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INTRODUCTION

PURPOSE

The purpose of this report is to review the status of
groundwater conditions in Capacity Use Area No. 1 (Fig. 1).
The report includes data collected between June 1974 and
December 1975 and briefly discusses developments which occurred

in the area prior to May, 1976.

PREPARATION OF REPORT

This report was prepared by the staff of the Groundwater
Section including, P.F. Nelson, L.L. Laymon, L.A, Register and
W. C. Jeter.

PREVIOUS REPORTS

Many reports have been published concerning the hydrogeology,
geology, and the physical characteristics of the Capacity Use Area.
These reports are included in the bibliography of Groundwater |
Bulletin No. 21, "Status Report on Groundwater Conditions in
Capacity Use Area No. 1 - Central Coastal Plain, North Carolina",
1974. 1In addition, Report of Investigation No. 11 "Potential
Effects of Withdrawals from the Castle Hayne Aquifer for Expanded
Phsophate Mining in Beaufort County, North Carolina" was published

by the Groundwater Section in September 1975.

GROUNDWATER USE

Non-domestic groundwater use in the Capacity Use Area
increased by 12.46 MGD during 1974-76 (Table 1). Withdrawals

at Lee Creek increased from 56.66 MGD in 19.73 to 62.56 MGD in



FIGURE I.— INDEX MAP SHOWING CAPACITY USE AREA I

Table 1. Estimated increase in groundwater withdrawals by use,

1974-75
1974 1975 Total
(MGD) {MGD) (MGD)
Domestic .12 .12 24
Public 1.27 2.10 3.37
Industrial 6.24 1.97 8.21
Agricultural .72 .32 1,04

TOTALS 8.35 4,51 12.86



1974 and 63.71 MGD in 1975, a net of 7.05 MGD for the two year
period. (Fig. 2)

Domestic use of groundwater, estimated from well completion
reports, increased by about 0.24 MGD.

Two Water Use Permits were issued by the Environmental
Management Commission during the reporting period.

Water Use Permit No. 21 (temporary) was issued in April,
1975 to First Colony Farms, Inc., a farming operation of
approximately 4400 acres in Dare, Hyde, Tyrrell and Washington
counties, authorizing the withdrawal of groundwater for the
purpose of improving agricultural conditions in the area. The
maximum amount of water which may be withdrawn shall not exceed
632,100,000 gallons per month.

Water Use Permit No. 22 was issued in June, 1975 to the
Town of Oriental, Pamlico County, authorizing the withdrawal of
up to 150,000 gallons per day for public supply.

WATER LEVELS
CASTLE HAYNE AQUIFER

Figures 3 — 6 show the potentiometric surface of the Castle
Hayne at six month intervals from July, 1974. The depth of the
potentiometric surface below land surface is shown in Fig. 7.

As a result of increased withdrawals at Lee Creek the
potentiometric surface of the Castle Hayne aquifer declined
measurably within a radius of from six to twenty miles from the
mine site. This increase in drawdown is shown in Fig. 8.

The potentiometric surface in the immediate vicinity of the
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FIGURE 3.- POTENTIOMETRIC SURFACE OF CASTLE HAYNE AQUIFER- JULY 1974
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FIGURE 4. - POTENTIOMETRIC SURFACE OF CASTLE HAYNE AQUIFER - JANUARY, 975
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WASHINGY ON

FIGURE 5.- POTENTIOMETRIC SURFACE OF CASTLE HAYNE AQUIFER, JULY 1975
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FIGURE 6.- POTENTIOMETRIC SURFACE OF CASTLE HAYNE AQUIFER, JANUARY 1976
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mine is shown in Fig. 9-12, The area in which the potentiometric
surface was at or below 120 feet below sea level ranged from 203
to 338 acres. The present permit limits drawdown below =120
feet to a maximum of 400 acres.

Water levels in wells completed in the Castle Hayne aquifer
normally decline during the summer and early fall as a result
of evapotranspiration losses, and recover during the winter
and spring.

Near the center of pumping, seasonal effects are masked by
the radical response of water levels to short-term changes in
pumping rates. At, and beyond the western limits of the cone of
depression the lack of confinement is illustrated by the manner in
which water-levels rise and fall contemporaneously, and in about

the same magnitude, with water levels in the unconfined aquifer.

YORKTOWN AQUIFER

The effect of withdrawals at Lee Creek on the Yorktown aquifer
is difficult to analyze as the aquifer is composed of units of
varying lithology, degree of confinement and hydraulic contiguity.
Figure 13 shows the distribution of water levels in the Yorktown
aquifer.

Water-level fluctuations in wells completed in the Yorktown
aquifer illustrate various degrees of confinement and show response
to rainfall and evapotranspiration, local pumping from within the
aquifer, and to leakage to the underlying Castle Hayne as a result
of pressure differentials created by mine depressuring. Examples

of the latter are shown by the hydrograph for (Ql14 y-1) in

11
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Pamlico County (Fig. 14). The sharp decline in late 1965 is
coincident with the beginning of depressuring operations at Lee
Creek. Water levels rose gradually til 1973, then began to decline
as a result of increased withdrawals at Lee Creek.

Taken as one hydrologic unit, the Yorktown serves as a
transmission zone for recharge to the Castle Hayne, either by
fairly rapid infiltration of rainfall where geologic and hydrologic
condi£ions are optimal, or by very slow and probably circuitous
leakage in those areas in which depth of burial and interference
of water movement by zones of low permeability are significant.
Leakage from the Yorktown to the Castle Hayne is replaced by water
from the overlying unconfined (water table)aquifer or from surface

sources such as the Pamlico or Pungo River.

UNCONFINED AQUIFER

Water levels in wells completed in the unconfined (water-
table) aquifer fluctuated in response to local precipitation and
evapotranspiration. Water levels are typically high from December
through May and decline throughout the summer and fall when
evapotranspiration rates are highest. The water table fluctuates
through a range of 3 to 6 feet. The aquifer serves as a source
of recharge to the underlying, confined aquifer in areas in which
the water-table stands at a higher elevation than the potentiometric
surface of the confined aquifers.

Hydrographs in Fig. 15 - 22 show the hydrologic relationship
between aquifers at Research Station sites. Hydrographs of other

monitor wells are shown in Fig. 23 - 25.

17
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FIGURE 15, - HYDROGRAPHS OF WELLS AT RESEARCH STATION AT LEE CREEK, N.C.
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FIGURE 20. A - HYDROGRAPHS OF WELLS AT RESEARCH STATION AT WILMAR, N.C.
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GROUNDWATER QUALITY

A water—quality monitor well system has been established in
the Capacity Use Area to detect and observe changes in the
concentration of chloride ions in each of the aquifers or aquifer
systems in the area.

Monitoring is conducted at regular intervals by the State
and Texasgulf, Inc. Existing and planned monitor well locations
are shown in Fig. 26, Graphs showing the chloride content of water
from wells at research stations and other localities are shown

in Figures 27 - 36.

CASTLE HAYNE AQUIFER SYSTEM
Upper Castle Hayne Unit

Figure 37 shows the distribution of chloride content of water
in the upper Castle Hayne unit in 1975 and the changes which
have been observed since 1965. Data do not indicate any
significant regional changes in salinity. Changes in the con-
figuration of the isochlors result from the use of additional
control obtained from recently constructed monitor wells.

Figures 38 - 40 show the salinity of the aquifer in the
vicinity of the Texasgulf plant area. Higher salinities in this
area are primarily the result of upward movement of more saline
water from the lower units and, to a lesser extent, lateral inflow
from a more brackish zone of the upper unit underlying the
Pamlico River.

Lower Castle Hayne Unit

Because of its relatively lower permeability, the lower

31



i
l

W L

| |
J

~

€
L3
m,‘.uu EET
o

\ _T%E !
La‘ < ' L]
. S

[ EXPLANATION
@ MULTI-WELL RESEARCH STATIONS (ONER)
@ MONITOR WELL (DNER)
M MONTOR WELL (TG)
A MOMITOR WELL {NCPC)
@ PLANNED MLTI-WELL RESEARCH STATION
7 ® PLANNED MONITOR WELL

CARTERET

FIGURE 26.- LOCATION OF EXISTING AND PLANNED MONITORING SITES
32



1005000

110

(Wdd) INJINOD 3FAIHQTHI

904000
803000
702000
601000
50 500

T
5

Ang

aant

o

y

o

a4

ey

non

20
[ s

1]

dny

I e

+ T t TTT T wng

HEENE i .‘4] T[] v

w

a4

oy

i Y

1dag

Ang

T 11 IEIE: T auar

W

] I BEERRRNNEN ANREARNRANR i
! o

oW

a4

1 1 B uRf

1T TTT >0

°0

dag

INRED,d % et

T aung

Kow

fiih HH HHH t NN ENEE] t e,

EENRREERD IRENEE 1 iy

@

I I 1 RSN I N uer

20N

| 1dag

r

1t aanf

5 HLE den

oy

1T

e

“ag

‘uer

PP T T

RO

i T Thi L2

L=

Aag

anr

Aoy

‘a4

uer

fan® ) 4 AoN

_+.
_+Y“Y =T
T

I

7

T aog

1
i
i

Iv
g

L1

t

;.0 1l =
-‘LHF -
3‘2?‘ i1

IE

Fan
York _qv: T
1
|
g

F "
o Sl
2

[Casrle

165

40

110

5000 100

300 30 [E12
20@0

3000 80
2000 70

e

19

1968 1969 1970 o271 1972 1973 1974
FIGURE 27, - CHLORIDE CONTENT OF WATER FROM WELLS AT THE LEE CREEK RESEARCH STATION

1967

1966




1o 3000

(Wdd) INTINOD 3ATY0THD

s0 2000
70 1000
30 100

60
%
10

|
I
T
1
T

.,#
Emm—
T

I AY
HNEH
=11
1
ac
35
AN
]
I
1
196

3d1h |
pe
o 13
b 4
X

T
N1
I
-
1
1
1

=

5
H
2

Amg

i sunf

1971

Aew

T i ey

1] L]

“uwy

“3ay

aung

FIGURE 28, - CHLORIDE CONTENT OF WATER FROM WELLS AT THE BATH RESEARCH STATION

!
$
i
74
T
A
7im
T
T
=1
1
F
4

197

Ky
e

“uey’

69

19.

T

3000 110

1000 2
100 30
0



NOILVLS HOYY3SIY ITITAGYILSNIM 3HL LV ST73M WO¥d ¥3LvM 40 INFINOD FATHOTHI - ‘62 N9ld

.\’
o
=1
Aing \D‘
~
@
=1

€L
TorrLcTrEIsEC e e e
REREFEEIIIIEpIRgEEEEEsE FEREEE
o T it ar i i 13 T a0
0 1 — L T ..Jl*l.r R
T L | i 5
1

01

a1

_ - i - i o i
. | I T N i | I ] | !
I I 1 . 1 1 1 1 ] -
s m o = = I r i "
HEESSEEaE= | T P : I
OOﬁ 0z m T L t W |W. ,- . " OO.H

5 1 i i 0 -
Joti] 1 I I L
— AL [ -
JH H o - B 1 T i 1
ateh -+ i —— I 1 T -
] i = O v 5 o . <
e o ey ! B 2 1 € m
T 3 0 e i
] T £
T t T Bl i

———ov 007

o
=
=
o ! - ' T
& o L 2 ! M.:.” 52 i 15 E
== » I TR T (o P CEEE I L |
m 1 I 14 _\r 1 | g —4
=) - T S " z .
= 05 . I
— e | AR
m = 5y - oy - 11 T
= - T 1
l L 1 1 i
- v 3 i
T O _r_u, I 5 P O 1 G ]
- - ! t i
= 008 O T i T T % 00€
~— —t —— —q VI_\
1 i , L L} T 37 3 E Pl I ! e
-1 ] 1 } g = ! A L 8 T 2 =3
i 1 == TR0 1 i 3 = [ [ = o I
e 1 L & 3 O ot G - | S 0 L 3N A T
I 1 ni T T 1 I 1 == T : L1
0009 % T 2 1 e £ STEm R i - m ] 5% = e a : e 0009
AE ! L - - b=t t = { N
- “ [ I 2 A zoms S AGEmuEn - 1]
T “ e 7 i i s I i 1 e
— 1 O 4 B = | 1 r I e i S - J||I T o
3 T : T C O = 2 s o i
o8 I + T T =3 T I 1 5
! I A T | | 1 T+ I 2 11 W D TR o I § 1 =
- i 1 r I 6 [ E 4 I [
L T - I T 1 !
I 8 B ® B o i 2 [ T 1 T

000 " 1

il i

T i e T % 000L

I

i

I

|

T
ul

ERR!
i
-

HF | Dl=

<
hal
1
-+
T
]
111

-

oor

001

SEst

0008 o1 L . ! ! . otz 0008

35



(Wdd) INIINOD JAIHOTHI

000S ot1

gz st

[FA ﬂm 61

2o

Lt

oL st

&g 6t

RiEgzs feeay

TIETEED
T

=
FEYZSTEREZIRIRgIEjEA Y

FEfRELEREs

FRi{zEgfegss

FERfEssfieny

FREFEqIEERE

mmm—
FREFscFREa:

5 5

IR
“ _

iEE

110

o1 Ol

op. D00L

po  O0OZ

og 0OCOE

06 000Y

NOTLYLS HOYVASIY S,QVO4SSOYI X0D IHL LV STIIM WOHd

d3LvM 40

IN3INGD

JAIY0THI - '0¢ AN9Ld

ott 0009

36



(Wdd) [K3ILNOD 3ATYOTHI

NOILVLS HIYYIS ¥WWIIM FHL LY STTIM WO ¥3LWH 40 LNILNOD JMIHOTHI - 'TS N9

¢z et et o0 - 7L 61 7 T oL 5t

TifliceifefrefefiiiieersrRiegicEscefEecsrecgiobirsfsefiercsiEs iR egeEgRcsEe
- + i T T i, -
= =2 I 1 =

e : e

Fefieies ==y - S s

H
E
]
= N =

|

I
i
[

4 4
i = 1 __ I__\ “abaeiande T f=s kel
o1 e =r i ,. 5= : =4 t , = it i e [ | e
by 1 1 02 ¥ r =T ] ) T T T [ s e — e ot
AR T e S I = i 13 § 1 T e 1 N G e bt b S e e W il R D 3
: ! 1 == = — i 1 !
] e i } = i s _,
— an P i > — =3 s L i
= Gy } A o T £ 2k o ot =, = o L £ v |uTEsuRE o 1 o i S e o o e
0% = T o Do e o I e e ] o B it e e @ 07

L

e : E= = e e — e e
== = e _ = : S 4_// e ?

0f o e - = : . _ ] s . E j ! = o e L

I e 5i) s e £ i .
=y ! o e
- B L Tl = S
Oﬂav']lu |1I.|‘ 5 _' = = or oy
- 1 IJHm..,.lT.I t = = ||.||v
SES=== == F
o i o= = = ! L=
e — “ e og
—1 = i == = —
: ES=oiE SIS
= 7 T 5=
— ! o — =
00T o ! = — — —— o« GOT
== 1 | B = = —
: ]
— b -
002 o [ - ——Jo o0z
o e i = 4 ==
AT
00€ o I —oe 00€
] b - — =
007 0s [ = - = t = = i , oo
[ = 1 THRT =
: S=EE s e
—ek i T T ? ! e - Tt nC= T et
1 1 1 | e - e | = I ”. uﬂml i Ar.\_\u/ 1 .« w - e e “ “ w 1 A‘ H | __
=1 o o - 4 ,1 _ﬂ i __\ “ 1 » da = s L T Py == = I J_HT = i oot 00§

00San

37



X761 T8 R
fFEREE S g iR EFE § % FEREG s FFEESREREFESERLEY Y £ §E
° o T -
- e e R
- iy 4= 1=
e e 7% VW RS = 7 R L 6=
P T . .T?n ! Lol % : S
0lw IS - = Mi s el
= =t _ Heg
= T = :
17 = | | | [ == -
.- - I I ||| =t ﬁu T
00T ce . J — : = ,
= x o T O] P! ' — .|.~.v|..
00% = —— = ! —— _ t —
(] = u 1 = »
= 1 H\l T =
= ——t — :
,“|G. I £ s s RN SN ST o SO VNG [ Y It i RS T Ml 1
= N _,I = m. e 8Y 1
M 000 T = EETIV ST T MRET LY [ T Y. Yot M—_— 1
3 ] i ——, | 2 Y ==
= = 1 _,l__\“\l_af}. =171 |
e £ e =E
™ 000°% : r ! 1 ! i : _ ;
£} N _
2 P
000 o d . L’ l- g m B = : o5 "_
Imlu =i Fem ; = — _
=+ = i —+— =f=
0006 o =1 i o ¥ I
| e e e -
= = e \ =
000°0Tes = == -,, . t
. 1Y =] = 1
—] —— — 7~
T~
4 [ 1 T A
D0 11 oot == j =
NOTLVLS HO¥VASIY JOHYAYYY IHL LV ST1IM WO ¥ILWYM 40 INILINOD JUIHOMI - “2¢ FNol4

o 01

o 001

o 002

o5 0001

09 000°2

o 000°C

o 000°6

00101

w0t000° 11T

38



(Wdd) INJINOD 3JQIHO0THI

0 “9T-d 3LIS 1V ST73M WOY4 ¥31¥M J0 INFLNOD 3ATUOTHI - '£¢ FWNSId

7.61
O T 0 T T T O
t I 1
T
D1 4
] N 010¢
y £ 13
Py 7 T T
T = S i
LAY 1 [
T L -
£ :
1
) oz Q%
= T ==
m
{ 1 T
s =Y 37 1
t = t - -
& B 4 I
3 ) I ¢ %
T
f - : ; , o 09
1 T T =
7 T T
T I S T
P = 1
i
e T F
T i T o 08
a5 1
I T
= !
B !
By s ) [
T o T 001
EE - !
1 1 =E:
3 1 I w o
[ 1 = !
oot® , = 0 0TT
- 0 O F : £ [ 1
] ] T T
14 T T
B!
1
1
t Elr o e s
0T HEH i W o o1
m I )
1 i I - i 1
m | ]
1 7
oy m > g
1 1
4,. - oS A
]
! A Ler e mim I I 1
097 ] 1] % 08T
: +
T
I {
1 T i
T ! -
u ) It = -
0ogToes i - T 1 00T
" =
} i
- !
_a !
1 = T i I T ]
1 4 1 1 1 1
1 1 I 1 T n v

oQzont

39



FIGURE 34, - CHLORIDE CONTENT OF WATER FROM WELLS AT SITE P-17, I
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Castle Hayne unit has not been as completely flushed of residual
saline water as the upper unit. For this reason, at a given
locality, chlorides in the lower unit are considerably higher
than in the upper limestone unit.

Use of new data obtained from the construction of research
stations in the area resulted in a change in the configuration
of the regional isochlors for the lower unit (Fig. 41).

YORKTOWN AQUIFER

Water in the Yorktown aquifer is generally fresh. As water
from the Yorktown moves downward as recharge to the underlying
aquifers in response to the head differential within the cone of
depression, it is replaced by water from the unconfined aquifer
or from surface water bodies. Yorktown wells located near and down
gradient from the Pamlico River may show an increase in chloride

content.

Unconfined Aquifer

No changes in the chemical quality of groundwater in the
unconfined aquifer have been detected.

The effect of heavy withdrawals from the artesian aquifer
system on the unconfined aquifer is to accelerate the rate of
vertical movement of water down into the artesian system. The
degree to which the increased rate of water movement effects the
potential for mineralization, or contamination from surface pollution

sources, is not well known.

RECENT INVESTIGATIONS

Following the announcement by NCPC of plans for dry-pit
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phosphate mining operations in Beaufort County, the Groundwater
Section prepared projections of the effects of the proposed
increases in withdrawals on the groundwater system. These
projections were presented as Report of Investigation No. 11
entitled, "Potential Effects of Withdrawals from the Castle
Hayne Aquifer for Expanded Phosphate Mining in Beaufort County,

North Carolina".

. .
Within the next few years North Carolina Phosphate
Corporation plans to open a dry-pit phosphate mine north of
Aurora, in Beaufort County. The mine will be located about 2 miles
southeast of the Texasgulf mine at Lee Creek. Under existing Water
Use Permits, the two phosphate mining companies may withdraw a total
of 102 million gallons per day from the Castle Hayne aquifer for
depressuring and processing purposes.,
The proposed drainage of several thousand acres of farmland by
First Colony Farms in Washington and Tyrrell counties will result
in a substantial lowering of the water table over an extensive area
and consequently will reduce the potential for local recharge to the
Castle Hayne aquifer. Although the aquifer is deeply buried in this
area, potentiometric data indicate that it receives recharge from
overlying aquifers by vertical leakage. The driving force for the
leakage (recharge) is the difference in head between the water table
and the Castle Hayne. As this difference is reduced by lowering
of the water table, the potential for recharge is reduced

proportionally,
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The potential impact of increased pumping associated with
phosphate mining and processing, and agricultural drainage
operations, are not easily predicted with a great degree of
confidence at this time.

Continuing investigations include construction of additional
monitor and test wells which provide data necessary for analysis
of aguifer characteristics and response to stress. Diagrams
of Research Stations completed during the reporting period
are shown in Figures 42 - 45. A great deal of work remains
to be done to determine the hydrogeology and hydraulic characteristics
of the unconfined (water-table) aquifer and shallow artesian
aquifers. A dense network of test and monitor wells will be
required to provide sufficient data to evaluate these aquifers.
Also, additional test and monitor wells are needed to better
define the extent and magnitude of the brackish zones within the

Castle Hayne aquifer, particularly the lower limestone unit.
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