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i VEJU10NT Y AN ImE NUCLEAR POWER CORPORATION,

% a

SEVENTY sEVEN GROVE STREET g
?

RUTlAND. VEf tMONT 05701
REPLY TOs

ENGINEERING OFFICE
TURNPIKE RO Ao

WESTDORO, M ASSAcHUSETTS 01561
TELEPHONE 417 366-9099

WY 78L104_
December 20, 1978 Q' $

rn a y
United States Nuclear Regulatory Cornission Q p; ih

-

Washington, D. C. 20555 g m ,y
O6 f;i :q

Attention: Office of Nuclear Reactor Regulaticus p y a
Division of Operating Reactors 1 [ g'

N OThenas A. Ippolito, Chief q

Operating Reactors Branch #2 j g ~

-7

Referencea: (c) License No. DPR-28 (Docket No. 50-271)
(b) USNRC Letter, K. R. Goller to VYNPC, . H. Groce,

dated January 13, 1978, Acendme io. 43 to Facility

Operating License
(c) VYNPC Letter, D. E. Moody to USNRC, T. A. Ippolito,

dated August 14, 1978, Fire Protection Systems Additional
Information

Dear Sir:

Subject: Hose Station Hydraulic Calculations

The fire protection Safety Evaluation Report (SER) enclosed with
Reference (b) requested additional design inforr.ation pertaining to
various portions of the Vermont Yankee fire protection system. In

g

J particular, Section 3.1.3 of the SER requested that we perform calcula-
tions or flov tests to verify that sufficient pressure would be pro-
vided to the cost hydraulically remote hose stations. At the time of
our letter, Reference (c), the results of this study were unavailable.
We have since concluded our review of the hose station hydraulic design
and have enclosed the calculatiens and results as Attachment 1.

We trust this infermation is satisfactory; however, should you
have any questions with regard to this caterial, please contact us.

Very truly yours,

.

VERMONT Y.aNKEE NUCLEAR POWER CORPORATION

I

4.

D. E. Moody
Manager of Operations

DDI/cm

Enclosure

7812270A7h f
. ~ ~
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ATTACH?!ENT I

O REACTOR BUILDING FIRE HEADER AND

STANDPIPE SYSTDI HYDRAULIC CALCULATIONS
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CALCULATION OF HEAD LOSS IN.'
*

. ,

REACTOR BUILDING FIRE LEADER AND STANDPIPE SYSTEMS
. .

PDCR 78-4*

By D / N30/79
( Ddte /

Checked By 0 ,,,| 6 ,5?v d.4 / 94;/y9
Dhte

Discussion

This calculation was made to verify ASC0A's line sizing and calcula-
tions for the Reactor Building standpipe. I have used some of the infor-
mation from ASCOA's calculations where necessary. Their calculations _are
based on sizing the standpipe to the requirements of NFPA-14.

This calculation is based solely on sizing the system to the require-O ments of the NRC (that' the system be designed to provide 65 psig at the
nozzle at the most remote hose station). I have assumed that both hose
stations at ele. 345' are in use simultaneously.

References

1. PDCR 78-4
2. PDCR 78-7
3. ASCOA Reactor Building Standpipe Plans; Sheet 1, Rev. O,

Sheet 2, Rev. O and Sheet 3, Rev. 0
4. Crane Technical Paper No. 410 (appropriate pages attached)
5. NFPA Fire Protection Handbook (appropriate pages attached)
6. ASC0A Hydraulic Calculations, dated 7/17/78 ;

7. G191197, Rev. 6 t

8. G191163, Rev. 8 i

9. Cameron Hydraulic Data, 15th edition'(appropriate pages !() attached) f
10. G191230, Rev. 3 r

11. G191233, Rev. 7 f

fAssumptions / Bases
:
L

1. Wilco (manufacturers of our fire hose nozzles) has indicated
their nozzles are rated for 68 gpm at 65 psi. !

2. The SER for the fire systems requires 65 psi at the nozzles ;

at the most remote hose station in the Reactor Building.
'

3. Equivalent length (L/D) of fittings and valves are found '

from Crane 410 as fo11cws: .!

fully open gate L/D = 13
'

i

90* cibow L/D = 30
'j

45' elbow L/D = 16
8
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PDCR 78-4 ;-
,

' Page 2
. .

I flow thru run tee (R Tee) L/D = 20
'

flow thru branch tee (a Tee) L/D = 60
flow alarm L/D (estimated) = 30
22 1/2* elbow L/D = 13 (from ASC0A calculations) )

angle valve L/D = 145
,

swing check L/D = 135

4. Frca NFPA Handbook, the friction loss in 100 ft. of 1 1/2"
,

good quality hose at 68 gpm is 11.7 psi. The loss for 75
feet of hose is 8.8 psi x 2.31 ft/ psi = 20.3 ft.

5. Equivalent length of fittings in feet (L) is calculated from,

L/D and the pipe diameter using Crane 410, page A-31.

' ' ' ' ' 6 '. FricElon ' loss 'in feet per 100 f t. (hf) is taken from Table
ST-1 of Crane 410 and pages 3-20 through 3-25 of Cameron.

7. Equivalent length of reducers (L/D) is found using A-23 of
O'1 Crane 410 for the friction factor of commercial steel pipe

! and the L/D vs. D1/D2 chart attached. -

-

8. Pressure drop is calculated from the diesel fire pump
(furthest pump from the hose stations).

Results

1. The pressure required at the diesel fire pump is 141.5 psi.

| 2. The attached pump curves show that the diesel fire pump has
a lower head available at 136 gpm than the cicctric fire
pump. The diesel fire pump head available is 380 feet =
164.5 psi. This is greater than the required pressure of
141.5 psi.

( ]) 3. This calculation shows that the standpipe system is conserva-
,

tively sized to meet the pressure and flow requirements of
the NRC.

.
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Page |.of 7.i,_l PRESSURE DROP CALCULATION '
'

! FtRE HEisBER AND 5'T/w1DPiPE. SYSTEh -

.

' '

ODcR '75 -9 .

! STATIC .

L/D TOTAL LENGTIl TOTAL h FRICTION llEAD TOTAL
f

i FLOW SIZE (Pipe L OF RUN LENGTil LOSS LOSS LOSS -

LINE (gpm) (in) # FITTINGS Dia.) (fcet) (fect) (fect) (feet /100') (feet) (feet) (feet / psi) REMAR'<S

II.'7(e3Q 20.3 O 20.3 /9.'3 " F5' 9"id # ""* D'' GS iW - - - '75
'

-
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Paga 3. of 3PRESSURE DROP CALCULATION '~'

PDcP 92-4
^

s
-

.

STATIC -

L/D TOTAL LENGTl! TOTAL h FRICTION llEAD TOTALg
FLO'J SIZE (Pipe L OF RUN LENGTil LOSS LOSS LOSS -

LINE ( r,pm) (in) # FITTINGS Dia.) (fect) (feet) (fect) (feet /100') (feet) (feet) (feet / psi) REMARKS
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A-30 teresoix A-rsmeAt inarterits or riuios mo stow camcitristes or v4tvis. rittlNGL AND Plet CR A f4 E >. ') .( f p

Schedule (Thickness) of Steel Pipe Used in Obtaining Resistance C
. .

E Of Valves and Fittings of Various Pressure Classes by Test * C
-.

- ' J, Valve or Fitting | Schedule No..

ANSI Pressure Classification I. of Pipe *These schedule numbers have been arbi- g,

Steam R2ing |ColJ itaun::; Thickness trarily selected only for the purpose of
identifying the various pressure classes F250-Pound and Lower 500 psig j Schedule 40 of valves and fittings with speciSc.S 300-Pound to 600-Pound 1440 rsig I Schedule 80
p pc dimensions for the interpretation900-Pound 2160 psig ' Schedu!e 120 p
of flow test data; they should not be1500-Pound 3600 psig Schedule 160

e

construed as a recommendation for
8, M to 6'and larger ] 6000 psig ' xx IDouble Extra Strong 8installation purposes. [::

2500-Pound
= ! 3600 psig ! Schedule 160

.

f Representative Equivalent Length; in Pipe Diameters (t/D) C

] Of Various Valves and Fittings C
,

'Q
+

h Description of Product Equivalent Length {-

in Pipe Diarneters
L (L/D)Il Stern Perpendie. With nn obstruction in tlat, berci, or pI g type seat Fully open 340 C"( Globe ular t Run With sing or pin cuided die Fully open 450

<

N/ Vahes (No obstructic,n in flat, besci, or pic;; type scatI (. f1 Y-Pa t tern - With sicm eo degrees from run of pipe line Fully open 175!" *

- With stem 45 degrecs from run of rire lme Fully open 145 {'d Angle Valves truction in dat. bescl. or p!ug type < cat Fully orcn R
i n

With sing or pin guid:d di c Fully open 200
Fully open 13Q ;',C', Three-quarters open J5

..

J c'

j' Cate One-half open 160 bor Plug Disc
;

[, Valves One-quarter open 900
Fully open 17 [j 9 -] Pulp Stock Three-quarters open 507U

,%* One-half open 260 p~
One-quarter open 1200}'j Conduit Pipe Line Gate, Ball, and Plug Valves Fully open 3a

~ f]
,J Comentions! Swing

0.5 t. . Fully open JJiClearway SwingCM 0 5 t. . Fully open 50Q be Lift r St p; Stem Perpendicular to Run or Y-Pattern 2.0 t. . Fully open Same as C!obe C~JM- Valves-

Angle Lift or Stop 2.0t. . Fully open Same as Angle.j ) In-Line Hall 2 5 vertical and 0.25 h;rizontalt. . Fully open 150 p~

Foot Valves with Strainer With po pet hft-type di=c 031 . Fully open 420With Icarbcr hinged di<c 0.4 t . . Fu!!y open 75Butterfly Yahes 'S-inch and larger) g
Fully open | 40

Straight-Through | Rectancular p!ug port arca equal to 10W cf p pe area Fully open | 18Cocks 'p' ~;3
'a y Rectan;;ular plug mrt area equal to Flow straight threugh 44;

bO7 of ripe area trully open) Flow through branch 140| 90 Degree Standard Elbow
45 Degree Standard Elbow ,

_ ge
,

A*[4 -90 Degrcc (ong,IJadgis Elbow 20 $' * 90 Degree Street Llhow', Fittings. 45 Degree Street Elbow 50
26 C7 Square Corner Elbow
57

Standard Tce With IM through run & p1 Wjth ibw through branch 30
Close Pattern Return Bend

} 50
90 Degree Pipe Bends p~

p Miter Bends See Page A-27
See Page A-27Sudden Enlargements and Contiactions g

Entrance and Esit Losses
See Page A-26 h
Sec Pace A-26"Esact eq mafent lengths [ f.\linimum calcula t ed pre u re |For brnitations. we page N,

equal to t he icn ,t h bet s cen drop 'p<o across s ah e to r a Je 2-11. For effect of cnJ
i

. fl..ng; f asewr w! den end- suit.csent ib* to I:tr Jm |Js connections see page 2-10 pfer res,sbete fctfor "K'*, eqwolent ferg% in feel of pipe, and equirolent f o * ter".sens "C,', see pagen A.31 and A 32.
a

' ' ' = *

|J *

b

_ _
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FIRE STREAMS 9-69 |
. .-

|*

e Sma!r. 4 Tablo 9-5D. Friction Losses in Rubbor-Lined Fire Hose
*

_

(Pounds per square inch per 100 ft of hose)' "

' - 2 Fin.t 3.In. 3 in. 2 Fin.t 3.In.
-- (3.In. (2 j-In. (3.In. Flow in (3.In. (2}-In. 3.In.' (3.In.

Divide 9 2 } .In.' couplings) couphngs) couplin3s) Gpm 2 bin.' couplinas) couplings) couc!ings)_.

~ -t 2.5 1.7 1.2 1.2 290 19.9 11.9 8.4 7.7. ,,
"

3.2 2.1 1.4 1.4 300 21.2 12.7 9.0 8.2-

'

? 3.6 3.9 2.4 1.6 1.6 31 0 22.5 13.5 9.7 8.7

27.75 4.5 2.8 1.9 1.8 320 23.8 14.3 10.3 9.3*

.

d 9.35 - 5.2 3.1 2.1 2.0 - 330 25.3 15.2 10.9 9.9'

01 5.S 3.6 2.5 2.3 340 26.9 16.2 11.6 10.5
,

11.5
'15.0 - x 6.6 4.0 2.9 2.6 350 28.4 17.1 12.3 11.0

7.4 4.5 3.2 2.9 360 30.0 18.0 13.0 11.5

8.3 5.0 3.6 3.2 370 31.5 18.9 13.7 12.2
'

,

9.2 5.6 3.8 3.5 380 33.0 19.8 14.4 12.8
*

.
.

10.1 6.1 4.0 3.8 390 34.6 20.7 15.2 13.4.

. . . I
7.5 ~ 11.1 6.7 4.4 4.2 400 38.2 21.7 16.0 14.1

,

12.0 7.2 4.5 4.6 420 39.9 24.0 17,7 15.422.C0 "- '

4 13.0 7.8 5.3 5.0 440 43.2 25.9 10.4 16.852.00 '

-i 14.1 8.5 5.8 5.4 460 46.8 28.1 21.3 18.2''

0 15.3 9.2 6.2 5.9 480 50.8 30.5 23.1 19.7

"T a- <- n+ 16.4 9.9 6.8 6.3 500 55.1 33.1 25.0 21.2
#~ t 17.5 10.5 7.3 6.7 - - - - -

#' i 12.7 11.2 7.8 7.2 - - - - -

,

' ' "5 5' ' 'O'"Om'nal 21-in. tese (acmai 2bn. water.vay) a .c f:r 3-in. hose are based upon tests conducted in iM3 cy the Natenal
ams o d 8re bM.* t ers.

,T . . |<m*:' 21 it nose with 3.in. couchngs are based upon tests by the Oaktand. CaMo nia. Fire Department.*ihe 21.in.hese with 3.in. ecu:'ings.
g; a eov t. sed r :ne San Francisco Bay area. is not a nat.onaay recogmzed stancard fire hose.Three-inch hose should be equ;;ed wo 2}.in.

"J':te t rs dared a 5:andard si2e.

~ '
' l **S'Or 3.in. t ose wn:h standard 2{.in.CoJ;hngs are based upon tes:s by the NFPA Fire Service Departmentin cooperation with the Boston Fire.^

1}.in'. .L ~

Hose ' u

6.3 - - 4 Tablo 9-5E. Friction Losses in Small Diameter Rubber or Rubber-Lined
- Fire Hose

6.9 . -

7.5 '
v'- (Pounds per square inch per 100 ft of hose) -

-

~
- 13-in. 1}.In.'

.,,- ,1r Flow (Lined stand- (Good quality
in Fin. 1.In. pipe & lined fire dept.9.5 _ - , ..

10. h j , ,_ 'f Gpm (Booster) (Boe:ter) forestry) hose) 2-in.*

11.( /. .

10 13.5 3.5 0.5 0.3 0.TI1,9-Q
- 15 29.0 7.2 1.0 0.7 0.3

n
' '

,12.7

, 3.4
- 20 50.0 12.3 1.7 1.2 0.4w

.
-

25 75.0 18.5 2.6 1.9 0.6*

:4.2 ..

30 105.0 26.0 3.6 2.5 0.9' .

15.0 .

35 140.0 35.0 4.8 3.4 1.2
5.9 . . .

6.8 < 40 1 E0.0 44.0 6.1 4.3 1.5..
7.7 - .

; 45 - 55.0 7.6 - 5.4 1.9
50 - 67.0 9.2 7.1 2.3

8.7 .u
3.7 i~'~~^*~ 60 - - 13.0 9.2 - 3.2'

3.7 -'

3 70 - - 17.3 12.3 4.3
22.0 15.6 5.41.7 80 - -

2.7
~

.' 90 - - 27.3 19.5 6.9,

18 - 100 -- - 33.0 25.5 8.3
120 - - 47.0 33.0 11.759 - <

150 - - 70.0' 50.0 17.5#

* ,e . 200 - - - - 29.9
1.2 r.-

- -

* The 2.in. hose is not reco gnized as a standard s.ze tut is i.sec in some fire departments as a '1eader hrie'*i7 because it is relat;vely easy to hancte and carries m:re water at a g.ven pressure than li.in. hose.} ,_
,

.7 .-
3 C. Large Diameter Hose the hose increases the loss due to friction becomes less.

-~ Table 9 5F shows the inside diameter vs. the area in squarc3 . . %e introduction of lightw eight. large diameter hose,'t p inches cf sarious sizes of hose. Note that ene 5-in. hose-
,,

% 'nents hase been able to mase large quantitics of line has the same area as four 21-in. lines.''
.

: h,,yY . greater etliciency. The rea>cn for the increased
Table 9-5G illustrates the friction loss of large diametery_

is based on the principle that as the diameter of hose at various flows. Note that the friction loss fer 100 ft-*

. A - - - .s

e
,

f.
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U . CRANE Aprtweir A-rsysicAt enorterits or riu.os ANo stow cwaes.citeistics of VAtVis. FITTINGS. AND Plf t A 31
*

l.
d * Equivalent Lengths I and L/D and Resistance Coefficisnt K. .

D ..a L/D L d

- 0000D 2000 -E000 -4,i .
g

/ -

R| | ' | I. I p
_;g.- -.

'000I
..I v' . -3000

-M ' '

.1;_ p , .. --/ -1000
,

~ ~g
- v g-- '00 _2:00y- _. _- g ' - - -E00

.
,,

*2 - ~700
- -

- -

f y000
g

cm & ;W& R :_,0,
~

16 -DD J f -400

-0

[ [2 |_ [ / ,00

/. }[ d
[ v'| -200 /

/ 10- 10.+ -- 4__

'
100 ,*

/ 8- -o(1] ,< 'p' .|i 3
--80 .e- / , ,

.

g - c. / .o -7 .o
' . .

. *.s. |. '} 5 3c.
e' E 5tC] 100 3

-

oi ''
- c3 % / .e E;~6 .g/ / s/ . co a -

* -40 sY. // .VY />_jg/ J &cD /F/ . -70 .E -30 .E / 5 5'-5 2' ''

kif E' / ;j-E0
-

'-20,' jE1 ,

."9 -i / " y* n..../ / / a - -

S / $ ~ $'/ / / 0 $._k ._ / / / [..J /
''

j e/ / '> 2 30 3/ 33--3 .g j
/

/

- [_I; / / ! 'b N' ~

j 2!i--
sbt'.C] ''

30./
fy[ph :)i- $,/ /E{n1

I 1' / ,
'

~

.q -4 i
' "'

2--2',
,

iti . ,:1 4 a / / -3~ri j p
b. i i ! k ' " p

, j '

4[/
-

i II /.

-2 Q< A. 4' i l i 1!I '1

1 %_'~~~ _

15-'
- I o

. .

t, 2 I ;e ijhFr ..il

TM{ ; i i j[,A , ,,i l' 5 'il l
o -

i
_1.P ~~___l0

_.s . g

,

7~.9l U8"L _A 0

t 6 i).4 3/4 - 0.8

,!;7..| +c. .|||i
, ',

- i- :
-5 -0.3 _0.7; y .- r ,,

|$y *
^^ '

.
4 -0.2 1/2 -0.6p] ,

-
' '

L
- - g*yg

3 3/s . -0.5
,
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FRICTION
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Friction of Water Friction of Water
~

,

4 In:h-A5phalt-dipped cast iron and new steel pipe 5 inch-New Steel Pipe
Ft per 100 M *

Asphalt d$ ped Sid wt steel Estra strong steel
cast on sc% 49 sch 80 Schedule 160-steel Stand;ird wt steet-stft 40 Istra stro*2 stel-sch 80 Schedde 160-steel

4 0'' irwide cia 4 026' wnte des 3 8?6 inude dia 3 438 incide dia, 5 047 tnse.te dia 4 813 snnf* rfra 4 313 ensaie d.aFlow OneUS W Vt. Head V+ Vc. Head Ve- Ve* He.td Ve- Ve- Head US Head Head Hesegat In d r Wr.If lo ss kedy Imt y loss Im 6ty locd y loss locity locdy loss gas V, tor.gy Velooty loss Velooty Velocity loss Veioc8ty Velocity 10* *per ft per he.w ft per ft per he.ed it per f1 per be.kl ftper ft per tm.ed it pet pp, gg p,, head ft per f! per hew) ftper ft per head ftper
mm sec ft 100ft sec ft 1c0ft soc ft 100 f t sec tt 100 ft mm sec ft 100 ft sec ft 100 ft see ft 100 ft

20 5t1 004 .038 .504 004 .035 56 .00 .045 691 C37 .074 30 431 004 .024 53 00 .030 .659 .007 .051
30 766 0C9 .076 7S6 .009 .072 84 01 .092 1 04 ott 154 to .641 .006 .040 71 01 .051 .875 .012 .086
40 1 02 C16 .128 1 01 016 120 1 12 .02 .153 1 38 .030 .258 50 .802 010 .060 A6 01 .075 1.10 019 .128 *
50 1 28 025 194 1 26 C25 .179 1 40 03 .23C 1 73 .C46 .387 60 962 .014 .083 1 06 02 .105 1.32 C27 .178 ,_,,I.
60 1 53 037 .273 1 51 OJ6 .250 1 67 04 .320 2 07 .067 .540 ,370 1 12 .020 .113 1 23 C2 .138 1 54 .037 .236

70 1 79 050 .355 1 76 048 .330 1 95 06 424 2 42 091 691 80 1 29 M6 140 1 41 03 .176 1 76 048 .301 " I
8) 2 04 065 .4 TO 2 C2 pu3 .422 2 23 09 .54 f 2 77 119 885 90 1 44 On .173 1 59 04 .218 19d .061 .373

.

#

90 2M 082 .583 2 27 0a0 .523 2 51 10 .649 3 11 .150 1.10 100 1 60 0 10 .210 1 76 05 .265 2 20 .075 453
100 2 55 101 .789 2 52 0'#9 .613 2 79 .12 .7c 3 3 46 .165 1.34 120 19? .Osa .293 2 11 07 .370 2 64 108 .612110 2 81 17J .862 2 77 119 .732 3 07 .t5 .943 3 u0 224 1.61 140 2 25 078 .389 2 47 09 491 3 07 .147 .816

120 1 06 146 1.02 3 02 .t42 .e61 3 35 .17 1.11 4 15 .267 1 89 160 2 57 102 .480 2 82 12 '607 3 51 192 1.C5130 3 32 .171 1.19 3 23 167 1 00 3 63 .20 1.29 4 49 ,313 2 20, 180 2 89 129 598 3 11 16 '757 3 95 '243 1.31143 3 57 193 1.37 3 53 .133 t il 3 91 24 1.48 4 84 .363 2.53 200 3 21 160 .'726 3 52 '19 .922 4 39 '239 S to150 3 83 2;8 1 57 3 78 .222 f .31 4 19 .27 1.69 5 19 .4 t ? 2.89 220 3 53 19:t .870 3 84 21 1.10 4 83 362 1.91153 4 CS .259 1.77 4 C3 .253 1.48 4 47 .31 1.91 5 53 .475 3 26 240 3 85 .230 1.03 4 23 .25 1.30 5 27 .43 t 2 25

170 4 34 293 1 99 4 28 285 116 4 75 .35 2.14 5 88 . 536 3 66 260 4 17 270 1.19 4 58 33 1.51 5 71 .506 2 63100 4 CO .328 2 23 4 54 .320 1.85 5 02 .39 2.28 6 22 601 4 09 ;80 4 49 .313 1.37 4 94 38 1.74 6 15 .587 3 02190 4 85 365 2.47 4 79 356 2.05 530 .44 2 64 6 57 .6G9 4.53 300 4 81 .360 1.56 5 29 .43 1.99 6 59 674 3 45200 5 11 .406 3 73 5 04 395 2 25 5 50 .48 2.91 6 91 .742 5.00 320 5 13 .69 1.77 5 64 .49 2 25 7 03 .766 3 91220 5 62 490 3 29 5 54 .478 2 70 6 14 .59 3 49 7 60 897 6.00 340 5 45 .462 1.08 5 99 .56 2 52 7 47 .865 4 39

240 6 13 583 3 93 6 05 .5C9 3.19 6 70 .70 4.13 8 30 1 07 7.09 EO 5 77 .51A 2 21 6 35 63 2 81 7 91 970 4 90pr;3 6 64 085 4 55 6 55 6ft? 3 72 7 26 .82 4 81 8 99 1 25 0 27
3HO 6 09 577 2 45 6 70 .70 3.12 8 35 10s 5 438 200 7 15 .794 5 26 1 06 714 4.20 7 82 .95 5 54 9 08 1 45 9 55 400 6 41 GTI 2 71 7 Os 77 3 44 6 78 1 20 6 00330 7 66 9t2 6 02 7 56 nas 4 49 8 33 1 09 6.33 10 37 1 07 10 9 420 6 74 7.15 2 97 7 40 85 3 78 9 22 'e 32 6 59320 8 17 1.04 6 84 8 06 1 01 5.53 8 94 1 24 7.17 11 06 1 90 12.4 4 10 1.06 774 3 25 7 76 94 4.13 9(6 1 45 7 21

340 8tA 1 17 7.70 8 57 1 14 6 22 9 50 1 40 8 06 11 Th 2 14 13 9 460 7 35
9,.6
a4 3 54 8 11 1 02 4 50 to 10 1 50 7 85300 9 19 1 at 8 68 9 07 1 28 6 94 10 0 16 9 00 12 41 2 40 15.5 4go y yo 1 3 84 8 46 1 11 4 88 10 54 5 73 8 533r0 9 70 1 46 9 56 9 53 1 43 7.71 10 6 17 9 93 13 13 218 17.3 6(10 8 02 'P r1 4.15 8 82 1 21 5.28 10 96 1 67 9 23400 10 2 1 62 10 6 14 1 1 58 8 51 1t 2 19 It 0 13 82 2 97 19 1 850 8 82 1 21 4 99 9 70 1 46 6.35 12 08 2 26 11.1420 10 7 1 19 11 6 10 6 1 74 9 35 11 7 21 12 1 14 52 3 27 21.0 C00 9 62 1 44 5 90 10 6 17 7.51 13 to 2 70 13.1

j- 440 11 2 1 96 12 8 11.1 1.91 10.2 12 3 23 13.3 15 21 3 59 22.9 C50 10 4 1 69 6 89 11 5 21 0.77 14 27 3 16 15.4460 11 7 2 14 13 9 11 6 2 09 11.2 12 8 25 14.5 15 90 3 92 25 3 700 11 2 1.96 7 95 12 3 24 to t 1537 3 67 17.8460 12 3 2 33 15 2 12 1 2 27 12.1 13 4 28 15.7 16 59 4 27 27.2
750 12 0 2 25 9 09 13 2 2.7 11.6 1647 4 21 20.3500 12 8 2 53 16.4 12 6 2 47 13.1 14 0 30 17.0 1728 4 64 29.5
800 12 8 2 56 10.3 14 1 31 13.1 17t! 4 79 23 0550 14 0 3 06 19 8 13.9 2 99 15,8 15.3 36 20.5 19 00 5 61 35.5 850 13 6 2 89 11.6 15 0 35 14 8 16 67 5 41 25.9

600 15 3 3 65 23 6 15 1 3 55 18.7 16 7 4.3 24.3 20 74 6 67 42.1
650 16 6 4 28 27.6 16 4 - 4 17 21.7 18 1 51 28 4 22 do 7 83 49.2 90,0 14 4 3 24 13 0 15 9 39 16.5 19 76 6 06 29 0

9.0 15 2 3 61 14 4 16 7 43 18 4 20 86 6 76 32'3700 17 9 4 96 32.0 17 6 4 84 25.3 19 5 59 32.0 24 19 9 08 57.0
1000 18 0 4 00 15 9 17 6 48 20 3 2196 7 49 36.7750 19 1 5 70 35 6 18 9 5 55 28.9 23 9 68 37.6 25 92 10 4 65 2,
1100 17 6 4 84 19 2 19 4 58 24 5 24 16 9 06 43 0800 20 4 6 48 41.6 20 2 6 32 32.8 22 3 77 42.7 2765 11.7 74.1 1200 19 2 5 76 22.7 21 1 69 29.0 26 35 1078 5 f.0

850 21 7 7 32 45.9 21 4 7 13 37.0 23 7 87 48.1 29 38 13 4 83.4
1300 20 8 6 75 26 6 22 9 82 34 0 2855 1265 59 8> 9C0 23 0 8 20 52.6 22 7 8 00 41.4 25 1 98 53 8 31 to 15 0 93.4
1430 22 5 7 R3 30.7 14 7 95 39 3 30 74 14 67 692 !950 24 3 9 14 58.5 23 9 P 91 46.0 2G S 10 9 59 8 32 83 16 7 104
1500 24 1 99 35 2 26 4 10 9 45.0 3294 1694 79 2 I'1000 25 5 10 1 448 25 2 9 87 50.9 27 9 121 66 2 34 56 18 5 115 1500 25 7 1's 2 40 0 28 2 12 4 51.1 3514 1916 90 01100 26 1 12 3 78.3 27.7 11 9 61.4 30.7 14 6 79 8 39 02 22 4 139 1700 27 3 11 6 45 1 30 0 14 0 57.6 37 33 21 63 101

,
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..j CA31ERON IIYDRAULI MTA FRICTION
' '
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. 3
*

.

Friction of Water Friction of Water *

,

10 Inch-Asphalt-dipped cast iron and new steel pipe 12 Inch- Asphcit-dipped cast iron and new steel pipe
Ft per 100 ft Ft per 100 ft *

Aspewt <1erre.1 Stre wt f. teel
c ,est *'"" Asp %ft.d+ ped Stat et steelSch 40 Schedula 80 weel Schedu's 163-steel C^t " * h #3 U# '''

10 0 erste <ta ea 020 m%to ,t'd 9 37 mte c 8500'ms e ora 12 7 mWe dia 119W mude d..i 11374' ens + d..i 10106' muda et.a
FlowUS Ve. Ve. Head y' Ve- Head Va- Ve- Head Ve. Ve. H,ad US Ve- Ve, Head Ve, Ve. Head Ve, Ve. Head Ve. Ve- Head04 lof'tv tr{ et y loss locdy lont y loss totdy fac.tf loss tocity toegy to,s gal bc4y bes'y loss locity locity loss Socity locity loss tocity tonty tes,per ft per heats ft per ft pt.f head ft per ft per heal ft per ft per head ft pe, per ft per hea3 ft per ft per head itper t per Pead ft per 't per head Il perrN#1 sec ft IM ft SeC 11 100 11 sec ft 100ft sec f; 100 ft " 8" " M" 5'8 " *" 5'' " #" *** " #"

fM 74 008 .023 73 003 .022 PO4 010 .027 1 02 016 '043 200 .57 005 .011 .57 005 .011 632 006 .014 J97 .0!0 A257 82 010 .024 11 0*O .026 898 Ot2 .033 1 13 '020 059 2M E 008 M J2 N8 M 7H M M M M M**3 N 013 032 9a Ot3 .031 963 015 .039 1 24 024 'C 70 m .85 ml M 85 2 M M 04 m IN C.9 .N &240 93 015 .018 h Ots 037 1 07 016 .046 1 36 '029 '032 3N 39 M9 E IM O'O # I" ' # I
,

M3 1 06 018 .014 1 06 017 .042 1.16 021 .053 1 47 0'4 [c04 4M 1.13 020 .040 1 15 020 .040 1 26 025 .050 1 59 039 A83 8

2"O 1 14 0. 0 .059 1.1 : 020 .049 3 25 024 .068 1 58 ca9 'los 4*0 1 28 005 .049 1 29 0.'s .049 1 42 031 062 1 71 0% jig
.-

3A 1 23 0?) 0 ",7 1 22 c2.1 455 1 34 020 .et 9 1 70 04s ^ t 23 W) 1 42 031 01,0 1 43 n I? .060 t *,8 0 13 076 1 99 082 .133- 3W 141 0 12 .077 14? OG .073 IM 01H .032 IM Obl '163 t A 72 1M CM M 1 74 W M 2M 075 MH4M 161 O tJ .093 401 041 .093 1 79 0% .117 ? ?G 019
,

I # I II * # I U # 2" #
3''08

1 84 053 J23 193 052 .116 20I Ob3 .f45 2 54 100
.

59 700 1 99 061 .114 2 01 .063 11t 2 21 076 .140 2 79 121 240W 2 04 C05 .150 2 C3 064 .140 2 34 077 .177 2 83 124 '304 BM 2 27 M J47 2 24 W M42 2 53 M9 3 40 30 no M8MO 2 25 079 .180 2 24 C78 .167 2 46 094 .241 3 11 '150 '364 900 2 55 .101 .184 2 58 .1C3 1 74 284 v25 .216 3 59 2*]0 .384tM 2 45 .C03 .213 2 41 093 .197 F f8 112 .239 3 39 '179 '428 1000 284 .t25 .225 2 87 128 .207 3 t6 J 55 .263 3 98 .246 4696 '*O 2 66 . t 10 .248 2 04 109 .228 2 90 .131 .277 3 08 '2:0 W 3 12 M51 .2 n 3 15 1 54 .247 3 47 387 .34 4 33 .2M 5627)3 2 66 .127 .285 2 85 126 .253 3 13 152 .319 3 d5 243 |418573 1203 3 40 1 80 .320 344 .184 .291 3 79 .223 .371 4 78 .355 .663
8M 3 27 166 .370 3 25 .t65 .325 3 57 1M .410 4 52 3f8 7.38 1330 3 69 211 .374 3 73 216 .339 4 11 2t:2 .432 5 18 416 .772

i 90 3 68 210 464 3 06 208 .405 4 02 251 .512 5 09 .402 9 23 1400 3 97 245 '431 4 01 250 .390 4 42 303 .497 5 58 493 .88910W 4 01 259 .569 4 07 257 .494 4 47 .310 .625 5 65 4% 1.13 1,gg
500 4 26 241 493 4 '>1 247 .444 4 73 us 566 5 911 Ss4 1 c2

; i t FI 4 49 314 6P5 44'I 311 592 4 92 375 .749 6 ?2 .f40 1 35 4 34 3yg '55s 4 59 327 .502 S OS 346 .640 6 37 631 1.15.f 1.9.1 4 40 313 .818 4 Fat 370 699 5 36 446 .684 6 13 1 84 1 60
_

'

tom 5 11 '405 *7c2 5 16 414 .629 $ sa 501 302 7 17 398 1 44_

13 0 5 31 438 .947 5 29 425 .814 S Rt 524 1.03 7 05 .839 i ts 20m 5 67 Sty) SE2 5 73 511 769 6 32 619 981 797 M5 1 76e 1403 5 72 514 1 09 5 70 504 918 6 26 607 1 19 7 92 972 2 15 ??m 6 24 t% '1 04 G 11 (ta 923 GM 749 1 18 # 77 t '9 2 12j 1501 6 t3 '.8 4 1 25 6 10 579 1 07 6 70 MF 1.35 8 48 9 12 2 46 2440 6 88 7.'3 1.23 68s 735 1 09 7 5d F*l 1 39 9?6 8 42 2 511* M 6 54 608 1 42 6 51 653 1 21 7 15 79 3 1 53 9 05 1 21 2 78 w 7 33 g.ts 1 44 745 M3 1.27 82t 1 05 1 62 in '6 1 67 2 93174 6 94 743 1E0 1 92 343 1 36 1 60 .995 132 9 61 143 3 13 ,000 7M wiO 1 67 h 03 1 00 1 47 8 M4 8 28 1 87 11 16 991 3 38-

iMO F 15 840 1.79 7 32 834 1.52 0 04 1 00 1 92 to te 1 61 3 49 1
3000 8 51 1 13 1 91 8 f.0 1 15 1 68 9 47 1 31 2 14 1995 2 22 3 8619' w) 7 7G 9 86 1 99 7 73 9?) 1 tie 8 4-) 1 12 2.13 to 74 1 79 3.88 3s00 9n 1 53 2 58 10 0 1 55 2 26 19 05 1 90 2 39 13 94 3 02 5 222t%0 8 17 t 04 2 20 8 to 1 03 1 86 8 94 1 24 2 36 11 31 1 99 4 29 1
4000 11 3 2 00 3 36 11 5 2 04 2 92 12 63 2 46 3 74 15 94 3 94 4 772000 8 99 5 26 2 E5 8 95 t 25 2.24 9 83 8 50 2 83 12 44 2 40 5.15 4500 12 8 2 53 4.24 12 9 2 59 3 68 14 21 3 13 4 11 17 93 4 99 0 522402 9 80 1 43 3.15 9 16 1 48 2 64 10 12 1 79 3.35 13 57 2 86 6.11 5000 14 2 3 13 5.21 14 3 319 4 52 is 79 3 87 5 78 19 92 6 56 10.5

2W 10 6 1 75 3 68 10 6 1 74 3.03 1162 2 09 3 92 14 70 3 35 14 5500 15 0 3 78 6.30 15 8 3 F6 5 44 17 37 4 68 6 97 21 91 7 45 12 629M 11 4 2 03 4 28 11 4 2 02 3.57 12 51 2 43 4.52 15 83 3 89 7'238 6000 17.0 4 50 7.43 17 2 463 6.45 18 95 557 8 26 23 90 8 87 15 03W 12 3 2 33 4 38 12 2 2 32 4.08 13 40 2 79 5.17 16 96 4 47 9.44 650) 18 4 5 28 8 76 16 6 5 39 7.54 20 53 6 54 9 66 25 90 1041 17.53203 13 1 266 5.54 13 0 2 63 4 62 14 ,10 3 17 5 87 18 09 5 C3 10.7 23 19 9 6 13 13.1 20 1 6 26 8.72 22 10 7 59 11 2 2783 12 07 20 33:00 13 9 3 00 6 25 33 8 2 97 5.20 1519 3 58 6 60 19 22 5 74 12.1 7500 2s3 7.03 11 6 21 5 7.16 9 98 2368 8 71 12 8 23 P6 13 84 23.3
,

3r00 14 7 3 36 6.99 14 6 3 33 5 81 16 08 4 02 7.38 20 35 6 43 13.5 8W 22 7 8M 132 22 9 8.17 H.3 25 26 9 90 14.5 3187 15 77 24 43W 15 5 3 74 7.79 15 5 3 71 6.46 19 98 4 47 8 21 2149 7 17 15 0 2 00 24 1 9 04 14 9 24 4 9 22 12 8 26 84 11 18 16 4 3356 1780 29 840M 16 3 4 15 8 62 16 3 4 12 7.14 1787 4 06 9 07 22 62 7 94 16I6 9000 25 5 10 1 16.7 25 8 10 3 to 3 2842 17 54 18 3 35 86 19 95 33 34501 18 4 5 25 10 9 18 3 5 2t 8 99 2311 6 27 11.4 25 44 10 05 20 9 , 9500 26 9 11 3 18 6 27 2 11 5 15.9 30 00 13 97 23 4 3785 22 23 37.15023 20 4 6 48 13 4 20 3 6 43 11.1 22 34 7 75 14.1 28 27 1243 25 7 10.000 28 4 12 5 20.6 23 7 12 8 17.6 31 58 15 48 22 6 39 64 24 64 41 0
I20 22 5 785 16 2 22 4 7 78 13 3 24 s7 9 37 17 0 3 t. I0 15 01 31.1 .

: ' tl M 31 2 1% ! 24 9 39 5 15 4 21 2 34 73 18 73 272 4182 29 8 t 41 66Di 24 5 9 34 19 2 24 4 9 7g 15 8 26 91 f t 15 20 1 33 92 1786 36.9 , 12.tm0 34 0 IS O 29 6 34 4 98 3 25 2 3789 22 29 32 3 47 85 35 47 5s 76W) 26 6 11 0 22 6 26 4 10 9 ts 5 20 04 1309 23 6 36 15 ?a 9G 43 2 13 000 36 9 21.8 34 7 31 3 21 6 29 5 41 05 2615 37 9 51 19 4163 69 07000 ?66 12 7 26 1 2n 5 12 ft 21 4 31 29 15 18 27.3 39') 2431 50 0 14 000 39 7 24 5 40.2 43 1 25 0 34 2 44 21 30 33 418 5% 78 an 2a 79 97'O) 30 6 14 6 30 0 30 5 14 5 24.5 33 58 174J 31 2 4241 27 91 57.3 ' f 15N03 42 6 28 1 46.1 43 0 26 7 39 2 47 37 3482 50 3 59 76 5543 91 6
s
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Commercial Wrought Steel Pipe Data<

,h '

Schedule Wall Thickness-Per ASA B36.101950
.).

:. Norninal Outside Thick- Inside Inside Diameter Functions Transversej Pipe Diam- ness Diameter (In In:hesi Internal Aren
Size eter

3 g y , g

In:hes| Feet h & d'| d' d') _ inches Inches Inches _ Sq.In. Sg Ft.
_ 't o 14 14 0.250 13.5 1.125 152.25 2460.4 33215. 445400. 143.14 0.W4,

I 16 16 0.250 15.5 1.291 :240.25 3723.9 57720. 894660. 189.69 1.310'<
i 3 18 18 0.250 17.5 1.4533 306.25 5359.4 93759. 1641309. 240.53 1.070

ii ? 20 20 0.250 19.5 1.625 13S0.25 7414.9 144590. 2319500. 298.65 2.074
y 24 24 0.250 23.5 1.958 552.25 12977. 334950. 7167030. 433.74 3.012
m 30 30 0.312 29.376 2.443 562.95 23350. 744: 4. 21864218. 677.76 .4.707. ;

d 8 8.625 0.250 8.125 0.b771 bb.02 536.33 4557.3 35409. 51.85 0.3601
i 10 10.75 0.250 i 10.25 0.8542 105.06 1076.9 |11035. 113141. 82.52 0.5731-

i 2 12 12.75 0.250 12.25 [1.021 150.06 1833.3 22515. 275S55. 117.86 0.8155
|3:012.. 3 3 14 14 0.312 i 13.376 1.111 178.92 2393.2 423185. 140.52 .0.97551

~ - -) S 16 16 0.312 15.376 11.251 236.42 3635.2 55594. 859442. 185.69 1.290
# 18 IS 0.312 17.376 11.448 ' 301.92 5:46.3 91156. 15S3978. 237.13 1.647<

'

[. 3 20 20 0.375 19.250 |1.604 . 370.56 7133.3 137317. 2643352, 291.04 2.021,

. ;) 24 24 0.375 23.25 |1.937 !540.56 1256S. j292205. 6793S32. 424.56 2.943~ - ,

h 30 30 0.500 1 29.00 ;2.417 841.0 243S9. 1707:31. 20511149. 660.52 4.557

- S:d|.'
8 8.625 0.277 6.071 0.d726: 65.14 525.75 4:43.2 34243. 51.lb 0.3553w

.. 10 10.75 0.307 10.136 0.5447 102.74 1041.4 10555. 1069S7. 80.69 0.5603
D- Q $ 8 12 12.75 0.330 12.09 1.0075 146.17 1767.2 213 % . 258304. 114.80 0.7972
7 3 14 14 0.375 13.25 !1.1042i175.56 23 6.2 30321. 40S394. 137.SS 0.9575i 'b, . y ' i

Ii "J5 $ 16 16 0.375 ' 15.25 it.2703 232.56 3546.6 540S4. 824501. 162.65 1.263
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