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The yleld of the well field of the Vigo Ordnance Plant
near Terre Haate, Indianra.

B’ John Go Ferris eand Fred H. nur, Jre
Ierzopuerzon

The yedesign of production facilities at the Vigo Urdnance Flant,
near Terre Haute, Indiana, has inoreased the demand for water to nearly
50 perecent above the demand originally plamnad. In order to determine
whether the present well field is capsble of supplying suffiocieant water
to meet the now demand, s pumping test on the three wells in this field
was made during the period June 19 to 26, 19LL, by the Vigo Ordnance Flant.
The pumps were started at 10120 a.m. on June 19, and it wmas plamned %o
operate the field at a rate of 3,000 gallons per minute for a period of
S days. At the suggestion of iir. C. R. Merrick, of the Layne-Northern
Company, who designed the original well system, Lieut. Col. Frank ER.
Johnson, Commending Officer of the Vigo Ordnance Flant, requested by
telogran on June 23 the assistance of ths U, 8. Geclogical Survey in deter-
mining the water-yielding espacities of the wells. TWork by the writers was
started immediately and arrangements were nmade to obtain data on water levels
during the remainder of the pumping test, which haé been in progress for
several days. At the rsguest of the writers, the test was continued several
days longer than was originally plamed. Well 2 was shut eoff at 23l p.n.
on June 2l;, well 3 was shut down at 7308 pems on June 26, and well 2 was
shut down at 6123 p.m. on June 28, Neasurements of water levels wers cone
tinued by perscnnel of the Wigo Ordnance Plant for several days.

In order to make information on the results of the pumping tests
available as soon as possible to the Vigo Ordnsnce Plant, a preliminsry
nemorsndun presenting the conclusions reached by the U. Se ‘Geologieal
Survey in the analysis of the pumping test dats was submitted to the
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Commanding Officer of the Vigo Ordmance Flant on July 1, 194i,. The pure
pose of ths present report is to present in detail the data cbtained dur-
ing the test and the methods used in the malysis of the data.

It is undarstood that a report giving the available information on
the 23 test welle and the 3 suvply wells drilled by the Layneeliorthern .
Company of Indisnapolis has been sent to the Vigo Ordnance Plant by that
companye. Therefore, csamplete information on test wells and onyplyl wells
is not inoluded in this report.

m'wkmmodhthummmdounwtofﬂwmw‘
wide investigation of water resources by the U. 8. Geologiocal Survey in
ccoperatien with the Indiena Departmsmt of Conservation, which is designed
in part to render assistance in ground-water problems to agencies and
industries directly conneoted with the war effort.
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DESCRIPTION OF WELL FIELD
The well field of the Vigo Ordnance Plant is located in the W3 sec.
17, T 11 H., 2. 9 W., Honey Creek Towmship, Vigo County, Indiana, ssveral
miles south of Terre Haute (fige: 1)« The well field lies in the wvalley
bottem of the Webash River, about a mile west of the eastern edge of the
valiey snd sbout 2 miles east of the river. The land surface in the well
field is edbout 4O feet higher than the river. In the vicinity of the well
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field, the valley is about 6 miles wide and the valley floor is 60 to 90
foot below the adjacent upland areas. The vguoy floor is comparatively
flat and mch of the drainage is underground through permesble sands and
gravels.

The well field of the Vigo Ordnence Flant ie irregular in ehape, as
the north fence line follows in a general way the course of Eomey Creek
(fige 2). Tue field is approximetely 1,600 feet long and about 1,000 feet
wide. The three supply wells in the field are 856 to 1,315 feet apart. Out-
side esch pump house a 2einch pilot well hes been left for obserwation pure -
poses. An additionel 2-inch well is located midway between wells 2 and 3.

The three supply wells were drilled in 1942 by the Layne=Northern
Company of Indianapoclis, and wore designed to produce a total continuous
water supply of 1,100 gallane per minute. It was originally planned to
cperate ome well continucusly and one well intermittently, and to use one
well for standsby servise. The wells are gravelewell wells 50 inches in
diameter, and heve inner casings end screens 18 inches in diameter. They
range in depth from 83 to 88 feoct. Each well is eguipped with an electrioc
deepswoll turbine pump and e seperste gasoline-driven turbine pump for
standeby service in the event of a power failures The slectric purps in
all wells can be ocontrolled from a centrel switehdoard in well house 1 or
individuelly &t each well house. The average yields of the wells during
the June 19l test were QLS gallons per minute for well 1, 1,1i3 gallons
per.mirute for well 2, end 1,055 gellons per minute for well 3. The
vater from oach well is metered and is pumped into a single main thet
loads to the trestrent plant several miles away.
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GBOLOGY
The VWabash Valley in the vioinity of the weil field of the Vigo
Orénance Flant is underlain by glacial cutwash deposite of sand and
gravel, which in the immediate vicinity of the well field are 8l to 89
feet thick. The general succession of materisls encountered in the drille

ing is shown in the logs of the three supply wells:

Depth to
Well 11 Thickness Depth FWater level

To~soil and clay

Guado, blask

Cley. gravelly

Send end gravel, muddy
Send and gravel, yellow

ﬁ 3

Y

L 20

12 32
Sand, medium 5 ﬁ 2
Sand snd gravel 8 2
Send, coarse s 50 2
Send, fine 5 33 2
Sand, mediun 12 & 2
Sand, mediun, and gravel 5 = 2
Sand, medium 8 80 22
Sand, coarse, snd gravel 3 3 -]
Shale, gray 1 %
Viell 23 Thickness Iepth ‘ater lewvel
Soil end clay 8 8
Clay and gravel 10 18 z
Send and gxl'avll 1;' gg g:h'
Fine grave
Coarse sand and gravel 19 29 20"
Sand, medium lZ 66 204"
Gray sand, medium 80 200,
Sand and gravel 5 8y 2oy"
Shale 1 86

Depth to

Vell 3: Thickness Depth ‘liater level
8011 and olsy 12 12
Gravel and cley 13 2c
Gravel and sand, muddy 3 28 21%"
Send, medium, muddy 19 L7 21%6"
Gravel and sand 10 57 216"
Sand and gravel, mixed 9 66 21%"
Sand, gray, coarse 9 ™ 216"
Sand, gruy, nedium 10 8s 21%"
Cley 6" 856"
Gravel and send, muddy 2%" 88
Sals 1¢ 89
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clay, 3 to 1F fest thiek, which probably has been deposited during flood
stages of Noney Creek and the Vabash River. In seweral of the test wells
in the well £ield these deposits are underiain by naterial desorided as
olsy, gravelly clay, or clsy and gravel, having & maxizum thickness of 1
fest. These materials are usually Jense and relatively ixvermsable. The
total thickness of the relstively impormesble depcsits ranges from 8 to 2%
feet, (fig. 3)¢ A minimmm thickness of 8 feet was found in test well 21
near Honey Croek, suggesting that the impermealls beds mey be thin aleng
the nort: odge of the well field.

The channel of Honey Creek has been cut 16 to 20 feet below the
general level of the well ficlde It appesrs likely thet the ehanmel has
out through the impermeable bods in st leest some places and thet there
zay be intercomnection between the croek snd the waterwbearing formstions
2rom whick watsr is pumpede This is furthor suggested by the fect that
samples of water taken from the wells have shown wmsually high basteria
counts, perhaps derived from Homey Creek, which carries the efflwent from
the sewage-disposel plant of the Vigo Flant and r- sewage from the neasdy
commnity of Allandale.

Before or during the glecial eposh the walley of the Wabash River was
oonsiderably deecper than at the prosent time., A deep velley uas out into
the wmderlying bedrock, whioh in the conter of the walley is et least 130
fest below the present walley floor (fige &i)e The walley has since been
£111ed with deposits of sand and gravel to sppreximately its present level.
The deepest pert of the rook channel appesrs to be in the vioinity of the
Ue S, Penitentiary, 5033 sec. 7, T. 11 N., Re O W., where bedroek was
struck at s depth of 131} feet or st am olewvation of about 356 feet above
sea level, and asar test well 9, NTIKE; see. 23, T. ).1 Hep Re 9 Wo, where
rook was struck at s depth of 109 feet or at an elewation of about 360 feet
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shove sea level. The elewation of bedrock in Terre Haute ranges from 357
to 370 fest above sea level.

Bedroock is struck in the well field of the Vigo Ordnance I lant at an
elevation of about L02 to LO7 feet above sea level. The bedrock floor
continues to rise in an easterly directim and in test well 12, SWiSE}
asce. 20, T. 11 H,, Re 9 W, shale was struck at a de;th of 20 feet or at an
elevation of about 470 fest shove sea levol., It is apparent that the
Vigo Ordnance Plant well field lies east of the dsopest part of the buried
chaxmmel and that the water<bearing formations beoome thicker west of the
present field.

The sand and gravel deposits of the Wabash Valley cmstitute a large
underground reservoir or aquifer, whioh has a maximum thickness of at least
130 feot in the center of the valley and an average thickness of saturated
water-bearing material in the vj.oinity of the Vigo Ordaoance rlant well
field of 62 feet. The deposits underlie many square miles, and many
millions of gellons of water is stored in the interstitial spaces of the
sand and gravel, The available supply of water that may be pumped from
wells in these materials is large, as is shown by the fast that approxi-
mately 30 million gellons of water & day has been pumped from wells in
the Terre Haute area for several yoars without serious deeline in water
level. The well field of the Vigo Ordnance ilant is several miles frem
the heavily pumped area in Terre Haute, and it is believed that intere
ference between the two areas will bo negligible at least for a considere
able period of time,

SOURCE OF VATER

The water levels in wells indicate in a genersl way the extent to
which the wunderground rezervoir is full. It is believed that water is
added to the reservoir primarily from preoipitation within the limits of
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the drainage basin. Althcugh at the weoll field of the Vigo Ordnance

Flant the water=bearing beds are overlain by clays and clayey grevel

that appear to be relatively irmpermeedle, at some places the surfeve

soils are bolieved to be sufficiently permecble to sllow direct

percolation from the surface to tie vatersbsaring formations. This

is shomn further by the fact thet the walley is well drzined although

surface streams are widely spaced. T:e water-bearing beds may be re-

charged aleo in part by water from icnsy Creek and other poremnial streams,
although the available data are not sufficient to show conslusively the conece
tion between the stresms and the wateredbearing beds.

FUAPIEG TESTS

Yhen a well is pumped the water teble within the zone of influence
of the pumping is drawn down in & shape similer to an inverted ome, with
tha apsex of the cone st the well, Thg overlapping of tho omes of two or
more adjaoent pumped wells ending in the sems agquifer is termed intorfor-
engo and results in a docline ir yield or inorease in tho drawidown of each
wolls The smowmt of intarforence is dependext on the shape and rate of
propagation of the cme of depression, whioh in turn dcpc;nd on, (1) the
location of ths source of natural recharge and aroz of natural discharge,
(2) the cepacity of the formetion to tranamit wator tc tho punped aree,
end (3) the amegmt of water that 1s roleased from storage whan the hoad
in tie aguifer is lowered by pwmpinge Ihe transmission and storsge
proporties of an aquifer are termed respootively the cosfficients of
transmissibility snd atorags.

The coefficient of tramsnissibility is defined as the rate of flow,
in gallons a day, through a vertioal strip 1 foot wide, extonding the
height of the satureted portion of the aquifer, undsr a hydraulic gradient
of 1 foot per foot (unit hydrsulie gredient).
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The coefficient of storage is defined as the amount of water, in
cubic feet, reoleased from storage in a verticel column of the equifer
with a basal area of 1 square foot when the head is lowered 1 foot.

These ocoefficients can be determined by cbserving the rate and umount
of decline or recovery of head in the aquifer under & known pumping regimen.
At the time the U. S. Geological Survey vas requested tc conduct s pumping
teat at the Vigo Ordnsnce Ilant, the three supply wells in the existing
well field had been in cortinuous operation at nearly constent pumping rates
for a period of T days, starting at 10:15 to 10125 a.me on June 19. As shown
in figure 2, a 2-inch observetion or pilot well is adjecent to each supply
woll, and one pilot well it about midway between wells 2 and 3. Water=level
observationw were started immediately in each of these wells. In addition,
& leinch pilot well was jetted at the site of one of the original
test holes between wells 1 and 3, and this well was included in the ocbserva-
tion program. At 2140 p.m. on June 2l;, woll 2 was shut off end periodic
measurcments of water level were ade by the wettedetape msthod in each
pilot well and by altitude-gage readings on the air line in each supply
well to detemmine the nature esnd oxtent of the recovery of water level in
the well fields Following a similar procedure, well 3 was shut off at
7408 pem. on June 26 and well 1 at 6125 p.m. on June 26. The water-level
cbservetions by the Geological Survey and the personnel of thc Vigo Ordnance
Plant covered the period from June 23 to July L, inclusive, and these dats
in hydrograph form are shomn as fizures 5 to 9, inclusive. Ubservations of
the operating cheracteristics of the pumping equipment, under the direction
of Major J. B. Henmuir, Post Inginesr, included hourly readings of the
meter register for each well, the calculation of the rate in gallons per
ninute for each well within the hourly interwvals, and recorde of the pumping
level as recorded by the altitude gage on esch sir liné. A bar graph of the
fluctuations in pumping rate for each well is shown as figure 10.
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As shown Ly figures 5 to 9, inclusive, the water levels in all pilet
wells wore declining at the time well 2 was shat off. With the cessation
of pumping from well 2, the head in the aguifer rose and the rising &rend is
superimposed on the original downward trend. The total recovery for eash
well at a given time is then the sum of the apperent recovery of water
level above the shut-off stage plus the drawdown estimsted by extrapolating
the data prior to the shutoff. Similarly, the actual recovery at s given
tins after the shutecff of well 3 is the difference between the apperent
recovery and the extrapolated recovery effect that carried over from the
shuteoff of well 2. XHecovery date for the shuteoff of well 1 must be corrected
for the carry-over recovery offect of the shuieoff of well 3. Heasurements
of water level prior to the shuteoff of well 2 are not sufficient to permit
extrapolating or estimating the drawdown carry-over thzt is included in the
recovery of each pilot well after the cessation of pumping in well 2.

The three npély wells are connested to a common distribution main,
which delivers the raw water to the treatment plant. The line pressure
maintained is therefore a function of the nuwber of wells in operatiom on
this line. For this reason, when one or more wells reduce or stop pusp=~
ing there is a direct reduction in the well discharge pressure, with a ree-
sultant increese i» the pumping rate of each well that remains on the iine,
as shown at several places in figure 10. Readjustments of tho valve on the
discharge 1ine of each sctive well were mede after each well shut-off in an
offart to maintain the pumping wells at the same discharge rate. The recove
ery of water level in the pilet wells after the shut-off of well 2 was
uasked completely in wells P 3 and P 1 and greatly distorted in wells P 3,1
and P 3,2 because of these fluctuations in pumping rate. The most coneistent
results were cbtained with the shut-off of the last well, supply well 1.

The present methods of analysis of tho fluctuatiens of the water
teable or piezometric surface within the some of influence of a pumping
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well are based on the following assumptionss (1) The water-bearing formation
is homogeneous eand isotropic {i.e. equally permesble in all directions, later-
ally emd vertically), (2) the formation expande beyond the limits of the some
of influence, (3) the wells penstrate the full thiokness of the formation,

(4) the coefficient of transmissibility is constant at ell pleces and all
times, and (5) the formation releases water from storasge instantaneously with
the decline in water level. Any divergence of actual field conditions from
these idealized assumptions resuits in variations anc inconsistenciss in the

eligmment of the observed data.

falen method
The cocefficient of tramsmissibility can be determined by a formla
developed by Thiem, 1/ which is based on measurcments of tho recovery or
drawdom of water level, at a given time, in two or more observation wells
at d.fferent distances from the pumped well = that is from the shape of the

sone of depression at & givon time. This formmla is set up as followss
" r2
527.7 & 1°810 E2%

3= -2 (1)

Vheres T = coefficient of transmissibility, in gellons per day per foot,
under unit hydraulis gradient.
Q = discherge or pumped well, in gallons per ninute.
T1sT2 = gistance of observation wells from pumped well, in feet.
81#32 = rgoovery or drawdown of water level, in feet.
Instead of evaluating the logarithm of the distance ratio in this
formla, it is more cmvenient to use semilogarithmic coordinate paper.
The distance from the pumped well to the cbservation well is plotted om
the logarithmic courdinate scale and the recovery of the water level in
the observatior well is plotted on the rectangular coordinate scale. The

1/ Viengel, L.K., The Thiem method for determining permeability of water-bearing
materials:s U. S. Geol. Survey Water-Supply Paper 679, 1936.
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recovery data for the profile lins of observation wells as affected hy
the shut-off of wells 3 and 1 are plotted in this msmner in fizure 1l.
Inasmch as the logarithm of 10 to the bm 10 is 1, it is covenient to
measure the drswdown intercept (s; - sp) between distances rp and ry that
arc soms power of 10, as shown in figure 1ll. Then from the data for the
shut-off of wells 3 and 1 there follows:

Well 3 shut ofr 7 = ZLTX 10021 . 169,000 geped./Pte

Well 1 shut off Tw22[e7 XUCXT o 107,000 gepeds/Tte

These results are included in table 1, at the end of this report.

Theis nonequilibrium method
The coefficients of trensmissibility snd storage can be determined

by the Theis 2/ nonequilibrium formula from cbservations of the rate of
recovery or deoline of the water level in a eingle obserwation well or

from the amcunt of recovery or declins in two or more observation wells
at different distances from the pumped well. This formula is sst up as

followss

,.1#@ g;;‘.. & (2)
1. rzl

Vheres 8 = drawdown or recovery of water level, in feet.
Q = diecharge of pumped well in gallons per minute.
r = distance of observation well from pumped well, in feet.

T = coefficient of transmissibility, in gellens per day
per foot, under wmnit hydrgmlic gradient.

2/ Theis, C. V., The relation between the lowering of the plesometric surface and
the reate and duration of dischsrge of a well using ground-water
storege: An. Geophys. Union Transe, 1935, rp. 519=52k.
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& = goefficient of storage, as a ratic or decimal.
t = time wsll has beea pumped, or time of recovery, in days.
The welue of the exponential integral in equation (2) is designated
W(u), which i{s resd "well function of u", and is computed by the convergent

series:

W(u) = 0.577 = logu + u - éu:a_+§_33_r- L Y )

“ e Lo 2 . -
where 1 S W

Values of W(u) for values of u between 10™15 end 9.9 are given by
Wienzels 3/ A graphioal method suggested by Theis obviates the necessity
of solving tho series of equation (3) for each desired value of u by the
use of a type curve which is & plot to logerithimio coordinates of values
of W(u) for emch velue of u, as shown by figure 12, ZEquations (2) anc ()
may be rewritten in parametrio form as follows:

o =« W68 ey | (5)
)
%‘ﬁ%‘g-“ (6)

The bracketed portions of the above equations are constant in wvalue
for a givon pumping test.

Using the sams logarithmio coordinate scales, a second curve is drawn
by plotting values of s againt .he corresponding velues of r2/t. The
graph of the plotted date (figs. 13 to 18, inclusive) is superimposed on
the graph of the type curve (fig. 12) and holding the coordinate axes of
the two curves parallel, ths test-data ourve is moved to the position which
gives the best possible fit between the observed data and the type curve.
With the curves in this position & matoch point is selected and the coordinates

3 y VYengel, L.E., Hethods for determining permeability of water-bearing materisls:
U. S. Geol. Survey Vater-Supply Paper 887, 19.2.



“13=

of this point are noted from each set of curves. From figure 15, showing
the observed data for the recovery of well P 3,1 after the shut=off of well
1, the matchepoint coordinates sre as follows:

From typo curve From cbserved data
u = 0.l ,a/t.‘?ls:ld‘
.!’f(ﬂ) = 1,82 . = 1,08

Then, from equations (5) mmé {6),

T= &f—g—ﬂm - W - 183,” gop.d./ft.

and 8 = u T s Ol x 1;:.000 y = 0,13
1.5.’ ?;E . X (& X

In the same manner values of S and T are computed, using the reecvery
data for the remaining wells. Another set of S end T values are determined
using the r2/t and s velues for eecch well at a given time (in this case, at
the end of the recovery period), which is comparable to the Thiem profile
methode The results of these computations ars summarized in tadle l.

Theis recovery method
A corollary to the nonequilibrium drawdown formmla, developed by
Theis, L/ affords a determination of the coefficient of transmissibility

from measurements of the recovery of water level in the pumped well or in
an observation well very close to the pumped well and this formula is
written as follows:

?w26Q . 2og A M
s (n
VWheres T = coefficient of tranamissidbility, in gallons per day per foot,
under unit hydraulic gradient.
Q = discharge of pumped well, in gallons per minute.

y mi‘. C. '0‘ OPe Qit.. Pe %0
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t= time imo pumping started, in minutes.
¢t'= time sinoce pumping stopped, in minutes
8 - residual drawdown, in feet.

The Theis recovery methoc was applied to the reecvery of water level
in the pilot wells that ere located immediately adjacent to the suppiy wells,
and these data are plotted in fig. 20, The recovery data for pilot well P 2
were not included, inssmmch as this well was affeoted considersbly by the
fluctuation in pumping rate of supply well 3 dnring the period of recovery
from the shute-off of supply well 2.

A summary of the coefficients of transmissibility and storage obtaired
by means of the several formulas and well combinations is prosented in table
1. The aversge values of T = 170.060 and S = 0.13 are used in the following
computations of well interference.

Interference computations

As mentioned previocusly, the overlapping of the cones of depression
of two or more wells is termed “interference” and results in a loss of
yieléd or increase of drawdown in all wells thus affected. Given the
coefficients of transmissibility and storage, it is possible to evaluate
this interference and estimate the yleld of each well for a given et of
pumping corditions. It is assumed, for the purpose of these estimates,
that normal recharge and discharge conditions would not be changed as a
result of the pumping and that all withdrawals would be from storege.

A period of 6 months of continuous withdrawal was choson as the basis of
the following estimates. The allowable drawdown om which the interference
computations are based was set ascarding to the recomemdation of Xr. C.

R. Merrick of the Layne-Northern Company, as the level midway between the
static level and the top of the well soreen. lie indicated that, although
this level is largely a "rule of thumb® determination, it has beem his
experience that operating difficulties ars minimized by this practice.
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Any large reductions in the head above the well screen, below this midpoint
level, gensrally result in incrustation of the well screen end surrounding
formation through the large redmotion in pressure, which results in loss of
carbon dioxide from the water and may result in precipitatio: of calcium
and magnesium salts isom the water.

Referring to fige 13, it is noted that the tops of the soreens in wells
1 and 3 ere somewhat higher than thet in well 2, and therefore set the liait
for the allowable pumping levels. OUn the basie of the water levels preveil-
inc at the end of the test, a depth to water of 22 feet below land surface
or 20 feet below the pump base is used for the well-field static level. The
totsl availeble head sbove the top of the screen in well 1 is then 66 = 25 =
11 feet under static conditions. One half of this value equals 20.5 feet,
the allowable drawdown in the pumping wells The available drawdown in the
pumping well must be reduced by the smount of head loss through the well
sorecn to cdetermine the drewdown available in the aquifer at the well fece.

A 2lehour pumping test o well 1 by the driller, the Layne-lNorthern
Company, run en October 6, 1912, indiocated a total drawdown of 26 feet for
& yleld of 1,100 gellons per minute. The computed drswdown for the equifer

uncder these conditions iss

Q = 1,100 gallons per ninute t =1 day

r = 9 inches = 0.7% foot T = 170,000 gepeds/Tte
= nominel radius of soreen
= ggsuned effective radius of well. S = 0.13

1.i 1'28 10-8_‘ X O.EE x0 1! .7
th = - hd =

end W(u) = 13.16

o = 1145 @ x W(u) .W = 10.0 feot
»
total drawdown = 26 feet

uifer drawdown = 10 feet
screen head loss = 10 feet, at 1,100 gallons per minute



<L

The head loes threugh the well soroen veries apyroximetely as il asguare
of the woll dischargs, but the isclerge 18 Ctic wunlmeown factor and therefore
an ostinate mat he :ade Lo determive the secrean loae end rasvltant not drawe
down ir tho aguifers Any lergs ermur iz this jroliminery estiwts can de
rovised aftor thu dischorpge ir detomined from the interferense com:utations.
Tho discharge is assunod as 700 gallone .eor minute, wnd the epproximete

%:1&-&.5:»@

The drawdowm in the squifer st the soreon fece is then
2ot = 6uF = 1l foot

screon loss is as focllowss

However, a drawdown of thls ragnitude represente an e preciabls roe-
duction ir the totel sstursted thicknoss mnd in the tranemissibility of the
formation,. The decresse in transaissibility rosults in an increase in
the druowdowns computed on tiic basls of somatant transmissibility, and cone
sequently the allowable dramwdewn of 1l feet in the aquifer must be asorrected
to copensate for the ceoreasod trazsmissivilitye 4L method dewised by Jaoch
5/ permits the computation of this correstion for the csse of pumping from
ons wall only, a8 followss .

-} @)

Thores s' = drawdam or reoocvery, in fest, lor oonstent 7,
1460, uniform gaturated thicknoss

8 drawdormn or regovery, in foct, for reducaed thickness

total saturated thicimesz, in feet
LA 3 -
then o U, i.l-é.z 124}, feet (approximately)

mn

Although this is not a eorrecct adjustaont for the oage of downtering asused
by puping three walls, it will be used here as an ap roximation.
5/ Jacos, C. L. Hotos on determining jormesdility by pumping tests under

water table oonditions, 7. . GCeol. Survey mimsogahed
peport, June 15l
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The allowsble drawdown of 12.), feet represents the limit of the sum
of the drawdosm in each well caused by the pumping of the well in guestion
and the pumpinz of all adjesent wells in the formation. Three simmlteneocus
equations arc set up below, covering the summation of the separate drswdowm
effects for each of the three wells in the Vigo well field.

From equation (%) there follows:

WELL 1 12.}; = lﬂué!slt W(‘}-_)_ & 1146 Q2 !3‘(01.2) + 1.6 Q3,'("dl

(9)
L w 3106 Q Hluy o) | 1146 Q Wlwp) | 116 G, Wlap_3)
e = vk SRR
WELL 3 12J; = 13406 Gy Wluy_3) , 11446 Gy Wlupz)y 196 . W(u,)
o T _‘&!—‘b‘ (11)

The walues of W(u) are taken from iensel's table after calculating the

appropriate values of u froa equation (6).

1.87 #°8

u=-

whero S = 0,13
T = 170,000 gepeds/fte
t = 6 months = 183 days
ry=r= ry = 070t = radius of well screen
ry_p = 856" = distance, in fest, from well 1 to well 2
ry_3 =1314' = distance, in fest, from well 1 to well 3

r2 3 = 930 = digtance, in feet, from well 2 to well 3

2
“1'“2"“3 . 1.% x.g. x: 0.13 = e 10.9

2 w(‘l) - W(uz) = W(ﬂ3) = m’?
1. X x Dol

3y z = = 0.8 x 1.().3 and W(uy o) = L$
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G.3 (%)2 xuy o=l x 1072 ang *;:(ul_j) = 347

u2.3 '(3;&9)2 xu, g " 6.8 x 10> and ‘si(ua.3) = Ll

Equations 9, 10, and 11 are rewritten as follows:

T =120 = 18,300 = 18.7 & + Lab Q + 3.7 @ (9

18,300 = L6 Q) +18.7 G + Lk Qg (10)

18,300 = 3.7 Q + kel @ +18.7 4 (11)

18.7/ke6 x (10) = 76.0 @ + 18.T Qp + 15.0 Q3 = 7h, 100 (9)

ho6 Ql + 1807 % + h-h Q3 = 18,300 (10)

Teh Q) + 1046 Q3 = 56,100 (12)

Le6/lely x (12) = 3.9 Q + Leb Q + 1945 Qg = 19,200 (11)

1847 Q) + L6 Qp + 3.7 Q3 = 18,300 (9)

~11.8 Q) +15.8 Q3 = 800 (13)

15.8/10.6 x (13)= 106.5 Q 15.8 Q, = 83,600 12

shfvk sl MGEY  tigag e fi
121.3 Ql = 82.830

Q = % = 632 GPU
The velue of 682 gellons per minute for the discharge of well 1 is
near enough to the sssumed value of 700 gellons per rinute used for the
screen~loss determinatice, to permit the caupletion of the interfererce
computations without furihior revision.
71l x 682 + 10.6 Q3= 56,100 (12)
10.6 Q3 = 56,100 - 18,700 = 7,L00

QB-%-M
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18.7 x 682 + L6 QY+ 37 x 698 = 18,300 . (92)
Laé Qp = 13,300 - 12,750 = 2,580 = 2,970

%'Eﬂg-&ﬁm

Total yisld:

well 1 = 682 GPM
well 2 = &6 OPX

woll 3 = GPH
g:rl .a%—rx, F1 = 2,000 GPU {within limits of data)

The combined yield of the three wells pumping continuously for 6
months, with all withdrawals from storage only, is estimated then as 2,000
gallons per minute, which is not greailly different from the required 2,200
gallons per minute., It should be noted thet, as asswmed, all wells would
operate continuously to provide the 2,000 gallons ver minute and no prevision
has been included for the removal of wells from sorvice in the event of
mechanical failure.

COICLUSIONS

The results of the pumping tests and interference computations indi-
cate -thet the three oxisting supply wells of the Vigo Ordnance Plant would
furnish abou’. 2,000 ganm per minute. The figure of 2,000 gallens per
minute is bawed on the assumption that all water pumped is supplied from
storage for a period of 6 months of comtinuous operation of the three wells.
It was also assumed that pumping lovels would be maintained at or shove a
level midway between the assumed static lewsl and the top of the well ascreen.
This levol was recormcnded by the driller, the Layne=Northern Compeny, as the
lowest operating level, inasmch as their experience has indicated that pro-
lenged operation below this level may result in incrustation of the well
soreen because of the large reduction in pressure on the formation at the
well face and within the well screeu.

The 1imit of 2,000 gallons per minute is mot the limit of the water-
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bearirg formation but rether the limit of the existing well system urnder

the sssumed cornditions. The available date are not sufficient to make sny
oestinntes of the sefe yield of the aquifer except in a rough gualitative
mammer. As indicated previously, the withdrewal of ground weter from wells
in Terre Haute, geveral miles north of the Vige Ordnance Plant, has approxi-
mated 30 million ralloms per day in recent yeers without serious declines

in water level. The required yiold of 2,200 gellons per minute is equivelent
to about 3 million gallons per dey or o:ly one-tenth of the Terre Haute pumpe
age. Groand-water elowations within the erea covered by the teat drilling
indicate in general that the water teble slopes toward the ¥Wabash River end
also slopos downstrean slong the longitudinal axie. There is no indice~
tion of any gradicnt from the Vigo Ordnance Flart to the Terre Haute area
and therefore the effect of the Torre Haute pumpage to date has boen only a
redustion in tho normal water-table gradient. In addition to water from
precipitation in the vicimity of the wells, ground-water underflow down the
nlhy 1s intercepted in part by the three present supply wells, and to
increase tho amount of this interception enteils the addition of more supply
wells within the wvalley and beyond the camfines of the present well fiold, to
increase the diamster of the effective corne of depression created by the pumpe
ing. Furthermore, it appears likely that additional wator might be drawm
into the aquifer from Ioney Creck ss the cne of depression is expsndeds On
the basis of the experience of well users in Terre Haute, it is evident that
oonsiderably larger supplies can be doveloped for the Vigo Ordnance Plant
near the present well field by means of additional wells properly located
with respsct to ths exlsting wells.



Teble 1 = Summary of values for tho coefficients of trensmissibility and storage using various combinations of
wells and analysis methods for the pumping test at the Vigo Ordnance Flant near Tevre Haute, Indiana.

Method Pumping Observation T = coeffioient of transmissibility 8 = goefficient of atorage
of well well For well Average for Averags for For well Aversge for Average for
snalysis used used noted wells used method used noted wolls used method used
Thiem 1 profile 1l7,000
3 . 159,000
153,000
Thels 1 P2 203,000 0.12
nonequilibrium 1 P3 171,000 Oelly
1 P 3,1 183,000 0.13
1 P 3.2 203,@ 0.13
190,000 O.E
1 profile 164,000 O
3 . 171,000 0.13
. 175,000 0.13
Theis reocovery 1 Pl 189,000
3 P3 182,000

185,000 185,000

Average of all ocombinations T = 171,000, say 170,000 8 = 0,13
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Table 1 -~ Summary of wvalues for the coefficients of transmissibility and storage using various combinations of
wells and analysis methods for the pumping test at the ¥igo Ordnance Plant near Yerre Haute, Indisnae.

Sathod Pumping | Observation T = coefficient of transmissibility § = ccefficient of storage
of Well Woll for well | average for | average for for well | average for | average for
Analysis used used noted nll: u;;%, method used noted wells used method used
Thiem 1 profils 147,000
3 . 159,000
153,000
Theis 1 P2 203,000 0.12
non-equilidbrium 1 P3 171,000 0.1
1 P 3,1 183,000 0.13
1 P 3,2 208,000 0.13
190,000 0.13
1 profile 164,000 0.14
3 - 171,000 0.13
175,000 0.13
Theis recovery 1 P1l 189,000
3 P3 182,000
185,000
1 1 123,000
2 2 174,000
3 3 281,000
176,000
180,000
Average of all combinations T = 169,000 J.p.d./,é't- 8 = 0.13
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