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CONSULTING GEOLOGIST



Consulting Gliologist 



P. 0. Box 10602 
Raleigh, T. C. 

Cotober 23, 1958 

:Iffioor-in-Charge 
Public .:•orkm Dapartment 

.Cazp Lejoune. N. C. 

;oar Sir: 

This preliminary report is submitted in accordance with provisions 
of Contract :Eye-7595, dated September 11, 1958. 

The report auamarises the geology and the ground-water conditions 
at ,the Marine Corps Ease, Capp Lejaune, north Carolina, and 
designates the nuMher. location, and depth of test holes that are 
to 'precede new production wells. Cate required from the well 
contractor and specifications for drilling of test wells are 
included. 

Although locations for the test wells and for tha "fellow-up" 
production wells are pin-pointed an the attached maps, geologic 
conditibms do not dictate such precision in location. For example, 
the four propoeed teat holes to be drilled to salt rater may be 
moved 1,500 feet is am-  direction without losing any value. The 
other test holes may also be moved limited distances at the 
discretion of the Cffiacr-in-Charge. 

Sincerely yours, 

Harry E. Lee3pAnd 
Consulting G.erologiot 

BEL/u1 
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zzmaDucirtair 

This is a preliminary report pertaining to ground-water *auditions 

at the Marine Corps Baser, Camp Lejeune, North Carolina. Its maim purpose 

is to serve as a basis tar the drilling of about twenty-two test holes 

that are to precede the drilling of future permiummrt wells in various 

areas at the Base. 

This report outlines the problems iroreired in obtaining an adequate 

quantity of good quality water from wells and suggests locations far 

test holes at places where new permanent wells might be drilled. 

Suggestions are made oonserning specifications for the test drilling. 

Following the couple:1'3=ot the test drilling program, a compre- 

hensive final report is to be prepared. The final report swill evaluate 

all data, including that obtained from test drilling, and recommendations 

will then !muds as to the permanent, raw-eater supply. 

CLW 
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GEOLOGT AND NATURAL-GROMED-WATEZ CONDITIONS 

All of Onslaw County is underlain by sediments that were deposited 

in or near the ocean. These sediments are composed of sands, clays, 

marls, and layers of consolidated rocks, such as limestone and sand-

stone. There is a tendency toward layering, and most of the beds are 

nearly flat but elope gently toward the coast. These sediments are more 

than 1,800 feet thick and lie on a floor of bard dense rook suck as 

granite. Only the uppermost few hundred feet of the sediments are 

important to this discussion, in view of the fact that the deeper ascii-

mmxts are saturated with salty water. The block diagram on the following 

page shams the general nature of the geology at the Base. The sediments 

at the surface are chiefly minds that extend to a depth of 10 to 50 feet. 

The laver part of the Nsurfe.e•-sand unit,* locally containing same claw. 

Overlies sediments of Tertiary age. These Tertiary sediments may be 

considered as a unit and are eamposed of loose shells, sands, marls, and 

oonsolidated shell beds. It includes chiefly the Castle Rayne formations, 

but the uppermost part is the Yorktown formation. Together, they will 

hereinafter be referred to as the "limestone twit." Locally, the Yorktown 

oontains blue clap}, but the =tent of the bins-ally sons in Onslaw County 

has not yet been determined. Down stream from Jacksonville the channel 

of New River cuts into the Yorktown formation. Belay the Castle Hey= 

(at a depth of more than 250 feet) is the Peed*e formation, oomposed of 

dark sands and clays and thin limestone beds. - 

All sediments below the water table are completely etuilVed with 
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water. The water table lies within 10 to 20 feet of the land surface 

La most places and is in the surface sand. Beds of clay, and perhaps 

marl, tend to separate the more permeable sand and &enrol:dr beds so that 

several artesienhorisons, or *ones, occur is the limestone unit. !tone 

of the artesian beds are perfect, and there is considerable leakage of 

water between that whereasignificant hydraulic gradient exists.,  

This situation arises frog the fact that the clayey confining beds are 

rat completely impermeable and fro* the faet that same beds are not 

persistent but are somewhat lenticular. 

Only in the upper part of the limestone unit is theirs a significant 

movement of artesian slater under natural conditions. Sine• the limestone 

unit lies is the channel of the river and sine* the artesian levels are 

slightly higher than the level of the river, there is leakage of water 

frau the limestone into the river. 	very large part of the precipitap. 

tion infiltrates into the surface Bead to became underground water. 

After infiltrating downward to the water table, this water moves laterally 

toward the nearest surface stream. 

CLW 
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NITBDRAWAI, OF WATER FROM WELLS 

With regard to withdrawal of eater *Tee wells at the Baser  two 

aspects of the matter need consideration. One wooer= the ability of 

indkridual wells to yield water, and the other eoneerne the ability of 

the aquifer to yield an acceptable and adequate supply of water 

perennially. 

Most of the wells range in yield from 2 to 10 gallons a minute for 

each fact of ell-wide:own. This oomoares useavers.bly with yields in other 

parts of the Tertiary linestone unit extending from the Albemarle Sound 

-through Florida, where the average is greater than 20 gallons a. miarte 

per foot of drawdoun. The limestone unit, in general, is chs.raoteristi-

gaily a shallrook which is made permeable by the removal in solution of 

the abundant shall material. At the Base the shellrook to a depth of 

about 100 feet is rather thin. and perhaps *entail  =is  sand in its open pars 

spaces. At any rate, the pumping of sand from the few openr-end wells 

has led to the installation of gareeTtad wells to prevent the inflow of 

sand. The permeability of the sand bed, is =lah less than that of the 

shellrock beds. Another reason for the low-yielding wells is that at 

a. depth of 50 to 100 feet, which is about -the average depth of the 

bottom screen, the aquifer is only partially penetrated. By utilising 

all permeable beds to a depth of 250 feet, much greater yields could 

be realised. This fact, hsnrarrer, must be Imarpored with the possibility 

that water unsuitable to present treatment facilities would be withdrawn. 

The safe yield of the aquifer may be considered as thcOkikt of 

water that can be pumped perfamiallY without bring gg one 	
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inferior quality. Before the first wells were drilled the hydra:110 

system in the aquifer was in balance; the natural discharge into Near 

River and perhaps other places was equal to the recharge, and both the 

water table and artesian levels were more or less fixed in position. 

When the first wells were drilled this equilibrium was disturbed as 

water was drawn from storage in the artesian system. Water levels hare 

declined acs more wells were pumped. A suffioiant amount of water has 

been drawn from storage to depress the artesian levels over a large arse.. 

The water levels will stabilise only when the natural discharge is 

reduced and the recharge is increased by an amount equal to the amount 

discharged by the wells. 

We have referred to the limestone unit as an artesian system, and 

its early response to peeping wells bears this out. However, heave 

ne perfect seal or confining  bed shove the aquifer, and, as a result, 

=ter from the surface sand acmes into the aquifer even through clay 

beds that occur locally. It is fortunate that this condition prevails 

in the Eadnot Point area; otharwiaa, the artesian levels would have 

lowered mach more than they now have, and -very likely salty water from 

the river would have spoiled the aquifer in this area. 

With the available data it is impossible to determine eacurrtely 

the recharge to the aquifer. However, some rough satinets can be mad:. 

infittration capaoity of the surface sand is great. Perhaps between 

30 and 40 inches of rain a year reaches the water table in the saturated 

sand. It the materials extending from the surface sand dawn to the 

aquifer are scammhat permeable, a great part of this wataPIFAVaore 
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downward into the limestone unit in the vicinity of pumped wells because 

the artesian head is considerably lees than that of the meter table is 

these places. Under present conditions the downward movement into the 

limestone is so slow that much of the meter in the surf icial sand is 

shunted laterally to a surface stream and thus is not available for 

recharge. The amount of recharge resulting from downward leakage out of 

the sarfloe sand is perhaps slightly more than one million gallons a 

day per square mile in the vicinity of each of the mull fields except 

at the Rifle Range where it may be less. In addition to recharge by 

downward leakage, there is also rechsrgeby upward leakage from beds 

that underlie the level of the lowest well screens. In areas *hers 

water is net pumped, the artesian pressure tends to increase 'with depth. 

Therefor*, there is naturalapmmrd leakage even through daybeds. When 

the head is lowered in the aquifer penetrated, the upward leakage is 

greatly increased. The combined effects of upward and downward leakage 

into the aquifer has caused the water levels in the aquifer to approach 

a stabilised condition with less drawdowm than mould be the case ia a 

perfect artesian systaa. Precautionarymeaskares of limiting the drew-

doom and dispersing the wells hem, been taken to prevent overpumping. 

The heavy pumping in the Hadnot Point area is resulting in a gradual 

decline of the water level in the vicinity of some meals in this area. 

Data to be collected before the final report is prepared may indicate 

the position at which the water level mill stabilize in the Hecinot Point 

CLAN 
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CETAICAL CHARACTER OF WATER 

The ohemioal eharaoter of underground water varies wimaiderably 

with respect to depth and geologio formation. Originally all the beds 

contained seawater, but in the relatively recent geologic past the 

freehruater head has been great enough to push the malty ,rater westward 

and seaward to so extent. Salty water has been oompletely flushed 

Prima the uppermost beds, but beds deeper than *bout 400 feet have been 

only partly flushed of their original salty meter. The beds fro/111,1110h 

salty-meter has been flashed now yield meter that reflects the Chemical 

Character of the rock materials in ehiCh it occurs. 

Water in the surftes sand is soft and contains less Um= 30 parts 

per million of dissolved solids. It contains some free carbon dioxide, 

resulting in a OR value varying between 5.0 and 7.0. 

Water in the limestone unit is a hard, caleixim-bioszbionate eater, 

typieal of that in the Tertiary limestone unit extending erom the 

Carolinas into Florida. Eleept -where there is acme indication of 

salt water contamination, the water in the limestone unit commonly ranges 

in hardness from about 100 to 250 parts per million. Both. iron and 

hydrogen, sulfide occur in-  objectionable quantities* at certain places 

and certain depths. These features are discussed appropriately under 

the discuaxian of each area of the Base. 

Very little is known about the meter in. the Peedee formation, the 

top of -which lies at a depth of 250 or perhaps 350 feet below the :ground. 

This formation contains fresh meter at Rich/ands; it is a molt, sodium 

bicarbonate water, having been softened through cation amaalViosy 
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natural mrtreseent three & the glauccuite (natural zeolite) sands of the 

At the Hese, it is likely that the cation exchange proc-ess is 

complete in the Pestles and that there is no significant calcites bicar—

bonate hardness. However, it is also likely that the water is salt' 

and unsuitable fbr nee. The proposed deep teat holes should rem/sal the 

chenieel character of water frost this ibrIzatIon. 

W 
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A iT-Rrill'm cuanianwriON 

'Ihere the ancient sea setter has been completely- flushed out of thee 

underground formations in eastern Sotrth Carolina the chloride content 

of time water is lasts than about ZS parts per million. Where the oh/or-Ude 

occuteent is higher than 25 parts per pillion there is a suggestion that 

saltSer "cutter is near. Since there are about 13,300 parts of chloride 

in a million parts of sea -eater, chloride provides a better indioatio-n 

of welt-meatier contamination than s other chemical constituent. 

Mere are two says in silica the limestone aquifer at the Base can 

become contastinated by salt-water intrusion. These are (1) lateral 

encroachment of water from Saw River and its tributaries and (2) verticeal 

encroachausnt from the underlying salt-water beds. 

Ccoasideration of possible contamination of the water supply by 

encroachatent of water froa ate: River clan be ()entered on the ftalowing 

points. Although leer River does not have the salinity of sea water, ilk 

is birackiah during =oh of the year. The degree of its salinity is posit 

very important because it could make an wiz:afar unusable whether it 

cantaains 2,000 or 20,000 parts per million of chloride. low River and 

the mouthward parts of its tributaries have cut through any impermeable° 

beds that were present and are now entrenched into the limestone aquifeer. 

If ithdrecral of well water is ooncontrzted close onough to the river 

so beat a hydraulics gradient is established from the river to the 

center of pumping, salt-water encroachment will occur. Fortunately, 

proper caution has he= iutkoa in the planning of the water supply to 

present lateral ancroachassat. For example, in the Badnot &area 

the policy has bees to limit the drawdoen in each well and to locate 
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wells at considerable distances from the salt-water estuaries. As a 

result of these practice*, no carrtassination has yet occurred. The present 

data suggest that fresh water of the aquifer is discharging into the 

river and that the water level has not been lowered sufficiently to re-

verse the gradient--that is. from the river to the aquifer. A few 

small observation wells between the river and the production wells would 

give the water-level zaeasurements needed to clarify this point. The 

only elects where lateral encroachment has actually occurred la at Well 109 

on Cnalow Beach. This contamination is discussed in the section dealing 

-with Onslaw Beach. 

The other way in which salt water may reach the aquifer is by upward 

movement from beds eacrtaloirtg salt water. In discussing this point, it 

is necessary to understand the significance of the relative density of 

salty water.- Since sea water has a specific gravity. of 1.025. forty- feet 

of sea water will balance forty-one feet of fresh water. This difference 

in specific gravity of fresh water and sea water has led to the general 

rule of 40 to 1 ratio. 'here the rule can be applied, the depth in 

feet below sea level to the contact between fresh and salt eater theoreti-

cally will be 40 times the number of feet the static level of fresh water 

is above sea level. The rule cannot be applied to conditions at the Base 

because of the gradational salinity of water in the ground and because 

of the absence of homogeneous strata. Nevertheless, it is of value to 

knew that the lowering of the water level in the aquifer a few feet mead 

cause, under certain conditions, the salt water in the underlying bed to 

rise many feet. The only place whore vertical ccertaminGLYVis known to 
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have occurred is at Well 3, Camp Geiger: The policy of dispersing wells 

and of limiting the drunken in each well, as is the practice at the Bass, 

is the proper precautionary measure to take in preventing, vertical 

contamination. However, more information is needed concerning the depth 

to salty water and the relative permeability of the materials between 

the salty water and the zone from which the wells now draw water. The 

four teat holes to be drilled into the salty water zone should produce 

valuable data. 

CLW 
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SUMMIT OF TEE PROBLEMS 

The overall objective of developing the vector supply at the Bass is 

to obtain a perennially adequate supply of acceptable chemical quality 

in the most oconomical way. This objective is not reached by merely 

considering the yield of one or WM:tan wells and.  the treatment that 

would be necessary. Rather, a number of delicately iaterdepeadeat factors 

need consideration separately and collectively. Thee. factors may be 

grouped in terms of the (1) quantity and (2) Chemical quality of the 

eater. 

The strict adherence to certain Chemical aspects of the Water - 

freedom from Chloride eontamination and water suitable to present treat-

ing feeilities - places limitations an the quantity of water available 

from the aquifer said from wells. 

All water problems are in a sense economic preblems, fbr with a given 

meant of money, a satisfactory supply of water can be had aayWhere is 

the world. With this thought in mind, we note that the fear of chloride 

contamination has caused a wide spacing of 	is and has caused 

limitations an the dreedawn and yield of the wells. This, in turn, hes 

resulted in a greater expenditure of fands than would have been the 

case if the problem of chloride oentamiaation were not present. Cam 

wells be spaced Closer and can the drawdoen and yield of individual 

wells be increased and still maintain a safe adequate supply? Good 

Judgment has been. exorcised in developing the water supply at the Use, 

and a reasionab/e margin of safety exists insofar as proteffir 
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quality of the water. The deep test holes that are to be drill:.eed Should . 

give valuable informatian shout the salt water and fresh-water 'I:boundaries 

and about the poseibility of salt-eater contentination. The mor-ee that 

le known about the positions of these boundaries the greater omen be 

the withdrawal of water while maintadning a margin of safety. 

Another economic problem aoncerms the relatively poor spec:title 

capaeit3r of. the wells (gellons per nri-Tnte per foat of dreadawn.) . This 

becomes a significant matter in view of the fact that the graves:1-call 

type wells,. which have beam installed. are expensive. The we131Lis have 

been drilled by competent well central:tors, and there is no sug,-„zestion 

that the yells are improperly constructed. Tot sane tzproveme=crt in the 

economics of wells—either a better speeifie capacity or reducceod coat 

per well--is one aim of the test drilling program. By having csaileetrio 

logs made sad sample' of rook•meterials studied from each teat :hole. 

the proper placing of well screens sad ether well ocaastruction 'tedhniques 

cam, be *seared. 

One reason for the law specific capacity of the wells is ttzThe 

necessity for selecting only those water-produoing zones that =mill yield 

a eater that can be treated satisfactorily at the present treeti=nent 

plants. For ells, some zones of hi zh permeability yield eralf.--.er with 

excessive amounts of hydrogen sulfide—ether, with SXCedittilre =amounts of 

iron or hardness. It appears more economical, generally speak issue to 

sacrifice "well yield" in order to obtain the type of water thastin can 

be beet treated at each plant. CL\N 
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SPECIFICATIONS FOR THE T'SST mus 

The contractor must drill test wells at places approved by the 

Public Werke Officer. The conditions of the drifting  and the results 

to be obtained follow: 

1, Drill as open. hole approst=tely 10 inches in diameter by the 

rotary clay seal method to depths designated by the Navy or its consultant. 

2. Samples of all =tortilla shall be collected at IO-toot intervals, 

regardless of the change ar lack of change is the 'character of materials. 

The samples shall be placed in 1-pint trsmaparent plastic bags and 

labelled in indelible ink, such as "magic marker.a  

3.. The contractor shall furnish a driller's leg shoeing the 

Character ofseteria/e penetrated. 

4. Upon. empletion of the drilling of the test well., the contractor 

shall make an electric log shoeing coatinuous self-potential and 

resistivity curves. 

5. The contractor shall collect and have analysed samples of water 

from all mater-bearing strata of interest so as to accurately shoe the 

quality of water from each stratum. These analyses shall include the pH 

at the water and is parts per million the total hardness, iron, chloride, 

and hydrogen sulfide. 

6. The test well shall be sealed in an approved manner to prevent 

interehange of water between the strata after the teats have been made. 

7. The above-mentioned samples, driller's logs  and Tatar analyses 

Shall be available far inspection at all times sad oopiceded 

upon completion of the test wells. 
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8, Altar analyzing the information from the test wale, the con-

tra,trtor SPIall  make recousiendations for the design of a fUture perms, 

newt moll, His recommendations *hall include the appropriate depth, 

details of cammtruction, length cad location of screens, and an 

estimation of the quantity mad quality (=floater that can. be  Obtained 

frame each water-bearing stratum and from the completed well. 
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T'MT WELL PRCGRAIL 

Test Hole Number Area of Location 
Number of 

Proposed Depth 	Water Sammlem 

T-1 Hadnot Point 475 4 

T-2 Hadnot Point 225 3 

T-2 Hadnot Point 225 3 

1-4 Hadnot Point 225 2 

T-5 Badnot Point 225 2 

1-6 Hadnot Point 225 2 

7-7 Hadnot Point 225 2 

1-8 Hadnat Point 500 4 

1-8 Tarawa Terraes 185 3 

1-10 Tarawa Terrace 185 2 

1.11 Tarawa Terrace 185 2 

T-12 buttord Point 350 3 

T-13 Montferd Point 250 3 

T-14 Mmmtford Point 200 2 

T-15 Camp Geiger 475 4 

T-18 Camp Geiger 200 2 

T-17 Camp Geiger 200 2 

T-13 Rifle Range 300 3 

T-19 Rifle Hang• 150 2 

7-20 Courthouse►  Bay 115 2 

T-2I Courthouse Bay 115 2 

T-22 Coslaw Beech .....laolufti A_ 
Total 	 5,385 feet 	56 
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=ST WELL POiL mad... 

If available ihode are not adeluate to oover the cant of drilling 

5133g taste h'"^' l{'18 58 water fox:glee, and running 22 electric loge, 

3 wells could be alladnated in the following =ye 

2-1 van be moved to the site of 2-2, 2-12 can be mowed to the site 

of 2-13, and 2-15 can be cored to the site of 2-18. Thus, the total 

footage can be reduced to 4.710 feet, the cater semploe to 48, and the 

niarber of electric logs to 19. Also by keeping as interval of tiro masks' 

time between the drilling of certain -tells so that the results oem be 

evaluated. other rednetions in footage and perhaps in water sample* 

my be made. For nomple, the drilling contractor should plan his work 

so that* 

1-4 and 2.441 should nest be started within two weeks fancying 

the completion of 2.3 and 2-5, 

2.11 should follow by two weeks the oceepletion of 2-9 and 2-10. 

CLW 
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DISCUSSION OF SEMI= AREAS 

aft the following pages are brief discussions of the well-miater 

stbnation at the separate areas where water is used. The discussions cover 

only those points that are pertinent to the test drilling and to future 

development of trolls. 

Hadnot Point 

If hydraulic characteristics of oarth materials to a depth of about 

400 foot wore precisely known at Hadnot Point, as well as at other areas 

of the Base, it would be possible to have optimize conditions concerning 

the relationship between -withdrawal of water, driordown, spacing of wells, 

and maintaining a perennially sate supply. The following paragraph 

diverts slightly from the pattern of discussion but is still pertinent 

to the problems at Hadnot Point. 

Within the scope of plans of almost all ground water 

hydrologists an a project is a pumping, or aquifer-performance, 

test. This test is made by systematically observing water-

level fluctazationa when a well pump is turned on and after it 

is turned off. Frees the tests it is hoped that the 

coefficient of transmissibility and the coefficient of 

stlormosxmicy be obtained. The coefficient of transmissibility 

maybe defined as the rate of flow of 	in gallons per 

day through a vertical strip of aquifer one toot wide, cuoi  

extending the fhll saturated this of the aquifer, under 
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a hydraulic- gradient of 100 percent. The coefficient of 

storage is the volume of water the aquifer release's from or 

takes into storage per unit surface area of the aquifer per 

unit diming* in head. It eight be as =Oh as 25 percent in a 

water-table aquifer, audio, as the surface sand, where most 

of the water is obtained by denaturing the material. It 

might be a small fraction of ons percent in the artesian 

limeatons unit where water is yielded by elastic' adjustment 

to changes in pressure. It is possible to determine the 

dreedown at future dates and at varying distances under vary-

ing conditions of pumping by using those aquifer aharecteristics. 

However, to get valid results, certain ideal conditions must 

exist. For example, the aquifer must be homogeneous and must 

transmit eater equally well in all directions; the well must 

penetrate the complete thickness of the aquifer; and water must 

be drawn entirely from storage. In the Hednot Point area, as 

well as in the ether areas, the character of rock materials and, 

therefore, the ability of the materials to transmit water', varies 

gristly from place to place. This is reflected in the range in 

yield from well to well. On the basis of the present wells, the 

coefficient of transmissibility ranges from about $,000 to 

About 25,000, but the values are low because the aquifer is only 

partially penetrated since wells are screened only in some of 

the perusable zones. The coefficient of storage increases with 

time. it first it is small because water is drawn froaNige 
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in the artesian system -where the response to a change is head 

is duo solely to compressibility of the aquifer material and 

of the water. Since the aquifer at Hadnot Point is not 

wmapletely confined and not completely separated from the 

surface sand, downward leekageo of water into the artesian 

beds is by gravity drainage. Therefore. redharge from the ear- 

fame sand gives the aquifer a storage capacity many times 

greater than a pumping test would indicate. It is clear 

that an attempt to get quaatitivs results from aquifer per- 

fOrmanos tests at Hadnot Point would be misleading. 

The wells in the Hadnot Point area are dispersed sufficiently so that 

there is no single composite oens of depression in the water level. It 

is true that some lowering of the water level at any of the wells is 

partly as to the influence of pumping nearby wells. This is a natural 

consequence of the development of a well field and, in itself, is not 

detrimental. The control of drawdowns to prevent salt-water encroach- 

ment has resulted in a larger number female and a greater dispersal 

of wells thanismuld have been the case if the concern about salt water • 

ocntaminationwers not real. 

Mast of the wells are cased at intervals between 60 and ISO feet. 

The yield varies between 3 and 12. gallons per minute pier foot of dram. 

down. Treatment adequately handles the hardness and iron content. 

Ths hydregiwa sulfide content appears to be less than that at the sane 

depth elsewhere. 

CLW 
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Ms chloride content of water fru= all wells is low, and there is no 

indication that salty ground water is moving toward the well field. 

The test wells to be drilled should furnish mush needed information about 

the earth materials and the quality of the water below 190 feet, -which 

is about the deepest sone from which water is drawn. The final report 

trill svaluate this information in terms of possible vertical 072oroachp-

:assert of salt water. Very careful location of vials at points away from 

brackish.-water streams has prevented lateral encroachment. 

The recommendation made by Pitometer issociates for new production 

wells to be located along the sand road south of Piney Green is endorsed. 

As suggested in the well table, test holes T-4 and T-4 should be the 

last of all the test holes drilled. This suggestion is made because 

a study of the results of earlier test holes would De desirable in 

evaluating the entire water supply of the Hadn't Point arse. To get 

greater specific capacities frost future wells without increasing the 

hydrogen sulfide oontent of the -water is one objectiirs• 

Tars= Terrace 

Seven wells have been in operation at Tarawa Terrace, although 

Well 4 has been abandoned because it pumped sand. Some driller's logs 

and ether records are available, but these records have only limited 

use for the following reason. Three Berta of well numbers bare been 

used - the driller's numbers, the site numbers, and the present nit hers. 

Thus far, it has not been possible to relate these numbers soft-W 

specific well record can be identified with a partitor debl. 
0 0 0 0 2 
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Of the 5 wells along Lejeune Blvd. only Well 1 nww Airnishes more 

than 100 gallons a minute. It is thought that the poor yields of these 

wells are due to poor well construction rather than to a change in 

permeability. Moat of the water from these 5 wells comes from depths 

varying from 50 to 100 feet. The water is typically hard and contains 

slightly objectionable amounts of iron and hydrogen sulfide. 

Wells 6 and 7 on. the Bell Fork:Read need separate consideration. 

Perhaps these wells draw much of their water from depths between 150 and 

200 feat. At any rate. the yields are relatively good,but the chemical 

quality is very peer. Water from both veils contains more than. 4 parts 

per million of hydrogen sulfide. Moreover, Well 6 has nearly 200 parts 

per /011A= of chloride and Well 7 nearly 50 parts. Water from these 

two wells is not suited for present treatment facilities. and in no 

ease can this water be treated economically'. 

The overall objective is to increase the muter supply and at the same 

time eliminate undesirable water that approximates in chemical character 

that from -wells 6 and 7. 

It is reccsesended that 3 test wells be interspersed between 

existing wells an Lejeune Blvd. These test holes should be 125 feet 

deep and at least two samples of water should be taken fray each hole - 

one eample from the best muter-bearing some between 50 and 100 feet 

and one sample from the best water-bearing zone below that zone. 

CLW 
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Miontford  Point 

Walls at Aontfbrd Point dm, water only from the upper part of the►  

limestone unit, most of the wells having two short screens at various 

depth-intervals between 50 and 100 feet. The wells vary in yield from 

2 to 7 gallons a minute per foot of drowdown, and only one or two wells 

are pumped at more than 125 gallons a minute. Water in the 50 to 100-

foot sone is treated effectively by the zeolite process and is Ohlori- 

nsted. The raw -water varies in hardness from about 150 to 200 parts 

per million and in iron from about 0.4 to 1 part per million. It 

contains lees than I part per minima of hydrogen sulfide. The chloride 

content is less than 20 parts per million. 

According to results of two test wells drilled deeper that 100 feet 

at lionttord Point, the hydrogen sulfide content seem to increase greatly. 

with increased depth is the limestone unit. The yield per wellalso 

wcold be expected to increase greatly 'with depth. therefore, thee. two 

sauntering factors need carefUl consideration prior to the drilling of 

production wells in the area. 

It is understood that the chloride content of water►  from the well 

near the Whits Cemetery was only 28 parts per million. The well was 

an open-end hole fran 164 to 227 feet. It had a yield of 10 gallons 

a site per foot of drawdown. 

Reemmendations concerning the test holes to be drilled are found 

in the well table. 

CLW 
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Cagan Geiger 

A Tery delicate relationship exists between the fresh-water and 

salt-water souse at Camp Geiger. In general. the limestone unit to a 

depth of 100 fest contains' water that is low in chloride, but in the 

highly permeable shellrook between 100 and 200 feet enough chloride is 

present to be objectionable or to cause concern about the possibility 

that it might increase to objectionable amounts. 

The reason for the nearness of brackish water to the land surface in 

the area of Camp Geiger and Peterfield Point is not clear. One possible 

explanation follows. During the interglacial periods of the Ice Age the 

sea encroached on Onslow County and drowned it. During these times 

sea water moved easily into the permeable shelirook. The sea eater 

entered the ihellrock where it occurs in the present river channel and 

then moved laterally, puehing the farmer fresh water westward. Since 

the sea has withdrewnto its present position, the salt-water head has 

been decreased and is now slightly less than the fresh-water artesian 

head. Samovar, the difference in head has not been great enough inr the 

fresh water to completely flush out the sea water. The fact that the 

chloride content is only a few hundred parts per million at Wells A 

and D indicates that the flushing process is almost complete and that 

the chloride content in this sone at acme places mey be law enough to 

be acceptable is the meter supply. In fact, the wells at Perterfield 

Point are screened between 100 and 180 feet and yet will yield water with 

a fairly low chloride content. If thin explanation for thcicar * 
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of brash water is correct, there is a possibility that freash water 

may be found at a depth varying between 200 and 400 feat. 

The great permeability of the shallrock below 100 feet is indicated 

by the high specific capacity of Wells A arid I), as well as trios* at 

Porterfield Point. Well A yields 30 gallons a. minute per foot of draw-

down, and Wall 4 at Peterfield Paint is reported to yield ntuarly 60 gal-

lone a mimute per foot of dr.:edam. 

One objective at Camp Geiger is to datermine,with some degree of 

finality*  whether water of acceptable chemical quality eon bee found 

deeper then 100 feet. If only water of poor quality is found in this 

permeable sons, increased withdranal of water fres: the 50 to 100-foot 

scats must be carefully planned. The fast that the water from Te1I E 

now has slightly 1330241 than 200 parts per million of chloride is a matter 

that deserves consideration. The well appear* to have been "salted" 

by upward moveazent of -water from the lower zone. This situa-tion points 

out that salt-water contamination is a matter that should ecatinue to 

get the attention. that it has in the past. 

Test holes should be drilled to depths as specified in -the well 

tablet. Stemple* should be collected in each well between 50 and 100 

feet, between 100 and 200 feet, and elsewhere as appears appropriate. 

Rifle RarAs 

Three different zones of the limestone unit have been tapped at 

the Rifle Range. Wells 5-1 and T-1 are screened at latezephf 
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70 to 80 and 63 to 73 feet respeetively. Both wells yield more than 

10 gallons a minute per foot of drawdown and attest to the high 

permeability of the consolidated parts of the limmitons unit. The most 

objectionable features of water in this saris are the emcee:sive iron and 

hydrogen sulfide oontemts. Well S-1 contains 3.4 part per million iron, 

and Well T-I contains 6.0 parts per million iron. Well S, screened at 

4 different intervals between 75 and 130 feet, yields 10 gallons a minute 

per floot of drawdown. Water fraa thin well contains lees iron and hydro-

gen sulfide than that from the shallower wells. Well T, which has been 

abandoned, was screened at the following depth intervals: 382-392, 

412-422, and 442-452. The yield us only about 4 gallons per minute 

per foot of dram:lawn. A caplets chemical annlyais is not available, 

but the water is reported to have had a strong odor of hydrogen sulfide. 

lven though the well field lies fairly *lose to 34,1w River, chloride 

contamination of the wells is not likely to be a serious consideration 

for two reasons. First, impermeable °lege of the Yorktown formation 

overlie the limeatone unit to a depth of 40 to 60 feet, and these clays 

probably underlie few River near the Rifle Range; the clays should be 

a partial barrier to any tendency toward salt-inter enoroaohaent. In the 

second place, the relatively high yields of the walla with the limited 

drawdowa should discourage salt-water eneroachnent. 

The chief problem do, however, pertain to the quality of the water--

the iron content, the high sulfide ociateat, and the ever present hard- 

ness ocratent. 	 CLW 
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It is recommended that the first of two test hales at the Rifle 

Rents be drilled to a depth of SOO feet and the second weal to a depth 

of 150 teet. Bemnles of -water ahould be taken from the 60 to ao-fbot 

zone, from the most permeable acne between 90 and 150 feet, and in the 

oase of the deeper test hole, from one deeper sone. 

Courthouse  

Bath Wells 'V and W drew water through yells screened between depths 

of 30 and 60 feet at the tap of the limestone unit. Bath wells yield 

mere than 3 gallons a minute fer each foot of dreardown, and thus yield 

is not a problem. According to analyses of October Z4, 1957, Will if 

bad an iron eontent of 1.3 parts par million as compared with Well 

of 0.6 part per million. Well Whed a hydrogen sulfide content of 

0.4 part par million as compared with Well V of 1.0 part per million. 

These variations in chemical character are nab understood at present. 

It is recommended that each of the 2 test wells be drilled to a 

depth of 115 feet. Samples of water should be taken from the 30 to 

60-toot sone and from the most definite water-bearing none between 70 

and 115 feet. 

Onslow Beach 

Although no teat well was originally designated for Ouslow Beach, 

an increase in salt oontent of Well 22 at the water pleat i()LulAffi- 

cation for one teat hole. 	
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Both Wells 22 and 23 are about 65 feet deep and each is screened at 

the depth intervals of 30 to 40 feet and 52 to 62 feet. The limestone 

unit is more consolidated hare than at Hadnot Point, and it ix likely 

that open-end wells into the ihellrock would be satisfactory. Production 

from,,this tone is relatively high. For example, Well 22 gives about 10 

gallons a minute per foot of drawdoen and Well 23 about 6 gallons a 

minute per foot of drawdown. 

The water in this shallow zone is hard and contains considerable iron 

and hydrogen sulfide. Zeolite treatment and chlorination reduce the 

undesirable mineral matter to as acceptable point. An analysis of 

August 22, 1967, showed that Well 22 had a chloride content of 136 parts 

per million as compared with about 13 parts per million when the well was 

first drilled. In view of the fact that the Intracoastal Waterway has 

cut into thellrook of the Yorktown formation less than 2,000 feet from 

this well, it is likely that high tides have pushed salt water laterally 

in the shellrcxsk toward the well. If the chloride aontent of water from 

this well continues to increase, it should be abandoned. 

It is recommended that the test well be drilled to a depth of 150 

feet and that at least two samples of water be taken -- one in the upper 

part of the shellrock (30 - 60-fnot sone) and another between 70 and 

150 feet. 

CLW 
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