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Investigation of ground-water supply for laval Powder Factory,

Indien Heed, Marylend "

Introduction

This investigetion of the ground-water supply that is available for

'poaaible development on the laval Powder Factory Reservation at Indien Head,

kieryland, was made by the Geologleal Survey in response to a request, dated
January 4, 1838, from the Seeretary of the Navy addresssd to the Secretary
of the Interior. This more intensive investigntion was an ocutgroeth of the
recomnendations resulting from a praliminery study of the gmun&-water
supply at Indien Heed thet was mede during the summer of 1937. The resulis
of the preliminary study a.ré given in = reipart},-/that was trensmitied o the
Bureau of Ordnance, Navy Departmanf, in Octoher 1837,

The Navel Towder Faetory resarvetion is situeted on 'she east bank of
the Potomae Biver in Charles County, ¥d., Jjuat north of the mouth of
Maftawoman Creeke. The reservetion adjoins the village of Indian Head and is
approxinetely 22 miles southwest of Hashington, D. C. |

Ground water is especially desirable as a source of water supply for the
menufacturing operations condueted at the Naval Powder Factory bscmuse of its
superior chemical gquallty in comperison with water from the Potomac River and
Matvtawonmen Creek, which bound the govermuent reservation on thé west and eanst
sides reapectively. The present water supply for the menufaciure of powder
is obtained from eight wells situated on the government reservation in the

vieinity of pumphouse No. l. There is also g atend-by system consisting of '
£

1/ Fiedler, i. G., Cady, R. C., 8nd ¥eilnzer, O. L., The water supply avails-
ble %o wells on the government reservation at Indian Heed, Md., Oct. 1937.

1.
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five wells situated in the vieinity of pumphouse Ho, 2, Which is about half a
mile northesst of pustphouse No. i. The wells alao furnish water for domestic
use for the persomnel dquartered on the reservation and the pecple living 4in
the &djoining village of Indien Head. (See figure 1).

The investigation was conducted under the genersl supervision of Oscer =,
Meinier, geologist in charge of the Division of Cround Weter, Geological
Survey. A. G. Fledlor waa in immediate charge of the work and was assisted in
the field by L. J. Cederstrom and Roy C. Meinzer, The geologic studies con-
ducted in the intake area of the formations fa;:pad by wellz at the Haval Fowder
Faetory and the survey of ¢the water supply facilities st nesrdy governmend
reservations in Virginia snd Maryland were made by ¥r. Cedersirom. He sasisted
elso in the collection of well observation dats during the punplng tests cone

assisted at times by
ducted on well No.ll. Roy C. ¥einzer,/i. F. Burris and George D. Polley, col-

lected the dats on the pumping tests run on the wells at pumphouse Ho. 1,

The extensive computations beded on the voluninous records collected during
the course of the pumping tests end the mathematical amalysis of the records
ners méde by C. B.s Jacob, who devoted more fthaen four monthg to this phass of
the worke The report was reviewed by seversl members of the Division of

Ground Yater, of the Geologlesl Survey, and ﬁcknowledgnents are dues %0 A, H.
Sayre, D G. Thompson, and le K. Yenzel for constructive criticlom eand nssis-
tanee in the intexpretation of sone of the bese daie. IEspecisl acknowledgmentis
ere due C. V. Theis, of the Geologicel iurvey, for devising the msthod of
pusping enalysis involving the use of sn imege well to determine the theorstical
effect of pumping at various retes and the theoretical quantity‘ of water that

eould be pumped for various pericds from wells at Indian Head,
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Throughout the ecourse of the present investigation the officers end
eivilian personnel conne¢ted with the Nawal Powder Facitory extanded cordial |
cooperation, and the necessary pumping tests of existing wells wers accord-
ingly greatly fecilitated. Especial acknowledgnents ere dus to Capt. F. B,
Haines, Corrmnder A. D. Mayer, snd Lisut. Conmander C. T. Tyler. Mr. C.
lLancester, Supt of the Englineering Depertment, was particulerly helpful in
arranging for the installetion and operation of water-atage recordars on
representative wells and in mairteining 4the well pumps in opsration at differ-
ent rates in order that esssntisl observations on the effe6§ of pumping could

be made.

Purpose of Inveatization

The perpose of the investigation wes to determine more accaurately than
was poasible during the preliminary studiea of 1937, the guantity of waier
that could be developed from wells at Indian Head, without exhsusting the
supplye Specifically, the problem initialliy was to determine whether es
much a3 12,000,000 gellons of water & day could be developed from wells.

The preliminery studies made in 1957 indicated that such 2 development would
be imprecticable. Ifowever, the data collected durmg the prellminery inves-
tigaution wers only general in nature. Accordingly, more aciensive teating of
the wells and further study of the problem were rescommended in the preliminary
report.

uring the preliminery study in 1957 only such observations and teats
wore mede .as could be conduecited without changing the apemting procedure that
was regularly followed et pumping plant Ho. l. During the present investiga-~
tion, however, a definitely planned schedule of pumping cperations wes e¢on-~
ducted so that the effect of different rates of pumping could de observed

and evalunted.



. 4.
Geology

The geology of the region in the vicinity of Indian Heed is briefly des-

eribed in the preliminary report es follows:

_/ Fiedler, A. G4y Cady, Re Co, 2nd ¥einzer, 0. E., Op. ¢it. PPs 2 & 3o

"Indien Bead and the arss surrounding it are underlain chiefly by alternate

inz beds of poorly consclidated e¢lsy, sili, and sand. These beds reat upon an

_/ For # detailed descriptlon of the character of the poorly eonsolidatesd beds
overlying the erysialline deasemont rock sea U, 3. Geologlieal Survey Folios 152
and 1282, Ses slso Clark, W. B., Msthews, F. Be, and Berry, F. W., Ths Surfacs
and Underground ‘ater Resources of Maryland, including Delaware snd the District
of Columbia: Md., Geol. Survey Spec. Fub., vol. X, pte 11, 1518,

ercded floor of orystalline roeck that slopes toward the east or southeast. * *
® % ¥ % % he pldest of the formations into which $hese poorly consolidated
materials have been classified ls the Patuxent. This focrmeilion consists
chiefly of buff and light-colored sands and predominztely lighi~colored clays
and sandy eleys. It appears to constitute the 440 feed of material encountered
between depths of &bout 300 feet to 740 feet in well 15, as shown in Fig. 2
{in this report) supplied by the Bureeu of Ominsnce. The owrlyiug 35 fest of
material, consisting 1&rgély of dark brown clay, may belong either o the
Patuxent formetion below, or the Patapsco formation above. above this cley
there is about 225 Teet of material consisting chiefly of highly cﬁzlomd and
variegoted clay which probebly belongs to the Patapsco formation. The uppermost
§50 Teet of material, composed chiefly of dark gray clay, and dark green sand
belongs in tho Aquias formation. The Patuxent and Fatapsco formations are lower
Croiaceous in age; the Acuia formation is lower Iocene®, | ;

The diastinetion between the Fatuxenit formation and the T'atapsco fom&timi
18 not clearly drawn in some areas outside of Indian Head; hence these forme-

tions will be designated in this report as the deds comprising the Potowsoe groupe
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Figure 3 1s 8 geologic map of parts of Marylend end Virginia, showing the
aree of outerop of the fonnations underlying the Government reservaticn at Indisn
Head, Meryland, and the location of wells. The unconsolidated sends and clays
canprising the Potamab group crop out in a sirip, aporoximstely four to six miles
wide, bordering the Potomme River on the west. (See figure 3). An excellent
view of the beds of the Potomac group may be seen in road cuts along U. Se
Highway 1 between Fort Belvolr {formerly Camp Rumphreys) and Triengle. They are
seon to consist of arkosic (fsldapathic) ssonds and clays. The beds are generally
lenticular, and they thicken, thin or pinch out in reiatively short diatancea;
The sznds are cheracteriatieslly eross-bedded.  Soms of ten ara quite permeable,
others contain more or lass 8ilt or clay. In some places the clay is so abundant
that the permenbility of the sand i1s groeatly reduced, |

The lmek of regularity in‘thé bedding of the Potomac group is 8lso shown
by o study of the well logs in aress whers 1t i3 penetrated.

Tuble 1 shows the altituds of the botiom of thick beds of send in the
wells at Pumphouse Ho. 1 st Indien Head. Thase wells are loeated within s Trdius

of about 300 feet of Fumphouse No. 1s It i3 seen thai soms sends maintain o
nearly constant altitude in sevarsl wells whila in other wslls sands occur at

higher or lower altitudes sven within %the small ares ineluded by the wells.,
4 sinilar tebuletisn on the wells at the Marine Bese st wasatico, Va.,
where the wells are nore widely spaced showas & greater irregularity. (See
page 7).
The clay beds of the Potomse group are aimost as irrsguler as the sands.
Henco, although no individual bed of sand extends for eny great distance, the

ground water migrates from one sand bed to ano ther with comparative eéasa.

£



~ Dopth of wells (in foot), and altitudes of %0p gng

Teble lew
botton of wells, srd of thick dedo of mediun
or cosrse sands encountored in wells (in feet
above or below sea level) at Indian Heed, Md.
and ‘mantice, VYa.
Governmont wellzs at Indian Foad, 1,
Hoa. i 1
Dapth 1 398 419 365 257 388 364 409 180 1200
Aldiiunde of 7
sarfacs £ 45003 738,85 1428 1361 17290 +33.,8 +328.8 32,3 +3:
Altituds of
Bottor of wBll =360 380 L3523 L3681 0 L3680 0 360 0 &B382 0 .358
sltituie of
hotton of badg 3 «158 =113 -5
of mand '
150 =154 ~801 e 2 «) 93 «206 wl&3 ~163 il
230 -208 257 «236 -24) » 210
272 383 <282 <282 =310 -390 304 -2E
w387 =387 «362 L350 0 3668 300 0 3563 343 34




Table 1 {continued)

Tolls at Yarine Basa, al Snantico, Va,

Depth in
faeat t 283 380 355 58} 39 380
Altitvde of
aurface T 18 + 28 +8 +8 -+ 45 + 27
Altitude of
botton of
woll ! &350 -353 347 -573 «3485 ~323
Altitude of
botiton of
bads of gand: - - - «-32 -28 -
- ‘45 - - - -
- née -60 - - -
- - -~ - —163 -
- - «188 - «178 ~183
- - -ms - - "213 .
-327 =222 -230 - - -
Q-Ea? - - -'377 \ - tm
527 w328 - «30%
-347 -

=374
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The dip of the Potomme stroia is difficult to determine. Eerlier investi-
getors concluded that the Vdi.p wes to the southeast at & rate of sbout &80 feet
to the mile. later inveatigations indiecute that tha dip 1z considerably less

and moy be not more than 30 feat t0 the mile.

[ ¥r. He Be Darton stated to Ds J. Cederstrom on Novexber 1&, 1938, that he
believed 60 fest per mile to be much too high. ‘

Irmediately wes% ol the belt of Cretaceous strata is an ares of granitic
rocks (which 1ncludes some arsas of slate), frequently called the cryawllina.
gomplex or the basement roek. The line of cwijaet of the soft Cretaceous
strata with thease hard rocks 18 ealled the Fell Line, or more propaerly, the
Pall Zone. ZEast of the Fall Zone the suxface of the basement rock slopes
toward the southeast. (See figure 4a). (The rock surface is irregular and
its slope veries gresaily from place to place. Thus at the Quantico Marine
Basz bedroek lies from 330 to 300 feet below 8sa lavel on either side of the

railrond tracks from thes aviation fisld o uantico Oreazk. Test well 2 ot

Quantieo, li miles west of the railroed, encountersd granite at 512 feet.

The slope of ihe bedrock was caleulated %o be 25 f2et per mile betwesn this
woll and well 1, a% the Merine Base.  VWell 4, wﬁich i3 neareat the Potomae
River, but only sbout i/q. mile from well 1, was drilled %o a depth of 540
feat below ssa level without eneountering bedrock. .

Only one well &t Indisn Heosd hes bsen drilled to the bedrock. 7This is
well 15, which is about 9 miles down dip from the outerop of the basement rock..
It encountered the basement rock at 740 feet below the surfzes. The difference
in elevation detween the well site and the outcrop is about 260 feet &nd the

everago slope of the bedrock is therefore ebout 100 ra;at to the miles 71t 1s

concluded from the logs of wells at usntico that the»descent i3 not uniform.
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The surface of the besement rock, where it 1s exposed weat of the Fall Zone
(see pl. 4b), is covered in most places by & mantle of soil, The rock 1s
here frzetured and broken and weter occurs in the cracks of the rock, dbut the
fragtures become lass mmerous with depth. The rocks contain fewer fractures
beneath the cover of the Potomme group.

Along the Fell Zone both the basement rock and the Fotomac group sre overe
lein in most pleces by terrace depoasits which are flat-lying beds of sand snd
gravel as much 8s 30 faet thick (see figure 4b). Thess deposits are notebly
permeabls, However, thay have been somewhat dissected by strsom erosion, and

ere thus kept more or less drained of their ground water.

Choracter of water-beering beds in intake area
in relation to recharge.

The recherge of the water-besring beds tepped by the wells st Indisn Head
ogeurs largely on the outerop ares of these beds. Some of the waler thet falls
88 rain or snow percolztes mtn the permesble sands, migrates down the dip of
the strata and becomes évai).able to progressively desper wella to tha southeast.
The highly permeable terrace deposits slso absorb considerable smounts of the
precipitation ar.id, vhere they éverlia permsadie ganﬁs in the Potomsme group, they
tranmamit ams of the water slowly into these sands., Some wabtor may reach these
sands by percolating downward through erscks in the; besement rock and thence
migreting laterally, but 1% is belioved that the contridbution from this source
is small.

Some recharge of the watar-bearing sands of the Potomae group may occur
from the Potomae River and its tributeries where these stresm channels eoross
the outerop areas or' the sends, providing the watsr level in the éands is low
enough to pemit recherge. It is probable that such recharge, if it exists,

varies greatly from time to time. Under normal conditions of streem flow the
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stream bod 13 usually blanketed by & layer of mud or silt which, because of 1its
relativ%y low permeeblility, Ahindera or perhaps provents mauch movement of wator‘
through it. However, during and immediately after periods of high water, when
the velocity of the streams is sufficlent to scour out the chennels and expose
 the water-beering sands directly to the surface water, there may be considerable
recharge from the sireems.

During very low water stages, the water of the Potomsc and 1%t8 estuerine
{ributaries, such as Occoquan Creek, may become fairly highly mineralized as
discussed on pp. 46-5] Such conditions exist only during & amsll part of the
time, and if it wero supposed that this water had free secess to the sands,
the proportion of mineralized water entering the sands would probably be small
compared with the frssh water entering them and would probably not sericusly
oontaminate the water-besring sands. However, as pointed out previously, the
recharge from streams during low water stages is likely %o be greetly impaired
by & blanket of mud or s1il%, end the rate during such perleds would probably
be much lass then the averags rate, or perhaps the blankst of mud and =ilt is so
effective that thers is essentially no recharge during pariods when the stroan

water i3 highly mineralized.

Deseription of wells and pumpage at Indian Head prior to 1938.

The water supply a2t Indilen Hesd 1o derived from & group of eight wells
(Nos. 1, 2, 4-9) in the vicinity of Pusphouse No. 1 situated in location
block P31, as gshowm in figure 1. For convenlence these wells are designated
as wolls of group I. They range in depth from 388 to 419 feet (see table 1),
Yells 1, S5~0 are equipped with deop woll turﬁine punps operated by direet

connected motors and the remaining wells are pumped with air 11£4 pumps,
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Tatailed infomation regerding the wellsa is not available. The following
' Y/
description of then s quoted from the preliminary repori: "According to

_/ Op. cit., Pp.’o’_'l‘

incomplete date furnished by the Bureau of Ordnance, the wella were eppearently
drilled by the esble~tool percussion method and sxre 8 inches in dimnetor at the
botton. The records on Wells 1, 2, 4=9 indicate that sereens are set st either
three or four levels., FPresumably perforated pips or sereena made around a par-
forated pipe base have been used in the upper waier-bearing zones, whereas the
lowest wmter~bearing zone tapped by ewch well is apparently finlshed with a
slotted Cook well screen. The sltitude of the top and bottom of the scerecned
gartiona of the wells is shown in the following tabls (table 2 of this report)

% = o7
Teble 2. )
Teble showing altitude below ses level of the top and
_ bottom of the scresned portions of wells at Indien Hond,
%ell
¥o. & 7 5 8. : 1 4 2 9
. . " . . » . 185-163
- » ] L) 177"189 [ 3 180’199 *
. . L 187-195 L] » [ 3 [ ]
. . . . . . . 203-213
21 3-283 216=-226 227-258 228=237 . 231 =242 » .
® » . » L] » L ] 2&‘262
POZ=273 £69-278 277=-280 B74-285 e 278889 268=306 .
[ ) [ [ ] . 302-316 3 - -
- e [ ) . 531“347 - 52:5"544
&38=~-359 D368=360 3358-348 B36=358 345359 351 =360 GL2=G63 .
Tntal
igth
of ,
aorven 41 41 33 52 42 47 80 )

Hote: The wells are arranged in the general order of their position in relation to
the dip of the beds, beginning with the well fartheat up the dip and following
in order with the wolls down the dip.

"A gstudy of the teble indicates that the main water-bearing beds thet are
scrasoned are rather persiatent in Viella 6, 7, 5, 8 and 4. In Well 1 only the
lowest zone appears to be et 2 depth consistent with the corresponding zones in
five other wells and the uppermost zone that is screened appears consistent with
the uprermost zone in Yell 2. The zones that are screened in %ell 9 do not ap-
pear at depths that are st all comparsble with those in the other wells, except
for the lowest zone which 15 more or less comparabls to the naxt to the lowest
zone in Vell 4."
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A stand=-by well syatem consisting of five wells (Nos. 10-14) i3 conneeted
to a ecentral pumphouse designnted as Pumphouse No. 2 (sse fig. 1). These wells
are situated in loeation block S35, about half a mile northeest of Pumphouse
Noe 1 Your of these wells are in serviceable econdition for pumping by eir dbut
well 14 eamnot be pumped because the pipe lins conneeting it to the pumphouse
ims been partly destroyed, No detailed Information regarding the construeition
of wells 10-14 is aveiladble.

1/ |
According to tests mede by the Buresu of Orinsnce in 1933, summery of

__/ Ope cite pe 13

which 1s given in tabls 3, the respective wells ranged in yield from 86 to 304
gollons & minute under drawdowns of 10 to 71 fest. The exsct conditions under
which these teasts were mede are not known but because of the wide variation in
drawdown end yield, it appears likely that the yield of mome of the wells u9ns
affectad by the punmping of other wells in the same group.

The wells in the vicinity of Pumphouse loe. 1 ers relatively oloze o one
enother and the static water level for all iha wells in this group should be
epmntially the seme. The measured statle watér level during the 19305 tests,
however, renged from 70 to 102 foet below mea level for the wells in the
yviecinlty of i’mphauae Noe. 1o A similar situation existed at ths wells in the
vieinity of Pumphouse No. 2, where the measured sitatic water level ranged from
35 to 54 Teet below sea level for the respectivéd wells,

Records of pumping for the early yeers of the operation of the factory
sre not svailable, but the pumpege in different periods has been estinated,
partly on the baais of the capucity of the wells installed i{n sach period.
During the periodr 1899 to 1910, inclusive, the pumpags probably avernged beiween
200,000 and 300,000 gallons a day. In 1910 two edditional wells (Nos. 4 end 5)

were installed, eech of which had an estimated capacity of ebout 206,000 gallons

a day.



Table 3. == Summary of pumping testa conducted in

1933 of wells at the Naval Powder Factory,

Indian Head, Maryland.

13

Static valer level Pumping level Depth Specific Yea:
Voll Ybelow below below Ybelow Drawdown Yield of air Capacity drillc
No. surface ses surface sea (feet) G.P.M. line 1/
(feet) level (fost) 1level (feet)
— (foot) (tsat)
1l 102 T3 173 144 71 150 305 2.1 1899
2 97 70 129 102 32 134 319 4.2 1902
4 118 84 167 133 49 143 287.5 2.9 1510
5 116 73 155 112 39 124 3T 3.2 191¢
é 130 92 199 160 69 2438 351,89 3.6 191¢
7 134 95 196 157 62 154 375.8 2.5 191¢
8 127 o1 173 137 46 212 335.8 4.6 1918
9 134 102 150 118 16 126 383.8 7.9 191¢
10 68 54 Bl 87 13 88 I337.4 646 191«
11 68 ,7 51 81 64 13 132 10.2 191¢
12 75 57 127 108 g2 242 4.7 191
13 70 3B 132 o7 62 304 4.9 191

1/ Yield, in gallons a minute, for each foot of drawdewn.
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During the period 1911 +to 1915, inclusive, the punpage probably avercged between
400,000 and 500,000 gellons a day. In 1915 four additional wells (YNos. 6, 7, 8;
9) were drilled in the vieinity of Pumphouse No. 1. During the period 1916 to
1920, inclusive, the pumpage probably increased maeterially, especiazlly after the
campletion of the additions to the powder factory in 1913. The pumpage during
this period probably aversged detwsen 800,000 and 900,000 gallons a déy. Since
19821 detailled records of pumpage have besn kept. During the period 1921 to 1938
the punpege hes averaged between 506,000 and 600,000 gallons a day.

" The graph in figure 5 shows the average dally pumpage by months and years
"or the period January 1921 to November 1838. During this period the highest

.921, when it averaged 1,110,000 gallons a day, and the second highest occurred in
pumpags occurred 1n/i923, when it averaged 986,000 gullonms & day. The hizhest

monthly punpage ocourred in July 1921, in which month the aversge woa 1.298;000
gallons a day. Pumpage excseding & daily averazge of more than one million gallomns
elsc oecurred in 8 menths in 1928, 1 month in 1929 and 2 months in 1930. During
the period 1321 o 1935, tho lowest pumpage occurred in 19335, during which yesar
the everags was only 431,000 gallons a dey. Tha lowest monthly pumpags was in

February 1933, when the average was only 370,000 gallons a day.

¥Wislls and pumpage at nearby Government establishments.

A survey was made in the summer of 1938 of the wells in the genersl ares in
which Indian Heed is located, especially to determine whether thése wells are
affected by the pumping a% Indien Head or whether the pumping from them affects
the water supply at Indian Head. Nearly all wells in the general aresz were
visited from which considersble quantities of water are pumped. Nearly gll these

wells are situated on Government reservations.

Fort Vashington, Md.~~The water supply for thé Government reservation at

Fort Vashington is derived from five wells that are situated near the benk of the

- Potomac River. Three of these wells ere 6 inches in diszmeter and 260 feet deep,
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one ia B inches in dismeter and 263 feet deep, and one is & inches in disneter
and 280 feet deop. In the lowest well of the group the static water level on
July 6, 1932 was 21 feet below the surface, or about 10 fest below sea level.
The 280-foot well, which was consfructed in 1930, 1a reported to have yielded
137 gallons a minute with a drawdown of 78 feet. The pumpege from wells is
reported tc have averaged sbout 117,00C gallons a day in 1936, and sbout 120,000

gellons & dey in 1938,

Fort Munt, Vae=-~The €, C. G, camp £t Fort Hunt derives {ts water supply from

en Beineh well which is reported o be 290 feet deep. Tho well yilelds sbout 34
gallons a minute when pusped. The pumpage sverages asbout 20,000 gallons a day,

the minimrn being about 15,000 gellons and the maximum about 45,000 gallons.

Mt, Vernon, Va.--There are three wells at Mt., Vernon. One well‘isvat the

luneh room, neer the ontrance to the grounds on which the homs of George Wasghington
is situated, Tt 18 reported to yield 60 gellons s ﬁinute, but to be used for
only a small part of 14s capacity.

The second well 1s et the fire house, mt an altitude of ebout 58 feot above
ses lavel. The water levsl in this well 1ia about 63 feet Lolow the top of the
casing, This well i3 now used only 88 sn suxiliasry auppiy.

The main supply at XMt. Vernon 18 obtulned from the third well, which i3
situnted on the bank of the Potomac River and is 525 feet deep. Originally
this well flowed at 8 smell rate, but pumping during recent yesrs has drawm
dovm the static water level to about 20 feet below ses level. Accomiing to the
engineer ia charge, the well is pumpsd at en average rate of about 10,000

gnllons a day.
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Fort Belvoir, Va.--At Fort Belvoir (formerly Fort Hwmphreys) surface
water 18 used almost exclusively, A gravel-packed well, 279 téet deep, 1; lo=-
cated at Accétink, near the water-treatment plant, at en altitude of 24 foet
sbove ses level. This well is avnilable as sn omergency supply. Its statie
level is 8 feet below the surface, or sbout 16 feet above sea level, According
to the engineer in charge, the well ylelded 250 gallons a minute during 10 days
of eontinuous pumping, with a drewdown of 62 feet. Most of 1ts supply appears
t0 be derived from the bouldery materialv lying on the dedrock surface.

Guentico, Va.~-Two wells on the Merine Corps Reservation at (uentieo ere

desceribed in a report by M., He. Darton that was publishad iz 1896, One of

__/ L’artnn,ﬁ. Hey Artesion well prospects in the Atlantic Cosstsl Plain reglon,
Geols Survay, Bull, 138, pp. 151, 166, 1896,

these wolls was 210 fest deep and overflowed et an esliitude of sevsral feed
gbove ses level. The other well was 350 foet desp and ylelded 4 to § gellons
& minute by artesien flow., Additfonal wells have been drilled a2t different
tizes on the reservation, dut little informailon 1s aveileble regarding them.
Four wells of a group of eix drilled in 1917, were 160, 124, 225, and 587 fget
in depth, respectively. Five of thess eix wells, togsther with those drilled
prior to 1917, have been mbandoned,

In ‘19250 a nusber of test wells were drilled on the reservetion, mnd sub-~
gequently four gravelepacked wella were construected. These four wella are S
inches in dlsmeter at the bottom and now supply the water requlred on the

rogervation, They sre finished with twn or more sereens esach,.

W,
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The following table gives pertineant information about theb wells,

Vells at Marine Corps Reservation, Guentico, Va,.

nepti Yield Yie1a¥ Yie1a2/
Nall March 1933 May 1933 Octe 1935
(feet)
(go P mo) (8. Pe mo) (Bo D m')

fo. 1 38 o3 110 120
Ho. 2 360 44 50 37

3 385 148 le2 149

4 581 308 567 2

1/ kverage discharge on last day of S-day test.
2/ 4vorsge discharpe during 18-hour tost.

The static water level of the wells at the Vurine Base is sprroximately
0.5 foot to ons foot below menn sew level. The static water level in three of
the wellis was neasured seversl tines a dey during the period June 6 - July 2,
1932 and thess mossurements are shown in graphlie form in Plgure 6,

Dotziled Information on the guantity of water pumped from the wells at
Quanti¢o 13 not availsdle, dut rar_ the last 8ix months of 1832 the aversge dally
pumpage wes about 330,000 gellons. DPeginning sbout 1935 maat oi" the water used
by the reservation was obtained from Chopawamsic Oreek. In that ysur an average
of sbout 770,000 galions a doy was obtained I'rom this ereek, whersss the wells
supvlied only ebout 110,000 gsllons a day. ‘In 193¢ end 1937 sbout lSQ,OOO

gellons e day was obtained from wells,

Telgren, Va.-~The water supply for the Heval Proving Grounds st Dalgrean is ob~

teined from three wella. W¥ell 1, drilled in 1919, is 6 inches in dismeter and 735
Toot degp, and yields sbout 90 gsllonsa a minute when pumped with & deep-well
turbine pump. Well 2, drilled in 192G, is 10 iﬁchas In diameter and 750 feol
deep, and is reported to yleld about 75 gallons & minuts when punped. The flow

of well 1 decreamsed gradusally following the installation of well 2, and

L
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on May 23, 1938, when well 2 was idle, the water level in well 1 was 1.5 feet

balow the floor of the pumphouse, which 18 at en altitude of approximately 15
faet abovo sea level. Well 3, belonging to the Government, 18 situated on a
farm nesar the mpin reservation. It is pumped by s housshold water system and
the water is used only for domestic purposes.

Records of pumpége a&t Dalgren have not been obtained in recent years, but
ontthe basis of records Tor the period 1823 to 1929, it is estimated that the

eversgs daily pumpnge is somewhat more than 100,000 gallons.

Swimary.--"he sverage immpage from all the wells that have been described
on the Govermment reservationa sexespt those at Indian Hend 1= sstimated to bs
betwaen 400,000 and 500,000 gellons a day. This pumpage is widely distributed
and i3 not near eﬁough % the wells al Indlan Head to cause direct interference
with them. None of the observations of water levels in wells &t Indlan Heed
mnde durlng this investigation indleate that the yield of the Indisn Head wells
wes adversely affected by punping at the other fovernnment reservations in this
erea, It i3 delleved thet as long as the rate of punping &t these roservations
is not incressed grestly sbove the preaeﬁt rate, no problem will be created
that wil}. need to he considered in ednnéction with the development of water

from wells ad Indien Hesed.

Capacity of welis at Indian Head in 1938,

Beczuse of the constan\s}tdemand for water, 1t was not practiesble to shut
down all the wells and meke individual tesis of each well during the present
investigation. MHowever, limited information on the present capacity of indjivi-
dusl wolls was secursd during the course of the pumping temts that wers made
for the purpnse of cbtaining besic information on the rate that the water-_bearing

formations ¢tspred by the wells at Indien Hemd would yleld water.
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The followinz table glves pertinent information fbout the wellas.

%ells at Marine Corps Reservation, (Quentico, V.

Depth Yield 1010 Yie1a2/
Yall March 1933 kay 1933 Oct. 1835
(fect)
(8 po ma) (8¢ pe m.) (ge Do m,)
No. 1 38 93 110 120
Koe 2 360 44 50 37
3 385 148 162 149

4 bal 308 367 A9

1/ Averuge discharge on last day of G-day test.
2/ Aversge discharge during 18-hour teat.

The static water level of the wells at the ¥erine Base 1s aspproximetely
05 foot to one foot below mesn see level. The static waiter level in three of
thoe wellis waz nessured several tines a day during the pariod June 6 - July 2,
1538 and those messurenents are shown in graphie renﬁ in Mlgure 6,

Ieteiled information on the gquantity of water pumped from the wells at
quantieo 18 not available, but for the last six months of 1952 $he svérage daily
pumpage wae about 330,000 gellona. DBeginning sbout 1935 most of‘tﬁa water uged
by the reservation was obiained from Chopswamsic Oreek. In that year sn average
of sbout 770,000 gallons a day was obtained from this ereek, whersas the wells
supvlied only obout 110,000 gellons a day. In 193¢ end 1937 sbout 150,000

gellons a day was obtained from wells.

Uolexrsn, Vo.-~The water supply for the Nevsl Proving Grounds at Dalgren is ob~-

tained from three wells. Well 1, drilled in 1919, is 6 inches in diemebter and 735
feot deep, and yields sbout 90 gallons a minute when puaped with & deep-well
turbine pump. Well 2, drilled in 1929, is 10 lﬁches in dimmetor and 750 foet
deep, and 18 reported to yield sbout 75 gallons & minute when pumped. The flow

of well 1 decreased graduslly following the installation of well 2, and
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The wells situated in the vieinity of pumphouse Ho. 1 (Nos. 1, 2, 5-9),
discherge into one end of & long sump adjoining the pumphouse. This sump is
subdivided by walls into several compartments which set a8 sedimentation
chambers. The water flows from one chamber to the next through a rectansular

_opening ne&r the top of the dividing wall end enters et ome end of a cherber
and flowe out at the far end. Afier the water flows through the first suup,

it 1= discharged in%to & seecond sump from which it is pumped into the distribu-
tion systam. In orxder to measure the quantity of wmelter punped durding the tests
gnd 4o check the qurntity recorded by the flow meter installed in the main dis-
tridbusica line, 2 rectangmlar welr was instelled beiween the two sumps. The
hend of weter flowing over the welr was manﬁuret_i by & water sm»ge recorder in-
stalled in the first nump,

The weir was enlibrated by measuring volumstriczlly the quantity of water
discherged during o definite period into the second sump, while the head of the
wator flowing over tho welr was maindainad 2t n eonatont level. Ths capuelty
of the second sump was computed to be equal to 95,16 gallons Por each onpge
hundredth of a foot of depths The calidration tesis wers dbegun by puaping ome
well until the head of water flowing over the welr remained consitant. The rise
in the water level in ths socond swmp durisg a definite period was then meesured.
The rate af‘ dischsrze corresponding to the head of water over the weir was com-
puted fran the measurements of the rise of tho water level in the Second sump.
This procedure was repeatad for a nusber of different rates of punpage.
Pertineat informmstion on the ealibrotion testa is glven in tsble 4,

The date given sbove were plotited as shown in figure 7, snddefine a nieem
curve from which the rate of diacm corresponding to different heeds of the
water flowing over the welr can be readily determined. The rating table

(table 5) derived from the mean curve is glven on page 21 .

i



Toble 4. Leasurements of discharge for callbration
of welr at Pumphouse 1,
Rise
Date Gells Tirme Tine  Gage Cage Average of Quantity Call
1938 pumped  start- end helight  height gage water discharged pe:
ing of of siart end height 1level (gala,) minu:
un nm in
Buwsp 2
{faat)
Delle Pollla

Jm 8 1 2.14 R34 R.215 2,818 2.315 » 260 3:474 123,

1.8 256 2.08 D278 2,878 2.278 ._36{} 3,428 2886,

1 '5" 8 3033 3053 2.533 2-3& 3033& . 749 7; 0&2 ’ 469 -

1,5'5' 4.47 &.sl 2.426 2.4}26 2-4:&26 .’5‘3‘5 3.158 7970

8,9

1 .5"9 5.95 Sc}-l ;:i.‘&&ﬁ ga‘iaa 3‘4&0 0596 5,6& ‘94"'!-

ﬁusg 2 l.ggs'g 1.1‘& QOM 2.42 &.42 2'42 ﬁsm ?'g% 7?@0

2,8,7 1.57 2,07  2.28  2.28 2.28 L3286 3,093 308,

2,6 3.17  £.27  2.28 2.2¢  2.24 L1785 1,663 168.

GeG,8 238 R.4AB D03 RW,A0R 2,302 <205 35,854 387,

L3 48,9 3.00 3010 D388  E.J358 2.358 2500  B,710 571.



Table 5. Rating table for weir at Tumphouse 1.

Gage Gaellons Cape Gallong
hoight , por haight per
(foot) pinute (foet) ninute

2.15 0.0 23T 4€0

/ 2.16 15 2.34 494

207 a1 2438 s2o

2,18 48 £.76 564

2,19 66 237 800

2.20 ” 2,38 637

2.21 ) 108 2439 674

2.28 1 2.40 7a

223 155 2.41 750

2.24 181 2.4 88

2,25 208 | : 2443 826

.08 256 2.44 864

2,27 266 2445 902

2.28 297 £.46 940

2.29 328 247 o7

2,30 360 2,48 1018

— e 2449 1058

. - »// 2.50 1098

_—

2.32 426
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There is merked interference between wella of group I and accordingly the

calibration tests do not furnish an accurate measure of the copacity of eech
well when pumped individually for & coansiderable pertiod. However, the teats

do give information by which the relative capacities of the individual wells may
be Jjudged. The capacities given in the following table are approximate. They
represent the smount that the total discharge of the pumped wells inereased when
the perticular well was pumped.

Capacity of wells of group I
(Besed on teats made June 6 and Aug. 2, 1838)

Well No. Pischorge Well No. Discharge
(gepma) {8epeme)
1 124 7 145
2 38 8 18¢
5 152 9 186
8 162

The capacities determined from the calibration tests for the seven wells
at pumphouse No. 1 were generally leas than those determined during the 1933
tests (see tadlie 3),

The lower discherge in 1938 as compared with that in 1935 can, in part,
be aecountsd for by the fmet that, s shown In figure 5, the pumpage for
several months in 1933 proceding the teéts was considerably less than that
whicﬁ preceded the tests i{n 1938, Accordingly, ths regionsl head in the
water-bearing fornations was probebly somewhat higher than that in 1938.
Furthemmore, the eapacitles determinsd during the 1338 testis, described provi-
ously, were obtained while more than one well was being pumped and since inter-
forence botween wells is relatively great, the cambined capacity of several
walls punmping 8t the seme time is markedly léss than the cambined capacity

of the ssme wells when punped individually,
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Only well 11 in group II was pumped during this investigation, and deta
are not avelleble as to the present capacliy of the other wells of this group,.
%ell 11 was pumped by air from 1:23 peate July 11 to 3:21 pem. July 15, during
which time no change was made in the operation of wells 1, 5, 7, 9 of group I
which were being pumped at the mverage rate of 700 gallons & minute. The dis-
cherge of well 11 was determined by measuring for definite pericds the rise in
the water level in the sunp of pumphouse lo. 2, in which the water from well 11
was collected. Because ths capacity of the sump was iasufficient to hold ell
the water pumped during the pumping test, it was necsssary %o drain the gsump at
intorvals, during which periods no chenge was made in the operation of well 1l.
Continuous messurements of the discharge could not be made, therefore, because
of the interruptions due to draining the sump. However, the rate of discharge
as computed fron the rise of the weter level in the sump during the period
1:23 pame July 11 to 8:40 ge. July 15 remained relatively uniform and everaged
64.8 gollons & minute. During a period when the sump was baingvdrained the
discherge of the well increased noticeably snd from sbout 3:40 a.m,. tq 5318 peme
July 15 1t averaged 100,06 gallons a minute. The reeson for this msrked ineroasse
in yield 13 not definitely known, but 1% 1s 1ikely to have been dus to elther a
greanter amount'or pir supplied the pump, or to the opening up of the indake |
fapilities of the well with continued punpinge It is concluded that the present
capacity of well 11 is about 100 gellons & minute.

Sinee 1t was not feesible to messure sccurately the drawdown in the respac~
tive wells during pumping, no logieal basis of comparison between the pregent
discharge and the discharge of the wells in 1933 exista. Furthemore, the
setting of the punps in the wells in 1938 aiffered from thet in 1933. Because
of the marked interference between wells and the affect an!the reglonal statie
water level csused by pusping immedietely prior to any controlled pumping test,

the only satiafactory besis for comparing the yield of the respective wells at
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different periods would be to repeat at intervals a pumping test during which
punping operntions were maintained the same &8s during a2 previous test. Such a
canperison cen be made in the future by repeating the extended tests masde in
June end July 1938, which will subsequently be discussed in detuil in this

report and for which sccurate deta are now availeble.

Orizinal and prasent herd of the ground water.

Accomiing to JUerton one of the first wells comstrueted on the Indien

»_J/ Derton, N. H.,, Artesien well prospects in the Atlantic Goastel Plain Region:
U. 34 Goologiesl Survey Bulletin 133, ppe. 134=-135, 1898,

Herd reservation was drilled some time prior to 1396 and was 483 fost deep.
This woll was situated neer the Potomac River at an altitude of about 100 feet
above low-water, and the water in the wsell rosa to sbout 10 Feat above low=-tide
ieml. It yielded 11.6 gallons of water per minute when punped. Information
in rogard to the head end yield of wells HNos. 1 to 3, is given in the report of

the Maryland Geologicsl Survey. According to this report, the head of the weter

lerk, %. Be, Mathows, E, B., LTy (el Jis surface an argroun
Jc ¥ ¥ath 5. Ba, &nd Berry, 7.\ i), The surf d und d
water resources of Maryland, ineluding Delawere and the Diatriet of Columbia:
Md, Geol. Survey Spec. Pub., Vol. X., pt. II, p. 397, 1918,

in Well No. 1 was 3 feet cbove sesn level, i} flowed 20 gsllons per minute, and.
the well yielded 104 gallons per minute when pumped. The heed in Wells Noae, 2
end 3 iz given as being sbove sea lavel and their yield ss 100 grlloms and 83
gallons ¢ minute respectively when pumped. The dete of these messurements of
head and yvield 18 not definitely known. They were probubly made a eonsidsrable
time before 1918, when the report was published.
Beceuse of the continued demend for water for use on the Covernment

reservation end the sdjoining village of Indien Hesd, the pumping of welld of
group I eould not be intsrrupted during the present investigation for a aurﬂ-

eiently long enough periocd for the water lavel in the wells to recover %o
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essentially 1%s3 statlc position. The static water level showm in tadls 3,
pege 13, based on the 1933 Vtoata of wells of group I, unqueationahiy iz not 2
true static lewsl., The statio water levels in thess wslls should de narrly
the same, Wherees it varies from a level of 70 fest below sea lavel for well 2,
to 108 feet bolow ses level for well 9. The regpective levels wore therefore
influenced by earlier punping frou the wells,

rior to any extensive pumping =t Indisn Heed the wolls of group I1I,
except well 14 which is situnted on higher ground, either flowed or had static
water lavels thai were very close to the surfzce. The sporoxinate egrecment
of the static waisr levels recordod in the 193C %ests for wells 10, 11, 12
(see tadle 3, page 13) ercates s presunpiison thet these wells shew the appruxi—-
mats static level in 1933 in the vieinidy of punmphouse No. 2. The higher
loevel of well 13 was due %o Bome unexplained cause.

In 1938 the watar level of well 10 on June B (see teble 7, pege29 ) was
51.51 feet below sea level and on June 30 at the end of hesvy pumping of wells
of group I, 1¢ was 72.50 feet below ses level. Thus, the mtai' lerel recorded
for wells of group II during this investigation represent conditions unaffscted

by pumping in their Immedinte vicinity dbut affscted by pumping of wells of

group 1.

Pumping tests et Indian Head

In order %o obiein basic information from which to dotsrmine the rate
that water i transmitted through the formation and the quantity of water that
conld be recoversd from storage in the water-bearing materizls, cerefully
eontrolled punping testa were condueted on wells of group I and on wall 11
{see figure 1)s Frior to the beginning of the teats, wells of group I had been
pumped 3% varying rates according to thedemand (see figure 8)1 T¥ells of group II
hed not been opernted for several years excopt for brief periods a2t infrequent

intervals to check the pumping aqulpﬁnnt. The test of wells of group 1
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was begun at 8100 a.me June 8, 1958 and wells 1, 6, 8, and 9 were pusped cone
tinuoudly for twelve days. The coamblned average pwapling rats. for the period
was 644 gallons a mimuto. At 8:00 s.n., on June 20, pwiping was started with
wslls 2, 5, and 7., The ylield waa thuﬁ incresaad, and averaged 827 gallons a
minute for the next 10 days. A% 11:00 a.me on June 30 pumping of wells 2 and
6 waa discontinued. The remeianing five welle (1, 5, 7-0) wers puzped at a
canblned average rate of 897 gallous a minute until 5:00 p.ne. July 10, when
the test was discontimwed. Thus the pumping test on thoso wells nay be divided

into thres periods as follows!

Yerdod Beginning 3 End : Wells pumped : Combined averape yield
First B g.me June & 8 a.m, June 20 1,8,8,9 G444 ZeDeme
Second 8 s.me June 2O 11 2.me June 30 1,2, 5«9 827 CeDalle
Third 11 a.ne June 30 5 a.me July 19 1,5, 7-9 697 GePane

During the latter part of the third period of the test on wells of group I,
& pumping test was run on well 11 of group II. Well 11 was purpad 2t sn average
rate of 67.1 gollons a minute beginning 1:23 pens July 11 and ending 3:21 p.m.
July 18.

The pumpege from wells of group I was eomputed by delermining with a plani-
meter the mean daily head of the whter over the discherge wolir installed at
pwmphmusg Ho,. 1 and mpplylng ﬂm heed $0 the rating table (see duble 5), For
convenlence the punpsge was computed by days beginning at 8:00 a.m. rather then
at midnight. Tsable { shows the average dally dlscherge of the wolls.

Ho change was mede in the respoetive pumps during the period that each
was in operation, Duriag %he first period of the test {see p. 2g8) the average
dnily raete revnined relatively constant and averaped 844 gellons a minute.

The rate of discharge at eny time, however, fluctuated slightly sas shown in
teble 7, which gives the rate of discharge at 8:00 a.n, for each day. During

the second period of the test (see p. } when 7 wells were pumped contimmual,v,
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Tahle G

Discherge of wells of Group I

during pumping tests.
(For days beginning 6% 8:00 adn.)

Date Disgharge Date Diacharee
1938 {&emems ) 1538 {g.pua)
June & 635 June 29 TS5 o

@ 680 30 756
10 842 July 1 875
11 642 2 506
12 642 3 688
13 642 & 04
14 642 17} 713
18 846 8 7
5 6506 b 4 720
17 4880 # 048
i8 642 4 n3
12 638 10 708
20 907 11 728
21 867 ' 12 7ns
2% a70 | 13 696
23 B4S 14 875
24 841 15 873
25 832 16 690
26 6 17 686
27 780 | 18 1>
28 7%l 19 67l

Tolly 1,648, pumped 8 a.s. Juns 8 to & a.m, June 20,
Tolls 1,2,8-9 puaped 8 a.me June 20 %0 11 a.n. June 30.
¥olls 1,5,7-9 pumpad 11 s.me June 30 to § .7 July 19.

a/ Fell 6 not cperating 3 hr. 38 nin. during period 3:20 a.d.
- 4:4% p.m., Juna 29, ‘



“Teble 7. Discharge at different times of wells of 2k
grouwp I end watsr level for corresponding times in

wells 4 and 10,

Date Yalls Diacharge fatar 1&%&1, faot bolow sea levaé

1938 ™Mpe  pumped G .F . Tell 4 Tell 10

June 8 8:00 a.d. 1,6,5,9 637 97.34 51.51
g 4do do 657 106,34 53,51
10 do do 637 107.34 s
11 do do 841 . los.sz : 56,61
1z de do &74 109,47 57,56
13 do do 637 110,223 58,51
14 do do 84) 110.84 - o
15 do do 837 111,17 59.41
16 do 4o 633 111,44 69,80
17 ds de 638 111,78 60.22
18 do deo &30 111.86 82.71
1% do do 837 112.54 61.11
20 do do 630 112.6% 61.33
70 10:00a.2. 1,8,5-0 91 120.77 81.18
21 8:00a.m.  do 833 141.86 63.26
22 do do 8332 145.16 a5.28
25 do do 845 146.54 : 7.06
24 de de 826 148.10 68.48
25  do do 826 148,89 65441
26 4o do 826 149,44 70.851
27 do do 788 149,88 70.81

28 do do 781 159.54 T1.31
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Tabls 7-~coniinued. 30,

Late wella Dlacharge Wator level, Teot below aea lovelﬁ
1938  Tms  pumped G.2.H., ell 4 %all 10
June 29 8:00a.m. 1,2,5-9 788 150.82 .79
3 & de vEol/ 146,09 72.0€
30 1:00p.m0 1,5,7=0 837 145,08 72,50
July 1 B:00a.m. do 685 137.7 71.89
2 du do 674 136,59 79,66
3 do de 681 136.1% 70.46
& do do 708 136,09 70,26
5 de do 708 136,01 70,34
& . do do 712 135,94 70,27
" do do 708 135,87 | 70,11
8 do do na | 135,84 89.96
2  ds do F 136.79 89,88
10 s do - ¥ 135,77 70,08
11 de do 7498 135.88 T 08
12 de g0 e 138,07 80,41
it de do 712 138,82 83.28
14 do de 874 137.16 84,33
15 do do 667 137,65 85,51
16 do do 674 137,98 75 .66
17 do do 607 137,44 T3 .01
18 do do 881 136,90 71.56
19 5:100n.m. 4o 674 176.84 .73

¥Yells 1,8,8,2 pumped 8100 a.m, June 8 to 8:00 a.m. June 20.
%115 1,32,5«8 punpad §:00 a.ne June 20 to 11:00 a.m. June 390,
%ells 1,5,7-6 pumped 11:00 a.m. June 30 to 5:00 a.m. July 19. ,
Yell 11 pumped 1:23 p.m, July 11 to 3:21 p.m. July 15. "
g/ Tatar levels not corrected for tide, barometric offect and trend

due to continuous pumping.
b/ ¥ell 6 out of operstion total of 3 hr. 38 min. during periocd

8120 a.m, - 4:45 pem. June 29.
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" the discharge declined constantly. The rate for the first 24-hour period be-

ginning 8:90 a.me. June 20 when 7 wells were puaped was 907 gnllons & minute,
After ton days of punping, however, the discharge hed declined to an avorage
of 733 gnllons 2 nimuta,

As explained previously (sase p. 23), & puiping test on wall 11, of group

11, wes run from 1:23 pane, July 11, to 3:21 pane, July 13, during which time

wells of zroup I wers purmped constantly =t an average rafe of 700 gallons a

nimites Tho avara@e' rate of pumping for well 11 for the period indiecated .

above was 67.1 gallons a minute.

Tater-lovel measurements

At Trequent Intervals during the pumping %tests tape measuremsnts were
made of the woter levels in wells 11, 12, and 13. VWater-Ztage recorders were
nainteined in continuous operation on wells 4, 10, and l4. All weter levels
taken from the recordsr graphs and ell tape measurements of dopth to water in
mlﬁ.s weras converted to altitude in feet sbove or below meen sea level. 411
measurements of depth to water in wells were made from measuring points on the
top of the casing of the respective wells. The sltituds of the measuring points

given in the following table was determined by spirit leveling.

Altitude, in feet above assa lovel, of
measuring points of wells.

Vell
4 She 36
10 15.8¢
11 13,31
12 18.67
13 33633

14 39.24
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Correction of water levela for $idal and barometrie
Tluctuations.

The water levels in the wolls at Indian Heed fluetuate in response to the
tide in the Potomae River and Uatawoman Creek nearby and elso in response to
changes in bdarometric pressure. To obtain information on the tidal and baro-
metric changes a water-stage recorder was operated as a recording tide gage on
Matnwomen Cresk neer well 10 beginning June 10 and & microbarogrsph was operated
at Indian Heed beginning June 9, Hourly measurements of the lavel of the tide
were also obiained from é flodt=oparated tide gggo situasted at the Indian Hemd
wharf on the Fotommc River,

Because of the large ares covered by tidsl water in the vicinity of Indisn
Feoad and the relative proximity of the wells thereto, there is very little lag
batwesn the tide and the ﬂ.uctuatior_xa produced in the wells. I% is asamed that
the rise or decline in water level in the observation wells caused by the tide |
is proportional to the rise or fall of the tide which produces 4hs fluctuation,
the ratio beitwesn the two being termed the "tidal efficlency” of the particuler
welle. Tidel efficiency of szch well wes determined by compering the difference
betweon low tide and the preceding or following high tide with the corresponding
difference hetween low and high water levels in the well, a fagior being applied
to the latter to correct for the general irend of the water level caused by
changas in the reie of punping from wells of group I. By averaging & number of

'auch detarninations, the tidal eofficiencies shown in the following table wers

obtained,
Tidal efficiency of Indian Head wells
Yell
10 0.27
11 0.27
12 0.26
13 0.18
14 0.21

Thess Values shown above are fairly reasonsble snd ars consistent in thet wells

nearer tidal water have in general higher $idal efficliencles.

S
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The obsarved water levels were corrected for the effect of the tide accord-
ing to the difference between the observed tide st mny time and the mean tHide.
For example, if et a oortain time the tide was 1,00 feet above the mean, the
wvater level observed at that time in well 10 was presumsbly 0.27 foot sbove the
"gorrected” level, Ths mean tide over the period of the pumping tosts was de-
termined by planimeter.

A procedure similar to that followed in correecting for tidel effeot was

followad in applying further corredtions for the affseet of fluctuations in

barometric presaure. A vmlue of (.70 was assumed for the "barometric efficiency”

for all the wells. This figure was arrived et by econsideration of the $idal

efficioncien of the various wells and theair respective distances from tidal water,

The indiestiona ere that if the amifer in question were entirely overlain by
tidz2l water, a well penstrating that aquifer would have a 2$ids)l efficiency of
posaibly 0.30,

Theoretically the sum of this limiting value of tidal efficlency and the
velue of barometric efficiency is unity. The corrections for tidsl end bero-
metric offects wors mode graphically. Figure 8 shows the tidal and bafomstrie
fluetuaiions, water levsl fluetustions in well 10, and pumpegs at Indien Head
for the perlad Yay l-{une 7, 1938, The watar level fluctumations in well 10
wore obtained by means of & water stage recorder. The graph shows a more or
less regular weckly cyele of fluctuation due to the closing of the powder
factory a%t the end of each wesk #nd the resultant curtsilment in pumpage at
such tines, |

Figure 9 showa‘the tidal snd barometrie fluetuations, the watpr level flue-
tuations in :ulls 10-14, and pumpage at Indien Head for the period June 8-
July 10, 19%8. The corrections for tidel end barmmetric fluetuations for the
wells are also shown, together with the mean correctod water lavel curves for

esch well., The mean corrsoted water level curves are &lso shown in figure 10,
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The Same procedure that was followed in gorrecting the weater level curves
during the controlled test of wolls of group I waa used in correcting the water
levels during the period July 11-19 when well 11 wea pumped to determine the
offect of puapling 1% upon the water level in the other wells. Figure 11 shows
the corrscted drawdown, and recsvery curves for welis of group II showe<bire
COTNBOLLC LTS by ST TP AT D SRR D= L1 TS e e ctmromin--25~ fOr the period

3u1§ 11-19, during whieh well 11 was pumped.

“ffact of swrping on water lovalzs in Indian Hend wells

I% has been polnted out previously that the wells of grouwp I interfore
greatly with one another. This interlerence i3 shown by the effcet on the water
leval of well 4 whan other wells of the group are baing operatod. Table 8 chows
the water level, in feet below see level, in well 4 Tor the pariod of the
punping tests run in the zummer of 1938,

“heress the water lovel in well 4 at 6:00 a.te June 8 wes 23.8¢ feet below

son lavel, at the'ena of 135 days of pumping of wella 1, ¢, 8, and ¢ % en average
rate of 644 gellons e minute, 1t hed declined %o 112.67 feet below zea loval.
The pumpage at group I was inereased et 8:00 e, June 20 by starting wells 2, 5,
end 7. The affect on the water levol of well 4 wes immediate ond by 12:00 noon
June 20 the water level had declined to 131.57 feet bslow sea level.

The aversge rele bf pumpagse from wellas of group I from B8:00 a.me. Junes 20 %o

3 mrnute
11100 aune June 3C wes 753 gellang. Some difficulty was experlenced on June 29
with the operation of well & decnuse of the heating ofAthe motor and this well
was out of opsration & total of I hours snd I5 minutss, at intervala, during the
period 8:20 same ~ 4:45 pams June 29, The eoffect of thia is shown in the respec-
tive water levels shown {n the %able for June 29. The lowest level accurred,

therefore, a4 about 6:00 a.me June 29 and waa 150,82 feet below sen 1gval.
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tadble 8., Altitude, in footbelow nea level, of
water lovel in well 4 at daifforont times
for period June 8 - July 19, 12?38}/

Date Téas‘)ﬁ ?2:00 s:c;o 12300 Tate 6100 12:00 | 6:00 12300
~1238 Bl neop | Daila mddniebt | JS58 L sem. [ moon | p.m. | midnishb
Juns 8 | 93,84 [100.44 | 107,04 104,54 |June 29 |150,82 | 148.94|148.42 | 148.42

O 106,04 |1085.,75 | 108.90 168,88 30 148,268 | 144.82|140.08 | 138.74 .
10 [107.24  [107.60 | 107.36 108,32 [July 1 (138,09 | 137.78{137.39 | 136,88
11 |108.46 [108.89 | 108,99 109,31 2 138,75 | 136.44[1736.50 | 136.19
12 [109.42 (109,72 | 109.76 110,08 5 |136.34 | 136.18|136.24 | 136.0¢
13 [110.2) 110,45 | 110.84 110,76 4 |136.04 | 135.85|136.04 | 135.94
14 |110.34  |310.34 | 110.91 111.04 5 [135.94 | 135,92|138.88 | 135,83
15 [111,34 [112.24 | 111.34 111.44 6 135,084 | 135.74/135.8 | 135.80
16 [111.75 111,53 | 111,58 111,64 7 1135.82 | 135.94|135.94 | 135,83
17 [111.78 111,79 | 111,97 112,04 8 |155.70 | 126.08|136,88 | 135.14
18 111,72 (11204 | 112.34 112.34 9 (135,75 | 335.86] 135,80 | 135.%¢
15 [112.40 ([112.48 | 112.66 117,58 10 135,77 | 135.95]305.88 | 138.00
20 |112.67 [131.57 | 137.34 139,56 11 | 136,80 | 178.97(135.91 | 126.0%
21 [141.46 [142.22 | 143.24 144.18 12 [ 136,04 | 196.45|138.52 | 136.73
22 {144.84 [145.44 | 145.92 146,39 13 (138,72 | 198.99(137.08 | 137.16
23 1146.86 (147,04 | 147.42 147.80 14 137,19 | 187.35|137.42 | 137,53
24 |148.06 [148.00 | 148.19 148,53 15 | 137,66 | 137.86|137.87 | 137.9%
25 1148,73 [149.08 | 145.09 149.34 16 [ 137.94 | 137.09(137.682 | 137.66
26 | 140,39 [149.69 | 145.66 140,52 17 {137.49 | 137.44[137.50 | 137.24
27 | 149,75 |180.12 | 150.06 150,48 18 | 136,90 | 136,91|136.86 | 136.82
28 | 150,45 [150.86 | 150,74 15082 19 lineas L imaanliagag | 133,29

1/ %ator level obtailned fros recorder graph.
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Abeoe
At 113500 a.an, June 30 wells 2 and 6 were shut and the watar level in well

A
4 rose prumptly in response to the reduciion in pumpage %o an average rete of
700 grllons a minute, The rise in water level continued until 1:23 per. July 11,
when wsell 11, of group II, was started. The continued recovery of the mtér
level in well 4 during July 10 snd the morning of July 11 is not spparent in the
values given in the toble, however, ss theose values are uncorrscted for tidal
end baromeirie offect.

%ell 11 18 2,050 feet distant from well 4, and even though well 11 was
pumpad et the relatively low averesge rete of 07.1 gallons a minute for the period
1123 pene July 11 %0 3:2) peme July 15, the effect upon the water level in well 4
i3 evidont from a study of the values given in tabie 8.

The effect upon the water level in well 4 due to pumpage from the respective
wells 1s shown graphienlly in figure 12,

The extent of interference between wells et Indian Head 48 not confined to
wells that are close 3o the pumped well or welis. The sffzet on more distant
walls 15 elearly shown in the ftable 7, ppe. 2930, which gives the average daily
discherge of wella of group I and the eltitude of the water leval in wells 4 end
10 for different times., Well 10 is 2,120 feet from the effective center of
pumping of wells of group I. Dluring the period 8:00 gum., June 8, to 8:00 s.m,
Juns 20, when the wells of group I were belng pumped 2t an average rate of 644
gullons a minute, the water level in well 10 declined from 51.51 feet to 61.33
faat below sea level, Furthermore, whett pumping wes ilneressed on June 20 by
the pumping of wells £, D, and 7 the water level deelined s$ill further--io
72.50 feet bolow pea level at 1:00 puane Juns 30,

Figure 9 shows in grsphic form the effeat on the water level in the
various wells caused by the pumpsge from wells of group ,I during the period
June 8 = July 10, 1038, Tho mean corregted waier level curves for the same
poriod are shown in Figure 10. The additional effect cromted by pumping

well 11 1s shown in the mean corrected water level curves given in figure 1ll, -
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Effect of pumping tests st Indian Heaed on *

wator level in outcrop area in Virpginia.

During the course of the pumping tests on the wells 2t Indian Heed, cereful
measurenents wers mnde of the depth to the water levels in selected wells
situated in the ocuterop area in Virginia of the formations tapped dy the wells
&t Indian Head, Those measurements are shown graphically in fizure 13.
Meesuraments were &lso obtained durding the perilod of the Indisn Head %ezts of
the fluctuations of thé water levels in wells at the Yarine Corps Reservation at
(uantico, Ve. {seo figure 6)s In apite of the extended duration of the teats at
Indlan Head no messurable offect in the observation walls in Virginia could be
found that could be atiributed to the operation of the Indiasn Head wells,

| Most of the wells observed in Virginia at the time of the Indian Heed testa
were found to fluctusts in response to changes in the tide 4in thé Potonae River
and the $idal estueries tributary thereto. The effect of p\mxpixig wella on the
Marine Corps Resorvation was discernible in other nearby wells as was to be ex-
pected, If there was at any time any response to pumping at Indian Hoad, the
offoct wus so small that it was completely obacured by grester fluctumtions
caused by changes in tide, pumping, atmospheric pressurs, or rainfall. Further-
nore there was no Pisld evidence obtained to indicate that ‘shara‘hud been any
Jomering of the water levels in the outerop erea, in Virginia, of the formations
tapped by the Indian Head wells, that w=as caused by the pumping thet hed been
dons thus far at Indian Head aince the beginning of major pumping on the

reservation,

Coef'ficlanta of transmipeibility and storape of the waier-bearing bedso,

The tranamissibility of a water-besring bed, or aquifer, is a measure cof
4
1ts ability to tranumit water. The coefficlent of tranamissidbility 13 defined
a8 the rate of flow, in gallons a day, through & vertical strip of the aquifer

from top to bottom, one foot wide, under a hydraulic gradient of unity.

L
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It is the eoefficlent of pennéability, aa defined by Meinzer, multiplied by

[/ Grover, N, C,, Contributions to the hydrology of the United States, Water-

Supply Paper 596, p. 148,

the thickness of the aguifer, in feot.

The eosfficient of atorage is a meassure of the amount of water removed from
storasge through compreasion of the aquifer by the weight of the overlying beds
es8 the hydrostatic pressura within the squifer is reduced. It iz defined as the
volune of water, in cublc feat, released from storsge in a coluwm of the aquifer
heving & base 1 foot square, when the plezometric or pressure surface is lowered
1 foot.

These two factors - transmissibility and storsge - largely deﬁemine for a
glvon rate of pumping the rate of expsnsion, the ereal extent, and tho depth of
the "cone of influence” around & well or group of wells. Thus, it is theorsti-
eslly possible, within certain limitations, to determine the gquantity of water
that may be recovered by e given system of wells from the values of these
coefficlents, ‘

The theoretieai approach to the problem of determining the guantity of
water thet can be recoversd fro~ wells involves first, the detormination of

avarage values for the ¢oefficient of trensmissibility and $he coefficlent of

'st-amgé, and second, the eppliecation of these avorage values to postulaied well

gystboms, Jeveral methods ars generally used for detemiuing coeflicients of
trensmissibility and storage in order %o provide a series of checks on the
applicability of the basic dsta. The range in coefficlents dotermined thus by
the different methods reflects chiefly the degres of variation of the conditions
found in nature from the ideal conditions on which the methods sre based,.
Several methods mey likewine be used in studying the effects of hypothetical

well syntems.
A brief dascription of the different methods used to determine the coeffli-~

elents of tranamissibility and storage of the water-bearing beds, with
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camputed veluea for the cocefficients and & tabulation of the bmse deta, are

given ir the eppendix %o this repori.

Simnifieance of the coefficients as determined hy
' the different methods.

A sumary of the velues of the coefficlients of transmissibility (T) and
storage (S) as conputed by the different rethods is given in the foliowing
tables. In all of the methods it is mesumed that the aguifer is hanogeneous,
econgtant in thickmess, and of infinite areal extent. It is further assumed
that the pumped well is screened the entire thickness of weter-bearing beds
penetratad by the observation wells, end that the well is punped at & eonstant
rate or in sequences of constent rates, the changes in rates occurring
instantaneously.

Table 9. Sumary of detarminations of coafficionts of irensnisaibility
and storage by warious methods,

Coelficient
Coefficient
Punping Unthod Poriod of trange of storage
tost ont of fLeat miseibility s
v T ,
¥ell 11 Thien 2,310 _ -
Theis recovery 1,770 ——— ]
Craphicel 2,590 4o42 x 10/
Group I Thism 11 2,130 ' ———
II1 1,980 —
-y
Craphlecal Iz ' 4,210 S.76 x 10
111 4,020 2495 x 10~%
Naximum slope 1T | J— 5408 x 1074
111 -— 4.24 x 1074

The equilibriun of water levels, assuned for the method dwelpped by Thiem
i3 not fully attained so longz =as water is beiﬁg drewn from storage in any part
of the zquifer. Until absolute equilibrium is established, obsarved differences
in drawdown mey be somowhat less than corresnonding differences in drawdown a‘t

equilibrium, and ifs, the valuaes of transwisaibility determined by the Thimm
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method will be somewhet too large by an amount dapending on the respeciive dige
tances of the observation wells from the pumped well and on the time elepsed

since punping began. However, &s pointed out by Henzel, the cone of influenece

__/ %enzal, le Key, The Thiem method for determining permeabdility of weter-besring
materinl: Geol. Survey “ater-Supply Paper 879, p. 51, 1936.

in the vieinity of a pumpad well will ultisately resch & condition of epproxinate
equilibrime-that i3, the cone will reach e form that will rexein precticelly
unchenged s)lthough the water levels will contime to dseline. BHence the differ-
ences in drawdown of the water levels in observation wells situated within the
part of the cone of influsnee that has, for a given period of pumplng, reached
an approximate equllibrium form will remain practically unchanged with contimued
p&@ing, end the eoefficients of trensmissibilidy computed therefrom by the Thiem
formula will be virtuelly the smme. It is of the utmost importance for the sppli-
¢ation of the Thien method that the obasrvation wells be within the part of the
cone that haa reached sn essential equilibriwn form, as otherwise, the computed
coefficients will deerease with continued pumping.

Al though the water-bearing formotions underlying Indian Head cre belisved

to be “fairly eontinuous and of more or less uniform thickness,” . there doubtless

_/ Fledler, A. G., c&ﬁy, R, Ce, Hoinzer, Os Za, Ops Clte, P« 10,

are leterel veriations in permesbility and in the thicknesa of the aquifer that
ray account for the corgmiatiqn of larger coefficients of trarnsmissibility from
the test on wells of group I then from the test on well 11, FMarthernore,
well 11 may not tap all of the water-bearing dbeds tepned by the ssveral wells of
group 1. However, the log of well 11 43 not svellable; hence this cannot be
§erifiod directly. It is believed thatVelues of transmissibility (T) and
storage (3) determined from the test on wells of group I arse mors truly represes-
tativa of the chearncteristics of the aquifer as a whole than the velues obtained

fron the tests on well 1ll.
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The value of trensmissidility determined by the modified Thiem method
for the second pearicd of the teat on wells of group I 4s 3,130 end, using the
same observation wells, that for the third pericd is 1,980, The difference
between the two values is belleved to be due to the fallurs of the cone of
influence to reach an ecuilidbrium fom corresponding to the "effactive averaga"
pumping rates =2t which the tests were run.

The racaining velues of the coefliclent of trensmissibility (T) as de-
termined from the tesis on group I are 4,210 for the second period and 4,020
far the third period, ’I’hesé yelues were obtained by the graphicsl method,

On the basis of snalyses of the appliesbility of the several methods to the
tents, 1% 18 believed that the values casputed by the graphical method ﬁam the
tests on wells of group I &re mors sccurnte then the values canputed by the
other methods. Accordingly 4,000 18 used in this report as the evefficiont of
$ransmisaibility. This indieates that 4,000 grllons a day will percolate
through each vertical strip of the aquifer one foot wide under a hydrsulic
gradient of unity.

The coefficient of storags {3J) is » function of the porosity snd thicikmess
of the aquifer and the elastic moduli of the water and of the squifer. Becsuss
of lateral verlations 4n porosity and thiclmess of the squifer, it 1s to be \
expet;ted that values of the coefficisnt of storsge conpuded frou water-level
data for different wells by the graphical method will also vary.

The sverage coefficlent of storage determined by the graphical methed is
3786 x ZI.()-'4 for the second period of the punping teost on wells of group I
(sce table 9) end 2.95 x 10~4 for the third period. The coefficient dotermined
by the meximam slope method 18 5,88 x 10™~ for the second period end 4.24 x 10+

for the third period. The coeffielent of storage to he used for predicting
long-tire trends should theoreticslly be scmeshat swaller than that determined

by the meximme~slope method., In the followlng computations a coefficlent of
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3.7 x 107 42 used, This indicates that 3.7 x 107% cubic feet (0.00037 cubic
foot) of water will be relaéﬂad from siorage in each vertical column of the
aquifer having s base of 1 foot squere when the head of the water is lowerad

1 foot,.

from
Quantity of water that can be obtained /wells at Indian Heoed.

A theoreticel method for determining the nature of the cone of depression
oereated in ground-water bodies By pumping from wells has been developed by

Tholis. The asswned conditions ars not usuzlly found in naturs, snd thus the

_/ T™eis, C. V., The significance and nature of the cons of depression in
ground-water bodies, Ieon. Geol. Vol. XX III, lNo. 8, pp. 889-902, Dec. 1938.

method {8 not strietly =pplieceble ¢o natural condliions., Nevertheless, the
method 18 of value in giving epproximate results, These results, in turn,
provide 2 reasonebly sstisfoetory basis for satimating the perennial yield of
the watar-bearing_ beds.

Tha procedurs followed in the msathematienl trestment of the problem, as
dovised by Theis, is intricete and involves an extensive series of canputations,
The methematical diseussion and detailed computations are not given in this
ropori but the resulis are prosented herewith.

The water available to wells at Indisn Head im dexrived from that part of
the precipitation on ﬁhe outerop eres in Virginis which sesps into the ground
end percolatos down the dip of the water-beering beda. The quaniity of water
obtuineble by wells depends in part on the cross-sectional area of the beds
tarough which the water ia transnitted %o the wells. Therefore, in order to
draw water from the maximum cross-sectional area of the Hafer-bearing beds,
addittonal wells at Indian Heed should be distriduted ms widely as the physical
limits of the rescrvation will pemit. This condition is theoretically met bﬁf

the instzllation of wella at three additional sites along e line running



northeest-southwest, as shown in figure 3. Additional water could de
davoloped from wells on Federal property on Stump Neck to the south and on
nearhy private properfy o the north of the reservation, dut 1t 1s believed
that the persnninl supply eo obtained would be comparatively =mmall.

The wells that now supply the water for the reservation are designated
group I in figure 3 end the stend~by wells near the meid plant are designated
group II. Ths postulated wells are shown in the figure at sites III, IV, and V.
The inshallation 8% ench of the new sitea 1s assuned Yo consist of one or more
walls dhat, regurdless of loeation, mmber and dismeter, ary eguivalent in yleld
and effect to the present installation a% group I.

Wnter-bearing besdi tepred by the wells st Indien Head sre from 153 feet
¥ 365 oot dDolow sesr level, End 1t i3 believed that z drawiomn of 218 feet
balow sos lovel 48 about ;h& maxitun pormissible, Sueh & drawdown would un-
wator the upper peri of the fomeatlon and would reduce the cross-seceilonel ares
of saturated materisl. A drswdown gresater than 215 feet {3, of course, physi-
¢ally pomaible, but 1t probably would not produse any great additionsl yield,

Conputations baged on the theoretical installetions indileeted in figue 3,
using 8 coelficieont of transmiasesibility of 4,000 and & cogffisiont of storepe
of 3.7 x 1074, give the following results for the maximum perennisl yield of

the reapsctive groups: |
Haximus perennial yield of wells ot Indian Head

Grovp I I, IX I, 11, 111, W, V
MWilion

gallons

8 dey 1,07 1.43 2,80
Callonz a

mimate 740 990 1,940
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at aite I, 222 feot at site II, and 187 foedt &t sites III, IV ond Vo The verise

tion in tho sbove pemisaidle levels is sccounted for by the difference in the
depth t0o the watar-bearing beds at the respective si?.eﬂ.’

The investigntion shows that ¢ supply of 12 million gnllons a dey, as wes
initislly indicated %o the Cenlogicsl Survey a8 the menitliy desired, emn not be
ohtained, The data lndicute thet % perennial yield »f zbout three million
gollona a day c¢an be dewsloped snd that scnewhsd lavrger quanititiea esn de pumped

-

during short periods,
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ality of water from wells and fras the Potomae River

By We DU. Collins

In eonnection with the atudies of the quantily of ground water available at
Indian Hoad, goversl ssuples werw aollected fur snmlysis at the beginning of the
work in June 1937, end enother series of samples wee taken from July 19 to July
27, 1628, The results of exmminstion of the sumples collscted in July 19838 sre
given in teble 10.

Anmlysea of somples colleeted al different timss frox neighboring poinits in
¥oryland end Virginia indicate that the grouand water in a considersble aren

sround Indlon Head has sbout the seme eompositfon as the water in the wells for

vhich analyses are given in the Jable. This water sorrizs in solusion sbout 200
pETES par milllon of minersl mmbier, which conoists wory largely of sodfum
biearbonait. ‘T?m oaly other congtituent thet appoosches 3he svdius or blosre
bonate 18 the ollics. Ths weber hasn senetiesnlly 2o hardnpss.

By almost any stonderds thes water would he ¢laosed ag sxeellend o all
ordinsry uses, so fsr 48 auch uses are affected $y tha dissgolved minoral maiter.
Analysen mede by the Gedlogiesl Survoy and by others over s conslderable period'
of tim:s‘&a not sugpest any probability of chsnge In composition of the weter
furnished by tho wells under sny probebla progranm of uge.

If move water sust be used than cen be supplisd by wells, the FPotomac River
is the obviogs and the only pracsiceble sourse fron which o Yvke the addisional
supply. The quelity of the river watsr during most of the time is accepiabls
83 regerds 1ts dissolved minersl matiers, The weter 1a, however, nearly always
sufficiently turbid to require filtration before use in the manufeocturing
processes. The treatnent needed to yender the river water satisfactory for
marufesturing ¢en easily be designed to moke the water safe to drink, even

though the river receives from Alszandria, Va., untreated sewage and fron
Vashington, De Ce, parilally troated sewapgs. '



Table/0. ,--Analyses of ground water at the Eaval Powder F¥actory, Indian Head, Md.

Analyzed by Margaret T, Foster

Parts ner million

‘j‘ll nmb‘r ....D.O.......'.'I‘.I.

Siliﬁa (sicz)nc0..0...---.0-’--00.0
Iron (Fe)......... ceeestetavsnens
zmc (h)t..:o.o-o -------------- .

cﬂcim (%)III..I.Q.?O.

Eme’im‘n (‘n{g}.o--...-.-,......-~

Sodim (»—ga)......."..'....l.....
Potassium (Eluveeereerecnsenooans
Bicarbonate (ECOB).... ........ cee

Sulphate (50p).......

PO se00crses

Chloride (Cl)eeereceseccsccsonans
mn@rida (?)a..n‘-' oooooo sescsnsmsee
Eitrats (EQE)....,....... ........

Total dissolved solids........ ces

Total hnrdness as CaSGB..........

Date of collection (1338)........

1.0
6
65
2.1

155

7.6

1.0

{a)

149

13
2.0

{a)}

155
10

9.C

——
-

(a)

8 9 12 13
36 - 26 -
.05 -- L0 --
.0 - 2.C --
1.1 .- L5 7.9
.6 -- B 5.8
60 - ).
2.0 - 2.2 § i
1hh 150 162 210
13 11 1 2.1
k.3 5.0 11 20
1.0 -- 1.1 .5
58 - 82 .25
192 -~ 2 S
5.2 (s) &M bk

July 12 July 19 July 27 July 27

a/Less than 5 parts per million.
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The most extonsive csllecti#n of informetion on the composition of the
Potomac River water 1s in the records of the lelecarlia filtration plant of the
Diatrict of Columbia, Regulsr analyses of the rew water as taken from the river
for trestcent show the gquantities of dissolved and suspended natter in tha river
ebove Grest Falls, Very 1little occurs to change the content of dissolved
nineral matter between Great Falls and Indien lesd, so that the dissolved
mineral metter et Indlan Hend mny de ssswied 10 be practically the same as a%
Great Fzlls, except for periods when the composition of the watér iz affected
by salt water from Chegspeaks Bey. More comprshensive anslyses than ere
regularly miade at the lalsourlis filtration plent wers made by Margaret D.
Foster in 1821 for use in Geologlical Survey Water-Oupply Paper 496, "The indus-
trizl utility of public water supplies in tho United States.” These snalyses
ware of compoesites of sbout 10 daily samples esch. The nverage end the anslyses
corresponding $o the moxismn end the minimun hardness are given in. 4zble 11l.

The CGeologlesl Survey has mede no investigations of the senlitary condition
of the river since the preparation of Fater-3upply Taper 192 in 1807. The Publiec
' Hbﬁih Servico hes, however, mads siudles of conditicus in the river in 1914 and
egnin in 1933, Tho results of these studies will be evailsble to anyone Who mey
have %o desizn a plant for trestment of the river waler ai Iﬁdi&n Head.

From the point of vigw of the needs of the Hoval Powder Factory, the Potemné
River may de conaidered to furnish sn inexhsustible supnly. Thers gsesme 0 be
no probability that any possible future regulation of the flow of the river
would deeresase the guantity of weter flowing past Indien Head to a polat whers
the quantity would be inedequate for the use of the Powder Factory.

The main problen with roference to the use of the Fotamac River water &8s a
source of supply 18 the extent 1o which the river water et Indisn Hesd will de
conteminated with salt water froa Chesapeske Bey. Thae distance to which salt

woter comps up the river depends upcn the flow of the river, the tides, and,
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fable u.-;malyses of diazeclved mineral matter in
eommosites of dally sammles of Potomae
Hiver water at 7%reat Talls, #d.
snalyzed by Yarraret T, Tegioy - Tarts ~er million
averszge

Jamoary l- Fovembar Hareh
Date of collaction (1921) Tecerher 31 1-10 11-20
Filliea (,smg) ........... . 8.6 3.8 8.1
Iron {(FPe).......... vees 07 10 08
Galetrn (Ca)eee... .. v 23 34 15
Nognesium (g, 5.4 8.1 3.6
Sedlum (Ma)..oeveeienn ... 3.0 3.8 2.1
rotasslum (K)evveovno.n, . 1.4 2.2 1.0
Bicarbenate (H%fﬁ) teavaen i 110 39
Sulohate (3(:"1) caveaes cene 20 =8 17
-Chleride {01).iivennann . 3.3 5.0 2.6
Hitrate (EGS)............ 2.8 1.4 3.2
Potal dissolved solids... 103 140 7
Fobal hurdnmesce sg 5allq.. 80 118 82
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to some extent, the wind. No comprchensive studiss of this cuestion have ever
been nede. In eonnndtion ﬁith studies of the river mede In 1912 by the Buresu
of Chemistry of the Lepartment of Agriculture, with refsrsuce %o the safe
limits for taking oysters from the river and bay, the chloride in surface and
botton samples was detormined on several occaaicna.‘ AT times & ansll inersese
in ehloride above that normal to the river was found at Indizn feed.

beterninations o:f ¢hloride in the river water have been mede nrt the
Chemionl Laboratory of the Navel Powder Faetory at various times from 1913 to
1638, Of elovan samplsse tesﬁéd from 1913 to 1925, only three hed more than 100
parts per million of chlorids, end the largest guantity found in any of these
somples wes 239 parts per millilon. DTuring & prolonged psrimi of low water in
130 and 1931, the chloride content ranged from 38% parts per million Augnst 9,
1930, up through 3,218 pards per million Hovember 18, 1830, end to €42 pedtis
April 7, 1521. On aAprdl 27, 1981, the chloride was only 39 parits por million,
but in a semple eollected Decermber 25, 1981, it was 1,389 paris.

These scatiered observations indicats that there ia likely % be a period
of &t lesst & few days every yeer when the chloride concentration in the river
wuter ot Indlan Haed will be sufficient o be objeciionable, In asome years
this éondi tion may persist ovsr seaversl months widsr present tondidions. If in
the future asame form of regulaticn of flow should be put into effect, the lowest
flow misnt be kapt well above the minimusn that will cecur if the flow i3 not
regulated.

Mention has been mede of Mattawomen Creek as 8 posaible source of addi-
tional supply. The eherrcter of the water st the mouth of the crask must be
ebout like that of the river for mosi of the time. Awny from the influence of
the river the cresk water would be éxpactsd to earry leas dissolved minaral
matter and to be decidedly colored. The treatuent for use in manufacturing

would not be very different from the treatment required for the river water.
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A% times when the river water st Indian Head is unsuitable for use there ia
doubt 2s to whethor the cresk would furnish & sufficlont cuantity of water.
There gprears to be little chence for storage of water from Maitewomun Creek

to provide for periods of low flow.

Conelusions ard Roecormendations,

The investigations of the ground-water condisions at Indian F.gmd lead to
the cunclusion thet the parennial yield from the wells of group I (Fumphousze
Hoe. 1) is about one million gollons a doy and that the combined perenuntel
yisld from wells of groups I and II (Fuwaphousew No. 1 end Noe 2) is sbout one
end one-hall million galions a day. If additionsl widely distributed walls are
installed on the main ststion gounds, 1t is likely that the perennial yield of
8l %he wolis will be sbout three miliion gullons a day.

If en edditional supply of ground water iz 1o be devaloped, 1t i reoomm=.
mended thut wells be cmatructed st each of the three sites {III, IV, and V¥,

possibly at intermediate points o 3nd
in figure 3 ), and/ihuet the new wells be of graveli-wall coastruetion unleus

corrse wnber-bosring materisl ia encountered. The drilling of additional wella
on Stump Heok or on privats projperty ancria of the reservation would inerease
the bemnuiﬂl vields The incresase in yleld that ecould be ohiained by drilling
wells outside the remarvition on an extension of the line connoeing the postu-
lated wolls at sites III apd ¥V, assuming the geologie z=nd hydrologlice conditlicns
¥o be the same a3 thosa at the reservation, would be proportionctely somswhat
1aas than the inersass in the length of the lins connecting the wells.,

Because the ground-wanter supply is inadequete to meet the demand in the
event thn{t menufaeturing operations are greatly oxpunded, c&nsidaratian should
be glven to plansg for the use of surfece wator. The Fotomoe River would furnish

water in sufficient guantity for all needs., Mowever, the river waier is at
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times 20 high 1in chloride 23 to b unfit for the desired use ni tha fretory.
The periocds of hipgh chloride apperently range from only a fow days %o Several
months, 2s in the exeepifonally dry perind of 1930 snd 1931: If 2 surface-
weter supply 1s installed, it will, therafore, be necessury %o make provision
for pericds of high chloride. The following mesns for meating these emergency
eandltions may be considered:

1. YVaximu: use of water from wolls.

2o Use nf water from Mpttawonoan Creek, wirt:h or without & dem,

3. Stopage of wator {roi wells or frox the river in roservoirs
provided for the purpuge.

4. Alution of river wsiter when it is objestionsbly high in chloride.

He Zeonomy {n the use of water and re~ uslng of the waler vhere
practicabla.

Should = auppiy fron the Fotusee Biver be sericusly considersd, an inves-
tigntion should he zmade of the chemiesnl charseter of the r;'«;;;fr In order to
learn ¢hs reletion betwesn river discharge and the smount of suli-water ¢on~
temination a comprehemsive atudy must be mode of the moveneny of salt water
up end down the rvsr. An investigotion of the movenent of ealt wnter will ine
volve studles of distributicn of salt wnter throughoui the sectiun of the
river at polnte where there is gporecishle salt-waier ¢ontuninetion, snd carg-
ful smdise to deternine prover points for continuous sampling. The salinity
mrvey would bs nonded slso to dotermine the wost edventsgeous nlece for the
intake or intakes as %o t?mir position in tha cross=section aud 8 to their
distance abaw. Indien Hesde I the Mattemoman (reek i8 considered ss & source
of supply, 1t would be desirsdle to install a geging gtation on it and to meke
8 series of mnilyses ::r" eanposites of daily sasples of water.

It 18 recormmondod that the recording gages installed during this investi-

gation be continued in operation indefinitely and that reecords of the cuantity

of" wnier punped {Tom wells be continued.
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Computaiion of coefficients of transmissibility

and stornge
Teat of well 11 of Group II
Determination of coefficient of tranamissibility

Thigr methed.~It 18 thecretically possible by means of the Thiem method

to dstammine the tranasmi ssibilliiy of an aquifer from cbservations of the
drawdown produced in two wells situated et different distances from a pumped
wall that ponetraies the Bame amifsr and dischargea st & known rate. The

squation for fransmisgibility based on the Thiem method is as follows:
Tn

T 527.7 4 10@ Q! Pot

Zn = Zn

T is the coefficient of tranmmissibilily of the aquifer, in gallons a day for
erch foot of width of the aquifor. It is equal to the product of the coeffi-~
cisnt of parmesbility by the thickness of the beds,

© 18 the pumping rate, in gullons a nimute,

%, and 2, are the respective drawdowns at two observation wells in feet.

¥, ond Tn are the respective distances of the observation wells from
the pumped wells, in feet. |

The derivation of the above equution and the method of 148 appliecation
have been discussed in sone detall by ?éenzal.y

The Thiexn equetion 1s based on the assumption that equilibrium has been
oestablished in the sense that the lowering of the water lavels in obaervation
wolls in the viciniiy of the pumped well is proeceeding at essentislly a
uniform rate. In cmputing the drawdown produced in eech well by punping
woll 11, only the firat of the two pariocds of the test was considered. Pumping

begen at 1:22 pai., on July 11, and by 8:40 aum., July 15, equilidriun was

1/denzel, L. K., The Thiem method for determining permeability of water-bearing

materials and its application to the determination of specific yleld, results

of investigations in the Platte River Valley, Habzzt. ,Sv?éat'exs--:upply Paper 67%a,
I . (FQol, JVY ve-, . ‘
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reagonebly well established, 3o a8 to permit application of the Thia: method,

After thut time, however, equilibrium conditions were disturbed by the sudden

inecrease in the pumping rate. Therefore, in applying the Thiem method, the

drawoen producsd in any well was considered té be the differenca between tho

altituds of the water level at the beginning and at the ond of the first peried,

end in computing the coefficient of tranmmissibility, = valus of 64.8 was
used for Y.

Teble 12 gives the drawdown observed in each of the four observation wells,
end the computations of coefficients of tranamisaibility for all possidle con-

binations of the obgervailon wells. The sverage of the wvalues of tranamisgsi-

- billty thus determined is swen %o de 2,310, which means that when the hydrazulic

gradient is unity the flow through & vertical sitrip of the aquifer one foot wide
would be £,310 gallons a dey,
Theis recovery method.~%hen the puxp on a well is shut down, the water level in

at a
the well rises--rapldly et first, and then/ contimslly deecreasing rote.

Teble 12, IDate obtuined from the punping test on well 11 for determining
the coafficient of trunsmissibility by the Thiem method.

HMsgtance from Altitude of water level, in foet,
Tell pumped well {datun mean sea level) Irawdown,
{(¥oe 11), et 1:22 pame g% 8140 a.m. in feet
in fent July 11, 1238 July 15, 1538
12 356 -B37,05 - 78,73 11.68
14 1,080 : =35 e 3B - 59,94 4,81
4 2,080 «1 355497 =137 61 .81
Yolls Coefficient of
n n Tn/Tn LogyoTy/Ty (% ~Zn) transmiesibillty
10 12 135 IS BT T ,%ar
10 14 4.22 0.626 10.88 1,970
10 4 8.00 0.903 13.68 2,250
12 14 304 0.483 7.07 2,340
12 & 5.7¢ 0,761 237 2,640
14 4 ' 1.90 0.279 2.80 3,410
—ATAT- ' 2,510




R TeaTe . W T W W W Dl

The differonce betweon the rocovering water level at e given instaat after
shut-down and the static water level is termed the "residuel drawdown.®

Theis hes shown that the tranamlsaibility of the aquifer may be determined,

./ Theis, C. V., The relation between the lowering of the plezometric surface
and the rate and duration of discharge of a well using ground-water atorape,
Transactions Amer. Geophysical Union, 16th Ann. meeting, pp. 519-524, 1935,

The significence a&nd nature of the cone of deprsssion in ground-water
bodies, Zcon. Geology, Vol XSXIII, pp. 889-002, Dec., 1938.

within certain limita, by plotting the residusel drewdown ageminst the log of
the ratlo betwsen the time elapsed since pumping started end the time slspesed
sines pumping stopped. The squatinn expressing the coeffieisnt of trang-

- 4
missibility aa & function of these factors is as follows: T = 254 Q logyg )

)

. &
where T is the coefficient of tronsmissibility, as defore; ¢t is the time since

punping started and t" the tine since pumping stopped; 2 is the residual
drawdovm, in feet; and . 18 the rate of discharge of the well before shuit-down,
in gallons s minute.

Ag the length ofAthe penping period was 5,879 minutes, the time since pump-
ing storted (t) 1s 5,879 + t'. The average rate of dischsrge from the beginning
of punping until smt-dovm,’ covaring both periods of the tesé/%;as 67.1 gallons.

5,872 + &'

g minute. Thus, 17,700 10g, , I
T m z“

As punping is continuclly in progress at Indian Hsad, static water level
ecould not be determined. Therefore, the following modified form of the equation

; . 5,879 * ¥
is uﬂed. 17’700 10&10 5 879'+ t' - loglo [ 79 t 2
T = Y t'z

2'2"2'1

I¢ ¢+, end tY, &re 80 chosen that

wz:.t@‘s,m + t'z] | .
D Y

2
then for such values the coefficient of mnanigaibility {T) becomes 17,700 *

2 =24
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The coefficient of 4transmissibility may therefore be determined by use

of the grmph shown in figure 14. In this greph the coefficient of trensmissi-

| bility 18 equal to the horizontsl projecttion (Za - Zl) of that part of the

straight line drmm through the plotted polnts which is intercepted, for
example, by the lines #/t' = ) and t/t' = 10 (or 10 and 100),

The cbagrvational dets resulting from the test on well 11, as given in
{8bla 13, are shown 4n ﬂguré 14 by & 2olid line and the deshed line therein

is the mesn curve. The difference in reaildusal drawdown, Zo~7231, %o be used in

the formula, is deternined by measuring the intercept of values of +/t' of 1

and 10, or 10 and 10C, respectively. It hapoens that the value of Zp - 2y, as
the cooffi~

thus determined, is sbout 10. Substituting in the egunation }Z..';;a..?%?. ’
L .1
elont of trensmiesibility (T) is ecmputed to be 1,770,

Determination of coufficients of transmissibility

and storzge by graphicsl method.

By recourse to the analogy beotween the flow of hest and the flow of
wotor through 8 homogeneons equifer from which "a specific smount of water is

discherged insitontaneously fror siornge a8 the pressure falls”, Theis hea

1‘}1@13’ CQ Y‘f.’ Op. Qit.

shown that the drawdown, Z, in feet, &t & point r if'set distant from a well
which has been pumped for L days at g constant rate of ¢ galions a mimute may

be determinaed from the romnlaﬁ 114.8
yA 4“—-%-—-& % {u)

The factor W (u) is designated the "well function” by Theis and 13 equal

to ~0.577216 - 10Zen + 1 = 12 +ud - uS ... The symbol u equels 1.87 rZ 5,

2.2/ S 4.4 _ Tt

where the symbols have the same mesning a8 previously, and S is the coefficient

of storage. The ccefficient of storsge i3 defined as the volume of water,
mezsured in cuble feet, released from storege in esch column of the aquifer

having a base 1 fool Bguere vhen the head of the water is lowered 1 Toot.

ST



Table 13, Determination of coefficient of transmissibility from
S ' _recovsery of the water level in well 11, July 15, to 19, 13338
Altitude of Aegidual Tine since
Dato Hour water lsvel, drawdewn, pusping
1338 in faet, -%, stopped, 5,379+ ¢°
datum noan in fast t' in : ¢
ssa lavel minutes
July 15 23Rl peme - - Q -
3:23 -107.67 36.9% 2 2,940
3124 -103.27 32.55 3 1,981
3:27 - 98.57 27.85 6 281
3:30 -97.10 26.38 9 654
4:00 -91.88 21.15 39 152
4:36 -89,72 12.00 69 86.2
5:00 88424 17.52 929 60.4
533G -87.04 16.32 129 45.5
8100 ~86.11 15.39 159. - 38.0
T:00 ~84.65 13.%33 219 26.8
8:00 «33.55 12.83 279 22.1
%:00 ~82.60 11.88 339 18.3
10500 »-81.80 11.08 399 15.7
11300 ~$1.20 10.48 459 13.8
12;00 ~30.80 9.88 519 12.3
16 2500 a.ue «79.75 9.03 639 10.2
4:00 ~79.08 8.38 759 8.75
5309 *78.53 7030 879 7069
8100 -78.07 T.55 999 5.89
10:00 «TT.65 £493 1,118 625
12:00 ~77.29 6.57 1,239 5.75
6300 Peitie ~T76.38 5.88 1'599 4.6?
12:00 ~75.70 4.98 1,959 4.00
1T 63130 @em. -75. 14 4,42 3,319 3.54
12:00 m. ~-T4.71 3.99 2,579 320
5:00 p.me ~74,33 3a61 3,059 2.94
12:00 ~T4.01 3.29 3,399 2.73
18 12:00 . «T3.50 2.78 4,119 2.42
12:00 ~73.13 2.41 4,839 2.22
19 12:00 a. -72.83 2.11 5,559 2.06

o8
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Velues of %{u) are aveilable i{n tsdbular formi for a limited range of the

argument, where the vnlues %o be used sre those given for Zi (-x), with the v

a .
_/ Smithsonian physical tebles, B8th rev. ed., table 32, 1933, Jghnke and
a
Emde, Funktionentgfeln, 2nd rev. ed., pp. 83=85, 1933.

sizn chenged. Velues ranging fromu =1 tou = 10:;‘ have recently deen
canputed by C. E. Jacob.

Inasmuch as the sbove equation takes into copsideration the factor of
time, 1t 182 & "non-ecquilibrium® equation, in contrest to the Thiam equation,
which assumes that the plezometrie surfoce has essentielly en equilibrimm form.

By mesns of & grephical method devised by Theis, the nor~equilibrium

_J/ Theis, C. V., Memorandum on Indien Head investigation as interpreted acecord-
ing to pumping test formulae, unpudblished menuseript, Files of Gecl., Survey, 1938.

equation is applied to determine the ecceffieclents of tranmmissibility end storage

from watar-level ohservetions in one or more of the wella. The nethod consists
, for each wsll,
primerily of plot4ing, in logaritimic coordinates,/the values of the cbserved

drawdown sgminst eorresponding values of -ira o The eurves thus cbisinal are
metched with s "type curve”, which 18 a graph of the "well function” Eﬁ(u)j ,

agrinst eorresponding values of u plotted to tha same logerillmic scale.
14

In tebles 14 s, b, €, and d, Wilues of %2- ere given for wells 10, 12,7end

4, respectively. These deta are plotted in figure 15 end ere based on points
teken g% various intervels from the correcied drawdown curves shown in figure 6.
The valuas of the coefficlents of tranmnissibility and storage besed on
the data for the respective wells are shown in table l4, The average value of

the coefficisnt of trsnsmissibility resulling from the application‘ni’ this
method 48 2,590, sand the average value of the eccefficient of storage 1a 4.42

X 10-40 2



Table 14+ Dsterminution of aoefficisnts of transaiasivility and
storage by graphiioal method involving appllsation ol
aon=equl libriun squation. Tsot on well li, July 11
to 15, 19383. :

Points repraseating best fit of  Coeff. of Uceff. of

surves to typa curve transaisg- ghorage
ibdliity
#ell /4 ok u #{u) T S
' {x10°) z -t
10 Bu627 12.0 0.0L 4.05 24510 Ze1% x 19
14 3.72 4.00 0.20 1.22 2,370 6.55
4 14.30 1,70 G.40 - 0.7 3,060 4 .42

-
o B.530 4.4% x 10
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T&bl' ——h

Fell 10, p2 = 85,500

‘ Altitude of Tize since Druog=
Date Hour watar level, in pumping bagan, rz/t down,
1938 fast, datum wmean t, in days >
saa level in fast
July il 2 peitie «T2.79 0.028 2,520,000 2.83
3 ~74.,83 0.068 363,000 4.87
4 ~75.70 0.10% 800,000 5.74
5 7645 0.151 434,000 8.49
1422 pens -59,96 ¢ Q
6 «TT+ 10 G.133 333,000 T.14
12 «79,34 0«443 148,000 9.38
iz 8 2em. -§3. 63, 0.691 24,500 10.8%
12 m. «81053 0943 69,500 11.57
6 petlie ~824383 1.193 854,900 12.2
13 V “"83-60 Lcm 4514‘3{) 13.3&
13 . [ fa iR -33. E? 1. 833 38, 890 130 31
12 m. -§3.67 1.943 33,700 13.71
& Prife -4, 02 2019\; 29,%704{3 14.06
12 -84, 32 2442 26,800 14.36
145 6 asde «34. 59 2.693 24,5300 14.63
12 m. -834.82 3943 32‘?»93 14.86
6 Parte 55,03 3.193 20,500 15.07
iz - =835.22 3443 19,000 15.268
15 6 ‘it ~85.38 3.693 17,700 15.42
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Table *%weil 12, r? = 126,700
Altitude of Tims since 2 Drawe
nte Houp water lavol, pumping be- r°/t down,
1338 in fawd, datum gany %, in -—a
mean saa lavel days in feet

July 11 42 pem. -67.90 0.026 4,870,000 0.85
4 -89.53 0.107 1,160,000 260
5 1022 2.151 839,000 3417

ll22 p-m. *5’7-95 g 0
& 70,72 0.193 656,000 3.65
iz «72.67 0.442 288,000 5.62
12 6 a.3. ~T3.81 D.4833 185,000 §.76
8 petile ~T5.28 1.193 108,000 8.23
12 ~75.81 1.443 87,800 8.76
13 8 Seide «76.%8 1.6%3 74,800 .23
12 =. ~T76.67 1.943 65,100 9.62
6 paite ~T7 . 0% %193 57 ,80¢ 3.99
JLE ‘??;3? ’20443 51,3% 19-3‘4
id £ B, -77.87 28633 47,000 10.82
12 =. -77.95 2.943 43,000 10.90
6 p.»‘aﬂ. -'73.330 3-193 39,?9"{} llal.ﬁ
i3 ~T18.44 3543 86,800 11.39
15 8 neme 78,66 3.693 34,300 1i.81
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14a.

Table Goll 14y r% = 1,166,000
o Altitude of Tima 3ince Y Drave-
bate Hour watsr leval, pumping ba- r“/z down,
198 in f”t’ dat-~ gnan, t’ in -
us mean aeu days in feet
ieval

July 11 2 petts ~55.39 0.026 44,500,000 0.06
3 ~55.46 2.068 17,100,000 G.13

5 «55.60 0.151 7,710,000 0.37

13.22 Ple "515:33 1] Q

£ peiis ~55.67 D.193 6,040,000 0.3

12 5k 08 D443 2,63»3,903 0.75

12 6§ tems 56,48 3.693 1,880,800 1.15

12 5. ~56.88 0,543 15440 4,000 1.53

& perne ~B7.42 1.193 976,000 1.8%9

i2 «~57.57 1.443 808,000 Z.24

13 6 a.z2 -57.89 1.693 689,000 2.56

12 me ~55419 k943 600,000 Z.86

] Pelflae “53:4? 2.193 532,%0 3-14

1z ~58.7% 2.443 77,000 3.39

14 f mene ~58.97 2.693 § 3% , O30 3.64

13 waeme ~59,.%1 a943 396,600 3.88

£ DeTie 53,43 3.193 365,000 4.10

12 ~53.63 3.443 438,000 %.30

15 € oeme ~58.8% 3.6493 315,000 .53




Tablej4d.sll 4, r

-

- 5’202’500

-y

Dat Altitude of Tiznae alnce Draw=
193; Hour watar level, pucpling be- rz/% down,
in I.ﬂtg dat- gany ty in =
um mgan soa dnys ' in feot
ieveal
July 11 1122 peoe ~135.937 Q 0

6 pam. -135.9% G.193 37,000,000 0.03

i3 «~136.08 0.442 11,700,000 0.09

12 & ;eme «138.17 D.693 7,500,000 0.20

12 = ~136.30 0043 $,520,000 0,33

€ Delte ~136.44 1.193 4,350,000 G.47

12 ~136.80 14443 3,800,000 J.63

13 & a.m. ~138.74 1,693 3,970,800 C.77
13 me -136.49 1.943 2,580,000 0.92

8 Prita ~137 02 2.133 ﬂ,37ﬁ,3ﬂﬂ 1.05

12 '13?.1& 3-443 2’136,909 l!l?

14 6 aem. -137.27 2.693 1,930,000 1.30
i8 = =137 40 2.943 1,770,000 1.43

8 Poile *lB?.SE 3-193 1,635,909 1055

iz ~137.63 34443 1,310,000 .68

15 6 fathe ~137.74 3.693 . 1,%19,000 1.79
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Tosts of wells of group I

Effective avercge punpage retes |

The eqnnti.ons used in determining coefficients of transumissibility and
storage are based on the asaumption that punpage is meintained at a conatant
rate, ¥Then such i8 not the canse, corrections must be mﬁde to weight the
pupage %o determine “effective avernge” mtios which might then be applied to
water-levol measurements mnde during u teat to determine coefficients of trans-
missidility and storege,.

uring the £irat period of the teat on wells of group 1 the pumpage rute
was maintained fairly constant at an aversging rate of 644 @llm a minute,
end therefore the avem@a rate may be considersd to de the "effective averzge.”
However, during the sccond pericd of the test the rate of puwaping deelined

fron 907 gellons per minute at first to 750 gallons per mimite st the elosd of

11 dsys later, snd declined thersaftar. The "offective average" rates of
punping for these perlods were, therafore, coputed by welsghiing the pumpage
aceording %o time and by taking into consideration the effect of changs in
pumping rate on the dmz?dm of the watsr lovel in maell 10.

The effective everage rates of punping for different pericds sre shown

in column "¢" of table 15.

Determination of coofficient of transmissidility by the Thiem method.
Aecording to the Thiam equation, the difference in drawdown, $n feat, in
two obscrvation wells located 3y and ry, feet from a pumped well is» shovm by

the following equatiom: 527.7 4 logyqo ;..’!
T

4 4: 2

where § 48 Yhe rate of discharge of the pumped well, in gellons a minute, and

vhere T i3 the coefficient of tranmmissibility as previocusly defined.
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the approxinate geometriesl centor of the pumped wells of group I. Values
of T computed from drawdowns messured at 8 a.m., June 20, end at 1l &.m., »
June 20, &re given m‘table 1%a =nd these computed from drawdowns measured
at 1l am., Juna 30, and 1:22 puney, July 11, in tadle 15d. The everage of

the computed eoafficients of 4ransmissibility 1s 2,560.

Determination of coefficlonts of transmiassidility and
storage by modified graphical method.

If & well i3 pumped at a consiant rates of ) gellons a mimute, the drawdown

in a well r feet distunt from the pumped well follows the reletionship
g. Log | fe2n

where ¢ 12 the time in days since pumping began end the other foetors have the
seme meoaning as previously. _

If afier s cortain time the rate of pumping 1s instantaneouwsly inereessd
by a finite emount A § and maintained at the constunt rate (Q ﬂq;), a second,
lower limd of the drawdown Ma is obteined whieh follows the relationship.

/15
14.6-G .. (1.87r23 115 A8 187055 S?rﬂa

Hors t' is the time elapsed since the instantansous chenge in pumping rate.
If the rate of pumping is again inereassed, this time by N\ q , and is mein-
tained et the constant rate (Q +AQ1 +AQ8},_ & third 1imd of the curve is ob-

tained which follows the relationéhip.
T

T T

whore t* 18 the tine elapsed since tha second chengs in punping rate occurred.




Table 15. ODetermination of ecosffizicut of 4rensniasibiliiy by modifiad

Thiem method.

Tagt on wells of group I, June 8 to July 11, 1938,

Yell 10 1n 12 14
r 2,120 2,120 2,310 2,930
Log, .* 3,326 3,340 34384 34487
Data 5 o z P z 4z
1958 Hour A4g| = Az A z A=z
“rne B 8:00 aJde
644
Juna 20 | 8:00 aa. +130 | 61l.13 61 449 57.77 46,77
744 411434 411,59 +11.41 +B,75
June 30 |11:00 auam. - 86 |72.47 73.08 £9.18 55,50
7&8 - 2’51 b 2.55 - 2.13 —Dol'f
July 11 | 1:22 pme | 68996 7073 67.05 65,53
Table 15a. Trawdowns messured st 8 g.0. June 20 and et 11 aane June 30,
Halls Coefficient of
m B Ek.ugl r/rldz -4z ) transmissibility
On _‘g n mn T
CPva sy
10 14 0,141 2.61 5,700
11 14 0.127 .86 3,060
12 14 0.103 2488 8,540
Average 3,130
Tebla 15b. Drawdo-ns measured at 1l am, June 30 and 1:228 pone July 1.
Tells \ ‘ Goefficient of
m n Log) ¥ /Ty Bz, - zn{l; transmissibility
T
10 14 0.14) 2 o34 2,100
1) 12 0Jd27 2418 2,020
1§ ] 14 0.103 1 .98 1,830
Average 1,980 4
Aversga of the 8ix cocputations - 2,560,



The basc data obiained from the test of wells of group 1 are plotted
in Tiguwre 1C. The nuerical values takea from the eurves are shown in
tables léa, b, ¢, d and e for the respective wella. The data for the
second period of the test are plotted logarithmieaily in figure 10 and the
usual procedure is followed in metching these curves to the type curve
dlscussed on pp.S ] . Table 16 gives the coordinates of the points which
represent the best {it of the seversl curves o tha' type curve, and 'the
avefficients of transmissibllity and storsge are cbiained therefrom.

The average of the coefficients of trenamissibilily derived from the
second period of the test is 4,210, and the everage of the coefficlents of

storage 18 3,76 x 10™4.

63



~J
o

16. .. , . Sy ; X s
Tabis ~ = Jetarmiasstlon of cosrficiwnis of trunamisalbility and
storaga by moiifisl gruphlicsi metned. :ecund per.od ol tast on wells

1M

st gewup I, Juns 20 ¢ 80, 1944

Polnts raprozentin. ovasi Susificiant of sovoff'lciant of
£it of curves t¢ tvuoa gurve  transmiscibiiity sLoruge
TSI A z' u' #Hu*) T ;
(x108)
0 U625  =9,20  G.1 1.82 4,150 3.55% x 10
L1 0660 3,4 Jgol 1.82 £,060 Sl
3 G650 ~¥.3: 0.1 1.82 4,060 Se 9
L La B8 ~-teld Ced 0. 905 4,600 4e09
14 L.83 ~ie%8 G35 0.73. 4y i 4o 27
vae 4,210 275 % 107
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well 10, r° = 4.40 z 10

&

Tsble lbe.
Altitude of Altitude of Tire nince
water level Tine weter level, chsngce in 2
Date in feot, LY 3 A M wt' Az in teet, Drawdom, rate of /st
1028 at 3 8., in degye from gsecond W', puring,
datun rean 1imh of in feet tt,
ses level purYye in dsys
June 8 =5leda
9 =53.56 _E,13 3.8 ~1.07
10 -0%, 50 _l.88 e L E.E4
11 "55.5? _'1.33 dl‘?og 3‘*-?’
12 -57.5%7 1.00 H 2,80
13 -68.37 _ .80 4.5 _%,.80
14 59,03 .86 5.5 _ .63
15 ~59.060 Co.eY 6.5 -3.mn
18 ~-80,08 _ .48 .5 ~2.80
17 '60'48 - ‘46 8Qﬁ _:;.4’3
18 -80,77 _ +E9 8.8 ~-2.78
18 -50. 97 _ 2D 10.5 ~2.30
2‘0 ‘“Glolﬁ - Als 11‘5 -1}-’8‘& “51-1& : Q 0 -
?1 "61.1’!7 - 014? 1205 -lq?a “'63-«‘3? l.m 1 4“;9 X 10
it -81 358 _ -2 13.8 - 1«87 ~B8 .54 5.95 2 T4
23 ~H1,.43 IR 1) 14,5 ~ 1.4 G705 [P b 1.498
24 ~81.53 _ U8 16,5 -l e BB 88,30 $.78 4 1.121
% -531.68 _ -GB 16.8 -1 E7 -§2,35 7.68 L5} 0.887
20 ~41.73 _ 07 17.% ~1.20 - P, B4 3,51 3] G746
27 -5l.78 _ -8 18.5 - 1e14 AN 7.1 7 2.041
29 -63..88 .08 12.5 ~1.08 ~71 .47 2.62 a 0.560
29 ~51.20 _ 0B 208 -8 ~31.87 1007 2 24488
b -51,25 _ 08 £l.5 ~5.98 ~75 o] 10.46 18 0.442
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Table 16 b, ¥ell 11, rg z 4.80 % 106

A£ltitude of Altitade of Tire minea

e

wntor level Tirne water level, [Drawdown, ehenge in 2
Date in faet, 1Al in feet, ~z', rate of r /3!
1028 at 8 a.rm., -8z in doye =3'A2z from peqond in feot pumping,
datur wean 1imh of ',
. sen leyel JUrye . in dayse
Juane 8 -5] .40
Q ~-53. 58 .18 G.5 1,09

10 -B5.31 1.73% 1.5 £.60
11 -136 .67 1.38 25 .40
)2 ~87.74 1.0%7 3.5 b 4 5
13 85,60 0.5 4.8 5.87
14 ~D3,. 3L 0,71 e C 5.91
15 -50.04 D.E% 8.8 b 0 4
16 -80,82 1,48 7.9 380
17 80,73 0.41 BB 5,49 '
18 -81.00 0,38 i 3,04
19 ~81.50 D80 10.8 R.G3
20 -5) .48 ~,19 11.5 2.158 »8) 448 O 0 - 8
£1 ~01.64 D16 12,6 - 1,98 ~-83.81 1.87 1 4.80 x 10
2p -81.77 0,13 13,5 1.74 ~55,78 4£.01 b4 P’ s
A -3, 84 n.11 14,8 1400 ~87 .48 2.80 b] 180
M "51.98 9010 l?ﬁ. . 1-‘.’@? -i":ﬁ.'iﬁ ﬁ.@ﬂ 4 1.29
25 -88.07 0.09 18,8 l.40 -2, 87 T80 3 0.980 !
78 -BR.18 2,08 17,8 Tedl¥ ~70.786 .61 5 T3 o B
27 B2, 08 5,09 1B.E 1.BF ~71,.42 P.ES 7 .88
£8 -02, 28 0.06 12.8 L.15 ~TE,O07 2,79 8 2.600
29 87,34 5,06 10,5 lel4 ~TEE7 16,83 2] 0.0G4
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Table 16 Cs

vlell 12, ¢

2

-
-

5.6 2 108

Altitude of
water level

Altliude of
water Isvel,

Tire flnes
chence in

Uinte in fest, Pire Jin fest, Trawdown, rete of rE/g"
193 et 3 fdae, Az L ~4*Ag  from second -zt purping,
dntum rean in dnye 1ims of in feet LT,
eon level mITTe in dnye
Jene 8 -4 ,5HY

Y ~E0.48 T8l 0.5 0,88

10 ~-5T.00 1.58 1.6 Fe37

11 -53,12 .19 $.B .88

12 ~54,14 0.85 Do & Eaid

13 ~B4 .89 G.78 4,5 B.51

i4 -55,59 G.87 G S.69

15 "5&:1:5 G' g}g 515 3.51

16 -58.81 C.45 T .60

17 ~57.01 0.40 8.5 B 4

18 ~-B57 48 0.3 0.5 2,95

19 -857.58 D24 10,8 2.82

20 -B7.97 C.81 1l.5 -3 ~B7.77 4] 0 - &
£} ~57.28 0,18 17,5 L.E8 58,53 1.52 1 5.7%4 x 10
23 ~-58,11 0.18 13.% 2,13 ~81,72 5,88 2 B.67
22 -58, 08 0,14 4.5 £.01 ~HE B3 5.8 3 1.780

’ -88.48 0,11 18.5 1.82 -B6 .00 758 5 1.082

26 -53., 56 0. 10 17.5 1.74 ~B35, 81 /.33 8 0.830

Ha'l -58,87 ¢.08 18,8 1.86 -37.83 B.20 7 0.7683

29 -53.88 0,07 #.bB 1.53 -2, 78 9,20 9 0.594

30 -57.89 207 2l.B 1.47 ~3%,18 10,23 10 0.5%4
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Table 16 d,

5

a . &
Fell 13, » = .60 x 10

Uate
1938

Altitude of
water lavyel
in fosd,
gt O feTa,
dntur »2an

aon lovel

~tYA 2

£1%1 Wwde of
¥nter lsvsl,
in fest,
Prum sacond
ligh of

Snrve

Drowdowm,
—Z' »
in Teet

Tire since
¢h
reta of
runping,

%t
in deys

$¥a%

rg/t'

June @

0

12
i3
14
5

17
i3
18
20

Lal
LB

.
A

~45 , 08
-Gr.04
-50.81
~55.06
~06. 07
-8 .38
"'57 .51
5304
~BFt 45
~583.8%
~-5% ul;i
~52.358
~0B5.01
-69.81
~59.90

’60 - 1§

218
177
I 65
1D
2,797
G.87
0 53
DAL
LN 4
.2
CeP8
DeE3

Q.20

o103

.16

2 ¢ » =

.
Ll B R R e N R R e el e

%‘i?ﬁiﬁ)ilflﬁ!w A pp e O3

-

L

-
1
5
£ »
12.C
"R

¢
el

Y 9+ oy T
HEBELRER

[
’
Cgtﬁf

- & 9 °

]

¢

»
R R R

SRS R SR P2 S B o< s Y
[ B BT PR S

08
»
]

& #s
08 et

oo
[ 25

~51l.87
~E7 510
-G .48

€3 1 3

»

LA =) b G

3.80 x 107

1,845
l.730
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Table 16 a. Vell 14, 1'2 = 8,08 x 106 A
Altitude of £ltitude of Time since
Date water level Timn : meter level, - Drawdown, changs in s
1028 in feet, _,, LA N in foet, ~z', rate of r /!
et 8 a.m., ®  in 2ays from segond In feet paping,
datum memn lird of 5,
see lavel ouIrve in daye
Juns 8 ~39,93
9 ~40.59 0,48 0.5 D33
10 -41,.5 Q.21 1.9 1.37
11 ~-42,59 G.89 2.5 HPS 46
i2 ~25.17 .98 3.0 2,73
15 =43 .84 G.67 4.5 3.02
14 ~3%,41 Q.57 5.8 .14
15 ~-44,91 0.50 6.8 5o BB
16 ‘45;59 {}048 7.5 3.63 ~
17 ~-45,81 0.47 3.5 3.87
18 ~468.172 .38 2.5 3,61
1% ~4£,50 .31 10.5 3,826
0 ~48.77 Q.7 11.58 211 ~48,77 0 4] - 6
2l Y n{jl 0.24 1205 ﬁ-g‘? “47.‘%& ’\.-3:4: 1 9.58 X 10
potid -47,22 0,81 1&.6 £.88 ~&83. 64 led8 a2 4.22
23 ~47 41 g,18¢ 14.5 £.74 « %3 50 Y )¢ 3 rL.026
24 -47 .58 .17 12.5 2.868 ~51.00 Se4P 4 2,145
en ~47 75 0.15 16.5 £,067 ~82,01 4,58 . 1.718
78 ~47 .07 .14 17.8 250 ~-BE, 88 5.08 6 1,4%0
7 ~48,00 0.15 18.5 243 ~B3,.70 Fa70 7 1.206
£8 -4£8.12 0.18 18.5 £e37 -54,53 6.07 a8 1.072
At -48,72 3,11 o0L.B 2.50 -84, 05 &.78 g 0.953
B -8 o 55 0,10 21.6 2423 -55,44 7.11 10 0.859




Tobles 17 a, b, ¢, and 4 gived values of z” and r%/t” for wells 10,

11, 12, and 14 Pfor the third period of the test. These data are plotiad
logarithmieally in figure 17. From the best it of the several curves %o

the type curve, the values of T and 5 as glven in table 17, weres computed.
The value of 4 4, uso¢ in meking the camputations is 774-70C = 74 gallons
por minute. It is ths difference between the average punping reate during the
third perilod amd the offsctive average during the second pericd.

Beceuse of ths gradual increese in pumping rais during the third period
of the teat, the observed parstinl recovery comtinued to be less tham it would
have besn had the punping rate during that period been meintained at its
initiel walue, Thus the correctsd pertial recovery curves shown in fisure 17
heve greater curvature than the ype curve, the differsnce bheing sven mors

pronounced than in figure 16.

16
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o L ' ' Detemination ot coeffieien* of stomge by meaauremen* ai' ' '

muximm change in rate of docline or recovery or water 1evels. "

'Iha aquatinn davaloped by Thais giving the drawﬁown at any point and at anj
: timo aronnd a mll thet 18 pumped at a unirorm rate tmxn e homopeneous aquirer
3 of oonstant thielmess and infinite areal extent, arforda a basis ror the detar-
Lminntion of the coofricmnt of trananiasibility by measursment of the maxilmm

- changa in the mte or daeline or recaver:r of mter levels. "‘h& aquation is as -
: RN R [ Tt .
ralloﬂs.  Ze 11;.60 f T ) du where ‘the symbols have. thq same

meening as previaualy. ,

It ean be ahovm that as a consequenea 01’ thia relationahip, the fbllowing
requatiozx holfia, pmvidad thera 15 un ma'bzmteneaus change (AQ) in the mte cf e

R - TR A N S
"pumping 5= ';z"’a"'ﬁ" *, whera a-é'ia xueasurm in feet 8 day, and where ‘
is in gallans a minnta, e before. R 7

‘I’able 18. gi?es valuas or ‘the coaﬁieient s:r atamge det&mined m thia mannea-

fmm the mmmum chenge 1n tha mte of decline of water }.evals during the aacand

‘ perioﬁ af the teat on walls. of gmup . The maxinm:xs chsmgs in rata af decline

is mken as the diﬁ’eranee batman the maxinnnn a].apa of ths aecond limb of a par- ‘
\ticmlar drawﬂmm curve and the slope or tha extmpolatad pertion af tha ﬁrst o
lizb of tha same eum. ‘I‘ha htter 15 given in the fourth calumn of the table
‘ headﬂd "eorraetion (rt/day)" 'rable 19 gives values for t‘m coei’ficient of
sterage that are similar].y eomputad rrf;m tha maxi!mxr rate of recovary or water
, 'le‘vels during the third nariod or the teat of wells of @roup I. ' :
7 As tha maxirmm change 1n rate of declina or recovery in four of‘ the five _
obsemticn vella occurred within about a day ot the time when the change in the g
' "rate of pumping occurred, t.he change 1n pmping rate (QQ) was taken a8 tha dif-
3 j'rarenco betwaen the avarage pmnpa@a mte during tha rirst day of the given o

- .period ami the affecttva averaga ror the nreceding period. S

B




: 'Tablé' 18. Latemination oi‘ coefficient af stcmga from ;axi'num chemg,e

. i‘/‘ v

Lo b M o corree~ Maximum chanse Coefficient :
i =,, R R v ste D DT R et in rat declim.
L ’ell = 1‘ ' b t:lon (mf % c- stomge VI

s (ft/day) . ; U

/fecle' 4.49 x 106 ;f--z.ss 1'??:'9”!;og14~~gf;y, 2.4¢ . B4 x 107
L 4.80 PB4 - w0015 2,48 4,98

S .,.35.34 =2l <018 2.8 . 5,00 L

oM 0 BeB8 o =RG46 0 =0,80 2,28 . 1.7.14 e e e
DU BB el =028 1,00 Be86 ik

| ~j'1‘uble 19. , Da'semmation ot weﬁ.':lcient or smrage fm maxiz:m chemga in

mt& or reecvery af mtar lsvela during third perim“; m? test: : NG |

on Wel"ﬂ at‘ group Te o f e

ciw

L ' g Maximnn change cwx‘ﬁeient

L GORAE Nk Loy ,-“‘:~B].ape of : 1n rat de¢line . of
Al r third limb Corre , T 7&a 3 ~ storage
(ﬂ/day) : (ft/day) R ﬂ S

T 4.49 x 195 - 0.98 e ,;-e.sv”-ﬁ, "iugl,ss,'Qs:v4.20 x 10‘4

1L 480 0488 <038 1.6 4.5

1z 5.&4;;‘,"_;05?2;74;fT =035 107 440
~w14¢- 8.58 Lo 0.28 0 0 w0442 j’;fffpgeo;?o;t.*{ﬁé.la

Jver. 7; o 3' ' o  j'  “".1—7‘4.24 x 10..4




Coh

Accordingly the 'mlaoﬂ o:t‘ A Q ara pa followa*
- For the second pariad.; ’ o R S
- : Sl e A Q -“907"644) - 265. S

: ror the third pariod. : : : ' L

5 | g A Q - (774—663) - 111.

"'he average vnlua or tha coei‘ficinnt of atcra@s an dotamined rrom the S

_ eomputntions based em the p\mping af the wona of g;roup I 15 5-88 - 10_4 for S

“the second poriod and 4.24 X 10 "4 for the mrd pericd. o

: v— B Smsary of deteminatians af ,
eosffic:lemts of tmmiasibiliw ami sﬁaragqa.
'l'he follnwing table mmnarizes 'l:he deteminaﬁons af eoefricienta or

tmnsmissibility and ataraga resulting rmm the applioatien ni’ ﬂae varinus

| methods. e stanttcance of e coefrieianta an dsternined by the mrfamnt i

_ metheds 15 diacuasad on pasea 3? 72 .

4,"1?ablargi .ammary of dateminations of csef”icients of transmiasibility' i

mxd staragn by 'rarioxza mathads. -

g ing T Y T Periecd caaffieiant a i Goefﬁci@nt
teat ons - - Methadf SN RN SO tranmiasibility oi‘ atoraga
: ' - t}eat“ R ] 8 :

o wal’-‘,n R '.f"m@m S P “:a,sm? el e
: o e Thels mcmry L M0 et
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