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rs SEVENTY SEVEN GROVE STREET B.3.2.1
Rurtrano, VERMONT 05701
REPLY TO:

United States Nuclear Regulatory Cormission
Washington, D. C. 20555

ENGINEERING OFFICE
TURNPIKE ROAD

WESTBORO, MASSACHUSETTS 01531
TELEPHONE 617-266-9011

WY 78-104
December 20, 1978 .

r

Attention: Office of Nuclear Reactor Regulaticms

Division of Operating Reactors
Thomas A. Ippolito, Chief
Operating Reactors Branch #2

References: (a) License No. DPR-28 (Docket No 50-271)

(b) USKRC Letter, K. R, Coller to
dated Januvary 13, 1978, Amendme

o. 43 to Facility

Operating License

(¢) VYNPC Letter, D. E. Moody to USNRC, T. A. Ippolito,
dated August 14, 1978, Fire Protection Systems Additicnal
Information

Dear Sir:

Subject: Hose Station Hydraulic Calculations

The fire protection Safety Evaluation Report (SER) enclosed with
Reference (b) requested additionzl design information pertaining to
various portions of the Vermont Yankee fire protection system. In
particular, Section 3.1.3 of the SIR requested that we perform calcula-
tions or flov tests to verify that sufficient pressure would be pro-
vided to the most hvdraulically 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 calculations and results as Attachrment 1.

We trust this infcrmaticn is satisfactory; however, should you
have any questione with regard to this material, please contact us.

D2 /em

Fnclosure

781227027, F

Very truly yours,
VERMONT YANKEE NUCLEAR POWER CORPORATION

-
2 2%y

D. E. Moody
Manager of Operations



ATTACHMENT 1

REACTOR BUILDING FIRE HEADER AND

STANDPIPE SYSTEM HYDRAULIC CALCULATIONS



CALCULATION OF HEAD LOSS IN

REACTOR BUILDINC FIRE HEADER AND STANDPIPE SYSTEMS

PDCR 78-4

By M)QQ’N»\ 1_3p0l79
1 Ddte /

Checked By zpl':—.‘; @O i) | _@lirs
Date

Discussion

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

This calculation is based solely on sizing the system to the require-
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
Je ASCOA Reactor Building Standpipe Plans; Sheet 1, Rev. 0,
Sheet 2, Rev. 0 and Sheet 3, Rev. O
4, Crane Technical Yaper No. 410 (avpropriate pages attached)
S. NFPA Fire Protection Handbook (appropriate pages attached)
6. ASCOA Hydraulic Calculations, dated 7/17/78
7o 6191197, Rev. 6
8. G191163, Rev. 8
9. Cameron Hydraulic Data, 15th edition (appropriate pages
attached)
10. G191230, Rev. 3
11. 6191233, Rev. 7

Assumptions/Bases

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 follows:

fully open gate L/D = 13
90° elbow L/D = 30
45° elbow L/D = 16
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flow thru run tee (R Tee) L/D = 20

flow thru branch tee (B Tee) L/D = 60

flow alarm L/D (estimated) = 30

22 1/2° elbow L/D = 13 (from ASCOA calculations)
angle valve L/D = 145

swing check L/D = 135

4, From NFPA Handbool, 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.

S. Equivalent length of fittings in feet (L) is calculated from
L/D and the pipe diameter using Crane 410, page A-31.

6. Friction loss in feet per 100 ft. (hf) is taken from Table
8T-1 of Crane 410 and pages 3-20 through 3-25 of Cameron.

‘ 7. Equivalent length cf reducers (L/D) is found using A-23 of
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.
&= The attached pump curves show that the diesel fire pump has
a lower head available at 136 gpm than the electric fire

punp. 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.

SAV/jh




‘PRESSURE DROP CALCULATION
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. PRESSURE DROP CALCULATION

Page 3. of 3
ODcR 7g -4 |
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A ( y A-30 APPENDIX A ~ PHYSICAL PROPERTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, FITTINGS, AND PIPE CRANE

Schedule (Thickness) of Steel Pipe Used in Obtaining Resistance
Of Valves and Fittings of Various Pressure Classes by Test*

T T N

Valve or Fitting ! Schedule ho I
___ANSI Pressure Classifieation ! of Pipe *These schedule numbers have been arbi-
T Steam Rating |Cold Rating Thickness trarily selected only for the purpose of
P it ‘_,_;_._-..-4-5 e e e identifying the various pressure classes
250-Pound and Lowe 90 psig | Schedule 40 of valves and fittings with specific
300-Pound to 600-Pound | 1440 psig | Schedule - pipe dimensions for the interpretation
900-Pound i“’o psig Schedule 120 of flow test data; they should not be
1500-Pound | 3600psig  Schedulel60 construed as a recommendation for
13 to 6° 6000 psig »x ‘Double Extra Strong, installation purposes
2500-Pound| ., - ? _ Instaliation purposes.
e 8 aq{i_l:l_fctf l 3§00 Psig _Sc_laid_nfle 160
Representutive Equivalent Length® in Pipe Diameters (L/D)
Of Various Valves and Fittings
1 | . ' Equivalent Length
¢ Description of Product In Pipe Diameters
:; ket o 8 B = L TN - - N ‘l:{D) —
; :? i tem Perpendic- | With no obstruction in 5,: bc\'cl__(;.pl:;t)p: seat Fully open 340
; Globe | ___ Wlar to Run l__\\jh wing or pin guided disc Fully open 450
Valves (No obstruction in flat, bevel, or plug type seat)
g ! Y-Pattern = With stem 60 degrees from run of pipe hine Fully open 175
- = With stem 45 dearecs from run of pise line Fully open 145
Fy — YT O 77 Cegrecs from run of pipe line —
3 i | With no obstruction in tlat, bevel. or plug type scat Fully open 145
. Angle Valves With wing of pin guided disc Fully open 200
- P s Sl sl il rniincitihacin SR vk
: Fuliy open 13
[ 5 Wedge. Dise, s s -_
e Double Disc. Three-quarters open 5
T or Plug Disc One-half open 160
i Gate | L | - T One-quarter open $00
Valves Fully open i7
Pulp Stock Three-quarters open 50
One-half open 260
SN ] S el T TR T BT . e One-quarter open 1200
Conduit Pipe Line Gate, Ball, and Plug Valves Fully open | 3. E
Conventional Swing 05t . Fully open 135
Check Clearway Swing 05t Fully open 50
Valves | Olobe Lift or Stop; Stem Perpendicular to Run or Y-Pattern 2.0t Fully open Same as Globe
‘ Angle Lift or Stop 20t Fully open Same as Angle
-k _A-!!",l_‘i'?"', Ball B i 25 vertical and 0.25 Fonizontal} | Fully open 150
Foot Valves with Strainer ' “,'t,h porpet hit-type dise 03t . Fully open 420
L ) With learher-hinged disc 0.4t . Fully open 75
Butterfly Valves S-inc)}Vaﬁpgirl_i{r_gcr"__w Fully open | 40
!7$Ern‘m.h_l_-_’l_'hrp|._xgh< ;_IE:.Lt:frjr_t.f:xr-;"g‘;:g' port_arca equal to 10077 of pipe area Fully open | 18
3 Cocks | Three-Way Rccl‘zf-:;.ii.xr plug port urea equal to Flow straight through 44
4 —_—— 1 80%ofpipearca (fullyopen) Flow through branch 140 ‘;
K 90 Degree Standard Flbow 30
. 45 Degree Standard Elbow ' '
g 90 Degree Long Radius Eibow 7 o 20 F:
- 90 Degree Street Elbow 50
§ Fittings' 45 Degree Street Elhow 26 g
1 Square _Cr_vr_ryrgEiltvm;r SR - 57
: With tlow through run 20 .
he Standard e
§ ] hjmfh:‘ Tce“ | With f’_:n:“t!‘.p?ygh branch ) 60 =
, I Close P..tgcr[\ Rc!guq Bcnd__- ) | 50 ::
ek, 9 Degree Pipe Bends See Page A-2) i
1 Pipe Miter Hw.nh See Page .-\-3? E
: Sudden Enlargements and Contractions See Page A-20 =
| l’ptramc_c "‘f‘_t!,E"‘ l.osscg_ o - See Pa_zc A26
2 **Exact equivalent length s INinimum calculated pre<surs tFor himtations, e page g
P equal o the lenarh between drop Pt across valve 1o pron o de 2-11 For effcet of ¢nd
ange Lices or welding ends sulticient fluw to It Jie Suils connections, sce page 2-10 ‘;
For resnstonce fector K™, equivelent ‘ergth in feet of pipe, ond equivalent flow cceBicient "C.", see pogesr A-31 ond A-32.
=1 ) ot
- . =




R, Fins PROTECTIon HANDS0eR
I ,“‘i Ec\.ko» - NFER
a8malt - ., Table 9-5D. Friction Losses in Rubber-Lined Fire Hose
(Pounds per square inch per 100 ft of hose)
m" - - *
" o 21-In.t 3-In.$ 3-In. 23-In.t 3<in.$
—— (3-In {21-1n. (3-In. Flow in (3-In. (23-In.  3-In.* (3-In
Divide -, 250" couplings) couplings) coupiings) Gpm 2%-In* couplings) couplings)  couchings)
BT e _—1 1.7 1.2 1.2 230 19.9 1.9 8.4 7.7
32 21 1.4 1.4 300 21.2 12.7 9.0 8.2
KX 33 24 1.6 1.6 310 225 135 9.7 8.7
1.75 48 28 1.9 18 320 238 143 10.3 9.3
0.35 £2 > & 21 2.0 330 25.3 15.2 10.9 ]
“‘-g 58 36 25 2.3 340 26.9 16.2 11.6 10.5
16.0 6.6 40 2.9 2.6 350 28.4 171 12.3 1.9
- 14 45 3.2 29 360 300 18.0 13.0 1.8
83 5.0 36 3.2 370 31.5 18.9 13.7 122
4 8.2 5.6 38 35 380 330 19.8 14.4 128
i 10.1 6.1 40 38 380 3486 20.7 16.2 134
7.5 1.4 6.7 44 42 400 25.2 217 16.0 141
22.00 120 7.2 45 46 420 39.9 240 17.7 15,4
62.00 120 7.8 5.3 5.0 440 432 25.9 19.4 16.8
' 121 8.5 5.8 5.4 460 258 28.1 21.3 182
15.3 9.2 8.2 59 480 50.8 305 231 19.7
k 3 1€.4 9.9 6.8 6.3 800 65.1 331 250 21.2
17.5 10.5 7.3 6.7 - — —_ —_— —
= 18.7 11.2 7.8 7.2 — —- —_ _— -_
ams » e st tor norminal 230, hose (ectual 249, watzraay) 2% for 3-in. rose are based upon tests conducted in | £33 oy the Natonal
#tee Unge s
' ot 110 hose with 3-in. couplings are based upon tests by the Ozkland, California, Fire Department. 't he 23-in, hosa with 3-in. coualings,
ey Lsed 1o Franciscn Bay are2. 1s not @ nationaily recognized stancard fire hose. Three-inch hose should e ecuipped wia 23-in.
SR, "8 2econs 2 and 28
ey '3 3.0 Fose with standard 23-in. counlings are based upon tests by the NFPA Fire Service Department in cooparation with the Boston Fire
33-In i
Hose N .
- Table 9-5E. Friction Losses in Small Diameter Rubber or Rubber-Lined
.3 Fire Hose
6.9
7.5 (Pounds per square inch per 100 ft of hose)
8.1 : 13-In. 13-In.
88 Flow (Lined stand-  (Good quality
95 - ‘ in a-In 1-In. pipe & lined fire dept.
10. ! ' Gpm (Booster) (Booster) forestry) hose) 2-In.*
" .
+ 10 13.5 35 05 0.3 01
127 _ 15 29.0 R 1.0 0.7 0.3
: 3'4 ¢ 20 50.0 123 1.7 1. 0.4
‘e : 25 75.0 18.5 28 1.9 0.6
‘50 30 105.0 26.0 36 2.5 0.9
59 : 35 140.0 350 48 34 1.2
5.8 40 1€0.0 440 6.1 43 1.5
77 45 — 55.0 7.6 ~5.4 1.9
a7 : 50 -— 67.0 9.2 71 23
3.7 ' 60 — — 13.0 9.2~ 3.2
97 70 — — 1723 123 43
oY 80 -— — 220 15.6 5.4
2.7 90 — - 223 195 6.9
18 100 - - 3a3.¢ 25.5 8.3
9 120 —_ —_ 47.0 330 .2
: ? 150 - - 700 50.0 17.5
{" 200 — -- - - 29.9
. ; ® The 2-1n_hose is not fe-03nized as a standard 522 Gut:s usea in some fire departments as a “leader hine”
’ because it telatively @25y 1o hanale and carries msr2 water at 3 given pressure than 13-in. hose.
3 C. Large DiameterHose . the hose increases the loss due to friction becomes less.
I LT Table 9-5F shows the inside diameter vs. the area in square
- 1:‘“""6 ntroduction of lightweight, large diameter hose, inches of various sizes of hose. Note that one 5-in. hose
oy '\»:.'-"‘fr.!s have been able to move large quantitics of line has the same ~rea as four 24-in. lines.
\*r‘t"“ treater efficiency. The reason for the increased Table 9-5G illustrates the fricdon loss of large diameter
Y1 based on the principle that as the diameter of hose at various flows. Note that the friction loss for 100 ft

- v =P
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APPENDIX A — PHYSICAL PROPIRTIES OF FLUIDS AND FLOW CHARACTERISTICS OF VALVES, FITTINGS, AND PIPE

Problem: Find the eguinalont length in pipe

*Equivalent Lengths L and L/D and Resistance Coefficient K

LD
| 2000

i
~
L)

W

N
| N
!
/

SCHEDULE 40 PIPE SIZE, INCHES

*For imitations, see poge 2-11 '_(‘, 43, =

W

« 1./D - Lquivatent Length, in Pipe Oiameters

\

i
!
!
/
!
/

Valve Size

\.‘v imeters and foet of Scheduie 40 pipe. and Riaiak) k-
turce fuctor N for 1 3. ang il-inch Eauialont
~»r» ned gute valves Equt

-5 ¥ "'l'"- AT TR TR T '-»--AW-.'.'R.-, .

!

L
—10000
6000
-£000
5000
-4000
3000

beiala)
-

a3

1000
600
€00
500
400
-300

200

;
S
N

t Length, in Feet of Pipe

1
oo
\ .
L - Equivalen

0.8
-0.6
0.5
0.4
-0.3

-0.2

L0.1

=
E1.0-~ <
.
S e

Solution

, in Inches

lominal Schedule 40 Pipe Size

d
~5C
-0
30

24
m.r-iﬂ
18
16.-
14-
127
7/
7 10110
-5
g4-¢
w
] 2
2
6hs =
4: B
Nt E
a
T3 3
£
;1T I
249
“2“;

-1.0

0.9

34toe

-0.7

V2406

Y 0.5

et kAxﬁtYL"\
ot (n! \l"xd 30 pir [‘l;\
ctor sf--.dnn \.f\d JU,,\

L B, A a—— T g — e~ g -

s -
| SAPeEgEN

u 10

17

l\)tud Tines

o



‘ll.l
i eetrgd—
n -
) . posiont
. -
,l-
“
- T -
r .- = A 2 £ M . I
e . .S " - . . oy
Pt - . 3 RS CR Y
. - b oy e . - .
= - . . =z yon
w ” p . LI nl Q. 4.3!“ sy
. N iciear ot 2y,
Y » % SR cerer .\:.J.
- . 4 gyl & — .nT.
» is 23 o en e -3
iy afiii PR si303 et
. L Y Nty SN o Ak s an ee g4
F.M JI » ; ca oy 8 .......M..u - o lh‘m.u.m.,'s. o e
s o . 2 - A ey s ey —_— (il ".: “e - -
- / 3 ] -~ * ¥ «og ey > pen - A -y 1
/ i - - N .aw;w..x - 2 p o 0.. - i ¢ Y
¢ . h‘ e s % 5 o : &is e .lu...r.a I\. ..— 2
o 1 ™ . N3 L &8 - e PR 5 1 “ e
) ~ - - . .1. B L] g & a . -
. N 3y . * - i LI s i . . . '
o A I'lc . I v\) - N N s | . LOI n . ~ . .
e V J HETREE o 5 ovor e e reis | & ST
/ - %8 . . rv J Dty o .\\,. > c S » n . u o o e i
) . . 2 o, Bl r N e g “ . | x50 - i —rias
Bt Ei Zamar one o RS LS T Taoar
. . . . o .. - S v
’prw ) ’o/o D “6-11-. ,'-:J("Vullo l{ﬁL -ll.. LR s 3 “ . “ il : .ooo ov.clw.nN.Ad -"‘
b s - - ol . - . . . 3 - . -
' 0 'l . ] -Jv\.‘ : e ol - s = 7- & & . » W W syl - Ch s 3w By
[ 1 % M 3 “.-1 - O.Ipnc oy p 2 "1” N x ./. (- $i8 . . b : % - g " rf. F Sk
- Rt - w . R %
T .. £ . v ST Gooed :L....l.lrl. . sy E 3 Rt cacic e Sl
[ o~ gy [re——— 1o g Af9 .-.uo)) % ¥ Ll ¢ - X S C sl el o .9.“)1.. .-J 3.. .0)1. =
2 N - 9P.6 C~re Ml.:..-. - i e —— : PN e R 3 e 3.:.1.”...“ .....xs. u" te
v o o 2 - - - . . - [ . ..,V‘.- - ST & " 2
T p _¥as ey Lot figin $ N oy e aat L PR g b :
- — A . . G e ¥ " S £ ’
Z o & el f5EIRg ik pmieoc i NN B e B FCLANS 2 or » m
. - ». . . . . - - ! <
? Y ¥ o | creimer e ey JLTE N a o PSP Aus; conns .
2 . i . por g e S e 3 ¥ =iuf . o h - - 3ty .IJn " - - b
—-M ~- Az s N 6 ,,‘l..’ubJ - pe=sd - e i g m— o : e ¢ o - IA.IH e -
o LA Es? i & S Sath o s I T 5 — v .2.. l..J.. -
. o s=is wer e f—-— Pisoa greasy . - . eo - — Fd cie R wa .
«* \ l‘.uro o are -1 . . . . . _/ > % .ﬁ. ~ N - il - 5 -
. === e iy AR s il R v . e veas | 3 oo
. jesse - 25 . . . y “pw — [ {
- L . Hos X s @ R EE R A% A e s e 3 i
y > L U e - Tt / &2 : 2 IEEE o S ¥
& N ZRANS - i - -, s : | n o . e Toa = |
P ‘o PR \ IL o ~NTY e o Xe = v " - /!J oo N e e — e T S H
. . 2 - o 3 [ .\'.Illl.uu 0:.\:.0 g | ¥ & . Y — O\le .J-Il-.l. s eirm s e M :
nv : o= & ...“.“ . ey 84 : = Y ).........w o gimway o “ =
- v o - _ . i s g rfaw.uo i / V.W P Sotien o.,.u-.n.. —— 2 !
wr v <, ~ | " oy s 3 . n n - RN - o A i (.ru”.1| . » .D .nlnv H N
4 ' ol - . - - - - . i - .n\ -~ y
L . - rs » . . . ] ol — “w© - 0 . ne "~ F-
” . N iy e o RIIE PN . e 89.J o o 1eimer e . -t lL.J i ¥
C ~ ‘ s Tipis . on - .8" lh““%ﬂ .Q 33 i OLCI.\.« .l.l.l. 4
" SR 3 & 20 = » o s a3 v L !n.n. & X !
< v » b B E3EY ol e . 1083 s 5 8 5 !
-+ 9 RS vl e ik r &% &3 = - 232308 3 b
v \ = */ T a.......H,.;n.. L &= “cl.)u p 020223 o=t oo 5 L
oy % iSsE LS - = - l’lfl\ £ . i |
O /.' w b % o — o T |.nh.\||llu...”an(.mnn. 2 cc S -2 . o
i v o 3145 == ;
- 5 | / . .ll.ll Biint & o i .Jac.ho o 5] i :
> o ? o } 7050 a2 o] Ban B ' [ 3
k4 > = - ¥ & H 3 HEEEEE o o o< .- 3
-~ -, v w Y Im HREEEEE - B ..I.JJ prapae z d i3
4 w o » e ¥ 3E « o === RS =22 6 ? t
’ v - 4585 bt . . .4l - - - > < %" i Y
1 ~ S - e . —— AR~ e s MU. “c o s D.W “J.) - = ! -
. = e = ¥ TEEE RS .. 3. Stethg P ——— = am> @ !
"oy =y e P —a— . ‘s © o T b D22 4 ' i
3 S - - i - . . . . " OI.. /) ci ~he A & b “.J 7] ' £ 3
: < L . - S YL : fo s P PR A . ES
- e P ~ 3 o = v ol P : ¥ ~es e ....u.” e y.'...l.ohlal..hl  $ *
- - Q 2 e .. i e v o o1 it A ek =iz b3 ¥
. - N - - 8 g e . - .. . i cien e AR rilY
ol :, ~ -w = . ‘e * © oo o - s%] s . - h - oy Sh258 o i +%
T : Sk e et Srims L1EEL T Jwin " Seznad ,
3 ¥ ¥ o s oo e o o bl bt P 2 # e s e €y o P gl R ma s ! ¥ is
= Y - poey w - - - . . g ¢ - 10D it A - '
¢ / 1> .V e S o e e i-li 5 . = . . 3 4zt - - | 2
09 - ; R e o S L £ ~ R - oy NiRase .ob..u.-..a s ' ' =3
‘ A =] g -——— - et R = ek o s 2 A
N\ v 4 £33 BaES - .:bd - 5 o P . ——i Mgt ~ e £ OV o b
o 5 : .n.v.J. e -y e .“.J w\ | » 7 33 e 5 e ..n,.J \lln. ok
s = T - . — - - v
< -~ | A = o i ih pes -l t- — Tett v e e - :
N\ 5 5 " e A RS ke, B - — J=E3 SR - v v
uw ( ma - u e O w Y . — _ g L = b _6.. ~ .uﬂ.l.) - m::,-.a,q. a2 < v i
] i > o ree o & N\ b o™ -t n...ll.l.!r..l. v & ”.h - e '
- . CIes ciee e 1 ol e - ™ . . ol = e J
= & =% rnmesade- i iR <3l wEN feRes fivell o SLint N3 j 4
79 = /.v| .,).J < .(}nl\» © A = - s X Ten ok S -r —D nA.n & i e R EERE o t. s
a 1 = . " e - : o & i .Qa..h,..: . DS es llo'l.. SnCA - ¢ ¢
.L ur b - - _cno..)n o b.\‘\.n ..|.,nl. . | H..u : S gy _“ 3¢ - J«..Jﬁ - 5 ..I-IIl o ¢ \
- ity L3 - - . s A p i .
T 5 N . 2953 CemE i TREEE [w E e PSS, D=t R RS £ ;e
/ el . T3 ok - i J“.n. Pas - ey \ M Py .- H”.”.” o $ i
. Y . .ss ..-n... - S v . wuteye - © oM. e o - ]
..n.rq.. - SO - n..u - X W e . o . s o -k . B 2 % <l Bl X |
wBhs ,.no:.w S0 v g : =y, o) ,1.”.”.,... Qa8 e Gs S e ] :
- - ~ in . o oy -3 A
8% o-..lsao - = it - -~ S o 33”.” i s ¥
. . . r . I-Ihe e & :
G0 Sl h.o\a.oso g . £ S ¥ . h’ -1 m,..'.). rJ.UPL St i T B s 2 . il W 3
Tesenes 2 . . o | - 3 C.iDw ~— S - o5 E 5 o € %
~ ey > N - A . -~ - i te YD . o : k A KA O 3
- g .. - et e o > T " : il AR |
v sad > % — lo.,v ) pioed 29,4 : .o €3 .r... s
ol . & e . VI -t s . . . & » s o -
M dianinid —— o+ O N il 3§21 EE £S5 i
3 5 A : 7 e b4 o 3 -3 3
Qi =) - g le o Y. : s s £ L e N =5 4
- Sacpea '3 :-..\v e T4 . Rt ) g §
. o~ - - 3 1 - - 5 % . BEB IR LR / 2% L)
dosins ol C,\L . b . ..... .. 4 i
ety Rt AL [ oL 2 S 154 {ibihe 5 2 :
e . IS 4 34 - ) - SEEERREEE - - %
L e . 4 (l;: £z . suk & 5 .. ) .
| 283 e me o Ly b T o !
W 3343 wo i . o u ¢
(5] - “ N .. . . . v £ o : A
A n.w:.\... ll.a”. .”.”. S P F 4 ¥y
g R .
5322 S YR y S ¥
luqn.J\v - - 5 A % ok % b3
u..'mﬁlv o 2ol Yl gy > . - ’
K.O)O — .“...u -~ 3
.- < -
" -3 gt o . ut . - L
.Il“l!h.n. e - < )
32 e -~ - |
I.ll..a.'. ey 2 \ - i 2
!-Il..u Lo -l B .- R
l.l'H N . = = 4
- - - [
. ..-45 - ! .
icliped o) i
- g [
- i 4
A
v
v

w tnﬂrﬁ
gy
IRIRIBIE
RRIE
8w
YEL
i




CAMERON HYDRAULIC DQA ‘ FRICTION - g '

9 .
Friction of Water Friction of Water i
4 Inch—Asphait-dipped cast iron and new steel pipe $ Inch—New Steel Pipe
Ft per 100 1 o
Asphalt Sipgped St wt steel Entra sirong steel
bt i $ehas 1 o s Schedule-100—sianl Standird wi steet —sch 40 Fxtra strang stoe! —sch 80 Schedule 160 — steal
S Lew 40 mute 4020 winnte I B2 insude o 343 incide dha & 047" inside dia AB1Y msuto dia 1T nsate A
e Aol i B Herp-ien i, MRt o Ll o e S F do
us v Vi [ Heod Vi Ve Moad Ve Ve Head v Ve ! Head l_‘lﬂ'? I Head Hoad Head
Ol Focity | hucay foss focdy | oty ions locity | 1ociy toss locity | locity i toss gat Velor ity Velocity loss Vetocity Velacity [ Veiocity Velocty oss
per Mpwr | head | fper | Nper | head | Mpee | 1 per head | Mpee ! N per head | 1t per per 1" per nead #oper 1% per hesd " per "t por head " por
min | sec " o n | sec tt 1R | suc " 1001 | sec | 1o n mins s6c “ 100 1t s " 190 1 sec " 1008
20| 511 | oos | 038 | S04 | oos | 035 %6 o0 | -oas 691y 007 | .074 =
3| 76 | o008 | o9 | 756 | 009 | or2 | e | o | ws2 | vos | c17 | ‘vse -4 i o ot 1 = - e rord o
40 f 102 | o16 | 228 | 100 | o6 | 120 | 112 02 | 53 | 128 | 030 | 258 . 0 pod 210 060 5d 1 ors | 110 019 328
50| 128 | o025 | 94 ¢ 126 | 025 | w9 | 10 | 03 | 23¢ | 173 ) 06 | 387 60 962 014 283 106 02 105 | 132 027 78
60 | 153 § 037 | 273 | 151 | 036 | 250 [ 17 04 | 320 | 207 | 057 | .540 7 112 020 ‘110 by 03 138 158 037 ‘238
00 | 204 | Oi | aro | 202 | oo | 432 | 223 | o8 | sar | 273 | Gio | es 0| 129 o | 0| aa o | | e o | 300 :
9 | 230 | os2 | ses | 227 | a0 | s23 | 25 1w | s | an | oo | v =i s e Nl In s ] A e pots
wol 2vs | war | 29 | 252 | ova | e | 279 12 | 7¢9 | 346 | 1ws | 13 120 P s 293 213 or e | 26 - 12
1o | 280 | 123 | 62 | 277 | ma | am | 307 5 ] 93 | 360 | 24 | 161 140 | 2% = 35 247 05 . So7 by b~
120 | 306 | 146 | 102 | 302 | ez | es1 | 335 17 | an | ais | 267 | 1m0
130 32 | v | ave | 3os | wr | reo [ 363 | 20 | 120 | 4e9 | 33 | 220 e e - e - =138 -~ b
149 § 357 19 | 137 | 352 wy Forys |3 24 | 142 484 | 263 | 283 200 121 160 728 252 19 22 439 299 150
150 | 383 2.8 157 | 378 22 | 13 | 49 27 | 1.69 518 | 417 | 289 220 a5 199 870 384 b 119 a8 2% 191
150 ) aca | 299 | 172 | 203 | 253 | tas | 447 | 31 | 19 | ss3 | 475 | 326 - : . - ' - rod
: e 5 ! 240 | 238s 230 | 103 43 24 1.20 527 431 225
170 | 424 | 293 | 199 | 428 | 285 | ve6 | 475 a5 | 214 | se8 | s36 | 366 e
AN AR AR A A A A b slal alelal zlealal 2l s
190 | 435 | 368 | 247 | 479 | 356 | 205 | s30 as | 263 | 657 | 669 | 4.53 200 | a8 380 4 599 e by - A -+
BT AN | W8 ) EF 1808 ) M6 | BER [ S5 ] 48 | RA | S 1.2 | &89 320 | 51 an | vy 504 a9 | 225 703 766 391
220 | 562 | 490 | 329 | 55¢ | 478 | 270 | 614 59 | 349 | 760 | 897 | 6.00 350 | 548 w2 | t -3 4 -y 4 — %
200 { £+3 | s83 | 390 | 605 | 569 | 399 | 670 70 | a13 | a3 | 107 | 709 :
260 | 663 | ens | ess | 655 | oer | ar2 | 706 | 82 | am | 890 | 125 | 627 -5 rodh 3 - o - I e g -y
200 715 | 74 | 826 | 708 | 7ie | 428 | 7R2 95 | ss8 | 968 | 145 | 945 00 649 610 271 708 7 9 - 120 08
390 | 766 | 912 | 602 | 7% | nus | 409 | 033 | 1o | €33 | 103 | 187 | 109 320 | 674 s | 207 340 8% 3re a2 L 32 559
20| 617 | 104 | Goa | 806 | 101 | 553 | Bu4 | 124 | 297 | 1106 | 100 | 124 410 7 0t 174 3 g p
R i S i = =9 MR oo Bicosaded Ml o g 25 16 a4 41 9¢6 145 TN
340 | 88 117 720 | 857 | 11 622 | 950 | v40 | 806 1175 | 214 129 6 = T
360 | 919 | var | mer | war | ren | eva | w00 | 16 | 900 |12a1 | 230 | 155 1l iz rodll B o fo o B by -
30 | 970 | 146 | 9se | 258 | 143 | 2 | we | 17 999 |93 | 208 | 123 500 802 * 15 aaz S 2% 520 10 00 67 35
400 | w2 [ 16z | roe | 1o | 1os | sy | 12 |19 | we [ 132 | 297 | 199 o | ae2 131 a0 s by a8 g by 4
420 [ w7 | 179 | e | w6 | 17a | 93 | o | 21 121 |52 | 327 | 210 68 | “oe e P4 , ; -
sl Wk Tt o MRdae®) P .. 06 1y 15 | 1w 270 13
450 | 12 | 196 | 1ae | 1t | 19 |02 f o123 | 23 133 [ 1521 | as0 | 229 5 - if e
4o | 117 f2ve [ 139 | vie | 200 | vz | 2a |25 | vas | 1590 | 302 | 250 o of g in 1 =02 SA 3 1 one
480 | 123 1 233 | 152 | w21 | 227 | 121 | 134 | 28 157 | 1659 | 427 | 272 0 | 120 225 b 32 44 b b ‘g' “;
so0 { 128 | 253 | 164 | 126 | 247 | 130 | 140 | 30 | 970 | 1728 | a6s | 205 oo | 38 25 1 me i 5 iy - P-4 -
$50 | 140 | 306 | 198 | 139 | 299 [ 158 | 153 | 3& | 205 | 1900 | s61 | 35S a0 | 136 i | 338 150 s s 47 -t o
600 | 153 | 365 | 226 | 151 | 3ass | 17 | 167 [ 43 | 243 [ 2074 | 667 | «21
60 | 165 | 428 | 276 | 164 | 417 | 27 | tar | 51 | 204 | 2245 | 783 | 492 i [l = p o ey s B hite 2 g
700 | 179 | 495 | 320 | 176 | 4us | 253 | 195 | 59 | 328 | 2419 | 908 | S70 1000 | 169 % 1% 34 - s g = -
750 | 19y | 570 | 366 | 189 | 555 | 209 [ 209 | 68 | 376 [ 2502 | 104 | €52 oo | 128 aot | ez e Pt ey e = :;-.
o
€0 | 204 | 648 | 416 | 202 | 632 | 328 | 223 | 77 | 427 [2765 | 117 | 740 1200 | 92 sre 1327 " 4 4 i K g e
g0 | 217 | 732 | as9 | 214 | 712 | aro | 237 | a7 | amy | 2035 | 134 | 804 -
9o | 230 | 820 | 526 | 227 | 8oo | ara | 251 | 98 | sas 310 | 150 | 934 e i) ey e | ny g 2 IR (as a8} & :
950 | 243 | 514 | s8s | 239 | £ar | a0 | 265 | 109 | ses [3z83 | 167 | 106 g Moy ‘w | % o R ST pei e i
1000 | 255 | 101 | sas | 252 | 9e7 | s09 | 279 | 121 | 662 | 3456 | 145 | 1S 1500 | 9 .2 oy - o s o o s
100 | 281 | 123 | 783 | 227 | 113 | 6va | 307 | 146 | 798 | 3802 | 224 | 139 1700 | 273 e - 3 y
00 140 576 3733 2163 101

3-20 321




¥4 0L | ov ey res Pl i oer L6 (%7 4 s
908 Som | oore [ R 4 L6 95¢ LR €4T | O
| Hed | 09 Sur 5% (314 L0z | viry
1S | i 06 £t [ X44 (gl §52 | oour
868 | Lewi L 44 re L Y 0Lt (S U
-— -4 —— s -—
P6Z | NN S 69 e o 0rs L6 | Oneg
L5t fre LAY 09 i 64 it R 6L Oone
e fie L 24} 5 bal 96 A2 9% (HEE
(21} %9 90i L 69 tTwe 9t £ | oee
051 es LR Lt S5 e 6 e 15 2 ors W vt | co22
£t e codL | e ‘e Lol 165 952 R 9% 5 0% 821 | oo
a0l 06 ¢ LR 0e s o e ne sS4 s9s S0 Sit | oom
ne LA wo vl ey (4 ¢ e i o gy Pl o 009l
st iwé o€ s it soL | [ 94 LY 296 s r i 56 LS
99 | %2 | e 54 R 6 % LT | e e LA 68 | 0Ori
s €0 e @7 o EL6 8T 8O L o8 [ 124 W] oLR 0oc
Lt 9508 | ut oL fre ore 026 0L R4 LG gay | 0021
or i LR e 56 9l 98 €L S0 L ST g9 L o
1 068 561 & €0l S5 (35 irs 8l £ns g€9 | CooL
He | 6 Ne i 65 199 ors L5 69 19 L 3 909 | 056
[ L 2 v6 o6 65 29 a0 a3 12} €15 L7 4 oo
s () LU e 55 i6S LN o 5y s o
0w Ll ri¢ [ia} oy e wi 9 GOr e | oow
o Wi (] ] t i (%4 s Shd 0 L) 6Le | oy
s | ues " Gk L v (1 e mr iy | 062
P S, — PRMMATEY, SR | ———
i L) o Ny Tuy [ 421 AL e
o e 0w <l v L (30 vl (RS
[ Y Lol | # Wwe oy LA i %e
aus Voe il st Siv S0y Wk 6 6
] el Sl "y (RN Nt Wl '
1] 264 G E o I we tor i 558 | oow
o irs s0C T 60 Sv ¢ L1784 1o e (S
st LU e 602 0 e S 50 (LA (Ll
(44 60 G2 Ll S0 64 el 050 644 | 082
6 190 < & (318 S0 [ Y vV £ 9913 092
(524 €% (4 6L 0 621 wy Py ¥t s 400 ©5i
soz° | &0 " i L 561 560 \e0 i 960" e0 ori
1418 LY s €60 €0 v 050 920 U P4y S0 LI
st 0 [4.8} [ XY (298 o €0 e 4 *0 €2 (O
eri 0 L3R 200 20 L) 990 120 Gil 90 L0 S
— 2 - —— s ——
L14Y 500 R LI 0 6l 650 Wid 6o 030 801
Si o (TR [ 3L 0 s £50 940 o v 204
o L$n ol [ X% ] &0 0. o yi0 it
o0 *20 (W 240 3] oh bd 1Y) o 05
640 (eM1] i S0 i o 60 bt
Woo " 0% Woens . o 3% v
wd g | peay Wy | edy peay ad pray wod 4 wd
sso) | Apsoq | Avoog | ssor | Apaey | Mooy fpagy | Mooy w6
pran A ‘A pron A A A A sn
- I MO
op apsas Ci8 9 R APt 209 ¢ WP opess 0@
oA = Ot MDA o8 uors LM D
gt Buons eije pasdichipy gyt

3 004 49d 14
adid |33iS N IU puR UOJ| ISED poddip-jjeydsy —you| g

J31Ep jO UONOLY

NOILLO T

6y 9 ﬂ..c. srt o 9N Se [ 28
64 et L §F 1 [ 24 il vl vit a5e
var ¥ LT Lel mg o2 01 i
L2114 re vi2 nie (BT oAz h 9
§62 i [ LR I; oo L5 ar s ol
RS B S B e S S e R s
(N 14 pEOL | use | BT ue 602 S "N [ vz S €61 o0
e 96 62 v2 i 09 (6L 9% 06y Wl 661 ans Y oca
s0¢ e @ €S 58 iE e 49 s sy ouan 0ose
198 e 9z 9y s oz uc 651 £S5 e 651 (el 28
tee s09 re6l or o9 rou e rvi T e ir (VR
a8t S s 2z 6L v i avi e W@ £e £ ¥z 9 003
49 ey (A @z SEl 6re A% 4 e 05 6 e S04 oo
LY e Bt ve ) 0 b | (Y 8L | W £ 0o
s < £ vyt (¥4 i s £ 50 e 084 §01L | 06
i 062 90 61 Lt LLR SS 666 o9 29t cm w5
1oL 652 (LAY 06'S i SO0 55y BEL "o s el *G6 | 058
868 % & Si L s s SH6 L8 LA S LER a0 821 806 | 008
we e 61 LRk POR *26 e 801 ee vy Zi 158 | 0se
269 | S €901 sy ELNY f98 e 6E6 it o6¢ 08 LR oL
66S 1514 86 e 66 co§ e ois e LI Sre KL | 059
s Ll ue we 58 ftz LR 4 0cL e | oo
e SL W ss 2 174 61 e 509 $29 | S
e N e S (20 coe 0% L
$6¢ e v i tel s for (R
oz ] 09 604 Wi 01 (T} o oy | O
VRIS Si— S Salesey S PRSI (S SR
e % 1S ur e el e i
L vow LA cus mw v ()
£l Bk o 0l h L)
(20 [0 16 e’ e - ()
o [0 {08 2] LAYS L LTS
[ e L4 LIS wes’ o5 wr 0.9 51 e w2
(LY 4 4 GGE nuy’ uy ot 662 s R 568 | o
$68° S0Z e ors’ Ly [ 9 otw Gl &t } 02
09’ (¥4 LU sy e 60 we Siy 263 0se | w2
SEY £ wWe UL vog” 440 exe 9rc () 28T | e
[44 i £t L] (314 80 oe L4
sty <60 09z 90 T L 81 2Rt
ort L0 o 50 LY L) sS4 5 4
oz 50 S o o WO £ 9 1
W L) o <0 960 (A4 Wi it
——o—— — — e — 4 g
(A 160 20 i L0 G0 [ ) 20
(43 30 Lo e {50 2i . 15
%50 L) 8.0 1 Ha L334 N W €2
L) L6 oo 18 L2 $0 P 9 1y
€50 6 P4 %) LLY) o9 L 341 SO0 o5 P »
S ——— — S S W——— DR S—
W ons i W ool W 204 o004 7y 0 08 Ui
wd | proy Wiy pray wdy | edy pray ety 0 o
t80| Apooy | Apooy $50§ Apooy | Apooy (LT Apsty | Apooy Ayooy s
Puan oA @A pusy #A pran an A oA Sn
D — L
BD oS JBL S ip g 19 § L S PR R .
195 — Q81 &gy on s Of Wrs s e
I Huos Pie g 1S M e o urydy
Y TRa-— TSI, ==

1) 001 40d 34

adid 12918 mau pue uoJ jsed paddip-leydsy —you; 9

19184 JO LONOL4

-



CAMERON m’mz.wua)A'rA . FRICTION : v

e Fricticn of Water
Friction of Water . F
nch— h ipped cast iron and new steel pipe
10 inch—Asphalt-dipped cast iron and new steel pipe 12 Inch—Asphait- pg' per 100 ft .
Ft per 100 1t Al S
= S
Asptian tipped Std wt steel ‘ "‘*’f';f':‘,‘f;};,“ o s";':. i{,’"' Schodule 80 stee! Schadule 160 stoot
Gt wan soh 40 Schedule B0 sleel Schedu's 160~ steel i
e 120 winrte dia 19 9N sl B 1 ATS insate G 101267 insicks fa
100" iwste aa 1020 s 0557 mante ¢ 8 5007 inuwde cia Fiow
Flow b f——— e us Ve- Ve Mead Ve Ve- Head Ve Ve- Hend Ve Ve Head
Us v Ve Head Ve Ve. Ve Vi Head Ve Ve- Head “, octy | tocity | toss locity | fociy ioss loosty | locity loss focity | loosty foss
o loerty | oty toss tecay | torty less | locity | locty toss locity | locity loss gm " por head | # per | ftper | Mead | M per | tper | tead | Bper | Mper | head | N per
por | Mper | head | per | tper | head | # per | Mper | nead | fMtper | fper | hoat | 0 per ™~ sec “ Mwon ! sec f 1000 | sec " 00N | sec " 0o R
min | sec " 1201 | sec " 00N | sec 11000 | sec s 100 #t = #— oy e
¢ on 7 | 0o | oM 632 | oo6 | o4 797 01 d
180 H o8 023 73 008 022 04 010 | 027 1.02 016 | 049 f,?g 3: :: 8:; 3; oos | o ez 010 | .02 s 21s | 0%
20 g2 | o | o2 81 | 0 | o028 81 | 012 | on 113 | 020 | 059 0| e85 | on | ‘ore 88 | 02 | o2 S47 | O0va | 030 120 ¢ 022 | 052
a0 @ | 013 | 032 o | 013 | o 93 | o5 | 029 124 | s | o0 30| 90| oms | o3 | 100 | 06 | om 111 ) 019} 039 | 139 | 00| 068
Pan 3 | o ] 9 | 015 01 167 | 018 | .04 136 | o029 | .03 200] 193 | 020 | o0 | 115 20 | 090 126 | 025 | 0% 158 § 0% | ces
0 ) Vo8 018 o | 1o o 042 106 021 | .053 147 e | 694 Peiwiotll Waiioneit
: E e asn | 128 | 025 | o0e9 | 129 | am | oee t42 | om | o062 r9 o0 | 10
0l 114 0.0 031 14 [eal 029 125 0ra | o6t 158 () 108 wo | 1a2 on 069 14 nw 060 t5n 01 0re 169 Ond m
O 2 03 osr 1223 e 055 134 008 | 09 L 015 | 1m ol 156 | om | or2 | 198 | 0w | ony 174 nar | 090 219 075 | 159
o0} 14y oy orrs LR (-X¥ 073 15 0w 092 104 008 16 #00 1 ‘,o 045 005 ' 72 015 ony 190 Gis 106 im (L] 187
4 163 042 09 (8 ] (&3] 033 179 05 iz 22 0 208 700 199 061 114 200 063 Aan 22 e 180 2m 21 240
40 | 184 053 123 143 052 16 2m 063 | 148 254 100 259 . e
kot SN S 147 ) oaz 142 2% 099 | 180 319 158 | .
$90 | 204 CES | 158 | 20 064 | 140 204 07?7 177 283 124 | 304 ;0,2 352 ?;? ,:u ;‘\B 103 | % 284 125 | 26 359 290 | s
€50 1 22 079 | 1m0 | 224 erg | 167 246 094 | 21 an 150 | 363 1000 | 282 125 225 | 287 128 | 207 Rl 156 | 263 398 245 | 469
£ 248 093 213 241 093 97 2¢8 12 | 29 339 179 | 428 10 | 312 151 arn ats 154 28 Je&r 187 | s 433 238 562
6% | 266 10 248 | 204 102 | 228 290 m | 2n 363 210 | 458 1weo ! 340 wo | 320 | 34z we | 291 3 | 22| an ars 35 | 883
LJJ 288 127 W6 | 285 126 | 253 313 152 | 319 396 243 | 813 = o T T
T e i - 2 17 1% 319 a4 262 432 $18 40
oo | 3 | s | 370 | 326 | s | 328 | asz | vos | wve | a5z | ave | 708 g BB U o i1 B+ A - B3 B g | a8 | es9
@0 ! 26y 210 s | 36k 208 | 408 402 251 | 512 509 402 | 923 1w | 42 260 | 493 | aan | DAz 41 an A | 566 R 554 | 102
Yoo | 40 259 569 | 407 57 | 4%a 447 30 | 825 565 | &% | 113 600 | 454 | %0 | sse | 459 27 $92 505 | 3% | s | sar 63 | 138
1w | 449 314 €05 | aan I | s02 LR s s 622 1 600 | 1235 won | s 1 404 702 | S} e | 629 S6R | 501 | 802 7 798 1 144
v | oano »a LAR) 4 R 609 5 36 SRL T 679 714 160 L
PUUINE Sou S RS S e S— « « : 1" 769 6 61 na rar ans L6
10} s 3 R 847 S0 ars 814 58 504 103 y g 879 | 1868 ?.0,3 ;gz :!:') '.:: ?. :? Zm 923 6 s 740 118 By 119 ! 2
Vel S | %8 vos | 870 | sod | om | 636 | 6or | vee | 7m0 #r2:] ais 2a0 ) 681 | 720 | 923 | enn | 735 | voo | 2o | mes | 139 | aes | 2| 25
i | 613 L84 125 | 610 si9 | 107 6 7 697 | 138 848 | 112 | 248 200 | 738 | w5 | rea | 7as | nea | 122 821§ 105 182 | wow | 167 | 29
o | 654 o3 142 65 6459 L4 715 7 143 205 1271 27 w7 o 167 hod o 147 L] L 187 | 11 1931 I»
178§ 6 e | 1e0 | Sap 75 136 760 4ay 1 o172 96t | 143 | 313 = C—t G A
D A e, me s e == e BE 1 168 947 | 10| 294 | n10s 721 06
wea | ozas 8 | 179 | 22 s | 152 804 | 100 | 19 [10m | 161 | 349 1 :f’::g :::', :.‘,; ;: .o*.’, u: ) 1Mos | 190 | 289 | 1394 | 302 | 822
190 | 726 2 | v | 123 a9 | rer By | 1121 213 [ wra | 179 | 380 oo | 153 | 200 336 | 115 | 204 | 292 | 1263 | 248 | 376 | v59a | 395 | 622
2000 82 104 220 814 103 186 8 124 23 "un 109 a9 ] 4500 128 243 424 129 259 168 1421 313 an 1793 49 852
22004 699 | 26 | 265 | Bus | 125 | 224 983 | 150 | 2083 | 