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STUDY OF INTAKE LAG IN CONVENTIONAL STREAM-GAGING STILLING WELLS

By Winchell Smith, R: L. Hanson, and Re W. Cruff

' Thi *étudy'iﬁVé§Eigéﬁéd the féiatiéﬁfbétﬁéen lag)Sr'headrloss‘ »

n,é}ﬁfﬁica; étilliﬁécwéli 1ﬁtéké§§§étem éf‘a:streamrgaging‘ééaiiéﬁ

of éﬁéngé éfué£;§é (Au/8¢) of Eﬂégstréém. The purposa of the

stu y!was to define such a relatien in general terms and thus provide

rational procedure for 1ntake design,f The relatzen between head loss

of change of stage was determined by isolating the effects cf

ose ob,any cembinatian of thase comp@nantsq

In the derivation of




INTRODUCTION | | N

B
«

The typical Geolegicgl Survey gagihg station consists of a

float~eperated watervstage recorder placed over a stillxng Well, Tha__gi

2 ik

tllling well is usually cannected to the stream(by an intake system e

bf one or mora,pipes; with a flushing system at the well end and so=

©

ﬁailad static tubes atvthe stream end. A true representation of fluce

l’éuationsnof‘tha_stream?stége is sought, but differences between the

i

: water 1ev¢i.in tha>st111iﬁg well and that of the stream frequently

lchure fﬁﬁring perieds of rapid change of stage, levels in the stiilingi

well Iaggbehind those in the stream because of.head loss in the,iaﬁékéf

+ This xeport deals only with tha study of head less in the

a?;m and does nat include analysis of the more complicate

rawdown caused by the disturbance to £low created’bykg'

:@f the intake.

aituﬁa ef tha head loss in :ha iatake system, cammsnly;

intaka 1ag, is a function ef the rate of change °

r;-size,fand campenents-mf«thayintakes; and :he’

\g wells Tﬁa purpose of this‘study Ls to define tha

ake lag for a typical intake and well system and

fects of,varxeus'companeats,’tharaby establishingi

11 be usefu1‘§n the design of intake éystéms

: t@ b&»céﬁsideraé are theTprwbabla*fatéaef cﬁaagw

the stream under study, the allewabla errer 1n t
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This investigation was made in the California district of the

Water Resources Division, U.S. Geological Survey, as one of several
‘small projects spensored by the Hydrologlc Studies Sectionm, Surface

Watet Branch, Washingten, D.C. These prejects were intended to

i

~previde infermatzon forx use in a new streamﬁgaging manuale The

7report was prepared under tha ;mmediate supervisinn of Walter Hsfmann,

1 district chief.




TEST PROGRAM

% Equipment used in the test program consisted of & 48=inch
"orrugated-metal-plpe stilling well connected to the stream by an

;3ntake system, a Stevens A-35 water-stage recorder with an expanded

:'ime scale, and a portable pump.

The test procedure to duplicate conditions during falling stage

ri: as as follows: o
1. Water was pumpad into the well, with the intake closed until

a head of 2 to 3 feet was attalned.
2. Thé pump was shut off, the intake was opened, and the trace
of head versus time, in the well, was recorded as the
water flowedvauz througﬁ the intake.
1?Stream stage was recorded separately during the tests.
erhisvsama procedure was followed to duplicate rising stage,

%  $: that water was pumped out of the well until a sizable differential

d was reached.. -7,

3
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Tests were run in thzs mannet¥ with several lengths of intake

, pipa and several combinatzons of components-~static tubes, steamcock

nvalves, and tees‘ For example, in the 1nitia1 test run an 8. 7-foot

 1ength ef 2~inch-d1ameter intake pipe was used a 3=way steamcock

valve was attached te the intake insxde the well, and a side-outlet e

’ ﬁng various lengthS;of*pipe. Figura 1 shows the head differen-

the water surface in the well and that in the stream.

” tha intake aystem.

N
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'Chadge in head with %ime

Water surface
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BASIC EQUATIONS
K +kv+Kp+Kso'r+ksr+/(s

=(_) 4 (Z%_Z' ) H ’\)efvhi_éfe | /71.,_ /{/ﬁ: _ﬁ:

ﬁ’e;‘c/) of shiling well and the éa.s'/c eguations usaa/ |
0 o‘wa/yze éoz‘a/ ée;a/ /as'.f Ve f/ﬁe /7//’:/4' Systemsm.




anstant: and hvis 2 head }.css,, I:L *HM,




(tg - tl) -/ and (h’f_@ "hh) ‘are both 0,

éfl@r’e’i be dropped £ iequatidn' 5.




Reﬁerting now to the mtake system

in B-Way st

as @ un.it and considering the

crated in f:.gura 2, at any given t

'Ql 50(assumé) = e.ntrancawlosa cceffz.cient

eamcock valve

ime - head loss.‘égn be

@
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ef cient of — ‘:5 in equatxon 9, or




inch-diameter well and thé:_;z#irich-diameter galvanized

sed in fi'e’ld“??tésts s equation 14 can be evaluated:

.830 £ (based on average ins‘iﬁg*-{ﬁiéﬁe’&ér of 48% inches) =

0x 1075 (tg = &) S e e L)

1o 1. .3

V = 5.506 x 10°

e
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Equations 15 and 17'were used to relate head losses in the system

e ghe yelocity of flew 1n the intake. ‘As these eqﬁatiens are valid enly

rer . {ncremental periods of time, the recorder trace of head B versus
ime (t) was divided into short periods; and the corresponding values fer

' and V were computed eover these mte:vaist Figure 3 shows a typical
1 rve of K‘ and V for a 2-3.nch~d:.ameter :.ntake. equipped with a steamcock

M -

alve, an 8.7-foot pipe; and an open~end tee. Figure 4 shows a group ©

urves of I{ and V fcr t’ze nine :.ntake-pipe systems investigated in th:.s




velocn‘)f in feet ker second




DOV TS

! o : I | T ,
e T Curve R R G Y % od
' Y f/”:’p;.ﬂ7—aézl’
L2 L. Y =30.2-CE£T
3 v-302-57
, 4 V-87-5T
5 v- g.7-So07_ |
é . V-3oz-Ss07
7 o0~ 82~ 50T
8 Gv- 84-350T
-9 Gy-8-4- S7
6 -
!
7 -

8

f intafe pipe in FeeZ =~ F1rng on er affﬂye'j“"
'z 3~ W2y steamcock valve, GV Fate valve, K 0= |
€ /n systew, OLT: openend tes, SO7 < siddm——
e, Ind ST sheire tube. SN

2 3 3 | 4~ g ‘
Ve/Oci‘é‘)/, in feet per secondV

ot Group rngs “y- 8.7- 07" jndicates: “type of velve

£ H versus V for Mhe 27:',"’6“/'?!1‘&'44’&‘ Sos Lers ik

P o eiiie ner ‘ At




Experimental data,mas shown in figure 3 ,> confom in ge.neral to the
shape of tha curve of &' ‘versus 'V which can be computed from friction
,;‘factors given in the wall—known Moody Chart {Ba;ugherty and Ingersoll
1954, p. 182-183). In many- cases the scatter of points for velocitiesA
_ less than 3 f£ps {faet per second) was too great to define a trend, but
;'higher Velocities the scatter was less aad definition of K* Values was ¢

fai.x'ly good‘

2

H

The effect of indw:ndua}. components of the system was determinad




| ...I. Computation of pipe-loss coefficient (Xp):

Curve . Component grouping
number : K'

(£ig. &)

. 2 . 1 6.85 : V - 30,2 - QOET

: K, = 2.60.- for 21.5 feet of 2-inch pipe”
.3 9.30 V - 30,2~ ST

, A h 7.20 " . V - 8.7 - 8T

KP - 2.10"~f . for - “‘“fia;.Sfreet of 2-inch pipe

6 8.00 . .V -30.2- 80T
5 5.30 ‘ _¥ - 8.7 -sor

Kp = 2.70 " for - 7'21.5 feet of 2-inch pipe

2 waerage Kp = g.60+2é 0+2.70 » 2,47 fq?.~iﬂ21;5,feet of 2-inch pipe

i II. Computation of pipe friction factor (f)::,f'~T~“

From equation 10,

r*%%ﬁ 

Therefore,

- 0.172
4 2.§7 5105 = 0,020

i
k]
|
i


http:2.60+2;10+2.10

"~ Thus the axperixiéritéé. data‘indicate tha%*tiiii 2-inch pipa, carrying
‘fllw_ at a mean velocity of 4 £ps, has a frictien factor of 0.020, -The
Moodjr Chart shows £ = 0.028 with an ¢/d (relative roughness) ratio of
: :fv’:‘OQOOSO (DPaugherty and Ingersoll 1954, p. 182-183), a mean velocity of
| 4 fps, and a pipa diameter of 2 inches (Vd = 8.0). The difference

 between Moody's £ and the experimental valie of £, 0.020, may represent

'expérimental error or it may ba due to silt lining the intake pipe.

‘I‘ha silt could conceivably form a smooth uniform surface on the inside
f' i:he pipe, thereby 'reducing the friction factor. Smeoth pipe
onditions, with £ -equaling 0,020, have been asaumed for all subsequent

omputations of head. Iosa m the. intake
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- XII. Computation of less coeffic:.ent in- the side-open tee (Kgop:

Doenee » _ SRR
" Curve. .t :

- number : KR! ;

CLfig, 4): :

Component: grouping
fig. 4)

5 530 V8.7 sor
L 425 Y- 8.7< 087

Kgopr= 1.05

6 800 V- 30.3 ';»sor"

2 6.85 V30,2 - 0T

Ksop = 1,15

kAvérégérrKS'é'T -J'-Q-i_%.}__lé 1.10
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- IVe Computation of loss coefficient in static tube (Ksp) ¢

W
' Curve 3
tunher KLY
(fig, &)

Component grouping
(flg. 4)

jes  2e  ae

3. 9.30 ¥V -30.2 ST

6 . 8. V - 30.2 - SOT

V - 8-7 - 8T
V - 8.7 - 80T

GV = 8.4 = ST
GV ~'8.4 = SOT

130+190+150.157

Average KS 5




Y. Computation of 1oss*béétricient in valvas:guvﬁ:

A. Three-way steamcock valve. (Ky)-.

This computation is based on the summation of

loss coefficients in the intake system,
'-
K, = K'-(K ¥ Kp ¢ Kgop + Kgp + K;) = K'- IK.

From comp#ﬁétion of pipé:ioss coefficient (I.)

K, = 2.47 for 21.5 feet §éf2~inch pipe.

Stmilarly, o |
K= 2,§7 —%—% 1.oo'rqr58.7'reet of 2-inch pipe

V

and

K, = 2. h'r f_,i g = 3.47 for 30.2 feet of 2~inch pipe.

From computations III;.ananV.;Q

Ksop = 1+10

and

Kgp = 157

Therefore, computation of Ky for the 3-way velve

‘assumes this form:




ki

Lo
Curve : : t : 3 : NrE
R ,Component groupin 8. X Ko .X . . Kp . EK |
ey B IR T eon e 2T

1 k25 V-l 8.7 - OET

O
-
AV
bt
-
©
o
o

S0 1.00 2.50 1.75

<t .
-

. 30,2 - OET

L]
v
W
L
&=
-3
(o]
o

1,00 k.97 1.88
11.20 1.57 1.00 7.65 1.66°

]

' 03 ,9.30 v - 30.2 - ‘8T

i
)

8 7 -

.
i

1,00 1.10 1.57 1.00 5.17 2.03"

8,7,f sor

-
\\n

1.00 1.10 0 . 1.00 3.60 1.70

»
i

6 8.00 V- 30.2~ 80T 3.47 1,20 0 1.00 6.07 1,93

Average

B. Gate valve.(Xoy).

Cuxve ,
number : K
(fig, &):

Component grouping
(fig- &)

o 2o s

8

GV - 8. 4 - SOT

3,90

7 0

4,00 . 8,2‘; SOT

" This result indicating:that

the addition of & gate valve decreases

| flow resistance, is paradoxical. The appgfent‘inconsistency arises

f’fram tha fact that the affect of adding the gate valve to the overall

' system is too slight to be defined, within the precision of the stuﬁy.

Loss coefficlents for the components investigatad in this study

i are summatized ia the following table,

R
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: Average loss
Intake component ...t coefficient
Sy (x)
f 3-vay steamcqék valve 1.82 : C el
; " Gate valvel U (e o
Side-putlet";'tée L'TA 1.10 -
b ’ Static tube ' 1.57

lGate valve replaced B-Vey steamcock ;
‘valve for this determination. -

a. Negligible. ';‘ |

Based on these results an equation can ‘be derived for head loss

in a typlecal intake system equipped with a J-way steamcock valve, a sidew

outlet tee,.and.a static tube., From equations 7, 8, and 10:

by = (R0 + Ky + F + Koo + Ker + KOV a9
Substitut:mg r.he several computed values ”caf K; f. : '
‘ "‘7“ ht.. - (5‘.99 + ﬁ-.-)f. (19)
v Ir ’ . .
2 "y BICAL
g : AT o "U% '
' ' MENLO PARK
NOV101976
| LIBRARY. " -
27~
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i
’g
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4
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L amount, during a period when the stage is cﬁanginé'

: ?tha Moody Chart.

DESIGN COMPUTATIONS

L

' The magnitude of lag (hp) éér'z-incﬁ intakea’with gtatigftubes,
tee couplings, and 3~way valves can be computed as a function of the
rate of change of stagé Au/dt) using equafion 19, if tﬁe size of the
stilling well and the roughness, length, and number of intake plpes

are known.

This computation 1s predicated on the assumption of

gteady~state flow conditions in the intake system, where the water

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

Thus, hL is
constant and 8H/0t fnside the well is equal to ABjAt in the stream.

Application of equation 19 requires that velocities in each

intake pipe be assumed so that friction factors can be computed from

Since values of hy can be computed as a function of

i 'V and, for m intakes, g = a1v5 + ayVy + == eﬁvn - ﬁt A, tha relation
‘ between by, and Ap/At can be obtained. Computation steps requived for

. o intakes of equal diameter ave summarized below:

PRI

k

. apR
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(8) Cross-sectional area of well, in squara feet = A

Given:

(b) Number of intake pipes = n

(¢) Length of each intake pipe, in}feen; L, i; o= L,

() Dlemeter of mﬁaz{e pipes, in féé't: d,d, = dy

Assume velocity of flow in pipe (V), 1n feet per second.

Daetermine the friction factor, £, from the Moody Chart
{Daugherty and Xagersoli, 1954, p. 182), after first obtaining  '
tha roughness ﬁaqtor (e¢) from a scan@ard graph of ryoughness

factors for commercial pipes (for'example,'Daugherty and

Ingeraoll, 1954 flg. 3 9, p. 183)*

h3. Compute hy; for each ‘pipe from equation
mpe L (s 99 *f L/d}.
Repeat steps 1-3 tcr several selected valnes of‘v.
Plot curve o: by, versus V for each pips. )

Assume hL‘ “

From curve of hL versus V (step 5). pick ofr VI, Vz, -V,

for : assumed | hL; 

Determine total discharge through intakes: q = ﬁlvi + 2,v, + ——tBpVpi
Compute rate of change of stage 1n1vell;7tﬁ“r§§e per hour; T

BH = g (3,600)
T (3,600)

Repeat steps 6—9'fdr'several selected vaiues of by.

Plot curve of hL versus ﬁH
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; I ~ | 1 | |
bt 20 30 706 205 500

Rate of cé.mjc oF stige, AK/a l‘, /n feet per hour

/gurc b=-Carves of h, versus AW/AL for a #8-imoh=dizmarer wel/
having threec 2-inch~diammeter inrekas /0,30 ard 50 feect
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Static Fube. .
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A1 AH
v“an t*

-, Substituting in eque.tion 1

_.fi
A

th

3:»
muu—a
' e

Lo SRR

For & given rate of changa cf stage, A in equation 20 must be

Ew_z

ce.n 'be modified and the computation procedure reduced to e 3—step

operation.
v M EVyEVy =Y
q = naV
| AHa&ﬂn()V
o ; A% A

(5 99 + m'd)..- S ;

: ,..‘shovn in figures 7 and 8 wera computed in this:‘ marmer.

4

If the inta.kes are of eqnal length and diameter, equation 19

ATy o s
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ST =
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| 02
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. Rt of change oFstase, ah/at sy oy s per howr
.ﬁéé:‘e?‘ffgkrgs of A versus ; ; rer wetf |
- having / S and 3 Fup ~/'.a¢é—-a$'ame/¢h N7eA8S, ach 30 feet
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929 dnd egu/pped wth a3
 tube. o

36




. are used, equation 19 myst be modified.

' CONCLUSION &,_J

SN

Equation 21 shows that, if we ignore the variation of £ with
velocity, the intake lag for a given Tate of change of stage varles
inversely with the square of the mumber of intakes used and in direct
proportioh to the square pf the ratio of well area to intake area.
Thus intake lag for a given well would be reduced by a factor of &
1f 2 intakes were used iﬁsteaé of 1, and ‘by a factor of 9 if 3 intakes
were uaed; Similarly thailag is increased'by a factor of about 3
when well size is Increased from a 3-foot diameter to a 4-foot diameter,
Thase app:oximate ratios can be verified by examination of the curves
in figures 7 and 8.

It should be emphasized that equation 19 applies to the standard

Geological Survey stilling-well intake system which includes 3eway

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

; " from tha inteke system or where flush-mounted intakas or gate valves

Data and analytical procedures

{ncluded 4in thia report can be used in modifying the equation.
Design of a given Intaks system must start with some knowiedga
of the maximm rate of change of stage to be accommodated and a

decislon as to the magnitude of lag which can be tolerated. Given

L these two factors, the well size and intake requirements can be

adjusted so that satisfactory stage r.ecordi.r;g can be accomplished.

t
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SYMBOLS

Axrea of intaka pipe T#i?
Cross=sectional area of well

Constant

Diameter of intake pipe .
Darcy-Welsbach 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 coéfficient in gate valva
Entraﬁcg-loss coefficient

Loss cogfficient in pipe
Loss‘éggfficient in é&dé-butlat tee
Lcsé qoéfficient in stéttc tube

Loss coefficlent in 3§§ay steamcock valva

Length éf intake pipe.

" Number of intake pipes

Rate of flow out of well
Time

Velocity of flow in the intake pipe

Volume of water in well abova‘the;gutsida:; u

- PR Y | o
water-gurface elevation :

38
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