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WELLElEAD MANAGEMENT PLAN 

1.0 Introduction 

This report describes a Wellhead Management Program (WMP) prepared for Camp 

Lejeune Marine Corps Base and adjoining Marine Corps Air Station (MCAS) at New 

River. The. site is located in east-central Onslow County, North Carolina. Geophex was 

contracted by Marine Corps Base (MCB) Camp Lejeune to complete Engineering Study 

No. 91-36, entitled “Wellhead Management Study, Marine Corps Base, Camp Lejeune, 

NC” awarded by Officer of Charge of Construction, Marine Corps Base, Camp Lejeune, 

NC, under A/E Contract N63470-90-D-6756. 

The results of this investigation are based on: (I) a review of groundwater and surface 

water records maintained by the United States Geological Survey (USGS), (2) a review of 

water well records maintained by North Carolina Department of Environmental 

Management (NC DEM), Wiknington Regional Office (WiRO), (3) a review of well 

construction and water production records on file at the Holcomb Boulevard Water 

Treatment Facility at MCB, (4) interviews with related Federal, State, and local agencies 

including: EPA Groundwater Protection Office in Washington, DC, and Region TV office 

in Atlanta, GA; NC DEM Groundwater Division in Raleigh, NC, and Washington, NC; 

City of Jacksenville, and Onslow County Water System Managers in Jacksonville, NC. 

Results of the investigation provide the basis of recommendations for the establishment of 

a WMP at MCB. 

I .I Purpose 

The purpose of the WMP is to assure an acceptable quality and quantity of groundwater 

resources for present and &ture MCB requirements by instituting a policy of protection, 

preservation, and enhancement, The ultimate objective of the WMP is to protect the 

public health, safety, and welfare of all residents within the MCB water use district. 
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3.2 Scope of Work 

Geophex was contracted in September 1991 to conduct the WMP study. The following 

scope of work was incorporated as part of this engineering study: 

A. Prepare a “Wellhead Management Plan” for MCB, Camp Lejeune and future 
acquisition areas to include the following main components: 
1. Maintenance and improvement of existing water supplies and resources; 
2. Developing new sources; 
3. Delineation of water resource protection/management areas including 

specific management activities; 
4. Development and maintenance of a wellhead data base to include: 

a. well number, 
b. well type, 
c. well yield, 
d. reference elevation, 
e. well construction, 

- material, 
- size, 
- depth, 
- screened elevation, 

f. location, 
g. contaminants detected, 
h. data references, and 
i. comments, 

5. Develop water balance computer program to include; 
a. estimate of water flows within the collection system, 
b. inputs: line sizes, head loss efficiencies, etc, 
c. water quality input. 

6. Evaluate and map aquifer recharge areas and wellhead protection areas, 
contamination sources, and new and existing supply areas; all to be put into a i%l.ly 
operational AutoCAD software package, which includes digitizing capabilities, 
graphical management, and 8-l/2” by 1 I” format output, compatible with hardware 
owned or supplied by Environmental Management Division (EMD), MCB. 

“r 

B. Review groundwater recharge preservation areas and determine whether preservation 
areas are adequate. 

0 

C. 

D. 

Review wellhead protection practices to determine whether these practices threaten 
present or future groundwater resources. 

Review current hydrogeologic inventory data of MCB including USGS studies, Soil 
Conservation Service reports, well yield data, well analytical data, installation 
Restoration Program data, Underground Storage Tank Program data, and 

2 
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E. Review statutory framework for groundwater including Well Construction Act (&IC:GS 
87-83), Water Use Act (NCGS 143-2 14.11), Control of Sources of Water Pollution 
(NCGS 143-215. l), Oil Pollution and Hazardous Substances Control Act (NCGS I 43- 
215.75) Leaking Petroleum Underground Storage Tank Cleanup Act (NCGS 143- 
21 5.94), and others. 

F. Determine level of protection criteria such as national primary and secondary drinking 
water standards, groundwater standards (which may be based on health advisory 
threshold levels, lifetime cancer risk levels, taste or odor threshold limits, or potential 
regulatory standards). 

G. Review on-site potential contamination waste disposal practices; storm water 
management practices; chemical usage, storage, and handling; and military training 
practices to determine whether these practices are risking present or future groundwater 
resources. 

H. Review groundwater extraction practices to determine whether these practices are 
risking present or future groundwater resources, and whether these practices withdraw 
groundwater safely and efficiently. 

I. Prepare environmental documentation to support implementation of all phases of the 
Wellhead Management Plan. 

2.0 MCB Physical Setting 

The following is a brief overview of the physical setting of the study area, including the 

geology, groundwater hydrology, and surface hydrology as it relates to groundwater and 

the operation of the MCB well field. 

2.1 Location 

Camp Lejeune Marine Corps Base and adjoining New River Air Station occupies 

approximately 230 square-miles of east-central Onslow County, North Carolina (Figure 

1). .It is the worlds largest amphibious training base, housing more than 40,000 full-time 

troops. The base is divided into six major areas of development: (I) Camp Geiger, (2) 

Montford Point (Camp Johnson), (3) Mainside, (4) Courthouse Bay, (5) Onsiow Beach, 
. 

and (6) the Rifle Range. The Marine Corps Air Station (MCAS), New River IS under 

separate command, but is considered part of this study because Camp Lejeune maintains 

all MCAS water production and treatment facilities. 
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Additional properties, totaling more than 60 square-miles have recently been acquired as 

part of a major land expansion for MCB. MCB’s total area now exceeds1 50,000 acres, 

occupying approximately 30 percent of Onslow County. 

2.2 Surface Features 

MCB has a varied surface morphology that provides a diversity of settings for troop 

training. The following is a brief overview of prominent surface features as they relate ‘to 

surface and groundwater conditions. The reader is referred to Figure 2, for the location of 

the features discussed below. 

MCB is located in the eastern Coastal Plain Physiographic Province of North Carolina. 

The northeast-southwest trending eastern margin of the base borders the Atlantic Ocean 

and banier island coastline of Onslow Beach. The area is typified by low-lying, broad, 

flat, poorly-drained interstreams dissected by a dendritic stream system that terminates in 

one of two types of marginal estuarine systems: (1) back-flooded trunk microtidal 

estuaries that flow predominantly southeastward directly into the ocean via tidal inlets 

(e.g., New and White Oak Rivers) and (2) back-barrier microtidal lagoons that parallel the 

shoreward side of the barrier island systems (e.g., Stump Sound). Waters in the back- 

barrier lagoons flow through numerous natural and artificial tidal channels eventually 

discharging to the ocean through a series of small inlets. 

The axis of the lagoon system is bisected by the dredged channel of the Atlantic 

Intracoastal Waterway. Movement of water from the fluvial and estuarine system 

eastward towards the tidal lagoons and ocean is strongly influenced by the presence of the 

waterway channel. 

A linear northeast-southwest trending relict shoreline scarp, approximately 30 feet in 

elevation, parallels the modem coastline and follows the general trend of NC Route 172. 
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The scarp separates low-lying wet swampy areas immediately landward of the modern 

back-barrier lagoon system from a drier upland terrace region to the west, which is 

interrupted by numerous internally draining lakes, ponds, and depressions. The origin of 

these drainage features is not clearly understood; however, they occur in an area underlain 

by porous limestone bedrock and thus may represent sinkholes and other features typic.al 

of karst topography. Although human activity in the area has produced additional ponds 

and depressions, most of the depressions are believed to be natural because they can be 

found on maps that predate the purchase of the land by MCB and prior to the introduct.ion 

of large earth moving equipment to the area. The occurrence of karst features in the area 

is an important factor in considering regional groundwater protection because recharge in 

these areas is likely to be much higher than surrounding non-karst regions. 

2.3 Surface Water Hydrology 

Surface drainage in the vicinity of MCB is dominated by a dendritic stream system 

consisting of small, sluggish, black water streams that drain upland areas of the interstream 

divides, These small upland or third-order streams feed larger second-order lateral 

tributaries of the first-order New River and White Oak River drainage basins. The relict 

beach scar-p discussed in Section 2.2 forms the drainage divide between surface waters 

flowing eastward to the Intracoastal Waterway and back-barrier lagoon and westward 

towards the New River. The first-, second-, and third-order drainage divides associated 

with the New and White Oak Rivers and the back-barrier drainage system are shown in 

Figure 3. The position of drainage divides are important because they determine the 

? source of water that recharges the water table aquifer. 

G Waters within the third-order streams are fresh but become progressively more saline as 

they enter second-order tributaries and ultimately the New River Estuary and back-barrier 

lagoons which are brackish to marine. Salinities in the estuaries and their tributaries are 

controlled by fresh water discharge from fluvial sources such as the upper portion of the 

New River and its tributaries, and from salt water incursions induced by astronomical a.nd 

wind-generated tides. 
& I 
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c 

In general, westerly winds and intense precipitation events lower salinities, while 

southeasterly winds and the absence of precipitation produce concomitant increases. Data 

collected at the USGS stream gage station located at the New River US- 17 Bridge in 

Jacksonville indicate salinities vary widely from nearly fresh to waters containing 20 parts 

per thousand of salt. 

Surface water runoff estimates for MCB are based upon an average annual rainfall of 56 

inches and an average recharge rate of 16 inches per year (Winner and Coble, 1989). By 

difference, the average annual runoff and transpiration is 40 inches, or approximately one- 

million gallons per acre. Recharge may be locally enhanced by elevated ponds, relict 

geologic channel structures, and improperly abandoned wells or borings. Conversely, 

recharge may be adversely affected by building, parking lot and road construction as these 

activities tend to increase run-off. 

2.4 Geology 

MCB is situated in the Atlantic Coastal Plain physiographic province which is underlain by 

a seaward-dipping wedge of marine sediments ranging from Cretaceous to Late Ne0gen.e 

in age. Lithologies are dominated by indurated to unindurated sandy limestones, 

calcareous sandstones, sandy clays, and clayey sands. These strata disconformably overlay 

Jurassic and older crystalline basement rocks exposed in the Piedmont to the west, and 

thicken eastward fiom a feather-edge at the fall-line 80 miles westward, to over 4,000 feet 

at the continental shelf edge (Hine and Riggs, 1986). Marine strata in the vicinity of MCB 

thicken from 800 feet in western Onslow County to more than 1400 feet at Onslow 

Beach. 

Ward and Blackwelder (1980) identified four lithostratigraphic units in the shallow 

subsurface at MCB. These four units have Iithostratigraphic names of formational rank 

and are named from stratigraphically lowest to highest: the Cretaceous Peedee Formation, 

the Eocene Castle Hayne Formation, the Oligocene River Bend Formation, and the 

Miocene Belgrade Formation. These strata are in most places overlain by a sur&%l 

veneer of undifferentiated Pleistocene sands of variable thickness. 

9 
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The thickness of these surficial sands is largely related to their position relative to the rel.ict 

beach scarp described in Section 2.2. 

The Peedee Formation is only known from drill-hole data in the vicinity of MCB. It is 

composed of sands, clayey sand, and clay (Brown, 1985). The Castle Hayne Formation 

forms a widespread basal limestone unit of varying composition that outcrops along the 

upper courses of the New River, north of MCB. The Castle Hayne Formation is in turn 

overlain by the moldic limestone of the River Bend Formation. The River Bend Formation 

has not been reported cropping-out at MCB, but presumably occurs in the subsurface. 

The Belgrade Formation is the upper limestone unit in the area and rests unconformably 

on the River Bend Formation where present, or directly on the Castle Hayne Formation in 

areas where the River Bend is absent. The Belgrade Formation, generally a very porous, 

moldic limestone, is exposed along the shoreline of Stone Bay and has also been recovered 

in dredge spoils discharged along the nearby Intracoastal Waterway (Crowson, 1970). 

2.5 G-roundwater Hydrology 

Hamed and others (1989) defined six aquifer systems that occur beneath MCB. These 

units are called, from bottom to top: the Upper and Lower Cape Fear Aquifers, Black 

Creek Aquifer, Peedee Aquifer, Beaufort Aquifer, Castle Hayne Aquifer, and surficial 

(water table) aquifer (Figure 4). Fresh water is p’resent in the surficial and Castle Hayne 

aquifers upto a depth of approximately 300 feet. 

2.5.1 Water Table Aquifer 

The surficial aquifer at MCB Camp Lejeune is composed of Quatemary and Miocene 

sand, silt, and clay. This aquifer ranges in thickness from 0 feet in the channels of the New 

River and its tributaries to 75 feet in the southeastern portion of Camp Lejeune (Harned 

et. al., 1989). 

10 
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2.5.2 Castle Hayne Aquifer 

The Castle Hayne Formation forms a widespread basal limestone unit of varying 

composition that outcrops along the uppper courses of the New River, north of MCB 

The Castle Hayne Formation is in turn overlain by the moldic limestone of the River Bend 

Formation. The Belgrade Formation is the upper limestone unit in the area and rests 

unconformably on the River Bend Formation where present, or directly on the Castle 

Hayne Formation in areas where River Bend Formation is absent. 

The upper surface of the Castle Hayne Aquifer is semi-confined by a discontinuous clay 

bed that overlies the Belgrade Formation, and confined from below by the upper confining 

unit overlying the Beaufort and Peedee Aquifers. The Castle Hayne Aquifer is not as well 

confined at MCB, as it is northeast of MCB in Craven County. The Castle Hayne Aquifer 

thickens toward the southeast, from 175 feet in northern portion of the base to 375 feet at 

the coast and is approximately 340 feet thick in the Hadnot Point area. 

2.6 Well Monitoring Programs 

MCB personnel are charged with monitoring all phases of water production. Water level 

data from each well are collected on an irregular basis, However, the USGS has a 

cooperative program with MCB to collect aquifer data on a continuous basis. Water 

quality data is currently maintained at EMD and Base Utilities. Records of pumping 

activities are maintained by MCB Utility personnel. 

2.6.1 Water Levels 

formation is collected on Water levels are monitored in production wells by base personnel. 

Water level measurements are generally made each time the production rate of each well is 

adjusted (on an annual or semi-annual basis). These data are maintained in acentral file at the 

Holcomb Boulevard Water Treatment Facility. Continuous readings of water levels in several 

non-pumping wells are recorded by the USGS at five MCB sites (Figure 5). This inpunch 

tape and is not readily available until USGS personnel pass the punched tape through a reader. 

CLW 
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EXPLANATION 

F-630 
.- l WELL LOCA7iOr\r Ah’3 

1DENTIFlCATlON NUMBER 

-.-.- BOUNDARY OF 
CAMP LEJEUNE 

0 1 2 3 MILES 
! * *, -8 
0 1 2 3 KILOMETERS 

-p Geopha 
Figure 5. Location of USGS and NC DEM monitoring stations 

(from Hamed and others, 1989). 
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2.6.2 Water Quality 

.? . 

MCB well monitoring program includes sampling and analyses of water from wells 

suspected of contamination. A planned well sampling scheme is currently being managed 

by EMD. This program requires a baseline analyses of all wells, and subsequent testing of 

wells on a variable time schedule dictated by the presence or absence of contaminants. 

Results of the monitoring program is being archieved in a central data base at EMD. 

., 

3.0 MCB Water Well System 

The following is a review of the existing water production system at MCB. The review 

includes only the existing wellfields and raw water mains. It does not include the water 

treatment plants and drinking water distribution system. Details of the construction of 

each water supply well, raw water piping and valving and overall layout were provided in 

a folio of 48 engineer drawings entitiled “Water Distribution System, Existing 

Conditions”, and other files containing well completion and pump test data. 

3.1 Water Supply Wells 

MCB has installed more than 110 groundwater production wells that are connected by 

more than 13 miles of water mains. Based on information obtained from MCB daily 

operation records, 99 of these wells are considered active (from MCB Hadnot Point 

Water Treatment Facility well records). ‘Information concerning the status of each well as 

of November 1, 199 1 is presented in Table 1. Water production wells are grouped 

according to the treatment plants.they supply. Pertinent well information for each well is 

presented according to the water treatments system to which they currently contribute, 

including: raw water main connection status (on-line or off-line), well depth (ft.), depth to 

the top of the pump (R), depth to the bottom of the water level airline (ft), drawdown (A), 

original production rate of the well (gpm), most current production rate, and VOC 

contamination level in each well. 

Wells constructed at Tarawa Terrace are no longer in use and most likely will be 

abandoned. 

14 
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The Rifle Range we11 system is scheduled lo be disconnected from the raw water system 

following a scheduled link-up with the Onslow County Water System sometime in 1993. 

The Rifle Range wells will remain active, however, and will be redirected for irrigation 

purposes. 

3.1.1 Hadnot Point Wells 

Water wells supplying Hadnot Point Water Treatment Facility extend from Midway Park, 

southward, seven miles along Sneeds Ferry Road. Thirty of the 40 weIIs constructed are 

currently on line; the remaining wells have either been determined by MC3 personnel to 

be contaminated with volatile organic compounds (VOCs) or have worn screens and 

produce sand. 

The source of well contamination at Hadnot Point is summarized in a report by 

Environmental Science and Engineering, Inc. (1990) and has been attributed to long term 

surface spills, leaking fuel storage tanks, and uncontrolled chemical releases. The most 

serious contamination occurred in the vicinity of the I-Iadnot Point Industrial Area (HPIA) 

where several of the wells indicated high levels of contamination and have subsequently 

been secured (We& HP-602, HP-608, HP-634, HP-637, HP-651, m-652, and HP-653) 

(EnvironmentaI Science and Engineering, Inc., 1991). In addition, several wells (HP-608, 

HP-634, HP-637, and HP-652) have indicated levels of contamination of 

Trichloroethylene (TCE) only slightly above detection limits (1 to 13 ppb) (from MC3 

Environmental Laboratory records, 1991), and in some instances test results indicated no 

contamination. A summary of VOC analysis for each affected well is presented in Table 2. 

Because the detected contamination in these former wells has been sporadic in incidence 

and low in concentration, alternate contamination sources, other than the aquifer shou’ld 

be considered. Possible contamination sources include, ieaking casings, poor outer casing 

sealing during well construction, and back streaming and subsequent cross-contamination 

from nearby contaminated wells. 

19 



Table 2. Summary of VOC, Chloride, and Flouride Analysis for Hadnot Point and Holcomb Blvd. 

Well 
Bldg. # 

601 
3hut Down 

1216184 

602 
Shut Down 
1 l/30/84 

s 

iii 603 

(source: Cam 

Sample Date 
Zonstituent 
DCE 
TCE 
PCE 
Methylene 
chloride 
Butane 
Pentane 
Z-Methyl 
Butane 

DCE 
JXJE 
PCE 
Benzene 
I,]. -Dichloro- 
Ethylene 
Toluene 
Vinyl 
Chloride 
1, I -Dichloro- 
Ethane 
1,2-Dichloro- 
Ethane 
Khloro 
Ethylvinyl 
Ether - 

TCE 
Methylene- 
Chloride 

Y- Lejeune EMD Laboratory) 

30-Nov 
1984 

-NC 

630 
1600 
24 
120 

2.4 
5.4 

18 

ND 

ND 

NC 

I-De< 0-Dee 
1984 1984 
XT-- 99 
210 230 
5 4.4 

ND 10 

NC 

4.6 ND 
ND 7 

380 
540 
ND 
720 

ND 
ND 

ND 

ND 

ND 

13-Dee 
1984 
NC 

230/l 10 
340/300 
ND/ND 
230/ND 

ND/ND 
12MD 

ND/ND 

ND/34 

ND/ND 

ND/9.8 

1985 
--in-- 

26 
ND 
ND 

NC NC NC NC NC 

NC ND 
ND 

le tpounds (ug/l) Organic Corr 
4-Feb 
1985 
74 
38 
1.5 
ND 

8.4 
2.2 

3.1 

I-.JUl 
.985 
NC 

NC NC 

r 

G 

NC 

ND ND 
ND ND 

T- 4,5&6 
qov-86 
NC 

Z-No\ 
1986 
ND 
ND 
ND 
ND 

7-Feb SeP 
1987 1987 
NC NC 

14 
2.2 
ND 
SO 

ND 
ND 

ND 

ND 

ND 

NC NC 

NC NC 
0.16 
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Table 2 - Continued 

Volatile Organic Compounds (ug/l) 
Well Sample Date 30-Nov 4-Dee lo-Dee 13-Dee 16-Jan 4-Feb 9-Jul 13 & 17 4,5&6 12-Nov 17-Feb SeP 

Bldg. # Chemical 1984 1984 1984 1984 1985 1985 1985 Jan-86 Nov-86 1986 1987 1987 
DCE NC 5.4 2.4 NC NC ND NC NC NC 8.5 NC NC 

608 TCE 110 13 9 66 
Shut Down Benzene 3.7 4 1.6 ND 

12/6/84 Methylene 
Chloride ND 14 ND ND 

623 Chloro- 
Methane NC NC - NC NC NC NC ND ND NC NC NC 0.25 

633 l,l,l-Trichloro- NC NC NC NC NC 3/ND ND NC NC 
Ethane ND 0.18 
Chlorides 14 

634 DCE NC ND 2.3 NC 700 NC NC NC NC 2.9 NC NC 
;hut Down TCE ND ND 10 ND 
12/l 4/84 Methylene 

Chloride ND 130 1300 ND 
Vinyl 
Chlorides ND ND 6.8 ND 

636 VOC’S NC NC NC NC ND NC ND NC NC NC 
Acetone 88 0.15 
2-propanol 37 
Chlorides 10 

) 637 Methylene NC ND 270 NC ND NC NC NC NC NC NC NC 
?hut Down Chloride 
:12/14!84 
s I 

642 Methylene 
Chloride NC ND 38 NC ND NC ND NC NC 
l,l,l-Trichloro- ND ND 18 3 ND 0.16 
Ethane 
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Table 2 - Continued 

Volatile Organic Compounds (ug/l) 
Well Sample Date 30-Nov 4-Dee IO-Dee I3-Dee 16-Jan 4-Feb 9-Jul 13 & 17 4,5&6 1ZNov 17-Feb SeP 

Bldg. # Constituent 1984 1984 1984 1984 1985 1985 1985 Jan-86 Nov-86 1986 1987 1987 

.I I I I I 
645 Benzene 

I I I I I I I 2go I 
NC 

Shut Dow] 1,2-Dechloro- 
Nov-86 Ethane 4 

Ethyl- 
Benzene 33 
Toluene 15 
Xylenes 36 
Acetone 170 
Chlorides 

ND NC NC 20 NC 

ND ND 

ND ND 
ND 7.5 
ND ND 

ND 
18 

651 DCE 
shut Down TCE 

2/4/85 PCE 
l,l,DichoIo- 
Ethylene 
Vinyl 
Chloride 
Phathalates 

3400 
3200 
386 

1580/8070 NC NC NC 140 
18,900/17,600 32 

400/397 45 

ND/ND 7 

NDIND 140 
P 

NC 

652 TCE 

t 

653 TCE 
Phathalates 

187 

655 

9 NC NC NC NC ND 

I NC NC NC NC 2.6 
P 

NC 

NC 

detected, NC = not collected, P = present but not quantified, n/a = not analyzed 

TCE = Trichloroethylene, DCE = Dichloroethylene, PCE = Pentachloroethane 
1,200/l, 100 indicates results from duplicate samples collected by different field personel 
Shut Down date indicates time well was isolated from water supply. 
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Remedial Investigations (RI) are currently underway at the Hadnot Point Industrial Area 

(HPIA) site by Environmental Science and Engineering, Inc. and Baker Environmental to 

determine the extent of contamination and recommend a plan for remedial action. 

3.1.2 Holcomb Boulevard Wells 

The 18 wells supplying the Holcomb Boulevard Water treatment facility extend from 

Paradise Point along Holcomb Boulevard, eastward to NC Highway 24. All but two of 

these wells are in use. According to MCB Environmental personnel, well HP-645 was 

reported to contain low concentrations of benzene (20 ppb, reported by MCB 

Environmental Lab) that resulted from the leakage of the back-up generator’s 200-gallon 

fuel tank located next to the well pad. 

Well HP-707 has relatively low yields of approximately 50 gpm and originally was thought 

to be clogged by iron precipitating bacteria, according to MCB personnel. Subsequent 

treatment of the well on numerous occasions with chlorinated agents has resulted in no 

improvement in yields The well is currently not in use because, according to Mr. Stanley 

Miller, “it’s not worth the trouble and the power to turn it on.” Because this well has 

historically yielded low quantities of water, even when new, the possibility of improper 

well construction should not be ruled out as an explanation for poor production. 

3.1.3 Tarawa Terrace Wells 

The Tarawa Terrace Water Treatment Facility is no longer in use along with wells 

belonging to the system. Two years ago, the wells supplied water to the Holcomb Water 

Treatment Facility; however, during an extreme period of cold, the water main carrying 

water across Northeast Creek broke and fell into the water. Repairs have not been made 

and thus these wells remain inactive. 

Three wells on the Tarawa Terrace system, TT-23, TT-25 and TT-26, have reported low- 

level contamination by the volatile organic compound, TCE, from an uncertai 

(possibly an offsite dry cleaning business). 
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According to MCB Environmental personnel, the contamination levels ranged from 37 

ppb in well TT-23 to trace amounts in well TT-25. The site is not listed on the 1990 Area 

of Interest iist, prepared by Environmental Science and Engineering, Inc. (ESE, 1990), but 

has been reported to the North Carolina Department of Environmental Management, 

WiRO and is presently undergoing remediation study under the guidance of WiRO 

personnel. 

3.1.4 Camp Geiger and Marine Corps Air Station Wells. 

Originally, Camp Geiger and MCAS operated separate water treatment facilities. 

Presently, wells at Camp Geiger deliver water to MCAS Water Treatment Facility located 

on Curtis Road. Wells constructed at Camp Geiger (formerly known as the Tent Camp) 

are the oldest within the MCB water supply system. Some wells are of open-hole 

construction and remain very productive, the remaining wells are screened. Some of the 

screened wells have deteriorated and began producing sand (TC-504 and TC-901). These 

wells are noted in Table 1, and are no longer in use. Several of the wells within the 

MCAS system have historically produced waters containing elevated levels of salt (in 

excess of 200 m&liter Chloride); of these, wells 502, AS-191, AS-131, and AS-4140 are 

currently in service. A review of available well construction and water quality records 

(located at the MCB Holcomb Boulevard Water Treatment Facility) from these wells 

indicates a two-part hydrology that can be to the general geology of the vicinity. Well 

records indicate two producing zones: an upper freshwater zone in the Castle Hayne 

Limestone Aquifer, and a lower saline zone. The saline aquifer may be the upper portion 

of the Beaufort Aquifer and is thought to be present in the vicinity of MCAS. 

b Unfortunately, well records from many of the affected wells could not be found to verify 

screened intervals and aquifer characteristics 

* . 

Well AS-106 was found to contain low concentrations (5 ppb reported by MCB Environ- 

mental Lab) of dichloroethane of an unknown origin. The well was secured from the well 

field, but no remedial action has been taken, No other wells in the area show contaniination, 

thus this appears to be an isolated contamination event. Because this weli has not been active, 

it is possible that the contamination plume has been directed towards adjace 

24 
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Well AS-4 I 50 was found to contain trace concentrations of TCE of an unknown origin (MCI3 

Environmental Lab). The well is presently secured. Adjacent wells show no contamination, 

thus the extent of contamination appears to be isolated. 

3. I .5 Onslow Beach Wells 

Two wells comprise the OnsIow Beach water system. No contamination has been reported in 

any of the wells; however, USGS personnel (Dr. Alex Cardinelle, Raleigh Water Resource 

Office) reported strong petroleum odors emanating from drill cuttings during the construction 

of USGS-3 test well near the Onslow Beach wellfield. Samples from this well were not 

tested, and the origin of the odor remains unknown. The verification of potential 

contaminants at Onslow Beach is important because a loss of either or both of the wells would 

severely limit the availability of potable water in the Onslow Beach area. 

3 1.6 Courthouse Bay Wells 

Five wells comprise the Courthouse Bay water system. The MC3 Environmental Laboratory 

has not observed contamination in any of the wells. Despite their age 050 years), Wells BB- 

44 and BB-47 continue to produce water with no reported signs of declining yields. The 

remaining wells are less than 20 years old. 

3.1.7 Rifle Range Wells 

Three of the four production wells at the Rifle Range are active. The fourth well, RR-229, 

contained low level TCE concentrations (3.2 ppb) and was subsequently secured from the 

system. A waste dump, located due west of the well, is the only known possible source of 

TCE. 

:--.. ------_ _ 

::‘3. ;ls Small Water Supply Systems i -\ 
_L_--.. _---- - __-- _ _ .._ _/- 
An unknown number of wells are presently maintained by MCB to provide water at sites not 

supplied by one of the five treated water systems. Of these systems, six are known to have 

automatic chlorinators and include VL-308 (K-321 Firing Range, Verona Loop Road>;, OP-2 

(Lucky’s Mound Firing Range, Lyman Road ) SFG-1 (Sneeds Ferry Gate) and BB-97 (Court- --. _.- 

house Bay), D-19 and SH-14. The precise location of wells P-J 9 and SH-I 4 is not presented ._, . r.. 
in this report. t 
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3.1.9 Verona Loop Area 

The Onsiow County Water System provides drinking water to the Verona Loop Trainiqg 

Area. h4CB has no plans to develop an independent water supply and treatment system in the 

Verona Loop area. 

3.1, IO New Acquistion Area (former Camp Davis) 

MCB recently completed the purchase of a major land area herein called the New Acquisition 

Area. The land is approximately 50 sqare miles in area and is situated west of US Highway 17 

and between Verona and Kelly Ridge. The land area includes the properties known as Great 

Sandy Run Pocosine and portions of former Camp Davis (Figure 6). Groundwater infor- 

mation for this region is scarce; however, limited information has been reported for former 

Camp Davis, located on the extreme southern end of the aquisition area at flolly Ridge. The 

location of each well site is shown in Figure 7. A copy of the typical well design is shown in 

Figure 8, A field inspection of the former Camp Davis wells revealed that at least one of the 

nine wells on MC3 property remains intact. Well No. 8 was the only well actually inspected 

and was found partially covered with tree branches and leaves. The steel casing appeared to 

be good shape with only thin surface rust. The well casing was probed and found to be 

bridged-off by organic debris at a depth of 42 feet however, there was no evidence that the 

well had been permanently abandoned. The disposition of the remaining wells is not known as 

many of the well locations are overgrown with briars, brush and trees. In related work, Rivers 

and Associates of Greenville, NC, and the Onslow County Water Supply investigated the 

construction of former Camp Davis Well No. 4. Well No. 4 is located south of the MCB 

s 

E 

wells on properties currently owned by International Paper. Well No. 4 is believed to be of 

similar construction to those wells found on MCB property. Rivers and Associates reported 

the well to be constructed of 1.06 feet of 10 inch steel St.&ace casing and approximately 100 

feet of open hole. The open hole is constructed in a layered limestone unit. An abbreviated 

pump test was conducted at a pumping rate of 3 IO gpm, and indicated a specific yield of 

50.74 gpm per foot of drawdown. 

Water quality analysis from this well indicated the water was fresh with a hardness in excess 

of 200. No volatile organic compounds were detected in the samples. \ P 
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4 Geophex Figure 6. Location of Newly Acquired MCB Land 
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L 

3.2 Water Collection System 

MCB well production consists of a single-well element connected to a single raw-water 

collection main. The single-well element typically consists of (1) an 8- to lo-inch well 

averaging less than 100 feet of penetration into the Castle Hayne Aquifer and 

approximately 170-gpm water production, (2) a pumping unit, normally a &inch vertica!f 

line shaft pump, (3) a totalizer to measure flow rates, (4) a single mechanical gate valve, 

(5) an automatic flapper or butterfly check valve, and (6) a waste-water discharge pipe. 

The water collection system is constructed to comply with all public water system 

construction criteria including spacing from mains carrying sewer and sewer cross-avers. 

An unknown length of raw-water main is constructed of asbestos/cement pipe and may 

provide a source of particulate asbestos to the water treatment plant. Presently, the 

concentration of asbestos, if any, in MCB water is unknown. In July 1993, the EPA 

announced new requirements for monitoring public water systems. Beginning June 30, 

1992, all public water supplies must be tested for asbestos. The reader is refered to EPA 

Part 14 1 -National Primary Drinking Water Regulations for details of sampling and testing 

intervals. The maximum contaminant level (MCL) has been established as no more than 7 

million fibers (>I 0 microns) per liter of water. 

3.3 Well Production 

The MCI3 water collection system is composed of 73 operating wells and associated raw- 

water mains connecting the wells,to the five active water treatment centers listed in Table 

3. 
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Table 3. Listing of MCB Water Production Systems 
____________-_____---------------------- _--_---- __________-_____------------------------------- 

Svstem No. of Wells ProductionCauacitv (nDd) 
____--_------------- ---mm---- _-__---_--_-------------------------------- _----- -m-v----- -_---v-- 

Hadnot Point 35 5,900,000 
Holcomb Blvd 18 5,000,000 
Marine Corps Air Station 23 4,081,000 
Rifle Range 4 648,000 
Courthouse Bay 5 864,000 
Onslow Beach 2 250,000 
------------------r--- ___--_----w-.------- _------------------- __-__---_--------__-------------- 

TOTAL CAPACTTY 77 16,743,OOO 

Non-Active Svstems: 
______________-_____------------- _-------- m-w------ _____-______________------------------------ 

Svstem No. of Wells Production Canacitv (gpd) 

Tarawa Terrace 7 1,152,OOO 
Montford Point 8 622,000 
--___--______--___-_---------------------- __-___________-_____----------------~------------~ 

TOTAL CAPACITY 14 1,774,ooo 

3.3.1 Individual Wells 

The pumping rates vary considerably for MCB wells, ranging from 50 gpm to more than 480 

gprn, and average approximately 170 gpm. The pumping rate for each well is determined 

individually by’adjusting the well drawdown to a level 10 feet above the pump intake. 

The pumping rate and corresponding pump discharge pressure is given for each well in Table 

1. 
$ 

Individual records of water production from each well are not kept; however, existing 

records indicate the following operational data concerning water production from wel,ls: 

. Daily hours of operation for each well are maintained at each water plant site. 

. Daily water input and output records for each water treatment plant are maintained 
and reported monthly to the State of North Carolina. 
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. Flow rates for each well are measured on an infrequent basis and are largely based 
upon measured flow rates at a given line pressure. Therefore, line pressure 
fluctuations affect the output of water from each well. The line pressure at each 
wellhead is not routinely measured; therefore, accurate daily performance for eac;h 
well is not determined. 

. A random review of pumping records for individual wells indicates that pumping 
performance does not vary greatly over a period of several years. Where pumping 
rates have changed, a physical problem was usually the cause (e.g., well collapse 
or pump failure). 

. Total water usage, and thus production, varies seasonally with the maximum water 
production occurring in the summer months, peaking normally in June. The 
minimum water consumption occurs in the winter months, with the lowest 
consumption occurring in November. 

3.3.2 Historical Water Demand 

The total water production from all MCB water treatment systems has not varied 

significantIy over the past 10 years, with an average daily usage of 7.5 million gallons. 

Anticipated base expansion may increase usage if the land expansion entails an increase in 

troops and facilities. For the purpose of this report no net increase in water production is 

considered. Any increase of water demand at MCB can be met by the addition of new 

production wells to current well fields, establishment of new wells field areas or purchase 

of water from either the City of Jacksonville or the Onslow County water supply. 

3.4 WeII Construction 

More than 160 wells have been constructed under the supervision of the NC Geological 

Survey, USGS, and MCB for the purpose of monitoring or producing water from the Castle 

Hayne Aquifer. Typical water supply wells at MCB have an average depth of 160 feet, 

contain approximately 40 feet of well screen, and are 8 inches in diameter. The wells have an 

average yield of 175 gpm against varying back-pressures. In general, well production 

increases from west to east, corresponding with increased aquifer thickness and transmissivity. 

Details on the construction of most water supply wells are presented in Appendix A. As of 

1992, the average age of MCB wells is approximately 25 years. Figure 9 shows the 

distribution of welis by age of 83% of the existing wells. The age of the remaining 17% of 

wells is unknown and thus were not reported in this figure. This figure illustrates that a high 

percentage (>30%) of the wells are greater than 50 years in age. 

32 



D
A

TE
 

O
F 

W
E

LL 
C

O
M

P
LE

TIO
N

 

Figw
e 

9. 
D

istribution 
of D

ate-of-W
ell 

C
om

pletion 
V

ersus 
C

um
m

dah’e 
P

ercent 

of 83%
 of M

C
B

 
W

ater W
eb. 

t-1 
\A

l 



Wellhead Management Program 
Geophex, Lz~ (March 1993) 

Most of MCB wells are considered to be partially penetrating or partially screened wells; 

they are developed in only a portion of the total aquifer thickness. USGS studies (Flamed, 

and others, 1989) indicate most of the wells have uncharacteristically low yields given the 

known hydrologic properties of the Castle Hayne Aquifer. The most plausible explanation 

for the wells yields is poor well design. The USGS (Flamed and others, 1989) calculated 

the specific yield of most MCI3 wells to be approximately one-sixth of expected values 

calculated from projected aquifer transmissivity. Since MCB wells average 6.3 

(gal/min)/A, (ranging from 2.2 to 12.2 (gal/min)/A), the USGS calculation suggests a 

specific capacity of approximately 3 5 (gal/min)/fi might be achieved if the wells were fi~lly 

screened and fully penetrated the aquifer. 

3.4.1 General Well Construction Standards 

Camp Lejeune water wells were constructed using private drilling contractors which are 

selected by competitive bids. The most current well specifications used in the bid 

selection process are presented in Appendix B. A review of the existing and proposed 

draft state well construction regulations worth Carolina Administrative Code (NCAC) 

Title 15 Chapter 2, Subchapter 2C, Section .OlOO)J indicate the MC3 well design 

specifications meet or exceed all state requirements. Additional regulations concerning 

well placement or location of water supply wells are described in the NCAC Title 15A, 

Subchapter 18C, Sections .O 100 through .2000. 

4 

Mkimum requirements for specifications of wells supplying community water systems iare 

established by the North Carolina Division of Environmental Health. Department of 

Environment, Health, and Natural Resources provides additional guidelines for design of 

water systems QKAC Title 154 Subchapter 18 C, Sections .0400 - . 1000). These 

minimum standards provide for the construction and location of wells within the system. 

A copy of the regulations is included in Appendix C. 
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c 

3.4.2 Water Supply Construction Standards 

Figure IO is a flow diagram from EPA’s guidance manual for compliance with the filtration 

and disinfection requirements for public water supplies using surface water sources (EPA, 

I99 1). The recommended method of determination of public water supplies influenced by 

surface waters is foIIowed by the North Carolina Public Water Supply, Division of 

Environmenta Heaith to determine if a water source is subject to the requirements of the 

Surface Water Treatment Reguiations (source: Mr. Fred Hill, NC DEHNR, Washington 

Regional Office, Washington, NC). The following source evaluation protocol is followed. 

1. A review of the records of the systems sources to determine whether any of the 
water sources are stored or come from uncovered ponds or other surface water. 

2. If the source is a well, determination of whether it is clearly a groundwater 
source, or whether fitrther analysis is needed to determine possible direct surface 
water influence. 

Regulations affecting the classification of water supply systems as systems affected by 

surface waters have changed significantly during the past year, and merit some discussion 

at this time. The current definition of surface water system applies,to those water systems 

where any of the water supply is from surface water sources. Beginning in July of 1993, 

the definition of surface water systems will be expanded to include those systems having 

any wells that are influenced in any way by surface waters. The State ofNorth Carolina 

.has currently adopted the following EPA criteria (EPA, 1991) to determine if any wells 

might be considered under the influence of surface waters. 

. The well is located within 200 feet of any permanent surface stream, lake, or draina,ge 
feature. 

. The uppermost screen or groundwater intake point in the weii is less than 50 feet fiom 
the surface. 

ff either of the above conditions are met then the system may qualify to be a surface-water 

supplied system. AI1 well construction records for currently active wells were reviewed in this 

study to determine if they might be under the direct influence of surface waters using the 1993 

regulations. All MCB wells are dearly exempt except for those wells listed in Table 4. 
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Table 4. Listing of Wells Suspect of Surface Water Influence (Using 
EPA SWTR Criteria) 

____________________------------------------------------------------------------------------~-- 

WELL NUMBER EXPLANATION 
__-__------------------------- -__---------_---_-------------------------------------------~.-- 

BB-43 top ofwell screen at 30 feet, 
BB-44* top of well screen at 32 feet 
BB-45 top of well screen at 45 feet 
HP-60 1 top of well screen at 45 feet 
M-168 top of well screen at 46 feet 
M-G28 top of well screen at 43 feet 
RR-97 top of well screen at 47 feet 
T-C-20 1 top of well screen at 46 feet 
TC-202 top ,of well screen at 35 feet 
TC-600 * top of well screen at 48 feet 
TC-604 * top of we11 screen at 45 feet 
TC-700’ top of well screen at 27.5 feet 
TC-90 1 top of well screen at 46 feet 
T-T-53 top of well screen at 45 feet 

* Denotes wells currently in use or may be utilized for drinking water supply. Drill 
hole logs from aI1 of the noted wells have been reviewed and indicate the presence of 
a confining unit overlying the water producing zone. The presence of a clayey unit 
overlying the aquifer prevents intermingling of drinking water with surface 
influenced waters. Thus, these wells are not considered to be under the diresct 
influence of surface waters. 

Of the wells listed in Table 4, BB-44, TC-600, TC-604, TC-700, and RR-97 are currently 

in service. Well RR-97, located at the Rifle Range, will be removed from the drinking 

water supply once Onslow County supplies the Rifle Range with water and the Rifle 

Range treatment facility is closed.. A review ofthe drill logs from the remaining wells 

(BB-44, TC-600, TC-604, X-700) indicates the presence of confining units above the 

shallow screened inten&, thus the wells would not likely be affected by surface waters, 

and should not be considered as being under the influence of surface waters 

3.5 Water Quahty hlonitoring 

Water quality analysis under the EPA Primary and Secondary Drinking Water Standards 

(EPA., 40 CFR Parts 141, 142 and 143, 1991) are required by MCB prior to the 

acceptance of new wells into the water supply system. These analyses are, t 

v-4 the only complete water analyses avaliable for each well. 
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About half of these analyses were conducted more than 30 years ago (based on a review 

of MCB well completion records), and thus may not accurately represent the quality of 

water presently being produ ted 

c 

F 

Currently, 15 water wells are out-of-service due to various levels of contamination. Past 

use of water from these wells has resulted in degraded water quality supplied to the water 

treatment plants, resulting in unacceptable levels of certain contaminants in drinking water 

supplied to MCB. Wells located at Hadnot Point, Holcomb Boulevard, New River Air 

Station, Rifle Range and Tarawa Terraie all have shown low-level contamination by 

various VOCs (source: MCB Environmental Lab) (Figure 11). 

. Hadnot Point Wells: HP-602 m-608, m-634, HP-637, HP-65 1, m-652, HP- 
653, and HP-660 (TCE present); 

. Holcomb Boulevard Well: HP-645 (Benzene present); 

l Tarawa Terrace Wells: TT-23, TT-25, and TT-26; 

. Rifle Range Well: RR-229 (TCE present); and 

. MCAS Wells: AS-106 and AS-41 50 (DCE and TCE present). 

Although the source of contamination for most of the above “hit” wells has not been 

determined, the types of contaminant can be often related to a nearby user or disposal site 

(Environmental Science and Engineering, Inc., 1990,199l). Additional hits to MCB 

water supply wells may occur if contaminant plumes spread and find their way from 

3 contaminant sources to the Castle Hayne Aquifer via the surf&l aquifer. 

49 
4.0 Reguiatosy Compliance (Statutory Framework) 

4 _ 1 Federal Regulations 

The Safe Drinking Water Act of 1986 mandates that each State establish WHP Programs. 

The EPA WHP Program (EPA, 1990) established the following mininmum requirements 

for a wellhead protection program. 
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0 Delineate welihead protection areas for each well or wehfield; 

* Identify sources of contaminants within each wellhead protection area (WPA); 

o Develop management approaches to protect the water supply with WPAs from 
these contaminants; 

0 Develop contingency plans for each drinking water supply in the event of well 
contamination; and 

0 Locate new wells properly to minimize potential contamination. 

4.2 State Regulations and Compliance 

North Carolina is scheduled to submit draft regulations for wellhead protection for review by 

EPA in June, 1992. A draft copy of the State plan was presented to MCB Environmental 

Management Division in November, 1991 by Geophex. Under the State plan, WHP will be 

administered on a county by county basis. Some NC counties have already established 

wellhead protection policies through land-use zoning or establishment of Areas of 

Environmental Concern (AEC). Managers of Onslow County and Jacksonville City water 

systems (personal communication, November 199 1) indicated that they were in contact with 

local planning boards to ear mark areas for wellhead protection. Most likely, only Onslow 

County will enact a WHIP Program because all of the city and county wells fall under the 

jurisdiction of the county. According to Mr. Carl Bailey of NC DEM (Raleigh), civil WPA 

designations can project beyond county or city jurisdiction into Military Reservations, such as 

MCB. The county WPAS will most likely be located north and west of Jacksonville where the 

Onslow County and the City of Jacksonville operate approximately 19 water supply wells in 

the Cretaceous Aquifers. The estabhshment of WPA in this region will have no impact on the 

operation of MCB water supply system. However, Onslow County proposes water supply 

development within the Castle Hayne Aquifer at Hubert and Folkstone (personal 

communication, Mr. Bill Harvey, Manager of Onlsow County Water). The development of 

wells at Hubert may affect the development of MCB wells along NC Highway 24. Presently, 

the exact location and size of the county wellfield is not known; thus, the i 

upon MCB wellfields cannot be assessed. 

,pact 
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42.1 Well Construction Standards 

New regulations concerning well construction are under review by NC DEM, 

Groundwater Division, and are expected to be effective September I, 1992 (NC DEM 

Draft Well Construction Standards, Groundwater Division, Raleigh, NC). A preliminary 

review of the proposed North Carolina Well Construction Standards by Geophex 

concludes no adverse impact on existing MCB wellfields. A copy of the draft well 

construction standards (NCGS 15A NCAC 2C .OlOl-.0103, .0105, .0107-.0114, :0116, 

.0118-.0119, 2L .0107) are included in Appendix D. 

4.2.2 Contaminant Sources and Well Location 

Existing North Carolina We11 Construction Standards (NCAC Title 15, Subchapter 2C,, 

Section .OlOO) prohibit the construction of wells within 100 feet of any potential 

contaminant, including sewers and septic tanks, fuel and chemical storage. 

4.3 Level of Protection Criteria for Drinking Water 

The Safe Drinking Water Act of 1986, established a timetable for EPA to set maximum. 

contamination limits @JCL) for 83 specific contaminants. At the same time MCLs are set, 

EPA is to establish MCL goa@ (MCLGs). The MCLGs are non-enforceable health goals 

set at 1eveIs that cause no adverse effects to humans. These primary drinking water 

standards are not required to be tested at each wellhead. However, individual wellhead 

analysis is desireable in order to identify sources of non-compliance. The primary drinking 

water standards are presented in Table 5. 

A secondary set of drinking water standards were also established to assure suitability of 

drinking water. The secondary drinking water standards, presented in Table 6, deal with 

factors controlling taste, odor, color, and certain other non-aesthetic factors. 

The primary and secondary drinking water standards are updated as needed, but generally 

are revised every three years. 

. -.-. ._ .-. .---.-_. -- -.-. -- 
.‘. 
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Table 5. EPA Primary Drinking Water Standards (from EPA, 1991) 

Contaminants Health Effects MCLl Sources ‘-1 

Microbiological 

Total Coliforms 
(Coliform bacteria, fecal 
coljform, streptococcal, 
and other bacteria) 

Turbidity Interferes with disinfection lto5NTU 

Inorganic Chemicals 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Nitrate 

Selenium 

Silver 

Fluoride Skeletal damage 

Organic Chemicals 

Endxin Nervous systemlkidney effects 

Lindane Nervous system/kidney effects 

Not necessarily disease 
producing themselves, but can be 
indicators of organisms that 
cause assorted gastroenteric 
infections, dysentery, hepatitis, 
typhoid fever, cholera, and 
others: also interfere with 
disinfection process. 

Dermal and nervous system 
toxicity ef%cts 

Circulatory system effects 

Kidney effects 

LiverAddney effects 

Central and peripheral nervous 
system damage: highly totic to 
infants and pregnant women 

Central nervous system 
disorders: kidney effects 

Methemoglobinemia (‘blue-baby 
syndrome”) 

Gastrointestinal effects 

Skin discoloration (Argyria) 

1 In mill&rams per liter, unless otherwise noted. 
2 Agency considering substantially lower number. 
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1 per 100 human and animal fecal 
milliliters matter 

erosion, runoff, and 
discharges 

.05 

1 

.01 

.05 

-052 

-002 

10 

.Ol 

.05 

4 

.0002 

-004 

geological, pesticide residues, 
industrial waste and smelter 
operations 

geologjcal, mining and 
smelting 

leaches from lead pipes and 
lead-based solder pipe joints 

used in manufacture of 
paint, paper, vinyl chloride, 
used in fungicides, and 
geological 

fertilizer, sewage, feedlots, 
geological 

geological, mining 

geological, mining 

geological, additive to 
drinking water, toothpaste, 
foods processed with 
fluorinated water 

insecticide used on cotton, 
small grains, orchards 
(cancelled) 

insecticide used on seed and 
soil treatments, foliage 
application, wood protection 1 

-- 

t 



Table 5 - Continued 

Contaminants Health Effects MCLl Sources 

Ftadionuclides 

Gross alpha particle 
activity 

Gross beta particle 
activity 

Radium 226 & 228 
M.al) 

Other Substances 

Sodium 

Cancer 

Cancer 

Bone cancer 

Possible increase in blood 
pressure in susceptible 
individuals 

15 pciAJ 

4 mremlyr 

5 pcYL 

None 
(20 mgil 

reporting 
level) 

radioactive waste, 
uranium deposits 

radioactive waste, 
uranium deposits 

radioactive waste, 
geological 

geological, road salting 

l In milligrams per liter, unless otherwise noted. 
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TabIe 5 - Continued 

Contaminants Health Effects Sources ‘1 

Methoxychlor Nervous systern/Xdney effects 

2.4-D Liver/kidney effects 

E 

2.4.5-TP Sifvex 

c 
Toxaphene 

Benzene 

Carbon tetrachloride 

p-Dichlorobenzene 

l-l-Dchloroethylene 

l-1.1-Wchloroethane 

Trichloroethylene (TCE) 

D 
Vjnyl Chloride 

n 
Total trihalomethanes 
Cll?THM) (chlorofozm, 
bromoform, bromo- 
dichloromethane, 
dibromochloromethane 

Liver/kidney effects 

Cancer risk 

Cancer 

Possible cancer 

Possible cancer 

Possible cancer 

Ljver/ki dney effects 

Nervous system problems 

Possible cancer 

Cancer risk 

Cancer risk 

1 In milligrams per liter, unless otherwise noted 
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-1 

.1 

-01 

a05 

-005 

.005 

-075 

-005 

.007 

.2 

.005 

-002 

.1 

insecticide used on frujt 
trees, vegetables 

herbicide used to control 
broad-leaf weeds in 
agriculture, used on forests, 
range, pasture.s, and aquatic 
environments 

herbicide (canc:elled in 1984) 

insecticide used on cotton, 
corn, grain 

fuel (leaking tanks), solvent 
commonly used in 
manufacture ofindustrial 
chemicals, pharmaceuticals, 
pesticides, paints and 
plastics 

commonincle2ningagents, 
industrial wastes from 
manufacture of‘coolants 

used in insecticides, moth 
balls, air deodorizers 

used in manufacture of 
insecticides, gasoline 

used in manufacture of 
plastics, dyes, perfumes, 
paints SOCs 

used in manufacture of food 
wrappings, synthetic fibers 

waste from disposal of * 
cleaning materials and 
manufacture of pesticides, 
paints, waxes snd varnishes, 
paint stripper, metal 
degreaser 

polyvinylchloride pipes and 
solvents used to join them, 
waste from manufacturing 
plastics and syn.thetic rubber 

primarily formed when 
surface water containing 
orgatic matter is treated 
with chlorine 

..-.- -- .._.. . ..--.. - ._. --. _.._.~, ~...._.. .-. 



PH 

Chloride 

Copper 

Foaming agents 
0 

Sulfate 

Water is too corrosive 

Table 6. EPA Secondary Drinking Water Standards (from EPA, 1991:) 

[Contaminants Suggested Levels f 
Contaminant @EZFl 

6.5 -8.5 

250 mg!l 

1 rngfi 

0.5 mgA 

250 mgA 

500 mgA 

Taste and corrosion of pipes 

Taste and staining of porcelain 

Aesthetic 

lbsie and laxative effects 

Total dissolved solids (hardness) 
r 

l’aste and possible relati.on blow 
hardness and cardiovascular disease; 
also an indicator or corrcdvity (related to 
lead levels in water); can damage 
plumbing and limit effectiveness of soaps 
uld detergents 

Zinc 5 mgA 

Fluoride 2.0 mgll 

Color 

Corrosivity 

15 color units 

non-corrosive 

Iron 

Manganese 

Odor 

0.3 mgll 

0.05 mg/l 

3 threshold odor 
number 

raste 

Dental flourishes (a brownish 
&coloration of the teeth.) 

Aesthetic 

Aesthetic and health related (Corrosive 
water can leach pipe materials, such as 
lead, into drinking water.) 

Taste and staining of laundry 

Taste and staining oi laundry 

Aesthetic 

Secondary Drinking Water Standards are unenforceable federal guidelines regarding the taste, odor, color - and 
certain other non-aesthetic effects - of drinking water. EPA recommends them to the States as reasonable goals, but 
Federal law does not require water systems to comply with fhem. States may, however, adopt their own enforceable 
regu2ation.s governing these concerns. To be safe, check your State’s drinking water rules. 
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5.0 Wellhead Protection Program 

Minimum requirements for WHP Programs were established by the EPA as a result of the 

1986 Safe Drinking Water Act (SDWA). As a minimum, the SDWA requires each state’s 

WHP to: 

0 Specify the roles of state and local governments and public water suppliers; 

0 Delineate wellhead protection areas for each well or wellfield; 

Q Identify sources of contaminants within each WI-IF’ area; 

o Develop management approaches to protect the water supply within W’Iil? areas fi-om 
those contaminants; 

l Develop contingency plans for each public water supply system in the event of well or 
wellfield contamination; 

l Locate new wells properly to minimize potential contamination; and 

l Ensure public participation in WHP program development. 

Because these requirements were set up for state and local authorities, the first and last 

requirements would not necessarily apply to MCB. However, it is important that MCEI 

participate at the local level when and if local WPAs are formulated. 

5.1 Delineation of MCB Wellhead Protection Area 

Prior to the introduction of the Wellhead Protection Programs by the EPA in 1986, the 

term “wellhead” was applied to the above-ground physical structure of the well, including 

piping and valves. 

The EPA redefined the term “weIlhead” to include the surface and subsurface within which 

contaminants are likely to move to a water-supply well or well field, and thus refers to 

“the surface and subsurface area surrounding a water well or well field, supplying a public 

water system, through which contaminants are likely IO move toward and reach such 

water well or well field” (US EPA, 1987, p. 1-2). 
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The EPA recognized that the source of water for all wells ultimately comes from 

infiltration by surface water into the water table aquifer as it passes across the land surface 

and through the soil zone. 

Consequently, the condition of the soil and shallow subsurface materials greatly affects ,the 

quality of water found in the water table aquifer. Surface spills of chemicals and 

petroleum products may eventually migrate into the groundwater system and later show 

up in drinking water. 

The purpose of a WPA program is to delineate the area where primary infiltration occurs 

and, through some plan, regulate or control the release of substances within this zone. 

Substance control methods suggested by the EPA include: (1) land-use planning within 

the WPA, (2) zoning, or (3) some other method of restrainment. EPA and the State of 

North Carolina intended to have local governments manage wellhead protection policy 

through restriction of certain development activities within the WPA (NC Wellhead 

Protection Program, Draft Document, 199 1). During the process of establishing a WPA 

at MCB, an inventory of existing potential contamination sources was completed by 

Geophex. Based on the results of this survey, several groupings of wells were found to be 

located within a IO-year zone of travel (ZOT) of potential contaminant sources (Figure 

15). 

Under the WMP, one of three following options are suggested to protect the wellhead 

area: (1) abandon the well, (2) move the potential contamination source to an area outside 

of the WPA, or (3) create a monitoring program designed to detect the potential 

contamination in the event of a leak. 

If the monitoring alternative is selected, the frequency of monitoring should be determined 

by the location of the potential contamination with respect to the well (EPA, 570/g-91- 

008). 

The protection goals proposed by Geophex for MC3 are similar to the goals sugge 

EPA and NC DEM, and include one or more of the following elements. 
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1. Provide a zone of protection around wells or well fields that affords adequate time to 
react to incidents of unexpected contamination. The “Time of Travel” protection 
strategy is based upon the time necessary to identify and cleanup contaminants before 
they reach a weli. This goal is accomplished by delineating a protection area large 
enough to attenuate potential contaminants to target levels. 

2. Protecting all or part of the zone of contribution from contamination by prohibiting 
threatening activities to take place in defined zones surrounding the wells. This is a 
form of zoning or land-use planning. 

5.1.1’ Strategy for Establishment of WPA at MC3 

The EPA (EPA 1987) proposed five criteria to be used as a basis for establishing the zone 

of protection surrounding wells or well fields. These criteria are, in part, based upon the 

hydrodynamics of the aquifer system, and are described in the following sections. 

l Distance 

North Carolina regulations (NCAC Title 15 Subchapter 2C Section .OlOO) currently 
employ a fixed radius concept where no public water-supply well may be 
constructed within 100 feet of any sewer or septic system. The EPA recommends 
the use of distance criteria only as a temporary measure until a better-founded basis 
can be established following a more complete analysis. To deter-mine minimum 
required distance between a well and a sewer or septic system, a circle with an 
arbitrary fixed radius is drawn around each well. The radius of the circle may or ;may 
not have any relationship to pumping rates, aquifer conditions, or topographic 
.position. 

l Drawdown 

The areal extent over which drawdown occurs within an aquifer due to withdrawals 
from wells is commonly referred to as the zone of influence, or the cone of 
depression. 
In a region where regional gradient is negligible, the extent of the cone of depression 
coincides with the area of downward leakage. and is generally circular in shape. 
Regional gradients tend to complicate the shape of the zone of influence by 
stretching the circle into an ellipse up-gradient from the well. The extent of the 
stretch is determined by the rate of regional groundwater flow. In this case the 
hydraulic potential for vertical leakage decreases rapidly away from the well. 
However, vertical leakage may be Iess than the potentiai if the confining unit is 
considered “tight.” Vertical leakage into the Castle Hayne Aquifer can be 
accelerated by a lack of a “tight“ confining unit and/or vertical geologic structures 
including ancient stream channels, and man-made structures such as deep di 
poorly constructed water and monitor wells. 
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9 Time of Travel 

The time-of-travel criterion is used to establish the time for groundwater or 
hypothetical contaminant to flow from a point of interest (or concern) to a well. .A 
collection of common travel times define an isochron (contours of equal time) 
wherein a ZOT is established. 

ZOT provide a graphic representation of the extent of areas that would be included 
in a particular well or well field’s zone of capture for a given time interval. Such a 
representation is useful in establishing the minimum acceptable distance in which a 
well should be located with respect to potential contaminants. The minimum 
acceptable distance is, in part, determined by the type of potential contaminant and 
the speed and effectiveness with which they can be detected, contained, and removed 
from the nearest WPA. 

l Flow Boundaries 

Hydrogeologic mapping is utilized to establish hydrogeologic boundaries, including 
such natural physical boundaries such as rivers, groundwater divides, and man- 
induced boundaries such as those created by pumping wells. Hydrologic mapping 
can be usefirl where these boundary conditions can be clearly defined, for example, 
in the Piedmont and mountain regions. In the case of MCB, because the relief is 
low, groundwater divides are poorly defined, thus the extent of the a hydrologic cell 
cannot be accurately mapped. 

l Assimilative Canacity 

The assimilative capacity refers to the concept that contaminants are assimilated as 
they pass through the saturated and/or unsaturaled section of an aquifer. The extent 
of assimilation can be quite variable and largely depends on the mineral composition 
of the soils, the chemical characteristics of the aquifer, and the composition of the 
contaminant. Because the assimilative capacity of the water table aquifer and the 
Castle Hayne Aquifer is not known, it is not considered in this plan. Eliminating this 
factor promotes a more conservative approach to defining MrPAs. 

For the reasons cited below the following criterion were determined to be an inappropriate 

basis to found the MCI3 WPA Plan upon: 

l The use of distance criterion would not adequately or accurately characterize the true 
aquifer recharge zone. 

l Use of flow-boundary criterion is not used because groundwater divides in a confined 
and semi-confined aquifer in low relief areas such as MCB are difficult to define. 

0 Assimilative capacity is too poorly understood to be considered a valid option, and ’ 
exclusion only assures that the criterion employed is somewhat conservative, 
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l The drawdown method is not utilized because the zone of contribution surrounding a 
well field given a long periods of pumping can be unrealistically large and 
unmanageable. In addition, sufficient hydrogeoiogic information is not currently 
available to adequately describe drawdown at MC3 given the complex nature of the 
existing well field and pumping scenarios. 

Therefore, we recommend utilizing the time-of-travel criterion as the primary basis for 

establishing the MCB WPA. Utilization of the time of travel criterion requires the 

calculation of an appropriate ZOT around each well based upon know or assumed 

geologic and hydrologic conditions, a inventory of known contaminants or potential 

contaminants within the ZOT and the establishment of a routine monitoring system that is 

designed to detect the presense of contaminants within the ZOT. 

5. I .2 Establishment of Time of Travel WI-B? 

In an effort to standardize MCB’s welfhead protection program to a format developed by 

the EPA, the reverse-path calculation method was employed using EPA’s Wellhead 

Protection Area computer program, version 2.0 (Bianford and Huyokom, 1991). This 

public domain software package has been installed on computer located at EMD, along 

with the two model simulations run by Geophex to determine the ZOTs used at MCB. 

Because this computer simulation is sensitive to pumping rates, aquifer transmissivity, and 

regional groundwater Bow patterns, it is not currently possible to adequately model all 

MCB wells simultaneously. As an aitemative, a template ZOT was generated for the 

different hydrogeologic conditions found: (3 ) in the vicinity of Holcomb Boulevard anti 

Hadnot Point, and (2) at Camp Geiger and MCAS. Hydrogeologic input data for the 

Blanford and Huyokom models were obtained from the existing USGS publication 

(Hamed and others, 1989) and MCB well logs (Holcomb Boulevard Water Treatment 

Facility], and are summarized in Table 7. 

The results of the Holcomb-Hadnot Point and MCAS simulations are presented in Figures 

12 and 13 as steady-state, 5-, IO-, and X-year time-related.capture zones. The 

approximate limits and areas of each ZOT are shown in Table 8. 
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Table 7. Input to WHPA-MWCAP Model (Version 2.0) 
------------------^-______^_______ -------------------------L------------------------------------- 
Parameter Holcomb Boulevard MCAS 
Simulation Options and Hadnot Point 
-----------------_----------------- 

Units (feet and days) 
Step Length 
XMIN (feet) 
XMAX (feet) 
YMIN (feet) 
YMAX (feet) 
Number of Wells 
Location X (feet) 
Location Y (feet) 
Pumping rate (cubic fyday) 
Transmissivity 
Regional slope 
Orientation (degrees) 
effective porosity 
number of pathlines 
boundary conditions 
mode of calculation 
Capture zone plotted 

50 50 
0 0 

10,000 10,000 
0 0 

10,000 10,000 
1 1 

6,000 6,000 
5,000 5,000 
57,754 30,802 
15,000 8,000 
0.001 0.001 

0 0 
0.25 0.25 

20 20 
none none 

Time-Related Time-Related 

Yes Yes 

. 



Zone Of Travel for Holcomb Boulevard-Hadnot Point 
Onslow Beach, and Rifle Range Wells 
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Figure 12. Steady-State, 5, lo-, and 25Year, Zone of Travel (ZO’?J For 
Typical Holcomb Boulevard-Hadnot Point, Onslow Beach, and Rifle 
Range Wells. 
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Typical MCAS Wells, 
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Table 8. Estimated Zone of TraveI (ZOT) for Holcomb Boulevard-Hadnot Point 
and MCAS. 

-___-_--------------------------------------------------------------------------- -------v--- -.______ 

Location Holcomb Boulevard 
-Hadnot Point 

MCAS 

---_---------------------------------------------------------------------------- .--------------_____ 
e 

Calculated 5 Year ZOT dimension: 

Length (feet) 
Width (feet) 
Approximate area (acres) 

1,350 1,100 
1,250 950 

31 19 

Calculated IO Year ZOT dimension: 
Length (feet) 
Width (feet) 
Approximate area (acres) 

2,100 1,400 
1,700 1,350 

65 34 

Calculated 25 Year ZOT dimension: 
Length (feet) 3,200 2,600 
Width (feet) 2,350 2,150 
Approximate area (acres) 139 102 
-------------------------------_--------^--________ ------------------------------------------~---- 
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As an example, the I O-year ZOT for MCAS is elliptical in shape, approximately 1,400 x 

1,350 feet in dimension and covers an area of 34 acres. In comparison, the IO-year ZOT 

for Holcomb-Hadnot Point is larger, measuring 2,100 x 1,700 feet and covering 65 acres. 

The 1 O-year ZOT is proposed because: (1) the 5-year ZOT does not provide adequate 

time for EMD to discover, conduct an RI, and then complete rehabilitative action, and (2) 

the 25-year ZOT consumes too much area and, at least for MCB planning purposes, is too 

conservative. The 1 O-year ZOT is proposed for MCB because it provides adequate time 

for discovery and clean-up of accidental contamination events, or will permit adequate 

time to install new wells if clean-up is not feasible. 

The MCB WPA map (Figure 14) was compiled by appropriately orienting the IO-year 

ZOT template over each well location, and then circumscribing an inclusive boundary line 

around groups of wells that make up a well cluster. The composite of all ZOTs describes 

the lo-year WPA. 
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A comparison of the lo-year WA map and the location of potential contamination sources 

shows that approximately one-third of MCB wells (including MCAS) are located such that 

potential contamination sources fall within their IO-year WPA. Two AOCs, located at the 

APIA and MCAS, contain wells that have already been contaminated (Figure 15). 

5.2 Potential On-Site Contamination Sources 

Groundwater contamination is related to numerous activities at MCB and can be classified 

into the following categories: (1) oil pollution and hazardous substances, (2) leaking 

underground storage tanks, (3) waste management activities ( e.g., land fills, surface 

impoundments, waste piles), (4) certain industrial activities (e.g., vehicle maintenance, :meta.l 

fabrication, machine shops, etc.), and (5) surface water runoff from contaminated areas$, 

including roads and parking lots. 

In addition, MCB conducts various military training activities which have an unknown knpact 

on regional groundwater quality. Related training activities include: (1) bombing and/or 

shehing of targets in G-10, R-2 and lLBT-3 Impact Areas, (2) abandonment of unexploded 

ordnance in various training areas, and (3) logistic operations involving ammunition and/or 

weapons at various storage sites.. 

An inventory of potential on-site contamination sources supplied by MCB was reviewed. 

In general, these contamination sources include the following. 

l Twenty-two sites where groundwater and/or soils have been contaminated and 
remedial investigations (RI) have or are being conducted. An inventory of these 
sites was prepared by Environmental Science and Engineering, Inc. (1990) for 
MCB and serves as a reference to all RI’s considered in this study. 

l Active solid waste disposal areas, including land fills and bum areas; . 

l Stormwater run-off; 

l Chemical usage and storage; 

l Underground petroleum storage, and 

0 Military training activities 
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5.2. I Underground Petroleum Storage 

A inventory of approximately 458 underground storage tanks (USTs) was completed b:y 

Geraghty and Miller, Inc in 1989. EMD provided Geophex with a copy of the Geraghty 

and Miller tank locations. A shortened version of these data are presented in Appendix E. 

According to EMD, the Geraghty and Miller inventory of approximately 458 USTs 

represents only a portion of the total USTs located at MCB. Most of these USTs are 

associated with a building or service site provided by MCB, and are generally found within 

developed regions of the base. MCB currently is bringing all USTs up to compliance with 

current NC UST requirements for underground storge tanks (NCGS 143-215.94). An 

additional 1705 USTs were suspected to have existed and presumeably abandoned by 

removing the contents and filling with sand. Many of these USTs were associated with 

individual dwellings and duplexs supplied by MCB for military personnel and dependents. 

Because the extent of contamination, Zany, associated with these USTs is not known, and 

the effectiveness of the tank closure to prevent groundwater and soil contamination has 

not been assessed these USTs should be viewed as potential sources of contamination. 

5.2.2 Other Contamination Sources 

The EPA prepared a list of common sources or activities related to groundwater 

contamination (EPA, 1990). These sources or activities are presented in Table 9. Nearly 

all of the potential groundwater contaminant sources listed by the EPA exist at MCB. The 

distribution for all these potential sources of contamination are not mapped. However, a 

review of base facility activities and land use clearly demonstrates most of the common 

sources of groundwater contamination are located on the most developed areas at MCB 

On the other hand, non-developed lands contain very few, if any, of these common 

sources. Figure 16, shows the distribution of developed lands at MCB, which correspond 

to those areas with the greatest number of potential sources of contaminants. The 

distribution of these areas is a critical consideration in delineating WPAs 

5.3 Land Usage 

The training mission of MCB has been a major factor in the determination of how land is 

to be best utilized. The training requirement for large, unobstucted areas with suitable 

staging areas for troop deployment has resulted in the establishment of two ral 

settings. 

58 



/ 

/ 

/ 

! 

/ 

I 
I 
1 

! 
I 

i 

Table 9. EPA List of Common Sources or Activities Related to Groundwater 
Contamination. (Source: EPA Guide to Groundwater Supply Contingency 
Planning ,for Local and State Governments, 1990) 

a 

AGRICULTUR.AL 

Animal burial a.reas 
Animal feedlots 
Chemical application 
(e.g., pesticides, fungicides, and 
fertilizers) 

Chemical storage areas 
Irrigation 
Manure spreading and pits 

COMMERCIAL 

Airports 
Auto Repair Shops 
Boat Yards 
Construction Areas 
Car Washes 
Cemeteries 
Dry Cleaning Establishments 
Educational Institutions 
(e.g., labs, lawns, and chemical 
storage areas> 

Gas Stations 
Golf courses (chemical application) 
Jewelry and Metal Plating 
Laundromats 
Medical Institutions 
Paint Shops 
Photography Establishments/Printers 
Railroad Tracks and yards/Maintenance 
Research Laboratories 

Road Deicing Operations 
(e.g., road salt) 

Road Maintenance Depots 
Scrap and Junkyards 
Storage Tanks 

(i.e., Above-Ground, Below-Ground, 
and Underground) 

INDUSTRIAL 

Asphalt Plants 
Chemical Manufacture, Warehousing, 

and Distribution Activities 
Electrical and Electronic Products 

Manufacturing 
Electroplaters and Metal Fabricators 
Foundries 
Machine and Metalworking Shops 
Manufacturing and Distribution Sites for 
Cleaning Supplies 

Mining (Surface and underground) and 
Mine Drainage 

Petroleum Products Production, 
Storage, and Distribution Centers 

Pipelines 
(e.g., oil, gas, coal slurry) 

Septage Lagoons and Sludge 
Storage Tanks 

(i.e., Above-Ground, Below-Ground 
and Underground) 

Toxic and Hazardous Spills 

Wells -- Operating and Abandoned 
(e.g., oil, gas, water supply, injection, 
monitoring and exploration) 

Wood Preserving Facilities 

RESIDENTIAL 

Furniture and Wood Strippers and 
Refinishers 

Household Hazardous Products 
Household lawn (chemical application) 
Septic Systems, Cesspools, and Water 

Softeners 
Sewer Lines 
Swimming Pools 

(e.g., chlorine) 

WASTE MANAGEMENT 

Hazardous Waste Management Units (e.g., 
landfills, land treatment areas, surface 
impoundments, waste piles, incinerators) 

Municipal Incinerators 
Municipal Landfills 
Municipal Wastewater and Sewer Lines 
Open Burning Sites 
Recycling and Reduction Facilities 
Stormwater Drains, Retention Basins 
Transfer St~ltinns 
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A major portion of the base is undeveloped woodlands traversed by trails and semi- 

improved roads. A much smaller portion of the base is highly developed, containing 

services and structures to support the approximately 65,000 personnel associated with the 

base activities. The intense areas of development are conducive to surface and 

groundwater contamination. The following is a general description of the major sources 

of groundwater contamination identified at MCB. 

5.3.1 Solid Waste Disposal 

MCB maintains a single solid waste disposal site, with plans to expand the existing site by 

the addition of another fill layer. The site is located east of the HPIA along Sneeds Ferry 

Road adjacent to MCB water wells 606, 609, and 626. Water analysis from these wells 

indicates no VOC contamination at present, however a total chemical scan should be 

conducted to determine if leachate are present. An abandoned landfill was operated ne,ar 

the site of contaminated Well 651, west of Piney Green Road. Adjacent wells 636, 610, 

and 709 do not show similar contamination. 

5.3.2 Storm Water Management 

Storm water management is in early stages of development at MCB. Part I Group 

Stormwater permits were applied for in 1991 (Geophex, 1991). Chemical analyses 

characterizing runoff planned in Part II is not currently available, thus it was not possible 

to characterize the water quality between stream divides. Because water quality data was 

not available, a quantitative approach was not possible. First-, second- and third-order 

surface water drainage basins were constructed from MCB topographic maps (Figure 17). 

Drainage from developed regions. is assumed to be contaminated, whereas drainage from 

undeveloped regions is assumed uncontaminated. The contaminated regions highlighted in 

Figure 17, show a potential adverse impact on wells in portions of the Hadnot Point and 

the MCAS wellfields. 
tr 

5.3.3 Chemical Usage and Storage 

The location of chemical usage and storage centers was not mapped in detail for this 

project. A review of the locations of activities involved with chemical processes provided 

by EMD indicates that nearly all chemical storage and user centers corresponds 

previously identified developed regions of the base. 
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5.3.4 Military Training 

c 

Large portions of the MCB are designated for military training. Some regions are set 

aside for particular training activities that are incompatible with the development ofwe:[ls; 

for example, G- 10 Impact Area is not suitable for well development because of potential 

damage from artillary or rifle fire. Military training facilities, including but not limited to 

c 

firing ranges, field exercise areas, tactical aircraft landing areas, and ammunition and 

weapon storage facilities as outlined on MCB Combat Training Charts are also considered 

undesireable for wellfield development (Figure 18). Border regions surrounding these 

properties may be suitable for well construction provided assurances are made that the 

wells will not be damaged by training activities. 

The potential of groundwater contamination from exploded or unexploded ordnance is not 

well understood. A potential source of lead in the environment, and thus the 

groundwater, comes corn the lead fill of the brass-cased bullets. Lead contamination 

would likely be a problem where discharged bullets are concentrated, for example at a 

barrier, where stray bullets are arrested. Other discharged ordinances potentially harm&l 

to groundwater include: unexploded ordnance, incendiary devices, and residues from 

discharge weapons. Although no site-specific study has been conducted at Camp Lejeune, 

environmental evaluations of target ranges at nearby Cherry Point Marine Air Station, at 

Havelock, North Carolina have been conducted (Sinine Environmental, 1990). The 

Cherry Point target ranges differ from Camp Lejeune’s in that they received bombs 

dropped from planes instead of aitillary shells. No impact on the water quality was 

detected in this study. 

Because the potential for groundwater contamination is generally believed to be greater 

for bombs, that carry more explosive chemicals than art&q shells, and because no 

adverse effects have been detected with bombs, the potential for large scale groundwater 

contamination is presumed to be minimal. 
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5.4 Groundwater Extraction Practices 

Water supply systems generally adopt various pumping strategies so as to: (1) rninimiz;e 

maintenance, (2) routinely exercise each well, (3) reduce drawdown interference between 

wells, and (4) supply the correct combination of water quality and quantity to the water 

treatment plant. MCB regulates groundwater production by varying the number of 

pumping wells and the duration’of pumping intervals. 

R 

The following procedure is used to set the production rate of each well (personal 

communication, MCB Facility Manager, Mr. Stanley Miller). The well is turned on and 

the drawdown level monitored until the Ievel stabilizes. The flow from the well is adjusted 

upward by throttling open a gate valve located on the well discharge. As the valve is 

opened the withdrawal increases and the water level falls in the well. Proper flow is 

established when the water level falls to within 10 feet of the intake of the pump. The 

specific yields fi-om wells were reviewed at varying pumping rates and found to be fairly 

consistent (less than 10 percent variation from low to high withdrawal rates suggesting 

that the aquifer is not being stressed and turbulent flow conditions are not being 

experienced). The consistent value can be viewed as evidence that the aquifer could yield 

more water if well construction can be improved. 

Because the production rate of each well is held constant, increased demand for water is 

accomplished by turning on more wells or increasing the length of time each well is 

pumped. Because some of MCB ‘wells produce less water than others, the combination of 

wells pumped and the demand for water determines the Iength of the pumping interval. 

The current MCB pumping strategy for Hadnot Point, Holcomb Boulevard, Onslow 

Beach, and Rifle Range water treatment facilities accomplishes the four goals previousl:y 

stated in Section 5.4. MCAS water production plan is different from the other MCB 

facilities as a result of varying production rates and degraded water quality from some 

wells. Four MCAS wells (?-C-502, AS- 13 1~ AS- 19 1, and AS-4 140) produce wa 

containing chloride concentrations in excess of 200 r&l. 
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Elevated chloride content in these wells has been related to the inadvex-tant production (of 

trihalomethanes at the water treatment plant (personal communication, Mr. Fred Hill, 

Regional Manager, NC Public Water Supply, Washington Regional Office). Currently, 

MCAS water treatment facility must pump wells in predetermined groupings, so as to 

maintain an overall low chloride concentration in water supplied to the treatment facility 

(personal communication, MCB Facility Manager, Mr. Stanley Miller). 

The cause of the high chloride levels in groundwater at MCAS is not known. The USGS 

has suggested that high-volume pumping of wells has created conditions for saltwater 

intrusion from the New River (personal communication, Dr. Alex Cardinell, USGS, 

Raleigh, NC). They suggest a buried channel feature discovered in sub-bottom profiles 

near the Air Station (Cardinell, and others, 1990) has channeled saltwater from the river 

into selected wells at MCAS. 

Analysis of surface waters from the New River at Jacksonville show varying levels of 

chloride content. The chloride content found in river water is sufficient to support a 

saltwater intrusion theory; however, historical records suggest another alternative (MCB 

Well Records, Holcomb Boulevard Water Treatment Facility). Well “A” drilled at Camp 

Geiger in 194 1, and later abandoned, intersected two water bearing zones and produced 

water c&taining high-chlorides (>350 mg/l). The presence of high chloride levels in MCB 

wells prior to any high rates of water production indicates the saline waters are not related 

to high volume pumping. Instead, the presence of saline water in the first well is strong 

evidence that portions of the aquifer contain some connate water. During the construction 

of nearby well TC-325, a high-chloride aquifer was discovered at a depth of 125 to 175 

feet underlying and separated by a clay unit from a low-chloride aquifer. Based upon 

historical records from well “A” and aquifer analysis &om Well TC-325, it makes sense. 

that high chlorides would be found in wells that intersect the deeper high-chloride aquij?er. 

Unfortunately, existing well completion logs and water quality analysis are not sufficient 

to conclusively support the interpretation. However, it is important to know if two- 

aquifers bearing high- and low-chloride waters exists. 
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5.5 Aquifer Recharge Areas 

The aquifer recharge areas are poorly understood in Onslow County. Regions of highest 

recharge can normally be delineated through a study of the regional aquifer pieziometric 

surface. Unfortunately these data do not exist, and thus, a detailed statement as to 

recharge area is not possible. However, it is generally known that groundwater recharge 

to the surf&l aquifer in the coastal plain occurs on most land surfaces greater than five 

feet in elevation (Hamed and others, 1990). Thus, the recharge area represents nearly the 

entire MCB land area. 

The relative recharge rate over the region may be related to soil type and the relative 

vertical porosity penetrating the soil and other confining layers. Regions of relatively low 

and high recharge areas have been delineated from the Onslow County soil survey map 

(Figure 19) and serves only to point out areas where soil conditions provide relatively high 

degrees of protection from surface pollution sources. In this figure, areas containing 

clayey soils are contrasted with areas containing sandy soils. The eastern one-half of 

MCB is dominated by poorly drained, sandy soils. Clay soils marked by the hatched 

pattern (Figure 20) occur over Iess than 25% of the base land area. Clayey soil regions 

would have lower recharge rates and thus offer greater reaction time between the 

occurrence of a surface contamination event and possible groundwater contamination. 

Recharge to the Castle Hayne Aquifer from the water table aquifer largely depends upon 

the thickness and permeability of the confining unit at the top of the Castle Hayne. 

The detailed geology of the con&ring unit is not know-n; however, it is is suspected that 

the upper confining unit is quite variable in their extent and permeability over MCB. It is 

apparent from available information (Hamed and others, 3990; and MCB Environmental 

Lab Records) that the confining unit is leaky. The degree of leakage is high in some 

regions as evidenced by the relatively short period of time needed for a surface spill to 

show up in a production well (e.g., Well HP-645). The ease in which the Castle Hayne 

Aquifer can be affected by water table conditions emphasizes the importance of 

maintaining high surface water quality. 
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Water Table Aquifer recharge for MCB is based upon an average rainfall of 56 inches 

(Narkunas, 1980) and an average recharge of approximately 30 percent, or an annual 

recharge of approximately 17 inches per year (Heath, 1991). The recharge rate far 

exceeds demand, thus MCB should be able to meet its own needs Erom within the confines 

of the base. 

5.6 Groundwater Preservation Areas 

MCB has no formally established groundwater preservation areas however, because the 

MCB controls more than 230 square miles of land, and because much of this land has 

remained undeveloped, much of these lands serve the function of groundwater preserves. 

The extent to which these regions have remained uncontaminated is not known. For 

example, G- 10 Impact Area represents a large area which appears to be undeveloped; 

however, the potential for groundwater contamination from ordnance and residue are 

present. An extensive groundwater resource survey should be conducted if MCB should 

commit to developing a welifield in this region. It is important that the surface areas 

overlying principal recharge areas remain relatively undeveloped so as to minimize 

contamination by accidental surface spills. 

Outlines of proposed groundwater preservation areas are shown in Figure 21. These areas 

should be considered as potential wellfield sites, and thus, should be considered candidate 

sites for groundwater resource evaluation. The sites that are especially critical to WMP 

Program are located on Figure 22 and include the following. 

l An area located approximately one mile south of MCAS along the abandoned 
Seaboard Coastline tracks offers an option to new well development at MCAS. 
This region is relatively undeveloped and should be free of surface contamination, 

l A large area of land situated between NC Highway 24 and Holcomb Boulevard, in 
the general vicinity of the Holcomb Boulevard water treatment facility. 

l A strip of land located on both sides of Sneeds Ferry Road and Courthouse Ba:y 
Road, south of the existing Hadnot Point wellfield. 

l A strip of land located on both sides of NC Highway 172, between Onslow Beach 
and Courthouse Bay. 
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These groundwater preservation areas represent sufficient acreage to adequately meet MCB’s 

existing groundwater needs. 

5.7 Alternate Water Supply Contingency Plan 

As part of the WHP Program, a contingency plan forthe location and provision of alternate 

drinking water supplies in the event of well or wellfield contamination is required. The 

alternate water supply proposed here does not include the case where the water treatment 

facility and distribution system is contaminated. An emergency water supply response plan 

should be developed by MCB in concert with other emergency response plans existing for 

MCB. An EPA guide to groundwater supply contingency planning for local and state 

governments has been provided to EMD by Geophex as a guideline for organizing this 

contingency plan (EPA, 440690-003, 1990). 

5.7.1 Short-Term, Alternate Water Sources 

Options that are viable on an emergency or short-term basis may differ depending on the 

conditions that created the supply disruption. 

Short-term alternate water supplies are designed to alleviate the immediate need for water. 

Short term indicates the period of time, between water loss and full restoration. It may vary 

fi-om minutes to years, depending on the severity of the contamination event. 

The following discussion of alternatives addresses solutions from within and outside the 

system. 

. Management Alternatives - The MCB water collection system is designed so that any 
number of wells may be isolated from the remainder of the system. Proper management 
can control contamination by isolating contaminated, wells and increasing production 
from non-contaminated wells. If the area of contamination is relatively small, and has 
affected only a few wells, then MCB’s excess capacity within the system can provide 
suflicient alternate water. The use of water system management to provide an alternate 
water source should be the first course of action. Because it requires minimum effort, 
and relies on unused excess capacity, it is a low-cost alternative that minimizes service 
interruption . 

l Water Conservation - In the event a substantial portion of the water supply must be 
isolated from the system but the entire system is not shut-down, water conservation 
practices must be enacted. Voluntary reduction of car washing, watering lawns, bathing, 
etc. will help to reduce consumption. Voluntary reduction of water consumption is 
attractive because it eliminates the need to supply alternative water supplies 
immediately. 
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l Interconnection of Treatment Facilities - The Holcomb Boulevard and Hadnot Point 
water treatment facilities are connected by a 24-inch water main which permits water 
sharing. This connection permits MCB to shut down water plants one at a time. 
Excess plant capacity exists such that a winter-time shut-down of a treatment plant is 
possible. A summer-time shut-down would most likely necessitate more stringent 
controls on water consumption. MCAS, Onslow Beach, Rifle Range, and 
Courthouse Bay water treatment facilities are not interconnected, thus loss of wells 
would pose a more serious threat to those water supplies. Outside water hook-ups 
to non-base water supplies, or increasing the capacity of the system would provide 
alternatives to the existing facilities. 

l Use of Storage - In an emergency, MCB can utilize stored water. The life of stored 
water varies according to the season and how much is contained in tanks and lines. 
Because the water reserve in storage tanks can vary greatly, and may have alread:y 
been contaminated, it should only be considered as a temporary supply and not a 
true alternative. 

l Bottled Water - Ifan emergency situation should arise where all wells and treatment 
facilities have to be shut down, bottled water may offer the best alternative supply of 
drinking water. However, it is not feasible or economic to utilize bottled water for 
purposes other than food preparation and washing. The demand for bottled wate:r is 
likeiy to be high and the availability low, thus, it is not considered a viable long-term 
water source. 

l Tank Trucks (Water Mules) - Tank trucks offer a viable short-term alternative, but is 
not recommended as a long-term water source because it may be dif&ult to meet 
demand, and the cost of operating a fleet is likely to be high. 

l Surface Water Supplies - Surface water alternatives do not exist at MCB. The 
waters of the New River are saline and would require desalination prior to use for 
drinking. Many tributaries of the New River have been designated as unhealthy for 
contact with humans. 

. Interconnection With Outside Water Systems - Interconnection with another water 
supplier is a viable short-term alternative. MCI3 should consider establishing links 
with both the City of Jacksonville and Onslow County water systems. The 
establishment, and operation of water links, requires considerable planning and 
availability of appropriate equipment to connect alternate water supplies to the 
distribution system. A suggested hook-up plan may call for Tarawa Terrace I and II, 
and Montford Point (Camp Johnson) be linked to the City of Jacksonville; and 
MCAS, Rifle Range, Holcomb Boulevard and Hadnot Point linked to Onslow 
County water mains. The establishment of interconnection would mutually benefit 
the City or County in case of an emergency within their respective systems. 
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5.7.2 Long-Term Alternate Water Sources 

Long-term alternate water sources differ for those sources previously discussed in two 

ways, First, the time available to evaluate and carryout alternatives is longer, allowing for 

a more pragmatic approach. Second, the number of alternatives is larger, and perhaps 

more cost effective. This underscores the importance of a viable short-term program 

capable of b\uying time to carryout a long-term program. 

l Water System Management - The use of Water System Management is a realistic 
means to compensate for lost well production, However, if the contamination is 
moderate or severe, MCB will have to consider other options to be carried out in 
conjunction with water system management. 

l Excess Capacity - The use of excess capacity to offset well loss is not a viable option 
for MCB. Presently, excess capacity for Hadnot Point does not exist. The other 
water systems have excess capacity, but many of the wells are old and may need 
replacing in the near finure. Thus, any excess capacity that presently exists, will 
likely vanish in the next five to ten years. 

Surface Water Supplies - Long term development of surface water supplies would 
result in increased cost for water treatment. However, surface water development 
would yield an almost unlimited quantity of water. Development of surface water 
resources would require years of planning and construction before the first drop of 
water could be realized. 
Drilling New Wells - Construction of new we!.ls in uncontaminated portions of the 
Castle Hayne Aquifer can be accomplished within a relatively short period of time, 
under emergency conditions. Drilling new wells i&o the Castle Hayne Aquifer offers 
MCB the most economic option to provide long-term water resources from outside 
the present system. New well development should not be placed near the site of 
contamination, and preferably away fi-om other established wellfields. 

l Alternate aquifers exist beneath MCB, including several aquifers in Cretaceous rocks 
beneath the Castle Hayne Aquifer. The Cretaceous aquifers contain varying 
concentrations of saltwater that would require desalinization as part of the water 
treatment plan. Despite the saline content of these aquifers, they would be less 
susceptible to contamination f?om surface spills than the Castle Hayne Aquifer. 

l Aquifer Remediation - In the event of a contamination event, aquifer remediation is 
paramount. Contamination plumes, if lefi unchecked, may spread throughout the 
wellfield. Commonly, turning off contaminated wells accelerates the spread of the 
contaminants throughout the remainder of the aquifer. If the contamination is 
relatively small, then cleanup may offer the best long-term &emadve to restoring 
the capacity of the water system, or in the very least, preventing large scale 
contamination of the aquifer. 
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5.7.3 Factors AfFecting Future MC3 Water Resources 

Recharge into the Castle Hayne Aquifer is suffjcient to maintain MCB water supplies 

provided present groundwater contamination is contained and remediated, and existing 

and future wellhead areas are protected. Several new factors have arisen recently that may 

affect existing and firture water sources of MCB. The following is a brief overview of 

these factors. 

Q 

5.7.3.1 Increased Competition for Water Resoulces 

Increasing demand on water supplies from the City of Jacksonville and Onslow County 

has strained the production capacity of the Black Creek Aquifer (Narkunas, 1980). As a 

result both the City and County are considering obtaining water from the Castle Hayne 

Aquifer (personal communication, Mr. Bill Harvey, Onslow County Water System). 

Onslow County has the most ambitious program, which includes the completion of several 

exploratory wells near the communities of Hubert and Dixon. 

Onslow County presently develops all of its water from Cretaceous aquifers underlying the 

region between Richlands and Jacksonville (Figure 23). 

The County has immediate goals of developing water resources in the vicinity of 

Folkstone and Hubert (personal communication, Mr. Bill Harvey, Onslow County Water 

System). Both of these development sites will utilize treated groundwater from the Castle 

Hayne Aquifer. The proposed Hubert site is located near the existing Camp Lejeune 

water system and may impact future plans for replacement wells within the existing MCI3 

system. The Folkstone site may be considered as a source of water for base expansion in 

the Fort Davis area as well as for new MCB acquisition areas. In all, Onslow County 

plans ;o expand its capacity by approximately 4.5 million gallons per day by the end of 

1995. The County is seriously working towards the establishment of Wellhead Protection 

Areas through the mechanism of county or municipal land use zoning (persanal 

communication, Mr. Bill Harvey, Onslow County Water System). These zoning changes 

could adversely impact the MCB. Enactment of the draft WHP regulations could give the 

County or City the power to control some of the water usage within the base property. 

Y 
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0 Location Of Onslow County Wells 

A hcation Of Existing And Proposed City Of 
Jacksonville Wells 
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Hayne Aquifer By Onslow County 

x* Geophex 
Figure 23. Location of Onslow County and City Of Jacksonville Existi% and 

Proposed Wellfields. 
I l&.4 Uh 

77 



--. ----. 

Wellhead Management Program 
Geophtx, Lid (hbrc:l~ 1993) 

I 

The City of Jacksonville, and the County, currently develops groundwater from the same 

aquifer and vicinity. The city plans to expand its system by three wells over the next three 

years. Groundwater currently produced by the City does not require treatment and is of 

high quality. The City of Jacksonville, like the County, cannot significantly increase water 

production from the Cretaceous Aquifers in order to meet the increasing needs stimulated 

n 
by regional growth. In the near future, the City will have to expand its groundwater 

production to include either the water table aquifer or the Castle Hayne Aquifer. 

5.7.3.2 Contamination 

Groundwater contamination remains a problem at MCB. The problem is somewhat 

accentuated because a great portion of MCB wells are developed in areas which are prone 

to contamination by existing surface contaminants, incidental spills, roadway runoff, andl 

underground storage facilities. It is apparent that the con&-ring unit overlying the Castle: 

Hayne Aquifer affords very little protection from surface and surficiaf aquifer 

contamination. Therefore, the WISP program should provide for the systematic 

replacement of existing wells in industrially active portions of the base, with wells 

constructed in non-developed, protected areas. The same plan should set out to begin 

immediate remediation of all contaminated waters. This action would significantly reduce 

the possibility of new contamination events as well as reduce the spread of existing 

contaminants. 

v 
6.0 Conclusions and Recommendations 

6.1 Proposed Wellhead Protection Areas 

WPAs for all active wellfields are proposed based on a IO-year ZOT surrounding each well. 

Development within the WPA should be controlled so as to minimize potential contaminant 

sources. The contaminant sources are commonly related to activities identified by the EPA 

and listed in Table 9. The proposed MrPAs are described below. 
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Proposed WPAS cover approximately 4,500 acres of iand surrounding existing wellfields. 

Approximately 30 percent of the designated land is impacted by existing or potential 

groundwater contamination. These areas should be considered for one or more of the 

following actions: 

l Removal of present or potential contaminants for the 1 O-year ZOT; 

9 Remediation of contaminated groundwater; 

l Permanent abandonment of contaminated water supply wells; and 

l Relocation by attrition of existing wellfields into areas that can be easily maintained with 
a minimum impact on the mission of MCB. 

6.2 Proposed Rehabilitation Studies 

Based upon the distribution of known contaminant plumes and knowledge of contaminated 

wells, approximately 30 percent of the existing wellfield has been or has the potential to’ be 

contaminated from surface contamination sources. Present planned, new well-development 

programs are not suflicient to offset the potential loss of water production from existing or 

potential contamination sources. Rehabilitation of groundwater resources offers a viable 

option to drilling new wells. Three areas, discussed below, currently impacted are 

recommended for rehabilitation because of the apparent high probability of success. 

6.2.1 Hadnot Point Lndustrial Area 

Six wells within FlPti have been -mnttiated with varying levels of TCE (MCB 

Environmental Lab). Four of these six wells have reported concentrations near detection 

levels for TCE. In addition, several of these wells indicated the presence of TCE on two of 

three analyses. Retesting of these marginally contaminated wells is recommended to 

determine if the data are statistically valid. If so, the source of contamination should be 

determined, and a water treatment system recommended. Remediation of the surficial and 

Castle Hayne Aquifer should be expedited in order to limit the spread of contamination to 

adjacent wells. 

0000002004 
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6.2.2 Holcomb Boulevard 

The Holcomb Boulevard well HP-645 should be retested to determine if the petroleum 

contamination persists. Because of the central location of the contamination with respect : to 

adjacent wells, the potential for contamination of one or more wells exist, If petroleum 

contamination persists an RI program should be initiated. 

Well 707 should be examined for the presence of iron precipitation around the screens usring a 

down-hole camera. The presense of buildup over the screens would explain why product:ion 

was poor. NormaIly treatment with chlorine solves the bacterial problems. If the screen:;; do 

not appear to be covered by growth, then the well was probably constructed incorrectly, ;and 

little can be done to improve productivity, short of repacking the well. 

6.2.3 Tarawa Terrace 

Although the Tarawa Terrace wells are inactive, the feasiblity of re-establishing a li to 

Holcomb Boulevard Water Treatment Facility should be investigated as a contingent soulrce of 

water in the event of a large scale contamination south of Northeast Creek. The size and. I 

distribution of the TCE contaminant plume should be f%rther investigated to determine thtne 

potential impact on non-contaminated wells and derrive clean-up alternatives. 

6.2.4 MCAS VOC Contamination 

Two wells have been contaminated by low-level VOCs at MCAS. Wells AS-106 and Ass- 

4 150 should be retested to deterniine if the data are statiscally valid. If they remain 

contaminated, the source of contamination should be identified and potential impact on tl[he 

wellfield assessed. Feasiblity of a water treatment system should be addressed. 

. 

6.2.5 MCAS Saltwater Contamination 

Since their completion over the course of 50 years, seven water production wells have beeen 

contaminated by groundwater with elevated levels of chloride. Presently, five of these wdells 

have chloride levels in excess of 200 mg/l. Sufficient well construction data do not exist * 
( 

MCB files to determine in every case, the source of high-chloride water. 
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Well construction records from the responsible driller should be compared with water qclaty 

data to determine the source of saline waters. The potential cross-contamination of saline 

waters should be evaluated and a plan should be developed to reduce saline waters in wells 

and protect the low chloride aquifer form saltwater contamination. 

6.2.6 Rifle Range Wells 

Because the TCE content in well RR-229 was near analytical detection limits, additional 

testing of the water is recommended to determine if the finding is statistically valid. In 

addtion, adjacent wells should be sampled to determine if the contaminant has spread to other 

wells. 

6.3 Proposed Monitoring Program 

A regularly scheduled monitoring program is recommended for all existing welllield areas. 

The monitoring plan should be developed in concert with other MCB water-quality 

monitoring programs. In addition, future well areas should be evaluated for water qua.liQ~ 

prior the construction of water supply wells. All water quality data should be maintained on 

the EMD mapping system so that contaminated areas can be avoided. 

3 

6.3.1 Monitoring of Existing Wells 

Groundwater from all existing water supply wells should be tested for EPA Primary and 

Secondary Drinking Water Standards (Tables 5 and 6) (EPA, 1990). A one-time broad-based 

testing will generate baseline data.tiom which subsequent changes in water quality can be 

compared. The baseline analysis of well-water should be conducted over a relatively short 

period of time (one month) during a period of relatively low rainfall and be coordinated with 

the routine pumping of water supply wells. Results of these analysis should be used to 

establish a long-term sampling and testing program that is aimed at: (1) acquiring sufficient 

geologic data to model drawdown and water quaIity over the entire wellfield region, and (2) 

sampling production wells at intervals sufficient to allow for timely detection of potential 

wellhead contamination, L 
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The following is proposed as an initial water sampling plan to establish a baseline data set. 

The baseline data set should be used to design a cost-effective monitoring program. 

l Sample and analyze in duplicates, all producing wells, for EPA Primary and 
Secondary Drinking Water Standards. This is a one-time sampling program that 
will establish a background data base that will describe the condition of the aquifer. 
Wells exceeding any of the standards should be reviewed to determine if the 
contaminant is the result of norma cultural activity or from natural sources. 

l A sampling and analysis schedule for each well should be devised such that well:; 
containing contaminants that marginally exceed primary or secondary drinking 
water standards are sampled more frequently than those wells with no 
contaminants1 A distin&ion should be made between cultural and natural 
contaminants. Cultural contamination is likely to be much more variable than 
natural contaminants. For example, cultural VOC contamination requires more 
frequent monitoring than dissolved iron, which is usually determined by natural 
levels in geologic formations and do not vary substantially. 

l Measure water levels and temperature for all wells. Water samples should be 
drawn from all wells and where suspected, analysed for contaminants. 

l Locate and gather geologic and/or well completion logs for al1 MCB wells. Many 
wells have been drilled but no record exists in either EMD or Holcomb Water 
Treatment Plant offices. All wells should be physically inspected to determine 
compliance with state construction requirements. Wells not meeting state 
requirements shouid be brought into compliance or should be permanently 
abandoned. Wells not containing the required identification plate should have 
identification plates installed, and completion reports submitted to NC DEM 
W&O. Existing wells, without logs or completion records, should be logged us’ing 
geophysical tools to determine construction parameters and then properly 
identified and reported submitted to NC DEM W&O. 

6.32 New Monitor Wells 

Existing monitor well data should be compiled in the MCB water quality data base. Monitor 

wells should be constructed within and around existing’and proposed wellfield areas. The 

purpose of these monitor wells is to provide early warning of contamination that might be 

entering the WPA., and to help establish the baseline conditions of the aquifer before and after 

well development. 
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~0~0002~ 
6.3.3 Evaluation of New Wellfield Areas 

New well construction should be located in areas where Castle Hayne Aquifer waters are 

uncontaminated and suitable for processing in existing MCB water treatment plants. 1x11 

addition, land-use activities should be limited to exclude all potential groundwater 

contamination sources (see Table 9). The physical siting of the well should include a 

walk-over of the general area to determine the existance of unknown structures or 

potential contaminants. Monitor wells should be completed in advance of supply well% 

and analyzed for contaminants. The strategy is to determine water quality in the general 

vicinity of a proposed wellfield before expensive supply wells are constructed. If 

contamination is present, the site should be re-evaluated or a new location for the well 

selected. 

6.3.4 Wellfield Design 

After the new well sites have been selected and water quality found to be satisfactory, the 

wellfield layout shouId be designed so as to achieve the target water capacity for the least 

cost. The actual cost of the wellfield requires analysis of two factors: (1) capital cost - 

the money needed to design and install the welIs, pumps, pipeline, and monitoringIcon7trol 

systems; and (2) operating cost - which includes maintenance and electric utility chargres. 

Capital cost can be substantial, and is paid up-front. Thus, the real value is amortized over 

the life of the wells. Operating cost is paid on an as-used basis, and thus commonly is not 

factored in during the construction phase. Most of the operating cost of wellfields cormes 

from electric power usage. Power usage is affected by: (1) volume of water moved - *he 

more water pumped the more electricity used, and (2) well efficiency - defined as the r-ratio 

of the drawdown in the aquifer next to the well to the drawdown observed in the well 

(Figure 24). The volume of water moved is determined by the needs of the base, and 7th~~ 

can be regulated by turning wells on and off. Well efficiency is best maximized at the time 

of well construction and should be a primary consideration at well completion. 

The drawdown in wells is a fimction of well efficiency, A properly constructed screerned 

well may achieve efficiencies of 80 percent however, an efficiency of 50 precent to 60 1 

percent is more normal, especially in wells that are not fully screened, as are the wells at 
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MCB. We11 efficiency typically declines over the life of the well and must be considered i in 

long-term planning. New wells should be designed to limit drawdown interference 

between wells. 

6.4 Proposed Drilling Strategy 

New water wells should be drilled to maximize water production. Enhanced water produuction 

may be achieved by: (1) completing wells throughout the entire thickness of the Castle H?Iayne 

Aquifer, (2) completing wells as open holes when possible, and (3) screening wells to achieve 

a well efficiency of 80 percent or better. 
i 

6.4.1 Drilling Specifications 

MCB drilling specifications used for competitive bids should be changed to reflect the 

above needs. The approved design of water wells should be made after the const.ructioM 

of the pilot hole, geophysical testing, and water quality analysis. Geophysical test&g 

should include: (I> caliper log, (2) spontaneous potential/resistance or resistivity logs, aand 

(3) natural gamma log. The USGS and NCGS provide well logging services, and have 

volunteered to log MCB wells if the contractor cannot provide these services (Dr. Alex 

Cardinell of USGS, and Mr. Perry Nelson of NC Groundwater). 

6.4.2 Wellhead Development 

Enhanced production of water from wells should be investigated. The most common 

production enhancement techniques used in the Castle Hayne include surging ofwell 

water using compressed air or mechanical piston, and acidulation and purging oftbe wtzll 

using corrosion inhibited hydrochloric acid. 

6.5 Groundwater Areas of Concern 

The two natural groundwater areas of concern identified at MCB are: (1) a suspect ka_lrst-like 

area that may represent a region of high recharge, and (2) a general region of elevate 

chloride levels found in some wells at hJCAS. 
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6.5.1 Karst Region 

Suspected karst topography was noted along a sandy relict beach ridge extending from 

Queens Creek to the New River. If is important to determine if the observed surface features 

acutally reflect near-surface solution activity. If solution is active, then local groundwater 

recharge is likely to be high in these areas. Regions .of high recharge typicahy impact wellfield 

design and merit %rther investigation: 

6.5.2 Saltwater Upconing Potential 

The USGS proposes that saltwater infiltration causes high chloride content in wells at 

MCAS. Saltwater infiltration can result in a general reduction of aquifer qu&y, and may 

lead to a reclassification of groundwater by the State. The cause of high chloride 

conditions in MCAS wells needs to be identified, and plans to reverse the trend 

formulated. 

6.6 Abandonment of WelIs 

Inactive wells should be secured against possible vandalism and sealed with a water-tight 

cap or seal compatible with casing and installed so that it cannot be removed easily by 

hand. If the well has been shutdown because of contamination, a determination as to it.s 

future utility in a remediation plan should be determined. If the well is no longer needed, 

it should be permanently abandoned. Well abandonment should be completed by a 

licensed driller, and should follow state regulations for well abandonment as stated in 

NCAC Title 15, Subchapter 2c, Well Construction Standards, Section .OlOO. MCB 

should complete the following tasks prior to abandonment: 

l All materials should be removed from the well so as not to constrict the placement of 
the neat cement plug. 

l Each well should be video-logged to determine integrity ofwell casing, well screen, 
screen placement, and extent to which the casing has been filled with sediment. A 
compilation of these data will help evaluate the effectiveness of well construction 
practices and the effective life of the well casing. 

l ff possible, rhe enlire well screen and casing should be pulled as the abandbned 1 
plugged to preclude any future vertical migration of contaminants. 
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Appendix A 

Summary of Well Completion Logs for MCB Water Wells 

EXPLANATION 

“Well No.” - indicates well number or MCB Building Number. 

“Yr. Drilled” - indicates year in which well construction was completed. 

“Total Depth” - indicates total depth of well belowland surface in feet. 

“Diameter” - indicates inside diameter of well casing at top of well in inches. 

“Type of Finish” - indicates the well completion method used to prepare the aquifer for 
production: 

. Gravel Pack - indicates wells are completed with stainless steel or brass screens 
packed with gravel material. 

. Screen - indicates well is completed with stainless steel or brass screens but the 
packing material is not known. 

. Open Hole - indicates the well is completed without screens or gravel packing. 

“Screened Intervals” - indicates depth of top and bottom screens placed in the well (depths are 
given in feet). 

“Elevation” - elevation at Iop of well casing. 

“Water Level” - elevation of water level in well (given in feet below top of well casin_e). 
Water 
levels following by a “P” indicates the well was operating at the time of measurement. 
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SECTION 02670 

ROTARY-DRILLED WATER WELL 
06/91 

NOTE: This guide specification covers the 
requirements for rotary-drilled water wells 
(consolidated or unconsolidated) using conventional 
fluid rotary drilling or reverse circulation 
drilling. 

************************************************************************** 

NOTE : This revision "C" to NFGS-02670 follows a 
complete review of the previous version. The text 
is revised throughout, according to that review. 

*****************x******************************************************** 

NOTE : See Note A located ,at rear of text. 
********************************************~***************************** 

PART 1 GENERAL 

1.1 SUMMARY 

NOTE: The article "Summary" is not used by the 
Naval Facilities Engineering Command, except in 
specialized cases. Delete this article when editing 
for project specifications. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the 
basic designation only. 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

ANSI B1.20.1 1983 Pipe Threads, General Purpose {Inch) 
(ANSI/ASME B1.20.1) 

ANSI B40.1 1985 Gauges - Pressure Indicating Dial 

Type - Elastic Element (ANSI/ASME B40.1) 

N SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM A 53 1990 {Rev. 13)' Pipe, Steel, Black and 

000000203 Hot-Dipped, Zinc-Coated Welded and Seamless 
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ASTM B 88 1989 Seamless Copper Water Tube 

ASTM C 150 I989 Portland Cement 

ASTM C 494 1990 Chemical Admixtures for Concrete 

AMERICAN WATER WORKS ASSOCIATION (AWWA) 

AWWA C206 1988 Field Welding of Steel Water Pipe 

AWWA C651 1986 (Addendum 1990) Disinfecting Water 
Mains 

AWWA C700 1990 Cold-Water Meters-Displacement Type, 
Bronze Main Case, First Edition 

AWWA C701 1988 Cold-Water Meters-Turbine Type for 
Customer Service 

AWWA C702 1986 Cold-Water Meters-Compound Type 

ENVIRONMENTAL PROTECTION AGENCY (EPA) 

EPA 570/g-75-001 Water Well Construction Practices 

1.3 SUBMITTALS 

NOTE : Where a "G" in asterisk tokens follows a 
submittal item, it indicates Government approval for 
that item. Add "G" in asterisk tokens following any 
added or existing submittal items deemed 
sufficiently critical, complex, or aesthetically 
significant to merit approval by the Government. 
Submittal items not designated with a "G" will be 
approved by the CQC organization. 

*************************************i*t****~*****************~*********** 

Submit the following in accordance with Section 01300, "Submittals." 

1.3.1 SD-04, Drawings 

NOTE: Edit the submittal requirements based on the 
type of well (consolidated or unconsolidated). If 
the specification is written for a consolidated 
well, delete the well components which are not 
normally required in consolidated formations, such 
as inner casing, well screen, and gravel fill. 

********************************************************~********* . 

a. Rotary-drilled water well 

1.3-1.1 Required Drawings 

Submit drawings or catalog cuts showing rotary-drilled water well 
components and details of well casings, well screens, air lines, and gages. 
Detail drawings or catalog cuts shall be accompanied by a cross section 
showing the relative size, location, and spacing of the well components 
such as the hole size, outer casing, [inner casing,] [well screen,] [gravel 

B-6 



filter,] air line and gage, and grout. 

1.3.2 SD-08, Statements 

a. Water disposal methods 

b. Gravel placement equipment list 

C. Gravel placement methods 

1.3.3 SD-12, Field Test Reports 

a. Test hole 

b. Pump test 

C. Water analysis 

d. Plumbness and alignment test 

1.3.3-l Test Hole Reports 

NOTE: Natural-gamma logging records the amount of 
natural-gamma radiation emitted by earth materials. 
Caliper logging records the average borehold 
diameter. Verify that natural-gamma logging and 
caliper logging are required in the geographical 
region of the project. 

Upon completion of test hole, provide recommendations for permanent wells 
and submit data obtained [at each well site], in triplicate. Include with 
the recommendations the appropriate depth, details of construction, length 
and location of screens, screen openings, gravel size, grout, and an 
estimation of the quantity of water that can be obtained from each 
water-bearing stratum and from each completed.well. Submit electric log, a 
drillers log drawn to scale with coarseness and fineness modulus of each 
strata, time penetration log (time to drill through each formation), 
[caliper log] [natural-gamma log], and sieve analysis to substantiate 
recommendations. 

1.3.4 SD-13, Certificates 

NOTE: Edit the submittal requirements based on the 
type of well (consolid.ated or unconsolidated). If 
the specification is written for a consolidated 
well, delete the well components which are not 
normally required in consolidated formations, such 
as inner casing, well screen, and gravel fill. 

*******************************t****************************************i~*** 

a. Casings 

b. Cement il 
C. Air line 

d. Air gage 
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e. Drilling mud 

f. Water meter 

1s. Screens] 

lh. Gravel] 

1.3.5 SD-16, Sample Panels 

a. Test hole 

1.4 DELIVERY, STORAGE, AND HANDLING 

Deliver materials in an undamaged condition. Store materials off the 
ground to provide protection against oxidation caused by ground contact.. 
Replace defective or damaged materials with new materials. 

6 

1.5 GENE= REQUIREMENTS 

Provide each system complete and ready for operation. Each system, 

including equipment, materials, installation, and workmanship shall be in 
accordance with EPA 570/9-75-001, except as modified herein. In the 
manual referred to herein, the advisory provisions shall be considered 
mandatory, as though the word "shall" has been substituted for the word 
"should" wherever it appears. Reference to the "Project Representative'" 
and the "Owner" shall be interpreted to mean the Contracting Officer. 
[Other applicable requirements are included under Section 1 ----II 
ENVIRONMENTAL PROTECTION.] 

PART 2 PRODUCTS 

2.1 MATERIALS 

Shall conform to the respective specifications and other requirements a's 
specified herein. 

2.3.1 Casings 

***********************************X*X**********************~~*****~**** 

NOTE: See Note B located at rear of text. 
***************************************************************~********** 

NOTE: In unconsolidated formations where inner 
casings are required, the inside diameter of the 
outer casing shall be a minimum of 3.0 inches larger 
than the outside diameter of the inner casing, and 
the drill hole shall be slightly larger than the 

00 03* 
tside diameter of the outer casing. In 

consolidated formations where inner casings are not 
required, the drill hole shall be a minimum oi 3.0 
inches larger in diameter tharr the outside diameter 
of the outer casing. 

ASTM A 53; [black steel pipe] [zinc-coated steel, pipe] outer casing, 

L- ] nominal diameter, [ ] wall thickness, [black steel pipe] 
[zinc-coated steel pipe] inner casing, [ ] nominal diameter, [ I -- 
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wall thickness. Provide casings with [screwed] [or] [welded] joints. 

2.1.2 Well Screens 

******************R***************************~*******************~*~**** 

NOTE: See Note C located at rear of text. 
***************************x*xxxx**********~************************************ 

0 

Type 304 or 316 stainless steel, [ ] inside diameter, ( 1 type- 
Provide screens with adequate strength to resist external forces, both 
during and after installation. Length shall be [ ] [as required to 
provide the quantity of water specified]. Water velocity through openings 
shall not exceed 0.1 foot per second. Determine the well screen openings 
from an analysis of the sand in the water-bearing strata. Provide joints 
of the same material as the screen, with either threaded rings or butt-type 
welding rings. 

2.1.3 Filter Gravel 

***********************************x**************************************** 

NOTE: See Note D located at rear of text. 
*************************************************************************~ 

Provide clean, round, hard, water-worn [quartz or granite] [ ] with 
less than 5 percent feldspar, no fossils, carbonate, or organica, and of 
proper size and gradation to allow free flow of water in the well and 
prevent the infiltration of sand. The Contracting Officer will select 
gravel size, based upon the analysis of the sand in the water-bearing 
strata. Sterilize gravel with 20 ppm of free available chlorine for a 
minimum of 2 hours before using. 

2.1.4 Grout 

Provide neat cement grout, Type I or II portland cement conforming to 
ASTM C 150, and water. The mixed grout shall contain no more than 7 
gallons of water per bag (1.0 cubic foot or 94 pounds) of cement. 

2.1.4.1 Admixtures 

ASTM C 494. 

2.1.5 Air Line 

ASTM B 88, Type R, copper tube, [ J inch diameter. 

2.1.6 Air Gage oQQQQQ:z 
ANSI 840.1. 

2.1.7 Water Meter 

AWWA C700 displacement type, AWWA C701 turbine type, or AWWA 

C702 compound type. 

2.1.8 Drilling Mud 

Provide a fluid composed of water and bentonite clay, readily thinned with 
commercial mud thinners or biodegradable polymer mud which will break down 
naturally. The specific gravity and the character of the mud-laden fluid 
shall be such that the production of the aquifers will not be impaired- 
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Drilling mud shall be prechlorinated with 20 ppm free available chlorine 
for a minimum of 2 hours. 

2-1.9 .Auxiliary Equipment 

Provide discharge piping to dispose of pumped water during developing anld 
testing of well. Locate the discharge piping a sufficient distance from 
each well to prevent flooding of the site and flow back into the well, as 
approved by the Contracting Officer. 

PART 3 EXECUTION 

3.1 TEST HOLE 

************************X*X*X************************************************* 

NOTE: If the test hole is to be used as a permanent 
project well, it shall meet the requirements and 
characteristics as set forth for the permanent well. 
Specify,minimum diameter and minimum depth of the 
test well. The minimum test hole diameter for 
logging with electric logs is 6 inches. 

*******************************t********************~***~*****************~ 

Drill a test hole at the well site before construction of the permanent 
well is started. Test hole shall be of sufficient size to obtain 
information required for the construction of the permanent well. The 
location, size of well, and method of drilling must be approved before work 
is started. Test hole shall be not less than 161 [ J inches in 
diameter and not less than [ ] feet deep. Keep an accurate log and 
record of material drilled through and the depths at which changes in 
formation occur. Do not construct the permanent well until data submitted 
for test hole has been analyzed and approved by the Contracting Officer., 
Should the data obtained from any test hole indicate unfavorable 
conditions, exploration shall be continued at other locations approved by 
the Contracting Officer until a suitable well site is located. In the 
event additional test holes are required and approved, the contract price 
and time for completion will be adjusted in accordance with the contract. A 
test hole may be incorporated into the finished construction provided it 
meets the requirements for a finished well. Seal test holes not used in 
finished construction as recommended in Article 56 of EPA 570/9-75-001 
and as approved by the Contracting Officer. 

3.2 WELL CONSTRUCTION 

The depth of the permanent wdll and number of screens provided shall be 
adequate to produce a guaranteed capacity of [ J gallons per minute of 
clear, potable water. Methods of construction include using drilling mud 
for conventional fluid rotary drilling or reverse circulation drilling. 

3.2.1 Drilling 

************************************************************************** 

NOTE: In unconsolidated formations where inner 
casings are required, the inside diameter of the 
outer casing shall be a minimum of 3.0 inches larger 
than the outside diameter of the inner casing, and 
the diameter of the drill hole shall be slightly 
larger than the outside diameter of the outer 
casing. In consolidated formations where inner 
casings are not required, the drill hole shall be a 



-a 

0 

minimum of 3.0 inches larger in diameter than the 
outside diameter of the outer casing. 

*****************************tt******************************************~** 

Drill a hole [ ] inches in diameter to a minimum depth of f J feet 
and to additional depths as required to produce the flow capacity required. 

3.2.2 Outer Casing, [Inner Casing,] and Well Screen 

NOTE: When inner casings are not required, use 
first optional wording. When inner casings are 
required, delete first optional wording and use 
second optional wording. 

Install the outer casing concentrically in the drilled hole and extend the 
casing down to a minimum depth of 1 ] feet. [Provide welded joints in 
accordance with AWWA C206.1 [Provide threaded joints in accordance 
with ANSI B1.20.1.1 [Fill the void between the outer casing and the 
drilling hole with neat cement grout to seal the outer casing to the wa:Ll 
of the drilled hole.] .{Install the inner casing and well screens 
concentrically in the outer casing and .drill hole. Fill the void between 
the outer casing and the inner casing with neat cement grout to seal the 
inside wall of the outer casing to the outside wall of the inner casing.] 
Provide centralizers at the bottom of the casing and at other critical 
grouting points such as zones of unsuitable water quality. Grout casing 
from the bottom upward to effectively seal the annular void. Inject grout 
using a tremie pipe sealed to the well casing at the surface. Provide 
sufficient screens at the water bearing layer to be developed to secure 
available flow. Seal the bottom of the deepest screen with a threaded or 
welded plug, consisting of the same material and thickness as the scree:n 
body, or a welded plate, consisting of the same material and thickness as 
the screen body or casing. 

3.2.3 Well Development 

Set the casing[s] and allow the neat cement grout to harden a minimum of 72 
hours prior to well development. Provide well development in accordance 
with Article 52 of EPA 570/g-75-001, except explosives will not be 
permitted. Furnish pumps, compressors, plungers, bailers, and other 
equipment required to fully develop the well for the maximum yield of water 
per foot of drawdown and to limit sand intrusion during the life of the 
well. Underream the sand strata to a diameter 16 inches greater than the 
outside diameter of the casing attached to the well screens. Extend the 
underream continuously through the entire depth of the water bearing 
strata. Pump the well free of sand, mud, drillings, and other forei 
matter. Maximum sand concentration at the completion of well develo 
shall be 2.0 ppm. 

3.2.4 Gravel Envelope 

Following completion of the underream, fill the entire annular space 
between the screen and the outside wall of the underreamed hole with 
gravel. The gravel envelope shall extend from a point equal in distance 
to 2.5 times the largest diameter of the underreamed hole below the lowest 
screen and the same distance above the highest screen. Disinfect and place 
the gravel with a tremie pipe in accordance with Articles 54 and 50 of 
EPA 570/g-75-001. Control speed of gravel placement to prevent 
bridging and to allow for settlement of the gravel. Gravel placement 
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equipment and gravel placement methods shall be approved by the 
Contracting Officer prior to commencement of work. 

Y 

t 

3.2.5 Disinfection 

Disinfect well, equipment, and material in accordance with Article 54 of 
EPA 570/g-75-001 and as specified herein. Portions of the well above 
the water level shall be maintained in a wet condition with a minimum of 50 
ppm of free available chlorine for a period of not less than 30 minutes. A 
stock chlorine solution sufficient to produce 50 ppm of free available 
chlorine throughout the water in the well shall be added to the well at 
different water level intervals from top to bottom and then agitated to 
distribute the chlorine solution evenly throughout the well. The chlorine 
shall remain in the well for a minimum of 12 hours. After the 12-hour 
period, pump the well free of chlorine. Disinfect piping in accordance 
with AWWA C651. 

3.2.6 Sanitary Seal 

Provide a sanitary seal for the well to prevent contamination until the 
pump foundation and pump are installed on the well; 

3.2.7 Abandoning Existing Wells 

Abandon and seal existing wells in accordance with Article 56 of EPA 
570/g-75-001 and as specified herein. Sealing shall consist of a 
permanent bridge neat cement seal directly above the lowest aquifer, 
intermediate neat cement seals between water bearing formations, and 
uppermost aquifer neat cement seal placed above the'uppermost aquifer and 
the top of the well. Provide disinfected aquifer fill materials consisting 
of [sand and gravel between sealed layers] Ias indicated]. 

3.3 WASTE DISPOSAL 

Dispose of waste materials and soil removed from the drilled holes [by 
removal from the limits of Government property] [by deposition on 
Government property, as directed by the Contracting Officer] [as 
indicated]. 

3.4 FIELD SAMPLING AND TESTING 

3.4.1 Material Samples 0000020~ 
During drilling of test hole, take samples of materials found in each 
soil stratum. Preserve samples in approved containers f&nished by the 
Contractor. In addition, take samples at 5-foot intervals below the st,atic 
water level to ensure that changes in sand size are noted. Label samples 
to show depth below ground surface and thickness of the stratum from which 
the samples were obtained. Describe water-bearing strata in detail as 'to 
whether material is loose or compact, the color of material, and if gravel, 
whether it is water worn or angular. The presence of clay must be noted. 
Provide a sieve analysis for soil samples in each soil stratum. 

3.4.2 Water Quality Determination 

During drilling of test hole, collect, and have analyzed by a 
Government-approved testing laboratory, representative water samples from 
water-bearing strata to accurately show the quality of water from each 
stratum. .Perform water sampling in accordance with Article 45 of the EPA 
570/g-75-001. Include bacteriological and physical-chemical 
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analysis, and further include field and routine analysis data contained 
in Parts I and III of DD Form 710, Physical and dhemical Analysis of Water, 
which accompanies this specification. In addition, analyze the water for 
any additional suspected minerals or contaminants which would make it unfit 
for human consumption, such as nitrate, fluoride, mercury, or any other 
contaminants. 

3.4.3 Electric Log 

Upon completion of test hole, furnish a complete electric log indicating 
spontaneous potential through the use of long and short normal resistivity 
logging of formations. 

3.4.4 Pump Test 

NOTE: The temporary pump capacity shall be a 
minimum of 160 percent of the guaranteed capacity 
rate. 

Upon completion of the permanent well, provide a temporary pump, meter, 
air gage, and air line in the well for measuring the flow and drawdown. 
The temporary pump shall have a capacity of not less than [ ] gallons ' 
per minute. After determining the static water level in the well, begin 
pumping at a rate equal to 60 percent of the guaranteed capacity rate and 
check the drawdown at 15-minute intervals until drawdown stabilizes. 
Measure drawdown using the air line method. Continue pumping at that rate 
for 2 hours and check the water level at 30-minute intervals. Increase 
pumping rate in uniform increments of 20 percent of the guaranteed capacity 
rate and repeat described procedure at each increment of increased rate 
until the capacity of the well is determined or the 160 percent increment 
of the guaranteed capacity rate is reached. The capacity of the well shall 
be the flow obtained at a drawdown level 10 feet above the top of the 
uppermost screen. After determining the safe maximum yield of the well, 
conduct a continuous 24-hour pump test at that rate and check the drawdown 
at hourly intervals. Provide pipe and ditches to drain the water from 
the well site. Submit water disposal methods to the Contracting 
Officer for approval. Furnish a complete written log of the pump test, 
showing static water level, pumping rate, and drawdown at the specified 
intervals. Remove air line at completion of pump test. At the end of the 
24-hour test and disinfection procedure, submit water samples to an 
approved testing laboratory for complete chemical and bacteriological 
analysis. Furnish additional samples as required by Contracting Officer. 

3.4.5 Well Pfumbness and Alignment Test 

Upon completion of the permanent well, provide a well plumbness and 
alignment test using a plummet in accordance with Article 51 of the EPA 
570/g-75-001. Perform the test on the entire depth of the well. The 
plumb or dummy shall move freely through the entire depth of the well. The 
well shall not vary from the vertical in excess of two-thirds of the 
smallest inside diazmeter of that part o, + the well being tested per 100 feet 
of depth. 
until the 

Correct defects in plumbness and alignment, and repeat test 
work is in compliance with contract requirements. 

-- End of Section -- 
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CRITERIA NOTES 

NOTE A: Drawings should include the following and 
any other information necessary to indicate layout 
and general configuration of the well. 

Diameter of drilled hole 

Casing sizes - outside casing, inside casing 

Well screen size 

Minimum depth of outer casing and minimum depth 
of well screen 

Limits of gravel envelope around inside casing 
and screens 

Limits of neat cement grout around outer casing 

Location of air line and altitude gage 

Type of cap, cover, or seal required at top of 
well 

Required well capacity in gallons per minute 

NOTE B: Delete the requirements for inner casings 
if the specification is written for a consolidated 
well and it is known that inner casings are not 
required. Approximate well casing size should be 
two sizes larger than the nominal diameter of the 
39-v - Under no circumstances should the well casing 
size be less than one nominal size larger than the 
pump bowls. Zinc coating of casing may be omitted 
where water is not severely corrosive or where 
casing size is beyond the range of economical zinc 
coating. Welded joints are recommended for pipe 
larger than 20 inches in diameter, as well as for 
smaller pipe where necessary, to obtain proper 
clearance and maintain uniform grout thickness. 

NOTE C: Delete the requirements for well screens if 
the specification is written for a consolidated well 
and it is known'that well screens are not required. 
If the specification is written for an 
unconsolidated well, include appropriate data for 
the well screen such as inside diameter and type, 
e.g., perforated tube, continuous or noncontinuous 
slot, shutter, bar, or wire wound. Well screen 
efficiency and strength shall be considered in 
screen selection. Generally, screens should have 
long, narrow, continuous, horizontal slots larger on 
the inside than on the outside for optimum 
efficiency. Longer screens are required where slots 
are noncontinuous. Screen open areas and 
efficiencies are more limited in perforated, 
slotted, shutter, and bar screens. Shutter type 00 0 0 0 
screens are particularly appropriate for deeper 
wells, where additional strength is required. 
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Perforated pipe base screens are appropriate in 
special cases where it may be necessary to drive or 
spud the screen into the ground. 

NOTE D: Quartz and granite are common filter gravel 
materials, however, verify the type of filter 
materials locally available. Delete the 
requirements for gravel if the specification is 
written for a consolidated well and gravel is not 
required. The type and size of gravel depends on 
the formation to be developed. The gravel size 
should not be specified but should be recommended by 
the Contractor and determined by the Contracting 
Officer based on analysis of sand in the 
water-bearing strata. 

NOTE E: Suggestions for improvement of this 
specification will be welcomed using the "Agency 
Response Form" located in SPECSINTACT under "System 
Directory*' or DD Form 1426. Suggestions should be 
forwarded to: 

Commanding Officer 
Naval Construction Battalion Center 
Civil Engineer Support Office 
Code DS03 
Port Hueneme, CA 93043-5000 

-- End -- 
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Wellhead Management F’rogram 
Geophex, Ltd (Marc’h 1993) 

Appendix C 

North Carolina Construction Standards for Public Water Supply Wells 

(Source: NCAC Title 15A Subchapter 18C Sections .OlOO through 2000 
Current through, January 1,199 1) 



SECTION .0400 - WATER SUPPLY DESIGN CRITERIA 

Rules .0401 - .0408 of Title 15A Subchapter 18C of the North Carolina Administrative Code (JY5A,.l i3C 
.0401 - .0408); has been transierred and recodified from Rules .lOOl - -1008 Title 10 Subchapter 1 OD 
of the North Carolina Administrative Code (Tl O.lOD .lOOl - .1008), effective April 4, 1990. 

.0401 MINIMUM REQUIREMENTS 

b 

The design criteria given in this Section are the minimum requirements for approval of plans and 
specifications of community water syslems by the Division of Environmental Health, Department of 
Environment, Health, and Natural Resources. The Department provides additional guidelines for design 
of water systems in 15A NCAC 18C .0500 - .IOOO. 

a 
Authority G.S. 730A-315; 130A-317; P.L. 93-523; 
Eff. January 7, 1977; 
Readopted Elf. December 5, 1977; 
Amended Eif. September 1, 1973, 

b 

-0402 WATER SUPPLY WELLS 
(a) Well Construction. The construction of water supply wefls shall conform to well construction 

regulations and standards of the Division of Environmental Management, NC. Department of Environment, 
Health. and Natural Resources. 

(b) Upper Terminal of Well. The well casing shall-neither terminate below ground nor in a pit. The 
pump pedestal for above ground pumps of every water supply well shall project not less than six inches 
above the concrete floor of lhe well house, or the concrete slabsurrounding the well. The well casing shall 
project at least one inch above the pump pedestal. For submersible pumps the casing shall project at least 
six inches above the concrete floor or slab surrounding the well head. 

(c) Sanitary Seal. The upper terminal of the well casing shall be sealed watertight with the exception 
of a vent pipe or vent tube having a downward~irected, screened opening. 

(d) Concrete Slab or Well House Floor. Every water supply well shall have a continuous bDnd 
concrete slab or well house concrete floor extending at least three feel horizontally around the outside of 
the well casing. Minimum thickness for the concrete slab or floor shall be four inches. 

(e) Sample Tap and Waste Discharge Pipe. A waler sample tap and piping arrangement for 
discharge of water to waste shall be provided. 

(1) Yield. 
(1) Wells shall be tested for yield and drawdown. A report or log of a feast a M-hour 

drawdown test to determine yield shall be submitted to the Division of Environmental tieatth 
for each well. 

(2) Wells shall be located so that the drawdown of any well will not interfere with the required 
yield of another well. 

(3) The combined yield of ail wells of a water system shall provide in 72 hours pumping time 
the average daily demand as determined in subparagraph (f) (7). 

(4) The capacity of the permanent pump to be installed in each well shall not exceed thle yield 
of the well as determined by the drawdown test. 

(5) A community water system using well water as its source of supply and designed to serve 
50 or more residences or connections shall provide at least Iwo wells. In iieu of a second 
well, another approved waler supply source may be accepted. 

(6) A totaliring meter shall be installed in the piping system from each well. 
(7) The welt or wells serving a mobile home park shall be capable of supptying an average daily 

demand of 250 gallons per day per connection. The well or wells serving residences shall 
be capable of supplying an average daify demand of 400 galions F>er day per connection. 

(9) initial Disinfection of Water Supply Well. Ail new wells, and weils that have been repaired or 
reconditioned shall be cleaned of foreign substances such as soil, grease, and oil, and then shall be 
disinfected. A representative sample or samples of the water (free of chlorine) shall be collected and 
submitted to an approved laboratory for bacteriological analyses, After disinfection the wat all 
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not be placed into service until bacteriological lest results of representative water samples anatyzfti in an 
approved laboratory are found to be satisfactory. 

(h) Initial Chemical Analyses. A representalive sample of water from every new water supply well 
shall be collected and submitted for chemical analyses to the Division of Laboratory Services or to a 
laboratory approved by the Division. The results of the analysis must be satisfactory before the well is 
placed into service. 

.’ (i) Continuous Disinfection. Equipment designed for coniinuous application of chlorine or hypochlorite 
solution or some other approved and equally efficient disinfectant shall be provided for all well water 
supplies introduced on or after January 1,1972. Equipment for determining residual chlorine concentration 
in the water shall be specified. 

History Note: Author@ G.S. 130A-315; 130A-377; P.L. 93-523; 
Elf. January 7, 7977; 
Readopfed E ff. December 5, 7977; 
Amended Eff. September 7, 7990; January 7, 1986; March 3~1, 7980; 
September 7, 1979. 

-0403 SURFACE WATER FACILITIES 
(a) Unimpounded Sfream. Both the minimum daily flow of record of the stream and the es!imated 

minimum flow calculated from rainfall and run-off shall exceed the maximum daily draft for which the 
water treatment plant is designed with due consideration given to requirements for future expansion of the 
treatment plant. 

(b) Pre-settling Reservoirs. Construction of a pre-settling or pre-treatment reservoir shall be 
required where excessive bacteria? concentrations or wide and rapid variations in turbidity and/or chemical 
qualities occur. 

(c) impoundments. Raw water storage capacity shall be sufficient to reasonably satisfy the designed 
water supply demand during periods of drought. 

(d) Clearing of Land for Impoundment. The area in and around the proposed impoundment of class 
1 and class II reservoirs shall be cleared as follows: 

(1) The area from two feet above and five feet below the normal full level of the impoundment 
shall be cleared and grubbed of all vegetation and shall be kept clear& until the reservoir 
is filled, provided that the area two feet above the normal full level may be reduced if the 
clearing at that elevation would exceed a horizontal distance of 50 feet from the ‘full level. 
Secondary growth should be removed periodically and in all cases prior to flooding. A 
margin of at least 50 feet around the impoundment shall be owned or controlled by the 
water supplier. 

(2) The entire area below the five foot water depth shall be cleared and shall be kept cleared 
of all growth pf less than six inches in diameter until the reservoir is filled. Stumps greater 
than six inches in diameter may be cut off at ground level. 

(3) All brush, trees, and stumps shall be burned or removed from Ihe watershed. 
(e) Intakes, Pumps, Treatment Units, and Equipment. Raw water intakes, pumps, treatment units and 

equipment shall be designed to provide water of potable quality meeting the water quality requirements 
stated in Section .1500 of this Subchapter. 

History Nole: Authoriiy G.S. 730A-375; 130A-317; P.L. 93-523; 
Eff. January 7, 7977; 
Readopted Eff. December 5, 7977. 
Amended September 7, 1990. . 

.0404 WATER TREATMENT FACILDTIES 
(a) Mixing and Dispersion of Chemicals. Provisions shall be made for adequate mixing and 

dispersion of chlorine and other chemicals applied to the water. There shall be provided a minhw?J Of 

20 minutes chlorine contact time prior to pumping the water to the distribution system. 
(b) Chemical Feed Machines f 
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TITtE 15A - DEPARTMElT OF 
Eb?‘IROS>JE;\‘-I-, HEALTH. AXD 

K’ATURAL RESOURCES 

**************X*X * 

N orice is hereby given in accordance wizh G.S. 
/5OB-2J.2 zhaz rhe EMh’R - Division of Environ- 
menial Management intends IO amend rules cized 
as /5/l MCAC 2C .OJOl - .0/03, .0/05, .0/07 - 
.0//4, .O/ J6, .0//8 - .01/g; 2L ,010:. 

T he proposed e//eczive daze 01 zhis action is 
Sepzember I. J992. 

The pub!ic hec. vngs wi!J be conduczed CI zhe fo!- _ 
lowing locazions, dazes and rimes. 

?:OO p.m. 
Superior Courz, 2nd Fioor 
Craven Counzy Courzhouse 

RALEICI1 
Mav 26. J992 

500 p.m. 
Ground Floor Hearing Room 

Archdale Buildmg 
512 N. Sailsbury Szreez 

IIICiiOHY 
May 28, I992 

?:OO p.m. 
A udirorium 

Catawba Valley Communizy College 

R eason /or Proposed Aczion. 15.A SCAC 2C 
.OlOI - -0103, .0105, .0107 - .0114, .0116, .0118 - 
.OI 19. The proposed amendmenzs IO l5A h”cAC 
2C wiN amend zhe Well Coruzrucrion Rules re- 
garding permiz requiremenzs, variances. casing in- 
srallarion and grouzing, and reporting; and wiN 
esrablirh fees for we/J driller regiszralion. 
1% SCAC 2~ -0107. Modify compliance bound- 
av requiremenrs so zhaz permizrees can mainrain 
fixed boundary afzer subdfvision/corrveyance of 
properly. 

c ommenz Procedures: All persorz inrereszed in 
zhese mazzcrs are imtized IQ azzend zhe public 
hearing. Wrirzen commenzs may be presenzed az 
zhe public hearing or submizzcd zhrough Alay 31, 
J992. Please submiz commenzs to Ilir Da-vld 
l-lance, Division of ~m~ro~rmenzai .\Ianagemenz. 
Groundwarer Seczion, P.O. Dox 29j35, Raleigh, 
NC 27626-0535, (9J9) 733-322J. Please nozfy 
Mr. f/ante prior zo zhe public hearing i;lyou desire 

lo speak. Oral presenzaiion Jenglhr may be Jim- 
ited depending on !he number of people Iha, wish 
to speak az rile public hearing. 

IT IS VERY I\TPORTAYT THt\T ALL I\!TER- 
ESTED ASD POTENTIALLY AFFECTED I’ER- 
SONS, GROLPS, BCSISESS=, ASSOCI,\- 
TIOSS, IxSTITUTIOiXS OR AGEXCIES MAKE 
TIJE;IR VIEIVS Ay\‘D OPISIOR’S KbO\\?; JO 
TFIE fN3’AHThIENT TI1ROUGf-1 TflE PUBLIC 
HEARING AND COMivlEi\‘T PROCESS, 
\+‘I-IETIIER TIIEY SUPPORT OR OPPOSE ANY 
OR ALL I’ROVISIOSS OF TlIE F’HOI’OSED 
RULES. 

CHAPTER 2 - E~~VIRON~~IEXTAL 
;&IAWGEM ENT 

SUBCIIAPTER 2C - II’ELL COSSTRUCTlOh’ 
STANDARDS 

SECTION -0100 - CRITERIA AND STASDARDS 
AN’LIC:iI3LE TO N’ATEH-SUPPLY X\‘D 

CERTAIN OTHER TYPE \\‘ELLS 

.0101 GE6ERAL I’RO\:IS~OSS 
(a) Authorization. 7he Xorth Carolina Envi- 

ronmental Management Commission is required, 
under lhe provisions of Chapter 87, kicle 7, 
Section 87, General Statutes of sorth Ca;:olina 
(short title: Xorth Carolina Well Conslruction 
Act) to adopt approptiate Nles a4 &a&+s 
goveming the’ location, construction, repair, and 
abandonment of weUs, and Ihe installation and 
repair of pumps and pumping equipmenr. 
(b) Purpose. Consistent wilh rhe dury to szJe- 

guard the public welfare, safely, health, and 10 
protect and beneficially develop the ground ivarer 
resources of the state, it is declared to be the 
policy of rhis state IO require that the locaIion, 
construction, repair and abandonmen of \~lis, 
and the installation of pumps and pumping 
equipment confomt to such reasonable slandards 
and requirements as may be necessary IO protect 
the public welfare, safety, heahh, and ground 
water resources. 

Srazuzory Aulhorizy G.S. 87-87. 

.0102 DEFIS\‘ITIONS 
As used herein, unless the context othekse re- 

quires: 
(If “Abandon” means to discontinue Ihe use 

of and lo seal the well according to [he re- 
qutiemenis of Rule .CI 13 of ~fi;s SCCIZO~;. 

(2) “Access pan” means an opening in rhe 
welJ casing or welJ head installed for the 
primary purpose of deie &g the posllion 
or the waler level ti the well. 

(3) “Agent” means any person who b) 
and legal ageement \\gilh a well o\vn 
authority to act in his 
apptica~ions for permits. 
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eiher general agent or a timled agcnl au. 
thorizcd lo do one pariicular acl. 

t4i "AST:11" means lhc Amencan SOCKI\. for -- -- 
Tcslin; and Malcnals. 

@ (4-) G&!*’ means pipe or lublng con- 
structed of spcctied materials and having 
specired dimensions and weighhls, lhal IS in- 
statled in a borchole, during or aJtcr com- 
plefion of the borehole, IO supp01-1 the side 
of rbe hole and lhercbg prevent caving, IO 
allow completion of a well, lo prevent for- 
mation malerial from cnlcring lhe weU, IO 
prevenl the loss of drilling fluids inlo per- 
meable formalions, and 10 pre\~~ entry of 
undesirable water. 

@Ca~~~Commis,sion“ means Ihe Sotih 
Envuonmcnlal blanagcmcnl 

Conurris~i~n or iis sCrcesscr, unlc;; oiher- 
wise indicated. 

(7J @j “Consolidalcd rock” means rock that is 
fii and cohcrcnr, sol;d&cd or ccmenled, 
such as granire. gneiss, hmcstone, slare or 
sandnonc, II-M has noI been decomposed 
by weathering. 

@ w “Conlaminalion” means rke & 43f A- 
- &I+ WAzf foreign marerials of 
such na&e, qualily, and quanrily as IO 
cause dezradarion of the qualily of the waler. 

a “Dep&menl” means ;hc 6cptimcnl of 
E nvtionmenl, t-l- and halural RF - - - 
sources. 

(101 (8) “Designed capacil);” shall mean lhal 
capacily ihat is equal IO ihc rale of discharge 
or yield Ihar is specified pnor IO cons~n~ct~on 
of the ~3. 

(I I) (24J “Dirccror” means ~hc Direcror of ~hc 
Division of EnvtionmcnA Alanagemcnr 
(IJ (Sj “Division” means the Dl\nlsion of En- 

5~ironmenlal Managcmcnl. 
u @j “Domeslic USC” means waler used for 

drinking, bar&g, household purposes, Lve- 
stock or gardens. 

prJ “GPM” and “GPD” mean paSons F 
n-~&G22 g$JLnKjZXav, rcspccllvcly 

(15)~“~u1” shall mean and include the 
rouowinn: 

“seat-cerncnl gout” means a mixlure of 
nor more than-six gallons of clear, non- 
pollulcd waler 10 one 94 pound bag of 
porlland cement. L$ ie A-W yz+~+.+ by 
vsi&kdMdal,~BeMce 
ij%piwehdW~ 
“Sand cemenl _erou~” means a mixlurc of 
no1 more than IWO pans sand and one 
part cement and no1 more rhan six gallons 
ofclcar, non-poilulcd \valel per 94 pound 
bag of Portland cemcni 
“Concrele groul” means a rruslure of no1 
more than IWO ptis pa\A IO one pan 
cemenl and not more lhan SIS @Ions of 
clear. non-polluted waler per 94 pound 
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bag of porrland cement. One hundred 
percent of Ihe gravel musl pass throu$ a 

one-k&J mch mesh screen. 

“&a\-cl cement pout; sand cement ghoul 
or rock cu~ttng cemcnl ~TOUI” means a 
mixture of nor more than IWO ptis gavel 
and sand or rock cuttings lo one p;vl ce- 
meni and no1 more than six gallons of 
clear, non-pollured waler per 94 pound 
bag of port land cemcnl. 
“Benlonile JZJ-out” means the mixlure of ----_ 
no less than one and one-half pou,nds of -VT 
commcrclal panulated belVoniit<iK 
sufkienl * non-poiJu!cd \\.alerx -- - 
produce a @ wci.&ino_ no less rha.n - -: - 
clc\sen [I 1) pounds per gallon of mlxfurc. --- 
Yen-organic. non-roxlc subslancer; may 
be ad&d IO improve parlicle disrribulion --- -- 
and pumpabilitv. - I3cntonitc -1 may -- 
or& bc used in rhosc inslances \i%cre -,---7 
yecdicatlv approved m this Scclion. 
“Specialty 0JouI” n%aF amj’ill;re of ---A-- 

non-oreanic, non-losic matcnafs wilh 
characictislics cf espansron. chemx _ -- 
resislance, rale or heal G h\,dra!lon, 
viscositv. dtnsit\: Tj lcmpcl-alurc- 
sensilivitv apmc 10 specific &ZZZ -- 
rcquticmenrs. Specialirv crouls ma\: nor ---- 
be used withoul prior approval b\; the --- -- - 
Director. 

(l-l+? “Liner pipe” means pipe thar IS in- 
s&led inside a complelcd and cased well for 
the purpose of scaling ofJ’ undesirable lvaler 
or for repairing ruptured or puncrurcd casing 
or screens. 

(171 (-Ej “.llotitoring \\,clJ” means any ~cli 
constructed for Ihc pnmaq e+ LR+M 

purpose of obtaining M samples of 
aound\\aler WI+F or ofher liquids for es- -- - 
aminalion or teslinr! or for the obscrvarion 
or mcasureKeofoLnX~a~ levels7‘hjs 
%iilion excludes lusimelers, tc%&elers, 
and other de\nices ;scd io ir,veuigatc the 
cbaracleristics of Ihe unsalurated zone. 

(4-q ~~~~u;e~~ 
-b*~‘eF&~ 
-NW* 

G(-l-4f) “Owner” means any person \\.ho holds 
Ihc fee or olhcr propcny n$ls ~J-I the well 
berg consfructed. A \k,etl IS real properry 
and its conslruciion on lnnd rcsls o\\-nerslup 
in lhe land o\i:ncr in rhc absence of contrary 
agreement in wriling. 

(19) (-23j “Pitless a+kqef WwI & a t-ifs&e ada@- 
crs” or “pirless unils ” arc dc\.lccs spccili~d~ -- -- 
manufaclured IO ~hc srandalds specLfied un- 
dcr Rule .0107(i) @-J (2 of 11~s Sccllon for 
the purpose of a.UowAg a subsurface Ialeral 

connection between a \\.cU and plumbing 
appurtenances. 

-.--I____----___ --~___-.-.--___- ______ 
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4h+blk3 wGef E+yl-wC means a water sys- 
tcm as dcfrned in 15A NCAC 18C .0702 -- 
(Rules G-n2 micr Supphcs) 
&ike~S~d~ 

i.222 “Settleable solids” means the \,olume of ---- 
solid particles inall-mixed one liter sam- --- 
pie which wi.Ll Gtfic out of suspcnsjon. U-I the --- -- -- 
bottom of an Jmlrofl Cont. ahrr one hour ----e__ -- 

(23) &Tj “Site” means the land or \vater area 
\vhcre any facility, activity or situation is 
physically located, including adjacent or 
nearby land used in connection \vith the fa- 
cilily, activity or situation. 

(24) @Q “Specific capacity” means the yield of 

the well expressed in gaL!ons per r&n*~!e hj?er 
foot of draw-down of the jvatcr level 
&pm&-dd). 

(25) w “Static Lvater level” means the level at 
which the water stands ~II the well when the 
welJ is not being pumped and is expressed 
as the distance from a fixed reference point 
IO the water level in the wcU. 

1261 “Suspended solids” means the we&t of -__--- 
those solid panicles m a sample \\i-uch arc -- 
aed bl a standards-liss microfiber f& 
jvith pore &xx&-I~~ OTC and one-half ---- 
ticrons. when dried at a tcmpcraturc of 103 ---- -- 
lo 105 dcerees Fahrenhci~ --- 

(27) “Temporan. well” means a monitor \\ell. ----- 
or a ~~11 that is construrrcd to dctcrrnlnc -----. 
aquifer charactcnstics. and l\sch i\iJ be 
propcriv ah3ird - - - - oncd 0’ convcncd IO a pcr- -- 

manent wetJ within five da)ls (120 hour3 of -- 
completi=odrillinqf the borehole. -- 

(25) “,furbidity’;;mea.ns the cloudiness in ~3 -- 
due to the presence g suspended -&licks --- 
such as clav and sill that mav create csthctic -----A- 
problems 0-1 analvttcd dZZuK&-for~ 
lamination. Turbidity measured in 
>ephelometric Turbidity Units (KTlf) G 
based on a comparison of the cloudine:ss i; -- 
theater-with that in a specially prepared --- --- 
slandard. 

(29) “Well” means any excavation that is -7 -- ,- 
cortd. bored, dnlled, jetted, dug or othenvrsc 
constructed !&. t& purpose cf Jocatino, 
testing developmg, draining s rech-arho- 
an\! poundwater rescTvorrs or aquifer, 02 - 
rlrat may control, divert, o_r othcnvise cause -- 
the movement of water from or intoan\, 
Gtifer. Provid>,however,th%.shall % 
include a well constructed by an rndi~~id~ 
onland,= is owned or Jca<dThLTl -----y-y-- 
appurtenant to a single-farmlv dwellms. and -- 
intended for domestic use (inciudinQ housc- -- - -- 
hold purposes. farm iivesrock or Qardcns). --_ 

()o)@ “\VeU capxy’: shall mean the ma,xi- 
mum quantity of water that a ~vell \vill ~1c1d 
continuously. 

(31) (&!+ “WcLl head” means the upper terminal 
of the well including adapters, poris, valves, 
seals, and’othcr attachments. 

(3J (22) “\Vell system” means two or more 
wells sewing the same facihty. 

5/01u10ry /I urhorily G.S. 87-85; J”-8’. 
i4-T. ?/4.2. 14-i.2Jj.3. 

.0103 REGISTRATION 
(a) \Vell Driller Rczistration: 

Every person, ?&n-r or corporation cngasrd 
in the business of drilling, boring, coring 
or constructing wells in any manner \vith 
the use of power machinery in the slate 
shall register annually \i:iih the depa.rt- 
ment. 
Registration shaLl be accomptished, d’unng 
the period from January 1 to Januar)’ 3 1 
of each year, by completing and submit- 
ting to the department a registration ap- 
plication form provided b> the 
department for this purpose. 
A non-refundable processin% fee, m 111~ 
Gm of a check or money order n&e 
pa\abletii ;\:.C.DFpaYTiGG bf~.G --- 
ment. HcaJth, and Natural Rrso~irrcc -- 
shall be submitrcdwim rczr~t!-ntlon -_ ---- 
apphcatlon form. Fees. for the \.c.ar III 
lvhrch the retistrationl G \.3dy& 3s -- --P -- c a* 
IOIJOWS 

NJ For renewal of reaistration bv an’\. pcr- --- - c- 
501-1, firm or corporation ha\.ino rcgctcrcd - 
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es 

0 
0 

at anv time w the five calendar vcxs --- 
pnor 10 the date of apphcahon: 
(iJ fdty dollars {%50.50) for ag&calions 

poslmarkedprior to February 
u 

I; ,and 
s)xlv doLIars lS60.00) for applrcalion -- 

(13) 
postmarked aher January 3 I. 
For rctisrralron by any person. firm or -- 

cosation that did not retistcr at anan -__-- 
time durinz the five calendar vears prior m--- 
10 the dale of application: ---- 
u firrv dollars ~%SO.OO) for applications 

po$hrkedprior IO FebGary L 0’ 
a for each succeeding calendar monlh -- -- 

afler Januarv, the fee shaU be reduced ----- 
fihree dollars iS3.00) from thar due --- --- 
in ~1~ proceeding month. -- As examples, 
Ihe fee for applications postmarked 
Fet?m~~~hrou& 29 would be ~&-IV- _----- 
seven dollars {%47.00), while the fee for -- ---- 
vpiications postmarked Yovcmber i 
throuzh 35 would be lwcnty doUa.rs 
/$20.05). - - - - - 

An application is incomplete until the re- 
quired processitg fee has becnre=ez --- 
Incorrccl or incomplele applicalions ma\! - 
be rctumed to the applicant. -- 

& Upon receipl of a properly completed 
application fo&, rhe app&nt will be is- 
sued a ceflificale of rcgislration. 

Pump Installer Re@srration: 
1U.l persons, firms, or corporations engaged 
in the business of installing or repairing 
pumps or other equipmcnl in wcLls shaU 
ressler biannually with lhe dcptimenl. 
Regislrarion shall be accomplished, during 
the period from April 1’ lo April 30 of e\‘- 
cry odd-numbered )ear, by compfellng 
and submitting lo the dcparrmcnt a regis- 
Iration form provided by the departmenr 
for this purpose. 
Upon receipt of a properly complelcd ap- 
plication form, the applicant \vill be issued 
a ceftircale of registr2tion. 

S~orurory Au~horiry G.S. 87-87; /43-21.3 (a) 
{la). /43-3jj (c). 

(a) lr is the finding oflhe Commission that Ihe 
cnlrrc geographical arca of the slate is vulnerable 
10 goundwaler pollution from improperly Io- 
caled) constructed, operated, aliercd, or aban- 
doned non-u’ater supply wells and waler suppl) 
~tlls noI constructed in accordance with the 
slandards set fonh in Rule .0107 of ~hjs Scciion. 
Thcrcfore, in order to insure reasonable pro- 
leciron of the groundwater resources, prior per- 
nissron from the Division must be obtained for 
lhr constr-uclion of the types of wells cnumcralcd LTI ParaFaph (b) of this Rule. 

D-4 

(b) l\‘o person shall ]ocale O~,COnsbucl any of 
the foUow~g \vds unld a pernut has been issued 
by lhe Director. 

any waler-\vcIl or well system with a de- 
sip capaclry of 100,000 galJons per day 
(gpdj or ycaler; 
any well added lo cw ~xi~lhg synem ,where 
the lotal design capacity of such eGsting 
weU sysrem and added well will equal or 
cxcced 100,000 ET>d; 

(3~ pJ any monitoring well, consn-ucted to as- -- 
sess rhe impacl of an aclivils no1 p]en-nrt- -- ---_- - 
led b the state, when installed on - 
propcnv olhcr than Ihal on-5 1% --- 
unpcn-njtlcdacti~loX&Ee; 

(4J (Sj any recovery well; 
Q +&) any well intended for the recovery of 

minerals or ores: 
(J)ai+$e+jhia~~ 
w @j any oil -or gas exploration or recover-y 

WCU; 

m@ any- weIJ for recharge or injection pur- 
poses; 

trej*ue* 
@@-Q any wcIl with a design deviation from 

the standards specified under the rules of 
this Subchapter. 

(cJ @j The GHWWS+M Director may delegate, 
rhroupl a ,Mcmorandum of Agreement, ‘lo an- 
olhcr SW+ ao\crnmenlal agency, lhc aurhority 10 

pcnnil wells that arc an integral pa.ri of a facility 
requiring a pen-nil from 1he agency. Provided. 
hpwevcr. rhal the permitlee comply wiih aU pro- - -- 
vrs,ons of this Subchapter, including construction --- 
standards and the repo r-tin0 re uGGlIS ,.. q a! -- -- j 
specified r.n Rule .0114. In the absence of such 

agecmcn<aGL%-$&icd in Parapaph [b) of 
1h.e Rule require a weU construction perrnr~ in -- 
add&on to any other pennies. 

a H AX appIica1io.n for a pennit shall be 
submitted by the owner or his agenl. W d+@- 

Ihe cr’enl thal the pcnnil applicant is not lhe - -- - 
o\\nerlhcpr~nv on which the well or weu --- ---y--.7 
s\‘slcm IS IO bc construclcd, Ihc j?Ctit applrca- ---- 
IIon musl contain wtillen a Tpro\.aI from Ihe --~ -- 7 
propeny ou’ner afid a stalement that the applr- -Y 
can1 assumestalresionsibilitv for cnsunzs that --- -- 7 
~hc \veU(sl ~111 be located. consIruclcd. mam- - --- 

_. . ..__. -__--.----.--.- ..---.__ I__-.---~--__. 



tamed and abandoned pi accordance with 
+xs of this Subchapter. - -- 

@J The application shall be submitted 
placate to the L)ivision. 30%~ furnished 
IJivision, and shall include the foUowins!: ---- 

l II For all wells: 

the re- -- 

in du- -- 
bv the _-- 

\-I -- 

(A) the ou.ner’s name (facihly name); 
(13) the owner’s mailing address (facility 

address); 
(C) description of the well type and activit) 

requiring a petit; 

WA& a map of the facilits and o-ener’a site --7 -_- 
arca, to xalc, sho\ving *,locattons of: 

u a!.l propertv boundaries. at least one --- 
of \%ch is rtfcrenccd to a mr.mmum 
2 Dagdmarks sucl?-a? identified -- 

streams or lakes; 
(iiJ au cxjstfng \\cUs~a k z 

of use. \\Vrthm the propcrt\- boundatics; 
c;;l’i- thep~e?i-weLl or \veU sssrem; - --- 
u any test borinos. and 
(vJ Tj ZGrtiofn or potential ---- 
aroundwatcr contamination (sucfi as 
seplic lank systems: pesticide, chemica 
or fuelstoraoCs: animal fcedlots: 
&df;is or&waste-&&al arcas) 
x5m xof the proposed well v-- -- 
5 

(F)&a+&x+4~efW0uldk 
w+tke?i.a%esireef~*~~ 
w the \\,ell drilling contractor’s -_ 
name if kno\vnT 

~-&~w w &&.++ 
. . 

(c;) @-Q construction diagram of the pro- 
posed v++&s wcU(s) includmg spectizations 
describing all materials to be used, meth. 
ods of construction and means for assur- 
ing the integrity and quality of the finished 
WCU~S~. 

(21 For Later supply wells or \vell ssstems --- 
with a dcsigncd capacity of ;C!O,OOO @ -- 
or Featcr the application .sfiaU mclude, in 
addmon to the infotmatron required & 
SubparagaphTc)( 1) of this Rule: th+ 
2.jqkhw~~ 

(A) the number, yield and location of ex- 
isting WCUS in the system; 

03) the design capacity of the proposed 
wcU(s); 

(C) any other information that the do 
e Division may reasonably dccrn ncc- 
essq. 

(3) For those monitoring WCIIS ~4 ~fw 
&&,u.jlh a dcsien daion from the -- 
specif&&ns of Kulc .OIOS of XFSG ,- - 7 - -- - 
lion. in addttlon IO the mformation re- 
quired in SubparaFaph (e)(l) of this 
Rule: 

(A) a description of the subsurface econdi- 
lions sufficient to evaluate the site. Data 
from test borings, WCUS pumpin: tests. 
etc., may be required as necessary: 

(B) a description of the quantity, character 
and origin of the conlarninalion; 

Q a &cation for the necessity of the --- 
de&&n deviation; and 

-- 

(D) (.Q any other information that the cl+ 
w Di\Gsion may reasonabl!. deem 

l.9 
neccsrary 
For those recovcn’ wells with a dcsirn 

dGtion from the specifica~s~n~ 
OlOS of tmexon. in 

-- Y 
L-- addition to the 
mlormatron required Subpnrazraph ti 
@UJ and Parts <c)(3)(A). LB) and (cl d -- 
this Rule. the apptication shall dcrcribe 
thedGit= of any fluidso;ered ---?-- 
the disposal of those fluids uxLl hale an -- - 
impact on any acwellshcr than -- ---- 
those insrallcd for the express purpose of --- -- 
mezsunnp the eiTectivcness of the recol-erv -- -- 
well(s). - 

. . 
(f) In Ihe c\‘enl of an cmcrgcnc), monrtonng 

wclJs and,or rccoven’ ~~11s may be constructed 
after verbal appro\.al IS provided by the Director 
or his deleaare. &++ &I++ f&t After-the-fact ap- --: 
plicatrons shall be submitted by the dri%r or 
olvner within ten days after construction begins. 
The application shall include consttuction details 
of the monitoring well(s) and/or reco\*ec T,vcU(~). 

{g) It ;haLl bc the responsibility of lhc WeiJ 
owner or his agent to see that a petit is secured 
prior to the beking of construction of an)’ well 
for \vhich a petit is required under the rules of 
eke this Subchapter - 

S~atuiory Auil>ori/y G.S. 87-87.’ 



riitl&b~~iftR8~~~~~ 
The mi$num horjzonta] separation between a well. intended for a side-family residence or -_---- -_ _ 

orhcr non-pubtic water system, and potenttal sources of poundwater contaminatton shall be as - __ _ -- 
follows unless othenvise specified: -_v . . s... 

and dramfteld _.............. . . . . . . . . . . . . . . . . . . . . . . . . ., . . . . . . . ~,_...__._,.._.._._...........,............ Scptc tank ~.._ ~~ 
Other subsurface pound absorption waste disposal system.. .... _. ....................................... 

avaIcr-iryjgation silts ...................... 
lransfex fx&t v .......................... 

trar&XZjity .......................................... 

Industrial 0’ municipal sludge-spreadmq or \vasIc 
\Vater-tight sewage or liquid-waste collectton z ! 
Other sewage and liquid-waste coLlectjon or - - 

IF) Cesspools and ....................................................................................................... privies 
(G) &kn! feedlG;s or manure pjles ................................................................................... 
(f-l) fenilizerpesricig,hcrbicjde or other chemical storape areas ....................................... -- 
(J Son-b&bus waste slorape, treatment or disposal lapoons.. ......................................... 
u ................................................................................................................ Sanitan landfills 
(K) Other non-hda,zardous sobcj waste landfi.Us ................................................................... -- 
(L) Animal 1, ams . . . .._...._... . . . .._...... ..,.......... . . . . . ..__.........._.........................................~ ..., -- 
(M) foundalion5 __.........,.,,._,._........................ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bui]dine 
(;;)srf u ace water bodtes .__................._..._......__....: . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.. 
(0) CZLGGXorp~m fuel underFound stora,oe e regulated under J5.A XAC --- - - 

as awjt& seconds conbnmcnt . . . . . . . .._...... _ .._._..._...._..._.................................. . . . . . . . . . . . . 
. 

w wt~oul seccmaary conlamnlenl ._.._... _ .__:..... :. _..._......_................. . . . . . . . . . . . . . . . . . . . . ICN? fl. 

(p) AlI other sources of poundwater contarrxnatton . . . .._....._........ L . . . . . . . . . . . . . . . . . . . . .:.: . . . . . . . . . . . . TOOK 

(3J For~“ells~a-&o_le-familv dwelhna where lot size or other fixed condtuons preclude the -- --- -VT-- 
sGratzL&&e; spcc&ed in Subparaeraph (a!(2! of this Rule, 1he required scparaIio:n d& -- 
lances may bc rcduccd to the masimum possible but in no cast ICSS than the fOuOkJIQ: -- --- -- -- 

[~-G+Z%nYK andinfield _.._._..._...._..,....................................~.~.................................... -‘o& 

cn) \\‘ater-ti&t sc\\‘aac or liquid-waste cokction or transfer facJ~t\~ ._ ._....... . . . . . . . . . 25 f~. -- -7 
oundartons .._,_...,.....,._,.......................................................... U& pilding f . . . . . . 21, II. 

esspool or pnvies .,................._.............................................................. .: . . .._..... 3lF 

A \\:eLl or weEsvstem, serving more than one sin&-family dwelling but ~th a deskned eapacttv --_- -__- 
of less than 100.000 ZJ@. must meet rhe separation req uiremcnts specified z Subparagaph @J --7 --- 
pJo-fthis Rule; 

A we’iror well system with a desirncd capacitv of 100.000 gpd or p-eater must F located a -T -- 
suffktent>is&ke from known or anticipated sources of poundwater contamtnalton SO as E 
prevent a violalton of a - - pp6cablegroundwater guafl\’ s%-tdards. resulting from the moveGent ---- 
gJ conta-&nanls, in&sponse to the operation of the weLl or well system at the prop0se.d rate -- ----- -- 
and schedule of pumnino; 
CActuaJ sep&alron distances must conform with the more stringent of applrcable federal, state 
and local requirements; 
(3j \Ve!.is driilcd lor public water supply systems regulated by the ~&BM+w+ ef &km&i R-E- 
5~\w~e5 f)ivision of Environmental Health shall meet the siting and all other requuements of that - 

c 
lfif s-- 0Urce 01 \valer. 

(IJ The source of water for anv wcLi intended for domestic use shall not be from a water beat-me, -_-_A- --- --- --- 
zone or aquifer thar IS kno~~ to bc contaminated: -- 
In designated a= descFihed -& Kule 0117 of this Section the source shall be Fcater than 35 -- 

fi : 
_~L_~~~__ 

%-ddcsimalcd areas described m Rule .0116 of this Section the source may be less than !O feer, .- ----pL_C_____ - .- . . .?,p 

u 
121 

but U-I no cast less lhan IU WI: ana ------- --. 
(4J In all other areas the source shall be at least 20 feet below land surface. -__-- -- 

f&~DriUingFl ‘d - - -uzsanddd,tives. Drilhmg~d~~8ddilivcs shti be ma-+a+k w fer +IW 
k not contain oreanic or to.& substances and may be comptiscd onlv of: 

a theformatronal matcnsl cncountcredduringdrilline: or 
-- 

D-6 
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121 materials manufactured sptxificaJJy ior he purpose of borehole condifiotig g water well 
construction. a5+d +!BW+?d + eke G&&G 

-__C_ 

@J feJ Casing. 
(I) If steel casing is used, then: 

(A) The casing shall be new, seam& or electric-resistance welded galvanized or black steel pipe. 
Galvanizing shall be done in accordance avith requirements of ASIX A- 120. 

(B) The casing, threads and couplings shall meet or exceed the specifications of ASTN A-53, 
A- 120 or AS89. 

(C) The minimum wall tkick~~ss for a given diameter shall equal or exceed that spetied in Table 
I. 

TABLE 1: rMINI)lUhi \VALL THICKi\:ESS FOR STEEL CASIYC: 

Nominal Diamctcr Wall Ttickness 

G-l.1 G-l.1 ..- _______________--_______________________------------- ____________________------------- -------.-------------- --------.._______ 

For 3- l/2’ or smaller pipe, schedule 40 is required 
-_--------___--_--__----------------------------------.------------------------ -- ______----__-_---------------------~------- 

4 0.142 
___-_--_-.___--_____------------------------------------------------------------------------------------------------~------- 

5 0.1% 
--_-_--_-------_____------------------------------------------ ____________________------- --- ----------- ---- -__..___--.._______ 

5-112 0.164 
____---_-____--_________________________----------------------------------------------------------------------------~------- 

6 0.185 
-__-----_-___----_______________________------------------------------ _________________ - _-____---_ _------- - - -- --_ - - -._-_ -- _ - - 

8 0.250 
-------__-____-_________________________------------------------------~---------------------------------------------~------- 

10 0.279 . 
-___----________________________________--------------------------------.-------- ___________________________________I____--- 

12 0.330 
-_______________________________________--------------------------------------------------------------------------~-.------- 

14 and larger 0.375 
: ---__----_______________________________------------------------------- __________________-_-------.-------------- --- ----- --- 

(D) Stainless steel casing, rhrcads, and couplings shall .conform in sptcificalions to the general 
requircmcnts in +&S-l+ RST\l A-530 and also shall conform to the specific requlrcmcnts in the 
ASTM standard that best desctibcs the chemical makeup of the stainless steel casing that is in- 
tended for use in the construction of the well; 

(E) Stainless steel casing shall have a minimum waU thickness that is equivalent IO standard 
schedule number I OS; 

(F) Slcel casing shall be equipped with a drive shoe if the casing is scated in a consolidated TO& -- -- 
foaon and for any other \vellsmc-c& adriven.The d&eshoe&.libe made of :foreed, ---- --. 
l&z& carbon tern 1 pered seamless steel and shail-haveadhardenedcutt~~ edge. -_A ii drive -- - 
shoe will not be required ior wc%%whichhe e surrounds and ectends the entire lenmh 
of theziny - 

----- ----- 
-- 

(2) lf Thermoplastic Casing is used, then: 
(A) the casing shall be new; 
(f3) the casing and joinls shall meet or exceed all lhe specifications of ASTM F-480-81, except that 

the outside diameters wti not be restricted to those listed in F-480; 
(C) the maximum depth of installation for a given SDR or Schedule number shall not exceed that 

Listed in Table 2; 

Editor’s Note: This Table has been moved from Part (e)(I)(C) in this Rule. The amcndmcnts 10 IhC 
table arc shown below. -1hc tablc is shown as dclctcd from Part (c)(l)(C). 

T>jBLE 2: >lasimum allowable depths (in feet) of Installation of 
Thermoplastic \Vatcr Well Casing 

Son-&al Diameter [in inches) 
------------------______________________-.-~.-~-~-------------.---------.-------------------------------------.-~-~.--.~-~~- 
Schedule 
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number- 2 2.5 3 3.5 4 5 6 8 10 12 14 16 
__^_________________------------------------------ ______--- ____________________--------------------------------------~------ 

Schedule 
40- 485 635 415 315 253 180 130 85 65 65 50 SO 

Schedule 
80- 1440 1685 i170 920 755 550 495 340 290 270 265 255 

_______-_______________________L________--------------------------------- 
mm__----- _________-_--__-----____________I_______-- 

e-v..---- ________--- --- ------------_________ 
________________^___-------------------------- _______________--__________________ 

SDR Xumber ALI Diameters (in inches) 
________________________________________---------------------- e-_-m-----.- ________---__------- ____----- -----------__________ 

SDR 41 20 
________________________________________----------------------------- ____._______________---------------.------------------- 

SDR 32.5 50 
-_--__----_______-__---------------------------------------- ____________________-------------- ---------- ---- - --------------- 

SDR 27.5 se* 
-_____________________________________ __________---_----------- ____________________----------------------------------------- 

SDR 26 95 
__________________________________ -______-_-______________________________-*--------------------- _________--------- --------- 

SDR 21 185 
----__---___-_______------------------------~-------- _ _ _ _ _ _ _ _ - - - - - _ _ - _ - - -- - - _ - - - _________--__-___-_-_______L____________---- 

SDR 17 355 
----____--______________________________-----.-------~--------- ____________________----------------------------------------- 

SDR 13.5 735 
----___--_______________________________---------------..----------------.----------------- __________---_---__-------------- 

(D) The top of the casin, D shaJj be ter-mjnated by the drilling contractor at least twelve inches 
above land surface; 

(E) For wells in whjch the casino, will extend inlo consolidated rock, thermoplastic casing shall -- 
bee UI s’s Gthcsccljon of stee%s&Z I= three feet in lengh, or other device wro\*cd 7-- 
G lhe Direct~~ff~o-~rolect~physicalinte~t~ of the therrn~ol~c~durino the -- --. 
processes of seatino, and e~outino thecasing and subsequent dnlhnp operations. 

(3) & ee&&G$JxG& AU \\-aterZ&ng 2oneS &a+rtfe W I0 ww+& containho_ polluted, 
saline, or other non-potable water, that are encountered z penetrated during drilling. sh.aU,.be -- 
adequately cased and cemented oiT so that pollution of the overlying and underlymg 
poundwater zones will nor occur. 

(4) Every well shall be cased w&=+ so that the bottom of the casing d= extends to a minimum -- 
depth as folJows: 

(A) Wells located within the arta described in Rule .0117 of this F Se&on shaIJ be cased 
from land surface to a depth of at least 35 feet; 

(3) Wells located within the arca described in Rule .0116 of this %&ha+er Section shall be cased 
from land surface to a depth of at least 10 feet; 

(C) WeUs located in any other area shall be cased from land surface to a depth of at least 20 feet. 
(5) The top of the cas&g shall be tcnninatcd by the drilling contractor at least 12 inches above land 

surface. 
@J The casing in wells constructed to obtain water from a consolidated rock formation shall be: -- ----_ -.- 

(A) adequate to prevent an\: formational material from entering the weU in excess of the levels 
specified in f’apaph u of this Rule; anr - 

--- -w-c_ 
-- 

@J finds seated at least one foot into the rock, and 
u xalcd with e at least one foot into the rockor -- --w--_-_ 

$iJ sealed bv some otbcr method, approved b the Director, that will provide equal prolcction -- 
_azxtgexce of ion-nation material orGn[aminants one foot below the ION of the 
consolidated rock. - 

-- ------- 

fl The casing in wells conslructed to obtain water from an unconsolidated rock formation (such -- ----_ 
aGavel, sand or shells) shall extend at least one foot into the Q of the water-bearing forma- 
Z&n.. 

-- --_- ---- -- 

@J tipon completion of the well. the well casing shall bc sufficiently free of obstacles as nec:essan’ --__I 
IO allow for the installation and proper ---- - ape ration of pumps and associated equipment. - 

(eJ (&) Grouting. 
(1) Casing shafl be grouted to a minimum depth of twenty feet below land surface except that: 
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(A) In those areas designated by the Director to meet the critetia of Rule .0116 of this &b&p&r 
Sccljon, grout shall extend to a depth of two feet above the screen or, for open end wells, to the 
bo1tor-n of the casing, but in no case less than IO feet. 

(B) In those arcas designated in Rule .0117 of this w Section, grout shall extend to a 
minimum of 35 feet below land surface. 

(C) The casing shall be grouted as necessary to seal offall aquifers or zones with water of a poorer 
quaff); than that of the producing zone(s). 

@ For laree diameter wells, commonly referred to as “bored” -A ---- 
ceramic t;le, the following shall apply: 

(e) l?-re dtamctcr of the bore hole shag be at least sin inches ----- --__-- 

wells, 

larger 

cased \vith concrete Rti -_I 

than the outside diameter ----- 

or - 

of 
the casine; 

(I3)The annular space around the casing shall be filled with a cement-type -- -- ----- e to a de;pth of 
a.t least 20 feet. exceptins those designated areas sperified in Rules .0116 and .Ol IT-07 thrs Sec- p-v--- 
iron. The w shall be placed in accordar%%th the req<ti&%?&hTParapph. -- -- -- 
For G wcil constructed to obtain water from consobdated rock, the WCU casing shaU be --_ ---- 
pouted, usme a cement type grout, to a ‘he$ht of five feet above the i%r&%on of the casing A--~ 
and the consofdatcd rock. -- 
Bentotile grout mav oniv be used in that poflion of the boreholc that is belo~v the water e ---- -- -- ---- -- 

throuohout the year. 
‘5) @ Grout shall be placed around the casing by one of the following methods: 
-(kj Pressure. ti zti+f~& spa+e M+4&44+9 &a rzRQ &+ fesma&~ &i&i be if “‘:“;“‘HBc 

44 A&-E+ Grout shall be pumped or forced under pressure through the bottom of the casing 
until it fJls the annular arca around the casing and overflou:s at the surface. 

(B) Pumping. Tkear+nA-r~~rke~~aftd~MBeeM~f 
ir+&~ Grout shall be pumped into place throu$ a hose or pipe cstendcd to the bottom of the 
annular space which can be raised as the grout is applied. The grout hose or pipe should remain 
submcrgcd in grout during the entire application. 
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(C) Other. *an&a+ 5f4cH&*&DMka i?4bGmm8fhW7kear& 
~~pe~c;fkd*,~~~~~~~~~~~~~ 
&&~p&d&..&~~Qees~~~ l-r~~a+-wetkEBRl;tifts 
trskauBB~r3-F~~W~~~iri~ckr~~~~ 
Grout may bc cmplaccd m the annular space. bv $ra!lily flow throuh a Pipe, 10 a maximum --- --- --- 
de~$ of 20 feet below land surface. --- 

(6~ # If ark OUICT ~a~~$i$allcd,itshall bc grouted by cithcr the pumping or pressure melhod. 
(7J w ti grour mixtures shall bc prepared prior IO emplacement. 
(8~ w The well shall be grouted within five lvorking days after the casing is Set. 
a +j No additives which wiU accelerate the process of hydration shall be used in grout for 

thermoplastic nlell casing. 
(10) U’hcre grouting is required by the p revisions of tlris Section, the w shall extend outward -- 

from the casing walJ to a minnnum thickness equal to either one-third ofx diameter of the .- - -- --- 
outsrde dimension of the casino or IWO inches. uhichcvcris g-eater; exceptin% however, !fiar -a -- 
mameter bored \~clls shall meet ibe sm’ercm’es @ Subparagraph w of IJNS Rule. 

(fJ te)TGJ Screens. - - -- - 
-v-e 

(1) The well, if constructed to obtain water from an unconsolidated rock formation, shall be 
equipped with a screen that will adcquatcly prevent the entrance of formation material into the 
well after the well has been developed and complctcd by the well conlracsor. 
The rc-cll screen be of a design to pcet the optimum development of the aquifer \<*ith minimum 
head loss consistent with the intended use of the \vell. The openings shall bc designed to prevent 
clo&ng and shall be free of rough edges, irrcgulantics or other dcfccts that may accelerale or 
con%bute to corrosion or clog$~-~g. 
.Llulri-screen wells shall not connect aquifers or zones u;hlch have differences - 

(I) In const~m~~avel- or sand- packed well. 
(A) ?-he@p L _ ac <ino matGal= bc composed of quanz, granite. OI similar rock material and 

shall be clean, fn-n size, water-ivashcd and free from cla),. silt, or other (Mate- 
rious maletial. 

(l3) The size of the gr+4 packino material shall bc deterrnmcd from a grain size anal!% of the 
formation matctial and s&~-I4 & &%$%&I+ W-&I &e g=a++ +e of ckt! .+-t+&+ shall be of a size 
suff~c~cn~ to prohibit rhe entrance of formation matcnal into the \\cll IJ-I conccGr&ra%% 
those per%ttcd bs IJzxaphoof’this Rule. 

--- -- 
--- 

(C) 1 hc gra-4 pacxno material shall be placed IJ-I the annular space around the screens and casing 
by a fluid circulation method, preferably through a conductor pipe er IO insure accurate place- - 
ment and avoid bridging. 

(D) The gz~++I packin: material shall be adequately disrnfected 
(E) For gavel -or sand- packed ~clls in which an outer casing, that is pouted its enrire Ien& -- 

does nor extend to the top of Ihe producing zone, a neat cement ph~g of at least 10 TCCI in venical 
thickness shafl be placed in the annular a;ea bctwcen the inner casing and formation opposite 
the fusl clay above the top screen. The remaining space shall be IiJled with grout or clay except 
Ihe upper 20 feet, which shall be fried with grout. 

(F) Centering pidcs must be installed within fi\ ‘e feet of rhe lop packing material IO ensure even 
drstnbution of the p=gmalcnalmoborehor- - 

----- 
-- 

(2) The gr++el pa+l+ p Ai 8 ac . n m-ha%% connect aqurfers or zones whrch have differences 
w in \vater quality that would rcsuh in dctcrioratron of the water quality in any aquifer or zone. 
try 4.Hw++FMtiW~kIfter8cu;acef~aryl~fsF~~~ 

ebaF+p?iBtkai+aJydbFeF~ 
+$.) w-Q+&& 

tr-j ;r,i+ec#iafwe~~~ -*d~~*a5aa~‘lr;eUS 
maybY- 

$2+ l-r++?@ i?ai-Bg~Hw~~- FA%-l4k*W 
(A+ ?%+b%+ekH3k~~a~ -erw**hhFke~- 

5j3ak-*~~~Be~cctik~~~~~- 
~Fea&j3+bdf~3a~k?&++~~ 2J+qNw+M&*kw- 

D-10 



L&i) qzki.e~~~B8~8c$tMFfif~Bf-~~d& 
cJ&bi3~~~~~~~~*81:Bcktf~ef;8t)5 
f33ieGL 

(.Qute@wBe~- 
l& l-h-l30w~~are~tke~Mti~a~-~f5i?i~ 

~I-kB~~ctlIke~~ieif~Bf~~~~~~rke~~ 
423e~~~t-be&~~bWu;i-ck~~ -Ef=+waa 
ef&ka5+2ef&?4beiew~~ 

w ThE!4kIea+l~be~~tka~~ a5#&eiker~~ 
(h) Well Developmenl. 

(lJ AlI waxr supply w&s shall be properly developed by the well driller; 
a Developmcm shall include removal of {onnation maletials, mud, drilhng fluids and additives A 

44+lal~d ~ec~ck;wS~~hctf~~~ 
Cs GW-&.&& a.~+=&& such that the waler.contains no more than. -------- 

(A) five ntipams per Iilcr (19 m~&~a.ms per pallon)of srttlcablc sobds; z 
(u) &S’TUs of IurbidFas suspended solids. - 

(i) \Vell~cadm~letion. - - 
(I) ,Zcccss Poll. E'JCI-)' wat,, CT supply well and such other wei!s as may be specified by the Com- 

zn shall be equipped with a usable access p01-1 or air line. The access port sbdl be at least 
one half inch inside diameter opening so that the position of the waler level GUJ be detumincd 
at any lime. Such port shall be installed and maintained in such manner as lo prwent entrance 
of water or foreign material. 

(2) Well Contractor Idcnlificalion Plate. 
(A) :b idcnti.hcaGon plate, showing the dtiU&g contractor and rcgislraiion number and ,the in- 

formation specified in P~II (i)(Z)(E) of this Rule. shall be i.nsGLled on the well within 321 hours 
after complclion ofG&&ing. 

--- 

(B) The idcnlilication pIale shall be constructed of a durable weatherproof, rustproof melal, or 
cquivaltnl mat&al approl’ed bv the Director. -- 

(C) J’he identification plate shall be sear& permanentl\~ allached IO the well casing or enclosure 
floor around the casing \\.here it is readily visible. 

(D) The idcn4cation plate shall not be removed from the \i.clJ casmo- or enclosure floor ‘by any -- 

(.Er??z identificarion I+ plate shall be slamped with a pennanenl marking ++A-& 38 G* & 
. - ermy&en e-F dd&eg 10 rhow Ihe: 

(I) tolal depth of \\,ell; 
(u) casing depth (f~.) and inside diamelcr (in.); 
(iii) screened imen& of screened wells; 
(iv) gra++l packing intcmal of gravel- or sand- packed wells; 
(v) ylcld, in gallons per rninule @pm), or specific capacity in gallons per minute per :!oo( of 

-- 

drawdown (gpmjfr.-dd); ax-& 
(vi) sratic water level and dale measured; 
w* -aRQ~~ 
(vG+ I\:iif dale weU completed. 

@ Pump installer ldcnlificalion Plate. 
m 1 ‘d t’f I n I en I rcation p]ate. displayinr! the name and retistration number of the pum2 inslalla!ion 

contraclor, shall be pcrmanenlly altached%?ieither the abovcrrrovndpo;ionof Ihc weU= -- 
or lhe enclosure floor if present, wilhin2%orft~complctjon of Ihe pump insraliatrcs 

--_ 
-- 

j13) The identification p&z shall be constructed of a durabie walcrproof, rustproof metal, or 
-- ---- -- 

-- 
equivalent mare& approved bv the Director; . 

(c) The idenlification plare shall not be removed from the well casing z enclosure floor by z 
-- 

------- 
person, and 

(D) J‘h d t’f e I en 1 rcalron plate shall be stamped with a pcm>ancnl markmg IO she\\‘ {he. -- -- ---- 
u -g rhe pump \\‘as inslallcd~ 
u rhc depth of ~hc pump rnlakc; a$ -- 
(in) rhe horsepo\\cr r:ltina of rhc Pump. 

u &?VaGd low l’\c~~s>n\vcll thal flows under natural artcsran ~xessure shall bc equipped ------I 
\&rh a valve so 1ha1 the /Jo\c can be complerely stopped. \VeU o\\ncrs shall be responsible for 
the operation and maintenance of the valve. 

m w f’irlcss W&SW adaplcrs or pillcss units shall be atlowed as a method of quell head complclion 
under Ihc Ibllowmg condilions: 

II-11 
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(A) The p111ess a4a.p~ WA device be ef s+a&+r4 d&gn a+++4 manufactured specifically for the 
purpose of water well constmY; 

(I3) l-h u-R4 w wl+M l+x+wq w & g+eyg& a& W +@hW%% DCSifn, inslallation and 

per-for-mance standards shall be those specified in PIIS- 1 (Pitlcss Adapter Standard NO -I E 
adopted b\I rhc \Vater SGm??oa’s Pitless aaqivision; --- 

(C) l’he w4.1 pitless dcvm be comparjblewirh the well casing; 
@j t-iwmAh~T~~~eBe*a~~~-* 
(D) @ The top of the wtit pitless device shall be extend at least 8 inches above land surfacle; 
(E) @j The ttftit pitlcss device shall have an access port. 

(5) All openings for piping= g, and vents shall enter + the well at least eighl mches above land 
surface, excepTwhere pitless ada++ adapters or.prrless units arc used, and shall be adequately 
sealed IO preclude the entrance of contaminants unto the ~11. -- --- --- 

S!arulory Au/hoi/y G.S. 87-87; 87-85. 

.OlOS STANDARDS OF CONSTRUCTION: 
\\‘EI,LS OTI 1 ER l-1 I /\A’ IVATER SUl’f’LY 

(a) Xo well shaJ be located, constructed, op- 

erated, or repaired in any manner that may ad- 
vcrscly impact the quality of groundwater. Any 
test h&s d m hole or boring shall be -- 
permanently abandoned by the driller in accord- 
ance with Rule .Ol 13 of this Section within zwo 

days after drilling or two days after testing is 
complete, whjchcver is Icast resttictiue; except in 
the case that a test weli is being converted to a 
production well, in which case conversion shall 
be completed within 30 days. 

(b) Injection wells shaLl conform IO the stand- 
ards set forth in Section 4200 of this Subchapter. 

(c) Xloniton~~g wells and recovery wells shaLl 
be located, designed, constructed, operated and 
abandoned with materials and by methods which 
are compatible with the chemrcal and physical 
properties of the contaminants in\solvcd, specific 

site conditions and specificsubsurface conditions. 
Specific construction srandards will be itemized 
in the consrmction permit, J such a permit is re- --- -- 
quired, but the following general requirements 
will apply: 

Lu For wells from which samples of -- 
Foawxor other liquids will be ob- -- 
tamed for the purpose of exa=atznx 

w th xgJ!,or% t recovery cf poUuted --- 
v) eoundwaier: 

Q 
(A) &l The borehole shall nor penetrare to 

CtJ 
a depth greater thti the depth to be 
monitored or the depth from which con- 

CD taminants are to be rccovcred. 

0 m fs3 The well shall not hydraulically 

A connecl separate aqulfcrs. 

0 
(c) a The consrntctron ~~IC~ZIS shall be 

comparible with the contaminants to be 
6 monitored or recovered 
CD (Dj #I The WCII shall bc construrtcd in such 

a manner that U~ICT or contaminants 
from the land surfacc-~~~-~ot migrate 
al- the boreholc annulus u-110 gr=a+& 
pad Ihc packing m3lcnd or WeU screen 

area. 

a(+.+ Urkeeia g334el paAi5 Packinfz ma- 

terial placed around the screen a ~4 &t-U 
&%&X&XI abo+e t-be ~FW& shall extend --- 
to a dcprh at least one foot above the w -- _---v-_ 
of the screen A one foot thrck --- -L_-- seal, 
comprised of bentonrtrc clay or other ma- ---- 
t&al approved by the Director, shall be -- - 
aaced dircctls above and in contact 7---p 
with the packmg material. -- 

(FJ @) Grout shall be placed m the annular 
space between the casing and the borehole 
wall from land surface 10 a &p-t4 +v9-b& 
wf&a-bwe&f3l-epd&?~sfell 
the 19 of the clay & or to the bottom 
ofrhe casingor open end wells. 

(GJ @ AlI wells shall be secured to rcason- 
ably insure against unauthorized access 
and use. 

w 4,-S-) $Jl wells shalJ be afforded reasonable 
protccrion against damage during, con- 
struction and use. 

(IJ toj Any wells which are flo\ving anesian 
wells shall be valved so that the flou: can 

be regulated. 
(JJ The well casing shall be terminated no -- ----- 

less than 12 inches above land surface da- -----7 
=-6&z both of the following condr- ---_,- 
lions are met: 
fiilt-SpXc conditions directly :relsted 

I0 business aclix’ilie5, SULFZ ;iehicle 
t%ffzld endancer Kphvsicalm A- - -- 
retitv of the we!. and A-- 

(iiJ the well head 1s completed in such a_ --__- 
manner so as to preclude sur-f&Gcon- -___ --- 
latinants from entering the weU. -- 

QCJ ($4) Each weLl shall have perma.nently 
af&xed an ident&carion plate constructed 
of a durable material and shaU contain the 
following information: 
u w drilling contractor name and rc$s- 

tration number; 
(~JJ iJ?-) date well completed, 
(iL) (-Q total depth of well, 
(~YJ @j a warning that the ~~11 is rloi &+ 

for water supply and that the - 

D-12 



goundwatcr may contain hazardous 
materials; and 

(vJ @j depth(s) to screen(s). 
(t) Each well shall be dcvclopcd such that -- 

thexlof turbidlry o_f scttleablc solxis 
boesx @xlude accurate chcnwal ana- -- --- 
lvses of ax fluid samples collected. -- 

a For man wclwhich will onls be used to --_---- 
measure poundwaler lewis. the follo\Gmo 
general requirements uKappF 

(A) ‘& borcholc sha&ot pcnclrate 10 g 
depth pester than the dcprh 31 11 hlch -- 
fluid elevation measurcmcnls $J & 
made: 

m% wdl shail not hvdraulicallv connect --_- 
aquifers; separate 

(c) The well shall be construcled in such a -- -- -_- 
manner that water or cortarmnan:s from --- 
the land %>aEaGi nxzrate alono Ihe -- 
horcholc chnnnc)tthepack;Gar --- 
rial or well screen arcas; __-- 

(D) Csrout shall bc placed in the annular --- --- 
space bclwcen the casino- and the borcholc --F --v 
from land suriacc to the clay seal above ------ 
thepackmo- matcnal or to the bottom of p_--y-.... 
tile casine for oy>en end ills: 

(E-GiZ rhc weLls\\:iUnoibe left unal- - - -.v -__- 
tended, such as during a well capacltv or 
aquifer capacity aall-\,= shall be sc- -- --_- 
cured IO rcasonablv msurc aoalnsl unau- -- --- 
thorizcd access and use: 

m g bzhhallbeorded reasonable 
protectionae%t %maoe dunnf con- --- 
struction and use. 

(G) 
-4 

Anv ~~cl.l u:hlch & a flo\\lnE anerlan 
well shall be valved such lhat 1101~ can be __--- --__-- 
reszulalcd; 

u The weLl casing shall bc tcrminaled no -- 
less than I2 inches above land surface da- 
KGunleF bothoffrollo\vLneton‘;j;: ----- 
tions are met: 
- site-specific conditions relaled IO ti -- 

business activities. such as vchcle traf- 
Cc. would endangcrthe Fh\-sicalnG 
fitv ofthe well and - ---27 

m the well head IS completed IJ-I such a ---- --- 
manner so as to preclude surlinal ccln- -- 
.ramLlanlFfrGn?-enlenno- the \\eil. --- 

u An idcntifian plate constructed g ;1 - 
rustproof, durable material shall bc per- -____-- 
mancntlv fixed to the well and shall <-_-__-- 
contain the follo~\%r mforrnatlon ~- 
u drillin conlraclor name and re9>lra- -- 

tion number, 
wxrc ucll complctcd. -- 
(ru) total depth of well. 
(;v) a_ warning lhal lhc ~\cil I\ noI ;: V’~IV: -------, 

suppI\< well and that Ihe ~oun(~;\~ltl -- --. 
rn3Y contain conlaminanls 

(4 . . -,1;.,, \\‘CUj conslrurlcd (Or - 
the prposc of monitorins? or tcstln: for !& - - --- 

@ $e& constructed 
torin~ for the presence 
tanks -r@u&d under 1 

L11 be constructed - 

i.2 

prevent the entrance of sur%cial contam- 
inants or ueater in:o oram the u~cll --- ---__- 
G; and 7 
bc provjded with a lockable cap in ofdcr 
Ereasonably%u;e apainst unauthowcd -- 
access ana use. -- 

(IJ lzrarv wells and all e non-\vatcr --- -- 
supple u-ells shall be constmcted m such a man- 
ncr as to preclude the \.enlcal rniGaGof% -- - 
&?&is \\ithin anma borehole channel. ---A- 

@ For sand-or pa\.el-packed WTUS. c&a -_- 
uidcsmus~pclled within five fcci of the ~OJ --____ 
of the packIn% material to ensure exxn distrib. ---- 
zionof the pack-tezal III the boreholc. --- ----- 

.OlOY fL\lf’S ASO PL\~lI’ISG EQCII’MEST 
(a) The pumping capaclry of rhe pump shall 

be consistent with the intcndcd use and !,lcld 
characteristics of the well. 

(b) The pump and related equipment for Ihe 
well shall be conveniently located to pernxt eas) 
access and removal for repair and maintenance. 

(c) The base plate of a pump placed direct]) 
over the \\xLl shall be designed IO form a 
ulatcrtight seal with the well casing or pump 
foundation. 

(d) In installations where the pump is noI IO- 
cated directly over the well, the annular space 
bct\vccn the casing and pump intake or discharge 
piping shall be closed \\.ith a walcnight seal pref- 
crably dcsigncd specificall) for thjs purpose 

(e) Th; weU shall be properly vented at the wtti 
head to allow for the pressure changes within the 
we11 csccpt tvhcn a SUC~IOTI lifi l!pc pump 15 used 
u-l ,\ hose bibb shall be i>siaUcd 31 the ~~11 

head by the person installing rhe pump for ob- 
riiin~ng \\-alcr samples. In Ihc cast of offscl ICI 

pump installaIlons the host brbb sl1a.U hc ln- 
slallcd on the rclum (prcssurc) sldc oi 111~ ICI 
pump piping 

(g) A priming lee shall bc Inslailctl 31 !hc \r,Cl! 
head in conjunction with offset jet punlp ~II~I:I~. 
lations. 
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(h) Joints of any suction Jinc installed undcr- -- 
ground between lbe well and pump shaU be sur. 
rounded by Stt; ;nrl,nr &cement, or encased m a 
larger pipe lhal is sealed ai each end. 

(i) The drop piping and electrical wiring used 
in connection with Ihe pump shall mecl all ap- 
p$a$e underwrifers spccihcalions. e 

(j) Conlaminated water shall not be used for 
priming the pump. 

Srorutory Aulhoriry G.S. 87-87; 87-88. 
4 

.Ol IO WELL TESTS FOR WELD 
(a) Every water supply well shall be tesled for 

capacity by a method and for a period of time 
acceptable IO the deparxment. 

(b) The petitlee may be required as a pcrmil 
condition to test any well for capacity by a 
melhod stipulated in the per-mJt. 

(c) Standard methods for lesting domeslic u,eJl 
capacities include: 

(I) Pump Method 
(A) select a pcn-nanent measuring poinl, 

such as the lop of Ihe casing; 
(13) measure and record Ihe stalic waler 

level below or above the measuring point 
prior IO sttiirrg the pump; 

(C) measure and record Ihe discharge rate 
al intervals of 10 minutes or less; 

(D) measure and record waler levels using 
a steel or electric tape at G-rIervaJs of 10 
minutes or less; 

(E) conrinue the lest for a period of al leas1 
one hour; 

(F) make measurcmcnts wirhin an accuracy 
of plus or minus 0.25 of a & an inch. -- 

(2) Bailer i\/lclhod 
(A) selecf a permanent measuring p&11, 

such as the top of the casing; 
(W measure and record rhe static waler 

level below or above the measuring point 
prior IO starting the baiJing procedure; 

(C) bail the waler OUI of the well as rapidly 
as possible for a period of ai least one 
hour; determine and record the bailing 
rate in gailons per minure at the end of the 
bailing period; 

(D) measure and record the water level im- 
mediately afier stopping bailing process. 

(3) AL- Rotary Drib Method 
(A) measure and record the amounl of wa- 

ter being injected into ihe well during 
drilling operations; 

(W measure and record the discharge rare 
in gaJ.Jons per minulc at intervals of one 
hour or Jcss during drilling operations, 

(C) after completion of lhe drilling, con- 
tinuc to blow the water OUI of xhe well for 
al lcast 30 minutes and measure and rc- 
cord the discharge ralc in gaJlons per 

minute at inlen& of 10 minules or less 
during the period; 

(J>j measure and record Ihc waler IcvcJ h- 
medialely abler discharge ceases. 

(4) Ar Lifi IMethod 
([I) Measurcmenls shall be made ~hrougfr 

a pipe placed in the we& 
(B) The pipe shall have a minimum msrde 

diameter of al ieasl five-tenths of an inch 
and shaJJ extend from top of Ihe we]J head 
LO a point inside the weJJ thal is below the 
bottom of the air line; 

(C) rLleasure and record ihe static water 
le\*el prior to starring the air compressor; 

(D) Measure and record the discharge raie 
al inIervaJs of 10 minutes or less; 

(&) Measure and record the pumping level 
using a steel or electric tape al intervals 
of 10 minutes or less; 

(F) Continue the lest for a period of al Ican 
one hour. 

(d) Public, lndustriai and In-iga:ation WeUs 
Every public, indus1ria.l and irrigation well upon 
complelion, shall be tested for capacity by the 
drilling contractor (except when the owner spec- 
dies another agem) by rhe fo!.lowing or equiv- 
alen1 melhod: 

. 

(I) The water level in rhe weJJ to be pumped 
and any observation we& shall be meas- 
ured and recorded prior to slarting Ihe 
test. 

[2) The well shall be tested by a pump of 
sufficient size and Lift capacily to salisfac- 
gorily test the yield of the weU, con:sislenI 
with Ihe welJ dizuncter and purpose. 

(3) The pump shall be equipped with suffl- 

cient throttling devices IO reduce the dis- 
charge raie to approximately 25 percenl 
of the maximum capacily of the pump. 

(4) The test shaJl be conducied for a period 
of at least 24 hours without intemrplion 
and shall be continued for a period of at 
least four hours after the pumping waler 
level stabilizes (ceases to decline) When 
the total water requirements for wells 
olher rhan public, community or munici- 
pal supply weUs are less than 100,000 gpd, 
rhe well shaLl be tested for a period and in 
a manner lo satisfactorily show the ca- 
pacity of the weJJ, or lhal the capacity of 

the welJ is suffrcicnt IO meet the intended 
purpose. 

(5) The pump discharge shaJJ be xl. al a 
constant rate or rates thal can be rnti- 
lained throughout rhe resring period. If 
Ihe wclJ is lcsled al IWO or more pumping 
rates {a srep-drawdown tesl), the pumping 
waler level shall be stabilized for a petiod 
of at least four hours for each pumping 
rare 
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(6) 

(7) 

(8) 

(9) 

(10) 

The pump discharge rate shall be meas- 
ured by an o$JCe meter, flowmelcr, weir, 
or equivalent metering device. The me- 
tering device shall have an accuracy within 
plus or minus five percent. 
-The discharge rate of the pump and time 
shall be measured and recorded at inter- 
vals of 10 minutes or less during the fist 
two hours of the pumping period for each 
pumping rate. If the pumping rate is rel- 
atively constant after the fist two hours 
of pumping, discharge measurements and 
recording may be made al lonpcr lime in- 
m-ds but not to exceed one hour. 
The water level in each well and time shall 
be measured and rccordcd at intervals of 
five minutes or less during the first hour 
of pumping and at intenfals of 10 minutes 
or less during the second hour of pump- 
ing. After the second hour of pumping, 
the water ievel in each WCU shall be 
measured at such intervals that the lower- 
ing of the pumpin, 0 water level does not 
exceed 0.25 of a fen+ e+ &FW Irtrkes an - 
inch between measurements. 

A reference point for water level meas- 
urements (preferably the top of the casing) 
shall be selected and recorded for the 
pumping well and each o&nation well 
IO be measured during the test. AlJ water 
Icvcl measurements shall be made from 
(he selected reference points. 

AU water level measurements shall be 
made with a steel or electric tape or 
equivalent measuring desice. 

(I I j All water level measurements shall be 
made within an accuracy of plus or minus 
0.25 of a foot e+ k iffdtes: fthrce 
inches). 

(12) After the completion or the pumping 
period, measurements of the wirer ievei 
recovery rate, in the pumped we& shall 
bc made for a pefiod of at least two hours 
in the same manner as the dra\vdown. 

Slarurory Aulho~iry G.S. 87-87; 87-85. 

.Oi 1 I DISISFECTIOS OF \\‘ATE;R SL’I’PLY 
WELLS 

All water supply wells shall be disinfected upon 
completion of construction, maintenance, re- 
pairs, pump installation and testing as follow: 

( I ) Chlotiation. 
(3 w Chlorine shail be placed in the we?J ‘in 

suficicnt quantities to produce a chlorine 
residual of at lcast 100 parts per m&Lion 
(ppm) in the WCI.J. j\ chlorine solution 
may be prepared by dlssol\.ing hjgh test 
calcium hypochlorite (trade names include 
HTH. Chlor-Tabs, ctc ) in n-JICJ. About 
0.12 percent amilable chlorine is needed 

per 100 gallons Of water for 100 ppm 
&Jorine &dual. As an example, a wcl.l 
having a diameter of six inches, has a 
volume of about one and five-tenths gal- 
Ions per foot. if the well has 200 f;eet of 
water, the minimum amount of 
hypochlotite required would be 0.36 Ibs. 
( 1.5 x 200 feet = 300 gallons, 0.12 lbs. per 
100 gallons, 0.12 x 3 = 0.36 Ibs.) 

m & The chlorine shall be placed in the weU 
by one of the following or equivalent 
methods. 

k) @ Chlotinc tablets may be dropped ul 
ihc top of the welJ and allowed to settle 
to the bottom. 

@iJ (I$ Chlorine solutions shall be plaIceed in 
the bottom of the well by using a bailer 
or by pouring !he solution through the 
drill rod, hose, or pipe placed in thic bot- 
mm of the well. The soluiion shall be 
flushed out of the drilJ rod, hose, or pipe 
by using water or air. 

&J (3) Aglare h t e water in the weLl to insure 
thorough dispersion of the chlorine. 

m w The well casing, pump co?umn and any 
other equipment above the water Ievcl in 
the well shall be thorou&Iy xinsed with 
the chlorine solution as a part of the dis- 
infecting process. 

@ cj) The chlorine solution shall stand in the 
well for a period of at least 24 hours. 

@ @j The \\,el.l shall be pumped until the sys- 
tem is clear of the chlorine before the 
system is placed in use. 

a Other matetials and methods of disinfection -_- 
may be used upon prior sprovai ~DY the --- -L 
Director, 

Slalutory Auihoriry G.S. 87-87; 87-88. 

AI112 \VELL ~~AIYTEKANCE: REPAIR: 
GHOL?t’D\\‘ATER RESCUKCES 

(a) Ever-y wclJ shal! be maintained in a condi- 
tion whereby it will conserve and protect the 
w - W+W soundwater resources, and 
wherebv it will not be a source or channel of 
contamkation or polJution to the water supply 

or my aquifer. 
(b) Ml materials used in the maintenance, re- 

placement, or repair of any well shall meet the 
requifemcnts for new insIaliation. 

(c) Droken, punctured or othenvise defective 
or unserviceable casing, screens, fisrures,’ seals, 
or any part of the well head shall be repaired or 

rcplaccd, or the well shall bc properly aban- 
doned 

(d) National Sclcnce Foundation (VSsF) ap- 
pro\jed WC pipe raled at 160 PSI may bc used 
for liner casing. -The annular space around the 
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liner casing shall be at lcast frvc-eighths inches 
and shall be completely filled with neat-ccmrnt 
.gl-OUl 

S~oru~ory Aurhorily G 5 87-87; 87-88 

.OI I3 AHA~DOS>IEST OF \VELLS 
(a) Any wcil which has been abandoned, tither 

temporarily or permanently, shall be abandoned 
in accordance with one of the fol.lo~~ing~proce- 
dures: 

(I) Procedures for temporary abandonment 
of wells: 

(A) Upon temporary rcm0va.l from service 
or prior to being put L7to service, the wcff 
shd be scaled \+,ith a water-tight cap or 
seal compatible lvith casing and installed 
so that it r-01 bc removed easily by 
hand. 

(3) The well shall be maintained whereby 
it is not a source or channel or contam- 
ination during temporq abandonment. 

(C) Every temporarily abandoned weLl shall 
be protected with a casing. 

(2) Procedures for permanent abandonmcnr 
of wells: 

(A) AlI casing and saecn materials may be 
removed prior IO initiation of abandon- 
ment procedures if such removal will not 
cause or contribute to contamination of 
the poundwaters. Any casing not 
grouted in accordance with Rule .0107 
I’aragaph (d) of this Section shall be rc- 
moved or properly prouted. 

(B) The entire depth of the wcU shaJ be 
sounded before 11 IS sealed lo ensure frce- 
dom from obstructions that may interfere 
with sealing operations. 

(C) The well shall be thoroughly disinfected 
prior lo sealing. 

(D) In the case of gravel-packed weUs in 
which the casing and screens have not 
been removed, neat-eemcnt shall be in- 
jected into the ucll completely filling it 
from the bottom of the casing to the lop. 

(E) “Bored” weUs shaU be completely fiicd 
with cement grout, dry clay or material 
excavated dunng dr4.hng of the well and 
then compacted in place. 

(F) \Vells, 0th~ than ‘bored” wells, con- 
structed inunGo= formations 
+a+h +kw %adJ we&k shall be com- 
plelely cciided filled with cement grout by 
introducing 11 through a pipe extending to 
the bottom ofthe \veU which can be raised 
as the well is filed. 

(G) \VcUs constructed in consolidated rock 
formaltons or th31 penetrate zones of 
consohdatcd rock may be filled with ce- 
ment, sand, gravel or dri.il cuttings oppo- 
,sitc the zones of consotidatcd rock. The 

top of the sand, gravel or culling ftll shall 
be al least five feet below the top of the 
consolidated rock The remainder of the 
udl shall be frllcd ~tth cement grout only. 

(II) Test weUs less than 20 feet in depth 
which do not penclrale the \vater table 
shall be abandoned ~7 such manner as t0 
prevent the well from being a channel al- 
lo~irtg the vertical movement of water or 
a source of contamination to the 
groundwater supply. Test wells or bor- . 
hgs that penetrate the water table shall 
be abandoned by complctciy frlhng; with 
cement groul. 

(b) Any u.eU which acts as a source or channel 
of contamination sha.lJ be repaired or pcrma- 
nenll~abandoned within 30 days w of receipt of 
notice from the department. 

(c) The drilling contractor shall permanently 
abandon any well in uhich the casing has not 
been installed or from which the casing has been 
rcmotcd, prior to removing his equipment from 
the site. 

(d) The owner shall be responsible for pcnna- 
ncnl abandonment of a wcl.l esccpr: 

(I) As othenvise specified in these R++ 
la-t&w Rules: or 

(2) If il b d \Le a an onmcnt is required because 
the dr$Jer improperly locates, constructs, 
or completes the well. 

Slammy AurAoriry G.S. 87.87; 87-88. 

.OI 11 D,\7-A ,\SD RECORDS REQUIRED 
(a) WcLl Cuttires. 

(21 

(4) 

(3 
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Samples of formatton cuttings shall be 
collected and furnished to the d+t-rW 
Division from a.ll wells when such samples 
are requested by the w Divi- 
sion. 
Samples or representatives Cummings shall 
be obtained for depth intervals of 10 feet 
or less beginning al the land surface. 
Representative cutttigs shall also be col- 
lected at depths of each signi.Ocant c.hange 
in formation. 

Samples of cuttings shaIJ be placed in 
commcrs furmshed by the depitr+m+n+ 
DiGsion and such containers shall be 
filled, sealed and properly labeled with 
indelible-type markers, showing the well 
owner, well number if applicable:, and 
depth interva! the samp!c represents.. 
Each set of samples shall be placed in a 
suitable container(s) she\\ ing the location, 
o\vner, weU number if applcable, driJJer, 
dcprh interval, and date. 
Samples shaU be retamed by the driller 

until dchvery instructions are rcceivcd 
from the w Dtvision or for a 
period of al feast 60 days after the WC~ 



record form (GW-I), indicating said sam- 
ples are available, has been received by the 

(6) The furnishing of samples to any person 
or agency other than the ~++M+MM Di- 
vision shall not constitute compliaZ% 
with the department’s request and shall 
not relieve the driller of his obligation to 
the depanment. 

(b) ReDons. 
(1) 

I 

Any person completing or abandoning any 
well shall submit to the Division a record --- 
of the construction or abandonment. on 
i?+ms j3+w.d& by i-be el+emah For 
public water supple wells, a copv of each 
completion or abandonment record shall -- 
also be subzttcd to the Health Depart- -- --- 
ment responsible for the county in which ---.--- 
the well is locared. The record shall be ---- 
on forms provided b the Divisionand 
shaU%iude ccfitication that con- 
struction or abandonment was complctcd 
as required by these 4&e+&&+ Rules, 
the owner’s name and lddress, well lo- 
cation, diameter, depth, yield, and an) 
other information the &~&-FE& Divi- 
sion may reasonably require. 

The certified record of completion or 
abandonment shall be submitted to the 
tzbpmm& within a period of thirty days 
after comoletion or abandonment. 

(3J The fur&hing of records IO anv person -- 
orgencv other than the &an shall - --- 

et3 

64 

Q 

8 
mcnt 

not constitute compliance \vith the re- 
Gina requirement and shsGt%%eG 
the driller of his obli%& to the Dcpart- ---- -- 

CD Srarulory Aurhority G.S. 87-87. 87-88. 

8 
.0116 DESfGXATED AREAS: WELLS CASED 

TO LESS Til,-i?i 20 FEET 
(a) In some areas the best or only source of 

Rotable water supply e.usts between ten and 
twenty feet below the surface of the land. In 
consideration of this, the Director may designate 
areas of the state where wells may be w cased 
to a depth less than twenty feet. To make this 
determination, the Director will find. 

( 1) that the only or best source of drinking 
water exists berwccn a depth of ten and 
twenty feet below the surface of the land; 

(2) that utilization of sard source of water is 
in the best interest of 11x public. 

lb) The following arcas arc so dcslgnated: 
(1) in Cumluck Count! on J‘crres Quarter 

Island and in an 3~3 between the sound 
and a line bc$nning at the end of SR I 130 
near Cumtuck Sound. thence north to the 
end of SR 1133, thcncc nonh IO the end 

(4 

(3) 

(4) 

of p!C 3 at the intersection with the 
sound; 
on the Outer Banks from the northcm 

corporate limit of Sags l-lead on Hodie 
Island, south to Ocracoke Inlet; 
all areas lying between the Intercoastal 

Waterway and the ocean from New River 
Inlet south to New Topsail Inlet; 
all areas lying between the Intercoast;ii 

Waterway and the ocean from the Cape 
Fear River south to the South Carolina 
line. 

(c) In all other areas, the source of water shall 
be at least 20 feet below land surface, except 
when adequate quantities of potable watler can- 
not be obtained below a depth of twen1.y feet, 
and at sites not within areas designated in Sub- 
paragraph (b) of this Rule the source of water 
may be obtained from unconsolidated rock for- 
mations at depths less than twenty feet provided 
that: 

(I) the well driller can show to the satisfaction 
of the d+x+m~+ Division, that sufficient 
water of acceptable qualify is not available 
to a minimum depth of fifty feet; and 

(2) the proposed source of waler is the masi- 
mum feasible depth above fifty feet, but 
in no case less than ten feet. 

(3) the regional er N office of the de- 
partment shall be noTired ptior to the 
construction of a weIl obtaining water 
from a depth between 10 and 20 feet be- 
low land surface. 

Sialurosy Aurhorily G .S. 67-8?. 

.Ol 18 \‘ARlXNCE 
u The Director may grant a variance from an! 

construction standard under the nrles of 1hiS 
Section. Any variance wti be in writing, and 
may be granted upon oral or written application 
to the Director, by the person responsible for the 
construction of the weI.l for which the variance is 
sought, if the Director finds facts to support the 
folJo\r;ing conclusions: 

{I) that the use of the well will not endanger 
human health and welfare or the 
groundwater; 

(2) that construction in accordance with,the 
standards was not technically feasible in 
such a manner as to aflord a reasonable 
waler supply al a reasonable cost. 

w The Director may require the vtiance ap- 
pl&nt to submit such information as he deems 
ncccssary to make a decision to grant or deny the 
variance. The Duector may vnposc such condo- 

IIOIX on a variance or the use of a well for ivluch 
a vtiance is granted as he deems necessaq 10 

protect human health and w.eUarc and rhc 
~oundwaler resources. The fmdings of fact 
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Q 

suppo~-~jng any variance under thy Rule shall be 
irk wnlmg and made pti of the ~*ariancc. 
@ A variance applicanl \~ho is drssatisficd w11l-1 

lhc decision of lhc Director ma! c~mmencc a 
contested case by f&ng a pclilion under GS 
I 5OB-23 wilhin 60 days after rccripl of !he dcci- 
sion. 

SIaruroty Aurhoriry G.S. 87-87; 87-88; IJOB-23. 

.Ol 19 DELEGATlOi\’ 
(a) The Dircclor is delegated rhe authority IO 

grant per-mission for welf constnxlion under G.S. 
U-87. 
(b) The Director is delegated Ihe aulhorily IO 

give notices and sign orders for \.ioialions under 
G.S. 87-91. 
(c) The Director is delegled rhe authority IO 

request the Atlomcy General IO insti~u~c civil 
actions under G.S. 87-95. 
@ The Director is authotied 10 subdelegate. 

lo an %ciaJ of Ihc-Division. Ihe-&rantinQ of a -7--- _--- 
vanance from ans construclion aandard. or lhe --- -- 
approval of altcmste construction methods z 
matcr-iak~pccified under the Rutcs of this Sec- ------ 
rion. 

Srarulory Aurhorily G.S. /43-2/3,3(a)(l). 

St’BCII:\I’TER ZL - GKOU\D\~‘ATER 
CL..\SSIJ’iC,\TIOS .AXD ST \lDtiKDS 

SECT103 .OlOO - GESERSL COYSIDERATJOSS 

.0107 COhlI’LIr\SCE BOUSD:lRl 
(a) For disposal systems pcrmitled prior IO 

Dcccmber 30: 1983, the comptiancc boundaq is 
established at a horizontal distance of 500 feet 
from the waste boundq or ar the propen) 
boundary, whichever is cioscr to lhe source. 
(b) For disposal systems pern-&Ied on or aher 

Dcccmber 30, 1983, a compliance boundary shall 
be established 250 feet from the \vaste boundary, 
or 50 feet within the properly boundary, which- 
ever point is closer lo the source. 

(c) The boundary shall be estabhshed by the 
Director al rhe lime of permit issuance. Any sale 
or transfer of property which affccls a comp!iance 
boundary shaU be reported immediately IO the 
Director. 4 &a +aem&k~ beu~++ fe- 

~ww&&+ For disposal systems 
\\hich are not govcmed b%azraphs @ o_f a --- 
of Ihis Ilule. rhc compliance boundan, affected -- 
bv lhe saie or transfer of propcny wili bc re- -- --- 
estabhsh~c%si~\\-il~ Paraqaphs (a) or (b) 
of this Rule, \\.hjchc\:c~ppIlcablc. -- 

m For dlspsal svsl~ms permitred s reper. 
milled aflcr Januar-v L 1993. no \\‘alcr suppI\ --- --- 
\vells shall be construcrcd or opcraled w~thm the 
GpGeboundarv. - 

-- 

a For disposal svslems pctiltcd O_I repcr- 
milled aflcr Januanl 1. 1993. a pcnnnlee shall not ------ -- 

transfer land within an cstablishcd cornplrance ---- 
boundan, unless: 

u Ihe land rransfcrrcd is scrkcd by a com- 
&jn&-waler s\‘stcm as defined I’;lm 
a isClbGsourcT 0TlTisT - -..- -- - _ 
calcd outside the comphance boundam. --- - 
and 

(2J Ihedeed IranSferfiJ-IQ the property: 
wc%%ns notice of Ihe pcrrnit, jr&dine ---- -- 

the petit number. a dcscriprion of rhe 
i@ of pcnni~, and thl 

-- 
name, address and -- 

Iclcpt&c number of I&c pcrmjlrjne - - 
agency; and 

w conlaxa reslrictive covenant running -- 
\i$h the land and in favor of Ihe s= -_-Y--y-- 
and lhe State as a thud pariv.bencfK -- --- 
which prohibits the consrructron .and Q -- 
exn of water supply wells \vltitin the -- ---- 
compliance boundant; and 

Q contains a restrictive covenanl runnino, -- 
\vith the land and in favor of the pgrutlee ----- 
and the Slate as a l~pa%vbenefrcian:, ----1--y 
%ch m-ants the ns$hr lo the ~~TIIIICC -I- --- - 
and rhe State IO enler on such propen) -- 
\\jIhir the&m&&e boundanl for -- 
soundwaler monirorino, and&aIiz ..--- 
purposes. 

@ Lf al the rime a pcrmil is issued or reissued 
afler Januan. I I?93 the per%msnoiE ---1L- --.- 
of rhe land \virhin lhe compiiance bounjan.. 11 --- 
shaU be a condilionof rhe pcti~ Giorc --- -- 
newed lhal rhe landouncr of the landm7 1% --- -, - 
-iax boundan other than the ~~TUIICC -- 
esecule and file in rhemsler of Deeds- ---- 
counl\tiyll% &c%nd is located. an easemen ---_ - .-. - - -- 
runninzz \vilh the land xvh.rch: ----- 

(J contains: 
(n) cilher a notice of the petir. includrno- 

the - T - - adcscriprion ol the pcr-m~l number. -- 
rpe of permit, and name, address and the -- 
telephone number @ the ~~I~ 
aecncv: or L -- 

El a refzence IO a notice of the pennil ---- 
with book an7 -w number of ils --- - ~-. - 
recordation if such nolice is required 10 _--- -- 
bc frJed by statute; --_- 
prohlbrts lhe construction and 9eralion 
of lvatcr supply wells u:1Ih.m lhc comph- -- ---- 
ante boundan?; and 
r=es the right 10 the pem-r.ittee and the -- 
SIare IO enler on such property wi;G rfic 
compGnccboundan; for ald\\.atcr ,_ 7 
IilOnitOiinE ancl rcmeor3:1013 purpcses 

&CJ @ The boundary shall form a verticaf plane 
extending from the \valer {able IO ~hc ma.ximum 
dcpih of saluration. 

m fc3 For ground absorprion scvagc Ircalmcnr 
and disposal systems \\,hich are pekllecl under 
44 %A& 4-i?& 444% 15A YCAC i8A .1900. the 
compliance bounda;: shaUbea=hzi ihe 
propcfly boundar);. 
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(iJ @ Penalties authorized pursuant to G.S. 
143-21$.6(a){ I)a. w&J not be assessed for vio- 
lations of water quality standards within a com- 
pliance boundary unless the result of violations 
of permit conditions or ncgligcncc in the man- 
agement of the facility. 
0 &) The Director shall require: 

(1) that Dennits for all activities Roverned by 

Y 

(21 

0 

(31 

(4) 

G.S.*143-215.1 be written ldprolecl the 
quality of groundwater established by ap- 
plicable standards, at the compliance 
boundary; 
that recommendations be made IO ensure 
compliance with the applicable level of 
standards at the compliance boundary on 
alJ permit applications received for review 
from other state agencies; 
that necessary groundwater quality moni- 
toring s,haJl be conducted within the 
compliance boundary; and 
that a contravention of standards within 
the compliance boundary resulting from 

activities conducted by the permitted fa- 
cihty be remedied through clean-up, re- 
cover-j, containment, or other response 
wheD any of the fotiowmg conditions oc- 
cur: 

(A) a violation of any standard in adjoining 
ciassifred waters occurs or can be reason- 
ably predicted to occur considering 
hydrogeologic conditions, modeling, or 
other available esidence; 

(W ~J-I imminent hazard or threat ‘to the 
public hcahh or safety exists or can be 
predicted; or 

0 a violation of any standard irr 
groundwater occurring in the bedrock 
other than limestones found in the 
Coas1a.l Plain sedimenls. 

Sforurory .-furhoriry G.S. J43-2fS.f fb); 
/43-215.3 (oj (I); /43B-282. 
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Wellhead Management Program 
Geuphex, Lid (Maxh 1993) 

Y 

Appendix E 

Location and Tank Contents of 458 Underground Storage Tanks at MCB 
(Modified from Geraghty and Miller, Inc., 3990) 



0001 
0020-l 

v 0020-2 
0020-3 

Q 
0021 -I 
0024 
0025-i 
0025-2 
0025-3 

.0025-4 
0025-5 
0025-6 
0025-7 
0025-8 
0025-g 
Oo3l/;S-715 
0032-l 
0032-2 
0033 
CKMO-1 
0040-2 
0045-l . 
Qo45/;s-941-I 
Qo45/;s-941-2 
0207 
033 1 
0333-A 
0333-B 
0333-C 
0340- 1 
0344-I 
0599-l 
0600 
0728-l 
0728-2 
0738-I 
0738-2 
0812-I 
0820- 1 

F71F5X76 
F7IF5X76 
F7/F5X76 
F7/F5X76 
G8lGSX82 
F7/FlX73 
F7/F3X76 
F71MX76 
F7/MX76 
F7/F3X76 
F7/F3X76 
F7/MX76 
F7/F3X76 
F7IF3X76 
F71F3X76 
F7/Fl X72 
G8lG5X82 
GSiG5X82 
B8/33X8 1 
C7fC2X76 
C7/C2X76 
B7/BlX75 
371BlX75 
B71BIX75 
F7/F5X75 
G7/G2X76 
G7/G2X76 
G7/G2X76 
G7/G2X76 
G7lG2X75 
G7/GlX76 
G8/G3X84 
GtYClX61 
F71Fl X72 
F7/FlX72 
EwF2X86 
F8/F2X86 
B8/B3X8 1 
D7/D3X74 

----_----- --__---____----~--_- --------__- 

250 DIESEL FUEL 
500 DIESEL FUEL 
500 GASI-EMP 
500 GAS/EMP 
250 GASfREG 

1,000 HO/#2FO 
7 UNWSOLVENT 
1 UNWSOLVENT 
7 UNWSOLVENT 
7 UNWSOLVENT 
? UNWSOLVENT 
7 UNWSOLVENT 
7 UNWSOLVENT 
? UNWSOLVJZNT 
? UNWSOLVENT 

I.000 GAS 
2,000 HO/#2FO 

500 GAS/REG 
550 HO/KZFO 

2,ooO HO/#2FO 
3,000 HO/#‘2FO 
1,000 UOlEMPTY 
4,000 DIESEL FUJZL 

550 GAS 
500 HO/imFO 
500 HO/#2FO 
500 HOlKERO 
500 HOKERO 

? HO/#‘2FO 
500 HOhY2FO 
500 HOIKZFO 
550 HOKERO 
500 uo 
550 WASTE OIL/WATER 
500 HO/#2FO 

1,000 HO/tiFO 
275 UNWEMP 
275 HO/#2FO 

10,000 DF 

D-2 

3000 
3000 
3000 
3000 
4000 
5300 
2ooo 
2000 
2000 
2000 
2000 
2000 

2000 
2000 

2000 
7200 
4m 
4000 
4ooo 
500 
500 

1500 
1500 
1500 
3ooQ 
3ooO 
3000 
3000 
3OuO 
3500 
2500 
2750 
7000 
7200 
7200 
1000 
loo0 
420 

3700 



0820-2 
0820-3 
08204 
0901 
0903-I 
0907-l 

$ 0913/;s-947-l 
09 131; s-947-2 
1002-4 
1002-5 
1002-A 
1002-B 
1002-c 
1002-D 

1002-E 
JOO2/;&1023 
1002/;S-1024 
lOOU;S-1025 
lOOU;S-1026 
1002/;S-1027 
lOOU;S-1028 
1002i;s-1029 
1002/;S-1030 
1002/;S-1031 
lOOU;S-1032 
lcm./;S-1033 
looU;S-1034 
1002/;S-1035 
lOOU;S-1036 
1 loo-l 
1 loo-2 
1 loo-3 
11004 
1101-l 
1101-2 
1101-3 
1106 
1205/;S-1213-I 
1308 

D7/D3X74 
D7iD3X74 
D7iD3X74 
F8iF2X86 
F8/F2X86 
F8lF4X86 
F8iF2X86 
F8/F2X86 
F8/F3X85 
F8/F3X85 
F8iF3X85 
F8iF3X85 
F8lF3X85 
F8/F3X85 
F8iF3X85 
F8iF3X85 
F8/F3X85 
F8/F3X85 
F8/F3X85 
F81F3X85 
F8/F3X85 
F8iF3X85 
F8iF3X85 
F81F3X85 
F8/F3X85 
F8iF3X85 
F8iF3X85 
F8iF3X85 
F8/F3X85 
F8iF2X84 
F8/F2X84 
FSiF2X84 

FIVF3X84 
F23/F3X84 
FIVMX84 
F81F3X84 
F8/F3X85 
F8iF4X85 
F8iF4X84 

10,000 GAS/SUPER UNLEADE 3700 

10,000 GAS/UNLEADED 
10,000 GAS/REGULAR 
2,000 UOiH-YD 

550 HOKERO 
550 HO/KERO 
550 uo 
550 uo 

2,864 HOKERO 
2,644 HOKERO 
1,000 GAS 
1,000 UNKNOWN 
1,000 UNKNOWN 
1,000 GAS 

1.000 UNKNOWN 
12.000 GAS 
15,000 GAS 
12,000 GAS 
15,000 GAS 
15,000 GAS 
15,000 GAS 
15,000 GAS 
12,000 HOKERO 
15,000 GAS 
12,ODO HOKERO 
12,000 GAS 
12,000 HOKERO 
15.000 HOKERO 
15,000 HOIKERO 
1,000 GAS 

? UNWGASlDIESEL 
7 UNWGASIDIESEL 
? UNWGASIDIESEL 

560 DF 
1,000 ‘DF 

500 DF 
500 uo 
500 UO/EMP 
275 HOIKZFO 

3700 
3700 
600 

400 
1250 
800 
800 

1300 
1300 
1300 
1300 
1300 
1300 

1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
500 
500 
500 
500 

1100 
1100 
1100 
2000 
2ooo 

UNK.NOWN 

D-3 



1310-l 
1310-2 
1401 

c 
1402- 1 
1402-2 

0 1406-l 
1406/;S-1416 
1413 
1450-l 
1450-2 
1450-3 
14504 
1450-5 
1450-6 

1450-7 
1501-l 
1502-l 
1502-2 
1502-3 
1505 
1505/;S-1508 
1601 
1604/;S-1616 
1607 
1613-l 
1613-2 
‘1613-3 
16134 
1613-5 
1736-l 

*I( 
1750-l 
1750-2 

cl 1755/;S-1758-l 
1765 
1775- 1 
17?5-2 
1775-3 
1775-4 
1775-5 

F8/F4X84 
F8lF4X84 
F8/F4X83 
F8iF4X83 

FZlF4X83 
F8iF4X83 
F8IF4X84 
F8iF4X84 
F8/F5X85 
F8/F5X85 
F8iF5X85 
F8iF5X85 
FSiF5X85 
F8/F5X85 
F8JF5X85 
F8iF4X83 

F8/F4X83 
F8iF4X83 
F8iF4X83 
F8iF5X84 
F8iF5X84 
F8iF5X83 
F8iF5X83 
F8iF5X83 
F81F4X82 
F8lF4X82 
F8iF4X82 
F8IF4X82 
F8iF4X82 
F8IF5X82 
G8lGl X83 
GSiGlX83 
G8iG1X84 
G8iGlX82 
GSiG2X84 
G8iGZX84 
G8f G2X84 
G8iGZX84 
G8iG2X84 

550 UOlEMP 
275 HO/#2FO 

7 HO/RF0 
1,000 HOi#2FO 
1,000 HO/K!FO 

275 HOIKZFO 
600 UO 
550 HO/#2FO 

6,000 DF 
6,000 DF 
6,000 DF 
6,000 DF 

400 uo 
700 uo 
400 uo 

1,000 HO/#2FO 
550 UOEMP 

7 UNWGASiDF 
? UNK/GASIDF 

275 HO/K?FO 
600 UOIEMP 

1,500 UO/EMP 
600 UO 
500 uo 

10,000 GAS/‘REG 
10,000 GASIREG 
30,000 GASiSUNL 
30,000 GASIUNL 

500 uo 
7 uo 

1,ooo uo 
1,000 LJO 
1,000 uo 
1,000 HO/#2FO 
6,000 GAS 
6,000 DF 
1,000 uo 
1,oMl uo 
1,000 uo 

1900 
1900 
1200 
1000 
1000 

UNKNOWN 
1600 
1500 
3300 
3300 
3300 
3300 
3300 
3300 
3300 
1200 
1300 
1300 

1300 
1100 
1100 
800 
800 
800 
550 
550 
550 
550 
550 
500 

1100 
II00 

1100 
1200 
I 500 
1500 
1500 
1500 
1500 
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1780-l 
1780-2 
1804/:S-1856-l r> 
1804/;S-1856-2 
1804/;S-1856-3 

0 1804/;S-18564 
1804/;S-1856-5 
1804/;S-1856-6 
1812 
1815/$-1813-l 
1815/;S-1813-2 
1841-l 
1841-2 
1841/;S-1840-l 
184l/;S-1840-2 
1841/;S-1840-3 
1841/;S-1840-4 
1841/;S-1840-5 

1854-l 
1854-U;S1876 
1854-3f;S1876 
18544 
1854-5/;S1875 
1854-6/;51875 
1860-l 
1880-l 
1880-2 
1880-3 
1915’ 
1919-l 4 
1919-2 
1919-3 

El 1932-2 
1932/;8-1920 
1938 
1943 
2615/:S-2637-1 
26151;S-2637-2 
5400 

GS/G2X84 
G8iG2X84 
GSIG2X83 
G8lG2X83 
G8lG2X83 
G8lG2X83 
G81G2X83 
G8lG2X83 
G81G3X83 
G8lG2X83 
G8lG2X83 
G8/G3X84 
G8/G3X84 
G8lG3X84 
G8/G3X84 

G8/G3X84 
G8tQX84 
G81QX84 
G8lG3X84 
G8/QX84 
G8/G3X84 
GSIG3X84 
G81G3X84 
G8/G3X84 
G8lG3X83 
G8/G3X83 
G8/G3X83 
G8/G3X83 
C51C3X56 
E6/E2X66 
EtYE2X66 
E6lE2X66 
C5KT2X56 
C5f C2X56 
D6/D2X63 
E7?E2X?2 
D61DlX63 
D6/DlX63 
C7K4X75 

---------- --------------se-..-- ----------- 

1,ooo UO 
1,ooo uo 

600 UO 
600 UO 
600 UO 
600 UO 
600 UO 
600 UO 
550 HOI#2FO 

10,000 DF 
10,000 DF 

500 UOlEMP 
200 UO/EMP 

30,000 GAS 
30,000 DF 

10,000 DF 
5,000 GAS 

6,000 DF 
2,ooo uo 

30,000 DF 
30,000 DF 

1,ooo uo 
6,000 DF 
6,000 DF 

550 uo 
10,000 DF 
6,000 DF 
1,ooo uo 
3,000 HOI#ZFO 

500 HO/#ZFO 
500 HO/#‘2FO 

1,000 GAS (UNLEADED) 
500 DF 

1,000 GAS 
250 HO/#‘2FO 

7,500 HUIRFO 
15.000 HO#6FO 
15,000 HO/#6FO 
10,000 HO/#2FO 

1700 
1700 
1500 
1500 
1500 
1500 

1500 
1500 

UNKNOWN 
1600 
1600 
2400 
2400 
2400 
2400 
2400 
2400 

2400 
2500 
2500 
2500 
2500 
2500 
2500 
2000 
2000 
2000 
2000 
7500 
6600 
6600 
6600 
7900 
7900 
3500 
7100 
3500 
3500 
800 
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A-0002 
A-001 O/;SA-26 
A-OOlU;SA-30-l 
A-001 2/;SA-30-2 
A-0047-1 

3 A-0047-2 

A-0047-3 
A-0047-4 
A-0047-5 
A-OO47/;SA-21 
BA-O130-1 
BA-0130-2 
BA-0130-3 
BA-0130/; SBA-132 

BA-0138- 1 
BA-O138-2 
BB-00&I/; SBB-204 
BB-O007- 1 
BB-O009-1 
BB-O009-2 
BB-O009-3 
BB-0009-4 
BB-0009-5 
BB-0014/;SBB-1 
BB-0030/;SBB-99-1 
BB-0030/; SBB-99-2 
BB-0046 
BB-0048 
BB-0049 

.a BB-005 1 - 1 
BB-005 l-2 
BB-005U;SBB-70 

I 
BB-0071-l 
BB-0071-2 
BB-0071-3 
BB-007 14 
BB-007 l-5 
BB-007 1-6 
BB-0101-l 

M6/M3X65 
M6/M3X65 
M6iM3X65 
M6fM3X65 
M6fM3X65 
M6/M3X65 
M6/M3X65 
M6fM3X65 

M6lM3X65 
M6lM3X65 
Pll/P2Xl13 
Pl llP2X113 
Pl llP2X113 
PlllP2Xl13 
NlllN3X113 
NllIN3Xl13 
N7/N3X73 

N7lN2X72 
N?/N2X72 
N?/N2X72 
N7/N2X72 
N7/N2X72 
N71N2X72 
N7/N2X72 
M7fM5X73 
M7/ M5X73 

M6/MSX65 
M7/M4X? 1 
M7iM4X72 
M7/M5X?3 
M?/M5X?3 
N71N 1X73 
M7/MSX?3 
MTM5X73 
M?/M5X?3 
M7iM5X73 
M7/M5X?3 
M?iM5X?3 
N7/N2X73 

500 UO/EMP 
1,500 UOlEMP 

500 GAS 
2,000 DF 

7 uo 

2,ooo uo 
30,000 DF 
5,ooO GAS 

10,000 HO/#2FO 
30,000 DF 

1,000 DF 
1,000 GAS 

500 UOlEMP 
500 UOlEMP 
550 GAS 
550 HO/#2FO 

500 DF 
i PROPANE 

10,000 H0/#6FO 
10,000 HO/#6FO 
10,000 HO/#%FO 

550 uo 
? uo 

550 DF 
1,000 GAS 
2,000 GAS 
1,000 GAS 
2,500 HO/#2FO 
2,500 HO/RF0 

300 UOlEMP 
300 uo 

5,000 DF 
500 UWEMP 
500 HOIKZFO 
500 HO/#2FO 
500 HO/#2FO 
500 HO/#2FO 
500 HO/#/2FO 

2.500 DF 

D-6 

3700 

4200 

3800 

3800 

4000 

4000 

4000 

4000 

4000 

4000 

4200 

4200 

4200 

4200 

400 

400 

2250 

1300 

1200 

1200 

1200 

1200 

1200 

1500 
420 
420 

3000 

1100 
800 

loo0 
loo0 
1100 
650 

650 

650 

650 

650 

650 

1300 
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BB-0101-2 
BB-0177- 1 
BB-0177-2 
BB-0177-3 
BB-0177-4 
BB-0177-5 
BB-0190-l 
BB-0190-2 
cG-0001 
FC-0040- 1 
FC-OO40- 2 
FC-0040-3 
FC-0045 
FC-OlOl/SFC-103 
FC-OlOUSFC-104 
FC-0 I 20 
FC-O12O/SFC-I 22-l 
FC-OI 20/SFC-122-2 
FC-01 90- 1 
FC-0190-2 
FC-0200- 1 
FC-0200-2 
FC-O200-3 
FC-02004 
FC-02001; SFC-204 
FC-02OO/;SFC-205 
K-0202- 1 
FC-0230- 1 
FC-0230-2 
FC-0230-3 
FC-024 I- 1 
w-024 l-2 
FC-024 1-3 
FC-025 1 - 1 
FC-025 l-2 
FC-025 l-3 
FC-0255- 1 
FC-0255-2 
FC-0255-3 

N7lN2X73 
N7/NlX72 
N7lN 1X72 
N7lN 1X72 
N7lN 1X72 
N7lN 1 X72 
N7JN 1X72 
N7lN 1X72 
BllB4X14 
G9/G3X94 
assist94 
G9JQX94 
G9JG3X94 
G9lG4X91 
G9lG4X9 1 
G8/G4X86 

G8iG4X86 
G8lG4X86 
G9/G4x9 1 
G9fG4X91 
G9mlx92 
GwG4x92 
GwG4x92 
G9JG4X92 
G9lG4X92 
G9lG4X92 
G9mlx91 
G91GsX91 
G9fG5X91 
GWG5X9 1 
G-9 JG5x92 
G9/GSX92 
G9fGSX92 
G9/G5X92 
G9JG5X92 
CWG5X92 
G9JG5X92 
G9JG5X92 
GWG5X92 

500 GAS 
6.000 GASlSUNL 
6,000 GASIUNL 
6,000 GASREG 
1,000 WATER/WASTE O!L 

600 HOI#2FO 
550 HO/#2FO 

550 DIESEL 
500 uo 

6,000 GAS 
6,000 DF 
1,000 UO 

550 uo 
550 uo 

1,ooo uo 
1,000 WASTE OIL 

10,000 GAS 
10,000 DF 

500 uo 
500 ACID/BAT 

5,000 GAS 
20,000 DIESEL FUEL 
20,000 DIESEL FUEL 
20,000 DIESEL FUEL 

550 uo 
1,000 uo 

10,000 HOM2FO 
2,500 DIESEL FUEL 
2,500 DIESEL FUEL 

550 uo 
6,000 DIESEL FUEL 
6,000 GASlUNL 
1,000 HOKERO 
2,000 uo 
5,000 DIESEL FUEL 
5,000 GAS 

10,000 DIESEL FUEL 
6.000 GAS 
6,000 GAS 

D-7 

1300 
350 
350 
350 
350 
350 
200 
200 

1200 
275 
275 
275 

? 
600 
600 
300 
300 
300 
800 
800 

1400 
1400 
1400 
1400 
1400 
1400 
1300 
1300 
1300 
1300 
1300 
1300 
1300 
950 
950 
950 
500 
500 
so0 



FC-0260 
FC-0263-l 

._ FC-O263-2 
FC-O263-3 
FC-0263-4 

d 
FC-0263-5 
FC-0270- 1 
FC-0270-2 
FC-0270-3 
FC-0270-4 
FC-028 1 - I 
FC-028 1-2 
FC-0364 
FC-0739J;SGP-16 

G-0480 
G-0650-1 
G-0650-U; 5X.3649 
I-I-oool-1 

H-0001 -2 
H-0018 

H-0018/;H-112 

H-0019-1 

H-0019-2 

H-0019-3 

H-0030J;H-124 
H-0030/;H-125 
H-01 20 
HP-01 00-l 
HP-01 00-2 
HP-01 00-3 
HP-0825 
LCH-4015- 1 
LCH-4015-2 
LCH-4015-3 
LCH-4015-4 
LCH-4022 
LCH-4025 
LCH-4027 
LCH-4034- 1 

H9JHlX92 
H9JHlX92 
H9JHlX92 
H9JHlX92 
H9JH 1 X92 
H9JHlX92 
G9/G5X93 
G9fG5X93 
G9JG5X93 
G9JG5X93 
G9lG4X93 
G9JG4X93 
H8JH2X86 
G8/G4X86 
A2JA4X25 

A2J A!TX25 

A21 A5X25 

F6f F2X65 

F6lF2X65 

F6JF2X65 
F6JF2X65 
F6JF2X65 
F6JF2X65 
F61 F2X65 
F7JFlX71 
F7JFlX71 
F6JFl X65 
F7JF2X74 
F7JF2X74 
F7JF2X74 
D7JDl X74 
B8JB3X82 
BSJB3X82 
B8JB3X82 
B8JB3X82 
B8JB3X82 
B8JB3X82 
B8fB2X82 
B8lB3X82 

---------- ~~~~---_-----_----_ 

2,QOO HO/DIESEL FUEL 

6,000 DIESEL FUEL 

6,000 GAS 

6,000 DIESEL FUEL 

6,000 GAS 

1.000 uo 
2,500 UO 

2,500 UO 

10,000 DlESEL FUEL 

4,000 DIESEL FUEL 

6,000 DIESEL FUEL 

6,000 GAS 

500 DIESEL FUEL 

600 UOJEMP 

550 HO/#2FO 

550 uo 
? uo 

1,000 #2FUELOIL 

? HO/#2FO 

10,000 GAS/LEAD 

? uo 

15,000 HOJ#6FO 

15,000 HOJ#6FO 

15,000 HO/#6FO 

560 HOJ#2FO 

560 HOJ#2FO 

1.000 HOJ#2FO 

10,000 DIESEL FUEL 

2.000 GAS 
550 uo 

10,000 HOJ#2FO 

12,000 GASJEMP 
12,000 GASJEMP 
12,000 GASJEMP 

2,500 DFJEMP 

2,500 HOhY2FO 
1,000 HOJKIFO 

7 UNKNOWN 

1600 

900 
900 
900 
900 
900 
300 
300 
300 
300 
875 
875 

2000 
750 

1800 

1800 
1800 
go00 
9000 
9000 
9000 
9000 
9000 
9000 
7000 
7000 
9000 
4200 
4200 
4200 
I 400 
1200 
1200 
1200 

1200 
3 200 
1300 
9800 

10,000 GAS ? 
0 L 
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LCH-4034-2 B8/B3X82 
LCH-4034-3 B8/B3X82 

*, M-0090 B4/B3X46 
N-0090/; SM-0195- I B4/B3X46 
M-O090/;SM-0195-2 B4/B3X46 

t¶ 
M-0101 B4/B2X46 
M-O101/;SM-0191-l 34/B2X46 
M-OlOl/;SM-0191-2 B4/B2X46 
M-01 l9/;SM-193 B4/B3X46 
M-0171-1 B4/BlX45 
M-0171-2 B4/B 1 X45 
M-0171-3 B4/Bl X45 
M-01 78 B4/Bl X45 
M-02 14 B4/B4X44 
M-0230-1 /;SM-269-1 B4/B4X44 
M-0230-2/;SM-269-2 B4/B4X44 
M-0232 

M-0233 

M-0234 

M-0235 

M-0236 

M-0255 
M-0612 
M-0625- 1 
M-0625-2 

M-0625-3 

NH-OlOO/;lOl 
NH-01 001; 102 
NH-0100/;103 
NH-01001; 104 
NH-01 18-l 
NH-01 18-2 
NH-01 18-3 
NH-01 20 
F-r-0005 

m-0039-1 

FT-0039-2 

RR-001 4/;SRR-80 
RR-0015-l 

B4/B5X44 
B4/B5X44 
B4/B5X44 
B4/B5X44 
C4/Cl x44 
B4/B4X44 
A5lA5X5 I 
A5fA5X52 
A5lA5XS2 
A5lA5X22 
B7/B4X73 
B71B4X73 
B7/B4X73 
B7/B4X73 * 
B71B4X74 
B7/B4X74 
B7/B4X74 
C7/ClX73 
E8/ESX83 
E71E4X76 
E71E4X76 
M2/M2X26 
M2/M2X26 

10,000 GAS 
2,000 DIESEL FUEL 

500 uo 
5,000 DF 
5,000 DIESEL FUEL 

500 UOlEMP 
550 GAS 

550 DIESELFUEL 
1,000 GAS 
5,000 GASlEMP 
5,000 GAVEMP 
5,000 GASlEMP 

275 GASlEMP 
550 HOlKERO 

15,000 HO/DIESEL FUEL 
15,000 HO/DIESEL FUEL 

550 HOKERO 
550 HOKERO 
550 HO/KERO 
550 HOKERO 
550 HOlKERO 
550 HOlKERO 
500 HOlKERO 
550 uo 

20,000 HO 
30.000 HO 
20,000 HO/#QFO 
20,000 HO/#2FO 
20,000 HO/#6FO 
20,000 HO/#6FO 
10,000 GASltlNL 
2,000 HO/#QFO 

200 uo 
1,000 HO/#2FO 

500 HOIKZFO 
1,000 PEsT/WAT 
1,000 PESTIWAT 

600 UOIEMP 
500 uo 

D-9 
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9800 

9800 

9800 

9700 

9700 

9700 

9800 

9700 

9700 

9700 

UNKNOWN 
13200 
13200 
13200 
14200 
14200 
14200 
14200 
14200 
13200 
7500 

7500 

7500 

7500 

2100 

2100 
2100 
2100 
2300 
2300 
2300 
2300 
2500 
5000 
5000 

700 
400 
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RR-001 5-2 
FZR-0015-3 
RR-001 5-4 
RR-00 15-5 
Fm-oo15/;sRR-84 

RR-0017 
RR-0020 
RR-0022 
RR-0024 
RR-0072-3 
RR-0072-2 
RR-0072-l 
RR-OO85- 1 
m-0085-2 
SH-0008 
TC-0470 
TC-0474 
TC-0647 
TC-0647/;STC-567 
TC-0774 
TC-O865/; SK-868 
TC-O912-1 
TC-09 12-2 
TC-09 12-3 
TC-09 12-4 
TC-09 12-5 
TC-0942 
TC-1251 
TC-1255 
TC- 1500 
TP-O4471;STP-446 
TP-0457 
TT-0035 
FT-0038 
TT-O038/;SlT-39-A 
TT-0044 
TT-OO48- I 
-IT-0048-2 
Tr-oo49/;sTT-69 

M2lM2X26 
M2lM2X26 
M2fM2X26 
MUM2X26 

MUM2X26 
MZ/M2X26 

MUM2X3 1 
M2fM2X32 

M21M2X32 
M2/M2X26 
M2lM2XZi6 
MUM2X26 
MZfM3X26 

M2iM3X26 

39132x96 
A2lA5X25 
A2/A4X25 
A3iA5X3 1 
A3lASX3 1 
BUBlX25 
BUBZX25 
BUB2X23 
BUB2X23 
BUB2X23 
BUB2X23 
BUB2X23 
B2/B2X24 
B21B4X24 
BUB4X2 1 
BUB5X24 
E8/E5X86 
EUESX86 
36/B2X63 
B6/Bl X66 
B61Bl X66 
B61B2X64 
A6/ASX63 
A6fASX63 
A6fA4X66 

1,000 DIESEL FUEL 
10,000 HO 
10,000 HO 
10,000 HO 
10,000 GAS 

? HOIKZFO 
? HOWFO 
1 HO/#2FO 
7 HO/K!FO 

5,000 GAS 
5,000 GAS 
4, Ooo GASlLEADlEMP 

500 HO/#ZFO 
500 GASIEMP 
750 HOI#2FO 
550 uo 
550 uo 
500 #2FO 
500 HOI#2FO 
600 UOlEMP 
550 uo 

6,UOO GAS 
4,000 GAS 
6,000 GAS 

550 HO/#2FO 
550 uo 
550 uo 

1,000 DIESEL FUEL 
7 DIESELFUEL 

7,500 HO/#2FO 
12, ooo UOIJP-5 
2,000 HOIK2FO 

600 HO/#QFO 
1,000 HO/#2FO 
I ,000 2# DIESEL 
1,000 HOlWLFO 
1,000 HO/#2FO 
6,000 HO/#ZFO 
1,000 GAS 
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400 
400 
400 
400 
400 

350 
600 

1450 
2300 

1200 
1200 
I 200 
475 
475 

3000 
2200 
2300 
3700 
3700 
2200 
2500 

130 
130 
130 
130 

1350 
20 
20 

800 
800 
750 

5000 
200 
200 

1900 
2500 
2500 

100 



. 

n 

IT-0060 
TT’-2453-l 
1T-2453-2 
m-2453-3 
TT-2453-4 
73-2453-5 
m-2453-6 
TT-2455 
‘I-T-2457 
l-r-2459 
‘IT-246 1 
l-T-2463 
IT-2465-1 
T-f-2465-2 
‘IT-2467 
l-T-2469 
l-T-247 1 
V-2473 
-IT-2475 
m-2477 
l-T-2478- 1 
V-2478-2 
n-2478-3 
-IT-2478 4 
0061 
TC-0773 
M-0625-4 
M-0231 
M-01 78-2 
1700 
H-0028 
0712 

A6lA4X66 
B6/BlX64 
B6/BlX64 
B6/Bl X64 
B6/BlX64 
B6/BlX64 
B6/B 1 X64 
B6/BlX64 
B6/BlX64 
36/BlX64 
B6/BIX64 
B6/Bl X64 
B6/BlX64 
B6/BlX64 
B6/BlX64 
B6/BlX64 
B6/BiX64 
B6/BlX64 
36IBlX64 
B6/BlX64 
36/Bl X64 
B61BlX64 
B61BlX64 
B6/BlX64 
F81F3X8 1 
BUBlX25 
A5lASX22 
341B4X44 
34/Bl X45 
R3IF4X82 
F6/Fl X66 
C8fCBX82 

10,000 HO UNKNOWN 

0 NA 1 loo 
0 NA 1100 
0 NA 1100 
0 NA 1100 

7 uo 1100 

7 HO/#2FO 1100 

1,000 HO/&‘FO 1100 

1,000 HO/#2FO 1100 

300 HO/#2FO 1100 

300 HO/#2FO x100 

300 HO/#2FO 1100 

300 HO/#ZFO 9100 

300 HO/#2FO 1100 

300 HO/#ZFO 1100 

300 HO/#‘2FO 1100 

300 HO/#2FO 1100 

300 HO/#2FO 1100 

500 HO/#2FO 1100 

7 HO/#ZFO 1100 

10,000 GAS 1100 

10,000 GAS 1100 

10,000 GAS 1100 

1,000 DIESEL FUEL 1100 

? HO UNKNOWN 

500 UOlEMP UNKNOWN 

500 uo UNKNOWN 

500 PROPANE IJNKNOWN 

1,000 PROPANE UNKNOWN 
500 uo UNKNOWN 

? UNKNOWNIOlL UNKNOWN 
550 HO/UNK UNKNOWN 

___--_-~--------_- -_-_-------- ____-__--_ ---_-__---~--~---~- -__--_--- 

Marim Corps Ai; Station 
~-----_-_-------_- ------e--w ---------- _____-_------------- w---e------ 

AS-OlO!Z;SAS-157 B2/B5X25 ? uo 500 
AS-01 10 32/B4X25 2,000 #2FO 200 
AS-01 14 B2/BSX25 550 uo 250 
AS-01 18 BUB5X25 I ,000 UO (-WASTE OIL) 
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AS-01 22 
AS-O 136 
AS-01 37 
AS-01 38 
AS-01 40 
AS-0141 
AS-01 42 
AS-01 50 
AS-0151 
AS-0154 
AS-0410-l 
AS-04 I O-2 
AS-0410-3 
AS-04 1 O-4 
AS-04 1 O-5 
AS-04 1 O-6 
AS-04 1 O-7 
AS-0427 
AS-0507 
AS-0508-1 
AS-0508-2 
AS-051 l-l 
AS-05 11-2 
AS-05 11-3 
AS-05 11-4 
AS-0522 
AS-0526 
AS-0527- 1 
AS-0527-2 
AS-0546 
AS- 0547 
AS-0548 
AS-0549 
AS-0629 
AS-0705 
AS-0804 
AS-0820 
AS-0822 
AS-0843-1 

B2/BSX26 
C2/C 1 X25 
C2/ClX24 
C2/ClX24 
C2/Cl X25 
C2/Cl X25 
C2KlX25 
CZClX25 
CuCl X25 
C21Cl Xi5 
CUCl X26 
C2/C 1 X26 
C2/C 1 X26 
C2iC1 X26 
C21C1 X26 
C2lClX26 
C2/C 1 X26 
C3/C2X32 
C3K4X3 1 
cwC4X3l 
C3K4X3 1 
c3/c4x31 
C3K4X3 1 
c3x4x3 1 
c31c4x3 1 
CUC5X26 
C2/C4X26 
CUC4X26 
CUC4X26 
c3/c4x3 1 
c3/c4x3 1 
c3/ax3 1 
C31c4x3 1 
B3133X32 
331B5X36 
C3f c3x34 
c3rc4x34 
c3/c4x34 
c31c4x34 

__ _____---_-_____----- --------VW- 

? HO/#‘ZFO 550 
100,000 JP-5 1175 
50,000 JP-5 x175 
50,000 JP-5 1300 
10,000 NA 1300 
10,000 UKN0WNfEMYI-Y 1200 
10,000 GAS 950 

105,000 JP-5 1100 
50,000 JP-5 1100 

120,000 JP-5 1100 
4,000 GAS (UNLEADED) 350 
4,000 GAS 350 
4,000 GAS 350 
4;OOO GAS 350 
4,000 GAS 350 
4,000 GAS/EMPTY 350 

200 uo 350 
280 DIESEL FUEL 2000 

20,000 JP-5 2970 
20,000 JP-5 2970 

750 JP-5/WAT 3000 
20.000 JP-5 3600 
20,000 JP/5 3600 

1,000 WASTE WATER & JP/5 3600 
1,000 WASTE WATER & JP15 3600 

300 uo 2700 
20,000 NA UNKNOWN 
20,000 NA UNKNOWN 

1,000 NA UNKNOWN 
590 uo 3600 
590 uo 3600 
590 uo 3600 
590 uo . 3600 
500 DIESEL FUEL 3000 

10,000 HOlK2FO UNKNOWN 
1,000 DIESEL FUEL 6400 

560 HOI#2FO 6000 
270 DIESEL FUEL 6000 
270 HO/#2FO 
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QQQQQQ2 
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AS-0843-2 
AS-0849 +. 

‘i AS-28 00 
AS-2804 

$, AS-3000 
AS-3502 
AS-3504 
AS-3505- 1 
AS-3505-2 
AS-35 11 
AS-351 2 
AS-3525 
AS-3620 
AS-4135-l 
AS-4135-2 
AS-4 135-3 
AS-4 146- 1 
AS-4 146-2 
AS-4 146-3 
AS-4151-l 
AS-4151-2 
AS-4158-1 
AS-4 158-2 
AS-4 158-3 
AS-4159- 1 
AS-41 59-2 
AS-4165-l 
AS-4165-2 
AS-4165-3 
AS-OS 1.5 

c3/c4x34 
C3f C5X36 

B3fB4X35 
D3fD4X35 
D3fDiX32 
D3fD2X32 
1)3/1)2X32 
D3/D2X32 
D3/D2X32 
D3/D2X32 
D3fD2X32 
D3fD2X32 
D2fDlX25 
CUC4X24 
CUC4X24 
C2fC4X24 
CUC2X25 
C2fC2X25 
CUC2X25 
C2fC2X25 
C2fC2X25 
C2JC4X23 
c2f c4x23 

CUC4X23 
CZCSX23 
C2fC5X23 
C2fC4X23 
C2fC4X23 
afc4x23 
C2fC2X26 

------_--- -------------_------ -----______ 

500 DIESEL FUEL 6100 

7 HOf#2FO 7700 

550 HOf#2FO 7400 

1,000 GAS 7400 

500 DIESEL FUEL 4200 

550 HOf#2FO 5100 

2,000 HOf#2FO 5100 
2,500 GAS 5100 
2,500 DIESEL FUEL 5100 
2,500 UNKfGASfJP-5 UNKNOWN 
2.500 UNKfDFfJP-5 UNKNOWN 

550 HO/ #2FO 4700 
1,000 DIESEL FUEL 1500 
1,000 DIESEL FUEL 500 
1,000 GAS 500 

550 uo 500 
5,000 DIESEL FUEL 1500 
5,000 GAS 1500 

550 uo 1500 

1,000 uo 750 
1,000 DIESEL FUEL 750 
1,000 UO 1600 

550 uo 400 
550 uo 400 

1,000 uo 1000 
550 uo 1000 

3,000 DiESEL FUEL 1350 
3,000 DIESEL FUEL 1350 
3,000 GAS 1350 

240 UOf SOLVENT UNKNOWN 

D-13 


