USING TRANSIENT RESPONSE OF SYSTEMS TO PUMPING

Benefits/Disadvantages

ecan estimate storativity values

when estimating aquifer properties, we get results @ early time
seasier to detect extraneous effects

eanalysis is more complex

Assumptions

1. homogeneous, isotropic, infinite areal extent

2. pumping well fully penetrates and receives water from

the entire thickness of the aquifer

3. Transmissivity is constant in space and time

4. well has infinitesimal diameter

5. water removed from storage is discharged instantaneously
with decline in head
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Theis Equation Drawdown given QT Srt

2 2
S:ho—h:iW(u) u:g or r_:ﬂu
awT

4Tt t S

s = drawdown [L]

h, = initial head @ r [L]

h=head atr at time t [L]

t = time since pumping began [T]
r = distance from pumping well [L]
Q = discharge rate [L3/T]

T = transmissivity [L%/T]

S = Storativity [ ]

oAU 2 3 4
W(u)=fe—du=[—0.5772—Inu+u—u P DL RV,
| 2:21 33! 44!

u Wi i Wiy u Wi # Wi
1% 10 22.45 7 x 167 15.90 4x107% 9.55 1% 1677 4.04
2 2176 8 15.76 5 933 2 3.35
3 21.35 9 15.65 6 914 3 2.95
4 21.66 1x 1677 15.54 7 B9 4 268
5 20.84 2 14.85 8 886 5 2.47
6 2066 3 14.44 9 R74 6 2.30
7 20.50 4 14.15 1% 107% 863 7 215
8 20.37 5 13.93 2 794 8 2403
g 2025 6 1375 3 753 9 192
1x17% 20.15 7 13.60 4 7.28 1 %10t 1.823
2 19.45 8 13.46 5 Tz 2 1.223
3 19.05 9 13.34 6 684 3 0.906
4 18.76 1% 1324 7 6.69 4 viiy)
5 18.54 2 12.55 8 655 8 0.360
6 18.35 3 12.14 9 644 6 0.454
7 18.20 4 11.85 1x1073 633 7 0.374
8§ 18.07 5 11.63 2 564 8 0.311
2 17.95 6 11.45 3 523 % 0.260
1x167% 17.84 7 11.29 4 495 1 x 107 0219
2 17.15 8 11.16 5 473 2 0.049
3 16.74 9 11.04 6 454 3 6.013
4 16.46 1 %107 16.94 7 439 4 0.004
5 16.23 2 16.24 8 42 5 C.001
6 16.05 3 9.84 9 414
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Predict Drawdown Using Theis Equation

Class picks: T S r t Q

Take 3 minutes to calculate: s

Q r2s

s=h -h=———WAu u=—"
° 4anT o

u: ud ys
+ - +
221 33! 44!

W(u)= feTudu=[—0.5772—In U+~

What value did you get for s?

Theis Formula cannot be solved directly for Tand S
from observations of drawdown (why?)

Q r2s

s=h_-h=——WAu -
o AT () i ATt
— L
W(u)=fe—du=[-o.5772-|nu+u- uc uc _ut
U 221 33! 44!

Consequently, we use curve matching techniques

Type Curve is W(u) vs u OR W(u) vs 1/u
Plot svs 1/t or svsr?t forfield data OR Svst
Type curve & field data must be plotted on same log-log paper
Field curve is overlaid on Type Curve

Axes must be kept parallel

Best match of curves is found

Pick any convenient point

read corresponding W(u), u, s and r?/t

Solve Theis Equationfor T & S




0.01 0.1 u, CurveA 1 10

5 e .
=) =
L S o1
S =
=
o R B | 1001
0.001 0.01 u,CurveB 0.1 1

to match the W(u) curve in this format, plot log s vs log 1/t

log s drawdown

log 1/time
or sometimes for convenience
log r?/t




3 (r = 200 Tt)
Drawdown in
Time Since Pumping Ohservation

Began, t Well, by — b v/t
An example test from Ohio fmen Dy _ Feet?/Day
o . ] 0 0.00 @
Pumping well discharges 1O 690 10 0.66 576 % 10°
1.5 1.02 % 10* 0.87 3.84 x 107
@ 500 GPM 2.0 1.39 X 1079 0.99 2,88 % 107
2.5 1.74 % 107% .11 2.30 x 107
3.0 2.00 X 107* 1.21 1.92 ¥ 107
from a 4 2,78 % 1073 1.36 1.44 % 107
8 H 5 3.48 X 1077 1.49 1.15 X 107
100ft thick aquifer e 117 % 107 59 0.6 % 108
8 5.57 X 10°° 1.75 7.2 X 10°
. . 10 6.96 > 107 1.86 5.76 % 108
Observation well is 12 5.33 X 107 197 4.80 X 10°
14 9,72 % 107 2.08 4.1 X 10°
200 ft away is 1,25 % 102 2.20 3.2 % 10°
24 1.687 % 10 2.36 2.4 ¥ o8
30 2,00 X 10°* 2.49 1.92 x 108
Plot as s vs r?/t 40 2.78 % 10-* 2.65 1.44 X 10¢
50 3.48 X 10~% 2.78 1.15 % 108
on same scale of log paper &0 417 % 10 2 88 9.6 X 10°
80 5.57 X 107% 3.04 7.2 X 108
as W(u) vs u 100 6.96 % 107 3.16 5.76 X 108
120 8,33 X 107 3.28 4.8 x 1P
150 1.02 X 107! 3.42 3.84 % 109
180 1.25 % 10! 3.51 3.2 X 1»¥
210 1.46 % 10! 3.61 2.74 X 10°
240 1.67 x 10! 3.67 2.4 X100

Jacob simplified the Theis equation for large t and small r
using only the first 2 terms of the W(u) function

Q _r3s

o
anT 4Tt

s = drawdown [L] W(U)=f97u H-;—;;—;-:; o]
h, = initial head @ r [L] “ .

h = head atr at time t [L]

t = time since pumping began [T]

r = distance from pumping well [L]

Q = discharge rate [L3/T]

T = transmissivity [L2/T]

S = Storativity [ ]

_23Q, 225Tt— Simplified expression
- o (note constant due to

S |
AT r’s switch from In to log)




Jacob’s simplified Theis equation

Q@ et ey UL U Ut r2s
S=ho—h= W(U) W(u)-deu-[ 0.5772-Inu+u T TREY TR W TRt -
v 4Tt
Can you get to 57%( 0.5772—Inu) note: Inu=23logu

T
5= 43( 2.3log1.7822-2.3log u)

s :—Q(—Iog 1.7822—logu) note: —logu= Iog1
vdl u
@[— log1.7822 + log 1] note: log (a—b)=1log %
u

T

1
=23 (Iog =—logl. 7822) 23 log| —Y
AnT 4xT 1.7822
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. ot U= ST Y 1re2z | e Og[m
23(‘;2l EJ‘2.25]"t
anT o prs o2
e 2.3Q, EJ‘2.25]"t
AT rlg

Since Qr T & S are constant, s vs log t is a straight line:

a graph of s (drawdown)vs log(t) (time)
can be described by a straightline

y=s x = log(t) y=mx+b
m =slope = 239y intercept= 2:3Q log 2'§5T
AxT AxT r<s
_23 2. 3 2.25T
259 0g(1+ 22 log

r?s




For Jacob’s simplification of the Theis equation we find an easy
way to estimate T:

23Q

230,225

—log(t)+
90+ 47T r?s

if we consider heslopein termsof
As (changein drawdownover one log cycleof t)

As  2.3Q
log(t) 4T
2.3Q
4T

givenlog(t)foronelogcycleof tisl

As = and rearrangirg tosolvefor T :

. 23Q
47\

at the time intercept t the straight line approximation of s=0

23Q 23Q 2.25T . 2.3Q
0=——1log(t lo lling out ——:
g(t,)+ ngS PUIQUMT
0= 2 3Q (Iog(t )+log 2 25Tj
AT

with zero on the left hand side the constant is irrelevant

= (Iog(to) +log 2.222T from both sides
r

j subtract log 2"3?—
r

2 25T =log(t,) exponentiate both sides
r’s
=t, rearrange to solve for S
2.25T
S 2.25Tt,




In short:
Jacob’s straight line method for u<0.03

2.257Tt
_23Q  _225TH

T-=
411N r?

where:

Ah = As = drawdown over 1 log cycle of time

t, = time intercept for zero drawdown

For the Ohio example Q=500GPM, b=100ft, r=200ft
Plot s vs t 40 T -
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- 3o With a partner, take 2 minutes to
25 calculate T and S
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20— t, = 2.6 x 104 da/ —
e Ah=As=13f ]

one log cycle
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