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UNITED STATES MARINE CORPS
Marine Corps Base
Camp Lejeune, North Carolina 28542

FAC/PEA/el
. $280/2

LR VR

Trom: Commanding Ceneral

O Cermancder, Atlantic Divisicn, Naval Facilities Ingineering
Ccmmand, Nerfolk, Virginia 23511 (Attnm: Code 11l4)

Subj: X.A.C.I.P. Confirmaticn Study; construction cf monitoriﬁg
wells for -

Def: (a) CC, MCEB ltr FAC/FEA/6220 dtd 3 Jen 1984
Enecl: (1) Tir., NM.C. Divisicn .of ‘Tnvircnmental lManagement ltr T
(undated) w/enclosed ¥Well Reccrd Forms

1. Per the request at the reference, the enclosure is ferwarded
indicating state apprcval for censtructicn of the monitering wells.
In zcecordeznce with the enclosure, this cormand requests thet
LAMTDIV include prcvisicns in the confirmation study contract
specifically for the follcocwing: ; :

a. Ccmpliance with paragrarhs 1 - 4 of the enclecsure for well
censtruction. :

b. Euvbrission of well corpleticn records per peragrapt 5 te
‘arire Ccrps TFase.

c. Yetificaticen of botk liorine Cerps Tase znd thke Vilnin~ten
Tercionzl Cffice prieor tec censtructicn.

d. Abandenrent of wells per steate regulzticns (15 NCAC 2C)
anc¢ subnissicn of the report to Yerine Ccxrps Ease.

g%

)

. Peoint cf contact feor this metter is Yr: Alexender, (AY) 4°24-30C3L,

AR NS %0 r % 8 0e. 4

AR

Dy directicn

Blind copy to: '(w/encl)
PO

BMO

NREAD

Env Engr

iy






DIVISION OF
ENVIRONMENTAL

North Carolina Department of Nafural ™ ataceuens
Resources &Community Development ™" o

Foa i i I B 5 = = LA 1 o
James B. Hunt, Jr., Governor Joseph W Grimsiey, Secretary Teleohone 919 723-7015

Colonel M. G. Lilley
"~ U. S. Marine Corps
Assistant Chief of Staff, Facilities
Marine Corps Base
Camp Lejeune, North Carolina 28542

Subject: Issuance of Variance to
Well Construction Standards
Camp Lejeune
Onslow County

Dear Colonel Lilley:

The United States Marine Corps is hereby granted permission to construct
fifty-five (55) wells in variance to 15 NCAC 2C .0108(b)(2). The wells will
be used to monitor groundwater quality at several sites located on the Camp
Lejeune Marine Corps Base.

The variance is granted uﬁder the following conditions: .

1. The wells must be located and constructed as shown in the diagrams
submitted as part of the variance request.

2. The casing shall be installed in such a way as to insure the
proper distribution of grout, bentonite, and gravel.

3. A1l identification and well head completion shall comply with
the well construction standards.

4, Each well shall have a 1ocking'cap and a highly-visible sign
stating that the well is for monitoring purposes only, and not
for a potable water supply. ;

(8]

A completed Gk-1 ("Well Record" forms enclosed as requested) and
a copy of the variance approval shall be submitted for each well
constructed. A diagram may be submitted for much of the
information on the GW-1 if attached to a GHW-1.

6. When a monitor well is no longer useful for its intended purpose
or its use is discontinued, it should be properly abandoned and
an abandonment report filed.

7. The Wilmington Regional Office shall be notified prior to the b
construction of the wells.

. y
'

POLLUTION PREVENTION PAYS






Colonel M. G. Lilley
Page 2’

The variance granted in this letter under the stated conditions does
not exempt any other provisions in 15 NCAC 2C.

If you have questions or need further assistance, please contact Rick
Shiver at telephone number (919) 256-4161.

Sincerely, 3

ot ol

42~ Robert F. Helms
Director

RFH/MM/s T

cc: Perry Nelson
Central Files
Wilmington Regional Office






NORTH CAROLINA DEPARTMENT OF NATURAL RESOURCES & COMMUNITY DEVELOPMENT

« WELL RECORD DIVISION OF ENVIRONMENTAL MANAGEMENT
P. O. Box 27687 — RALEIGH, N.C. 27611 919-733-2020
DRILLING CONTRACTOR REG. NO. WELL CONSTRUCTION PERMIT NO.

1. WELL LOCATION: (Show sketch of the location below)

Nearest Town: County:

Quadrangle No.

(Road,Community or Subdivision and Lot No.)

2. OWNER: DRILLING LOG

3. ADDRESS: DEPTH

FRO! TO FORMATION DESCRIPTION

4. TOPOGRAPHY: draw,valley,slope,hilltop,flat(circle one)

5. USE OF WELL: DATE:

6. DOES THIS WELL REPLACE AN EXISTING WELL? -

7. TOTAL DEPTH: RIG TYPE OR METHOD:

8. FORMATION SAMPLES COLLECTED: YES NO
9. CASING: Depth Inside Wall thick. type
Dia. or weight/ft.
From to ft
. 10. GROUT: Depth Material Method
From to ft
If additional space is needed, use back Oof form
11. SCREEN: Depth Dia. Type & Opening
From to L § LOCATION SKETCH
(Show distance to numbered roads, or other map reference points)
12. GRAVEL: Depth Size Material
From to ft

13. WATER ZONES (depth) :

above

14. STATIC WATER LEVEL:_ ___ ft., ., ~top of casing
Casing is_____ ft. above land surface ELEV:
15. YIELD(gpm): METHOD OF TESTING:
16. PUMPING WATER LEVEL: ft. *
" after hours at gpn.
17. CHLORINATION: Type - Amount
18. WATER QUALITY: TEMPERATURE (°F)

19. PERMANENT PUMP: Date Installed

Type Capacity (gpm) HP

Make Intake Depth

Airline Depth

20. HAS THE OWNER BEEN PROVIDED A COPY OF THIS RECORD AND INFORMED OF THE DEPARTMENTS REQUIREMENTS AND
RECOMMENDATIONS?

21. REMARKS

I do hereby certify that this well was constructed in accordance with N.C. Well Construction
Regulations and Standards and that this well record is true and exact.

IGNATURE OF CONTRACTOR AGENT
GW-1 Revised 10/1/80 Submit original to Division of Environmental Management and copy to well owner






gy /,,_ g FAC/REA/hf
y 6230

‘N.C. Division of Environmental Management
Groundwater Section :

Attn: -Mr—Arthur—Mouberry- Ay . § (orra #lic Clevn
P. O. Box 27687

Raleigh, NC 27611

Re: Request for Apptpval
Groundwater Monitoring Wells -
Camp Lejeune, NC

Dear Mr. Mouberry:

This letter follows the telephone discussicn between you and Mr.
Alexander of this office on 21 Dacember 1983, The purpose of
this latter is to request approval of construction of "roundw~ter
monitoring wells. These wells are described as follows

Number: 55 :

Location: See attached maps of enclosures (1) and (2)
Cavth: 25 £t

Diameter: 2 inches

Aaterials: See construction diagram of =2nclosure (3)

Ths Progoesad walls arz being installad as sart-of tha Marifte
Corns 3ase study of potsntial contamination £rom »ast nazardous
mat=2rials operations. An Initial Assz2ssment Study has bezn
devalopned under the Navy Assessment and Control of Installation
Pcllutants (NACIP) Program. The initial screening, which has
been conmpleted for 75 potential sites, concludes that nonz2 of the
76 sit2es »os2 an immadiate thra2at to human haalth or s 7
sanvironment. A copy of this rewvort iz being orovided to the
Division of Environmental Management under a separatz latter.






FAC/REA/hf
6280

We request that copies of forms for well completion records be
provided along with your response to this proposal. For further
information regarding this matter, please contact Mr. Bob
Alexander, MCB Environmental Engineer at 919-451-3034 or at the
above address.

Sincerely,

M. G. LILLEY
Colonel, U.S. Marine Corps
Assistant Chief of Staff, Facilities
By direction of the Commanding General

Encl:(l) Fig 2-1, Site Locations at MCB, Camp Lejeune
' (2) Camp Lejeune Special Map, Scale 1:50,000
(3) Appendix A - Monitoring Well Construction & Diagram

Copy to: (w/o encl (2))
CiiC (Ccde LFF=-2)
LANTNAVFACENGCOM (Code 114)

Blind Cony to: (w/o encl (2))
NREAD

(\N)







FAC/REA/hf -

6280
3 JAN 1584

N.C. Division of Environmental Management
Groundwater Section

Attn: Mr. Arthur Mouberry

P. O. Box 27687

Raleigh, NC 27611

Re: Request for Approval
Groundwater Monitoring Wells
Camp Lejeune, NC

Dear Mr. Mouberry:

This letter follows the telephone discussion between you and Mr.
Alexander of this office on 21 December 1983. The purpose of
this letter is to-request approval of construction of groundwater
monitoring wells. These wells are described as follows:

Number: 55 '

Location: See attached maps of enclosures (1) and (2)
Depth: 25 ft ¢

Diameter: 2 inches @ ' .

Materials: See construction diagram of enclosure (3)

The proposed wells are being installed as part of the Marine
Corps Base study~of potential contamination from past hazardous
materials operations. An Initial Assessment Study has been
developed under the Navy Assessment and Control of Installation
Pollutants (NACIP) Program. The initial screening, which has
been completaed foxr, 76 potential sites, concludes that none of the
76 sites pose an immediate threat to human health or the
environment. A ceopy of this report is being provided to the
Division of Enviroamental Management under a separate letter.

-
-






i , . FAC/REA/hf
» s - 6280

He request that copies of forms for well completion records be
provided along with your response to this proposal. For further
information regarding this matter, please contact Mr. Bob

Alexander, MCB Environmental Engineer at 912-451-3034 or at the
above address.

Sincerely,

M. G. LILLEY
Colonel, U.S. Marine Corps
\ Assistant Chief of Staff, Pacilities
By direction of the Commanding General

Encl: (1) Fig 2-1, Site Locations at hCB, Camp Lejeune
(2) Camp Lejeune Special Map, Scale 1:50,000 )
(3) Appendix A - Monitoring Well Construction & Diagram

Copy to: (w/oc encl (2))
CMC (Code. LFP-2)
LANTNAVFACENGCOM (Code 114)

. Blind Copy to: (w/o encl (2))
NREAD
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DEPARTMENT OF THE NAVY : I

X
ATLANTIC DIVISION CO""
NAVAL FACILITIES ENGINEERING COMMAND (804) 444-9566 *0
NORFOLK, VIRGINIA 23511 IN REPLY REFER TO.
: ‘ 114:JGW:pkk {DthffD
6280

Q. g aaeR NﬁEA’d
Environmental Science and Engineering, Inc. 5’” )
Post Office Box ESE . /;27

Gainesville, Florida 32602

Re: Contract N62470-83-B-$106, Confirmation Study, Marine Corps
Base, Camp Lejeune, North Carolina

Gentlemen;

The enclosed letter from the Commanding General Marine Corps Base, Camp
Lejeune (MCB CAMP LEJEUNE) documents the State's variance approval for
‘construction of monitoring wells for the subject contract. Additionally, it
notes certain conditions of the variance approval.

You are directed to comply with the enclosure. Because you are subcontracting
the drilling work with a North Carolina firm familiar with the State's
requirements, it is not anticipated that this will impact on subject
contract. . Relative to notifying the State prior to initiation of
construction, ESE will notify MCB CAMP LEJEUNE (Mr. Alexander)-who will, in
turn, initiate contact with the State.

If there are any questions, ﬁlease contact our engineer in tharge,
Mr. J. G. Wallmeyer at (804) 444-9566.

-

Sincerely yours,

J. R. BAILEY, P.E.

Head, Environmental Quality Branch

Utilities; Energy and Environmental
Division

By direction of the Commander

" Enclosure : i
YeapY 8 - ¢
Commanding General <=

Marine Corps Base
Camp Lejeune, NC 28533 |
ATTN: ACS-F - . —

Commandant of the Marine Corps :
Headquarters, U.S. Marine Corps ’
Washington, DC 20380

ATTN: Code LFF-2

i\ be “otce” an This

werk .






UNITED STATES MARINE CORPS
Marine Corps Base
Camp Lejeune, North Carolina 28542 In REPLY mEFER TO

FAC/REA/el
6280/2

1V et sl

From: Commanding General
To: . Commander, Atiantic Division, Naval Facilities Engineering
‘ Command, Norfolk, Virginia 23511 (Attn: Code 114)

- Subj:‘ N.A.C.I.P. Confirmation Study; construction of monitoring
wells for i
: \
Ref: (a) CG, MCB ltr FAC/REA/6280 dtd 3 Jan 1984

Encls: X)) Birii B.C. Division of Environmental Management R
: (undated) w/enclosed Well Record Forms

1. Per the request at the reference, the enclosure is forwarded
‘indicating state approval for construction of the monitoring wells.
In accordance with the enclosure, this command requests that
LANTDIV include provisions in the confirmation study contract
specifically for the following:

a. Compliance with paragraphs 1 - 4 of the enclosure for well
construction. - : 3

b. Submission of well completion records per paragraph 5 to
Marine Corps Base.

c. Notification of both Marine Corps Base and the Wilmington
Regional Office prior to construction.

d. _Abandonment of wells per state regulations (15 NCAC 2C)
and submission of the report to Marine Corps Base.

2._ Point of contact for this matter is Mr, Alexander, (AV) 484-3034.

M. G. LILLEY
By direction

Copy to:. (w/encl)
CMC (LFF-2)






Colonel M. G. Lilley . ®
U. S. Marine Corps '

Assistant Chief of Staff, Facilities
Marine Corps Base

Camp Lejeune, North Carolina 28542

Subject: Issuance of Variance to
Well Construction Standards
Camp Lejeune
Onslow County

Dear Colonel Lilley:

The United States Marine Corps is hereby granted permission to construct
fifty-five (55) wells in variance to 15 NCAC 2C .0108(b)(2). The wells will
be used to monitor groundwater quality at several sites located on the Camp
Lejeune Marine Corps Base.

The variance is granted under the }0110Qing conditions:

s

w

The wells must be located and constructed as shown in the diagrams
submitted as part of the variance request. A

The casing shall be installed in such a way as to insure the
proper distribution of grout, bentonite, and gravel.

A11‘identif1cation and well head completion shall comply with
the well construction standards.

Each well shall have a locking cap-and a highly visible sign
stating that the well is for monitoring purposes only, and not
for a potable water supply-.

A completed GH-1 ("Well Record" forms enclosed as reguested) and
a copy of the variance approval shall be submitted for each well
constructed. - A diagram may be submitted for much of the
information on the GW-1 if attached to a GW-1.

Wwhen a monitor well is no longer useful for its intended phrpose
or its use is discontinued, it should be properly abandoned and
an abandonment report filed. "

The Wilmington Regional Office shall be notitied prior to the
construction of the wells.

DIVISION OF
ENVIRONMENTAL

North Carolina Department of Natural ™ wasssavent
Resources &Community Development ™" s

Director

J&mes B KHunt, Jr . Governor josecr W, Grimsiey, Secretery Teleorone €18 733-7C15






.Colonel M. G. Lilley
Page 2

The variance granted in this letter under the stated conditions does
not exempt any other provisions in 15 NCAC 2C.

If you have questions or need further assistance, please contact Rick
“Shiver at. telephone number (919) 256-4ﬂ61.

S1ncere1y,

4~ Robert F. Helms
Director

RFH/MM/sf
cc: Perry Nelson

Central Files
Wilmington Regional Office






NORTH CAROLINA DEPARTMENT OF N;ATURAL RESOURCES & COMMUNITY DEVELOPMENT

WELL RECORD

DRILLING CONTRACTOR

DIVISION OF ENVIRONMENTAL MANAGEMENT
P. O. Box 27687 — RALEIGH, N.C. 27611 919-733-2020
WELL CONSTRUCTION PERMIT NO.

REG.

NO.

—

1. WELL LOCATION: .(Show sketch of the location below)

10.

11.

12,

13.

14.

15.

16..

17.
18.
19.

20.

2.

Neares

t Town:

County:

Quadrangle No.

(Road,Community or Subdivision ané Lot No.)

OWNER:

ADDRESS:

DEPTE

TOPOGRAPHY : draw,valley,slopé,hilltop,flat(circle one)

USE OF WELL:

DATE:

DRILLING LOG

FRO TO FORMATION DESCRIPTION

DOES THIS WELL REPLACE AN EXISTING WELL? =

TOTAL DEPTH:

RIG TYP

FORMATION SAMPLES COLLECTED:

« -

E OR METHOD:

YES NO

CASING: Depth Inside Wall thick. type’
: Dia. or weight/ft.
From to It '
GROUT: Depth Material Method
From to £t
If acdditional space 1s neegec, use back oI IoIm
SCREEN: Depth Dia. Type & Opening
From to ft LOCATION SKETCE
(Show distance to numbered roads, or other map reference points)

GRAVEL: Depﬁh Size Material
From to £t :
WATER 2ONES (depth) :

- Sl above :
STATIC WATFA-LEVEL- ft.belowtop of casing

Casing is

ft.

YIELD (gpm) :

above land surface ELEV:

METHOD OF TESTING:

PUMPING WATER LEVEL-:® L

after hours at opn.
CHLORINATION: Type Amount

WATER QUALITY: TEMPERATURE (°F)__
PERMANENT PUMP: Date Installed

Type Capacity_ ; (me)HP

Make Intake Depth

Airline Depth

HAS THE OWNER BEEN PROVIDED A COPY OF THIS RECORD AND INFORMED OF THE DEPARTMENTS REQUIREMENTS AND
RECOMMENDATIONS?

REMARKS

I do hereby certify that this well was constructed in accordance with N.C. wWell Construction
Regulations and Standards and that this well recordé is-true and exact.

CIGRAGLRE OF CONTRACTOR CF AGENT DALL
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61 465 (Rev. B-81) DEPARTMENT OF THE NAVY

\ Memorandum
FAC :

ocT 0 8 1987

Environmental Engineer

Assistant Chief of Staff, Facilities, Marine Corps Base, Camp
Lejeune

TRIP REPORT MEETING WITH LANTDIV AND ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC. REGARDING INSTALLATION RESTORATION
PROGRAM 16 SEPTEMBER 1987

1. From LANTDIV, Code 114: Mr. Rakowski, Mrs. Barnette, Mr.
Wallmeyer.
From ESE: Mr. Gregory, Mr. Geden, Mr. Farrell.
From MCB: Mr. Alexander.

2. The Purpose of the Meeting: To review the Installation
Restoration Program status, specifically to review the
proposed remedial actions for the Hadnot Point groundwater
problems and to examine data collected to date on the
remaining 22 contaminated sites aboard Camp Lejeune.

3. A summary of the Hadnot Point groundwater problem
follows:

a. In the shallow aquifer 15 volatile organic compounds
(VOC) have been identified; the four most serious compounds
violate recommended State and EPA standards.

b. Two large plumes have been identified in the shallow
aquifer. One includes a portion of the industrial area
between Building 1700 and the Burger King extending from
Holcomb Boulevard to Louis Street. The second includes the
area from the fuel farm on Ash Street northeastward to Sneads
Ferry Road and from Holcomb Boulevard to Louis Street on the
Southeast.

c. One of the most significant issues currently being
addressed is the issue of "how clean is clean". Neither
State nor EPA standards are clearly defined although North
Carolina has provided their Maximum Contaminant Limits for
seven of the problem pollutants. (Note: State of North
Carolina is proposing revised standards. We should get these
and comment as needed.)

‘ d. Recent deep well monitoring has identified an addi-
tional contaminant, methol ethyl ketone (MEK), in the deep
aquifer. This new data will compound the problem of identi-
fying groundwater treatment options for the deep aquifer
because MEK is not treated with the same methods as the
other pollutants identified to date. -

¥ U.S. GOVERNMENT PRINTING OFFICE: 1983-605-010:8484






TRIP REPORT MEETING WITH LANTDIV AND ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC., REGARDING INSTALLATION RESTORATION

PROGRAM 16 SEPTEMBER 1987

e. ESE described a tentative list of short and long term
remedial options to be presented in a report in a comparison
of effectiveness and total cost.

f. Groundwater treatment options currently being
examined will cause additional environmental emissions
through one or all of the following media:

--Sewage treatment plant
--Air emissions
--Packaged VOC for hazardous waste disposal off base

g. We recommend pulling the pumps and equipment at the
eight contaminated water supply wells in the Hadnot Point
area, leaving them available for sampling only. -

4. An estimated schedule of events for the Hadnot Point
groundwater problem includes:

a. ESE will send a draft Remedial Investigation/
Feasibility Study Report to LANTDIV and Camp Lejeune in early
October (RI/FS).

b. We will review the report ASAP and return to ESE for
a final draft.

c. Upon revision, we will send the report to the State
and EPA (estimated in mid November) for their review over a
30 day period. Some time within that 30 day period a
briefing will be held here at Camp Lejeune with the State and
EPA officials. .

5. Regarding the other 22 IRP sites.

a. We recommend discontinuing work at nine sites due to
the lack of documented contamination of any significance.

b. We recommend doing a Risk Analysis at six sites to
determine if additional contamlnants exist and/or are causing
environmental problems.

'c. We recommend continued monitoring and development of
clean up options at seven sites and development of.a change

‘order for the ESE contract to produce a report regarding the

findings at these sites. This report should be available at
the end of the second quarter FY-88.






TRIP REPORT MEETING WITH LANTDIV AND ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC., REGARDING INSTALLATION RESTORATION
PROGRAM 16 SEPTEMBER 1987

6. I have discussed these findings with Mr. Hubbel, CMC LFL,
and he feels that MCB and LANTDIV should discuss the release
of some of this information to the public in accordance with
the superfund amendments. We will need to review these
regulatory requirements for public involvement with the JPAO
and develop a cooperative effort in light of these rules and
the possibility that Camp Lejeune sites could be named to the
EPA National Priority List.

EXANDER

Copy to:
JPAO
SJA
NREAD
PWO

BMO






DATE:

. e ™ DEPARTMENT OF THE NAVY
OPNAV 5216/144A (Rev. 8-81)

oAy sz (e Memorandum

\

MAIN

27 July 1987

rrom: Utilities Systems General Foreman

10
Via:

SUBJ:

Director, Utilities Branch
Utilities General Foreman

INFORMATION CONCERNING RAW WATER WELLS; REQUEST FOR -

1. The Navy Assessment and Controls of Installation Pollutants (NACIP) Program
began the sampling of raw water wells aboard Marine Corps Base, Camp Lejeune in
late 1984. Fifteen raw water wells have been discovered to contain Volitial
Organic Contaminates (VOC's) of different levels and different types.

2. The following raw water wells were secured on the dates indicated:

602 - 11-30-84 651 - 2-4-85
601 renumb. 12-6-84 RR-227 renumb.- 2-4-85
608660 " A RR-229

634 - 1%-?4—%4 TT-26 - 2-8-85
637 - 12-14-84 TT-23 - 2-8-85
T1-25 - 1-14-87 652 - 2-8-85
645 - 1-13-87 653 - 2-8-85
AS-106 - 1-13-87 AS-4150 - 2-4-85

3. The approximate cost of a new well is $85,000.00. This equates to $1,275,000.00
of equipment not being utilized with possible down time equaling years in the future.
The following questions are of immediate concern and need to be addressed.

a. Are we going to attempt to treat VOC's either point of use, at well head, or
in plant treatment?

b. Are we going to attempt to clean up VOC's?
c. If clean up is determined, will this re-claim raw water wells in future?

"~ d. If we are not going to re-claim the secured wells, a determination should be
made to re-use well pumps, auxiliary motors and applicable equipment. Would re-
Tocating well pumps transfer VOC's pollution from one well to another? Continued
down time of this equipment will ultimately preclude it from ever re-starting.

e. RR-227 was re-numbered RR-229. During initial sampling, the well contained
tri-chlorethane. This chemical was believed to have been left over by the drilling
process. Subsequently, it was recommended a vigorous flushing program be undertaken
to eliminate the problem. This was accomplished and it was our understanding sub-

Y7UsS. GOVERNMENT PRINTING OFFICE: 1982-505-106:8483






MAIN
27 Jul 87

Subj: INFORMATION CONCERNING RAW WATER WELLS; REQUEST FOR

sequent testing showed no trace of VOC's. Can this well be re-started and
utilized?

f. 645 was discovered to have benezene. Further investigation revealed a leak
in the underground copper tubing feeding gasoline to the auxiliary motor. The line
was replaced. Can this well be re-started?

g. Wells 634 and 637 were sampled 3 times. 2 out of three revealed no VOC's.
Can they be re-started?

h. Well 652 had 9.0 ppb VOC's and well 653 had 5.5 ppb VOC's. Are we going
to use 0.0 ppb as the limit to secure? Is this amount which equals less than 1.0
ppm determined to be too much to run well?

4. We are quickly approaching 3 years since the first of the 15 wells were secured.

From my vantage point, these questions need addressing and should be of command

interest and action.
*ﬁz(}:

B. M. FRAZELLE, II
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DEPARTMENT OF THE NAVY s
ATLANTIC DIVISICN =
NAVAL FACILITIES ENGINEElRlNG COMMAND (804) 444-9566
NORFOLK. VIRGINIA 23511-6287 - IN REPLY REFER TO:
5090
1143CFB

2 7 NAR 1985

Environmental Science and Engineering, Inc.
Attn: Mr. Russ Bowen
Project Manager
P. 0. Box ESE
Gainsville, FL 32602

Re: Contract N62470-83-C-6106, Confirmation Study; Evaluation of
Data From First Round of Verification Sazple Collection and
Analysis, Marine Corps Base, Camp Lejeune

Dear Mr. Bowen:

We would like to make the following comments on your interim report. Please
incorporate these into your round two sampling report or the Verification Step ol
final report, as appropriate. Our recommendations for round two sampling are
described in the draft memorandum which 'is enclosed for your review and

‘comment. The laboratory analysis completed to date on Camp Le jeune potable

wells and water treatment plants is also enclosed for vour use.

General Comments

a. Please use both sides of the page when copying your reports.
b. Please include site maps with well and sample lccatioms.

c. For data evaluation, we would like you to use EZA Health Advisories
and North Carolina groundwater and surface water quality standards/criteria.
(if they exist), in addition to the EPA Water Quality Criteria. Please
discuss the advantages and disadvantages of each of these guidelines as
compared to the Health Risk criteria.

d. Please use the 1070 Health Risk Criteria for cozparison if your
detection limits are that low; if not, use the 10~ values. (We are asking
for guidance from higher authorities on which level to use for Verification
Step purposes, so this policy may change).

e. Try to improve the readability. of your computer-generated tables. We
would like to see, in tabular form: the sample number, parameter, result of
analysis, criteria exceeded, and criteria value to make comparison easier.

f. Ve are adopting a standardized labeling system for wells and other
sampling locations at all Confirmation Study sites. -Please change your -
numbering system for potable wells sampled to PW from GW. Also, include a
cross-reference between sample numbers and building numbers of potable wells.

g. Measure groundwater level elevations to 0.0l foot accuracy.

?}







5090
1143CFB

Specific Comments

a. Cover Sheet. Prepared for: Atlantic Division, Naval Facilities
Engineering Command, Norfolk, Virginia 23511-6287.

b. Page 2-1. Discuss EPA Health Advisories and state water quality
criteria/standards.

c. Page 2-3. "Information concerning expected rate and direction... 1s
based on a relative analysis...”

d. Page 2-29. Soil sampling numbering systea is confusing. Why are
there two samples with the same sample numbers? Vhich samples were the
composites from 0-1 feet and which from 1-2 feet depths? Vhich samples came
from the same boring?

e. DPage 2-34. Migration Potential. "All amalytical parameters for well
22GW2 (not 22GW3) were below detection Timite.o:”

P

£. Page 2-39. Objectives. "1. Locate source of TCE ... detected in /%~sz
deep water supply Wells Nos. 601, 602, 603 (not 604), 608 (not 609), 634, 637, ;
and 642."

g. Page 2-43.- The IAS alluded to TCE use in three buildings in the
Hadnot Point industrial area: 901, 909, and 1601. - "Approzimately 440 galloms
of TCE were contained in a tank” (IAS, page 6-16). The IAS did not specify if
the tank was underground or aboveground. # _
' 8 . 6oL :
h. Page 2-43. "Samples of/groundwater should be collected from ... deep
water supply wells Nos. 601, , 608 (not 609), 634, 637, 642, and Bldg. 20
Hadnot Point Water Plant (untreated influent)...” You should also include
shallow wells at 634, 637, and 642 in the sampling/analysis program. (See 4}
attached draft memo).

i. Page 2-43. Your characterization step work should also address
overlapping cones of depression. (See attached draft memo).

j. Page 2-44, Data Evaluation. Levels of IAs exceeded the 1073 risk
level in Wells 24GW4, 24GW3, 24GW5, and 24GW2. We suggest you use the

drinking water standard of 50 ug/l, since your detection limits are higher
than the 10~5 health risk level of .02 ug/l.

k. Page 2-49. Methylene chloride in Well 24GW2 exceeded the 1073, not
10~7, risk level. : ‘

1. -Page 2-50. Migration Potential. We disagreé with the statement that
no water supply wells which could affect groundwater flow rate and direction
are located close to Site 24. Well 608 is within a few blocks of this site.

ety
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. . Page 2-59.
(1) Since the surface water data was significantly different from the
groundwater data at Site 28, please discuss the impact of these
findings in greater detail.

(2) TCE was detected in the groundwater - Well 28GWl at 15 ug/l.
n. Page 2-70. Data Evaluation. "The presence of contamination at Well

36GW4... may indicate that the disposal area at Site 36 extends farther to the
west than originally estimated.”

o. Page 2-71. Vhy are there two sets of results for each sample number?

p. Page 2-80. DCFM exceeded the 10~2 risk level at Well 41GW2, not
41GU1.

q. Page 2-83. Vhy are there two sets of results for each sanmple number?

r. Page 2-89. Uhat do these levels of Hg in the scil/sediment mean?
Should we go on to the characterization step at this site? Should we sample
fish tissue, or what?

s. Page 2-109. Migration Potential. Based on your groundwater elevation
‘data, groundwater appears to flow to the northwest, not the east and southezst
as stated. Can you explain this?

t. Page 2-122. Data Evaluation. Why was the analytical method proposed
for chloropicrin unsuccessful? Is there another method we can use or a
similar parameter we can test for?

u. Page A-l.

(1) Include common names for trichlorofluoromethane and
dichlorodifluoromethane, which are Freon 11 and 12, respectively.

(2) The acronym for Marine Corps Air Station, New River should be
MCAS (H).

v. Page A-2.

(1) Ve Zﬂgﬁst you use 12DCE in lieu of 12DCLEE. ‘S,.M"}' /)Z*
2 n
Q‘;f@ﬁ

(2) SNAPLs are now called EPA Health Advisories. —~

vw. Page B-1. Why is there no relative elevation given for some wells?
Again, water level should be measured to the nearest 0.0l foot.
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If you shauld have any questions, please call Cherryl Barmett at (804)
444-9566.

Marine Corps Base, Camp Lejeune is requested to review the enclosure and
provide comments on the proposed round two effort by 19 April 1985.

Sincerely yours,

SR Ao L2,

J. R. BAILEY,P.E.

Head, Environmental Quality Branch

Utilities, Energy and Environmental
Division :

By direction of the Commander

Enclosure

e

Copy to: ;é%__‘,_,ﬁz;;

Commanding General ~
Marine Corps Base
Camp Lejeune, NC 28542






DEPARTMENT OF THE NAVY e

ATLANTIC DIVISION

NAVAL FACILITIES ENGINEERING COMMAND (804) 444-9566
NORFOLK. VIRGINIA 23511-6287 - IN REPLY REFER TO:
6280
1143CFB

MEMORANDUM FOR CODE 09A21

Subj: CONTRACT N62470-83-C-6106, NACIP PROGRAM, CONFIRMATION STUDY, MCB,
CAMP LEJEUNE

1. Second round sampling and testing under subject contract is required. In
addition, based on results from round one, a characterization effort is needed
for sites in the Hadnot Point Industrial area. Request you solicit from ESE
Incorporated, a proposal for a change order, to accomplish the following:

a. Site 1, French Creek Liquids Disposal Area: Sample and test surface
water and sediments in two locations on Cogdels Creek; sample and test the six
shallow wells. Add o,m,p—xylene, MEK, MIBK, EDB, and hexzavalent Cr to the
analytical parameters for round one.

b. Site 2, Former Nursery/Day Care Center: Sample and test Well 2GWl.
Sample soil at four locations in the vicinity of sample 2S4; sample surface
water and sediment from the drainage ditch in two locations; install four
shallow two-inch wells in locations directed by the EIC. Sample new wells
twice at an interval of 60 days. Analyze each sample for OCP, OCH, dioxin, °
. and VOA. : : !

c. Site 6, Storage lots 201 and 203: Install eight shallow two—-inch wells
in locations directed by the EIC. Sample wells twice at a 60-day interval.
Sample surface water and sediment from Bearhead and Wallace Creeks adjacent to
the site. Analyze all samples for DDT-R and VOA.

d. Site 9, Fire Fighting Training Pit: Resample and test the two shallow
wells. Install a third well in a location directed by the EIC and sample
twice at a 60-day interval. Analyze all samples for o,m,p-xylene, MER, MIBK,
EDB and hexavalent Cr in addition to round one parameters.

e. Site 21, Transformer Storage Lot 140: Sample soil at eight locations
arouné perimeter of site, including two samples from drainage ditch. Sample
four depths at each location (0-1', 1-3', 3-5,' and at 5') and analyze for
OCP, OCH, PCB, dioxin. Resample well ‘GW21-1 and analyze for VOA, ocp, OCH,
PCB, dioxin, xylene, MEK, MIBK, EDB, and oil and grease.

f. Site 24, Industrial Area Fly Ash Dump: Install two downgradient wells
in locations directed by the EIC. Sample new wells twice at a 60-day
interval. Sample five shallow wells, existing surface water locations and two
new surface water/sediment locations on tributaries to Cogdels Creek and
analyze all samples for metals A, VOA, and hexavalent Cr.
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g. Site 28, Hadnot Point Burn Dump: Install new upgradient well and
sample twice at a 60 day interval. Sample three existing shallow wells, New
River surface water and sediments in four locations, and one new surface
water/sediment location in Cogdels Creek near new upgradient well. Analyze
all samples for round one parameters, dioxin, o,m,p-xylene, MIBK, MEK, and
hexavalent Cr.

h. Site 30, Combat Town Training Area: Install another well downgradient
and sample twice at a 60-day interval. Sample shallow well, surface
water/sediment in French Creek and analyze all samples for same parameters as
listed for round one plus xylene, MEK, MIBK, and EDB.

i. Site 35, Camp Geiger Area Fuel Farm: Install three shallow two-inch
wells in locations directed by the EIC. Sample twice at a 60-day interval.
Sample surface water and sediments from Brinson Creek in two locations;
analyze all samples for Pb, VOA, EDB, and 0&G.

j. Site 36, Camp Geiger Area Dump: Install new upgradient well; sample
twice at a 60-day interval. Resample four shallow wells; sample surface water
and sediments from Brinson Creek and unnamed creek south of site in two
locations. Analyze all samples for parameters listed in round one,
o,m,p-xylene, MEK, MIBK, EDB, and hexavalent Cr.

k. Site 41, Camp Geiger Dump:- Resample four shallow wells. Add new

- upgradient well and sample twice within 60-day period. Sample surface water
and sediment from Tank Creek in two locations and unnamed creek in two
locations and analyze all samples for parameters listed in round one plus
dioxin o,m,p-xylene, MEK, MIBK, and hexavalent Cr.

1. Site 45, Campbell Street Underground Fuel Storage Area: Install new
well south of fuel farm; sample twice at 60-day interval. Resample three
shallow wells and surface water/sediment from the drainage ditch in two
locations. Analyze water samples for Pb, 0&G, VOA, EDB, and xylene. Sample
soil in six locations along perimeter of fuel farm and avgas storage.
Composite 5' borings into 3 samples, 0-1', 1-3', and 3-5', analyze soil and
sediment samples for Pb, 0&G.

m. Site 54, Crash Crew Fire Training Burn Pit: Install one upgradient and
one downgradient well at site and sample twice at 60-day interval. Resample
Well 54GWl, drainage ditch surface water and sediments in three locations. and
analyze for round one parameters, o,m,p-xylene, MEK, MIBK, EDB, and hexavalent

Czr.

ety
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n. Site 68, Rifle Range Dump: Resample three shallow wells and analyze
for round one constituents plus o,m,p-xylene, MEK, MIBK, and EDB.

o. Site 69, Rifle Range Chemical Dump: Resample eight shallow wells and
three surface water locations. Sample surface water and sediments from two
unnamed guts southeast of site. Analyze all samples for parameters listed in
round one plus dioxin, o,m,p-xylene, MEK, MIBK, and EDB.

p. Site 73, Courthouse Bay Liquid Disposal Area: Relocate Well 73GW4
closer to Courthouse Bay to allow for comstruction activities in that area.
Install new upgradient well and sample twice at a 60-day interval. Resample
four shallow wells and sample Courthouse Bay surface water and sediments in
three locations. Analyze all samples for parameters listed in round one,
o,m,p-xylene, MEK, MIBK, EDB, and hexavalent Cr. .

q. Site 74, Grease Pit and Pest Control Area: Install a third well west
of site; sample twice at a 60-day interval. Resample two shallow wells and
analyze all samples for OCP, OCH, PCBs, dioxin, and VOA.

r. Site 75, MCAS Basketball Court: Resample three shallow wells and
analyze for VOA, chloropicrin, and dioxin.

s. Site 76, MCAS Curtis Road: . Resample two shallow wells and analyze for
VOA, chloropicrin, and dioxin. y

t. For all existing wells: Install two additional protective bollards and
fill with concrete. Pour 5' x 5' concrete pad around well and bollards; paint
well bollards day-glo orange. Use monitoring well comstruction
specifications, Attachment A, for installation of new wells.

u. Sample all potable wells on MCB Camp Lejeune and MCAS New River
(approx. 100). Composite samples from a maximum of ten wells serving the same
water treatment plant (except for "contaminated” wells listed below) and
analyze for priority pollutants, all the Safe Drinking Water Act (SDWA)
parameters and xylene, MEK, MIBK, and EDB. If any parameter(s) from the
composite exceed(s) regulatory limits or suggested guidelines for potable
water, analyze samples for only that (those) parameters from the individual
wells in the composite to pinpoint the source of contamination. These 608
"contaminated” wells have been shut down by MCB Camp Lejeune: 601, 602, 603,
634, 637, 651, 652, 653, TT26, and TT New. Sample these wells individually
and analyze for priority pollutants, SDWA parameters, xylene, MEK, and MIBK.

oty
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v. In accordance with the original scope of work, conduct Step IB,
Characterization, for the Hadnot Point industrial area (bounded by Sneads
Ferry Road, Codgels Creek, the New River, and Wallace Creek) and for the deep
potable water aquifer influenced by wells serving the Hadnot Point treatment
plant. The pump houses for these wells are numbered:

X 601 613 633 642
602 614 634 651
603 615 635 652
606 616 636 653 |
608 620 637 654 1
609 621 638 655
610 626 639(2) LCH-4006
611 627 640 LCH-4007
612 632 641
The objectives of the characterization step are as follows:. e

1. Locate source of VOCs detected in &eep wvater supply wells 601, 602,
603, 608, 634, 637, and 642.

2. Determine concentration of detected analytes in source area(s).

3. Determine aquifer characteristics: transmissivity, hydraulic
conductivity, permeability, storage coefficients and degree of confinement
for both deep and shallow aquifers.

4. Determine rate and direction of groundwater and contaminant flow for
the deep potable water supply aquifer influenced by wells listed above, and
for the shallow aquifer in the Hadnot Point industrial area.

Conduct an extensive physical survey and document review for activities within
the industrial area to identify potential sources of contamination. Perform a
soil gas investigation to delineate the source areas; install additional wells
to verify findings. We estimate fourteen additiomal shallow wells may be
required in this area, including seven which will form pairs with potable
wells 601, 602, 603, 608, 634, 637, and 642. Perform a minimum of two rounds
of sampling at the seventeen Site 22 shallow wells; add xylene, MEK, MIBK, and
EDB to the round one verification step parameters.

Perform aquifer testing to determine aquifer characteristics and rate and
direction nf ground water and contaminant flow. Potable water wells shall be
evaluated for various well pumping combinations. Access holes will be
drilled, threadcd and removable plugs installed in the tops of all potable

4
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wells to provide a means of logging the depths of the water levels in the
wells. The elevations of these plug holes above mean-sea-level shall be
accurately determined by surveying. The method described in Attachment B or
another commonly used method/model, as approved by the EIC, shall be used to
determine the flow characteristics and contaminant profiles of the aquifers
under study. :

w. Conduct Step II Feasibility for the Hadnot Point industrial area.
Specify and evaluate five each interim and long-term feasible alternatives for
cleanup of contaminated aquifers; include projected effectiveness and cost
estimate for each alternative in your evaluationm.

x. For the contaminated wells TT26, TTNew, 651, 652, and 653, conduct an
extensive physical survey and document review to identify potential sources of
contamination. Perform a soil gas investigation within a one-mile radius of
each well to delineate the source areas; install additional shallow wells (up
to six per potable well) to verify findings. Perform two rounds of sampling
at these wells; analyze samples for volatile organics, xylene, MEK, and MIBK.

y. Forward a report on the results of this additional work to the
Government for review, in accordance with the original scope of work effort.

Raw -data, pertinent facts and conclusions shall be provided in this report.

2. A milestone chart with projected completion dates for this additiomal
effort is forwarded as Attachment C. The Government fee estimate is being
prepared by Code 114 and will be forwarded to you as soon as possible.

3. Please change the EIC for this contract to Cherryl Barnett, Phomne 444-9566.

J. R. BAILEY, P.E.

Head, Environmental Quality Branch

Utilities, Energy and Environmental
Division

ey






MONITORING WELL CONSTRUCTION AND FIELD OPERATIONS

All confirmation study monitoring wells will be drilled. The borings are
estimated to have drilled depths of no more than 25.0 feet.

Well construction is shown in Figure A-l1. At least one drill should be
mounted on an All-Terrain-Vehicle (ATV) for access to remote areas. Each rig
will use necessary tools, supplies and equipment and supplied by the
contractor to drill at each site. Drill crews consist of an experienced
driller and a driller assistant for work on each rig. A geologist,
experienced in hazardous waste site investigations, shall be on-site to
monitor the drillers efforts and for air monitoring/safety control.
Additional contractor personnel will transport water to the rigs, clean tools,
assist in the installation of the security and marker pipes, construct the
concrete aprons and use a portable water pump to activate the wells. Unless
otherwise specified, all water used/removed in this effort shall be allowed to
seep back into the ground at each drill site.

Supplies and equipment will be transported to the lay-down area designated

on-station by the Government. Any office space, trailers, etc., required for
drilling, subsequent sampling and shipping shall be arranged and provided by |
the contractor.

The test borings will be drilled using 3-1/4 inch I.D. hollow stem auger
flights (0.D. approximately 7-1/2 inches). Standard penmetration test will be
performed in accordance with ASTM D-1586. Standard penetration tests will be:
performed at the following depths: 0.0'-1.5'; 1.5'-3.0'; 3.0'-4.5', and
five-foot centers thereafter.  Each soil sample will be sealed in eight-ounce

 glass bottles or as required for follow—on laboratory analysis. A boring log

of the soil type, stratification, consistency and groundwater level will be
made.

After completion of the soil sampling and drilling to the specified depth, the
hollow stem auger flights will be removed and a 6-inch I.D. PVC flush threaded
pipe installed in the bore hole. If cave-in occurs, these soils will be
removed by jetting through the 6-inch casing using potable water transported
and supplied by the contractor. Water sources for refilling the tanks will be
designated on base.

Two-inch I.D. flush threaded Schedule 80 PVC monitoring well slotted screen
and well casing will be installed within the 6-inch PVC casing. A sand pack
will be placed around the slotted well screen extending to 2 feet above the
top ¢f the screen. A 15-20 foot section of 0.01 inch slotted PVC well screens
should be used in each well. A 12-inch seal of bentonite clay pellets will be
placed over the sand pack and the 6-inch PVC casing will be removed to the
bottom level of the seal using a hoist plug and sand line on the drill rig. A
grout mixture of 2 parts sand and 1 part cement will be placed and blended in
with the specified amount of potable water and then be thoroughly mixed. The
grout will be placed in the 6-inch PVC casing and rodded to insure a proper
seal. A 4-incii security pipe with a hinged locking cap will be installed
having an embedment depth of 2.5 feet into the grout. The security pipes will
extend a minimum 2.5 feet and maximum of 4.0 feet above the ground surface. A
concrete apron measuring 5'x5'x0.5' will be constructed around each well.

This apron will be constructed of 3000 psi ready mixed concrete. The concrete
will be crowned to provide positive runoff. The concrete pads can be
constructed within 5 days after-all of the wells have been instﬁlled.

ATTACHMENT (A)






Each well will be marked with four Schedule 40 steel pipes imbedded in a
ninimum of 2.5' of 3000 psi concrete. The steel marker pipes will be painted
black and the top 2-foot portion will be painted day-glo orange. Each well
will be properly labeled by metal stamping on the exterior of the security
pipe locking cap and by labelling vertically on the exterior of the security
pipe with stick-on 2" high weather resistant decals. The labelling shall
indicate the site and well number assigned to both new and existing
groundwater monitoring wells:

SITE TYPE OF WELL WELL NUMBER
¥ GW 5
(New Well)
i EGW 6
(Exist. Well)
1 PW 8

(Potable Well)

The soil removed by the augers will be piled beneath the drill rig while
drilling. The drill equipment and tools will be cleaned at each well site
using a portable decontamination system/operation supplied by the contractor.
Wash water at the sites will not be contained, unless otherwise directed by
the EIC, and may seep into .the ground locally.

The concrete used to secure the four pipes will be poured at the same time and
be an integral part of the 5'x5'x0.5' concrete apron described above.
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A method to determine the direction and rate of groundwater flow by the water
elevations in three observation wells.

INTRODUCTION

A simple, reliable method for determining the rate and direction of
groundwater flow would be helpful for groundwater studies, sampling for spill
contamination and hazardous waste and sanitary landfill studies and
monitoring. This article describes such a method using three wells. The
wells are first used for a pumping test to determine the permeability of the
soil. The permeability is thereafter used, with the water elevations in the
wells, to determine the rate and direction of flow, the width of the flow path
between wells, and the volume of flow between wells. A computer program
written in basic is included to do the necessary computations.

DISCUSSION
For the method, the following assumptions are made:

A. Darcy's flow equation through soil is applicable (i.e., the soil
flow is laminar and viscouék This condition would be true in most soils
(ezuptieas - heavy days or non laminar flow in rock Sissures .

@Reepr/sns Clays : a

B. All three wells are screened in the same gquifer (withdrawal from
one affects the drawdown in the others), and the pumped well penetrates the
aquifer far enough to represent full penetration{ 2 7o 70)

C. The groundwater surface can be répresented by a tilted plane in the
area of the three wells. This would be true in most soils except in the '
immediate vicinity of a pumped well. Pt :

D. The ground elevation differences between the well tops are
insignificant compared with the distances between wells (i.e., distance
measured on surface are approximately the same as their projections omn a
horizontal plane). If this is not the case, the horizontal projection
distances must be computed from surface measured distances. This is not a
problem if the distances are scaled from a map.
pevivetim of efvations o

< Consider (Figure 1):

Let the water plane specified by water well elevations A, B, and C be
orientated so C resides in the XZ plane at coordinates (L3, 0, W3); A resides

on the Z axis at coordinates (0, 0, W1); and B resides at coordinates (r, S,
W2). Let the distance between A and B = L1, B and C = L2, C and A = L3,

From the Law of Cosines:

D = Cos~1l [(L12 + L32 - 122)/(2 L1 L3)] radians (1)

R = L1 Cos D : - (2)

S =11 Sin D ' . (3)
Y

G re?7






The determinate for the normal equation of the plane'specified by the

coordinates of the three points A, B, and C is

A

B

c

Expanding (4) by minors:

X
0

r

L3

0

S

Y

0

w2

w3

w2

w3

Z
Wl
w2

W3

Equation of the plane ABC in normal form is

(L) X + (MY + (N)x + Q0P + 0

X [S (W3-w1)]

Z [-S (L3)]

(5)

Y [L3(W2-W1l) + R (W1-W3)]

(4)

(6)

(7).

(8)

Where L, M and N are the direction numbers of the normal to the plane from the

origin OP (Figure 2).

From (8) and (5), L = S (W3 - Wl1)

From (8) and (6), M = L3(W2-W1) + R(W1-W3)

N==-5S(L3)
From (8) and (7), ~&&3+

-

0.\
From Figure (2), G = (LZ - M2>

and Slope (SL) of planme ABC with horizontal plane XY

SL = G/N

ey

(9
(10)
(11)

(12)°

(13)
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- The direction or fall line of the slope of the plane is AP, which is
perpixdicular to the normal OP, and makes the same horizontal angle (E) with
the line AC a==0P as G makes with'L in the &plane. ‘Then

E = Cos~1(L/G) AN (14)

Which is the direction of groundwater flow relative to a line between Wells A
and C.

If the permeability of the soil P, is known, then from Darcy's Law the
velocity of flow can be computed from the water gradient or slope of the plane /ég;;df/oﬂ !
€EQN¥=33)- and the permeability (Pyp).

V = P, X SL where Pp = permeability in ft/day (15)
sG
£33 = Gradient in Ft/Ft

V = Velocity of flow in Ft/Day

The aquifer permeability Pp can be measured from a well draw down test -
Figure (3). If one of the wells is pumped at a known rate until the drawdown
in the other two wells stabilized, the permeability Pb can be computed from
the well equation

Pb = 1055 Q Log (r]/rg) (See Figure k3). (16)
(hy Z - by 2) :

Where Pb = the permeability, in GPD/FT2 or FT/DAY
Q = Pumping rate, in GPM :
ry = Distance to the nearestvobservation well (feet) !
r2 : Distance to the fﬁrthest observation well (feet)

hy = Saturated aquifer thickness, in feet at the nearest observation
well

hy = Saturated aquifer thickness, in feet at the furthest observation
well.

i)

The permeability Pb can then be used in the Darcy equation to obtain the
velocity of flow in ft/day Fremmdiadoe: e

To determine the width of flow paths between the wells in the direction of
flow:

From Figure (4), distances between wells A and B in direction AP is
daps wells A and C is d,. and wells B and C is dp.. The slope of the
flow direction of the parallel lines is (M/L) in the XY plane.

ety






Solving the point slope matrix equations for the parallel lines through the
wells by expanding minors:

Pt A: X Y 1
0 0 1=x01{ -Y\01+100'0
/L. 0 ) U 1 M/L
ol M/L 0 [=(-M/L) X+Y=20 ;
a=(ML), b=1,C=0
Pt B : X Y j &
R S 1

-xls 1b¥ o1t 4 IR g\-o
M/Lzo 1°%Q 1 ML
= (-M/L)X +¥ + :

1 M/L 0 R (M/L) -S
a=(-M/L), b =1, C = [R(M/L)-S]
Pt Ct' X Y 1
% s i § PRI ¢ K b U s O IR B £ S 6 v i b N e ) o SR+ 2 B
M/L 0 1 0 1 M/L

1 M/L OF (-M/L)X + Y + L3 (M/L) =0
a = (-M/L), b =1, C = L3(M/L)

Distances between parallel well lines:

dabp "0-[R (M/L)-s]| \S-R(M/L)\ ¢
[(M/DYZ + 1]0% (/D2 + 17 (17)
,R (M/L - S - [L3(M/L)] | = | (R-L3)(M/L) - s\
- [(-M/1)Z + 1]U.3 [(-M/L)¢ + 1]U.2 (18)

aac = |o - 13 a1} = Fra ovml -
“M/T)Z + 1]U.5 IZ—M7L)2 + 1]0.5 (19)

If the saturated depth of the aquifer (Ad) is known, the Volume of flow
between wells (cubic feet/day) will be:

Wells A and B = (V) (Ad) (dab)
Wells A and C = (V) (Ad) (dac)

Wells B and C = (V) (Ad) (dbe)
ar?

(20)
(21)
(22)

If the concentration of pollutants ¢ known from well samples, the quantity of

pollutants (1lbs/day) flowing between the wells can be calculated by
multiplying the concentration (mg/1) X Vol of flow (ft3/day)/62 4 FT3
water/1lb

A computer program written in basic is shown in Figure (5) which will make
necessary computations of equations (1), (2), (3), (9), (10), (11), (12),
(13), (14), (15), == (16), (17), (18), (19), (20), (21), and (22) from
program and imput data.

ety

(23)

the






Program Data Statements are:

First line of data is well field name, printer output, permeability (gal/ft2
- day)

Second line of data is L1, L2, L3 (well distances AB, BC, CA)
Third line of data is El, E2, E3 (well top elevations of wells A, B, C)

The program cues for the depths from the well tops to water in each well. The
program then computes and displays the slope of the water table (Ft/Ft), the
velocity of flow (ft/day), the direction of flow (degrees right or left of
line from Well A to Well C), the flow paths widths between wells, and the
volume of flow between wells.

If the permeability of the soil is not known, 0, is entered for permeability
in the first line of data, and the program branches to a routine that computes
the permeability from the results of a well test. This permeability is then
entered at the end of the first data statement, and the program will
thereafter compute groundwater flow.

CONCLUSIONS

The necessary computations can be performed by-the basic computer program of
Figure (5). The data inputs are: W$ = Name of the well field, P1 = the soil
permeability, L1, L2, L3 the distances in feet between AB, BC, and CA
respectively, E1, E2, E3 = the elevation of the well top A, B, and C.

RECOMMENDATIONS - PROCEDURE

Drill the three wells into the same aquifer around the periphery of the area
to be studied 200 to 500 feet apart. They should not be arranged in an
equilateral triangle. One of the wells is to be pumped for a permeability
test, and the other two used as observation wells. The observation wells
should be different distances from the pumped well by at least 50 percent
(i.e., the furthest observation well at least 1 1/2 times the distance from
the pumped well as nearest observation well. (Figure (5))

The pumped well should penetrate at least 70 percent of the aquifer and the
distances (feet)between the wells measured (AB = L1, BC = L2, CD = L3). The
elevation of the well tops AB and C are surveyed (El, E2, and E3). While any
datum will do, feet above mean sea level is recommended for uniformity between
well fields. This information is added at the end of the program as data
Lines 2 and 3. The first data line is the well field name, printer status

(0 = print and display, 1 = display only), and 0 for the permeability if knowm.
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Prior to pumping, the depth of the well to the pumped and the depths from the
well tops to the static water levels in all three wells are noted. The pumped
well is pumped and the pumping rate is adjusted so that a significant drawdown
is produced, the two observations wells;and the drawdowns stabilize in a
reasonable length of time (i.e., less than four hours). The drawdown depths
to-the water in the observation wells and the pumping rate are noted for
program inputs.

The program, reading "0" for permeability, jumps to the well test routine,
calculates the permeability, and stops at the proper data statement so the
permeability canld be copied as data.

The program is now set to compute the direction and rate of groundwater flow
from the water levels in the wells. The depths measured prior to pumping can
be used. Also, after pumping ceases long enough for the wells to recover, the
depth's from the well tops to the water are again measured in each of the
three wells. The computer program is run again, and the depth values are
input when prompted. The program again uses these values to do the necessary
computations.

Figure (6) is a an example of a simulated flow test and computer computations

of the groundwater flow., For any questions, please contact Mr. J. J. Harwood, T
Code 114, LANTNAVFACENGCOM, Naval Station, Norfolk, Virginia 23511-6287,

(804) 444—9557
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MILESTONE CHART

Milestone Day
Government Issuance of Change Order 0
Submit POA&M and Safety/Contingency Plan for

Characterization Effort 10

Government Approval of POA&M and Safety/Contingency Plan 17

Initiate Characterization On-Site Investigations for

Contaminated Potable Wells 60
Initiate Round Two Sampling, Verification Step 60
Initiate Potable Well Sampling 60
Submit Report with Round Two Results, Potable>We11

Results . g 105
Return of Government Comments L 135
Complete Characterization On-Site Investigation 150

Submit Draft Report with Characterization Step Results 180

Return of Government Comments 210
Submit Draft Feasibility Step Report i 270

Return of Government Comments 300
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