETER READING CM
: 120¢ 6 1 50e 180
176D 2 4G, 930
z42+6 3 45,4800
3325 4 494 630
TEAe S e} 4G94 50C
42545 & 494470
4864 6 7 4G9 367
81Ce Q 8 44520
- 54Tl g 4G, 300 '
E63e 2 10 494260 -
. 578eS 11 494269 ) -
5913,7 12 49,260 L —
606e & 13 aq 320 /
ECBe 3 ‘14 494 20 &
€248.2 15 494269 /ﬂ -
63195 16 49 219 S
To(e 3 17 464 BAD .
78( «8 19 4ahe 72D K&//b
811le2 19 4Ee SO0 -
B72a0 3 20 4ca 107 - ?
G720 21 454320 ) |
INae S . 22 4G9 400 !
25545 23 494 360 <
&35.7 24 494290
a36e B 25 4Ge 220
£E57e € 2¢€ 4Qe 229
50347 . 27 2+ 567 //
' 538 1 2 434229 °
1865 9 49e 2217
£33,8 ar 494220
chbgd 21 e 7772 &
64 Ga U 32 49,220
£6Ge 3 3= bOoNN@\
~7Ge 5 34 4Gs 2721
TShed 35 464 860
7808 36 464 T30
8113, 37 46 500
- E72e 3 28 46,109
ﬂ..ﬂmom. | 39 PW-MNO - -
FLC#H FaTE(CUBIC CENTIMETERS PEP STCOND) .
LATERAL . HMW@.NUNSZbﬂz i S6ETe 3672 .

SIL.CP*T
LATERAL e N34T IMAIN LeNCOSOCIUTLETY Ce CUNSIC

MANHOLF DROP :MAIN 1 4B0LATERAL 5e0CO : ' -

Bs.>




FCSITICN ALONG PIPE(CH } PI=ZZOMSTER READ ING CM
12046 1 434670
1 7€« 5 2 aG5e 480

24246 3 4694350

3035 4 49,180

UE4e S =) 4G4 05D

42545 6 4BeG270

4Bb6e b 7 4ReB6I

1040 8 442770

S47s4 3 48,730

563e 2 10 aBe 7RO

57845 . 11 6 8e 6670

593.7 1z 4Bes 650

6Q6e & 13 44250

608e 9 14 43¢ 650

6242 15 48.610

633e5 16 a4 Be AN

75704 3 17 464 8ED

78 .8 18 ags a3l

B11.3 16 abe 170

ET72e¢ 3 20 £Se 820

G726 21 454000

04 S 22 48e 540

2450 5 22 L@ 4 Be 540

4357 24 48470

496e & 25 484470

' 5575 26 4Be 470

8747 27 2e 340

=361 28 ag8qe47"

£1Bc¢ S 29 4Pe 870

633. 8 3n 484870

G448s 8 31 - Te BOI

FaQ. 0 3 &R 470

b 66402 as 4Bes GT"

£7945 34 4BegA7C

- 75U 3 . = 4 6e 450

730.8 3€ 46430

Bl1lae73 37 4hel70

€72c¢ 3 28 aSe B29Q

. GTZe6 15 a5.0CY

FLEW RATS(CUBIC CENTIMETERS PER SECCND)

LATTRAL ﬁmomoOuQQIPmZ 566 3¢ 3672

gL rpRs ,
LATIFaBL JeJU3IACLOMAIN Ce30NSACDUTLET 0L C0ONS0C
MANHNLE DROF tMAIN 1, 4R0LATERPAL BelCC

/

T\ Bey
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ENSITION ALDNG PIPE(CM ) PIFZOMETER READING CM
1208 € 1 ) 49,000
1765 2 4B8e B6O ‘
2426 2 4Be700
—_ - 303e5 & 4B8,5C2
544 5 = 4Be 350
425 5 & 4Be 161
Dmm..nb.. 7 48,010 - A\/\’l
5106 0 b B8 4e GCZ
CaTed Q & 74890
E63242 iC 47.890
578e5 11 48e 777
593, 7 12 4Be 77" v
- £UEe b 13 3. 970
60Be 9 14 48s 770
62402 15 ABe T
63965 16 4 Te6ED
75Ce 2 17 . a5e 929
78le 8 18 450 97 s
a1l1s2 16 45,83
6720 3 20 45 467
9720 5 21 44¢85C
30405 22 £74530
365 5 23 4T7e 60T
435e7 24° 8674490
L9te & 2E &TelGY
55726 26 474460
SB3a 7 z27 2+ 00)
S98e 1 °e 4a7.a27
61825 G 47«42
€33c 5 30. 670897 .
. Eode b 1 2.170 -
GaFe ) 32 470857
EG4e 3 32 2Te 30 )
, 6755 m 24 474693
- 7504 3 35 | 856 920 e
_ 780e R 36 355570
) * i 51142 37 45. 832 .
. 872e 3 38 454457
c723 € 39 444 850
FLCwW RATEL(CUEBIC CENTIMETZIRS PSR STCAOND)
LATZSEAL 062 T7T25MAIN SefEe 3672
SLCFE i
LATFRAL Jemt34COMAIN Na00S0UNUTLET CeagQNBI"
MANHCLE DRCP TMATIN 1e4B8BCLATERAL he OOC
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PCSITICN ALCNKNG PIPE(CM ) FPIEZOMZTER READING CM
. 120e € 1 4Be 600 -~
17665 g 4R4 380
242406 3 4B.18D
' 3035 [ 484010
26445 5 4 T7e 80O
82545 - & 47«56C
48hy b . 7 4784320 -
510e 0 B 3,685
5474 9 47« 300
563e 2 16 470210
57845 ‘11 &7 160
£93,.7 12 47160 °
606as & 13 g 73D
60Be @ 14 4T7aGBY
62472 15 . 47.0270
6£63%e 5 16 460900
75Ce 3 17 854560
78383 18 aSe 620
Bl1¢3 19 450 533
ET72e 3 2N A4S, 200,54
G720 21 ade 63,
204a5 22 s 460 63C, R
. 26545 23 4Ee 63
435.7 . 24 464637
436 6 : 25 469630
56746 - Y 26 46e 630
S8 7 27 1700
589 1 28 46632N )
- €18¢ S 2a Ab6e 620
. . E6332.8 3c 46e 6320
Gabed 31 1¢ 760
£49¢ C 32 L6e BIN
664473 33 . 46He63D
67345 34 4Ee 630
° 750 2 35 454 560
. 78CeB 36 454620 <
811 17 454520
B724 3 38 4Se2( N
Y7266 3G 4e B3]
FLOw RATF(CUBIC CENTIMETERS PCR SECOND) :
, LATERAL CjLe OIFEMAIN 5634 3672
SLCPE *
LATERAL e llr TALOMATIN De( 3NSGLOUTLET Cs 05500 /()// .
, MANHOLE CROP tMAIN 1e2BILATERAL . 6000 i

B S5 o .




— P T T Y Y N A

TG .ﬂ..fn.\,...w.....# P . -, . . [N L SO A . AL TR B R T

eENERGY LTSS COEFFICIENTS - .
NG KE T K3 K2L K3M L=LJ MEL J TELL TELM K2RUS K2LRUS K3RUS KIMRUS. KC CELJ
i L 95 e T 1c87 2e48 1.E7 1«57 7«87 3,35 Ge 8 Deb67 0sl16 TP | 0«85 1 .68
2 " a 23 Te 9 1e73 2e 43 1ea7° 1+ 69 Ts &7 3.17 Ceal Qe B4 Ce?22 (e &S Oe 92 1e 62
3 282 139 - 279 2e 47 1el5 1a9e 7+15 3p82 —0Ue23 -1e¢15 Oe23 Oe 38 1e28. 1279
o Ne &3 CeT3 1e02 1453 GeTS 135 6e79 2,32 =-0.01 =0.02 024 Ced2 De656. 1621
5 =iN9 Ne92 =032 1676 =017 1486 5482 I.38 —-0Qe42 =378 Ce20C Ne 28 0478 1e506
g =":&1 CoBRB =062 teu8 -DeSE 125 Se a2 2,73 =-0e67 —=19e23 Dsl4 0.16 Q77 1.10
MAIN FLCW LATERAL FLGSW FATIC RATICE VELINM VELINL vELOUT E1P =zp E3P )
. 56632367 33134077 Ca37 GoSE 3527 4 8, 81 6231 13e227 Je099 132319
. ' e g, 36T 28634564 €920 Debdl . 3732 39,70 58487 12549 84023 12.754
D 56630367 13594208 Cel9 Ca24 39: 31 23, 61 52945 11776 60926 12240
\ . . 5663c357 1868211 Qa5 Ce33 < 810E5 317 39 60407 116780 68568 110652
{ - cee3e 267 062772 0Vel5 Cel7 51.51 20, B6 62eB3 10716 6539 11,065
Vo 5663, 367 mOpanw: a8 Caft6 4G¢E" - 14¢ 76 52488 10923 44344 10696
— ‘ P . . -
Kz :LATERAL L2SS COEF weReTe CUTLET VELOCITY - ///, g
K3: MAIN LOSS COEFFICIENT WeRale OUTLET VELOCITY
KEL: WeReTs LATERAL INLET VELOCITY
KamiwgFeTs MAIN INLET VELOCIT
LFLJ: LATZRAL ENFERGY LOSS DUE 'TO JUNCTION
MELJIMALIN ENERGY LOSS DUE TO JUNCTION _
TSl ®: TOTAL ENERGY LTSS THROUGH JUNCTION . .
EATI? CF LATERAL FLCLWw Td TOTAL FLOW . «
VAL INJVELOUT I INLET AND OQUTLET VELICITIES : ) . ,
DATIIZtLATERAL FLCwW TC MAIN FLOW
F:CCMPINED JUNCTION LGS3S5 COEFFICISNT &
x2mus : _BASED ON RUSSIAN PREDICTICN SQUATICN -RCR cOoMPARISON ) ,

POWER LOSS’

MAIN POWER L/ TERAL PIWER nUT POWER PAWER LOSS RATIO

39378+ 2750 175147 5625 299£344 3125 . . Geulad9 : ’
636384, 500u 2763064 10T 39951721875 Lyulasa ' ‘ 7
63347¢e1257 15095440007 77185S,187E veaul6l <
63C133.3I25 21689445625 L B2TG12.0057 } T3+0109 :
62698%,6875 1146286 5875 721262 4375 Je014a1

62473246875 S4e7841C16 6726: T4 6B7E - Dy U100 ~
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PCSITICN ALONG PIPE(CM ) IZZOMETEF nmrDHZO CM

)
. 1206 . A 51¢140
176¢5S 2 514037 .
ct2e b 3 50e¢ 930 '
3335 &4 50e 850
26685 £ S50e 760
259 5 €& S0« £80
496e 4 7 50e 620
51000 . . B8 G540C0
£47c 8 c 50872
} , 5632 1C 5Ce 562
2 . 57665 11 - 50e540
- . £93, 7 12 S0e 510
6064 . 13 S5 L5SC
6080 9 1& 508450
E244 2 15 S50 d5 7Y
£3G.5 -16 - - S50ea50
75Me 3 i7 47e 600
L T7EBCe 8 16 - 474500 ’
6113 1. 47431
57203 2C 472320
‘3726 21 460023
* 445 22 51133
3655 22 514000
435 7 24 : 50Ne 627
49656 25 ‘ 508 45N
557¢6 2& . SNe&450
- s E83c 7 ﬂﬂ . 3. 1EC
: mmmuﬁ 2B ...w..-vu 3ED
. F1 8¢5 ’ - =h=} ENa Al s
€33, 8 ./& .. ar SGe Al d
6ELGe G ' 31 A, 27C
GC&Deal) o 32 Sredaly
E£64¢ 3 : 23 ' She 400
6795 . 4 SCeal0
75Ge 3 35 a7e600
7BGe B E{s) a7e5G0
3117 37 474310
p 8720 3 3g 4Te 21N
GTEe O EA~ 4640290
FLCw SATE(CUBIC ﬁﬂZHHZmﬂﬁDw.UmD SECOND)
LAT= AL 2582972 MAIN S&EE 303672
sLCcP= ‘
. LATERAL JeoTaf GMAIN GOQOCWQODC4rm4 Cc00C50(C
MANMILE CRCP tMATIN 1 48JLATFRAL £oNCE
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POSITION ALONG RPIPE(CM ) PIEZDOMETER_READ NG CM
12026 1 €1e 45 :
1765 2 S1le 3690

242e6 3 S5le220

303« € 4 514133

3645 S 51,080

342505 6 50 e 997

&Bbe & 7 50 952

S51C e e 5 135

5470h . . . < SGe 89D

E63e 2 10 . 5Ce 890

57685 11 506 BOCO

5G3e 7 12 508090

6EQ6e B 13 Se170

6CEeD 14 504 780

. 628e2 15 50a 784G

Jmmm-m 16 EDe7BL

TS e 3 17 47e 850

7808 18 4TeTC0Q

Al1le 3 19 479 2BQ

- 37232 20 aT7«17 7

3726 B 21 460 UBY

Z04e S 22 51a 5306

- 2655 * 23 510 3CC

42507 24 E0e 950

LIECE 25 £ge 881)

535756 26 504817

583677 27 3e3CH

588e¢1 28 g SCe 770

6185 29 5G4 770

- 32 8B. - 3C BENaT7TC0
€8 & 31 e 420 .

“6a9.0 32 S0« 770

- E64e 2 33 . S50s770

. ET7Ge S 34 S0e770

7S0e3 3s 47q 850

. - 78CeS8 36 474 7CO

Bl1le3 17 478260

. BT23 38 4741GC0

o .. 9T72e6 . 29 4 E4DED

FLOW -F E(CUBIC CENTIMETERS PER SECOND) . ‘

LATERA I4824 GTO2MALIN 56634 3672

SLOFE - )

LATERAL JaNt 3GCOMAIN ﬂoUﬁhmdﬁOC4rm4 e GNLSOL

MANHILE DROP :MAIN j4 ABDLATERAL

0
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PCSITICN ALONG PIPE(CM ) PIEZOMETER READING CM
12000 ' | 50e 660
17665 5 2 50.559
: 24246 i 3 .50e 430 . . s
- 3035 . & 50s2%0 ‘ i ’ ’ ”
3E44 S =) S0.2190
4254 5 - & 5061590 :
4 86e 4 7 50089 .
N S10e O ] 44775
v S47Te 8 Q 50e02)
E63s2 1C 8499999
£78e 5 11 894979 . .
59347 12 49 900 ‘ . . i-
€069 8 13 Qe 790 . \.\
EQBe @ 14 494, 9L0 : !
624882 15 494900 *
639e5 1€ 494 8BS -
750 3 17 aTe3C0 . -
78Ce 8 18 479229 “ . ,
31le3 16 468 941 . N
877a3 20 464520 o -
. a7 6 A 21 454 800 . . . .
30685 - 22 : 50e 2490 ' - .
3655 22 o 50«150 ) . .
43547 24 . » 94 952 : , : ; - . -
496e66 25 _ 4G BEG . : . : ]
557e 6 26 . LG e BEN - ’ .
5834 7 > 27 . T 248592 .-
S5Ae1 ! 28 : 4G4 887 .
’ - €18e 5 -. 29 : 69,880 - . ) - - .
£33, 82 30 L 49 880 :
gcaga 21 © Re G4
E4G9e 3z T B4 Ge BED
6644 3 - 33 ) 4G BEN
£T7G9eS 3a 4 Qe BBD . -
i 75Ce 3 as 4Te3C ' - ‘
' . i 73048 - 36 - 479222 :
- a11e3 a7 L6e 980
8723 38 _90ommo : .
G726 ' 3o - 454 B0OO . . . . _ .
FLOW RATE(CUBIC CENTIMETERS PEF SECOND} ) :
LATERAL 271041 53MAIN T S6E3 3672
SLOP ’ - g - o,
LATERAL NeiLZAULGMAILN CeNGCOSACOUTLET CeDNOSUO : oL

MANHOLE DROP IMAIN .1 +2BOLATFRAL 6000 . ; i . ,
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IEZCGMETER READ ING CM
494630
49 730
496 600 .
494500 . .
49 440 .
492790
4394173 .
DODOO - h
494120
49,126
494040
494040
4,450
454 040
49029
484,950
46 690
46e670
464510 H
86 NTD ,
A5 360
484950
49 0CO
4Be 916G
484850
48e B5D
2e 520
484,850
2 4B8e¢ BS5D 1
3G 484 850
: .N.DDO -
4 Re BSN : . .
4Be 850
48 85D
469 690
86 6HTO : ; -t .
Ab6e510 !
. 46070
72 © 39 45e 360
FLOGwW RATE(CUBIC CENTIMETERS PER SECCND)
LATERAL 1 B6E4 F1OGMATIN S66 3 3672
SLCPF
LATERAL Do
MANHOLE DRCP

PCSITION ALONG PIPE(CM )

1206 6

1765

242e¢ %

303¢ 5

364¢ 5

4255

4868 &

51Ce 2 N
S&Tatd

£63e 2

57645

E93e 7 .
6L6e & .
6CBe 9

E24s 2

OMK&NNHU

PLMNSOODRNCNEWN=OO®

1\ ) 1L [0 [\) [\ 4= 4wt pot =it 4o publ o Pt bt B0
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MUY
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FCSITICN ALGNG PIPE(CM ) v | PIFZOMETER READING CM
120e6 . | 499200
176¢5 \.Z 4941C9
T4Zeb 2 4Be 980
3035 - & 48e 820
- 368¢ S 5 48,638
w5 42545 S 484510
466e & 7 LBed320
S1fie 8 Ge 8BS
5474 9 484 32¢C
563c 2 10 484320
S7845 11 &Re3220
59347 12 4B8e 320
) 60L6e 4 12 441210
€L Bs D 1a 4B8e2¢0
62802 15 4Be 2U9 o .
= 63%e 5 16 48e 100
750, 2 17 64250
73( e85 1e 46e 250
R11le3 1¢ * L6505
8723 26 £S5, TAD
G726 21 45070
3045 2z 4Be 08D
A65¢4 5 - 22 A4 8e 0BO
825,7 24 4Be DB1
456¢ 5 25 aBe08B0
SETH 2& & Be BY
53347 27 20193
€884 28 ABe ORI
6185 20 4BguBT
£32,7 an 4B DED
PSS 31 263255
FLGe 32 ~LBaCBC
CHbe3 3z G Ee NADN _
F7Sn 5 24 48,083
Toe T 3 ] 269 25C
750 " 36 464 256
El1a3 ay L6825
a72,? 33 454784
C72e46 3G 45 370
FLCW RATE(CURIC CENTIMETERS PFF SECOND)
LATERAL 124Ce OACGMAIN 5663 3672
SLCPS
LATTRAL  Sef(F6t JMAIN CeLCuETCRUTLET (cCytEDL
VANHCLE DRICP IMAYN ] dBECLATEFRAL EslCT

N

365




_nﬁ.,mH._.HUz ALTNG RPIPELCM ) PIEZOMETER READING CMm
1206 6 1 48,69
1.76e 5 2 aBe5CO
242+ 6 3 4Re 350
3035 a 48.13C
36425 = 484020
42565 € &Te 740G
LEEe & 7 LTeb2U
' 51Ce 8 34810 .
. E&T7e 4 9 874550 ’
56342 1C 47445GC
78¢5 . 11 4T7e 450
5937 1z A4T7e 450
CEn o 13 3,750
GBe G 14 47 320
E&EC8e2 15 47280
621G 5 16 47,210
T50e = - 17 4545890
76808 18 254622
11,43 16 45,4539
8TZe 7 2C 4Se 127
CT7246 21 444570
I08e S 22 . A4 Te050
3655 23 474050 .
435, 7 24 474050
4064 € 25 47050
£57e & 26 aT7s 059
568327 27 14845
cg8,1 o8 47.050
£1 5 - 29 4 7e 0SC
FF3e B 36 4 TeST
= rAS . & 31 Ze3D
. 64Ge T - 32 47a 052
N, £Eag3 32 479050
ET%e © 34 47,059
7538 3 35 454580 \/
rd-1 %) 36 4SS, 620 5
' 2113 37 : 45,530
&T72e 3 38 45120
972e 6 29 L& 4570 .
FLCW FATE(CUBIC CENTIMETERS EEF SECONEC)
LATERAL Q344 6S556MATIN 5563¢ 3672
SLCFE .
LATTRAL JenL 3eUIMAIN GoOﬂOWUDOCHFmﬂ CeDCNS20
MANHOLE DROGP t¥AIN 1 ¢ ABOLATERAL 64 7CT
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PCSITICON £LONG PLPE(CM )

PIEZOMETER READING

120e 6 1 4Be 930
17605 2 48 T80
Z42.6 2 48e5609
2032« S 4 4Ry 420
264805 5 4Be230
42C45 6 48,080
4 B6e & 7 aBe HCO

1090 & Se @G \
S54Teb 9 47880
563¢ 2 10 4 Te 88D
57845 il 474750
5937 12 474750
606 4 132 3. 310
S &60Be? 14 a7e 7570
62442 15 47757
63%e 5 16 4L7e 650
75Ce3 17 85, 90N
78G.E 18 454 G20
Plle3 19 458720
B72e3 ar 4% 373
G725 21 ade NN
31445 22 47473
A6£5e 5 23 474273
43547 r 24 47.470
4G6e 6 . 25 4747
£E578 6 26 474872
583.7 27 2,020
EA8: 1 =8 47247}
£1 8¢5 29 L7470
£33.8 360 GTealt 72
Ehba b 11 20180
Ca4Se D 32 L TeATH
EGL e 3 3 aTe4d70
£79e S 34 4 Te 870
75002 3 ASe QG
*+ 78C.8 36 454999
glle? 37 459 72C
87223 ]-) 454 379
. 9726 2G 44,805

FLOW FATE(CUBIC CENTIMETERS PSR SECOND)
LATERAL 16, 3L HaMAIN 5663¢ 3672

SLCPT
LATERAL e 03
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, CMAILIN Ce30CSOCNUTLET
MAMHCLE OROP IN
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1,4B3LATFFAL 620N
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ENERGY LOSS COEFFICIENTS -
KAM

NO K2 K3 KZ2L LELJ MEL J TELL TELM K2
1 le11l 0s92 171 3.00 2el6 180 Balb 3928
2 Qe99 0480 1:44 2e¢ 57 1937 1460 Te 97 3.08
K. O0e 88 Qe88 164 2e 32 1660 1e61 Te 60 309
) Ce53 Oe 91 le¢38 1+ 86 Qe BB 1.51 6.88 2:99 -
5 Oe28 08 95 1e12 1e 61 Dedé 1e 47 6 44 2495 -~
& =0e10 O0e 72 =0e45 1e¢1C =~0el? 123 Se 83 2071 -
7 0.02 Q.93 Q.14 1.31 0.03 1.42 G6.03 290 -
MAIN FLOW LATERAL FLOW RATIO RATIOZ2 VELINM VELINL VELOUT
566534 3E7 3882970 038 0e61 34424 48 64 6le
S663367 3482970 ©Co38 0.1 34.91 S50e 73 624
S663+367 571860815 Ge32 Qoad 36487 ‘429 62 5Ge
S663e 2ET 18680511 te25 0e33 30488 Jas 12, 57 »
56636367 12454541 (e}3 e 22 432,68 26 49 SSe
S6630 267 CRLetiS6 Lalé Col€ 48056 25e B7 57
5¢ 632367 Rlc 4,386 Cel3 Cwl€ 45,96 20.83 S4 e
K2:LATSFAL LCSS CIEF wWeSeTe DUTLET @mronu.:
K32 MAIN LNSS COZFFICIENT WeReTe DUTLET VELTICITY
KEL: WwWeFeaTe LATERAL INLET VELCCITY
KNt XeFaTe MAIN TINLET VEFLOCITY
LELJ: LATZRAL ENERGY LESS DUE TO JUNCTTION -

MELJIMAIN ENFRGY LTSS DUF TO JUNCTION

TELM: TCTAL ENERGY L1ISS THROUGH JUNCT ION

=aT1N COF LATIFAL FLOW TC TCTAL FLOW

VAL The VELOUT 2 INLET AaND CUTLFT VELIACITIFS
CATI@2 ILATERAL FLOW Tr. MAIN  FLOW

KCICOoMBINZD JUNCTION LOSS CCGEFFICIENT

KIEUS HAGSED ON RUSSIAN PRPECICTICN EQUATICN -FOR COMPARISON

»

POAFR LOSS '

MAIN POWT 2 LATERAL P2wZH JUT PCWER POWFR LOSS RATILO

64} 3718 €375 ICENC2e 275 12202034 875( 0. G176
64,5825 BE125 AG5233,43275 1519854,5625 H.01548
63£31 58750 3056594275 5296020a TEN0 Ne 0143
£32585%c125% 275724875V AZ2Q& 79275 Oe 00121
6291932, 25C2 1371149275 7ET73394,6875 00116
6525114, 8750 1013326 5625 72013248125 Qe CO 94

123} 7098271250 CeN1l2

6263325, 9375 01,230« 3125

K 2LRU
Oe¢ 69
Oe 69
Qe 54

-0.02

-1e¢63

-4412

=561
ElP

13408

134370

124703

15-:12.053
11476
11e0211
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