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Unyarat Torpol 2009: The Influence of Pipe Roughness to the Performance of Water
Spray Fire Control in Electrical Transformer. Master of Engineering (Safety
Engineering), Major Field: Safety Engineering, Interdisciplinary Graduate Program.

Thesis Advisor: Associate Professor Prakorb Surawattanawan, Ph.D. 147 pages.

The electrical transformer can be seriously damaged by fire because it contains oil
within the transformer case to cool its electric coils. Water spray is one of effective ways for fire
suppression in the transformer. One crucial parameter in the design of water spray is the pipe
roughness coefficient. The coefficient selection influences to the result of system working
pressure. In general water spray design, the high value of coefficient representing smooth pipe
wall is selected. In consequence, the calculation result tends to have the lowest operating system
pressure. However, when the time goes by, the pipe roughness has been changed and
deteriorated. The system working pressure is increased until the system does not function
properly. As a result of this, the efficiency and reliability of the system are degraded. This
research work utilized hydraulic calculation along with Hazen-Williams formula for water
piping analysis. The results show that working life or the value of roughness coefficient has a
significant effect on the system working pressure. The demand system pressure increases 47%
in comparison with the design value for 10-years of working life. In addition, the demand
system pressure increases100% in comparison with the design value for 20-years of working
life. It implies that if the designer does not prepare safety factor for the design pressure, the
system may be at fault in operation after a period of time. The solution of this problem can be
performed by two ways. The first one is to increase the pressure or head of the fire pump.
Nevertheless, this implementation is costly and not a best choice in term of investment. The
second one is to increase the size of water pipeline. This results in the reduction of demand
system pressure. The analyses show that the increase of 25% in piping size extends the working

life to 20-year and the increase of 50% in piping size extends the working life to 50-year.
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Nominal Maximum Design Minimum Minimum
System System BiL Clearance Clearance
Voitage (kV) Voltage (kV) (W {in.) (mm)
To 13.8 14.5 110 7 178
3 243 150 10 254
345 36.5 200 13 330
45 483 250 17 432
69 725 350 25 635
115 121 550 42 1067
138 145 650 50 1270
161 169 750 58 1473
230 242 800 76 1930
1050 84 2134
345 362 1050 84 2134
' 1300 104 2642
500 550 1500 124 3150
1800 144 13658
765 800 2050 167 4242

131: NFPA15 Standard for Water Spray Fixed Systems for Fire Protection (2007 Edition)
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2. MureaslTnanihniesnga (Minimum  gpm) YIRINTTNGUMAAZH)

= dil = @ Y oy ' o 9 ]
%Qﬂi@ﬂﬂi@ﬂwuﬂﬂ@\‘lﬂuﬂﬂiﬂ3ﬂ§$ﬂ18u1llﬁﬁ$1’i? Iﬂﬂi%ﬂ'lﬂ'ﬂﬂ‘ﬁunluu 0.25gpm/sq.ft.

Y 1
AoINTZ10 Fedoandneny NFPA 15 FIHNTSUT09UNAUDIMHUAMAINHL LY

=

' dy dy A @ :’ A < = @ a g’
UINNINU Gluwuﬂﬂi@‘umawmmﬂizm&mmmﬂuumﬂmmumm on31U5uan (gpm)

U

Y
9191118910 Total minimum gpm  HATHITAWIIUINTIATLY ULV Water  Spray

System

_ (Total transformer surface area) x (0.25 gpm/sq.ft)
nozzle (Number of nozzles)

Q

dy A Y g} ' o A n 9 < 2 o oy
1uwu‘ﬂﬂ’imJﬂ’imﬂjmﬁ’mizmﬂmtmazwam"lu”lﬂtﬂugﬂLLuuLﬂsJa UINITSA1YUN

leﬁgﬁ?ﬁ@QﬁWH’Jmﬁliﬂ

Q (A ) X (0.25 gpm/sq.ft.)

nozzle ~ Y 'nozzle

' v v v v

3. manuausuduesnge Ninszneiios (Water Spray Nozzle) @151
o oy A . <3 a QSJ‘ dy A A [ o 9Yq 9 v o A .
NINTzeileeNl Orifice vinaran aadaluiunalalas nuzilvldnnududinga 30 psi
A 1 ) @ @ g/ dy Aa o Jq ¥
MOAANANTZNUINUTIANAD Water Spray Mazd11suInsznei lununda uuzilvls

v [ [ Y
ANNAUMNGA 20 psi dmSuANUAUgIgaNiInszneiesuuziih 1N gnnuRugIga

I 9
50 psi tiOSNHITNIMVIIAVEIHEANT WAZSNEIFUNT VDI Water Spray 10113

T v ] 9
9 = A o o

iﬂﬂﬂ”I'iﬁTLl’Jmlla$L§i’)ﬂﬂ'"lﬂ’NEJIEII@]uﬁﬁWﬂﬁﬂT}‘Vi’Jﬂﬁz’ﬂTﬂu”l

—
4 iieldmQ . {
. . . Yy 9 @ a Y 9 = o 31 A a
(Minimum starting pressure) L7 gg’aammmwm’]mﬂumaﬂwmmmaﬂmﬂizmﬂumwam
9101599111819 K-factor AYUNITAA (Spray Angle) 11aA1 Minimum flow MMALHI®

11NN Q

nozzle
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9 o @ dy
5. lwgas Tumsfum aail

Q= (K)X\/E

A
V3
Q=gpm 1 Nozzle
K = Nozzle K-factor

P = Minimum water pressure 147 Nozzle

1 9 1 .. 9 9 1
UNUAM K-factor 910U0 4 UASAT1 Minimum pressure 310UD 3 LLAIISTIUITONIA

A 1 ] YLy 1w A ' A o 9y Y
gpm 1 Nozzle dauIngluszun1d dsdoaumnuniounnin Q. Adwa laninduuu

nozzle

v
6. NINIATIVABUINNI Spray Nozzle NANINANUHUIMUUYDIN 0.25 gpm/sq.ft

Y

H Y
L‘l’iﬁ@ﬁuﬁﬂiﬂﬂﬂi@\?ﬂl@ﬁllﬁﬁ%ﬁ’)ﬂﬁ%ﬁﬂﬂﬁW

7. A1 C-factor Y0490 Galvanize 1U5ZUL Deluge system A® C-120 19 Stainless Steel
A ' . v q 9 A A A o ' ' A A
190 N9 Aluminum llﬂﬁlsﬂﬁluﬂimﬂﬂ\lﬁﬂ'l’wlliﬁfﬂﬂWﬁ“Vl‘JJﬂ'lSﬂﬂﬂi’ﬂu YU aZ003IN00 UID
= = 1
UATAUNANTOU

=S

8. 19er1un13 Hazen-William 1iovA s Uade (Pressure loss) 1UN0

U g

L (452)(@%)x (L)
t (Cl.85 )(D 4.87)

e

P = ussaugaudslune (psi)

Q = Y51ams lnarume (gpm)

C= ﬁ1ﬁuﬂ§$§%§(ﬂiﬂnﬂl§ﬂﬁ$ (Galvanize C=120)

' 4 '
D= ﬂlmmt’fumugmﬁmawa (inches)
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9. Orifice plates @99 101319 IuMsUsUANNALIUTZVY Orifice plate ABUHY

1 9
A R Aa o 1

Vil FeRadeglussuutio senuuUNesAMs Tnavenih luszuY Water Spray 191
$ada lilinuduluinss e WA 50 psi ualugiiolumssiuianenamansves
Tvaluilagiin Tundaniis Orifice plate t;]ﬂﬂ13J1°l€%"’lum'iﬂ%“ummﬁmfﬂuszuu usiiloh
3211 Program Computer 115281un13f 198 Faannsasraldedraniudmazaliuvma

anvauluszuuiie 1u1inu 50 psi 18 Tae lide 1% Orifice plate
. Y v Y 9 .
10. Equivalent pressure loss UBIUDADA NG ml1dlaeldarsne Equivalent loss
11. qmﬁm’gmm Equivalent pressure loss:
P, = (0.433)x(h)
A
I¥N)3)

% d' =Y d’ .
P, = ANUAUNTULAUDINNANNGA (psi)

h = A214g4 (Elevation) (W#)
12. 5195zUAMHIn 1A Taefia1san Water Supply Curve 238

a A o o o J
13. WIS WA Hose 130 Hydrant  a1uausuiluvesszuy desivuaiininin
msdszidiuTomalumsldauves Hydrant ag Hose vaigszuugnnszdu 61143 Hydrant

Y v 1
%50 Hose luiunlndifesvdoutas i &lusuilundesd Hose fla

ANy Aei0301nANMFIANIY (Friction Loss)

A Y o A a g} o 31 Y o o o o Aa
uaﬂmua"lﬂfu1ﬂﬂ’;mﬂuqtgmfmmmmumuﬂmmumm ﬂmﬂmmgmwaﬂiwu
' [ o J . . qﬂll <]
@amsqauu?mmmﬂu‘lumimu’ammaﬂamﬁmmm"lﬁa ‘H?i‘] Hydraulic Calculation U ﬂﬁi’)
' ' v
ANugdetiesnnanudeanIy Funannusadeaniuaesdinielune aens lvaveni

d' 1 1
nogneglune
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A Aa ] ' o a A a A
aumsniunienlumslamainnuaugdeiionInANuFTeaNIY Ao aunIs

: ) o <
Y94 Hazen — Williams Fagnuugihldldlumsdnnlu NePA 13 vagldifuauns

] E4
wasglumsmisanudugadeoiiosnnanudeaniu aun1s Hazen — Williams 7 1A
nimsnadoums Iva il a.a. 1905 Tag Allen Hazen 1ag Gardner S. Williams Taga
4
C-factor (Hazen — Williams Roughness Coefficient) ﬁi’)ﬂ”lﬁ’ll‘ﬂizﬁﬂ‘ﬁﬂ’ﬂuﬂl?llizﬁllﬂdw’lﬂﬂ
1< a A (= 1 I a s dyz:? v o dy a gy 1 09}
WhulSnai ludinie iuwmsidwesnwdennuagsszduinsvesiumaiu luve o
i { 3 @ ' { J { o <

TagA1 C-factor N9 2 UAMNUVBINONTANNITIVNIN UAAT C-factor  NA1 V1)U

AMNUVBINONTANNYTUTENIN

I v o J @ 31 1 o
A3 Hazen — Williams 1fuanuduiusvessasinms vaveuinieluneny
Y
AuaulianmenmveIietazaNuRugy doananudeaniu aumsildlumsesnuuuy
(K] I
381U Water pipe system l3in1vziv 52U Fire sprinkler system 3&11 Water supply network
HazsTUUY¥alsEnIu A1 C-factor M@ANNIS Hazen — Williams 1319 Function ¥4 Reynolds
Y o w v A ALY o 2’ ' ) a @ a A A
number Fos1avewiufe 14 lammziuii ldowihwinsandugungiivioanuniiaves

Y

hla
a\ W
Ya LA

9 a § o a o A Aa 9
1. Wmﬂllﬂaﬁqwﬁ'lﬁlfuﬂu'lﬂu YU 35,000 kKVA QAAINIIUDNDIATT WUNHNIVIUD

wilaaTass iy 1,103 m1319¥a

'
Y] aq 9

v o a
2. izUUﬂ’JUﬂﬂJﬁ)ﬂﬁﬂﬂLﬂmmU Water Spray Fire Protection 3JW]‘§§1L!?9J}NEN°V] §J

11un1590ALUY A® National Fire Protection Association (NFPA 15)

{ Aav o . . 09} 3|
3. Water Spray Nozzle 1 191uns3deidlunuu High Velocity nszateriwonuuilugil
2’ { < [
N320828NN1TN52910111 90 BT LAz IWITOAIUNIULITIaNNTAT g TRy

24 Alawasaos 139
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d‘ a 4
2. IATOINUN
3. AQUINAT
A a
4. IATD3AALIQY
a 4 .
5. T1sunsuneuN N0 Microsoft Office Excel
an
I5NI
a o v A o @ 9
1. 3Lﬂ§13WLLEI3i’)ﬂﬂUfU°]J§$‘]J”]Jﬂ’J‘]Jﬂllﬂﬂﬂﬂﬂﬁ"lﬂiﬂﬂllmlﬂaﬂ]lWﬁ"l
= [ a a'{ 1 [ a U
2. ﬁﬂi&ﬂwaﬂigﬂﬂﬂlﬂﬂﬁhﬂigﬁﬂ‘ﬁﬂ'ﬂuﬂljﬂliz (C-factor) VOINDAUINAN DTS UD
AANDAANY

3. Anywansznuvesviaieaumasaelszansnimlumsniugy

a L4 aw a :JI
4. ﬁqﬂllﬁ$3ﬂ1§ﬂ‘!waﬂ15'}ﬂﬁl uaxmuﬂuuzummﬂumimmiwumumj

dmsunsiouaalulih

[

2R

A v
Angy

v A

Dff

Y
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a d
NalasIvIw
=
WNaNI1IANHEI
Y

Yoy lvesristontladlvivhiivhmsinm

Y Y
wloutlaslvdh vuia 35,000 kva dszianusspiniu szuneanudeudeiniuuas

ﬁﬂﬁlli%ﬂ']‘c’]ﬂ’ﬂil%}ﬂu

M 20 Mwveandioudas I Armsanen
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WA 21 uﬁmuuuuﬂamawﬁ’auﬂawmﬂ 35000 kVA sHANY
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[ v
a v U o/

o A d‘ k%
ATHIUHINUHUNND Nwﬁﬂﬂﬂﬂﬂﬂlf’)ﬁﬁuf’)!!ﬂaﬁﬂwﬁ1

9 v
A A

9199 2 Nunveandiouaslulih

ginsaivesnsionilas g g g9 Hufisan
(m) (m) (m) (m’)
Mnanfioniag 1.6 4 3.23 48.94
YATZUIWANS OU 1.4 2.8 25 28.84
ANILANINDT 1.4 1.4 1.4 10.64
NADIATOUYFFITIAN 0.5 1.28 1.4 6.26
fufuiiiy =1 m - 2 - 7.85
37U 102.53

MIMUIUANNHUMUHVDIN
. S Ay p, v
ANV niNdesINsveInta)asazglnsainaviua

102.53 m’ x 10.76 1,103 ft’

1,103 x 0.25 276 gpm
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M321952UVNONAT Water Spray Nozzle voavsioulaslvlih

14 13 12 1 1o
e L re
K i i st
31 i . - 9
«4- 8
30 i
7+ 6 5*
4 i 4*
28 #‘,\ A V ' A
G-
27 = i
26 b B -—02*
G
25 24 23 ~ ! b S Y
18 17*  16* 15+
4 4 19
22 21 20

MNN 22 LAAIRUNUINTTIE Water Spray Nozzle
Hu18aY Water Spray Nozzle NIAToINUTY * Ao Water Spray 11U 3 nozzle

NI8AY Water Spray Nozzle 11 1351nT09% 118 * An Water Spray 41U 2 nozzle



- ¢ -9
_—
:
?- P T 0} Q ¢ /( -—T
i U] U] P (1) U]
: I
[ 1
L e e - N

(= . o . s - -
[ . -+ - - -+ 4
&> < 4 4+ 4 - b

MW 24 1AAIRUNUINITII9 Water Spray Nozzle (UNDIATUHTIY)
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2 g
£ J%) i

ey

v A
MNN 25 LAAIRUNUINITARAIUDY Water Spray Nozzle (11U 2 Nozzle

-3

g C

-

Al
*33
&3

S0

] k4
MNA 26 LAAIRUHUINTAAAIUDI Water Spray Nozzle 1111 3 Nozzle
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o d
ﬂ]§ﬂ1u3mﬂ1ﬂﬂﬂﬁ1ﬁﬂ§6‘lﬂﬂl’lﬂa

H 4 1
1. fMuA Water Spray Nozzle 1A8M3119AMHINNDTNAYUADY DINTUTINY
o A Y dy A o di‘ Aa 9/ o
T1UIU Nozzle leJGLWNWHVIﬁENﬂuﬂi@ﬂﬂquwuﬂW'J"U@\‘l?iilallﬂa\i 1UIU Water Spray

Nozzle ifvua'ld Av 72 Nozzle (@fl,umwﬁ 22)

o a Y { .. @ 31 1 @
2. mmmmﬂimmmﬂwauaﬂﬁq@ (Minimum gpm) UDIHINTLINWUUAALH?

[l Y v Y
Fensouasesiunilesiuveidnszneiuaasiid Taslsainnunuiiu 0.25 gpm
dy A Y :I Aa < = a :I
lunufinseunsesvesiinszaethnllgduuuiuuuwder Ysuuns lvavesii
Y
(gpm) 819111199717 Total minimum gpm HAL¥ITAIIUINITINTE811 1UTLUD Water Spray

System

Q nozzle = (1,103 sq.ft) x (0.25 gpm/sq.ft) = 3.8 gpm/nozzle

(72 Nozzles)

A v A g A = Y]
3. 1@9NANUAULTUAUN 50 psi mgﬂuhlﬂmmm!,ﬁuau,uzmm NFPA 15

A Yy a a [ 9)3 1
4. 1a9n Water Spray Nozzle 91NHNAN ¥UA High Velocity aunsanunseau laaad

. g’ Y A A '
30 - 175 psi (ﬂiuﬂiﬂwuﬁlﬂ n) ﬂigﬁl"lflu"lﬂﬁﬂ‘]_lﬁgﬂﬂ‘alﬂ"ﬁ“lﬁﬁ‘ﬂ 20 gpm (ﬂﬂT‘W‘VI 28, 3U HV-
g v o v Aa
26) 'E]'E'JﬂiJ'lL‘]JugﬂVli\?ﬂﬁ'Jﬂﬂ'Jﬂlqlllﬂ15ﬂ53ﬂ18u1 90 BN LAZHINITDATUNIULIIAUNY

3 a Vo @ o 5 Y Y

A5G 24 D lawasaodd T uazdineingluumsnsznehldidunnunsansiela
v A o 091 a 9 v dy
UaNNIIADNMINITSINYUN IﬂﬂWﬂ’lﬁm’leUﬂiJ“aﬂ\W]ﬂllﬂu

a : a < . .
1. ¥HAY09 Water Spray #4130n Water Spray $1aAM157g4 (High Velocity Spray
d‘ o'/ a QaJJ [ a % A
Nozzle) (@lunmii 27) el lunmsdadsszuuaumainmeueneimsinazidon Water
a 3
Spray ¥UAANNLIIFI (1997 National Fire Protection Association, 6-12 Water Spray Protection,
. &~ oy I A
Christopher L. Vollman) 441n3nsza1e1i1eenu1ilugilnide 1iies9ngluny Water Spray

v A

nnszneesnurzansadiuussan 1@ Falinadensniuguonfe
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H a <
MNN 27 Water Spray Nozzle TUAAIULITIFN

fan: Tyco Fire and Building Products (2008)

2. N5 MSIAUN Water Spray Nozzle 5095014 H3doaidion Water Spray N50951

@ Y 9 . £ v A 9 o o o Ao Aa 09/}
uﬁﬁﬂuulﬂafnm@ﬂ 50 psi FUTUANUAUGTUAN §1MTVTEVUTLIVOAANINAAAIN18UDN

91713 (NFPA 15) (9 1un i 28)

¥ Y
3. YSanamInszaeinues Water Spray Nozzle @04n5218111a201/5uums Iva

v 9 1 £ .. Ay Y o
lsifoeni1 3.5 gpm/nozzle ¥uilu Minimum Total gpm 1 lA1nMIAIUI

TE g b s 8
w :z : z : 3
> ‘l T T 7 T T ™
b f )’ 4 I ]
T
70
#
o
TS 60 !
:8 &
8o 1
cw 50
oo
w V.
[=]
3 40 ”' f A
o}
& - o -
E 30 | I 1 B J.1l
5 10 15 20 25 30 35 40 45 50 55

DISCHARGE IN U.S. GALLONS PER MINUTE, GPM
= . . oA A 9 = A
WA 28 Nominal Discharge Curve (uitdon 15 lunsfinyitine HV-26)

131: TYCO INTERNATIONAL LTD. COMPANY
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9 1
Al =

v 9 v
1N ni 28 Wanszaeidesiuidenldlunsdiiiie HV-26 Fee305095Y

v
o A

v Y [ [ 1
Anuautazdsuams lvamunminseneihnumwasdingai 20 gpm 50 psi Fuioanons

q

m3sessuanuautiosnganszuuAIns

v Y Y 1 Y
4. yumsnszaeh Aeansznethnseunsesiunflesiunazaunsonszanirld

v @ a o W

= oA o
llWaf,‘lﬂW?ﬁﬂﬂﬁmﬂﬂQﬂﬂimﬂﬂgﬂﬂﬂﬂu

-5,0
16 T ,
Minimum 30 psi (2,1 bar)
- 4.5
14
\ 4,0

12

- \\

MAXIMUM RECOMMENDED AXIAL DISTANCE
TOFPLAME OF FROTECTION, FEET
oo
MAXIMUNM RECOMMEMNDED AXIAL DISTANCE
o PLANE OF PROTECTION, METERS

e

4
2 ~~ vy
05
0 0
0°  30° | 80° 90° 120°  150° 180°
(GRAVITY) 457 135°

ORIENTATION ANGLE

d' ] A 3' =K a Y A Y @
HNN 29 FTISHNNGA Water Spray ﬂ'Uﬂiﬂﬂ‘i%iﬂﬂuWﬂ\‘iW’JWHWQﬂﬂﬁmﬂﬁ@\‘iﬂ@\‘]ﬂu

#131: Tyco Fire and Building Products (2008)
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14 £
a LYY ]

] 9
INNINA 29 MAUAAINITNTZ181T 90 DIAN WUNHINITDAAAIHINTZVIUIN

nnAdudavesgilnsalldne 3.5 va luvae

WA 2 Yo

[ AXIAL DISTANCE ————= | ]

[ 9 9
niseiioanuuuliianszaeitegiienn

ORIENTATION
_— ANGLE
' (90° SHOWN)

0° (GRAVITY)

. ___
\ Ny
PLANEOF  ~“~—___+
PROTECTION f
/ OVERALL
DESIGN SPRAY
SPRAY AREA
AREA

3 [ o :} Aa o o A
ﬂTWﬁ 30 UEAINITIATLYS Axial Distance %1ﬂ1’i3ﬂﬁ$%15u1§]ﬂﬂﬁﬂW?ﬁNWﬁﬂlﬂ\?Qﬂﬂﬁﬂ!ﬁ

9 [
#oamstloanu

1311: Tyco Fire and Building Products (2008)
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0 METERS FEET
o 20 1.0 0o 2 4 6 8
5 o T 0 W
E. - ] < ?::\. H
uj HV-26 175 N >
N / A A o
o 10 - TR z
= / i Y % 4 =
= A v O
v / 7 N B
L y it 3 E LU
w 2,0 L N O
E / ’ll ) x\ E I;ZE
5 [/ ¢ NAN R~
230 10 2
> X
< METERS FEET

~ H A A 9 =
MNN 31 E‘]JLL‘]J‘]JﬂTiﬂiSinﬂuﬁlﬂQ Water Spray ﬂLﬁﬂﬂi%iuﬂTiﬁﬂHT
fan: Tyco Fire and Building Products (2008)

PIAUANEIN 1 An¥IWansznUVesdNszaNEANNVIUIT VO IMBALINGS (Hazen — William

Coefficient of Roughness, C-factor) 932 UUAILANIANIEY
o ' ° J . .
fvgamsmuIananamansved va (Hydraulic Calculation)
a v 9 o [ dy
E]‘ﬁ‘]J'IEJﬂ'J13J’ViiJ'lEJsU'E]\?W'J"llﬁ]cluﬁ'li'l\iﬂ'lﬁﬂ'luﬂ]m FPNU
[ P o ] a
ﬂ’f]ﬁlluﬁ 1 AUNUIVUDY Water Spray %1\1@\1@']%51'11/‘] 22,25 Qg 26
] oA A o d‘SI 09/'
ADANUN 2 Pressure (psi) ADAITHAUNADINTT B JAUUUBDITSUY
] oA A @ A Y 09.:’
ADANUUN 3 Flow Rate (gpm) o @ﬁ§1ﬂ13hl1’ia‘ﬂﬁﬂ\1ﬂ1§' U YAUU) VBNTSUY

[ P [ $
ADAUIN 4 Diameter ADVUIAVDINON 14911 (Nominal Diameter)
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o oA A Y s '
ADANUN S ID D mummumuquﬂﬂanmfﬂum
o P . A J
ABANUN 6 BL — Branch Line ADAINNYIIUDING
[ P = = = <Y
A9ANUN 7 EL — Elbow ﬂ@ﬂ313JEJ1’JLVIEJTJLﬂENﬂJE’NQ‘]JﬂiﬂHI@Q’O
[ P A =} = <Y 1
ADANUN 8 T — TEE A9 ﬂ’ﬂllEJTJL‘VIEJ‘]JL?’IEN"IJ@QQ‘]JﬂiiIHJﬂG]ﬂﬁHJVIN

o oA A 1 L4
ADANUN 9 Total (ft) AO mmannumawauazqﬂmm

=

o A @ 1 4 @ a =
ADANUN 10 Friction Rate (psi/f) An anuaugandslunetioswvnindulseans

U v

AITNUVFVTE

o A @ :JI {a J
ADANYN 11 Friction (psi) AD ANUAUFUITFINIMUANNIITUIANNGIIVOINOLAL

U v

4
gunsaiudn

o da
AOANUN 12 Elevation (ft) ﬁ@ ANUFINNLUUITEUTY

]
=) A

o A [
AOANUN 13 Elevation (psi) ﬁ’ﬂ ANUAUFULTYLUDIVNINAITNEN

U 9

[ P oA Y] 09/' A Y
ADANUN 14 Total Pressure (psi) AD ANNUAUNIHUANTEUUNDINIT



3 v 1 o 4
Gﬂi]x‘iﬁ 3 G]’J?JEH\WHTNﬂ1§ﬂ1u’3mﬂ1\1ﬂaﬁ1ﬁ'ﬁiﬂl@\ﬂ°ﬂﬁ
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Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.00 | 1.049 5.63 4.00 5.00 14.63 0.1301 1.90 5.30 2.29 54.19
branch A 50.00 20.00 1.00 | 1.049 0.33 2.00 5.00 7.33 0.1301 0.95 - - 50.95
adjust 20.63
branch C+A 54.19 40.63 1.00 | 1.049 0.66 - 5.00 5.66 0.4829 2.73 0.66 0.29 57.21
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.1301 1.54 2.50 |- 1.08 50.46
adjust 21.30
branch ABC >> point 1 57.21 61.93 2.00 | 2.067 - - 10.00 10.00 0.0387 0.39 - - 57.60
point 1 >> point 2 57.60 61.93 2.00 | 2.067 3.61 - 10.00 13.61 0.0387 0.53 - - 58.13
branch >> point 2 61.93 57.60
adjust 62.21
point 2 >> point 3 58.13 124.14 2.00 | 2.067 3.28 - 10.00 13.28 0.1402 1.86 - - 59.99
branch >> point 3 61.93 57.60
adjust 63.20
point 3 >> point 4 59.99 187.34 2.00 | 2.067 3.61 - 10.00 13.61 0.3001 4.08 - - 64.07
branch >> point 4 61.93 57.60
adjust 65.32
point 4 >> point 5 64.07 252.66 2.50 | 2.469 3.28 6.00 | 12.00 21.28 0.2197 4.68 - - 68.75
branch >> point 5 61.93 57.60
adjust 67.66
point 5 >> point 6 68.75 320.32 2.50 | 2.469 1.64 - 12.00 13.64 0.3407 4.65 - - 73.40
branch >> point 6 61.93 57.60
adjust 69.91
branch C 50.00 20.00 1.00 [ 1.049 | 9.61| 4.00| 500 1861 0.1301 2.42 5.30 2.29 54.71
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 2.00| 5.00 7.33 0.1301 0.95 - - 50.95
adjust 20.72
branch C+A 54.71 40.72 1.00 | 1.049 0.66 - 5.00 5.66 0.4849 2.74 0.66 0.29 57.74
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.1301 1.54 2.50 |- 1.08 50.46
adjust 21.39
branch ABC >> point 7 57.74 62.11 2.00 | 2.067 - - 10.00 10.00 0.0389 0.39 - - 58.13
point 6 >> point 7 73.40 390.23 3.00 | 3.068 1.64 - 15.00 16.64 0.1705 2.84 - - 76.24
branch >> point 7 62.11 58.13
adjust 71.13
branch A 50.00 20.00 1.00] 1.049| 0.99| 4.00| 5.00 9.99 0.1301 1.30 0.66 0.29 51.59
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.1301 1.54 2.50 |- 1.08 50.46
adjust 20.22
branch AB >> point 8 51.59 40.22 2.00 | 2.067 - - 10.00 10.00 0.0174 0.17 - - 51.76
point 7 >> point 8 76.24 461.36 3.00| 3.068 | 2.62| 7.00| 15.00 | 24.62 0.2323 5.72 - - 81.96
branch >> point 8 40.22 51.76
adjust 50.61
point 8 >> point 9 81.96 511.97 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.0750 1.72 - - 83.68
branch >> point 9 40.22 51.76
adjust 51.14
point 9 >> point 10 83.68 563.11 4.00 | 4.026 2.95 - 20.00 22.95 0.0894 2.05 - - 85.73
branch >> point 10 40.22 51.76
adjust 51.76
point 10 >> point 11 85.73 614.87 4.00 | 4.026 3.28 | 10.00 | 20.00 33.28 0.1052 3.50 - - 89.23
branch >> point 11 40.22 51.76
adjust 52.81
point 11 >> point 12 89.23 667.68 4.00 | 4.026 3.28 - 20.00 23.28 0.1226 2.85 - - 92.08
branch >> point 12 40.22 51.76
adjust 53.64
point 12 >> point 13 92.08 721.32 4.00 | 4.026 | 3.28 - 20.00 [ 23.28 0.1414 3.29 - - 95.37
branch >> point 13 40.22 51.76
adjust 54.59
point 13 >> point 14 95.37 775.91 4.00 | 4.026 | 3.28 - 20.00 [ 23.28 0.1618 3.77 - - 99.14
branch >> point 14 40.22 51.76
adjust 55.66
point 14 >> common point 99.14 831.57 4.00 | 4.026 - - 20.00 20.00 0.1840 3.68 - - 102.82
other side >> common point 831.57 102.82
common point >> pump 102.82 1,663.14 6.00 | 6.065 | 20.00 | 28.00 | 38.00 86.00 0.0902 7.76 9.50 |- 4.11 106.47




formula

9
v A

AN 3 ?ﬂlﬂiﬂLlﬁﬂ\‘]ﬁiﬂa&%ﬂﬂﬂ"li??nu%ﬂl]lﬁ)ﬂﬂu

I. @ 99 1- branch C (23l 1 vo4 Point 1) FuAUMITATIZHIIN
AUAU 50 psi
931013 11a 20 gpm
Mvnarie 111 (durimgudnaameluniiu 1.049 i)
C= ﬁuﬂszﬁm?mmmgmmawia (=120 N30l new galvanized steel pipe)
HANVEIANLUNFUND 5.63 ft

#9040 90 9971 2 A1 VANV ANSVASUMIAY 4 ft

)

v A

Teuna 1 a1 anueneuneunIng 5 ft

Y
v @

A UAMNE TATTINMINY 14.63 ft

1 1% 1 1 J a S ¥ yq.
mmm&mqmutf?wclmmazmuﬁu’awa ﬁ1n1iﬂﬂlﬂ§1$ﬂllﬂi]'lﬂ Hazen-Williams

_ (452@QM®)

P=
(Cl.85 )(D 4.87 )

x(L)

@ = 1 1 3| .

P = anuaugaudslune ey psi

Y ' ] [
Q = 8a31M3 Manelune vureilu gpm

4

C= ﬁﬂﬂﬁgﬁﬂﬁﬂﬁ"msllﬁq"lﬁ%imﬂﬂﬂﬂ

9 ' 4 J ] I Qy
D= Lﬁumug{uﬂﬂmﬂmﬂumama ATRTISIATR TR

v ] <
L = Au81v09N9 wideilu Wa

o_ (4.52)(201-89)
(1201-89)(1.049%-87)
= 0.1301 x 14.63

x(14.63)

=1.90 psi

v A 1

¥IRABE 991N ALEN TLIWIAUNIAY 5.30 ft

Q
)
= A

1 @ . a Y
f’]'lﬂ'J'liJﬂuﬁiULﬁflluﬂﬂinﬂﬂTlquxi elevation loss ﬁ'lll'lfl'ﬂ')l,ﬂi'lgﬁﬂlﬂi]']ﬂ

U v

Pe=0.433xh

58
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Pe =0.433x 5.30 =2.29 psi

MANNAUGYASTABTIN =50 + 1.90 + 2.29 = 54.19 psi
2. 99 1- branch A (¥22A1 2 ¥4 Point 1) IFTUAUNIIATIZHAIN

AUAU 50 psi
913173 11a 20 gpm
4
C= E‘T‘JJ‘]J?ZE‘T‘I/]M]’JW%JE%J‘J%"IIEN‘I/]E) (=120 N3% new galvanized steel pipe)
1 Qy ] 4 [ Y Qy
Tdvuanoe 1 11 duruguanaanelumiiny 1.049 17)
HANueaNUNdUND 0.33 ft
9 v A = = " W
048 90 8371 1 A7 VAN ANIVAIUNIND 2 ft
= 3 = = = 1 (%
PN 1 92 WanueneuneunIng s ft
Y
A UAMNE1 TAET MY 7.33 ft
aanuaugadeluudazdiuvesvio annsn N1 18910 Hazen-Williams

formula

(4.52)(Q8%)
P= x(L)
(C1'85 )(D 4.87 )

o (452209
(120-85)(1.040%87)
=0.1301x7.33

X(7.33)

=0.95 psi

v A 1

NINADYFININALEN TULLIAUNIND O ft
AANUAUGYIAIT09910AINEA elevation loss 1111111 0

g

)}

=S

MANVAUFUTITABTIN = 50 + 0.95 + 0 = 50.95 psi

g

9
= 4 1

4 ' [ < Y { [ [ qu/
Lﬁf‘N’Il"lﬂﬂ"lf"l'ﬂllﬂuﬁiULﬁﬂﬂﬂﬁ@\iﬂilﬂuﬂfl"luﬂuﬁi]‘ﬂlaﬂ:]ﬂu muuiummwmw

LAY

k4
=2 Y A

Y 9y 3| 1A Y v o 1w A 9y v o
ANNANIZAD U UAAEINY ﬂ\iuui]\W]'EJ\33Jﬂ']'i‘]Ji‘Uﬂ"I@@]51ﬂ1511’ialW@1Wﬂ3’]NﬁNWH‘ﬁ

1 @ [ 9 9
FERINANWAUIAZOATINS Inalinnugndes Taeldauns
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Qadjust _ [Phigh

Qlow Plow
. 54.19
adjust =20, [——
Qad 50.95

Qadjust =20.63

Tagh
. [ A [ 1 Y ' I
Qadjust = 0a51M35 ManIMsUsuAwa? sty gpm
[ [ A1 o 1 ] I~
Qlow = 8n31M3 InaveanemunliadIn wiuiu gpm
@ J A 1 1 I
Phigh = anuauveInedunLmgna niaedlu psi
o J A1 o J 1 [ .
Plow = AnuAUYBIem U NTAAINI nueilu psi

Y [ v
Tunsaifl 52131999 1- branch A (¥1Raf 2) HaznT e 1831 Qadjust HAunimy

20.63 gpm B ANIEANUAUN 54.19 psi MINAVANAUNINY 20 gpm B N1IZANUAUN 50.95 psi

formula

3. QA CHA

AUAY 54.39 psi (1AOAANVAUNNINAI)
8951015 112 1IN0 20 + 20.63 = 40.63 gpm
4
C= ﬁuﬂszﬁmmmmmmmm (=120 N5 new galvanized steel pipe)
1 Qy ] 4 T Qy
Tdvinane 1 12 (duruguanalanieluminy 1.049 17)
HANUEIANLUAFUND 0.66 ft
= U = = = 1 [
AWM 1 A9 UANUIANBUIABUNINDY 5 ft
Y
A UAMNE TAITINMIAY 5.66 ft

1 Y 1 ' ' a S ¥ egqe
ﬂ’lﬂ']’]iJﬂuqtlJl’aﬂiuu@ﬁgﬁ"JHGUENTIE] ﬁ’uﬂﬁﬂﬂlﬂi’]zﬂllﬂinﬂ Hazen-Williams



formula
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_ (452)(QY)

P=
(C1.85 )(D 4.87 )

x(L)

o (4.52)(40.631-8%)
(120-85)(1.049%87)
=0.4829x 5.66

X(5.66)

=2.73 psi

wiaiiaeggannyauen TununAuiiy 0.66 f
MANALgIFeI91NANG elevation loss 1118010
Pe=0.433xh

Pe=10.433x 0.66 = 0.29 psi

MANUAUGITETABIIY = 54.19 + 2.73 + 0.29 = 57.21 psi

. @190 1- Branch B

AUAU 50 psi
89513 1va 11D 20 gpm
4 1
C= ﬁuﬂﬁzﬁmmmmzmimmm (=120 N3% new galvanized steel pipe)
1 ay ] 4 [ Qy
Tdvuane 11 edurugudnatsnelumiiny 1.049 47)
Hanuenmaunundune 2.83 ft
9 = = = 1w
V999 90 D97 2 A7 VANNSVUNUIAIUNIND 4 ft
= % =\ = = 1 %
PAIWN 1 97 ANV UNGUIAGUNIND 5 ft
Y
A uAMNe1 TaeTINmNINY 11.83 ft

aanuaugadeluudazdiuvesie annsnInTed 18910 Hazen-Williams

_ (452)Q®)
B (C1.85)(D4.87)

P x(L)

o (452)201%)
(1201-8°)(1.049%87)
—~0.1301x 11.83

x(11.83)

=1.54 psi
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daeddnngauenTuawiiiy 025 f

AT T899 1NN elevation loss 1118010
Pe=0.433xh

Pe =0.433x (-0.25) =-1.08 psi

=S

AMANUAUGAITETABTIN = 50 + 1.54 - 1.08 = 50.46 psi

1 3 ) o 1w 4 ]
9970 11119A590903 Branch  ABC ~ 39deelimsdsuadnsinis lvaiive 14
Y

v o ' @ [ Y
ﬂ’ﬂll’ﬁiJ‘W“L!‘ﬁiZ’Vi’JNﬂ’JHJWL!LLazﬂ@]iWﬂWiulﬂﬁflﬂ’ﬂiJQﬂﬁﬂﬂ Iﬂ&l%ﬁ’ﬁilﬂWi

Qadjust _ [Phigh
Qlow Plow

. /57.21
adjust =20, | ——
Qad) 50.46

Qadjust =21.30

[

Qadjust UAUNINY 21.30 gpm U NITANNAUN 57.21 psi MIAANARAUNIAY

20 gpm ¥ N1IZANUAUN 50.46 psi

formula

5. @ 9@ Branch ABC aﬂ Point 1

ANUAY 57.42 psi (1AONANVAUNNINAI)
81315 I1a M7 40.63 +21.30 = 61.93 gpm
4
C= auﬂi:ammmmqmimawa (=120 N3% new galvanized steel pipe)
Y Y
T¥vuranie 2 17 (durugudnanenieluniiiy 2.067 42)
= U = = = 1 [
HAUNW 2 @2 AN UNGUASUNINDY 10 ft
Y
AITIUAMNEM 1RSI0 fi

aanuaugadoluudazdiuvesvie annsnInT1ed 18910 Hazen-Williams
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_ (452)(QY)

P=
(C1.85 )(D 4.87 )

x(L)

o (4.52)(61.931:8%)
(120-85)(2.067%87)
=0.0387x 10

x(10)

=0.39 psi

v A 1

WIRaegg91nauen luuuIAuiIng o ft

Q

]
S A

AMANVAUYLFBITD99INANGA elevation loss 1M1V 0

=S

MANNAUGYTYTAB3 I = 57.21 + 0.39 = 57.60 psi
6. © 99 Point 1 09 Point 2

ANUAU 57.60 psi

81315 I1a M7 61.93 gpm

C= ﬁ’uﬂﬁzﬁﬂ?fmmmzmimmﬁ@ (=120 N3% new galvanized steel pipe)
Munanie 2 1 durugudnasmolunii 2.067 1)
NANMUEIANLUAFUND 3.61 ft

VAN 2 @2 BANUeUNIUAGUMNINY 10 ft

FatuanuenTaos iy 13.61 f

manuaugadeluudazdiuvesie annsn N2 18910 Hazen-Williams

formula

(4.52)(Q8%)
P= x(L)
(C1'85 )(D 4.87 )

o (4.52)(61.931-8%)
(1201-82)(2.0674-87)
=0.0387x13.61

x(13.61)

=0.53 psi
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NIRA0IMIINYALEN TULLIAUMIAD 0 fi
MANUAUFYTOITI0991NANNEN elevation loss NV 0
=

MANUAUFLA AT IN = 57.60 + 0.53 = 58.13 psi

U9

v

. 1< A o . v K 9 = [
4 Point 2 Lﬂuﬂﬂﬂﬂ@ﬁ’]ﬂ’]ﬁllﬂaiﬂﬂ Branch 8¢ Point 1 ¥1534UNU WARIUMIUSU

1w A Y v o v o @ = 9 Y
ﬂ16ﬁ51ﬂ13llﬂaLW@iWﬂ'JnJﬁﬂJWl!‘ﬁﬁg‘ViTNﬂ’J']llﬂuuﬁgi’)@'lﬁ"Iﬂ']ﬁllﬂallﬂfnllt;]ﬂﬂﬂﬂ Iﬂfﬂ%

auns

Qadjust _ [Phigh
Qlow Plow

Qadjust =61.93, f%
57.60

Qadjust =62.21

Qadjust HANUNINY 62.21 gpm Y NMILANUAUN 58.13 psi MINANNTAUNNY

61.93 gpm B NITANVAUN 57.60 psi
7. 91 99 Point 2 4 Point 3

AUAU 58.13 psi

9313 I1a M0 61.93 +62.21 = 124.14 gpm

C= ﬁuﬂszﬁﬂﬁfmmmsqmmawia (=120 N30l new galvanized steel pipe)
IFvnamie 2 19 adurugudnanielusiiiy 2.067 ﬁya)

Hanueauundune 3.28 fi

)

v A

TEuN19 2 @1 WA INgURLUNINY 10 ft
Y
i uANNe Tae TNy 13.28 ft
1 @ 1 [ 1 a o
manuaugadeluudazadIuveine AWITDIUATIZH 1@910 Hazen-Williams

formula
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_ (452@Q%)
P= (1850487, x(L)
(4.52)(124.141-8%)
p— x(13.28)
(1201-8%)(2.0674-87)

=0.1402 x 13.28
=1.86 psi

v A 1

WINADYR1DINIALEN IULUIAUMINY 0 ft

U Q

]
= =)

AANVAUTYLFOITID99INAINGA elevation loss 1NNV 0

=S

MANUAUGITETABTIY = 58.13 + 1.86 = 59.99 psi

. I A o . v =K 9 = o
U Point 3 Lﬂugwamwmﬂwamﬂ Branch 11a1g Point 2 U15IUNU i]\‘IGIE]Q‘JJﬂﬁ‘]Ji‘U
W A v o o ! o o = Y Y
ﬂTE'JG]i1ﬂﬁUl‘l’im‘WE]Glfﬂﬂ’ﬂllZ‘TSJWH‘]ﬁ%W’JNﬂ’JHJﬂuLm%J@ﬂﬂﬁhl‘i/iﬁuﬂ’)'lllgﬂﬁﬁlﬁ Iﬂﬂclﬁ]f

auns

Qadjust _ [Phigh
Qlow Plow

Qadjust = 61.93‘/@
57.60

Qadjust =63.20

Qadjust UAUNINY 63.20 gpm B N1IZANUAUN 59.99 psi VINAUNUAUNINY

61.93 gpm ¥ N1IZANUAUN 57.60 psi
8. @1 9@ Point 3 4 Point 4

ANUAU 59.99 psi

81313 11a 1IMAY 124.14+ 63.20 = 187.34 gpm

C= ﬁnﬂi%ﬁﬂiﬁ%ﬂhﬂliﬂli%ﬂl@ﬁﬁ@ (=120 N3 new galvanized steel pipe)
IFunamie 2 19 adurugudnatinielusiiiy 2.067 ﬁya)
NANUEIANLUATUND 3.61 ft

JE1uN19 2 47 ANV MNGVASUNIND 10 ft
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Y
fauAMNe1 TaesINmMINY 13.61 ft
1 Iy 1 [ [ Aa o
aanuaugadeluuaazdiuveinio a1m1501AT1ZH 18910 Hazen-Williams

formula

p_ (452@%) |\
(L85 p4 87
(4.52)(187.341-89)

P= x(13.61)

=0.30001 x 13.61

=4.08 psi

v A 1

WIRADER1D1INIALEN IULUIAUNMINY 0 ft

U Q

]
S =)

AANVAUYFBITD9INAINGA elevation loss 1M1 0

=

MANUAUGITETABIIY = 59.99 + 4.08 = 64.07 psi

. < Ao . v KX 9 = o
2 Point 4 Lﬂuﬂﬂ‘ﬂ@ﬁﬁ’lﬂ’lﬁulﬁa%Tﬂ Branch 1182 Point 3 ¥1530401 1AM YTV

Vo A Y} v o & ' o o a Y Y
ﬂﬁ]ﬂ'ﬁﬁﬂﬁhlﬁﬁlW@iWﬂ'JﬁJﬁiJWH‘ﬁi%1/?')1\‘]?1’3111@1”!{(35@@]31ﬂ13h11’i"ﬁllﬂ'311|§]ﬂﬁf]\1 Tﬂﬂi‘]f

qung

Qadjust  |Phigh
Qlow Plow

Qadjust =61.93, /ﬂ
57.60

Qadjust =65.32

[

Qadjust HANNINY 6532 gpm W ANMZANVAUN 64.07 psi NAANNTAUMAY

61.93 gpm Y ANILANNAUN 57.60 psi
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9. 1 97 Point 4 ﬁﬂ Point 5

ANUAU 64.07 psi

9NIINT IMaIMINY 187.34 + 65.32 = 252.66 gpm

C= ﬁuﬂszﬁﬂﬁfmmmsqmmawia (=120 N30l new galvanized steel pipe)
Hvnarie 2.5 1 (durhuguénananielumify 2.469 0)
NANNEIMULUATUND 3.28 ft

19999 90 99N 1§71 UANNEIHELRIUMAD 6 ft

=) v A

Teun19 2 @1 Wanue1NguReUnINY 12 ft
Y

A UAMNE TABTINMINY 21.28 ft

1 Y 1 [ 1 a S ¥ egqe
ﬂ'lﬂ']'liJﬂuq‘ﬂJLaﬂiuuﬁﬁgﬁ'JueUEN‘ﬂ@ ﬁ’]‘iﬂﬁﬂ’)&ﬂi’]zﬂllﬂﬂ'lﬂ Hazen-Williams

formula

_ (452)@Q®)
B (C1.85 )(D 4.87 )

P x(L)

(4.52)(252.661-8%)
=0.2197x 21.28

P= x(21.28)

=4.68 psi

NIRA0IMIINYALEN TULLIAUMIAD 0 fi
I

AANUAUFYLABITIDI9INAINGA elevation loss (ML O

=S

MANUAUGITETABT I = 64.07 + 4.68 = 68.75 psi

v

. 1< A o . v KX 9 = [
W Point 5 Lﬂuﬂﬂﬂﬂ@]i’]ﬂ’]ﬁllﬂainﬂ Branch t81¢ Point 4 ¥1534UNU WARIUMIUSU

Q

1w A Y v o v o @ = 9 Y
‘ﬂ”lﬂ@]'i']ﬂ']ﬁllﬂa!W@iWﬂ'ﬂiJﬁﬂJWl!‘ﬁﬁz‘Vi')’Nﬂ’J']llﬂuuﬁgi’)@'lS"Iﬂ'lﬁllﬂallﬂllnlllg]ﬂ@'lﬂﬂ Iﬂﬂ!‘lﬂf

auns



Qadjust _ [Phigh
Qlow Plow

Qadjust =61.93 68.75
57.60

Qadjust =67.66

Qadjust UAUMAY 67.66 gpm & NILANUAUTN 68.75 psi VINANNTAUNINY

61.93 gpm B NITANUAUN 57.60 psi
10. % 9@ Point 5 04 Point 6

ANUAU 68.75 psi

895135 1Ay 252.66 + 67.66 = 320.32 gpm

C= ﬁ’mﬂiz?{ﬂ%{mmmgmmemg (=120 N5% new galvanized steel pipe)
Munanie 2.5 17 (duruguénaameluify 2.460 1)
NANUEIANLUATUND 1.64 ft

AN 2 @2 Tanueuneuneumny 12 f

FutuanuenTaos iy 13.64 f

amanuaugadelundazdiuuesie @1w150305129 1910 Hazen-Williams

formula

1.85
p_ (452Q"%) |

(L85 487
(4.52)(320.321-89)
(120-85)(2.469%87)

=0.3407 x 13.64

P= x(13.64)

=4.65 psi

v A 1

WIRADER1DINIALSN IULUIAUMINY 0 ft

b1l a
)
= A

AANVAUYLFBITID99INAINGA elevation loss 1M1 0

=

MANVAUYAETABTIN = 68.75 + 4.65 = 73.40 psi
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. < A o . v =2 9 = Y
4 Point 5 Lﬂu@ﬂﬂ@ﬂiTﬂWiqﬁaQTﬂ Branch 1182 Point 4 11500 U 39A90M3U5D
1w tﬂl Y 1Y Iy 4 1 [ [ = Y 9
ﬂ'l'f]g]31ﬂ1§uh’iaL“IN’E)GlWﬂ'J"I?JﬁiJWU‘ﬁﬁ%'ﬂ'NQﬂ'J'UJ@ullﬁ%'ﬂ@]S"Iﬂ']'illﬂﬁﬂﬂjnlgﬂﬁﬂﬂ Tagly

aune

Qadjust _ [Phigh
Qlow Plow

Qadjust =61.93,/@
57.60

Qadjust =69.91

Qadjust HANUNINY 69.91 gpm B NNILANUAUN 73.40 psi MINANNTAUNNY

61.93 gpm B NIZANUAUN 57.60 psi
v A A . A 9 a 4
11. @ 99 Branch C (H32a7 1 Y94 Point 7) (3UAUNIUATIEHIIN

AUAU 50 psi
8951715 111 20 gpm
1 Qy ] 4 Y Qy
Tdvinane 1 11 (durugudnatanieluminy 1.049 17)
4
C= ﬁuﬂizﬁﬂﬁﬂﬁiuﬂlﬁlizﬂlﬂﬂ%@ (=120 N5 new galvanized steel pipe)
HANVEIANLUAFUND 9.61 ft
Y ! = = Y
U040 90 9971 2 A7 UANUSIANIVIABUNINY 4 ft
= U = = =) \ U
HAUNW 1 A2 UANUGUNGUABUNIND 5 fit
Y
AatiuAMNE TAgsINMNY 18.61 ft
annuaugadelundazdiuvesio a1w15031A5129 14910 Hazen-Williams

formula

p__(452Q™%)
(C1'85)(D4'87)
(4.52)(201-82)
P= x(18.61)

=0.1301 x 18.61

=2.42 psi



formula

12.

adaedganngauenluuunfaumsy 5.63 f
MANuEUgaEeIii901NAG elevation loss A0 TN 1R800
Pe=0433xh

Pe=10.433x 5.30 =2.29 psi

MANUAUGITETABTIY = 50 + 2.42 + 2.29 = 54.71 psi
2 99 1- branch A (#27a# 2 Y03 Point 7) ISUAUNMTAATIZHIN

ANUAU 50 psi

8131715 111a 20 gpm

C= ﬁ’uﬂazﬁw%amm;mnmmﬁa (=120 N3 new galvanized steel pipe)
I3vrarie 12 edurugudnatiniolusiny 1.049 ffa)
NANNEIMUUUNTUND 0.33 ft

U999 90 8371 1 @3 HANNeReVREUIAD 2 fi

AN 1 A2 UANUOUNGUASUNIND 5 ft
Fruanuen Tass iy 7.33 f

aanusugdeluudasdiuueaie a1150A512H 14910 Hazen-Williams

_ (452)QY®)

P=
(C1.85 )(D 4.87 )

x(L)

o (4522009
(120-85)(1.040%87)
=0.1301x7.33

X(7.33)

=0.95 psi

v A 1

WIRAegge91nauen luuuIAuINg o fi

Q
]
=)

AANVAUYLFBITID99INANGA elevation loss 11NV 0

)}

=S

MANUAUGAITETABTIN = 50 + 0.95 + 0 = 50.95 psi

70
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4 1 o QEJ} 1 d o { @ [ QEJ}
Lﬁﬂ\‘]ﬁ]’]ﬂﬂ’]ﬂ'3'111@uﬁﬂ]lﬁﬂﬂ\‘]ﬁ'ﬂﬂﬂ’]LﬂUﬂ'J']‘JJﬂu‘ﬁﬂﬂlaﬂjﬂu At lumemenin

LT

Y
=2 9 [ J

[ 9 I 1 = Y] [ YY) = Y] T W A Y @
ANNANIzAo U uALAEINY ﬂ\iuufﬂ\i@]'f)\illfniﬂﬁﬂﬂ'lﬂﬂi']ﬂ'lillﬁaw\l@ﬁh’fﬂ?'lﬂﬁllwu‘ﬁ

FENINANNAULAZOATINS Inalinnugndes Taeldaunis

Qadjust _ [Phigh

Qlow Plow
. 54.71
adjust =20, |——
Qadl 50.95

Qadjust =20.72

Qadjust HANUNINY 20.72 gpm & NIZANUAUN 54.71 psi MINANNTAUNNY 20

gpm Y AMEANUAUN 50.95 psi
13. ¥ 90 C+A

ANUAU 54.71 psi (Aonanusuininnin)

8R31713 b1 A 20 + 20.72 = 40.72 gpm

C= ﬁuﬂizﬁmﬁ‘fmmm;mimmm (=120 N30l new galvanized steel pipe)
Mvinaie 111 (duimgudnaameluniniu 1.049 i)
HANUEIANLUATUND 0.66 ft

Hawume 1@ Ianuenufewnsunny 5 ft

FrtuanuenTaos iy 5.66 f

manuaugadelundazdiuuedsie @w1503A12H 14910 Hazen-Williams

formula

~ 452@Q®)
P= (L85 0487, X(L)

o (4.52)(40.721-89)
(120-85)(1.049% 87
=0.4849 x 5.66

X(5.66)

=2.74 psi



adaedganngauenlunuifaiiiy .66 f
MANUALgITeIT899 1NN elevation loss 1118010
Pe=0.433x h

Pe=10.433x 0.66 = 0.29 psi

MANUAUGUITETABTIN = 54.71 + 2.74 + 0.29 = 57.74 psi
14. 91 9@ 1- Branch B

AMUAU 50 psi
8931015 11a (M1 20 gpm
4
C= ﬁuﬂizﬁmmmmqﬂlimmm (=120 N5 new galvanized steel pipe)
9 1 Qy 9 ] 4 [ Y Qy
Tgyane 1 99 (duruguanaaimeluminy 1.049 17)
HANueNUNdUND 2.83 fi
9 v A = =) [
1999 90 991 2 A2 UANNGANSUIAGUNIND 4 fi
= £ = = =S 1 5
Teun1e 1 a9 ANUANYUIAGAMNIND 5 fi
Y
A UAMNE1 TAETIMIAY 11.83 ft
aanusugadeluudazdiuvesie annsn Nz 18910 Hazen-Williams

formula

_ (452)QY®)

P=
(C1.85 )(D 4.87 )

x(L)

o (452)(20"5)
(1201-89)(1.0494-87)
=0.1301x 11.83

X(11.83)

=1.54 psi

wiaiiaeginngauen Ay 025 fi
MANUALgIFNI91NANG elevation loss 1118010
Pe=0.433xh

Pe = 0.433x (-0.25) = -1.08 psi
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MANNAUGYASTABTIN = 50 + 1.54 - 1.08 = 50.46 psi

1 [ @ 1 o 4
9aa011119A59IW909 Branch  ABC  39dosiimsdsumdnsinis lnaeld
9

v o J 1 1Y @
ﬂ’ﬂllﬁﬂJWU‘ﬁigﬁ’JNﬂTJ”ﬂJﬂuuaSﬁﬂ@]§1ﬂ15l11riaflﬂ’ﬂll§]ﬂﬁﬂﬂ Tﬂﬂj%ﬁNﬂW

Qadjust _ [Phigh
Qlow V Plow

) 57.74
adjust = 20, f—
Qad) 50.46

Qadjust =21.39

[

Qadjust UAUNINY 21.39 gpm U NITANUAUN 57.74 psi MNANANAUMAY

20 gpm Y ANANUAUN 50.46 psi
15. @4 9@ Branch ABC 4 Point 7

ANUAY 57.74 psi (HONANNAUNLINNIT)
9931015 I1a (MR 40.72 +21.39 = 62.11 gpm
4
C= ﬁﬂJ‘]J‘JS:ﬁVI‘ﬁﬂ’JTﬁJﬂliq‘]Jiml@Q‘i/lﬂ (=120 N34l new galvanized steel pipe)
1 Q91 [] 4 Y Qy
1dvuanie 2 11 (duruguanatsneluminy 2.067 19)
= U = =) = 1 %
HAUNe 1 62 ANV ANSVAGUNNY 10 ft
Y
aatiunMue 1agsay 10 ft
manuaugadelundazdiuuedie @w1503n512H 14910 Hazen-Williams

formula

_ (452)@QM®)

P=
(Cl.85 )(D 4.87 )

x(L)

o (4.52)(62.111-8%)
(120-85)(2.067487)
=0.0389x 10

X(10)

=0.39 psi
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= 1

NINADYFININYAUEN TULLIAWNIND O ft

q

]
S A

AANUAUFYIABITIDI9INAINGA elevation loss ML O

=S

MANVAUYAETABTIN = 57.74 + 0.39 = 58.13 psi
16. 91 A Point 6 ﬁd Point 7

ANMUAY 73.40 psi (ANWAY & Point 6)

8931015 I1a A 320.32 + 69.91 = 390.23 gpm

C= ﬁ’uﬂizﬁmﬁfmmmqﬂliwmﬁa (=120 N3% new galvanized steel pipe)
Iumatie 3 17 adurugudnatinielumiiny 3.068 ﬁyfa)
TANWIINWUUINOIINNY 1.64 ft

Haume 1 @2 Tanueufewfesunny 15 f

FatuamuenTaos i 16.64 f

aanuaugadoluudazdiuvesvio annsninsed 18910 Hazen-Williams

formula

_ (459Q!®)
P= (1850487, X(L)
(4.52)(390.231-89)
P x(16.64)
(1201-89)(3.068487)

=0.1705 x 16.64

=2.84 psi

= 1

HIRADYR1DINYALEN IULUIAUNMIND O ft

Ll Q
!
A

AMANVAUGYFBITID99INANGA elevation loss 111U 0

)}

=S

MANUAUGITETABTIY = 73.40 + 2.84 = 76.24 psi
. I Ao . v =K 9 = o
W Point 7 L‘]Jui]ﬂﬂ@@]iTﬂTi"lWﬁinﬂ Branch Li01g Point 6 §1334NU 9909UM5UTV
" W A Y v o J Y o = 9 Y
ﬂ”li’)@]3']ﬂ151‘”'@&7‘]'E)Gh/iﬂ'J']llﬁllWH‘ﬁﬁ%ﬂ?Wﬁﬂ’JT?JﬂuLLﬁgﬂ@]ﬁ'lfﬂﬁUlﬁﬁiJﬂ')"l?J@jﬂ@]@Q Tﬂfﬂﬂf

aunsg
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Qadjust _ [Phigh
Qlow Plow

. /76.24
adjust =62.11, | ———
Qad) 58.13

Qadjust =71.13

[

Qadjust HAUNIAY 71.13 gpm ™ ANMZANUAUN 76.24 psi NAANNTAUMAY

62.11 gpm 8 ANILANUAUN 58.13 psi
17. 9 99 1- branch A (123a# 1 Y94 Point 8) TUAUMIAATIZHIIN

AUAU 50 psi
89351713 %@ 20 gpm
4
C= ﬂuﬂazﬁmmmmq%zmmm (=120 N5 new galvanized steel pipe)
2 2
1Fvwanie 1 41 (duruguinatsnolumiiny 1.049 17)
ﬁﬂ’J'I‘JJfJ"I'JWHJLLU'JLﬁuVI"O 0.99 ft
9 = = = 1w
VDD 90 DA 2 €17 UANNYTUNYULAYIUNINY 4 ft

= v A

Tauna 1 a1 IanueneunenIng 5 ft
Y

At UAMUE TABTININY 9.99 ft

' o 1 1 1 a o
mmwmuqmﬂgﬁﬂiugmazmmmm ﬁ"lﬂJ”I'iﬂ’JLﬂiT%ﬁhlgljiﬂﬂ Hazen-Williams

formula

_ (452)(Q®)
B (C1.85 )(D 4.87 )

P x(L)

o (452)(20"5)
(120-85)(1.049% 87
=0.1301 x 9.99

X(9.99)

=1.30 psi

v A 1

WINADHAIDINIALEN IULUIAUNINY 0.66 ft

u U Q

]
=S A

AMANUAUGYFOITI0991NAINEA elevation loss 11 1A9IN

Pe=0.433xh



formula
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Pe =0.433 x 0.66 = 0.29 psi

MANNAUGYEsTABTIN =50 + 1.30 + 0.29 = 51.59 psi

o { A a o
18. % 99 1- branch B (#23A1 2 404 Point 8) (FUAUNMIUATIZHIN

AUAU 50 psi
931713 11a 20 gpm
4
C= auﬂi:ammmmgmzmawa (=120 N5% new galvanized steel pipe)
1 Qy ] 4 [ Y Qy
Tdvuane 1 11 duruguanatanelumiiny 1.049 17)
HANueauUNdUNe 2.83 ft
9 = = = (Y
Y9490 90 DN 2 A7 TANNNUNBV RSN 4 fi
= % = =} = 1 (%
Hauma 1 @9 Tanueufeufeaninu 5 f
Y
A UAMNE1 TAET NN 11.83 ft

aanuaugadoluudazdiuvesvie annsnInT1ed 18910 Hazen-Williams

_ (452)(Q®)
B (C1.85 )(D 4.87 )

P x(L)

o (452)(20"5)
(1201-89)(1.0494-87)
=0.1301x11.83

X(11.83)

=1.54 psi

daeddnngauenTuawiii 2.50 fi
MANUEUgadeiiisNAGY elevation loss 1118110
Pe=0.433xh

Pe =0.433 x (-2.50) =-1.08 psi

MANUAUGAITETABIIN = 50 + 1.54 — 1.08 = 50.46
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4 1 o QEJ} 1 d o { @ [ QEJ}
Lﬁﬂ\‘]ﬁ]’]ﬂﬂ’]ﬂ'3'111@uﬁﬂ]lﬁﬂﬂ\‘]ﬁ'ﬂﬂﬂ’]LﬂUﬂ'J']‘JJﬂu‘ﬁﬂﬂlaﬂjﬂu At lumemenin

LT

Y
=2 9 [ J

[ 9 I 1 = Y] [ YY) = Y] T W A Y @
ANNANIzAo U uALAEINY ﬂ\iuufﬂ\i@]'f)\illfniﬂﬁﬂﬂ'lﬂﬂi']ﬂ'lillﬁaw\l@ﬁh’fﬂ?'lﬂﬁllwu‘ﬁ

FENINANNAULAZOATINS Inalinnugndes Taeldaunis

Qadjust _ [Phigh

Qlow Plow
. 51.59
adjust =20, |——
Qadl 50.46

Qadjust =20.22

Qadjust HANUNINY 20.22 gpm & NIZANUAUN 51.59 psi MINANNTAUNINY 20

gpm & AMEANUAUN 50.46 psi
19. M 90 A+ B

ANUAU 51.59 psi (LAONANNAUNNINNI)
8951015 111 19117 20 + 20.22 = 40.22 gpm
4
C= ﬁuﬂizﬁmmmmmnmmm (=120 N5 new galvanized steel pipe)
1 Qy ] 4 T Qy
Tdvinanoe 2 11 (duruguanalaneluminy 2.067 17)
= Q = = = 1 5
AN 1 @2 AN UNGUASUNINDY 10 ft
Y
AU Tags MmNy 10 ft
amanuaugadelundazdiuuesie @1w150305129 14910 Hazen-Williams

formula

_ (452)Q®)
B (C1.85 )(D 4.87 )

P x(L)

o (4.52)(40.221-8%)
~0.0174 x 0

X(10)

=0.17 psi
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= 1

NINADYFININYAUEN TULLIAWNIND O ft

q

]
S A

AANUAUFYIALTIDI9INANNEN elevation loss NI 0 psi

=S

MANVAUYASTABTIN = 51.59 +0.17 = 51.76 psi
20. &1 9@ Point 7 ﬁd Point 8

ANUAY 76.24 psi (ANUAU Bl Point 7)

8931015 I1a M0 390.23+ 71.13 = 461.36 gpm

C= ﬁ’uﬂizﬁmﬁfmmmqﬂliwmﬁa (=120 N3% new galvanized steel pipe)
Iumatie 3 17 adurugudnatinielumiiiy 3.068 ﬁyfa)
IAMUEIAUUUINOIND 2.62 ft

=9 v A ~ = 1w
UUDI9 90 9371 1 A7 UANVITUNYULAYIUNIND 7 ft

2

v A

JEuna 1 a1 AN INGUASUNINY 15 ft
Y
A9 UANE AT INNIND 24.62 ft
aanusugadolundazdiuvesvie annsnInsed 18910 Hazen-Williams

formula

_ (459@Q!®)
P= (1850487, X(L)
(4.52)(461.361-89)
P x(24.62)
(1201-89)(3.068487)

=0.2323 x 24.62
=5.72 psi
WanRaegdiningaten luuniAumnu o ft
AMANUAUGYAIT09910AINEA elevation loss 1111111 0
MANUAUGITETABTIY = 76.24 + 5.72 = 81.96 psi
. I Ao . v =K 9 = o
2 Point 8 111190 18731113 112910 Branch 1ag Point 7 11571 33dvaiinzal5y
Y A q 9 ¥ @ ¢ ' Y o a v 9
AonTIMs Inariie I ANuduiussznINaNuAuIazdnIMs lnalinnugndes Taeld

aung
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Qadjust _ [Phigh
Qlow Plow

Qadjust =40.22, /@
51.76

Qadjust =50.61

Qadjust HAUMIAY 50.61 gpm B NITANUAUN 81.96 psi MNAUNUAUNINY

40.22 gpm & NNIEANUAUN 51.76 psi
21. 1 99 Point 8 D4 Point 9

AUAU 81.96 psi

895135 M2 WD 461.36 + 50.61 = 511.97 gpm

C= ﬁ’mﬂiz?{ﬂ%{mmmzmmemg (=120 N5% new galvanized steel pipe)
unanie 4 11 durugudnansmolunii 4.026 )
HANMUOINULUINOIIND 2.95 ft

AWM 162 IanueuneuneunIny 20 ft

FntuanuenTaos iy 22.05 f

amanuaugadelundazdiuuesie @1w1503A5129 14910 Hazen-Williams

formula

1.85
p_ (452Q%) |

(L85 487
_ (452)(511.9718°)
(120-85)(4.026487)

=0.0750 x 22.95

P X(22.95)

=1.72 psi

v A 1

WIRADER1D1NIALYN IULUIAUMINY 0 ft

b1l a
)
= A

AANVAUYLFBITD9INAINGA elevation loss 1M1 0

=

MANVAUYAETABTIN = 81.96 + 1.72 = 83.68 psi
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. <3| Ao . v R g = o
M Point 9 Lﬂu‘ﬂ@ﬂﬂﬂi"lﬂ"liulﬁaﬁﬂﬂ Branch 11a¢ Point 8 41520 U 29@09M 3150

q

1w tﬂl Y 1Y 1Y 4 1 [ [ = 9 9
ﬂ1®ﬂ§1ﬂ13ulﬁaLW@iﬁﬂ'J’]iJﬁilWH‘ﬁﬁg‘W'Zﬂ\‘]ﬂ'J'liJﬂ‘L!LLﬁgﬂﬁS'Iﬂ"lﬁllﬁauﬂ'l'lilgﬂﬁﬂ\i Tael%

aune

Qadjust _ [Phigh
Qlow Plow

Qadjust =40.22, }@
51.76

Qadjust =51.14

[

Qadjust UAUNINY 51.14 gpm U N1ITANUAUN 83.68 psi NANANAUNINY

40.22 gpm B ANMZANUAUN 51.76 psi
22. @1 99 Point 9 94 Point 10

AUAU 83.68 psi

8R51013 b1 190D 511.97 + 51.14 = 563.11 gpm

C= ﬁuﬂﬁzﬁwﬁ‘{mmmqﬂﬁmmﬁa (=120 N9 new galvanized steel pipe)
Hvinarie 4 i1 (duimgudnaameluiniu 4.026 1)
IAMUEIAUUUINOIIND 2.95 fi

Haume 1 @2 TanuenufewfeunIny 20 ft

FrtuanuenTaos iy 22.95 f

manuaugadelundazdiuuednie @w1503N312H 14910 Hazen-Williams

formula

~ 452@Q®)
P= (L85 0487, X(L)

(4.52)(563.111-89)
(120-85)(4.026487)
=0.0894 x 22.95

P= X(22.95)

=2.05 psi
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NIRA0dIMIINYALEN TULUIAUMIAD 0 fi
MANUAUFYTOITID991NANNEN elevation loss NV 0
=

MANUAUFYLA AT IN = 83.68 + 2.05 = 85.73 psi

U9

. 1< A o . v X 9 =)
2 Point 10 L‘]Jui]‘ﬂ‘ﬂﬂ@]ﬁiﬂﬁul‘l’iaiﬂﬂ Branch 8¢ Point 9 W15INNU WIADIUNIT
o 1w 4 v o J 1 1Y o
U5umdasims lnarie ldanuduiusszninnnuaunazdasims Inalinnugnaes Taeld

auneg

Qadjust _ [Phigh
Qlow Plow

Qadjust =40.22 }M
51.76

Qadjust =51.76

Qadjust HANUNINY 51.76 gpm & NMILANUAUN 85.73 psi MINANNTAUNINY

40.22 gpm 4 ANIEANUAUN 51.76 psi
23. ® 99 Point 10 99 Point 11

AUAU 85.73 psi

931NT Ina NN 563.11+ 51.76 = 614.87 gpm

C= ﬁuﬂszﬁﬂﬁfmmmsqmmawia (=120 N30l new galvanized steel pipe)
IFunatie 4 17 adurugudnatimeluwiiiy 4.026 ﬁya)
UAMUEIALUINOININD 3.28 ft

a9 v A ~ = 1w
VUDID 90 9371 1 AUANVINUNIUAYUNIND 10 ft

)

v A

TEun1a 1 61 AN MNgUASUNINY 20 ft
Y
A9 UAMNE12 T8I INNIND 33.28 ft
aanuaugaydoluudazdiuvesvio annsn N e’ 18910 Hazen-Williams

formula
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_ (459(Q!®)
P= (1850487, X(L)
(4.52)(614.871-:8%)
P x(33.28)
(1201-8%)(4.026%87)

=0.1052 x 33.28
=3.50 psi

v A 1

WINADYR1DINIALEN IULUIAUMINY 0 ft

U Q

]
S A

AANVAUYLFBITID99INANGA elevation loss 111NV 0

=S

MANUAUGTEIABIIN = 85.73 + 3.50 = 89.23 psi

. 1< A o . v K 9 =
@ Point 11 1JuU9AN8n311135 110910 Branch 11az Point 10 115711 Y 39d09TNs
v 1w y\ 99 ¥ o ' Y o Y 9
Usumoasms nave Iianuduiusszrianuaunazoas s lvalinnwgndes Tagld

aung

Qadjust _ [Phigh
Qlow Plow

Qadjust =40.22, f%
51.76

Qadjust =52.81

Qadjust UAUMAY 52.81 gpm & NILANUAUTN 89.23 psi VINANNTAUNINY

40.22 gpm Y ANILANNUAUN 51.76 psi
24. % 99 Point 11 4 Point 12

ANUAU 89.23 psi

81315 I1a (NN 614.87 + 52.81 = 667.68 gpm

C= ﬁ’uﬂizﬁwﬁiﬂmmgﬂﬁmmﬁa (=120 N3 new galvanized steel pipe)
IFu1natie 4 17 adurugudnatimeluwiiiy 4.026 ﬁya)
UANMVEINULUINOIIND 3.28 ft

JE1uN1e 1 97 AN MNGVASUNIND 20 ft
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Y
ATuANLE TAes I 23.28 ft
manuaugadeluudazdiuvesie annsn Nz 18910 Hazen-Williams

formula

p_ (452@%) |\
(L85 (487
(4.52)(667.6818°)

p= x(23.28)

=0.1226 x 23.28
=2.85 psi

v A 1

WIRADER1D1INIALEN IULUIAUNMINY 0 ft

U Q

]
S =)

AANVAUYFBITD9INAINGA elevation loss 1M1 0

=

MANUAUGITETABIIN = 89.23 +2.85 = 92.08 psi

. < A o . v XK 9 =
9 Point 12 1JuANon351113 1110910 Branch t1az Point 11 115707Y 330905
[ 1w y v o J 1 @ [
Y5umdasims nare Tianuduiusszrianuaunazoasinms lvalinnugndos Taold

aqaunNIg

Qadjust  |Phigh
Qlow Plow

Qadjust =40.22, /w
51.76

Qadjust =53.64

Qadjust HAUMIAY 53.64 gpm B N1IZANUAUN 92.08 psi MNAUNUAUNINY

40.22 gpm & NNIEANNAUN 51.76 psi
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25. 4 99 Point 12 D4 Point 13

AUAU 92.08 psi

PAIINT I1a NN 667.68 + 53.64 = 721.32 gpm
4

C= ﬁllﬂi%ﬁﬂ‘ﬁﬂﬂﬂﬂljﬂliﬁlﬂﬂ%@ (=120 N5 new galvanized steel pipe)
9 9

Tduuanie 4 17 (durugudnatsniolumiiiy 4.026 42)

UAMUEINLUINOIND 3.28 ft

= U = = = 1 U

HAUNW 1 A2 UANUGUNGUABUNIND 20 ft

Y
AatiuAMNe TAgsINMINY 23.28 ft

1 @ 1 1 1 a N ¥ erq.
mﬂanmuqag!,?Tﬁflmmazmummm t’f'lll'liﬂ’)&ﬂi1$1’ihl@i]'lﬂ Hazen-Williams

formula
p_ (452@%) |\
(L85 p4 87
(4.52)(721.321-89)
P x(23.28)
(120-85)(4.026487)

=0.1414 x 23.28

=3.29 psi

v A 1

Wanaoga1nnaauen 1UuIaumnNY o fi

U Q

]
=S A

ANNNAUGYIFITID991NAINGA elevation loss 191111 O

U o

=S

MANUAUGTETABTIN = 92.08 +3.29 = 95.37 psi

. <3| Ao . v KX 9 =
M Point 13 Lﬂuﬂﬂﬂﬂﬂi"lﬂ"lﬁulﬁaﬁﬂﬂ Branch (181¢ Point 12 ¥15IUNU VIABDIUNIT
o 1w 4 ¥ o ' @ [
Usumdasims Inare Tdanuduiusszrianuauuazdaiims lvalinnugndes Taoly

auns

Qadjust _ [Phigh
Qlow V Plow

Qadjust =40.22, }@
51.76

Qadjust =54.59
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Qadjust HANUNINY 54.59 gpm & NMILANUAUN 95.37 psi VINANNTAUNNY

40.22 gpm 4 ANEANUAUN 51.76 psi
26. 4 99 Point 13 D4 Point 14

AWAU 95.37 psi
9315 Ina MAY 721.32 + 54.59 = 775.91 gpm
4
C= ﬁuﬂimmmmmqﬂlimmm (=120 N5 new galvanized steel pipe)
Y Y
T¥vuanie 4 11 (durugudnatameluniiiy 4.026 42)
FANWEIANULUINDNING 3.28 ft
= U = = =} 1 (%]
Pauna 1 62 IAnueuneuneunIny 20 ft
Y
19 UAMNE LAYTINNIND 23.28 ft

aanuaugadoluudazdiuvesio annsn N 18910 Hazen-Williams

formula

~ (452@Q)
P= (L85 0487, X(L)

(4.52)(775.911-89)
~0.1618 x 23.28

P= x(23.28)

=3.77 psi

NIRA0IMIINYALEN TULLIAWMIND 0 fi
I

AANUAUFYLABITIDI9INAINGA elevation loss (ML O

=S

MANUAUGITETABTIY = 9537 +3.77 = 99.14 psi

v

. I A o . v KX 9 =
@ Point 14 L‘]J‘L!ﬂﬂ‘i/lﬂ@ﬁﬂﬁllﬂaiﬂﬂ Branch 8¢ Point 13 H133UNU AADINUNIT

o 1w y v o ' 1Y o
U5umdnsims lnarie ldanuduiuszninnnuaunazdasims Inalinnugndes Taely

auns



Qadjust _ [Phigh
Qlow Plow

Qadjust =40.22 99.14
51.76

Qadjust =55.66

Qadjust HAUMIAY 55.66 gpm B NITANUAUN 99.14 psi MNAUNLAUNINY

40.22 gpm & NNIEANNAUN 51.76 psi
28. @ 97 Point 14 214 Common Point

ANUAU 99.14 psi
895135 1va WA 775.91 + 55.66 = 831.57gpm
4
C= ﬁmﬂﬁzﬁmmmmzmﬁmem@ (=120 N5 new galvanized steel pipe)
1 Qy ] 4 1" o Qy
1Fvunane 4 11 edurugudnatanelumiiny 4.026 47)
= 3 = = = 1 %
AN 1 A2 UANUGUNGUABUNIND 20 ft
k4
AatiUAMNEM TABSTAIMINY 20 fi
amanuaugadelundazdiuuesio @1w1503105129 1490 Hazen-Williams

formula

1.85
p_ (452QM%) |

_ (4.52)(831.571.85)
(1201-85)(4.0264-87)

=0.1840x 20

P x(20)

=3.68 psi

v A 1

WIRADER1D1NIALSN IULUIAUNMINY 0 ft

b1l a
)
= A

AANVAUYFBITD9INAINGA elevation loss 1M1 0

=

MANUAUGAITETABI I = 99.14 + 3.68 = 102.82 psi

86



87
29. @4 9@ Common Point o Pump

AUAU 102.82 psi
] v ]
1119991N0BNILUNITIN Water Spray Nozzle Indifeanaunias asiunngad

=< . 2 A Y A v = .
15 - 31 aUDHI Common Point mmmwms“lwaclﬂammﬂumﬁm 1 - 14 3aUHI Common Point

Y
Y 4

3917 87151115 1412334910 Common Point 94 Fire Pump 119U 1,663.14 gpm
C= ﬁuﬂszﬁﬂﬁfmmmsqmmawi@ (=120 N30l new galvanized steel pipe)
IFunavie 6 17 adurugudnatimoluwiiiy 6.065 ﬁya)
UANUEINWLUINBINNY 20 ft

14999 90 091 1 62 WANUGINWLASUNITY 28 ft

)

v A

NeNuMa 1 69 Ianueuneunsumiy 38 ft
A
ATUANLE1 TABT M 86 fi
aanuaugadoluudazdiuvesvie annsn N e’ 18910 Hazen-Williams

formula

_ 452@Q®)
P= (1850487, X(L)

_ (452)(1,663.14-%)
=0.0902 x 86

P

X(86)

=17.76 psi

adaeddnngauenTuduiiiy 9.50 fi

MANUA LT84 1NN elevation loss 1118210
Pe=0.433xh

Pe =0.433 x (-9.50) =-4.11 psi

=S

MANUAUGTETABTIN = 102.82 + 7.76 — 4.11 = 106.47 psi

' 7
ﬁ]1ﬂﬂ"li1/]@]ﬁi’)Qﬂ11!7]‘(;11IﬂEJﬂ"lﬁL‘IJEfJLlLL‘]JfI\‘iﬂTﬁﬂﬂigﬁﬂ‘ﬁﬂ?"ﬂﬂliﬂlﬁ$ (C-factor)

o I ¢ v o 1 1w a = Y Y @ dy

°nﬂw"lﬂﬂ:nmm‘wu‘ﬁizwawmauﬂimmmmmmiz (C-factor) NUANUAUIUTZUVAIY

AUNINN 32



88

v o d 1 1w a o
ﬂT]llﬁll‘W“Ll‘ﬁi31(?'3']\1@']?4ﬂ']51‘%}\1']u6119\ﬁ’]'E')WULW@:N Ny
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318N13 ?‘i‘M"JE] FINANNEN 51ﬂ1/1’i1—!"3£l PREY]
(3111/6 1NAT) (UIN) (V)
Pipe DIA 1 % 117 A g 30 779.50 3,898
Pipe DIA 3 112 A g 7 1,759 2,052
Pipe DIA 4 112 A g 3 2,563.20 1,282
Pipe DIA 5 12 N5 3 3,487 1,744
Pipe DIA 6 12 N5 10 4,138 6,897
Pipe DIA 9 12 N5 9 7500 11,250
5919890 90 03PN 19,340
FITDADEIUNI 18,688
ATIAAAITEUVTIN 19,500
31A139U 84,651
fan: d1indwtirsuAamIA (2552)
d‘ 1 31 v a
MINN S 51m“ﬂuummwm
Yaduinauwag 5101 (V)
1,500 gpm at 100 psi 1,300,000
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tqca / Fire & Building

Products

Technical Services: Tel: (800) 381-9312 / Fax: (800) 791-5500

Type HV

Directional Spray Nozzles, Open,

High Velocity

General
Description

The Type HY Nozzles are open (non-
automatic) directional spray nozzles
with individual inlet strainers. They are
designed for use in water spray fixed
systems for fire protection applications
where a high velocity water application
may be required, such as for the pro-
tection of flammable liquids.

The Type HV Nozzles feature an inte-
gral strainer for use when the Authority
Having Jurisdiction (other than NFPA
applications) requires the use of indi-
vidual strainers in addition to main
pipeline strainers for nozzles having
an orifice diameter of 3/8 inch (9,5 mm)
or less.

Available in brass or stainless steel,
the six patterns of the Type HV Noz-
zles provide a wide variety of orifice
sizes and distribution characteristics.
As water passes through the internal
swirl plate, a swirling action is pro-
duced, prior to the water being dis-
charged through the orifice tip of the
body, resulting in a solid conical spray
pattern of water droplets being dis-
charged over a defined area.

High velocity type nozzles are princi-
pally used in water spray systems for
the protection of fixed hazards such as

IMPORTANT
Always refer to Technical Data
Sheet TFP700 for the INSTALLER
WARNING” that provides cautions
with respect to handling and instal-
lation of sprinkier systems and com-
ponents. Improper handling and in-
stallation can permanently damage
a sprinkler system or ifs compo-
nents and cause the nozzle to fail to
operate in a fire situation.

transformers, circuit breakers, diesel
engines and diesel storage tanks,
turbo alternators, lube oil systems, oil
fire boilers, and similar hazards. They
are capable of rapidly extinguishing oil
fires by emulsification, cooling, and
smothering. The surface cooling ef-
fects of high velocity type nozzles also
minimizes the possibility of reignition
after a fire extinguishment.

Itis recommended that the end user be
consulted with respect to the suitability
of the materials of construction for any
given corrosive environment. The ef-
fects of ambient temperature, concen-
tration of chemicals, and gas/chemical
velocity, should be considered, at a
minimum, along with the corrosive na-
ture to which the nozzles may be ex-
posed.

The Type HV Nozzles are a redesigna-
tion for the Gem Type HV.

WARNINGS

The Type HV Nozzles described
herein must be installed and main-
tained in compliance with this docu-
ment, as well as with the applicable
standards of the National Fire Protac-
tion Association, in addition to the
standards of any other authorities hav-
ing jurisdiction. Failure to do so may
impair the performance of these de-
vices.

The design of individual water spray
fixed systems can vary considerably,
depending on the characteristics and
nature of the hazard, the basic pur-
pose of the spraying system, the con-
figuration of the hazard, and wind/draft
conditions. Because of these vari-
ations as well as the wide range of
available nozzle spray characteristics,
the design of water spray fixed sys-
tems for fire protection must only be
performed by experienced designers
who thoroughly understand the limita-
tions as well as capabilities of such
systems.

The owner is responsible for maintain-
ing their fire protection system and de-

vices in proper operating condition.
The installing contractor or sprinkler
manufacturer should be contacted
with any questions.



Technical
Data

Approvals
The Type HV Nozzles are UL and ULC
Listed, as well as FM Approved.

Maximum Working Pressure
175 psi (12,1 bar).
Also refer to Figure 2, Note 2.

Discharge Coefficient
Refer to Figure 1.

Water Distribution

Refer to Figure 2 and 3. Optimum flow-
ing pressure is 30 to 80 psi (2,110 5.5
bar).

Thread Connection
Refer to Figure 1.

Physical Characteristics
(Brass Assemblies)

Body . ... ... ....... Brass
Swirl Plate . . . .. ... ... Brass
Strainer . . . ... ... . ... Brass
Strainer . . . . ... ... Copper
Physical Characteristics

(Stainless Steel Assemblies)

Body . ........... Type 316
SwirlPlate . . . . ... .. Type 316
Strainer . . . . . .. .. .. Type 316
Strainer . . . .. ... .. Type 316L

101

K-FACTOR Nominal Dimensions in Inches and (mm)
TYRE o atmor | ontoian | A B c D |enpT*
Hv-14 18 230 (?18,3) (31'78,:1 (;.853_) (:13;3) !
Hv-17 18 258 (?18,3) (11%8,:: (395?) (;'33:3) !
HvV-25 28 40,3 (?18,3) (JWB,:: (;85?) (;;g) !
Hv-27 48 86,2 (?60,3) (Eﬁg: (;ésg_) (;;g) !
HV-45 55 79,2 (?6?2) (21{12: (;85-[:) (;;g) !
HV-60 o4 22 | fise) | eos | @ao | @re |

* Pipe thread connections per IS0 7/1 can be provided on special request

A
| i '
* WRENCH
ENPT . BODY EX
\ | B
ExSxSnSxexEx @
HEIOO0O0 Oé@ oo

STRAINER WITH

NOMINAL 1/8" DIA.
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DATA KEY

OVERALL SPRAY PATTERN (RADIAL DISTANCE)

———— DESIGN SPRAY PROFILE (S/2)
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NOTES (Figures C-1 and C-2):

1. Design data applies to a maximum wind
condition of 15 MPH (24 km/h)

2. Unless otherwise noted, design data
applies to a residual (flowing) pressure
range at the nozzle inlet of 30 to 80 psi
(2,110 5,5 bar). For pressures up to 175
psi (12,1 bar) consult Tyco Fire &
Building Products Technical Services.

3. The shapes of the Overall Spray
Pattems and Design Spray Profiles
remain essentially unchanged over the
maximum recommended axial distances
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NOTES

1. Reference dia applies to still air.

2. The Overall Spray Patterns in the plan view are the same as those in Figure C-1.

16 14 12 10 8 8 4 2 0 4845 40 35 30 25 20 15 10 05 0O
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4 — 3 A 4 }g ~ [ 37F 7 :112
16 14 12 10 & g 4 2 0 4845 40 235 30 25 20 15 10 05 0O
HORIZONTAL DISTANCE, FEET HORIZONTAL DISTANCE, METERS
FIGURE 3
REFERENCE GUIDE SHOWING THE OVERALL VERTICAL SPRAY PATTERNS
WHEN PROJECTING WATER HORIZONTALLY BEYOND THE DESIGN PARAMETERS GIVEN IN FIGURE 2
— 30 to 80 PSI (2,1 to 5,5 bar) —
- jecting horizontally. As shown in Fig- -
Des‘gﬂ ure 3, the spray patterns become non- ’ns ta"a tion
- - concentric, beyond a certain point, due
Cﬂtel‘la to the affects of gravity. Type HV Nozzles must be installed in

Nozzle Placement. The nominal over-
all spray patterns, spacing, and maxi-
mum recommended axial distances
for six patterns of the Type HV Nozzles
are given in Figure 2 for residual (flow-
ing) pressures of 30 to 80 psi (2,1 to
5,5 bar). A minimum residual pressure
of 30 psi (2,1 bar) can typically be used
for most applications; however, a mini-
mum residual pressure of 50 psi (3.4
bar) is recommended for applications
requiring higher velocity water deliv-
ery, such as those specifying rapid ex-
tinguishment of oil fires by emulsifica-
tion.

With reference to Figure 2, use of the
“Design Spray Profile” for the “Design
Spray Area” will help assure that direct
impingement on all surfaces will occur.
The "Design Spray Area” shown at the
top Figure 2 - Part 2 of 2 on Page 4
consists of the square of length “S”
within the circular “Overall Spray
Area’”.

The maximum recommended axial
distances given in Figure 2 are based
on maintaining the specified spray pat-
terns under a maximum wind condition
of 15 MPH (24 km/h).

Figure 3 provided a reference guide
showing the overall still air spray pat-
terns beyond the maximum 15 MPH
(24 km/h) axial distances, when pro-

Main Pipeline Strainers. Even
though individual strainers have been
provided, main pipeline strainers are
required for systems utilizing Type HV
Nozzles, since their waterways are
less than 3/8 inch (9,5 mm) diameter.

accordance with the following instruc-
tions:

NOTE

A leak tight 1 inch NPT nozzie joint
should be obtained with a torque of 20
fo 30 ft.lbs. (26,8 to 40,2 Nm). A leak
tight 1-1/4 inch NPT nozzie joint
should be obtained with a torque of 30
fo 40 ft.ibs. (40.2 to 53,6 Nm). Higher
levels of torque may distort the nozzle
H}!ef and cause impairment of the noz-
Zle.

Step 1. With pipe thread sealant ap-
plied to the pipe threads, hand tighten
the nozzle into the nozzle fitting.

Step 2. Tighten the nozzle into the
nozzle fitting using an adjustable cres-
cent wrench. With reference to Figure
1 the adjustable crescent wrench is to
be applied to the wrench hex.



Care and
Maintenance

The Type HV Nozzles must be main-
tained and serviced in accordance
with the following instructions:

NOTE
Before closing a fire protection system
main control valve for maintenance
work on the fire protection system that
it controls, permission to shut down the
affected fire protection system must be
obtained from the proper authorities
and all personnel who may be affected
by this action must be notified.
Type HV Nozzles must never be
painted, plated, coated or altered in
any way after leaving the factory; oth-
erwise, the spray performance may be
impaired.
Care must be exercised to avoid dam-
age to the nozzles - before, during, and
after installation. Nozzles damaged by
dropping. striking, wrench twist/slip-
page, or the like, must be replaced.

Frequent visual inspections are rec-
ommended to be initially performed for
nozzles installed in potentially corro-
sive atmospheres to verify the integrity
of the materials of construction as they
may be affected by the corrosive con-
ditions present for a given installation.
Thereafter, annual inspections per
NFPA 25 are required.

Water spray fixed systems for fire pro-
tection service require regularly
scheduled care and maintenance by
trained personnel. In addition to in-
specting nozzles for proper spray per-
formance during water flow trip tests of
the system, it is recommended that
nozzles be periodically inspected for
broken or missing parts or evidence of
impaired protection. The inspections
should be scheduled weekly or as fre-
quently as may be necessary, and cor-
rective action must be taken to ensure
that the nozzles will perform as in-
tended in the event of a fire.

The owner is responsible for the in-
spection, testing, and maintenance of
their fire protection system and de-
vices in compliance with this docu-
ment, as well as with the applicable
standards of the National Fire Protec-
tion Association (e.g.. NFPA 25), in
addition to the standards of any other
authorities having jurisdiction. The in-
stalling contractor or sprinkler manu-
facturer should be contacted relative
to any questions.

It is recommended that water spray
fixed systems be inspected, tested,
and maintained by a qualified Inspec-
tion Service in accordance with local
requirements and/or national codes.

Limited
Warranty

Products manufactured by Tyco Fire &
Building Products (TFBP) are war-
ranted solely to the original Buyer for
ten (10) years against defects in mate-
rial and workmanship when paid for
and properly installed and maintained
under normal use and service. This
warranty will expire ten (10) years
from date of shipment by TFBP. No
warranty is given for products or com-
ponents manufactured by companies
not affiliated by ownership with TFBP
or for products and components which
have been subject to misuse, improper
installation, corrosion, or which have
not been installed, maintained, modi-
fied or repaired in accordance with ap-
plicable Standards of the National Fire
Protection Association, and/or the
standards of any other Authorities
Having Jurisdiction. Materials found
by TFBP to be defective shall be either
repaired or replaced, at TFBP's scle
option. TFBP neither assumes, nor
authorizes any person to assume for it,
any other obligation in connection with
the sale of products or parts of prod-
ucts. TFBP shall not be responsible for
sprinkler system design errors or inac-
curate or incomplete information sup-
plied by Buyer or Buyer's repre-
sentatives.

In no event shall TFBP be liable, in
contract, tort, strict liability or under
any other legal theory, for incidental,
indirect, special or consequential dam-
ages, including but not limited to labor
charges, regardless of whether TFBP
was informed about the possibility of
such damages, and in no event shall
TFBP's liability exceed an amount
equal to the sales price.

This limited warranty sets forth the ex-
clusive remedy for claims based on
failure of or defect in products, materi-
als or components, whether the claim
is made in contract, tort, strict liability
or any other legal theory.

This warranty will apply to the full ex-
tent permitted by law. The invalidity, in
whole or part, of any portion of this
warranty will not affect the remainder.
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Ordering
Procedure

When placing an order, indicate the
full product name and P/N.

Contact your local distributor for avail-
ability.

HV Nozzles:

Specify: Type (number), (specify
brass or stainless steel) Nozzle with
(specify NPT or 1SO 7/1) thread con-
nection, P/N (specify).

Brass Assemblies, NPT

Hv-14 . . ...... PiN49-014-1-001
HV-17 .. ................. PiN49-016-1-001
HV26 P/N 49-026-1-001
HV-37 .. ................. PIN49-037-1-001
HV-45 ... ........... PiN49-045-1-001
HV60 ................... PiN49-060-1-001
Stainless Steel Assemblies, NPT

HV-14 .. ................. PiN49-014-0-001
HV-17 .. ................. PIN49-0156-0-001
HV-26 .. ................. PiN49-026-0-001
HV-37 .. ................. PiN49-037-0-001
HV-45 PN 49-045-0-001
HV-60 ................... PiN49-060-0-001

Brass Assemblies, 1SO 7/1

Hv-14 . .. P/N PBP55062
HV-A7 P/N PBP55071
HV-26 ... ... ... ... P/N PBP55080
HV-37 . P/N PBP55099
HV-43 .. ..o P/N PBP55101
HV-60 .. ... ... ... ... P/N AEC00236

Stainless Steel Assemblies, ISO 7/1

HV-14 . S P/N AEC00012
HV-17 . P/N AEC00021
HV-26 ... . . ... P/N AEC00030
HV-37 .. P/N AEC00049
HV-45 .o P/N AEC00058
HV-60 P/N AEC00263

TYCO FIRE & BUILDING PRODUCTS, 451 North Cannon Avenue, Lansdale, Pennsylvania 19446
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DIRECTIONAL SPRAY NOZZLES w/STRAINER, OPEN

TYPE HV (HIGH VELOCITY)

DIMENSIONS IN INCHES AND (MM)

TYPE A B (o] D E-NPT*
wva | 4f) 57 369 350) 1
Hv-17 @70 G19) @) E50) 1
HV-26 @ &9 @) {éée.'g}n '
Hv-37 éﬁg; (?fga {35."13) (;':33} 1
HV-45 é‘ﬁ 2) ?faorjz (:’sﬁ} {%5?8) !
6o | @on | dite | g | e | ™

GENERAL DESCRIPTION

The Type HV High Velocity Nozzles
are open (non-automatic) directional
spray nozzles with individual inlet
strainers (Ref. Figure A). They are de-
signed for use in water spray fixed
systems for fire protection applications
where a high velocity water application
may be required, such as for the pro-
tection of flammable liquids.

Availabie in either brass or stainless
steel, the six patterns of the Type HV
Nozzles provide a wide range of orifice
sizes and distribution characteristics.
As water passes through the internal
swirl plate, a swirling action is pro-
duced, prior to the water being dis-
charged through the orifice tip of the
body, resulting in a solid conical spray
pattern of water droplets being dis-
charged over a defined area.

High velocity type nozzles are princi-
pally used in waterspray systems for
the protection of fixed hazards such as
transformers, circuit breakers, diesel
engines and diesel storage tanks,
turbo alternators, lube oil systems, oil
fired boilers, and similar hazards. Thay
are capable of rapidly extinguishing oil
fires by emulsification, cooling, and
smothering. The surface cooling ef-
fects of high velocity type nozzles also
minimizes the possibility of reignition
after a fire extinguishment.

APPROVALS AND STANDARDS

The brass and stainless steel Types
HV-14 through HV-60 Mozzles are
listed by Underwriters Laboratories,

Printed in U.S.A. 1-94

* Pipe thread connections per ISO 7/1 can be provided on special request.
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NOMINAL DISCHARGE CURVES AND K-FACTORS
{Refar to the authority having jurisdiction for their minimum required residual pressure.)

Inc. and Underwriters' Laboratories of
Canada. They are approved by the
Factory Mutual Research Corporation
and the Scientific Services Laboratory.

WARNINGS
The Type HV Nozzles deseribed herein
must be installed and maintained in
complianee with this document, as
well as with the applicable standards
of the National Fire Protection Asso-

ciation, in addition to the standards
of any other atthorities having juris-
diction. Failure to do so may impair
the integrity of these devices.

The design of individual water spray
fixed systems can vary considerably,
depending on the characteristics and
nature of the hazard, the basic pur-
pose of the spraying system, the con-
figuration of the hazard, and

-2

wind /draft conditions. Because of
these variations as well as the wide
range of available nozzle spray char-
acteristics, the design of water spray
fixed systems for fire protection must
only be performed by experienced de-
signers who thoroughly understand
the limitations as well as capabilities
of such systemas.

The owner is responsible for main-
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NOTES (Figures C-1 and C-2):

1.

MAXIMUM RECOMMENDED AXIAL DISTANCE TO PLANE OF PROTECTION, FEET

Design data applies to a maximum
wind condition of 15 MPH.

Unless otherwise noted, design data
applies to a residual (flowing) pres-
sure range at the nozzle inlet of 30 to
80psi (2,1 to 5,5 bar). For pressures
up to 175 psi (12.1 bar) consult the
Technical Data Department.

Refer to the authority having jurisdic-
tion for their minimum required resid-
ual pressure.

. The shapes of the Overall Spray Pat-

terns and Design Spray Prufiles re-
main essentially unchanged over the
Maximum Recommended Axial Dis-
tances.
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NOTES:

1. Reference data applies to still air.
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2. The Overall Spray Patterns in the plan view are the same as those shawn in Figure C-1.
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REFEARENCE GUIDE SHOWING THE OVERALL VERTICAL SPRAY PATTERNS
WHEN PROJECTING WATER HORIZONTALLY BEYOND THE DESIGN PARAMETERS GIVEN IN FIGURE C-2

— 30 to 80 PSI (2,1 to 5,5 bar) —

taining their fire protection system
and devices in proper operating con-
dition. The installing contractor or
manufacturer should be contacted rel-
ative to any questions.

TECHNICAL DATA

The Type HV-14 through HV-60
Nozzles are rated for use at a maxi-
mum sarvice prassure of 175 pei (12,1
bar). They are available in either brass
or stainless steel, and the type desig-
nation (i.e., HV-14, HV-17, etc.) is
stamped on the Body. The 1inch NPT
pipe thread connections for the HV-14
thru HV-45, as well as the 1-1/4 inch
NPT connection for the HV-60, are
threaded per ANS!| Standard B1.20.1.
Pipe thread connections per ISO 7/1
can be provided on special request.

NOTES
Refer to the Warning Section for an
important notice concerning the de-
sign of individual water spray fixed
systemas.

Inguiries concerning nozzle installa-
tion and usage criteria, not covered by
these instructions, should be mailed
o the atfention of the Teehnical Data
Department. Include sketehes and
technical details, as appropriate.

Materials. The Body, Swirl Plate, and
Retainer of the brass assemblies are
brass per UNS C38510, and the

Strainer is copper par UNS C11000.
The Body, Swirl Plate, and Retainer of
the stainless steel assemblies are
Type 316 stainless steel, and the
Strainer is Type 316L stainless steel.

Discharge Capacity. The nominal dis-
charge curves and K-factors for the six
patterns of the Type HV Nuzzles are
given in Figure B.

Spray Patterns. The nominal overall
spray patterns, spacing, and maximum
recommended axial distances for the
six patterns of the Tyga HV MNozzles
are given in Figures C-1 and C-2 for
residual (flowing) pressures of 30 psi
(2,1 bar) to B0 psi (3,4 bar). A minimum
residual pressure of 30 psi (2,1 bar)
can typically be used for most applica-
tions; however, a minimum residual
pressure of 50 psi (3,4 bar) Is recom-
mended for applications requiring high
velocity water delivery, such as those
specifying rapid extinguishment of oil
fires by emulsification.

The maximum recommended axial dis-
tances givenin Figure C-1 and C-2 are
based on maintaining the specified
spray patterns under a maximum wind
condition of 16 MPH (24 km/h).

Figure D provides a reference guide
showing the overall still air spray pat-
terns beyond the maximium 15 MPH
{24 km/h) axizl distances, when the
nozzles are projecting harizontally. As
shown in Figure D, the spray patterns
become non-concentric, beyond a cer-
tain point, due to the effects of gravity.

-5-

Main Pipeline Strainers. Even though
individual strainers have been pro-
vided, main pipeline strainers are re-
quired for all systems utilizing Type HV
Nozzles, since the waterways of the
HVY Mozzles are smaller than 3/8 inch
(9,5mm) diameter. The individual
strainers provided with the Type HV
Nozzles are intended to meet the re-
quirements of some authorities having
jurisdiction which may specify the use
of individual strainers in addition to
main pipeline strainers.

INSTALLATION

The Type HV Nozzles must be in-
stalled by wrenching only on the hex
portion of the Body.

CARE AND MAINTENANCE

Care must be exercised to avoid dam
age fo the nozzles - both before and
after installation. Nozzles damaged by
dropping, striking, wrench twist/slip-
page, or the like, must be replaced.

Water spray fixed systems for fire pro-
tection service require regularly
scheduled care and maintenance by
trained personnel, It is recommended
that the HV Nozzles be periodically
inspected for loading/obstructions, or
other evidence of impaired protection.
The inspections should be scheduled
weekly or as frequently as may be nec-



essary and, corrective action taken to
ensure that the nozzles will perform as
intanded in the event of a fire.

NOTE

Befare closing a fire protection system
main control valve for mainienance
work on the fire protection system
which it controls, permission to shut
doun the affected fire protection sys-
tem must be obtained from the proper
authorities and all personnecl who
may be affected by this action must be
notified.

It is recommended that water spray
fixed systems for fire protection be in-
spected by a qualified Inspection Ser-
vice,

WARRANTY

Seller warrants for a period of one year
from the date of shipment (warranty
period) that the products furnished
hereunder will be free from defects in
material and workmanship.

For further details on Warranty, see
Price List.

ORDERING PROCEDURE

Orders for Type HV Nozzles must in-
clude the description and Product
Symbol Number (PSN), where appli-
cable. Product Symbol Numbers are
not specified when ordering special
order Type HV Mozzles with thread
connections per 150 7/1.

Contact your local digtributor for
availabilty.

"Standard Order" HV Nozzles

w/ NPT Thread Connections:
Specify: Type (specify number), (spec-
ify brass or stainless steel) Nozzles,
PSN (specify).

Brass Assemblies

MW-14 .. ... ............. PSN 48-014-1-001
HVAT .. PSN 48-017-1-001
HV-26 ... ... ..........PSN 48-026-1-001
HY-37 ..o PSN 49-037-1-001
[ - T, PSN 48-045-1-001
HV-60 .. PSM 49.080-1-001

Stainless Steel Assemblles

HV-14 ... ........0000....PSN 49-014-0-001
HV-17 .. ... ..........PSN 43-017-0-001
W26 ...........0000. ... PSN 48-026-0-001
HY-37 .. eee it PSH 48-037-0-001
HV-45 ... ............... PSN 48-045-0-001
HV-BD ... PSH 49-060-0-001

"Special Order” HY Nozzles

w/ Iso 7/1 Thread Connnections :
Specify: Type (specify number), (spec-
ify brass or stainless steel) Nozzles
with thread connection per ISO 7/1.

111
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Table B-1 c-Factors required for hydraulic calculations of sprinkler systems per NFPA 13.

Kind of Pipe t-Factor
Unlined Cast or Ductile [ron 100
Black Steel (Dry systems including preaction) 100
Black Steel (Wet and deluge systems) 120
Galvanized (All systemns) 120
Listed Plastic 150
Cement Lined Cast or Ductile Iron 140
Copper Tube or Stainless Steel 150

Source: Reprinted with permission from NFPA 13-1996, Installation of Sprinkler Systems, Copyright © 1936,
National Fire Protection Association, Quincy, MA 02269. This reprinted material is not the official position of the
National Fire Protection Association, which is represented only by the standard in its entirety.

Table B-2 Guide for estimating the Hazen-Williams
coefficient of roughness, c, for situations involving
moderately corrosive water.

Kind of Pipe Valueof ¢

Cast Iron, Unlined:

10 years old 90
15 years old 75
20 years old 65
30 years old 55
50 years old 50
Cast Iron, Unlined, New 120
Cast Iron, Cement Lined 140
Cast Iron, Bitumastic Enamel Lined 140
Average Steel, New 110
Asbestos—Cement 140
Reinforced Concrete 140
Plastic 150

Source: Reprinted with permission from the Fire Protection
Handbook, 17th edition. Copyright © 1991, National Fire Protection
Association, Quincy, MA 02269,
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Table C1 Aboveground piping diameters (in inches).

Nominal Diameter
75" 1" 1.25° 1.5° 2" 2.5" 3" 35" 4" 5" 6" 8"
Steel Pipe Diameter
Schedule 10 1.097 1.442 1682 2157 2.635 3.26 3.76 426 5295  6.357 8.249
Schedule 30 8.071
Schedule 40 1.049 138 1.61 2067 2469 3068 3548 4026 5.047 6065 7.981
Copper Pipe Diameter
Type K 745 995 1.245 1481  1.959 2.435 2.907 3.385 3857 4805 5741 7.583
Type L 785 1.025 1.265  1.505 1.985 2.465 2.945 3.425 3,905 4875 5845 7725
Type M B11 1.055% 1.291 1.527 2009 2.495 2.981 3.459 3.935 4907 5.881 7.785
CPUC Plastic Pipe Diameter

884 1409 1400 1.602 2003 2423 2951
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Friction Loss Table For

1" Sch. 40 Steel Pipe

I.D. =1.049

Equiv. Feet of Pipe

117

0.0187

" 0.5134

0.0239 0.5363 29.0

0.0297 33} 07841| 0.5596 29.3

0.0361 3.7k 0.8173| 0.5833 29.7

0.0431 4.1} 0.8513| 0.6075 30.1

0.0506 45 0.8858| 0.6322 30.5

0.0587 48l 0.9210| 06573 30.8

0.0673| 5.2f 0.9568] 0.6829 31.2

0.1071| 0.0764| 56 0.9932| 0.7089 31.6

0.1207| 0.0861 59/ 1.0303| 0.7353 319

0.1350| 0.0963 6.3 1.0680| 0.7622 32.3

0.1500| 0.1071 6.7 1.1063| 0.7896 327

0.1658| 0.1184 74 1.1452| 08173 33.1
0.1823| 0.1301 7.4} 1.1848| 0.8456
0.1996| 0.1424| 78[ 1.2249| 0.8742
0.2175| 0.i552 8.2 1.2657| 0.9033
0.2351] 0.1685 85) 1.3071{ 0.9329
0.2555| 0.1823 8.9} 1.3491| 0.9628
0.2755| 0.1966 9.3} 1.3917] 0.9932
0.2963| 0.2114 9.7k 1.4349] 1.0241]
03177 02267 10.0 14787 1.0554
.0.3398] 0.2425] 104 1.5231] 1.0871
| 0.3626] 0.2588| 10.8 1:5682] 1.1192
' 0.3860| 0.2755 1A 1.6138] 1.1518
0.4102| 0.2927| 11.5f 1.6600]  1.1848
0.4350] ©.3105| 119} 1,7069{ 1.2182
0.4605| 0.3286] 123 1.7543] 1.2520
0.4866| 0.3473] 126} 1.8023] 1.2863
05134 0.3664| 13.0] 1.8509] 1.3210
0.5409| 0.3860| 13.4[ 1.0002] 1.3561
0.5690| 0.4061| 137 1.9500] 1.3917
0.5978| 0.4267| 14.1 20004| 1.4277
0.6272| 0.4477] 145 20514] 1.4640
0.6573| 0.4691| 149 2.1029] 1.5009
0.6880| 0.4911] 152 2.1551] 1.5381




Friction Loss Table For

14" Sch. 40 Ste

el Pipe

Equiv. Feet of Pipe

i.D.=138

118

0.1892

0.4144]

. 0.5807
'0.0088| 0.0063 0.1976] 0.1410 0.5947| 0.4244| 167
0.0109| 0.0078 0.2062| 0.1472 0.6089| 0.4346| 17.0
0.0133| 0.0095 0.2150{ 0.1534 0.6232| 0.4448] 17.2
0.0159| 0.0113 0.2239] 0.1508 0.6377| 0.4551| 17.4
0.0186| 0.0133 0.2330| 0.1663 0.6524| 04656 17.6
0.0216| 0.0154 0.2422] 0.1729 C.6671| 04761| 17.8
0.0248| 00177 0.2516| 0.1796 0.6821| 04868| 180
0.0282| 0.0201 0.2612] 0.1864 0.6972| 04976, 18.2
0.0317| 0.0226 0.2710| 0.1934 0.7124{ 05085| 185
0.0355| 0.0253 " 0.2809| 0.2005 0.7278| 0.5195| 187
0.0395| 0.0282 0.2910| 0,2077 0.7434| 0.5306] 189
0.0436| 0.0311 0.3012| 0.2150 0.7591| 05418 19,1
0.0480| 0.0342 0.3116| 0.2224 0.7750| 0.5531| 193
0.0525| 0.0375 0.3222| 0.2299 0.7910{ 0.5645| 195
0.0572| 0.0408 0.3329| 0.2376 0.8071| 05760| 197
0.0621| 0.0443 0.3438| 0.2453 0.8234| 05877 200
0.0672| 0.0480 0.3548| 0.2532 0.8399| 0.5994| 202
00725 00517 0.3660| 0.2612 0.8565| 0.6113] 204
0:0779] 0.0556 0.3774| 0.2693 0.8732] 0.6232| 206
0.0836( 0.0596 0.3889| 0.2776 0.8901] 0.6353| 208
0.0894| 0.0638 0.4006|0.2859 0.9072] 06475 210
0:0954| 0.0681 0.4124| 0.2944 0.9244| 06597 212
0.1015| 0.0725 04244 0.3029 0.9417| 06721 215
0.1078| 00770 0.4366| 0.3116 1.0307| 0.7356| 225
0.1144| 0.0817 0.4489| 0.3204 1.0673| 0.7617] 23.0
0.1211| 0.0864 0.4614| 0.3293 1.1045| 07883 234
0.1280| 0.0813 0.4740| 0.3383 1.1423| 08152 238
0.1350| 0.0964 0.4868| 0.3474 1.1807| 0.8426] 24.3
0.1423| 0.1015 0.4998| 0.3567 1.2196| 0.8704| 247
0.1497| 0.1068 05129] 0.3660 1.3195| 09417 958
0.1572| 0.1122 0.5261| 0.3755 1.5301] 1.0920{ 27.9
0.1650| 01177 0.5395| 0.3851 1.7549] 1.2525[ 30.0
0.1729| 0.1234 0.5531| 0.3947 1.9939| 1.4230| 322
0.1810| 0.1291 0.5668| 0.4045 2.2487| 1.6035| 234.3
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Friction Loss Table For 1%" Sch. 40 Steel Pipe 1.D.=1.61

Equiv. Feet of Pipe

506 26enooe

0.0107 0.2400 13.6
0.0120 0.2452 13.7
0.0133 0.2504 13.9
0.0147 0.2557 14.0
0.0162 0.2611] 14.2
0.0177 0.2665 14.3
0.0193 0.2719 14.5
0.0209 0.2774 14.7
0.0226 0.2829 14.8
0.0244 0.2885 15.0
0.0262] 0.2942 15.1
0.0281 0.2999 15.3
0.0301 0.3056 15.5
0.0321 0.3114|. 156
0.0342 0.3173 15.8
0.0363 0.3232 15.8
0.0385 0.3534 16.7
0.0408 0.3848| -17.5
0.0431 0.4175 18.3
0.0455] . 0.4514 19.1
0.0479 0.4865 19.9
0.0504 0.5228) 207
0.0530 05603} 21.4
0.0556 0.5991 22.2
0.0582 0.6389| 23.0
0.0610 0.6800] 23.8
0.0637 0.7223 24.6
0.0666 0.7657 254
0.0695 0.8102] 26.2
0.0724 0.8560| 27.0
0.0754 0.9509( 285
0.0785 1.0503|  30.1
0.0816 11543 317
0.0848 11757 32.0
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Friction Loss Table For 2" Sch. 40 Steel Pipe 1.D. =2.067

Equiv. Feet of Pipe

: =

’0.0142{  0.0101 " 0.0940 0:3514|  0.2508] 18.
00160 0.0114 00975 0.3591{ 0.2563| 165
0.0179| 0.0128 0.1010 0.3668| 0.2618| 166
0.0199| 0.0142 0.1047 | 0.3747| 0.2674| 16.8
0.0220| 0.0157 0.1083 0.3826| 0.2730| 17.0

0.0242| 0.0172
0.0265| 0.0189
0.0288| 0.0206
0.0313| 0.0223
0.0339| 0.0242
0.0365| 0.0261
0.0393| 0.0280
0.0421] 0.0301
0.0450| 0.0321 :
0.0481| 0.0343 55
0.0512| 0.0385
0.0544 0.0388
0.0577| 0.0412
0.0610| 0.0436 :
0.0645| 0.0460 6.5
0.0681| 0.0486 67}
0,0717| 0.0512 :
00754| 0.0538
0.0792| 0.0566
0.0831] 0.0593
0.0871| 0.0622
0.0912{ 0.0651
0.0954] 0.0681
0.0096| 0,0711
0.1039] 0,0742
0.1083| 0.0773
0.1128| 0.0805
0.1174| 0.0838
0.1221| 0.0871
0.1268| 0.0905

0.1570] 0.1121
0.1624| 0.1159
0.1678| 0.1197
0.1733| 0.1236
0.1788| 0.1276
0.1845] 0.1317
0.1902| 0.1357
0.1960| 0.1399
| 0.2019] 0.1441
0.2079| 0.1483]
0.2139| 0,1527
0.2200| 0.1570
0.2262| 0.1615
0.2325| 0.1660
0.2389| 0.1705)
0.2453| 0.1751] -
0.2519| ©0.1798
0.2585| 0.1845
0.2651| 0.1892
0.2719| 0.1941
0.2787| 0.1989
0.2857| 0.2039
0.2926| 0.2089
0.2997| 0.2139
0.3069] 0.2190
03141 0.2242|
0.3214| 02204
0.3288| 0.2346
~ b.3362] 0.2400
0.3438] 0.2453

0.3906| 0.2787] 172
0.3986| 0.2845| 17.4
0.4068{ 0.2003| 176
04150| 0.2062| 1738
0.4233| 0.3021] 180
04316| 0.3081] 182
04529( 0.3232] 187
04746 0.3387] 191
04968( 0.3546] 196
05194] 0.3707] 201}
05426| 0.3872] 206
0.5661| 0.4040] 210
05902 04212] 215
0.6146| 04387 220|
0.6396| 0.4565] 225
0.6650| 0.4748] 230|
0.6909| 0.4931| 234
07172 05118] 239
0.7439| 05309 24.4
0.7711] 05504] 24.9
0.7988] 05701] 254
0.8269| 05902] 258
0.8555| 06105| 263
0.8844| 0.6312| 268
0.9139| 0.6522| 273
09741 0.6952| 282
1.0361] 0.7894| 292
1.0098] 0.7849| 30.1
1.1652| 0.8316] 31.1
1.2324| 08796| 320




Friction Loss Table For

24" Sch. 40 Steel Pipe

Equiv. Feet of Pipe

I.D. = 2.469"

121

100 :C2120 4 40l

0.0102| o. 0.1102{ 0.0786 0.3018| . 0.
0.0116| 0.0083 29 0.1144] 0.0817 0.3131| 0.2234| 17.1
0.0132| 0.0094 341 0.1188] 0.0848 0.3245| 0.2316] 17.4
0.0148| 0.0106 3.3 0.1232| 0.0879 0.3362| 0.2399] 17.8
0.0165| 0.0118 35 0.1276| 0.0911 0.3480| 0.2484| 18.1
| 0.0183] 0.0131 37 0.1322| 0.0943 0.3600] 0.2569| 18.4
58] 0.0202] 0.0144 3.9 0.1368| 0.0976 0.3722| 02657 188
1 0.0222| 0.0158 41 0.1415| 0.1010] 11.1 0.3846| 0.2745| 191
0.0243| 0.0173 43 0.1463| 0.1044| 113 0.3972| 0.2835| 19.4
0.0264| 0.0189 45| 01511} o0.1078| 115 0.4100| 0.2926) 19.8
0.0286( 0.0204 7 0.1560| 0.1114] 117 0.4220| 03018 20.1
0.0310{ 0.0221 4.9 0.1610| 0.1149 0.4360| 0.3112| 205
0.0333| 0.0238 5.1 0,1661| 0.1185 . 0.4493| 0.3207| 208
0.0358| 0.0256 53 0.1712| 0.1222] 123 0.4628| 0.3303| 21,1
0.0384| 0.0274 55 0.1764] 0.1259 0.4765| 0.3401| 215
0.0410{ 0.0293| 57 0.1817| 0.1296 0.4904| 0.3500| 21.8]
0.0437| 0.0312 5.9 0.1870| 0.1335 0.5044| 0.3600{ 22.1
0.0465| 0.0332 6.1 0.1924| 0.1373 05187} 0.3702| 225
0.0494| 0.0353 6.3 0.1979| 0.1412 0.5331| 0.3805| 22.8
0.0524| 0.0374 6.5 0.2035| 0.1452] 135 . 0.5477| 0.3908] 234
0.0554| 0,0395 67 0.2091| 01492 137 0.5625| .0.4014| 235
0.0585! 0.0418 6.9 0.2148| .0.1533| 13.9| . 05774] 04121 238
0.0617| 0.0440 74 0.2205| 0.1574] 14.1| 0.5925| 0.4229] 241
0.0650| 0.0464 0.2264| 0.1616{ 14.3 0.6079| 0.4338] 245
0.0683| 0.0488 . 0.2323| 0.1658| 145 0.6234| 0.4449| 2438
0.0718| 0.0512 7.7 0.2383| 0.1700| 14.8 0.6549| 0.4674| 255
0.0753| 0.0537| 79 0.2443] 0.1744] 15.0 0.6871| 0.4904| 26.1
0.0788| 0.0563 0.2504| 0.1787| 152 07201 05133 268
0.0825| 0.0589 0.2566| 0.1831| 154 07537 05379] 275
0.0862| 0.0615 0.2629| 0.1876| 15.6] 0.7881| 05625 28.2
0.0900| 0.0642 0.2692| 0.1921] 15.8] 0.8231| 0.5875| 288
0.0939{ 0.0670 0.2756| 01967 16.0 0.8589( 06130 295
0.0979| 0.0698 0.2620] 0.2013| 16.2} 0.8954| 0.6390! 30.2
0.1019} 0.0727 0.26886| 0.2059| 16.4f 09325| 06655 308
0.1060| 0.0756 0.2952| 0.2107 16.6 09973} 0.7118 32.0
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Friction Loss Table For 3" Sch. 40 Steel Pipe 1.D. = 3.068"

Equiv. Feet of Pipe

=120 | "GPM 1 C 1001 G120 1 | « -
0.0038 22 2531 0.0848 17.2
0.0045| 24f 228{ 0.0884 17.6
0,0053 26| 1 0.0920| 0.0657 0.1919] 18.1
0.0062 28 0.0957| 0.0683 0.2005| 185
0.0071 30 0.0994| 0.0710 0.2093| - 189
0.0081 33k -0.1032| 0.0737 0.2182) 194
0.0091 = 0.1071] 0.0765 0.2274| 19.8
0.0102 0.1111] 0.0793 0.2367| 20.2
0.0158| 0.0113 0.1151| 0.0821 0.2462| 20.7
0.0175| 0.0125 0.1192| 0.0851 0.2558| 21.1
0.0192| 0.0137 0.1233| 0.0880 0.2656| 215
0.0211| 0.0150 0.1275| 0.0910 0.2756| 220
0.0229| 0.0164 0.1318| 0,0941 0.2858| 224
0.0243| 0.0178 0.1362] 0.0972 0.2061| 228
0.0270| 0.0192 0.1406| 0.1003 0.3066) 233
0.0291] 0.0207 0.1450| 0.1035 0.3173| 237
0.0313| 0.0223 0.1496| 0.1067| 0.3281) 24.1
0.0335| 0.0239 0.1542| 0.1100 0.3391| 246
0.0359| 0.0256 0.1588| 0.1134 0.3503| 25.0
0.0383| 0.0273 0.1635| 0,167 0.3616| 254
“0.0407| 0.0291 0.1683| 0.1201 0.373t| 259
0.0433| 0.0309 0.1732] 0.1236 0.3848] 26.3
"0.0459| . 0.0328 0.1781| 0.1271|. 0.3966]. 267
0.0486| 0.0347 0.1831| 0.1307  0.4086] 272
0.0513| 0.0366 0.1881| 0.1343 0.4208| 276
0.0542| 0.0387 0.1932| 0,1379 0.4331] 284
0.0571| 0.0407 0.1984| 0.1416 0.4456| 285
0.0600| 0,0428 0.2036| 0.1453| 0.4582| 28.9
0.0631| 0.0450 0.2089| 0.1491] 0.4711] 29.4
0.0662| 0.0472 0.2143| 0.1529] 0.4840| 29.8
0,0694| 0.0495 0.2197| 0.1568 0.4972| 30.2
0.0726| 0.0518 0.2252{ 0.1607 0.5105| 307
0.0759| 0.0542 0.2307{ 0.1647 05239 31.4
0.0793| 0.0566 0.2363{ 0.1687 0.5375| 31.5
0.0827| 0.0590 0.2420| 0.1727 05513 32.0




Friction Loss Table For

4" Sch. 40 Steel Pipe

Equiv. Feet of Pipe

I.D. = 4.026"

123

ALMVA|DRY VA
2 22 20 20

20 : e 120°

0.0037 0.0828| 0.0591 0.1713
0.0044 0.0862| 0.0615) 11.6 0.2483| 0.14772| 206
0.0051 0.0897| 0.0640| 11.9 0.2569| 0.1833| 209
0.0059 0.0933] 0.0666| 12.1 0.2655| 0.1895| 213
0.0068 0.0969| 0.0691| 124 0.2743| 0.1958{ 21.7
0.0077 0.1006] 0.0718] 126 0.2832{ 02021| 221
. 0.0087 0.1043| 0.0745] 129 0.2923{ 0.2086| 224
0.0137| 0.0098 0.1081] 0.0772| 13.1 0.3014]{ 0.2151| 228
0.0152{ 0.0108 0.1120| 0.0800| 13.4 0.3107| 0.2218| 232
0.0168| 0.0120 0.1160| 0.0828| 136 0.3202] 0.2285| 236
0.0185| 00132 0.1200{ 0.08s56| 13.9 0.3298| 02353 240
0 - 0.0202] 0.0144 0.1240| 0.0885| 14.1 0.3395| 0.2423] 243
0.0220] 0.0157 0.1282] 00915 14.4 0.3403| 0.2493| 247
_ 0.0238] 0.0171 0.1324| 0.0945| 146 0.3592| 0.2564] 251
{1 0.0259] 0.0185 0.1366] 00975 149 0.3693| 0.2636| 255
© 0.0279| 0.0199 0.1409| 0.1006 0.3795| 0.2709| 258
0.0300| 0.0214 1 0.1453] 0.1037 0.3899| 0.2782{ 262
0.0322| 0.0230 3] 0.1497] 0.1069 0.4003{ 0.2857| 266
0.0344| 0.0246 0.1542| 0.1101 0.4109| 02933 270
0| 0.0367| 0.0262 0.1588| 0.1133]. -04216| 0.3009] 274
0] .0.0391}- 00279 | 0.1634| o0.1166 0.4325( 0.3087| 277
0| 0.0415| 0.0296 i, 0.1681| 0.1200 51..04435| 0.3165| 281
| 0.0440| 0.0314 0.1728| 0.1234 0.4546| 0.3244| 285
'0.0466] 0.0333 0.1776| 01268 17.1{ 0.4658| 0.3324| 289
0.0493| 0.0352 0,1825| 01303 17.4] 0.4771| 0.3405] 293
0.0520] 0.0371 0.1874| 01338 177} 0.4886| 0.3487| 296
0.0548| 0.0391 0.1924| 01373 17.9§ | 05002 0.3570] 300
0.0576| 0.0411 0.1975| 0.1409| 18.2|1205| 0.5120| 0.3654] 304
0.0605| 0.0432 0.2026| 0.1446| 18.4] 0.5238| 0.3738] 308
0.0635| 0.0453 0.2077| 0.4483{ 1871 0.5358| 0.3824] 31.1
0.0666| 0.0475 0.2129{ 0.1520| 189} 0.5479| 0.3910| 315
0,0697| 0.0497 0.2182| 0.1557| 19.2] 0.5601| 0.3997( 31.9
0,0728| 0.0520 0.2236| 0.1596) 19.4] 05725| 0.4086] 323
0.0761| 0.0543 0.2290| 0.1634] 19.7| 05849 0.4175| 827
0.0794| 0.0567 0.2344| 0.1673| 19.9] 05975| 0.4265| 33.0
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Friction Loss Table For 6" Sch. 40 Steel Pipe I.D. = 6.065
. ' : Equiv. Feet of Pipe
ECEFTEE | GV | CV: ALMVAIDRY.VAE Bv | apn o
7 30 3 32 18 19
9.98 499| 21,39 2'14. 2282 12.83| 13.55

B
9

0.1462 i
0.1508| 0.1076| 203
0.1554| o0.1108] 207
0.1600| 0.1142| 21.0]|
0.1648| 0.1178| 21.3
- 1 0.1696] 04210 217
0.0712| 0. | 01744] o.4245] 220
0.0734| O\ | 0.1793| 0.1280] 223
: | 0.1843| 0.4315] 227

4 1980 y| 0.1894| 0.1351| 230

0.0137 7k i \ - 2100] 0.1945| 0.1388] 233
0.0145 9}9320] 0.0824] O 30{ 0.1996| 0.1425] 237
0.0154 Al 13401 0.0847] 0. . 0.2049| 0.1462] 24.0
0.0163 Al X A )| 0.2102| 0.1500] 24.3|
0.0172 13807 0. - 2220] 0.2155| 0.1538] 24.7]
0.0182 BlE1400 X - | 0.2200| 0.1577] 250
0,0192 O I 81 | 0.2264| 0.1616] 253
0.0202 219540 X oy )| 0.2320| 0.1658| 257
0.0212 . ! ~2340] 0.2376| 0.1696] 260
0.0222 : X 16.. | 0.2432| o0.4736| 263}
0.0233| - 8. -0, 16.7 [ 2400] 0.2490] 04777 267
0.0244 i .24 0.2548| 0.1818| 27.0(
0.0255| 93} X 1 [5:2460] 0.2606| 0.1860| 27.3
0.0266 Bl i X k) 0.2665| 0.1902| 277
0.0278 . I 619520] 0.2725| 0.1945| 28.0(
0.0289 ) . 550] 0.2785| 0.i988] 283
0.0301 : - X of 0.2846| 0.2031| 287
0.0314 al ) 20 | o0.2008| 02075] 290
0.0326 7| ] ] 4[12640] 0.2970| 0.2120] 293
0.0339 9 . T | 0.3032] 0.2164| 297
0.0852 : 8.9/ :2700f 0.3096| 0.2209] 20.0
0.0365 } ] .1 f | 03160 02255| 303
0.0378 ; i \ 9, | 0.3224] 02301 307
0.0392 . . 6l 0.3289| 02348 31.0
0.0406 . 7807 0.1432] o. . 880| 0.3488| 0.2490] 32,0




Friction Loss Table For

8" Sch. 30 Steel Pipe

Equiv. Feet of Pipe

I.D. = 8.071
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0¢
0.0398| 0.0284| 11.9 0.1103

0.0039| 0.0028 0.0414| 0.0295 0.1135| 0.0810| 209
0.0045| 0.0032 0.0430| 0.0307 0.1167| 0.0833] 21.2
0.0051| 0.0036 0.0446| 0.0318 0.1199]| 0.0855| 215
0.0057| 0.0041 0.0463| 0.0330 0.1231| 0.0879| 218
0.0063| 0.0045 0.0479] 0.0342 0.1264| 0.0902| 22.1
0.0070| 0.0050 0.0496] 0.0354 0.1297| 0.0926| 225
0.0077| 0.0055 0.0514| 0.0367 0.1331] 0.0950| 228
-0.0085| 0.0061 0.0532| 0.0379 0.1365| 0.0974| 23.1
0.0093| 0.0066 0.0549| 0.0392 0.1400| 0.0999| 234
0.0101] 0.0072 0.0568| 0.0405 0.1435| 0.1024| 237
0.0109| 0.0078 0.0586| 0.0418 0.1470| 0.1048| 240
0.0118] 0.0084 0.0605| 0.0432 0.1506| 0.1075| 24.3
0.0127| 0.0091 0.0624| 0.0445 0.1542| 0.1100| 247
0.0137 0.0097 0.0643| 0.0459 0.1578] 0.1126| 25.0
0.0146| 0.0104 0.0663| 0.0473 0.1615| 0.1153| 25.3
0.0156| 0.0111 0.0683] 0.0487 0.1652| 0.1179] 256
0.0166] 0.0119 0.0703| 0.0502 0.1690| 0.1206] 259
0.0177| 0.0126 0.0723| 0.0516 0.1728| 0.1233{ 262
"""" 0.0188| 0.0134 0.0744| 0.0531 0.1767| 0.1261| 265
'0.0199| 0.0142 0.0765| 0.0546 0.1805] 0:1289| 26.9
0.0211] 0.0150 0.0786| 0.0561 0.1845| 0.1316| 272
1 -0.0222| 0.0159 0.0807| 0.0576 0.1884| 0.1345| 275
" 0.0234| 0.0167 0.0829| 0.0592 0.1924| 0.1373| 278
0.0247| 0.0176 0.0851] 0.0607 0.1965| 0.1402| 281
0.0260{ 0.0185 0.0873] 0.0623 0.2005| 0.1431| 28.4
0.0272| 0.0194 0.0896| 0.0639 0.2046| 0.1461| 287
| 0.0286| 0.0204 0.0918| 0.0655 0.2088| 0.1490| 29.1
0.0299| 0.0214 0.0941| 0.0672 0.2130| 0.1520| 29.4
0.0313| 0.0223 0.0965| 0,0688 0.2172| 0.1550| 297
0.0327] 0.0233 0.0988| 0.0705 0.2215| 0.1581] 30.0
0.0342{ 00244 0.1012] 0.0722 0.2258| 0.1611] 30.3
0.0356| 0.0254 0.1036{ 0.0739 0.2301| 0.1642| 30.6
0.0371| 0.0265 0.1060| 0.0757 0.2345| 0.1674| 309
0.0386| 0.0276 0.1085| 0.0774 0.2497| 0.1782{ 320
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Inches converted to decimals of a fool.

Decimal Decimal
Inches of a Foot Inches of a Foot
0 s 010416 6 % 510416
Ya 020833 * 50 Ya 520833
) 031250 % 531250
% 041666 | ) 541666
,052083 % 552083
L 1062500 &7 562500
% 072916 _ % 572916
1 % 1093750 7 s 593750
083333 Ya- 104166 583333 Ya 604166
% 114583 % 614583
) 125000 1% 625000
54 135416 % 635416
Ya 145833 ¥ 645833
: % 156250 % 656250
2 % 177083 8 % 677083
166666 Ya 187500 666666 Ya 687500
% 197916 % 697916
% 208333 % 708333
% 218750 Y 718750
% 229166 % 729166
"% .239583 Y2 739583
3 % 260416 ] i 760416
250 a 270833 750 Va 770833
% 281250 % 781250
1% 291666 % 791666
% .302083 7 .802083
¥ 312500 Ya .812500
_ % 322916 % 822916 .
a4 % 343750 10 Y 843750
333333 Ya 354166 833333 Ya 854166
% 364583 % 864583
1% .375000 % 875000
% 385416 ' % 885416
Ya 395833 7 895833
% 406250 T 906250
5 % 427083 1 Y 927083
416666 Ya 437500 916666 - Vs 937500
% 447916 % 947916
1A 458333 % 958333
% 468750 % 968750
Ya 479166 % 979166
L/ 489583 U .989583
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C= 120
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.00 [ 1.049 | 5.63| 4.00| 500 1463 0.1301 1.90 5.30 2.29 54.19
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.1301 0.95 - - 50.95
adjust 20.63
branch C+A 54.19 40.63 1.00 | 1.049 0.66 - 5.00 5.66 0.4829 2.73 0.66 0.29 57.21
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.1301 1.54 2.50 |- 1.08 50.46
adjust 21.30
branch ABC >> point 1 57.21 61.93 2.00 | 2.067 - - 10.00 10.00 0.0387 0.39 - - 57.60
point 1 >> point 2 57.60 61.93 2.00 | 2.067 3.61 - 10.00 13.61 0.0387 0.53 - - 58.13
branch >> point 2 61.93 57.60
adjust 62.21
point 2 >> point 3 58.13 124.14 2.00 | 2.067 3.28 - 10.00 13.28 0.1402 1.86 - - 59.99
branch >> point 3 61.93 57.60
adjust 63.20
point 3 >> point 4 59.99 187.34 2.00 | 2.067 3.61 - 10.00 13.61 0.3001 4.08 - - 64.07
branch >> point 4 61.93 57.60
adjust 65.32
point 4 >> point 5 64.07 252.66 2.50 | 2.469 3.28 6.00 | 12.00 21.28 0.2197 4.68 - - 68.75
branch >> point 5 61.93 57.60
adjust 67.66
point 5 >> point 6 68.75 320.32 2.50 | 2.469 1.64 - 12.00 13.64 0.3407 4.65 - - 73.40
branch >> point 6 61.93 57.60
adjust 69.91
branch C 50.00 20.00 1.00 | 1.049 9.61 4.00 5.00 18.61 0.1301 2.42 5.30 2.29 54.71
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.1301 0.95 - - 50.95
adjust 20.72
branch C+A 54.71 40.72 1.00 [ 1.049 [ 0.66 - 5.00 5.66 0.4849 2.74 0.66 0.29 57.74
branch B 50.00 20.00 1.00( 1.049 | 2.83| 4.00| 500 11.83 0.1301 1.54 250 (- 1.08 50.46
adjust 21.39
branch ABC >> point 7 57.74 62.11 2.00 [ 2.067 - - 10.00 [ 10.00 0.0389 0.39 - - 58.13
point 6 >> point 7 73.40 390.23 3.00 | 3.068 1.64 - 15.00 16.64 0.1705 2.84 - - 76.24
branch >> point 7 62.11 58.13
adjust 71.13
branch A 50.00 20.00 1.00 | 1.049 0.99 4.00 5.00 9.99 0.1301 1.30 0.66 0.29 51.59
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.1301 1.54 2.50 |- 1.08 50.46
adjust 20.22
branch AB >> point 8 51.59 40.22 2.00 | 2.067 - - 10.00 10.00 0.0174 0.17 - - 51.76
point 7 >> point 8 76.24 461.36 3.00 | 3.068 2.62 7.00 | 15.00 24.62 0.2323 5.72 - - 81.96
branch >> point 8 40.22 51.76
adjust 50.61
point 8 >> point 9 81.96 511.97 4.00 | 4.026 2.95 - 20.00 22.95 0.0750 1.72 - - 83.68
branch >> point 9 40.22 51.76
adjust 51.14
point 9 >> point 10 83.68 563.11 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.0894 2.05 - - 85.73
branch >> point 10 40.22 51.76
adjust 51.76
point 10 >> point 11 85.73 614.87 4.00 | 4.026 3.28 | 10.00 | 20.00 33.28 0.1052 3.50 - - 89.23
branch >> point 11 40.22 51.76
adjust 52.81
point 11 >> point 12 89.23 667.68 4.00 | 4.026 3.28 - 20.00 23.28 0.1226 2.85 - - 92.08
branch >> point 12 40.22 51.76
adjust 53.64
point 12 >> point 13 92.08 721.32 4.00 | 4.026 3.28 - 20.00 23.28 0.1414 3.29 - - 95.37
branch >> point 13 40.22 51.76
adjust 54.59
point 13 >> point 14 95.37 775.91 4.00 | 4.026 3.28 - 20.00 23.28 0.1618 3.77 - - 99.14
branch >> point 14 40.22 51.76
adjust 55.66
point 14 >> common point 99.14 831.57 4.00 | 4.026 - - 20.00 [ 20.00 0.1840 3.68 - - 102.82
other side >> common point 831.57 102.82
common point >> pump 102.82 1,663.14 6.00 | 6.065 | 20.00 | 28.00 | 38.00 86.00 0.0902 7.76 9.50 |- 4.11 106.47
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C= 90
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.00 [ 1.049 | 5.63| 4.00| 500 1463 0.2216 3.24 5.30 2.29 55.53
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.2216 1.62 - - 51.62
adjust 20.74
branch C+A 55.53 40.74 1.00 | 1.049 0.66 - 5.00 5.66 0.8263 4.68 0.66 0.29 60.50
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.2216 2.62 2.50 |- 1.08 51.54
adjust 21.67
branch ABC >> point 1 60.50 62.41 2.00 | 2.067 - - 10.00 10.00 0.0669 0.67 - - 61.17
point 1 >> point 2 61.17 62.41 2.00 | 2.067 3.61 - 10.00 13.61 0.0669 0.91 - - 62.08
branch >> point 2 62.41 61.17
adjust 62.87
point 2 >> point 3 62.08 125.28 2.00 | 2.067 3.28 - 10.00 13.28 0.2428 3.22 - - 65.30
branch >> point 3 62.41 61.17
adjust 64.48
point 3 >> point 4 65.30 189.76 2.00 | 2.067 3.61 - 10.00 13.61 0.5233 7.12 - - 72.42
branch >> point 4 62.41 61.17
adjust 67.91
point 4 >> point 5 72.42 257.67 2.50 | 2.469 3.28 6.00 | 12.00 21.28 0.3879 8.25 - - 80.67
branch >> point 5 62.41 61.17
adjust 71.67
point 5 >> point 6 80.67 329.34 2.50 | 2.469 1.64 - 12.00 13.64 0.6107 8.33 - - 89.00
branch >> point 6 62.41 61.17
adjust 75.28
branch C 50.00 20.00 1.00 | 1.049 9.61 4.00 5.00 18.61 0.2216 4.12 5.30 2.29 56.41
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.2216 1.62 - - 51.62
adjust 20.91
branch C+A 56.41 40.91 1.00 [ 1.049 [ 0.66 - 5.00 5.66 0.8327 4.71 0.66 0.29 61.41
branch B 50.00 20.00 1.00( 1.049 | 2.83| 4.00| 500 11.83 0.2216 2.62 250 (- 1.08 51.54
adjust 21.83
branch ABC >> point 7 61.41 62.74 2.00 [ 2.067 - - 10.00 [ 10.00 0.0675 0.68 - - 62.09
point 6 >> point 7 89.00 404.62 3.00 | 3.068 1.64 - 15.00 16.64 0.3103 5.16 - - 94.16
branch >> point 7 62.74 62.09
adjust 77.26
branch A 50.00 20.00 1.00 | 1.049 0.99 4.00 5.00 9.99 0.2216 2.21 0.66 0.29 52.50
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.2216 2.62 2.50 |- 1.08 51.54
adjust 20.19
branch AB >> point 8 52.50 40.19 2.00 | 2.067 - - 10.00 10.00 0.0296 0.30 - - 52.80
point 7 >> point 8 94.16 481.88 3.00 | 3.068 2.62 7.00 | 15.00 24.62 0.4288 10.56 - - 104.72
branch >> point 8 40.19 52.80
adjust 56.60
point 8 >> point 9 104.72 538.48 4.00 | 4.026 2.95 - 20.00 22.95 0.1402 3.22 - - 107.94
branch >> point 9 40.19 52.80
adjust 57.46
point 9 >> point 10 107.94 595.94 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.1691 3.88 - - 111.82
branch >> point 10 40.19 52.80
adjust 58.49
point 10 >> point 11 111.82 654.43 4.00 | 4.026 3.28 | 10.00 | 20.00 33.28 0.2011 6.69 - - 118.51
branch >> point 11 40.19 52.80
adjust 60.21
point 11 >> point 12 118.51 714.64 4.00 | 4.026 3.28 - 20.00 23.28 0.2367 5.51 - - 124.02
branch >> point 12 40.19 52.80
adjust 61.60
point 12 >> point 13 124.02 776.24 4.00 | 4.026 3.28 - 20.00 23.28 0.2758 6.42 - - 130.44
branch >> point 13 40.19 52.80
adjust 63.17
point 13 >> point 14 130.44 839.41 4.00 | 4.026 3.28 - 20.00 23.28 0.3187 7.42 - - 137.86
branch >> point 14 40.19 52.80
adjust 64.94
point 14 >> common point 137.86 904.35 4.00 | 4.026 - - 20.00 [ 20.00 0.3658 7.32 - - 145.18
other side >> common point 904.35 145.18
common point >> pump 145.18 1,808.70 6.00 | 6.065 | 20.00 | 28.00 | 38.00 86.00 0.1793 15.42 9.50 |- 4.11 156.49
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C= 75
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.00 [ 1.049 | 5.63| 4.00| 500 1463 0.3105 4.54 5.30 2.29 56.83
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.3105 2.28 - - 52.28
adjust 20.85
branch C+A 56.83 40.85 1.00 | 1.049 0.66 - 5.00 5.66 1.1636 6.59 0.66 0.29 63.71
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.3105 3.67 2.50 |- 1.08 52.59
adjust 22.01
branch ABC >> point 1 63.71 62.86 2.00 | 2.067 - - 10.00 10.00 0.0950 0.95 - - 64.66
point 1 >> point 2 64.66 62.86 2.00 | 2.067 3.61 - 10.00 13.61 0.0950 1.29 - - 65.95
branch >> point 2 62.86 64.66
adjust 63.48
point 2 >> point 3 65.95 126.34 2.00 | 2.067 3.28 - 10.00 13.28 0.3455 4.59 - - 70.54
branch >> point 3 62.86 64.66
adjust 65.66
point 3 >> point 4 70.54 192.00 2.00 | 2.067 3.61 - 10.00 13.61 0.7493 10.20 - - 80.74
branch >> point 4 62.86 64.66
adjust 70.24
point 4 >> point 5 80.74 262.24 2.50 | 2.469 3.28 6.00 | 12.00 21.28 0.5614 11.95 - - 92.69
branch >> point 5 62.86 64.66
adjust 75.26
point 5 >> point 6 92.69 337.50 2.50 | 2.469 1.64 - 12.00 13.64 0.8954 12.21 - - 104.90
branch >> point 6 62.86 64.66
adjust 80.07
branch C 50.00 20.00 1.00 | 1.049 9.61 4.00 5.00 18.61 0.3105 5.78 5.30 2.29 58.07
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 2.00 5.00 7.33 0.3105 2.28 - - 52.28
adjust 21.08
branch C+A 58.07 41.08 1.00 [ 1.049 [ 0.66 - 5.00 5.66 1.1757 6.65 0.66 0.29 65.01
branch B 50.00 20.00 1.00( 1.049 | 2.83| 4.00| 500 11.83 0.3105 3.67 250 (- 1.08 52.59
adjust 22.24
branch ABC >> point 7 65.01 63.32 2.00 [ 2.067 - - 10.00 [ 10.00 0.0963 0.96 - - 65.97
point 6 >> point 7 104.90 417.57 3.00 | 3.068 1.64 - 15.00 16.64 0.4609 7.67 - - 112.57
branch >> point 7 63.32 65.97
adjust 82.71
branch A 50.00 20.00 1.00 | 1.049 0.99 4.00 5.00 9.99 0.3105 3.10 0.66 0.29 53.39
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.3105 3.67 2.50 |- 1.08 52.59
adjust 20.15
branch AB >> point 8 53.39 40.15 2.00 | 2.067 - - 10.00 10.00 0.0414 0.41 - - 53.80
point 7 >> point 8 112.57 500.28 3.00 | 3.068 2.62 7.00 | 15.00 24.62 0.6439 15.85 - - 128.42
branch >> point 8 40.15 53.80
adjust 62.03
point 8 >> point 9 128.42 562.31 4.00 | 4.026 2.95 - 20.00 22.95 0.2128 4.88 - - 133.30
branch >> point 9 40.15 53.80
adjust 63.20
point 9 >> point 10 133.30 625.51 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.2592 5.95 - - 139.25
branch >> point 10 40.15 53.80
adjust 64.59
point 10 >> point 11 139.25 690.10 4.00 | 4.026 3.28 | 10.00 | 20.00 33.28 0.3108 10.34 - - 149.59
branch >> point 11 40.15 53.80
adjust 66.95
point 11 >> point 12 149.59 757.05 4.00 | 4.026 3.28 - 20.00 23.28 0.3689 8.59 - - 158.18
branch >> point 12 40.15 53.80
adjust 68.84
point 12 >> point 13 158.18 825.89 4.00| 4.026 | 3.28 - 20.00 [ 23.28 0.4334 10.09 - - 168.27
branch >> point 13 40.15 53.80
adjust 71.01
point 13 >> point 14 168.27 896.90 4.00 | 4026 | 3.28 - 20.00 [ 23.28 0.5048 11.75 - - 180.02
branch >> point 14 40.15 53.80
adjust 73.44
point 14 >> common point 180.02 970.34 4.00 | 4.026 - - 20.00 [ 20.00 0.5839 11.68 - - 191.70
other side >> common point 970.34 191.70
common point >> pump 191.70 1,940.68 6.00 | 6.065 | 20.00 | 28.00 | 38.00 86.00 0.2862 24.61 9.50 |- 4.11 212.20
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C= 65
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.00 [ 1.049 | 5.63| 4.00| 500 1463 0.4046 5.92 5.30 2.29 58.21
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.4046 2.97 - - 52.97
adjust 20.97
branch C+A 58.21 40.97 1.00 | 1.049 0.66 - 5.00 5.66 1.5245 8.63 0.66 0.29 67.13
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.4046 4.79 2.50 |- 1.08 53.71
adjust 22.36
branch ABC >> point 1 67.13 63.33 2.00 | 2.067 - - 10.00 10.00 0.1255 1.26 - - 68.39
point 1 >> point 2 68.39 63.33 2.00 | 2.067 3.61 - 10.00 13.61 0.1255 1.71 - - 70.10
branch >> point 2 63.33 68.39
adjust 64.12
point 2 >> point 3 70.10 127.45 2.00 | 2.067 3.28 - 10.00 13.28 0.4575 6.08 - - 76.18
branch >> point 3 63.33 68.39
adjust 66.84
point 3 >> point 4 76.18 194.29 2.00 | 2.067 3.61 - 10.00 13.61 0.9981 13.58 - - 89.76
branch >> point 4 63.33 68.39
adjust 72.55
point 4 >> point 5 89.76 266.84 2.50 | 2.469 3.28 6.00 | 12.00 21.28 0.7555 16.08 - - 105.84
branch >> point 5 63.33 68.39
adjust 78.78
point 5 >> point 6 105.84 345.62 2.50 | 2.469 1.64 - 12.00 13.64 1.2192 16.63 - - 122.47
branch >> point 6 63.33 68.39
adjust 84.75
branch C 50.00 20.00 1.00 | 1.049 9.61 4.00 5.00 18.61 0.4046 7.53 5.30 2.29 59.82
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 2.00 5.00 7.33 0.4046 2.97 - - 52.97
adjust 21.25
branch C+A 59.82 41.25 1.00 [ 1.049 [ 0.66 - 5.00 5.66 1.5439 8.74 0.66 0.29 68.85
branch B 50.00 20.00 1.00( 1.049 | 2.83| 4.00| 500 11.83 0.4046 4.79 250 (- 1.08 53.71
adjust 22.64
branch ABC >> point 7 68.85 63.89 2.00 [ 2.067 - - 10.00 [ 10.00 0.1275 1.28 - - 70.13
point 6 >> point 7 122.47 430.37 3.00 | 3.068 1.64 - 15.00 16.64 0.6351 10.57 - - 133.04
branch >> point 7 63.89 70.13
adjust 88.00
branch A 50.00 20.00 1.00 | 1.049 0.99 4.00 5.00 9.99 0.4046 4.04 0.66 0.29 54.33
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.4046 4.79 2.50 |- 1.08 53.71
adjust 20.12
branch AB >> point 8 54.33 40.12 2.00 | 2.067 - - 10.00 10.00 0.0539 0.54 - - 54.87
point 7 >> point 8 133.04 518.37 3.00 | 3.068 2.62 7.00 | 15.00 24.62 0.8961 22.06 - - 155.10
branch >> point 8 40.12 54.87
adjust 67.45
point 8 >> point 9 155.10 585.82 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.2991 6.86 - - 161.96
branch >> point 9 40.12 54.87
adjust 68.93
point 9 >> point 10 161.96 654.75 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.3675 8.43 - - 170.39
branch >> point 10 40.12 54.87
adjust 70.70
point 10 >> point 11 170.39 725.45 4.00 | 4.026 3.28 | 10.00 | 20.00 33.28 0.4443 14.79 - - 185.18
branch >> point 11 40.12 54.87
adjust 73.70
point 11 >> point 12 185.18 799.15 4.00 | 4.026 3.28 - 20.00 23.28 0.5313 12.37 - - 197.55
branch >> point 12 40.12 54.87
adjust 76.13
point 12 >> point 13 197.55 875.28 4.00 | 4.026 3.28 - 20.00 23.28 0.6288 14.64 - - 212.19
branch >> point 13 40.12 54.87
adjust 78.90
point 13 >> point 14 212.19 954.18 4.00 | 4.026 3.28 - 20.00 23.28 0.7376 17.17 - - 229.36
branch >> point 14 40.12 54.87
adjust 82.03
point 14 >> common point 22936 | 1,036.21 4.00 | 4.026 - - 20.00 [ 20.00 0.8592 17.18 - - 246.54
other side >> common point 1,036.21 246.54
common point >> pump 246.54 2,072.42 6.00 | 6.065 | 20.00 | 28.00 | 38.00 86.00 0.4211 36.21 9.50 |- 4.11 278.64
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C= 55
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.00 [ 1.049 | 5.63| 4.00| 500 1463 0.5511 8.06 5.30 2.29 60.35
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.5511 4.04 - - 54.04
adjust 21.14
branch C+A 60.35 41.14 1.00 | 1.049 0.66 - 5.00 5.66 2.0926 11.84 0.66 0.29 72.48
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.5511 6.52 2.50 |- 1.08 55.44
adjust 22.87
branch ABC >> point 1 72.48 64.01 2.00 | 2.067 - - 10.00 10.00 0.1743 1.74 - - 74.22
point 1 >> point 2 74.22 64.01 2.00 | 2.067 3.61 - 10.00 13.61 0.1743 2.37 - - 76.59
branch >> point 2 64.01 74.22
adjust 65.02
point 2 >> point 3 76.59 129.03 2.00 | 2.067 3.28 - 10.00 13.28 0.6376 8.47 - - 85.06
branch >> point 3 64.01 74.22
adjust 68.53
point 3 >> point 4 85.06 197.56 2.00 | 2.067 3.61 - 10.00 13.61 1.4022 19.08 - - 104.14
branch >> point 4 64.01 74.22
adjust 75.82
point 4 >> point 5 104.14 273.38 2.50 | 2.469 3.28 6.00 | 12.00 21.28 1.0762 22.90 - - 127.04
branch >> point 5 64.01 74.22
adjust 83.74
point 5 >> point 6 127.04 357.12 2.50 | 2.469 1.64 - 12.00 13.64 1.7644 24.07 - - 151.11
branch >> point 6 64.01 74.22
adjust 91.33
branch C 50.00 20.00 1.00 | 1.049 9.61 4.00 5.00 18.61 0.5511 10.26 5.30 2.29 62.55
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 2.00 5.00 7.33 0.5511 4.04 - - 54.04
adjust 21.52
branch C+A 62.55 41.52 1.00 [ 1.049 [ 0.66 - 5.00 5.66 2.1285 12.05 0.66 0.29 74.89
branch B 50.00 20.00 1.00 [ 1.049 | 2.83| 4.00| 500 11.83 0.5511 6.52 250 (- 1.08 55.44
adjust 23.25
branch ABC >> point 7 74.89 64.77 2.00 [ 2.067 - - 10.00 [ 10.00 0.1782 1.78 - - 76.67
point 6 >> point 7 151.11 448.45 3.00 | 3.068 1.64 - 15.00 16.64 0.9336 15.54 - - 166.65
branch >> point 7 64.77 76.67
adjust 95.49
branch A 50.00 20.00 1.00 | 1.049 0.99 4.00 5.00 9.99 0.5511 5.51 0.66 0.29 55.80
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.5511 6.52 2.50 |- 1.08 55.44
adjust 20.06
branch AB >> point 8 55.80 40.06 2.00 | 2.067 - - 10.00 10.00 0.0732 0.73 - - 56.53
point 7 >> point 8 166.65 543.94 3.00 | 3.068 2.62 7.00 | 15.00 24.62 1.3343 32.85 - - 199.50
branch >> point 8 40.06 56.53
adjust 75.26
point 8 >> point 9 199.50 619.20 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.4515 10.36 - - 209.86
branch >> point 9 40.06 56.53
adjust 77.19
point 9 >> point 10 209.86 696.39 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.5611 12.88 - - 222.74
branch >> point 10 40.06 56.53
adjust 79.52
point 10 >> point 11 222.74 775.91 4.00 | 4.026 3.28 | 10.00 | 20.00 33.28 0.6853 22.81 - - 245.55
branch >> point 11 40.06 56.53
adjust 83.49
point 11 >> point 12 245.55 859.40 4.00 | 4.026 3.28 - 20.00 23.28 0.8279 19.27 - - 264.82
branch >> point 12 40.06 56.53
adjust 86.71
point 12 >> point 13 264.82 946.11 4.00 | 4.026 3.28 - 20.00 23.28 0.9891 23.03 - - 287.85
branch >> point 13 40.06 56.53
adjust 90.40
point 13 >> point 14 287.85 1,036.51 4.00 | 4.026 3.28 - 20.00 23.28 1.1710 27.26 - - 315.11
branch >> point 14 40.06 56.53
adjust 94.58
point 14 >> common point 315.11 1,131.09 4.00 | 4.026 - - 20.00 [ 20.00 1.3763 27.53 - - 342.64
other side >> common point 1,131.09 342.64
common point >> pump 342.64 2,262.18 6.00 | 6.065 | 20.00 | 28.00 | 38.00 86.00 0.6745 58.01 9.50 |- 4.11 396.54
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C= 50
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.00 [ 1.049 | 5.63| 4.00| 500 1463 0.6573 9.62 5.30 2.29 61.91
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 200 5.00 7.33 0.6573 4.82 - - 54.82
adjust 21.25
branch C+A 61.91 41.25 1.00 | 1.049 0.66 - 5.00 5.66 2.5084 14.20 0.66 0.29 76.40
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.6573 7.78 2.50 |- 1.08 56.70
adjust 23.22
branch ABC >> point 1 76.40 64.47 2.00 | 2.067 - - 10.00 10.00 0.2107 2.11 - - 78.51
point 1 >> point 2 78.51 64.47 2.00 | 2.067 3.61 - 10.00 13.61 0.2107 2.87 - - 81.38
branch >> point 2 64.47 78.51
adjust 65.64
point 2 >> point 3 81.38 130.11 2.00 | 2.067 3.28 - 10.00 13.28 0.7723 10.26 - - 91.64
branch >> point 3 64.47 78.51
adjust 69.65
point 3 >> point 4 91.64 199.76 2.00 | 2.067 3.61 - 10.00 13.61 1.7072 23.23 - - 114.87
branch >> point 4 64.47 78.51
adjust 77.98
point 4 >> point 5 114.87 277.74 2.50 | 2.469 3.28 6.00 | 12.00 21.28 1.3219 28.13 - - 143.00
branch >> point 5 64.47 78.51
adjust 87.01
point 5 >> point 6 143.00 364.75 2.50 | 2.469 1.64 - 12.00 13.64 2.1886 29.85 - - 172.85
branch >> point 6 64.47 78.51
adjust 95.66
branch C 50.00 20.00 1.00 | 1.049 9.61 4.00 5.00 18.61 0.6573 12.23 5.30 2.29 64.52
branch A 50.00 20.00 1.00 [ 1.049 | 0.33| 2.00 5.00 7.33 0.6573 4.82 - - 54.82
adjust 21.70
branch C+A 64.52 41.70 1.00 [ 1.049 [ 0.66 - 5.00 5.66 2.5593 14.49 0.66 0.29 79.30
branch B 50.00 20.00 1.00 [ 1.049 | 2.83| 4.00| 500 11.83 0.6573 7.78 250 (- 1.08 56.70
adjust 23.65
branch ABC >> point 7 79.30 65.35 2.00 [ 2.067 - - 10.00 [ 10.00 0.2160 2.16 - - 81.46
point 6 >> point 7 172.85 460.41 3.00 | 3.068 1.64 - 15.00 16.64 1.1692 19.46 - - 192.31
branch >> point 7 65.35 81.46
adjust 100.41
branch A 50.00 20.00 1.00 | 1.049 0.99 4.00 5.00 9.99 0.6573 6.57 0.66 0.29 56.86
branch B 50.00 20.00 1.00 | 1.049 2.83 4.00 5.00 11.83 0.6573 7.78 2.50 |- 1.08 56.70
adjust 20.03
branch AB >> point 8 56.86 40.03 2.00 | 2.067 - - 10.00 10.00 0.0872 0.87 - - 57.73
point 7 >> point 8 192.31 560.82 3.00 | 3.068 2.62 7.00 | 15.00 24.62 1.6842 41.47 - - 233.78
branch >> point 8 40.03 57.73
adjust 80.55
point 8 >> point 9 233.78 641.37 4.00 | 4.026 2.95 - 20.00 22.95 0.5747 13.19 - - 246.97
branch >> point 9 40.03 57.73
adjust 82.80
point 9 >> point 10 246.97 724.17 4.00 | 4.026 | 2.95 - 20.00 [ 22.95 0.7195 16.51 - - 263.48
branch >> point 10 40.03 57.73
adjust 85.52
point 10 >> point 11 263.48 809.69 4.00 | 4.026 3.28 | 10.00 | 20.00 33.28 0.8845 29.44 - - 292.92
branch >> point 11 40.03 57.73
adjust 90.17
point 11 >> point 12 292.92 899.86 4.00 | 4.026 3.28 - 20.00 23.28 1.0753 25.03 - - 317.95
branch >> point 12 40.03 57.73
adjust 93.94
point 12 >> point 13 317.95 993.80 4.00| 4.026 | 3.28 - 20.00 [ 23.28 1.2921 30.08 - - 348.03
branch >> point 13 40.03 57.73
adjust 98.29
point 13 >> point 14 348.03 1,092.09 4.00 | 4026 | 3.28 - 20.00 [ 23.28 1.5385 35.82 - - 383.85
branch >> point 14 40.03 57.73
adjust 103.22
point 14 >> common point 383.85 1,195.31 4.00 | 4.026 - - 20.00 [ 20.00 1.8182 36.36 - - 420.21
other side >> common point 1,195.31 420.21
common point >> pump 420.21 2,390.62 6.00 | 6.065 | 20.00 | 28.00 | 38.00 86.00 0.8911 76.63 9.50 |- 4.11 492.73
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C= 120 ALnavia 25%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.25( 1380 5.63| 4.00| 500 1463 0.0342 0.50 5.30 2.29 52.79
branch A 50.00 20.00 1.25( 1.380 0.33| 2.00| 5.00 7.33 0.0342 0.25 - - 50.25
adjust 20.50
branch C+A 52.79 40.50 1.25] 1.380 0.66 - 5.00 5.66 0.1263 0.71 0.66 0.29 53.79
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.0342 0.40 2.50 |- 1.08 49.32
adjust 20.89
branch ABC >> point 1 53.79 61.39 3.00 | 3.068 - - 10.00 10.00 0.0056 0.06 - - 53.85
point 1 >> point 2 53.85 61.39 3.00 | 3.068 3.61 - 10.00 13.61 0.0056 0.08 - - 53.93
branch >> point 2 61.39 53.85
adjust 61.44
point 2 >> point 3 53.93 122.83 3.00 | 3.068 3.28 - 10.00 13.28 0.0201 0.27 - - 54.20
branch >> point 3 61.39 53.85
adjust 61.59
point 3 >> point 4 54.20 184.42 3.00 | 3.068 3.61 - 10.00 13.61 0.0426 0.58 - - 54.78
branch >> point 4 61.39 53.85
adjust 61.92
point 4 >> point 5 54.78 246.34 3.00 | 3.068 3.28 6.00 | 12.00 21.28 0.0728 1.55 - - 56.33
branch >> point 5 61.39 53.85
adjust 62.79
point 5 >> point 6 56.33 309.13 3.00 | 3.068 1.64 - 12.00 13.64 0.1108 1.51 - - 57.84
branch >> point 6 61.39 53.85
adjust 63.62
branch C 50.00 20.00 1.25] 1.380 9.61 4.00 5.00 18.61 0.0342 0.64 5.30 2.29 52.93
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.0342 0.25 - - 50.25
adjust 20.53
branch C+A 52.93 40.53 1.25[ 1.380 | 0.66 - 5.00 5.66 0.1264 0.72 0.66 0.29 53.94
branch B 50.00 20.00 1.25( 1380 2.83| 4.00| 500 11.83 0.0342 0.40 250 (- 108 49.32
adjust 20.92
branch ABC >> point 7 53.94 61.45 3.00 | 3.068 - - 10.00 [ 10.00 0.0056 0.06 - - 54.00
point 6 >> point 7 57.84 372.75 4.00 | 4.026 1.64 - 15.00 16.64 0.0417 0.69 - - 58.53
branch >> point 7 61.45 54.00
adjust 63.98
branch A 50.00 20.00 1.25] 1.380 0.99 4.00 5.00 9.99 0.0342 0.34 0.66 0.29 50.63
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.0342 0.40 2.50 |- 1.08 49.32
adjust 20.26
branch AB >> point 8 50.63 40.26 3.00 | 3.068 - - 10.00 10.00 0.0026 0.03 - - 50.66
point 7 >> point 8 58.53 436.73 4.00 | 4.026 2.62 7.00 | 15.00 24.62 0.0559 1.38 - - 59.91
branch >> point 8 40.26 50.66
adjust 43.78
point 8 >> point 9 59.91 480.51 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0232 0.53 - - 60.44
branch >> point 9 40.26 50.66
adjust 43.97
point 9 >> point 10 60.44 524.48 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0273 0.63 - - 61.07
branch >> point 10 40.26 50.66
adjust 44.20
point 10 >> point 11 61.07 568.68 5.00 | 5.000 3.28 | 10.00 | 20.00 33.28 0.0317 1.05 - - 62.12
branch >> point 11 40.26 50.66
adjust 44.58
point 11 >> point 12 62.12 613.26 5.00 | 5.000 3.28 - 20.00 23.28 0.0365 0.85 - - 62.97
branch >> point 12 40.26 50.66
adjust 44.89
point 12 >> point 13 62.97 658.15 5.00| 5.000 | 3.28 - 20.00 [ 23.28 0.0415 0.97 - - 63.94
branch >> point 13 40.26 50.66
adjust 45.23
point 13 >> point 14 63.94 703.38 5.00 | 5.000 | 3.28 - 20.00 [ 23.28 0.0470 1.09 - - 65.03
branch >> point 14 40.26 50.66
adjust 45.61
point 14 >> common point 65.03 748.99 5.00 | 5.000 - - 20.00 [ 20.00 0.0528 1.06 - - 66.09
other side >> common point 748.99 66.09
common point >> pump 66.09 1,497.98 8.00 | 8.071 | 20.00 | 28.00 | 38.00 86.00 0.0185 1.59 9.50 |- 4.11 63.57
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C= 90 ueLNEvia 25%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.25( 1.380 | 5.63| 4.00| 500 1463 0.0583 0.85 5.30 2.29 53.14
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.0583 0.43 - - 5043
adjust 20.53
branch C+A 53.14 40.53 1.25] 1.380 0.66 - 5.00 5.66 0.2153 1.22 0.66 0.29 54.65
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.0583 0.69 2.50 |- 1.08 49.61
adjust 20.99
branch ABC >> point 1 54.65 61.52 3.00 | 3.068 - - 10.00 10.00 0.0095 0.10 - - 54.75
point 1 >> point 2 54.75 61.52 3.00 | 3.068 3.61 - 10.00 13.61 0.0095 0.13 - - 54.88
branch >> point 2 61.52 54.75
adjust 61.59
point 2 >> point 3 54.88 123.11 3.00 | 3.068 3.28 - 10.00 13.28 0.0343 0.46 - - 55.34
branch >> point 3 61.52 54.75
adjust 61.85
point 3 >> point 4 55.34 184.96 3.00 | 3.068 3.61 - 10.00 13.61 0.0729 0.99 - - 56.33
branch >> point 4 61.52 54.75
adjust 62.40
point 4 >> point 5 56.33 247.36 3.00 | 3.068 3.28 6.00 | 12.00 21.28 0.1249 2.66 - - 58.99
branch >> point 5 61.52 54.75
adjust 63.86
point 5 >> point 6 58.99 311.22 3.00 | 3.068 1.64 - 12.00 13.64 0.1910 2.61 - - 61.60
branch >> point 6 61.52 54.75
adjust 65.26
branch C 50.00 20.00 1.25( 1.380( 9.61| 4.00| 500 1861 0.0583 1.08 5.30 2.29 53.37
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.0583 0.43 - - 5043
adjust 20.57
branch C+A 53.37 40.57 1.25[ 1.380 | 0.66 - 5.00 5.66 0.2157 1.22 0.66 0.29 54.88
branch B 50.00 20.00 1.25( 1380 2.83| 4.00| 500 11.83 0.0583 0.69 250 (- 108 49.61
adjust 21.04
branch ABC >> point 7 54.88 61.61 3.00 | 3.068 - - 10.00 [ 10.00 0.0095 0.10 - - 54.98
point 6 >> point 7 61.60 376.48 4.00 | 4.026 1.64 - 15.00 16.64 0.0723 1.20 - - 62.80
branch >> point 7 61.61 54.98
adjust 65.85
branch A 50.00 20.00 1.25] 1.380 0.99 4.00 5.00 9.99 0.0583 0.58 0.66 0.29 50.87
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.0583 0.69 2.50 |- 1.08 49.61
adjust 20.25
branch AB >> point 8 50.87 40.25 3.00 | 3.068 - - 10.00 10.00 0.0043 0.04 - - 50.91
point 7 >> point 8 62.80 442.33 4.00 | 4.026 2.62 7.00 | 15.00 24.62 0.0974 2.40 - - 65.20
branch >> point 8 40.25 50.91
adjust 45.55
point 8 >> point 9 65.20 487.88 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0407 0.93 - - 66.13
branch >> point 9 40.25 50.91
adjust 45.87
point 9 >> point 10 66.13 533.75 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0480 1.10 - - 67.23
branch >> point 10 40.25 50.91
adjust 46.25
point 10 >> point 11 67.23 580.00 5.00 | 5.000 3.28 | 10.00 | 20.00 33.28 0.0560 1.86 - - 69.09
branch >> point 11 40.25 50.91
adjust 46.89
point 11 >> point 12 69.09 626.89 5.00 | 5.000 3.28 - 20.00 23.28 0.0647 1.51 - - 70.60
branch >> point 12 40.25 50.91
adjust 47.40
point 12 >> point 13 70.60 674.29 5.00 | 5.000 3.28 - 20.00 23.28 0.0740 1.72 - - 72.32
branch >> point 13 40.25 50.91
adjust 47.97
point 13 >> point 14 7232 722.26 5.00 | 5.000 | 3.28 - 20.00 [ 23.28 0.0840 1.96 - - 74.28
branch >> point 14 40.25 50.91
adjust 48.62
point 14 >> common point 74.28 770.88 5.00 | 5.000 - - 20.00 [ 20.00 0.0948 1.90 - - 76.18
other side >> common point 770.88 76.18
common point >> pump 76.18 1,541.76 8.00 | 8.071 | 20.00 | 28.00 | 38.00 86.00 0.0332 2.86 9.50 |- 4.11 74.93
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C= 75 ueLNEvia 25%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.25( 1.380 | 5.63| 4.00| 500 1463 0.0817 1.20 5.30 2.29 53.49
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.0817 0.60 - - 50.60
adjust 20.56
branch C+A 53.49 40.56 1.25] 1.380 0.66 - 5.00 5.66 0.3020 1.71 0.66 0.29 55.49
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.0817 0.97 2.50 |- 1.08 49.89
adjust 21.09
branch ABC >> point 1 55.49 61.65 3.00 | 3.068 - - 10.00 10.00 0.0134 0.13 - - 55.62
point 1 >> point 2 55.62 61.65 3.00 | 3.068 3.61 - 10.00 13.61 0.0134 0.18 - - 55.80
branch >> point 2 61.65 55.62
adjust 61.75
point 2 >> point 3 55.80 123.40 3.00 | 3.068 3.28 - 10.00 13.28 0.0483 0.64 - - 56.44
branch >> point 3 61.65 55.62
adjust 62.10
point 3 >> point 4 56.44 185.50 3.00 | 3.068 3.61 - 10.00 13.61 0.1027 1.40 - - 57.84
branch >> point 4 61.65 55.62
adjust 62.87
point 4 >> point 5 57.84 248.37 3.00 | 3.068 3.28 6.00 | 12.00 21.28 0.1763 3.75 - - 61.59
branch >> point 5 61.65 55.62
adjust 64.87
point 5 >> point 6 61.59 313.24 3.00 | 3.068 1.64 - 12.00 13.64 0.2708 3.69 - - 65.28
branch >> point 6 61.65 55.62
adjust 66.79
branch C 50.00 20.00 1.25] 1.380 9.61 4.00 5.00 18.61 0.0817 1.52 5.30 2.29 53.81
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.0817 0.60 - - 50.60
adjust 20.62
branch C+A 53.81 40.62 1.25[ 1.380 | 0.66 - 5.00 5.66 0.3029 171 0.66 0.29 55.81
branch B 50.00 20.00 1.25( 1380 2.83| 4.00| 500 11.83 0.0817 0.97 250 (- 108 49.89
adjust 21.15
branch ABC >> point 7 55.81 61.77 3.00 | 3.068 - - 10.00 [ 10.00 0.0134 0.13 - - 55.94
point 6 >> point 7 65.28 380.03 4.00 | 4.026 1.64 - 15.00 16.64 0.1031 1.72 - - 67.00
branch >> point 7 61.77 55.94
adjust 67.60
branch A 50.00 20.00 1.25] 1.380 0.99 4.00 5.00 9.99 0.0817 0.82 0.66 0.29 51.11
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.0817 0.97 2.50 |- 1.08 49.89
adjust 20.24
branch AB >> point 8 51.11 40.24 3.00 | 3.068 - - 10.00 10.00 0.0061 0.06 - - 51.17
point 7 >> point 8 67.00 447.63 4.00 | 4.026 2.62 7.00 | 15.00 24.62 0.1396 3.44 - - 70.44
branch >> point 8 40.24 51.17
adjust 47.21
point 8 >> point 9 70.44 494.84 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0585 134 - - 71.78
branch >> point 9 40.24 51.17
adjust 47.66
point 9 >> point 10 71.78 542.50 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0693 1.59 - - 73.37
branch >> point 10 40.24 51.17
adjust 48.18
point 10 >> point 11 73.37 590.68 5.00 | 5.000 3.28 | 10.00 | 20.00 33.28 0.0812 2.70 - - 76.07
branch >> point 11 40.24 51.17
adjust 49.06
point 11 >> point 12 76.07 639.74 5.00 | 5.000 3.28 - 20.00 23.28 0.0941 2.19 - - 78.26
branch >> point 12 40.24 51.17
adjust 49.76
point 12 >> point 13 78.26 689.50 5.00 | 5.000| 3.28 - 20.00 [ 23.28 0.1080 251 - - 80.77
branch >> point 13 40.24 51.17
adjust 50.56
point 13 >> point 14 80.77 740.06 5.00 | 5.000 3.28 - 20.00 23.28 0.1232 2.87 - - 83.64
branch >> point 14 40.24 51.17
adjust 51.45
point 14 >> common point 83.64 791.51 5.00 | 5.000 - - 20.00 [ 20.00 0.1395 2.79 - - 86.43
other side >> common point 791.51 86.43
common point >> pump 86.43 1,583.02 8.00 | 8.071 | 20.00 | 28.00 | 38.00 86.00 0.0488 4.20 9.50 |- 4.11 86.52
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C= 65 ueLNEvia 25%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.25( 1.380 | 5.63| 4.00| 500 1463 0.1064 1.56 5.30 2.29 53.85
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.1064 0.78 - - 50.78
adjust 20.60
branch C+A 53.85 40.60 1.25] 1.380 0.66 - 5.00 5.66 0.3943 2.23 0.66 0.29 56.37
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.1064 1.26 2.50 |- 1.08 50.18
adjust 21.20
branch ABC >> point 1 56.37 61.80 3.00 | 3.068 - - 10.00 10.00 0.0175 0.18 - - 56.55
point 1 >> point 2 56.55 61.80 3.00 | 3.068 3.61 - 10.00 13.61 0.0175 0.24 - - 56.79
branch >> point 2 61.80 56.55
adjust 61.93
point 2 >> point 3 56.79 123.73 3.00 | 3.068 3.28 - 10.00 13.28 0.0633 0.84 - - 57.63
branch >> point 3 61.80 56.55
adjust 62.39
point 3 >> point 4 57.63 186.12 3.00 | 3.068 3.61 - 10.00 13.61 0.1347 1.83 - - 59.46
branch >> point 4 61.80 56.55
adjust 63.37
point 4 >> point 5 59.46 249.49 3.00 | 3.068 3.28 6.00 | 12.00 21.28 0.2316 4.93 - - 64.39
branch >> point 5 61.80 56.55
adjust 65.94
point 5 >> point 6 64.39 315.43 3.00 | 3.068 1.64 - 12.00 13.64 0.3575 4.88 - - 69.27
branch >> point 6 61.80 56.55
adjust 68.40
branch C 50.00 20.00 1.25] 1.380 9.61 4.00 5.00 18.61 0.1064 1.98 5.30 2.29 54.27
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.1064 0.78 - - 50.78
adjust 20.68
branch C+A 54.27 40.68 1.25[ 1.380 | 0.66 - 5.00 5.66 0.3957 2.24 0.66 0.29 56.80
branch B 50.00 20.00 1.25( 1380 2.83| 4.00| 500 11.83 0.1064 1.26 250 (- 108 50.18
adjust 21.28
branch ABC >> point 7 56.80 61.96 3.00 | 3.068 - - 10.00 [ 10.00 0.0176 0.18 - - 56.98
point 6 >> point 7 69.27 383.83 4.00 | 4.026 1.64 - 15.00 16.64 0.1368 2.28 - - 71.55
branch >> point 7 61.96 56.98
adjust 69.43
branch A 50.00 20.00 1.25] 1.380 0.99 4.00 5.00 9.99 0.1064 1.06 0.66 0.29 51.35
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.1064 1.26 2.50 |- 1.08 50.18
adjust 20.23
branch AB >> point 8 51.35 40.23 3.00 | 3.068 - - 10.00 10.00 0.0079 0.08 - - 51.43
point 7 >> point 8 71.55 453.26 4.00 | 4.026 2.62 7.00 | 15.00 24.62 0.1861 4.58 - - 76.13
branch >> point 8 40.23 51.43
adjust 48.95
point 8 >> point 9 76.13 502.21 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0783 1.80 - - 77.93
branch >> point 9 40.23 51.43
adjust 49.52
point 9 >> point 10 77.93 551.73 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.0932 2.14 - - 80.07
branch >> point 10 40.23 51.43
adjust 50.20
point 10 >> point 11 80.07 601.93 5.00 | 5.000 3.28 | 10.00 | 20.00 33.28 0.1095 3.64 - - 83.71
branch >> point 11 40.23 51.43
adjust 51.33
point 11 >> point 12 83.71 653.26 5.00 | 5.000 3.28 - 20.00 23.28 0.1274 2.97 - - 86.68
branch >> point 12 40.23 51.43
adjust 52.23
point 12 >> point 13 86.68 705.49 5.00| 5.000 | 3.28 - 20.00 [ 23.28 0.1469 3.42 - - 90.10
branch >> point 13 40.23 51.43
adjust 53.25
point 13 >> point 14 90.10 758.74 5.00 | 5.000 | 3.28 - 20.00 [ 23.28 0.1680 3.91 - - 94.01
branch >> point 14 40.23 51.43
adjust 54.39
point 14 >> common point 94.01 813.13 5.00 | 5.000 - - 20.00 [ 20.00 0.1910 3.82 - - 97.83
other side >> common point 813.13 97.83
common point >> pump 97.83 1,626.26 8.00 | 8.071 | 20.00 | 28.00 | 38.00 86.00 0.0669 5.75 9.50 |- 4.11 99.47
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C= 55 ueLNEvia 25%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.25( 1.380 | 5.63| 4.00| 500 1463 0.1449 2.12 5.30 2.29 54.41
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.1449 1.06 - - 51.06
adjust 20.65
branch C+A 54.41 40.65 1.25] 1.380 0.66 - 5.00 5.66 0.5383 3.05 0.66 0.29 57.75
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.1449 1.71 2.50 |- 1.08 50.63
adjust 21.36
branch ABC >> point 1 57.75 62.01 3.00 | 3.068 - - 10.00 10.00 0.0240 0.24 - - 57.99
point 1 >> point 2 57.99 62.01 3.00 | 3.068 3.61 - 10.00 13.61 0.0240 0.33 - - 58.32
branch >> point 2 62.01 57.99
adjust 62.19
point 2 >> point 3 58.32 124.20 3.00 | 3.068 3.28 - 10.00 13.28 0.0868 1.15 - - 59.47
branch >> point 3 62.01 57.99
adjust 62.80
point 3 >> point 4 59.47 187.00 3.00 | 3.068 3.61 - 10.00 13.61 0.1851 2.52 - - 61.99
branch >> point 4 62.01 57.99
adjust 64.11
point 4 >> point 5 61.99 251.11 3.00 | 3.068 3.28 6.00 | 12.00 21.28 0.3193 6.79 - - 68.78
branch >> point 5 62.01 57.99
adjust 67.53
point 5 >> point 6 68.78 318.64 3.00 | 3.068 1.64 - 12.00 13.64 0.4961 6.77 - - 75.55
branch >> point 6 62.01 57.99
adjust 70.78
branch C 50.00 20.00 1.25] 1.380 9.61 4.00 5.00 18.61 0.1449 2.70 5.30 2.29 54.99
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.1449 1.06 - - 51.06
adjust 20.76
branch C+A 54.99 40.76 1.25[ 1.380 | 0.66 - 5.00 5.66 0.5410 3.06 0.66 0.29 58.34
branch B 50.00 20.00 1.25( 1380 2.83| 4.00| 500 11.83 0.1449 171 250 (- 108 50.63
adjust 21.47
branch ABC >> point 7 58.34 62.23 3.00 | 3.068 - - 10.00 [ 10.00 0.0242 0.24 - - 58.58
point 6 >> point 7 75.55 389.42 4.00 | 4.026 1.64 - 15.00 16.64 0.1914 3.18 - - 78.73
branch >> point 7 62.23 58.58
adjust 72.14
branch A 50.00 20.00 1.25] 1.380 0.99 4.00 5.00 9.99 0.1449 1.45 0.66 0.29 51.74
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.1449 1.71 2.50 |- 1.08 50.63
adjust 20.22
branch AB >> point 8 51.74 40.22 3.00 | 3.068 - - 10.00 10.00 0.0108 0.11 - - 51.85
point 7 >> point 8 78.73 461.56 4.00 | 4.026 2.62 7.00 | 15.00 24.62 0.2622 6.46 - - 85.19
branch >> point 8 40.22 51.85
adjust 51.55
point 8 >> point 9 85.19 513.11 5.00 | 5.000 2.95 - 20.00 22.95 0.1110 2.55 - - 87.74
branch >> point 9 40.22 51.85
adjust 52.32
point 9 >> point 10 87.74 565.43 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.1329 3.05 - - 90.79
branch >> point 10 40.22 51.85
adjust 53.22
point 10 >> point 11 90.79 618.65 5.00 | 5.000 3.28 | 10.00 | 20.00 33.28 0.1569 5.22 - - 96.01
branch >> point 11 40.22 51.85
adjust 54.73
point 11 >> point 12 96.01 673.38 5.00 | 5.000 3.28 - 20.00 23.28 0.1836 4.27 - - 100.28
branch >> point 12 40.22 51.85
adjust 55.93
point 12 >> point 13 100.28 72931 5.00| 5.000 | 3.28 - 20.00 [ 23.28 0.2128 4.95 - - 105.23
branch >> point 13 40.22 51.85
adjust 57.30
point 13 >> point 14 105.23 786.61 5.00 | 5.000 | 3.28 - 20.00 [ 23.28 0.2447 5.70 - - 110.93
branch >> point 14 40.22 51.85
adjust 58.83
point 14 >> common point 110.93 845.44 5.00 | 5.000 - - 20.00 [ 20.00 0.2796 5.59 - - 116.52
other side >> common point 845.44 116.52
common point >> pump 116.52 1,690.88 8.00 | 8.071 | 20.00 | 28.00 | 38.00 86.00 0.0979 8.42 9.50 |- 4.11 120.83
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C= 50 ueLNEvia 25%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 1.25( 1.380 | 5.63| 4.00| 500 1463 0.1729 2.53 5.30 2.29 54.82
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.1729 1.27 - - 51.27
adjust 20.68
branch C+A 54.82 40.68 1.25] 1.380 0.66 - 5.00 5.66 0.6430 3.64 0.66 0.29 58.75
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.1729 2.05 2.50 |- 1.08 50.97
adjust 21.47
branch ABC >> point 1 58.75 62.15 3.00 | 3.068 - - 10.00 10.00 0.0288 0.29 - - 59.04
point 1 >> point 2 59.04 62.15 3.00 | 3.068 3.61 - 10.00 13.61 0.0288 0.39 - - 59.43
branch >> point 2 62.15 59.04
adjust 62.35
point 2 >> point 3 59.43 124.50 3.00 | 3.068 3.28 - 10.00 13.28 0.1040 1.38 - - 60.81
branch >> point 3 62.15 59.04
adjust 63.07
point 3 >> point 4 60.81 187.57 3.00 | 3.068 3.61 - 10.00 13.61 0.2220 3.02 - - 63.83
branch >> point 4 62.15 59.04
adjust 64.62
point 4 >> point 5 63.83 252.19 3.00 | 3.068 3.28 6.00 | 12.00 21.28 0.3839 8.17 - - 72.00
branch >> point 5 62.15 59.04
adjust 68.63
point 5 >> point 6 72.00 320.82 3.00 | 3.068 1.64 - 12.00 13.64 0.5993 8.17 - - 80.17
branch >> point 6 62.15 59.04
adjust 72.42
branch C 50.00 20.00 1.25] 1.380 9.61 4.00 5.00 18.61 0.1729 3.22 5.30 2.29 55.51
branch A 50.00 20.00 1.25( 1.380 | 0.33| 2.00| 5.00 7.33 0.1729 1.27 - - 51.27
adjust 20.81
branch C+A 55.51 40.81 1.25[ 1.380 | 0.66 - 5.00 5.66 0.6468 3.66 0.66 0.29 59.46
branch B 50.00 20.00 1.25( 1380 2.83| 4.00| 500 11.83 0.1729 2.05 250 (- 108 50.97
adjust 21.60
branch ABC >> point 7 59.46 62.41 3.00 | 3.068 - - 10.00 [ 10.00 0.0290 0.29 - - 59.75
point 6 >> point 7 80.17 393.24 4.00 | 4.026 1.64 - 15.00 16.64 0.2325 3.87 - - 84.04
branch >> point 7 62.41 59.75
adjust 74.02
branch A 50.00 20.00 1.25] 1.380 0.99 4.00 5.00 9.99 0.1729 1.73 0.66 0.29 52.02
branch B 50.00 20.00 1.25] 1.380 2.83 4.00 5.00 11.83 0.1729 2.05 2.50 |- 1.08 50.97
adjust 20.20
branch AB >> point 8 52.02 40.20 3.00 | 3.068 - - 10.00 10.00 0.0128 0.13 - - 52.15
point 7 >> point 8 84.04 467.26 4.00 | 4.026 2.62 7.00 | 15.00 24.62 0.3199 7.88 - - 91.92
branch >> point 8 40.20 52.15
adjust 53.37
point 8 >> point 9 91.92 520.63 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.1360 3.12 - - 95.04
branch >> point 9 40.20 52.15
adjust 54.27
point 9 >> point 10 95.04 574.90 5.00 | 5.000 | 2.95 - 20.00 [ 22.95 0.1634 3.75 - - 98.79
branch >> point 10 40.20 52.15
adjust 55.33
point 10 >> point 11 98.79 630.23 5.00 | 5.000 3.28 | 10.00 | 20.00 33.28 0.1937 6.45 - - 105.24
branch >> point 11 40.20 52.15
adjust 57.11
point 11 >> point 12 105.24 687.34 5.00 | 5.000 3.28 - 20.00 23.28 0.2274 5.29 - - 110.53
branch >> point 12 40.20 52.15
adjust 58.52
point 12 >> point 13 110.53 745.86 5.00 | 5.000| 3.28 - 20.00 [ 23.28 0.2645 6.16 - - 116.69
branch >> point 13 40.20 52.15
adjust 60.13
point 13 >> point 14 116.69 805.99 5.00 | 5.000| 3.28 - 20.00 [ 23.28 0.3053 7.11 - - 123.80
branch >> point 14 40.20 52.15
adjust 61.94
point 14 >> common point 123.80 867.93 5.00 | 5.000 - - 20.00 [ 20.00 0.3502 7.00 - - 130.80
other side >> common point 867.93 130.80
common point >> pump 130.80 1,735.86 8.00 | 8.071 | 20.00 | 28.00 | 38.00 86.00 0.1226 10.54 9.50 |- 4.11 137.23
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C= 120 ueNevia 50%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 150 1.610 | 5.63| 4.00| 500 1463 0.0162 0.24 5.30 2.29 52.53
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0162 0.12 - - 50.12
adjust 20.48
branch C+A 52.53 40.48 1.50| 1.610 0.66 - 5.00 5.66 0.0595 0.34 0.66 0.29 53.16
branch B 50.00 20.00 1.50| 1.610 2.83 4.00 5.00 11.83 0.0162 0.19 2.50 |- 1.08 49.11
adjust 20.81
branch ABC >> point 1 53.16 61.29 3.00 | 3.068 - - 10.00 10.00 0.0056 0.06 - - 53.22
point 1 >> point 2 53.22 61.29 3.00 | 3.068 3.61 - 10.00 13.61 0.0056 0.08 - - 53.30
branch >> point 2 61.29 53.22
adjust 61.34
point 2 >> point 3 53.30 122.63 3.00 | 3.068 3.28 - 10.00 13.28 0.0200 0.27 - - 53.57
branch >> point 3 61.29 53.22
adjust 61.49
point 3 >> point 4 53.57 184.12 3.00 | 3.068 3.61 - 10.00 13.61 0.0425 0.58 - - 54.15
branch >> point 4 61.29 53.22
adjust 61.82
point 4 >> point 5 54.15 245.94 4.00 | 4.026 3.28 6.00 | 12.00 21.28 0.0193 0.41 - - 54.56
branch >> point 5 61.29 53.22
adjust 62.06
point 5 >> point 6 54.56 308.00 4.00 | 4.026 1.64 - 12.00 13.64 0.0293 0.40 - - 54.96
branch >> point 6 61.29 53.22
adjust 62.28
branch C 50.00 20.00 1.50 | 1.610 9.61 4.00 5.00 18.61 0.0162 0.30 5.30 2.29 52.59
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0162 0.12 - - 50.12
adjust 20.49
branch C+A 52.59 40.49 1.50 [ 1.610 [ 0.66 - 5.00 5.66 0.0596 0.34 0.66 0.29 53.22
branch B 50.00 20.00 150 1.610( 2.83| 4.00| 500 11.83 0.0162 0.19 250 (- 108 49.11
adjust 20.82
branch ABC >> point 7 53.22 61.31 3.00 | 3.068 - - 10.00 [ 10.00 0.0056 0.06 - - 53.28
point 6 >> point 7 54.96 370.28 5.00 | 5.000 1.64 - 15.00 16.64 0.0143 0.24 - - 55.20
branch >> point 7 61.31 53.28
adjust 62.40
branch A 50.00 20.00 1.50 | 1.610 0.99 4.00 5.00 9.99 0.0162 0.16 0.66 0.29 50.45
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0162 0.19 2.50 |- 1.08 49.11
adjust 20.27
branch AB >> point 8 50.45 40.27 3.00 | 3.068 - - 10.00 10.00 0.0026 0.03 - - 50.48
point 7 >> point 8 55.20 432.68 5.00 | 5.000 2.62 7.00 | 15.00 24.62 0.0191 0.47 - - 55.67
branch >> point 8 40.27 50.48
adjust 42.29
point 8 >> point 9 55.67 474.97 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0089 0.20 - - 55.87
branch >> point 9 40.27 50.48
adjust 42.37
point 9 >> point 10 55.87 517.34 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0104 0.24 - - 56.11
branch >> point 10 40.27 50.48
adjust 42.46
point 10 >> point 11 56.11 559.80 6.00 | 6.065 3.28 | 10.00 | 20.00 33.28 0.0120 0.40 - - 56.51
branch >> point 11 40.27 50.48
adjust 42.61
point 11 >> point 12 56.51 602.41 6.00 | 6.065 3.28 - 20.00 23.28 0.0138 0.32 - - 56.83
branch >> point 12 40.27 50.48
adjust 42.73
point 12 >> point 13 56.83 645.14 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0156 0.36 - - 57.19
branch >> point 13 40.27 50.48
adjust 42.86
point 13 >> point 14 57.19 688.00 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0176 0.41 - - 57.60
branch >> point 14 40.27 50.48
adjust 43.02
point 14 >> common point 57.60 731.02 6.00 | 6.065 - - 20.00 [ 20.00 0.0197 0.39 - - 57.99
other side >> common point 731.02 57.99
common point >> pump 57.99 1,462.04 9.00 | 9.000 | 20.00 | 28.00 | 38.00 86.00 0.0104 0.89 9.50 |- 4.11 54.77
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C= 90 ueNevia 50%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 150 1.610 | 5.63| 4.00| 500 1463 0.0275 0.40 5.30 2.29 52.69
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0275 0.20 - - 50.20
adjust 20.49
branch C+A 52.69 40.49 1.50| 1.610 0.66 - 5.00 5.66 0.1014 0.57 0.66 0.29 53.55
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0275 0.33 2.50 |- 1.08 49.25
adjust 20.85
branch ABC >> point 1 53.55 61.34 3.00 | 3.068 - - 10.00 10.00 0.0095 0.10 - - 53.65
point 1 >> point 2 53.65 61.34 3.00 | 3.068 3.61 - 10.00 13.61 0.0095 0.13 - - 53.78
branch >> point 2 61.34 53.65
adjust 61.41
point 2 >> point 3 53.78 122.75 3.00 | 3.068 3.28 - 10.00 13.28 0.0342 0.45 - - 54.23
branch >> point 3 61.34 53.65
adjust 61.67
point 3 >> point 4 54.23 184.42 3.00 | 3.068 3.61 - 10.00 13.61 0.0725 0.99 - - 55.22
branch >> point 4 61.34 53.65
adjust 62.23
point 4 >> point 5 55.22 246.65 4.00 | 4.026 3.28 6.00 | 12.00 21.28 0.0331 0.70 - - 55.92
branch >> point 5 61.34 53.65
adjust 62.62
point 5 >> point 6 55.92 309.27 4.00 | 4.026 1.64 - 12.00 13.64 0.0503 0.69 - - 56.61
branch >> point 6 61.34 53.65
adjust 63.01
branch C 50.00 20.00 1.50 | 1.610 9.61 4.00 5.00 18.61 0.0275 0.51 5.30 2.29 52.80
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0275 0.20 - - 50.20
adjust 20.51
branch C+A 52.80 40.51 1.50 [ 1.610 [ 0.66 - 5.00 5.66 0.1015 0.57 0.66 0.29 53.66
branch B 50.00 20.00 150 1.610( 2.83| 4.00| 500 11.83 0.0275 0.33 250 (- 108 49.25
adjust 20.88
branch ABC >> point 7 53.66 61.39 3.00 | 3.068 - - 10.00 [ 10.00 0.0095 0.10 - - 53.76
point 6 >> point 7 56.61 372.28 5.00 | 5.000 1.64 - 15.00 16.64 0.0247 0.41 - - 57.02
branch >> point 7 61.39 53.76
adjust 63.22
branch A 50.00 20.00 1.50 | 1.610 0.99 4.00 5.00 9.99 0.0275 0.27 0.66 0.29 50.56
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0275 0.33 2.50 |- 1.08 49.25
adjust 20.26
branch AB >> point 8 50.56 40.26 3.00 | 3.068 - - 10.00 10.00 0.0043 0.04 - - 50.60
point 7 >> point 8 57.02 435.50 5.00| 5.000 | 2.62| 7.00| 15.00| 24.62 0.0330 0.81 - - 57.83
branch >> point 8 40.26 50.60
adjust 43.04
point 8 >> point 9 57.83 478.54 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0153 035 - - 58.18
branch >> point 9 40.26 50.60
adjust 43.17
point 9 >> point 10 58.18 521.71 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0180 0.41 - - 58.59
branch >> point 10 40.26 50.60
adjust 43.32
point 10 >> point 11 58.59 565.03 6.00 | 6.065 3.28 | 10.00 | 20.00 33.28 0.0208 0.69 - - 59.28
branch >> point 11 40.26 50.60
adjust 43.58
point 11 >> point 12 59.28 608.61 6.00 | 6.065 3.28 - 20.00 23.28 0.0239 0.56 - - 59.84
branch >> point 12 40.26 50.60
adjust 43.78
point 12 >> point 13 59.84 652.39 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0272 0.63 - - 60.47
branch >> point 13 40.26 50.60
adjust 44.01
point 13 >> point 14 60.47 696.40 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0307 0.71 - - 61.18
branch >> point 14 40.26 50.60
adjust 44.27
point 14 >> common point 61.18 740.67 6.00 | 6.065 - - 20.00 [ 20.00 0.0344 0.69 - - 61.87
other side >> common point 740.67 61.87
common point >> pump 61.87 1,481.34 9.00 | 9.000 | 20.00 | 28.00 | 38.00 86.00 0.0181 1.56 9.50 |- 4.11 59.32
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C= 75 ueNevia 50%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 150 1.610 | 5.63| 4.00| 500 1463 0.0385 0.56 5.30 2.29 52.85
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0385 0.28 - - 50.28
adjust 20.50
branch C+A 52.85 40.50 1.50| 1.610 0.66 - 5.00 5.66 0.1422 0.80 0.66 0.29 53.94
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0385 0.46 2.50 |- 1.08 49.38
adjust 20.90
branch ABC >> point 1 53.94 61.40 3.00 | 3.068 - - 10.00 10.00 0.0133 0.13 - - 54.07
point 1 >> point 2 54.07 61.40 3.00 | 3.068 3.61 - 10.00 13.61 0.0133 0.18 - - 54.25
branch >> point 2 61.40 54.07
adjust 61.50
point 2 >> point 3 54.25 122.90 3.00 | 3.068 3.28 - 10.00 13.28 0.0480 0.64 - - 54.89
branch >> point 3 61.40 54.07
adjust 61.86
point 3 >> point 4 54.89 184.76 3.00 | 3.068 3.61 - 10.00 13.61 0.1020 1.39 - - 56.28
branch >> point 4 61.40 54.07
adjust 62.64
point 4 >> point 5 56.28 247.40 4.00 | 4.026 3.28 6.00 | 12.00 21.28 0.0466 0.99 - - 57.27
branch >> point 5 61.40 54.07
adjust 63.19
point 5 >> point 6 57.27 310.59 4.00 | 4.026 1.64 - 12.00 13.64 0.0710 0.97 - - 58.24
branch >> point 6 61.40 54.07
adjust 63.72
branch C 50.00 20.00 1.50 | 1.610 9.61 4.00 5.00 18.61 0.0385 0.72 5.30 2.29 53.01
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0385 0.28 - - 50.28
adjust 20.54
branch C+A 53.01 40.54 1.50 [ 1.610 [ 0.66 - 5.00 5.66 0.1424 0.81 0.66 0.29 54.11
branch B 50.00 20.00 150 1.610( 2.83| 4.00| 500 11.83 0.0385 0.46 250 (- 108 49.38
adjust 20.94
branch ABC >> point 7 54.11 61.48 3.00 | 3.068 - - 10.00 [ 10.00 0.0133 0.13 - - 54.24
point 6 >> point 7 58.24 374.31 5.00 | 5.000 1.64 - 15.00 16.64 0.0349 0.58 - - 58.82
branch >> point 7 61.48 54.24
adjust 64.02
branch A 50.00 20.00 1.50 | 1.610 0.99 4.00 5.00 9.99 0.0385 0.38 0.66 0.29 50.67
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0385 0.46 2.50 |- 1.08 49.38
adjust 20.26
branch AB >> point 8 50.67 40.26 3.00 | 3.068 - - 10.00 10.00 0.0061 0.06 - - 50.73
point 7 >> point 8 58.82 438.33 5.00 | 5.000 2.62 7.00 | 15.00 24.62 0.0467 1.15 - - 59.97
branch >> point 8 40.26 50.73
adjust 43.77
point 8 >> point 9 59.97 482.10 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0218 0.50 - - 60.47
branch >> point 9 40.26 50.73
adjust 43.96
point 9 >> point 10 60.47 526.06 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0256 0.59 - - 61.06
branch >> point 10 40.26 50.73
adjust 44.17
point 10 >> point 11 61.06 570.23 6.00 | 6.065 3.28 | 10.00 | 20.00 33.28 0.0297 0.99 - - 62.05
branch >> point 11 40.26 50.73
adjust 44.53
point 11 >> point 12 62.05 614.76 6.00 | 6.065 3.28 - 20.00 23.28 0.0341 0.79 - - 62.84
branch >> point 12 40.26 50.73
adjust 44.81
point 12 >> point 13 62.84 659.57 6.00 | 6.065| 3.28 - 20.00 | 23.28 0.0389 0.91 - - 63.75
branch >> point 13 40.26 50.73
adjust 45.13
point 13 >> point 14 63.75 704.70 6.00 | 6.065 3.28 - 20.00 23.28 0.0439 1.02 - - 64.77
branch >> point 14 40.26 50.73
adjust 45.49
point 14 >> common point 64.77 750.19 6.00 | 6.065 - - 20.00 [ 20.00 0.0493 0.99 - - 65.76
other side >> common point 750.19 65.76
common point >> pump 65.76 1,500.38 9.00 | 9.000 | 20.00 | 28.00 | 38.00 86.00 0.0260 2.24 9.50 |- 4.11 63.89
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C= 65 ueNevia 50%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 150 1.610 | 5.63| 4.00| 500 1463 0.0502 0.73 5.30 2.29 53.02
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0502 0.37 - - 50.37
adjust 20.52
branch C+A 53.02 40.52 1.50| 1.610 0.66 - 5.00 5.66 0.1854 1.05 0.66 0.29 54.36
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0502 0.59 2.50 |- 1.08 49.51
adjust 20.96
branch ABC >> point 1 54.36 61.48 3.00 | 3.068 - - 10.00 10.00 0.0174 0.17 - - 54.53
point 1 >> point 2 54.53 61.48 3.00 | 3.068 3.61 - 10.00 13.61 0.0174 0.24 - - 54.77
branch >> point 2 61.48 54.53
adjust 61.62
point 2 >> point 3 54.77 123.10 3.00 | 3.068 3.28 - 10.00 13.28 0.0627 0.83 - - 55.60
branch >> point 3 61.48 54.53
adjust 62.08
point 3 >> point 4 55.60 185.18 3.00 | 3.068 3.61 - 10.00 13.61 0.1334 1.82 - - 57.42
branch >> point 4 61.48 54.53
adjust 63.09
point 4 >> point 5 57.42 248.27 4.00 | 4.026 3.28 6.00 | 12.00 21.28 0.0611 1.30 - - 58.72
branch >> point 5 61.48 54.53
adjust 63.80
point 5 >> point 6 58.72 312.07 4.00 | 4.026 1.64 - 12.00 13.64 0.0933 1.27 - - 59.99
branch >> point 6 61.48 54.53
adjust 64.48
branch C 50.00 20.00 1.50 | 1.610 9.61 4.00 5.00 18.61 0.0502 0.93 5.30 2.29 53.22
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0502 0.37 - - 50.37
adjust 20.56
branch C+A 53.22 40.56 1.50 [ 1.610 [ 0.66 - 5.00 5.66 0.1858 1.05 0.66 0.29 54.56
branch B 50.00 20.00 150 1.610( 2.83| 4.00| 500 11.83 0.0502 0.59 250 (- 108 49.51
adjust 21.00
branch ABC >> point 7 54.56 61.56 3.00 | 3.068 - - 10.00 [ 10.00 0.0174 0.17 - - 54.73
point 6 >> point 7 59.99 376.55 5.00 | 5.000 1.64 - 15.00 16.64 0.0460 0.77 - - 60.76
branch >> point 7 61.56 54.73
adjust 64.86
branch A 50.00 20.00 1.50 | 1.610 0.99 4.00 5.00 9.99 0.0502 0.50 0.66 0.29 50.79
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0502 0.59 2.50 |- 1.08 49.51
adjust 20.26
branch AB >> point 8 50.79 40.26 3.00 | 3.068 - - 10.00 10.00 0.0079 0.08 - - 50.87
point 7 >> point 8 60.76 441.41 5.00 | 5.000 2.62 7.00 | 15.00 24.62 0.0617 1.52 - - 62.28
branch >> point 8 40.26 50.87
adjust 44.55
point 8 >> point 9 62.28 485.96 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0288 0.66 - - 62.94
branch >> point 9 40.26 50.87
adjust 44.78
point 9 >> point 10 62.94 530.74 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0339 0.78 - - 63.72
branch >> point 10 40.26 50.87
adjust 45.06
point 10 >> point 11 63.72 575.80 6.00 | 6.065 3.28 | 10.00 | 20.00 33.28 0.0394 1.31 - - 65.03
branch >> point 11 40.26 50.87
adjust 45.52
point 11 >> point 12 65.03 621.32 6.00 | 6.065 3.28 - 20.00 23.28 0.0453 1.05 - - 66.08
branch >> point 12 40.26 50.87
adjust 45.89
point 12 >> point 13 66.08 667.21 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0517 1.20 - - 67.28
branch >> point 13 40.26 50.87
adjust 46.30
point 13 >> point 14 67.28 713.51 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0586 1.36 - - 68.64
branch >> point 14 40.26 50.87
adjust 46.77
point 14 >> common point 68.64 760.28 6.00 | 6.065 - - 20.00 [ 20.00 0.0659 1.32 - - 69.96
other side >> common point 760.28 69.96
common point >> pump 69.96 1,520.56 9.00 | 9.000 | 20.00 | 28.00 | 38.00 86.00 0.0347 2.98 9.50 |- 4.11 68.83
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C= 55 ueNevia 50%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 150 1.610 | 5.63| 4.00| 500 1463 0.0684 1.00 5.30 2.29 53.29
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0684 0.50 - - 50.50
adjust 20.55
branch C+A 53.29 40.55 1.50| 1.610 0.66 - 5.00 5.66 0.2529 1.43 0.66 0.29 55.01
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0684 0.81 2.50 |- 1.08 49.73
adjust 21.03
branch ABC >> point 1 55.01 61.58 3.00 | 3.068 - - 10.00 10.00 0.0237 0.24 - - 55.25
point 1 >> point 2 55.25 61.58 3.00 | 3.068 3.61 - 10.00 13.61 0.0237 0.32 - - 55.57
branch >> point 2 61.58 55.25
adjust 61.76
point 2 >> point 3 55.57 123.34 3.00 | 3.068 3.28 - 10.00 13.28 0.0857 1.14 - - 56.71
branch >> point 3 61.58 55.25
adjust 62.39
point 3 >> point 4 56.71 185.73 3.00 | 3.068 3.61 - 10.00 13.61 0.1828 2.49 - - 59.20
branch >> point 4 61.58 55.25
adjust 63.74
point 4 >> point 5 59.20 249.47 4.00 | 4.026 3.28 6.00 | 12.00 21.28 0.0840 1.79 - - 60.99
branch >> point 5 61.58 55.25
adjust 64.70
point 5 >> point 6 60.99 314.17 4.00 | 4.026 1.64 - 12.00 13.64 0.1287 1.76 - - 62.75
branch >> point 6 61.58 55.25
adjust 65.63
branch C 50.00 20.00 1.50 | 1.610 9.61 4.00 5.00 18.61 0.0684 1.27 5.30 2.29 53.56
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0684 0.50 - - 50.50
adjust 20.60
branch C+A 53.56 40.60 1.50 [ 1.610 [ 0.66 - 5.00 5.66 0.2535 1.43 0.66 0.29 55.28
branch B 50.00 20.00 150 1.610( 2.83| 4.00| 500 11.83 0.0684 0.81 250 (- 108 49.73
adjust 21.09
branch ABC >> point 7 55.28 61.69 3.00 | 3.068 - - 10.00 [ 10.00 0.0238 0.24 - - 55.52
point 6 >> point 7 62.75 379.80 5.00 | 5.000 1.64 - 15.00 16.64 0.0636 1.06 - - 63.81
branch >> point 7 61.69 55.52
adjust 66.14
branch A 50.00 20.00 1.50 | 1.610 0.99 4.00 5.00 9.99 0.0684 0.68 0.66 0.29 50.97
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0684 0.81 2.50 |- 1.08 49.73
adjust 20.25
branch AB >> point 8 50.97 40.25 3.00 | 3.068 - - 10.00 10.00 0.0108 0.11 - - 51.08
point 7 >> point 8 63.81 445.94 5.00 | 5.000 2.62 7.00 | 15.00 24.62 0.0856 2.11 - - 65.92
branch >> point 8 40.25 51.08
adjust 45.72
point 8 >> point 9 65.92 491.66 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0401 0.92 - - 66.84
branch >> point 9 40.25 51.08
adjust 46.04
point 9 >> point 10 66.84 537.70 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0473 1.09 - - 67.93
branch >> point 10 40.25 51.08
adjust 46.42
point 10 >> point 11 67.93 584.12 6.00 | 6.065 3.28 | 10.00 | 20.00 33.28 0.0551 1.83 - - 69.76
branch >> point 11 40.25 51.08
adjust 47.04
point 11 >> point 12 69.76 631.16 6.00 | 6.065 3.28 - 20.00 23.28 0.0636 1.48 - - 71.24
branch >> point 12 40.25 51.08
adjust 47.53
point 12 >> point 13 71.24 678.69 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0727 1.69 - - 72.93
branch >> point 13 40.25 51.08
adjust 48.09
point 13 >> point 14 72.93 726.78 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0825 1.92 - - 74.85
branch >> point 14 40.25 51.08
adjust 48.72
point 14 >> common point 74.85 775.50 6.00 | 6.065 - - 20.00 20.00 0.0931 1.86 - - 76.71
other side >> common point 775.50 76.71
common point >> pump 76.71 1,551.00 9.00 | 9.000 | 20.00 | 28.00 | 38.00 86.00 0.0491 4.22 9.50 |- 4.11 76.82
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C= 50 ueNevia 50%
Pressure | Flowrate [ Diameter D BL E T Total | Friction rate | Friction | Elevation | Elevation | Total pressure
(psi) (gpm) (inch) | (inch) | (ft) (ft) (ft) (ft) (psi/ft) (psi) (ft) (psi) (psi)

branch C 50.00 20.00 150 1.610 | 5.63| 4.00| 500 1463 0.0816 119 5.30 2.29 53.48
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0816 0.60 - - 50.60
adjust 20.56
branch C+A 53.48 40.56 1.50| 1.610 0.66 - 5.00 5.66 0.3018 1.71 0.66 0.29 55.48
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0816 0.97 2.50 |- 1.08 49.89
adjust 21.09
branch ABC >> point 1 55.48 61.65 3.00 | 3.068 - - 10.00 10.00 0.0283 0.28 - - 55.76
point 1 >> point 2 55.76 61.65 3.00 | 3.068 3.61 - 10.00 13.61 0.0283 0.39 - - 56.15
branch >> point 2 61.65 55.76
adjust 61.87
point 2 >> point 3 56.15 123.52 3.00 | 3.068 3.28 - 10.00 13.28 0.1025 1.36 - - 57.51
branch >> point 3 61.65 55.76
adjust 62.61
point 3 >> point 4 57.51 186.13 3.00 | 3.068 3.61 - 10.00 13.61 0.2189 2.98 - - 60.49
branch >> point 4 61.65 55.76
adjust 64.21
point 4 >> point 5 60.49 250.34 4.00 | 4.026 3.28 6.00 | 12.00 21.28 0.1008 2.15 - - 62.64
branch >> point 5 61.65 55.76
adjust 65.34
point 5 >> point 6 62.64 315.68 4.00 | 4.026 1.64 - 12.00 13.64 0.1549 2.11 - - 64.75
branch >> point 6 61.65 55.76
adjust 66.43
branch C 50.00 20.00 1.50 | 1.610 9.61 4.00 5.00 18.61 0.0816 1.52 5.30 2.29 53.81
branch A 50.00 20.00 150 1.610 | 0.33| 2.00| 5.00 7.33 0.0816 0.60 - - 50.60
adjust 20.62
branch C+A 53.81 40.62 1.50 [ 1.610 [ 0.66 - 5.00 5.66 0.3027 171 0.66 0.29 55.81
branch B 50.00 20.00 150 1.610( 2.83| 4.00| 500 11.83 0.0816 0.97 250 (- 108 49.89
adjust 21.15
branch ABC >> point 7 55.81 61.77 3.00 | 3.068 - - 10.00 [ 10.00 0.0284 0.28 - - 56.09
point 6 >> point 7 64.75 382.11 5.00 | 5.000 1.64 - 15.00 16.64 0.0768 1.28 - - 66.03
branch >> point 7 61.77 56.09
adjust 67.02
branch A 50.00 20.00 1.50 | 1.610 0.99 4.00 5.00 9.99 0.0816 0.82 0.66 0.29 51.11
branch B 50.00 20.00 1.50 | 1.610 2.83 4.00 5.00 11.83 0.0816 0.97 2.50 |- 1.08 49.89
adjust 20.24
branch AB >> point 8 51.11 40.24 3.00 | 3.068 - - 10.00 10.00 0.0129 0.13 - - 51.24
point 7 >> point 8 66.03 449.13 5.00 | 5.000 2.62 7.00 | 15.00 24.62 0.1035 2.55 - - 68.58
branch >> point 8 40.24 51.24
adjust 46.55
point 8 >> point 9 68.58 495.68 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0485 1.11 - - 69.69
branch >> point 9 40.24 51.24
adjust 46.93
point 9 >> point 10 69.69 542.61 6.00 | 6.065| 2.95 - 20.00 [ 22.95 0.0573 1.32 - - 71.01
branch >> point 10 40.24 51.24
adjust 47.37
point 10 >> point 11 71.01 589.98 6.00 | 6.065 3.28 | 10.00 | 20.00 33.28 0.0669 2.23 - - 73.24
branch >> point 11 40.24 51.24
adjust 48.11
point 11 >> point 12 73.24 638.09 6.00 | 6.065 3.28 - 20.00 23.28 0.0774 1.80 - - 75.04
branch >> point 12 40.24 51.24
adjust 48.70
point 12 >> point 13 75.04 686.79 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.0887 2.06 - - 77.10
branch >> point 13 40.24 51.24
adjust 49.36
point 13 >> point 14 77.10 736.15 6.00 | 6.065| 3.28 - 20.00 [ 23.28 0.1008 235 - - 79.45
branch >> point 14 40.24 51.24
adjust 50.11
point 14 >> common point 79.45 786.26 6.00 | 6.065 - - 20.00 [ 20.00 0.1139 2.28 - - 81.73
other side >> common point 786.26 81.73
common point >> pump 81.73 1,572.52 9.00 | 9.000 | 20.00 | 28.00 | 38.00 86.00 0.0601 5.17 9.50 |- 4.11 82.79
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