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By D. ,, • !fan Tu;rl 

Intro • ction 

y arrangement. ith l • J . • Columbia, rintendent of t e 

' . 

bri er ,· ar s 1 !~c United .., ates olo ic 1 rvey con c r.ed 

" p pitlg t c t 11 in t he ri ,e. ell field o ove e~ 10, 1949. 8 

u ed in t. i s report, "pte i n t os " · t - 1 a t a ixed rate 

to e t.ermin he olo ic p.~.~opert.ies o t e water- u · ring f or· tion. 

suring t 1 ocline and recov r ot ter le , . in r.he pw1 ed ·ell 

an in other observ t · o tells l. e nee ss ry info tion is obt.a · ed 

or computing se r o rties . 

Such proce ures a 1·e rt o t ee !ield ~ ctivities of the oun ·-w ter 

progr in Fannsylv nia bein sponsored jcinLl. b t e Pennsylvania Topo-

hie an Geol o;ric ourv y an the lJni ::.cd St a t es Geolo 'ic 1 urvey. 

Tho ount of t c t t can be pu: pe f rom an w1 o ·r ound or-

ion e 'ntis upon its bili .,y ·o r t o a . ell a nd upon the 

· otmt of at.er t h t i :::. relc .;ed : rom s tor ge when the ~ ~a t.er t able or 

pr s o ltc is lowe d . 'i h irs is a ure rl by the coe ficiont of 

tr ns soibili 7 a nd t o s~cond by th coo 'i ci vnt or' swraee . · · ese 

t~IO C r cristics ·e then used to te~ 'ne ~ e effect on a t r lev~ls 

c sad oy c an ... a i n t.. 1C l ocu. ion an r a. l! of apinu frol'.l the aquifer. · 

Description of iells 

'rbo Bol-out;h o .\mbri g obtu · ns i s at.er s upf.>l fro r. 8 drilled 

I 

ella; l o ted in a line o.lon~ t he · st b nk of e 0 io ver a t ri ge, 
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avor County, Pa. Th 113 are s pac a bout 200 fee t. apart an are 

fro 17 o 40 t et f r o n the i ver a t rormal pool a e . They a rt) 

n ue red ro 1 to B, s tar ting froru t .c north end. "'he 'Jells are 12 

inch s i n diameter and r in depth from 42.6 to 58 feet . Thfl lower 

12 - ll~o teet o o oh ell i s screened. ha lis ar equi ped with 

electricall y i vc urbine !JU: t and can o o orar.e indivi lly. 

Geolop 

he quifer consists o! san an e avol of Pleist ocen ge over-

lain by L aeon clay nd ·iv r d. e sand and grave l is believed o 

be t t ... outw s f ro a r isconsin ice sheet. vhieh invaded the Allegheny 

raters e d i n north estern Pennsylvania. .though t. ese vall .... y- f ill 

epo~its re r elat i v ly shallo - not e>:ceeding 60 feet in t is lo~ity, 

t hey generally exte.nd over the entire width of the pz:esent. valley. The 

s nd nd val a qui f t nder i es .. 1bri~e to tl e eas t wall o ~.~h vall y 1 ... 
an pt"ooo ' l.Y tends unde · t e Ohio i ver to the \vest s icle o! th valley , 

a t t al idth of about 4 1200 f uet. 1'he rock floor of t he Wil<V is 

co posed tor t he r:os L ~rt, of shales and fine san~tonoa of t e C on~::~maugh 

for tion of l ennsylvanian aee . · he watc - .ur ina )ro · r ·e . of ti c bed-

rock ar or as co re to the v llcy oediment and f u i rock welles 

. " . 
~ve been drilled • 

.. ... 
e s t Procedure 

For at l e st 24 hours prior to t e test, Dorougl ~ells l•l ere idle, 

Ule wella 4 •nere i n contin OUS OJ~ ~ i on. inning at 9z30 A Jov. 10, . . 
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1949, 11 2 r ate o! 300 g n.nd ells 1 and 3 were 

· uaed a• ob~ rv t i on · lls. ping o well 2 ~as ontinued f~ 5 

ho\At"s n · n teo.. T e r t.-e ot d.1 ch~:Lr 

6' by 4n r ly- sc r g · pe orifiae and. was constant dtU"in the 

test. ·i s char -e as int o the Ohio River opposite t e ·- ~ ~ 

··oll. !.it tic w ter lev 1.3 in wells 11 21 an 3 were ured by s t.eel 

tape be ore tho pump was s t arted. erio c r asure.Illents \181"9 made in 

e lle 1. an 3 durin the period of p pin and or 0 · nutes after 

p n stop d. 

pump a :s runnin 1 bu t~1o .. nts e e obtained b ms o a n 

ol ctria cable and tost set . covary of t · water l evel a! er • ing 

s t op. d • 1 s cd by at el tape. Fig. 1 shows cl.J of t e 1 • s red 

ater l ev la in ~'lells 1 aml 2. h t.e r a tu.re o it: • .:ell ter and 

t h... hi 1 v '> ere recor d p .riodically a.nd e e OWld to be about 

6ll0 a d 54° '1 res . c ivel.y. A tempora .' st f gage installed 1n the 

iver as e d occasionally to det rmine any chan• es in pool &tage. 

lllalysis of a 

Figure 2 contains curves o tho dra down in ells l · .. nd 3 caused 

by w in ell 2 . Draw down is plot ted "ainst ti :r: on the lo · ari thmic 

ocale . T e slope o.r t e line t hro h the first ew points determines 

t e value of the ooefticien of tranamissi~ility, T, co puted by the 

.. 



•' 

Tbeia non-e uilibri f ormula. ceording t o this f o ul t 1e time-

t ion is .. x· a uniform 

ext.ent.. 

aqui ar t. ridge acts inito bo 
. 

QnlJ' !or a s o:t time , until ot;l er ef.f'ec t w are intNXi\lC d. ' he firs t 

of ose - t e presence ot r o - ia indicat b t ·!e s l8.r . chan 

~ lope i n th •down curve . . second fac~r - a '.Jound&ry o£ t 1e 

uif r - is o se in he t c n oi lo • 

· st limb 0• 1.. dr ldoV~n CIJrVi is double the slope of the reo r ge 

1· • .. h a f ct of he boWl ry, in · is c se pro · ly' t he \3 <t" t ~ 

of t l e aqui!'e , i &.n increaso in t e a vdo 1 If ·• c ·~ ' y e con-

s ed to be caused :rpothet i cal 11 a •e '' \•Jell b-e1 ond the bounda 

Fro t e test t ollowing · ve en computedt 

ocf ici~nt of £ ns · ssibility • 1801 000 ~!t 

Coeffici nt of :Jtorave • 2 . 4 x lo-4 {0.00024) 

Distance to lin or rcchar • 400 f ·e t 

!Ji t ce. to boun ry • 2700 tee t 

. The drlllln records indio t e an ave age t ickneas of formation 

· in t hie area of about 28 f~t. The coefficient or per!OOability thu 

is about 6, 400 gpd/tt2• 

gni tude of t e coof!icient. ot st.or gs S indic t.es t he. t the 

• 

ground w-c:1ter occurs 111 ~he aquite ,. undel' art,esian he d. urther vide ces 

of thie condition are in . the posit ion of t e static water level (preB_eure 
, . . 
. . . -· 

' 
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surface} n in t 1e c feet o h a er eel of paaein railroad 

t r · ' tlB . 

Us- ng t. e 

tro 

ues o coeff ici en s of tranaod.asibility an storage 

the t at ~ t 1 t l e curve in f ig. 3-a rc plott to 

,( 

s at t 

rat of 

dr do n or it erference offeet of un djacen ..el.l or vn.rious 

p· ne. U;- aed on :oil s cin of 2 feet , t e i n erfer nee 

includes t he effects of t .e r ec large 

a t t e 1 • 

1e bouno.ary conditi ns Wld 

Yell 

imi r ly, t c 

o co tinuous 

es in fig. 3-b sn~ h ex ;act ed · uwdown in 

.., ·.:. t hose r tes 1 wi t ll lls Of r ti 

' te t u 1 d.ra v own in 1 i s ter any 1leriod o ' oul e 

s of shown in fig • .3-b for tl e eiven rate and the a.moWlt.a 

p ·oduce d by o E:l r t·;ells i ng p d .. t. t c t.:i.m!s, The awdocrn c 1 cd 

b · ;el 1 d 3 can · ob incd rom t he cur vee in fi • 3-e., hereas 

t of ets o! vrellB .4-8 on :tell lB.Ve not been determined. U s 4-8 

e in o ration dur ing he st. , but t h combine r nte o1 ping s 

not recor ·~ • B eac 1 been wuped t 3 00 n tor 2.4 

ours, t l ir col!lbined e .fee on t te \; to· l~vel in •ell 2 is es ·. · t.ed 

t be a bout 1.5 t eet. 

heoretically 1 he ount 'Of · dr vrdown i s i r-ec l.y proportional 

to he rate of withdrawal. 'l'hia lation hol s for all pr otical con-

sideta one in observ· ion ·. ells a any 8 t.ance h om t 1e i nt. of witJl... 

~wal. For example 1 t e e~ o! any riod of · Upl in "' he dra down 

• 



c u~ .d by p· rt in~ 200 l f t he cir· 0 

., ns shown in fi • 3 • ikewise, 

caused by p pin 400 

down !or 3 0 r~ is 

t hree- f our ! s t .e ount for 400 • In c . ell ·hie i ein ~ p ped, 

ho .ever, tllla re .1.. tionsr i docs not a p. l y 1 an oonv~rsions of t h a '1-

downs in fi • 3- b to he ot e r r a. t.es of JJLLI pin f ollow a different law, 

ich o 1• bt: de t.e ~ne by a specia l t es t n t he ell. n appro.x.ir t.ion 

o£ t s la1 ~as used in computing t t e t: e-dra own .c rvee ~fig. 3- b . 

Conclqsion 

he 11¥ r ologiC pro r OS of aquifer t.ap 

ted r t e ·o_ls a t r r e ha v en co 

d by t e 1il · ci l 

.vnrnYn .c .Jr'l e in .t'i • 2 • 

~ ith fixed trer s missibill y the ount of a er hat can ~ · vi t.h a·m 

t hro · h a wall i s ~ ~ov rned in t l i c se by t e a •oun of dra~vdovm produced. 

ha rae r ga to the · er is derived fro:. t he hio .d ver is s hown by 

t o irst abrupt c nge in the slope of the c rve . 11e contrib11tion of 

VIa er f om t~•e irt;,ction o t l e river s less t an t e ra te o pwnping 

uri g ' t est , and t he curve con inued o .declin (secon 1 · ) but 

a t a lesser lope . 7:ventually the pl.l.l!lping e .:.ct bo t dary of 

i. t· a •1 · 'er an' t he curve eepened ( ir 1 b o a s lope twice t h" t 

of t soco d limb. 

JquilibriWil ~ould be re che only hen all t he · ·• t.er comes fro1 l"'f#-

c r :.e• he t.~et dat indica es tha t tor t a period of the eat tie otdo 

liver w. s not supplyin all the water to 1.. c 11. p ently 

t i e hydraulic gradient trom t e oa Q re ct!.llrl 'e to t ft)ll ust be m de 
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steeper by incre sing the a ldown. 

"' e entire · ount n none l'dll b 

he i ~ t ·;e n e s 

t n 1. 0 oot o one 

le , h 0 in ell 

1- 3 11 300 woul e , f ro 

fee • 

en the r1 ver 't ill be contribu ing 

n fro stor ~it th aquifer. 

in t.hic snall, oi ~ l 85 

day 0 in at 300 • for 

, 
~ ter 1 e day of p pi eUa 

i • 3-b, 11.,.95 • 0.90 + O. <JO a 16.75 

The dr own curves o~u e for ell 2 pro l are typical 

of t r~o nee o t . e o h r ·ells in he oup, except t t he 

initial 

e rves t · o 

ry 

rell shou.l 

t.hose or •ell 2 in i g. J-b. 

a rat e ot a few f ~ t . 'fh 

ve 

- draw o1m 

lopes s 



ppondix 

I te Levels in Jell 1 

t er le el(a) T I ter level 

St 2.?6 10: OJ., 3.315 
9:28 2. 74 10:06 3.315 
9:30 lOt 3.34 
9:31 3. 10tl0 3. 34 
:32 3.1 10:15 3.34 

9:33 3.22 10:20 3.34 
9:34 3. 24 10: 5 ) . 36 
9~35 3.25 10:3 3.36 
9:36 3. 26 10:35 3.37 
9:37 3.26 1 : ) .~ 

. 9:3 3. 27 10: 45 3• 
9:4 3. 27 10:.50 3. 38 
9:42 3.2 10:55 3.40 . 
9:44 3.28 11: 3. 40 
9:46 ) . 29 11:10 3. 40 
9=1 ) . 29 11:20 ) .41 

:5 3.29 llr3 3 . 1~ 
9:52 3. 295 11:45 3. 44 
9:54 3. 30 12:00 n 3.43 
9:56 3.3 l2a.30 3. 45 
9:5 3. 31 12al•5 J . 5 

10:00 3. 31 1: 00 3. ~ 
10 :02 3. 32 1cl5 3.L.,7 

1:30 .3 . 48 
1:45 3.485 

( a) ' a t e lev 1 i feo bclo 1 , 

ot air-line hol e in p se . 
oint • j 

ri 
' 

a. 
ov. 10, 1949 

Time •ater level 

2:00 P• 3. 49 
2:15 3. 49 
2:30 3. 50 
2 t/•O 3.so 
2:41 3 • .34 
2:42 3·10 
2:43 3.06 
2:44 3.02 
2:45 J . Ol 
2:46 3.00 
2:48 .985 
2 :50 2.98 
2: 52 2. 96 
tl t 54 2. 95 
2:56 2.95 
3:00 2. 95 
3:05 2. 96 
3:10 2. 92 
3:15 2.94 
3:20 2.93 

f 

suril point • 



;:ater Levels(a ) 
Time , • L. 

9:08 7. 23 
9: 28 7. 26 
9: 50 2J . 3 (o 
l s45 2.3. 3 (c 
1:45 ~~ 22.10 (d) 
2: 28 22.10 (d) 
2:41 7.9 
2:42 7. 67 
2:4:3 7 .')9 
2:44 7. 57 
2:45 7.54 
2:46 7.~ 
2~4 7. 51 

:50 7. 51 
2: 52 7. 50 
2: 55 7.48 
3:00 . 49 
3:05 7.~ 
3:10 7.43 

: 12 7. 50 
3:13 7.47 

ppendix 

' ell rso. 2 

9 t.30 am 
9t J2 
9:40 
9:55 

10:25 
lJ.: OS 
llt30 
12: 1 p 
12 :38 
1:50 
2t30 
2:4 

22~ 
22: 
22 
22 -.,. 
22 1/8 
22 1/8 
22 1/8 
22 l/8 

0 

nbridge , Pa . 
Nov. 10, 191• 

Temperat.ut"e 
Time Of 

9a35 am 
9:55 

l0t 25 
llr05 
12:1 pm 
1: 50 
2 :30 

68 
67 
67 
7.5 

68 
67.5 
68 

{a) :•atcr _eve1 in feet belo ' suring poi t by steel tape, e c JJt. 
a a o t he ti a inUi.c t edJ ~:easurin~ poi t = e of air-line ole 
in p p base . 

(b) Inches of at r above cen t-er of disc r ge ipe orifice. 
(c) air a 1 in f e e L belo. ccn er of _ .. , e " ic 1 s 1.00 f oot 

ave ·-• 
(d ) el ctric tape 1 in lec 14, bel o ~ .• P. 

'filoo 

9: 3 am o.:o t . 
9:35 .3 

10:00 • .30 
10t30 .:30 52.5° F. 
l l:-25 . . 25 54 
12zl0 pm • 5 
1:50 .30 55 
2:3U . 23 
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Ar.. ridue , R -· 
Nov. 101 1 49 

. ater Levels in '6ll 3 
, ·, 

Ti! .fat~r L ~1( ~ ator Level .'1 t.er Lev 1 

9:15 3.90 1 :35 4.62 2:44 4.15 
9s2 3. 93 1 :40 4. 25 2t45 J,..l5 
9c3l 4.32 l :4 4. 59 2:46 4.14 
9:32 4.32 l 0t45 4. 625 2:47 4.13 
9:3.3 4.46 10:5 4. 63 2:48 4.13 
9 34 1 .s1 1 : 56 J ... 6S 2:49 .13 
9:35 4. 51 1 :58 4.64 : 50 4. l.J 
9:36 4. 54 11: ~~ - s 2:51 4.13 
9:37 4. 58 11:1 4. 66 2: 52 4. 11 
~ · ? ) . -· 4. 57 11:2 l .. . 69 : 3 4. ll 
9:39 4. 53 11:30 4. 5 : 54 4. C/7 
9t4 4. 59 11:40 ~ . 64 2:55 4. 65 

:41 4. 55 1:50 4. 67S 2:56. 4. 65 
9t42 4. 59 : 00 n 4 .. 695 tGt 57 4.10 
9:43 4. 57 12 : 15 pm h. 66 2158 4.11 
9:44 4.61 12:30 4. 7 2 r59 4.13 
9:45 4. ')7 U :45 4. 5 3:00 4. 12 
9: 6 4. 56 1:00 4. 6 3:02 4.14 
9: 7 1~ . ss 1:15 4. 65 3:04 4.145 
9:48 4.59 1:30 4.66 J :o6 4. l7 
9:4 4. 62 1:45 4. J rOS ~ 4. f17 
9:50 4. 0 2:00 1~ . 67 3:10 4. 
9t5.5 4. 59 2:15 1._ 66 3:12 4.13 

10:00 4. 57 2:30 1,. . 6!.) 3 :11 , ... os 
10:05 4. 59 2:35 1 .. 7:5 3:16 1 ... 075 
10:10 4.6 :J 4.75 3:1 4. ll 
10:15 4. 2 :3 4.75 3:20 l~o . 05 
10:20 4.60 2:4 4. 7 
10: 3 4. 65 2: l.J_ 4.44 

. l 10:32 4. 60 2:42 .31 
2:43 /h21 

(a ) . .'at er le rel 1n teet beloo as r .l.ng oin ... ; measuring .Lnt • edge of 
air- line hol~ in ump base . 

.. 
...... '' 

~. . 
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Ar.. ridue , R -· 
Nov. 101 1 49 

. ater Levels in '6ll 3 
, ·, 

Ti! .fat~r L ~1( ~ ator Level .'1 t.er Lev 1 

9:15 3.90 1 :35 4.62 2:44 4.15 
9s2 3. 93 1 :40 4. 25 2t45 J,..l5 
9c3l 4.32 l :4 4. 59 2:46 4.14 
9:32 4.32 l 0t45 4. 625 2:47 4.13 
9:3.3 4.46 10:5 4. 63 2:48 4.13 
9 34 1 .s1 1 : 56 J ... 6S 2:49 .13 
9:35 4. 51 1 :58 4.64 : 50 4. l.J 
9:36 4. 54 11: ~~ - s 2:51 4.13 
9:37 4. 58 11:1 4. 66 2: 52 4. 11 
~ · ? ) . -· 4. 57 11:2 l .. . 69 : 3 4. ll 
9:39 4. 53 11:30 4. 5 : 54 4. C/7 
9t4 4. 59 11:40 ~ . 64 2:55 4. 65 

:41 4. 55 1:50 4. 67S 2:56. 4. 65 
9t42 4. 59 : 00 n 4 .. 695 tGt 57 4.10 
9:43 4. 57 12 : 15 pm h. 66 2158 4.11 
9:44 4.61 12:30 4. 7 2 r59 4.13 
9:45 4. ')7 U :45 4. 5 3:00 4. 12 
9: 6 4. 56 1:00 4. 6 3:02 4.14 
9: 7 1~ . ss 1:15 4. 65 3:04 4.145 
9:48 4.59 1:30 4.66 J :o6 4. l7 
9:4 4. 62 1:45 4. J rOS ~ 4. f17 
9:50 4. 0 2:00 1~ . 67 3:10 4. 
9t5.5 4. 59 2:15 1._ 66 3:12 4.13 

10:00 4. 57 2:30 1,. . 6!.) 3 :11 , ... os 
10:05 4. 59 2:35 1 .. 7:5 3:16 1 ... 075 
10:10 4.6 :J 4.75 3:1 4. ll 
10:15 4. 2 :3 4.75 3:20 l~o . 05 
10:20 4.60 2:4 4. 7 
10: 3 4. 65 2: l.J_ 4.44 

. l 10:32 4. 60 2:42 .31 
2:43 /h21 

(a ) . .'at er le rel 1n teet beloo as r .l.ng oin ... ; measuring .Lnt • edge of 
air- line hol~ in ump base . 

.. 
...... '' 

~. . 
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Appen 

Log of •'ell ~lo. 2 

Fr001 

Clay. • • • • • • • • • • • 0 

i ver n ud • • • • • • • • • 21 

~:and an gr el • • • • • • 25 

ine vel • • • • • • • • 31 

ine sand • • • • • • • • • 35 

~"1 e san· an a vel• • • • 38 

Coars . s ·u n gravel • • • 1.4, 

Clay and u.vel • • • • • • 48 

Ambridge 1 >a . 
Nov. 101 1949 

:.L 
21 feet 

25 

31 

35 

38 

44 

48 

50.67 
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Office Memorandum • UNITED STATES GOVER.NME~~T 

TO • • Sa.yre , ; ·a shington , 

PILON John G. •erris, Lt.nsiri g , 

• • DATI: June 22, 1950 

•ile: 4504o 

SUBJECT: ridge , Pa . report 

eturned here·wi t . is the r ep ort titled "Lemo n dum on 1ping 
Te st a t :mbr idt" e , a . 11 by • ·• Ve.n Tuyl , ~c ha s been revie :ed 
in acc or : t u r r eque t of i.:a' 24 . I t is re retto t hr.t 
p r cti call . a month h s el pse d sinc e your ori gina l trt smittal of 
t i s r crt fo r r eview , · ut t h e pr e s sure f y;ork i n _ ichigan 
duri st month im osed numerous delc. ~s. 

In smuc c. his r epresents my first att empt as a reviewer ·I 
·roul re ~tl • appre ci~ e u r a pr a isa l of m· enclosed memo of 
crit icism prior to its tr~nsmitt 1 tot e a uth or. If your s e l ection 
ofth i s rticula rreort w .... s ' e Y. ·t t .e ointo f ap raisingmy 
qu i f ic t i o as a reviewer you .. r e to be c li ent ed on your 
c oice . Ha.vin ~ no p r evious experi e nc e i n the r evie o Survey 
report - I am uncert~in as to your policy in t. is reg rd. It may 
b tM.t I h .. criticized t · is r e ort t oo severel y nd pet:"ha ps you 
ma rLh t o t p r some of my re. r ' s. In view of t e · iJro spect that 
I mie;ht r ie dd i t i ona l · r e ort I woul gre t l a r eciat c uur 
opinion on t te nature a n extent of my enclosed emo of ·revision and 
correction to the bridge re port • 

• 



u ested revisions and correoti<ma to report by D . .. . Van Tuyl 

ritled Pumping teats at Ambri e • Pa. 

Item 1 Page 1. Introduction 

The introductory section puta the c rt before the horae 

by montionin tho name of the local ter works superintendent 

1n the opening paragraph and rele gat.illg the name of the coop

erati ageno to the brief aecond paragraph. ilo proper 

ack:nowledgeant is ue the local water worka supe1·1ntencleld; 

auch recognition ia of secondary 1mpw-tance. 

In the aecond paragraph of the Introduction the atatemant 

is made tb t 1 

• s uoh procedures (meflning :p.uapi teats) are part 

of the ield aotivitie a of the ground-water program 

in ennsylvania - - - - -•• 

'·,hile it i a recognised that considerable attention has 

been focused on pumping testa and th hydraulics of grrund water 

i th in re ent ears we sh uld never lose sight of our principl• 

objective. Pumping testa ar onl a t ool which wo have found 

useful in our studies of t he hl'cirology of an area In effect 

then,the aenteuoe in question te ls n thi more than the 

followin statement, 

· ater-at e recorders an tapes are part of the 

field equipment of the re11nd water pro ram in 

c:mns lvania - - - - -. 

ile m substitute sentence i s perh ps extreme it aervea to 

deaonatrate the point in question. 
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It ie suggested that t he I ntroduotion be rewritten in 

a manner lilioh 11111 oon't"e to the reader of your report the 

overall objeotine of the oo perative ground-water program in 

Penna ·lvania. Indicate how and to what extent the .Ambridge 

puaaping test fits into the regional program. lnolude pertineut 

oo ents on the mture and extent of past and preaent water 

problema in t he .Nnbridge area. monatrate ha. thia particular 

test will assist in tne ppra sal of looal water problema. 

It• 2, P 0' 0 1 and 2, Description of ella 

The JIODOtonoua recitation in arithmetic to describe the 

well a~tem OWDad by e borough of J:Abridge is apt to leave 

the reader cold. The old adage tba t a picture ia wonh a 

thouaand words oertaiDly appliea foroefully to your •11• 

descripPion paragraph. At least a map of the • 11 field area 

should be 1\trniahed t o dlow the reader 'tho rel tion of the •lla 

to the adjacent Ohio R1 ver ani the orienta1:ion of the pumping 

wells and obaervut ion well a u&ed in 'the ter:t . I t would be helpful 

to show on t hat map a section of the well construction, the position 

of screens and pump-bowl settings, uni s round-•ter lovela i n 

relat ion to land surface a:ai river level. 

It ia recognized that you re probably pressed for time, 

but it aeema reasom l e that even a brief · report wa:.-ro.nta the 

one or two days work neoeuary t prepo.re the su •ested 

illustrations. 

It• 3 Page 2, Geology 

When w recognize that it 1a the geology which determine a 

tho oocurenoe of ground water in an area and establiahoa tho 

') 
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' 
cont I'O la on 

impos i ' e t o 

e ydrolo{5 o the a e 1 t ¥Wl po r 

in onl si 

o justice to t is pha e of o i eatigation 

le {:&ragraph . Here a gain t he lack of ill uatra• 

tion gre tly impairs ;your prese t tion of the subject. 

Pertinent descri ption sh ld be provided of the lithology 1 

atruotural geolo ? , geamorpholog , and glacial geolo · y of 

the area. with apeoiu.l reference to their bearing on the 

ooouranoe of gx-o und •ter. If logs ef tho existing wells an 

available furnish them and ahcnr a goologi:o •otion through the 

teat area. In th ia regard, note that Leg ette 'a Southern 

Penna lvo.nia Report, W3 on page 94 indicates that 38 driven 

wlla were owned b the rough of .Ambridge at the time of hia 

field ork du ng 1 28 and 1~29. If l s of these tells are 

availa'ole, ad aUIB to the geologic eectiona and to th well

log appendix. If l a of the wells ·re not availa le reooru 

of ell depth ni soreen setti could be used to construct a 

generalized eologio section. 

Your last sentence of t e s eoloe; y ragrv.p 1 indio tea t~, t 

the bed rock in the .Ambrid e area is (l poll:- aguifer. The question 

aria s as to whether ~u metm poor from the standppiilt ~ of large 

capacity weUs or industrial or municipal use or do you mean 

poor withwt qualifioat i n;c Leggette implies that the Conemaugh 

forDiltion may yield •good supplie a of moderately mineralized 

•t•r" in parts of aver County. While it is true that your 

pumping tetit applies '00 the alluvial depos±ti.s, )'OUr report ahould 

include ccmmem s on the :1vailabilit y of •ter from all aquifers 

in the Ambridge area. 
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Itea 4 Pages 2 and 3 • Test Procedure 

In tl is aeoti • jus-t s i t o ove eoti n titled 

e&cripti n of ·vall • it ;ould e desirable t pres nt the 

pertinent d :ta i n gr p: io form. Your i'i ur e 1 oould be 

drafted to some t dif erent ao e in order to provide 

a~co or underl in gr ph that 1d ·how the rat e of 

diacharge t e p umping ell with reforenoe to t o. In 

thi nnor · o tart top times and 'uration of 

pump·· oould all bo own y the pt pa e graph. If avail• 

blo it \".OUld irtl le sho similar gr a r. f or tho 

p fro the roup of 1ells 4 to inclusive. 

1 tor leva s re r ea. ured dur · he 24 hour rest 

period, rior to th atart pumpi • t on .. h o 1 same n your 

w ter level r t;phe. The tv1o i s-Jl ted measure ants de in wll 

number • near the alo i" t1 e pumping peri od • do not provide 

sufficient b ai s for drawi a the oom let hydrogr aph given by 

l ur i ure 1. l the hydrog shown waa drawn by inference 

or gueastimate then show same as dash d or dotted line rather 

than olid line. Generally yj1en a solid line is used it 

implies that you h ve suf 'icien coverage d ta to be re sona ly 

certain i ' the tron tl l time s , t rouf,}lout th range o£ obaerva• 

tion. Cort 1nl two points ior to t o start o£ pumping and 

two points at tbs clo ef pumping do not justify the libertiB a 

ou have t aken in l1ow~ h drr ra h or well numbe r 2. 

In view of the limited mmioer of water-level measurement• 

for well number 2 • in contrast to the data shm by figure 2 

for well number 3 • it might be btitter to reoord the measurement• 
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tor well 2 iD tabalar form and ~how the :.aaurementa for well 

DUIIIber 3 iD grapbio form. Your ohoioe of Survey form 9-213A 

for plotting the h)'drogre.pba of figure 1 re.ults in a makeahift 

aoale for the ti.Da v riable. A:D.y aav1Dg in oost th t might be 

·made by the use of th 1a onn a a oontraatecl to oo eroial 12 x 

10 er 12 x 20 oroa a-aeotion fa per ia offaet many time a by the 

~onnnie:nce you impost~ tm reviewers and readera of your report. 

Further, nakaahift graph paper auoh aa figure 1 leaves a poor 

illlpreaaion on the public llho canault and uae your report. 

Item 5 Pagea 3 to 7 1Doluaive, AJ::alyaia of Data, Draw-down and 

Interterenoe, and Concluaica 

Errore in yrur interpret tion of 'the pumping teat data veicl 

these aectiona and thereby invalidate t he entire report. .After 

!rour reoO"f'ery from the ahook of thia bald atatement und the 

aubaidence of the burning aenaation iD ~ eara let•a look at the 

dtlta for clues that point to the oorre ot answer to your problem. 

Firat, te.t your analNr veraua the obae1· ed drawdown or 

recov ry for the pumped .well. 12-inoh diameter well nth 10 

feet of acreen ahould deliver t he 300 gpn with a screen loaa 

of 1 foot or leas if properly acretsned and developed. fithin 

15 miJllltea &!'tor shutdown, well 2 recO"f'ered 14.6 feet. Let•a 

assume that moat of thia recovery represents formation reconry 

and only a small part •• acrem losa. Using your val'.lea tor 

T, S, and the diatanoe to the recharge aouroe w can compute 

the reocrnry of the format ion at tbe end ot 15 .!lli.mltoa. We need 

nat oonaiur the e tfeat of the diatant impervioua boundary tor 

thia abort period. 
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Give a 

r • 6 inohea 

t • 15 minutea 

T • 100 p:xJ gpd/ ft 

8 • 2.4% 10-4 

Q • 300 gta 
• 

U • 1.87,.21 • 1.87 X ( } )
2 

Z 2.4 X lJ.AO • 5.8 X 10•8 

!t 1. 8 z lo5 z 1o4 z 15 

(u) • 16.1 

a • .114.6 S w( u) 

' Campute the effeot of tbe reoharge well 

r 1 • 2 z 400 • 800 ft 

u • lD5'! z 5.8 z 10-a • 1.5 z 1o·1 
-x- . 
• 

(u) • 1.5 

Then the dradcnm in the real well • 3.1 • 0.3 • 2.8 ft. 

If thia oomputed ft1ue of drawdown or reoovery ia aooepted• y-.u 

imply that the b&lanae of the obaerveu drawdown. whioh ia 14.6 • 

2.8 •• )l .• 8 .rt. must be largely aoreen loaa. For the moderate 

pumping rate involved• a aoreen loaa of thia mag.nitude ia out 

of 11DI unleaa the wU waa poorly d8veloped or the aoreen 

inoruatecl. Thua, the perforuanoe of •11 2 auggeata tbllt your 

oomputed T value ia too large. 

Our next step ia to i.nape ot the original d ta to detei'JDi.m 

whether it preaents evidence of IID&ller T value"• In ma1ya1Dg 

tlw reaults of a pumpi.Dg test. the uae of Jaoob•a aem1•1og Mthod 

.aat be reatrioted to regiona where the valuea o.f u are --.1.1. 
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Aa explained by Jaoeb in his ori inal presentation and by 

otilera in tubaequent reports, the aemi-log method ia an 

awron•tlon that 0111\Y beoanes T&lid after ia quite aall 

( l8.. tb 111 0.01 generally) • Oaing your nl-.a of 1', S, and 

the d1atancea to the real well, to the recharging image wll 

and to the discharging image well, e find that u. values for both 

image •lla are man • timea greater than the upper limit for use 

of the aemi•log m.thocl. I.f the 'l value ia revised do1GWBJ"d to 

when w wapect it may be,tbl u TalloWs for the first few 

meuuremants are alao beyond the acceptable limit for uae ot 

the semi-log ~hod. 

In the aeccmd paragrap of your e 4 ou refer to ohangea 

in alo~ of the time drawd011Jl curvea in a manner that indicate• 

u are aomnhat confused on this matter. If a a you imply, the 

elope of t e la at limb of the drawdown curve reaul ta f'rom the 

entranoe of an illlpeniO¥• boundary then the slope of that line 

for thia problem muat be exaotl e ual to the slope of tru. initial 

limb, oauaed by the drawdown of the real wll. T e second or 

iuter.medi te limb ioh ahowa the ef eot of the r eoh r ging image 

wll should haTe been eaaentially hori&ontal. I the test begins 

with a discharge Q that 1 a oau ed 't!)' t h\i real dis charging well 1 

then the iutroduotion of reoh r ging inllge ell w uld ooour at 

the -- rate and would. thereb oanoel the initial elope or 

oauae the water-level obaerTationa to trend easentially 

hori&ontal. Thia state nt btaina only if the uae of the llami-log 
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plot ie justified for the example, that 1• if and pnnidiDg u 

ie quite amall. Ina8111110h as the obeen.d dat oes net reao 

heriaentality before the entranoe of the recharging 1m& e ~u 

are rea sana ly aesured that ,ou are not dealing w1 th a re on 

of small u valuee. 

From your figure 2 it appears thut tho e ffeot of tJte 

reol».rgi.Dg iage wll reached the ob .. rvation well• ahortly 

after the second minute of pump1Dg. In the oaso of well 3 

the ef eot of the reaharging-iage wall ma have arrived after 

the third minute of pumping. Unt'ortUD&tely the data is 

inaui' ioient to · poeitive of these inferenoea. Further, 

the dat for ella 1 and 3 dur g the iirat 3 minute• are 

ao erratic, ooth with regard to -..ter-level meaaurem ·nt am to 

timing, tbat any f'it of these three points to the t pe ourye 

ie lar ely a matter of speculation. 

Since both wells 1 and 3 are a rut the same distance 

f'rom the pumpi vell , the drawdown effeot in eaoh wll ehould 

ha been eeeenti.ally tile sam f or tho e observation• made 

prior to the arri l of any efteot from rechar ing-image ..ell. 

It aeema probable that at leaet the observations at 1 minute 

and 2 mimttes for wells 1 and 3 should show essentially the 

.... drawdown. Note that yrur observat i na report the follow-

1Dg drawdowna. 

Time ef pumPing 1 n minute • 

1 

2 

Drawdown of water level in feet 

jOll llo. 1 

0.29 

0.43 

ell Bo. 3 

0.39 

0.39 
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In oon:firma ion t 1ibe above pr.U.ae your ret ported obMrTation.a 

at the 2 m1mrt interval do ap roach ob other. ote however • 

the llide spread between th dn.down values tor wells 1 UJd 3 

at tho 1-mhaute 1nt rT; 1 and that tor ell 3 the a.- drawdMm. 

is reoorded at the 2-minute iut rval aa waa reported f or the 

1-minute interval. It ia phyaioally impossible t or the drawdown 

at well 3 to be the aame at both th 1 and 3-minute invenal 

unleas extraneous aouroea distur.bed well 3 without produo1Dg 

an oo parable e f feot on ell number 1. .'':lila tba hydrograph 

of 11 3 doe s aho intarfe•noe t h hout moat of ita .extent. 

for th e . ost part t h ia ~rterenoe et eot ia too amall in 

magnitude to entirel aooouut fer t he erratic obMrv tiona in 

11811 3 at thct 1-minut e n 2-minute interTa.la. 

en a pumping test · ia run in an artesian quiter th t ia 

or l imited areal extent it is i mpel'at i e th t the measurements 

o water le 1 in eaoh obaelTtltion ell e at vor frequent 

illtervals duri the ir re minutes or the test. This ia 

p artio larl true if you suspect th t a boun lies within 

a distance oo. parable to the distance f ·om the obaerv ti<m well 

to the pumped wall. In thi test it wuld have been h ptul to 

obtain water-level meaau enta in th wlla 1 am 3 at half 

minute interTala or leas duri the first 5 minutes of the 

pumping period. In ord '- o alee o aervationa at this frequency 

it be neoeaacr · to aaai t a wate~level observer and 

time observer to ach obae~tion well durl. 

minute 8 0 f the teat. 

the first 5 
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It is imper.tiw in a test of the Ambridge type th t all 

obaernrs synchronize their tches and t h is eta ement ludea 

the operator wh o ia responei ble for start the pump on the 

diacbarg ell. TU. errors as mall as 20 aeoonds oan 

greatly diatort the observational ta and will defeat )'OW 

purpose in f'itti the t e curve through this earl time 

region. -IallY inveati ators o have oon du ted pumpi testa 

in &really-limited aquifers with moderate to :;-oor success 

have llaiaaed the boat" b be ing ali lhod or oareleaa in 

aynohronizing o aerTation time with pumping time . Notwithat.nd• 

1Dg the man idealised assumptions neoesear to the derivation 

of' the Theis non-equiltbri\Dll fc ula . you will generally find 

for an arte sia.n aquifer . that i f oter-l eve l easure n·ts are 

accurately • de b.nd i f' timi!lg of' observ tiona w~e precise a 

match to the torpe cu rve c n usu 11 obtained vd th observational 

data measure · uri ,. the first 5 minutes of pW!lpinr; . It :muat be 

reoo ized ho ever • th t this earl./ time region require a far 

gr e ter preoi ion in t he me sure ent of both t er level and 

tima than any other part o the test . It should &lsc 

reoo nized that i n this r e ion of anall t v lues tl e sampling 

of tlw aquifer obtained is ost limited thereby most 

largely effected y local inhomo eneitiea . 

Aa a guide for your re-interpretMtion of' the pumping teat 

ciata collected during the AJnbridge test we have enclosed lo -leg 

plotF for several oas ~ bilities t hat may point to ·rd the anawer. 

Ex~• fir ~ our figure A for ell number 1 ich aasumea that 
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the obaervatiana at 1 miDut and at 2 miwtes a re correct as 

reported and t h t he eff ect of the re char ing•iluge wall did 

not re ob well 1 wtil s anetime 1 ter than the second observa

tion. Uaing only the irst 2 observ ti ona. a tab is ade 

to the t ourve as i ndi ·a ted on · e lol! -log plot by .w..P. 1. 

This Dlltch indicates a T val ue of 1 'i9 ,poo or o.bout the s aDI) 

value ioh you obtained b y the s Emi-log method uain the 

eame 2 points. ow. with t o obsen-aticmal dat a superimposed 

on the 't:Qrpe ourve t • • 1 traoe the path of' the t ype cune 

onto t h e observation~.·plot . ext; • m.Jaaure the departure o the 

t>i.J BGncrd d a from the tr oe o the type curve a d replet these 

departures uain the ri.-_ ht- nd scale for dr wdown. TheM 

departureA are shown point by point as t he ins ribed squares. 

The departure data r epresents the effect on ell 1 from the 

reo r gi -tage 11 only. Inaanuoh as the image w 1.1 pumps 

at exactly the same rate as t he real ell• the plotted aquarea 

should f1t the t ype curve at an a4int roept value eq1al to the 

a-interoept value for the real well. Thi:; is not the oa ·e and 

thus ,au .. e left vd.th tba conclusion t hat if all observed dat a 

shO\m re correct then the choice of' 179/X)O for T must be 1n 

en-or. 

From examinat ion of' our f'iguro 2 we note there is a levelbJg

off' trend shcnm · y w 11 1 from 12 to 11bout 20 mi nutes after the 

a tart o£ pump in ·• Let • a assume t t this trend would have 

continued if' tl e so cond ooundar y d n ot entered the picture. 
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Draw a horisant 1 line throug the ndied pointe at a-<>.55· 

aaure the dep1rtures below t his line of all subaequent ta 

and compute tberefr~ the log-lo plot, our figure • If our 

aasl.DIIptiom are correct, tlw se departures r epresent the separate 

et.fect of the dischar in -iDa 11 thut reflects tho valley• 

wall oowula1 ·• By oonBtruction, thAt i '.e pumps the same 

rate a the real 11 and the departure ata shoulci it he type 

curve at an a-intercept vo.lue e ual 110 the value for ~he real 

well. The match used ivos T • 34,000 • . 

Jd a check, we return to t ile data for ells 1 and 3 and 

arbitrarily tr ce the type curve t hro h t ne l.;.millute observa-

tion for 11 1 and the 2-minute observation or 11 2 and 

maintaining the T value of 14,000 determined above. The deoision. 

as to ltlioh observations on wells 1 and 3 were made prior to the 

entry of the f irst ima e and the c ·uracy of these meuauroments 

in r e le:' ion to at e and time leave o nsiderable 1 titude for 

individual iuterpr t tion aa to \lllere to fit the t ype curve. 

Our selection resulted a.t'ter several trial fits, but i .. b no 

meanB the best poaaible f i and i a U&ed here nl for demonstration. 

For fi urea and ~~• u v lue o 1.0 a used d t pe curve 

was tranalated alo t. .e u • 1.0, and a a 0.22 axes until it 

pused throu the esired observation point . The tr ce of the 

type curva w s drawn on the do. plot epu rtura s of the 

observed dat m81\&ured there fro • The plotted dC~partures were 

then matched to the t pe curve and found t . ree r ughly with 

the ori ~na l fit of T • }4,ooo. You oan foll t he aame process 
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and nake numerous other trials to estima ·ee the probable T T&lue. 

It ia probably not T • 34.000 but this value is more nearly 

correct than the T • 179 .OCXJ value g iven by your se i•log plot. 

You will find tl'u.t 12 e law of diminishing returns operates 

severely on this trial and error matching beoause of the uncertainties 

of the original data. It would be quicker and perhaps cheaper to 

rerun the pumping test rather tbl:ln pursue the out and try approach. 

For the purpose o t demonstnti on we may determim the image 

diet noes from the trial match points at the T • 34.ooo value. 

Let •r represent the drawd0\111 in any obserTation well due to 

the real well pumpi and •i• the effect of the i e ell. 

lll.~.6Qw( ur) 
l 

the Nfore ur • ~ 

1.67r; s • 1.87r!s 
Ttr Tt1 

ince all of our toh points were taken at the s e a-intercept 

we o.n use the z2/t relation to dete min t .e images. For the re-

charging imeg e well we obtain a 



• 

1 for the 1a n -s-.-e 1 . 

.1 • d • "1 - .jK • tt • 7 

the abe e •.tia.tea. let•a Q c a aJ.n t o aenocl 

t;; r or oe 

ui ena 

r • 6 inc be a 

t • 1 minut~· 

• 

i 11 2. 

• • x 10- ( ourvo ..... . 

• .3.4 X 10-6 

(u) • 12. 0 

• 12 feet 

u rdOt 0 r ·oct the r eo r vi 
2 

u ·\ij2 s ~ • 1.1 ·t(u) • 0. 19 

• • o. l x 12 • 0.2 rt . 
12 

Thia vulue ap ear a reaao bl •n cO!!lpu-ed to the ooaened 

) 

lhUethe cwo ex le trial co. put ti na le v·e a:a r 

ridgo pro 1 unannored • 1 t 1a oped rve tbe1 r 

purpose 1n 1l)llstr ting the procedure for fur ther anal ysis . 
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If another test oan be l"Wl at this site it would be wll to 

oarefull consider the choice of other •U• in the c; roup ae 

pumping sourooa or obaerv tion aitea. I f there ia any latitude 

in t his regard it would be adv1aable to aeleot a pumped well 

and o aervation wells farther removed from the river. In thia 

1nanner )OU prolong the real•wll portion of tho data curve for 

oaoh obaena.tion well and verify the T w.lue tor the formation. 

e shall be glad to review any plan or layout ot the well field 

to uaist ou in selecting the optiulml test pattern. 

You may wish to oonaider also our ayatem of the engineer-

geologist team for pumping teats. As atandard practice we u .. 

both .n engineer and a geologist on each pumping teat, for not 

only the field work but alao the office analyaia. The ~ologiat•a 

interpretation of the ell-log data and tho regional geoloe;y 

aasiata the engimer•a anal aia of the hydraulic data and vioe 

vera • The two specialists jointly prepare the resultant report 

£ram their mutual interpretation 11 data. 

Reviewer. 

John G. erria 
District .c. ineer • G 
Lansing • obi gan 
June 22, 1950 
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• D. • Vaa ~1. P tt8burp. PilUle (f!f 

Robert .. tallnan. WuhiDgton. D. c. OW 

July 20. 1950 

Your paper eat1tle4 "V..,randua on pumping teat at Allbridge• Pmn." 

"'rom the data iTen ba )'OUJ" report. it doea DOt •- libq tlat a 

olear eolution of the i•ge probl• om be obtained. Perhaps you will r.-11 

a diaouaarion 1n wh1oh •• part1oitated. held at Columbus. Ohio. in early rob 

1949. At tlat time we diacuaaed teat data obtained by the Ohio otrioe at 

Toledo• usi a aet of type ourna wtit led "'l'heia ~n-equilibrium curve 

tor 'Wter lenl cha~ea due to two-well ayaW. •" Ui 1Dg Ferri a' val "La or 

!\ at bout 300 r .. t ud a nlue or r or 200 teet. the T&lue t I orfrr\2 
. p ~~ 

i s equal to about 0.46. or thia value of I at Up • 1.0. the 4~wdowll 

at the obaenation 1Mllwoul~ be oal.y sbout 75 pei'Oeat ot that whioh oooun 

as a reault cl pumplDg in the rea l well. For a olearout aolutiOD of ~ 

!Jage pl"Dblc rati oa or(~~)2 ahoul4 ~t •aeod o.2&. llarromtr. ae Fel'l'l • 

las poiJ&ted out. a aeri es of trial oalllpltatioaa oan uaed 1D obtain a 

ot the bladequaoy of data durl~ the -.rly part of the PWIPiDC teat. These 

data are definitely required ror detailed aaalyaia or the bJdraulic olaraote~ 

iatios of the eyate ooataimng lap well•• Copiea or the type ourvee 

f or 1•ge well aolutioDB can~ btained from Ur . R. n. rown. Jtydrauliea .. . .... 

Soot1cm• at tbe 

COPT 

/•/ Bob 

a,.traulio Eug!•er 
Ground ater nranoh 

... 
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