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The yield of the well field of the Vigo Ordnance Plant 
near Terre Beate, Indiana. 

By John G. Ferris and Fred He Blear, Jr. 

INTRODUCTION 

The redesign of production facilities at the Vigo Ordnance Plant, 

near Terre Haute, Indiana, has increased the demand for water to nearly 

50 percent above the demand originally plannsd. In order to determine 

whether tho present well field is capable of supplying surtioient water 

to meet the now demand, a pumping test on the three wells in this field 

was made during the period June 19 to 28, 1944. by the Vigo Ordnanee Plant. 

The pumps were started at 10120 a.m. on June 19, and it was planned bo 

operate the field at a rate of 3,000 gallons per minute for a period at 

5 days. At the suggestion of Mr. C. R. Merrick, of the Layne.Northern 

Company, who designed the original well system, Lieut. Col. Frank It. 

Johnson, Commandint; Officer of Vie Vigo Ordnance Plant, recreated by 

telegram on Jane 23 the assistance at the U. S. Geological Survey in deter. 

mining the water-yielding oapacities of the wells. Work by the writers was 

started immediately and arrangements were made to obtain data muster levels 

during the remainder of the pumping test, which had been in progress for 

several days. At the request of the writers, the test was continued several 

dr?, longer than was originally planned. Well 2 was shut off at 20 p.m. 

on June 24, well 3 was shut down at 7508 p.m. on June 26, and well 1 was 

shut down at 6.23 p.m. on June 26. Measurements of eater levels were :am. 

tinned by personnel of the 1Mgo Ordnance Plant for several days. 

In order to make information on the results of the pumping tests 

available ae soon as possible to the Vigo Ordnance Plant, a preliminary 

memorandum presenting the conclusions reached by the U. S. Geologies' 

Survey in the analysis of the pupping test data was submitted to the 



Commanding Officer of the Vigo Oraaance Plant on July 1, 19144,. The pur-

pose of the present report is to present in detail the data obtained dur. 

ilg the test and the methods used in the analysis of the data. 

It is understood that a report giving the available information an 

the 23 teat wells end the 3 supply wells drilled by the Layne.tiorthern 

Company of Indianapolis has been sent to th© Vigo Ordnance Plant by that 

company. Therefore, eomplete information on test wells and supply wells 

is not included in this report. 

?he work described in this *smarm:togas, done as part of the State-

wide investigation of water resourom by the U. S. Geological Survey In 

cooperation with the Indiana Department of Conservation, which is designed 

in part to render assistance in ground-water problems to agencies and 

industries directly connected with the mar effort. 
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the pooping test by Lieut. Col. Frank R. Jobrason, Commanding Officer, 
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DESCRIPTION OF WELL PI LD 

The well field of the Vigo Ordnanoe Plant is located in the Nii sec. 

17, T. 11 N., 3. 9 W., Haney Creek Township, Vigo County, Indiana, several 

miles south of Terre Haute (fig. 1). The well field lies in the valley 

bottom of the Wabash River, about a rile west of the eastern edge of the 

valley and about 2 miles east of the river. The land surface in the well 

field is about 40 feet higher than the river. In the vicinity of the well 



field, the valley is about 6 miles vide and the valley floor is 60 to 90 

feet below the adjacent upland areas. The valley floor is comparatively 

flat and nmoh of the drainage is underground through permeable sands and 

gravels. 

The sell field of the Vigo Ordnance nowt As irregular in shape, as 

the north fence line follows in a general way the course of Eoney Creek 

(fig. 2). The field is approximately 1,600 feet long and about 1,000 feet 

wide. The three supply wells in the field are e56 to 1,315 feet apart. Out-

side each pump house a 2spinoh pilot well has been left for observation pur. 

poees. An additional 2-inoh well is located midway between wells 2 and 3. 

The three supply wells wore drilled in 19142 by the Layne...Northern 

Company of Indianavolie, and wore designed to produce a total continuous 

water supply of 1,1400 gallons per minute. It was originally planned to 

operate one well continuously and one well intermittently, and to use one 

well for stend.by service. The wells are gravelweell wells 50 inches in 

diameter, and have inner casings end screens 18 inches in diameter. They 

range in depth from 8.3 to 88 foot. Bach well is equipped with an electric 

deep-well turbine pump and a separate gasoline-driven turbine pump for 

stand-by ferries in the event of a power failure. The electric pumps in 

all wells can be oontrolled from a central switchboard in well house 1 or 

individualy at each well house. The average yields of the wells during 

the June 1.91:h test were 945 gallons per minute for sell 1, 1,143 gallons 

per .minute for well 2, and 1,055 gallons per minute for well 3. The 

water from each well is metered and is pumped into a single main that 

leads t:o the' treatment plant several miles away. 
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The sands and gravels are severed by a thin layer of soil and 

clay, 3 to 15 feet thick, which probably has been deposited during flood 
stages of Honey Creek and the Viabash River. In several of the test wells 

in the well field these deposits are underlain by material described as 

clay, gravelly clay, or clay and gravel, having a maximum thickness of 14 

feet. These materials are usually eienge and relatively lupermeable. The 

total thicknece of the relatively impermeable deposits range.. from 8 to 25 

feet. (rig. 3). A minima thickness of 8 feet was found in test well El 

near -ioney Creek, suggesting that the impermeable beds be thin along 

the north edge of the well field. 

The channel of limey Creek has been out 16 to 20 feet below the 

general level of the well field. It *nears likely that the ehemmel has 

out through the Impermeable beds in at least some places and that there 

mgy be interconnection between the creek and the water bearing formations 

fr—r71•ach --r is pus ode hie la lusher suggested by the feat thet 

samples of water taken froze the wells have sheen unusually high bacteria 

counts, perhaps derived from Honey Creek, which carries the effluent free 

the sewage-disposal plant of the Vigo Plant and ram sewage from the weft 

community of Allendale. 

Before or during the glacial epoch the valley of the Wabash River was 

considerably deeper than at the present time. A deep valley was cut into 

the underlying bedrock, which in the center of the valley is at least A30 

feet below the present valley floor (fig. 1.4). The valley has sines bees 

filled with asposits of *and and gravel to approximately its present level. 

The deepest part of the rook alumnal appears to be in the vicinity or the 

Ut SO Penitentiary,- NffiliNi goo. 7, T. 11 N. R. where bedreek: was 

struck at a depth of 1312r feet or at en elevation of about 356 feet above 

see level, and near test well 9, see. 23, T. 11 N., R.9 Ti., inhere 

rook was struck at • depth of 109 feet or at an elevation of about 360 feet 



.6. 

above sea level. The elevation of bedrock in Torre Haute ranges from 357 

to 370 foot above sea level. 

Bedrock is struck in the well field of the Vigo Ordnanoe Plant at an 

elevation of about 402 to 407 fort above sea level. The bedrock floor 

continues to rise in an easterly direction and in test well 12, SkiS4 

sec. 20, T. 11 U., R. 9 N., shale was struok at • depth of 20 feet or at an 

elevation of about 470 feet above sea level. It is apparent that the 

Vigo .)rdnanoe Plant well field lies east of the deepest part of the buried 

channel and that the water-bearing formations become thicker west of the 

present field. 

The sand and gravel deposits of the Wabash Valley constitute a large 

underground reservoir or aquifer, which has a maximum thickness of at least 

130 feet in the center of the valley and an average thickness of saturated 

water bearing material in the vicinity of the Vigo Ordasnae rlent well 

field of 62 feet. The deposits underlie many square miles, and many 

millions of gallons 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 feat that approxi-

mately 30 million gallons of water a day has been pumped from wells in 

the Terre haute area for several years without serious deoline in water 

level. The well field of the Vigo Ordnanoe slant is several miles from 

the heavily pumped area in Terre Haute, and it is believed that inter-

ference between the two areas will bo negligible at least for a consider.. 

able period of time. 

SOURCE OF NAM 

The water levels in wells indicate in a general way the extent to 

which the underground reservoir is full. It is believed that water is 

added to the reservoir primarily from precipitation within the limits of 
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the drainage basin. Although at the well field at the Vigo Ordnanoe 

Plant the water.beering beds are overlain by caws and clayey Grevel 

that appear to be relatively impermeable, at acme plums the surfer's 

soils are believed Ube sufficiently permeable to allow direct 

percolation frog the surface to the water.baarinc formations. This 

is 'thorn further by the fact that the valley is well drained although 

surface streams are widely spayed. T.le water :bearing beds be re. 

e1,arged also in part by water from .i:oney Ureek and other perennial streams, 

although the available data are not sufficient to show conclusively the connoow 

tion between the streams and the water4rearing beds. 

Melffe TESTS 

then a well is pumped the water table within tale zone of influence 

of the pumping is drawn down in a shape similar to en inverted cane, with 

the apex cif' the" Rune at the well. The overlapping of the can se of two or 

more adjactent pumped wa3.14 ending in the saris aquifer is termed intarfer. 

once and recruits in a decline in yield or inc ease in the drywdown of mush 

well. The 'meant of Intn.forenee is dependett on the shape and rate of 

propagation of the come of depression, which in turn depend on, (1) the 

location of th peurce of natural recharge and area of natural discharge, 

(2) the capacity of the formation to transmit water to the pumped ems. 

and (j) ttto amoOnt of water that is =leased from storage when the head 

in the aquifer is lowered by pumping. The ttensmissien and starlit, 

properties of an aquifer are termed respectively the eoeffizients of 

transmissibility and storage. 

The coefficient of tremsaissibility Si defined as the rate of flow, 

in gallons a day, through a vertical strip 1 foot wide, extending the 

height of the saturated portion of the aquifer, und9r a hydraulic gradient 

of 1 foot per foot (unit hydraulic Gradient). 



The coefficient of storage is defined as the amount of water, in 

cubic feet, released from storage in a vertical column of the aquifer 

with a basal area of 1 square foot when the head is lowered 1 foot. 

These coefficients can be determined by observing the rate and amount 

of decline or recovery of head in the aquifer under a known pumping regimen. 

At the time the U. S. Geological Survey was requested tc conduct • pumping 

test at the Vigo Ordnance Liant, the three supply wells in the existing 

well field had been in continuous operation at nearly constant pumping rates 

for a period of 5 days, starting at 10:15 to 10:25 a.m. on Jute 19. As shown 

in figure 2, a 2-inch observation or pilot well is adjacent to each supply 

well, and one pilot well is about midway between wells 2 and 3. eater-level 

observations were started immediately in each of these wells. In addition, 

a 1-inch pilot well was jetted at the site of one of the original 

teat holes between wells 1 and 3, and this well was included in the observe. 

tion program. At 21/40 p.m. on June 2L, well 2 was shut off and periodic 

measurements of water level were :Rade by the wetted-tape method in each 

pilot well and by altitude-gage readings on the air line in each supply 

well to determine the nature and extent of the recovery of water level in 

the well field. Following a similar procedure, well 3 was shut off at 

7:08 p.m. on June 26 and well 1 at 6:25 p.m. on June 26. The water-level 

observations by the Geological Survey and the ,?ersonnel of the Vigo Ordnance 

Plant covered the period from June 23 to July 4, inclusive, and these data 

in hydrograph form are shown as figures 5 to 9, inclusive. Observations of 

the operating characteristics of the pumping equipment, under the direction 

of Ajor J. B. Asnmnir, Poet Dngineer. included hourly readings of the 

meter register for each well, the calculation of the rate in gallons per 

minute for each well within the hourly intervals, and recordc of the pumping 

level as recorded by the altitude gage on each air line. A bar graph of the 

fluctuations in pumping rate for each well is shown as figure 10. 



As shown by figures 5 to 9, inclusive, the water levels in all pilot 

wells were declining at the VI= well 2ms shut off. with the cessation 

of pumping from well 2, the head in the egaifer rose and the rising trend is 

superimposed on the original downward trend. The total recovery for each 

well at a given time is then the sum of the apparent recovery of water 

level above the shut-off stage plus the drawdoen estimated by extrapolating 

the data prior to the shutoff. Similarly, the actual recovery at a given 

time after the shut-off of well 3 is the difference between the apparent 

recovery mad the extrapolated recovery effect that carried over from the 

shut-off of well 2. Recovery data for the shut-off of well 1 must be corrected 

for the carry-over recovery effect of the shu.'z...off of well 3. Heasurements 

of water level prior to the shut-off of well 2 are not sufficient to permit 

extrapolating or estimating the drawdomn carry-over thtt is included in the 

recovery of each pilot well after the cessation of pumping in well 2. 

The three supply wells are connected to a common distribution main, 

mtich delivers the raw water to the treatment plant. The line pressure 

maintained is therefore a funoticc of the number of wells in operation on 

this line. For this reason, when ono or more yells reduce or stop pump-

ing there is a direct reduction in the well discharge pressure, with a re-

sultant increase in the punping rate of each well that remains on the line, 

as shown at several places in figure 10. Readjustments of the valve on the 

discharge line of each active well were made after each well shut-off in an 

effort to maintain the pumping wells at the same discharge rate. The recov-

ery of water level in the pilot wells after the shut-off of well 2 was 

masked completely in yells 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 consistent 

results were obtained with the shut-off of the last well, supply well 1. 

The present methods of analysis of the fluctuations of the water 

table or piezometric surface within the sane of influence of a pumping 



 

	

	

		

well are based on the following assumptions: (1) The water-bearing formation 

is homogeneous and isotropic (i.e. equally permeable in all directions, later-

ally end vertically), (2) the formation expands beyond the limits of the sone 

of influence, (3) the wells penetrate the full thickness of the formation, 

(4) the coefficient of transmissibility is constant at all places and all 

times, and (5) the formation releases water from storage instantaneously with 

the decline in water level. Any divergence of actual field conditions from 

these idealised assumptions results in variations and inconsisteness in the 

alignment of the observed data. 

This nettled 

The coefficient of transmissibility can be determined by a formula 

developed by Thiem, yf ehich is bleed on measurcaents of the recovery or 

drawdoun 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 

aomy of depression at a given time. This formula is set up as follows: 
r2 

527.7 (4 log 197 
T = si (1) 

Where: T a coefficient of transmissibility, in gallons per day per foot, 

under unit hydraulic gradient. 

= discharge o4 pumped well, in gallons per minute. 

r191.2 = distance of observation wells from pumped well, in feet. 

.1012 = recovery or drawdown of water level, in feet. 

Instead of evaluating the logarithm of the distance ratio in this 

formula, it is more convenient to use semilogarithmio coordinate paper. 

The distance from the pumped well to this observation well is plotted on 

the logarithmic no„rdinate scale and the recovery of the water level in 

the observation well is plotted on the rectangular coordinate scale. The 

1/%4=81, L.K., The Thiem method for determining permeability of water-bearing 
materials: U. S. Geol. Survey Water.Supply Paper 679, 1936. 



	

 

	

recovery data for the profile lion of observation wells as affected by 

the shut-off of wells 3 and 1 are plotted in this manner in figure 11. 

Inasmuch am the logarithm of 10 to the base 10 is 1, it is convenient to 

measure the drwwdown intercept (el - se) between distanoes r2 and ri that 

are sone power of 10, as ihoen in figure 11. Then from the data for the 

shut-off of wells 3 and 1 there follow:et 

Well 3 shut off T527'7 x #°55 x do 159,000 g.p.d./ft.
3.5 

well 1 shut off r.5274 2 94 1 • 1147,000 g.p.d./ft.
3.1t 

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

Theis nonquilibriummethod 

The coefficients of transmissibility and storage can be determined 

by the Theis V'nonequilibrium formula from observations of the rate of 

recovery or decline of the water level in • single observation well or 

from tho amount of recovery or decline in two or more observation wells 

at different distances from the pumped well. This formula is set up as 

follows: 

istaa 114.6 e du (2) 

Where: a - drawdown or recovery of water level, in feet. 

discharge of pumped well in gallons per minute. 

r = distance of observation well from pumped well, in feet. 

T = coefficient of transmissibility, in gallons per day 
per foot, under unit hydriallo adient. 

2/Theis, C. V., The relation between the lowering of the piesometrio surface and 
the rate and duration of discharge of amen using groundwater 
storage: Am. Geophys. Union Trans.. 1935, gip. 519-526 



 

	  

	

 

 

LI • acetficient of storage, as • ratio or decimal. 

t • time will has been pumped, or time of recovery, in days. 

The value of the exponential integral in equation (2) is designated 

IN(11), which is read swell function of u", and is computed by the convergent 

series: 
U(u) 0.577 . logsu + u u2 +u3 (3)

MX Fp' zzr 

*hero u 1.8r2S 
(4) 

Values of W(u) for values of u between 10-15 and 9.9 are given by 

A graphical method suggested by Theis obviates the necessity 

,f solving the series of equation (3) for each desired value of u by the 

use of a type curve which is a plot to logarithmic coordinates of values 

of 7(u) for each value of u., as shown by figure 12. Equations (2) and (4) 

may be rewritten in parametric form as follows: 

114.6 
:I 

(5)• 11(U) 

r s T 
1.7177 • r (6) 

The bracketed portions of the above equations are constant in value 

for a givon pumping test. 

Using the sane logarithmic coordinate scales, a second curve is drama 

by plotting values of s again: .A6 corresponding values of r2/t. The 

graph of the plotted data (figs. 13 to 16, inclusive) is superimposed on 

the graph of the type curve (fig. 12) and holding the coordinate axes of 

the two curves parallel, the test-dada curve 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 a match point is selected and the coordinates 

• wensel, L.K., Methods for determining permeability of water-bearing materials: 
U. $3. Geol. Survey Water4upply Paper 667, 19L2. 
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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 natoh-point coordinates are as foliose: 

From typo curve From observed data 

u = 0.1 r2/t a 7.5 x 104 
Au) = 1.82 • = 1.08 

Then, from equations (5) and (6), 

T 114.6 4 Au) 114.6 x245 z 1.82 - 143,000 g.p.d./ft.1.uo 

and s u . 0.1 x 143.000 is 0.13 
1.8f7F7E 1.87 x 7.5 x 104 

ILL the same manner values of S and T are computed, using the reeevery 

data for the remaining wells. Another set of S and Y values are determined 

using the r2/t and a values for eeoh well at a given time (in this ease, at 

the end of the recovery period), which is comparable to the Thies profile 

method. The results of these computations are summarise,' in table 1. 

Theis recovery method 

A corollary to the nonequilibrium drawdoun formula, developed by 

Theis, affords a determination of the coefficient of transmissibility 

from measurements of the recovery of muter level in the pumped well or in 

an observation well very close to the pumped well and this formula is 

written as follows: 

T ,264. . log *A' 
• (7) 

Where, T = coefficient of transmissibility, in gallon. per day per foot, 
under unit hydraulic gradient.

Q = discharge of pumped well, in gallons per minute. 

W Theis, C. V., op. cit., p. 522. 
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t • time since pumping started, in minutes. 

tho time since pumping stopped, in minutes 

s residual drawdown, in feet. 

The Theis recovery method was applied to the recovery of water level 

in the pilot wells that are located immediately adjacent to the supply wells, 

and these data are plotted in fig. 20. The recovery data for pilot well Y 2 

were not included, inasmuch as this well was affected considerably by the 

fluctuation in pumping rate of supply well 3 during the period of recovery 

from the shutoff of supply well 2. 

A summary of the coefficients of transmissibility and storage obtaired 

by means of the several formulas and well oombinations is presented in table 

1. The average values of T • 170,000 and S • 0.13 are used in the following 

computations of well interference. 

As mentioned previously, the overlapping of the cones of depression 

of two or more wells is termed "interference" and results in • loss of 

yield or increase of drawdown In all wells thus affected. Given the 

coefficients of transmissibility and storage, it Ls possible to evaluate 

this interference and estimate the yield of each well for a given Zit of 

pumping ocmditions. It is assumed, for the purpose of these estimates, 

that normal recharge and discharge conditions mould not be changed as a 

result of the pumping and that all withdrawals mould be from storage. 

A period of 6 months of continuous withdrawal was chosen as the basis of 

the following estimates. The allowable drawdown on which the interference 

computations are based was set according to the recommendation of Mr. C. 

R. Merrick of the Layne—Northern Company, as the level midway between the 

static level and the top of the well screen. lie indicated that, although 

this level is largely a "rule of thumb" determination, it has been his 

experience that operating difficulties are minimized by this practice. 



	

	 	

	

	  	
	

	

Any large reductions in the head above the well screen, below this midpoint 

level, generally result in incrustation of the well screen end surrounding 

formation through the large remotion in pressure, which results in loss of 

°urban dioxide from the water and may result in procipitatio.: of calcium 

and magnesium salts iems the water. 

'Referring to fig. 19, it is noted that the tops of the screens in wells 

1 and 3 are somewhat higher than that in well 2, and therefore set the limit 

for the allowable pumping levels. On the basis of the water levels prevail-

ins at the end of the test, a depth to water of 22 feet below land surface 

or 25 feet below the pump bake is used far the well-field static level. The 

total available heed above the top of the screen in well 1 is then 66 - 25 • 

la feet wider static conditions. One half of this value equals 20.5 feet, 

the allowable drawdown in the pumping well. The available drawdown in the 

pumping well must be reduced by the amount of head loss through the well 

ecrecn to determine the drawdown available in the aquifer at the well face. 

A 21i.hour pumping test on well 1 by the driller, the Layne...Northern 

Company, run on October 6, 1942, indicated a total drawdown of 26 feet far 

a yield of 1,100 gallons per minute. The computed drawdown for the aquifer 

under these conditions is* 

= 1,100 gallons per minute t • 1 day 

r = 9 inches = 0.75 foot T• 170,000 g•a • -•/- •ti rit 
= nominal radius of screen 

assumed effective radius of well. S • 0.13 

teems = 1.3Z r2S a 1.87 3: 04512 x 043 8.0 x lo `7Tt 170,000 x 1 

and lAu) • 13.46 

= 114.5 x Mu) „ 114.6 x 1,100 13.46 • 10.0 feet 
fi 170,006' 

total drawdown = 26 feet 
aquifer drawdown = 10 feet 
screen heal loss = 16 feet, at 1,100 gallons per minute 

1M 



	

	

	

	

	

	

	

	

T) head loss through the well screen varies altl,rea4rately an the square 

of tla soil disoharcc, but thv acc:.arge is tw unbuxn factor and therefore 

an estimte must bo .-sea to detortAiro tic screen loss and resultant not dram• 

down in the aquifer. :,,n7 icrso error la this ,:reliranery msti.,.3vto can be 

revised after th% discharge iz determined frt,m tle i•terferenoe comortations. 

The discharge is assumed as 700 Lallore tits approximate 

sorson loss is as fellowas 

Taw_ 
I VII: z 6.5 feet 

The drsm4ovn in the aquifer at the screen face is then 

20.5 r 6.5 0 IL foot 

a drmsdown of this macnitude represents an a,preciable re 

auction in the total saturated thickness and V.,e transmissibility or the 

formatico, The decrease in transmissibiiit7 results in an increase in 

the drairdesna computed cc is blIsic of constant transnissibilit7, an4 con-

sequently the allowable arswaown of feet in the aquifer must be corrected 

to compensate for tie decreased tmsmissilAlity. A nethoc devised by Aseeb 

V permits the concautatial of this correction for the case cf pumpinz from 

one we anly, as follows: 
4 

s. s • L. 
(0) 

aeres st 0 draedosn or recovery, in feet, for oonstant T, 
i.e., uniforn saturated thickness 

s drevdmn or roe very, In ftwt, for reduce thiobless 

n. • total saturated thickness, in feet 

then s wi • )24 feet (epprozimmt04) 

Although this is not a correct adjustment far the ease of &metering oaueod 

by in sine three rolls, it will be used here as an aL)prozination. 

Jacob, C, Notes on determining puncebility by pumping tests and 
water table conditions, U. S. Geol. eurvsy nimeopaphed 
rokirt, Jcne 1914( 



 

	

	  

	

	  

	  

	

The allowable drawdoan of 12.4 feet represents the limit of the sum 

of the drawdoan in each well caused by the pumping of the well in question 

and the pumping of all adjacent wells in the formation. Three simultaneous 

equations are set up below, covering the summation of the separate drswdown 

effects for each of the three wells in the Vigo well field. 

From equation (5) there follows: 

3.2.4 • 114.6 Qi g(w1) + 114.6 Ci2 114.6 Qj(1114.3) 
11 

WELL 2 12.4 1114.6 • 114.6 Q2 w(n2) 124.6 Q3 1402.4) 

vra, 3 12.4 1114.6 • 1.14.6 42 W(u2..3)+ U14.6 51.14113) 

The values of WE(u) are taken from '';i'emse3le table after calculating the 

appropriate values of u from equation (6). 

U 1.87 r28 

*10ro •0.13 

T = 170,000 g.p.d./ft. 

t - 6 months 0 183 days 

ri = r2 0 rj = 0.75/ = radius of well screen 

"1-2 = 856/ = distance, in feet, from -sell 1 to well 2 

r1.3 013141 = distance, in feet, from well 1 to well 3 

r2 930' distance, in feet, from well 2 to well 3-3 

2
1.87 x x 0.13 4.4 x lo-9urueu3 a 1702000 X 183 

2 a(ul) W(42)a R(u3) w 18.7 
1.87 x Trx 0.13 

ui..2 • 170,b00 x 11:33 • 5.8 x 10-3 and 11(u1..2) • 4.6 



	

		 

	

	

	

	

	

	

		

	

	
	

	 	

	 	

	

	 		

 
	

	

	

)2 x 1.4 x 10 2 and -,.(u1.3) • 3.7 

u2.3 "(g2 x u2.3 0 6.8 x 10-3 and 3)
"2. w 14'4 

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

170,000
114.6 x 12.4 • 18,300 * 18.7 Qi + 4.6 42 + 3.7 Q3 (9) 

18,300= 14.6 Q1 + 18.7 (22 + 4-4 Q3 (10) 

18,300 - 3.7 Ql + 4.14 Q2 + 18.7 Q3 (11) 

18.7/4.6 x (10) * 76.0 ql + 18.7 + 15.o Q3 714,1400 (9) 

14.6 Ql+ 18.1 Q2 + 14.4 Q3 • 18,300 (10) 
+.11MMINPIIIIIIMMION11.1110111 

71.14 Qi + 10.6 q3 - 56,100 (12) 

444.4 x (12) * 3.9 Qi + 4.6 Q2 + 19.5 Q3 = 19,100 (1l) 

18.7 Q1 -...- 14.6 q2 + 3.7 Q3 * 13,300 (9) 

-114.8 Q1 + 15.8 Q3 = 800 (13) 

15.3/10.6 x(13)* 106.5 Qi + 15.8 Q,= 83,600 is 
-14.8 Ri +15.8 15 800 

121.3 Q1 2, 82,810 

Q1 " 4-1,* 632 GPM 

The value of 682 gallons per minute for the discharge of well 1 is 

near enough to the assumed value of 700 gallons per minute used for the 

screen-loss determination, to porLlit the completion of the interference 

computations without fur' 4or revision. 

71.4 x 682 + 10.6 Q3* 56,100 (12) 

10.6 Q3 . 56,100 - 148,700 . 7,1400 

Q3 itz54.. 698 



	 	

	

 

18.7 x 632 + 4.6 + 3.7 x 698 = 13,300 . (9) 

1446 Q2 se 13,300 - 12,750 - 2,530 = 2,970 

Q2 q7.2. 6116 

Total yield: 

well 1 • 682 GPM 
well 2 = 614 WU 
well= .08 GPIX 
total =2,*. = 2,000 G1 (within limits of data) 

The combined yield of the three welly pumping continuously for 6 

months, with all withdrawals from storage only, is estimated then as 2,000 

gallons per minute, which is not greatly different frontal* required 2,200 

gallons per minute. It should be noted that, as steamed, all wells would 

operate continuously to provide the 2,000 gallons ;der minute and no prevision 

has been included for the removal of wells from service in the event of 

mechanical failure. 

CONCLUSIONS 

The results of the pumping tests and interference computations Judi.. 

cats -that the three existing supply wells of the Vigo Ordnance Plant would 

furnish abote. 2,000 gallons per minute. The figure of 2,000 gallons per 

minute is based on the assumption that all water pumped is supplied from 

storage for a period of 6 menthe of continuous operation of the three wells. 

It was also assumed that pumping levels would be maintained at or d5ove • 

level midway between th© assumed static level and the top of the well screen. 

This level was recommended by the driller, the Layne-Northern Company, as the 

lowest operating level, inasmuch as their experience has indicated that pro-

longed operation below this level may result in lacrustation of the well 

screen because of the large reduction in pressure on the formation at the 

well face and within the well screen. 

The limit of 2,000 gallons per minute is not the limit of the water.. 



bearing formation but rather the limit of the existing roll system under 

the assumed conditions. The available data ere not sufficient to make any 

estimates of the safe yield of the aquifer except in a rough qualitative 

manner. As indicated previously, the withdreral of Groundwater from wells 

in Terre Haute, several miles north of the Vigo Ordnance Plant, has approxi-

mated 30 million gallons per day in recent years without serious declines 

in water level. The required yield of 2,200 gallons per minute is equivalent 

to about 3 million gallons per day or o:--.1y ono-tenth of the Terre Haute pump. 

age. Groundowater elovations within the area covered by the test drilling 

indicate in general that the eater table slopes toward the Wabash River end 

also slopes downstream along the longitudinal axis. There is no indica.. 

tion of any gradient from the Vigo Ordnance Plant to the Terre ilaute aron 

and therefore the effect of the Terre Haute punpage to data has been only a 

reduction in ti!f_, normal water-table gradient. In addition to water from 

precipitation in the vicinity of the wells, groundwater underflaw dawn the 

valley is intercepted in part by the three present supply wells, and to 

increase the amount of this interoeption entails the addition of more supply 

wells within the valley and beyond the confines of the present well field, to 

increase the diameter of the effective cone of depression created by the pump-

ing. Furthermore, it appears likely that additional water might be drawn 

into the aquifer fromHoney ('reek as the oune of depression is expanded. On 

the basis of the experience of well users in Terre Haute, it is evident that 

considerably Larger supplies can be developed for the Vigo Ordnance Plant 

near the present well field by means of additional wells properly located 

with respect to the existing wells. 



	 	 	
	 		 	 	
	 		 	 	 		

 

 

 

	

Table 1 . Summary of values for tho coefficients of transmissibility and storage using various ooMbinstions of 
wells and analysis methods for the pumping test at the Vigo Ordnanoe Plant near Torre Haute, Indiana. 

Method Pumping Observation T coeffioient of transmissibility S • ooefficient of storage 

of well well For well Average for Average for For well Average for Average for 
analysis used used noted wells used method used noted wells used method used 

Thiem 1 profile 114.000 
159,0003 

153.000 

Theis 1 P 2 203,000 0.12 
nonoquilibrium 1 P 3 171,000 0.14 

1 P 3,1 183,000 0.13 
1 P 3,2 203,000 0.13 

190,000 0.13 
1 profile 164,000 0.14 
3 N 171,000 0.13 

175,000 0.13 

Theis reoovery 1 P 1 189,000 
3 P 3 182,000 

195.000 185,000 

Average of all oombinatlans T 171,000, say 170,000 8 Is 0.13 
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Table 1 - Summary of values for the coefficients of transmissibility and storage using 'arious combinations of 
wells and analysis methods for the pumping test at the Vigo Ordnance Plant near Terre Haute, Indiana. 

T se coefficiftnt of transmissibility 8 g. coefficient of storageMethod Pumping Observation 
of Well Well for well average for average for for well average for average for

Analysis used used noted (=WM) method used noted *ells used method used 

?hien 1 profile 147,000 
3 " 159,000 

- ---
153,000 

1 
Theis 1 P*2 203,000 0.12 
non-equilibrium 1 P 3 171,000 0.14 

1 P 3,1 183,000 0.13 
1 P 3,2 203,000 0.13 

190,000 0.13 
1 
3 

profile
• 

164.000 
171,000 

0v14 
0.13 

175,000 0.13 

Theis recovery 1 P 1 189,000 
3 P 3 182,000 

185,000 
1 1 123,000 
2 2 174,000 
3 3 231,000 

176,000 
180,000 

Average of all combinations if a 169,000 j.p.d.rn • 8 0 0.13 
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