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1.0  INTRODUCTION

1.1 AUTHORITY

The Southern Division of the Naval Facilities Engineering Command has issued Contract Task Order

(CTO) 51 to Tetra Tech NUS, Inc. (TtNUS) under Comprehensive Long-Term Environmental Action Navy

(CLEAN III) Contract No N62467-94-D-0888.  Under CTO 51, TtNUS will design and perform an Air

Sparging/Soil Vapor Extraction (AS/SVE) pilot-scale treatability study within the identified groundwater

contamination source location at Operable Unit 7, Site 16, Naval Air Station (NAS), Cecil Field,

Jacksonville, Florida.  Under this CTO natural attenuation of the identified groundwater plume will also be

evaluated over a two year period.

1.2 SCOPE AND OBJECTIVES

TtNUS shall design, install, and operate a pilot-scale AS/SVE system to determine the physical

parameters needed for design of a full scale AS/SVE system to treat of Volatile Organic Compounds

(VOCs) present in the groundwater at Site 16.  The scope of this study is limited to evaluation of physical

parameters such as:  radius of influence, flow rates, emission control requirements, and operation

considerations.

This report also provides information and details for the monitoring of groundwater parameters that

indicate the presence of naturally occurring biological, physical, and chemical processes that may reduce

VOC and SVOC concentrations.

1.3 NATURE AND EXTENT OF CONTAMINATION

It has been determined that VOCs, in particular TCE, are present in the groundwater in the vicinity of Site

16 in concentrations which exceed regulatory limits.  Figure 1-1 provides a map of Site 16 which identifies

the VOC plume in the shallow aquifer.

A summary of the organic analytical results for groundwater is presented in Table 1-1.  The results are

also provided graphically on the cross section shown in Figure 1-2.  Chemical analytical results for the

volatile fraction are discussed in detail in the RI (AB, July 1995).
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TABLE 1-1 

SUMMARY OF ORGANIC COMPOUNDS DETECTED IN GROUNDWATER 
REMEDIAL INVESTIGATION 

Analyte 

Surfical Aquifer 

VOCs (lIgll) 

1,1,1-Trichloroethane 

1,1-Dichloroethane 

1,1-Dichloroethene 

1 ,2-Dichloroethene (total) 

4-Methyl-2-pentanone 

Trichloroethene 

SVOCs (lIgll) 

2-Methylnaphthalene 

Diethylphthalate 

Naphthalene 

Phenanthrene 

Phenol 

bis(2-Ethylhexyl)phthalate 

Pesticides and PCBs (1I91l) 

Endrin 

Intermediate Aquifer 

SVOCs (1I91l) 

Di-n-butylphthalate 

bis(2-Ethylhexyl)phthalate 

Notes: 

OPERABLE UNIT 7, NAS CECIL FIELD 
JACKSONVILLE, FLORIDA 

Frequency of Range of Federal Florida Primary 
Detection Detected Primary MCl3 Standard4 

Concentrations 

1/26 3,0002 200 200 

1/26 1 NA NA 

1/26 4002 7 7 

2/26 270J to 12,5002J 706 706 

1/21 1 NA NA 

7/26 12J to 6302J 5 3 

1/26 2.752J NA NA 

2/26 1J NA NA 

1/26 3.52J NA NA 

1/26 3J NA NA 

3/26 0.8J to 1.452 J NA NA 

21/26 0.5J to 20.52 6 6 

1/26 0.02J 2 2 

1/4 1J NA NA 

4/4 1J to 10 6 6 

Florida Guidance 

ConcentrationS 

200 

70 

7 

706 

350 

3 

NA 

5,600 

6.8 

10 

10 

6 

2 

700 

6 

Frequency of detection is the number of samples in which the analyte was detected divided by the total number 
of samples analyzed. 

2 Value is the average of a sample and its duplicate. 
3 Federal Primary MCls are taken from USEPA Drinking Water Regulations and Health Advisories (May 1994). 
4 Florida Primary Standards are taken from Chapter 1 (Primary Standards) of the FDEP Groundwater Guidance 

Concentrations (June 1994). 
5 Florida Guidance Concentrations are taken from Chapter 6 (Guidance Concentrations Index) of the FEDP 

Groundwater Guidance Concentrations (June 1994). 
6 Primary MCl is for cis-1, 2-Dichloroethylene. 

~g/l = microgram per liter. 
PCBs = polychlorinated biphenyls. 
NA = not applicable. 
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2.0  PILOT SCALE AS/SVE SYSTEM DESIGN AND INSTALLATION

A pilot-scale AS/SVE system will be installed at the Site 16 source area.  The system will inject air into the

groundwater via two injection wells screened at different intervals in the surifical aquifer and extract

vapors via two extraction wells screened in the vadose zone.  The pilot-scale study will determine the

applicability of AS/SVE for removing VOCs present in the groundwater via volatilization.  System air

emission will also be evaluated to determine off-gas treatment requirements.  

The pilot-scale evaluation, and associated sampling and analysis activities, are intended to provide

information to be used for the design of a full scale AS/SVE system.  Operation of the pilot-scale system

will be used to determine the effective radii of influence, emission concentration and needs for off-gas

treatment, groundwater conditions, well location and depth requirements, vacuum and injection

pressures, and flow rate requirements.  The pilot-scale test is anticipated to last approximately one week.

The results of the test will be presented in the full scale AS/SVE design and will include a risk

assessment evaluation for the air emission and recommendations for treatment.  Placement of the pilot-

scale system wells has been designed such that they can be used during the full scale operation.

2.1 INSTALLATION OF PILOT-SCALE SYSTEM

The pilot-scale system consists of an air injection system, a soil vapor extraction system, and soil

vapor/groundwater monitoring points.  Prior to, during, and after the pilot-scale system operation,

samples of soil, groundwater, and soil gas will be collected and analyzed.  See Section 3.0 for further

discussion of monitoring and sampling activities.  The proposed pilot-scale system location is presented

in Figure 2-1.  An equipment layout is provided in Figure 2-2 and Figure 2-3 provides a layout of the pilot

scale system wells.  Figure 2-4 provides a schematic of the proposed well installation in relationship to

the expected geology and identified plume.  

Field forms to be used throughout the installation of the system are provided in Appendix A.  TtNUS will

prepare specifications and obtain subcontractors for well drilling, investigation derived waste (IDW)

disposal, and laboratory analysis services.  All field team members will review this Work Plan and the

Health and Safety Plan (HASP), provided in Appendix B, prior to mobilization.

A bound, weatherproof site logbook shall be maintained by the Field Operations Leader (FOL).  The

requirements of the site logbook are outlined in TtNUS SOP SA-6.3.  This book will contain a summary of

the day’s activities and will reference the field notebooks when applicable.



f
o 

'" ~ 
"0 

N 
<S> 
:::E 
o 
N 

CEF -16-14) 

CEF-16-13S 

~~----------------
o 
~~----------------~ « 

CEF-16-17S$ 

CEF-16-18D 

PARKING 

DRAWN BY 

MF 8 
CHECKED BY 

COST /SCHED-AREA 

SCALE 

AS NOTED 

o 
« 
o 
0:: 

f
W 
J 

D 
CEF-16-15S ~ 

PROPOSED LOCA TI ON 
'-----------f-- OF AS/SVE PILOT 

TEST 

CEF-16-5S \ 

CEF-16-12I 

CEF-16-11DD 

DRAFT 

815 

$: CEF-16-19S 

CEF-16-20D 

PIA 

313 

o 

CEF-16-23D 

CEF-16-22I' 

CEF-16-21S 

100 

SCALE I N FEET 

PILOT SCALE SYSTEM LOCA nON 
SITE 16, OPERABLE UNIT 7 

AS/SVE TREATABIUTY STUDY SYSTEM 
NAS CECIL FIELD 

JACKSONVILLE, FLORIDA 

200 

CONTRACT NO. 
7792 

APPROVED BY DATE 

APPROVED BY DATE 

DRAWING NO. REV. 
FIGURE 2-1 0 

FORM CADD NO. SDIV_AV.DWG - REV 0 - 1/20/98 

089809P 2-2 eTC 0051 



o 
CO 
to 
CO o 
to 
"tl 

DRAWN BY 
MF 7 

CHECKED BY 

TO IW-01 

AIR BLEED VALVE 
(TYPICAL) 

PRESSURE RELIEF 
VALVE 

AIR --_./ 

COMPRESSOR 

AIR INTAKE FILTER 

FORM CADD NO. SDIV _AH.D\JG - REV 0 - 1120/98 

TO IW-02 FROM EW-01 
AND EW-02 

ACAD:O: EP 

AIR MAKE-UP VALVE EXHAUST STACK 

GAC 
CANISTER 

~I----t- EXTRACTION 
BLOWER 

PRESSURE RELIEF VALVE/GAUGE 

MOISTURE SEPARATOR 
WITH AUTO HIGHLEVEL 
SHUT OFF 

EQUIPMENT LAYOUT 
SITE 16. OPERABLE UNIT 7 

IN-LINE 
FILTER 

AS/SVE TREATABIUTY STUDY SYSTEM LAYOUT 
NAS CECIL FIELD 

JACKSONVILLE. FLORIDA 

APPROVED BY 

APPROVED BY 

DRAWING NO. 

CONTRACT NO. 
7792 

DATE 

DATE 

FIGURE 2-2 



o 
0> 
CD 
0> 
o 
CD 
"'C 

(') 

cl 
o 
o 
01 
~ 

6th STREET 

0 0 0 0 

~OVERHEAD STEAM PIPES 
o 0 0 0 0 0 

'-0 0 
0 0 0 0 0 0 0 

AS/SVE UNIT~ jEW-02 
WOOD POLES (TYP) 

/PW-03 

(I~~ 
EW-01 PW-02 

IW-01 IW-02 PW-01 

CONCRETE 

V-SHED 

~ 

BUILDING 313 

DRAWN BY ;: DAJ 

tI 
MF 7 22 91:: ~~ ""4-. SYSTEM LAYOUT 

CHECKED BY DATE l ~,U ~ SITE 16. OPERABLE UNIT 7 
AS/SVE TREATABIUTY STUDY AREA 

COST/SCHED-AREA 

~ ~ NAS CECIL FIELD 
I I I JACKSONVILlE. FLORIDA ~/J' ~ SCALE ~C(Um.~~~~ 

AS NOTED 
FORM CADD NO. SDi V _AH.D'JG - REV 0 - 1120 / 98 

ACAD' O' \ 7792\7792CP01 dwg 08/17/98 EP 

0 0 0 0 04 0 

0 0 0 0 0 0 

FENCE;~ 
(TYPICAL) 

CONCRETE 
LEGEND: 

() INJECTION WELL 

S EXTRACTION WELL 

• PIEZOMETER 

BLDG AS/SVE PILOT SYSTEM 
1824 

0 30 60 

i i 
SCALE IN FEET 

CONTRACT NO. 

7792 
APPROVED BY DATE 

APPROVED BY DATE 

DRAWING NO. 
FIGURE 2-3 I R0'. 

c 
~ 
." 
..... 



ACAD: 0: \7792\7792CX01.dwq 08/17/98 EP 

PW-01, PW-02, PW-03, (TYPICAL) 

80--..., 

70---1 

60---1 

50---1 

40---1 

30---1 

20---1 

10---1 

0---1 

-10---1 

-20---1 

; 

-30---1 

, '; --! . 

..... 
IS> 
I 

5: 
w 

• 

N ..... 
IS> IS> 
I I 

5: 5: 

II ---

I 

U1 
L() 

I 
N ~ 
IS> I 
I u.. 

5: w 
w U 

-+-

, 
.. , 

; -, 

I -, 

./ : 

+ 

o 
U1 U1 0 
IS> ..... 0 ..... 
T"""'4 N (J) """"'" 

I I I I 
CD CD CD CD 
T"""'4 r'"f M M 

I I I I 
u.. u.. u.. u.. 
w w w w 
U U U U 

-
I 

U1 
l"
I 

CD ..... 
I u.. 

w 
u 

. .. l 

+ ~ 
I 

U1 
OJ ..... 
I 

CD ..... 
I 

u.. 
w 
u 

o 
IS> 
N 
I 

CD ..... 
I 

u.. 
w 
U 

-~ 

I -, 

WELL SCREEN INTERVAL 

--!--

-, 

+ 

i 

80 

70 

60 

50 

40 

30 

20 

10 

o 

1-----10 

1-----20 

: ..J 
1-----30 

I '-: ~r:~i~_~_!~-_~_-_-~-_--~l-~-~-_-_'-_-~I-_-_-~-~'_-_'._ci_l_-~~~!~J_·~~~r,!~~~!~-.L~.-_-_~~-.-~~~-_-L---L:_-L~;-~~~J1R~--~-~rl~I--~I~·-----~I·~J-_-__ L~_-._L_-~-_~_-Lr_~r'==='=r! __ ~.~~-.-_=I_-_~I-_-.~,=:==:==L'=:_---~-~~~~~,~·~~~~~~i-.-_-_-_-l·,,-l--~~~~ i I 

___ c-'I:·-i------·_·--.J.·Li~=--··=L--::::'.~~==.--_=--. ;=-~Ci-C-;-~~--~LI--·~~:;::·--=·-·=---~~~~~~~i ~~-~--i-=·-·-I·,-:-~:.::·--~i·~~I--~--=--;-~-ll=:-'~~,-: :~!-~-,~:-! ~~:-=-;I~-l.·~-_--'---l~·=--·'=---·::::--·=--i=----~.=.-.. =~-+--~-:.,.~~~~:::I-!,~=~-_-.. ~~-~=i~-=--:::r:;-::::::'::-: :'=-=: =--'-=1 :!~-_; -_--L-I -_1=:1 _·-_-~~·_-·_I -,-_I--,--_T __ -'--.J1=i ='=='===I==::..:....r~! -='!LL='Ii ~,-I~=-~~I "J-'=-~~--=---=: -='i_·~,_L __ .L.!-:;·,~i~; : 
-40---; 

-50---; 

1-----40 

1-----50 

-60--..... 

LEGEND 

D CLAY AND DOLOMITE 

D ESTIMATED EXTENT OF TCE CONTAMINATION 

~ DOLOMITE (INTERMEDIATE AQUIFER) 

D SAND (SURFACE AQUIFER) 

~ PROPOSED 
AS/SVE SYSTEM 
WELL SCREEN 
INTREVAL t 

EXISTING 
MONITORING 
WELL SCREEN 
INTREVAL 

NO. DATE REVISIONS 
DRM'hNFBY 7 /23Aj9EI A~~"'t\tiOFrql'40 

t--t-----+-----------------+--+---t---t----------------------\CHECKED BY DATE I~~~\I,~ '1'\ 
t--t-----+-----------------+--+---t---t----------------------\ COST/SCHED-AREA ~~ )~ 

I r~ ~ ~-t-----r-----------------+--+---t---r--------------------r_--L-S-C-AL~~~---i ~~ ~~ 

BY CHKD APPD REFERENCES 

AS NOTED ~C(UTlE~~"t.Q 
FDRM CADD NO. SDIV.EH.D\.IG . REV 0 . 1120/98 

CROSS SECTION 

o 
I 

SIlE 16, OPERABLE UNIT 7 
AS/SVE TREATABIUTY STUDY SYSTEM 

NAS CECIL FIELD 
JACKSONVILLE, FLORIDA 

L....----60 

30 

SCALE IN FEET 

60 

I 

CONTRACT NO. 
7792 

APPROVED BY 

APPROVED BY 

DATE 

DATE 

DRAWING NO. 4 I RE
0

V. 
FIGURE 2 



DRAFT

089809P 2-7 CTO 0051

2.1.1 Well Installation

Two air injection wells, two vapor extraction wells, and three piezometer wells will be installed.

Installation procedures common to all of these wells are outlined below.  Installation details specific to

each well type are in the following subsections.

All well borings will be advanced using a minimum 6-inch outside diameter hollow-stem auger.  If the

monitoring well boring cannot be advanced using hollow stem auger drilling techniques due to heaving

sands, then the boring will be advanced using potable water/pure bentonite mud rotary techniques in

accordance with ASTM Methods.  Continuous split-spoon sampling will be conducted for the deep

injection well to identify site lithology and split-spoons will be used to accurately locate the water table for

installation of the other wells.  Once a boring has been completed, the well will be installed.  The well will

be constructed of Schedule 40, flush-joint, 2-inch diameter National Sanitation Foundation (NSF)

approved, Polyvinly Chloride (PVC) well screen and riser pipe.  The well screens will have a slot size of

0.02 inches and be supplied with a PVC end cap.

Once the screen and riser pipe are in place, the annulus of the boring will be backfilled with clean silica

sand (Nos. 20 and 30 U.S. Standard Sieve size or as determined by site geologist) from the bottom of the

boring to one to three feet above the top of the well screen.  Sand will always be maintained several

inches inside of the augers during installation to ensure an adequate sandpack around the well.  A

bentonite pellet seal (minimum 2-foot thickness) will then be installed and allowed to hydrate as per the

manufacturer’s recommendations.  However, a bentonite slurry seal may need to be emplaced instead of

bentonite pellets if the amount of standing water in the boring causes problems with pellet placement.

The remainder of the annulus of the borehole (from the seal to the ground surface) will be grouted by

placing a cement/bentonite slurry (one bag cement, five to 10 percent bentonite, and 6.5 to seven gallons

water) through a tremie pipe until the grout reaches the ground surface.  The depths of the backfill

materials will be constantly monitored during installation using a weighted stainless steel or plastic tape.

All wells which contain water will be developed no sooner than 24 hours after installation to remove fine

material from around the well screen.  The well will be developed by vigorous airlift, bailing, pumping, and

surging as determined by the field geologist.  Measurements of pH, temperature, specific conductance,

and turbidity will be collected after each well casing volume and recorded in the field logbook.  The wells

will be developed until two consecutive readings are similar (+/- 10 percent) for all parameters.  

The drilling subcontractor will prepare a written boring log and well completion log for each boring/well

drilled and submit them to the TtNUS field geologist at the conclusion of the field activities.  The field team

leader who is supervising a drilling subcontractor must complete Daily Activity Records as a means of
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documenting daily drilling activities.  The information contained within this report is used for billing

verification and progress reports.  The driller’s signature is required at the end of each working day to

verify work accomplished, hours worked, standby time, and materials used.  

2.1.1.1 Air Injection Wells

Two air injection wells will be installed in the location shown on Figure 2-3.  The deep injection well

(IW-01) will be drilled into the lower clay layer which is at a depth of approximately 100 feet bgs, and

approximately 94 feet below the water table as shown in Figure 2-4.  The shallow injection well (IW-02)

will be drilled to a depth approximately 60 feet bgs, and approximately 54 feet below the water table as

shown in Figure 2-4.

Figure 2-5 provides the air injection well details for the deep and shallow well.  Split spoon sampling will

be used to accurately locate the lower clay layer to ensure that the bottom of the 5-foot well screen is

installed at the clay/sand interface.  

2.2.1.2 Vapor Extraction Wells

Two vapor extraction wells will be installed in the locations shown on Figure 2-3.  Extraction well 01

(EW01) and extraction well 02 (EW02) will be installed at the water table interface (approximately 6 feet

bgs) and be constructed with a 4-foot screen interval with one foot below the water table and 3 feet in the

vadose zone as shown in Figure 2-4.  Typical vapor extraction wells are shown on Figure 2-5.

2.1.1.3 Piezometer Wells

Three piezometers will be installed for purposes of monitoring effective radius of influence distances for

the extraction and injection systems.  The piezometers (PW01, PW02, and PW03) will be installed in

sandy soil, at the locations presented in Figure 2-3.  Figure 2-5 provides a typical piezometer well detail.

The wells will be installed to a depth of approximately 8 feet bgs, with a 5-foot screen interval, 2 feet into

the water table and 3 feet in the vadose zone, which will be verified in the field based on the actual

lithology observed.  Split spoon samples obtained during installation of the piezometer wells will be used

to accurately locate the water table.
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2.1.2 Air Sparging/Soil Vapor Extraction Equipment

A plan view of the relative locations of the various components of the pilot-scale system is illustrated in

Figure 2-2.  All components of the pilot-scale system will be installed by the Tetra Tech NUS field team.

The major components of system are presented in the following sections.

2.1.2.1 Air Injection System

The injection system consists of an air compressor capable of delivering a minimum of 60 psi with an

output of 30 cfm.  This size compressor is capable of evacuating the water column in the deep injection

well, while also providing the additional pressure needed to provide the desired radius of influence,

including head losses due to friction in the transfer line.  

A motor starter, flow relief valve, and inlet filter, will be included.  An air bleed-off valve and pressure

regulator will be installed at each air injection line to the injection wells to regulate flow.  The main transfer

line will also have an air bleed-off valve for major adjustments to the system.  In line gage will provide

direct read locations of air flows and pressure in the transfer lines connecting to the compressor.  

2.1.2.2 Vapor Extraction System

The vapor extraction blower will be capable of extracting approximately 60 cfm of air at a vacuum of five

inches of mercury (in Hg).  A minimum extraction rate of 2 times the injection rate will ensure more air is

being extracted than is being injected to ensure capture of vapor.  A motor starter, vacuum relief valve,

and inlet filter will also be included.  Valves to balance the system and an air make-up valve will be

installed to regulate flow.  Sample ports will be provided on the vacuum header and each extraction pipe

to measure flowrate and vacuum, plus allow for the collection of air samples.

2.1.2.3 Moisture Separator

A moisture separator will be connected in-line as part of the skid-mounted extraction system.  The

moisture separator will be a high-efficiency, cyclonic-type separator, capable of processing the maximum

air flow rate of the extraction blower.  The separator will have a minimum 20-gallon capacity and 2-inch

diameter inlet and outlet adapters.  An air-pressure relief valve and condensate drain port will also be

included.  An automatic shut-off switch will connect the moisture separator and the blower unit so that the

unit will shut down in the event the moisture separator fills with condensate.  A clear sight tube will

provide a visual means for determining the water level in the separator.
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2.1.2.4 Electrical Power Supply

If an electric source from Building 313 is not available then, a portable generator of sufficient size to

power the equipment will be used.  

2.1.2.5 Vapor Phase, Granular Activated Carbon, Air Treatment System

A GAC air treatment unit will be connected on the extraction blower exhaust line.  Sample ports will be

provided prior to and after the carbon units to measure flow rate and allow for sample collection.

2.1.2.6 Aboveground Air Transfer Lines

Air transfer piping between the blower units and the injection and extraction wells will be installed

aboveground using 2-inch diameter Schedule 40 PVC.  However, in order to reduce air temperatures

within the transfer lines to protect the plastic pipe, the pipe leading directly off the exhaust ports of both

compressor and vacuum blower will be constructed of 2-inch diameter carbon steel. 

All fittings and joints for the aboveground air transfer lines will be constructed of 2-inch diameter,

Schedule 40 PVC, except for fittings required in the carbon steel pipe sections.

The rate of air flow into each air injection well and from each of the vapor extraction wells will be

controlled by installing 2-inch diameter Gate Valve at each well location.  Air-bleed and air make-up

valves will be installed along the main trunk lines to adjust applied pressures and vacuums.  

2.1.3 Drill Cuttings

Drill cuttings will be containerized in 55-gallon drums.  Disposition of these materials will be based on the

analytical results one composite sample collected after completion of well construction.

2.1.4 Decontamination

Decontamination of major equipment and sampling equipment will be in accordance with TtNUS SOP

SA-7.1, “Decontamination of Field Equipment and Waste Handling.”  An area for the decontamination pad

for major equipment and a source of potable water for stream washing will be arranged by the field

operations leader through NAS Cecil Field personnel.
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2.1.5 Waste Handling

All solid and liquid wastes generated as a result of this investigation will be stored in 55-gallon drums and

will be handled in accordance with the procedures described in TtNUS SOP SA-7.1, “Decontamination of

Field Equipment and Waste Handling.”
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3.0  AS/SVE PILOT-TEST EVALUATION AND SAMPLING

Sampling will include collection of soil, groundwater, and air samples during the installation, start-up, and

operation of the pilot-scale system.  Table 3-1 summarizes the proposed analytical testing.  The holding

times and bottleware requirements for field samples are summarized on Table 3-2.

3.1 SOIL SAMPLING

Subsurface soil samples will be collected during installation of the treatability study system for

geotechnical evaluation.  The analytical methods for each sample are summarized in Table 3-2.  An

additional sample may be obtained from IW01 and submitted to a laboratory for geotechnical testing if

noticeable changes in the saturated zone lithology are observed.  During the installation of the deep

injection well (IW01), continuous split spoon samples will be collected to define lithology, as well as to

better define potential VOC contamination of the soils via PID field screening.  

3.2 GROUNDWATER SAMPLING

Groundwater samples will be obtained from the air injection wells (IW01 and IW02). Baseline samples will

be collected prior to start-up of the system as identified in Table 3-1.  Samples will be analyzed for TCL

VOCs.

Prior to obtaining a groundwater sample, the static water level and depth of the well shall be measured

with an electronic water level meter to determine the amount of water in one casing volume.  The wells

will then be purged at a rate of 0.3 liters per minute using a low-flow suction lift peristaltic pump and

dedicated hose to minimize turbulence.  Measurements of pH, specific conductance, temperature,

oxidation reduction potential (Redox), and turbidity shall be recorded every five minutes during purging in

accordance with TtNUS SOP SA-1.1 and the manufacturer’s instructions.

A well shall not be sampled until two consecutive readings of pH, specific conductance, temperature,

Redox, and turbidity are within plus or minus ten percent, or until three well volumes have been removed.

One measurement of all purging parameters and dissolved oxygen shall also be taken prior to sample

collection in accordance with TtNUS SOP SA-1.1 and the manufacturer’s instructions.  If the well is

purged dry before five casing volumes have been removed, the water level will be allowed to recover and

a groundwater sample will then be collected.  In the event that recovery is too slow to adequately fill all

sample containers, the sample shall be collected the following day.
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The samples will be collected using the same peristaltic pump set at the same speed as used for purging

the well.  To obtain samples for TCL VOC analysis, the discharge end of the sample tubing will be

crimped once filled.  The inlet end of the sample tubing will be removed from the well and  suspended

above the vial.  Water will be allowed to fill each vial by gravity flow.

3.3 AIR SAMPLING

3.3.1 Fixed-Base Laboratory Air Sampling

Off-gas air samples will be collected to verify compliance with air emissions standards.  A total of two

samples, one at start-up and one after physical system testing completed, will be collected and evaluated

for VOCs.

Suma canisters will be used for the collection of air samples.  Air samples for fixed base laboratory

analysis will be collected between the vacuum blower and the GAC off gas treatment system.  The

sample is collected by installing a nipple in the 1/4 inch capped system sample port and attaching the

Suma canister via a flexible tubing and nipple setup.  The valve on the Suma canister is opened for a few

seconds allowing the vacuum in the canister and the pressure of the AS/SVE system to fill the canister.

The valve is then closed, the flexible tube removed, and the cap replaced on the nozzle of the Suma

canister prior to shipment.  

3.3.2 Field VOC Analysis

Field analysis will be conducted using PID field instrumentation.  Monitoring will be used to check vapors

in the extraction wells and at the AS/SVE unit, prior to and during system operation.  The performance of

the system will be monitored using a PID to measure total VOC concentrations at each of the extraction

wells, the piezometer wells, and at the vapor extraction blower exhaust.

3.4 RADIUS OF INFLUENCE TESTING

Testing will consist of operating the extraction wells and injection wells both separately and at the same

time.  Variable extraction and injection rates will be tested.  During the course of the tests, the soil vapor

pressures will be allowed to stabilize at each flow rate.  The soil vapor pressure will be considered stable

when readings fluctuate less than 10 percent over two consecutive readings.  During the tests, the tables

provided in Figure 3-1, Figure 3-2, Figure 3-3, and Figure 3-4, will be completed for each test conducted

for IW01, IW02, EW01, and EW02 respectively.  The wells will be tested as follows:











DRAFT

089809/P 3-9 CTO 0051

IW01: Minimum pressure (Approximately 41 psi)

Operation pressure (Approximately 60 psi)

IW02: Minimum pressure (Approximately 25 psi)

Operation pressure (Approximately 40 psi)

IW01/IW02: Operate wells at specified individual pressures, both minimum and operation, at

the same time.

EW01: Minimum Vacuum (air make-up completely open)

Operating Vacuum (air make-up adjusted to prevent extraction of water)

EW02: Minimum Vacuum (air make-up completely open)

Operating Vacuum (air make-up adjusted to prevent extraction of water)

EW01/EW02: Operating Vacuum (air make-up adjusted to prevent extraction of water)

Vacuums will be measured in the piezometers at 15 minute intervals for 2 hours or until readings have

leveled out.  Following testing, the system will be shutdown and the soil vapor pressures allowed to return

to normal prior to testing the next well.

After the individual and combined radius of influence test is completed the system will be operated by

running both the injection and extraction systems and the physical parameters will be recorded in the

Table presented in Figure 3-5.
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4.0  LONG-TERM MONITORING PLAN

4.1 OVERVIEW

The objective of long-term groundwater monitoring is to evaluate the performance, progress and

effectiveness of natural attenuation in reducing contaminant concentrations and retarding their migration.

To achieve this objective, this monitoring plan is designed to measure plume migration and contaminant

level trend over time, while verifying that natural attenuation is occurring.

This groundwater monitoring plan will also document the effectiveness of natural attenuation in reducing

COC concentrations located both inside outside the area of influence of the proposed full-scale air

sparging system.  To achieve this objective, this monitoring plan is designed to take into consideration the

location of the proposed full-scale air sparging system to be installed in the groundwater contamination

source area.

In the event that data collected under this monitoring plan indicate that intrinsic remediation is insufficient

to protect human health and the environment, a contingency plan will be developed to augment or

replace the intrinsic remediation alternative.  This decision will be made as part of the 5-year review

process.

4.2 MONITORING WELL LOCATIONS

The monitoring wells selected for the natural attenuation monitoring are as follows:

• CEF-16-9D • CEF-16-27I

• CEF-16-10S • CEF-16-32S

• CEF-16-21S • CEF-16-38S

• CEF-16-22I • CEF-16-35S

• CEF-16-23D • CEF-16-11DD

Two clusters of shallow aquifer monitoring wells (shallow and intermediate depth) and one intermediate

depth monitoring well will be constructed in the source area portion of the plume at the locations indicated

on Figure 4-1.  The shallow depth wells (CEF-16-GW41S and CEF-16-GW43S) will be screened at a

depth interval of 10 to 15 feet below ground surface (bgs).  The intermediate depth wells (CEF-16-

GW42I, CEF-16-GW44I, and CEF-16-GW45I) will be screened at a depth interval of 27 to 32 feet bgs.
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4.3 NEW MONITORING WELL INSTALLATION

The two new monitoring well clusters will be located in the areas of highest probability for the presence of

Dense Non-Aqueous Phase Liquid (DNAPL), as determined from the results of laboratory studies of site-

specific TCE solubility limit (see Section 4.6).  The two clusters will help determine if the DNAPL is

migrating, and also provide data on natural attenuation of the downgradient area within the source area

portion of the plume.

The other intermediate depth monitoring well will be installed at the location of the RI Aquaprobe sample

GS-16-12 which had the highest TCE concentrations.  Results indicate that free product is possible in this

area and therefore the well will be constructed of stainless steel.

4.4 LONG-TERM SAMPLING AND ANALYSIS

Groundwater will be sampled and analyzed to verify that the contaminant mass and mobility are being

effectively reduced.  Water-level measurements will also be performed during each sampling event for all

15 monitoring wells.  One round of samples will be collected and analyzed for the natural attenuation

parameters, TCL chlorinated VOCs, and bis(2-ethylhexyl)phthalate as shown on Table 4-1 and Table 4-2,

respectively. 

The sample collected from well CEF-16-11 DD will be analyzed only in the first year and every five years

to ensure that contamination is not migrating into the deeper portion of the aquifer.

Depending on the results of the first round of monitoring, the number of wells sampled in the second

round will be reduced to approximately eight.  The selection of wells for the second round of monitoring

will depend on the detection of natural attenuation parameters in the first round.  Following the results of

the second round of monitoring, a representative set of four wells, plus CEF-16-38S and CEF-16-35S

(the down gradient wells) will be retained for monitoring during the following years.  The representative

set of wells will be selected for each sampling round based on the locations where indications of natural

attenuation are strongest from the previous round.

Monitoring results will be tabulated and presented to the BCT in the form of annual reports.  If natural

attenuation is determined to be occurring at an unacceptable rate, then further remedial measures may

be considered.
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During the first 5-year period, sampling and analysis will be conducted quarterly for the first year and

semiannually for the next four years.  If the data collected during this initial period supports the observed

efficiency of intrinsic remediation, the monitoring frequency may be reduced to once per year.  If data

collected at any time during the monitoring program indicate plume migration or a risk to human health

and the environment, the sampling frequency will be adjusted accordingly and a contingency plan will be

developed and implemented.

4.5 EVALUATION CRITERIA

The primary evaluation criterion to determine the effectiveness of intrinsic remediation will be a decrease

in the concentrations of COCs detected in the groundwater, in particular that of TCE and 1,1-DCE.

Remediation will be deemed to have been achieved when these concentrations have reached the

cleanup criteria listed in Table 1-1.

In addition, testing results for the parameters listed in Table 4-1 will be used to verify whether intrinsic

remediation is taking place and to evaluate the possibility of reaching cleanup goals.  The following

guidelines will be used for this evaluation:

Oxidation/Reduction Potential (ORP):  Dechlorination of VOCs generally requires reductive conditions.

ORP values of less than +50 millivolts (mV) indicate that reducing conditions are possible and values of

less than -100mV indicate a high possibility of reducing conditions.

Dissolved Oxygen (DO): Values of 0.5 milligrams per liter (mg/L) or greater indicate aerobic conditions;

unfavorable conditions for reductive dechlorination for TCE and 1,1-DCE.  However, if values exceed 1.0

mg/L, certain chlorinated VOCs, such as vinyl chloride, may be aerobically degraded.

Nitrates (NO3
-): Values of 1.0 mg/L or greater indicate that reductive dechlorination may be inhibited.

Ferrous Iron (Fe2+): Values greater than 1.0 mg/L indicate that reductive dechlorination is possible.

Sulfates (SO4
2-): Values greater than 20 mg/L indicate that reductive dechlorination may be inhibited.

Sulfides (S2-): Values greater than 1.0 mg/L indicate that reductive dechlorination is possible.

Methane (CH4): Values greater than 1.0 mg/L indicate that reductive dechlorination is potentially

occurring but that vinyl chloride may accumulate.
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Carbon Dioxide (CO2), Chlorides (Cl-), Alkalinity (as CaCO3): Values greater than twice background

levels indicate that complete degradation of organic COCs may be occurring.

4.6 WORK PLAN FOR SOLUBILITY LIMIT STUDY

A solubility study will be conducted to determine the site-specific solubility limit of TCE in the groundwater

at Site 16 using a saturation test.  Previous investigations have indicated that dissolved concentrations of

TCE in the intermediate zone of the surficial aquifer exceeded its literature value of 1,100 mg/L, therefore,

it is suspected that site-specific factors (such as chemical composition of groundwater) may be

significantly affecting the solubility of TCE.  The saturation test is a modification of ASTM E 1148-87.

Representative samples of groundwater from a background surficial aquifer at the site will be collected,

temperature and pH will be measured and recorded, and the samples will be shipped to the selected

laboratory in head-space free vials without preservative and maintained at 4°C.  At the selected

laboratory, the groundwater samples shall be maintained at 4°C until the saturation test and TCE analysis

can be scheduled to be performed in immediate succession.  Prior to the saturation test, the groundwater

samples shall be warmed in a controlled-temperature bath until the final temperature is approximately

within 1°C of the groundwater temperature as recorded at the site.  A sample of industrial-grade TCE

(similar to the type used during the operations at the site), weighing between 10 to 50 grams shall be

taken in a head-space free glass container (100 mL maximum volume) and the remainder of the volume

shall be filled with the warmed groundwater from the site.  The container shall then be placed in the

temperature-controlled bath, maintained at the same temperature (within 1°C accuracy) as the

groundwater recorded at the site, and agitated using a magnetic stirrer or a similar apparatus while

ensuring that no air entrainment occurs.  After the TCE is visually observed to be completely dispersed in

the water, agitation shall be continued for a duration of 30 minutes.  The agitation shall then be stopped

and the aqueous and non-aqueous phases allowed to separate by gravity.  The aqueous phase shall be

evaluated and immediately analyzed to determine the TCE concentration.  The procedure shall be

repeated twice more with two additional aliquots of the warmed groundwater stock with the exception of

the duration of agitation, which shall be 2 hours and 6 hours, respectively, to ensure complete

equilibrium.  The TCE concentrations shall be reported as the solubility limit for TCE at 30 minutes, 2

hours and 6 hours, respectively.

Table 4-3 specifies the sampling protocol and analytic method for this study.  During the preservation of

the sample, the conduct of the saturation test, and the analysis of the samples, every attempt shall be 
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TABLE 4-3

ANALYTICAL AND SAMPLING PROTOCOL FOR TCE SOLUBILITY LIMIT STUDY
OPERABLE UNIT, 7 SITE 16

NAS CECIL FIELD, JACKSONVILLE, FLORIDA

Analysis Analytical
Method

Sample
Volume

Bottleware Preservation Holding Time

TCE Solubility
Limit

Modified ASTM E
1148-87 and SW
846 8260

25 x 40 mL Glass, Teflon-lined
cap/headspace
free

None 14 days

made to avoid artificial conditions (other than agitation) that are not normally expected to occur in the

aquifer.

4.7 LONG-TERM MONITORING REPORTS

Within 60 days of each sampling event, a report will be prepared.  These long-term monitoring reports will

describe sampling activities, present sampling analytical results, score the natural attenuation process

and provide conclusions and recommendations for future actions, as may be required.  Initially, scoring of

the natural attenuation process will be performed in accordance to the Technical Protocol For Evaluating

Natural Attenuation of Chlorinated Solvents in Groundwater (Wiedemeier et al, 1996).  The scoring

protocol will be regularly updated based upon review of the most recent literature.  If scoring shows

limited evidence (6 to 14 points) or inadequate evidence (0 to 5 points) for natural attentuation of

chlorinated organic compounds, a recommendation will be made that the selected remedy be

reevaluated.  Long-term monitoring reports will be submitted to the Cecil Field Partnering Team.

4.8 INSTITUTIONAL CONTROLS

Institutional controls will consist of administrative measures taken to prevent exposure of human

receptors to the groundwater of the surficial aquifer.  Use of this groundwater will be controlled through

deed restrictions or land use plans.  Annual reminders of these restrictions and plans will be sent to all

owners or residents of properties affected by contaminated groundwater.  A formal request will be made

to the agency administrating the well installation permit program in Duval County to not issue permits for

installation of drinking water wells which would pump water from the surficial aquifer.

4.9 FIVE-YEAR REVIEWS 

Five-year reviews will be conducted at Site 16 in accordance with CERCLA, Section 121(c) and the NCP,

Section 300.430(f)4(ii).
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4.9.1 Background

Five-year reviews are conducted at sites where remedial action results in hazardous substances,

pollutants, or contaminants (i.e., COCs) remaining on site.  Remedial action at Site 16 does not consist of

removal of contaminants, therefore these contaminants will remain on site until they are naturally

attenuated.

Typically U.S. EPA conducts 5-year reviews.  However, remedial action at NAS Cecil Field is being

implemented under a Federal Facility Agreement (FFA) and, as such, the Navy is responsible for

conducting these reviews.

4.9.2 Purpose

Five-year reviews are conducted to evaluate whether or not the remedies selected in the ROD remain

protective of human health and the environment.

4.9.3 Execution

The 5-year review process will consist of the following:

• Review of background documents concerning Site 16, including long-term monitoring reports;

• Identification and review of new regulatory standards as may have been promulgated since the

signing of the ROD or since the previous 5-year review;

• Site visit to conduct a visual inspection;

• Preparation of a 5-year review report, including conclusions and recommendations for future actions

as may be required; and

• Public meeting to present the results of the review and any actions as may have been taken as a

result of this review.

4.9.4 Reporting

A report will be prepared at the end of each 5-year review period.  The 5-year review reports will include

the following elements:
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• An introduction, including a summary of site characteristics;

• A brief discussion of remedial action objectives (RAOs) and discussion of the applicable or relevant

and appropriate requirements (ARARs);

• A description of monitoring and maintenance activities at the site;

• A presentation of monitoring results, including an evaluation of changes in monitoring parameters;

• An evaluation of how well the selected remedy has protected human health and the environment,

including a formal statement of protectiveness of human health and the environment, a determination

of remaining risks, and an analysis of potential deterioration of the remedy;

• A presentation of cost incurred;

• A summary description of the site visit;

• Documentation of areas of noncompliance, as may apply;

• Recommendations for future response actions, as may be required; and

• A statement as to when, if necessary, the next 5-year review shall be completed.

The 5-year review reports will be submitted to the Navy, U.S. EPA Region IV, and the FDEP.
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