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lJ 
Computation ot pipe-1Qss coetficient (Kp): 

Curve 	 : 
Component groupingnumber K' 

(tig. 4)(tie;. 4) 

2 6.85 	 v - 30.2 - OET 
. 4.25 . l' 1 	 . V - 8.7 - OET 

tor, 	 21.5 teet ot 2-inch pipe­

3 9.30 	 v - 30.2 - ST'.!, .. 	 4 1.~0 V- 8.7 - BT 

Kp • 2.10 tor' . . 21.5 teet of 2-inch pipe 

:1" .­
, , 

6 8.00 	 V - 30.2- SOT 
5 5.30 	 V - 8~1 - SOT 

; , 
. ; Kp -2.70 tor 	 '21.5 teet of 2-inch pipe 

Average Kp 2.60+2;10+2.10 101 2.47 tor .21.5 teet of 2-1nch pipe101 

II. 	 Computation of pipe friction factor '(f): 

'roa equation 10, 

d " . 
f- IL_·

--PI. . 

Therefore. 

f • 2.47 0.112 • 0.020 
. 21.5 
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I I ~ j.
l~J L~ . · 

Thus the experimental data i'1\di.cate that this 2..inch pipe, cattying 

flow, &ta mean velocity of 4 fps, has a frictj.et). factor of 0..020, ·The 

MOody Chart shows ~- 0.028 with an sId (relative roughness) ratio of 

..0,.0030 (Daugherty and Ingersoll 1954> p. 182-183), a mean velocity of 

4 fps, and a pipe diameter of 2 inches (Vd .. 8.0). Xba difference . ' ..r: 

between Moody's .! and tbS experimental 'Value of L G.020... may represent 

experimental error or it may be due to silt lining the intake pipe • 

. The silt couldconce1vably form a smooth unj.form surface on the ~ns1de 

the pipe" thereby ·.. reducing the friction factor. .Smooth pipe 

ttiona, with ! 2~qualing 0.020 1 have been assumed for all subsequent 

loga .11+ .the intake ... 
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. I , j'
~.-~.. ~) L..,.. 

. III. Computation of loss' coefficient in the side-open tee (KsOT): 

,. 
! 

Curve.. : ll" I : Component groupingnumber: "'" . 
(fig. 4): . (fig~ 4) 

5 
" 

5.30 V -8.7 i ·SOT 

1 4.25 V -8.7'';': OET 

• 

l:!,<sOT=== 1 .. 05-
6 8.00 V . 30.2 ·,SOT 

2 6.85 V -30 • .2-0ET 

KsOl' •• ·..... 1.15 

Averag~'KSOl' ­ 1. 05 ; 1.15. 1.10 



W J')\..w.. i,c... 

. ' IV.. Computation of loss cQefficient in static tube (KsT): 

Curve : ·•• Component groupingnumber : 
(fig, 4) 2 · (fig. 4)·• 

3 :9.30 v - 30.2 .. ST 

t· 6 8.00 v .. 30.2 .. SOT 

~.: ,;.' . ' 
~ 1 I<s--r =,1.30 

4· 7.• 20 v ... 8.7 - ST . , . ': 

S 5.30 V - 8.7 .. SOT 

I' 

c 1.90RsT 
.,! 9 ~.40 eN .. 8.4 - ST 

'i·, 

8 3.90 

Average 'Kg .= 1.30 + 1.90 i-1.SO • 1.57 
. . T .. , 3. ...... 

. ; 

,', " 



v. Computat10n ot lossooettic1ent in valves: \ ;'",,:; : 

A. 'l'hree-v6iY steamcock valve. (Kv)-, " 
This 	computation is based on the summation ot 

loss coetf'icients in the intake system. 

From computation of' pipe~ioss coettic1ent (I.) 

Kp • 2.47 tor 21.5 teet ot 2-inch pipe. 


SWlarly', 


t<p ~.4,7 2t~· = 1.00 tor 8.1 teet ot 2-1nch pipe
II 

and 


K .. 2.47'30.2 a 3.47 tor 30.2 teet ot 2-1nch pipe. 

p 	 ". 21.5 

From computations III. and IV•• ' 

KEOT II 1.10 

and 

KgT· 1.57. 

Theretore" computation ot ,~ tor the 3-Y6iY valve 

assumes this torm: 

2S 




l 
L ... J l .... J 

Curve : :Component grouping:number: Kt • (tig. 4) • KO 
(t1g~'4): ' .. 

V .:. 30.2 - OE:!' 

,1 4.25 1.00 0 o 1.00 2.50 1.75 

2 6.85 3.47 0 o 1.00 4.97 1.88 
"-' 

3 9.30 V - 30.2- ST •5 3.47' 1.10 1.57 1.00 7.65' 1.66 

4 7.20 V - ~.7 -: ST .5 1;.00 1.10 1 .. 57 1.00 5.17 ~.03 

5 5.30 V - 8.7":' SOT .5 1.001.10 0 1 .. 00 3.601.70I 

6 8.00 V - 30.2 ;"'SOT .5 3.47 1.10 0 1.00 6.07 1.93 

Average 1.82 

B. Gate valve.(.Kav) •. 

Curve: • 
number :K' :Component grouping 

(fig. 4l: . (fig. 4) 

8 3.90 GV - 8.4 - SOT 

7' . 4.00 0 • 8.2 - SOT 
., ......-----""!I-"--­

This reG.ulS ind1catirtgthat the additian of a gate valve decreases 

flow resistance, is paradoxical. The apparent inconsistency arises 

from the fact that the effect of adding the gate valve to the overall 

system is too sUght to be defined, within the precision of the study. 

Loss coefficients for the components investigated in this study 

. are summarized in the follOwing table. 
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u u 

Average loss 

Intake, component coefficient 
(K) 

3-w~ steamcook valve 

Gate valve l 

Side-cutlet" tee 

Static tube 

1.82 

(a) 

1.10 

lGate valve replaced 3~w~ steamcock 
valve tor this determination•• 

a. Negligible. 

Baaed on these result,s an equation can be derived for head loss 

in a typical ,intake system equippedwitha3-way steamcock valve, a dde... 

. hx. 
L' - . ~ 

- (Ko +Ky+£T + KsOT~;~T + KE)rs (18) ' . 

, . Substitutiug the' several computed value8'dLK; .( 
'.\.('~ 

'ht.- (S.99 +L)f. 
b '. ;d 2g 

(19), 

, , ' 
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DESIGN COMPUTATIONS 


."1',.,,'.,.
L 

'. j The magnitude of lag (hL) for'2·1nch intakes with static tubes, 

tee couplings, and 3...way valves can be computed as a function of the 

rate of change of stage (AH/At) using equation 19, if the size of the 

stilling wall and the roughness,: length, and numbe.r of ·intake pipes 

are known. This computation is predicated on the assumption of 

steady-state flow conditions in the intake system, where the water 

level in the well lags behind the level in the stream by a constant 

amount, during a period when the stage is changing. Thus~ l1x. is 

constant and AH/At inside. the well is equal to AH/A" in the stream. 

Application of equation 19 requires that velocities in each 

1utBkG pipe be assumed so that friction factors can be computed from 

. the Moody Chart. Since values of hL can be computed as a function of 

,V and, forD intakes, q G. ~V1 + 6:;)Va + - anVn-'~ A, the relation 

be~en bL and AH/At can be obtained. C.mputatiGll steps requ1re.dfor 

11 mtakesof equal diameter ara summarized below: 

1.. 

, :~. 

28 




Given, 

'~,. '\ • ,"! (a) Cross-sectional area of well, l.u square feet. A ',,, C" , 

(b) Number Qf intake pipes • n 

(c) Length of each ,intake 'pipe, in feet, :.~ I La •• Lu 

(d) Diameter of intake pipes, in reet:; ,\I~'·- du 

1. Assume velocity' Gf flow in pipe (V),in feet per second. 

'2., Determine the friction factor, £." from the HoQdy Chart 

(Daugherty and Ingersoll, 1954, p.,182), after first obtaining 

, ' 
, , 

the 7:ougbness factor (e) from a standard graph of roughness 

factors for commercial pipes (for example, Daugherty and 

lugenol1, 1954"iig. 8.9, p. 183). 

Compute hL tor each pipe from equation 

, h' v2 (5 nn "'f /d) ,:": ,L' III -, • ;';;f +, L '. " 2g . 

:,4. Repeat steps 1-3 tor several selected values ot v. 

,5. Plot ourve ot hL versus V tor each pipe. 

6. Assume hL' , 

From ourve ot ,~versus .v {step 5), piCk ,ott VI' V2 , - V n , , 
tor !, assumed ; h

L
", 

'1;." 

Determine totaJ. discharge through intakes I q- &IV1 + &2V2 +-tanVnt, . 
.. .'.~ . ,"~\., r {3.6oo} 

, ' 

. . : 

Repeat steps 6-9 tor several. seleoted vaJ.ues ot hI..­

Plot curve ot l'L versus Ali. 
" At 



Figures 5 and 6 iJ.lus trate the design computations.. The 

computation procedures are sUll.11larized in the table below for a."~ 
well and Lntaka system given the following values: 

~, 
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.. .: 

.' 

" " 

:r IOFr. 

"> -,' • )..,' 

'.' . ' 

(/; I ~ S' ID 
V.,IDCif.9) /11 rtlef per-secone/., V 

F'91t1,1't: 5. ... Cv..rJ;4S of;'. vet'sll.$ V f(7y< ., 48-,.nc.h-(Ji.mef4YO HI~// 
, ' , , . , havl?" fIJrt!e 2.-;ncA..dlt1?11erer i'l1ftlA'es 10.,.Jq, l?1d $() reef 

/()1I:JJ :3.11d·S3Ch 8f4ip'p8o' lV//-4 J 3-/1'*/1 Sfet1l11~ v~/ve 
~lI"tSf~fIC ..tube. -, 



, I 
L~.J 

JOr--------r----~------~------~------r_--_v~------~ 

: j 

R.;te 

i!Ju.rc ,~·C&Y'J'e$ PI' h.£ 'yeY',$as, Ah'.4at fo,. d #-;waA-cf,"'JlWek ",- NIl/I 
h3Yln, thY'etr Z"hu;/r-dlJ?n,rer /"f",KlfIS 1~.3tJ., J.IId :;-0 rectI' 

. /lJ1J!/; _11t1 efll.l'p"pcr" IV,;''' a .3- WI/V 5re;.,~A' Y,;/nr ,J.",d a 
sr41I;·c. ruj,e. 
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If the intakes are of equal length and diameter. equation 19 

,"'·,08.n be modified and the computation' procedure reduced to & 3-step
1-. • , 

; operation: 

q • naV 

AI!. .. S. 1:1 n (!:.) V
At A A 

tor 

V .. A 1.M!. 
a nAt· 

, Subatitutina in equation 19 

~'l A~2 
hx, = - ~g~ ( 5:99 + tL/d)~ .. 

< [ 1 "f.'· . 'l 

,,':'or & given rate of changeot stage. V in' equation'20 must be ';"~','
. ," - ., 
, .,.' , 

·;,,;.valuated 80 that the trfot1on taotor (f) caii'bePicked from the''I,: ". ...... I., '.' . .' <:;:: i '. '.:: . , 

; t,~ody' Chart tor use, i~ calculating hr. in equ~t1on,s, 19 ·01:' 21.: "The.: curves" .'·tA, . . ..''/~~" ' " ' 
"shovn in figures i'aild a vere computed in th.;~,=8.l'U'ler• 

•:\ 'j !. ' '" " .'• 

!Y_ 
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I 
! 
I 
} 

1 
I 
.1 

I 
i 
l 
1 

j 
~ 
1 

1 
1 

I 
I 
1 
~ 

1 

! J' ". j~·~----~--l_·~·_·"·-·~____~____l~"~'''~M____~____~______ 

'i..' 
~: 

S' 

2 
f 

I 

~.$ 
t, . .. 
~ 

~.2 
~ 

~ !t;
-,:, 

~ ./ 

, 

$' IQ, S/; _ 2IJI) _

Il~;~ 6f ehlllp aF$rl,,,,J!lH/4~ 1?l1'",1' PSI'" An.1'" 

17,,"'/47-.(""11',$ t>f h~ V'IJ'~I(.I 4.+'/At F",.. ".M.'-4-.6-..-.....,t"1'" """,/1
,,~V,11$ t $ ~h'/$ n,.", ·1"'#.I~"'11J/1141-.,I'" I,,;,IA-"S- cO JIt:.1 JQ "'ilL ,
""~ I"'" ~,t<.JP""'''' JWr.l a ,3-""$ srelMt:",,/r 1'.;11'4 J71dasnf.rt-&lJe. 
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'~/~--~~--~--~~------~----~~------~------~~--~I 

PI,,,,., 8.-- Cu.,.." s &>"" .6, V~"'S4S An-AU f"..". .. "'-/""A-tl/8""""~,,, W,I/

1J~"i"? I, ~ ;~'" J f_- /n&A-d/.;t.w..nr 1",".r,S, ,..",1 .!lor_I­
""'1 ~"tI "fll/i?p." ~'rA oR 3-",JfI S;l"..~,,:4C,r V",I...... "''''''/1. shn;;fu.IJe. 

36 



L..JCONCLUSION 

",' Equation 21 shows that, if we ignore the vadation of ! with 

velocity, the intake lag for a given ~ate of change of stage varies 

inversely with the. square of the number of intakes used and 111 direct 

proportion to the square of the ratio of well area to intake area. 

thus intake lag for a ~iven well would be reduced by a factor of 4 

if 2 intakes'were used instead of 1, and by a factor of 9 if 3 intakes 

were used. Stm1larly the lag is increased by a factor of about 3 

when well sbe is 1ncreasedfr01ll a 3-foot d:Lameter to a 4-foot diameter. 

These. approximate ratio$ can be verified byexam1nation of the curves 

in figures 7 and 8. 

It should be emphasized that equation 19 applies to the standard 

Geological Surve)" stilling..well intake system which includes 3-way 

steBmcocka and static tubes. Where.static tubes and tees are omitted 

frCII:U the intake system or where flush..mounted 1ntakes or gate valves 

are used, equation 19 ~t be modified. Data and analytical procedures 

include4 in th1s report c~ be used iu mGd:1.fying >.' the equation.. 

Design of a given in1;aka system must start wtth some kuowledge 

of the IQIQdmum rate of chauge .of stage to be accQZIIDQ~ated and a 

dec1s1onaa to the magn.itudeo£ lag Which can be tolerated. Given 

the.a two faceors, tb& well si~e and 1n~ requirements can be 

44.tuated.o that satbfactory ataga recording can be accomplished. 
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a 

A 

C 

d. 

f 

g 

hx. 
H 

Ho 

K 

K' 

K£ 

l<Gv 

1<0 
Kp 

K80T 

KST 

KV 

L 

D 

q 

t 

V 

W 

SYMBOLS 

Area of intake pipe 


Cross-sectional area of well 


Constant 

. 'tt: 

Diameter of intake pipe 

Darcy-Weisbach friction factor 

Acceleration of gravity 

Head loss 

Elevation of water surface in well 

Elevation of water surface in stream 

Loss coefficient 

Total loss coefficient. 

Exit-loss coefficient 

Loss coefficient in gate valve 

Entrance-loss coefficient 

Loss coefficient in pipe 

Loss coefficient in side-outlet tee 

Loss coefficient in static tube 

1.088 coefficient in 3~way eteamcock valve 


Length of intake pipe 


. Number of intake pipes 

Rate of flow out of well 

Velocity of flow in the intake pipe 


Volume of water in well above the-outside;.:. '. "',;:")l 


water-surface elevation 
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