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Introduction 

This Memorandurn!/summarizes bri efly the data obtained by test drilling 

and in an aquifer test at Mount Airy, Md. The tests were a part of the State -

Federal cooperative stuqy of the ground-water resources of Frederick Count,y, 

and it is intended that a morA complete analysis of the test data will be 

included in a future report describing the ground-water resources of Frederick 

County. The purpose of this memorandum is to make the test data immediately 

available to the general public. 

Mount Airy is located along th~ Carrell - Frederick Coun~ boundary about 

2 miles north of the intersection of u. s. Highway 40 with the county boundary. 

Its population is approximately 1,000. The municipal well field, consisting of 

two drilled wells (fig. 1) is in a valley about one-half mile west of the center 

of Mow1t Airy, within about 400 feet of a small stream, and north of Prospect 

!/ Open-file report. Not reviewed for conformance with stratigraphic 
nomenclature and edit0rial standards of the Geological Survey. 
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Figure 1. Map showing the location of the Mount Airy public-supp~ wells and 
test holes. 
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Road. Well 11 about 40 feet north of Prospect Road, is 125 feet deep, 8 inches 

in diameter, and reportedly yielded 265 gallons per minute (gpm) in 1947 and 

201 gpm in a half hour test in March 1955. 'lhe writer determined during the 

tests described in this memorandum that the well has about 34 feet of casing. 

V~ell 2~ 85 feet north of well 11 is 96 feet deep, 8 inches in diameter, and 

!·e~ortedly yielded 120 gpm in 1947 and 127 gpm in a half hour test in March 1955. 

The wells are equipped with deep-well turbine pumps powered b.Y electric motors. 

Cencrally only well 1 is used, and it is pumped for only a few short intervals 

each day to meet the water requirements of the town (about 75 1 000 - 80,000 

gallons daily). The reported yields of these wells are ~o~~iderably higher 

than the av8rage for cryutalline-rock wells in the P~.edmcn~ o~ M<tryJ.and. 

The test drilling was done under contract with Edward I. Brown, well 

driller, between May 3 and May 12, 1955, Water-supply facilities of the U>wn 

of I1ount Airy were kindly made available for thu aquife::- te~tc; f':'om May 22 to 

}lay 301 1955. 

The pumping tests consisted of a step-drawdown and j.nterference test on 

the public-supply wells on May 301 1955, and an aquifer te;,t in which public

supply well 1 was pumped constantly for 48 hours and the effect of this pumpage 

was me2sured in all the wells and test holes on May 23 - 25. 

General Geology and Hydrology 

Mount Airy lies near the western edge of the belt of crystalline schists 

of the Maryumd Piedmont. The town and its vicinity are underlain by a northeast-

trending band of schist (Marburg) about 6 miles in width. The schist is closely 

folded, medium to fine-grained schist or phyllite, bluish grqy to silvery green 

where fresh, and is injected with quartz along the layering.!/ Where strongly 

weathered the schist is brown or tan. 

2/ Stose, A. J., and Stose, G. W., lhe physical features of Carroll County and 
- Frederick Coun~, p. 74, 1946. (Md. Dept. Geol., Mines and Water Res.) 
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In the vicinity of the Mount Airy municipal well field, which is on the 

east side of a small stream in a north-northeast trending valley about one-half 

mile west of the town, the schist is exposed in road cuts and gutters on hillsides 

bordering the valley. It does not crop out in the vall.3y or stream channel. 

Quartz veins one or two inches thick cut the schist, maqy of them striking in the 

ge:1eral direction of the schistosity, north-northeast. Cuttings from the deeper 

rar ts of the test holes show the presence of marble (or limestone) and cr,ystalline 

calcite, but these were not noted in the hillside exposures. The calcareous 

raaterial may be related to the Wakefield marble or the Silver Run limestone, as 

described by Stose and Stosed( The marble may be found in the well cuttings in 

~harp, planar contact with pieces of the schist, but is not fnund as an integral 

part of the schist. 

Local precipitation is the sole source of ground water in the valley in 

which the municipal well field is located. A part of the preeipitation that 

fa l ls within the valley and on the hills bordering the valley enters the ground 

and moves downward to the water t able, the top of the zone of saturation. Water 

in the zone of saturation moves slowly towards the stream ~·:here it is discharged 

as seeps along the banks or upwards through the channel floor to become a part 

of the stream, and is carried out of the area. Some water ~s brought into the 

valley by streams dr ~ining the hills bordering the valley. It is likely that 

during and immediately following heavy rains some rain water flows into the 

valley as surface runoff down the steeply sloping hillsides" 

3/ Stose, A. J., and Stose, G. W., The physical features of Carroll County and 
- Frederick County 1 P• .59-60, p. 62. {lid. Dept. Geol. ,Mines and Water Res.) 
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Test Drilling 

Four test holes {fig. 1) were drilled with a percussion, or cable-tool, 

drilling machine in the vicinity of the municipal well field to determine the 

geology of the valley, vertical and lateral differences in thickness and character 

of the water-bearing material, and for later use as water-level observation wells 

during the aquifer-evaluation tests. The holes were 6 inches in diameter and wore 

ca~ed only as deep as was necessary to prevent slumping of the walls. 

Cuttings bailed from the holes were examined under a binocular microscope. 

Short pumping tests, using the bailer to remove water, were run at variou~ depths 

in each test hole to measure changes in capacity with depth, and to measure the 

effects of change& in casing length on capacity. An approximate drilling-time 

log was kept for each hole; however, rnaey variable factors govern the drilling 

rate when using a cable-tool machine, so that these logs are useful for general 

compari5ons of drilling time only. 

Test Hole 1 

Test hole 1 was drilled 158 feet north of public-supply well 1 and to a 

depth of 55 feet below the land surface. Casing was installed to a depth of 

of 37~ feet. The lrg of this well, based on examination of wet sample cuttings 

under the binocular microscope, is as follows: 
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Test Hole 1 

Mot erial 

Soil, clayey, dark 

Schist, rotten, silty, soft, yellow-brovm; 
3-inch fragments vein quartz. 

Sohist, quartzose, soft, yellow-brown, platy 
fragments. 

Schist, quartzose, soft, brown; numerous 
brownish-black limonite cubes (pseudomorphs 
after pyrite). 

Schist, abundantly quartzose; less weathered 
appearance than above; cuttings coarse; 
large limonite cubes. 

Sch:st, as above, with finer cuttings. 

Schist, soft, brown, and fresher bluish gray 
schist laminated with quartz; quartz frag
ments; some blaok minerals and fresh pyrite; 
calcareous material about 25% of sample. 

~artz fragments, and weathered schist, 
brown, rather softi· limonite cubes. 
calcareous materia noted. 

No 

Schist, gray-blue, quartzose; calcareous 
material about 2~ of sample. 

Schist, as above, with some golden-brown 
softer schist fragments; limonite cubes; 
calcareous material about 25% of sample. 

Thickness 
(feet) 

~ 

3 

8 

12 

6 

? 

5 

3 

3.5 

6.5 

Depth 
(toet) 

1 

4 

12 

24 

30 

37 

42 

45 

48.5 

55 
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Approx. rate 
ot drilling 
(min/ttl 

1.7 

1.7 

1.7 

28 

17 

21 

Remarks 

Excavated with shove\• 

D'l. 

Drill-cuttings sample. 

Muddy sample. 

Cleaner sample. 

Fairly clean sample. 

Fairly hard drilling, Very little 
mud with sample. Bottom ot 
weathered zone in this interTal. 

Brown schist probably contamination 
from above. 



Two brief bailer pwnping teste were made during the ch-illing of this test 

hole to determine the specific capacity. The specific capacity of a well may 

be defined as the yield divided by the drawdown required to produce that yield 

and is common~ expressed as gallons per minute per foot of drawdown (gpm/ft). 

It is a convenient unit for comparing the performances of different wells. 

Summary data on these tests are tabulated below: 

Depth of Length of Duration of Average Drawdown of Specific 
test hole 1 casi~ bailer pump bailing rate water level capacity 

{feet) {feet test {minutes) (BE!!~ (feet) <saft> 

42 37~ 17 21 10 2.1 

55 37i 30 24.7 10 2.4 

After the first bailer test, drilling between 42 and 48i feet was hampered 

by coarse quartz and schist fragments apparent~ moving downward from shallower 

levels along the armular space between casing and well wall to the bottom of the 

hole. In order to correct this the casing was driven down one inch. This 

"seating" of the casing effectivezy cased off the producing zone, for when the 

test hole was bailed the water level lowered quic~ to the bottom of the hole, 

and 14 hours later the water level was still 18 feet below the static level. 

This demonstrated also that the uncased section of the hole from 37! to 48! feet 

was essentially unproductive. The vibrations set up b.y continued drilling, to 

55 feet, loosened and destroyed the casing seat and the water level recovered 

rapidly nearly to its static position. The casing was raised 3/4 inch to 

enlarge the area through which water could enter the well, and the second bailer 

test outlined in the table above was run to determine the effect on the well 

capacity of drilling to 55 feet and of raising the casing. The test indicated 

that the capacity was only slightzy higher than when the test hole was 42 feet 

deep, and this small increase was probably due to freer passage of water through 

the annular space around the lower end of the casing rather than the penetration 

of additional water-bearing material. 

-7-



In summary, the producing zone in this test hole is the weathered schist 

between about 10 and 37! feet below the land surface. The clayey upper ten 

feet or this interval is much less permeable 'than the lower part. The 

specific capacity is 2.4 gpm/ft, at least for small discharge rates and short 

periods of pumping. If, for the purpose or comparison of its capacit,y with 

the other test holes, it is assumed that the specific capacity of this test 

hole would decline with consecutively increased pumping increments at tne 

same rate as determined later for public-supply well 2 (fig. 3), then with 

drawdown of the water level nearly to the bottom of the producing zone, this 

test hole would yield about 50 gprn for short periods of pumping and the 

specific capacity would be about 2 gpm/ft. 

Test Hole 2 

Test hole 2 was drUled 300 feet north or public-supply well. 1 ::md ~ a 

depth of 89 feet. The description of wet samplP. cuttings from this well is 

as follows: 
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Test Hole 2 

Material 

Loam, brown. 

Clay, yellow-brown; few fragments brown 
weathered schist. 

Schist, quartzose, yellow-brown, soft; few 
limonite cubes. Flashlight on test-hole 
wall shows material to be fragments of 
schist and quartz in a loose, sandy 
matrix with ghost sahistose structure. 

Schist, as above; few pieces platy, slate
colored schist or phyllite. 

Schist, yellow-brovm, with moderate amount 
of quartz. 

Schist, quartzose, yellow-brown. 

Schist, brown, with less quartz fragments 
than above. 

~artz, predominantly; a little quartz
saturated gray schist and a few platy 
pieces greenish-gray phyllite. 

Schist, quart~ose, yellowish brown; some 
limonite cubes. 

Schist, brown; less quar.~z than above. 

Thickness 
(teet) 

1.5 

1.5 

8 

? 

12 

4 

6.5 

1 

5.5 

Depth 
(teet) 

1.5 

3 

11 

18 

21 

33 

37 

43.5 

44.5 

50 
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Approx. rate 
of drilling 
(min/ttl 

1.3 

3.5 

5 

20 

10 

13 

Remarks 

Excavated with shovel. 

Do. 

Drill-cuttings sample; slightly 
muddy. 

Sample moderately muddy. 

Rather clean sample. 

Muddy sample. 

Less muddy sample. 

Drilling rate tor 43-43.5 ft. 
interval. Very muddy sample. 

Very muddy sample. 



Test Hole 2 (continued# 

Material Thickness 
(feet) 

Schist, brown, with a tew gray pieces; moderate 5 · 
amount of quartz; numerous limonite cubes, 
other dark minerals. Small amount of calcareous 
material. 

Schist 1 brown and yellowish brown; a few pieces 6 
quar~z-saturated schist and gray schist. 
Calcareous material about 5% of sample. 

Schist, predominantly gray, with some brown; 1.5 
quo.rtz abundant; calcareous material about 
5~ o-r sampi.e. 

Schist, dark gray; moderate amount of quartz. 11.!1 
Few particles of limonite sand cer1ented by 
calcite. 

Schist, dark gray, with quo.rtz. 6 

Schist, as above, wi th some weathered, brown 7~ 
schist fragments (contamination from above?); 
few oubes of fresh pyrite. Few small particles 
of oal our eous mat .:. rial. 

No sample. 2 

Depth 
(feet) 

55 

61 

62.5 

?4 

80 

87 

89 
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Approx. rate Remarks 
of drilling 

(min/ft) 

13 Fairly clean sample. 

5 Harder drilling beginning at 60 feet. 

20 

3.5 

3.5 

6.4 

24.5 

Base or weathered zone 1~ this 
interval. Clean sample; partly 
granulated by bit. 

Clean sample; partly granulated by 
bit. 

Clean sample; partly granulated by 
bit. 

Do. 

Do. 



'lhe table below summarizes four brief bailer tests at different depths 

during the drilling of this hole: 

Depth of Length of Duration of Average Drawdown of Specific 
test hole 2 casing bailer pump bailing rate water level capaci~' 

(feet) (feet) test (gpn} (feet) (gpm/ft . 
(minutes) 

44.5 38 8 17.5 24 o. 7 

55 38 15 23 u.s 2.0 

80 38 15 22.9 7 ,3.) 

89 38 20 24.5 4.5 5.4 

In summary 1 tile capacity of this test hole increased substantially as the 

hole was deepened, indicating that the water-bearing material extends from 

the top of the zone of saturation, about 10 f~et bel w the land surface, to 

about 89 feet. Although it is possible that further drilling would have 

increased the capaci~ of this hole, th~ slow drilling of the last two feet 

suggests that the holo ended in or near hard, fresh rock; and if tbis is so, 

further drilling probably would not increase the capacity a 1--preciably. However, 

if a production well were to be drilled in the vicinity of this test hole, it 

would seem desirable to drill several feet into unquestionablo hard, fresh rock 

so as to assure canplete penetration of the water-bearing section. The specific 

capaci~ of this hole for short periods of pumping and small pumping rates is 

5.4 gpn/ft. If, for the purpose of comparison wi. th the other test holes, 1 t is 

assumed that the specific capacity would decline with consecutive~ increased 

increments of pumping at the same rate as detennined for public-supply well 2 

(fig. 3), then with a decline of the water level nearly to the bottom of the 

producing zone, this test hole would yield about 150 gpm for short periods of 

pumping and the specific capacity would be about 2.1 gp~ft. 
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Test Hole .3 

Test hole .3 was drilled 175 feet west of public-supplY well 1 to a depth 

of 79l feet. 'llti.s hole is approximately midway between public-supply well 1 

and the small unnamed stream. 'lbe log of this test hole is as follows: 

-12-



Test Bole 3 

Motorial 

Soil, dark: brown. 

Clay, residual, brownish yel: ow, with small piuces quartz; 
shows sligut ghost schistose structure; small amount of 
black: minerals. 

Clay and silt, residual, light tan, with small pieces 
quartz. 

Clay and silt, residual, darker tan, with small amount 
ot quartz and sand-size particles of yellow-brown 
schist. 

Schist, yellow-brown, and quartz fragments; a few pieces 
gray schist; limonite cubes, other dark minerals. 

Schist, yellow-brown, with abundant quartz. 

Sc~ist, brownish gray, harder tragmunts than above, and 
abundant quartz. 

Schist, grny, hard, with a few soft pieces; much less 
quartz than above. 

Schist, gray, vnth moderato amount of quartz; fine par
ticl&s of iron-stained quartz and yellow-brown schist 
give sample a speckled a ; pearance; fresh pyrite. 

Schist, similar to above, except much coars~r particles. 
Small amount of calcareous material. 

Thickness 
(feet) 

l 

2 

6 

6 

6 

7.5 

7.5 

11 

5.5 
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Depth 
(feet) 

1 

9 

15 

21 

28.5 

36 

47 

50 

55.5 

o.a 

2.5 

3.3 

3.7(?·) 

5.9 

16 

Remarks 

EXcavated with shovel. 

Do. 

Drill-cuttings sample. 

Cleaner sample. 

MOderately muddy sample. 

Bottom ot waathered 
zone in this interval. 
Fairly clean sample. 

Last foot of drilling 
hard. Fairly clean; 
cuttings granulated 
by bit. 

Clean sample. 



Test Bole 3 (continued) 

Material 

~chist, similar to above; brown schist particles more 
abundant. Calcareous mct8riol about 1% of snmplc. 

~uartz, coarse granul~61, with large amount of gray and 
brown schist particles; abundant pyrite, both crystalline 
a.nd amorphous. Caloareous material about 1% of sample. 

Schist, gray, flakey particles, with large amount of quartz. 
Calcareous materia l o.bout 1% of sample . 

Schist ,as above, With calcareous ma t erial about 5% of s~pla. 

Thickness 
(feet) 

5 

8 

6.5 

4.5 

-14-

Depth 
(feet) 

60.5 

68.5 

75 

79.5 

Approx. rate Remarks 
of drilling 

(min/ft) 

21 

17 

18 

18 

Clean sample. 

Do. 

Cuttings granule ted; 
cleElll sample. 

Do. 



The table below summarizes three brief bailer pumping tests at different 

depths in this hole. 

Depth or ~ngth Duration or Average bailing Drawdown of Specific 
test hole 3 of casing bailer pump rate water level capacit) 
(feet) (feet) test(minu tes) <s~~ (feet) <sE!!!£rt 

36 22 15 21 4 5.2 

55.5 41.5 17 27.2 2.5 10.9 

79.5 41.5 (17 (27.2 (2.3 (11.8 
(45 (26. 7 (2.5 (10.7 

When the hole was 47 feet deep the addition of 10 feet of casing, which 

placed the bo~tom of the casing 32 feet below land surface, reduced the capacity 

of the hole to a few gallons a minute, indicating that relatively poor water-

bearing material was encountered from 32 to 47 feet. With further drilling the 

easing seat presumably was loosened and good water-bearing material was 

penetrated, for the test at 55.5 feet showed the capacity of the hole to be 

twice what it was when the hole was 36 feet deep. 

The .t'lnal bailer test in this hole lasted 45 minutes at the end of which 

the specific eapaeity was 10.7 gpm{ft, or slightly lower than indicated by the 

17-minute test when the well was 55.5 feet deep (10.9 g~ft). However, for 

the. same interval of pumping as the shallower test, 17 minutes, a specific 

capacity of 11.8 gpn/ft was computed (see above table), showing that the 

capacity of the hole probably was increased slightly b,y the drilling below 

55.5 feet. 

In SWIIIlBry, the major water-bearing zone in this test hole was penetrated 

between depths of about 10 or 15 feet and 55 feet below the land surface, and 

consists of quartz veinlets and weathered schist. The bailer tests, well 

cuttings, and drilling rate suggest that the capacity could have been increased 

very little by dri lling deeper. The specific capacity of ~his hole for short 

periods of pumping and small pumping rates is about 10.7 gpm/ft. If, for the 

-15-



purpose of comparison with the other test holes, it is assumed that the specific 

capacity would decline with consecutivelY increasing pumping increments at the 

same rate as determined for public-supplY well 2 (fig. 3), then with a decline 

of the water level nearly to the bottom of the producing ~one, this test hole 

would yield about 130 gpm for short periods of pumping and the specific capacity 

would be about 3.2 gpm/ft. 

Test Hole u 
Test hole 4was drilled 58 feet west of public-supplY well 1 and to a 

depth of 99~ feet. The log of this well is as follows: 
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Test Hole 4 
Material Thickness Depth Approx. rate Remarks 

Soil, loamy, with 3-inch quartz fragments at ~ottom. 

Clay, residual, gritty, tan, VIi th frogme::nts of quartz and yellow
brown and g£ey schist. 

Clay, residual, as above, with less quartz. 

Schist, brown, quartzose; some gray schist; a few limonite cubic 
crystals. 

Schist, yellow-brown, soft, and quartz. 

Schist, yellow-brown, tabular particles, some larger fragoents; 
quartz abundant. 

Sohi~t, sericitic; dark minerals; quartz fragments abundant. 

Schist, brown fragments with some gray; quartz; a little cubic 
limonite. 

Schist, brown, and quartz. 

Schist, brown and light gray, and quartz. 

Schist, darker brown, small particles; some quartz. 

Schist, gray and brown fragments, with quartz. 
Schist, 1:1s above, with brown fragments more plentiful. 

Schist, light gray; moderate amouut of brown schist and quartz; 
calcareous material about 10% of sample. 

Schist, light gray, and quartz; some brown schist; fresh pyrite 
and limonite cubes; calcareous ron tE::rial lo% of sample. 
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(feet) (feet) of drilling 

3 3 

7 10 

6 16 

5 21 

10 31 

7 38 

4 42 

4 46 

6.5 52.5 

6.5 59 

9 68 

9 7? 

7 84 

90 

99.5 

(min/ft) 

1.7 Excavated with shovel. 

2 Drill-cuttings sample. 

Easy drilling. 

Muddy sample. Easy 
drilling. 

5 MUddy sample. 

12.5 Do. 

20(?) Do. 

7.7 Sample moderately muddy. 

11.7 
13.8 

25 

30 

Do. 

Middy sample. 

Very muddy sample • 

MOderately muddy sample. 
Soft spots encountered 

by drill. Moderately 
muddy sample. 

Last 4 feet drilled 
much harder. MUddy 
sample. 

Fairly clean sample. 



As drilling progressed, four bailer tests were made in this hole. These 

are summarized in the t able below. AnalYsis of these tests was hampered by 

interference from nearb,y public-supply well l which was pumped several times 

during the bailer tests. The computed specific capacities are probab~ only of 

the correct order of magnitude. 

Depth of Length of Duration of Average Drawdown of Specific 
test hole 4 casing bailer pump bailinf rate water level capacit) 
~feet) (feet~ test (minutes} (~£!!! (feet) (gem/ft 

46 36.6 10 23.8 13.5! 
+ 1.8-

46 35.9 12 24.5 9.5 2.~ 

84 49 10 26.6 5 s.3~ 

99o5 49 (12 (26. 7 (5 (5.3! 
(47 (26. 7 (7.5 (3.6~ 

When this hole ~as 38 feet deep and contained 30! feet of casing, it 

apparently was a good well as indicated by the rapid recovery of the water 

level after bailing cuttings. However, because of slumping of the wall of the 

hole, it was necessa~ to install an additional 6 feet of casing, which reduced 

the well capacity to practically nothing. When the hole was 46 feet deep its 

capacity had increased to about 1.8 gpm/ft. It is not kno~~ how much of this 

increase in capacity can be attributed to the additional drilling and how much 

was leakage past the annular spac0 between casing and test-hole wall. The casing 

was raised 0.7 foot, and a second bailer test indicated a moderate increase in 

capacity (see second line of table above). 

A third bailer test at 84 f8et showed that the capaci~ had approximately 

doubled. The fourth and final bailer test in this hole lasted 47 minutes at the 

end or which time the specific capacity was about ). 6 gpm/ft, or appreciably 

lower than indicated by the 10-minute test when the hole was 84 f~et deep. 

However, 12 minutes after bailing began in the final test, which is approxi-

mately the same length of time as the test at shallower depth, a specific 

-18-



capacity of S.J was canputed. This would indicate that no significant water

bearing material was penetrated below 84 feet. 

In summar.{ 1 the producing zone in this test hole is between about 16 and 

84 f~et below the land surface. However, the upper part of this zone is 

unstable and required casing, probably reducing the capacity of the test hole 

appreciably. It is unlikely that the capacity could have been increased 

sign:i f:!.. cantl.y by drilling below 99.5 feet. lhe specific capacity of this hole 

for ~·:10rt periods of pumping and small pump:i.ng rates is about J.6 gpm/ft. If, 

for the purpose of comparison with the other test holes, it is assumed that the 

specific capaci~ would decline with consecutive~ increasing pumping increments 

at the same rate as determined for pub:J..ic-s~~pply well 2 (fig. J), then with a 

drawdown of the water level nearly to the bottom of the producing zone, this 

test hole would yield about lJO gpm for short periods of pumping, and the 

specific capacity would be about 2 .2 gpm(ft. 

Well Characteristics and Well Interference 

Knowledge of the hydraulic characteristics of existing wells drilled in 

the crystalline rocks aids in understanding the geo-hydrology of the cr,ystalline

rock aquifers. This knowledge is valuable also as a guide for the proper 

construction of wells in the cr.ystalline rocks. The construction of rock wells 

generally is simple in comparison with wells in sand and gravel, as are found 

in the Maryland Coastal Plain, for generally no screen or gravel pack is used, 

the casing is short, and little development occurs with pumping. Crystalline

rock well characteristics are governed chiefly by the nature of the rock in 

the vicinity of the well and the extent to which the producing zone (aquifer) 

is exposed, or uncased, in the well. It is important to keep in mind that the 

well characteristics revealed by brief pumping tests may not be applicable for 
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long periods of pumping because of lateral changes in geology and hydrology 

as the pumped water is derived from areas some distance from the wells and 

because of substantial w1 thdrawal of water i"rom storage. 

Public-Suppg Well 2 

On May 30, 1955 a step-drawdown and interference test was made on Mount 

Air,y public-supply wells 1 and 2; water-level measur~ments were made in both 

wells, and in test hole 1 and 4. (See fig. 2). The data for test holes 

1 and 4 are not included in this memorandum. 

through a 4-inch fire hose to Prospect Road, 

Discharge water was pumped 

Public-supp~ well 2 was pumped 

for 84 minutes at an average rate of 87 gpm with a drawdown of 19 feet. Thus, 

the specific capacity at the end of 84 minutes was 4.6 gpmlft. 

The pumping rate was increased 84 minutes after discharge began b.Y opening 

the discharge valve completely, and pumpage averaged 93.3 gpm for the next 

105 minutes. An additional drawdown of 4 feet was measured, or a total of 

23 feet. The specific capacity, after the increase in pumping rate, is 4.1 

gpm/ft. This well reportedly yields 127 gpm, for short periods of pumping, 

when it discharges into the municipal system. 'lbe lower discharge through the 

fire hose is attributed to greater friction loss. 

After 189 minutes ().15 hours) of pumping it was necessary to direct the 

discharge water through another fire hose upwards into the municipal supply 

tanks for a period of 44 minutes to satisf.y a municipal requirement for water, 

The increased pumping head and friction reduced the discharge to 60 gpm. One 

water-level measurement in public-supply well 2 during this period of pumping 

suggests that the specific capacity would be approximately 8 gpm/ft, based on 

an extrapolated drawdown estimate o! 7.5 feet a few hours after the change in 

pumping rate. When the discharge was again directed through the bose to 

Prospect Road, the discharge rapidly increased to about its prior rate, 

averaging 91.8 gpm for a period of 14 minutes. 
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Figure 2. Graph showing water levels in public-supply wells 1 and 2 3nd 
pumpage during step-drawdown and interference test. Dashed liDea 
indicate •tiJUted water lenla where no .. aaur..enta were ude. 
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In the final phase of the test, designed to measure the interference 

effects on public-supp~ well 2 caused by pumping public-supplJ well 1, 

pumping of well 2 was continued and pumping from well 1 was begun. The water 

levels in, and discharge of, both wells were measured, as well as the water 

levels in test holes 1 and 4. This additional discharge, averaging 213 gpm, 

increased the drawdown in w~Jll 2 to 31 feet (former~ 23 feet) and reduced its 

yield to 7S gpn (formerly 93.3 gpn) after 173 Jninutes of combined pumping. The 

computed specific capacity for well 2, with both wells pumping, is only 2.3 

gpm/ft. 

Figure 3 shows a plo-t of yields vel"6us drawdowns required to produce 

those yields measured during the test. !ach plotted point represents a specific 

capacit,y measurement; the specific capacjty of 8 gpm/ft is an approximation. 

The general pattern of the graph, showing a decrease in spec~fic capacity with 

increase in drawdown and pumping rate, is ~nnal for wells in crystalline-rock 

aquifers under water-t~ble conditions. Thi' decrease reflects withdrawal of 

water from storage and an appreciable decrecac in saturated thickness in the 

vicinity of the pumped wall. Assuming 50 to /:IJ feet of available drawdown in 

public-suppzy well 2, extrapolation of the cerve suggests that the maximum 

capacity of this well for short periods of pumping may be between 120 and 130 

gpn. Thus, the reported yield for this well of 127 gpm would appear to be its 

maximum yield for short periods of pumping. 'lhe yield of well 1 declined about 

25 percent during the 2-day aquifer test, suggesting that perhaps the yield of 

well 2 would decline to about 95 gpm after 2 days of pumping. 

Also plotted on figure 3, for purposes of comparison, is the point repre

senting the yield and drawdown measurements for well 2 after well 1 was turned 

on. By following a vertical line from this point to the curve it appears that 

when well 2 is pumped alone it could yield 75 gpm with a drawdown of o~ about 
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1.3 feet., and by following a horizontal l i ne to the curvo it appears that, with a 

drawdown of .31 feet, well 2 could discharge, if pumped alone, about 10.3 gpm. 

Reduction in its capacity of approximately 25 percent due to tile interference 

is indicated. 

Public-supp~ well 1 

'Ihe water level in public·supply well 1 declined about 4 feet during the 

first part of this test, when well 2 was pumped alone. At tile end of tho period 

of combined pumping (17.3 minutes) its water level had declined 26 feet 1110re, or 

a total of .30 feet; its discharge averaged 21.3 gpm, decreasing from 228 gpm near 

the beginning of the period of combined pumping to 198 gpm near tile end. 

Using a pumping rate of 250 gpm and a drawdowr1 of 2.3 feet, wtlich were 

measured a few hours after pumping started for the 46·hour aquifer test 

(described later), and ass~-

that a specific-capacity curve for this well would have about the same shape 

as that for well 2 (fig. 3), it is estimated that well 1 could discharge for 

short periods 213 gpm with a drawdown of only 6 feet; or, with a drawdown of 

30 feet it could discharge 262 gpm. A reduction in well capacity of about 

20 percent due to the interference from well 2 is indicated. 

If the available drawdown is assumed to be about 75 feet (based on the 

driller's log of this well), then extrapolation of tho assumed curve indicates 

a maximum capacity of not more than 290 gallons per minute for short periods of 

pumping. 
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Deel1ne in specific capaci!J during long periode ot pW1lping 

$peci!ic capecitiee of wells, particularly water-table vella, aN more 

meaning.tul when the length ot p~.~nping ti.Jne 11 considered. Under water-table 

condition. tbe specific capaoity generally decrease• witb continued pumping, 

beaauae ot the decroased depth o! now in the vicinitl' of the well, or well•, 

and the vi tLch-aval ot water troll etorage. It appear• that in the vicinity ot 

Mount Airy lateral change• in geology and t\}'drology may a lao lower the specific 

upacity w~.th continued pumping. 'lhua, ae pumping time increases, and the cone 

of depression enlarges, more and more factors affect tbe yield and ch-awdown ot 

a well. 

Figure 4 shows graphically tbe changes in &pacific capacity meaeured in 

public-supply well l during the 48-hour aquifer test. With the discharge 

valve completely open throughout the test, the discharge avoraged about 223 

gprn, declining from about 255 gpn one and one-half hours after the start ot 

puuping to about 190 gpm at the end, a decrease of £:5 gallons per minute; the 

drawdown increased from 22 feet to 33 feet, a low~ring of 11 feet, lhe can

puted specific capacities range from about 11,6 gPI'/ft near the beginning ot 

the teat to 6.8 gpsn/ft at the end of the teat, a decrease of about 40 percent, 

It should be noted that specific capacities measured ~r long periods o! pumping 

and with a constant discharge valve setting, such as were determined here, are 

not entirely comparable to those determined by step-increases in discharge by 

manual valve adjustments, sa described above. In computing the specific 

capacities for figure 4 the average discharge from the beginning or the test 

to the particular ti.Jne being considered was used rather than the discharge 

that va• occurring at that particul3r time. 
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Extrapolation of the doclino in yield, assuming the change in rate of 

decline remaine constant, SUfgests that at the end of S days of continuous 

pumping from well l alone the yield would decrease to luS gpm, at the end 

of lS days to 88 gpm, and at the end of 30 days to 52 gpm. Extrapolation 

of the decline in water level qgests that at t."le end of 5 days pumping the 

drawdown would be about 40 feet, at the end of 15 days about 47 feet, and at 

the end of )0 days about 51 feet. lben, using average yields throughout the 

t8st and the extrapolated time, specific capacities of S.o, 3.7, and 3.0 gpm/ft 

may be computed respectively for 5, 15, and )0 days of pumping. A reduction in 

specific capacity of about 7S percent after )0 days of pumping is indicated. 

Aquifer Transmissibility 

The properties of a water-bearing fonnation that dett:lnnine its capaci~y 

to transmit water . and to release water from storage, are the coefficients of 

transmissibilicy and storage. The coefficient of transmissibilicy may be 

expressed as the quantity of water, in gallons a day, that news thrOugh a 

strip of the aquifer l mile wide under a hydraulic gradient of one foot per 

mile, at the prevailing temperature of the ground water. The coefficient of 

storaee is the volume of water released from, or taken into storage, per unit 

surface area of the aquifer per unit change in the component of head normal 

to that surface. 

Preliminary analysis of tre data from the 48-hour test by means of the 

Theis nonequilibrium formula1/indicates that the coefficient is about 60DO to 

7000 gallone per day per foot arrl the coefficient of storage about 0.02. 

Deviations from the theoretical clU've SUl gest that both recharge- and barrier

type boundaries may be present. The stream could be recharging the aquifer, 

W 'lheis, c. v., The relation between the lo,.,ering of the piezometric surface 
and the rate and durat~on of dlscharge of a well using ground-water storage: 
Am. Geophys. Union Trans., .p. 519·524, 1935. 
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Figure 4. Graph sho\rlng the decline in specific capacity of public-supply well 1 during 
48 hours of pumping at nn average rate of 223 gpm. 
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and relative~ impermeable rocks in the hills on either side of the valley 

could act as barriers to the flow of ground water. However, additional data 

and a more detailed analysis of the aquifer test would be necessary before 

the presence and effect of such boundaries on the now of ground water could 

be ascertained. 

Relation of Stream to Aquifer 

'Ihe amount of water moving t~ard the stream may be roughly esti.mated, 

if certain assumptions are made, by using a modified versionr;/of Darcy's 

fonnula, Q • TIW, where Q is the rate of discharge, in gallons per day, to 

the stream, T is the coefficient of transmissibili~, in gallons per day p~r 

foot, I is the hydraulic gradient, in feet per mile, and W is the widtq in 

miles, of the aquifer !lormal to the direction of ground-water movement. 

Using a transmissibli ty of WOO gallons per day per foot, a gradient of 

22 f~et per mile (based on t he difference between an assumed annual average 

water level below the land surface of 9 f rlet in the vicinity of public-supply 

well 1, when undisturbed by pumping, and the stream elevation), and an aquifer 

length equal to the length of the stream, about 1.3 miles, then Q = TIW • 

6000 x 22 x 1.3 • 171,600 gallons per day moving westward to the stream, if the 

water-bearing character of the aquifer and bordering hills were the same 

throughout the length of the stream on its east sido. If an equal amount of 

water is discharged from the rocks on the west side of the stream, then the 

total discharge to the stream is 2 x 171,6oo or about 3LO,OOO gallons per day. 

'!his figure is merely a crude approximation, and presumably is low inasmuch as 

the value of the coefficient of transmissibiity is probably low. However, it 

is probably of the proper order of magnitude. 

2/ Ferris, J. G., in Wisler, c. 0., and Brater, E. F., Hydrology; John Wiley 
and Sons, Inc.,-new York, p. 266, 19L9. 



Inasmuch as the area of the stream basin is approximately one square mile, 

the computed figure checks reasonably close with the figure of 400,000 gallons 

a day of ground-water discharge per square mile determined b,y a method of stream

flow analysis for the Rock Creek basin in Montgomery County, Maryland§/and 

5001 000 gallons a day per square mile: for the Little Gunpowder Falls basin in 

Harford County, HarylanJ/. It would be necessary to test dri 11 Uu-oughout the 

valley to deter.nine the areal geo-hydrology,, and construct seasonal water-table 

maps of the volley and bordering areas to compute the ground-water discharge to 

the stream accurately. 

AvGilability of Ground Water 

Presumably the approximate av erage recharge to t.t1 e aquifer is more than 

300,000 gallons per day (210 gpm), and this is the approximate rate at which 

water could be pumped from wells in the vall~~ constant~ without depleting 

storage. A largo number of closely spaced wells would be required to divert 

all the present discharge to the stream toward the wells. The figure indicates 

that the present municipal pumpage of about 80,000 gallons per day (55 gpm) is 

considerably below the computed amount theoretically available perennially from 

water-be8ring material underlying the valley. Of course, by depleting storage 

it. would be possible to pump water for short periods at rates much higher than 

the perennial maximum; and ovar a period of time the partially emptied aquifer 

would refill, if the intervals bet\-toen pumping periods are long. Inasmuch as 

a static wator level of 6 f~et b~low tte land surface is reported for public-

supp~ well 1 when pumping began in 1925, and the water levels in the 

municipal wells now recover to nbout 10 to 12 f;et below the land surface after 

6/ Dingman, R. ~., and Meyer, Gerald, Tho ground-water resources, in The 
- Water Resources of Howard nnd Montgomery Counties, Md.; Md. Dept; of Geol., 

Mines and Water Resources Bull. 14, p. h2, 1954. 

1/ Dingman, R. J., and Ferguson, H. F., The ground-water resources of the 
Piedmont part of Baltimore and Hnrford Counties, Md. Dept. of Geol., Mines 
and Water Resourc ~ s Bull. ____ (manuscript), p. 116. 
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pumping, no significant. dewatering of the aquifer (depletion of storage) has 

resulted from the past pumpage from the Mount Airy municipal well fi~ld. 

Well Spacing 

Inasmuch a::; "proper" well spacing invariably involves economic factorl5 

as well as gee-hydrologic factors, no hard and fast rules for spacing of wells 

in the crystalline rocks can be established. The data indicates that the yield 

of wells drilled to the north of public-supp~ woll 1 would docrease more by 

pumping from this well than would wells drilled to tho west of it, toward the 

center of the valley and nearer the stream. B,y the same token, pumping wells 

located to the north of public-supp~ well 1 would decrease its yield more than 

would pumping wells located equal distancel5 to the west of it, with the same 

pumping rate. A wider spacing of wells drilled near the borders of the valloy 

than those drilled in the center would appoar desirable. The center of tho 

vall~ appe&rs to be more favorable than the borders because of its greater 

distance from the hills bordering the valley, which may act as partial hydrologic 

barriers. Also, the transmissibili~ of the aquifer may be higher in the 

center of the vallay (compare specific capacities of test holes 2 and 3 (pages 

9 and 13). 

The foll~dng table of drawdowns measured after two days of pumping from 

public-supply well l at an average rate of 223 gallons per minute shows the 

effect of this pumpage, in feet of drawdown, at various distances from the 

pumped well: 

Public-supply well 2 
Test hole 1 
Test hole 2 
Test hole 3 
Test hole 4 
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Distance and direction 
from pumped well 

85 f~et north 
158 feet north 
300 fe!et north 
175 feet west 
58 feet west 

Measured 
drawdown 

13.01 fuet 
6.11 feet 
4.50 feet 
2.96 feet 

1.4.78 feet 



It is seen that the drawdown in test hole ) is only one-half the drawdown in 

test hole 1, although the two holes arc about equal distance from the pumped 

well; and the drawdown in test hole ) is even less than the drawdown in test 

hole 2, which is 125 r~et farther from the pumped well. 

The drawdowns in the observation wells are directly proportional to the 

rate of pumping, so that the drawdowns that would occur at the end of two days, 

if the pumping rate wers only 55 gpm (the approximate pumping rate from the 

well field for municipal use) can be computed by multiplying the drawdowns in 

the above table by .Ji. The computed drawdowns at the smaller pumping rate 
22) 

are, in dow~ard order in the table, ).20 feet, 1.50 feet, 1.10 f~et, 0.72 foot, 

and ).64 feet. Extrapolation of these drawdowns with distance from public-

supply well 1 surgests that beyond a distance of about fiJO to 700 feet from 

public-supply well 1 in a norther~ direction the drawdown would be nearly zero 

after 48 hours of pumpin5, and that beyond ~ distance of about 250 - 300 feet 

from public-supply well 1 in a westerly direction the drawdown would be nearlY 

zero. With continued pumping, the effects of the pumpinc would spread farther 

and farther from the pumped well. Further analysis of tho present data may 

permit rough computation of the long-term effects at various distances caused 

by pumping, and tho interference effects between pumping wells, but additional, 

areal test-drilling in the valley and bordering hills is needed to evaluate 

with reasonable accura~ the hydrologic barrier effects and lateral changes 

in transmissibility suggested b.Y the present data. 

-)1-


	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031

