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UNITED STATES GEOLOGICAL SURVEY

| | A Fe _ Fe _ EXPLANATION
— i L >0.3 ppm in lower « 0-0.3 ppm in lower
{ part of aquifer 2 - part of aquifer 2
e T —— €«c—— . — > 40 Altitude of land surface above mean sea level, in feet
\ T~ S | 3 — 250, 300 A — Chemical quality of water
40 50 s - e P = : ’8? ~— A -All constituents below maximum recommended by U.S.P.H.S.
e g: 38» "28 2,: g‘_ ,gg\: llgg EE,FA 2- 50, 140Fe,H | 2- 55, 190FeH 2- 75, 2l0Fe,H 2- 80, 255Fe,H |2- 80, 285FeH 2- 80, 325 Fe,H Aa- /85, 335 Fe;{ —— Cl -Chloride content of water exceeds 250 milligrams per liter
/ 5 o9 sorey PR Fe, 2: g?g, 325|g ;e,H 2: %gg 288 ';e H 2- ggg, g;g FFe.H Z- igg, 222 Fe,H 2— 3!5, 355 Fe,H 3- 345, 385FH / 3-/385, 430 Fe,H - F -Fluoride content of water exceeds 1.5 milligrams per liter
ERN - - - - § e o
2: 232' ;‘77(5“; g: ;373. 4 5- 490, 5/5A 5- 540, 560 A 5- 555, 575 A 5- 590, 610 5- e%g,’ N 5 ggg g%?f g- gaeg 58 Ee . < Fe-Iron content, of water exceeds 0.3 milligrams per liter
7 7- 625’ 708 F o 0 §2~5F g: 540, 605F 6- 575, 630F 6- 585, 635F 6- 635, 680F 6- 700, 750 CI,F 6- 775, 825CIF 6 840 890 ciFe { H -Hardness of water exceeds 120 milligrams per liter
3 8- 763" 195 & g- 90, IoRF g %!?5. 765 F 7- 725, 805 F 7- 755, 835F 7- 795, 875Fe,F 7- 820, 900 Fe CLF | 7- 870, 950Fe|CLE {7~ 945, 1025 Fe, CIF \ o No qualitative data available
9 ' v GOl 5, 19050 8- 885, 9700 8- 925,1045 0 8- 990, 10750 8-1040, 1120 o 8- 1115, 1195 8- 1170, 1250 o : % R fq to 1 ¢ of aquifer 2 onl
{ . efers to lower part of aquifer 2 only
% . i .
AN |40 40 L |40 35 35 30 25 . P T Depth to bottom of aquifer below land surface (feet)
2 g 1«318' '.‘7’82’3 §: 128’ I,gg;:':{{ g: ,32' 2'28&’” |2=/65, moreH |2- 60, 20feH  |2- 55, sasren |2. 35, 270Fes ol M AR | N I 95,}5‘3;6&*{ —Dep‘Fh to top of aquifer below land surface (feet)
i 4 265508 F 4 285 35F | an 39 segrel | 2 gggv 240FeH | 5- 235, 270FeH | 3- 280, 320FeH | 3- 305, 345Fe,H |3/ 340 380FeH | 3- 385, 430FeHe+ |3- 420 ;”470Fe',H Aquifer number
5- 420, 450 A 5- 450, 475A  |\5- 480, 505 A 5- 315! 525 A 5 340! 380 A o 10405 G5RF |4 dds sk 4o a1s) s o - B0p 0 ReA iti - i id li :
\ 6- 480 550 F 6- 490 565F "'e~ 530 595 F A ; 5- 560, 580 A 5- 595, 615 A 5- 635, 655 A 5- 670, 690A ° |5- 720’ 7354 Numbers refer to conditions at intersection of grid lines at upper left side of numbered group.
hmaer |Twe e |NENIES |TEDESTewm st odoiatns e qoor &R0 S |5 e o |88 S Data not lsted for aquifers less than 10 fet thick.
|- : - b , : ) . e, - e er - 1020 Fe,CL,F
8 sso, 795 0 8- 750, 8550 8- 830, 935 o 8- 865, 965D 8- 930! 1030 0 8- 980’ 1075 1 81030, 11250 e-ngg o8 o " | 6 60! I2a5 0 "% Zj',ggg J8 Fe,CLE
o e B 5 > o i o *\
; 2- 15, 40 Fe ) 30 35 20 g 35 T [30 |
3 2- 16, T75FeH 2-. 20, 100 Fe,H 2- 45 |70 Fe.H 2- 50, 205 F - 4
3- 85, IQFeH . £V ! , e b e,H  [2- 35 225FeH 265Fe,H" |2- 40;-285FeH |2- 80, 360Fe,H ° |2- 80, 4 : - ; :
4- 205, 2o F S H O S hosr > §gg ZOreH | 3- 235, 20FeH |3- 270, 310FeH 335 Fe H 15 315, §55€:H 3- 385, 435FeH © | 3- 4%0’ 450 :: Typical hydraulic properties of aquifers
5- 305, 340A "~ ! = 29, g - 360, 405F 4- 370, 420A 7 \a- . o D 4 : = — :
6- 345, 410 A > 3‘22' i it 485, 505 A 5- 520 555A 5- 540) 560 A t 2:8 2%8&”‘; 8 36758 goon" ra ?gg 739 et Aguifer Field | Coefficient | Specific capacity Compositi Formati Comments
N ggg' o 7- 550, 635F 7- 610, T00F 3?? ggg; - 5722 593 (f:-"eFF o ?‘32 565 gl EIF 6- 720, 750 CIF | % 6- 835, 875CIF *f'6- 905, 945 CIF No.| Thickness | Permeability | of storage | gal/ft after 1 day POSION Stmasen
- 555, 6750 8- 660’ 785 8- 715’ 840 \ = e, 7- 840, 925 FeCE | 7- 935, 1020 Fe,CI,F 2| 7-1025. 1110 FeclF , - - - e — .
860 975 o 4.8~ 905 1020 0 8- 965, 1075 8-1080. 1185 o \| 8- 115, 1255 0 .| 8- 1210 1310 n feet gpd/ft 2 2" well | 36” well | Shell limestone and fine to medium-grained calcareous PIr?r‘c()t%“i/\?er Typical thickness given is for upper zone of limestone only.
% " : M sand and clay Oliggocenel Actual thickness of the upper zone ranges from 5 to over
2- 20, 50Fe 0 20 15 25 /e 1 2 60 1100 0005 274 311 Castle Hayne 200 feet. Leaky aquifer in western part of county,
. 2- . ) astle Hay
3- 100, 120 Fe,H 2- 30, T75FeH 35, 95FeH 2- 30, 110Fe,H 2- 30, 140 Fe,H 25, |5’5H 2- 25, 185FgH 250 Fe H 2- 55, 300Fe,F ' |2- 65, 350FeH : = - : 7 3 :
4- 210, 260Fe,F 3- 120, 145FeH 3- 140, 170 Fe,H 3- 150, 180 Fe,H 3- 170, 200 Fe,H - 185, 220 Fe,H 3- 215, 250 FeH =310 Fe,, 325 Fe, H 3- 330 370 Fe W [3- 375 425 Kol 3 10 0 07 10 Medium to coarse-grained glauconitic sand with streaks - Hydraulically connected with aquifer No. 2 in most
5- 320, 355A 4- 230, 280Fe,F 4- 245, 295Fe,F 4- 255, 300 F 4- 275, 320 F 144305, 350 H,F. 4- 325, 370 H 4- 365, 415H 420 H 4- 415, 465Fe,H \|4- 445, 495 Fe.H i 0001 ' ' of shell limestone s places.
6- 330, 395A g gz;g, zm 2 258' 28(5)2 g— igg, ggg: 2 igg, ggg;_} g ggg 4704" | 5- 485 505 A 5- 525, 545/ \ 575 A 5- 610" 630 & G ol .
7- 445, 530F - ) - - 460, = 550F 4] 6- 525, 570 CI,F 6- 570, 610°%€l, 655 CIF 6- 725, 770 CLF  [B- 820, 865CI,F Fine to coarse-grained gray sand with streaks of
3- 555 6850 7- 495, 580 F 7- 540, 620F 7- 615, 705F 7- 685, T70F 7- 710, 800 F | 7- 735, 825FeCIF |7- 775, 865 FeclF , N 4 50 77 .0001 17 2.4 : Peedee
' 8- 610, 7400 8- 675, 8100 8- 720, 8550 8- 790, 9200 8- 845 9788 8- 905, L1030 0" 8- 965, |oasue . ﬁgg Ee'C"F g lgg)lg nggecw g 4953 Ilg.’ig o F SYE LeStOne &l g4y,
™ Y Fine to coarse-grained gray sand with streaks of i i
= — j : 5 “ \ 5 30 100 0001 13 19 e g gray Black Creek | Aquifers 3 through 8 become progressively less permeable
& . A0 220 2- 25, 90FeH gs 30, 120 Fe,H 2'5 " go 20, I65FeH o |5 / 15 25 25 “5; SNET AmRsOne : towards the southeast.
3- 80, 105Fe,H - 30, 65H T ey g - & - 20, 130FeH = 205 e, 2- 15, I180H 120, 206FeH 2- 25, 265FeH  |2- 50, 300 F 2- 60, ¥ [ ium-grai i
{485, 240FeF. |3 110, 135FeH 3- 130, 160Fe,H | 3- 165 195FeH |3 170, 200FeH | 3- 200, 235 Fe,d | 3- 210, 245FeH | 3- 250, 285 FeH | 3- 290, 330%’& 3- 330, %70Fi’: 3- 36733 igg :: g 4?' 2;8?': 6 60 75 0001 19 28 P 1 gt gra s WAt sl Al Black Creek
P () " |5- 270, 3054 .| 4- 215, 265 Fei,F | 4- 230, 280 FeHF 4-260, 310H,F |4~ 265, 3I0HF 4- 290, 335 H 4-.310, 355 H 4-.335, 385 H 4- 375, 425 H 4- 405, 455Fe,H | 4- 430, 480 FeH 4- 475, 520 FE’CIH of glavcanite; and gray elay.
Rl 6- 305, 3654 .57 315; 3304 ‘ o 5- 395, 454 ;455 445 A 5- 460, 480.C| 5- 500,520, CI 5- 545, 565 A .5- 600, 620 A 5- 655, 675 A 5755 7458 " Fine to coarse-grained gray sand with small amounts
SR 7- 410, 495F 6- 345, 410A] o 6- 465, 525 A ~495, 545 Cl 6- 510, 550 CIF 6- 545, 585/CI,F | 6- 605, 645 CIF  [6% 705, 745CLF | 6- 800,850 CLF 6- 885, 945 CI,H,F 7 90 180 .0003 11.7 16.7 f ol B st of Black Creek
80, m - 08! gggi 8- 7208600 |g- %g 530h 558\9858 Sl v ;82 ;B30e901f CiF ) 895 Fe,ClF | 7- B8O, 955 Fe,Cl,F [ 7- 930! 1020 FeCLF | 7-1025" 1115 FeciF Ly
..520 0 ‘ et L Wiliag D s HO40-TTP\\ 1135 o 8- |o7z),\|200n 8- 1130, 12{)5 o < \1@%0“ 33 e s sl 125 250 0005 171 n5 Medium to very coarse gray sand with streaks of Black Creek and
— 5 ‘ N g A - ’ ’ ’ gray clay. Tuscaloosa
9’5’Fé‘H 2- 30, II0H g 5, 105H 25 5, 120H g 5, I55H g 5, 175 Fe,H i 15 | o] 20 / “To L
Hy |2 20 | - 5 = = 8, - 5 e, N 2= 5, 245H 2- 25, 290Fe,H |2- 45, 330Fe,H *|2- 55/ 355F - N\ 10ligocene, undifferentiated.
155 H ¢ 3- 135, 165H 3- 150, 180 H 3- 165, 195 Fe,H 3- 185, 205Fe,H | 3- 210, 245FeH | 3- 250, \?Bﬁfe\H "3-.280, 320FeH |3- 325, 370 FeH - 365, 415 FeH o | 3- 420, 475 sz % 4g8' ?,TS 533 i ¢
f,?g ;"HF o S SO BF 3~ 225, SIS RHF [4- 5, ZRF 4 265, 3I0H i, ggg 339H | 4- 320, IO 4- 360, 410 H 4- 395, 445 Fe.H - 4187460 e | 4- 480, 520 Fe.CLH | 4- 525’ 565 Fe.CIH
X ) _ 127530, T8 Al 9 369, - 395, \ | 5- 485, 505CI )\ 5- 525, 545A 5- 590, 610 A 5-3650, 670 A 5- 725 745 A - 795 e
| 38 EEBE FRE o pmie bR Lreat PaBl, CEEL DR L DR B
- - ) 2 e eClL,F\| 7- 765, 865F an =790, 890 Fe 860960 Fe, B 925 2 y
560, 710A 704 8- 690, 8450 | 8- 765,.9200 8- 835 985 o 8- 89510400 \8- 9451050 o " |- 93%&;25 sl Dol e EémF 8115 1{214% FeClF L 12%8 400 FaciF 8212207 1352 RechF / / ¢
40 40 50 T T 40 20 < 35 B — / T
2- 10, 25Fe 2- 25, 46Fe H . 30 5 5 15 5 0 10 '
_ 2- 40, 80 FeH 2- 40, 95FeH |2- 30, l05FeH |2 35, I35Fe,H |2~ 35, I55Fe,H™.|2- 25, 175FeH - - N - . 10 7 /
3- 60, T70H - y ' ’ ) e, ) € W] 2- 25, 200 Fe,H 2 5, 185FeH.._|2- 15, 245F - q # y
i B wmk 3 20 zgg?eHF 3- 100, I35FeH | 3- 120, 145H 3- 135, I65H ' 3- 160, 190 H 3- 190) 2200|3205, 235 H 3- 230, 260 H 3- 245, 275H  p3< 295, 333;:2: e Ll 2- 35 330Fe,H | 2- 35 360Fe,H | 2- 40, 390fFe,H )
5- 225, 265 A 5-7255 2954 ' |47 20, 210FeHF | 4- 225, 285FeH,F | 4- 230, 285F¢,HF |4- 250, 300 Fe,H,F |4- 260, 305Fe,H |4~ 275,315 H 4- 290, 340 CLH— |4- 310, 360CLH .14-1370, 420 M 4- 380, 425H 3: HO, 460FeH | | 3 460, SaoFeM  [3- 510, ST{RECLH / -
6- 285 335F “6- 305 355 Fe 5- 270, 3I0A 5- 290, 32564\ [5- 310, 340A 5- 340, 370A 5- 370, 400 Fe 5- 405, 435FeCl_ | 5" 440! 475 FeCl |5- 460, 490 Fe,Cl- 2l 525.° 555 A 5- 565, 585 A 5] %8 240 E? e 338 820 Fogr™ |47 590, sEsTeCly ( /Y Ny
7- 350, 435A /| 7- 385 4754 -y 232 aggrs o340, ok Y B 222’ Wy (D, el 6- 455, 515 Fe n f}gg o b |ese0,890ciE  |6- 550,600 ClF * |6- 600, 650-CLH,F |6- 660, 75 Cl M g0’ S G- 0} 380 Cfﬁ - ,388 La0 o j
8- 490, 6I15A 7 (8- 530, 670 A 8 p: T- 455, 545F Fiag il - 560, 655 F 7- 690, 790FeF |- &0’ 15 7- 765, 875 FeCLF | 7- 765, 875 FeClLF |7~ 805, 910 FeChF-|.7- 855, 960 FeCl 7-1020. 1120 F = 111041210 Fe,CI,F )
N\ / - 530, 645 A 8- 620, 780 A » Bp5 A 8- 720, 8850 8- 800, 9650 8- 925, 1085 o 8-/930,1085 0  [8- 990, 400" " |81025,.1170 - 8-1200" |'3'?3(5) E&Qf\ 8- 1260, 139@5, 8-I|3|g.g :gg Femf )
i 55 50 45 / 40 °| 45 40 2 7 . G g : = L i 1 4 / |
w210, 30H | 2- 25, 50FeH ; { 5 /| 25 . 30 o |25 Le° / \ . 7" ] 3 / 5 '
3 65H 3- 80, I00H 2- 35, T5FeH 2- 40, B85FeH 2= 35, 100 FeH 2- 30, U5Fe,H |2- 25, 140FeH 2- 20, 160 FeH 2- 15, 195Fe W |2- 35, 200 Fe,H 2- 40, 255FeH *p2-* 35 20 40 3\5 Fe H P 3 50 380 / | 5 VT
4- 150, 2000 | |4- i75. 235Fen  |3° 105, I35H 3- 110, I50H, 3- 125, I65Fe,H | 3- 140, [75Fe,H |3- 75, 200 Fe,H | 3- 195, 225 H 3- 225 .250°H 3- 260, 290H 3- 310, 340 H i e/ | 3- 375 430F A 575@ Y / ) 2- 65, 6I0Fe,CH
5- 200,240 A \ |5- 235 2704 4- 200, 260 FeH 4- 200, 260Fe,H |4~ 205, 260 Fe,H |4- 225 275Fe,H |4- 245, 285 Fe H 4- 260, 300 HF ...|-4="275, 330 CLH,F |4- 325, 385CIH 4- 380, 430 CIH e,ClLH | 4- 435, 475F§CIH . 4- 600 63§{9H / 3 985, 1135 Fe,Cl
6- 285 S30F | |6- 315 365 Fe 5- 260, 290 A 5- 270, 300 A, 5- 295, 3254 5- 320, 355 Fe 355, 400 Fe 5- 395, 440°FeCI | 5- 425, 475 | 5- 470, SI5Fe,Cl | 5- 525, 560 FeCl | 5- 585, BI5Fe,Cl | 5- 660, 685 Fecl \ 5- 865, 883 Fe.ClH S - / / 4- 1150, 1185 Fe,CI,H
7- 350, 440 A 7- 395, 485 A §- 340, 395 Fe 6- 350, 4l0Fe 6-370,,430 A |6~ 390, 455 Fe 455, 525 Fe | 6--520, 600 Fe,F | 6- 555, 635 Fe,F | 6- 590, 660F 6- 625, 680 CLH,F | 6- 675,/740 CILH,F |6- 750, 815 CIF 6- 9851060 C?HF { d 5 1465 1500 Fe, c|’,
8- 500, 625A 8- 550, 690 A g: 430, 5204 ; 455, 550F g: ‘gg, ;3%8; ~ | 7- 535, 635 F sso,_, 765FeF | 7- 745, 855 Fef | 7- 760, 870 Fe,F | 7- 800, 910FeCLF |7- 840, 950 FeCLF | 7- 8907 995 Fe.ClF | 7- 970, 1070 Fe,Cl 7- 1180 1275 R SR, e - 1720, 780 CIH,F | / /™ .
605, 760 A 635, 800 A ) .| 8- 720, 895 A 800, 975 o 8- 865, 1035 0 8- 915,1080 o 8- 950, 11|50 8-1020, 1175 o 8- |o45 195’ " | 8- 120, 125? 8-1325' 450‘%%2” ~ 7 1805, 1885 Fe,CLF |/ TN /
. , Sy o | 8-1%00, 18700 fo ) ‘ /
50 55 P 40 50 T 30 — 2 o /J:”’ x\ KM%A . T J = = !,:‘ »_} ‘i/
N 35 25 10 Yo 10 25\ A e - -
2- 20, 70FeH |2- 25 95FeH |2- 20, I00Fe,H |2- 20, 145Fe,H |2- 25, I65FeH |2- 20, 195Fe,H |2- 35, 230FeH |2 % 30\ ) - s \ v
- : , -, ) ; ) ) ; : - 35, 260FgH | 2- 30, 285Fe,H [2- 25) B00Fe,H |2- 25 335FeH 2- 40,.380 Fe,H N . / 10 |5
. ,22’ o H . '133 ST g g |37 oy J6SFeM  [3- 150, I85FeH | 3- 195, 225Fe,H | 3- 230, 260H 3- 265, 295H 3- 295, 335fcH [ 3- 325, 375Fe,H | 3- 360/ 410FeH |3- 40, 460 FeH | 3- 475, 520Fe | o 5§% ;‘;‘;iz?. H i [ |2- 55, 6a0kechn |2 70, 635FecitH |2- 65, 600 Fe/Ci*H
3 230" 260Ae L e ae 230 Ae,H . N Issre i g: 230, 270Fe,H | 4- 260, 300 FeHF |4- 285, 335 CLHF |4- 340, 395CLH | 4- 375, 415 Fe,CLH | 4- 420, 460 Fe,ClH 4 "460, 500 Fe,CLH [4- 510’ 550 Fe,CLH | 4- 580, 620 Fe,CLH | 4- 640 675 Fe.Cl H e B T \ | 3- 955, 1100 Fe,cl' | 3- 985, 1150 Fe,CI' | 3-1000, ||aope ¢
6- 330.-380 Fe 6- 350 405Fe - | 6- 370 430 F: 6- 370, 435 Fe 350, 390 Fecl 5- 395, 445 Fe,Cl | 5- 430, 490 Fe,C| 5- 475, 525FeCl 5- 520, 560 Fe,Cl //5- 550,580 FeCl {5~ 630, 655 Fe.Cl' |5- 720, 745Fe,CI,H | 5- 815, 835Fe CLH | 5- 890’ 910 Fee A R o o : ) 4-1130, 1165, Fe CI,H | 4= 1175, 1210 Fe,CLH | 4- 1205, 1245 Fe,Cl,H
Froaiol men  |1o4c0) ssaa  |1oais saon  |7-a0 eor | oo e |ST D gRRer |83 senrer 3 o35, ;32 Fef (6= o7 /as e [ 6- 1207 190 [ 6- 790! s clAF |6 s, aas o 6- 915, 990 CLHF 16-1000] 1075CiH,F - N Bl jasgrmcts | o-iaes, ts0ececli [y 910, o Pl
AT ' 4 N - . - e e Fe,Cl,F 7- 960, 1060 Fe,Cl,F . e CILH,F
8- 610, 760 A 8- 650, 815A 8- 685, 860A 8- 725, 900 A 8- 805, 980 O 8- 865, 1040 n 8- 9151080 o - 960, [120 D 7 .%%2 3382”“ 8- 1110, 1255 ) g 'l%?g |'3l2g il 6 ,'2'38 1'%318? e 7‘.*%9,2 }328?“? 7-1720, 1800 Fe.CI,F | 7- 1810 1900 Fe,CI,F i,,';g%,’?;g%’,gﬁgfp
/ N &8-lB3O xsosn 8- 1960, 2030 b 8-2090, 2155 o
60 50 50 45 50 50 35 7 S v /
i - ! 35 . 257 20 20 10 20 S S -
- o 25,30, H 2= 25, 95FeH |2- 30, |00H 2- 25, I20H 2- 20, 160Fe,H |2- 30, : 4 2 2 3\ 0
T M 12 , ! ' - I90Fe,H | 2- 20, 210Fe,H |2- 25 245FeH | Z- 15, 260 Fe H 2- 30, 330Fe,H |2- 35, 360Fe,H |2- 25 37 2- 40, 4 8 * g 5 15 10 15 /
4- 170, 200FeH o 180, '2?82': = Ig? “‘222%4; . *,,%}I,Jroo 35FeH |3~ 120, 170Fei |3~ 145, I85FeH |3- 190, 225FeH | 3- 235, 265 FeH | 3- 280, 310FeH A 3- 305, 335 Fe 3- 370, 415 FeH | 3- 420, 465 Fef | 3- 460 305 Eg:gl,H 3- 570 620 E:Ccfrﬁ £ sgg' ggg;:’%’f“ R 2- 70, 660Fe,ciiH | 2- 65, 680 Fecit | 2> 65, 675Fe,Cl H | 2- 75, 640 Fe,CltH /2= 70, 605 Fe,Ci*H
S T 5- 220, 245A 5- 245, 2704 5- 275, 300 FeH 3 320! 32?*;2” 5- 3238 390 Felcl 47265, 305 FeCIHF 4295, 33SFECIF.. 4- 350, 390 Fe,clH/ | 4- 385, 425 Fo.cl | 4 520, 560 Fe,CLH | 4- 570, 605 Fe,ClH | 4 605, 640 Fe,ClH | 4- 665, 700 Fe.GLH |4~ 713 750 Fo.CiH ¢ 3 889, 990FeCl' | 3- 930, 1060FE,CI |\3- 960, 1110 Fe,CI. | 3- 985, 1185 Fecl' 7 3- 990, 1170 FeCI
6- 320, 365 Fe 6- 335, 385 Fe 6- 345, 400 Fe 6- 370 425 F oo it Map o 00, o Fe 5- 410, 440FeCl = 5- 445, 485FeClH  5- 5"05\;1 555 Fe,Cl’ | 5~ 515, 555 Fe.(l \l.5- 610, 640 Fe, CLH |5- 715, T4OFe,Ci | 5~ 785, BIOFeCLH | 5- 875, 895 Fe,CLH | 5-950, 970Fe,CiH h 4 1075, 1105 Fe,CLH | 4- 110, 110F+,Cl 4 160, 1195 Fe,Cl,H | 4- 1185, 1220 Fe,0H 4~ 1190, 1230 FeCl, K
7- 415, 510 A 7- 440, 535A 7- 455, 550 A 7- 485" 585 A 7- 508 605 A 7- 550! 650 ko 505, 5T5Fef  6- 570, 650Fe,f 6~ 640, 25 Fef | 6- 690, lﬁé Fe,CI,F "6- 790, 860 CI,HF | 6- 830, 900 CLH,F | 6- 895 970 CIHF 6- 980, 1050 CI,H,F | 6-1070, 1140 CI H.F 5 65 ggg 1320 Fe,CIH | 5-1345,1375 Fe,CLH | 541405 1440 Fe,C1H | 5-1460, 1500 Fe '” 5-1310,1550 Fe,CI,H
8- 600, 730 A 8- 635, 780 A 8- 665, 825 A &= 268" 355 2 45 345 590 1 5 795" G0 E‘-’F 7- 650, 750 Fe,F £ o, 830 Fe,CLF  7- 835, “?35FeCIF 7—; o7 Fe CLF 731000, 1100 Fe,CiF | 7-1065, 1160 Fe,Cl,F | 7~ 1110, 1205 FeiCLF | 7- 1175 1265 Fe,chH | 7-1240" 1530 fe CIF ) 701560, g HE 1 6-1535] 1610CIHF | 6-1615, 670014/ | 6- 1675, 1730 6- 1710, I765 L H,F
Base from North Carolina Highway Department ) ) 8- 865, 1035 o 1085 0 8- 975, 11650 8-1025, 1175 n 8- 140, l275|:| 8-1220, 1350 n 8- 1265, 1390 o -1350, 1470 o 8- 1420, I530{3 i "8 720" |7951F:e CLF g '16732 4;28 se I, g ||§;g jgog;e ceF ;zlggg éess ge CIF g '2?28 2'938 t;e ¢, F
County road map i s | / ] ] | e
P S N\ >/ ] \ P Xeasic N P
; ' 30 40 25 25 25 7 30 T = t /7
. / {25 20 | 20 < 25 T
. 2= 20, 275FeH 2- 55, 400 Fe,H 2- 45, 4I5F 2- 435 Fe,CI" - 55 * - { 10 0 7
] '3 3i0) 340 Fe'n S a’ doRH e 452' 5ogr:'2| 5 o sy e 522’ gﬁgghg'lﬁ 2- 65, 525FeCIH 2- 65, 575 Feci'i (2- 70, 635Fe,CIiH| 2= 70, 880Fe,ci*H | 2- 75, 705Fe,CltH | 2= 85, 715Fe,ci* | 2- 70, 675FeClH \2- /70, 635Fe,Cl*H
s 4- 410, 450 Fe,Cl,H 4-630, 665 FeCLH |4- 670, 705 Fe,CLH | 4- 720, 755Fe.CLH | 4- 775, s?o . 30 880, sB3Fecl |3-700) TT0FeCT (3- 775, 835Fe,C1' | 3- 850, 94SFe,Cl |3~ 885, 101 FeCl N 940, 1070 Fe,CI' 3~*n960"HlOFe ci™ |'5-"975 1135 Fe. ¢l
. 37 89! oo FeiciM S50 oo (4o em0, Ton e ot L o 830, 865 Fe,Cl,H | 4- 885, 915 Fe,ClLH | 4~ 955, 985 Fe,Cl,H | 4- 1020, 050 Fe,CLH | 4-10B0, 1110 Fe GhH | 4- 1125, 1155Fe,CI,H | 4- 1160, 1195 Fe,GLH " A~ 1170, 1205 Fy
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DEVELOPMENT OF GROUND-WATER SUPPLIES 10 iy 2 T Note, as shown on the logarithmic plot of drawdowns, that Step 4.— Determine the yield of the aquifers underlying the site. The discussion to this point has assumed that the pumping
When a well is pumped, the water level in the well is lowered ooy M after about 10 minutes of pumping at 1,200 gpm, the data plot The yield obtainable at any site depends on (1) the hydraulic wells are open to the entire thickness of the aquifer supplying
and a cone of de I:essign foriiE la the ‘water table or piczomettic $=0.0003 el deviates above the type curve. This indicates the presence of hy- characteristics of the aquifers, (2) the diameter of the well, the water. This assumption is valid for very few wells in Cra-
b . X p B N1 i a6 0® draulic boundaries in the aquifers. The boundary effects prob- (3) the drawdown of water level at the pumping well, (4) the ven County. Wells penetrating some parts of aquifer 2 and
surface around the point of withdrawal. The size and shape of Wlu)=1 s oo 00? o s . e . e e ; .
the cone depend upon the pumping rate, the length of the pum = 158X1070 | e oo &0 ably are due to lateral variations in permeabilities of the aquifers. length of the ““open-hole’ section of the well, and (5) the num- any part of all other aquifers must be screened. However, be-
ing period. the aquifer’s abilit pto Ao tra%lsmit wat:r agd SO e et An accurate computation of the distance to the boundaries could ber of aquifers penetrated by the well. Information needed to cause of the high cost of screens usually less than half of an
ep - 4 y . . N = 0=k PR not be made because of the uncertainties involved in correcting evaluate each of these factors is contained on this sheet. The aquifer is screened. Such wells are said to ““partially penetrate”
the location and type of geohydrologic boundaries within the o v s & © TW5r= 1,000 ) : f : . _ ; : :
zone of influence of the well - Match point /0 T o TW4r= 2000 the drawdown measurements. The convergence of the data plots steps required in this evaluation and the principal factors in- the aquifer. The graph below provides data that can be used
Deeing Fhe Tl perioci of pumplng, dischurge is balangsd = //o° . Match 2 2}22:: P near the end of the test indicates, that after several hours of pump- volved are described in the following paragraphs: in estimating the effect of “‘partial penetration.”
5 & - o t o, - = 3 % p . . . . . . . . N, .
by water taken from storage within the aquifer close to the well g 7ot " pol i o TW-1-Ar = 4,000 ing, the two aquifers began to respond more as a unit. Itis con- The hydraulic characteristics of the aquifers are shown in the
As pumping continues, a larger percentage of water is taken from s i ’ p’n T=820,000 T Twer—2m0 ceivable that after prolonged pumping, the aquifers would re- tableon the map. From the standpoint of evaluating the yield of
YU - = o, /. $=0.0005 spond as one unit, and the data plots for each well would coincide. a well, the specific-capacity data in the fifth and sixth columns
storage at greater distances from the well. The amount of water = o x d . . . .
that is released from, or taken into, storage per unit surface area 01 —— T W(uL)Jii .The graphs of computed drawdowns show the drawd_owns at are the most important. The specific capacity values in the 100
of the aquifer in respé)nse to a unit cﬁhange in head. is éxpresscd as % % tr?= 142108 distances from 100 feet to 10,000 feet from a well pumping 1000 table show the amount of water in gallons per minute that
the “‘coefficient of storage.”” The larger the coefficient of storage ° D:J S0 gpm from aquifers 7 and 8 for periods of 1 day, 10 days, and 30 can be obtained from each aquifer for each foot of drawdown e
the smailer the water-level decline required to obtain the —— ° x v °/ days in the vicinity of the test site. For the purposes of computa- in the water level. Column 5 shows the specific capacity of
of water being pumped . of tion, the effects of hydraulic boundaries and possible leakage wells 2 inches in diameter, and column 6 shows the same data //
The shape of the cone of depression is influenced by the aqui- / have been ignored. However, it is believed that actual drawdowns for wells 36 inches in diameter. The specific-capacity data 90 A 4 /
fer's, ability to transmilt wates, The sosffcient of “transnrissibil. 0.01 would be very nearly those shown, and the graphs will be useful assumes that the entire thickness of each aquifer is producing / /
ity is defined as the quantit ;)fwater in eallons per da ‘tha;t will 1079 1078 1077 10*6 10*5 in estimating drawdown of water levels in the well field. water and that the wells are fu]]y developed‘ (See the follow-
ﬂﬁw through a one-fc?ot widZ vettical sect%on of tﬁe aqu?fer e t/r? ing discussions of partial penetration multiple-aquifer wells.) 80 2]
: - : LOGARITHMIC PLOT OF DRAWDOWNS IN The diameter of a well is one of the first factors that must be con- 0
a hydraulic gradient of one foot per foot. With other factors re- . . ¢ i . . — X
i S : OBSERVATION WELLS AT CROATAN sidered in evaluating the yield. The larger the diameter of a & /
maining constant, the lower the transmissibility, the steeper will TIONAL FOREST TEST SITE 0 1 the 1 . ield. all other f bei b Th <Z< °4
be the gradient of the cone of depression and the greater will be NATIO . [T T TTT T TTTT1 T T TTT T 717171 well the larger 1Fs vield, all other factors being the same. e = (/W/
ihie drawdows, i e wesll 1 i differences in yield of wells of different diameters are shown = 70 / /9,
” p ; 5 : = <
The drawdown of water levels within the cone of depression is //// / mfthe gr'c}ph_;)}?lov\.’.lgl;e Bt"eldfOf z-nlllChl wells ?}?S b;e.n ahSS‘g“ed < / / «;//
. . . o ;
directly proportional to the pumping rate. Drawdown generally < A 2 ?h actfor .l' h er }t/tlle " laCT(;lres ,quw(ff {s Igrgerh ar;l f(l)nrc i arle, E fe
diminishes logarithmically with distance from the well. 4 // & P / . c;r;}or.e, a ghe ;l 2-' S Y‘Tl a lz-inch well, example, 2
With continued pumping, the cone of depression grows in size L Pq ; 3 o 5 Lodiss (ISR NAHLANE S-THER WCll, - 60
and depth at a diminishing rate until hydraulic gradients are 1 / L 1 = 3 // o /
established sufficient to reduce natural discharge or to induce ) // A g 4 (®) 4
. S s
enough recharge to balance the amount of water being pumped. 5 /\ /, pd S 5 10 82 g_zg&goo gpd per ft 16 % Eg / Curve M
5 a o oy = . r
When this occurs, the cone is said to be stabilized. Where pump- E P / “ = Mws Q—1,000 gom w
ing wells are near streams or lakes that are hydraulically con- w6 // /1 | = 6 ) A 40
nected to the aquifer, stabilization may occur after a few hours E e \Qe@s / 15 ) = 771 / g 28
of pumping. In other parts of the same aquifer, stabilization may £7 7 = 7 / g = / 5 oo
not occur even after several years of pumping. § A /// M 5 D 100
In areas of heavy pumping, the cones of depression may be =8 v % L~ 8 S T 1 I o 0 B I e »n 1.4
; ; / ; = dRp% 100 500 1000 10,000 @ = F o 200
quite extensive and may overlap cones from neighboring centers g P A , o i G 400
of pumping. When this happens, the drawdown effects are com- / /' P DISTANCE FROM PUMPING WELL, IN FEET '&:; o 30
bined. This results in reduced well yield and increased costs of P P Aquifer 2 & L3 =
—— 10 v Croatan Forest test site GRAPH SHOWING COMPUTED DRAW- - -
Aquifer tests.—Several pumping tests were made in Cra.ve‘n 11 // ;ng&ggo DOWEES F%RANVQ/ELAL.}ST:EENCEOTVREA-gﬁ—g Lﬁ 1.2 / g /
County to determine the hydraulic properties of the aquifers: this is // O oEsn e AQUI RS . v 5
essential in designing wells and well fields. To illustrate methods 12 TEST SITE. m _ aquifer thickness
of analysis, the results of two pumping tests that were analyzed / 11 r well radius
by the Theis nonequilibrium formula (Ferris and others, 1962, 13100 500 1000 10,000 Continuous measurements of water levels in well 44 at the : Curves based on Kozeny formula
p. 92-98) are utilized. The nonequilibrium formula assumes DISTANGE FROM PUMPED WELL IN FEET Cove City site have been made since May 1965, and the mean 10
that (1) the aquifer is homogeneous and isotropic; (2) thf; aqui- GRAPH SHOWING COMPUTEb DRAWDOWNS monthly water levels are shown in the hydrographs on sheet 1. 1.0
fer is infinite in areal extent; (3) the coefficient of storage is con- It will be noted that, as of November 1967, water levels in the 2468 12 18 24 30 36 42 48
stant; and (4) water is released from storage instantaneously with FOR WELLS PENETRATING AQUIFER2 AT well had progressively declined about four feet. This effect prob- DIAMETER OF WELLS, IN INCHES
a decline in water level. Although in Craven County none of THE CROATAN NATIONAL FOREST TEST SITE. ably is caused by heavy pumping from aquifers 4-8 about 15 GRAPH SHOWING YIELD OF WELLS OF 00 10 20 30 40 50 60 70 80 90 100
I

miles away in Lenoir County. Available data are insufficient
to indicate the level at which drawdowns caused by this pumping
will stabilize in the Cove City area. Whateyer the amount, it must
be added to the drawdown caused by pumping in the well field
at Cove City where pumping is scheduled to begin on June 22,

VARIOUS DIAMETERS AS COMPARED
TO THAT OF A 2-INCH WELL.

these conditions is completely fulfilled, useful results are ob-
tained from aquifer tests.

In May 1966 the firm of Leggette, Brashears, and Graham
made an aquifer test in aquifer 2 in the Croatan National Forest
The pumped well (PW-1) has a

Another pumping test was made in June 1968 by the U.S. Geo-
logical Survey for the city of New Bern. The test site is about 1.1
miles east of Cove City along U.S. Highway 70 and is shown on
the map below. Wells PW-1, PW-2, and PW-3 are about 3500

PERCENT OF AQUIFER SCREENED

GRAPH SHOWING RELATIONSHIP OF PAR-
TIAL PENETRATION AND ATTAINABLE
SPECIFIC CAPACITY FOR WELLS IN

(see map of pumping test site).
16-inch casing and is screened and gravel-packed from 100 to
130 feet and from 165 to 235 feet. The observation wells are either
4 inches or 6 inches in diameter and are screened at intervals cor-
responding to well PW-1 except well 62-B which is screened from
41 to 44 feet in aquifer 1. Well PW-1 was pumped at 2,650 gpm
for about 6-1/2 days and water levels were measured in PW-1
and 7 observation wells.

feet apart and have casing diameters of 20 inches reduced to 10
inches and are gravel-packed to 34 inches at each screen. Each
well has 11 screens totaling 100 feet in length which are set in the
most permeable zones of aquifers 7 and 8. Well 44 is 581 feet
from well PW-1. It is 2 inches in diameter and has three 10-foot
screens spaced through the same aquifers. Well PW-1 was
pumped for 4.8 days at 1,200 gpm, and drawdown in it was meas-
ured at 35.97 feet at the end of the test. Drawdowns in wells PW -2,
PW-3, and 44 were plotted and matched with the Theis type curve
as is shown in the logarithmic plot of drawdowns. Using the data
plot for well 44, and analyzing with the nonequilibrium formula,
the coefficients of transmissibility and storage for aquifers 7 and

1968. There is sufficient available drawdown at the Cove City
well field to tolerate considerable interference from other points
of pumping. However, the present interference makes it advisable
to consider greater spacing between wells and also to consider
locating future wells in a southwesterly direction from the exist-
ing well field.

DEVELOPMENT OF A HYPOTHETICAL GROUND-WATER SUPPLY

Conditions affecting the development of ground-water supplies
in Craven County vary from one part of the county to another.
The principal map on this sheet was prepared in an effort to sum-

The drawdown of water level at the pumping well depends on
thetype of pump installed and the depth to the top of the aquifer
below thestatic water level. All water pumps work on either one
of two principles. So-called “‘shallow-well” pumps lower pres-
sure at the pump and atmospheric pressure forces water up the
column. These pumps generally cannot produce a drawdown
of more than about 25 feet below the pump. So-called ‘‘deep-
well” pumps, on the other hand, “‘push’ water from the well
and can produce a drawdown of almost any amount. Pumps
of this type are generally available only for wells 2 inches in

HOMOGENEOUS ARTESIAN AQUIFERS.

Adapted by permission from “Ground Water and Wells"’, copyright UOP, 1966

Returning to the example,

suppose the 12-inch well in aqui-

fer 5 at Fort Barnwell were finished with a screen 8 feet long
rather than being screened through the entire 40 feet of the

aquifer present at the site.

aquifer would be screened.

In this case only 20 percent of the

The preceding graph contains 7

B 8 combined were computed to be about 200,000 gpd per ft and marize these conditions in a concise and yet readily usable man- gliameter and larger. Thus: shallow-well type pumps may be curves, and the ngxt.step is to .determine. which curve to use.
T 0.0005 respectively ner. The map of the county shown in the figure is divided into installed on wells of any diameter and are almost invariably This is done by finding the ratio of aquifer thickness (m) to
During the test the water levels in the observation wells were squares 2 miles on a side (the area of each square being 4 square installed on V\(ells 2 mghes in diameter and s.m_aller. ' .radlus (r). The aquifer tthkHe?S.IS 40 feet aqd the well radius
. . probably recovering slightly from previous pumping. The rate miles). The information shown for the upper left corner of each On wells equipped with deep-well pumps, it is feas.lble to draw is 0.5 or half a foot. .Forty divided k_)y 0.5 1s.80. Therefqre,
'-\ of recovery is uncertain, and no attempt was made to correct. the square includes the altitude of the land surface, depths to the top water levels down to the top of the aqplfer supply.mg the well. curve C on the graph is used. Followmg the line regresentmg
| deardant FeaRiremants For this aifsot and bottom of each aquifer, and symbols related to the chemical Actually, drawdowns greater than this are possible but not 20 percent of the aquifer screened, vertically to the point where
1 Catfish ’ quality of the water advisable. it crosses the C line, it is determined from the scale on the left
' TW-5 - ¥ sl ies ; : : : ide that the specific capacity is only ab f the
R TETe The tble of wrical bydalic ronertcs neluded ith the e amount of dradown avlale s the ditanc bt the 54 Ut e s capuity s only ot 47 perent of th
E;f’t"e / oPW2 N map shows data needed to estimate the yields of 2-inch and 36- staticwater level and the top of the aquifer. Drawdown of water sapasits 15 redueed feom 1.6 gbin e ft to about 0.7 pm per
28 " 7 Pumping well and number o {nch .wells n aquers 2-8. In addition, the aqunfe‘r compos.mon level below the top of the aquifer is feasible but not desirable. fi pU . i sl h " 1d of th 1 is £ d‘ gb 1
¢ °F / odd ¢ is briefly described, and the names of the geologic formations, The denth to the statle weer lovel For senifer 3 sem b doter. t. Using this value, the yield ol the well is found to be only
et = EXPLANATION ! Observation-well and number . : Aquif . h . ol . d . about 190 gpm (275 x0.7) instead of 440 gpm.
i Z oW 1 in which the aquifers occur, are shown. . . mined at each grid intersection on the map by subtracting the Where large quantities of water are needed it is common prac-
& Pz weil ! —_— The use of the map may b? 1Ilustrat§d.w1th the following ex- altitude of the piezometric surface shown on the piezometric Vs T screenqeach eodlunlig well i more fhay Ghs @aniter
and number [rREWs s ° amples of the steps involved in determining the depth and well mapon sheet | from the altitude of land surface at the grid inter- prog i .
i / TAKWT/C Observation size for a hypothetical water supply: section. The use of the three factors discussed so far.that is In such wells the specific capacity is the sum of }he specific
%J o o.TW—lilA L 1’4;\/0 S w§|;14’4 specific. capacit‘y well diameter anci dr‘awdown& i predictiné capacities of the aquifers screened reduced for partial penetra-
=0 servation we Lmj c - mi esti ity ) : . ’ . v . X tion as required.
TW=2  _~ '\—J\ and number O‘“Q tle DY Step 1. Qeze;mme or estimate the quantity of water needed and wellyields can now be illustrated with an example. For this pur- : au
l PW1 5 the quelily requirements for the water. pose, data for aquifer 5 in the Fort Barnwell area will be used
} 1;/2 ? 11 12MJLES The qganttlty oflwat?r nt’:e(zjedmat fl.nyosmla;ar;gei Emn la gall(ig The specific capacity of a 2-inch well in this aquifer is 1.3 gpm
per rr}llntlile o'r des,s' llor 4 e? rf'snlct ; lrﬁsug.c‘. 's?p.pnﬁ utprial per ft and the static water level is estimated to be 5 feet below
MAP OF PUMPING TEST SITE IN THE MAP OF PUMPING TEST SITE 5 NEAR EEVEEAL FHOFRALE &a Uty PRt HUMRe 10T AGDA LHEANS ’ land surface. Therefore, the yield of a 2-inch well equipped
or irrigation supplies. The quality of the water that is acceptable

CROATAN NATIONAL FOREST.

COVE CITY.

depends on the intended use. For example, water intended for
domestic or municipal use should contain less than 0.3 mg/l of

with a shallow-well pump (limited to a pumping level about
25 ft below the pump) is calculated as follows:
(pumping level — depth to static water level) x specific capa-

.. 10 -
Analysis of the data from the pumping test indicates that the | . . o o
aquifer is not homogeneous and isotropic as transmissibility is o éf—/ lsrhoer::taln)d less than 250 mg/1 of chloride (quality-of-water table city = yield (25— 5) x1.3 = 20 x 1.3 = 26 gpm
different in different directions from the pumped well. Also the ,,..’-" A 5 ) ) dw ) i p In view of the estimates used in calculating the yield, it is prob-
response of water levels in well AH-62B (see logarithmic plot of T=196,000 god per ft Step "TL_O“”? ’, € propose v,”)”_ site on the map, and refer to the able that the yield of an actual well would be more than 20 gpm
drawdowns) indicates that aquifer 1 and aquifer 2 are hydrauli- o .faigfggfm ; Hearest mler‘secn.(m of the grid lines. ) and less than 30 gpm.
; : : 51z w 1.0 If the well location falls near the center of a grid square, the - : . i

cally connected and that during the pumping test leakage from Well 441 1 ! ! | ) To calculate the maximum yield that could be obtained from
aquifer | was recharging aquifer 2. The coefficient of transmissi- = _ * Well 44 r= 581’ f“q‘“fc,r information may be interpolated from the surround- a well 12 inches in diameter drawing from aquifer 5 at Fort
bility determined in TW-5 is 330,000 gpd per ft and the coeffi- = Matet oint ek par—a e Ing points. Barnwell, proceed as follows:
cient of storage is 0.0003. The graphs showing computed draw- § j T=196.000 gpd per ft Step 3.—Determine from the chemical quality notation for each (a) Specific capacity of 2-inch well x yield factor of 12-
downs were constructed (using the coefficients determined in =01 $=0.0008 aquifer which aquifers underlying the site contain water of the inch well = specific capacity of 12-inch well. . REFERENCES CITED . ‘
TW-5) to illustrate the effects of pumping in aquifer 2 in the = A desired quality. 1.3 x 1.23 = 1.6 gpm per ft of drawdown. DeWiest, R. J. M., and others, 1967, Evaluation of potential
vicinity of the test site in Croatan National Forest. Although the 7 The chemical quality of the ground water is described on sheet (b) Depth to top of aquifer 5 depth to static water impact of phosphate mining on ground-water resources of
effects of lateral changes in transmissibility and the long-term 1. The source and significance of the principal chemical constit- level = available drawdown. eastern North Carolina: North Carolina Dept. of Water
effects of leakage between aquifers are not reflected in the graphs, uents and characteristics are also described. The water from one 280 feet — 5 feet = 275 feet. Resources, Report by Board of Consultants.
the graphs will be useful in estimating drawdown of water level. 0.01 or more aquifers in the northern and northwestern parts of the (c) Available drawdown x specific capacity = yield 275 Ferris, J. G., and others, 1962, Theory of aquifer tests: U.S.
If other factors are constant, drawdown is directly proportional 10°° 10°° 1077 e 10°° 107° 10" county is suitable for most uses. In the central and southern parts x 1.6 = 44;0 ﬁpm. e ) - | hGCOI- Slérvéy \I’Valerl-gglgpg Papc(:jr 1536-E. 4 well 133 134
to well discharge rate. Inter-aquifer leakage will decrease the of the county the water from all aquifers, with the possible Again, in view of the estimates involved in the calculations, ohnson, E. E., Inc., . Ground water and wells: p. -134.

" ; ; LOGARITHMIC PLOT OF DRAWDOWNS IN exception of aquifer 1 in some areas,qwould need to be treated the yield of an actual well would probably be more than 350 Walton, W. C., 1962, Selected analytical methods for well and

amount of drawdown and will tend to limit the spread of the
cone of depression.

OBSERVATION WELLS AT COVE CITY
TEST SITE.

for municipal and most industrial uses.

gpm and less than 500 gpm.

aquifer evaluation:

Illinois State Water Survey Bull. 49.
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