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TEST AT AMBRIDGE

By D. e ‘Ian Ml

introduction

3y arrangement with !r, J. Zs Columbia, Superintendent of the Ane=
bridge Water fYorks, Lbe Unlted States Geological Survey conducued a
fpumping test" in the Amoridge well field on Hovember 10, 1949, As
used in this report, "pumping test" weans puuping a well at a {ixed rate
to determine the hydrologic properties of the water-bearingz formation.

By weasuring the deeline and recovery of water level in the pwiped well
and in other observation wells Lhe necessary information is obtained
for computing Lhese properties.

Such procedurea' are part of the field activities of the ground-water
progrm in Fennsylvania being apomoraél Jeintly by the Pennsylvania Topo-
graphic and Geoloric Survey and the United States Geolopical Survey.

The amount of watcr that can be pumped from an underyround fore
a.tion depends upon its abiliiy to Lransmit water to a well and upon the
amount of water thot 1s relezsed rom storage when the water table or
pressure licad is lowered, The firs. is measured by the coefficicni of
trancumissiblliivy and the second by the coefficicnt ol sworage. These
two characteristics are then used to determine Llie efi'ect on water levels

czused by changes in the locutien and rate of puaping from the aquifer,

Deseripgtion of liells

The Boroui}: oi' Ambridge obtains ils waler supply from 8 drilled

wells, located in a line elong the cast bank of the Ohio River at Ambridge,



Beaver County, Pa. The wells are spaccd about 200 feet apart and are
from 17 Lo 4O fecet Irom the river at normal pool stage. They are
nuuwoered from 1 to 8, starting from the north ends The wells are 12
inches in diameter and range in depth from 42,6 to 58 feet, The lower

12 = 14 feet of each well is screeneds The wells are equipped with

electrically driven turbine puups and can be operated individually,

Geology

The aquifer consists of sand and gravel of Pleistocene age overe
lain by .ecent clay and river mmde 7The sand and gravel is believed Lo
be the outwash from a 'idsconsin ice sheet which invaded the Allegheny
watershed in northwestern rennsylvania. though these valley-fill
deposits are relatively shallow - not exceeding 60 feet in this locality,
they zenerally extend over the entire width of the present valley., The
aénd and gravel aquifer underiies Aubridce to the east wall of Lhe vallgy,
and probauly extends under the Chio River to the west side of the valley,
a total width of about 4,200 foet, The rock floer of the vallay is
composed for the .08l part of shales and finc sandstones of the Conemeugh
formation of Pennsylvanian age. Ihe watcr~bearing properuies of tie bed-
rock are poor as compared to the vallcy sediments and fow rock wells

have been drilled,

Test Procedure

For at least 24 hours prior to Lhe test, Rorough wells le3 were idle,

wiile wells L-8 were in continuous operation, Seginning at 9:30 Al Hov, 10,
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l§h9, well 2 was pumped at the rate of 300 gpm and wells 1 and 3 were
‘used as obgervation wells, Punping of well 2 was continued for 5
hours and 10 minutes. The rate of discharge was measured through a

6" by L" freely-discharging pipe orifice and was eonstzint. during the
bor.‘.od ol the test., Discharye was int.o the Ohio River opposite the
wWelle OJtatic water levels in wells 1, 2, and 3 were measured by steel
tape before the pump was started. DPeriodic ieasurements were made in
wells 1 and 3 during the period of pumping and for 40 minutes after
lpumping stopped.

Jlsasurements in well 2 could not be made with a tape while the
pump was running, but two aeasurements were obtalned by weans of an
electric cable and test set, Recovery of the water level after pumping
stop ed was teasured by steel tape. Fige 1 shows graphs of the measured
water levels in wells 1 and 2, The temperature of Lhs well water and
the Chio lldver were recorded periodically and were found t§ be about
68° F and 54° F, respectively. A temporary staff gage installed in the

River was read occasionally to determine any changes in pool stagee

Analysis of lata
Figure 2 contains curves of the drawdown in wells 1 and 3 caused

by pumping well 2. Drawdown is plotted against ti:c on the logarithmic
scale. The slope of the line through the first few points determines

the value of the voefficient of transmissibility, T, compuied by the
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Theis noneequilibrium formula. Aceording to this formula tie time=
drawdown relation is a straight line on semi-log paper for a uniform
aquifer of unlimited areal extent.

The aquifer pumped at Ambridge acts as a uniform infinite body
dl'lh for A short time, until other effects are introduceds The first
of these - Lhe presence of recharge - is indicated by the suarp change
of slope in the drawdown curve., The second facwor - 2 ooundsry4 of the
aguifer - is observed in the next change of slopes The slope of this
last limb of Lhe drawdown curve is double the slope of the‘recharga
limb, .he effect of the boundary, in tals case probably tlie ezsiern
linit of the aquifery, is an increase in the drawdown whicl may be cone
sidered to be caused by a hypothetical "inage" well beyond the boundary,

From the test data the [ollowing have Leen computed:

Coefficient of Transmissibility T = 180,000 gpd/ft
Coefficient of Storare o = 2e4 x 107% (0,00024)
Distance to line of recharpe = L00O feet

Jistance to boundary = 2700 feet

The drilling records indicate an averape thickness of formation
v in this area of about 28 feet. The coefficient of permeabllity thus
is about 6,400 gpd/ft2.

The magnitude of the coefficient of storage § indicates that the
ground water occursg in the aquifer under artesiun head, Further evideuces

of this condition are in the positibn of the static water level (prepaufe



surface) and in the effect on whe water level of paseing railroad

trains,

Jrawdown and Inter{erence

Js.ag the values of coefiicients of transmissibility and storage
computed from the Lest data, the curves in fige 3=a were plottcd to
show the drawdown or inverference offect of un adjacent well for various
rales of pumpinge Uased on o well spacing of 200 feet, the incerference
includes the effects of the recharge and thie boundary conditions found
at the site,

Similarly, the curves in fige 3-b show the expecied drawdown in
well 2 for continuous pumping a2t these rates, with no other wells operating.
The total drawdown in t!is well after any period of puaping would be the
sun of Lhe awount shown in fige 3«b for tie given rate and the amounts
produced by any other wells being pumped =t the timee The drawdown caused
by wells 1 and 3 can be obtained from the curves in fig, 3-a, whereas
the effects of wells L-8 on well 2 have not been determined, ells 4=8
were in operation during tihe tesi, but the combined rate of pumping was
not recoruidde. Asswn . - Lhey had eaclh: been pumped at 300 gpin for 24
hours, Lheir combined effact on the water lecvel in well 2 is estimaled
to be about 1,5 feet,

Theoretically, the amount of drawdown is direclly propertional
to the rate of withdrawal, This relation holds for all practical cone-

siderations in observation wells al any distance from the point of with-

drawal, For example, at the emd of any period of puwmping, the drawdown



caused by pumping 200 gpm is half the drawdown caused by pumping 400
gpa., as shown in fig, 3=a, lLikewise, uhe drawdomn for 300 gpm is
tihree-rourti:s the amount for 40O gpme In & well whieh is being pumped,
however, this relationship does not apply, and conversions of the draw=
downe in f{ige 3-b to iLhe other rates of pusping follow & different law,
which could be delermined by a special test on the well, An approximaiion

of this law was used in compuling the time-drawdown curves in fige 3=b,

Conclusion

The hydrologic properiies of the aquifer tapped by the municipal
wells at Ambridge have becen computed from the drawdown curves in fig, 2,
#ith a fixed transmissibility the amount of water that ¢an bLe withdrawn
through a well is woverned in this cise by the avounl of drawdewn produced,
That racharge to the ajuifer is derived from the Ohio Hiver is shown by
the first abrupt change in the slope of the curve, The contribution of
water frow tie dirvction of tLhe river was less than the rate of pumping
during the test, and the curve continued Lo decline (second limb) but
at a lesser clope. Lventually the pumping eff:ct reached a boundary of
Lre aquifer and the curve sveepened (third limb) Lo a slope twice that
of the sccond limb, |

Lquilibrium would be reached only when all the water comes frou re-
charzes The test data indicales thal for the period of the test the Chio
tdver was not supplying all the water to the punping well, Apparently

the hydraulic gradient from the area of rechar e Lo the well nmust be made



steeper by increasing the drawdlown., Then the river will be contributing
the cntire amount and none will be taken from storage with the aquifer,
The inlerference between wells in this group is small, being less
than 1,0 foot of drawdown alter one day of pumping at 300 gpm., For
example, the total drawdown in well 2 after one day of pumping wells
13 all at 300 gpam would be, from fige 3-=b, 1495 ¢ 0,90 ¢ 0.90 = 16,75
feet.,
The drawdown curves coampu.ed for well 2 probably are typical
of the performance of the other wells in the group, except that the
initial drawdowns may vary in a range of a few fccte The time-drawdown
curves for other elle should have approximately the same slopes as

tho’e for Wen 2 in fig. 3.b.



(a)

dater level(a)

am 2076
2.Th

3.03
3.17
3e22
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325
3426
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dater level in fect below measurin,

pr nddx
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10: Q4
10:06
10: 08
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10:15
10:20
10:25
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10:40
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10: 50
10:55
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11:20
11:30
11:45
12:00
12330
12345
1:00

1:15

1:30

1:45

an

fater Levels in Yell 1

Hater level

34315
3315
334
334
334
334
3e36
3436
3.37
3.

30
3.38
3.40
3640
3640
3kl
Jei2
3elily
3eks3
3ekb
3eli5
348
JebT
3.8
3485

edge of aireline hole in puup base,

Ambridge, Pa.
Nove 10. 1949

Time

2:00
2:15
23130
2t40
2:41
2142
2143
244,
215
2146
2:48
2:50
2:52
21 54
2:56
3:00
3:05
3:10
3:15
3:20

IM:K

Water level

ek
349
3450
3450
334
3410
3406
3402
3401
3.00
2,985
2,98
2496
2495
2495
2¢95
296
2492
2.9,
2,93

point; measuring point =



Appendix

Ambridge, Pa.
NOV. 10’ l9lb9
Jell No, 2
iater Levels(a) llate of Discharge Temperature
iim e Lo Hto. of Natel‘(b) im OF
9:08 am 7.23 9:30 anm 0 9135 am 68
9:28 7426 9:32 R 9: 55 67
93150 23.3 (o) 9:40 22, 10:25 07
1145 23.3 (c) 9:55 22, 11:05 Y
1:45 pm 22,10 (d) 10:25 224 12:10 pm 68
2:28 22,10 (d) 1.:05 22.‘. 1:50 6745
2:41 790 11:30 223 2130 68
2:42 7.67 12:10 pn 22 1/8
2:43 7459 12:38 22 1/8
bl 757 1:50 22 1/8
2:45 Te54 2130 22 1/8
2346 Te54 2340 0
21486 Te51
2250 7051
2:52 7050
2155 748
33“) '70109
3:05 7.48
3310 70&3
3:12 7050
3!13 70&7

(a) Water level in feet below weasuring point by steel tape, except
as obtherwise indicatedy weasuring point = edge of air-line hole
in pump base,

(b) 1Inches of water above center of discharpe pipe orifice.

(¢) By air gage, in feel below center of -age which was 1,00 foot

. above .1. ?.
(d) By electric tape, in fect below !, P,

Ohio River
Time  Staff Cage Jempe
9 H 03 am 0.30 b § .
9335 30
10200 030
10:30 ¢30 5245° F,
11:25 25 51,
12:10 pm ,25
1:50 30 55

2:30 23



Time

9:15
G328
9131
9:32
9:33
G234
9135
9:36
9:37

9:39
G140
g4l
142
Gel3
9l
9:45
9:46
9347
9:48
G:49
9:50

9155
10:00

10:05
10:10
10:15
10:20
10:50
10:32

(a)

fater Levels in 'iell 3

fater Level(a) Time

am 3090
3.93
Le32
Le32
LeL6
Le51
Le51
Lo 5k
Lo 56
Lo57
he53
le59
Le55
he59
he57
6L
Le57
Le56
Le58
1&059
Leb2
ko600
had9
Le57
La 39
4460
4e60
L .60
Le65
L.60

.ater level in feet below measuring point;
air-line hole in pump base,

10:35
1C:40
10:43
10:45
10:50
10: 56
1C:58
11:C0
11:10
11:20
11:30
11:40
11:50
12:00
12:15
12:30
12:45
1:00
1:15
1:30
1:45
2:00
2:15
2:30
2:35
2338
2:39
2240
2:41
2:42
2143

Appendix

liater Level

an Le62

he025
Le59
Le625
Le63
’5065
L o6l
)yo (’)65
Le66
hebY
Le605
Lebl
L.675
4695

m I¢o66

Le 70
La05
lebb
4e65
Lo66
Lo00
he67
10066
10069
Le'l
Le75
Le75
Le07
bLoldy
L4e31
Le21

Aroridpe, Pae

Nov. 10, 1949

Time Jater Level
2: 4 pa Lel5
245 Lell
22[4»6 l&ou
22’67 10013
2:48 Lel3
Z:hg "6013
2:50 - 4413
3351 holj
2:52 Lell
23 573 Loll
2: 5“ lhm
23155 LoUbS5
23 56 140065
2357 L 10
2358 . h.ll
2359 AolB
3:00 h.].2
3:02 lnu
3!&0 IGOMS
3'“ -'&017
3108 - LeO7
3:10 Lo 08
3'12 10013
3:11 4005
3:16 L075
3818 lnll
3:20 4405

neasuring point = edge of



Time

9:15
G328
9131
9:32
9:33
G234
9135
9:36
9:37

9:39
G140
g4l
142
Gel3
9l
9:45
9:46
9347
9:48
G:49
9:50

9155
10:00

10:05
10:10
10:15
10:20
10:50
10:32

(a)

fater Levels in 'iell 3

fater Level(a) Time

am 3090
3.93
Le32
Le32
LeL6
Le51
Le51
Lo 5k
Lo 56
Lo57
he53
le59
Le55
he59
he57
6L
Le57
Le56
Le58
1&059
Leb2
ko600
had9
Le57
La 39
4460
4e60
L .60
Le65
L.60

.ater level in feet below measuring point;
air-line hole in pump base,

10:35
1C:40
10:43
10:45
10:50
10: 56
1C:58
11:C0
11:10
11:20
11:30
11:40
11:50
12:00
12:15
12:30
12:45
1:00
1:15
1:30
1:45
2:00
2:15
2:30
2:35
2338
2:39
2240
2:41
2:42
2143

Appendix

liater Level

an Le62

he025
Le59
Le625
Le63
’5065
L o6l
)yo (’)65
Le66
hebY
Le605
Lebl
L.675
4695

m I¢o66

Le 70
La05
lebb
4e65
Lo66
Lo00
he67
10066
10069
Le'l
Le75
Le75
Le07
bLoldy
L4e31
Le21

Aroridpe, Pae

Nov. 10, 1949

Time Jater Level
2: 4 pa Lel5
245 Lell
22[4»6 l&ou
22’67 10013
2:48 Lel3
Z:hg "6013
2:50 - 4413
3351 holj
2:52 Lell
23 573 Loll
2: 5“ lhm
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Appendix

mrid‘,’e’ i’ha.

Loz of ell Mo, 2

Deseription Frou To
Claye ¢« ¢ o o ¢ 6 ¢ o 0 o o 0 21 feet
iver mud o e o o o o ¢ o o 21 25
and and gravel o o o o o @ 25 31
Fine gravel o o o ¢ &« o 2 o 31 35
“ine sand ¢ o ¢ o ¢ ¢ o o o 35 38
“ine sand and gravele o o o 28 Li,
Coarse sand and gravele o o Iy L8

Cla.y and ;>r;1.'-.'el e o o o o o 1;8 50.67
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Oﬂice Memomndum e UNITED STATES GOVERNMEMT

TO

FROM

: A. N. Sayre, lashington, D.C. DATE: june 22, 1950

. » e !
:  John G. Ferris, Lemsing, Michizan Pile: L50L0

SUBJECT:  nbridge, Pa. report

Returned herewith is the repart titled "Lemorendunm on Fumping
Test at imbridge, Pa." by D. W, Ven Tuyl, which has been reviewed
in accord with your request of kay 24, It is regretted thut
practically a month has elapsed since your cririnal transnittal cof
this report for review, but the pressure of » ork in Michigan
during this past month imposed numerous delays,

Inasmuch as this represcents my first attempt as & reviewer ‘I
would greatly appreciate yocur appraisal of my enclosed memo of
criticism prior to its transmittal to the author, I your selection
of this particular report wus mude with the point of appraising my
gqualif'ications as & reviewer you are to be canplimented on your
choice, Having no previous experience in the review of Survey
reports I am uncertain as to your policy in this regard. It may
be that I have criticized this report too severely and perhaps you
may wish to temper some of my remarks, In view of the prospect that
I might review additional ‘reports I would greatly appreciatec your
opinion on the nature and extent of my enclosed memo of revision and

correction to the Ambridge report,

John G. Ferris

ai



Suggested revisions and corrections to report by D. ¥W. Van Tuyl

Titled  Pumping Tests at ambridge, Pa.

Item 1 Page 1, Introduction

The introductory section puts the cart before the horse
by mentioning the name of the local water works superintendent
in the opening paragraph and relegating the name of the coop=-
erating agency to the brief second paragraph. While proper
acknowledgerent is due the local water works superintendent
such recognition is of secondary importance,

In the second paragraph of the Introduction the statemont
is made that g

"Such procedures (meaning pumping tests) are part

of the field activities of the ground-water program

in Pemnsylvania = = = = ="

while it is recognized that considerable attention has
been fooused on pumping tests and the hydraulics of ground water
within recent jears we should never lose sight of our principle
objective, Pumping tests arc only a tool which we have found
useful in our studies of the hydrology of un areas In effect
then,the sentence in question te.ls nothing more than the
{followin; statement;

Water-stage recorders and tapes are part of the

field equipment of the ground water program in

Pennsylvania = = = = =,
While my substitute sentence is perhaps extreme it serves to

demonstrate the point in question,



It is suggested that the Introduction be rewritten in
e mamer which will convey to the reader of your report the
overall objectives of the cooperative groundewater program in
Pennsylvania. Indicate how and to what extent the Ambridge
pumping test fits into the regional program, Include pertinent
comuents on the nature and extent of past and present water
problems in the Ambridge area. DLemonstrate how this particular
test will assist in the appraisal of local water proLlems,

Item 2, Page 1 and 2, Description of Vells

The monotonous recitation in arithmetic Lo describe the
well system owned by the borough of Aabridge is apt to leave
the reader cold. The old adape thet a picture is worth a
thousand words certainly applies forcefully te your welle
description paragraph. At least a map of the well field area
should be furnished to diow the reader the relation of the wells
to the adjacent Ohio River and the orientatiien of the pumping
wells and observetion wells used in the teits It would be helpful
to show on that map a section of the well construction, the position
of screens and pump-bowl settings, and round-water levels in
relation to land surface and river level,

It is recognized that you are probably pressed for time,
but it seems reasonable that even a briei report warrants the
one or two days work necessary to prepare the sugyested
illustrations.

Item 3 Page 2, Geology
when - recognize that it is the geology which determines

the occurence of ground water in an area and establishes the



controls on the iLydrology oi the area it would appear
imposciule to do Jjustice to this phase of tho imwestigation
in only a single paragraph. Here again the lack of illustrae
tion greatly impairs your presentation eof the subject.
Pertinent description shuuld be provided of the lithology,
structural geologzy, geomorpholegy, @nd placial geolopy of

the area with special reference to their bearing on the
occurance of ground water, If logs eof the exlisting wells are
available furnish them and show a geologic section through the
test area. In this regard, note that Legrette's Southern
Pennsylvania Report, W3 on page 9. indicates that 38 driven
wells were owned by the borough of Ambridge at the time of his
field work during 1928 and 1.29, If logs of these wells are
availavle, add same to the geologic sections and to the well-
loz appendix. If logs of the wells ure not available records
of well depth and screen setting could be used to construct a
generalized geologic section,

Your last sentence of the geology paragraph indicates thut
the bed rock in the Ambridge area is a poor aquifer., The question
ariscs as to whether you mesn peoor from the standppint. of large
capacity wells for industrial or municipal use or do you mean
poor without qualifications Leggetie implies that the Conemaugh
formation may yield "good supplies of moderately mineralized
water" in parts of Leaver County., i#hile it is true that your
pumping test applies to the alluvial depositis, your report should
include comments on the availability of water from all aquifers

in the Ambridge area.



L
Item i Pages 2 and 3, Test Procedure

In this section, just as in the above sesction titled
Description of Wells, it would be desirable to present the
pertinent data in graphic form, Your iigure 1 could be
drafted to a somevhal different scale in order to provide
spuce for an underlying graph that would show the rate of
discharge ty the pumping well with reference to time., 1In
this manner the start and slop times and the duration of
pumping could all be shown Ly the pumpage graph., If availe
able it would e desirable to show a similar graph for the
punpage from the group of wells l; to 8 inclusive,

Ii water levels were measured during the 2i, hour rest
period, prior to the start of pumping, then chow same on your
water level griphs. The two isolated measurements made in well
number 2, near the close oi the pumping periced, do not provide
sufficient bLasis for drawing the complete hydrograph given by
your {igure 1, If tﬁo hydrographi shown was drawn by inference
or guesstimate then show same as a dashed or dotted line rather
than e :olid line., Generally vwiien a solid line is used it
implies that you have sufiicient coverage of duta to be reasonably
certain of the trond at «ll times, throughout the range of obssrva=
tione Certainly two points prior to the start of pumping and
two points al the close of pumping do not justify the libvertiss
you have taken in showin_ a hydrr:;,rap-h for well number 2,

In view of the limited number of water-level measurements
for well number 2, in contrast to the data shown by figure 2

for well number 3, it might be better to record the measurements



5
for well 2 in tabular form and show the measurements for well
number 3 in graphic form., Your choice of Survey form 9-213A
for plotting the hydrographs of {igure 1 results in a makeshift
scale for the time variable. Any saving in cost that might be
made by the use of this form as contrasted to commercial 12 x
10 or 12 x 20 crosse-section paper is ofiset many times by the
convenience you impose en reviewers and readers of your report,
Further, makeshift graph paper such as figure 1 leaves a poor
impression on the public who consult and use your report,
Item 5 Fages 3 to 7 inclusive, Analysis of Data, Drawe-down and
Interference, and Conclusion

Errors in your interpretation of the pumping test data veid
these sections and therseby invalidate the entire report. After
your recovery from the shock of this bald statement and the
subsidence of the burning sensation in my ears let's look at the
data for clues that point to the correct answer to your problem,

First, test your answer versus the observed drawdown or
recovery for the pumped well, 4 1l2«inch diameter well with 10
feet of screen should deliver the 300 gpm with a soreen loss
of 1 foot or less if properly soreened and developed., Within
15 minutes after shutdown, well 2 recovered 1lL.6 feet, Let's
assume that most of this recovery represents formation recovery
and only a small part was screen loss., Using your values for
T, 8, and the distance to the recharge source we can compute
the recovery of the formation at the end of 15 mimutes. We need
not consider the effect of the distant impervious boundary for
this short period.



Givans
r = 6 inches T = 180,000 gpd/ft
t = 15 minutes § = 2.l x 107
Q = 300 gpm
us= 1.87r°8 = 1.87 x (%)2 x 2.4 x 11;1:0 = 5,8 x 10~8
Tt 1.8:105310th5
W(u) = 16.1

= 1114.6 Q W( ) = 11)4.6 x %0 16,1 = Ze1 £%.
8 “"T u X

Compute the efiect of the recharge well
ry=2x LOO = 800 f%
u = B002 x 5.8 x 1070 = 1,5 x 107}

=

H(U) - 1.5
[ ] -1053301 -OQBR
15.1

.
Then the drawdown in the real well = 3.1 = 0,3 = 2,8 ft.
If this computed wvalue of drawdown or recovery is accepted, yeu
imply that the balance of the observed drawdown, which is 14,6 =
2,8 « 11,8 f't. must bLe largely screen loss, For the moderate
pumping rate invelved, a screen loss of this magnitude is out
of 1line unless the well was poorly developed or the screen
inorusted, Thus, the performance of -nll 2 suggests that your
computed T value is too large,
Qur next step is to inspect the original data to determine
whether it presents evidence of smaller T values. In analysing
the results of a pumping test, the use of Jacob's semi-log method

must be restricted to regions where the values of u are small,
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As explained by Jaceb in his original presemtation and by
others in subsequent reports, the semi-log method is an
approximation that only becames valid after m. is quite small
(less tham 0401 generally)s Using your values of T, S, and

the distances to tie real well, to the recharging image well

and to the discharging image well,we find that u values for both
image wells are many times greater than the upper limit for use
of the semi=log method, If the ¥ value is revised downward te
where we suspect it may be,the u values for the first few
measuremants are also beyond the acceptable limit for use of

the semi-log method.

In the second paragraph of your page L you refer to changes
in slojeof the time drawdown curves in a mamner that indicates
you are somewhat confused on this matter. If as you imply, the
slope of the last limb of the drawdown curve results from the
entrance of an impervioys boundary then the slope of that line
for this problem must be exactly equal to the slope of the initial
limb, caused by the drawdown of the real well. The second or
intermediate limb which shows the effect of the recharging image
well should have been essentiully horigzontel. I. the test begins
with a discharge Q that is caused Uy the real discharging well,
then the introduction of a recharging image well would occur at
the same rate @ and would thereby cancel the initial slope or
cause the water-level observations to trend essentially

horizontal., This statemenmt obtains only if the use of the semi=-log
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plot is justified for the example, that is if and providing u
is quite small. Inasmuch as the observed data does not reach
horizentality before the entrance of the recharging image you
are reasonably assured that you are not dealing with a region
of small u values,

From your figure 2 it appears thut the e ffect of the
recharging image well reached the observation wells shortly
after the second minute of pumping, In the case of well 3
the effect of the recharzing-image well may have arrived after
the third minute of pumping, Unfortunately the data is
insufiicient to e positive of these inferences. Further,
the data for wells 1 and 7 during the iirst 7 minutes are
so erratic, wth with regard to water-level measurem:nt and te
timing, that any fit of these three points to the type curve
is largely a matter of speculation.

Since both wells 1 and % are about the same distance
from the pumping well, the drawdown effect in each well should
have been essentiully the same for those observations made
prior to the arrival of any effect from recharging-image well.
It seems probable that at least the ouservations at 1 minute
and 2 minutes for wells 1 and 3 should show essentially the
same drawdown, Note that your observations report the follow=

ing drawdowns.

Time ef pumping in minutes Drawdown of water level in feet

Well No. 1 Yell n’ol
3 0.29 0.39
2 0s43 0439
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In confirmation of the above premise your reported observations

at the 2 minute interval do approach eachother, Note however,
the wide spread between the drawdown values for wells 1 and 3
at the leminute imtsrval and that for well 3 the same drawdown
is recorded at the Zeminute intcrval as was reported for the
leninute interval., It is physically hnpou.iblo for the drawdown
at well 3 to be the same at both the 1 and 3-minute inverwal
unless extraneous sources disturbed well 3 without producing
any corparable effect on well mmber 1, "™ile the hydrograph
of well 3 does show interfemnce throughout most of its extent,
for the most part this interference efiect is too small in
magnitude to entirely account for the erratic observations in
well 3 at the leminute and 2-minute intervals.

When a pumping test is run in an artesian aquifer that is
of linited areal extent it is imperative that the measurements
of water levcl in each observation well Le made at very frequent
intervals during the first few minutes of the test., This is
particularly true if you suspect that a boundary lies within
& distance co parable to the distance fiom the observation well
to the pumped well, In this test it would have been hclpful te
obtain water-level measurements in both wells 1 and 3 at half
minute intervels or less during the first 5 minutes of the
pumping period, In orde- "o make olLservations at this frequency
it may be necessar) to assizn both a water-level observer and
a time observer to each observation well during the first 5

minutes of the test,
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It is imperative in a test of the Ambridge type that all
observers synchronize their watohes and this statement imeludes
the operator who is responsible for starting the pump on the
discharging well, Time errors as small as 20 seconds can
greatly distort the observational dute and will defeat your
purpose in fitting the type curve through this early time
region. lany investigators who have conducted pumping tests
in areally-limited agquifers with moderate to joor succeass
have ®missed the boat™ by being sli -shod or careless in
synchronizing observation time with pumping time., Notwithstand-
ing the many idealized assumptions necessary to the derivation
of the Theis non-equilibrium f{ermula, you will generally find
for an artesian aquifer, that if water-ievel measurements are
accurately made wnd if timing of observations wre precise a
match to the type cuive can usually e obtained with observatiomal
data measured during the first 5 minuvtes of pumping, It must be
recognized however, that this earl) time region requires far
greater precision in the measurement of both water level and
time than any other part of the test. It should alsc bLe
recognized that in this region of amall t values the sampling
of the aquifer obtained is most limited and thereby most
largely oﬁ‘ected by local inhomogeneities.

As a guide for your re~interpretation of the pumping test
date collected during the Ambridge test we have enclosed log-leg
plots for several poss bilities thut may point towerd the answer,

Bxamine fir.% our figure A for well number 1 which assumes that
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the observations at 1 minute and at 2 mimtes are correct as
reported and thuet the effect of the recharging=image well did
not reach well 1 until sanetime later than the second ebservae
tion, Using only the {first 2 observations, a match is made
to the type curve as indicated on the log~log plot by i.P. 1.
This match indicates a T value of 179,000 or about the same
value which you obtained by the sani-log method using the
same 2 points., Now, with the obserratiomal data superimposed
on the type ourve at ll. s 1 trace the path of the type curve
onto the observation plot. Next, mcasure the depurture of the
vuseived daba from the trace of the type curve and replet these
departures using the ri: ht-hand scale for drawdown. These
departures are shown point by point as the inscribed squares.
The ddparture data represents the efiect on well 1 from the
recharginz=-imegse woll only. Inasnuch as the image we'l pumps
at exactly the same rate as the real well, the plotted squares
should fit the type curve at an sesintcrcept value equal to the
s-intercept value for the real well. This is not the cace and
thus you wre left with the conclusion that if all observed data
shown arc correct then the choice of 179,000 for T must be in
error,

From examination of your figure 2 we note there is a leveling=
off trend shown by well 1 from 12 to about 20 minutes after the
start of pumping. Let's assume that this trend would have

continued if the second boundary had not entered the picture.
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Draw a horizontal line through the nobed points at s=0,55.
leasure the demrtures below this line of all subsequent data
and compute therefrom the leog~-logz plot, our figwe D, If our
assumptioms are correct, tie se departures represent the separate
effect of the discharging-image well thut reflects tho valleye
wall boundary. Uy construction, that img: e pumps at the same
rate as the real well and the departure data should fit the type
curve at an s=intercept value equal to the value for the real
woll, The match used gives T = 3,,000..

As a check, we return to the data for wells 1 and 3 and
arbitrarily truce the type curve through the leminute observa=
tion for well 1 and the 2e-minute observation for well 2 and
mainteining the T value, of 2,000 determined above, The decisions
as to which observations on wells 1 and 3 were made prior to the
entry of the first image and the accuracy of these measurements
in relation to stage and time leaves considerable latitude for
individual interpretation as to where to fit the type curve,

Our selection resulted after several trial fits, but is by mno

means the best possible fitu and is used here only for demonstration.
For figures A and (,a u value of 1,0 was used and Lhe type curve
was translated alonz e u = 1,0, and 8 = 0,22 axes until it

passed through the desired observation point. The trace of the
type curve was drawn on the data plot and departures of the
observed data measured therefrom. The plotted departures were

then matched to the type curve and found t agree rcughly with

the original fit of T = 34,000 You can follow the szme process
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and make numerous other trials to estimate the probable T value.
It is probably not T = 3,000 but this value is morc nearly
correct than the T = 179,000 value given by your senielog plot,.

You will find thut the law of diminishing returns operates
severely on this trial and error matching because of the uncertainties
of the original data. It would be quicker and perhaps cheaper to
rerun the pumping test rather than pursue the cut and try approach,

For the purpose of demonstration we may determine the image
distances from the trial match points at the T = 3,000 value,
Let s, represent the drawdown in any observation well due to
the real well pumping and 83, the effect of the image well,

Then wiien sp = 83

11..6QW( ur ! « 11, :‘éQW( ui)
T T

or wup) = W(uy)

the ref'ore Up = uy

1.87r8 s = 1.87r%s

Since all of our match points were tuken at the sume s=intercept
we o n use the xz/t relation to deternine the inages. INor the re-

charging imsge well we obtaings



) ¥
from Fige Ay Fy = 200 Vg_’.__g = 280 ft to image

froo Fige Cp vy = 200 /g.a = 200 {%e to image

Similarly for the discharging=ims e well,

from Fige A and 5, ry = 200 68
'\/E’g =« 1040 f%.

Using the abeve estimates, let's check again the obLserved

deta for the performance of well 2,

Givens
r=6incles T = 34,000 gpd/ft
t = 15 minutes § = 2,6 x 2070 (owrve 1, :P2)
¢ * 30 cpm
ahence
u-l..B'Ix(’%)axa.éxm b
= Jui x 10
34; x 10° x 108 x 15 A
s -

1l,.6 x % x 140 = 12 feet

Subtruct the efiect of the rocharging immge well

2
e :ﬁ =11 (w) = 0,19

"0.19312’0.2“.
12

The computed drawdown in well 2 is 12 « 0,2 = 11.8 ft.
This value appears reasomable when compared to the ocvserved
drawdown of 1,6 feet w.ieh includes screen lossz.

while the above examples and trial couputations leave yar

Ambridge prollem unanswored, it is hoped that the) serve their

purpose in illstrating the procedure for further analysis,
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If another test can be run at this site it would be well to
carefully consider the choice of other wells in the group as
pumping sources or observation sites. Ii{ there is eny latitude
in this regard it would be advisable to select a pumped well
and observation wells farther removed from the river. In this
menner you prolong the real=well portion of the data ourve for
each observation well and verify the T wvalue for the formation.
We shall be glad to review any plan or layout of the well field
to assist you in selecting the optimum test pattern.

You may wish to consider also our system of the engineere
geologist team for pumping tests. As standard practice we use
both an engineer and a geologist on each pumping test, for not
only the field work but also the office analysis. The geologist's
Aim:erpretation of the well-log data and the regional geology
assists the engineer's anal;sis of the hydraulic data and vice
versa. The two specialists Jjointly prepare the resultant report

from their mutual interpretation of all data,

Reviewer,

John G. rerris
District Engineer, GW
Lansing , ldchigan
June 22, 1950
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YUre Do We Van Tuyl, Pittsburgh, Penne O July 20, 1950
Robert We Stallman, Washington, De Co GW
Your paper entitled "Memorandum on pumping test at Ambridge, Penn."
From the data ziven inm your report, it does not seem likely that a
clear solution of the image problem can be obtained. Perhaps you will recall
a disoussion in which we participated, held at Columbus, OChio, in early March
1949, At that time we discussed test data obtained by the Ohio office at
Toledo, using a set of type curves enti:led "Theis non-equilibrium curve
for water level changes due to two-well systems." Using Ferris' value of
r; at about 300 feet and a value of i'p of 200 feet, the value of K or_‘_%z
ie equal to about 046 For this value of K at up = 1.0, the drawdown
at the observation well would be omnly about 75 percemt of that which occurs
8s a result of pumping in the real welle For a clearcut solution of the
image problem ratios of _‘:2 8 should not exceed 0.25. Ilowever, as Ferris

L2
has poimted out, a series of trial computations ean be used to obtain a

roush estimte of r;, This estimte may, however, be in error because

of the inadequacy of data during the early part of the pumping teste. These
data are definitely required for dotailed analysis of the hydraulic character-
istios of the system comtaining immge wells. Copies of the type curves

for 1mage well solutions can be gbtained from lire Re He Brown, Hydraulies
Seotion, at the flashington offices - -

YT ANGE TN /s/ Bob

Hydraulic Englneer
Ground Water Branch

COPY |
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