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P.O. Box 2088 Santa Fe, N.M. 87501 



\ 

for f / ( 0 \j',Jc f>«rrf 

0m 

If on %' ?</</ HJV 

fo>H2C &rt 

io A 
H.mi 

Kl 

w& Hi it 
* IH ( ^ ) 

nA flo 

$%m 

ip HH*
 1 

L5a 























r\\ h A 
t--V i C\ 

G.' 

P 
/ y 



\ 

Qf 

0 

v 
-

06-
vA 

<A 

ffi A ,v; A) 
A A> k A 

ex o A 

<A 

A . 
A f i 

— . 0^ 
6 A 

0 
o 

IN 0 
A ^ 
— A 

A ' 
<A <A 

A f> 
ri 'cP 

* 

) ^ 
A V 

A l 

<A 
A ) •A 

r j 5 

\ ?• A. 4- ^~ 
V ? 

(so 

^ £ fs /v A 1 ^ ^ AS) P? A J *A ^ 
ft '9 

Oo ^ 
vr> t n vo 

QD 
v.0 

P 0 A £ 

n n r^n ^ i r ^ 

A 
A> 

£ A A) ^ 

Q O 

\ ) • rA ' v i I 1 A ; vr, 

A 
O* A N . 

A 

A 

Ar 

to 

A 

rl 
^ A 

CA ^o: V : 
cr: 

A l 

vn 
CA 

. A — 

9.9 \ A P , \: ° 

A 
5 j «5> 

Qi <i 

ft 
0^ 
A o: 'A. 

CN 

o u, o ^ ^ ^ 
6: 

I. 
C\ A 0 ^ 0 

A 

A . 

A 

o 

) ^ 

A s 

A ^ 

A 
A 

i n _J . T>. 

4i A^-
(Si 

o • 

vO 

"iQ. 

i-i 04 co -tf tf> to rs 

CA 

to 

g " 
ci o ^ o< o -fl-

| ; 
* \ 

: A 
: r . 

A 

r. i * * • 

I A ; j j 



Cr 

O 
< « : 

A i > 
\" 

Qs C i 
/ 
1 i i 

i 

0 o <j 
d 

r o A fVl 

1 A Is fi 

V 

— 1 

- cA 
A 

C2, 

0 sfi cf, : — 

<A CN Ok ' 

o 
vO 

Q 

(A 
ri 

V i 

\ & I 1 -\ R: I cT-
(1 

0 
; A 

Q 2 $ vg * § 

ni A <fc as 
^ vr 5? ^ 00 

§ g: £ £ 8. 8 2: ,S> 
^ ~ . H i An A 

r-o ro 
Nt> 

Nl>J 

A 
; rb 

A \ 

Oft 
r t 

) V 

A 

r i { ^ 
A o 

, t r A T 
cr ) cr 

VD 

VO fN: 

o 

€N 
vn 

i g 

; 0s. l i , rt 

0 vr, 1. r.- Q % a' : ^ ^ * g» « ^ f i S 

J5SL 

AV U> 

O w N 

\ 
K 

\ 
K 

j r 

o 
vO 

Vil; 

CM C K fM 

~v * : 

A : 

; Hi; 

A 

A 
N » • 

A 

rv 

1 
CO 



A 
;i ...VJ 

At 
u 0 

\ .V l>5 ^ r o - > 

V X -A 
^ T A * A 

C5 
» — j 

fc: 
V/ v/ p ..A 

A AI> v j A fv> 

51 fo 

A 
ro 
Q> 

>. '0 • s i <c£> . a A); 
."T> rS ns 

oo 
Tr Q $ ^ <A 

fb 
ro 
A 

A 

cA. 
v£> 

Or 

A A 

0- \ 
vA 

'-V> 

A 

A" 
r< : A c i > A vrAvo j * - A ™ o\> vo : 

A r 05 

OO 

- A 

v£ 
rt 
A 

o 
rx, A : 

A 

! 1 • \ \ 
o 
00 

v& 

( A 

— A 

ci 

ri 

^ t * A ^ 
0 ~ A ^ N 

Ci 

ri. 

0 

vA 

<y> fo 

7 ^~ 
f O 0o Oo 

v £ 
0o 

\ I vs. ^ r-. 
•4-
vD 

\4-

(vo 

( "V 

-Ci 
My 

ro 

r? 
to 

r9 <a 
vn V) VQ 

" vS 

O 

Si rv vfc ov. 
t>i cs;> p-7 Ko 

VSJ 
v i ) 
oo 

o <J 

ro 

vO 
/ I ) 

vO V 
-Q 

\ 0 

vi ' 

ri w vo; ri 
C J ^ S ^ 6 vo o 

i o 

0 

vl, 

N.v" 

ft 

0 

A) 
rA fv 

» 0 

V ) 

vN 
: 6 

n 
oo, 

O ^ 
s v V 

5' 
i-» w o 

'Ni 
0 7 

rb; 

N V 

r-o 

\ 
v j 
(Vi 
v » 

v j 

' A l 
i Oil 

r-t n n 
« N r i 

0^-
A 

A 

C-i CH 

•: Q! 
4 s 

W 

o 

•4j ) 

A' 
^ : 

A 

(1 
A 

rb 
AN 

A 

ri: 
A 

f 
A> 
o ; 
ro-

; A 



J A 

A . 

!; Sj 
I ^ 

t><6 

PC 
U I* ft VJ ( J 

> - 5! £ 

5 0 0 

n 

2r 

\0 vD 
^ &; ^ ^ A ^ <S (> ^ ^ ) cj> C CN

 CJO <N 

0 K fi 
CN 

Qf 

h 8 .3 * 
^ 5 9 cio: 

v i ' ^ : f ,vi ^ ; / M A 
so cii1 ca; r̂ . PN 

V i N ^ 

o 



Iff 

«3 -
.« Cl 

0 

*rrr 
J50. 

or> K v j 
d i d . _ 
c j Or v>> QT O o - " c j 

o 

cr 

J 

<Jv 

^ r i vo vD v) M O /O r( 4 Os O 0 r o ^ ^ 0 ĉ?> 

s ^ g c$;$ 'oo v-S Tfvfe ^ ^ ^ e s ^ c s ^ 

GT 
O O ^ VS /V> d CJd: 

"*•"-•Vo rt —- vn ris vrv v\ A;V 
c*v tS) 

o 
VN 

csv S, C§ v5 <& v5 C&C$ 

rd \ 

Ov 

rt; 

9. 

i V 1 

o 
rt °̂  f i x 

o 
v o 

V J 

r-
(Jv 

rt 

Q 
Ov 

^ \ 

vn 

rt 

' O: 

ri 
CD 

0 
4 

0 o 3 

rt p> 
vO 
(M 

O 
/ I 

* i 

^ 

vt' ^ <S>. vo;vn; rt a - ^ 

^ ^ : ^ ^ 

1 

I v j 

ci 

f v ^ , :of! 
v.- \ 

v£) 
rt 
A! 
ci 

V 

: vi ; 
CO 

rt 

vA 

Pv _ ) rv ^ ^ u> rt o f* 

V i 
VJ 

G 

v$> 
oo vo vy 

o \ 
VO. 1 

Ci v£> 

1 ; *~ , Jj J) — 

; S • ; o : O 

rt vQ 

CV, , 

v+-

r? 
5" 

5-

0 ^ 

a 

IOA aa o> ; 

H ̂  i & 
io fo 
^ Q 

rt 
Ml-
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AQUIFER TEST 

Owner 

WELL 

Well No. s1 - ± 

I r t W I A J ^ l / i , Section ^ 3 , T. 3 0 fipS, R. E/w) M / T j ^ A l B&H 

SWL \5~- "4-^ 3 feet Date 

Measuring point which is frt 

Discharge Diameter i nches Or i f ice 

feet above 

^ ^ P T h inches 

Other Measuring Dev 

Perforated Interval 7 Data collected by: 

Date 
& 

Time 

Time 
since 
start 
pump 
Minutes 

Depth 
to 

water 

Feet 

Observed 
Drawdown 

Feet 

Corrected 
Drawdown 

Feet 

s_ 
Q, n ' 

Ft/gpm 

Adjusted 
time 
since 
s t a r t 
t (Min) 
a 

Time 
since 
pump 
stopped 
t ' (Min) 

t / t ' 
Remarks 

t / t » 
a 

^9 / 7 
c r t 7 / ^ 

5, 

// 57 

3 ,/ 'f "3 i 

^ 3 

44rt 
5rtiT£ 

/^/rt/> 

t°)$7 

v, os^B 
o> 0^ ) 

"7. So 

7 5 ^ 

7. 6 Z rt. /</ o < f 7 

rt 7.&^ 

7&7 6. o s 7 



AQUIFER TEST PAGE_ 

Owner ^L&lifL [/) 

WELL Lp€. 
WELL NO. 0 ' 4-

Date 

Time 

Time 
since 
start 
pump 

Minutes 

Depth 
to 

water 

Feet 

Observed 
Drawdown 

s 
o 

Feet 

Corrected 
Drawdown 

s 
c 

Feet 
n 

Ft/gpm 

s_ 
Q. 

Adjusted 
time 
since 
st a r t 
t (Min 
a 

Time 
since 
pump 
stopped 
t ' (Min ) 

t / t ' 
Remarks 

t / t ' 
a 

93rt /3</9/ 7 ' 7v3" 6 . 2 2 7 
/4f4 7 ? / 6- ^ 

i 3, 'lerv 7. 2 2 

12-S. f j^44£ rt7 . oS<? 

rt / - o s'7 

}3ACH 
15ZC /5'5rt 

X . /O 

171£ rt 76 

/ /?rt<; 2. ^ rt 

JH5 '3. £7/ 2- rt5 

1^6 H/7 3rt rt S<{ 0£0 

3rtf,f rt 3J , OC f 

nv2 OG I 

nil, • 06 / 

)H5 
)80 9, tf? 

1 ^ rt JZ-

£rt7 

f 7 ^ ; 7 - ^ 3 

7 , 7 7 

1. srt £577 

-5^ 



AQUIFER TE5T PAGE 3 
Owne r ^ L &n^> \), ^JJL 

WELL ^oC<n]pe^J?Uk/£ 

WELL NO. 

Date Time 
& since 

Time start 
pump 

Minutes 

Depth 
to 

water 

Feet 

Observed Corrected 
Drawdown Drawdown s 

Feet Feet Ft/gpm 

Adjusted Time 
time since 
since ' pump 
start stopped 
t (Min) t ' (Min) 

Remarks 
t / t ' t / t ' 

3 

<7 S •? 11.11 I y>J 0$ I 
X-Mx 

o 7 7 

t>¥rL o. rt/- ,017 

rt <?D Sg , al? \}4/$.0 

2- ? <f H-7rt3 

14,783 2- rt Of*? 

?. OS rt ,01*1 '$943 
9. Z2- LOO Ol f 

1$ 15,11°? 7. i ^ 

no* \mx 7.o<l 

1. , og/ 207r5.0 

) £ trod 1 , 2-3 .• 0% Z 

9/PJ 1 <, P&0 7. £7 ,09 7. 

/5rt/rt 7. S*3 i2_^/_4^1s_rt^7 

/ rt r 
/ o . / 6 7. 73 

/0.T3 7.CI o%7 

£>34rt <?. 66 I 7.Z& £797.7 

oSoX "XOI-5 . ' I 750 .aS 7 

07n> ^T/r< . 0 ? 7 0 

MS' X 7.?3> j 7-36. 

33 0ft 5 / ^ r t £ rt7g" 1 7 55 

1 _ \ 1 



AQUIFER TEST PAGE_ 

"7"" 
Owne r *\ L#ns& ] / , < ^ _ 

f WELL_ 

WELL NO. 

Depth Observed Corrected 
Drawdown Drawdown 

rt 

Date Time 
& since to 

Time start water ŝ  
pump 

/ Minutes Feet Feet 

4/7 f 

c n 

Feet Ft/gpm 

Adjusted Time 
time since 
since ' pump 
start stopped 
t (Min) t* (Min) 

Remarks 
t / t ' t / t ' 

a 

/ 5 , 7 rt^7 rtsz 0 7 4 , <^/rtf '3a4f A^^2-
7 X /O- rt 67 14$7A I 6ort7 

/ a 0 5 _ S7 ?>f5rt 3 97^rt 

33£< 3^/£rt £ 6 <7, / ? rt 7 ^ •^7,3 4rt" £40//- rtrt,£ 

^ 7 rt9^>rt rt 6 o 3^f9rt £rt^ 449rt 497,7 

/ W 9. 32.? rt ?' 3 , ;><7 3rtS/rt ^ r t 

TO/) 235' 3 , 7 ? 3- 7 3 ?rt' 3*777 3rtrt5 

J344rt •^rt^4rt 7, / 7 Z 3. 7 3 3 ^ , 7 10. t 

£7 3 . 3 5 •• r?57 3^S3rt J/1 3 rt#rt CK 

rt7/, rt 

mi 5 7 , a 3 ? 7 ^ / 

3- 5 / 3 , 2-<^ 3 ^ r t 2rtw rt3<rt L 

36 5-6,5 3,. v6? 3. ' 7 rto*/ '3^97, j / r tD /9 377, / 

3 r t T ^ , 4 /£,3 /7?,4 /?7,$~ 

I3rt/rt 2- rt £ 6 <*7 3 > ^ , /7rt 

K & X » m \ g ' 7 f e 3 , O o i Mo A )%.< ms i%,r t 

13575^3^ rt 3 01 

13 55 ^^S\ 3^ ; 9 3̂9>7 

/ 3 ^ ^ 37,5] ^ 3. I 2 , 7 ' / 3rt>£ /3rtrt 

3^3^,-' <^3rt 

/3^3" 3. W / /33,5 

3 3 ! 3 ^ - 5 rtS"/^ //7rt /3rt/? 

8 . ^-ic 3- I 2- ^ 3 r ^ g ^ rt)7_r / ^ ,9 



AQUIFER TEST PAGE 6 
Owne r "^L/h^ \JJ <^A> fi^O&Y^i^i 

WELL_ 

WELL NO. 

Date Time 
& since 

Time start 
pump 

Minutes 
4/^4 

Depth 
to 

water 

Feet 

Observed Corrected 
Drawdown Drawdown s 

Feet 

c n 

Feet Ft/gpm 

Adjusted Time 
time since 
since ' pump 
sta r t stopped 
t (Min) t ' (Min) 

t / t ' t / t ' 
a 

Remarks 

-1 • $ . 

e. 76 2 . 7 ^ -3rt 7̂ .. / 
2. 72, , oS j ^3r t /H>/1 

i 
.o'si 3rt75.rt 3z/rt" £frtf 9rt7 

fr *Z{ rt 7^ , o3o 3^77/3 3rt/> 
rt f f l 7rt^ 6r t^ 

2. HO 2. 6 7 2-77 , o ^? 3 ^ / , 

#.d±/ 2.- 3 ^ 7 4f ,^ 73, S 

7 - 5 ? 7 , 77 , o?rt 3^?A 4Srt 
7. 7S7 3 7 3 ^ 7" ŝ^ r sf„y 

[7 ^7rt 7. 9 So . o 7.7 3ms 55rt C?/> L 
1 

i f y>X 7,- rtrt 2 , 7 7 2 , 3 / , o ?^j 3?-?//a X^/3 

M-;4f)^ rt *rt6 2 , ^ , O <2~6> yes 4IP 

)4rtrt? a9r7rt£>j 7V7*rt 2.-3/ 2,, / ? 0,3 /5,o 3rt/ 43,3 

"3£?/rt /J) 7, £>Z-6 Z. ''7 2-, <o?-'7 •3333rt 7^rt" 34 rt" 
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•7, <-/77 2 . ^ / . ~> /' rt3,7 
/rtS 339^3 U l 

T7- 347rt7? H7 0 
A rt7 r O iO 3430,rt / r t i 
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7.. /3<) 
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AQUIFER TEST PAGE L WELL 

Owner ^ L<&-L^_ lA 3 G.K WELL NO. -S-4 

Date 
& 

Time 

Time 
since 
start 

Depth /Observed Corrected 

to 
water 

\T Drawdown Drawdown s 

4/ 
pump 

Minutes Feet Feet Feet Ft/gpm 

Adjusted Time 
time since 
since ' pump 
start stopped 
t (Min) t ' (Min) 

t / t ' t / t ' 
cL 

Remarks 

7^1 / . Eo or-f 4 7.£>S 

/ , 2 / 

ioXil Lf3 
, C/3 &,0J 

. st>/ 

7 2 - 3/7/ 

9 7<7 S 3 II %, D 3M 337 £ 

W*tt S. 9Sz. So 3A0 
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4P5,s 9/& v y , 7 7 3-3/ 3>^f 
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AQUIFER TEST 

Owner 

WELL ^ hSk&tVoUt'frTA 

Well No. 

l A X t l ) l A I A Sect ion 5 k ? , T. " 5 D ( N ) S , R. E f f t ) 

SWL j . & l D f e e t Date ^ £ > 4 

BSM 

Measuring po in t \ f f v o / c n OU MJ/Ha.i/W which 

Discharoe Diameter i nches 

Is feet above ground surface 

Orifice inches 

Other Measuring Device 

Perforated Interval Data col lected by: . / ^ y c y ^ / ^ l ^ ^ - ^ V ^ 

Date 
& 

Time 

Time Depth 
since to 
starr water 
pump 

Minutes Feet 

Observed Corrected 
Drawdown Drawdown s 
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AQUIFER TEST 

Owner <T f&^j dL jT) £ Cdj 

WELL 

Well No. /VjXt 

S e c t ion 

SWL _feet Date jJ<^X/J' J<f^7 

Measuring point 

Discharge Diameter 

which is f| feet above ground surface 

inches Orifice i nches 

Other Measuring Device 

Perforated Interval Data collected by: f f l > < ^ t ^ ^ / j ^ Y , A^.J^M0^7 

Date 
& 

Time 

Time 
since 
start-
pump 

Minutes Feet 

Depth 
to 
water 

Observed Corrected 
Drawdown Drawdown s_ 
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time since 
since pump 
start stopped 

Feet ^Ft/gpm t & (Min) t ' (Min) 
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AQUIFER TEST 

Owner ^ [T, 

WELL O^Jp^/jiJaJ^^ -S)?0?u^7 

Well No. f Y ) 

SWL 

I A Q X ] / k €CQ \ / k Section ^ , T . ^ $ S, R. / £ L E Q 

TP- €Cj r& fee t Date 

B&M 

Measuring point 

Discharge Diameter 

which is y feet above ground surface 

i nches Or i f ice inches 

Other Measuring Device 

Perforated Interval Data collected by: / ^ ^ / j l k A ^ n 
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Time Depth 
since. to 
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David G. B Q ^ 

Application of Harrill's Equation 
to a Limestone Aquifer 

by W. K. Summers3 

• 

L-

i — ~ 

ABSTRACT 
A relatively simple program generates the computa­

tionally complicated argument of Harrill's equation. The 
transmissivity of the San Andres limestone determined by 
Harrill's equation compares favorably with that computed 
using other techniques. 

This brief report serves two purposes. First, it 
provides a computer program useful in applying 
Harrill's (1971) equation for the determination of 
the coefficient of transmissivity from the water 
level recovery made following a step-drawdown 
test. Second, it demonstrates the validity and 
applicability of the equation using step-test data 
from New Mexico. 

Harrill's equation may be written 

264 Q n t, 
s = — - — log [ 

ACh/Q n t AQ 2 /Q n " 

] 

where s = residual drawdown (feet), 

n = number of step, 

t n = time since the Q n step began, 

Q n = discharge of the n c n step (gpm). 

Ground-Water Geologist, New Mexico Institute of 
Mining and Technology, Socorro, New Mexico 87801. 

Discussion open until December L, 1972. 

h ~ 

AO* 
AQi, AQ2 . . . . = incremental increase in discharge 

over preceding step (gpm), 

t' = time since pump went off, and 

T = coefficient of transmissivity (gpd/ 
ft) . 

This equation is similar to the Theis recovery 
formula and is subject to the same restrictions. 

Table 1 gives the program to calculate the 
argument of the logarithmic term. Table 2 is a 
sample printout. To use the data in Table 2, plot 
the residual drawdown versus log (function). This 
is similar to the usual plot of s versus t/t' on semi­
log paper for water level observations during re­
covery following constant discharge tests. Trans­
missivity is computed by 

T = 
264 Q n 

As 

where A s is the change of residual drawdown over 
one log cycle of function. 

To learn more about the efficiencies of wells 
tapping the San Andres limestone in the Roswell-
Artesia reach of the Pecos River Basin, in 1969 
eight step tests were run on seven wells. Six of the 
wells flowed naturally at the surface and tests con­
sisted simply of installing a recording pressure 
meter and opening gate valves. Each well was 
equipped with a totalizing flow meter. The number 
of steps ranged from 4 to 10. The primary con­
straint on the test was imposed by the New Mexico 
State engineer who gave approval for the pumped 
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Determination of Aquifer Parameters from 
Step Tests and Intermittent Pumping Data 

by Yi-ikse! K. Birsoy and W. K. Summers1 

ia, :5~0, 
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ABSTRACT 
The expression 

264 0.?T 
s/Qn = — log, 0 I - r - 0 n (0 ~ *n)] 

T r S 

is a handy tool for predicting aquifer parameters using all 
the drawdown and recovery data obtained during step-
drawdown tests or periods of cyclic or intermittent 
pumping. 

For inefficient wells the expression 

264 
s/Qn = log 1 0 

T 

0.3T v 

[ — 0n ' ( t ) ( t -T n ) l +CQ n 

r 2S 

fits pumping wells better. The data from conventional 
step-drawdown tests of pumping wells can be used to 
obtain T, C, and y. If the data fail to f i t the ideal, they 
may be used to interpret local hydrologic conditions. 

BACKGROUND 
Two problems that hydrologists face frequently 

are (1) existing wells cannot be taken from service 
long enough to conduct controlled long-term pump­
ing tests or cost prohibits long-term constant rate 
tests, and (2) tests of new wells are rarely conducted 
at ideal constant rates. To cope with these 
problems we have developed a relatively simple 
analytic technique that lets us use step-drawdown 
data and drawdown data obtained from wells that 
pump intermittently at different discharge rates. 

' Geologists, \V. K. Summers and Associates. Box 684, 
Socorro, New Mexico 87801. 

Discussion open until September 1, 1980. 

This brief note presents the technique we use 
to evaluate drawdown and recovery data obtained 
during step-pumping tests or during several episodes 
of intermittent pumping. First, we present the 
simple general equation that relates the usual 
variables (drawdown, transmissivity, storativity, 
etc.) to step-wise changes in discharge. (Intermittent 
pumping equates to a step with zero discharge.) 
Then we show how the equation provides a basis 
for determining transmissivity and storativity of 
the water-yielding rocks using nearly all the data 
simultaneously. Next we discuss how departures 
of the data during conventional step-drawdown 
tests from the ideal provide other useful hydro-
geologic information. Finally we give some examples 
from our field experience. 

THEORY 
For an ideally confined system with radial 

flow to a well with constant discharge, Q, the 
drawdown, s, is given by Theis' nonequilibrium 
formula as 

s = S - \V(u) . 
4rrT 

Since the differential form of the equation and its 
boundary conditions are linear, for a step change 
in pumping rate, AQ, at time r, the drawdown at 
any time, t > r, is given by the principle of super­
position as 

[Q W(u) + AQ W(u">j t (1) 

137 



where W(u) = / — du is the well function; 
u u 

r S J , r JS 
and u = 

4Tt 4 T ( t - r ) 
are dimensionless 

variables; r is the radial distance from the center of 
the pumping well to a point of observation in the 
flow-system; and S and T are the storage coefficient 
and transmissivity. 

If the change in pumping rate at time r is from 
Q to zero (i.e., AQ = -Q) , the well is then said to be 
recovering, and Equation (1) takes the form 

Fig. 2. Drawdown pattern caused by step pumping. 

s = — [W(u)- \V(u ' ) ] t > r 
47rT 

(2) 

Jacob (1950) noted that for small values of u' (i.e., 
large values of elapsed time), Equation (2) can be 
approximated bv - <* c'- "" 

(3) 

If t is in days, Q is in gallons per minute, T is 
gallons per day per foot, and r is in feet, Equation 
(3) can be generalized for a series of pumping and 
recovery periods (Figure 1) as 

^ log.ot^' )Q ' . / Q"( ^ ) Q " 1 / Q n ± ] (4a) 
T t, t n . i t n 

s = 
t' n > 0 during recovery 

^ Iog,o • . t n ] 
r 1 5 t i t n - i 

t n > 0 during pumpage (4b) 

. '? f / j { - ' where tj = t - T\ is the elapsed time since the ith 
' , • . pumping rate started; t; = t - r'j is the elapsed time 

ff, since the ith pumping rate stopped; and and r | 
.•tv-X'^-l are the times ith pumping rate started and ended 

v . _ f ^ respectively. 

Fig. 1. Drawdown pattern associated with intermittent 
discharge of varying duration and at different pumping 
rates. 

For the case where the pumping rate for 
several steps (Figure 2) changes but does not go to 
zero, the elapsed time since the end of the (i - l ) th 
pumpage is the same as that since the beginning of 

. the ith pumpage (i.e., t ; . i = t j ) , then Equation (4a) 
reduces to 

264Qn t , A Q ' / C V . . t n

A Q " / Q n 
s = — - — log 1 0 ; (Harnll, 

1 1 1971), 

where t' is the time since pumping stopped. 
For the case where the intermittent pumping 

rate is constant (i.e., Q = Qi = . . . . Q n . Equation 
(4a)reduces to 

264Q t, t n 

s = Iog 1 0 ( — — ) (Brown, 1963). 
T t', t n 

APPLICATION 
Equations (4a) and (4b) are cumbersome to 

work with. However, if we let 
n-l 

0n(O= 

( 

i=l 

1 

: - r ; ' t-r,' t - r n - i ' 
n = 2. m 

n = 1, 

(where m is the total number of steps in a pumping 
test, and n is the number of the step we are 
interested in'analyzing) and divide both sides of 
Equations (4a) and (4b) by Q n , we get 

s 
On' 

264 t-T n 

— log l o [0 n (t) — J t > r n during 
1 7 f l recoverv 

(5a) 

264 0.3T 
— Iog,ot-7rri3n(t)(t-7 n)] t > r n during (5b) 

r pumpage. 
In these equations 3 n(i) can be thought of as 

an adjustment factor that takes previous pumpage 

1 3S 



to 
)th 
or" 

into account. We define the expression 

MtHt-Tn), ^ J ' t t . 
as the adjusted time and the expression 

-fci(t) ( t - r „ ) / ( t - r n ) , "T 
/;> 

as dimensionless time. Appendix A is the program 
written for an HP-25 pocket calculator that we use 
to calculate 0 n(t) up to n = 4 for the cases where 
ri-1 equals rf. 

Assuming that a pumping well is one hundred 
percent efficient, Equations (5a) and (5b) indicate 
that data plots on semilogarithmic graph paper of 
s/Q (n = 1, m) versus adjusted time for pumpage 
(or adjusted dimensionless time if recovery) should 
fall on the same straight line, which has a slope 
264/T (Figure 3). This characteristic of Equations 
(5a) and (5b) allows hydrologists to make use of 
all data collected during step-pumping tests to 
calculate T and S. 

T = 
264 

one log cycle 
A (s/Q) 

For an observation well (r feet from the 
pumping well) the intercept of the straight line 
drawn through the plotted points with s/Q = 0 
gives t 0 for the conventional determination of 
storativity 

/ _ S = 2.08 X 10"4 T t Q / r 2 

(. I m »> v . , / V ; ; \ 
DISCUSSION 

For evaluating well performance, trans­
missivity, and local hydrologic conductivity we 
have tound that short step-drawdown tests are in 
many ways as useful as much longer constant-rate 
tests. Our typical step test consists of five 
thirty -minute steps and five hours of recovery. 
These tests rarely include observation wells. 

2 ' 2 . 

1,2 , 1 1 O O t o O t x n l l f o r t t i D * 1,2 , 0 " d 3 

I • 4 0 1 0 D o m l f o r r o t 0 > K y p t n o O 

t o m « < i m « t r t l a r r a d l o o t ' t u d u o l r t c o v a r f 

dial ttroiqM hnt ol Hop* A U / 0 ! 

\ ...... o n l i n < o c c u r d u r i n g 

p a r . S O I • l t n b o n e a u u m g t i o m 

a r o 1 0 ' t a i ' i i i t d , k i t u o U f t t c o u i i 

g I t i o l o r g » 

Of l d i m o n i t o n i o t i 

Fig. 3. Plot of drawdown versus log adjusted time and 
residual drawdown versus log dimensionless time in an 
ideal efficient pumping well. 

1,2.3,4 > doto eotnu for i t tp t I.< 

• • tfqta poifii far racoxrf 

—» tgg oajuttad i o, log aiin«nsioAi«ii t lmi —* 

Fig. 4. (A) Drawdown pattern during conventional step 
test. (B) Pattern of drawdown versus adjusted or dimension­
less time in inefficient pumping well. 

Moreover, the data for the pumped well rarely 
conform to the ideal described above. In the 
following paragraphs we address the principal 
reasons for the lack of conformity. These reasons 
include: 

(1) well losses, 

(2) well is developing, 

(3) hydrologic boundaries and local hydrologic 
conditions that violate the Theisian assumptions, 
and 

(4) other factors. 

Well Losses 
Figure 4 illustrates a typical plot of data 

obtained at a pumped well during a step test. 
Instead of the data falling on one ideally straight 
line they lie on parallel lines and the early recovery 
data fell on a curve. These departures come about 
because the well itself imposes head losses that are 
not taken into account in Equations (5a) and (5b). 
These well losses may be calculated by determining 
the coefficients of the equation 

s = BQ + CQZ or s/Q = B + CQV (6a) 

from the data of a step-drawdown test (Rorabaugh, 
1953; Lennox, 1966;Sheahun, 1971). 

Jacob (1950) argued that for most uses 2 = 2 
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