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SDear oirs

This prelimimiry report is submittod in accordancs with provisions
of Contrast XBy-7596, dated Septembar 11, 1358.

The report summarizes the geology and thes ground-watsr conditions
2% the Marine Corps Rase, Camp Lejsune, Sorth Carclina, azd
designates the mmber, looation, and depth of tesat holes that ars
to precede new produsticn wells. Tata racuired from the well
centractor and specifications for drilling of tast walls ars
included,

Although locaticns for the test well: and for tha "Ifollow-ud”
production wells are pin-pointed on thae attached wape, goolegie ,
conditisms do 2ot diotats such precision in locatlons For example,
the four propesed test holseg to de drillsd to salt water may de
movsd 1,500 feet ia any direction without losing any wlus, The
other test holes may alse he moved limited distances at ths
diserstion af the Lfficar-in-Charge.

Sincersly yours,

Sarry 5, LeTrand
Consulting Gueelogist
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IRTRCDUCTION

This is a preliminary report pertaining te ground-water conditions
&t the larine Corps Base, Camp Lsjeuns, North Carolina. Its main purpose
is to serve as a basis for the drilling of about twenty-two test holes
that are to precede the drilling of future permanent wells in varicus
areas at the Baze.

This report outlines the problems invelved in obtaining an adsquate
quantity of good qualitly water from wells and suggests locstions for
tsst holes at places where new permanent wells might be drilled.
Sugzestions are made conserning specifications for the test drilling.
Pollowing the sompletion of the test drilling progran, s compre-
heusive final report is to be prepared. The final report will evaluxte
all data, imoluding thas cbtained from test drilling, and recommendations
will then be made as to the permanent, raw-water supply.
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GEOLOGY AND YATURAL-GRCUND-WATER CONDITIONS

A11 of Onslow 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 ag limestons and sand-
stones. There is a terdency toward laysring, and mest of the beds are
nearly flaxt but slope gextly toward the coszt. These sediments are more
than 1,800 fest thick and lis or & floor of hard dense rock such as
granits. Only the uppermost few hundred feet of the sediments are
importans to this discussion, in visw of the fact that the deeper sedi-
ments are saturated with salty water. Ths block diagram en the following
pa;odwnﬁho general nature of the gsclogy at the Base. Ths sedinments
at the surfuce are chiefly sands that extend to a depth of 10 te 50 feeb.
The lower part of the "surface—sand unit,” locally containing some slay,
overlies sediments of !-rthryl-l.;o. These Tertiary sedimeats may be
censidered as a unit and are composed of loose shells, sands, marls, and
oonsolidated shell beds. It includes chiefly the Castle Hlyn. formation,
but the uppermoat part is the Yorktown formation. Togsther, they will
hereinafter be referrsd to as the "limestone unit.” Loecally, the Yorktowmn
oantniub}.ncchy, but the extent of the blne~clay zone in Unslow County
has not yet been determined. Down stream from WMII- the channel
af New River cuts into the Yorktown formetion., Below the Castle Hayns
(st a depth of more than 250 feet) is the Peedee formation, composed of
dark sands sud olays and thin limestone beds.

All sediments below the water table ars completely Gl
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wxter. The water table lies within 10 to 20 feet of the land surface

iz most places and iz in the surface sand. Beds of slay, and perhaps
marl, teud to s-pm*t’;ﬂ the more permeable sand and shellrock beds so that
several artesian h:;rixon:, or sones, socur in the limsatons unit, Hone
of the urtuinn beds are perfect, sand there 1z considerable leakage of
water betwesn them where a significand hydraulie zgradient axiats. —.
This situation arises from the fagt that the clayey confining beds are
ot camplstely impermesble and from the fast that some beds are not
persistent bdut are somewhat lentisulsr.

Only in the upper part of the limestons unit is there a significant
movement of artesian watsr under nstural conditions. Sinse the limestons
unit lies in the channel of the river and aince the artesian levels ars
slightly higher than the Imi of the river, there is leakage of water
from the limestone imto the river. A very large part of the precipita-
$ion infiltrates into the surfase sand to become underground water,

After inflltrating dowrmard to the water table, this water moves laterally

toward the nsarsst surface stresm.
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AITHDRAWAL OF WATER FROM WELLS

¥ith regard to withdrawal of wabter from wells ai tb.c Baze, two
aspects of the metter noed considsration. One aoncerns the ability of
individual wells to yield water, and the other scncerna the ability of
é'.ho aquifar to yisld an acceptable and adequate supply of water
psremnially,

lost of the wells rengs in yield from 2 to 10 gallons a minube for
each foob of drawdown. This ccmpares unfivorably with yields in other
parts of the Tertiary linestons unit extending from the Albemarle Sound
through Florida, whers the average is greater than 20 gallons a mimrte
per foot of drawdown, The limestone unit, in general, is characteristi-
eally a shellrock which is made permeable by the remcval in solution of
the sbundant shell material. At th.'Bucth.lhollrocktnadspthot
about 100 feet is rather thin and perhaps contains sand in its open pere
spaces. At any rate, ths pumping of sand from the fow open-end wells
heas lad to the ingtallation of soreenad wells to prevent the inflow of
sand, The permeability of the sand beds is much less than that of the
shellrock beds. Another reason for the low-ylelding wells is that at
a depth of 80 to 100 feet, which is about the sverage depth of the
bottom screen, the aquifer is only partially penstrated. By utilizing
all permsable beds to a depth of 250 feet, much greater yislds could
be realized. This fact, however, must bes Pempered with the possibility
‘that water unsuitabls to pruont:vtr-utnmxt facilities would be withdrawm.

The safe yield of the aguifer may be considersd as thfJp\Af of
water that mbopnnpdpmidlyﬁthautbnnﬁxﬁbnosmnéootos



inferior quality. Zefurs the first walls were drilled the hydramulis
system in the aquifer was in balance; the nxtural discharge into Sew
River and perhaps other plsces was oqunlbothoroehnrgu.mdi:othﬁo
uwmhmdmummmmﬁarlmﬁzdinposﬂ:ym.
When the first wells were drilled this equilibrium was disturbed as
waler was drawm from sicrage in the artesian system. Watsr lovels have
declined as more wells were pumped. ‘A suffislent awount of watar has
been dramwn from storage to depress the artesian levels over a lsrge area.,
The water levels will stabilize only when the natural discharge is
reduced and the rechargs is increased by an amount equal to the amoumb
discharged by ths wells. “

We have refarred to the limestone unit as an artesian system, and
its early response to pumping wells bears this out, However, thare is
mpmnalormnningmmwolqnm, and, as. a resuli,
water from the surface sand moves into the aguifer even through clay
beds that ccour locally. It is fortunate that this condition prevails
in the Hadnot Polnt area; ctharwise, the artesian lsvels wounld have
lowersd much mors than they now have, and very likely salty water from
the river weuld have spoiled the agquifer in this srea, .

With the available dats it is imposaible to determine aecurciely
the r-chlrgota the aquifer., However, soms rough estimate can be made.

The :lnﬂ.ltrutinn capaoity of the surface sand is grsat. Psrhaps between

mm‘oimhu ofrsinlymrmhu the water tabls in the saturated

sand. If the materials extending from the surface sand down to the
aquifer ars somewhat permeables, a great pert of this wtcpmmn
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downward into the limestons unit in the visinity of pumped wellx becsuse
the artesian hsad i3 oconsidersbly less than that of the water table in
these places. Under present conditions the dowmward movemeat into the
limestons is so slow that mich of the water in the surficial sand is
mmhmammmmmumaﬁmxamr
rechargs. The ampcunt of recharge resulting from dowmward leakage out of
the surface sand is perhaps slightly more than one =illion gallons a
day per mquarse mils in the viginity of each of the well fislds except
at the Rifle Bangs whers i may be less. In addition to recharge by
 dowmward lesksge, thers 1s also rechargs by upward leakmge from beds
that underlis the level of the lowest well scrsens. In areas whsre
water is not pumped, the artesian pressure tends to increase with depth.
Thaerefore, there is natural upward leakags m.throngh olay beds. Thhen
the head is lowsred in the aquifer pensetrated, the upward leakage is
greatly inereased. The canbin;d effects of upward and downwared leakage
into the aquifer has caused the water lsvels in the aquifar to approach
a stabilized aondition with lesz drawdown than would be the cass in a
perfect artesian system. Precautionary measures of limiting the draw-
down and dispersing the wells have been taken to presvent overpumping.
The heavy pumping in the Hadnot Point arsa i3 resulting in a gradual
degline of the water lavel in the viocinity of some wells in this area.
Data to be collacted before the final report ia prepared mey indicate
the position at which the water level will stabilixe in the Hadnot Point

000000000g




e

CHEMICAL CHARACTER OF WATER

- The chemiosl character of undcrgzmnd water variss conisiderably
with respect to depth and geologio formation, Originally all the beds
cantained sea watsr, btut in the relatively recsat geologio past the
fresh-water heed has been grsat enough to push the salty water coastward
and sesward to soms sxtent. Salty water has besn complestely lushed
from the uppermost beds, but beds desper than sbout 400 feet have besn
omly parily fiushed of their original salty water. The beds from which
salty wxtsr has basen flushed now 7ield water that reflects ths chemical
character of the rock materials in which it ocourse.

Water in the surface sand is soft and contains less than 30 parta
per million of dissolved sclids., It centains some free caxben diocxide,
resulting in a pH value Wwarying between 5.0 and 7.0.

Water in the limestons unit is & hard, caleium-bicarbonste water,
typieal of that in the Tertiary limestone unit extending from the
Carolinas into Florids. Exsept where there is some indication of
salt water contamination, the water in the limestone unit commonly ranges
in hardness from sbout 100 to 250 parts per million. Both 4ron and
hydrogen sulfide cecur in objectisnable qumrt:lti‘ll. at certain places
and certain depths. These fastures ares discusaed appropriztely under
the discuszion of esch am of the Base.

Very little is known sbout the wkter in the Pesedse foxmation, the
top of wiich lies at a depth of 250 or perhaps 350 fset below the zround.,
This formation containg freah water at Richlands; it ism a =:oft, sodimm
bicarbonats water, having been softened through catioa B&Wby
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natarsl movement through the glauconite (natural seclite) sands of the
Paedse. At the Base, it i3 likely that the cation exahange process is
complete in the Peedse and that thers is no significant calcium bicar-
bonate hardness. However, it i3 also likely that the water iz salty
and unsuitable for use, The proposed deep test holes should reveal the

chamieal character of water from this formation.

g
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SAIT-WATER CONTAMIZATION

M&omin&t au_utcr has been complstely flushed cut of thas
undes~ground formations in eastern Horth Carolina the chloride content
of tive water 1s less than sbout 25 parts per million, Where the chlorHEds
sontamat is higher than 23 parts per million there is a suggestion that
ssltSer water 18 usar. Since thers are sbout 19,300 parts of chloride
in a =milliom parts of Sea watar, chloride provides a better indication
af smlt-water contanination than any other chemical canstituent.
Thers ars two ways in wshich the limestons aguifsr at the Base can
becomme coutaninated by salt-watsr intrusion. These ars (1) lateral
ancroachment of water from Jew River and itz tributaries and (2) verticoal
encroachtment from the underlying salt-water beds.
| Consideration of possidle contamination of the water supply by
susroactmsnt of water froa dew River can be ceatersd an the following
peinis. Although Hew River does not have the salinity of ges water, 1%
is barackiah during much of the ysar. The degree of itz salinity is no¥t
very important becsuse it could maks an aquifsr umsable whether i%
cont=mins 2,000 or 20,000 parts por million of ch;orida. Hew Rivor and
the mouthward parts of its tributarise have cut through any impermesbles
beds that were present and are now extrenched into ths limestone aquifesr.
I£ withdrawal of well water i3 concemtrsted closs cnough to the river
so that a hydraulic gradient is established from ths river to the |
center of pumping, salt-water encroechment will cocur. Fortunately,
proper esution has been talkten in the planning of the water supply ts
pravent lateral sncroackment. For example, in the Hadnot o
the policy has besen to linit the drawdown in each well and to leocate
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wells at considerable distances from the salt-water estuaries. As a
fomlt of theses practices, no ocontaminztion has yet occurred. The present
data sugzest that fresh water of the aquifsr is disaharging into the
river and that the water lavel has not been lowared sufficiently to re-
verse the gradient--that ﬁ. from the river to the squifsr. A few
amall cbaervation wslls bstween the Fivi sk She produgtion wells would
zive the water-level moasrements nesded te elarify this point. The
only plage where lateral sncroschment has sstually occurred is at Well 109
on Coslow Beach. This contamination is discussed in the section dealing
with Onalow Beach. |

The other way in which salt watsr may reech the aquifer is by upward
movemsnt from beds eamtaining salt water. In diicun'ung this point, it
is necessary to understand the signifieaznce of the relative density of
salty water.- Since sea water has a specific gravity of 1.025, forty fesd
of sea water will dalance forty-ecne feet of fresh water. This difference
in specifis gravily of fresh wxzter and sea water has led to the general
rule of 40 to 1 ratio. Thare the ruls oan be applisd, the depth in
feat below sea level to the contmet betwsen frash and salt water theorsti-
cally will be 40 times the mmber of faet the statls lavel of fresh water
is above sea levsl. The ruls cannot be applied to conditions at the Base
because of the gradational salinity of water in the ground and becauss
of the abasence of hmogmmn strata, Xevertheless, it i3 of valune to
kngw that the lowering of the water level in the aquifer a fw fest ocould
cmuse, under certain aondiﬁ.onl, the salt water in the underlying bed to
rise many feet,. The only place where vertical ocntmixglaw.s known te
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have ceceurred is at Well E, Camp Geiger. The polisy of dispersing wells
and of limiting the drswdown in esch wall, as is the practicae at the Base,
is the proper precautionary measurs to take in preventing vertical
comtamination. However, more information im needed concerning the depth
ts salty water and the relative permeability of the materials bubween

the salty water and the zone from which the wells now drsw water. The
four test holes to be drilled into the salty waler zZone ahould produce
valuable dsta.

CLw
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SUIBMARY OF THE PROBLEMB

The overall objective a:fdmlapingthcm supply at the Base is
t0 obtain a perexnially adequate supply of acosptable chemical guality
in the most sconomical way. This objestive is not reached by merely
coensidering the yisld of one or ogven all wells and the trsatment that
would be necessary. Rather, a mumber of dolicatéb‘ interdependent factaors
need consideration separately and collectively. These fastors may de
grouped in terms of the (1) quantity and (2) chemical quality of the
wmater.

The strict adhsrsuce to certain chéemicel aspects of the water -
fresdom from chloride sombaminstion and water miitable o present trest-
ing facilities - places lixmitations on the qumntity of water available
from the aquifer and from wells,

All water problexms are in a senss economis problaxs, for with a given
amount of money, a sstisfactory supply of water can be had anywhers in
the world., With this thought in mind, we nots that the fear of chloride
combamination hag caused a wide spacing of wells and hes csused
limitations on the drawdown and yield of the wells. This, in turn, has
resulted in a grester expenditure of funds than would have been the
case if the problem of chloride contamination were not present. Can
wella be spasced closer and can the drawiown and yicld.a.f individual
wells bes increased and still maintain a safe adequate supply? Geood
' Judgment haz been axarcised in developing the water supply at the Ease,
andamamblemrgiﬁofuﬁtyc_im msotarupmmL the

C
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quality of the water. The deep tast holes that are to bs drill._eed should .

give valuable information sbout the salt water and fDresh-water "Eboundsriss
and sbout the possibility of salt-water comtamination. The mor—es that
is kmown about the positions of thsse Doundaries the greater cmamm be

the withdraswal of water whils maintaining a marzin of safety.

Another economic problem conserms ths relatively poer apecsiifias
copasity of the wells (gallons per mimte per foot of drewiown)) . This
becomes & significant matter in view of the faoct that the gravesil-wall
type wells, which have besn installed, are expensive. The welll:s have
been drilled by competent well contrastors, and there is no supz-gestion
that the wells are improperly sanstrusted. Yet scme improvemermt in the
sgonomics of wells-—either a better spesifis capacity or reducesed cost
per well--is ons aim of the test drilling program. By having esilactrie
logs made md saxples of rock materials studied from each tsst hole,
the proper placing of well soreens and other well construstion -techniques
czn be asmured.

{ne reason for ths low specific capagity of the wells iz *:ihe
necssaity for sslecting omly those water-produsing zones that w=wrill yiold
a water that can be treated satiafactorily at the present treatiment
plants. For example, some :onea. of high permeability yield wadtsar with
excessive amcunts of hydrogen sulfide—cthers with excessive mmunta of
iron or hardness. It appears more esoncmical, genarally speakting, to
sacrifics “"wall yield" in order to obtain the type of water thzmun can
be best treated at sach plans, CLW
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SPECIFICATIORS FOR THE TEST WELLS

The combractor mist drill tsst wells st places approved by the
Publio Works Officer. Ths conditions of the drilling and the results
to be obtained follow:

"1, Drill an open hols approximately 10 inches in dizmeter by the
rotary clzy seal method to depths desigmatad by the Bavy or ita consultant.

3. Samples of all zaterials shall be sollected at 10-foot intervals,
regardlesa of the change or lack of change in the charscter of materials.
The smmples shall be ploced 4in l-pint trsnsparent plastic bags and
labelled in indelible ink, such 2s "magic marker.®

3. The countrsstor shall furnigh a driller's log showing the
character of materials penstrated.

4, Upon soxpletion of the drilling of the test well, the contrastor
shall make an elsctric log showing contimuocus self-potantial and
resistivity curves.

Se¢ Tha contractor shall sollect and have analyzed samples of watar
fram all water-bearing strata of intersst so as to sccurstely ahow the
quality of water from oach stratum. These analyzea shall include the pH

aff;hctxtarandinpartapermillmth- total hardness, iron, chloride,

alkalimity, and hydrogen sulfide.
" Ga Ihctoatmnahanbouﬂdmmappmmtopmm
interchange of watar between the strata after the tests have Deen nade.
7« Tha above-mertioned zamplas, drillerts log, and watsr analyses
shall be availables for inspection at all times and copiem:std
cpen completion of the test wells,
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8. Aftor amalysing the information from ths Sest wells, tha con-
tragtor shall meice recommendations for the design of a future perms~
newt well. His rescmmendations shall include the sppropriate depth,
detaily of construction, length and location of sereens, and an
estination of the quentity and quality of water that can be obtmined

from each water-bearing stratum axd from the completed well.

CLW
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TEST WELL PRUGRAM

amber of
Tost Hole Number Area of Location Proposed Depth TWater Samples

T-1 Hadnot Point e 475 4
T2 - Hadnot Poimb | 225 3
-3 Hadnot Polmb 225 3
T4 Hadnet Podimt 225 2
T-5 Eadnot Point 225 2
T-8 Hadnot Poing 228 2
X Hadnet Poimt 225 2
T-3 Eadnet Point 300 4
T-8 Tarswa Terruse 188 3
T-10 Tarswa Terrace 188 2
T-11 Tarswa Terrasce 185 2
T-12 Yontfard Poimb 350 3
T-13 ¥orrtford Point 250 3
T-14 Yontford Point 200 2
715 " Camp Gelger 475 4
T-18 Camp Geiger 200 2
r-17 Camp Geiger . 200 2
T-18 ' Rifle Zange 300 3
T-19 ) Rifle Rmnge 150 2
T-20 . Courthouse Bay | 115 2
7-21 Courthouse Bay 115 2
T-22 (Cuslow Beach 150 CLW 2

Total 5,385 feet 58
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TEST TELL PROGRAM -~ Cemtimzedeaxs

17 swvailadle funds are oot adequats to cover the cost of drilling
5,338 foet, handling 56 wter samples, sud rumning 22 electris loga,
S weolls could be eliminated in the following wmys:
T-l gan be xoved to the site of T-2, T-12 can be moved to the site
- of 7-13, and T-15 osn be soved bo the aite of T-16. Thus, the total
| footace can be reduced to 4,710 fost, the water samplss %o 48, and the
mmber of eleciric logs to 19, Alsa by keeping an ixterval of two weeks'
time betwoen the drilling of cartaiz wells so that ths results can be
evaluated, other redustions in footazs and perhaps in water samples
my be made, For exsaple, the drilling contractor should plan his work
so thats
T4 and T-8 should not be started within two weeks fullowing
the corplstion of T-3 and T-5, .
7-11 should follow by two weeks the completion of T-§ and T-10.

CLwW
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DISCUSSION OF SEPARATE AREAS

On the following pages ars brisf discussioms of the mll-wtor
situztion at the separate areas where water is used. The discussions cover
only those points that are pertinamt te the test drilling and to future
developmant of wells. ‘

Badnot Poind

If hydraulic characteristics of carth materials to a depth of aboub
400 foet wore pracisely Inown at Hadoot Point, as well a3 at other areas
of the Base, it would de pouibio to have optimm conditions concerning
the relationship betwesen withdrawal of water, drawdown, spacing of wells,
and maintaining a peremmially safe supply. The following paragraph
diverts slightly mmmotdimsionbutu still pertinent
toc the problems at Eadnot Point.

¥ithin the acope of plans of almost all ground-water

kv&rslcgixﬁs on & project 1s & pumping, or aguifer-performance,

test., This test is made by systamatically cbserving water-

level fluctustions when a well pump is turned on and sfter ib

iz turned off, From the tests it is hoped that the

ccefficient of transmissibility and the coeffisient of

storage nxy be obfained, 'ﬁxo coefficient of transmisaibility

my'bod-ﬁnnduthcrttoerﬂwafwbwingdlmpor

CLW

axtanding the full saturated thicimess of the aquifar, under

0000000021

dxy throvgh a vertical strip of agquifer one foot wide,




& hydraulis gradient of 100 persent. The coefficlient of
storage is the volume of water the aquifer relesses from or
takes into storage per unit surfice area of the aquifer per
wnit change in head. It might be as much as 25 percent in a
water-table aquifer, such as the surface sand, whare most

of the water 1a obtained by dewataring the material. It

might be a smmll fraction of one persent in the artesian
limestons unit where water is yielded by elastic adjustment

to changss in pressure, It iz possible to determine the
drawdown at future dates and at varying distances under wvary-
ing eonditions of pumping by uxzing these aquifer characteristics.
However, to get valid reeults, certain ideal conditions must
exist,. Zor example, the aguifer must be homogenecus and must
transmit water equally well in all directions; the well must
penstrate the complete thickness of the aquifer; and water mst
be drswn emtirsly from storags. In the Haduot Point area, as
well aa in the cther areas, the charscter of rock msterials and,
therefore, ﬁhc ability of ‘tb.o materials to transmit water, varies
greatly from place to place. This is reflected in the range in
yield from well to well. On the bazis of the present wells, the
coefficient of transmissibility ranges from about 3,000 to
adout 25,000, but the vmu are low begause ths aquifer is only
partially penstrated since wells are soreensd only in some of
the permeable zones. The coefficient of storags increases with
time. At first it is small decause water is drmwm frofftAAfze
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in the artesian system where the response to a changs in head
is dus 30lsly to coupressidility of the agquifer material and
of the water. Since the aquifer at Hadnot Point is not
completely confined .and not completely separated frem the
méu. sand, downward leakage of water into the artesian

.bodl is by gravity drainage. Therefore, rechargs frem the sur-
face zand gi_m the aquifsr a storage capasity many times
greater than a pumping test weuld indisate. It is clear

that an atismpt to got .quantiﬂ'n rosults from aquifsr per-
formance tests at Hadnot Point would be xizluding;

The wells in the Hadnok Point area are dispersed suffisiently se that

there 1s mo single composite ccns of depression in the water level. It
is true that some lowering of the water level st any of the wells ix
partly due to the influence of pumping znearby wells. Thiz is a natural
sousequence of the development of a well field and, in itself, is not
detrimental. The control of drawdowms to preveant salt-water emcrosch-
nem? has resulted in a larger mmmber of wells and & greatsr dispersal
ét walls thar would have been the case if the conocern about salt water -
contamination were not real,

Most of the wells mmztmtmbmsommo foet.
The yield varies between 3 md]tz.glllm per mimite per foot of drawe
down. Treatment adequatdly handles the hardness and iron ooutcn.c.
The hydrogen sulfide oemt:ant: appears to de lass than that at the same

depth slsoxhers.
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The chloride cexbtext efﬁtar from 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 much needed information about
the earth materials and the quality of the water below 190 feet, which

is sbout the dsepest sons from which water is drmwn. The finsl report
will evaluate this information in terms of possible vertisal encroach-
ment of salt water. Very sarsful location of wells at points swsy from
bragkish-water streams has prevented lateral ensroachment.

The reccmmendstion mads by Pitometer Aascciatos for new produstion
wells to be locatsd along the sand road socuth of Piney Greea is endorsed.
As suggested in the wall table, test holes T-4 and T-8 should be the
last of all the test holes drilled., This suggestion is made because
a study of the resulis of earlisr test holes would de desirable in
evalnabing the entire water mpply of the Hadnot Poixt arses To get

greatsr specifis capasities from future wells withoud ingreasing the
hydrogen sulfids content of the water is one cbjective.

Tarawa Terrace

Seven wells have been in operation at Tarswa Terrace, although
Well 4 bag been abandoned becmsa it pumped sand., Soms driller's logs
and etﬁa- records ars aveilabls, tut these records have only limited
m. for the following rezson. Throe sets of well mumbers have been
used - the driller’s mumbers, the site mmbers, and the present mmzberi.
Tins far, it has not been possible to relats these numbers as(Pfal/M

specifia well record om be ldentiffed with a plrtioblbr dnblb 00024




Of the 5 wells along lLejeune Slwvd. only Well 1 now furnishes mors
than 100 gallons a mimits, It is thought that the poor yislds of these
wells ars due to poor well comstruction ratiwr than to a chsnge in
permeability. liost of the water from these 5 wells comes from depths
varying from 50 to 100 fest. The water i3 typically hard and contains
8lightly objestionable amounts of iron and hydrogen sulfide.

Yells 8 and 7 on the Bell ?ork Rosd need separsite ecnsideration.
Perhaps these wells draw much of their water from depths between 150 and
200 feet. A% any rate, the ylelds are relatively good,but the chemiscal
quality iz very poor.‘ Water from both wells contains more than 4 parts
per xillion of hydrogen sulfide. Lorecver, Well 8 has nearly 200 parts
per million of shloride and Well 7 nearly 50 parts. Water from thcl;
two wells is not suited for present treatment facilities, and in mo
oage can this water be treated economiocally.

The overall cdbjective is to increase the water supply and at the same
time eliminats undesirable water that approximates in chemical character
that from wella 6 and 7.

It is recommended that 3 test walls be interspersed between
sxisting wells on Lejeune Blvd, These test holes ahould be 185 fest
deep and at least two saxples of water should be taken fram sach hole -
one gaxple from the best water-bearing sons between 50 and 100 feet

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

oLw
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¥onkford Point

Wells at Momtford Poiirt draw water only from the upper part of the
linestons unit, most of the wells having twe short screens at various
depth-intervals between 50 and 100 feet. The wells vary iam yisld from
2 te 7 gallous nmimtaparfwtordrnﬂm, and only ons or two wells
are pumped at mors than 128 gallons a minuts, Water in the 50 o 100-
foct zone is treated effastively by ths zeolite process and is chlori-
nsted. The rmw water variss in hardness from sbout 150 to 300 parts
per million ami in iron from about 0.4 to 1 part per milliom., It
contains less than 1 pcrl per million of hydrogen sulfide. The chleride
content ix less than 20 parts per million.

Adegording to resuliz of two test wells drilled desper than 100 feet
at Montford Point, the hydrogen sulfids content seems to inorease grestly '
with inersased depth in the limestons unit. The yield per well also
would be sxpected to increase greatly with depth. Therefore, these twe
sountering factors need careful considerstion prior to the drilling of
produstion wells in the area.

It is understood that the chloride content of water from the well
near the Thite Cemstery was only 28 parts parmill.tog. The well was
an open-end hole from 164 to 227 feet. It had & yleld of 10 gallons
a mirute per foot of drawdowm.

Recommendations ocencerning the test holes to be drilled are found

in the well tabla.

CLWwW
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Camp Geigar

A vory delicate relationship axistzs between tho fresh-water and
salt-water 3zonss at Camp Geiger. In general, the limestone unit to a
depth of 100 fest comtains water that iz low in ohloride, but in the
highly permeabls shellrock betwesn 100 and 200 fsat enough chloride is
presext to be objectionabls or to cause concern about the possibility
that it might inecreese to objsctionable amcunts.

The resson for the nearness of brackish waler to the land surface in
the area of Camp Gelger and Psterflsld Point 1s not clear. One posasible
explanation follows. During the interglacial periocds of the Ice Age the
ses encroashed on Onslow County and drowned i¥. During these times
sos watsr moved easily into the permeable shellroeck. The sex watar
sntered the shellrock where it occurs in the present river charmel and
then moved laterally, pushing the former fresh water westward. Since
the sea has withdrmsmio its presect position, the salt-watsr head has
been decressed and is now slizhtly less than the fresh-water artesian
head, However, the diffarence in head has not beenr gread snough for the
fresh water to completely flush out the sea water. The fact that the
chloride content is only a fsw hundred parts per million at 7ells A
and D indicates that the flushing process is almost cemplete and that
the chloride content in this scne at some places mey be low enough to
be agosptable in the water asupply. In fact, the wells at Peterfield
Point are scresned betwsen 100 and 180 fest and yst will yisld water with
& fairly low chloride content, If this ozplmtion for thg‘&:ﬂrma
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of brackish water iz sorrect, there iz 2 voszibility that fresh water
may be Pound &t & depth warying between 200 and 400 feet. |

The grost permeability of the shellrcok below 100 foet %s indicated
by the high specific capacity of Wells A ani D, as well as thwse at
Peterfield Point, Well A yields 30 gallons a mimte per oot of draw-
down, and Well 4 at Peterfield Poind is reported to yield nemrly 60 gal-
long & mimts per foot of drawdowm,

Cne objective at Camp Geiger is to determine, with some degres of
finality, whether water of acceptable chemical guality san be found
deeper than 100 fest. If cnly water of poor quality is found in this
permesble sone, increased withdrswal of water from the 50 ts 100-food
sone must be carefully plamned. The fact that the water from Well E
now has slightly more than 200 parts per niilion of chloride is a mattsr
that dum consideration. The well sppears %o have been “salted”
by upward movement of weter from the lower sone. This situsation points
out thxt salt-water contamination is a matter that should cortimue to
got the attention that it has in the past.

Test holes should be drilled to depths as aspecifiad in the well
table, Samples should be collected in sach well between 50 and 100

feet, bhetween 100 and 200 feet, and elzewhare as appoars aporopriate.

Rifls Rin_ge

Thres different zones of the limsatone unit have been tbapped at
the Rifle Rangs. Wells S-1 and T-1 are soreened at hxtaxeLWt
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76 to 30 and 63 to T3 fsst respestively. Both wells yleld more than
10 zallons a2 mimte per foot of drmmicwn and satiest to the high
permeability of ths comsolidated parts of ths limestone unit. The most
ocbjecticnable features of water in thia tone are ths excessive irom and
hydrogen sulfide contents. Well S-1 contalns 3.4 part per million ironm,
and Well T-1 containm 6.0 parts per nmillicn iren. Well 3, scraened at
4 diffarent intervals betwean 75 ard 130 feet, yields 10 gallons a mimite
per foot of drawmiowsn. TWater fram this well contains less iron and hydro-
gem sulfide than that from the shallower wslls, Well T, which has been
absndoned, was screensd at the following depth intervals: 3382-392,
412-422, and 442-452, The yield was only aboubt 4 gallons per mimte
per foot ef drswdown., A complste chemical analyais is not availabls,
but the water is reported tos have had a strong odor of hydrogsn sulfide.

Iven though the well fleld lies fairly close to Jew River, chloride
contaxination of the walls 1:‘not likely to be a seriocus consideration
for two reasons. First, impormeable slays of the Yorktown formation
ovarlie the linestone unit to a depth of 40 to 60 faet, and these clays
probably underlis How River near tha Rifle Range; the olays should be
a partial barriar to azx,y tendancy toward salt-watesr encroasiment. In the
second placs, the relatively hizh yislds of ths wella with the lin.:itod
drawdown should dissourage salt-water emorvachmant,

The chief problems do, howsver, peréa.in to the quality of the water-
the iron content, the high sulfide content, and the gver present hard-
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It is reccamended that the first of two test holes at the Rifle
Bange be drilled to & depth of 300 feet and the second well to a depth
of 150 fsst, Samples of water should be taken frem the 60 to 80-foot
zone, from 'tho most permeable zone batween 90 and 150 faet, and in the

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

Courthouse Bay

Both Wells V and W drzw watsr through wells screened between depths
of 30 and 80 feet ;t'.th.tep of the limestome unit, Boﬁnlla yield
more than § ;ﬂlm}nimxto nr@rxt Qf drawiown, and thus ylield
is not & prodlem. Ascerding te amalyses of October 24, 1957, Well ¥
bhsd sn iron content of 1.8 parts per million as compared with Well V
of 0.8 part per million, Well W had s hydrogsn sulfide content of
Q.4 part per mi}lion a5 compared with Well V of 1.0 part per millioxn.
These varistions in shemical character ars not understood at present.

It is rﬁmandﬁ that each of the 2 test wells be drilled %o a
depth of 115 fect. Samples of water should be taken from the 30 to
50-foot sone and from the most definite water-bearing sone between 70

and 115 fest.

Onslow Besch

Although no test well was originally designated for Cnslow Beach,
au increase in salt context of Well 22 at ths water plant Wﬁ-
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Both Wells 22 and 23 are about 66 faset deep and esch is sersened at
the dopth intervals of 30 to 40 feet and 52 to 62 feet. The limestone
unit is more consclidated here than at Hadnot Point, and it iz likely
that open~end wells inte the shellrock would be satisfactory. Production
fram this zone is relatively high. For example, ¥ell 22 gives about 10
galloz_m a mimte per foot of drawdown and Well 23 sbout 8 gallens a
mimate per foot of drawdown.

The water in this shellow zone is hard arnd comtains considerabls iron
end hydrogen sulfide. Zeolite trestment and chlorination reducs the
undesirable mineral matter toc an woeptablo_ point. An analysias of
August 23, 1967, showed that Well 22 had a chloride oontent of 138 parts
per million as compared with about 13 parts per million when the well was
ﬁm drilled, In view of the faot that the Intracoastal Faterway has
out into shellrock of the Yorktown formation less than 2,000 feet from
this well, it is likely that high tides have pushed aalt tn.tnr laterally
in the shellrcek toward the well, If ths chloridg content of watar from
this well contimes to inorgaao, it should be abandoned.

I8 is recommended that the test well be drilled to a depth of 150
| fest and that at lesst two sazmples of water be takem —— ome in the upper
part of the shsllroek (30 - 60-foot zone) and another betweeu 70 and

150 fOOto
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