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RESULTS OF AQUIFER TESTS IW SANDS
OF THE POTOMAC GROUP IN THE FRANKLINW AREA,
SOUTHEASTERN VIRGINIA

(1949 - 1950) )

By
1/

Allen Sinnott =

Abstract

‘Two water wells of large yield were in operation at a
pulp and paper mill in the town of Franklin, in southeastern Virginia,
from late 1941 and early 1942 through 1950, when these wells together
withdrew about 7,000,000 gallons of ground water per day, chiefly
from sands of the Potomac Group ofét;;-{#Cretaceous age. That part
of the group that occurs from about 250 to more than 800 feet below
sea level in this area was tested in 1949 and 1950 to determine
aquifer constants; the results of these tests are summarized,.

The sands receive much of their ground water from rain-
watef and stream infiltration along the western edge of the Coastal
Plain at the Fall Zone, where they crop out at the'surface; also, a
considerable amount of water probably is derived from wvertical leakage
through clays above and below the productive sands.

The operation of the wells at the paper mill was controlled
during a program of water-level measurements in order to evaluate the
important aquifer constants, the coefficients of transmissibility
and storage. Using the methods of Cooper and Jacob and of Theis,

computations based on the data collected vielded coefficients of

1/
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transmissibility ranging from 144,000 to 425,100 gpd/ft {(gallons

per day per foot), and coefficients of storage ranging from

1.13 x lO.-3 to 1.59 x 10_3. These wvalues were computed from
measurements extending over periods of about 4 to 70 hours. Pending
further studies, the values tentatively adopted és reasonable are
200,000 gpd/ft for the coefficient of transmissibility, and 1.4 x ].O-3
for the coefficient of storage. These figures are considered to be
representative for sands of the Potomac Group in this part of south-
eastern Virginia, for the depth range between about 230 feet and about
600 feet below sea level. They indicate that these sands have a

relatively high transmissibility, e
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INTRODUCTION

Purpose and scope

This report presents the results of quantitative tests
of certain artesian sands in the vicinity of‘Franklin in south-~
eastern Virginia. The work was undertaken in 1949 and 1950 by
the U.§. Geological Survey, in cooperation with the Virginia Geological
Survey (now the Virginia Division of Mineral Resources), as a part of
a pregram of investigation of the ground-water conditions in Virginia.
When the field tests were made, the program was under the general
direction of the late A. Nelson Sayre, former Chief of the Branch
of Ground Water of the Survey, and the late William M. McGill, former
State Geologist. This report was prepared in 1968 under the general
direction of George E. Ferguson, Regicnal Hydrologist, and J. Wyatt
Gambrell, District Chief, Water Resources Division, U.S. Geological
Survey; and Marvin M. Sutherland, Director, Virginia Department of
Conservation and Economic Development, and James L. Calver, State
Geologist and Commissioner of the Virginia Division of Mineral Resources.

The basic data for the tests were cobtained by controlling
the operation of one of twé large-diameter wells at a large industrial
plant--the pulp and paper mill operated by the Camp Manufacturing
Company--and making measurements of the fluctuations of the water
levels in these and other wells in the vicinity. Combined with other
pertinent information, thegse measurements were used to compute certain

aquifer constants--the coefficients of transmissibility and storage.



These aquifer;constants are important for estimating the
amount of decline in water level that would take place, after selected
periods of time, caused by operation of additional wells in the area,
and thus are of value in planning new developments involving additional
withdrawals of ground water.

Important earlier studies include the geologic work of
Clark and Miller (1912) and the ground-water reports by Sanford
{1913) and Cederstrom (1945). The latter report is a detailed
reconnalissance of that part of the Coastal Plain in Virginia that
lies south of James River, and includes discussion of the Franklin
area in congsiderable detail based on field studies carried on from

1937 to 1942,
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Well numbers

In order to facilitate coordination with Cederstrom's
(1945) Bulletin 63, published by the Virginia Geological Survey,
the well numbers used in that report have been retained. Because
the Franklin area lies on both sides of the Blackwater River, which
is the boundary between Southampton and Isle of Wight Gounties, the
well numbers have been given appropriate prefixes, S- and IW~- respectively.
Additional information on the wells in this report, and on other wells

in the vicinity of Franklin, may be found in Cederstrom's report in the

chapters for each of these counties.
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GEOGRAPHIC SETTING

The town of Franklin lies in the southeastern part of
the Virginia Coastal Plain province, about 75 miles southeast of
Richmond, 60 miles west of Virginia Beach, a;d about 10 miles
north of the North Carolina~Virginia State boundary. (See Fig. 1.)
Franklin is on the west bank of the Blackwater River, a tributary
of the Chowan River, which is an important stream in northeastern
North Carclina. Franklin proper 1s in Southampton County, but
ad jacent to it across the Blackwater is the East Franklin industrial
digstrict which lies in Isle of Wight County. The pulp and paper
mill, where the tests described in this study were conductea, is
in East Franklin,

During the early history of the area, the community was
reached by water transportation from Albemarle Sound by way of the
Chowan River. The Blackwater River is rarely used now locally

for transportation, however, because Franklin 1s readily accessible

by modern highways, by rail, and by air.
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GENERAL GEOLOGY AND HYDROLOGY OF THE FRANKLIN AREA

Most of the area is mantled by Pleistocene deposits,
consisting of yellowish sands ;nd clays of the Columbia Group.
The upperlsurfacé of these deposits, modified somewhat by the
effects of vegetation and by soil-fo%ming processes, 1s the typical
gently undulating surface characteristic of the Coastal Plain province.

The Pleistocene deposits furnish small supplies to domestic
dug wells or driven wells., These wells are shallow, with maximum
depths of about 30 feet. Except for iron from some of the wells,
the quality 1is generally good, and the water is soft,

Underlying the Columbia Group are deposits of Miocene
age. Although at least three formations have been distinguished in
the Miocene)ﬁgction, they are not readily differentiated in drill
cuttings in this area., They are thus here designated only as the
Chesapeake Group. Cederstrom (1945, p. 228) notes that at Franklin
the lower Miocene deposits consist of fairly tough blue clays con-
taining a very little shell marl, but "higher in the section sandy
marls. seem to be characterisfic." They are not important as sources
of ground water in this general area, although they furnish small
supplies to a few wells. Water from the Miocene marl beds is likely
to be hard because of the high proportion of shell fragments in them.

Underlying the Miocene deposits are sandy beds with

characteristically abundant black glauconite. These deposits range
in age from Paleocene thrOuéh ate Eocene, The Paleocene through
middle Eocene beds conatitute the Pamunkey Group which in this area

probably is represented entirely by the Aquia Formation of Paleocene age.

The Pamunkey Group is only about 45 feet in thickness in the Franklin

9



area, and probably only a few wells derive water from these deposits.
The quality of the ground water from the Pamunkey is likely to be
generally good, and relatively soft.

Cederstrom assigns about 90 feet of the section penetrated
by the deep well at the paper mill (IW-160) Eo the Upper Cretaceous.
(See Figure 2.) On the basis of 1a£er published work by Cederstrom
(1957, p. 17-21) the writer has assigned tentatively this part of
the geologic column to the Mattaponi Formation, which Cederstrom
named and described in the report cited. (See Figures 2 and 4 in
the present report.) Although not tapped by the large industrial
and municipal wells under discussion in this report, these deposits
are locally wate;ﬁ%;aring and may provide moderate suppliés to a

few wells,

Deposits of the Potomac Group

The principal water-bearing deposits in the Franklin area
are the thick sands in the Potomac Group of Eire—mishatoo
Cretaceous age. The depth to the basement bedrock surface at
Frank}in is believed to be on the order of 1,500 feet (DeBuchananne,
1968, Sheet 1). Thus, the total thickness of the Potomac Group 1is
probably at least 1,000 feet and may be more than £,200 feet.

As of the early 1950's, four deep wells had been drilled in
the Franklin area--one for the town, completed in 1944 (S-207-b) and
three for the Camp Manufacturing Co. (IW-160, -161, and-162). (See
figures 2, 3, and 4, and Table 1.) The deepest of these, Camp well
no. 1, reached 800 feet in depth, or about 780 feet below sea level,
(See generalized graphic log, figure 2, after Cederstrom, 1945, plate

32).
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In the Franklin area, deposits of the upper 350 feet
of the Potomac Group consist of several white sands, each 50 feet
or more in thickness, They are generally coarse-textured, and
yleld ample supplies of ground water, Interbedded with thege
sands are blue clays.

Cederstrom (1945, p. 22-23) has ascribed the origin of
the sediments of the Potomac Group to deltalec deposition. The
character of the Virginia deposits is closely similar in intermal
structure to the sediments of the Mississippl delta region described
by Russell and Russell (1939).

Thege upper water-bearing sands were the primary source
of the ground water pumped at the pulp and paper mill aL Franklin
in the early 1950's, and the tests described in this report were

made on wells tapping them.

Large-yield wells in the Franklin area

Cederétrom gop. cit.,, p. 276 £f.) also has discussed in
some detail the large-yield wells at Franklin that 'tap this part
of the Potomac Group. Because the hydraulic factors governing
these wells are the subject of this report, portions of his

description are quoted here as background information.

id
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"The Chesapeake-Camp Corporation mill at

- Franklin was built in 1937-38. It produces kraft
paper from wood pulp. Large quantities of water
were needed in the manufacture of paper, and for
a time the water used was pumped from the near-by
Blackwater River. However, during the drought
which began in the spring of 1941,.difficulties
were encountered in the use of this supply. Dur-
ing low-water stages flow in Blackwater River was
very small and not sufficient to carry downstream
the waste liquids from the mill and, in fact; in-
coming tides would occasionally carry waste waters
upstream, For a time it was necessary to bring
water to the mill from Nottoway River (where it
joined the Blackwater below Franklin) by barge.

152 "It was decided to drill large-diameter
wells in the hope of alleviating this situation,
and in November 1941 a test well was drilled by
the hydraulic rotary method * * * to a depth of
800 feet. In addition to previously known water-
bearing strata occurring above a depth of 367
feet * * *, thick sand strata between 367 and 603
feet were penetrated., A 107-foot thickness of
permeable sand was found at from 368 to 475 feet
and a 48-foot thickness at from 535 to 603 feet

- (P1. 32). Sandy strata were absent from 603 to
BOO feet."

Cederstrom's plate 32, referred to In the quotation above, is
reproduced in this report, with certain modifications, as Figure 2.
The details of construction of this well (IW-160) are shown in the

drilfing contractor's well log in the Appendix.

16
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"A second large diameter well was constructed 2,200
feet south of the first well in December, 1941. A 35-foot
thickness of sand at from 281 to 316 feet,was not developed
in the finished well. Deeper sands, a 93-foot thickness
at from 330 to 423 feet, a 67-foot thickness of clayey
sand at from 423 to 490 feet, an 1l-foot stratum at from
531 to 542 feet and a 49-foot thickness at from 558 to 607
feet, were developed. * * * Tt proved to yield about as
much water as the first well."

arm

The yields from these two wells was more than 2,000 (gallons per
A
minute)each. Detalled specifications in the construction of the
second well {IW-162) is given in the Appendix.

At Cederstrom's suggestion an observation well (IW-161) was
constructed by the company. 'Sands were penetrated at from 285 to
440 feet, and from 575 to 605 feet * * *," Details of its construction
are shown on the driller's log in the Appendix.

"The well was completed with the casing extending 10 feet
above the surface in order that the flow might be checked and

to make possible the use of a water-level recorder activated

by a float. When completed, the water stood inside the

extended casing 6% feet above the surface. * * * The rate

of flow was about 10 gallons a minute.

"A platform and shelter were built, and a recorder

was Installed over the extended casing * * % and put into

operation November 27, 1941. It has proved to be an

excellent observation well and immediately sensitive to

all changes in operation of wells 160 and 162 * * *.,"

i

The decline in the regional plezometric surface was great enough
by about the mid-1950's that the Camp Manufacturing Co. lowered the
recorder shelter so that the instrument could be serviced more
conveniently at about ground level.

Logs of wells used in the aquifer tests described in this report

are given in the following pages, except that for well IW-160, a

generalized log for which has already appeared as figure 2,

L



Well IW-161, Camp Manufacturing Co., observation well
(Log by Layne-Atlantic Company)
Altitude, 15 feet

Thickness  Depth
(fect) (feet)

Tine white sand. ... ... P 20 2N
P i e s (3 83
Wine backsand. .o oo o o 12 a7
O R 3 00
Fine blagk sande. . . o T0% 2030}
Bluc clay. oo 85 285
Madioom to conrse sand, waler. ... o o 165 440
Clavey sand. oo .. 25 405
Sandy elay. o 3a 300
Hard sticky clay. ... o0 75 575
BN, WOl B e e e 30 603

eflack sand prabably does not extend below abaut 130 feet.  In drilling uhis stratum caved badly.

Well Iw-162, Camp Manufacturing Co., well no. 2
(Log by Layne-Atlantic Company)
Altitude, 7 feet

Thickness Depth

{feet) {font)
White santlo. oo e 25 25
Blue elay . .o o] 100
Mne black sand®. ... .. e 116 216
MHard Dlne clay. ..o G5 281
I, WO . it e e e e 3D 329
Bloeelay. oo oia oot LT 1t 330
Soft sand, wallr. oo [ 03 423
Clayey sand; probably water bearing........... ... ... ... G7 430
MHardelay. oo e - 41 331
Pt T P O . 11 312
3% o 1 16 558
Band, WOLer. . o e e 49 GO7
Sandy elay. o e 3 610

bBlnck sand probably does oot extend below nbout 140 feet. In drilling this siratum caved badly,

o



Well $-207b, Town of Franklin,
municipal well no. 3

((Log by 1. J. Cederstrom, paleantological delerminations by
I G, Ricd and J. AL C,uqhmnn)

Altitude, 20 fect

Thickness  Depth
(fect) (feet)
Colun group Pletat m\c)

lm- \,._ lawsand . ..o i 18 18
Chesapeake groap (Miocene):
Sandy pray marl, becoming shelly at 45 feet, dark olive-

cen f T 57 73
Aqumg)rm fon, fes munkoy Gour P {Ermenigzz Pa (2 oce med:

Aarly ‘) ack phteonite sand with subordinate shell;

Gryphacosirea vomer. . ... ... ... ... ... .. ... 22 a7
Tock. g 09714

i esand. o 3 10}
1 102

: Gryphacostrea vomer,

na culed, Globorotalin

und Wileox species
15 117

swme [ossils as above with
S e 11 128

fussils as above with
nurcking imbata . ... . 10 138
wd; very few foraminilera. . 16 154

c(nus?
¢ quaris SJIKI poshells. .o 1 154
ceous clay, showing fuint mottling in .

laees; :1:11'..5-::,...:'(':1'uus ............................... 63 L2

o miieiepans elay, hecoming inereasingly sandy
with (u,-pt';l‘. unlu 23 230

Potomne proup ‘un\u Uretaceous):

Gray sand, medium texture but coarse at base, water. . 13 263

Lip h ol lVC-”I’(‘n“n elay with brown and l|fth quy
............................................ 19 2582
hun texiure, water. .. 20 302
............................... 18 320
33 335
- daveysand. oo 13 300
{ £ 8 373

12 in texture from coavse o small gravelly,
ating with thin elay streaks, water, .. ... ... .. 50 : ¥_"%
vreen hard elay. .o 10 433
A e 14 4!:
n Llue mottled elay. ..o oo o 73 520
oly conrse .s.md WALET. L. [P 3 325
Sundy blueelay. ..o o 4] 334
T A +4 538
Fine dowaler. ..o e s 350
Moderately conrse sand, waler......, .o o 45 1501
Bk ol e 3 604

eWei dalled by retary method by Layne-Atiantie Co.

Note: The section assigned to the Upper Cretaceous (?)
probably represents the Mattaponi Formation. See
discussion in text. (The M‘L-rfa?o,ﬂ' /‘avma,‘-f-m—u 0w

/s G-Sa’?av-ec/ Jo Tle C{}J/’E‘VC e{qu:eous awvd
FPaleocene Sevies))
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DEFINITIONS OF AQUIFER CONSTANTS

The aquifer congtants determined during the tests
described in this report are (1) the coefficient of transmissibility

and (2) the coefficient of storage.

The coefficient of transmissibility, T, was introduced

by Theis {1935), and is expressed as the rate of flow of water, at

the prevailing water temperature, in gallons per day, through a
vertical strip of the aquifer 1 foot wide extending the full saturated
height of the aquifer under a hydraulic gradient of 100 percent. (A
hydraulic gradient of 100 percent means a l-foot drop in head in 1
foot of flow distance.) For further discussion of this coefficient,
see Ferris and others (1962, p. 72-74); their definition of it is

given above,
S

2
The coefficient of storage?}s defined as the volume of

water that an aquifer releases from or takes into storage per unit
surface area of the aquifer per unit change in the component of head
normél to that surface. (Ferris and others, 1962, p. 74.)

| As the definition of this second coefficient 1is difficult
to render in simple tefms and yet maintain proper rigor, a few
explanatory remarks will not be ocut of place here. They have been
adapted largely from Ferris and others (1962), to which the reader 1s

referred for additional discussion of the concept.

20
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In the Franklin area, the coefficient of storage may be
visualized by considering the sands of the Potomac Group as a single
aquifer that is essentially horizontal, of uniform thickness, and
elagstic in character. Decreasing the head of pressure of water in
that aquifer will result in the release of some finite volume of
water from storage that is proportional to the change in head.

The volume of water releagsed from storage in a vertical prism in
the aquifer, divided by the product of the prism's cross-section
area and the change in head caused by pumping, results in a di-
mensionless number which {s the coefficient of storage--usually
expresséd as a decimal fraction.

Under artesian conditions, as is the case with the Potomac
Group under discussion in this report, this coefficient is very small,
because the aquifer remains filled with water during the fluctuations

of the piezometric surface caused by pumping operations.

As already mentioned, these constants can be used to provide
guides to well field development. Their application to a typical problem

in the Franklin area 1s discussed in a later gection.

21
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AQUIFER TESTS AT FRANKLIN
Introduction

In the spring of 1949 it was learned that the Camp
Manufacturing Company's pulp and paper mill ;as to be shut down
"cold" for a period of about one week during the July & holiday,
beginning about July 3. The large-yield wells at the mill (IW-160
and IW-162, fig. 5) were to be turned off on July 2, and arrangements
were completed to make a series of pumping level and recovery
measurements beginning about July 1. Only éne of the two wells
(Iw-i62) was to be turned off on July 2 for at least a reasonable
time before the second well (IW-160) would be turned offg thus the
effects of recovery caused by the first well could be measured at
the obgservation well (IW-161). Although measurements were continued
after the second well was turned off, they have not been used for
determination of aquifer constants because of the complications
involved and also because later érrangements were made during the
following spring that allowed for additional tests to be conducted
in a manner that proved more satisfactory for the purpose,.

In the spring of 1950 the second formal test was conducted
by the writer by arranging with the Camp Manufacturing Co. to turn
off well TW-162, affording an opportunity to obtain an extended series
of measurements both at this well and at the observation well (IW-161).

In addition to these two formal aquifer tests, Informal
supplementary determinations were made from hydrographs obtained
during the routine opération of the water-stage recorder on the

obgervation well (IW-161). Information was furnished from time to

22
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time by the engineering staff of the paper mill regarding the
operation of the two production wells (IW-160 and TW-162) then in

use, The reported time when one or the other of the wells was turned
on or off was used in conjunction with the resulting drawdown or
recovery as shown on the recorder hydrograph, resulting in an informal
aquifer test. While in several respects this procedure is not as
accurate as a formal controlled pumping test, by selecting for

computation those occasions when relatively long perlods of drawdown

or recovery occurred it was found that the results were in reasonable '

agreement with determinations made from the formal tests. Accordingly,
they were regarded as‘essentially valid, and two such cases have
been selected for inclusion in this report with those Sased on the
formal tests. Each of these cases involved the'operatibn of well
IW-162.

Of these two cases the-first was a period of recovery
during early December, 1945. (See later description of Case 1.)
The second was a period ofrdrawdown during QOctober, 1950. (See
Cases 7 and 8.)

The remaining cases are based on the formal aquifer tests
of 1949 (Cases 2 and 5), and 1950 (Cases 4, 5, and.6) in each of
which more accurate times and water levels could be recorded during

the tegt pericds,

23
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Methods used

Two principal methods were followed 1n analyzing the
test results, (1) the non-equilibrium method developed by Theis
(1935), and (2) the simpl;fied modification ;f it developed by
Cooper and Jacob (1946), -Each of these methods has been fully
describéd in many articles in the literature in addition to the
original papers cited above, Among thege articles, Wenzel (1942)
presents a good summary of the Théis non~equilibrium method in
U.S. Geological Survey Water-Supply Paper 887 (p. 87 ff.), and
Brown (1953) describes both the Thels method and that of Cooper
and Jacob in a review article in the Journel of the American Water
Works Association. Among other articles discussing these and other
methods are those by Bruin and Hudson (1955), Ferris and others
(1962), and Lang (1966).

Although these two methods are based bn the same theoretical
conslderations, and thus the results should be essentially indentical,
some subjective variation is involved in determining the best fit
of the plotted data points with the type curve (Theis method), or
in judging the best position for the straight line ‘through the plotted
data points (Cooper and Jacob method). By analyzing the results,
using both methods where convenient, some of the subjective error
may be eliminated. Accordingly, as discussed later, reasonable
values for the coefficients of transmissibility and storage were
selected on the bagis of the results of the several tests analyzed

by either or both methods.

24

e



29

-

Distances between wells

For the computations in this report, the distances used
are those determined by the writer from information available at
the offices of the Camp Manufacturing Company at about the time
the first of the two formal tests was conducted.

Subsequent study by the Camp engineering staff, made
in connection with plans for increasing the number of wells in
the Camp Co.'s well field, indicated that slight revisions should
be made. In recent years the company (now the Union-Bag Camp-Papér
Corporation) has done test drilling and has completed wells tapping
water-bearing sands deeper than those for which information was
available in the early 1950's, Wheh the opportunity presents itself,
additional quantitative tests in this area would be desirable. If
this is done, the distances should be revised where necessary in

order to insure the greatest possible wvalidity of the results.

The distance (r) between Camp well no. 2 (IW-162) and
the observation well in the Camp Co.'s well field, IW-161, is taken

as 2,135 feet,

Yield of pumped well
The pumping rate, Q, for the Camp Co.'s production well
no, 2 (IW-162) has been taken as 2,180 gallons per minute, It is
used for the computatiéns in this report given in the several Cases
discussed in the following section. This pumpiﬁg rate was fur-
nished by Mr. W. C. Coker, the plant engineer, who made the de-

termination volumetrically when the first formal test was conducted.



BRIEF DESCRIPTIONS OF THE TESTS
The results of the computations to determine preliminary
values for the aquifer constants are presented briefly in this
section. Each result 1s discussed as a separate case, with

accompanying illustrations and tabulations, as appropriate.
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Cagse l.--Recorder hydrograph: December 1945

In December, 1945, well IW-162 (Camp well nc. 2) was reported
to have been shut off for more than 50 hours. The measurements of
the recovery of water level at the observation well (IW-161l) were
taken from the chart on the Lietz recording gage installed_af the
well, and plotted on the semilogarthmic coordinate paper for
solution by the Cooper and Jacob method. (See accompanying table
and graph.) |

The aquifer constants determined from this recovery record

.are as follows:

T = 178,200 gpd/ft

and S = 1.56 x 1073

27



Water-level measurements (Case 1)

Pumping level (wells IW-160 and IW-162 in operation) assumed to
have stabilized at 28.55 feet below measuring point, Pump on
well TW-162 reported turned off at 7:30 a.m. December 1, 1945,
Measurements are from chart, from Lietz recording gage maintained
on observation well (TW-161).

Date Time Depth to Recovery, Elapsed
1945 ~ water, ft ft time
Dec. 1 7 3™ 28.55 .- o® oo™

10 00 28.20 0.35 2 30
12 00 27.81 74 4 30
15 00 27.20 1.35 7 30
18 00 26,86 1,69 10 30
24 00 26,27 2.28 16 30
Dec. 2 6 00 25.88 2.67 22 30
12 00 25.56 2,99 28 30
18 00 25,22 3.33 34 30
24 00 25.01 - 3.54 40 30
Dec. 3 6 00 24 .81 3.74 46 30
12 00 24,63 3.92 52 30
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Case 2.--Aquifer test: July 1949 (1)

As discussed earlier, a formal test was" conducted in the
field in the summer of 1949 when the Camp Manufacturing Co.
pulp and paper mill was shut down during the July 4 holiday
period. The accompanying table presents the basic information
collected at the observation well (IW-161) when Camp well no. 2
(IW-162) was turned off at the beginning of the shut-down early
in the morning of July 2. Measurements of recovery, as showm,
were continued for a little more than 3 hours before the second
well (IW-160; owner's well no. 1) was shut down.

The recovery was plotted on semilogarithmic coordinate paper
for solution by the Cooper and Jacob method., (See accompanying

table and graph.)

The aquifer constants were determined as follows:

T

425,100 gpd/ft

1.13 % 1073

In this instance, the wvalue for T is believed to be

v and §

It

congiderably out of line, in part probably because of the

ghort time duration for the test.
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Water-level measurements (Cases 2 and 3)

Pumping level (wells TW-160 and IW~162 in operation) taken as
29.76 feet below measuring point., Pump on well -TW-162 turned
off at 4:00 a.m. July 2, 1949. Measurements of recovery of
water level at observation well (IW-161).

Date Time Depth to Recovery, Elapsed time Reciprocal of elapsed
1949 water, ft ft time in minutes (1/t)
July 1 10" 30™  29.66 -
17 15 29.72 -
20 55 29.77 ) -
23 48 29.76 -
July 2 3 15 29.75 -
3 50 29.76 b m
4 00 29.76 0.00 0 00 --
4 05 29.76 .00 05 0.2
4 10 29.75 .01 10 .1
4 15 29.75 .01 15 L067
4 30 29.71 .05 30 .033
4 45 29.67 .09 h 45 .022
5 00 29.61 .15 1 00 L0167
( 5 15 2%.55 .21 1 15 .0133
5 31 29.47 .29 1 31 L0110
5 45 29.42 34 1 45 .0095
6 01 29.35 41 2 01 .0083
6 17 29.28 .48 2 17 .0073
6 30 29.24 .52 2 30 .0067
7 14 29.06 .70 3 14 .0052
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Case 3. Aquifer test--July 1949 (II)

The recovery data cobtained from the recorder hydrograph
during the aquifer teat of July 1949 also were analyzed using
the Theis method. The recovery measurements were plotted against
the reciprocal of the time in minutes (1/t) on logarithmic
coordinate paper and fhe plotted points matched with the type
curve. (See graph on next page; data from table accompanying
Case 2.)

The aquifer constants determined during the recovery period
of more than 3 hours are:

T

n

284,000 gpd/ft

3

and § = 1.59 x 10~

33
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Case 4.--Aquifer test: April 1950 (I)

The second formal aquifer test conducted at the Camp
Manufacturing Co.'s pulp and paper mill took’place in April
1950. On this occasion, the water requirements at the mill
could be satisfied=--at least for a period of several days--by
operating only one of the two production wells then in operation,
Accordingly, arrangements were completed to conduct the test by
turning off well IW-162 {Camp well no. 2), and making measurements
of the recovery of the water level in that well, while a Lietz
water-stage recorder was continued in operation on the observation

well (IW-161) .

Measurements of recovery were made in well IW-162 with
chalked steel tape. (See accompanying table and graph.)

The coefficient of transmissibility determined from the
recovery in the pumped well, using the Cooper and Jacob method,
is: '

T = 144,000 gpd/ft

It should be noted that the coefficient of storage can not

be obtained from measurements at the pumped well.
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Water-level measurements (Case 4)

Recovery of water level in pumped well (IW-162; Camp well no. 2)
when pump turned off at 4:30 p.m. April 12, 1950. Measurements

by chalked steel tape., Valve closed on line to plant, to shut off
back pressure, at same time that pump was turned off. Pumping
level (average of several readings) determined as 85,56 feet

below measuring poimt. .

Date Time Depth to Recovery, Elapsed time,
1950 water, f{t ft minuteg
April 12 16" 30" 85.56 0 0
16 34 231.17 54.39 A
16 36 30,15 55.41 6
16 38 29.48 56 .08 8
16 40 29,01 56,55 _ 10
16 42 28.64 56.92 12
16 45 28.18 57.38 15
17 14 26.04 59.52 VA
17 23 25.70 ° 59.86 53
17 31 25.44 60.12 61
18 18 24.43 61.13 108
18 21 24.38 61.18 111
18 30 24,24 61.32 120
20 34 23.02 62.54 244
20 54 - 22.88 62.68 264
23 58 21.97 63.59 NN
April 13 3 37 - 21.32 64,24 667
7 48 20.78 64.78 918
13 45 20.22 65.34 . 1275
18 01 19.98  65.58 1531
20 52 19.85 65.71 1702
\
April 14 0 21 . 19.64 65.92 ~ 1911
23 37 18.71 66.85 3307
April 15 4 52 18.55 67.01 3622
10 43 18.40 67.16 3973
14 13 18.34 67.22 4183
1/

Reciprocal of the elapsed time, t, where t is expressed in days.

1/t Y

360
240
180 .
144
120
96
32.7
27.2
23.6
13.2
13.0
12.0
5.9
5.45
3.21

2.15
1.57
1.13

94

.85
.75
.39

.36
.34

(1/t = 1440/t, where t is expressed in minutes, from previous

column)
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Case 5.--Aquifer test: April 1950 (II)

The recovery of water level in the observation well (IW-161),
caused by turning off well IW-162, also was recorded, taken from
the chart on the Lietz recording gape maintained on the well.

The recovery was plotted on semilogarithmic ccordinate paper
for solution by the Cooper and Jacob method. (See accompanying
table and graph.)

The aquifer constahts were determined as follows:

T

195,000 gpd/ft

and § = 1.19 x 1072

38
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Recovery of water level in observation well (IW-161) when pump 1in
well IW-162 was turned off at 4:30 p.m. April 12, 1950,
taken from Lietz recorder chart,

Water-level measurements (Cases 5 and 6)

Date Time Depth to
1950 water, ft
april 12 16" 30" 29.78
16 55 29.77
17 40 29.62
18 05 29,49
18 40 29.34
20 16 28.95
21 03 '28.77
23 37 28.30
April 13 3 27 27.80
7 30 27.40
13 35 26.91
17 47 26,70
20 39 26.58
April 14 0 30 26.39
6 24 26.15
23 53 25.59
April 15 5 05 25.45
! 11 57 25,28
14 33 25.19
1/

Recovery,
fc

0.01
.16
.29
44
.83

1.01

1.48

1.98
2.38
2.87
3.08
3.20

Elapsed time,

minutes

0
25
70
95

130
226
273
427

657

900
1,265
1,517
1,689

1,920
2,274
3,323

3,635
4,047
4,203

t = time, in days, since pump was turned off.

r2/t = 4.56 x 10% x 1,440 / t (minutes, from previous column)

2/

Plotg out of range of graph accompanying Case & discussion.

Measurements

6
r (distance between TW-162 and TW-161) = 2,135 feet; r2 = 4.56 x 10° ft
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Case 6,--Aquifer test: April 1950 (III)

The record of recovery of water level at well IW-161, after
well TW-162 was turned off (Case 5) also was plotted on logarithmic
coordinate paper, using the Theis method. (See graph on next page,

& and table accompanying Case 5.)

The aquifer constants determined by this procedure are as

follows:
T = 185,000 gpd/ft
and S = 1.48 x 107
L}
-
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Case 7.~-Recorder hydrograph: October 1950 (I)

As with Case 1, data were obtained from one of the weekly

Lietz recorder charts obtained at observation well (IW-161) in
October 1950, when it was learned that the pump on well IW-~162
{(Camp well no. 2) had been turned on. Information as to the
period of time that the pump had been idle i3 not readily
available but it probably was on the order of several days.
The results as shown below, are in reasonable agreement with
thoge obtained by several of the other tests. The data were
plotted on semilogarithmic coordinate paper for solution by the
Cooper and Jacob method. (See accompanying table and graph.)

Fhe aquifer constanté aetermined from this chart record are

as follows:

=]
I

= 193,000 gpd/ft

and 8§ 3

1.32 x 10°
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Water~level measurements (Cases 7-and 8)

Water level in observation well (IW-161) assumed to have become
stabilized after pump in well IW-162 (Camp well no. 2) shut down
(probably for repairs). When pump in IW-162 turned on, drawdown
recorded on chart on Lietz recording gage maintained on IW-1l61
shown In first column. Well IW-160 (Camp well no. 1) pumping
continuously during entire period.

Drawdown, Elapsed time, r2/t 1/
ft minutes
0.30 60 1.1 x 103
.45 : 90 7.3 x 107
.74 180 3.7 x 10]
.95 240 2.7 x 10]
1.19 300 2.2 x 10
1.35 360 1.82 x 103
1.50 420 1.56 x 107
1.62 480 1.37 x 10}
1.75 540 1.21 x 107
1.84 600 1.09 x 10
1.94 660 9.9 x 102
2,07 720 9.1 x 10,
2.18 780 8.4 x 10,
2.26 840 7.8 x 10
‘ 2.35 900 7.3 x 10
2.42 960 6.8 x 102
2.49 1020 6.4 x 10°,
2.55 1080 6.07 x 10
2.61 1140 5.8 x 1066
2.67 1200 5.47 x 10
2.72 1260 : 5.21 x 102
2.79 1320 4.97 x 10p
2.84 1380 4.76 x 10
2.89 1440 4.56 x 10¢
2.95 1500 4.38 x 10
3,00 - 1560 4.21 x 102
3,06 1620 4.05 x 10,
3.11 1680 3.91 x 10,
3.16 1740 3.78.x 10
3.21 1800 3.65 x 100

4%



7-B

Water-level measurements (Cases 7 and 8).-~Continued

Drawdown, ~ Elapsed time, r2/t Y
ft minutes
3,25 1860 3,53 x 102
3.29 : 1920 3.42 x 10]
3.33 1980 3.32 x 10,
3,38 2040 3.22 x 107
3.42 2100 3,12 x 10
3,46 2160 3,04 x 102
3,50 2220 2,96 x 10,
3.53 2280 2.88 x 107
3.57 2340 2.81 x 10,
3.61 24,00 2.74 x 10
3.65 2460 2.67 x 186
3.68 2520 2.6 x 10°
3,71 2580 2.55 x 10,
3,74 2640 2.49 x 107
3,75 2700 2.43 x 10
3.78 2760 2.38 x 102
3,80 2820 2.33 x 10

1/
r2/t = distance between IW-161 and IW-162 squared, divided by the

time in days since pumping began.

Computation:  (2135)% (24 x 60), or 6.56 x 10°
elapsed time in minutes elapsed time in minutes

45
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Case 8,--Recorder hydrograph: October 1950 (II)

The drawdown data obtained at the observation well (iw-161)
in October 1950, discussed previously (Case 7) also were plotted
on logarithmic coordinate paper for determination of the coefficilents
of transmissibility and storage by the Thels method. (See graph
on next page, and data from table accompanying Case 7.)

The aquifer constants, determined during the period of
drawdown after the pump at well IW-162 (Camp well no. 2) was
turned on, are as follows:

T = 186,000

and S = 1.44 x 1073

N
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-

S-3

SUMMARY 'AND APPLICATION OF RESULTS
(pe 50)

Table Zﬁgummarizes the regults of the tests. On the
basis of the several determinations of the coefficients of
transmissibility (T) and storage (S), the ro;nd values of T=200,000
gpd/ft and S=1.lu-:10-3 have been selected as reasonable. It is
believed that by employing these values for the aquifer constants,
fairly reliable estimates can be made, by substituting the coefficients
in the Theis (1935) formula, for the effect of additional production
wells tapping these sands in this area.

The practical applicaton of the use of these coefficients
is shown by calculations made by the writer some years ago (Sinnott,
1950) at a time when the construction of a fhird production well
at the paper mill was getting under way, and shortly after the
tests described in this report were made,.

An estimate of the amount of decline of the water levels
in the three largest production wells (as of 1950) in the Franklin

it would be
area, caused by pumping the new well when ! ;s> placed in produc-
tion, was desired, This decline was computed for periods of one
year and ten years for each of the three wells, assuming that the
new well would be pumped at a constant rate of 2,500 gallons per
minute. The theoretical effects on the water levels in several

important wells in the area, at the approximate distances indicated,

are shown in the accompanying table. {See p. 51,)
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" Decline 1in water level,

Approximate in feet, caused by dis-
Well distance from new charge of new well
well, in feet After 1 After 10
. year years
Town of Franklin well no. 3 4,500 9.4 12.8
Paper mill well no. 1 2,100 11.7 15.0
Paper mill well no. 2 2,400 11.3 14.6

Figure 5 shows the same Information plotted graphically.
The small circles represent points corresponding to the calculated
amounts of decline in water level listed in the table above., The
lines in the graph may be used to determine the estimated amount of
drawdown in either direction for periods of time from 10 days to
10,000 days=--or m{27 years.,

It may be noted here that the.actual decline in water
levels, experienced ;fter the new well began pumping at about the
rate assumed for the combutations, was found to be closely similar
to these estimates. This suggests (1) that the mathematical model
on which the Theis formula is based, and the Cooper and Jacob
apprdximation of it, represents a reagonable approximation to the
actual hydrologic conditions in the well field, and (2) that the
formation constants finally selected from the several individual
cases provide a basis for meaningful estimates of the effect of
additional production wells in this area tapping these sands in

that portion of the Potomac Group between about 255 and 800 feet

below sea level.
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5-4

Since these tests were made, systematic expansion has
taken place at the pulp and paper mill, which is now a subsidiary
of the Union Bag-Camp Paper Corporation. In addition to several
additional wells tapping this upper part of the Potomac section,
it is understood that at least one well withdraws water from
deeper water-bearing beds, Specific information on these more
recent developments, however, is not available to the writer.
On the basis of the general character of the Potomac
Group in this area, as pointed out in the section on the geology
of the area, and considering that these sands have a relatively
high transmissibility ecwmesslmmish-—rrnyruisimeoiumwENT Sy
-Jemeeplials , it is believed that there is ample available ground
water in the area. Increased aggregate withdrawals from properly
spaced wells, up to a maximum of on the order of 50,000,000(@allon3
A
per dail can probably be safely accomplished before the decline in
artesian head is likely to progresss deeply ;nough to reach the
uppermost of the water-bearing units in the Potomac Group in this
area. This would be at about 230 feet below sea level, After this
point\is reached, the immediate effect of pumping at large scale in
this area from these sands will begin to dewater this uppermost water-
bearing stratum, and thus begin to "mine' ground water from it.
Careful monitoring of the water levels in the area should
be continued in order to prevent dewatering of the upper sand. 1If
this condition is permitted to happén, at the moment it does so the
withdrawal of ground water from the upper sands of the Potomac Group--
that is, from 230 to about 600 feet below sea level--will have exceeded

the rate of replenishment., Although the rate of decline in water levels

&
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will be reduced, it will continue and the cone of depression of

the water table in the aquifer will continue to widen rather than

to become stabilized. Possible deterioration of ground-water quality
in nearby municipalities in northeastern North Carclina, that are
supplied by ground water, will become a continuing threat, further
complicated by possible legal action. As of 1968, awareness of

this possible effect of increased withdrawals in the Franklin area
has resulted in some preliminary study.

It has been the purpose of this report not only to point
out a convenient and reliable method of estimating the potential
effects of additional withdrawals of ground water in the Pranklin
area, but also to call attention to some of the potential dangers
of local overdraft of the ground water supplies available to this growing

municipal-industrial complex.
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Ap-1

Ap-2

Ap-3

APPENDIX
Additional information is presented here that supplements the
basic information given in the body of the report,
Included are the following: .

(1) Facsimile copies of the drilling contractor's specifications
of the three active wells (as of 1949-1950) owned by the Camp

Manufacturing Co. ‘

These wells are: IW-160 (Camp well no., 1), IW-161 (Camp
observation well), and IW-162 (Camp well no. 2). In addition to the
log of materials penetrated, these records provide graphically the
details of construction, and give information on the equipment used in
each installation,

{2) Record of water-level measurements at the observation well
(IW-161) during the 1949 formal aquifer test.

This recoxrd includes (a) recovery after turning off the pump
on Camp well no, 2 (IW-162), discussed in Cases 2 and 3 in the report,
and (b) in addition, further recovery for about @ days after the pump
on the other Camp production well, no. 1 (IW-160), was turned off. (The
effect of turning off this second well--IW-160--was not studied in the

preseﬁt report.)

(3) Measurements of water level at Camp well no. 1 (IW-160),
July 1-3, 1949,

These measurements were not employed for the present report, but
are given here for the record in order to provide basic data for

possible later additional sthdy of the test program,

!
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Ap-5

-

(4) Measurements of water level at Camp well no, 2 (IW-162),
July 1-8, 1949.

Because the valve could not be closed when the pump at this well
was turned off on July 2, at the beginning of the 1949 test, water
drained back into well for half an hour duri;g its initial period of
recovery. This of course would adversely affect the_results, at
least during the early phases of the test; therefore, these data were
not used in the computations discussed in this report. These
measurements are included, for the record, because of the extended
period of time during which they were made, and their consequent wvalue
for additional analysis of the test program in connection with other

studies that may be made in the Franklin area.

(5) Measurements of water level at town well no. 3 (S-207b) during

the period July 1-11., 1949,

Although some notes have been entered under "remarks' on the
operation of certain other municipal wells--moStly recorded by the well
reader from advice from water plant personﬁel--a complete schedule of
the operation of these other wells is given in this Appendix. (See

Item 7.)

en
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(6) Measurements of water level at the town observation well
(8-205) during the period July 1-11, 1949,

Like town wells 1 and 2 (5-206 and $-207a, respectively), the
observation well at the east corner of Fifth Avenue and Middle Street,
near the municipal watér plant, taps the uppé}most sand beds 1in the
Potomac Group. Water levels were measured in this well diring the
formal test in July 1949 as part of the program of measurements made in
order to monitor the regional recovery during the shut-down of the
Camp Manufacturing Company's pulp and paper mill, although the
production wells at the mill obtain water from several deeper water-
bearing sands in addition to the uppermost sands tapped by the

observation well.

(7) Pumping schedule of wells operated by the town of Franklin,
July 1-11, 1949,

Three municipal wells were active in July 1949, {See table 1
and figure 4.) The schedule of their pumping i8 given in order to
provide as much information as possible for any later analysis that
might be attempted of the later part of the recovery period of the
July shut-down beyond the first few hours that were studied in this
report. It was not possible, because of the needs of the town, to
avold pumping town well no. 2 (S-207a), nor even weil no. 3 (S-207B)
in which tﬁe regional recovery was being recorded by tape measurements of
water level., (It was underatogd and expected that town well no. 1

(8-206) would continue intermittent pumping, however,)
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Although the distances of these wells from town well mo. 3 (5-207b)
are only approximately known, they readily may be obtained for later
study from the town records. Well no. 1 (5-206) was a little more
than 300 feet distant from well no. 3, and pumping it had only a
moderate effect on the water level in the latter. Well no, 27(5-207a)
however, although equipped with a relatively small capacity pump, was
only a few feet away, in the same building as well no. 3, and
consequently had éonsiderable effect on the water level, as can be

seen by inspection of the table for well no. 3. (See Appendix, Item 5) -

60



(1la)

: LAYNE ATLANTIC COMPANY | . . -
NORFOLI, VA, . #
LOGOF WELL For__ ... _Chesapasks Qsmp Corpe. -
Located st Franklin in : — County, State _ Tirginia
Date Drilling Started . 10=14-4l 18 Date Started 9u59=g) 19. uUsas
Finished Drilling  11=10-41 19 Finished 11-2d-g] 19 IW- 160
FORMATIONS AND DEFTH OF WELL . 1 DINENSIONS OF CABING AND BCREEN
ﬁ oF itk FORMATION POUND AT BAGH STRATUM ‘%' m,mlgo: o ERr '
STAATY FrRATU sad CABINGS TG | caliva [l |scEEm
e | PT (D FT. N | PL| N m.
15 15 Fill snd fine sand £36 238 | Casing | 18 | 6/18 | Armeo
25 10 Sand 10" dasing oc at B6" below surface
108 12 Boft blua olsy 183 183 Coatng | 106 | 40f | $¥*8foning
108 4 Ronk 133 10 Soreen | 10 8 Armoo
112 1] Mne sand and shall mixed in clay 213 80 Caaing | 10 40f ‘,“:;on.lng
206 | 194 Blue olay and fine 8and - hard 233 20 Soreen | 10 ] %{ﬁf
and soft epots 48 118 Caatng | 10 | 404 } #7 opening
17 |- n Tater bsaring sand 5685 20 Soresn | 10 [ Armoo
=1 18 Hard blue clay
359 B8 [ Water bearing sand
3&8 9 Hard blus olay
475 107 Weter Beariog sand
858 80 Jard sandy blue alsy
603 48 ®ater bearing mand
800 197 Bard sapdy olay
|
I | i = f= ] ‘t‘ ) ,
| ;
b | -
I—-l B o
[ ] 3l _
| T
vy g
| | [ 1 58’ | !
| | e Y [ WELL DATA:
; | | Preliminary Test
i ! 1 iy Date Teated 1#  Stable Level
i — ' - Production GPM Pumping Level
| B Permanent Test
‘ ¥ Date Tested 11-18 19 ¢41Statlc Level ¥Fiows
I e Prodaction GPM  Active St. Level
’ | i # Drawdown 68° Pumping Level 687
? [ Hemarks: watimate 3000 UFH on tast
L. | | 3
| ‘ |
\ | i
| 2 PUMP DATA:
’ fi Shop Ne. 11578 Type Lubr.
[ Type Hesd 711 Size Suction g=
i Depth Setting g9t (BP to MB)
| : Size Column 10x1-15/16xElength Suction
e Type Bowl | 5»panD Length Air Line e’
' o No. Stages 5 Discharge-
‘ F v ..y . | Cap'y and Head Presgurs
MOTOR DATA:
" Horsepower 100 Voltage
RFM 1760 Phase
Type Cycles
Maks Mestinghouse Framg Na, THAOTY
11
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LAYNE ATLANTIC COMPANY

436 -
NORFOLK, VA. Ivan Tiggerson
LOG QF WELL For Chesspaaks Camp Jorpa. ... ... T S e .
Located st Franklin. In ——— e e (ounty, State Virginie
Deaté Driliing Started  1l=l4=41 _ w18 _ _Date Started - P — - — Usas
Finished Drilling . 1% . Finished d1-p4=4l e IwW- Gl
FORMATIONS AND DEPTH OF WELL "OTEfogsarvetion “ai} DIMENBIONS OF CASING AND SCREEN
g"ﬁ:“_ P M FORMATION FOUND AT RACK STRATUM uufd'f-:m;%’ ",:“.gmm“'g ':":E;':u": :LIEJ; -
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" -
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' I , |
: | | @L: L —a Y i ‘
L] | | |
! i \ ; |
| |
|
|
o >
! -l
| I boo ’
J WELL DATA:
NE = Preliminary Test
I k) Date Tested 19 Buatic Level
‘ | Production GPM  Pumping Level
, Permanent Test
B Date Tested 19 Static Level
] Production GPM  Active St. Levat
s Drawdown Pumping Levat
| | Remarks: 'Wgll flows 8 T 2' above groumd.
| ] Ripes about BL' above surface.
| e E_Si
wa s | : _.F
PUMP DATA:
Shop No. Type Labr.
Type Head Size Suetion
| | e | Depth Setting (BP to MB)
Slzs Column Length Suction
| Type Bowl Length Air Lina
15 £ | No, Stages Discharge-
tee [ T Y Cap'y and Head Pressare
_T- MOTOR DATA:
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RPM Phase
Trpe Creles
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Prvs LAYNE ATLANTIC COMPANY T amp
NORFOLK, VA, Ivan Hirgereon
LOG OF WELL For Chesspenke - Crme Jorporation 2 . . e
Located at . Pranklin, An. . Ulrzinie, .. .. County, State 2 V&GS
Date Drilling Started . 12=1%=4]1 18 _Date Started.. - 12~Baedl —19. Tw-1¢2
Finished Drilling 1PaB4=4) 18 Finished. .. . . 6m20=4% 19. =
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: k o B
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A skt
o # -
L TR Y
i S :
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#7 opentnz | 186 86 | | Tina black sand 107 129 Casting| 10 | <of
irmaa 200 | 14 | #lus clay - med. drillice 137 10 Seresn | 10 8
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Armao 240 | | 13 Blue clay 20e 20 Sareen . 10 6
Steal |
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480 1] Sand with clay
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il !
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1 [ !
] &:DJ
i |
| | } | |
' | I TEY ‘|
x33 \ !
| i WELL DATA:
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| R Date Teatod 18 Static Lavel
| | ‘i ] ' Production GPM  Pumping Level
| __ll*--' i I 15 Permanent Teat
R | Date Teated 19  Static Leval
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| a2
i Drawdown Pumping Lavel
'
Sp A Remarka
|
{ l PUMP DATA:
‘ Bhop No. 114na Type Labr,
Type Head 1 Size Suction
Depth Setting 100t (BP to MB)

Size Column 10%1-16/18x3Length Suction

Typs Bowl 17" [REC Length Air Line

No. Stages 1 Discharge-

Cap'y and Haad Presaure
MOTOR DATA:

Horsepower 100 Voltage

RFM 1780 Fhass

Type Cyeles

Make Testinghouss

Frame No. 0Ty
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(2) Water-level measurements, Camp observation well (IW-161)
t = tape measurement
r = recorder chart

Date Time Depth to water, feet

(1949)

July 1 10:30 a.m. 29,66 ¢
5:15 p.m, 29.72 ¢
8:55 p.m. 29.77 ¢
11:48 p.m. 29.76 t

July 2 3:15 a.m. 29.75 t
3:50 a.m. 29,76 t
4:00 a.m. 29.76 r
4:05 a.m, 29,76 t
4110 a.m. 29.75 r
4:15 a.m. 29.75 t
4:30 a.m. 29.71 ¢
4:45 a.m. 29.67 t
5:00 a.m. 29,61 ¢
5:15 a.m. 29,55 r
5:31 a.,m, 29.47 ¢
5:45 a.m. 29,42 r
6:01 a.m, 29.35 r
6:17 a.m., 29,28 ¢
6:30 a.m. 29.24 r
7:14 a.m. 29.06 ¢

--Camp well no. 1 {(IW-160) off at 7:52.5 a.m,--

8:35 a.m. 28,77 t
9:00 a.m. 28.68 r
9:15 a.m. ' 28,63 r
11:26 a.m. ' 28.17 t
12:40 p.m. - 27.9% r
2:30 p.m. L 27.57 ¢
5:05 p.m. 27.12 ¢
8:10 p.m. 26,67 t
10:30 p.m. 26.32 t
11:45 p.m. ' 26,21 ¢
July 3 2;:37 a.m 25.84 ¢
5:00 a.m 25.62 r

. 8:48 a.m 25.23 t
"11:30 a.m 24.99 t
3:16 a.m 24.69 t
8:05 p.m 24.38 r
11:05 p.m 24,19 r



(2) Water-level measurements, Camp observation well (IW-161)--Continued

Date Time Depth to water, feet
(1949) '
July 4 B:41 a,m. 23.63 t
3:52 p.m. . 23,28 r
10:24 p.m. 23.01 r
July 5 9:24 a.m. 22.55 ¢
2:58 p.m. ‘ 22,38 r
July 6 9:00 a.m. 21.84 ¢
: 3:10 p.m, ‘ 21.68 ¢
9:05 p.m. 21,56 r
July 7 9:12 a.m. 21.24 ¢
10:00 p.m. (approx.) 20.94 r
10:30 p.m. 21.14 r
July 8 12:05 a.m. (approx.) 21.38 r Y
8:46 a.m. 20,91 ¢
11:55 p.m 20.82 ¢
-
July 9 2;09 a.m 21.30 r
9:57 a.m 23.14 t
11:25 a.m 23.36 r
2:18 p.m 23.74 r
3:03 p.m 23.84 r
3:47 p.m 23,93 r
4:29 p.m 24,02 r
5:09 p.m 24,10 r
\ 5:39 p.m 24,16 r
6:00 p.m 24,21 r
7:42 p.m 24,38 r
9:32 p.m 24.59 ¢
July 10 10:00 a.m. 25,37 r
1:20 p.m 25.53 r
5:57 p.m 25.72 r
July 11 10:58 a.m. 26.36 r
4:13 p.m. 26,60 t
8:10 p.m, 26,71 r
July 12 9:34 a.m. 27.01 r

~ Brief reversal caused by pumping well 2 (IW-162)

P 69
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(3) Water-level measurements, Camp well no. 1 (IW-160)

Date Time Depth to water, feet

(1949)

July 1 11:35 a.m. - - a

5:30 p.m. - - a

July 2 3:00 p.m. 28.97

4:15 p.m. 28.58

5:23 p.m. 28.25

8:45 p.m. - 27.76

10:55 p.m. 26.57

July 3 12:06 a.m, 26.47

12:00 noon 24,91

3:47 p.m. 24,52

8:32 p.m. 24,07

11:17 p.m. 23.84

July 4 8:53 a.m. 23.07

4:45 p.m. 22.88

10:55 p.m. 22,38

July 5 10:00 a.m. 21.63

3:30 p.m. 21.72

9:37 p.m, 21.52

July 6 9:30 a.m. 20.95

3:35 p.m. 20,90

9:28 p.m. 20.63

9:58 p.m. 20,23

July 7 3:11 p.m. 20,18

10:11 p.m. 20.33

July 8 9:34 a.m. - =-b

4:06 p.m. 20.21

(Found pumping at 11:00 p.m. on July 8)
11:12 p.m. - -a
July 11 2:30 p.m. - - a

a False water level was measured at this time--between 10 and 11 feet
below measuring point. Measurement was made by steel tape in air
line; water probably was being forced up into air line by pressure
near discharge while pumping. :

b Palse water level, as (a) above. Well may have been pumping although
no record of it was made.

Il
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(4) Water-level measurements, Camp well no. 2 (IW-162)

Date Time Depth to water, feet Remarks
{1949)
July 1 11:07 a.m. 75.39
- 11:10 a.m. 75.58
11:13 a.m. 75.54
4:50 p.m, 76.24
4:55 p.m. 77.20
9:15 p.m. 76.78
9:20 p.m, 76.59
9:25 p.m. 76,51
July 2 12:01 a.m 77.41
12:04 a.m. 77.00
3:40 a.m. 77.13
3:43 a.m. . 77.08
4:00 a.m well off,
running
backward.
4:13 a.m. 12,40
4:15 a.m. Stopped running
| - backward.
=t 4:17 a.m, water still
draining back
into well.
4:20 a.m.
4:30 a.m. Stopped draining
: entirely.
4:30 a.m. 25.23
4:33.5 a.m, 25.13
\ 4:36 a,n. 25.07
4:40 a.m, 24,97
4:46 a,.m. 24 .80
4:50 a,m. 24,69
4:55 a.m. 24 .57
5:00.5 a.m. 24 44
5:10 a.m. 24,24
5:20 a.m, 24,07
5:30 a.m, 23,92
5:40 a.m, ‘ 23.77
5:50 a.m, 23.63
6:00 a,m. 23.52
6:15 a.m, ' 23.35
6:30 a,m. 23.20
6:45 a,m. 23.06
7:00 a.nm. 22.95
i 7:20.5 a.m. 22,78
L
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(4) Water-level measurements, Camp well no. 2 (IW-162)--Continued

Date
(1949)

July 2

July 3

July 4

July 5

July 6

Time

jeeJiki e Bis ol e BEg o ks o By o ke o NN - T - I~ I < N VI < I R L <)

SbbbubbbbbbbBEbb

B

BaEEB

B

Depth to water, feet

22.68
22.52
22.36
22.16
21.93
21.71
21.49
21.30
21.11
20.95
20,79
20.63
20.45
20.26
19,93
19.73
19.37
18,85
18.42
18.11
17.72
16.83
16.67

16.12
15.82
15.33
14,58
14.70
14.30
14,06

13.34
13.02
12,66

12.08
11,99
11.81

11.30
11,20
11,00

A

Remarks



(4) Water-level measurements, Camp well no. 2 (IW-162)--Continued

Date
{1949)

July 7

July 8

Time Depth to water, feet Remarks
9:47 a.m. 10.60
3:23 p.m. 10.50
10:00 p.m. 79.75
9:12 a.m. 11.11
4:16 p.m. 10,50
10:50 p.m. 10.75

=-Camp well no, 1 (IW-160) reported on at about 10:50 p.m. =~

July 9

11:30 p.m. 10.89
12:05 a.m, Pump reported on.
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({5) Water~level

Date
(1949)

July 1

July 2

measurements at town well no. 3 (§-207b), Franklin

Time

1:32

5:45
10:11
11:08

12:29

2:10
3:10
3:46
3:52
4:02
4:07
4:12
4:18
4:23
4:28
4134
4:39
4144
4:49
4154
5:05
5:10
5:15
5:20
5:26
5:38
5:43
5:48
5:58
6:10
6:15
6:20
6:25
6:35
6:40
6:45
6:55
7:05
7:10
7:15
7:25

Depth to water, feet

33.36

33.07
33.17
33.05

33.07
33.07
33.03
32,79
32.79
32,03
32.98
32,93
32.88
32.84
32.83
32.78
32.78
32.77
32.88
32.89
32.88
32.79
32.74
32.69
32.65
32.60
32,69
32.74
32.79
32.60
32.53
32.46
32.44
32.58
32.63
32,60
32.61
32,44
32.38
32.34
32.34

70

Remarks

{Depth to water
from top of airlinpe)



(5) Water-level measurements at town well no. 3 (S-207b), Franklin--Continued

Date
(1949)

July 2

-=Town wells turned off:

Time

7:35
7:45
7:55
8:10
8:20
8:25
8:35
8:45
8:50
8:55
9:05
9:15
9:25
9:30
9:35
9:40
9:46
9:51
9:55
10:00
10:05

10:12
10:16
10:25
10:40
10:50
11:00
11:10
11:20

well

11:40
11:45
11:55
12:15

12:40
1:00
1:34
2:04

Depth to water, feet : Remarks

a.m, 32.43

a.m. 32.43

a.m, 32.39

a.m, 32.35

a.m, 32,25

a.m, 32,22

a.m, 32.08

a.m, 31.93

a.m, 31.88

a,m. 31.73

a.m. 31.65

a.m. 31l.44

a.m. 31.39

a.m. 31.35

a.m. 31.30

a.m. 31,26

a.m, 31,16

a.m, 31.10

a.m., : 31.07

a.m, 30.99

a,m, 30,95 Town well no. 2

{(with small pump)
on at 10:05 a.m.

a.m, 32.82

a.m. 32.98

a.m, 33.14

a.m. 33.04

a.m. 32,96

a.m. 32.90

a,m, 32.89

a.m. 32.90

no, 1 at 11:20 a,m., and well no. 2 at 11:30 a.,m.--

a.m. 30.04

a.m. 30.37

a.m. 30.04

p.m. 30.81 Town well no. 1
turned on at 12:15
p.m.

p.m. 31.19

p.m. 31.24

p.m. 31,92

p.m, 31.75
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{5) Water-level measurements at town well no, 3 (5~207b), Franklin--Continued

Date Time Depth to water, feet Remarks
(1949) .
July 2 2:55 p.m. 31.43

‘ 4:26 p.m. 31.06

5:35 p.m. 28.93

5:36 p.m. 28.82

5:37 p.m. 28.72

7:42 p.m. 27,75

10:10 p.m. 27.06

11:35 p.m. 26.57

July 3 3:34 a.m. 25.85
5:30 a.m, 25.49

9:25 a.m., 25.31

12:15 p.m. 24.74

4:07 p.m, 24,60

8:19 p.m. 24,13

11:48 p.m. 23.70

July 4 9:05 a.m, 23.28

Town well no. 1
off at 10:;10 a.m.

10:17 a.m. 23.15
10:29 a.m. :23.00
10:38 a.m. 22.94
Town well no. 3
. on at 10:40 a.m.
11:06 a.m. 62.25
. Town well no. 3
off at 11:08 a.m.
11:15 a.m. 25,70
11:18 a.m. 25.04
11:2]1 a,m. 24,76
11:23 a,m. - 24.50 ' Town well no. 3
~on at 11:23 a.m.
" Town well no. 3
off at 11:29 1/4
p.m. (pumping rate,
1600 gpm)
11:32 1/4 a.m. 25.68
11:34 1/4 a.m. 25.14
11:38 1/4 a.m. 24,56
11:41 1/4 a.m. 24.33

Town well no. 3
on at 11l:45 a.m.

Town well no, 3
off at 11:50 3/4 a.m.
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(5) Water-level measurements at town well no. 3.(5-207b), Franklin--Continued

Date Time

(1949)

July 4 12:25
12:28
12:30
12:35
12:40
12:53
12:59

1:20

1:25

:33
235
:37
:39
141
143
145
+47
+49
:51
:53
:55
: 00
: 05
: 10
:15
+20
+25
130
:35
40
145

PRNRNRNNRNRNRNDRNRODERERERERERRFRFS R BB

pP.m,

pP.m.
p.m.
pP.m.
p.m.

p.m,
P.m.

p.m.

p.m.
pP.m.
p.m.

Depth to water, feet

-

23.52
23 .46
23.43
23.35
23.29
23,15
23.11

62.10°

62,05

25.58
25.20
24,92
24,70
24.54
24,39
24 .26
24.15
24.05
23.98
23.91
23.85
23.71
23.58
23.49
23.40
23.32
23.25
'23.20
23.17
23.09
23.05

Remarks

Town well no. 3
on at 1:00 p.m,

(Drawdown, 38.99 ft,
at 1600 gpm; sp.
cap., = 41 gpm/ft)

Town well no. 3
off at 1:26 p.m.

Town well no. 3
on at 2:48 p.m.



(5) Water-level measurements at town well no. 3 (5-207b), Franklin--Continued

Date
(1949)

July 4

July 5
July 6
July 7

July 8

July 9

July 10

July 11

._..
L
o

Time

11:11

10:19
9:56

12:40
12:43
12:45
12:51
12:56
12:58
1:06
1:08
1:15
1:20
1:25
1:30
1:44
9:05
6:13
9:53

2:12

10:45
6:35

a.m.
p.m.

a,.,m.,
p.m.

a.m.
p.m.

-

3 EBE53B3B33BBBERI33

fa T = N T <L < VI I L I LR L LR L

o
B

a.m.

p.m,

Depth to water, feet

22,40

24.57
21,68

21.22

20.81

20.50
20.17

20.38

21.20
21.25
21.30
21.38
21.36
21.35
21.34
21.36
21.38
21.40
21.47
21.61
21.86
24,77
26.93
27.00

28.05

32.08
29.72

o}
TN

Remarks

Camp well no. 1
on at 10:50 p.m.

Camp well no. 2
on at 12:06 a.m.



(6) Water-level measurements in town observation well (5-205),
Fifth Avenue and Middle Street, Franklin, Va.

Date Time Depth to water, feet

(1949)

July 1 1:54 p.m, ) 28.36

5:55 p.m. 27.38

10:00 p.m. 27.49

11:03 p.m. 27.30

July 2 12:18 a.m. S 27.90

12:20% a.m, i 27.80

12:22F a,m, 27.70

2:05 a.m, 27.65

3125 a.m. ; 27.08

3:30 a.m. 27.07

3:57 a.m, 27.54

4:30 a.m, 26,95

4:57 a.m. 27.55

5:36 a.m, 26,77

6:05 a.m. 27.09

6:30 a.m. 27.10

7:00 a.m. 27.24

7:30 a.m. 27.18

8:00 a.m. 27.25

8:30 a.m. 27.15

'9:10 a.m. 26.96

9:45 a.m. 26.73

10:35 a.m. 27.40

11:05 a.m. 27.25

11:35 a.m. 27.19

2:15 p.m. 26,40

3:02 p.m. 26.15

! 4:30 p.m. 25.87

5:40 p.m. 24,64

5:41 p.m. i 24.56

5:42 p.m. _ © 24,51

7:35 p.m. ' : 24,20

9:45 p.m. 23.51

11:30 pem. - 22,74

July 3 . 3:25 a.m, 22,48

5:25 a.m, 21.79

9:16 a.m. 22,17

12:10 p.m. 21,07

4:15 p.m, 21.65

8:25 p.m. 21.13

11:33 p.m. 20.35



(6) Water-level measurements in town observation well (§-205)--Continued

Date Time Depth to water, feet

(1949)

July 4 8:55 a.m. 20.46

10:10 a.m. 20.55

10:20 a.m. 19.60

10:30 a.m. 19.74

10:40 a.m. 19,59

10:45 a.m. 20,37

10:50 a.m. 21,23

10:55 a.m. 21.74

11:00 a.m. 22.14

11:05 a.m, 22.39

11:09 a.m. 22,53

11:15 a,m. 21.47

11:20 a.m. 20.94

11:25 a.m. 20.67

11:30 a.m. 21.55

11:35 a.m, 21.08

11:40 a.m. 20.64

11:45 a.m. 20.35

11:50 a.m. 20.75

- 11:55 a.m, 21.12

12:00 noon 20.57

12:45 p.m. 19.47

1:09 p.m. 20.73

3:21 p.m. 20.75

11:23 p.m. 19,05

July 5 10:15 a.m. 21.00

l 10:03 p.m. 18.67

July 6 8:40 a.m. 18.76

9:55 p.m. - 18.39

July 7 8:38 a.m. 18.15

10:33 p.m. : 17.78

July 8 8:19 a.m. 17.85

July 9 1:57 a.m. ‘ 17.89

8:55 a.m. 20.75

5:25 p.m. 23.68

9:45 p.m. 22.71

July 10 2:27 p.m, 23,70

. July 11 9:50 a.m. - 24,65

7:52 p.m. 25,23
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(7) Pumpling schedule of town wells
Franklin, Virginla

Date No. 1 No. 2 No. 3
(1949) On Off on Off On off
July 1 6:00 a 9:50 a _ 11:20 a
6:25 a 7:02 12:25 p 4:30 p
7:20 11:30 4:45 5:25
11:45 5:25 p
6:10 p 8:30
9:10 9:40
10:05 10:35
11:00 11:30
11:55 _
July 2 12:15 a 10:05 a 10:25 a
12:50 g 1:10 11:05 11:25
1:45 2:10 12:10 p 1:00 p
2:45 5:05 3:05 5:20
3:45 4:05 5:156 5:30
4:40 5:00
5:35 6:00
6:20 7:00
7:15 11:30
12:15 p 5:30 p
6:10 8:25
8:45 9:20
9:40 10:10
10:30 11:10
11:30 12:00 p
July 3 12:25 a 12:50 a 7:30 a 10:20 a
1:20 1:40 10:35 11:30
2:15 2:35 12:10 p 1:45 p
35:056 3130 2:05 3:30
4:00 4:20 3:45 5:00
' 4:50 5:15 5:16 5:30
5:45 6:10
6:35 7:05
7:15 7:25
7:30 5:30 p
6:10 p 7:50
8:10 8:45
9:10 9:35
9:565 10:25
10: 50 11:20
11:45 :
July 4 12:056 a 10:40 a 11:08 a
12:35 a 1:00 11:22 11:29 @ ¢
1:30 1:50 11:45 11:50
2:25 2:45 1:00 p 1:26 p
3:25 3:45 2:45 2 5:12
4:20 4:40 -
5:15 5:35
6:10 6:30
6:50 7:30
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{7) Pumping schedule of town wells, Franklin, Va.--Continued

Date No, No, 2 No. 3
{1949) On ofrf On orf On off
July 4 7:50 a 10:10
5:20 p 5:25
6:10 8:15 .
8:35 9:10
9:30 10:00
10:20 10:55
11:20 11:45
July b 12:15 a 12:35 9:50 a 11:30 a
1:05 1:30 1:40 2:05
2:00 2:20 3:10 3:45
2:55 3:15 . 4:30 p 5:00 p
3:45 4:10 6:25 7:16 :
4:40 5:05
5:30 6:00
6:20 6:55
7:15 11:30
11:45 5:30
6:10 p 7:45
8:05 8:50
g:10 g:30
10:05 10:50
11:10 11:35
July 6 12:05 a 12:25 8:50 a 10:05 =&
12:55 1:20 10:05 11:30
1:50 2:10 1:05 p 4:1b p
2:40 5:05
3:35 3:55
4:25 -4:50
5:15 5:45
6:00 6:40
7:00 11:30
\ 12:00 m 4:40
6:10 p 6:55
8:30 9:20
g:40 10:25
10:45 11:20
11:40
July 7 12:10 9:10 & 10:40 a
12:35 a 1:00 12:20 p 1:50 p
1:25 1l:45 5:00 b:30
2:15 2:40
3:10 3:30
4:00 4:25
4:50 b:15
5:40 6:15
6:35 11:30
11l:45 2:05
4:10 p 5:10
5:45 6:45
7:05 8:00
8:20 8:50



(7) Pumping schedule of town wells, Franklin, Va.--Contimued

Date No. 1 No. 2 No., 3
(1949) On off On offt On off
July 7 9:10 p 9:45
10:05 10:35
11:00 11:20 N
. 11:50
July 8 12:15 7:40 a 12:45 p
12:45 a 1:05 400 p 4:2b
1:35 2:00
2:30 2:50
3:25 3:45
4:15 4:40
5:05 5:30
6:00 6:15
6:35 7:25
7:40 11:00
11:35 12:45
1:00 p 2:30
2:45 5:15
5:30 6:20
65:40 7:30
- 7:50 8:20
8:45 9:10
9:35 10:05
10:30 11:00
11:25 11:50
July 9 12:20 a  12:40
1:10 1:30
2:08 2:25
5:056 3:20
4:00 4:20
4:50 5:15
5:45 6:20
6:45 8:256
8:40 11:30
11l:45 12:35
1:55 p 2:10
3:20 3:40
4:10 4:30
5:30 - 7:00
7:15 8:05
8:20 9:00
9:20 9:580
10:10 10:45
11:10 11:40
July 10 12:10 a 12:30
1:05 1:25
2:00 2:20
3:00 3:15
3:55 4: 1.5
4:50 5:15
5:45 6:00
6:10 ,6:36



(7) Pumping schedule of town wells, Franklin, Va.--Continued

Date No. 1 No, 2 ~ No. 3
(1949) on off On off on off
July 10 6:40 a 7:05 a
7:25 8:05
8:20 9:30
Q:45 10:45
11:05 11:35
12:15 p 2:00 p
2:10 3:40
4:00 4:40
5:00 5:30
65:15 7:30
7:50 B:2b
8:45 9:156
9:40 10:10
10:35 11:00
11:30 -11:560
July 11 12:25 a 12:45 a 9:45 a 11:30 a
1:20 1:40 12:10 p 1:30 p
2:20 2:40
3:20 3:40
4:20 4:40
b:15 5:35
6:00
6:45 11:30
12:20 p 1:30 p
1:45 5:30
5:560 7:50
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