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WATER RESOURCES OF NORTHEAST NORTH CAROLINA

By H. B. Wilder , T. M. Robison , and K. L. Lindskov

ABSTRACT

Northeas t  Nor th  Carolina is experIencing what many feel  is the
lead ing edge of an economic boom. Associated wi th  the development of
th i s  8,93fh square mile coastal area are several water—rel ated problems.
Among them are (1) the poss ib i l i ty  of saltwater encroachment i n to
su r f ace—wate r  and ground—water  supplies due to heavy pump ing or f looding
from wind—driven ocean tides ; (2) a r t if i c i a l  drainage f rom large corpo-
rate farms is changing the runoff patter ns in the area , (3) channeli—
zation of existing streams to reduce spring flood ing of farmlands may
adversely affect stream ecology .

The so lu t ion  to these problems depends in par t  on adequat e  know-
led ge of the h ydrology of no r theas t  Nor th  Carolina . Al though  i t  is
hydro log ical ly the least studied area of Nor th  Carol ina , enoug h is  known
to present  a reconnaissance—level  descript ion of i t s  w nt e r  resources .

Average annua l  prec ip i t a t i on  on the area is about 50 inches.  Of
t h i s  amdunt , about  34 inches r e tu rn s  to the atmosp here via evapot ransp i—
ration , about 15 inches leaves the area as runoff , and about 1 inch
leaves throug h ground—water outflow.

Large streams flowing into the area include the Chowan , Roanoke ,
Tar , and Neuse River. These convey an average flow of 17 ,500 cubic feet
per second from an outside drainage area of nearly 20,000 square miles .
This is about three t imes as much runoff as ori ginates within the study
area if preci p itation falling directly on large bodies of salty open
water is not considered .
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The chemical c j e i a l  1t~ ot  t h e  I i  e ’SI I  s t i r t  a t e ’ v i i  e m s  ot  i. ’i ’ t hit ’as( North
Carolina is genera I lv  good w h i t t l e ’ i t  I s  r i o t  ini~~e’ eI w i t  hi t .t ’aw a t e r . I : , -
freshwa ter dot’s not cent alit ~ bj  cot I enat ’ Ic ’ ani oun I S ‘ I ‘iii v .i I site 1 V e C I
mlner.t 1 con s t it ucnt s cxt’op t that sotue it t t’c, luui  di  a l i i i t ig  t I to e a s t  t o  lLiv nt ’
Limestont’ outcrops ni,iv conlt.I iii mode t at c lv h.r i~ l v_ I t ~‘i ’ . t i l e ’ ~‘i1 1 V t i l l  —

d e s i r a b l e  charact or ist los oh I lie I r’eshi s u i t  ace wat c i  - - et  ( t i c ’ t~~t t i d y  aie .i
is t h a t  wa t er  d r a i n e d  front  swampy al ’t’ai; u t _ t v  l i  ~-~‘Iore ’d e noug h t o  t i a  i i i

laundry, pape’ r , and so l’or t Ii , , t i t t l  be ’ c ’S t t i c ’  I lt.i I 1 v ,‘t ’i ‘ ‘ t 1 O l l~~i t ’ lc I ‘

d r in k ing.

The m a t e r  r iv ~- r t t  o t  t h e  ot udv area h I t ’ , c ’ l I Ic  e ’ t , t  11,11 ’ I t - - l i t  I t ie  i i  I , ‘v ” i

reae-hes; these in t u r i t  open up int ’’ large souituti ; 
• wIt toh i i i  e p i t  t I v ~‘ u i t

o I I front I lie ocean by t he Oti (~~r Ilaitbo . .\ I t  l i t t u g h i  sonic ’ ant tic ’ i i i  I t ’’ - h i iv . ’

t ’ lassi t it’d some et  t h ~~ t- sounds ,is I r e - s t i v , t t  c i  be.! i t ’ t  • ( ‘0 1 . 1 1 1  i i !  il -c l

sh ie t t i l d  une !er st a i id  t h a t  n evhtcr - c i i i  the sounds am e~ I i  t ’~~h it ~,tt e l ’  S ( l ~~) ’

a~ a t lable. hi t -v t- e ’n t a  i i i  e i i e ’ti ~~h i tS , i i , , l t  c i  O V e ’ I  \ \ s h l c l t ’ I t ’ l ’ e ’ i i l l s i i l t  , i l ’ l e ’ I i
w a t er  SupI) l it - s .

‘there ’ are t hrt ’e ma ~t ’r  ~t t p i i  e t ’~ in  i t o r t  be a s t  Not t ht ( ‘ t i e  I l i l a — — a l l

u p per  a e j u i t e - r  c on s i s t  i l ig  p1 iu~ i i i  lv .t t satids auth ~‘1avs , a i i i i d . l l t ’ t i m e ’—

S t o n e ’ a qil i h e r , au th a l . ’lc ’ c ’ l  aqii it , ’r consist tug t ’t  i- t ’uq~ l t x  lv jut ~- i

layers o t ,$.Ilid , s i l t  • ~- iv and slia to , . i i iel  tin ie st one and do Ion i t t ’ .

‘th e average - I hi chueso ci t lie’ uppe r aqti i t  or is ci l) ef lh t  -, i t o  t ec’ t .uutd

‘1 r-anges I rent less t. hi _ ui lOLl fe’ei t  t Ii l o b  L l e ’ .I I t ile’ west e’ ru 11 _ i t t ot  t he I eg i , ’ t i

to mor e t I t an  1 , 11)1) I cot. thick on p a r t s  ot I Ito Otit , e-r B t imt ks . ‘l’ y
~’ 

i t - , i l
‘1 V t o !  tb 0 t I tic ul~I)eit’ aqu it e r t .‘ suta l i —el i.tutc t t~ I’ st~ t- eie’ned we ’ l l s  1 s t  t o It )

ga l to r ts  pt ’ r - in I mli i  to • arid in seine p l a c e ’s c an be’ ~~ m ile ’ Ii as 11)1) g.i I I oils I’d ’

in m it t o . WaL er  I’ r em Lito upper at~U i t  or  t ends  t o  be low in di soot vet!
so I i~t s , hut in sonic’ 1 coat Louis m a y  ue’ed 1 0 be I rca ted te i -  e xe e ’so ly e ’ I F O i l

or ha rdnes s .  in  add it. It ’ut • salt wate’i’ i s  pr~ scni t iii t h e ’ L u I l I t e ’I ’ . i ep i  i t  or  i i i

mue- ii o t  t lie c-as t or r i  par I o I t he ’ ate -a , render i tic’, the ’ wat  ‘r tint i t I ol inaiiv
L i S t ’ S .

‘j u t ’  ,1 ime’s toue a q u i t ’e-r  ta o an av er ag e  thtio km i e’so et ab o u t  ‘I t ) t e ’ e ’ t

it t Ii t ok en s  to t h e  ca st amid sout hi e ,’as t , i’caolt l ng a max iuiun i  t l i i . - k i t e -os oh
• a b o u t  I , 20() toot near ~ tpc flat t eras . \‘ I t ’ ids to we Its t app tug t ile ’

I ime stone aqu ii c-c a It ’ t y p ica I I. y SL ’V era I hund red t o  as mm ie ’ t t  as .~ • 
1)01)

ga l  Ions  per i n i n u t t ’ . I h i e  1 i i t teS L elule ’ , iq t i  l i t t i -  t ’ c ’i i t  ai ns  e ’ii l V I r e ’ t ; h t w a t e’l- i l l

the wes t er n  he ’ ide ’ r oh the area; i t ’ t t ic east  • I r i -shw a ie r  l u  t he’ ae (u I t ~‘i
is under lain by s a l t  vat e ’l’

‘[‘lie quality ci wa le -I ’ I rein E l i c  I iniets t oue a e l u i l e i r i s  t y p i c a l  01
wa t e r s I rout I. j fltt’ t4 te ’ l t e ’ I orma t lens. It , is hard , bi gh t i i i  a l k a l i  iii  I V , and
(e nds to feii ’ mn s~’a Ic .  I t • may a l so  cori t  alit e’b _le i cLion ,tb le ’  aniount s
o i l  io,i and i r o n .
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The lower aqeniter also 0 i p t ;  ant i  I h i i c ’ ke i t s  t o  t hi t ’ , , i ~,t  iflth ~oiit b i t - i - t i

it s average’ thicknosu t o  2 , 780 ft ’e ’t ;iUtI j (  I s , ‘v t - i ’ 7 , (h0 t )  t e ’ e ’ t t l i l ,  k , i t

Cape Hat (eras. in *l’e’Ui; wht ~’rt - t h e ’  t i e l t i l  t c,i l .‘oflt’a l i i ’ - I i ’ e’ s h l w i t  c i  , v t~~’ l e t s
to in d i v i d u a l we ’l l~ n ay  b~ se’v c _ - i  ~i 1 h i u n d t e - d ’  t as u i i i o l i  as I , i b l i )  ~-, ,i lIons
per m i n u t e .  Such  h i~~h y l e t l e l s are  diii ,’ I t ’  th e l c ’ t , ’ e ’( i .pr i i , i  -; c ’, i c i t

thi i~kutess— — It o ltydt ’~nrI ti~ c ’ e ’iidut ’t ~v I Lv i iuue ’ t i  l owt ’r I b i n ( h i t ’  I h in t ’st , i i c ’

aqu i te ’r.

1’he 1 oweit’ aqu j f e~ r con  t t I no c xc’ ins I ye  lv t tc shwa tei cii i  I ‘, i i i  t h t e ’
nor thwest  p a r t  and th~ w e s t e r n  t’ r inge ot I hiei study , l F e ’a . ~ i t It i i i  a . 0—
untie w ide  s t r i p  c , to t  oh  ( l ie  ootnph~tet l y t ue - sliwate’r , i i  c a ’ - , I nc - - ,ttcs ’ , u t e -r
ove’r l ie s  sa lt wat et - in t h i s  a q u i l c ’i ’ . I- ’.i u t l i c i ’  e ’JSl , t h e ’ aq i t i h ot V i e ’ l d t ’
on ly  sal twat~ r . Where t he w at e ’ F is I r e -o t t , i t  i t t  I ht t  l ’e ’ 51 tiu~i l i t  ~‘ ts ’ , i  I t i

o f any of the ma 4 o r  ae1u [t e’iS. [I  O t t  , i  i - h i t  I • :il kal l i l t ’ wat e r t h i t  I t ’’

qui t e ’s l i t t l e ’ or no I re’a tn t cu t t  h o t ’ l f t t l 5 t  C I S c ’S . h il t ’ ,i i t )  v~~~ e ’ i l ou t -  p c i  t i l t  t , tl
qu a l i t y  .1 m awt ’ ,i~’ k i s  t h , t t  r et  is’ , i t  c i  in~i v cciii t ,i  i i i  ~-x , - t ’~~s I Vt ’ I h i t ’ i jO t ’ t i t

somt’ Leo,it lout s.

l’herc’ Is a o lOSe ’ ! ut_ crele ’pe’ucheuic V auic ’ulg I t i e ’ v~i i . out’. o t ’u t l ’ o l t c ’ I t  I s  .‘ h

t he’ h v d t ’ o h c ’g i e ’ sv o t c u it  in ttc ’ m ’ t htu ,ist Nt’t t It (an ’.’ I i i i a  ,t ittl p lait ti i i t g  t e l  1_ intl
arid wat or mtiauiage-ntetit shiou It! e’ t ’t tS  ich’r 1 IlL— i c’at’ e’t t i l  lv. I a i~~c s.’a I t ’ t~~ u i —

c u l t u r a l  drainage pro ln ”e’to a r c ’ ii te’r ing the h y dr ol og y o h  ( l i e  , i i  t i ;  l l e ’.,l\ ’v

pumping oh ’ t h e ’  1 i n loo te i ~ ’ ad m i t  or is  t a k i n g  p l _ i . ’ t ’ i t t  ‘~u t  i~ of t Il e ’ c i  e ’a i i i

e OtiIiC C I i t ’ l l  wit hi Phtos iuhi .tte i t i i i i  lu g  epc’r at  t eJfls. l ’ h i e - t ; c - i t t , h  ot  l i t - u  ~‘ i ’ e - i  ,i 1 i , ‘ t t ’ ~

nay have’ pr o  f o u n d  e ’ t  I e. - I s cii  h lie hvd t ’ e ’ I e)gv c i t  t tie a re ’ ,i _ i ncl sh~’mt 1 ci ‘c

mnc ’Ut ’ tho r- titig l i lv e ’x,inii lit ’0 Ic ,’ i ns u r e - .in i or.Ie’i  I v  dove ’ I opm ne t ilt .‘t I Ik’ w ,it c - i

i’e’sourt’e’s c i t  ito F I h i o i s t  N ot ’ ( h i i ’ , t t ’ ei I I  nia

I Ni’RODUCi’ tON

Not’ ( hie’ ,i oh e’r l t  N e ’i’ t ii Cur t ’  L ii i. i has be ’c -ui of le ’ o h  t l ie ’ t a t  gcs t e ’c c inon i  1 —

4 e’a l t ~ ’ u it d e ’t c I t ’ve ’ i e ’ t t e ’ei , t rc’as a l on g  t i l e’ aouthie ’jst e’i’ tl ; , ‘ . i i ’ . ’ : i i  0 .
1g. 1 .)  l ’ito p o t e n t  i , r l  t’oi’ re’c ’reat Lt’ti,u t , ttgm ’ tctr ,I I i i i , il • ,i iiei .‘.‘uuic ’l c l _ il

dove ’ I opme ’u t in t lie’ 8 • —‘ I L )  m i ’  ,ir e ’a I ,i I e’ x~~ee’ctH whi,,i t ht , to  Jo tiia II v taken

~ l ace’. Be’aehics , sounds , t ’st i i , i i  I es , arid I ,ik oo pu’ov I de ’ , t t ’ t t t i c h _ t n  I °!‘P ’ ~
h u t  I t  I t ’s I or w ,i  t or — re - i  a to O i c c  r e ’at ion. I i  tit h e ’ F , p h i o u p h t i  I e , an~t I t me ’ ot  c ’ i i c ’

.ir~ tv~r lia b le ’ In e e’mune’rt ’ t a t  am o u n t s .  l i l t ’ i i . - ht pe’at Sc ’  I I I e t i t t d  i i i  n i i i t v

arc~i o is a t v pe’ bight I y pr i i. e’ei t or  I a nih i r ig .  Wht , i  t n t a i iv  c ’~~i I I I_ l ie ’ I .‘-i .11 ug

edge o,t -mn economic ’ boom i S tioc,’ tab i t ig  p1 t n t ’ arid lie ire~i ‘ u nt i e ’ i

clOVe l oped ~ t o i t  us I s  rapid b y  o I L I n g  l ug .

The Outer  Banks ale’ iit ’w be ’ lug  i , i i ’  i t t  t V th , ’v c ’ l ope d I o t  I t ’ , I t ’,t l l O l l

par t  I cu l a r ly  m i  the N , I O ,s lhe ’ati i l  e l .  l ’ t , i t t s  t ,‘ ‘ t V c ’ u ~‘,i.I- . i t t  th e ’ t ’x t I t int ’

n er t  hie’rn part of t i le ’  On t e n ’ b at i k it coil 10 1 e ’,i.t I t ’  O \ e ’il I h l O l e ’ I 1 ) ’  itt ,It ’vc ’ ho i’ —

mont  of tha t area , c~sI)Oe’ I a I 1 v l i t  I c i  u t - i  eli I ,e~_ ic  I t • 0 ( 1  ,i~~ . a t id  se t ‘c i t t ’

e st ah l  I i - h m e’n t s .  the’ e’e~ s t i l  , i m ’ e’,i Oil the ’ t i , ’r t  It ,I~ oh “i t  h i c ’l l t , i l  l~ ’ Sc ’ c t i i c t
Is r e ’i at  I v e t  v UIteit ’V t ’ I.’pt ’J , and i t s  tc ’e ’ i t  I t ’ll i S c ’ c ’ I l V , ’t l  t~ ’u t  I ot  t t . ’ t  c ’ ’

at I t ’ul ,i I clove’ I opmt.iit t el tie ~ i vt’ I l , ’ I e ’t t  I v Net i I I I  l i t  ci! li i i  iii - , t i n  I ~u I t - c ’ ( l ie ’
huge Wash I ugt  ciii — ht~i 1 t t ine  i .  mc ’ I t  p ’ ’ I it iii  a t~~ , 
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Since 1965 , large-scale phosphate mining operation s have been
taking place in Beaufort County and p lans are now (spring 1976) being
formulated to expand these operations . Other industries , par tic u 1arly
in the textile and wood products fields , have shown increased Intere st
in expanding operations in the area.

Water Problems

Attendant with these developments , there are and there likely will
continue to be problems of water supp ly and water quality. Some are
problems con~~on wherever development occurs , and others are rather
unique to the northeast North Carolina area.

Development of water supp lies requires careful attention to the
possibility of saltwater encroachment into surface— and ground—wat er
bodies in large areas of northeast North Carolina. Extensive coastal
areas are less than 5 ft above mean sea level and wind—driven ocean
tides sometimes drive brackish or salty water upstream into lakes and
rivers that are normally fresh. Pump ing from wells anywhere in. the
study area can induce brackish water (which occurs naturally at depths
ranging from less than 100 ft to more than 600 ft) to move into natu-
rally freshwater—bearing zones. Heavy pump ing averag ing 65 M ga l/d is
taking p lace in Beaufort County in connection with phospitate mining, and
locally saltwater intrusion into the Castle Hayne Limestone is now
taking p laces

Finally , massive drainage and land—clearing operations by large
corporate farms h ave recent ly taken p lace and are continu iti g iii ( tic ’

area; perhaps more than 501) mF in northeast North Carolina will be
affected by 1980. There are several water problems related t e l  these
agricultural developments. Artificial drainage projects for larg e ’
corporate farms are changing the hydrology of large areas , according (ii

Heath (1975). Increased runoff from drainage ditches at t imes may
adversely affect the fishery resources in the study area. Effo rts to
reduce spring flooding of farmlands by channelization of existing
streams have raised serious questions about the effects of chanmell-’
zation on stream ecology. ‘l’he answers to these and other quest ions are’
needed to ensure proper development of the water resources of northeast
North Carolina.

Purpose and Scope

The purpose of this reconnaissance— level report is to present base-
line knowledge of the hydrology of northeast North Carolina for use in
identifying and solving water—related problems associated with ac-celet—

ating economic and recreational development of the area. The report
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was done by the U.S. Geological Survey in cooperation with the U.S. Army
Corps of Engineers. It provides information about the occurrence ,
quality, and variability of surface and ground waters in the region .

Previous Investigations

There have been no past water—resources studies of northeast North
Carolina which cover the entire area and all major aspects of hydrology .
Nevertheless , many useful studies have been done which cover parts of
the area or which relate to one or more aspects of its hydrology . Many
of these are reported by Lindskov (1973) in the form of an annotated
bibliography and will not be repeated here. Since then , several in-
vesti gations have added to knowledge of the hydrology of the area and
have been added to Selected References at the back of the report . The
North Carolina Water Resources Research Institute has recently completed
several studies of the effects of fertilizer nutrients on the waters of
the Coastal Plain [Gambrell and others (1974) ,  and Hobbie ( 1 9 7 4 ) ] .  The
North Carolina Department of Natural and Economic Resources has also
completed several important studies relating to ground—water use in the
Coas tal Plain [Peek and others (1972) , Nor th Carolina Groundwater
Sec tion (1974), and Peek and Nelson (1975)1. Finally , the U.S . Ceo—
logical Survey has recently published a preliminary report on the impact
of agr icu l tura l  developments on the hydrology of the Albemarle—Pamlico
region (Heath, 1975). The Geological Survey also has studied the
potent ia l  e f f e c t s  of channelization on the Creeping ’ Swamp watershed
(Winn er and Simmons , 1977) and is exp anding work on the stud y of the
hydrologic effects of land clearing in the Albemarle—Pamlico region.

PHYSICAL SETT ING

Nor theast North Carolina lies within the Coastal Plain Province as
d e scribed by Fenneman (1938). The average annual temperature is about
i,o ’ F ( 1” .b ” C ) ,  w i t h  a frost—free period usually lasting from late March
t ”  o arl v Novt’mber. The area includes all or parts of the 17 most north—
e ’,is te ’r n countie s i i i  North Carolina. The land generally is fla t and low
ly ing; muc h of it is swampy. In fact , almos t the entire area is less
than 25 ft above mean sea level. (See fi gure 2.) 01 the 8,930 mi ’

are a ot northeast North Carolina , about 2 ,400 mi~ is open wa ter in
sounds and estuaries.

The two largest bodies of water In the area are ALbemar le Sound and
Pamlico Sound , which are partly cut off from the ocean by the Outer
Banks . The three largest estuaries are those of the Neuse, Tar, and
Chowan Rivers. These are also three of the four largest rivers in the
area ; the other being the Roanoke River. None of these major rivers
origina tes within the study area , bu t they carry the drainage from
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1 • ‘j Ot ) f l i t ’  1 1 1 ( e )  the st u d y are-a. Lb ~ ~~ us t h e ’ m i t  c r i i ~i l  ~h t  i I i i ag~ ’ I l O n i
I’ , 100 mi c i t  lau d 5111- I a(’ t’ w i t h i n  t h e  l r e ’:t , makes  an CI  I c -ct lye eIratnag e~
- i t  (- , I o t  about ‘t • ~)Ot,) m i 

- ‘

Nt ’ I ’ I I i , ’ i  I N or iii  ‘~t u’o 1. m a  has O O V c ’ F , l  1 lar g e  t re’sltwa I c t ’  lake’s.
!~~ F t  1 lien 1. i i i  t o  r ’tua I ieiii  aboei t 1 he ’ ma jon ’ i i  ki ’s h I t  the a n’ ‘a I s  g i v e n  at  e r
Li i  t i l e ’ t’t ’j’ c ’l

1he ’re’ ~L t ’t~’ t h ir ee I11~I Ot aqen It el’s I I I  nior t heas 1. Nor t hi Caro i i  t ia— —a t i
lnp pe ’r aqu i t  e r e onis 1st ing pr 1mar 1 1 V 01 ; , i i i c is  and c 1 a\’ s , a in [dd i t ’ I irni_’—
Stone’ ~tqtn i Icr , and a lower aqui I et’ coIls 1st lug of CCIIiI J)  t e ’x l y  iu t t ’i’t~cetdcd
l a v e ’t o  c c l  sand , s i l t , s ha l e , 1 lme ’S( OI l c ’ , and dei l om i te’ .

Fl it ’ e-hl em i e’a1 qua! liv ot the  I r esl i  s t i t ’ t  ,tce ’ W a t  ~~t ’ ’I 01 11011  h i c ’j~~t Nt ’ t ’ t  i i
t a  Fcc  I i iia i s generally good where It is not m ixed w i t  Ii s’ twa t ci ’ . It d~’,’
1101 e O f l t j t l i  01) e et i o n ab l c  a m o u n t s  ~ t a ll y  ci isS cllVeel iii iii ’t ’a I t ’ c ’ i i O t  t I &i , ’ l i t  0
OXc ’ ch I t  t ha t  501111’ st r eams d r a i n i n g  t he’ i l e a  ~fl wh I cii t li e ’ ( ‘,ts  I I ~ 11 ,1 V O c ’
1. tint -st O I l , ’ is  ne’ar land sun ace’ c’otita Ui moeler,it e l  V 11a1 1 W . I I e r tiui ’ I t t ~
p er  [oti S o t  low I low . The only unde ’s I t a b  I e chat’ac t ci I ot  Ic cc t t l ie ’ I i  colt

e’i’ o 01 niOr t la’as ( Nor iii Carolina is l i t _ i t  Wa I c  r O F t  I ne c! I t ’e’m 0\s ’ , I l i tlc \

a l ’c’as m .iV be colored. Th is is not  a pt’ O h ) i e ’fil t t ’ t ’ dt’ h i i k i t i , ’, 1~~c~ ’ ; , ’o , bu t
, t b c c v c ’ _ ‘ t l— ,’+ I,) un i l is . it nnay stain launid i’y, p~ ptM. • e t c .

‘ t h e ’ cliemie’ai qua ! itv o( ground w i t c i  is h i ghl y ~‘ai’ i ,t lchc - . \~. 1( c i
I l oin t h e  up p e - r  aqu II, ci’ i s  ge’iieral I \‘ I OW ~Ii di ssoi \‘e’cI 0, ’! I d O  • b u t  i i i  SOfl i e ’

tu,lv require- trc ’ati i ient t o t  .nc tO i t  v , I t o n , o n ’  tij t’diic’sc; . l~ i t c U  I I

t h e ’ I i me -I t c’Ut’ acien i t ’e’r ge’ni e ’ra 11 i s  ha n’ eI , Ii i g hi i i i  I ha I li t I t \‘ • . u i i d  I e’itcl
Ic )  I elt ’ltl Sc .1 Ic ’. J~

’ i nail v , w a t er  I I’ Olll I lie ’ c ) W c ’ t ’ aqti i t  e ’t , i~h tc I t ’ I U’Oht
0, e ’I I , ’ i , t  I i  V is sot I JIiII fle) fl ’— e’e) t’t’c’s lVi ’ s but U i l \ ’  ~‘ont _ i i i i  ob jet ’ I io1i~u l ’ l t ’

a n i o un i  ( 5  ot i t o t i , sod turn , and I 1 Ue)t i d c ’

h u t ’ 1:ccc log i e~~1 1 S t i i ’ c’ e ’~ ’ iii .t i n i t  a i t i s  ,i c L i t  , l — c ’O I I c~’t iou  net i~’ , ’ t k  iii i i t ’ i t  h i—
east N or th t , i t o I  itia and annual  lv  pub !  l O u t ’s i c c c c l ~~io  o t  ot t - cant di o,’huac c c ,
c ’~ ,’utud—w ,i let’ I cv,’ is , ~LIIJ ~ h ie ’iii i cal  , t i i ~i \ S c ’O o t  s i ll ’  1,1, ’,’ ,Allel g r e l u l l I d  i,’,t t e l

~‘ l i i i ~’ ot (he ’ i l i ( e ’L ’pt ’ e’t aL  b u s  hi III is r t ’il cl t’t , t t ’ c ’ base -ct  ‘i i  t iie~~e’ c i , i t  ,l

i i t s ’ i is~~i t c ii ~ c~I t h i s  ~i ,uta—c ’t c I lec t ion iit’ t W c l l ’k , I l ’ , ’ , ‘ c ’ i i t  a bite ’0 i i i  I i lidlShO\

I ‘I I , i i i e t  i i i  h at ci’ sec i i  o h s  1)1 ( I i i S l’ d’pot ’ I

11W nYu ~iwl ot: IC ci ci i-:

t h e ’ wal I ’ t ’ I ot t h e ’ c’ aL ’ L hl  a r ’  kept i i i  ~‘ o t u o t ~ I u i I  ci tc ’iil,it I O U  t o  c ’ t i ’t ’~~ V

I 1- 0111 ( l i e ’ ,I t 1 l i  0 O I I V  c’i’ts 1 i q  i i  10 wa I e’ 1’ Oil t he ’ ~~ n t  Ii ‘ 5 s u i t  I c ’ , ’ 1 0 v a pot  , IUch
hit’ ‘t I  I10I5 a t e  I La n ispc cI ted by w it t d s  t o 0 I I l c ’ t ’ 1 I ’ e ’ , I i I  w iic ’i~~’ I in’ w.i I ~- t’ I , ’ , I  j i i

t t ~,ic ht ,S t i l e ’ ~ tI I’t ace ’ as p 1 c c ’ I p i  ta t ion . C I  ,l\’ it V C i t c ’ i i  c ’a u s, ’s (It,’ I i c t uiti
w a t e r  t c ’ move’, oven land or enndei’grouiud , bac k I c’W it ’ ch I t i c - ‘‘, ‘ , ‘, l i t s  . Iii i ~-

e’ oust ant ~ I re -L I hat ton is known ,is I lie hi vdr c c I d c . Ic ’ t V , ’ he’ .

S
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‘I ’hie ’ amount of w a t e r  a’t- a l i ab l e  In any area at any I (me Is ~-~ c t t I i , ’ ll ccl
by the’ I nt  t I It ’ I I O ti s  01 t lie vat S ious e’otUpuflent 5 01 I he tivdr ,c log I ~ e V e ’ 1 ’  Iii
I t i , i  I ar ~ ’,i . lte ’c ’at1s( ~ c ’Ve ’F 1 otig pt - n ’ t oci s o I I t iiue • the un otnn i t  ot w,i t ,‘ I

St oi ’ t~d iii t lie ’ ,i n ~‘a Is a I tuic ’s t c ’ t ’i t i i  I an  I ;  ,t Il _ I t tI t ’J I wa t e’ n bud ge - I I c’ F

uc ’t ’Itieust N~ i’th t at ~‘l tua  c-an be’ clef  [ti ed ins i ng  ( lie ’ hydrolog ic ’ c ’Vc ’

St ,t I c ’c! i ii It ’ t itus 01 1 l i e ’ I o i l  owl h g c-qua I toni :

I F  f 1, — i” !’ I c l i ’

l~l 1c ’ F e ’

II-’ = tnt low or I t q u i d  wat  e ’t cut -n  l ug  the at ,‘a i n
s I r e _ t i n s  and t ltt’ oug ht ad J en  t f t - t

1’ pt-cc Ipi tat Ion or 1 1 e~t I tel W~~I t c’i’ i ’ l l  I ci ’ I itg t l i t ~
,i t e a  t lirougti the  at  tii c l S p h i t ’ I’ ,’ ,

El’ ev_ i pot ransp  i t - a t  I on 01’ wa t ~‘ t’ 1 • ‘~t ’t ’  I ng I hic ~ .11 e t
as vapot’,

OF out t’ low o t li quid wa t c ’t’ 1 c’av I h g  I lie ’ in ci
t h roug h streams and uqel It ci s

whi te -li s imp ly stated says  t ha t  w a t t -u e ’ i i t t i ’ j t i c ~ t h e ’  c i t , u  ici c ’c h u u , l  I t o  i,’a( ci
I ,,oiy lug t h e’ area .

iii cot  ima t ing a water budget t , c t  1 t i c ’ ~~
i.cl j t ’c’t ,ti ca only t host’

I , l c ’ (o r  s whose’ vat’ I at i, ct i s  at ’ ,- im p o r t a n t l i i  c ’ ,‘ii I t  ~c l h l  itc ~ I lie ’ amoui i  t c 1

w~i t ci’ ava t i _ t i ’  Ic c 1 t h e ’ at’ c-a tie ’e d he’ c o l t s  I de -i’ c’d . t h e ’ t i t  iso I ou  I t i  I lot,’
IF) .Itiel outflow (OF) consist o I ho (hi grc cunet w a t t - I  at id  o u t  I ,h’ t ’ w i t  c ’I -

Flit ’ amounts ol ground—water (ni l low ~I U c I  c h i t  I low have’ not be, n d~-t c ’ t  t ut i 11c c1

hu t , S I nc~ e’ the amount cc t ground water ,it ,ct e ’d I it t h e ’ c ’a t t ’ma ins t~~- I -
I lye lv const tnt , On Iv ( l i e ’ c h i t ’ t c 9 etle- e’ i c e ’ I wt ’, ’ ui  I lie ’ t Wc ’ , 01 c ’ i i , u i t c . t ’ In
ground - w i t  c’t’ st  c 1 t age ’ (_ \ t W) , 11t ’ t ’ cl hi’ c ’ c ’ iis  I clc ’t ,‘d .  ~io’;t 01 (lie ’ -cc ii l I c e
W ,i l e t ’  t i l l  I c-u , ’ _ itiel out I low ui t ’ i (‘h c n e ’ -ct ’nI c el I l l  l i i i ’ ,iv ~ ’i age - c ’I  1 1 , I l I l t i  ~i , ’ , i  h ‘

01 I t c ’ c , ! i W , i t  c’r t t t . t t  en tc ’rs t l~e ’ est 11.11 I i ’ - . I l i l c l t Ig hi ltt~l t ’ ’~ I t ’ t t~ i ~‘ . H i t s
wa ( en i’ c’St l I t  I t c i tit I’ i c c ’ I pIta lion I let t I i I I c ’e I  t -~ t ,le th i ’ p t  0 t ’ , ’ t , u  I

iSO • wh I h o  ~t ( 1  ~~1 y i t  a I I Iui l ’ c ’t 1 anc~e’ I 0 ( I 5  c l i c ’ucc  i t  n i  ‘p i t I i t  v i t ch  c ’,’ol ~‘s ’, \

e’t I l ie ’ t ’’ , ( t t , t L  i t ’ S  ch it1 ‘‘,‘iil ic l’I , I t  i s  I _ i t  ip’  1 ’ , - 1 sc h _ i t  c O  t t c 1tu t Ilt’ J ut c i  1 1 , 1 !

i u v cltc clelgv c d t h i e  , I n t ’ i .  I h i i i t~ I c ’t t ’~~ ,‘ i i l  I t i c  I i i u l c ’I I ¼ , d ’t • ‘ ‘ , c i t  ( t i c ’, I I  c O I l

I ’ l ’ c ’, ’ p i t i t  i on w i t  h i I Ii t I l t ’ ‘i  I c ~c ’ t i i  c -a c. I I I ‘~ I t i e ’ I u~ t c , I i i i  I I i , ’ ,t t , ‘ , u

w~i i c r  bud ge - t o .

(‘d u d  I dc i  t i c .  c c i i i  v t l i c ’~~c ’ c ’ c crnp c c i le ’ u i  I -
~ I h i  i t  ~‘i i i ’ l i t t I  • ‘ c~ ( I i i  i i  ( t i e ’ -~ 1 L I c h i ’

I i tOt , Vehtna t I o u  1 nut V tce u c - - ti , i  t e d

I’ I I  I E l I  ‘ ‘ t ~ ¼~
’
~
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whetS C P and F I’ t e’nua in t h e ’ s,enie’ .IS iii e ’cpi~u t  ion 1 and

— t tnn i e c t I tOSU i t  tu g  i i  c ’iIl 1’ 1 c ’ , ~1’ i t  ~t I t c ’ii
w I t h i n  tI l e’ ar ~’~c

.\ CW — c lu a t u g e ’ In gL’outtd—wa Ic ’ u sI o~ .t gi ’ , ci l i i , ’
t i l t  I t’i’ e’tte ’e’ bt’t wet -it gt ’ ou i i id — t. - . i t  t ’l’ i i i t  1 OW

.ittd gi’ouiid wa I e’ 1’ 00 11 low t iii ’ c’ti g lu  _ I q i n  i t  e’ t cc

Eac hi ot these  ~‘ letile’ti t S w i l l  be ’ d i S c ’ 11115c c! ( i i  t lie I o 1 lowing -c . ’ , I ( ot i s .

i’ re’~’ i p  i t _ c t ion

P I t  intia Ic ly , the supp ly o t wi tet ’  at ’ i I 1 at’ h e  t o  i i c ’t I hie ’as I N or  I hi L~,i t ,‘

I m a  is den Ive’d I ronu cLtrns csp he~r ic I’r t’c i p i t  at ion  . flit’ rne’au a t i t i t i a  1 ~c t  e ’
~ (p i t _ i t  ion t l1i~oLighc ce n t the’ _ t  i t ’ _ i I d  ab, ’ut I ‘c ~ in ~ i . d ’OSV ci I e~d 1 0 V - ‘ 1 i l i t t t ’

h i t s  rept-est’uts $ ‘ i) ¼~I~~ I - tn t ’  ) V I c ’i’ lOt , i i i i ’cli ,i at’ ci’ t c . e’ 01 ,t td c ’1l I S I t  ii —

lion gal b u s  ot  t l _ t t t t t . u 1 l  1’e’t \ ‘c.it I s’t~ I tic ’ Out I t t ’ . i i e ’ ,t  . F I u c ’ c~ t ’ t%’ t’IaOc ’

I tgut’e’s cati ‘c’. i tV  ~t’e’~1t Iv t ieb c.’e’\e ’t , t~O t h i  I i’Oi’tt 1 ” I . t c e  t c ~ i ’ l .t c ’ c ’ •ii’i J I i cOS t 1 11cc ’

t o  t t ine . As shown ott f i gure I , p t  ~‘c 
~i’ 

it at I on i ~t u i g t ’cc I i  e’fli .lt)Ot t t - iS i i i  t V I

or 5-4 1) tMg i I in t / v  t’ In  the not’ tttc ’t’fl pitt I cc I I lit ’ at  ,‘t t ~ . tb, ’ci t ‘n i i i  v u
or ‘)Si) (M~al /

‘ mi’ I !vr [it the souther n pat ’ I of the’ ~it’ e~t . Ft gut e’ .4

the e’xpcc ’ ted ~.l istr ibut [ott dl I totai .-mnual pt c~- [p it  at, ion over long
peri ods at Sec.’ Bern . N . t ’ . f lut ing Ve ’t V  dry  ~ears , pre’~ i p i t a t  iou  may be’
as low as 3) in and , in e~~t remeiv we t year s , ~as hi gh as S~ t i~~ r r ’~’ t p t —
t at i o n  f r equency  curves s imilar  to those ot I lgui’ t’ c o u l d  be t c ’I i

struc r ed for other stations in northeast North u’avolinit .

As shown on t igure 5 • the average pr oc  ip i t  at  ion in t h i s  pal S t ci (lie ’
state is distributed fairly evenly throughout  the Vea t ’. l ’l ic ’ av e ’t’ i ige ’
monthly prt’c ii i tat ion is u suti l Iv hi igt icr  dot’ t u g  J u l y  , August , and Se ’p—

t ember . In a g I Ve’tt v e’_ t t’ , tiowcv ~- r , any tiioiit Ii can be t’ i i  hi t ’ t ‘\e ’c’ c c cl i v~’ lv
wet Ot e’X~’e’SS i v e’ lv d ry .  ‘1~h~~ t’ pall eros 1i ’ e’ t vp t , ’ , t l  ,‘t  C hic ’ St nOv iFcOi

t h e  [itt oruta t Ion shown on I I gut t’S ~ — ‘ ciiiphi:i ~ I c ’ I let ’ V . 1 1  I at ’ i 1 i t  t i i i

t h e  amount of new water that i’e’aches t h e ’ .*it ’~i tronti V~~’ i t ’  t o  \‘e’.tt’ .
v~r tat tens will take on incrcis in~ S t  c~ti i t  t c’ i i i O t ’ .15 lc’t “ O I lS I dci  c.’h ia t
happens to hit ’ pre’c I p it at t ~‘ii Ol’t c’ t ’ i t  t e’.Ic ’ h t t ~ dl I an~t Si l t I ac’c’

1 t~
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Evapot raj~~p1ra t Ion

In northeast North Carolina evap otranspir a tion ave’r~ u g e s  S h Ou t  3’4 in

per year , and results in the return of roughl y two thirds of thu , rain-
fall back to the atmosphere. In heavily vegetated ,ur, ’ ,uc, , t~h icic include
much of the projec t area , evapotranspiratiori has I irst—c all on rainfall ,
and during periods when potential evapotrarispirati ont e - x , ’ t~~~’ d c ~ precipi-
tation there is effectively no water available to replt,’tiish t h e liquid
por tion of the hydrologic cycle. During the months of ‘- l v  ‘iccd June ,

evapotranspiration usually exceeds average rainfall (fig. 1). cd - j i g

such periods a moisture deficiency exists, at-id a part ot ’ the w:u tcr used ,
including both natural and man—made consuiuupt 1011 , rlust come I t  em St ~‘ r l u ’, e .

Generally, except in spring and earl y summer , ~‘r c c i p i t : ut i o u  ~x c , e - d ~
evapotranspiration . However , the minimum month ly prec i p i t u t  l o u t gra;’li on
f igure 6 shows that  evapotranspi rat ion  lo s s ’s  can exceed p r e c iri t~ i t  i o u

almost any month of the year . Conversely preci p i ta t i o t i  c~ iu  he t h e ’
higher of the two for any month .

Evapotranspiration losses tend to be much ~co t e L01 ’dSt .iIi t hc , udl r.iiil —
fa l l  from one year to the n e x t •  T h e r e f o r e , the l,irge v,ir i51iocl S iii
annual preci p itation result in s i g n i f i c a n t  d.i f ~-reutcc- - in the utount of
ra infa l l  available to replenish the wa te r  rcr ;~’v d I r om st o i ’age  to n, ’ ’ t

man ’s needs. Fi gure 7 shows t o t a l  p r ec [ p i t at  ion and cv~u p o t  r a u s s i r u t i o n ,
as calculated by T h o r n t h wai t e ’ s method (T lu or n t u w 1 i i t e ’ sits ~l , u t h u u ’ u
at New Bern for 1952—70. Dur ing  the wettest v e ,u r  ( 19 55)  r a i n t u l l  cx —
ceeded evapo transpira tion by 36.1 in .  However , Juu ’iu

~t the ’ d r i e s e  \c,Id

(1954) , precipi tation exceeded ev~ipo transp irition 1” ou~ v s.-- i n .
Volumewise this represents h 2 7  (M g a l / m 1 2 ) / v t ’  in  l9~~5 m d  i -4 b l’~ t c  i /
mi2)/yr in 1954, or a d i f f e r e n c e  of 481 ( N g , u l / m i ” ) / ” r  0 1  oxce ’ss i~u ’ cc ip’--

tation between the two years .  I f  t h e  e n t i re  ‘i’riod o t  ~‘re ~’i p i t at ~~ ’u
record (1872 to present) at New Bert-i is considered the min i lcur ;‘rccipi-
tation at New Bern was 35.3 in , in 1897 , which is 1 in less than tit e ’
maximum calculated evapotranspiration in l~I7 O.

The obvious imp licat ion is that , at lesst  f o r  ‘t ’;’iod;; l id ;  loin is
one year , li tt le or no net replenishment of water supp lies m a y  ceew in
the area. It is impractical to attempt to predict the likelihood ol
ouch conditions occurring, but the cumulative frequency curve of t i 1’,ur~’
4 indicates that precipitation as low as 3S in is not exi’e’cted to occur
more often than about once in 100 years on the average . l- ci uiv ,ile’nt
curves for both potential and actual evapotranspiration cal cu l ,u t c’d trom
c1~ iiato 1ogical data at New Bern , shown on f i g u r e  8 , indicate that theu ~’
is about a 3 percent chance that actual ev ap o tr a n sp ir~’c t i o n  h i  e qu a l  or
exceed 36 in during any one year .  Bec uu sc t!ter~’ is no i s su r, i n c e  t h u , i t

minimum precipitation and maximum e vap ot r a n s p i rat i o n  wi l l  oc, ’ur slmul-
taneous ly, it is not possible to predict the lr e~ ucac\- ot sit annual
moisture deficiency, but it is expected to be less  f r e ’quttnt t han ouuce
each 100 years on the average .

13
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Figure 6.——Max imum , average , and minimum monthl y p rec ip i t a t ion  and
calculated average evapotranspiration at Elizabeth City , N.C.,
1931—60.
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Figure 7.——Annual precipitation and calculated evapotranspiration
at New Bern , N . C . ,  1952 — 70 .
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t i  ~
,- e ‘ W , i t  on ’ R u u u , ~ I I -

m I i e ’ 0 1 t lii ’ ins o t  ~‘S ~ dc tn t  p i e ’ s  eu ( kn ow i c C l  i ’s’ of t he hydrologic sys I emtm
t n t  noi t l i c .u : -; I e l ’tn N u t  ii t ’atoi t u t u 1:: I t t t  ~e d l~~t ’m ’t l uto r inui t b i t  cont’erning
sti r i  ,u5e—u,’,ll e’r l’i~it0I I , ‘ t u , u l , I L ’ t , ’l bct  i t ’ s. h:i : : i u c -:i ’ nu.u I o n ’  r i vet ’ s i r e  t i . h n l
suid t io u u-  I ida l  u t  1 , 1 1 1 1 : ,  S i c ’ scs i I l  nut  Iu,u ~’~ h i  t t  he d , h 0 ~)e , it L ’S not  pus i4 i —
h le to tut ecus ut t ’ st t , ’ , I l u u l  I ow by , , ‘uI v , ’ u i t  1011, 1 1 t cc l i i i  t cpu ’ s . l i i , - u n a j on ’  t - i v er
eh:ititichs a t  e drown ed  nc ’muuuu uts ot  as, I t - t i l  t I t e n  vs I I ey s c u t  when s,’:u
I i ’V O l  WI t S I O W e ’i than it ,t s  i t  p I e ’ s c ’u t  , .uid I l u c y . i t - ’ - u p a b l e  ot  I r a t i o —
p or t  tug  tutuc Li g mu’ ,u tel ’ qnu; ttt t t t !~ -

~~ o u- . I I  01 (lua u p n s ~-u t lu r ou gl i  t heni now .
‘u m ec- cuu l t • u e i  s~~,uw,ti ~ l I ~~~ Iii  t h ~- I~; 

~~~~~ C O  1 V S1UI ’ e l d - , h d .nt u h , ltve’r
sho r t  per i o , 1 — :  01 t h u t ’ , ( hi , ’ c u t  , ‘ct b c  ot I l. ’u’ c i v  I i  c u t o u t  I c r ’  I~ . u c ’ s 1c o I t d c ( ’
to w i n d s  eu oc - c’,un t hL ’s . tPuc , i I h e r  o t t  , - cP u ’ . , I t  lc - u c t  In t h u ,  liii i t  l o t  01
( u -  ,ir ,’,u , nu u v n o t  he u p p n , -~- t , c h c l v  i l l , - , ted i c \ -  t i d ,  u l  hc , uc ’ i~;s , i 1  c t , l o u t  t Lie
s i  op c ’s ol  t h~- i i ’ ~

- h i : n n i t i e  I s  .nn  e : 0  I or C I i . i f , , it  l u c  - r h . : -  , c - I o~’ i t  ,‘:: i i i
C te nt Sri, i o u ’  low t o  tii , ’ , u O i u U i ’ .

‘h ’ huc r e  , i t e ’ , tu cte ’c”.’ , i  , I W c ’  0 5 - I  1usd: -  f o u  c c l  t a u t  i n ’ , t h e  ,d ndou u t tt cu t o t t  cuitit—

t i o w  on ’ runoi t t ’ e ’:uuul t ing t m ’ - ,: p n c ’ c - I p u t t j~~ii uj t l i i i i  t h u s , t d c ’.u. Oume i s  t O
t S S t u I l u ,  t h a t  t a l i i [ i1 I - u i ,uc io t I i c ’ L i t  15110 5 e v , ’ l op ed  t o t  g a g i n g  s t a t  Ion s  un i t
t h e  western per tme ’t  11 ’  S~

)
~

) Iv  I h u t  u~’, I u , u u (  I lie i i  c i .  Sm n ’t ’ :nn u t h o w  sl u t  l o t  I , - :;
d c v, ’ hccpt ’J in t h i s  n h u l u u ~- r a t , ’ I ’  s - u u t  i ’,I  l i t  I I  t a t  e u  ‘ c l  ion . t h e  m o l e  ot
ot I ,‘ ,n u i t  l ou’ In C i t e  c l o u d ;  , u i ’ ( ’ , i j  w a t e r  h u t o l s , ’t  - n t  to ’  ~: ,u h c - uu l , i t c ’d u s i n g  aVi V- -

,nec’ precipitat ion ci :  ~~~ i u i .  iii c ’qu u ,u t ~~~ ~ ,uui,I the’ dun ’u i t  ion i t t  v t - s  t o t
pot ~‘n ( 1.11 ,‘v~I 1c ot r au i sp I n u t  Ion ( I  I S , . . Flu us h i s  bcc ’i i  c l o t i , ’ on I i gu t ’ e - ‘I
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wit ich 8hows the t requency wit Ii whi I cli .ttiuiU.I 1 St  t eatt t l  low , cmlio w t i  c u s  n Ine) t f
In inches , may be expec ted  to  t ie c : c I t u ~ u I to ot’ Ii ’s:; t lnuu t ,‘eu ’t -u in  vci l u t e ’ :; .

I t  is scent tha t , us ing  potent j u t  I e ’Vcu l )ot t i t u o p  I i t t  l o ut vs l ines , t h u  t -:;t i —

mated annual rutnot’ t oquuu Is about 1 ~‘ Liulyi ’  , wit I c l i  Is i’4u1 9 ’. l t  1 v ‘)4 pc t ’et ’tu I
cut the p r e c i p i t  ;l t  ion that Is 1~- l t a l t e r  t h u c ’ dc ’t iu.t tid s o t evln h uo t I u L u s h i l —

ra ttont arc met.

Ground—Wa I t’i’ t _ c ’uu C i ’ I bu t  I cii i  t o  Ri u no  I I

All o I nor thieastei’n Nort hi C i  t o  I m c i  Is under  Lu i Ii by a sc ’ V I i t s  c i t

sediment :nrv rocks ruing ing iii total th tcknecms frotu ~u boct t ‘~e 0 ( )  I eel i t t  I hit ’
nor thwea t e r n  p a r t  t o 10,000 I t  i t  C u 1’ i’ list’ t e ras .  A port I ci i i  ot  t hu e ’
prec ip it a t  iott [a I I iuig on th e cu r  c,u pCt ’ So L i t  c - c; t h t t ’ou~~hi L i i i ’ so I I  • and ,
he low .u certain lc’ve 1 , I i l l s  the’ h)ei’t’~ be tween t hu e gr.i u n ;  is I I lie ~ed I —

ment s  . The de p thi cu t wlu Ic Ii t he soil intents bee onto i’ si t up let c’ lv o u t  u n ’ c i t  c’ uI I : ;

ca l led the wa ter table ( I  I c ’ . 10) , arid w1it or can he w i  thud r.uwn I t’om we ’ h o
cotnp le ted be I ow this dep thu . Th e un uto un t t hut t e’ SU iii ’ w i t  lid r awn c l eju ends
pu im~ut - liv upon t hie thu ickniess ot t i tu ’ ~ ,u t u r a t  ~ei scsi im ’ti I s cund t h ic ’ c - i::, -

with wit I cli w at e r  cciii move t h u r c n t g hu t hue pores. Flue ’ w i t  c i ’  C _ th u le i t : ; , ’ h i  ~~
t r e ’e t o  i’ iso such [;il I w i t h  pu - ot’~n I i  i ng  condit I c u t iS  • ci uid m;iv r , t t p ’ . - I 1 501

lau d s u r f a c e - to a dept h ot about 10 £~ below latid ~un’ I Ic ’ t ’ Ot ’ t’t ’ 0h ’Sl  ‘ ‘ I

the ,u r ea  . in deepe r  .‘cu n e c c w;ttc-l’ may bec ’otite cut  i’~tpped bt ’ u u c , u t  I t t i ‘ h u t
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laye rs of c I c i y  or s i l t  and be ceuni iuie ’d under pressure .  Water  leve ls in
wet  I s  p en et r a t  ing these pressur  Ized c~otuos mciv r i se  anywhere f rom a few
t e e t  above the  bottom oi the conf h u n g  bed to several feet above land
suit’ lace ’ ; but in cit her c’ l is c’ sue Ii wells ,in’ 0 e~a II ccl artesian we lls.

Mov emenu t cu t  wat er und ci’ gr ounud Is veiv muu~ ii slower t han moVt’Inelu
over the  s u r f ac e .  Even In t h e  deeper .icju (I c-n’S • however , w a t e r  is in
c-onus  t a u t  m o t  ion and , throughu var touts n- out  L’s , is nuuk I tug i t s  way t o  t i l e ’
sea .  it is estim a t ed that the total ret-h at- ge to  the water  t a b l e ’ ; I V I ~ I~~
.iges about 11 in , ot’ 190 (t1gci i/nut ’ l / vi - . l’ i i c i t ’ t li~i t  ura 1 ceunel it Ions utiuc u ui
10 in of t li t s recharge ’ rap idly seelut ;  h u t  o I IOS  i-b~’ st t t ’a ttis siid ci rat  lun ge-
o tianne is and te’.uvt’s the are-a as bzise- n u u t i c i t  I

An add it i onua I amount 01 Wa tO t ’ 0111 ,1: ; ~iiicl I t ’av t ’o t h e  a t  , ‘~ i widet
ground  as g r o u n d — w a t e r  h u t  low and on It low . At pn’e’se~~i t  • t liet’c I S i to  W,i V

of direc t iv  est  ima t tug the tmiagn It tide u t  e I t  lien c’t c ’tlI t et -’W,I I i i ’  l i i i  low or
out I low , but  I t Is possib Ic to inuc 1 tide’ t tue nt i i i  I hu e’ a u’~-a I Wa t or tinud gi’ t . i : ;

11w excess  cut o u t f l o w  ovt-r jul low (AGW ~ ,l:c c’c u h c ’tila ted I i- on ec~u u _ i t  t on —
‘

‘l’he’ result lug v a l u e  is 1 In on 17 .4  I, M ga I lint’ ) / v r .

Ane . i l  Water iiuIci ~~( ’t

A :;c ’h ie ’i tncl t  I c i’e- pre’st’tit at (ciii ot  C i t e  op e t  u t ion ~‘t ( lie ’ hi~’~1 i o l o c u s  ~‘vc  t o
ci non ’ t iut - .ms I c~rn  No r  t t i  t_ ’ , t i’ c u 1 ins  is  shown cu t i  I I g u u l t ’ 11 - I i i , ’ u t u i n t l u , - t : ;  ins ect
0 e’ c i tc u p l i e  I lie Illustration a t e ’ est  i n s t  e~S , suud t i~’ cIe ’~,nc ’ t ’ ot h i l t ’, I : ;  ( c i i i  I : ;

( m i) I [eel t b *  t Weuu Id , f or exa mpl e, allow t h e  exa,’ t ‘S0~~ _ I t  a t  I out 01 I i i i  c i I
ground—water ott U I ow I ron the o tlie’r c’oum tp onit -u it s ot C i t e ’ e V e ’ It ’ - l et a lI t c u t

t h e ’ i’ euuuponutt fl t s sue Ii as pr t ’c [ p I t  a t  ion and di  t n t - an t  I ow hncit ’  c t i ee ’uu mu ’.n so it - el
di i c ’c’ t I v i t t  pa i t : ;  ot the at c’S; and ot t i e r s  • suit -It as c -vs t° t rans pIn~ut I on
over h .ntid i’n i n u o t  I • snid ground—wa ten - runto  I t  We ’t ’ e ~‘a 1, - ni h a t e d  us ( tug  ge ’ui e - i a  11
, le ’ c ’ ept eel met  h o d ’S . I’lit ’t’ represent t tie’ Lu, ’:; t 0 t  I e ’l ’  t 110W P~u’S’S 1b h - at
e’stah l isitin i g t h e  g ross  ~n r e a l  w c u t e n ’  luuucl gt ’t  t h t . n t  i s  has I c ’ t~~’ ~i t . i t t n i i m t g  I n u l  I
cle ’ve-lopmeuu t ot t h e ’ w .ut e’F t e ’ S ci u u l c t ’s 01 ( lie ~u i’ e’.l

t’he~ o u t  v s i gii  I t I c’ant p ci i t  I ott i ,u t t h e’ 1 c i t  a I w~n 1 01 1 e’Sc ’il u S e -s c ’ I t Ito
i n  es un i :.:; I rig I row lii i s p Ic tu r eu  IS WS ten dl I ot eel i i i  o u t  t i , u  ~

- ,- r’.i t c i  to~ l
,m t icl I Vu tlltel e-rgt ’ouiuue( t’ t ’se -u’ vol rs . Sor t  ac - i ’ — v a t  ci’ st ot . u c s ’ , v i i i  I , ’ ( i  ‘nionudc inicc
~~ - pi’~ h~lhl ~‘ ~0t :;u t~ u ~~ ic~in t  insot  ar , t s  w , u t  i l  c up p  Iv u s  ,c ’uu , o n u n c’d l’e’c’dtn Se’

mo st c i i  I t  I : ,  i i i  -sttl.lr (es u iuiel stuitti ds , wliL’Ii , l l ~~ :; , t  I i i .  A~I~l i t  uo i t a t h ’~’
c here is ,u t’i,~ h .i t lye’ l v  smal l  amount c u t I n’ t ’shiwa t e n -  t c’u ’ ecl i t i na i t u t a l  I . ik ~’
its’ m’iv he s i gu i t  I e- a u u t  t or h euca 1 supp lit ’s hun t t ito I t o  I l i t ’ ,‘t’ t ’ I ,t  h I wa t 01

. 1 bud get . G I’ ouumu d—w ~i 1 e’r st curag e’ is ~i l sc u t i’ontuetud,uuns , , i  u~ l w it t t ic  , I t : , c  cm: , - c c c l
quati t [ta il Vt ’ It- [Ii I at et’ soc t Ions d&’ve u ted to i ntl iv  (du nn 1 ciq t i  i t  t ’ I ’” t’  ‘St  ~-uit: ;

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘ - ~~ -— -‘-_rn—~~~~~~~ ’~~~-— -— — - —~~~-— —~~~--~~~~~~~~~~~- --
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Figure iL——The components of the hydrologic cy cle in nort h east
North Carolina .
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Figure Ii a I s c i  t I lust t s t  ~-s the u u t t t t  ~
h , ’~t0tie tc ’ut , )? c i t  , i ’u I  . u ” ~ ’, ’ - I i . I

the a rea I ea ter hi:cI y,t’t , and s h , ’,u c iv :;uu,~c~e ’o( (lis t , w h e t  Lutaut a i t t ’t l i ce
n a t u r a l  opet’at  i~~u u o I  t l m t  e t c  i t ’ i c y  1 , u u c ’ c ’ w i t  hu~u i ,uwat :, cit watt -I , lie meust
consider ti u e ov cr .u  I 1 cc i t t d i e ’ c j t l t ’ I t c ’ L ‘ c - ; .~~~~~ h u e ’ c ’iic n u t ia  It t i _ t i c  I e~ pa rt c i t  t t ic -
e’yclt - is  t ot _ i l pn’e’ c ’ [pit _ ut i c iuu , wh u t e h t  e t i u i t f e i l~ Cite- .umetu !it c i t  new Wa le!

e n t e rin g  t h e  ar ~ ’a , dUel , tho ugh i t  v , i t  It ’s gn c-at l v  t reu m year to vt- al ,
beyond man ’ c- c c c u t u a i u  ii it V to 1 t I  I I i t e ’ t i c ’ e ’ 5 i ginl I ioa n t l v  at l’t’e Sttu t ‘Ft t t

~t’c~ iiid most C t’tfl I t’ St - C  P ctt ’ t I:; e ’ v c m p c ’ t ran apirat ioiu wit it’ll h a s  I i r s  t c ’.t 11
on pr e - ft it c i t  Ion stud , Ju t r t r i g i i i  V t c ’~ i V S  , c onsumes it a t I tie- expense of
other parts cut the ct’s he ’. It i c-c P o ss i b l e  to reducer evapotranspirat b i t
by re’tnov t ri g dc’e’ p—  t o o t  c’d ve’ge ’t ~i t  ott  and d r a st  ica I i  y I ower I ri g t l~e~ w~ t e- r —

t ab le ’ o t  s l t , u  I Low ~tqu t i e r : ;  l iv  c u t  cli m u g  or a real pump ing of stia l low ground
wci tt-r ‘l’huesc pu ~~u c I i s  ~~~~~~ I sue t’ , - t , uttay lt avc- far— reac hing et  f ee t a on the
c O d  i O i Y \’ 0 C Cl ue , j i , ’,u . Whi I I c ’ t Iuc ’:;c ’ o t t  ~‘c t s  m i ght  be t o l e r a b l e , c a r e f u l
c- c t  u u c l ’i’ o t h c ’itt is adv i sable be’ I O c t  the lurac ’ 1 Ices are- allowed t o  eic ’our
w t d c s p r e ’ cu d .

l , u r c ~c ’— se ’a lo ~‘uutup iii; ; c ’t  ~ r c ’it u ue I — w cu  c~r i row t i n e  deeper zones ( I  j u te—
st  onto ,u I t c h  1 ov’er _ nc l c n i t ~- i s )  t c’uuds t o I ui d t u c e’ nmi re recharge to these zones
which must i’Ve ’li t u i , i I  Iv he ’ , t t  ( i c e  e ’ X I ’ :’uu SC ot oIli er par ts  of the hydrologic
O V O  I t ’.

~URFAC 1~ WA - l- I- ;R

Desp ~ t e the ctb i,iti~i,unc c~ c -it stint ~uc - wat er it -i Nor theas t  N o r t h  Ca r o l i n a ,
there i s far h e ’s’S d i r e c t j t u i c u r u u c , m t  lout  concerning the f low charac t e r i s t i c s
si c- c trecum s in Cli is ,ut ’~-s t Iu a u u I or itt’,’ either par t of the state. This lack
si informa t ion is p~u t ’ t i v  a r e s u l t  of the fac t tha t low stream slopes and
t ida I I n f l  tu nic ’ c’ make ’ t ne ; i suu t ’ cm eiut  , i f  st rea nu f low by convent tona l tech-
ni ques Impossible , and tluis SFe ’,l h i~ s , the re fore - , been largel y ignored In
h ,uc - ; ic - —d at .1 c o l i c ’s t ion programs . E [ow data have been c o l l e c t e d  at
c l 1 u I t F c ) X i i i t ~u I c ’ Iv 100 s i t  c ’s ott suns 11 c - c t  reams iii the  proj ect  ares 1, 11g.  1 .~)
~‘it C a C m o s t  c l i  t itc ’Se’ Ott t y  a few icc , ’ -ms ur ent cnt s were made and these c ut  ver y
low 1 I e u w : ;  . c~~iu i C I ti UcitiS I low r c- c ’ o u d s  have be euu c o l le c t e d  c ut eun lv seven

- - I ct e , i t  i cuns  w i thi in t h e’ ~t i t ’ ,i . A l  1 of these l i t ’ in t h e  high er aL’ c- .is west  cu t
t t u c  1’;mm l i c c i  ,‘:u’ ,u rpcute ’nt , scu d t lie de gree to wti ich these dat a a re c’harac
t e r  t St IS c1 I the mitre ’ low- — I t - ing  O u t e r  Coastal Plain is not known .
R cc cu gn  1 1 us t i n e ’ c u u u c ’ t’ r 1.1 I i tt  v i ttVe ’ I ~cc- d , the data tha t s u r e ’ a v a i l a b l e  h ave
be ’ t ’ti ex t r~m p o l a t e d  t c ’  p r o v i d e  e s t i m a t e s  of the c h a r a c t e r i s t i c s  of su u r f a ~-c
w,iC c I c - ;  tluroughou m t the a r e ’ , u .  Th ese cha rac te r i s t i c s  are described in
f o l  low lu g Sc ’s t I ems of the u’cpor I

Al t i u e c u t c ~l i  I . i i c ~~c ’ t ’ st  uu u r  l os  ,it tcl  sout ids , t h a t mostl y di’s iii areas c it i t
side the p t - c ) c ’e u  at’e ’,u , don (us t c’ the topograp h y  of northeast North C;urcu —
liiu u , sitt’Luc ’c’ d t , i i n ~igc ’ o r i g i n a l  i t i g  within the a r c s  is most Important
ltu ~ c ui ,u r uc - ;  t he  ,ur ~-a I t i v d r o  l ogy  ( c c  c-oncerned . l~et a i l ed  maps show tha t
I t i l e - i  i i i  us ( c i ’ , m l cit ~ triage’ I : -  l c ’eecn ;p  I Ished by two dia l Inc I ly di t te t -ent
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£ C on t i nuous  recor d  s t a t i o n

• P~ rt , 0 l  r ecor d St a t i o n

o i 0 20 30 40 Mill S
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o ‘o 20 30 40 50 60 4i1 OMITECS

Figure 12.——Location of s t ream—gag ing sites in northeast North Carolina .
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sy s tems . It t  the’ wes t e rn  part o 1 thie are-s . when o land sur I ace I s  mon  -

titan .~ ‘u j
~~ aho vi ’ nut -alt sea level ( f i g .  ~ ‘I , (duo we l l  del Ined denel t’ I t  Ic ’

s t  t’e’sm St’ s t onu conmuon to t h e inner  ( ‘oas t,al P h a i t i  and I’ t edmont  t e’i ra ( I ts

i’tov ide’s t ‘i t’ d i s t  tuct  lv channeled sur [ ,t e t - runeu f t . Fart her e’cis t  , where
t h e ’ la t id  sti r l , I c ’ e ’ is less than 10 ft aheu ’e ttt e’afl sea level , the’ s t r e a m
sv st e n u  d [t t u i t i [ sh t e s  to a few shor t  channe -ls tha t tend tci d r a i n  perpen—
el ic’u I srI’,’ itito t he- larger rIvers atud sounds .  ‘l’tue number of miles  cut

natural stream channel per square mI le ol drainage area here is only a
sm_al I I t - act  lou ~ t that totinid fartluer iuulauud .

There- ar e two possible’ innp i [cit ions el I  t h i s  lack of a well—defin ed
e i r a i m i ~ige p at  t ern . The f i r s t  Is t h a t  th i ~-n’ - I s  r iot  ccnoug h u loca l  r u n o f f  t e c

r e q u I r e -  a n a t u r a l  dra i t iage sys tem 01 t h e ’ S5tt it ’ magt i i tude as t h a t  recl u I red
t ar t h t e r  i n l and . The gross a r tua l  wci t  en ’ budg et  ecluat tout  (e-quat  lout -~

shows t lhu t  t h i s  assumpt ion is tcncmlc l o on V I t  e’v u p o t  ransp i rat ion Is s e n t —
I Ic tent Iv gre -at or iii t h e c)UtCt’ t ’o,ts tal I’Iauni to cout ’Sun t tec niuchi ol  t h e
water that e 1 st’wliere be -ce ume’s s t r e amt  1 ow. ‘i’ t u t ’ c- ct ’ c’oci d P 0 5 5  [b i t ’ imp i i  —

c’st (cult is that thue ’ amount o t sun L ace ’ , im u t t t cige is c’octc- ; 1st cut  w I thu  w h a t
mit i gu t  he’ e’ xpec ted C rein th e~ amount 01 pr os  I p i t  .ut  Ion , hu t  the ’ u a t u  I t ’ 01’

t lie’ ruuu ot  I is el i  I t  erent ,  ( u t  the’ out o t C ’,’sc-; t ,u 1 t ’ Is in t rout t h a t  iii t lie’
m iter L’o,ist ~m 1 P1 aiji.

‘l’h ue e’X , u c ’ t t i _ u t  t i r e ’ ci t ( h u e ’ c i t c t  I nage ’ t c-, , to a degre e’ , spe~’u I ~it  I ‘c t ’ .

Visua l e u l u s t ’ u v , u t  [ cu ltS  i n d i ca t e  t h a t , duu t ’ i t i c ’, ~tet ’ iods c ’ t lue ’avy rci t t it al 1 , C ltu~
1 e’W t i . t t  urs  1 st  re _ m i t t s  expand t o  g l’c ’ .i t w I ~I t  hs and ;‘O’c’ e ’ r large at  sac -c  o I ( l ie ’
l and  sui t I s e e ’ u,- i  I_ lu w h a t  amounts  t o  s lue e ’t I h o w  st  ‘‘sw_ Imp d ia i t u _ i g e ’ .
B~ c’~~use’ ol t tue Vt ’ I V  l ow latu d ‘Si ec 1uCS , t it (c-i t 1 c ’,~ , ‘ , ‘tu: ;  I c - i  t ou t  Iv cl, ’e ’ c - c i to
r t ’,us Ii ‘c’~~ I Os i t  t es li i  gii enouu g lu  to cut We’l l  dt ’ t i ti ed st te ’ ,nnu chu an it i o l s , ext t i c
(ri p 1 , u c ’ C’s w i n -u ’ ,’ I mic l e’t i t  j o lt :;  iu u  shore’ I (t ie s ot  c - c - c Cu_ u I’ I c’s and scu uut d ~ ci I I ow

tie I I c ”,. C ci C , ‘) t c t’ I i t  r a t C ’ duct e’scapec I t’citit I_ h ut’ 1 citi cl mass .  (‘tnt ’ e I Icuc id f 1 c’ws
ii , u y , - suits (dod , ti l t ’ dra Inage  is ccuflt inutied (ui (die L ornu c it seepage’ I rout the’
swamps to  the’ slu , ’ t el I tie ~ 1taituie’ Is .  TIut’se ch~ tine’ h :; are’ ir iUr ich i t  t ech i ’ cfiu t ici tit 5
ot n t i s  I e’l it  S iicuuu ne’ is e , u t ’ V ect liv ereus ion c i t  ci t, m e ’ uluetu se’a lev e’ 1 was  muc’hi
l ower  than 11 i c - c now . ‘i’hto ir c~u p~i s i t v  C e ’ t r .ucis ~’~i t ’ t  ‘,s’j t c ’r i s  so gu e s t  iii
pt’eupe -it’ C [on to C i t e ’ auu oum i t I l u - i t  p re sen t  l v  5 c c -pc ;  I u t  c t iie’ut ~hit’ lug 1 c’~ ’— 1 low
PC ’ I Oil’S t t l c i t  net clc ’t . ’t i s  t re ’.im Vt’ los it  t es a r c ’ 1 00 how ~‘ i c e ’ me ’ cu s uu r o d  I’’,’ - -

c c ’tiVt ’tlt 1 c ’ c c , u  I t .‘~‘hi t t  ; que ’c - .

Ave i’a,~,~’ St o2tmi I o’.

i’1ci~ cut ’ iZ I t e l  c- c

Large t i ve’rs , I tue h ue1 iu t g  C i t e ’ Chuowauu , Rc ’a t u c ’Lo , l u  r , stici N et _iso R i  Vt ’ I S
c ’ c ’tl ’.’ e ’V I te-s hu w .iter t toni a t o t a l  ol t i o u t  I t -  _~c 1 , 00() cci i hut s Cite ’ pro ~t ’ e ’t
, i r e ’s. t h e  t o t  c i i  av e r a g e  h o w  of _ u l l  cl i  t he se ’ r i v e r c - ;  i s  1 ’ , SOt) i t  ‘I s
w h i c h  probsic Iv am c tnlu u t s  to about t h ree t lut e’s ac -c iuut ’ t i  c - c t  r e_ m I  low us or I g i—
t u a t e s  W i  t h u in tttt d t e ’ci it , se I t  -

— ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - .—~~~~~—-- —S--- ,~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~



N e i u u e ’ c i i  ( i t t ’ l i t _ I ,‘r l u  t’ , ’ l c - ,  h I J I c ’ i’ e ’t ’u t l~, u c , c , l  t,c- it i ii VI t i c  ~‘i  ,‘ ( t i  t I I

hun t I I ow i s  We i d e l  I h e ’d t o t  i’;~ I , ’ ‘~~~~ ‘ i l  c c i t t  c ’t  t l i e ’ .1 i i  I s  , - , t  t , - j  s it  I —

‘S i e l O  t i l t ’  1,r,i b e ’ , ’t  I i n u i t  s . t i c ’ ’ , .’ d a t a  I t sic ; I i t t , :ic~ c - c t c I , ’ ; , : ; ’ - t  c u :  s - ,t ~ ’ , ’ s i t
t’~iSt ’t  s t r e a i u i  h ave  he ’,’ii s i e l c u c ’ S c - c c ’ cl Ic - ;  ii ( 5 , 1151 c c ’ 

~~~~~ 
5c~

ttjl ,‘ til l Ic ’ , , t i i c l  I t t
tills tort ui c ’~u l i  ic e ’ Use’,1 C c ’ c ’ : ; I  i t tua t , ’ I l c ’w j i l t  ~c t i l e ’ St  , ‘ , i  . c ’:i  ,u  I c u p  1 , - u cc:

li _ i s i s . ,u ’c- e ’l ’~u ge ’ I i c ’’ ,, : ;  c ’I t a C l i i i  t tiac -~ i s  I h u ’ci uu gl u ~u I  I ,O t i l t ’ il i , i  Ic ’t t ( V o l  S I t ’

w i thu In tt~ur 
u_ ow I i tci l t s • r . l l i~~ ung I t c i ttu 0. c~it ( I  I uuu ( I s t  l i t , ’ ~s , i u u , c L i ’

R I  ‘ c c ’ r to 1 .O’i t. I t - 
-

- s) ,‘ttu I I c c i (lie ’ N c ’ c u c - ; e ’ R I V e ’ I . ht e ’ c - ; c  ~I l l  1 c ’ I 05, e ’ - - I i  e ’
lci u ’ c~e’ lv a t’e ’c - cti l t ot  c h i t  I c ’I, ’i ic ’ c ’c - i u uu u . u  I t u t _ u I I ,‘‘c’c ’I’ ti l e’ ‘ c _ m t  i , c i i c - ;  t t t - ~ ’ u
Itci siu t s . ( s t  s iu s t  t e l ’ t ’ e ’ t  ( c ccl: ; , iu c ’wevet’ , I 1, ’ ; ’ c ’ , i t t  t i l t ’  , ‘ c ’ I l c -~ i c l e ’ l  , m l ’  Iv I I , ’c :c
5Vt ’i’ , l ,~t ’ ‘c’ , i l  ~1cc-c . V i  s j t l e ’ c-. I “ - i t u  c - . i i c ’;s’ t 1 e ’cl C u c ’Iic ’ V eSSI V c c -~ t o t  , t t i l t t i . I  1 ,lVc ’I u s c ’
cli sc ’ huc u n’ge -s t~, c i  , - , h - I i  ,‘t I i t t ’ 1 o t u t  :c , u  c i i ’ i ( V e t s  . I i c ’’;, c i i t V , ’ ‘‘ d i e ’ t U I , ’ I l i e ’
p r c t b s h l  I i t t -  cu t (li e’ cit u i t u _ ul d isc - I u , i m  c~ c ’ itt ’ IIi ~~ c S h t t _ i I (c i c c i l i ’- ; :: t itan , ,u

S1’t ’c’ ( I  ( e e l  V~i h i l t ’ dtt u l ’ j u g  su i t  t- e ’,i u . t- im e’x c u u u p  Ic • t i t t ’ I t c ’ l i Ii - 1 ,  I’ c S I  V C I o t

Nc’n~~e’ R I  ‘cO t’ , Sl l c tW ti  t i l t  I I cc -~i i  I c ’ i n . ‘ l u ~ ’;s’5 t l t _ u t  i i i  su i t ’  o h , ’ c _ _ u t ’ ( l i t ’ p 1  , ‘h u _ u —
It I l i t  ‘c’ c i t the’ c u n nu ~u 1 Sit ’ t , t c ~ c ’ di 5s’l t _ t t ’ ,’, e ’ i’ c ’ I Sc ’, 1 c O O  I i u , i t i  0 . t, 1 I ‘ I :; ‘I ni t

i s  I j ’e’r t ’e’t l t  . ,- \ h s c i  I re in t p s i  c ’ 1’ , 1 lit ’ 1’r ; ’i ’ , i ! c i  h i t t ’  I h i t  ( t i c ’ l” ;~’ t . f  I I
c’Xc ’ e ’ t ’ cl 2 .  1 ( 1  t - ,‘ c -c I - tu~(~~ i n  . lt i v  S l l c ’ \‘ e ’ , u r  i c -i 1 p t ’t c s li t

l ’ l i eSe ’ d ( s c ’ i t , u t  p, ; t . u l u ’ ~~ l e ’ :; l o t  ucc , l  , S l  n t - c t  c - ; s i1~’s’ t h e ’ v , u u i , uhu i l i t ’ , -  , ‘I
iv e l  ,ic’,c’ n ,it  c u t s !  i t t  1 1 c ’;, s c~~i I u - c ’ cht ’c. ,u t en  l i i  1 s ( l i t ’ cc t h e 1  t , i  I c i  , i i i ’  Ic ’ -\ I

sSc ’ t  (t il t c h t ’ — s im s s t ’s , l t ’ t ’ l  ,i~~c ’ I i 5 ’~~:c c ’ i  S t  l c ’ , l : i :; 51 ( g i l l _ u I  i s p  s i t  c l i i  ( l i e ’ , u t e - ,u.

h u t  i ’ , h , \ u  c ’s S t  I c l u b

in Clue ’ , u l c  s ’ u u c c ’ c ’ I c l i i  c ’S I l u l l c ’ l  c c - I ,  i t  I ,‘t t c ’ O i l s ’ S I l l  i l i p  t i l e ’ \ - .11  I , ’ l i  : l i i
stml ’ l ,us.’ t u ,t u t, ’ I I ‘ i t t  t l i t u c ’ i i  c t  t h e’ I i  c _ i  • I lOW c ’ I i , i t , i ,  1 , 1  1 ‘1  i , ;  c ’ ,’,it  oti It’ ~‘, ‘
sc-c t t fli. l I t ’d I 1 0111 c i , i  t , u  c’ s ’ I l e , ’t  e ’ cl ,m I t h e ’ i l  p i u c ’t ’ el t ’t’ ,I I I , ~ u 1 c - ,  • I’ - ‘ I  p e t - i  0~I ’ c  , c

i ni.~ mc - ;  I c ’u u g ,is ~l V e ’,li ’ , C I i e ’~~, ’ c ’: ; I I u u l , m t  , - c-; , m I C l ’ r c ’h~1ic I v  v . i  I i d .  h , ’C,utlc - ; c ’

t ’’c ’ , u l ’ c ’ t  r~um is 1’ i V _ i t  i c ’t i i c - c  t . m  it ’It ’ 5 , ’t i : c I  s m u t  I t  c )ill t’ e ’, I t - I 0 t’,’ , i i  , i i l c i  ~ e i t _ u t - c - 1:’
st lmlI e ’tl I t to h~’ Sc ’tu’S t ~uti t 1, ’ l c ’c- ,b I t i c ’ c - c t  it ch ’ ,m t’ e’,u • t b o u t  . u u i u i u u , l  I i s o , ’ ‘ c i t  i

it iou~ sItoin let h u e ’ eie ’peuudc ’u ’c C U lu c , lt t  ‘c’~~U’ O t I, 1, 5515 ( i \  p i- C _ C  1 p i t  ~i I I i ’ll 1 1 pitl e’ 1

is ,m p l o t  c ’I  .u uiuiiu. u I rti tu~’ I I I c c i i l  I p _ u p  I I i t ’, ,~c t _ i  t u s i n S  i i i  • , ‘t  i c ’s I • t i u c ’

Pt - ,’ s e t  a re ’s stud a t i tu u i , u l  u - _ u  ( l i t . t i  I i .‘~ - s t  ,l ,~J ~u t  t i l t ’ \ , u t  ‘ c i , u  I ‘~ c - , u (  l i e u
SeI’ V l e t ’ ec - , l~~ t ’ I it ’. i l ’t ’St  t ’ t c ’i l  i l t d  ( V t  dims I s i t e .  t l u i - ’ c c i  I c i  , u t  (~~‘ u i  , S c ’ t  I I s  I e ’ lt I

~ ,‘t t i l t’ mc 1st Ic ’ttSti t p  i c -c i~ , ~~. ,uiucl s,’e ’lc - uO I - - :cilj’ j ’ s ’u I i u ~ u - c c - c i s c - p t  h’s I l i st
•lnnuht l l u t u o t  I s i l l  (c t ’ c ’c - c (  i c - c - c u 1 c c l  ~c v  c- m u l c t I Sc ’ I I u p .  , t t ’ c ’ i  . 1 5 s  , u i l u l i u . u  I c t  ~p’c ’ —

C lb l t l : ;~’ i t  , m t  j , t t i  I t c ’ uu u , t u i i i u c . u  1 i c ,,‘ t p  m t  ,u t i c o u  — F t  5(1 1 c I ‘ I c , - ; - : ’  i c - i c - n i l I I h u e ’1
, i s ’ t c ’SS t i l t ’ _ i l c ’ l  e ’ ’ S t  i t t L I t  e ’ cl I i c ’ill  ,u j u t  a I I , m t i , i  t lie ’ c ’ t i l  t’c ’ c ’ I I i, s l u t , ’ I -

- ,
sum 1st e c I  n u l l , ’ I I w I c - ;  s l u t ’s Le d i c - i  I i t , -, t m i u o , u c i l t  r e - cl t i c - u , - I I i t  I u V c  ~~1 . 111 51

s ts t  (ou t s  u s  St  t iO . i t’ ( t ie  c - ct n mj t ’  u t  ~‘~ u , : 1 , 1 %  ct i  l i e - p u p  i u u c ’ c - c t  i t  u , ‘u u ’ c  1u sd i l
I t ’ a s t  I i ‘c e ’ t’ ,- ,m I ,--, c ’ I , ‘e ’ s ’ t  S Su et c - ui, ’,i,curect n’nu tu c ’ t I I I , ‘ ilc - t i  e u - c -  I ‘ ; i c c - i l  —

I ’iu e — ‘c- _ n i i u c ’ :c , ‘t  c _ u  I c , ’ iii it ,~cl 511th i : c - , ’ , i : - l i l t ’d I tmu i c ’I I ie’ c t c ’ it c ’,ii I ’ ’ l , h ’ i l t  te ll -

F j pet i t ’ 1 ~
‘ c ’ S I t  _ i I .;~~‘ i c e ’ c i ’~, - 5t i~~ ~- , u i  ~tu n c ’ t ( , cs Is ’ I t  it I t ~‘, su  s c 5 c - c I  1 c c - c i t e ’ ( l i e ’

l~~m m u g t ’ i i i  v c _ _ u t  I t -  I l i l t , ’ I I - i- c ’ I c ’ x mnt p  I t ’ • I i p i l l  S -i c - c - i , ’i. ’ c- u t i u , c 1 1 l i e ’ I s i S  ,ul i c ’tu
a - y  

~~~~~ 
e’e u l t  c, ’ i i , i i t c ’e t l t ~~~t i ’ m c ’ ,’ i p i  t St  u _ c u t i t  N,’u, “~ ‘ i u i  1, 1  I I I ’s c p u _ t m  I I 0 St

Ic - -s t bai t  tO  in  I c ’ t _ i  s’, u t - c - i t  V _ ’, u t  . I i  c’, i u u ’ t’ 17 c- -. t u c ’Vc- . ( l u s t  ~ he ’u i t i t  u i t al 1 i c c
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Drainage area Is 2060 ml ” , B la c k wa t er  R. at Frankl in
3 — — — and Not toway  R .  at  Seb re ll

Drainage area is 2500 mi- at Chowan R at N . C . -Va .
— Sta te  l ine2 

-20~~~
0

I ::: ::: ________ ____I-- 
- i _ I O ~~~- Example: — ______ - - - - - -- - :

There is a 50 percent chanc e in any one - — — - - :
— year that the annual mean d ischarge w ill be 

- cl--i

- equal to or less than 080 ( ft 3/s ) / ml 2 ~~~~~~_

~~ O 3  I 1 m l I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

99 98 95 90 80 70 60 50 40 30 20 10 5 2 I
PROBABILITY , IN PERCENT

Figure 13. ——Fr equen cv curve of annual mean clisc-harg-~s , conih i u uc n t lou t  (/)

of ~1ackwat er River at Franklin , V ,u. , inc,1 N~~t t c ,’cw. ’,v R i v o r  ~~
nea r Sebrel l , Va. w

2 ‘ ‘
~~~

‘
~~~ -20 ~Drainage area is ~4 I 0  n u i ’  at S i t e ’

I)rainage arecu is 9300 lul I - u t  st udv boui~dar v

_ _ _ _ _  

I

t o  

I

99 98 95 90 80 70 60 50 40 30 20 0 5 2 I
PROBABILITY , IN PERCENT

Figure 14.——Frequenc y curve of anni ,tal tutea n chise - i t ~u r g e ’ c c l

Roanoke River at Roanoke Rapids , N. C .
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ANNUAL RUNOFF , IN N’ HIS

~ 1p t l r ~’ I .—“R ~’Lit lo~ c- c l cutunu~u I i’ u iul - ’ I I ut u p iriS ~; i t  c ’S l It t ’, l c - t  s i l l

N o t  t It ; I t ’s I i u t , i  I s atuut ’cua I (‘Is ’S I p I t , u  C i ot t  ,i I C l I e  : i s ’ , i t  ,‘ c - ; t  \ , i  I I i ’ l l _ u  I

~~t ’ , t t  her ~ t i  v i , ’ ,’ g u s t ’ .

40 in rennol I w t ii l’s uhot t t I i  i n .  i t  I c - c l  I c ’ie” - It s I n c - c c - c ,’ t t  w i  11  l’c ’ e ’ s; u i . l l

Ic -i cit Ie’’Ss t t u s u t  I l is  d-i c,’u i t  —y pt ’rc ’ e I u t  c c i  t l i t ’ \‘ ,‘, i t  ‘c- -

i t t  c ’i ’ c,i e ’ I  to C V I  l t u , u t  c’ ( l i t ’ ~~~ 5111 i i i  01  h u t  t , u  i l  ,‘,t -~ ; c - l  1, 1, ’ , ’ , I I , t i c - i , i p c ’

for produc ,’ j u g  i i c - c - .~~1’ le  ts’ , t t t ’t ’ s i u ~ip I i c ’s , c’c, ’iIic ’ L c l s c u, ’ I , , I p , ’ ~~i V , i t ’ i , I I  l O l l ’ S  111

run oft I o n  pe’r tc ’ c i ic i it or t  c - I  titan ‘t t’e’,ur I uet ’eled . A ll uu ti ,i I I’ I l I lc ’t  I wi ll
van ’ (‘ to rn t e s t  t o  t e l l , l i n t  ~-‘c ’ ,’ uu gI’ t ’ m t t ’n v _ I t i t t  I ’ll ’; ,‘c- ’ ,’t i t ’ i d  I i c u i c ’I  I 5\’ e ’t

per ictd_s c- i t  cia ; ’;  c - u  s’~’ c, ’k c--i . l” ’c’ c ’tu  t bough t i l e ’ Ii ’ C t . i g e ’ u’ u t l c -’ i t I t t_ u ” be ’ t’lI ’

t ire ! V aetcciu_i to I , ’ I ,4 s, I i t ’ll t lOt ’cl • X’t l t l O  I I I c--i I t S  I eV en  1 v c - tic-c t r i t int  Oct

tlurouugtuot u t ,m ve X _ i r , - in c- I I d c l ’ OX C ~‘1tJt’ d ~-i~~ t I - ‘s i ’ c -  t it u s  I I ‘c u i i  1” ,’ I , iu’  I c ’ ‘cc - ; t l u , u t t
sve’r u g e  V I  I t~ e- c  — i t  c - l I l t ’ , ’ l’~ i l i e te’ic u v e r _ i p , - lil, ’ l u t  hi l v t’ t t u t o i t I c- ct c - c - i  t c ’ , i c - ’ c -’ ’
wit It in t he  i - i r e ’ je ’c- ’t , I I  ~~~ lI c ’ l e iWt ’I I I s ’ws t t’tte l ( c - c c- ’s - , ’ i u u  ,, l t u u  i u p  t h ue ’  I _ i l  I
when (‘r oe ’ ip t t;U I sit Ic I ow , ,n~ I c ’v a l ’ ’ I  r a i u sp  i l - _ i t  l Ot t  1 s-c c c - c -  i t  e c - c t  I I
rt~ la t I Vt’ I v  It I gi i  . i i i  g u t ’ r I I s ’te’ c-i & ‘ s,’ s ’ i t  F l t t  w i t t  I e ’ u wht e ’tt c’\’.i pot t’ sit ‘c-p it ’ ~i I i s ’S

m,s ,t t _ i  to l i i i mum . l i l t ’ muotu t li l t’ vs I ues sh own ,ii ,‘ lc , i 5;  c ’sl ut I ’ e ’i I  s l u t  a c- - o il c ’s ’I cci
c , i t  g~u g ( i l g  s I lt  i c - ’i t  I I t , m t  51,’l )c ’ I , l  l i v  hI , l ~ ’ e ’ 1, - c c - c - c  t h u c i u t  t o n  i - c o n , ;  s I  ‘ ,‘u r t  i u t u l e ’tur ’c

record , ar id m ,t ’c ’ u i c ’t  he ’ c--i I i c ’t 1 t’ r epr e s e n  I u t  i ‘c’e oi  I s ’u i p  — t e rrn  , u v e ’ u ,i c c ’S

They e t c i , however , hi d  ic _ m t ,‘ the 51i’st’i i i  c-ce .t s c - s r , u l  i i i  i i i  ion; tb - i t mi- r u t  h e ’

expee’ t ed. Evt’ti ,mt ’cra  ~~‘ me it i  t h i  v vs I t ie’ c d c - ’ nc’t cut t i t ’ ,’ I v c - i c ’ I  I c - i c ’ I lte’ I I c- ’; ’

var i at  I c i I l ’S  thua t must I-ic _ u e ’ c’ O t t I l t  Oci t ’ , ’u • bc c ’ . i t us e ’ the’se ~- ,I l i l t ’S I ,‘l h i c ’u;e ’u it

the average d 1st-barg e Ion a p_ tn t I C I I  i , i u  mflo t t t  1 ,We’t ,i pi’ r I od ot cc eve i i i
ve,lrs  . 1)i-iv iotts Iv , as Is shown t i t  t he’ I ’ ir t ’c ip i t , i t  ts ’fl Stli \’ e’ic cOt I I gut’e’ I ’
any g iven month w II I be’ mine -h d r  i t’t sc -iou e ’ t ’ , ’ , u l  c-c t ltc un i t  1 5 Itt ot li, u V c ’ . i l S  .
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Figure 18.—’-Average annual runoff calcuiated from rainfall—runoff
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Low Flows

Major  Rivers

l’he eStini~n t o S of variations in average—annual discharges shown on
f igures  13—16 are u s e f u l  for evaluating general variations in fresh—
water  i n f l o w  in to  no r theas t  Nor th  Carol ina or into the es tuaries and
sounds; but, fo r most management purposes , flow chara cteristics that
migh t prevail over shorter periods are more Im p o r t a n t .  U sual ly  the most
c r i t i ca l  periods are those of prolonged low flow , when salinit ies in the
estuaries and sounds are likel y to be highest , and circulat ion and
flushing rates within these t ida l  waters  are at a minimum .

Low—flow charac teristics of major rivers entering the area may be
evaluated by use of low—flow frequency curves which show the probability
of flows being equal to or less than a given value for a specified
number of consecu tive days. Figures 20— 23 show low—flow frequency
curves for 7, 30, 60, 120, and 183 days for each of the four major
rivers. These curves are compiled from da ta gathered at the most down-
stream gaging station on each stream , excep t for the Chowan River which
is based upon combined [lows from Blackvater River at Franklin , Va., and
Nottoway River near Sebrell , Va. So that inf low from different areas
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may be compared on an equa l basi s , I low I r equen c’v dat , m c - t n ’ shown In
nh i t s ci I c~ub ic feet per s qwm re rn l i t ’ -

‘[‘here is a marked s imi t l i a r  I t  v i n  l ow— f 1 ow I r c ’c i i I c ’ t i c - ’ V (‘ SI I t i c - ’ ‘c i c - c t  - u I I
c - c t  t h e  r I vc-’rs t’xcep t the Roanoke , who t ’ i ’ n c - t I  im t ’c - m 1 I c- cw I I OW N .1 I c ’  , l l i g f l l e ’ I l  I cc1
by re I ease,i s f r o m  Ker r  Rose rv c c I r and Like ~as ton . li lt ’ ci I ~ ii  I t i c - j u i c e ’ c c - I

t h i s  l o w — f l o w  a u g m e n t a t i o n  is I I Iustr4ttc’d ic - v th ’ I a c t  t h a t  , u t  t I m e  10—
pe rcen t  p r o b ab i l  l i v  level  (occu r s  at  I n t e r v a l s  u v c ’t ’ . i g l n g  s i m u c- ’ e’ c c - d I V  I I )
vt-a rs ‘I , about 7’ percent ot the I l l - - d c - t v  I ow I I ciw to I he c -s t t i c - u  f e ’S m i  au,u d e
up ot t low t’t’oni the Roanoko R i  vc -r  Ic - us  In wh Ic - li c e l l is t i t  ill C’s ‘+1 5 d c c i  - - c - i t t c- i l

t he  t o t a l  drainage area .  ‘l ’i i is  i i i c - ’r c ’,u sed low f l o w  mcm v I l _ R e - i t u c - ’t ’ c ’c i c - - e ’ c-i t h e -

flushing c’ff i c -
j i c ’Ilc ’v of the  bra ckish surt , I c - c-’— w at er  s v s t c ’m , h u t  i c - - i t  I t t - i s’

Al beinar Ic Sound and it s tr i but ar ic -’s , b u t  has  probah 1 v c - i l so den ’ r e - i c - - c -c c - I  I I c - i ’
aver age  sa I in I v and t ended (c c- c- uu c- ;t’ suspended n u t m  I c - n t  s and o I ~~~I t i  l ’ s ’

( ic - i l 1 u t an t s  0 c-i he t r an spor  ted farther seaward hi’ I c c i ’ s’ t hey Sc ’ I I led to (hi ’
hot  torn .  Who t h or  t, Ii i s  may have d e t r i m e n t a l  of f e et  ci i i i  t lie I c’we r c-cocmu ds
and t r t h u t a r  ic c-s i s  ~~‘c- ’~~u I c - u t  i Vt ’ at t lit ’ moment .

Iutr .u—A r c’c -i Streams

To c ’ v u  I ua tc ’ t i i c ~ ‘ t i c ’ t’ c - ul c -I I it  r Ib u t ion  c - if f l ow in c- c - I t ’c’ c - I t 1I~; wh en s u m I —

I it’ it ’ I t t d c - I t  c- I a r e a c-t I  i I , t I i  l ’ s’ iiyi,lr o I c- i~~ i St  S 0 t t e t t  t I c-c - i ’ I low d c - u t : i  I hilt e t i t \ ’ c ’ n-i

These c - t l r v t -5 . lr e ’ deVt’lopeci by a r r a n g ing c u l l  ~if the dc -i l lv  d i s c - ’ i u I r g e c - n
.mvj i  i c - i h i c ’  c - it a st a t  i c - c -n in ascend lug order , and ec -~ lc - u l,iI lug t il e ’ ic - ’t’ —

,,‘ e ’ f l t  , i c c - ’ c--c- c- c t  cI ,m 5’s ~~ j i e ’ c t t  it ’d lOWS t,’c-~re equa 1 It ’d c - i t  c ’x ec’i’ded ‘l I m i t  , i t

~
‘, i s _ c - i l  d ischargi ’ was equal led or exceeded 95 pt i’ec ’Ii t ü I  t h e ’ c - I _ us’  , c-I i c - c--

c harge was lower than t ha t  v a l u e  5 pe rcen t  of the c-l ,uvs.

l i g u r ’t ’ .~-‘u shows the  range of d u rat  ic - c -u i  c-’ t u u ’ ’c- ’ c- ’s a t  , i l l  ~ ,u ~ ’, i t i ~ - , s t a t  i c - s i c - ;

in l i l t ’ s tudy  ar c -- c - i . ‘I’he lower boundary  represents ml n im imm di sc-- i i c t r ~~c - 1c - ’s ’u
squar e  mi le , and the upper boundary  r epr c ’sen ts  maximum d i s c h a r ge . The
spread between the  two b o u n d a r i e s  Is d ime in p a r t  t c-i the  d i l l  l c u I  t v In
d e t e r m i n i n g  a c c u r a t e  d ra inage  c-ireas in terra in of such low r e l i e f  and in
j i c - i r t  to d i f f e r e n c e s  in f l o w  c h a r a c t e r i s t i c s  among l i i i’ st r e an i s . ‘l’ Itt -r e

number of reasons why f low c h a r a c t e r  1st ics f or  c - i l l  St ream s c - I r e  t i s i t

m c i r i ’ n ea r l y  a l ike . Factors  such as slope at id sun .iec - ’ c - i l c - l r c - I c -’t ec -r of  h u e

d r c - i I n.ige basin , Stream—channe l citarac tot [c i t  i c ’s , depths to wh I cit c h a n n e l s
. tr e  en t renched  into  a q u i fe r s  t h a t  suppor t  base f l o w , l a t e r a l  and vc ’r t  i- ’
c - i l  w a t e r — t r a n s m i t t i n g  c i l , u r ; I c -’ ter  1st ic ’ci of the  aquf  f er s , and s-p t ’  and
, l r n c - iu n t  of Vt ’gc’ t a t  ion c c - i n  t r I but t u g  to eVap ot  r an sp  I r a t  Ion losses , c i i i

- - ‘ i  h t m l  t ’ t e c  t h e  v a r i a t i o ns  in f l o w  charac  her 1st i c --s among t h e  s t r eams .
:~~c- - I s ’ t i c - i t  enough jut orma t ic - in  :iv c-i liable to evaluate these t’ ac-’ tot’s fcir

‘je ’ Ii ‘ c - t i  c - I S . ,i m id I igu r e  ~
‘-. me rc’ l v  r ep resen t s  ranges In I lOW var I c - I t  ion to

he’ u ’x(ii ’c ’tc’eI j ut the , l U t ’c - l .

Som e,’ St reams l m , t v t ’ no I I ow I or si [gu t lv  more than 5 percent of the
day s, or 20 dc-IVs per v c -’ar on the  average , wit i le o thers  have been observed

I I
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to t’ec-ic’ti ,‘ e’ t i c- t low I ol ’ c - c - l i st  ( e u  pe i I odcc c i i  m i e c I u t  .m I I . \ c - c  e l i ’ S’ S c- S . c ’ ,1

lc-t tt’t’ In (lie r t ’I c -oc t  , l~it’ ge d i t t  t ’ l ., ’ i i c - ’ t ’c .  i t t  l i i i ’  ci I c c - I t  i I ’u t  t e ’ u u c - u t  I I - ~c-wc -

c’quiI 1 l ed c- c - i  c ’xe ’ et ’c - Ie ’ eI ;l lc - c iUt c - i  ( d c l c- t I l t  St  ( l i e ’ t l utul ’ ,i 1 0 1 c - I  c- ’ l i ~i l i  i s  c- ’ , i i u c - . e ’ el I c - s

Inc t’t’ase c -I I ’ ;uc - u e t low t’t’c - c - t il t lug t u , iu ic - ,u m II 1+ (,ui I v  s I e ’ s ’ ( n e ’ t l  I u i ~~ - . 1 l t ’~itl l

+c-’h.itut’i i’ i s  t i c - it’ i tiIp i’e ”Ic-’ tSl c-i l _ i  I t t t ~ c - ’

- - c - c u t I _ l e e ’ W _ t t  e t  1 i  e c - u i u i d -  W , t t  el Rt ’ I , i t  [c u t s

c-c-s lILt l o t  k e y  ( , c- suce’e’sci t c - il IIIaII .Ige tttou ( c c l t h e ’ %c’,It ci’ l’c’S c- c -iu i c - i ’s , c~ I l l s ’

+ S t u d y  a t c --a i - ;  ,u u u u t m i e i e i c - ; t a u u d  i c - t i - c- c- c - I  t u e  t ’ e i , m t  i c c - i t  lc - s~twe’eui citu I , i e ’ e ’ ‘,c-’ . m t  e t  . i t i e i

c -c - i ,ii uuist w,i ( c - i  , boc ’ , u u s e ’ ( c , i c - ’ e ’ I I c - cc - c -’ , c - I  t’ c ’ re ’t iI i  1,t I c - c t  m e ’.lflIS I c - i  c - i c - t i  Sc t . c- I I i c-sc -i

* c - u  c- ’ t t u i c l  c_c-- i t  ci se ’ s ’ ~~~~~~~~ l i i  t i c - i l l  ~i~c _ m c . t  Nc - c u  t Ii i ’ , u t c - c - I  i t t a  ( l ie ’ u e ’ l a t  Ic c -ui i s c c, ’

to t I c - c - c - .u( 0 C l i _ i t i t  Ic - i  Inu ~c -l ’ _ s c - t  ( c a l  t S ce i u ~ cc- j d e ’t  Sli t I , i e ’ e ’ 5,1 1 es m u d  c - , c - m c -c - t m n e l

ts’ ,I  I e ’l i t t  .1115’ l l t . i i t i i e ’ l  e~ ic - s e ’ I c t  _ i c - i  t c_ ee c- 1c 1 i,ic - ;s ’~ c - i l  ( l ie ’ S . I u U e ’ i c y - - I  c c- Ic - , I l I c - ’

ILl ( i i i  , u  I i.’,i C e m  t ,iti I c  I ‘c .11 ‘s c -i ’ tic - -a t  lau d cc- c - i t  I ac - c ’ I iit ’ cii,ug hu c c -c - t( t u t i t c -~ Ii c- c t  I tie ’

i t 5 , 1 .  S I l l _ I l l  c - c t  u e ’ .t uiu ~‘ l u , u u i u i e i c - ; , *.c’ iu t ’ t  5 ’ (Ii ~’s’ c c - c -, i c i t  - I t O  s ( t u l  I c - ’ c ; i i , I l  i c iI,~’ , and

u tuc c -c ; t ot t lie I i lue ’ t I c - c-is ’ i l l  I 110111 1 c - ;  111.1 ( 111 ,1 j I l l - c- s-I I 1 0111 c c - I c -it e e l  c_.’,It e l’ s o u l I I

l i i m ( e c - I  s ’ l i l t t  i v ( c ’ , t li t . ’ I 5 c - 1 c  (~~~W I c c ’1 t i l  ( l i i ’ tl l i l c - ,l’itie is t ae~ci l I c i  . Ic- c- c - t i c - c - c’

c l t u s ’ h I t  I ~
‘ .iui~’ t i i _ u ih t g e ’lilc ’ l i t  1 i t , t e ’ t  I c e ’ c c -  t i i . i t  , t I  t O O t  ( l ie ’ ic-’,u t 01 1 . t t i  I t ’ ic-’ , ’t t  Id  I c - c- ’

t e l I e ’e ’ ( e ’ c-i 1 I ( i I c - I l v  iii c - c - I  i c - _ t i n c- i t c c - e l t a t ’ c-’,e.

l i t s ’ 1c c- c - i  t i c - i l l  c- c - I  ( c - c t _ i l c i t  l c ’_ i c - c - i t I e c-W i tt _ u t c- ’ c- i m ult ’ c- c- I I c c -c - c - c - I l I e ’ c - u  , ‘t u u i , I  i s _ u t  c i

c- c - s - cc - I e ’lIi 111.1%’ t ie  , ‘ c- c t  t i c - i l l  c c - I  Ic - ’ ,- c - ; , ’ 1 c - ,i i m t  ( I t  t h e  c-I i c i c ’ h t . l l 1~ e ’ l t v c l u  , c c- ’ l  , u l c l c - c - - , c I  a

c c - I  I e ’ , i l c - c -  I I l l  S t i t t  c - c - i  , ‘ t t ~~c- l ‘sc’ l  I t ’ I s e c - l i t  I I ic - t i  t I oI l  I 5 c- t i u u i c - c - t  I , i u i c t  c- - c - - c t  I m u L l  I t u t t , ’I I

i t ~ i tu i t ~l — w , t t  em t c - In c -i t  I ic- I ’  c - i s l e t  c- tu j tu~~c-[ [ii,’ a I c - ’ , i t i  c- ’~,’, t _ t ~ ’li Sc-’i~’,ti , l t  I c - c- Il I c - c - I c _ i t  I c ( t e t ’

t I c - i ’d i c - s R , tc - ; c - c - u c - u c - ; c - c - e’li , i u c - I  c - \ c - l c I I  c ’ ,ISe ’Il I l c ) ’ cO , 1c~ ~c- - ( ‘ i t  I S  I c c - l u l l  I~~( I I e ’ 5’~~~S

t i c - i t ’d ( c - c- c ’ c - c l  . i t c - l I c - c - I t  .i I c ’ I , i (  i c - ill i c - c ’ I w e ’en c - u  , c - c - u t c - 5 I  c-,’,u( c c - I  I t i c - i c c - I  I i l l  ‘ i c , ’(c- i ltec -

Sus _ iu iu l i  iu t ’a I  V i i i ,  t ’ I - , ’i c- c 
— N c - c - i  l i i  c- , u u  , ‘ I t u u a . , u i u c - I  t i l e ’ , +S’ , ’ l  u s c - i ’ c - c - u  c- ’ c - c - u i s t  u,’ ,u t e l  l c ~’ , i

I i i  1 u.’ , l t  i i  ‘ I _ t i c - I c  c- c - I c - c -c - e t  s i t  t , c -c - c - c_ .’ s ’ I l  c - t . + lul l I i  s itu I l i e ’ s c - I c - i’ , ‘ c - c -  c_ I c c ’
~

c- c - t i c -’ u,- ,uc - c - c -~
c-

,,Iitt I u i c - ’c- I I t tuc ’s w lt e t i  , u l  I ( i t s ’ c - c - t i  e ’ , i t t c - I  I c - ic_ s t c - , c - c - i  c- c - i u c - i s t  s - I t  ‘ ‘ 1  c - I  I c - c s l u _ t I  ~‘c ’ . l i i i ’
I e l _ i t  I c c- It is c - c - l l ,i ’se’I l  I il I c - c - i l l  0 .,~ 

- i . I t ,i II ’ , m s ’ , t i c - c - c ’ c_, ’ , i  t o h  I , ‘ 5 i ’ I c - ,  i i i  i i i ’ c - s e ’ I I
W I,’I e~ p l c - i t  (eel , u c - c - , u  I n c - . (  t i l t ’ c l i i  I v  , I V e ’ l  , i c - ’, e ’ c - i l  hat ~, c ’ s c - I  t c- i s O  c - t i c -’, ‘ s - u c - c - q c -  , i I

I i c - - e s ;  c l i i i  I c - i c - c -  ic - c - I s c - I s , ’ i I ‘1’ 1 ( , c- c - - i ’1 t c - c - c - t I c s ’ i I ’ ~~*
’ _’ ~~ i c ’ ’ e ’~ l t t i c - c -  i i ‘ , e ’ - , t I t  C t i c ’

c - ; (  i e ’ , tuuc - ~- I c - i ’ut  I c - , t c - c - i ’ I I c - c-c -c - ,‘ c c uud i t  I ‘ c - c - c- 1 c -
~ e’,’.t t I ~‘d -

i ’l ie ’ I c i  , l C  I c - c - c - I  i i i  I I ~c - I l l  e ’ -
c - - c- i l l s ’S’ ’. i i c - ’w c- - i  s c - u u u t ’ s i  5 . 1 t e l  i t i u l e c - I  I I , ’ C t  s t ’ 1 c - t c - i 1 ’.

Sw_ umtuj c univ i ’s ’ i c - c t  t I l l _ i t  e e l  5 i~~ , i  1 1 , ‘ c ’l icI  i t  I c- c- ItS • t I l c - ’ i u i e l  I I c - c c -  ( c - c ’ I  I c c- s I c - c -  c _ s l i t - u i  c- ’ S e ’ I  —

i a u i ~i l umici t t i c - c -  ,u I c - c c - c s c- , ’ c - t I t t i c - i s ’, - t h e  c - I  , c - t I I i e l  1 , i (  e ’ I  I i t i i , c - I  I c- ’ e c -c - I1 1 ’, c - l i c ’II I c- c - I

‘.1 i e _ i u i i l I c c- c_ c-’ l i t  u i  
~

‘
~~

‘ l c -  t u g  Sc_ c - c - _ ic -l It ’ u c - c c - c -i u t i 1 i _ u t  c ’el is’ [ C li ( c - c - t m  I s i t  e t c - c - c - I  i c c-i, ,’ c c - I t

t i g i m i t - .‘ti .

P-,t cc - t ’ I low wsts . t t s s m (  ( i i  1c ~ -~ c - c - I l l  , c - I  ( l i e ’ I e i ( , i  I I I , c - c _,’ I c c - i  t h is ’ I c - e l  i c c- el

s l iow i i l i i  I (gore’ _c- (c- . ( ‘t ie  i ’ ) ,’ _c- W . t (  ( ‘ 1  \ ‘ e , il  c_,’ac -- e ’ I l s c - c - i c c - I l  I c - s ’ s , i l l c - i s ’ _ i I s e c - c - I  ,t , c - I

good ( ( t i _ I l  (iv a u t c l  c o O t  i i i u i t v  c_sc - I c c -  . i v , i  t i , u l c  l e .  ( ‘h i I c - c -  ‘s~’ , + c- c - . 111  i ’ c - s c s ’ p I  I c - c - c - I~ I h l s -

we ’ 1 s- e ’a t’ , (icc-w ove u , w i  i i i  ( lit’ ( c - c - I c-i l t’ c - t i c _ o t t  [is- - I ic _ g I t  ( i i  i c - c  e c- c-in1’.i u c - c - I  I ~ c- I I c_c -’
.15 c c - I  . igc- c c - I  tli c- iti t i i i  l i i . l ) t i t  l u g i i i O i e ’ u tc - ’t  u n i t  \ ‘ e ’ , i l c -~ ( lie ’ , u c - c - I , i l l t l (  c i t  s c - \ e ’t l , t i i c - I
t’ t i ( l c ’ It wc-c- tt iii tie I e c--I d , .i l ic - c -I I lie ( c - c t C O u t  .lc-c - s ’ s c - I  i c - , u c - - s c I I c - c c _ s ‘s,- , c- c - I  i c - i  l ’ s ’ It I cc-_ l i t ’

I I  
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A r t i f i c i a l  Drain a~c-e

A l t h o u g h  under  n a t u r a l  condit ions much of the p r o j ec t  area has no
weIl- c-I&’l (nod drainage system , man ’s stream— and land—management practices

c - c - 1u , m ve  r e s u l t e d  in a large percentage of the land s u r f a c e  having  e f f i c i e n t
dr .u ( u ia 1c-e  sy s t e m s . Many of the stream channels have been s t r a igh tened
and deepened (channel i zed)  to improve t h e i r  capac i ty  to carry  high
f l c c-ws . A l so , much ot the land has been c leared of n a t u r a l  vege t a t i on
and d i s s e ct ed  by a sy s tem of di tches desi gned to ‘improve s u r f a c e  drain-
age to  the  s t reams and lower the water  t a b l e  to make the swampy areas
su i t a b l e  [or  fc-irming.

Ai ’ t if ( c ’ lc - il  ch i an n e l iz at i o n  and d r a inage  hav e been assumed to si g—
n i f i c - . i n t l v  a l t e r  the nature  and amounts of over land  r u n o f f  in c-ocustal
areas ;  h u t  f e w  d a t c - t  have ye t  been compiled itt no r theas t  N o r t h  Carol ina
t i c- measure  t Iic’c - -c -e e f f e c t s .  At p resen t  the only means of e s t i m a t i n g  them
is by ~x 1r ap o l a t iu g ( low records f rom l oca t i ons  where da ta  are av a i l a b le

b c - c - t l i betore and after ch a n n el i z a t i on .  One such l ocat ion  is Ahoskie
Ci i-ok  near  Ahoskic- , N, C. , where  channe i i  zat  ion on the ma in s tem c - m d  some
ot  i t s  t r i h u t , i r i i ,-s was comple ted  in December 1962 . i)u ra t ion  curves  of
i - I , u (Iv d i s c ’l i c - t rgc ’ for  the 12—ve ctr period be fo r e  ch c -t n n e l i z a t i o n  ( 19 ’si l — b 2)
, i l i di I c- c - r the 8 years afterward (1964—7 1)  , are  shown on f i g u r e  2 7 .  Bc- u s e
t I c -’w’~~tltc -it supported c o m p l e t e l y  by g round—wate r  i n f l o w  and represented
sit t i i + ’  l c - c-wer ci i s c h c - m r g e  pa r t  of f i g u r e  27——was  s t , gn i f i c a nt l y  h i gher a f t e r
e l c - , c c - i u t e~ I i c-at ion. Presumably, deepening of the channel exposed a greater
i l l  j c -’k u t c ’ss c c - I  sa t u r a t e d  aqul  ter , thus  c - i l  lowing more w a t e r  to seep in t o  =
t h e  chaiine 1. It  i s  c-i iso possible  tha t the  nc -c - w I  s- —exposed channel  bc i umi d c - t —
r i - ’s .u l’s.’ more pe rme c -th h e  t i t an  former lv • Altosk ie  Creek had no I low abou t
‘ I (i( ’t’ i,~~’fl ( eO the  d ay s  dur lug the 12 s e c - i r s  of record  bet ore cl i c- inne .1 i—
,c , u t  i cc -u i , b u t  In t i t s .’ 3 ~‘eil ’s thereafter the minimum (‘ low has been 2 and .1
t t ~~/ s .

S i gu ’i II icc -tnt lv c- annua l runoff t rom Ahtoci kie Creek d id  nc-t t in c rease
, t l  ter channel izat ion. W inner and Simmons (1, 9 7 7 )  r epo r t  no change in the
r,i in t a l l  —i ’uno f  I re I~it  Ion f o r  the  Ahosk ic  Creek wa te r shed  a f t e r  channel—
ic -~,u t i on .  Ti-i l  c-i contr adicts several th eorie s that ic-red I c c-t ed annual run ot t’
WOOl d i nc  l east’ , t f t e r  channe l izzt t ion. Aoco r d  lu g  to one , deepening the
c- ’h ianne 1 c , it i ses  ci lc-tw er lug cc-f the water  tab le  wit ich  reduces c’vc -ip c -t t r~t nsp  ~~

—

ic - it ic - c - n l c - c-sses from the wate r shed ;  t h u i s  cap tured  e v c -u p o t r an s p i r a t  ion he—
i-’omes ic-ac - i c - f l o w  in the s t reams . Accord lug to a n o t h e r  theory , the
Improved drai nage characteristics capture water by a l l o w i n g  it  to enter
s t r eams  b et ot ’ e i t  h a s  a chance to he lost to evapotranspiration . Th is

wo u ld cm iso r e su l t  In increased t u n i c - f l’ , I t  these e f f e c t s  do in fact
ei c-’ n,’ i ut ’ , t h ey  are  so small tha t  th ey do not not j c e , i l c - l v  a f f e c t  the wa te r
bud get

A u i c - c- t I c - e r  .ipproach ( c -c- eva lu~it lug (i ii- e ’ I t  ccl ci o I l ower ing  the bed of
the t bc-unne I i c-c- by use of low— f low I requtc-ncv c-ui i .iivcicci. Duration curves ,
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such as figu re 27 , show the distribut ion of daily discharges, but g ive
no indication of the len~ th of time a given flow might be expec ted to
cont inue . However , such in format ion  is important because many water
users might be able to tolerate a very low flow fo r  a short period , but
not a long period . The low—flow frequency curves of figure 28 show the
flow conditions that might be expected over a specified number of
consecutive days. These curves also show that low flows were con-
sistently higher after channelization than before channelization .

Lakes

Seven lakes within the project area are large enough to merit some
discussion in this report. Pertinent information about them is given in
table 1 and their loca t ions are shown in figure 29.  Because of their
size , these lakes are important from a recreational standpoint and even ,
to some ex tent , as po tential water supplies. The orig in o f these lakes
has not been de termined , but , in their present form they occupy de—
pressions in the land surface that are deep enough to intercept the
natural water table.

Under natural conditions these lakes fluctuate with the water
table; but , becaus e they are loca ted in the interior of swamps , such
fluc tuations are minor. Recently, the swamp s surrounding some of them ,
Phelps Lake for examp le, have been drained for agricultural use , and the
resulting lowering of the water table has created a gradient from the
lakes to the surrounding shallow aquifers. Since the agricultural
drainage has occurred , the water level in Phelps Lake may have fluctu-
a ted more than water levels in lakes where the surrounding topograp hy
has been less dras t ically al tered. At times , the water level in Lake
Phelps has been so low that there has been public concern that the lake
was going dry. The most widely held opinion is that seepage from the
lake In to the surrounding drainage ditches is the cause of these fluctu-
a tions . The validity of this opinion has not been determined , bu t there
is reasonable doub t that seepage to the drainage ditches is the major
cause of large water—level fluctuations , although seepage certainly is a
contributing factor . Seepage losses from the lake , calcula ted from
estimated values of transmissivity and the head difference between the
lake surface and the bottom of the perimeter drainage ditch , are no more
than a few inches per year (Heath , 1975 , p. 73). This es timate of
seepage losses appears reasonable because during dry periods very li ttle
water is found in the perimeter ditch , whereas water should flow in the
ditch constantly if seepage losses from the lake were significant. For
example , If seepage losses were sufficient to drain 2 ft of water per
year from the lake , a constant flow of 45 f t 3 / s would be maintained in
the ditch. Even if this flow were to leave the ditch at a velocity of
2 f t /s , which is an unrealis tically high velocity for this area , the
di tch would be about 80 percent full of flowing water at all times from
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Table l.——Phys ica l cluarac ter i s t Ics of t h e  seven  I , t t  c-~ t ’ st  l ak e s
In the study ,iuea

Sut ’ t i c c -c- A v c -c - i ’ c-t ge S Ic -c -tag s’1,0cc-i t Ion
Name c-ire ci dept hi c-’ a ic- ct c- I t v

(c’ci utitv)
- t,,c-tc res) ( teet , C , t c -’ i c —  t c - i t

Lake Ma ttamuskeet Hyde 50 ,000 3.0 150 ,000

Phelps Lake 
ist~~~~ t ot  

lo ,300 4 .0 cc- ’c- , 2 0 )
1’,’ r r c-c - i l

New Lake -Hyd e -e ,~~c-~~~O -..0 19 , Oi)
Ic- \lll ga tc c-r L a ke) .  -

W ash i n g ton  - -h’un go Lake , tc- — c-,t . 0 10 , -4’ C~n y  u e

Eli is 1,_ ike C r . t v e t u  1 ,100 - 3 , ht~

Long Lake do. 1 , 100 ~. . 0 ci ,

M er chant s M i l l  Pc-c- nd. . . ~ . tt  i’s “~‘ c - c -,~ ‘c- . , ) ,
~~, -

c-

t h e  lake a 1cc-ne. l%ec_uusc t he amount ic - i I lit ’ c-l i I c - h i  is h o c --c-c - l I e ’ ut ’ i i c -’..t i t  hi i s  ,
i t  seems Imp lausible t h a t  sec-’pagc-’ t c-c- the . t u  t i t  i c  c - a l  I an c - , I—c - i r c - c -  i n c i g c -’ sv st  s.’rn

is causing Ic-trge fluctuations in ic-ike lt’Vt’l5.

rhc - on ly  o t her  s icc-n i t  i cant ncutuu’a I wa t ci’ lo ss  I cc-c-rn P lu s.’ I Ic-s 1 , u 1 c -c - c -’ I c -,

net ev~t~c-o r cl t is.c-n , c-,c - r  th e e~~ c-, ’ c-c - s s  cc - I  t c -’ t c - i l c-’vapc ’i~ut Ion ov t ’i pt ’ c-c- c’ 11’ i t .-t t  i c -c - n .

LInde r n at u r a l c-,’ c-c - t i d  I t  l~itis tie t c - 1.c- , t h ’ c *t ’J I IOU I c- ’ s c i tc- s  f l’c-c-fl l t i c - c  lake wc-’~’e s ’ -

plc-iced by ground—water seepage m t  ~ the I . t Ic c- - . Onc-’c-’ the w.t t ,,c - r  t .ilc- le i~
t h e  sur round lug circa is 1 owet’c-’d by .ir t (ti c i,s 1 c-I r.t ituage ; h iowe~ c- t’ r , n et
evaporat Ic-c-n c- ac-i c- c -ti  lv be r ein I acc-’cI b~’ Ic -re c-- I p it _ m t I c- i t t  c- c- t i  I hue I .t k c- ’ ic-c- 5 ic - ’c - i r u  in—
f a l l  exceeds ev~iI’c-c- L’a I I On . lInt’ lug .iveu’agc-’ re_ ir s t ii is cxc -’ c 5 cc- c- ’t  prec-’ i ( ’  1—

t.i t Ic - c -n over c-’vcipcc-ra t i c -c-t i is si i glut lv nc-c-re t h i cu n 1 i t  , c - t t c -td wat ci ’ 1111.1St ic- c-’

rc-’Ic -c-asi’d from the lake in order to ma juta itu a dc-’c c - ui, uh c - l c -’ c-c-’ . t t er  level .
u,’tc-u Iv dur it-ig t he nc-c-n th is  of Apr I l  • Mciv , atd c- h une I cc- .tv c- ’ r igc - - c- v .i~ c- c- c- t ’ , i t  i c - c - c - I

greater than av e r a ge  prec i lc- it a t  ion , and t l ien ou l  v ic-v abc -c- u t  1—  i t t .
During ~‘ears c c - t  abnormal ly  low u’, t i n f a l  1 , however , e v a p c -c - r , t t  1c ’il c - c - I l l  i ’ X c - c- ’ ’ c - i

prec Ipit c-it ion for c-i su f f  ic i e ut l v  long per b c - I  t c -c- c- JU St ’ S I ~~l I t  t c -’ c- t ui t c - I t c -c - r c c-

In t h e  ic-ike level. For examp le , ~it the c-c- Ic- c-’t c c -’i’~t p t ’oi’~ tb  i i i  t v 1 eve 1

prec Ip i t c - i t  ic-c-n , net evapc-c-r .tt iot ’t i s  ciboi i t  l~ in. Shicc-u Id two stuc --li yeats

occur consecutivel y , whic h - i  i s  po ss ib le  but  not p robab le , t h e  lake level
c- it the end of the second s-ear wou ld  be c-ti c - c c - c - I t  I f t  b e low norma l . Such
condi t ions  could deve lop  in at- i~~

c- c - c - I the Likes tha t  have beet- i i so l a t e d
from the n at u r a l  w c -t t e r  t a b l e  by d r c - i  i nc -tge oh ’ the suu’rcc- unc-llng land mass.
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The significance of att ribut ing fl uctuations in lake levels to
evap oration rather than to seepage losses is the Implication that the
lake is not in danger of going permanently dry, c-md only during extendeu
droughts will water levels remain below norma l more than a few wcc--ks or
months at a t ime . As ag r i cu l tu ra l  developments  continue in northeast
North  Carolina , i t  is possible th~ t s i t u a t i o n s  s i m i l a r  !‘ c- t h a t  c- c - f Phe lps
Lake may develop elsewhere.

Freshwater  Quality

The chemical analyses of w a t e r  samples co l l ec ted  at m o n t h ly  and
daily stream sampling stations in or near the study area c-ire summarized
in table 2 , and the sampling sites are shown on figure 30. These c-analv-
ses provide anc-c-indicatton of the quality of wa te r  in both  major  r i v e r s
and small s treams du r ing  periods when significant encroachment of sea—
wa ter is not a f3ctor . In general , chlor ide  c o n c e n t r a t i o n s  g r eat e r  t i - i an
about 50 mg/L , and specific cond uctances exceeding 200 micro rnhos, m di-
ca te  tha t  some seawater is presen t .  Most users , however , can t c - c - l e r a t e
sa l in i t ies  represented by a speci f ic  conductance of about  800 micromhos

- - or less or a chlor ide concentration of about 200 mg / I c -  or less , and the
d iv id ing  linc-. between fresh-i and brackish water is a r bi t r a r i ly  p la ced  c-at
these values .

Completely freshwaters  (chloride less th~ tu 50 mg/L )  u s u a l ly  c - Ic - c - h o t

con tain objectionable amounts of any dissoiv~d mineral constituent. The
only undesirable charac teristics of such waters is that t hey  mc-tv bu. high
in color. Color , as used here , refers - to -the naturally—occurr [u-ug , t i c- ct -

colored water usual ly  associated with swamps, and in th i s  area i t  t ends
to be highest in waters with low dissolved solids . Color b e cc -c-mes bar e l y
detectable to the human eye at  about S units on the platinum cobalt
scale , while weak tea has a color equiva’ent to ‘about 300 units. Cc-c-lot
is not troublesome for mos t users until it reaches c-c- level of 20 40
units , above which it may ‘stain laundry , paper , and similar ite ms and ,
while quite harmless , also may be esthetically objectionable for drink—
ing.

Hardness (see the limestone aquifer section -of this report for
discussion of hardness) may also be objectionable in waters having spe-
cific conduc tance much greater than 200 mtcromhbs . Tl~ wale i’s in most
rivers and streams of northeastern North .Carolina c-~ reu soft if no sea-
wa ter is intermixed with them. Bec ’iuse magnesium is the second most
abundan t dissolved constituent in ’se~water , hardness increases rapidly
when seawa ter encroachment occurs.
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EXPLANAT hM4
5

y Seawater enc ro ac- ’hment ø ta t  ion and numb er .
4

V Water quali ty samp ling s t i it i on  i c - c - i  w h l c --h . I I I c - I l v c - Ies c - l i e

summarized in ca ble  2 .

[“
~J 

Freshwat er part ol the t ime and I i a t t w a t e c-r p s r t  c - c - i the
t ime .

Saltwater most or all of the t ime .

fl’] F r eehwat er most or al l  of  the t ime.
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Table 3.——Che mical analyses of water from lakes in north ea st
North Carolina

[Chemical constituents shown in milligrams per li te r , except
specific conductance , pH. and color) 

_____ _____
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Silica (Sb
2
) 0.3 5. 2 1.6  0, 4 0. 1 0 .1

Calcium (Ca) 4.0 6.0 2.0 .0 .0 24

Magnesium (Mg) 1.4 1.9 1.0 .9 1.2 39
Sodium (Na ) 5 , 4 6.3 5.3 4.3 4.9 420

Potassium (K) .9 1 .6  .7 .4 .2 42
Bicarbonate (HC O 3 ) 2 4 0 0 0 Ic-

Carbonate (C03) 0 0 0 -~-‘0 0 0

c - i Alka l inity as ca lc ium

carbonate (CaCO 3 ) 2 3 0 0 0 5

Sulfate  (SO 4 ) 15 25 13 10 9 . 5  110

Chloride (C I )  9.5 8.2 6.4 7.0 8.9 760

Fluoride (F) .0 .0 .0 .0 .0 .0

Nitrate plus nitrite (N) .10 .33  .2 4 .11 00

Dissolved solids

(residue at 180° C) 54 103 46 41 43 1 ,500

Hardness (Ca , Mg) 16 24 10 4 6 220

Noncarbonate hardness 14 20 10 4 6 220

Specif ic  conductance

(tftcroin hos) /5 103 70 78 65 2 , 650

pH 6.0 5. 1 4 .6  3 . 9  4 . 5  6. 7

Color 3 500 70 200 10 20

Acid i ty  as - 0.2 mg/L .
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upstream direction, the brackish zone may intrude far up into the
estuaries. Conversely, when freshwater inflow is I c- igic- , and if winds do
not oppose downstream movement of water , t u e brackish zone may be pushed
nearl y to the major sounds , and the rivers may be fresh throug hout most
of their length. This creates a ra th er complicated situation insofar c-c-s

c-- c- planning the management of these waters , and informa tion concerning the
pattern of seawater encroachment into rivers and streams cit the a r ea is
of vi tal importance if these waters are to be managed .

A general view of the salinity of water to be expec ted in major
estuaries is presented on figure 30. The shaded areas represent i’ t’- c - c - ches
within which the brackish zone has been observed to be present at tim es
and absent at othe r times. Fres hwat er will be found more frequently
near tic-c upstream ends of the shaded reaches tic-an near t h e  dow ns tr cc-c-nc-
reaches.

Comprehensive long—term salinity data have been co l lec ted  c - it eli-yen
sites within the area. (See figure 31.) The pe rcentage of t ime t h a t
salinity at these sites equaled or exceeded given values c-ire shown in
figures 31 through 41. The values on the l e f t  side of the  g rap hs j r c -’
specific conduc tance in micro mhos per centimeter c-it 25 c - ’C. S iu i’c-,’ t t 1 c  c c - c - Ic - —
ductance furnis h es a rough measure of tic -c t o t a l  d i ssolved  m i n e r c - c -i sc - il Ic-i s
in a samp le of water .  Total dissolved solids iii m i l l i grams 1c-er l i t e r
may be estimated by mult iplying specif ic conductance by a fc - c - c’tor c - c - I 0.tc-0
to 0.65. Waters with a spec i f i c  c-’onductauc-cc i c - f  800 or less c - c - r e  c - c - r h ! —
tra ri l y considered fresh in tic - is repor t .  Chloride c-- on centrc - c-t i c - c-c -is ,
calculated from specific conductance , are sic-own on the right i c- o r t  ic c - c - i
scale. In streams of northeast North Carolina clc-loridtc -s gre a ter tic -an SI)

mg/L usually indicate the presence of some seawater , hut W c - c - ttc- c-’ cc- wit h
less than 200 mg/I c- of chloride are suitable for most c-tses , c-c-nd arc-c-

c- considered fresh.

Salinity of Sounds

Tue sounds of northeast North Carolina are unique in the United
$tates. Offshore bars , known as the Outer Banks , have been b u i l t  up
seaward of the mainland by wave ac t ion  and ioc -c-’~-siiore c-’ u r reu it s , f or m i ng
c-i series of long, narrow , barrier islands with large expanses of semi-
enclosed open water , called sounds, landward of them. The eeoc -ui ic-c-c -s
c - t c ’ c-~ess to t ic-ese sounds through a series of narrow inle ts  in the Outer
1i ,i nks. Although seawater is forced through the inlets into tic -c sounds
c- c - t i  c - ’zc - c - ,~ii fl ood tide , the b u f f e r i n g  act ion of the Outer Bc-inks is such that
t ides wic - tc -’h average about 4 . 5  f t  ic-c- the At ic -c -n t Ic -- Ocean o f t  Cc-c-pe hat t c-c-rc- c-s

- 
I c-c- re dampen ed to  less tic -an 0 .5  f t  in the inter ior  of the sounds.  Fresh-

water draining ti c-rough t ic-c estuaries into the sound s mixes with tide—
driven seawater to form it c-c-c -c-st system within  which the  s a l i n i t y
of water is intermediate between that of freshwater and seawater.
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The salinity at any given time and p lace depends upon the prevailing
balance between freshwater and saltw ater.

Except  fo r  wind cu r ren t s, created by fri c tion between moving air
and the su r f ac e of open expanses of water , movement of water in the
sounds is ex t remely sluggish except near the inlets. The regular lunar
t ides do no t crea te noticeable tidal currents , and the volume of water
in the lower estuary—sound system is so great that freshwater inflow
from rivers and streams does not normally produce continuous currents o t
any significant magnitude. As a result , time of travel of freshwater
i n f l o w  through the system is extremelc-v slow. No comprehensive studies
of f l u s h i n g  ra tes  of the sounds have yet been attempt ed. Over periods
of t ime as long as a year the net flow in them is seaward ; but l i t t l e  or
no seaward flow may occur for periods of at least a few months.

The salinity of sound waters varies greatly w i t h c -  b o t h  space and
time . Although some of them have been classified by some authorities as
freshwater bodies , potential water users must understand that nowhere
in the sounds are f reshwater  supp lies available. The most comprehensive
data concern ing the s a l in i ty  of all the larger  sounds hav e been compiled
by Wi l l i ams  and others (1967) .  Figures 42 and 43 show the average c-,c - f

s u r face  and b o t t o m  values of dissolved—solids concen t ra t ions  fo r  the
months  of A p r i l  and December based upon Wil l iams ’ da ta .  Apr il. repre-
Seflts conditions of low salinity and December conditions of h ig h salini—-
tv . c-F1c-c ~eo1og ica1 Survey operated a da i ly  samp l ing station on the
A lb e m a r l e  Sound near Edenton , N. C . ,  f r anc -  1957— 6 7.  Monthilv averac-~e
s,c- l i n i tj e~ a t  th i s  s t a t ion  were lowest in Apri l  and h ighes t  in December
( f i gure  4 4 ) .

Wind Tides

Owing to tic -c low relief of the land masses surrounding most of tic-c
la rger  bodies of open water , large par t s  of northeast North ~,

c- c-rol1n~i are
subject to inundation by hi gh water caused by wind t ides. The possi—
bil itv of such flooding is an important  cons ide ra t ion  in p lanning land
use of the area. As low— lying areas are cleared and dra ined fo r  .c -gr i—
culture , the likelihood of major economic losses caused by w i n d — d r i v en
f l ooding increases. In contrast to flooding caused by excess precipi-
t a t i on , wind t ides  are l ikely to t ranspor t  s a l t w a t e r  t ha t  w i l l  ic -ot i c-
des t roy  growing crops and create  an u n d e s i r a b le  soil envi ronment  for
long periods after flood waters have receded. [nder natural coc-iditious
the deleterious e f f e c t s  of inundation by saline water Ic-ave been c- c- c-m i —
mized because the hi gh water table impedes the perco lat ion  of t h i s  w a t e r
in to the soil zone . Once drainage has been accomp l ished , however , ,c-
much larger portion of the flood waters will infiltrate the en la rged
unsaturated zone where evaporation and ion—exchange processes can
concentrate the salts in the soil zone. This is a reversible process
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i)cvc lop ers and p lanners soc-c-c-ct inc-c-c-s assc-c-uc-c-c tic-at t Ic -cr c  c-c-re I c - c - c -  p r c - c - c t  ic - c -

cal  l imi t s  to tic -c amounts  of grc -c-und water  a v a i l a b l e  in n o r t l c - c - c - c - c - - ; (  ~~c- t 1c - l c -

Cc-ircc-iina , and tic -at tic -c po ten t ia l  supply  is adequa t e  f o r  anvc-c-lc-ic- c - c - c -c-c - c -c - c- -
wic- atever  a m ou n t  they need . T ic - is , however , is not  c-c - v a l i d  a’c- c-c - c - c - c -c- c - Ic- t i c -c - c - i ,
c-c-nd such ac-c- attitude is not tec-c-c-c-bl e in I ong—r c - c -c - c - gc p l c - i n n i n g .

As illustrated in f i g u r e  48, ac-c- uc - c -punc -p c - c -c-d a q u i f e r  Ic- c-c-c- c - c -c - c - c - i 1 cc-c -c- c-c- c - c - c - ;  c-c- c- c- c - c -
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c-
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- , c- - : c - c- c-c-c- c- c- c -i c- c- c- c -c - c-c -c--c - c - ic-
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t i c - c c -  f c-c- c- - c - c -c -c- c -c - c - t i c - a t  cont ro l  the ex ten t  of drawdown caused ic-v pumpi n g  we l l s
c - c - t c -c- t ic -c ~c -c - c - c - c - c - c - c - ing r a te , t r a ic- smis siv i ty ,  and recharge  to the prc - c -duc ing
c -c - c - lc - c - i t ic - r .  ic-c- a q u i f e r s  w i t h  hi gh trans c-c-c-i ssiv i ty ,  wa t er  can move t i c -n c -ug h
t i c - c-c- c-iqc - c-i Ic - -n w it h ease and the effects of pump ing are q u i c k l y  spread  c-wi n
rc -’1 c - c - ti vc -’tv Ic-c-ic -ge areas resulting ic-c- large cones c-c- f depr essioc-c -  w i t i c - i ic-
w lc - i c- c - l c - c-irawdowns are relatively small. The size of the cone wi c -e c- c - stc-c -bi—

1 c - c - c - c -- c-l wil l  depend upon the amount of recharge wi th in  area c-c-f ic-c-fluencc

c- c-t tic -ic- c-c- c-c- c-c -ic - of depressioc-c -. Tic-at is , recharge must equal tic -c d is ic -ic -arge
( 1c-c- c - t i c -  c-c-c-i c -ac - inc -il ac-c-d a r t i f i c i a l )  . i f  the recic-arge ra te  is large , t ic-c c - c -c- c-c -c -c-’

w [ Ic - l  c - c - t ,c - t c - i l i , t e  r e l a t i ve ly  quickl y ,  and be r e l a t i v e ly  sc-c-c-all ic -c - extec -i t , or
i f  t i c - c -c- r , c - t c  is slow , tic -c cone wi l l  spread over a much la rger  c-c -r ca ic- i

c - c - n c - I c -c - r  I c - c -cc -c -c-pt ure enoug h w a t e r  to meet the  dec-c-iand s c-c - f t ic -c pu inp i c- c -g well  -

ic-k ixic -num Amount c-c-f l round Water A v a i l a b le

Tic - c-c-c- ac-c-c-c-c- nc-it of gro u c -c -d—w at er  ava i l ab le  f r o m  ac-c- a q u i f e r  is l i m i t e d  tc-

the c-c-- c - c - I c-c-r t ic -at  can be drawn f rom s torage , the c-c -atural  d ischarge tic -c-c -i can
hc -~ i n t e r c e p t e d  and the addit ional  recharge that  can be induced ic- i to t ic -c
c - c - _ i c - c - i l

-
c- i c -- c -~

c - i c -e amount of water  avai lable to sustain long—term pumpage is
c - i i iIe r ec - c - t for each of tic-c aqu i f e r s .  iJc-c-der conditic -c-r c-s of maximum de—
c-c- c-- l c -c- c-pnc-ec-c- t we can assume t i c - at  all na tura l  disci c-arge w i l l  cease and ad—
c - l i t  i c - c-c-c- c - c - i  n c --charge (tha t is , recharge ic-i excess of tic -c c - c- a tura l  r ec ic - c -c -rg e)
c - c - c -c - c - bc-c- i c-c-c-I c-c- c- c- i’d in to cc-c-e or ac-i l of the aquifers - ti nder t ic -is  cc-c-ndit icc-c- we
c- - a c - I  c-c-s l c - c - c - c - t e  the  c-l ong—term sustaic-c-ed y ie ld  wi th  maximum p o t e n t i a l  rec ic -c-c -r ge
( c - I c -c-c-t is , c-c - [t i c -  c- c-atura l  p lus induced recharge) . T u e  mc -c-xi c-num p o t c - c - c - c - t i a l
r c -- c-’ Ic - ar g c -c- t c - c -tic-c upper  a q u i f e r  is coc-itrolled by tic-c amouc -c-t of p r ec ip i—
c - c - c -tic - c-c - c - Ic-c-c-c-c-c-c-ic-c-ic-c-p a f t e r  minimum evapotransp ira t ioc -c -  demands arc nc -ct , and
t I c - i s  i c-c- estimated to average about 1,000,000 (gal/d)/ mi c- (See f i g .  51.)
t i c - cc- c-c-c-c-c-ount of recic-arpc-c-c- to the confined aqu i fe r s  depends pr ic - c - c - a r i lv  upon
t i i t c -c - i c - c -  c-Ic-c-gree of con f inemen t.  For s impl ic i ty ,  confined systems usua l ly
c-r c-c- shc-c-wc-c- c-c-S disc re te  a q u i f e r s  and conf in ing  beds. Actuall y , tic-crc arc

c-c -c -c - c lc -’c - i r l v  de f ined  con f in ing  beds between the a q u i f e r s  in most areas .
t c-ui t

c-
i c - c - c -c-mic -c - c - t  may be caused by overlying aquifers of lower permeability .

by c I c - c - v  bc -cc - Is w i t i c - i n  the  a q u i f e r , or by a comb ic-c -atioc -c - of these.  As
ic-ic-i [cated cc-c- i

c 
-igure 51 the maximum po ten t i a l  v e r t i cc-c-l r echarge  t i c  -t ic-ic-

l ic - c - c -c-c-’st c-c-c - c - i’ a q u i f e r  is c-c - st i m a ted  to be about 500 , 000 (~~a 1/ d ) / m i c -  , c-c-c-id
I~c-c-c- c -t tic -tic -c lower a q u i f e r  is about  50 ,000 ( g a l / d ) / m i c -  - Tic -c-c-se c-c - c -ic -c - c -hers

c - c - n c -c- b c - c - c - c - c c - I c-c -c -c- the assumption tic-at heads are ev eryw lc -er c -c- circ-iwic- down tic - t h e
i c - c - 1 c -c-c- f t ic -i’ a q u i f e r s .  Ic-c- o t h er words , they represen t  maximunc - c-c -mounts

a c - c - c - i  I c - c - i c  - Ic -’ w i t h o u t  dcwateric-c-g tic -c c-iqulferc-

t I c - c -c- I c - c - i c - i l amount  of gn c - c -c-c-c -c-c-d wa t e r  ic-i storc-c-gcc- depec-c-ds c-c-i c-cc - c-c - tic-c a c- c -c - c- c -c- ic - it
c- c - i  i c -c- c- c - c-- c - c - c - c -c - c - ce in ti c-c g r anu l a r  m c - c - ter i c -c - l s  t ic -at  c-c-c-c-ike up the aquifer (pc - c -c-- c-c-s —

[ I c - ’) , ic-c-i t c-c-c-c-t a l l  of tic-is is retri e vabl ec - Wic-ec -c- c--c-c-c-tc-jected tic- punc-~c- ic-c-g
c-c-c-c-me c--c-c - c - I  c-’t W i l l  a lways  be r e t a ined  ic-i tic -c a q u i f c --r  by c a p l l i c - c - r v  c-c -c-- t i c - c - c -c-
c-c-c-c-d ic - c -  t I i c-c-c-s oc-c -tic -c i nd iv idua l  g ra ins . Tic -c amount c- c- Ic- t ic -is  r e t e c - c - t  icc -c-i
c-c - s c - c - -  c-c-c- c - c -c-c-c -it ic - tic-c type  of m a t er i a l s , but  ranges frcc -c-c-c- less tic -ac -c - 5 p ercent
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c-c-i c-c- c-c-c- i c - l c --r s  to ar c- c -uc - c - d 30 percec-c-i ic - c -sac -c-d y c la~’ (War d , 1967 , p - 255) -

t Ic - c c-c- c- c - c - c - d i t i o n s  under wi c - ic h c -  grou c-c-d wc- c - tc -c-r occu rs ic-c- ac--c- a q u i f e r  c-c-re
c - c - i c - c - c -’ cc -c - i  ic-c-c-c-- inc-portac -c-ce in determic-c-ic-c-g tlc-e c-c-moc -c-nts tic-at may bc-c- renc-oved
fc-c- c-c-c- c-c- c-c - c - I c - c - n c - i c - c - c -c-. Ic-n uc-c-confi c-c-ed (water—tablc -c-) aquifers it is coc-c-unoc-c-
- c - c -

c-
c - c - c - t  i c-c- c- ’ t o  dc - c -water  t h e  a q u i f e r s  tc- c- whatever exte c-c-t is desirable , or

r c - s s i b b c- - ;  m ak ing  the r et r i e v a b l e  s to rage  equal  to t o t a l  s torage ( t o t a l
pc- c-rc-c-c-c- c - a y )  nc- i c-c-us c-i small amount of re te n t ioc -c -  ic-c- the a q u i f e r .  In conf ined
c - i q u i c  -c - c -s tic -c possibilities of lac-c-d subsidence , decreased a q u i f e r  e f —
t i c  ic-c - c - c - c --v due to decrease in the sa tu ra ted  thickness , and water  qua l i tc - v
lc- c - c h b c- c-c-ns created by int roducing  air  to unoxid ized  a q u i f e r  mate r ia l s , may
c-c - c - c - c - Ic -c- - i t  undes i rab le  to a c t u a l l y  dewat er  the a q u i f e r .  If so , the onl y

c
-

c - c - c -c
-

c - c
-

c - c
-

c - c - ;  t i c - a t  can be drawn from storage are tha t  derived f rom compressioc-c-
c- c-t tic -c c- c -qu iter wic-en its in ternal  pressure is reduced; and tic -at due to

c-\ c -c-c- c - c - c - S c - c -c-c -c - of w c-c-ter when it is c-c-o longer conf ined under  pressure , wic-ic ic-
c - c - i l l  c - c -c- i l e c t i v e l v  be called ar tes ian  s torage h e r e a f t e r .  These amounts
c - c - c - c-- n c l c - c - t i v e l v  small , but within the influence of a large cone of de—

i c - r i - sc - c -  ic - c- i t h e y  c ac - c -  accouc--it for  s i g n i f i c a n t  quant i t i es  of w a t e r .  If tic-crc
c-rc no ob c-j c -c- ct i i c -c- c-s  to dewatering , confined aqu i fe r s  wil l  also yie ld  wa te r

ic - c - s c - c -c -c - c- c - c -ge ic-c- ac-c-c-ouc -c-ts equal to thei r  porosi ty minus r e ten t ion . Figure
c-c-I c - c - Ic -c- c-c- c - c - s c - s t i c - c - c - a t e s  of tic -c amounts of water in var ious  land pic-ases of tic - c

c - c - r c -- , c - .  I t  is seen tic -a t in the conf ined  a q u i f e r s  a r t es ian  s torage com—
p nic - c-c--s less than one one—tic-ousandth of the total storage ,

Sal twater

Mc- c- c--c- c- c-c-c-c-c-c-c-c- ac-c-c-oc-ints of ground water  avai lable  as discussed ic-c- tic -c
p l c -c- c - c - c-c- c-c-s sect ioc -c -  are  of i n t e r e s t  f r o m  a conceptual  v i ewpo in t , but
t l i r~~- - - c- c - c - c - t  most of the p ro jec t  area , much of tic-c available ground water
I c - c - c  - c - c -c- c- c -c- c - c - i t y  to be useful for many purposes. As discussed earlier ,

c - c - c - c - I c -c -c -  c- - c- c - c - t c - c - i c - c - i c - c - g  more than 200 mg/ L of chlor ide is considered s a lt y  ic-c-
t ic - i s  r c - c - c - c -c-c - r t .  A map of the approximate depth to war :;  contaic-lic-c- g 200
c-c-c-g/l , c-c-f c - c - Ic - I c - c - r i d e  is sic-own oc-c- f i gure 52.  Fr esic -wc -c -c-c-~r suppl ies  g e c - c - e r a l l v
c c-c -c -ic-e developed only at depths shallower tic -ac -c - cic-ose showc-c- oc-c- f i g c - c - r e  52 .
lc-
~c- c- -c - i sc - c - , pumping  can induce sa l twater  to encro;c -cii in to  zoc-c-es of f rc - ’ sh—

c - c c - c - I c - n .  Tic-c p r i n c i p les of saltwater encroachment induced ic-v pumping arc-c-
c - i i s c c - c - s -.c - c-I ic-c- the followic-ig par c-c-graphs. At present , however , there  seems
t ic -he c-c-c-c- way of estimating tic-c maximum amount of freshwater tic-at can be
c-I c-c-c - n c - c - c -- c-I from those areas wic-ere freshwater is c-c-nderlain by saltwater.

c- I c - Ic - c -~ c - c - c - i t u r a l  fr e sh c -w a t e r  f l o w  p a t t e r n  in tic-c upper and 1im~ stoc-c-c
c - c - qc - c - it ens is sic-owc-c- ic-c- figure 53—A. Ic-c- tic-c examp le sic-own , tic-c lower c - l q c - c - i —

t ic - n  c - c - c - l c - c - t c - c -ic -c - s ec - c -Lv sc -c - l twater .  Tic-c shallow a q u i f e r  is recic-arged fr cc -c - c- c - ic-re—
c i i c -c-t c - c - t i c - c - I c -  on tic -c land s u r f a c e  and discharges wa ter to the s a l t w a t e r
ic-odies . lic-e potec --itiometric surface sic-own in figure 53—A is the sur fc -c -ce
rc--~c-rc--~c - c-- c-c-tic-c-g tic-c pressure Ic-cad of the water ic-c- the upper par t  c- c -i the
l ic-c-c-c-c- -s tic-c-c-ic- aquifer. In figure 53—B the limestic-c-ie aquifer is beic-c-g

tc-ii

~~~~ulic-c-c-,c -c-c -~,c- c-_c -
—

——-c-c-- — - — c-c-c- c--c-—c-c-c--c- .c- c-c- r~~__ c-~ __ -.
~~~~~~~ —a c-~~n c-~~c-c-, - -, c-c-~~~~~~~~-. -



-c--c-.-. -- - ~~~~ c-~~ c-,~~~~~~~~~ c-c-c-c- , c - _ c - c - c -~~~~ _________________

— - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

c-i

c-c -
c - c  -

. ., 76

c-r
~~~ ~~ ~r’

;cttTi. ~~~~~~~~~~~~~~~~~~~~~~~~~~

I ~~~~~~I k N\  ~?
~~~~~~~~~ / 4~\ \ c-c- L’~\

c-~ Ri / ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1c-\ \
‘o ‘~A.- / ~

‘ii ’ 
~ / ~~~~~~~~~~~ 

5c-’c-c-c-c-c-

~

c- 
A R c -  ~ ~ “4c-O

~~~
C c - c -~~Sc- 

- 
‘c-c--?

0 0 c- a 20 30 ~- c - t c-
t c -~~~t c - 1  c- c-i —1~~~~

-c-c-c-c-c-c-

iO 0 c-O 20 30 40 50 ~,LOM(T L~ %

EXPLANATION

—~‘OO— LINE O) EQUAL DEPTH TO WATER WITH CHLORIDE
CONCENTRATION GREATER THAN 200 MILLIGR,ANS
PER LITER . Interval 200 feet (61 meters).
Datum is land s u r f a c e .

~~~
c-
~~:c-~~TT] Area where chlori de concentration in ground

c-c- c- c- c- c -c - - c - c - c - c -  wa te r  is less th a n  200 milli gram s per liter.

Figure 52.—--Approxi mate depth to ground water containing
more than 200 milligrams per liter of chloride.
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figure 57. The curves of figure 55 are based on an assumed trans—
- missivity of 10,000 (gal/d)/f t2 and a storage coefficient of 0.10. It is

-
~ further assumed that the aquifer is homogeneous and of unlimited extent.

- 
Yi elds to small diameter screened wells are typically 5 to 10

- 
gal/m m , although in some places wells tapping sand and shell beds may
yield as much as 100 gal/nc-in. Combined with the tremendousl y high
poten tial recharge to the upper aquifer , the more localized effects of

- i 
pumping make it possible to secure large supplies of ground wa ter with

c-
c- batteries of closely spaced shallow wells, Although very lit tle of this

type of development has occurred , such shallow—well fields represen t the
mos t productive long—term source of fresh water for the area. An ex-

t amp le is the battery of more than 200 wells tha t has supp lied roughly
one million gallons of wat er per day to the town of Elizabeth City,
N c -C . ,  for many years. The number of wells used at Elizabeth City
varies, but the area of the well field is only about 0.5 m i .  As shown
on f i gure 56 an observation well located about 1,500 f t from the nearest
pumping well sic-ows no noticeable long—term effects of the large amounts
of water being withdrawn nearby .

Nea r Wanchese , on Roanoke Island one well was reported to y ield
nearl y 1,000 gal/mm of freshwater (driller c- s report, on f i l e  at N cc-rtic-

c-c - Carolina Department of Natural Resources and Communi ty Development).
This y ield is exceptionally large for the area. The upper aquifer is
the only local source of freshwater on the Outer Banks . Winner (1975)

c-
c - i n  a stud y of the Cape Hat teras  National Seashore , which extends from

near Manteo southward to Ocracoke Island , found that  onl y small y ie lds
from individual wells would afford dependable supp lies of freshwater.
Onl y on the large Hatt eras Island (where Cape Hat te ras  is loca ted) can
wells be pumped at rates up to 70 gal /mm . At a few other p laces on t i c - c - c-

c- c - Seashore wells could be pumped as much as 30 gal/mm . Elsewhere yields
would have to be much less than tic-is. Along the rest of the Outer
Banks , the ground—water  situation is expec-ted to be s imilar to tha t
within the Seashore.

One reason why the potential of the upper aquifer f c-c-r provid ing
‘arge ground—water supplies has not been fully explored is because tic-c
quality of water is frequently such that it requires treatment to c-c-c-ake
i t sui table for some uses. Tic-is problem will he discussed l a t e r .

c - c  
- Amount of Water Available

The maximum rate at which the upper aquifer can y ield wate c-- to a
well at a given poin t is sic-own on figure 57. It is assumed tic-at tic-c
well is open to the bot tom hal f  o f the aqu i f e r , that drawdowc-c - at tic -c
well is equal to half the aquifer thickness , and that there is no
interference from other wells. No consideration was given to the
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chemical quality of the water , and the quantities est imated c-c-n f igure  57
Include both freshwater and saltwater. The maximum po tential yield of
this aquifer to a well is generally less than that of tic-c other two
aquifers at any given point. However , the maximum potential sustained
y ield of the upper aquifer per square mile is estimated to be greater
than either of the other two aquifers. The principal sources of re-
charge in the landvard part of the upper aquifer are infiltrating
precipitation , capturable evapotransp iration , and capturable base
streac -uf low .

An analog model study of the lower Arkansas and Verd lgris River
Valleys in Arkansas (Bedinger and others, 1970) has indica ted tha t if
the water table in a back—swamp area somewhat similar to northeast Nortic -
Carolina was lowered from the land surface to a depth of 30 f t c -approxi—
mately 610,000 (gal/d) /mi~ of evapo transp ira tion and rejected potential
infiltration could be captured . The estimated average depth to the
water table in northeast North Carolina is about 1 ft. At this i n i t i c - c - l
dep th to water , drawdown to 30 ft would produce about 590 ,000 (gal/d)
/m12 . In addition , drawing down the water table c-to such a dep th would
also cap ture the water that is lost from the aquifer as base stream fl c-c-w.
This cap ture Is estimated at 460,000 (gal/d)/mic-’. The total of these

c- c - two captures is roughl y 1 (Mga l/d )/ mi 2 . Capture of base st r eac -n f low
would , of course , resul t in the streams being dry most of the time .

In arriving at the total capture , the extracted water was assumed
to be totally consumed . The consumption of water being normally much
less than water use , much of the extracted water might f ind its way back
to the aquifer through stream channels and other routes after use. Such
potential reuse of ground—water is desirable from an available-supp l~
viewpoin t , but it also raises the possibility of contaminated water
being introduced into the shallow aqu i fe r .

Frestc-water—Saltwater Relations

c-I c- ic -c upper aquifer  contains only freshwater ic-c -the western part of
th e stud y area c- f i g. 58) . ic -c- the eastern part the freshwater zoc-c- c- c-’ ic-c-
tic -c upper part of tic-c aquifer tic-ins progressive l y ac-id , in mos t p laces .
p inches out compl etely at tic-e borders of tic-c sounds. Roanoke Island c-c-c-id
a part of the adjacent mainlan d are an except ion , tc-c -c-wever. Here ,  t ic - c
freshwa ter lens thickens again to over 200 ft (Peck , and others , 197.~).
Tic-c deep freshwater Is contained in semi—confined I c - i cont c- ined wat er—
bearing zones in the upper aquifer. ic-c- some cases , tic -c f r e shwa te r  Is
c-c-verlc-c-in by saltwater in tic-e unconfined upper part of tic-e upper aqu if c - ’c - .
Wells yieldin g up to 1 ,000 gal/mm have been dr ill ed on Roa noke I c - c - l a n d .
On Hatteras Island , Winner (1975) found the freshwater lens to be c-c-s
much as 100 ft thick. Elsewhere along the Cape Hatteras Nationa l Sea-
shore , the freshwater lens is rarely as much as 40 ft tic -ick. The 1cc -c-s
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EXPLANAT ION

~~~ -2 c’O~~~ 
WATER—QUALITY—ZONE CONTOUR—-shows altitud e c - c - f base o f
freshwater .  Contour interval 100 feet  (30 meters).
Datu m is mean sea level.

Aquifer  contains only freshwater.

LIII Aquifer  contains both fr eshwater  and s a l t w c - c - t c - r c-

Figure 58.——Freshwnter—saltwater relations In the c-c-pper c-c-qu iter.
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ia probably not much thicker than this anywhere else along the Outer
Banks in northeast North Carolina.

Chemical Quality of Water

The sediments that make up the upper aquifer are diverse in their
mineral content. As a result , the chemical quality of water in the
aquifer differs considerably from place to place. In general , as shown
in table 4, waters from the upper aquifer tend to be low In dissolved
solids , but in places they possess other undesirable quality character-
istics.

In Its journey through the atmosphere and soil zone, water infil-
c-
c- tratIng to the water table dissolves large amounts of carbon dioxide.

This carbon dioxide in the water forms a weak solution of carbonic acid
which results in much of the water in the upper aquifer being suf-
f icien t l y acid to be corrosive to metals. Iron—bearing minerals, wh ich
are abundant in most of the sediments comprising tic-c upper aquifer , are
readily soluble in acid water , and amounts of iron hi gic- ec-c-ough to s t a i n
laundry, porcelain fixtures , and paper are common . Wate r s  c o n t a i n i n g
more than 300 ug/L (micrograms per litre) (0 .3  mi l l igrams per l i t re c-i c-c- f

iron need treatment for domestic or public water supp lies.

Some parts of the upper aquifer contain shell material which is
also highly soluble in acid water. Solution of shell material decreas es
the acidity of the waters and usually causes dissolved iron to preci p i-
ta te , but solution of calcium and magnesium contained in the shells
causes waters  in these areas to become hard . A discussion of hardness
is included in the section of this report on the limestone aquifer.

Although waters from the upper aquifer may require treatment for
acidi ty ,  iron , or hardness , the trea tmen t processes required to correc t
these objectionable characteristics are relatively simp le and are
economically feasible for  most water uses.

One precaution that must be considered when developing water sup-
p lies from the upper  aqu i fe r  is tic-at the water is subjec t to contami—
ic-ation from the land surface and must be protected in much the same way
c-c-s surface—water supplies. Industrial wastes, agricultural chemicals
and fertilizers, accidental spi l ls  of pe troleum produc ts, or other

L~~~~ 

c- iox ious m a t e r i a l s  including leachate f rom lz c -n d f i l l s  may move downward to
tic -c wc - c - t e r  t ab le  ac-id coc- it am lna te  sic-allow water  supp l ies .  Such coc-it ami—
c - c - c - i t  ic - i c - c -  has heci c- ra re  thuc- ; I

c- ar c-c-c-id c-c-o sl gn i f l ca c - c -t examples c -c - c - c -c-’ kc-c-c-c-c-wc-c- tc-i

c - X tht ic-c- the sttc-dv arc -c-a a t  p r c -c - c - c -c-c-’c -c -t
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Table 4.——Chemical Analyses of water samples from wells in the
____________________ __________ 

upper aquifer
Camden, N.C . H r. Elizabeth 

Manc-so N C  Sou th 
~~~~~~~~~ Nr . Arapahoe .

Camden Co. City ,  Nc -C. 
Dare Co. N .C . N.C .

____________ Pasguotarik Co. ____________ Issufort Co. Pimlico Co.
Depth (f t )  105 32 35 — 20
T~~p .raturs (‘C) — - — - 70’
Color 21 — — — so
Sp. Cond . (umho) 1,200 300 267 452 41
pH 7 .4  6.6 7 . 4  7 . 2  4 . 2
Bicarbonate (RCO 3)

(mg/L) 379 131 108 37 0
Carbonate (C 03) (mg/L) 0 0 0 0 0
Phosphate (P04) (mg/L) 2 . 0  .6 .0 .0 -

Hardness (Ca , Mg ) (isg/L) 234 116 106 48 6
Noncarbonate Hardnes s

(mgIL) 0 9 17 18 6
Calcium (Ca)(izg/L) 42 33 37 11 .7
Magnesium (Mg) (mg/L) 31 8.4 3 . 5  5 .1  1 . 1
Sodium (Na )(mg/L) 149 16 17 60 3.1
Potassium (K)(mg/L) 20 1.4 . 7  1.4 .7
Chloride (C1) (mg/L) 192 9.6 25 95 6.3

-~ Fluoride (F)(mg/L) .1 .2 .0 .0 .0

Silica (Si02)(mgIL) 50 34 7.1 15

Iron (Fe)(c-c- g/L) 79 300 — 810 2.460
Dissolved Solids

(Residue at 180°C)
(mg/L) — — — — 38

Dissolved Solids (Sum of
cons tic-uents)(eg/L) 674 210 — - 218 32

Ni trate (N03) (c-ng/L) — .6 .6 .0 .00

The Limestone Aouifer

In its upper part , the limestone aquifer consists largely of l ime-
stone with some calcareous sand and shale. The lower par t  is much
sandier with abundant calcareous sand and sand y limeston es and do lom i t i c ---
limestones. (See f ig .  47 . )  The upper par t  tends to be more permeable
than the lower part. This aquifec , as defined in this report. compri sc--s
the units of Oligocene , Claiborne , and Sabine age of Brown , ac-id others
(1972). These units are generally equivalent to the Castle Hayc -c-e aq c -c -i—
fer of other authors.
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The limestone aquifer  dips to the east at an average rate of about
20 ft/mi (fig. 59). The aquifer thickens to the east and southeast and
reaches a thickness of about 1, 200 f t  near Cape Hat te ras . The average
thickness of the aquifer  is 510 f t .

Amount of Water Available

~stimates of the maximum ra te  at which the limestone aquifer can be
pumped at any given point is shown in f i gure 60. These estimates are
based on assumption of a fu l ly  penetrating well with drawdown to the top
of the aqui fer  and no interference from other wells .  No considerat ion
is given to the chemical quality of the water that would be produced nor
to the physical l imitations of flow in a single well bore. The yields
increase to the east and southeast as both the thickness of the aqu i fe r
and its depth below land sur face  increase. The thicker the aquifer , the
greater its ability to transmit water per unit of drawdown . The greater
its depth below land surface , the greater the available drawdown. The
yields shown on f igu re  60 are based upon the est imated water—
t ransmi t t ing  character is t ics  of the aqu i fe r  i t s e l f .  L i t t l e  is known
about the amounts of capturable recharge available once artesian storage
has been depleted , except near the phospha te mines near Aurora . It  is
probable , pa r t i cu la r ly  where the overly ing confining beds are thick and
tight , that sustained yields are considerably less than those shown.

The drawdown condit ions assumed in computations used to construct
f igu re  60 ac tual ly exist at a phosphate mine near Aurora , N.C., which is
near the south bank of the Pamlico River about 18 ml sou theas t of
Washington. Withdrawal of water from the limestone aquifer started in
Jul y 1965 and has continued without  in terrupt ion since at rates ranging
from abou t 50 to abou t 65 Mgal/ d .  The number of wells in use at any
time varies but is usuall y 12 or 13 so arranged that water levels In the
l imes tone aqui fer  are lowered to a dep th of 120 f t below sea level in an
area of about 400 acres in order to permit dry—pit mining of the phos—
phate ore. Drawdown is at or below the top of the limestone a q u i f e r  In
about a 1 mi’ ar ea , and drawdown effects resulting from these large
withdrawals have been detected more than 25 sc-i f rom the center of pump-
ing (Peek and Nelson , 1975). The availability of water f rom the lime-
stone aquifer has been lessened within this large cone of depression ,
expecially near the center of pumpage.

The sustained y ield of the aquifer  is assumed to be the amoun t tha t
can be captured from c-recharge that enters the aquifer where It either
outcrops or subcrops beneath thin beds of fairly permeable materials,
plus the amount that can be induced to leak into a cone of depression
through overlying confining beds. In the vicinity of the phosphate
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Figure 59. — — A i t i t u d c s  of the top c-c-c-id b c -c -SO OtT the l imestone aquife~’.
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Figure 60.——Mc-aximum potential yield of the limestone aquifer
to individual wells without regard to water quality .
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mine near Aurora , Sherwani (1973 , p. 38) has es tima ted values of leakage
to be:

Th ickness of —

LeakageConfining Bed

0 ft 500,uOO (gal/d)/m12

30 f t 28 ,000 (gal/ d)/m i 2

250 f t 14,000 (gal/d)/m 12

These values undoubtedly also include small amounts of upward leakage
through underlying confining beds. It is also likely that some of what
Sherwani included as leakage is captured ground—water discharge .

Development of Water Supp lies

The limestone aquifer transmits water more readily than any of the
other aquifers in the area and, as a result, wells tapping this aquifer
can produce tremendous quantities of water. In the early stages of
pump ing a well , much of this water comes from storage in the aquifer  and
the cone of depression spreads swiftly away from the well. As the cone

-

_ 
of depression spreads, the area over which natural discharge is captured
and additional recharge is included into the aquifer increases pro-
portionally . In the western part of the area underlain by the limestone
aquifer, confining beds overlying the aquifer are thin and in parts of
the stream valleys are probably absent. Drawdowns, such as are caused
by pwnpage at the phosphate mine , result in significant increases in
recharge and capture of natural discharge in this area. 

c- 
In the re-

mainder of the area drawdowns probably result in drainage of water from
storage in the overlying and underlying confining beds and , ultima tely,
leakage through the beds from the unconfined aquifer and the sounds and
estuaries. Drawdowns have been observed to stabilize relatively
quickly. This is illustrated by the hy drograph of observation well NC—
13 near Aurora shown on figure 61. This well is about 4 c-ni f rom the
well field at a phosphate mine at which water is pumped from the lime-
stone aquifer to dewater the overlying formation. The first full month
of pumping at the mine, at a rate of about 31 Mgal/d , was July 1965. By
September 1965 the pumping rate had increased to 65 Mgal /d  and the water
level in the observation well had been lowered more than 50 ft. There-

-
l 

after no significant additional drawdown occurred ; and , in fac t , since
1969 some recovery has taken place in response to slight decreases in
the amount of water withdrawn from the well field.
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Figure 61. ——Hy drograph of well NC 13 near Aurora , N C . ,  showing the
response of the limestone aquifer to the withdrawal of large
amounts of water.

DISTANCE FROM PUMPING WELL , IN METERS
100 1 000 10 ,000 100, 000

0 I I I c- I I ! ~I I i I I
~
IIIbI i  1 0

_ 
_ _  

2

¶ 
I f I I I I ~~~I I 1 1 1 1 1 1 1  I I

IOU 1000 10,000 100,000
D I S T A N C E  F R O M  P U M P I N G  W E L L , IN FEET

Figure 62.——Distance—drawdown curves for various pumping rates
for the limestone aquifer near Aurora , N.C. (Pumping
time assumed to be at least 1 year.)
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Theoretically, there is little or no relationship between the rate
at which a well is pumped and the radius of its cone of depression;
however, drawdowns within the cone will vary greatly with different
pumping rates. An important consideration in planning the development
of an aquifer is the amount of drawdown that can be tolerated, and well
fields must be designed to keep the lowering of water levels within
limits deemed tolerable. A series of idealized distance—drawdown
curves for various pumping rates in the limestone aquifer are shown on
figure 62. The curves, based on assumed values of 0.0002 for the
storage coefficient, and 15,000 (gal/day)/ft for the transmissivity, are
known to be valid only for the Aurora area, but give some indication of
the response of the aquifer to different pumping rates. Such curves are
used to determine maximum pumping rates and minimum well spacing that
will not result in excessive interference between pumping wells. It
should be remembered that the cones of depression of closely spaced
wells intersect, and the drawdown will be cumulative. (See fig. 50.)

Yields to wells tapping the limestone aquifer will be much higher
than yields to wells tapping the other aquifers in the area. Wells as
small as 10 in in diameter tapping the limestone aquifer can be ex-
pected to yield several hundred to more than 1,000 gal/mm . Some
individual wells used in the phosphate mine dewatering operations near
Aurora yield as much as 2,000 gal/mm in an area where interference from
other pumping wells is severe.

Freshwater—Saltwater Relations

Most of the freshwater in the limestone aquifer occurs in the
southwestern one—third of the project area (fig. 63). To the north
flushing of saltwater from the aquifer is less complete. To the east,
the aquifer dips progressively deeper beneath the overlying sediments;
the combination of increasing confinement and back pressure of the salt-
water has hindered flushing. Thus, most of the freshwater now contained
in the aquifer is a result of lateral flushing by freshwater that
entered the aquifer in recharge areas in the western part and west of
the project area where the limestone units cropout——or subcrop——beneath
the upper aquifer.

Near the western border of the area, flushing of saltwater is
complete, and the limestone aquifer contains only freshwater. Fresh—
water has been tound all the way to the Outer Banks in the southern part
of the area. Throughout most of the area where freshwater is found,
however , the freshwater is underlain by saltwater.
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Hard waters are usually recognized because they do not lather
readily and form curds when mixed with soap. The hardness of these
waters is caused by calcium and magnesium dissolved from limestone and
dolomite which are abundant throughout the aquifer. Because hardness is
a property not caused by a single constituent , it is reported as the
amount of calcium carbonate (CaCO 3) that would be chemically equivalent
to all of the hardness—causing constituents present in solution. To
some degree, the amount of hardness that is objectionable to an indi-
vidual depends upon what type of water the individual is accustomed to.
The following arbitrary scale has been used to classify the hardness of
water:

Hardness as CaC0~
(mg/i) Classification

0—60 soft
61—120 moderately hard
121—180 hard
180 + very hard

Based upon this system most of the water from the limestone aquifer
is hard or very hard .

Silica (Si02) is usually present in limestone—aquifer waters in
amounts ranging from 20 to 40 mg/i, but occasionally approaches 80 mg/i.
Silica can form bothersome scale in high—pressure steam boilers and on
the blades of steam turbines. Silica can also be removed , but not so
readily as calcium and magnesium.

Once water percolates from the upper aquifer Into the limestone
aquifer any dissolved iron present will usually start to precipitate ,
and most limestone waters do not contain high iron concentrations. Near
recharge areas, however , where water has had short residence time in the
aquifer , the iron concentration may be 300 ~ig/l or more and can stain
clothing, bathroom fixtures, utensils, and papers.

The Lower Aquifer

The lover aquifer comprises all rocks of Paleocene , Cretaceous, and
Jurassic age in the area as they have been defined by Brown and others
(1972). In some reports , rocks roughly equivalent to the rocks of
Paleocene age are treated separately as the Beaufort aquifer. The lower
aquifer underlies virtua].lv all of the Coastal Plain of North Carolina.
The base of the lover aquifer lies directly upon the crystalline base—
ment rocks. The lower aquifer consists mostly of thin beds of shale
interbedded with fine to medium sands. Here and there, thin beds of
dolomite, limestone (mostly sandy), or shells occur.
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The aquifer both dips and thickens to the east and southeast (fig.
64). The thickness at Cape Hatteras is over 7

~000 ft. The average
thickness of the aquifer in the area of study is 2,800 ft. The aquifer
dips at an average rate of 25 ft/mi.

Amount of Water Available

The maximum rate at which wells in the lover aquifer can be pumped
at any given location is shown in figure 65. The assumptions are the
same as were used for the map of the limestone aquifer, that is, a fully
penetrating well; drawdown to the top of the aquifer; and no inter—
ferrence from other wells. As before, no consideration is given to the
chemical quality of the produced water . The yields increase toward the
east and southeast as both the aquifer and its overburden increase in
thickness.

The average maximum steady yield of the aquifer per square mile is
assumed to be the amount of vertical downward recharge per square mile
induced by everywhere drawing down the potentiometric surface to the top
of the aquifer . Recharge from the basement rocks would be negligible.
The yield is estimated at 50,000 (gal/d)/mi2 . This yield value was
determined by analysis of the cones of depression at two sites, one at
Kinston , N. C., (west of the study area) and the other at Franklin, Va.,
(north of the study area). There is no proof , however that either of
these cones have stabilized. If not, sustained yields could be much
less than those shown on figure 65. The limestone aquifer is not
present at either site. The areal yield figure may not be valid where
the limestone aquifer comprises a significant part of the overlying
section.

Development of Water Supplies

The lower aquifer underlies virtually all of the Coastal Plain of
North Carolina. Where it contains freshwater , the lower aquifer is the
most widely—used aquifer in the entire Coastal Plain of North Carolina.
This is primarily because, in many areas, large quantities of good
quality water are available that require little or no treatment for most
uses. Freshwater can be found in the lower aquifer in much of the
northwest part of the study area, and here yields to individual wells
can be expected to be several hundred to as much as 1,000 gal/mm .

Although the lower aquifer is a significant source of water for the
eastern part of the State, the importance of it as the major source of
freshwater for the area has been overstressed. Because of its great
thickness it does, in many localities, have the capacity to yield large
quantities of water to individual wells. The hydraulic conductivity of
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20 ,000 gallons p.r minuts (315, 730, and 1260 lit.re per
second).

Figure bS.——Maxtmum potential yield of the lower aquifer to
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the lower aquifer , however , is mue h lower than that of the lLaest~~eaqu ii c t .  in add i t  ion , the aqu I t  eq- Is h igh  lv c ~n t  m ed with much of the
c o u t  I nemeilt or Ig m at lug w i t  it in t tiC ~~e1U tier . As prey lotte 1 y ment toned ,
the maximum Induced recharge is onl y 50,000 (gal/d)/mi’ (fig. 51). The
resu l t  is that  cones of depression around wells in the l ower aqui f er ar e
both dee’~ and are ’allv ex tensive .

The most wel l—documented h i s t o ry  of the’ otfects ot large long—term
wi thdrawa l s  f rom the lower a q u i f e r  is at F r a n k l i n , V a . .  which is about
B ml no r th  of the s t a t e  l int’ (11g .  h~~~~~. Fr om 193Q—b9 an est imated lS8
b i l l i o n  gallons ot water  were wi thdrawn in t he  v i c i n i t y  of F r a n k l i n .
Figure  b 7 is a record of pumpage’ and drawdowus at the wel l  t i e l d .  lt  Is
sign i t  icant to n ot e’ that • even dur ing the  ear ly  years  01 the ’ r ecord
( 194 1—4 9) , when pumpage was on ly  about ‘~ • 

‘
~ Mga 1 ~I , vat er 1 e’ v t ’ i s  dee’ I (ned

s tea d i ly  f o r  a lmos t  ‘
~ years be fo re  showing signs that the’ ~itfl0uut be ’tng

captured was approaching  the’ amount be tug w i t  hdrawn . t’he next ext e’nde’d
period ot I a t r l v  constant  pumpage was l9tl O— t, 5 when the’ rate’ .mve ’rag ed
about .~ .~ Ilgal / d  . Dur ing  th is  per iod there ’ was no (net i c at  ton t h at  t he’
add it tonal amount of recharge indu ced to the ’ aqut  I c r  h~ t he’ spread tug
cone 01 depress ion and lowered vat  er l~ vt ’ Is  was approach tu g  th e’ iultOttltt
be~ ng w i t h d r aw n .

~~~ cone ot  depress Ion de’ve ’ loped a-round the  Fr ank t i n  well tie ’ id utow
under l teti an area of more th aut ‘

~ ~00O ml’ and ext  ends sotet hward about
40 mi f rom Frank 1 in • or 10 mi In t o  Nor t ii t~aro i i  na and more t han t~0 nil
eastward to the At taut. Ic Ocean. Ove’r it  h i  i t  ton g a i t  ons ot  wat  e’r had
been removed f r om a q u i t e ’r storage by the end ot 197 1.

The F r a n k L i n  pumpage I l l us t r at e s  t he’ w tdesprt ’ad e’ I Icc t $ ot re’mova
ot 1.11 ge’ amounts  o t water  f rom the’ lower aqu I I e’r . it is ohv ions t ha
de ve’ lopment ot add I t  tona l large supp i les w i t h  in~ or even near , t he’ cone ’
o I dt’pre’ss ton showut on f i gure III, w i t  I u i t  imi t a te ’ 1 )’ h ot  Li ~1 t n t  I • and he’
lim ited by , the’ pump tug at F r a n kl i n .

1)1st ance’— d rawdown curves t or th e’ tower aqu it em nea RI us I ott , S.C.
are shown on f t  gure’ 118. ruue ’se’ c t t r v e’s are’ ba~ t’~t ott the ’ assutupt ion ot a
homogeneous aqu i t e’ r o t t n t  in ( t e ’ e x t e n t  w i  I t t  .tn . t V e ’ i . t L ~t ’ St  01 .t t ~e’ t’ 01’ 1 —

tic lent ot 0. 0001 and an assume’d t riinsm I ss I ~ I v ,‘ t 10~ 000 (ga l ~1 /
(
~omp a~ latin of these w i t h  those ’ shown on i t  SUEt ’ t~ I t ’t t h e ’ 1 tnte’st Ofle ’

aqu i fe r  emphas tacs the d i t  ference’s it t  th e ’ Ve ’S pOnst ’S 01 t hOS e’ two  ~‘~ ‘tt

fined aquifers.

Freshwater—Saltwat e’r Rt ’l a t  tons

Freshwater in the lower aquifer occurs  o n ly  in t l t ~’ i t o rt  t u w e s t  p a r t
and the western fr inge of the study area 1, 11g. 119 ) .  in t h e ’ northwest
saltwater has been flushed completel y fr om t h e ’  lower a q u t t e ’t - . He re
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Figure  117 .——Cro u nd—wa t er  pumpage and w a t e r  l e v e l s  in t h e
lower aquifer in the Frank l in , Va . ,  ar e a .

the l imestone is absent and the lower aquifer lies tmn i e d t a t e l v  be low
upper aquifer and not far below the land surface.

Within a 20—mi wide strip east of the comp le te’ lv f r e s h w a t e r  .ire’a
and along the western fringe of much of the’ remainder  of the  are~i .
freshwater overlies saltwater in this aquifer. Farther east , t h e’
aquifer y ields only saltwater.
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Chemical Q u a l i t y  of Water

Throughout much of the Coastal Plain of North Carolina the lower
aquifer contains water of the best quality of any of the major aquifers.
Typically , acidic water from the upper aquifer percolates downward
through the limestone aquifer , and much of the iron in solu tion is
prec ipitated when alkalinity is increased by the solution of calcium and
magnesium carbonate. Once it enters the lower aquifer , hard water from
the limestone aquifer is softened by natural ion exchange processes that
replace calcium and magnesium in solution with sodium . The resul t is a
soft , alkaline water that requires little or no treatment for m ost uses.

Only a small part of the freshwater portion of the lower aquifer is
within the project area. Signif ican t quan tit ies of freshwa ter are
available from this aqu i f e r  in the northwestern part  of the area where
the limestone aquifer is absent (fig. 69).

Within the project area, the alkalinity of freshwater in the lower
a q u i f e r  ona y range from 125 to s l ight ly over 400 mg/i as bicarbonate
(table 6). The sodium concentration may range from 60 to over 200 mg/i;
usuall y these amoun ts are not harmful , bu t the sodium concen tra tion may
occasionally be high enough to become a consideration in sodium—free
diets. Iron concentrations are usually within acceptable l imi ts  except
where the aqu i fe r  is found at shallow depth.

Perhaps the most serious drawback of these waters  is that  they may
conta in  excessive concen t ra t ions  of f luor ide .  in modera te amounts,
f l uo r ide  is benef ic ia l  because o its role in development of decay—
resistant tooth enamel in children. But concentrations much greater
than about 1.5 mg/i, cause mottling in growing teeth , thereby making the
water unsuitable for human consumption. Most freshwater in northeast
North Carolina does not contain objectionable amount:s of fluoride , but
concentrations exceeding 5.0 mg/I have been measured in water from the
lower aquifer. Therefore, car efu l  evalua tion of local wa ter quali ty is
hi ghly recommended before large investments are made for drinking—water
supplies from the lower aquifer.

Typical  analyses of water f rom wells screened in the lower aqu i f e r
are shown in table 6.

WATER MANAGEMENT

Thus far there has been relatively little purposeful management of
the water resources of northeast North Carolina. The amount of water
available usually has been adequate to meet needs, and there has been
little motivation to activate water—management plans except in the area
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Table 6.——Chemical analyses of water samples from wells in the
lower aquifer

Nurfr...boro, S.C. Pow.11.vill.. S.C. Woodland . NT Washing ton , N
_______________________ H.rtf o r d Co. Bsrtt .  Co. 4esi~~~~ m’toci Co ~.a u for t Co.

D pth (It) 432 I 310 2S9 480 - 

-Tsmperatura (‘C) 17.5 19.5 17.8 -

Color 7 11 ‘_‘o -

Sp. Cond. (imahu) 281 632 358 1 , 230

pH 7,8 7.8 i 7 1 .  5.

Alkalinity as CaCO3
(‘sg/t.) 138 r 079 —

B i ,ar bo nata (5c03)
(mg/i.) 168 387 :ts 336

Carbonat. (C03)(mg/1.).... 0 0 0

Nitrate (N)(mg/1 ) 07 - . 3 6  — - —
Phosphate (P 0 4 ) ( m g / i ) . . . .  1.9 — 

-~ 1 1  ,Q

H~rdnu.. (Ca . Mg) (m g / I ) . .  4 16 S 1.’
Nc’i.caebc’nats , Hardi,.us

0 0 0 0
Cale -tun t  (Ca)(mg/l 1 1 .2 :.s I _ a  -

Magnesium (Mg ) (mg/i ) .2 2 . :  - 1, 2
Sodium (N a)  (mg/I ) 64 140 S.~
Fotas .tum (K)(mg/1.) 4,8 1~ ‘ ‘.

chloride (Cl)(mg II 1 4.0 14 -.. I -
Stc l t at .  (S04)(mg/I 1 5 . 1  ~‘ .S ., S -

Fluot ide (F) (mg/L) - 3  i.: “ 1’
Sil ic a (S102)(mg/L) 2 7  :0 3 . 7

iron (F.)(iag/I,) 120 S80 1. 700

Manganes. (Nn)(ug /1) 10 0 ..s l -

Aluminum tA1 )( mcg/L1 C) 0 0 -

Sus pended t t t h t u m  ,l t ’)
(ug/I~) 0 I) “00 —

Dis solved Solida
(Residu, at t$0” &I -

(m g/I.) 196 
- 396 2:: —

Dtisolvicl Solids (Sum of
con.t ttu.nta)(mgA ). . .  192 095 f l -c

N i trate (N0i)(mg/1 ) .3 1.6 it. —

Date 5—14—6 4 9— 2 7— 55  ‘ - 9 - ”  ,‘- 5 ~ I 
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at t Cc’ t ed  by w t  tttdrawals at  t in’ p t iosphat  ~ III t n t ’ LI t  IICSU I CIII C o u nt y .  Win el~
n~~Iiagemt’nt i t , t  s • 01 c’OtIt HO , I akt’n 

~‘ 
I ace ’ c iii .1 1, i t  go se’ a it’ clur I ng (lie’

P l 0 c ’ e M Me s  ut improvement ot st ~ ‘arn c’h1innt’ Is ~o Itast en t tood d ra inage  and
in the cons t ru e Lion ~ i 0 ana Is te l ci tS it t  SW aSI P H I OL agr IC ’ u t tItl e’ , hut  t lit’
IIWI in coneerti  in these 1i t a~ I ( C c ’S Is 1 attd tmtnagt ’lnent . Se -an t at 1 o u t  lciii has
been g iven to the it overall t ’ t  I e’c I 5 OIl I lit’ ityd ri i iogtc ’ SV HI em. It is
shown In t igures .! 7 and ~ 8 that art it it ’ t a 1 chatute ’ 1 lmp tciv t’tlWfl I si git it I —
cant lv changes the I low patterns 01 st t t ’.lms • and t h e  c I t  eo s C I I  dr a i n a g e
to make swamp l ands ta rm ahie ’  is 1 1kel ~ I . ’ be’ oven more ’ d i s r u p t i v e ’ o t t he’
natural hydrologic cycle. Iloweve I , I ~tnd ci tet I nage and e hanne 1 1 fltpt ’ O V C —

Inent are ea tabi [shed fac t s  t hr o u g h o u t  much e~I t he’ atea , minel tut nrc
Wa Icr—management schemes must be based upon ox 1st 1 uog e’oneI i t t  out s o I and
rnanage’Inen t tather t han the assump I ton o I an und I s l u t bed hvd tel I e’g Ic
svst e tu .

Schemes I cit water managemt’nl shon Id eons I d c ’  t a l l  aspe’c Is c i t  ( lit’
hyd rot og le S v st em. I’e ’rhap s t lie ’. iito~ I I Iuili c il I au I t op i n  manag In g  (iii ’
watt’ t roson roe ’s o t th e area is the dove 1 e lpme ’Ii I ~~t a c’Oflc ’e ’ pt 11:1 I I rarne’voi k
w i t  h u t  wit I oh Intl ividual elc ’ c Is !  ti l l s  c a n  hi ’ made ’ . lit is itas be’t’n clone’ t o
sonic extent Lii  the  pt ’eced tu g Sec t Ions ot tit is t e ’ i l c I t t

Two tna~ or cons Iderat. tons inns t he ’ kt ’p t L i t  In ( lid in  1i 1 aIItI t t ig at  e ’.i I
dove i oprnen t o I water supplies. F’ list , the u’e’su I t s  ci t any mii i cit a l t  ~‘t —

at ion c i t  the ’ hydrol ogic’ re’g tnw on t h e  c ip e ’ I . I t  t e i t i  c i t  t h e ’  e’ I t t  ( i t ’  l u v e i t o l e i g ic
N VS ten) nous I tie ’ COIlS I el~ rod . l i i i ’ t n t  01&l t ’ p t ’nt I t ’~~c’ V ol I lit ’ S’~I I I c  ~~ I intel—
phase ’s c li  t he ’ I t y d i c i  l o g i c  c ye i i ’ e I ear I ~ t u t u ! oi~ t hat It I not pot-e s its I

ci devei op large~ SUI1P l [c’S cit water I rout .uti ’. clUe’ 50111 ~ e’ w i t  i tout  at  I oe I t  t ig
0 th Or  pa i t s  o t t t t s _ ~ ate’it l \SJ I ci - btitlget . I~~ i t ’ X , t ) I i ~’ i t ’ • t lit ’ si t , i  ileiw .IqII i t t ’ i
l e’pt e’Sents th e’ Ifld)Nt product i ve ’ i c i n g—  (cr11) Se i t i t  c c ’ ot It eslu wat  t ’ t  in he
area . h owever , I I a s [gui i t l ean t  po r t  (ciii 01 ( lii ’ p u t  t ’ t t t  ( a t  5(1111’ I v  . tva IL —

, b  It ’ I torn t h i s  aqu I t er  Is dove’ loped Iii an a i i’a , s u i t  , l c  s ella I nage’ I rout
the  area w i l l  be ci Im iut  I shed and snia 11 s t t  C ’,U IIS w i l l  t I t  c l l i~ I l i  1 5 he’ c l i  5 lIt t le ’ ii
cit the t tote’. Similar I. v , pumpage t u  c li)) t lit’ UPp e’ I . t c ~ t l I t  t I  W t i i  clOt ’ I t at-It ’

the  r echarge to the lower aqui  E e l s. S ilic O lu t ist wat ci  u t - lO l t - ;  ac I I I . I  L i v
consum e o n l y  a small  perc en tage ’  c i t  t itt’ It I c i t  ,tI w it l i c l t . i w , i  I . it I t - i  o t t  t ’ii

possible w [Lii ca r e f t t l  p l a n n i n g  t o  ci t spc i~~e’ cit USOel W i l t  t ’t  I i i  stieli .1 %45V .15

to  conte rac t many ot  t Lie det u t rne’nta 1 ci I e’c t  s ol I , l lg e ’— t - i~ a i t ’ w i t  h e 1 I . I W , I  I s

I t  Is not w i t h  in t h e ’ scope’ t I l  L I I  is  I 0 11 , 1 1  1 t e l c OilS I d c i  t I l e’ t c t - i t t  I t t - ;
cit wa t er management upon p a t  I s o I ( lie ’ ~~iu \’ I i’onuut ’n I othte’ i h.uit ( h u t ’ 1w cli c ’
logic systems , hu t  the ec eulog Ic al lisp i(c .t I I e1liS c i t  I OWe’ I c,l w i t  ci I i t ’  i t

and d r i ed—up  st reams and swamps sheiu let h it ’ t ’V,I lti,i t i’ d (Ii II I .11)11 1 uig I c i t  i i
area! developmen t ,

The s~ e’ond hydrolog ic conslde’rat tern i t - i t he’ o t t  e’c I s  t i t  w . i t  t’u wI t ii-
drawa i and use en wa ter quail Lv . The’ pe lt -i s l i i i  lit ie’H c i t 5 .11 (W a tt ’ I cli  -

c roachment , and the tnt roduc t ion ot pci i i  ut  od wat e’I ( c i S I I t ’~ llit5 .Itict

aqu tiers must oc’ cup v a po si t  ion cit impo I t ch ic  I ’  e ’qt Iml  1 t e l I h a t  o t 0 c ’ i t c  e ’ t u i  
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abou t the amounts of water available.

The fundamental aspects of water management philosophy must be
based upon the gross water budget as discussed in the first section of
this report. The amount of water in the area is virtually fixed by
nature. Any practical management philosophy must recognize that, al-
though water is a renewable resource, it is nevertheless a finite
resource.

Much remains to be learned about the hydrology of northeast North
Carolina before specific recommendations can be made concerning how best
to manage the system. Reexamination of the water budget as defined in
the first section of this report will be worthwhile in order to es-
tablish some general guidelines as to where water—management feasibility
studies should be directed . The water budget can be summarized by the
following equation:

P - ET + RO + ~CW

(precipitation) (evapotranapiration) (runoff) (change in ground— (2)
water storage)

which provides a framework for discussing possible ways of managing the
water resources of the area.

Precipitation

Precipitation provides the only source of input to the system, and
is perhaps the only part over which we have no real control. Since
earliest history man has tried to manage the amount of atmospheric
moisture falling upon his habitat, Methods have ranged from filling the
air with a variety of pollutants to ceremonial dances around a totem
pole . As yet there is no valid reason to believe tha t man has ever been
able to intentionally change his weather to any noticeable degree.
Theref ore, we conclude that precipitation is fixed at an average of 50
In per year , and that water management must start after rainfall reaches
the surface of the earth.

Evapotranspiration

Under the present conditions evapotranspiration may be said to have
first call on water that enters the area as precipitation. It returns a
lion’s share , 34 in or 68 percent of total precipitation back to the
atmosphere as vapor , and even dur ing dry years evapotranap iration
demands tend to be met at the expense of other par ts of the hydrologic
cycle. Evapotranspiration has been the subject of a considerable amount
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of study in ar id areas , but has received scant at tention in wetter
climates, One possible means for controlling ET in areas such as
northeast North Carolina is to lower the water table far enough that it
will be below both the root zone and the depth to which capillary
action can readily bring water near enough to land surface to be evapo-
rated, Throughout much of the project area large—scale drainage for
agriculture may result in lowering the wate’r table 1 or 4 ft within the
next few year s (Heath , 1975) . Because no studies have been done re-
lating evapotranspiration to depth to water table in this area it is not
possible to predict what effect this wi l l  have on ET losses relative to
the overall water budget.

Investigations in somewhat similar areas in Arkansas (Bedinger , and
others, 1971) indicate that decreases In El’ may not be significant to
depths of around 5 It , and that some El’ losse’s arc apparent t o  depths of
about 25 ft. These data were used earlier in this report to estimate
that water levels uniformly drawn down Li ’  30 it below land surface’ would
allow salvage of about 590,000 (gal/d)/mi of El’ losses in northeast
North Carolina. It is recognized that the transfer of data and tech-
ni ques from other areas, as was done here, introd~tces the possibility of
large errors , and these estimates are intended primaril y to point out
that large amounts of water can be potentially salvaged I ron the upper
aquifer by reduc ing ET losses, it. is, ot course , not p r a c t ica l  to lower
the water table uniformly over large portions of the area by as much as
30 it; but pumping large numbers of closely spaced wells possibly could
locally effect the capture of a significant amount of the water that is
naturally lost to the atmosphere.

Some undesirable results can be asseieiatt’d with a drastically
lowered water table. Streamf low, for example’, weuuld be’ greatly reduced ,
particularly during base flow; and small streams would go dry for long
periods during most years. In areas ot thick peat soils , the near—
surface drying effect of a lowered water table’ can cause soil compaction
and oxidation with the end result being land—surface subsidence’ (He’athi ,
1975 , p. 85). Also, in drained soils, certain land—management practices
require that the water table be kept a~ h i gh as is consistent with good
crop production,

Runoff

The moat common method of managing water supplies on a large scale
is surface storage of excess runoff. In inland areas, surface’ storage
is accomplished by means of reservoirs created by dams across stream
channels. In northeast North Carolina , however , the  t e r r a i n  Is so f l a t
that suitable dam sites are not available. ‘I’t,c only si gnificant amount
of fresh surface—water storage in the area at present is in na tur a l
lakes. Although these lakes store large quantities of water , they
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average on ly 4 it in depth; and the amount ot water s(orc ’d in them iii
p roportion to the i r  sur t , iee  areas is much lt’ss thati In in land a i t  It li Ia 1
reservoirs. Figure 70 sh ows the re tiit ton cit storage to surfac e’ . I r e z l  in
mountain and Piedmont reservoirs compared to natural lak e ’s in  the
protect area.

Sur face sto rage either in excavated artificial lakes or in diked
areas above land surface has been suggested . The scope of  th is  rep ort
does not permit an evaluation of either the engineering or the economic
feasibility of such storage, but there are obv iousl y problems w i t h
either approach. The hi gh water table , which  Is at or h ear the surf ae ’ e’

in most undrained parts of the area, would make sizable exciwatteins
difficult. Even in areas that  have been drained for agriculture , t h e
water table is seldom more than 4 ft below land surface.

The most frequently mentIoned possibility for steurthg surfacet water
in coastal areas is in above—ground reservoirs created by surrounding
the reservoir area with earthen dikes. During periods of high overland
runoff the dikes would be filled (presumably by pumping), and the’ water
held for use when needed. Whether water can be successfully stored in
diked enclosures depends upon whether the sides and bottoms of the
reservoirs can be made sufficiently watertight to suspend water above
the natural water table. At most locations, reservoirs would have to be’
lined with clay or some other impervious material, which would add
greatly to construction costs. Another problem with above—ground
reservoirs in many areas would be keeping them adequately filled .
Reservoirs created by on—channel clams are able to ca tc l~ and store flood
f lows in their entirety if needed , while off—channel reservoirs , es—
pecially if above ground , must be filled by pumping. Even I f  a l l
st reamf low could be captured , storage requirements itt the Coastal  P l a i n
are much higher for  a given available draft than iti the interior of the

-~~ State (Arteaga and Hubbard , 197 5) .  FIgure 71 shows s torage  versus
available draft for two small drainage areas, one of which  Is near the
edge of the project area and the other in the mid—Piedmont . In order t o
be assured of a given d ra f t  at the 20—yr recurrence interval , the
Coastal Plain setting would require more than double’ the storage volume
of the Piedmon t set t ing.  Wh ile these two examp les do not constitute a
cteftnttive statistical sample, they art’ probab ly ty p i c a l .

In spec ial cases whet’s large amounts ot water ate’ .iv.i I lab lc  I rem
dewatering operations , or perhaps near estuar Ie~ that a t e’ fresh ~it least
part of the time , surface storage may be practical in the p r o j e c t  area .
Surface storage does not , however , seem to represent a generall y appli-
cable manag.m.nt tool in northeast North Carolina .
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Figure 71.—--Relation between available draft and required storage at
the 20—year recurrence interval for typ ical small drainage areas
in the Coastal Plain and Piedmont.

Cr ounci—Water Storage

Under most n a t u r a l  condi t ions  ground—wate r  s t o ra g e  is e s s e n t i a l ly
constant from year to year . Pumping in any amount , howe’ver , removes
some water from storage . If pumping is stopped , rechtarge will conuneuce
to replace the lost storage . Depending upon how much water is pumped ,
how much rt’cttargt’ is available, and how easily It can get into the
system, it may require anywhere from days to centuries for all of t he ’
lost storage to be replaced . In northeast North Carolina the t ime re—
qutied for a dep leted system to essentially recover would probably range
from days in the upper aquifer , to months in t~ e limestone aquifer , and
a few years in the lQwer aqu i fe r .

When water Is being withdrawn from ati aquifer faster than it can be
replaced it is often considered that water is being “mined , ” There is
some lack of agreement between authorities as to what actuall y consti-
tutes “mining ” of ground water. Theis (1940, p. 280) imp lies that
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water is mined any time withdrawal from storage occurs. R. L. Nace
(oral conunun., 1976) considers mining to take place only when depleted
storage will not be naturally replaced fast enough to be of significance
to the existing political system (society) should pumping cease. It
would seem reasonable to introduce a further practicality and assume
that mining is effectively taking place if storage is being depleted by
pumping that is expected to exceed indefinitely potential capture of
recharge and discharge. Under this concept large withdrawals such as the
cines illustrated on figures 66 and 67 are clearly examples of ground-
water mining , since the amounts of water they have withdrawn from
storage are lost to society until they cease, or reduce, their with-
drawals——which is not anticipated in the foreseeable future. It is also
important to note that a part of the freshwater being withdrawn is being
replaced by saltwater which would remain in the aquifer for an extremely
long time (thousands of years?) even if all pumping were stopped. Thus,
freshwater is being mined according to any definition of the word .

No implication is intended that mining of water is necessarily un-
desirable, Water , like other minerals, Is a finite resource which is
available for man’s use. Consumptive development of ground—water may be
a legitimate practice so long as it is done with an awareness of the
consequences.

It may also be possible to manage ground—water storage by increas-
ing recharge into aquifers within which storage has been depleted .
Throughout much of northeast North Carolina there is an abundance of
potential recharge that is either naturally rejected or intentionally
drained away for agricultural purposes. It has been suggested (North
Carolina Groundwater Section , 1974, p. 87—89) that the spectacular
amounts of recharge to deep aquifers within the cones of depression of
large pumping centers can be effected through connector wells linking
the deep aquifers to shallow aquifers containing water at higher heads.
However, the possibility of deleterious effects on the quality of water
in the aquifers being recharged would need to be studied before such
schemes were activated on a large scale.

All of Beaufort, Pantlico, and Washington Counties and parts of
Carteret , Craven, Hyde , and Tyrell Counties, all of which are in north—
east North Carolina, and part of Martin County have been declared a
“capacity—use” area by the North Carolina Department of Natural Re-
sources and Community Development, and further development of large
ground—t ater supplies in these counties is legally controlled.
Elsewhere ground water is withdrawn at the discretion of the individual
user. Yet , the way in which the ground—water system is developed will
be of critical importance to the future of the area, because ground
water is, and will continue to be, the prime source of freshwater in
northeast North Carolina.
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Recennmendat ions

There’ are’ a number o t do Etc tenc los in our know lod ge’ ot the  hy dro I—
~igv of northeast Nor t Li ~

‘a to tins. t’e’ns tder ing the  inc rcase’el demands t h at
are’ a ir eae t v  b eg i n n i n g  to be imposed on the  system , s teps  should he t aken
t o  gain a bet tot uttdorst anding ot the fot towing aspects the areal
hydrology .

1. Evapotranspirat [on should be studied in var i ous  terrains
w i th i n  the area .  FT is , w i t  bout doubt • tht’ largest areal
consumer of water  . hiowo~’o r , es t i mat c’s of the’ amount o t FT
must now be! based upon techniques clOVe ’ l0~ C~l t or other , quite
d i f f e r e n t , areas.  Lht ’se’ and new t e~ tnt I e1u~~ must he t’st ed and
verified in hiu tnid , swampy a reas .

Equal ly  import  ant  , s t Ue1 it ’s o t the C I I t’e I cit l owet I ug t h e’
wa’ter table’ on the r a t e’ and amount of VT art’ net’ele’d

~1ethods fo r  “harvest  tug ” wat c’f t rout the’ uj~pe r a~ u t  I ci shou Id
he developed . This aquifer is po ten t  tal lv  th e ’ most p r o l  it ic
source cit f re’shwate’r in the area - Many users a I r t ’aet v depend
on it for water supplies; and , as most de’manci is macit’ upon
vat ci I tom liii’ deeper aqu i  t ors  , the’ ut~pt’t .tqu i t  c~t W i l l  become
more important .

The a b i l i t y  of the’ li mes tone and lower  .tqu i t  crs to  ~ told wateron ~ 1 ein g— t e rm basis needs fur thier study - The’ es I iota t t’s given
in this repor t  are’ thought  to  he as good as can be’ made’ t ron
present  l y a v a i lab l e  data. Th ey are , howeve r , based upon
widely scattered data front ~‘iilv a few locat tein~~ , and S it’
subject t o  cons iderab l e  e r ror .

Surtace’—water storage does not appear  to  be an attr activ e
water management tool in most 01 t he’ p r o t  e’C I ar ea .  Where
large amounts Ct (r~’sh sot l a c e ’ vat  or ar e  s e a s o n a l ly  e’i per i-
od ic at ly available however , supp le’mt’ut ar~ st orage ’ ma~ he’
feasible. The engineer lug and e’c onont Ic as pee t s o t how $Ue’ht
s torage could best be aee ’omp l ishe’ct ar e  worth invest igat tug .

5. Ground—water storage has been ~e t t o e t o d  more by man ’ s a ct  lvi-
t Lea than any other  phase of tht’ area 1 hy dre i log i c  ~~~~~~ 1 e. huge’
additional withdrawals are already being ptannt’d , and the
dep let ion of stored ground w a t e r  is becoming a malor concern
in some areas . Studies should he’ i n i t ia t e d  immediat - t v  on
methods of increasing recharge where ’ cones ot’ de’pre’sston hav e ’
developed .
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6. Detertoration of the chemical quality of ground water by en-
croachment of saltwater into naturally fresh zones caused by
heavy pump ing is a t h r eat  throughout the area. At present no
way is known to  predict cithier the’ probability or rate of
seawater encroachment under anything but the most simple
hy drologic conditions . Research is needed that will lead to a
better understanding of the mech anics of encroachment in
nonhomogeneous porous media such as the three major aquifers
in nor theas t  Nor th  Caro l ina .

SUMMARY

1. Northeast North Carolina has an abundance ot Water ; but problems
such as contamination ot freshwater by saltwater , the absence ot
la rg e f r e shwater st reams , seasonal variations in streamf low and the’
lack of a proven means for large—scale storage of freshwater , make
it difficult to develop large supplies of p o t a b l e  wa te r  t h roughou t
much of the area.

2. An average of about 17,500 ft 3 /s of freshwater t lows in to  the  area
through the Chowan , Roanoke , Tar , and Neuse Rivers. This water is
extremely important in maintaining the eco logy  ot the e s t u a r i e s  and
sounds; hut it mixes with seawater in the lower parts ci t  t he  r i ve r s ,
and little of i t  is s u i t ab l e  f o r  most uses. Few natural streams
originate within the area , and most of these are subject to sva-
water encroachment , or go dry for parts of most Years. Artificial
channels created by channelization and ditching for agricultural
drainage often contain perennial flow , hut watersheds for these
channels are usually small and seasonal f lows may be’ very leiw .

Three aquifers s u p p ly  wate r to wells in  t h e  area . The upper  aqui-
f e r  c o n t a i n s  the w a t e r  table , and has the  g r e a tes t  p ot e n t  ia l  fo r
supplying large amounts of water on a long—term basis. Individual
well yields are u s u a l ly  q u i t e  low ( les s  than  100 gal  tu tu )  • and few
large supp lie’s have been des’ eloped in ( hit ’ upp er  a q u i f e r

The limestone aquifer underlies the upper aquifer and contains
confined ground water. Wells in the l imestone’ aquifer typi call y
yield several hundred to as much as 2.000 gal -ru in. l-~xe~t’pt near its
western border , the l imestone aquifer c on t a i n s  s a l t w a t e ’r at  dep t h .
and the possibility of saltwater encroachment must he cons ide red
when developing water supplies from it.

The lower aquifer underlies the limestone aquifer , and con-
tains saltwater except in the northwestern part c ’t the study area.
Wells in the lower aquifer may y ield several hundred t o  as muc’hi ,ts
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1,000 gal/am , but it is well confined and the potential for long—
term yields of water from it are not as good as in the overlying
aquifers.

The chemical quality of the f resh surface waters of nortt ie’as c
North Carolina is generally good where not mixed with seawater.
The freshwaters do not contain objectionable amounts ot any ehts-
solved mineral cons t i tuen ts, excep t tha t some stre’ams d r a i n in g  t h e’
area in which the C a s tl e  Havne Limestone is near land surtae’e
contain moderately hard water during periods ot low t iow . The o n ly
undesirable characteristic of the freshwaters ot northeast Ne’rtht
Carolina is tha t water drained from swampy areas may he colored .
Thi s is not a problem for drinking purposes , hut  above’ 20—4 0 u n i t s
on the platinum—cobalt scale, it may stain laundry , paper and like
items .

The chemical quality of ground waters is highly variable.
Water from the upper aquifer is generally low in dissolved solids ,
but in some places may require treatment for acidity, iron , or
hardness. Water from the limestone aquifer generally is hard , high
in alkalinity, and tends to form scale in water lines, boilers,
water heaters, etc. Finally, water from the lower aquifer , where
fresh, generally is soft and non—corrosive, but may contain ob-
jectionable amounts of iron, sodium, and fluoride.

5. Additional work needs to be done on developing methods for harvest-
ing water from the upper aquifer , for utilizing water lost in
agricultural drainage, for large—scale storage of water in the
srea , for estimating the amount of salvageable freshwater in aqui-
fers containing both freshwater and saltwater , and for predicting
the rate of saltwater movement toward pumping wells.
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