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REMEDIAL ACTION PLAN CHECKLIST 

Bure~u of Waste Cleanup 
Florida Department of Environmental Protection 

-'<. 

-: .. , 
Facility Nafue: North Fuel Farm Site. ,NAS Cecil Field. Jacksonville. Florida Reimburserril!ni'Site: [ 

Location: NAS Cecil Field. Jacksonville. Florida 

FAC 10 No.: 

Reviewer: ~ ________ ....;.... _______ Date: January 29.1997 Consultant: ASH Environme~t;I~Services 

Date of CAR Approval: October 1996 ",: 

This checklist should notbe applied in blanket fashion. Technical judgement may be necessary in determining the applicabilit9Qfsome items, However, 
all information listed that is relevant to the remedial design should be provided. ' 
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RAP signed, sealed, arid dated by Florida P.E. (per FS 471.025) 

indication whether proposed plan is for reimbursement program or state contracted cleanup 
( 

recap of CAR information and conclusions pertinent to RAP preparation 

a) horizontal and vertical extent of contamination in soil and groundwater 

b) volumes of affected soil and, groundwater; 

c) estimated mass ,of contaminants in soil and groundwater. 

d) depth to water table 

e) groundwater flow direction and gradient 

f) hydraulic cqnductivity of aquifer and method of determination 

g) transmissivity of aquifer and method of determination 

,h) confining layer location 

i) lithology of site 

current sampling reSults (within six (6) months) used for remediation system design 

latest date underground storage tanks and product lines have tested tight 

potable water considerations 

a)-method of p6tfble V(~ter 'supply to af" 

0) ;;~~ationof pri;ate'w~IS in 1/4-mije, andpl,lbiicwells ,in 1/2-mile radius of sit a 
< ~ .~~~.>' <; -<.-~<<:~~:~<; .,' - " .... ~ ./~:.. '''''.:".:'. . -:\{ " ", . '", <'/'. '."'. -'.". . ", .,. 

er 'f'51iQatio~~~eth.er:FDf~ district i:)f.fic~,drtnk,!t1~~~ter p!O~~ was n~.tifiedit'0q,~t~lnir\~!'l~W~tindra!~r9~id b,a expatltadtor{iacfl , :'<. -'nyp,ubh~or.pnv~~W~tflr Welt.M~,~Odoi5l'iotlflcation!,'1.'e,rson, notl~l~a;i~nd date,_ ' , " , ' . 
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uOderground.utilifies wh'ibh~~y en.haneE!o(m:tamin~nt t(~r1$P.ort.shown . - ,- .. --- '" ... ,',' ':: ..... ' '.:.", : :,',' . - ; 1;,~ ~:"" c. " 

',k .' ix 
cleanLlP time;. 

":-.-':" 

ic)/1MJ5 
·Wlfll'6t:t1i~k. 



" 

REMEDIAL ACTION PLAN CHECKLIST Page 2 

(9) fencing'treatment I:\rea required, unless public access is restricted by institutional controls 

13-1 (10) , discussion of required maintenance for proposed equipment, including site visit frequency and special O&M considerations 

13-1 (11) ali loqal, state, and federal permits obtained and conditions stated 

na (12) itemized cost estimate for project: capital, operation, maintenance, sampling, and closure 

na (13) feasibility of leasing equipment considered (cost cannot exceed purchase price) 

App"B (14) alternative analysis or discussion of other alternatives considered 

App-I (15) cost effective analysis provided if design is innovative 

13"1 (16) statement that signed and sealed as-built drawings to be provided 

na (17) nuisance noise and odor to neighbors avoided by careful location of equipment items and exhaust stacks or other mitigating measures 

II. REMOVAL AND/OR REPLACEMENT IR/RI OF PETROLEUM STORAGE SYSTEMS: Technical and Reimbursement Considerations 

na 

na 

na 

na 

6-1 

na 

na 

na 

na 

Yes or No 

na 

na 

na 

na 

Yas orNo 

(1) General 

a) indication whether R/R will be claimed as reimbursable expense 

b) acknowledgement that R/R reimbursement is exclusive of hardware 

c) acknowledgement that any relocation and facility renovation ac~vities during R/R are not reimbursable 

d) if dewatering involved during R/R, then documentation provided regarding proper disposal, or. verification that water not contaminated 

e) indication of quantity and location of soil removed, or to be removed, from below the static water table 

(2) PRIOR TO JULY 1, 1992: R/R reimbursement justification based on association of contamination with the tank (or tank pit) 

a) 

b) 

c) 

d) 

e) 

(3) 

a) 

b) 

c) 

d) 

e) 

verification of petroleum storage system as potential contamination source by either verified le~k, apparent leak; or overlapping when 
soil and/or groundwater contamination plumes superimposed on a site map showing tank bed 

indication of whether R/R has alrel:\dy been done, or to be done after RAP approval 

proper disposal of water, soil, and sludge from the R/R 

scaled site map including: 

(1) identification and location of all storage system components to be R/R 
(2) boundaries and dimensions of excavation 

FDEP reviewing engineer: Agree that tankS which were subject of R/R were associated with the contamination? If disagree, then include 
statement in RAP Approval Order, even if tanks already removed 

ON OR AFTER JULY 1, 1992: R/R reimbursement is based on pertinenoe of tank removal to the achievement of cleanup criteria set 
for il'\ 62-770, FAC, 

, , 
R/R justified as meaningful and necessary for achievement of 62-770 FAC cleanup criteria 

if FI/R is part of a RAP Modification, then show cost"effectiveness in comparison to other alternatives and no action 

if R/R was done during IRA, then disqussionof necessity ofR/R in order to remoVe.contaminated soil and/Qr free product 

if R/R is associated with a MO or NFA, then show .that the removal of soil, product, and groundwater contributes or contribufed to . 
achieving MO or NFA criteria ' 

FDEP reviewing engineer: Agree that R/R contributed (or will contribute) in a meaningful way to site oleanup? If disagree, then include 
statement in RAP ApprQvaiOrder even if tanks already removed 
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REMEDIAL ACTION PLAN CHECKLIST Page 3 

III. FREE PRODUCT REMOVAL 

4-1 (1) free product plume identification 

8-1 (2) description of free product recovery system 

na (3) oil/water separator sizing calculations and detention time 

na (4) free product storage tank of adequate size for reasonable maintenance 

na (5) automated product pump shutdown for high level in product tank 

na (6) disposition free product after its recovery 

IV. SOil REMEDIATION - GENERAL 

6-1 (1) volumes of all contaminated and excessively contaminated soils 

3-1 (2) recap of IRA activities and soil volume already excavated 

na (3) effect of soil leachate from non-excessively contaminated soils on groundwater contaminant levels evaluated 

4-3 (4) indication that excessively contaminated soils (per soil guidance manual) will be remediated, or rationale for "no action" alternative for 
soil remediation provided 

6-1 (5) disposition of excavated, contaminated soils 

na (6) indication that'hazardous soils (e.g., ignitable, corrosive, reactive, toxic, or petroleum refining waste) will be disposed of properly 

V. LAND FARMING OF SOil 

(1) adequate surface area available (\.. ___ sq ft) to spread soils 6 to 12 inches thick 

(2) location of landfarming operation 

(3) landfarming area is flat (less than 5% slope) 

(4) impermeable base provided. Type: 

(5) surface water runoff controls provided 

(6) groundwater monitoring plan proposed if landfarm is outside of immediate contamination area 

(7) frequency of tilling provided 

(8) frequency and details of nutrient application or other enhancements provided (if proposed) 

(9) soil sampling frequency and sampling methods provided 

(10) potential for land farm causing nuisance conditions evaluated 

(11) underlying soil and groundwater monitoring procedures provided and acceptable 

(12) landfarming will be continued until the TRPH concentration is 10 ppm or less (by EPA Method 90?3) and the BTEX concentration is less 
than 100ppb (by EPA method 5030/8020); or TRPH concentration is 50 ppm or less,and PAH concentration is 1ppm or I.ess, andrVOH 
concentration is 50 ppbor le.ss. AlternateTRPH standard may be considered if appropriate and acceptable means of soil disposal is 
identified. . , 

(13) cost~effectiveness evaluated 

(14) ultimate disposition of soils discussed 

(15) need to .fence landfarm area considered 

10/18/95 
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REMEDIAL ACTION PLAN CHECKLIST Page 4 

VI. LANDFILLING OF SOILS 

(1) landfill lined permitted by FDEP 

(2) name and location of landfill provided along with conditions of acceptance 

(3) cost-effectiveness considerations 

VII. SOIL THERMAL TREATMENT 

v 
App-D (1) name and location of thermal treatment facility provided 

(2) facility is permitted for thermal treatment of petroleum contaminated soils 

(3) indication of whether pretreatment soil samples will be collected at site or at thermal treatment facility 

(4) cost-effectiveness evaluation 

VIII. COMMERCIAL BIOREMEDIATION OF SOIL 

(1) name and location of bioremediation facility provided 

(2) facility is permitted for bioremediation of petroleum contaminated soils 

(3) indication of whether pretreatment soil samples will be collected at site or at bioremediation facility 

(4) cost-effectiveness evaluation 

IX. IN SITU BIOVENTING OF SOIL 

(1) soil cleanup criteria identification 

(2) estimated mass of contaminants in the vadose 

(3) pilot test determination of: a} soil temperature, permeability, pH, moisture, b} nutrient requirements; c) presence of suitable indigenous 
microbes; and d) oxygen requirement (usually as pounds of air to pound of hydrocarbon degraded) 

(4) layout a) location of air injection and air extraction and wells with respect to contaminated soil plume location and depth; b) location 
and depth of soil gas monitoring probes with respect to contaminated soil plume and the air injection and extraction wells. 

(5) mechanical details, equipment sizing calculations, and operating parameters: a) well type - vertical or horizontal; b) well construction 
details; c) indication whether soil vacuum pump will be used alone (with Induced influx of air from unsealed surface acting as oxygen 
source) or accompanied by air injection pump as oxygen source; d) vacuum pump/blower specifications and hor$epower; e) method 
and design details of moisture addition if site soils are dry; ~i: method and design details of nutrient delivery system, if necessary 

(6) estimated cleanup time 

(7) instruments, controls, gauges, and valves: a) subsurface soil gas monitoring probes; b} pressure gauges; c) shutoff/throttling valves; 
d) nutrient and moisture addition control devices and meters 

(8) monitoring plan: CO2 ; pertinent bioremediation parameters; contaminants of concern. 

(9) air emissions: a) generally, no air emissions treatment necessary because vapor flow rates are so low anc:! biodegradation of petroleum 
results in production of CO2 and water; b) evaluation of need for offgas treatment if pilot test indicated that a significant amount of ' 
coincidental hydrocarbon volatization occurs. 

X. SOIL VAC,UUM ExTRACTION 

7 ~ 1 (1) Prerequisites 

7-.1 

7-1 

a) relatively permeable soil 

b) depth to groundwater> 3 ft 

c) relatively volatile contaminants 

10118/95 
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7-1 

Fig 7-3 

7-1 

7-1 

App-E 

REMEDIAL ACTION PLAN CHECKLIST Page 5 

(2) Pilot study (results of onsite testing.' ul'lless pilot study approaohes size offull-soale .system) 
'-

a) pilot test oomponents designed and looated for oost-effeotive subsequent integration into full-soale design 

b) diagram of pilot layout indioating looation of vapor extraotion well, and radial distanoe of monitoring wells from the vapor extraotion 
well .or· co; 'i'" L' 

0) air flow;'ofm' 

d) radius of influenoe, ft; vaouum (inohes of water) at limit of radius 01 influenoe 

e) water elevations at monitoring wells to assess groundwater mounding; observed mound, inohes 
'.L _" t' 

f) vaouum readings ~t monitoring wells and at various radial distanoes from extraotion well to aid in full-soale design 

g) measurement of offgas oontaminant oonoentrations forthe purpose of seleoting and sizing oost-effeotive offgas treatment forfull-soale 
system·,,· 

h) determination of soil's permeability (Rule of thumb): permeability should be greater than 10.9 sq om) 

(3) Full-soale design 

a) looation(s) and radius of inJluenoe, ft; overlapping radii for adequate ooverage of exoessively oontaminated soil plume 

0) vaporextraotionWell(s) ·oonstruction details ,!' 

< , " ~-,L~-" _. ,_. -,. , .. -', ~ ..... _.: .. '" ,.' ,-' ·:~-.3"· -.•. ", . ' 
1) no"ofwells;;ofm eawell; total.ofm; .well type (vertioaLorh9rizontal);. well'di~meter; well.dep,th;,water tt;lble (ft bls); soreen slot size; 
soreenedinterval (ft bls); well sealed w/bentonite or non-shrinking grout at soreen design depth to prevent short-oirouiting, 

: ' ," 

,,?) soreen looation olose towater,table to optimize oolleotion of vapors aoross vadose depth but not so olose as to oolleot exoessive 
water 

0) operating NaOuum @ wellhead(s)~inoh\!iswater 

, ,'·1) oaloulation of,piping system friotion .losses 

·2) oaloulationof,vacuum pump motor .hp;based on system losses plus required vaouum at wellhead 

d)'cvaouurhsouroetype; regenerative,blower;positivedisplaoement vaouum pump; other 

1) desigmofm @Anoheswater;operating,ofm @ inohes wt;lter. 

2) mfgr; model; motor hp; rpm; performanoe oUrves; hp oaloulations or ourves 
.' ~ ! ~', ,'\, • 

. ~).'nonferrous· materialsof'~onstruotion and/or assemblY,to minimizepotElntial. for sparking' and friotion 

':,A) .. explosion proof mdtorspeoified 

.8) moisture separator/oondensation trap ("knook out pot") prior·to inletotvaouum'pump 

f) su'rfaoe seallngprovidedfot vacuum extraotion" orexistingconorete or asphalt adequate 

g) .safety; . 

. 1 )$ystem operation at approximately. 25% ,01, Lower Explosive Limit (LEl;) 

, 2) "Ieed yalve to., oontrol flammable vapor oonoentrations 

h)' instfl,lmentation,gauges,and appurtenanoes: 

1).vaouJJm.gauges.at eaohWell;temperaturegauges;:(@ vaouum pump and/or exhaust gas staok) 

10/18/95 
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REMEDIAL ACTION PLAN CHECKLIST Page 7 

d) screening interval appropriate 

(3) predicted horizontal and vertical area of influence with hydraulic gradient provided 

(4) expected drawdown in recovery well or trench L-ft) 

(5) consideration of multiple well configurations to minimize drawdown 

(6) groundwater pump(s) description, pump characteristic curve, design flowrate L-gpm at __ ft TDH provided) mfgr; model; motor 
'~ , 

a) hydraulic design Oncluding friction losses and suction lift considerations acceptable 

(7) automated well level controls provided for stopping/starting groundwater pump{s) 

(8) totalizing flowmeter installed on influent line from each groundwater recovery pump 

(9) oheck valve provided on pump discharge piping if not integral to pump 

(10) shutoff/throttling valve provided on pump discharge piping 

XIV. GROUNDWATER TREATMENT SYSTEM - GENERAL 

__ 1-

(1) expected or calculated influent concentrations acceptable {based upon pumping test dynamic sample, weighted averaging procedure, 
or other reasonable assumptions) 

a) summary of the expected influent conqentrations: benzene ___ _ toluene ___ ; ethylbenzene ___ _ 

xylene\ __ _ MTBE ___ , total naphthalenes __ _ 

PAHs __ _ EDB __ _ 1-2 dichloroethane 

others ____________________ _ 

(2) feasibility of discharge to sewage treatment plant evaluated 

a) consideration given to less time and/or level of treatment required to meet sewage system pretreatment standards 

, ( 

(3) site piping plan, and schematics of ~ treatment components, piping valves, controls and appurtenances provided 

(4) 

(5) 

a) influent and effluent sampling ports provided 

b) piping type and size provided 

Iron fouling: a) groundwater analyses: total .ppm; dissolved ppm; and b) consideration whether iron fouling should be controlled 
by filtration of influent to remove particulately-bound iron, and/or by removal or sequestering of dissolved iron to prevent precipitation 
in process equipment items. 

\ 

(Generally, "normal" concentration lof dissolved iron in water is approx. 0.1 to 0.3 ppm, and unless the pH of the water falls below 5, 
it rarely exceeds 1 ppm.) 

Calcium carbonate: Consideration whether pretreatment or other measures necessary to prevent fouling by calc!um carbonate (Langalier 
Index calculation based on groundwater samples may aid in this consideration) 

__ '_ '(6) need for pretreatment or O&M for biofouling considered 

xv . AIR STRIPPING TREATMENT PROCESS 

(1) Packed Tower: 

a) type, size, a:nd surface area of packing I' , 

b) calculations, criteria, design parameters 

tower height ; tower diameter 
packing height; water flow rate 

10/18/95 
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REMEDIAL ACTION PLAN CHECKLIST Page 8 

air flow rate; blower hp 

air Iwater ratio; pressure drop across packing 

c) pressure gauge to indicate effects of fouling over time 

d) mist eliminator 

e) observation port 

f) O&M considerations (fouling potential) 

(2) Diffused Aerator (tank type): 

a) calculations, parameters (tank volume; contact time, air flowrate, . pressure drop, contaminant removal efficiency) and design 
assumptions 

(3) Low Profile Air Stripper 

a) Number of trays; water flow rate; air flow rate; air Iwater ratio; pressure drop; blower horsepower; mist eliminator; 

(4) General: 

a) maximum ambient air impact calculations; emissions stack height 

b) equipment description if emissions treatment necessary 

c) automated recovery well shutdown when" blower failure occurs 

d) daily analysis screening with portable GC, or other appropriate measures, during system startup until system consistently meets 
discharge criteria 

XVI. LIQUID-PHASED CARBON ADSORPTION 

---

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

indication whether adsorption is for primary treatment of groundwater or polishing of effluent 

carbon specifications 

carbon unit{s) sizing calculations (carbon usage rate, contact time, pressure losses) Idesign assumptions 

isotherm data from pilot study needed if carbon adsorption used as primary treatment and total VOA concentrations are appreciable 
(yOA > 100 ppb typically) in order to estimate carbon capacity required and sampling frequency 

toc in groundwater determined and" effect on carbon usage considerations 

need for sand filter or cartriqge unit considered prior to carbon unit 

pressure gauge and pressure relief valve provided on carbon (and sand) filter 

carbon disposal and replacement method 

series configuration of carbon units considered to allow for maximum carbon utilization and prevention of contaminant breakthrough 
to system effluent 

automated recovery well shutdown if primary carbon unit pressure too high 

(11) schedule for sampling between and after carbon adsorption units 

XVII. IN .SITlJ AIR SPARGINGOF GROUNDWATER 

(1) Prerequisites: 

a) No or little free product which could spread via sparge turbulence, or prolongsparging 

b) Volatile (C3~C10) petroleum fractions with Henry's Constant > = .00001 atm;m3/mole (approx.rule of thumb, unlessbiosparging 
is proposed) 

10/18/95 
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c) no high concentrations of metals (iron, magnesium) to form oxides which plug aquifer or well screens, or high concentrations of 
dissolved calcium, which could react with CO2 in air to clog aquifer w /calcium carbonate 

(Notes: Langelier Index calculation regarding equilibrium between calcium carbonate and dissolved CO2 may be helpful. Generally, 
precipitation of dissolved iron Is less likely when water is acidic, approx. of pH less than 6.) 

(2) Pilot study results 

(3 stage pilot study recommended priOr to RAP design): vapor extraCtion only; sparging only; combined extraction andsparging 

A pilot study is generally necessary, unless plume size is relatively small and aquifer characteristics favorable 

a) pilot test components designed and located for cost-effective subsequent iritegration into full-scale design 

b) diagram'of pilot layout indicating locations of air injection well, vapor extraction well, and radial distance of monitor{ng wells from 
the air injection well 

c) air flow rates for each stage: vapor extract, cfm; sparglng,cfm;combined cfm 

d) radius of influence for. each stage: vapor extract, ft; sparging"ft; combined ft 

e) groundwater mounding observed during each stage: vap extract, inches; sparging, inches; combined, inches 

f) measurement of parameters which are pertinent to full-scale design at various radial distances from the air injection well (for example: 
vacuum readings, pressure readings, water elevations, dissolved oxygen, pH, and conductivity) 

g) measurement of vapor extraction system offgas contaminant concentrations for the purpose of selecting and sizing cost-effective 
offgas treatment for full-scale system 

h) determination of soil's permeability. (should be greater than 10'9 sq cm for sparging to be feasible) 

i) need .for groundwater recovery for plume control evaluated. 

(3) Full-scale design 

a)' groundwater contamination plume coverage: 

1) location(s) and radius of influence for full-scale air injection weU(s); Adequate coverage by overlapping radii of inflLence if multiple 
well system 

b) air injection well (s):, no. of wells; well design; operating air press at wellheads; cfm each well; total cfm _______ _ 

c) avoidance of long ~creen allowing air to diffuse at top portion only, where air flow resistance is leaSt (typ screen is 1 to 3 ft Ig) 

d) well depth and screened interval (or depth of sparge tip) appropriate w/ respect to depth of contamination ------
e) vapor extraction well(s) in conjunction w/sparging situated properly to recover volatiles and prevent their release to atmosphere: 

1) injection cfm of air typically 20 t6 80 % of vapor extraction cfm. (0.2 to 0.8) 

2) automatic shutdown of air injection upon loss or low vapor extraction system vacuum, or failure of vacuum pump motor,in order 
to prevent air emissions 

3) adequate and cost-effective treatment of vapor extraction system offgas proposed to prevent air emissions 

f) compressor: 

design: cfm @psig; operating cfm @ psig 
compressor: type; mfgr; model; motor hp; rpm; performance curves; 
air filter at compressor inlet; oil trap or oil-free compressor to avoid introducing more contamination to aquifer 

g) safety: pressure relief valve at disdharge of compressor and/or high pressure switch for a~tomatic shutdown 

h) instrumentation and gauges: pressure indioating gauges at each sparging well 

i) ~ air. flow control: shutoff/throttling valve at eaoh well; other flow control device or method 

10/18/95 
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REMEDIAL ACTION PLAN CHECKLIST Page 10 

n cost-effectiveness evaluation of proposed full-scale design includes cost of pilot study 

XVIII. INSITU/ENHANCIfP BIORECLAMAnON 

AeP-1 (1) groundwater paramet~rs evaluation (pH, DO, TDS, N, P, Temp, TOC, and Alk, etc.) 

11-1 (2)· monitoring program discussion. TOC to be monitored 

(3) additional oxygen source provision 

(4) oxygen ana nutrients method of application and application rate to contaminated area evaluated 

___ . (5) suitable soils present (non-clayey, good transport, low adsorption properties) 

(6) -bench scale and/or in situ pilot study proposal 

XIX. LEAD REMOVAL 

(1) discussion of area(s) where groundwater lead concentrations exce.eds 15 ppb 

(2) lead concentrations; unfiltered Lppb); filtered Lppb)i background Lppb); 

(3) proposal for lead removal by filtration if unfiltered sample is greater than 15 ppb and filtered sample is less than 15 ppb 

(4) method of lead removal, including pertinent design calculations 

XX. INFILTRATION GALLERY 

(1) field percolation test (preferably with double ring infiltrometer) provided if gallery base is 10c!J,ted in the vadose zone 

(2) infiltration gallery construction details and location. (upgradient location if site layout allows) 

(3) gallery oalculations/assumptions with mounding analysis 

(4) piezometer and clean out pipe in gallery 

(5) geotextile filter fabric to be installed around the above gallery 

(6) discussion or modeling of gallery's effect on plume migration 

XXI. INJECTION WELL 

(1) discussion of injection zone and relevant lithology information 

(2) injection well location and proposed construction details 

(3) screening interval appropriate 

, (4) effluent discharge pump description, pump characteristic curve, and design floW rate L-gpm at _' _ft TDH) 
'\ 

(5) carbon polishing unit (or equivalent) 

(6) air release valve at highest point of effluent discharge piping 

(7) injectiOn rate (well hydraulics) calculations 

(8) . Underground Injection Control (UIC) permit conditions met 

(9) evaluation of.injection well'S effect on potable wells and plume migration 

XXII.Al TERNA TE DisPOSAL METHODS 

(1) cost-effectiveness comparison of alternatives (including general permit fee of $2,500 per yeiuinthe cost Elstih'latefor NPDES disposal; 
if itis one of the alternatives being compared) 

(2) for surface water discharge: 

10/18/95 
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a) conditions for NPDES general permit met 

b) indication that notice of intent ·for NPDES permit will be submitted after RAP approval 

(3) if applicable, consumptive use permit .obtained from water management district 

(4)approval·fror'n municipality for sewer discharge, and conditions and effluent standards to be met 
( . 

(5) applicable permits for stormwater discharge 

Page 11 

XXIII. SAMPLING REQUIREMENTS·· 

App-K (1) designated monitoring wells and their sampling frequency: 
I 

upgradient. ____ _ downgradient. _____ ; highest concentration __ ---'--

(2) weekly sampling of influent from recovery well(s) and effluent at treatment system for first month, monthly sampling for first year 

(3) filing of annual status reports ackhowledgement 

(4) water table contours and depth and extent of free product to be determined at monthly or quarterly sampling event 

(5) sampling program· includes appropriate contaminants/procedures as specified in 62-770.600 

(6) periodic maintenance and site inspection limited to twice a month for first quarter, monthly thereafter, or justification for alternative 
frequency provided 

. 10/18/95 
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FOREWORD 

Subtitle I of the Hazardous and Solid Waste Amendments of 1984 to the Solid Waste 
Disposal Act of 1965 established a national regulatory program for managing 
underground storage tanks (USTs) containing hazardous materials, especially 
petroleum products. Hazardous wastes stored in USTs were already regulated under 
the Resource Conservation and Recovery Act of 1976. Subtitle I requires that the 
U.S. Environmental Protection Agency (USEPA) promulgateUST regulations. The 
program was designed to be administered by individual States, who were allowed 
to develop more stringent, but not less stringent, standards. Local governments 
were permitted to establish regulatory programs and standards that are more 
stringent, but not less stringent, than either State or Federal regulations. The 
USEPA UST regulations are found in the Code of Federal Regulatiops (CFR), Title 
40, Part 280 (40 CFR 280) (Technical Standards and Corrective Action Requirements 
for Owners and Operators of Underground Storage Tanks) and 40 CFR 281 (Approval 
of State Underground Storage Tank Programs). 40 CFR 280 was revised and 
published on September 23, 1988, and became effective December 22, 1988. 

The Navy's UST program policy is to comply with all Federal, State, and local 
regulations pertaining to USTs. This report was prepared to satisfy the 
requirements of Chapter 62-770, Florida Administrative Code (FAC) (State 
Underground Petroleum Environmental RespOnse) regulations on petroleum 
contamination in Florida's environment as a result of spills or leaking tanks or 
piping. 

Questions regarding this report should be addressed to the Commanding Officer, 
Naval Air Station Cecil Field, Jacksonville, Florida, or to Southern Division, 
Naval Facilities Engineering Command, Code 1842, at 803-820-5596 (AUTOVON 563-
0307). 
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AContaminatiop. Ass:~,ssmep.t;'iReport·"AddEmdwnj(CARA) for North Fuel. Farm Site at 
Naval Air Station Cecil Field, Florida, was submitted by ABB Envir,onmental 
Services, Inc. (ABB-ES), in April 1996 to Southern Division, Naval Facilities 
Engineering Conunand (SOUTHNAVFACENGCOM). 

The CARA has concluded that 

jet fuel-contaminated soil at the site will require remediation to 
meet soil standards as outlined in Chapter 62-770, Florida Adminis
trative Code (FAC); 

groundwater contamination at the site appears to be related to 
releases from the aboveground storage tanks (AST) and associated 
pipelines; and 

free product at the site is likely associated with one or more 
previous releases from the AST system. Very little of the product 
released at the site has been recovered by the bioslurping system 
and the infiltration/oil recovery trenches, currently part of an 
Initial Remedial Action for the site. 

After review of the CARA by the Florida Department of Environmental Protection 
in October 1996, ABB-ES was authorized by SOUTHNAVFACENGCOM to develop a Remedial 
Action Plan (RAP), under Contract Task Order No. 124 of the Comprehensive Long
term Environmental Action, Navy (CLEAN) contract. This RAP has been developed 

i to describe site cleanup. Components of this remedial action plan are as 
follows: 

CF-NFFS.AAP 
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excavation of excessively contaminated soil outside of the mound 
area containing active ASTs; 

installation of a soil vapor extraction system to treat excessively 
contaminated soil within the mound area; 

free product recovery and monitoring program implemented via 
installing temporary well points on the mound and connecting the 
points to the existing bioslurping system; 

installation of a biosparging system to treat contamination in the 
shallow groundwater zone (0 to 55 feet below land surface [bls]); 

installation of recirculation wells to enhance in situ bioremediati
on and implement in situ stripping of groundwater in the intermedi
ate zone (55 to 100 feet bls);' 

remediation by natural attenuation for the intermediate and deep 
zones (55 to 110 feet bls); and 

groundwater and system performance monitoring and reporting. 

-ii., 

" . - - --------- ---



These systems will be operated uhtil:.,the~':Kerosene and mixed products analytical 
group" constituents (Chapter 62.770 FAC) in both the groundwater and the soil 
reach the required target concentrations or until remedial activities are no 
longer effective . It is estimated~thau the, operation period will be about,,5 to 
10 years. 
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1.0 INTRODUCTION 

A Contamination Assessment Report Addendum (CARA) for the North Fuel Farm (NFF) 
Site at Naval Air Station (NAS) Cecil Field, Florida, was submitted by ABB 
Environmental Services, Inc. (ABB-ES) in April 1996 to Southern Division, Naval 
Facilities Engineering Conunand (SOUTHNAVFACENGCOM). After review of the CARA by 
the Florida Department of Environmental Protection (FDEP), ABB-ES was authorized 
by SOUTHNAVFACENGCOM to develop a Remedial Action plan (RAP). This work is being 
performed under Contract Task Order No. 124 of the Comprehensive Long- term 
Environmental Action, Navy contract. 

The NFF Site is located at the northeast corner of "A" Avenue and Loop Road 
(Figure 1-1). The fuel farm consists of six 595,000- gallon, interior-lined, 
asphalt-coated, steel, earth-mounded tanks that contain jet propellant 5 (JP-5 
or Navy jet fuel). The tanks are numbered Tank 76 and 76-A through 76-E. 

1.1 PURPOSE. The purpose of the RAP is to present a plan for remediation of 
petroleum contamination at the NFF Site consistent with the requirements of 
Chapters 62-770 and 62-775, Florida Administrative Code (FAC) (FDEP, 1994). 

1.2 SCOPE. This RAP presents the rationale and details of the remedial actions 
to be implemented at the NFF Site and includes the following components: 

excavation of excessively contaminated soil outside of the mound area; 

installation of a soil vapor extraction (SVE) system to treat exces
'sively contaminated soil within the mound area; 

free product recovery and monitoring program implemented via installing 
temporary well points on the mound and connecting the well points to 
the existing bioslurping system; 

installation of a biosparging system to treat contamination in the 
shallow groundwater zone (0 to 55 feet below land surface [bls); 

installation of recirculation wells to enhance in situ bioremediation 
and implement in situ stripping of groundwater in the intermediate zone 
(55 to 100 feet bls); 

remediation by natural attenuation for the intermediate and deep zones 
(55 to 110 feet bls); and 

groundwater and system performance monitoring and reporting. 

1.3 REPORT ORGANIZATION. The remainder of this report is organized as follows: 

CF-NFFS.RAP 
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Chapter 2.0 presents the history of investigations and a brief summary 
of contamination assessment and conclusions. 
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Chapter 3.0 presents a list of initial remedial actions conducted at 
the NFF Site. 

Chapter 4.0 includes a list of areas of concern, plus quantity and 
quality estimates of media to be addressed. It also includes a brief 
overview of exposure pathways and establishes a basis for the remedial 
strategy. The rest of Chapter 4.0 presents a review of tecqnologies 
appropriate for implementing the remedial strategy and provides the 
rationale for the selection of technologies. 

Chapter 5.0 summarizes the components of the RAP outlined for the NFF 
Site. 

Chapters 6.0 through 11.0 present details of the technology descrip
tion, system design, startup, and long-term monitoring plans for each 
of the components listed in Chapter 5.0. 

Chapter 12.0 presents the details of cost estimates for implementation 
of each of the components of the RAP. 

Chapter 13.0 outlines the reporting and documentation requirements 
during the implementation stage of the RAP. 

Chapter 14.0 includes the professional certification. 
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2.0 BACKGROUND 

2.1 SITE DESCRIPTION. The NFF Site is located at the'northeast corner of "A" 
Avenue and Loop Road (Figure 1-1). The fuel farm consists of six595,000-gallon, 
interior-lined, asphalt-coated, steel, earth-mounded tanks that contain JP-5 (j et 
fuel). The tanks are numbered Tank 76 and 76-A through 76-E. 

Tanks 76 and 76 -A were installed in 1952; the remainder of the tanks were 
installed in 1954. The associated pipes are corrosion-resistant, coated steel. 
In 1987, each tank was relined and overfill protection (high-level alarms) was 
installed. In addition, Tank 76 is equipped with an automatic shut-off system. 
The volume of each tank is measured by a float indicator on a graduated gauge and 
recorded daily. Tank 76-E was taken out of service in July 1991 when it was 
determined to be leaking. 

Figure 2-1 presents the details of fuel lines, underground utility lines, and 
associated substructures at the NFF Site. 

2.2 SITE HISTORY. 

2.2.1 Spill and Release History Review of records at NAS Cecil Field indicates 
the spill and release history at NFF Site as follows: 

The records showed that several holes had been discovered and repaired 
in the NFF Tanks 76, 76-A, and 76-B approximately Ito 2 years after 
the tanks were put into service in 1954 and 1955. 

Major spills occurred on August 3, 1987, (22,772 gallons) on the west 
side of NFF, February 10, 1991, (913,000 gallons) on the northeast side 
of NFF, and November 28, 1993, (1,800 gallons) on the west side of NFF. 
The area associated with the 9l3,000-gallon spill is defined as the 
JP-5 Spill Site. 

2.2.2 History of Investigations ABB-ES was contracted by SOUTHNAVFACENGCOM in 
1991 to conduct a contamination assessment (CA) to characterize and assess the 
vertical and horizontal extent of contamination at the NFF Site and submit a 
Contamination Assessment Report (CAR) to the FDEP. Activity at the site included 
the following: 
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PMW,01.97 

Thirty- seven soil borings, 26 shallow monitoring wells, and 4 deep 
monitoring wells were installed at the site. Soil and groundwater 
samples were collected and analyzed for petroleum constituents of the 
kerosene analytical group (which includes JP-5) as defined in Chapter 
62-770, FAC. In June 1992, ABB-ES submitted a CAR for the NFF Site to 
the FDEP (ABB-ES, 1992). 

The FDEP reviewed the NFF Site CAR and recommended that additional soil 
borings and monitoring wells be installed and sampled to better 
delineate the extent of soil contamination and free product at the 
site. 
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'. IrLOctoherci1993;'ABB~ESadvahced,g2sot1 horings~'at the NFF Site. In 

",ad:dttt~on, ,three water ta:ble,monitoring wells'a:nd one,:do~ble - cased 
've'rt?ic'al exte:tl,t' monitoring!' well 'were 'ins,talled') in'; ,Janua:ry 1994. 

" ,Gn!lundwaneTsamples froma:ll'1monitoring;weiLls,'atthe,NRF )Site' that did 
'not" contain' 'free"i,product we're.coTlectedi.;,in ,February ,1994 . The 
groundwater samples were analyzed for theker(>sene analytical group 
parameters 

InApril'.1994'i'~BB;,.,ESjfadvance<i!43 :so:ilhorings" on:t:he,west side of the 
NFFlSi,teto.ass.es1s;,:the:e'Xtent:70'£,soi!l ,co-qtainination ;from, 'ad:,800- gallon 

,.J;P:t5:,'fue,l"spill 'that\ o,oc)irr~d,ih;;Novemher19,93. 'hFour; water table 
m'tiil:ito'ring:we1:ls;,'were; instaLledi ,west or, :,the".t·ank'''farm and. east of A 
Avenue and sampled,Hn MayLli9,94; mOi:asses's "uhe .,extent of free petroleum 
product detected in three of the site monitoring wells. No free 
;petr:oleum''[!lrodu:'c,t:;was'':detecit:e.d'''~ihiany,of·th'e four''[!lrolduct,deline'ation 
wells'( A1fter;dilsriussing )t'he: soiil.l'wring: reslllt,s ,wli t:h ,FDEPrepresenta-
tive'S, ABB~EScadvariced 'lQ' additional,soi~h'1jorLngs,on,the west side of 

,A! iAvenue on ~ June, ;20, 'T994(,.;,to~ furt:herassess,soil;contamina,tion from 
. ,'the :lr;!80:C)'-'gallon fuel're']:ea'se .. · Nd :,so'il;con,taminatiorpwais detected west 

of A Avenue.. ",\!, 

,.j~:" One;'verti'c'al extent.;mon~toring'wellonthe:eas;& side of,the NFE Site 
wasl1eS'amp;led' iOl'Y)May 5,1~994 ,itoJv;eri,fy benzene.concentrat·ions detected 
in Feb:r.tia,ry! 19,9kthat exceeaed', Chapter 62-7,70·"FAC,t&rget.'levels. The 
resamp,lingr.e:sults irrdicated,!,that: groundwater,; was.cont'ainin'a'ted in the 

,'j, intEirmadiate and deep :zo.nes ~app':t:.6ximatelyL4:5 feet to ,,1,10 ,feet bls) of 
,the,\su:rficial: aquifer:oncpheeast side ,;o',f'tliEisite:.:fGO'nsequently, two 
. intermediate: double-case'd'.wel1s 'and, ';one (de.ep' douhlreJ-e.asedwell were 

,-,insta'lled.'and" sampLed. tOJ'ass:es's. the, verticall l extent.of:groundwater 
, ,Contam;inatLon'.· ,', /' ,t" ,','1, ' ; , '';.' 

" "~,I,; Groundwa,terahalyt1'caJ:', ;:results o'f' samples from" "the>..! intermediate 
.moni,toring!.wells,indicate'd'tl\.au., the' :hor:hzont'alextent:'.of: petroleum 

. " .c'cQrFt!:'amina.biondet~,9,ted in the' inte:rrmedii:rte i zone'oL'uhesurficial 
aquifer had not been' adequately assessed,. InstallatiOn·bf additional 
monitoring wells to assess the extent of contamination in the deep and 
intermediate zones was needed before the' CAR addendum could be 

. ,. sJ;lbm:it;:ted, t6tiheE;D,EP, ,ifo'r ;>appro;v8J1 " , .r 

Based on groundwater analytical dat'a·dbtained frOIIi' the: de.ep' ;and 
intermediate monitoring wells, it was apparent that a considerable 
quantity of fue ltr5idi~J?caked,·~f;rc)JJCT§:n~?·TJI6, .167'A" and'il6 ~~'" ,appr91).i -, 
mately 40 years ago. After discussing the circumstances at the NFF 
SiteJwith,the;FDER:,l lit was ,aigreeck'lthat:the' addendum to the 1992 NFF 
Sd.:te.CARand RAP ·fonthe'iNFF·Site shotildbe submitted. separately from 

0" A:SUpplemental.,assessmentwas:, initii'ated,in, Oetoher"and.November 1994 to 
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'\ ass:eSs,theexientof .. the, contamlnatiowfromTanks 7"6,, 76-A, and 76-B. 
B<;l.sed on hydraulic,;conduct:ivity;:meas,urements obtCiined'frbm aquifer slug 
tests at the site, ABB-ES estimated the fuel released in the 1950s had 
migrated approximately 500 to 800 feet from the source area. Ground
water samples ,were :;collectedusing a,HydropunchlMdirectpush sampler to 
estdmate the hO'rizontaL and vertical extent; of groundwateraontamina-



tion,to determine locations· of 'proposed monitbringwe1ls, and to 
optimize screen inter:val depths .,.Atechnicalmemorandum :s.ummariz ing 
the results of the HydropunchlM di:t:"ect pushisarnpl'ing inves:tigation and 
outLiriingxecommeridations {to .comp lete "the NFF ,$i teo, CAwCj.s; prepared and 

·submit.tedf.to SOUTHNAVFACENGCOM and ;the ·,FDEP. ,in., .January 1995 
(ABB:-ES, 1995).' ,,'i 

Based on results from the HydropunchlM direct push sampler investiga-
'tion,' ;i!nstCj.llati<;>n and sampling ofnionitoring .wEnIs 'in ,the shallow, 
intermediate; and deepzones>.oLthe'·).surficialc.'aquiferon.tfle~ east side 
of the 'NFF Site were.! completed, :from April :thrpugh S-ep:tember 1995. 
Results .arid:cortclusiohsbased"-ioti.;this i assessment. for theNEF- Site are 
presentedirr,theCARAddendum' (ABB.-ES i' 1996) . 

• ,' Upon ,revi~w>.of,theCAR'- Ad~ehdwni' theFDEP "re;commencled. that the 
hoxizonta!l.exu'ertt of g! oundwa:t ex; cofnt~mination hadridt be.enadequately 
·assesse.din .• the 'dee:p ·z'orte ofthe,stirf,iciahaquifer.; the.refore, one 
additi:ona'l d'eep monitoring. well, should be installed approximately 120 
feet downgr.adienit (southeast) of,moriitoring well OT6.~§lDadjacent to 
monitoring well 076-531.'!»'·' 

, 1n i October 1996,supplemental.investigationsweTIe initiated,to complete 
, thedelilneati-on of:-the hhtizontale'xtent ofcontiaminat:i;on in shallow, 

intermediate ; and deep zones'.,': A,c:lusterofthTIee moni,t@rirtgwells was 
•. installed,·on the·mounci:,and s'c<re;ened;.in.;the .'Shal'low,·iint,6,rmediate, and 
deep':;zones .-. An additional de'ep:.moni.toxing wel,l was;~ins:talled adjacent 
to"monitoring welLO~176 -5-31 anddowngradi'ent lo;f thei leading edge of the 
deep. plume; Two).~in:bermedia.te' 'monitoring ,;,wells ,w~re installed to 
confirm'the la-rrex·al· extent o,f ':tntrermediat~:fzonecontaminati'on on the 
northeast side of the plume. Results of this suppl'emental investiga
tion are proposed to be submitted to SOUTHNAVFACENGCOM, NAS Cecil Field 
and. the,FDEPin early;,199Y. ,!TheiNAS Gee.iil) .Field Bas'e Realignment and 

, ClosUlieCleanup 'I'eam, (B"CT) consisting .of.remed:iicilproj eat managers from 
.the,!FDEP, U;S., Environmental Parbtection Agenc'y (USEPA) ,ancl.SOUTHNAV
FACENGGOM has reoommendedthe submittal of, an RAP.' 

2.3 SUMMARY OF THE CARA. Based on the 'siite histor¥, findings of the CA field 
investigations, and laboratory analytical results, the following is a summary of 
existing conditions at the NFF SLte: 

Aquifer Characte;ristLes andHydregeologi'cPar-ameters. ' 

• Site soil consists predominantly of siltysand"froril;the surface to 
approximately 50 feet· bls: 'Below 50 feet,bls,' sedime'ntsincrease in 
clay content to a depth of about 80 feet· bis.. From 80 feet t6 100 feet 
bls, phosphate pebbles, shark teeth, quartz pebbles, shell fragments, 
barnacles, and' other carbona:te sediments' a.re abtirtdant.B;e1'ow 100 feet 
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bls, ,sandy clay separates the"base of< the surficial,aquifer from the 
top of the upper Zohe' of 'the Hawthorn· Group. ',' . r 

;'i 

Depth to wa:ber ranges ·fr'omapproxima.tely.3 feet· to 5 feet bls at the 
site'.' There. is a. net downward vertica,l·hydra.uliegradient in the 
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general ,yicinity ·of .the ;fuel farm,: and a net 'upward verticaL gradient 
in the eastern part of the site. The upward gradient. is,associated 
with the drainage ditch east of the site that feeds into Sal Taylor 
Creek. 

, ;' 

The groundwater flow direction at the water table is radially;outwarCi, 
from the fuel farm. Groundwater flow is east-southeast in the shallow, 
intermediate, and deep zones of the surficial aquifer. Near the 
drainage ditch to Sal Taylor Creek, however, the deep zone groundwater 
flow direction changes to south-southeast. 

The average hydraulic gradient across the site ranges from 0.001 to 
0.0007 feet per foot (ft/ft) in the upper (shallow and intermediate, 
respectively) zones and 0.00076 ft/ft in the deep zone. The average 
hydraulic conductivities for the shallow, intermediate, and deep zones 
are 5.67 feet per day (ft/day), 6.24 ft/day, and 0.29 ft/day, respec
tively. The average pore water velocity is 0.0177 ft/day in the 
shallow zone, 0.0227 ft/day in the intermediate zone, and 0 . .0002 ft/day 
in the deep zone. 

Summary of Soil and Groundwater Contamination. 

Approximately 11,000 cubic yards (yd3
) of excessively contaminated soil 

with organic vapor analyzer (OVA) readings exceeding 1,000 parts per 
million by volume (ppmv) based on OVA headspace readings were excavated 
from the JP-5 Spill Site and the area on the west side of the NFF Site 
between A Avenue and Tanks 76 and 76-B during an Initial Remedial 
Action (IRA) described in Chapter 3.0. Clean backfill material was 
returned to the excavated areas . 

Excessively contaminated soil (OVA headspace readings exceeding 50 
ppmv) was detected in four areas at the site. 

Benzene, total volatile organic aromatics (VOAs), and total naphtha
lenes concentrations in groundwater samples from site monitoring wells 
exceeded Chapter 62-770, FAC, No Further Action (NFA) and Monitoring 
Only (MO) target levels for Class G-II groundwater. 

The vertical extent of petroleum-contaminated groundwater exceeding the 
Chapter 62-770, FAC, NFA and MO target levels for Class G-II groundwa
ter is less than 109 feet bls. 

2.4 CONCLUSIONS 
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The horizontal and vertical extents of excessively contaminated soil 
and petroleum-contaminated groundwater have been assessed at the NFF 
Site in accordance with Chapter 62-770, FAC. 

Spills and leaks from the fuel storage and overfill containment tanks 
at the site were the sources of soil and groundwat;er contamination. 

Petroleum-contaminated groundwater exceeding the Chapter 62-770, FAG, 
NFA and MO target levels for Class G-II groundwater has migrated verti-



cally'downward into the surficial, aquifer, and downgradient from the 
source areas. 

2.5 CARA RECOMMENDATIONS. DE?velop an RAP to address the requirements of Chapter 
6'2-770, FAC. 

1; 

'-',.', 

! ': ~ 

"jl 

, 1 

'j:' 
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·3.0. 

An IRA was initiated i'n July 1995, at the NFF Site in accordance, with the 
objectives of the NAS Cecil Field BCT tank management strategy and Chapter 62-
7,70 j ;FAG. DetaUsof the .IRA .arepre'sented in the Interim. Remediation Work Plan 
(Bechtel, 1995). Des,ign drawings, of the IRA ate included in Appendi,x C. The 
following sections present a brief sununary of the IRA activities performed to 
date at the NFF Site, NAS Cecil Field. 

\ " 

;~ , 

3.1 PURPOSE. The purpose of initial remedial action is to reduce the volume of 
excessively contaminated soil and recover free product. 

it ;j 

3.2:; . SCOPE. The 'scope. of ... the' I'RA .. was as; follows : 

to. remove, free, product. in the areas eas:t: and west' of the mounded fuel· 
farm area, to the extent practicable, in accordance with FAC 62-
770. ;300 (3); i" :;.;,' '., 

., '. to .. remo:V;e· andtre'at: theHexcessiveli' cont,aminated soils located in. the 
same'area, and to. provide a"subsurface barrier to prevent, free' product' 
frompecQntc1minatingtlh'eexcav.ated area after hackfilling; 

"., , 

to excavate, stockpile, and thermally treat excessively contaminated 
soils:l,oQq;ted: ·e·astand, west of, the 'mounded fuel· faxm areaahd to, 

. recover any fJ;e:e productencoitntered .durihgthe' excavation activity'; 
and ·",f.:! 

to begin in;sLt4free "product,irecovery operati.(j)ns in the mounded' fuel 
farm are'a using:,abioslurping.system'and an. d:nfiLtrationtrench system. 

~ ". '" 

'-ll" • '", 

3 .. 3. SOIL: :REMOVAL. ,The,IRA·, involved· th~ ,remQyal of; excess'ively contaminated, 
soils from the area east and wesrt:o,f.thermounded.:fue'l f'avm. .'Dhe' BOT haS se'tthe' 
excavation criterion to 1,000 parts per million (ppm) OVA concentrations. The 
volume e.stimate,a£ soil·tha,twas r.emoved anch t'l7eatedwas ,app'roximatelyll /000 
cubiGyards' .. : . Prior! to:excavatio:nj' 'a;ver,tic'a1: isdlationfbarrie):"·,· was placed 
betweeD.:the existing",mourided fuel, farm ,area and theexcavati'Cin area t01 lntercept 
free.product migration dux:L:ng andafber,ex(!avation.acttvit:Les, ·Addibionally,all. 
exist,tng .. ut:iliti;es were Lo,cat:etl, l':em'oved, ~pit"otected in-place and/ol':'rerQuted, as 
was ;t"~quired.",. "":!:'" ii';,';,' ,: .,: 

Thermal treatment of the excavated contaminated soils was used to reduce 
contamination levels consistent with FAC 62-775 (Soil Thermal Treatment Facili-
ti~,s)., Th~. ;treatec,l .s:oil thath.;rs been' verified :toi,::1:>el\9J¥~n,;~froin;tl{e'rUlal" 
trea tm,?ntwas .·S tockpil.~g and1J$ect. ::asibackfill f017t;he'J:excavatiOn}'; Excavat!:idn,of 
the,area, of tht;!,exis,tJn.g"l:',ete,nt'iQP, area ,did, no:toccur,',' 

3.4 FREE PRODUCT RECOVERY. A free product monitoring and recovery program is 
being implemented in three stages as follows: 
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Stage 1. Install a biOslU~per'. systeiTI:ci:lllsiisting of" two recovery wells on the 
mound, one liquid ring pump, one fluids separation tank, one oil-water 
separator, one air treatment unit, and piping to the sewage treatment 

. plant-. - " 1 

Stage 2 . Install 'two infiltration trenches,at.thebouridarles of the .mound, each 
consisting of a sump with a submersible pump and a scavenger pump to 
tecover,free product, 

Stage 3. Install several temporary well points on the mound for product 
delineation and recovery and connect piping to the existing bioslurping 
system .. ",.:,' 

,"J' 

Stage I and Stage 2 were implemented during 1995 and 1996. Free product recovery 
from the bioslurping system and the infiltration trench system has been in 
progress since 1996. Stage 3 is, proposed.to ,be ,lmplemet;lted in early 19~7. 

Implementation of Stage 3 is explained in Chapter 8.0 of this plan. 

A brief S1,1JIlIlIary of Stages 1 .. and 2 implemented' to date. is'present'ed below. 
f"-· 

Two recovery wells and two infiltration trenches were installed 'ih March 1996. 
Recovery wells were installed on the top of the mounded fuel farm area. These 
reqovery wells were,cotls;trunted of 4-inch-diameter polyviriyl chloride' (PVC) and 
ins.t'alledto a depth of 27' feet,·,wi'th 20,?feet·6fO;020-inchslotted PVC well 
screen. The screened: interval is 5 to 25feetbh .. ', The bi6s1urpeJ:l"unit began 
operating in May 1996. 

Infiltration trenches were·,.instal1eGi on, the east and we-st.'toes '~'ofthe slope for 
the ;mounded ar.e.a. Each·trel)ch .wasinstalledrtoR;total depthrof 5 feet below the 
watertable,with a minimum width of 2.5 feet. A 4-inch slotted high density 
polyethylene perforated pipe was laid in each trench and was backfilled with a 
material tha.t is morecpermeable,' than'the;s·urr~lUndihg;:soil'.; 'Eaehtrench is 
directed into a 36~)inch-;diameterisump .. , ,G~oundwate'rTiLows; by gravity into the 
pipe and to the sump where it is collected and pumped to the treatment system. 
Groundwater is pumped to create the necessary hydraulic gradient for the free 
product~ Free product flows.; by gravitydnto the sump ;and' 'is recQ,v~redh~s:tng'~a' 
scavengerptmlp'flo,ating:'at' the .:oil~:.water·inte'rface. L;i' r ',;t. . 

As of Oct.ober 30; 19;96, the volume.or corttamina,ted groundwater recovered from 'the . 
bioslurping system; and, .. the in:ffil'tration tl!enC'hlsystem ,'was 356; 387 gallons ~see 

Appendix C). . The:uotal <mass of·benz,ene, ;;iDotuene, ethylbenzene, 'andxylenes ' 
(BTEX) removed throughdiSsolved~;p>hase'groundwateris'about7'pounds. The 'volume . 
of. free productt"ecove,rec;l was:· ,about 1.;35 gallons .(900pounds\) . ''the bioslurpirig 
unit is operating at an estimated air flow rate of 100 cubic feetperininute 
(cfm) , and the masS BTEX recovered in the vapor phase was about 7,800 pounds. 

:y; l' ;'" 

l ! (~ ," 

3 .So"MISCELLANEOUS . MEASURES . In' August 1996, ,:,the jp~~ fueltanRs and the 
assooiated,piping,had, a tightness t.est't0<check'for leaks! and other integrity' 
flaws. To date, no evidenc'e; o.f 'Leakis or, integrity<;fliaws fha's' been :establtshe'd 
(Enterprises Engineering, Inc., 1996). 
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4.0 REMEDIAL ALTERNATIVES 

4.1 CONTAMINANTS OF CONCERN. Contamination at the NFF Site is the result of 
release of JP- 5 into the environment. Therefore, the Chapter 62 - 770, FAC, 
kerosene analytical group of contaminants is the basis for the remedial design. 
These parameters are 

volatile organic compounds (VOCs) (USEPA Methods 601 and 602), 
including methyl tert-butyl ether; 

polynuclear aromatic hydrocarbons (PAHs) (USEPA Method 610); 

total recoverable petroleum hydrocarbons (TRPH) (USEPA Method 418.1); 

ethylene dibromide (USEPA Method 504.1); and 

dissolved lead (USEPA Method 239.2). 

4.2 APPLICABLE CLEANUP STANDARDS. Standards and regulations regarding required 
remedial goals for soil and groundwater are contained in Chapter 62-770, FAC, and 
should be applied following treatment by any method. The following table 
presents ,the applicable guidance concentrations for soil and groundwater at the 
NFF Site .. 

Parameter 

OVA rea9ing for excessively contaminated soil 

TRPH. he/llth-based criteria 1 for contaminated soil 

Total VOCs 

Benzene 

Target Concentration 

Soil (ppmv) Groundwater (jJg/l) 

50 

300 - 25,0002 

50 

1,2-Dibromomethane 0.02 

PAHs excluding naphthalenes 10 

Total naphthalenes 100 

Lead 50 

Methyl tert-butyl ether (MTBE) 50 

Total recoverable petroleum hydrocarbons 5 

1 TRPH draft guidance yet to be promulgated by FDEP, but adopted by the NAS Cecil Field BCT. 
2 JIg/kg by weight. . 

4.3 EXTENT OF CONTAMINATION. Areas of contamination at the NFF Site include the 
free product consisting of degraded JP-5, soil contaminated with kerosene 
analytical group petroleum hydrocarbons, and groundwater contaminated with BTEX, 
PAHs including total naphthalenes, and TRPH. The following paragraphs present 
a description of the extent of contamination in each of the areas. 

4.3.1 Free Product Assessment Free product was encountered in monitoring wells 
076-15, -16, -17, and -18. Free product monitoring data are included in Table 
A-I of Appendix A. Figure 4-1 presents the distribution of free product based 
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on the thickness measurements made on August 14, 1995, and Figure 4-2 presents 
data pertaining to November 4, 1996. Volume estimation of the free product based 
on the observed apparent thickness of free product in the monitoring wells varies 
from a few hundreds to several thousands of gallons. Calculations are included 
in Appendix A. 

4.3.2 Soil Contamination Assessment A summary of the soil OVA analyses is 
presented in Table A-2 in Appendix A. Contaminated soil was detected in the 
vicini ty of the spill areas listed in Section 2.2. The perimeter of the 
excessively contaminated soil is outlined by the 50 ppm isoconcentration line and 
is included in Figure 4-3. OVA readings from most of the borings generally 
increased with depth. In most of the borings, the highest OVA reading occurred 
immediately above the water table. Much of the excessively contaminated soil is 
associated with the mound area, the JP-5 spill area on the north east side of the 
mound, and the 8,000-gallon spill area on the west of the mound. 

Contaminated soil associated with areas east and west of the mound, with OVA 
headspace readings greater than 1,000 ppmv, was excavated during the IRA. Figure 
4- 3 depicts locations of the remaining contaminated soil requiring remedial 
action. 

4.3.3 Groundwater Contamination Assessment Analytical laboratory results for 
the groundwater samples collected in October 1992, March 1993, October 1995, and 
November 1996 are presented in Table A-3 of Appendix A. VOA, (MTBE), PAHs 
(including naphthalenes), TRPH, lead, and several chlorinated compounds were 
detected in groundwater samples. Free product was detected in monitoring wells 
076-15, -16, -17, and -18 at the site. For petroleum compounds regulated under 
Chapter 62 - 770, FAC, Class G- II groundwater target levels are used, where 
applicable. Florida NFA or MO target levels for G-II groundwater and for no 
potable wells within 0.25 mile of the site have been established for benzene (50 
parts per billion [ppb]), total VOA (50 ppb) , MTBE (50 ppm), total naphthalenes 
(100 ppb) , TRPH (5 ppm), and lead (50 ppb) (Florida Department of Environmental 
Regulation, October 1990). Chlorinated compounds are compared to Chapter 62 - 770, 
FAC, recommended guidance concentrations of 700 ppb for l,l-dichloroethane and 
75 ppb for 1, 4-dichlorobenzene (FDEP, June 1994). For groundwater concentrations 
encountered in this study, 1 ppm is comparable to 1 milligram per liter (mg/i) 
and ppb is comparable to 1 microgram per liter (p,g/i). 

Petroleum contaminant concentrations exceeding State regulatory levels are 
presented in Table A-3 of Appendix A. Figures A-I through A-4 in Appendix A 
present isoconcentration contours of total VOA in the water table, shallow, 
intermediate, and deep zOnes, respectively. 

4.3.4 Retention Pond and Drainage Dit.ch There are two structural features: the 
retention pond located on the northeast corner of the mound (see Figure 1-1) and 
the drainage ditch leading to the Sal Taylor Creek at the NFF Site. The 
retention pond was built in the late 70s to contain the run-on and runoff from 
the NFF Site. The drainage ditch leading from the retention pond area to Sal 
Taylor Creek receives run-on and runoff from the retention pond. 

In November 1996, three sets of 
drainage ditch and one set of 
potentially receiving groundwater 
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surface water and sediment samples from the 
groundwater seepage samples from an area 

within the ditch were collected and analyzed 
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for kerosene analytical group constituents (see Figure A-5, Appendix A). Results 
of analyses are included in Table 4-1. In December 1996, five soil borings were 
advanced in the retention pond area, and soil samples were collected for OVA 
headspace analyses. Results of OVA headspace analyses are included in Table A-2 
of Appendix A. 

Upon review of the results,it has been concluded as follows: 

Since concentrations of BTEX for the surface water and sediment samples 
were below detection limits (BDL), concentrations of the rema1n1ng 
constituents of the. kerosene analytical group were above detection 
limits and below MO limits of Chapter 62-770, FAC. 

The retention pond area soils are excessively contaminated and require 
remedial action in accordance with Chapter 62-770, FAC. 

4.4 EXPOSURE PATHWAYS. Figure 4-4 presents a conceptual model of the NFF Site. 
The potential exposure pathways for the existing contaminants in groundwater are 
either via direct ingestion through an existing potable water supply well within 
the zone of contamination or migration of contaminated groundwater into the 
adjacent ditch and further exposure to the environment. 

4.4.1 Pathway Assessment 

There are no active potable wells within the zone (0.25-mile radius) of 
contamination. All the potable water wells were screened at more than 
700 feet bls in the Floridian aquifer. Figure 4-5 presents the 
locations of potable wells on base. 

A basewide groundwater model evaluated for NAS Cecil Field indicated 
that groundwater is migrating into the drainage ditch (USGS, 1996). 

Concentrations of BTEX in the surface water and sediment samples 
collected from the drainage ditch were BDL. Concentrations of BTEX in 
the water table monitoring wells located near the ditch are BDL. 

Concentrations of BTEX for the groundwater seepage sample collected 
from the ditch were BDL. 

Based on the information presented in Subsection 4.3.4, evidence of 
direct migration of contaminants to the adjacent ditch is not estab
lished at this time. 

4.5 SITE-SPECIFIC LIMITATIONS TO ALTERNATIVES. The NFF Site is presently 
active. Problems due to excessive traffic or military security and operational 
activity do not exist at this time. Remedial construction or operation and 
maintenance activities would be acceptable in the area defined; however, 
subsurface features including fuel tanks, fuel supply lines, stormwater drainage 
lines, sewage lines, potable water lines, and underground electric lines will 
restrict construction activities to some extent as these utilities need to be 
maintained in an operational condition. Figure 2-1 depicts locations of utility 

CF-NFFS.RAP 
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Table 4-1 
Laboratory Analytical Results for Surface Water and Sediment Samples, 

September 19, 1996 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Sample 10 J vacs I PAHs 
Method USEPA 601/602 Method USEPA 610 

Surface Water Sam~le Results pgll 

CEF-76-SW-A01 xylenes (total) = 2.1 NO 

CEF-76-SW-A01 (OUP) NO NO 

CEF-76-SW-B01 NO NO 

CEF-76-SW-C01 NO NO 

See~age Sam~le Results pgll 

CEF-76-SW-001 NO NO 

CEF-76-SW-002 NO NO 

CEF-76-SW-003 NO NO 

Sediment Sam~le Results pg/kg 

SW8468020A SW8468310 

CEF-76-S0-A01 NO Benzo(b)fluoranthene = 40 
Benzo(k)fluoranthene = 14 
Benzo (ghi)perylene = 26 
Chrysene = 68 
Ideno(1,2,3-cd)pyrene = 12 
Pyrene = 24 

CEF-76-S0-A01 (OUP) NO Benzo(b)fluoranthene = 34 
Benzo (k)fluoranthene = 12 
Benzo(ghi)perylene = 21 
Chrysene = 65 
Ideno(1,2,3-cd)pyrene = 8.6 
Pyrene = 23 

CEF-76-S0-B01 NO Benzo (b )fl uoranthene = 12 
Benzo(ghi)perylene = 10 

CEF-76-S0-C01 NO NO 

Notes: See Figure A-5, Appendix A, for locations of surface water and sediment samples. 

10 = identification. 
vac = volatile organic compound. 
PAH = polynuclear aromatic hydrocarbons. 
USEPA = U.S. Environmental Protection Agency. 
pg/ I = micrograms per liter. 
NO = not detected. 
OUP = duplicate. 
pg/kg = micrograms per kilogram. 

CF-NFFS.RAP 
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lines and other subsurface features that may interfere with the remedial 
construction activities. 

4.6 BASIS FOR REMEDIAL STRATEGY. The remedial system chosen for the NFF Site 
should be designed to address the area of free product, the associated soil, and 
groundwater contamination. Presented below is the basis for the development of 
a remedial strategy for the NFF Site. 

Source abatement via free product recovery is currently in progress as 
part of the IRA. 

Due to the potential nature of existence of free product as several 
small pockets confined within the vadose zone, the current monitoring 
well network has not completely delineated the extent of the free 
product. Hence, the BCT has decided to install several temporary well 
points on the mound to better delineate the free product and connect 
bioslurper piping to the temporary points to recover free product. 

Excessively contaminated soil remaining at the NFF Site is generally 
classified into two geographic locations: the area associated with the 
mound, and the areas outside the mound. 

- the area of soil associated with the mound has contamination from 
5 to 20 feet bls, and has an estimated total volume of 87,000 yd3 

(calculated). Technologies selected for treatment of mound area 
soil should allow simultaneous implementation of the free product 
monitoring and recovery program. 

- Areas of soil associated with the east, west, and south sides of 
the mound are confined between the land surface and the water 
table interface (5 feet bls) and have an estimated volume of 
8, 000 yd3

. 

Groundwater contamination is confined within a water column 100 feet 
thick below the groundwater table and extends downgradient approximate
ly 900 feet. Chemicals of concern (GaGs) including total VOA, total 
naphthalenes, and TRPH are anticipated to be naturally attenuated. 
However, a cost-effective approach for source reduction in the shallow 
(0 to 55 feet bls) and intermediate (55 to 95 feet bls) zones should be 
evaluated in conjunction with natural attenuation. 

Table 4-2 presents the summary of the remedial strategy for the NFF Site. 

4.7 DISCUSSION OF ALTERNATIVES. After defining the COGs, the applicable cleanup 
standards, extent of contamination, and exposure pathways, and developing a 
remedial strategy, it is necessary to identify and screen technologies that may 
be applicable to mitigating the contamination at the site. Because each site is 
unique and cleanup technologies applicable to sites contaminated with petroleum 
substances are continually being improved and developed, it is important to 
develop remedial action alternatives using the most effective technologies 
available. 

CF-NFFS.RAP 
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Table 4-2 
Remedial Strategy 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Area of Concern Remedial Strategy 

Source Reduce concentrations of detected VOCs and SVOCs in the unsaturated soil in 
accordance with Chapter 62-770, FAC. 

Recover free product, and reduce the residual soil contamination in the capillary 
fringe. 

Groundwater (0-55 feet blsl Reduce the water table and shallow zone groundwater concentrations for total 
VOAs, benzene, and total naphthalenes to Chapter 62-770, FAC, guidelines for G-
Il groundwater. 

Groundwater (55 - 100 feet blsl Reduce groundwater concentrations for total VOAs, benzene, and total naph-
thalens to Chapter 62-770, FAC, for G-II groundwater guidance levels. 

Compare cost, time, and contaminant removal efficiency for an aggressive 
approach vs. natural attenuation. Use an aggressive approach for contaminant 
reduction in the hotspots and natural attenuation for the rest of the plume. 

Groundwater (100 - 11 0 feet bls) Remediate through natural attenuation. 

Notes: VOCs = volatile organic compounds. 
SVOCs = semivolatile organic compounds. 
bls = below land surface. 
VOAs = volatile organic aromatics. 
FAC = Florida Administrative Code. 
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4.7.1 Free Product Removal A free product recovery system may include either 
a passive, active, or combination of passive and active means of removal based 
on the amount of recoverable free product in the unsaturated and saturated zones 
of the aquifer. 

Passive Mode of Free Product Removal: The passive mode involves technologies 
that rely on the existing hydraulic gradients of the free product and groundwa
ter. Two technologies are considered for evaluation: (1) free product removal 
by periodic manual bailing and (2) the use of oil-absorbing hydrophobic socks 
inside the monitoring wells and periodic extraction of free product from the 
absorbent socks. 

Efficiency of passive technologies is dependent on the natural gradient of free 
product near the well and availability of recoverable free product within the 
zone of the screen interval of the monitoring well. 

Active Mode of Free Product Removal: Active mode involves technologies that 
would actively enhance the fluid recovery process by inducing low pressures 
wi thin the extraction well at the oil-water interface, and accelerate accumu.
lation of free product within the extraction well during recovery. Two 
technologies are considered for the active mode of free product removal. The 
technologies evaluated include product recovery using submersible pumps in 
recovery trenches and vacuum-enhanced extraction using a bioslurper. 

Submersible Skimmer Pumps. Submersible skimmer pumps create pressure 
differences by lowering the free product levels within the infiltration 
trench. However, skimmer pumps cannot enhance the natural hydraulic 
gradient of free product. Hence the efficiency of a skimmer pump is 
greatly dependent on the potential for continued migration of recoverable 
free product into the infiltration trench. 

Bioslurper System. The bioslurper system involves removal of free product, 
soil vapor, and groundwater by applying a high vacuum (6 to 12 inches of 
mercury [Hg]) to the recovery well. An application of high vacuum to the 
well head increases the hydraulic gradient of free product and groundwater. 
When the vacuum is applied in the well, liquids in the well and pore gases 
in the soil will migrate toward the extraction well due to groundwater 
removal and reduced pressure above the fluid interfaces. Removal of soil 
pore gases draws oxygen from the atmosphere, enhancing biological activity 
within the vadose zone. 

4.7.2 Soil Remediation 
in situ alternatives. 

Soil remediation may be accomplished via ex situ and 

Ex Situ Treatment. Ex situ treatment alternatives involve soil excavation 
followed by a selected treatment alternative. Five types of ex situ treatment 
technologies applicable to the NFF Site are onsite incineration, thermal 
desorption, thermal aeration, offsite incineration, and offsite landfilling. 
Each of these technologies is briefly described in Appendix B. 

Ex situ treatment technologies are best applicable in situations where the site 
is free of any existing structures, facilities, underground utilities, and the 
volume to be treated is relatively low. Ex situ treatment is appropriate for 
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areas having a shallow vadose zone that does not allow economic installation of 
intrusive treatment technologies such as SVE. 

Area Within the Mound: For areas within the mound, where the water table 
is at 18 feet bls and the mound is currently serving the purpose of 
protecting what would have been aboveground fuel tanks, application of ex 
situ treatment technology is not economical. If a future land-use scenario 
dictates demolition of the mound and dismantling of the tanks, an ex situ 
treatment will be appropriate and presents an aggressive cleanup option. 
Appropriate technology may be selected based on the cleanup schedule and 
associated operational costs. 

Areas Outside the Mound: Depth to water table in areas outside the mound 
is between 4 to 6 feet bls. There are no substructures affecting the 
excavation of soils. However, excavation of excessively contaminated soils 
at the retention pond area will require replacement of the existing 
structure with a similar structure including an impervious liner to 
maintain the runoff and run-on control functions. Hence application of ex 
situ treatment technologies is appropriate for areas outside the mound. 

In Situ Treatment. Two types of in situ treatments that may be applicable to 
this site are (1) SVE and (2) biological degradation or intrinsic biodegradation. 

SVE systems may be used to remediate soil in the vadose zone or dewatered 
saturated zones. This technology generally consists of "vacuuming" gases from 
unsaturated soil through SVE wells with vacuum pumps. Negative pressure induced 
by the vacuum draws gases through the soil pore spaces and into extraction wells. 
Air inlet wells combined with a surface cover may be used to facilitate the flow 
of atmospheric air into targeted zones of the soil to replace the extracted 
gases. Soil permeability and contaminant volatility are critical factors in the 
success of these systems. The extracted gases can be treated as necessary before 
discharge to the atmosphere. Implementation of an SVE system at the NFF Site is 
feasible because of the following factors: 

the NFF Site has fine- to very fine-grained sand in the vadose zone. 
Intrinsic permeability is anticipated to range from 10-8 to 10-6 square 
centimeters (cm2

). Intrinsic permeability estimates based on the 
hydraulic conductivity reported in the CAR range from 10-8 to 10-7 cm2 • 

COCs are constituents of JP-5. A substantial portion of the constitu
ents are relatively volatile and amenable to SVE (vapor pressure range: 
10 - 200 Hg at 20 degrees Celsius [OC]; boiling point range: 180 - 300 
°C; and Henry's Law Constant range: 20 - 300 atmosphere [atm]). 

Intrinsic biodegradation or biological degradation can be accomplished if 
sufficient oxygen and moisture levels occur below land surface. The greatest 
microbial activity reportedly occurs for soil oxygen content greater than 2 
percent and groundwater dissolved oxygen greater than 2 mg/.R (USEPA, 1995). 
Maintaining proper levels of oxygen requires that the soils are relatively 
permeable (with an intrinsic permeability greater than or equal to 10-8 cm2

). 

Also, the moisture available for the transport of microorganisms to sustain 
biodegradation should be in the range of 40 to 85 percent of field capacity 
(field capacity is a moisture condition in vadose zone soils where the 
introduction of additional water will result in an equivalent drainage by 

CF-NFFS.RAP 
PMW.Ol.97 4-13 



gravity) for the biodegradation to be sustained (USEPA, 1995). If petroleum 
degrading bacteria are present (microbes capable of degrading petroleum products 
are present in almost all subsurface environments) in the vadose zone and proper 
conditions are met, aerobic or anaerobic degradation of contaminants can occur. 
Oxygen levels in the vadose zone are sometimes controlled to maximize the 
degrading capacity of the microbes. 

4.7.3 Groundwater Remediation As described in Section 4.4, groundwater at the 
NFF Site does not pose a current threat to human health or the environment. 
However, methods to accelerate the cleanup of aquifer materials (saturated soils 
and groundwater) are evaluated in conjunction with natural attenuation. 
Accelerated aquifer remediation may be accomplished via ex situ treatment or in 
situ treatment. 

Ex Situ Treatment This alternative would consist of withdrawing (extracting) 
contaminated groundwater until the aquifer material meets groundwater criteria; 
treating the extracted groundwater to reduce contaminant mobility, toxicity, and 
volume; and disposing of the treated effluent. Treatment technologies considered 
include use of NAS Cecil Field's wastewater collection and treatment system and 
those that require installing and operating treatment systems onsite. 

Groundwater Extraction: Alternatives considered include extraction wells, vacuum 
enhanced extraction systems, and recovery trenches. 

CF-NFFS.RAP 
PMW.Ol.97 

Extraction wells consist of one or more wells from which groundwater 
can be pumped to a treatment system. Wells are designed based on the 
location of the contamination, the aquifer hydraulic conductivity, the 
hydraulic gradient of the water table, and the depth to the water 
table. The depth, diameter, screen length, pumping rate, and drawdown 
for each well, as well as the number and location of wells, are 
designed to produce the appropriate capture zone. This is a widely 
used and accepted groundwater recovery method. 

Combined vapor- fluid vacuum enhanced extraction systems consist of 
vacuum pumps that remove soil vapors and dewater the selected zone 
simultaneously. The systems are similar to well point dewatering 
systems with draw tubes within the vapor recovery well and are also 
defined as bioslurping systems. If a saturated part of the aquifer is 
dewatered, air flows through the pores allowing the volatilization and 
biodegradation of contaminants present in residual moisture or aquifer 
soils. Because the depth of dewatering is controlled by the magnitude 
of the vacuum, the extraction and treatment zone is automatically 
maintained during variation of the water table. This method has a 
physical limitation on the depth from which water can be removed. 
Theoretically, a perfect vacuum can support a water column of about 34 
feet. In application, this method can typically lift water from 18 to 
20 feet below the elevation of the vacuum pump. With the bioslurper 
system option of free product removal, groundwater is typically 
extracted in batch flow rather than continuous extraction. 

A recovery trench typically consists of perforated pipes laid in a 
trench, which is backfilled with material that is more permeable than 
the surrounding soil. Groundwater flows by gravity into the pipe and 
to a sump where it is collected and pumped to the treatment system. 
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Recovery trenches can be placed at the water table to intercept free 
product. Trenches can also be located downgradient and perpendicular 
to the groundwater flow direction to intercept the targeted contaminat
ed flow paths. 

Groundwater Treatment: Extracted groundwater from the NFF Site may be treated 
with an oil-water separator and discharged to the base Waste Water Treatment Plan 
(WWTP). The process flow consists of a collection tank, an oil water separator, 
and the base WWTP. 

An alternative treatment train involving the following technologies may also be 
considered in place of the base WWTP for either polishing or primary treatment 
of groundwater prior to effluent disposal. 

ultraviolet (UV)/oxidation 
air stripping 
granular activated carbon adsorption 
biological treatment 

These technologies are capital intensive and require substantial operation and 
maintenance (O&M). One of the above four technologies will be evaluated in the 
event the WWTP requires pretreatment of the groundwater, leases operation, or is 
otherwise not available. 

Effluent Disposal: If ex situ treatment of groundwater is selected, disposal of 
the treated effluent must be considered. The options considered include 
discharge to the NAS Cecil Field WWTP, reinj ection to the groundwater, and 
discharge to a surface water body. 

The NAS Cecil Field WWTP has sufficient hydraulic and treatment 
capacity to accept the effluent from the oil-water separator. There 
would be minimum additional disposal costs associated with this option, 
since the nearest portion of the collection system capable of receiving 
the effluent is 1,000 feet from the NFF Site. 

Installation of recharge galleries is not feasible at the NFF Site.· 
The existing structures at the site would make it difficult to excavate 
trenches and discharge treated effluent through a recharge gallery. 

Discharge to a surface water body would be easy to implement, but would 
require a National Pollution Discharge Elimination System permit. The 
permit monitoring requirements, which might include more frequent 
sampling and bioassays, would increase the O&M cost of this option. 

In Situ Treatment The alternative would consist of treating aquifer material 
to reduce the mobility, toxicity, and/or volume of the contamination without 
removing the groundwater. In situ treatment technologies considered included 
natural attenuation, enhanced bioremediation, and aquifer air sparging. 

Natural Attenuation: Natural attenuation consists of destructive and non
destructive attenuation of contaminants in the aquifer material. Components of 
nondestructive attenuation include volatilization, dispersion, dilution, and 
adsorption. Components of destructive attenuation include aerobic and anaerobic 
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biological degradation and hydrolysis. Natural attenuation is appropriate if 
the following conditions are satisfied: 

documented loss of contaminants of concern at the field scale 

evidence of biodegradation by means of geochemical indicators including 
nutrient concentrations such as oxygen, sulfur, phosphorous, and 
nitrogen 

evidence of laboratory microcosm studies for the specific contaminants 
of concern, and existence of petroleum-degrading microorganisms in 
groundwater 

Sufficient historical data are not currently available to establish a decreasing 
trend in the concentrations of contaminants at the NFF Site. However, microbial, 
geochemical, and nutrient data collected through November 1996 at the NFF Site 
indicate that natural attenuation is occurring in, and may be appropriate for, 
the intermediate and deep zones of groundwater contamination (see Appendix I). 

Biosoarging: Enhanced bioremediation or biosparging typically involves the 
delivery of nutrients and or oxygen to bacteria that degrade petroleum products, 
breaking them down to carbon dioxide and water. Some type of initial testing is 
typically required to assess the existing level of biological activity and the 
appropriate nutrient supplements needed to affect biodegradation. This 
technology has been used successfully to reduce vac contamination levels. 
Implementation would require a system for injection of nutrients and oxygen. 

Microbial sampling for soil and aquifer matrix conducted at the NFF Site 
indicates the presence of petroleum-degrading bacteria at concentrations of lxl03 

to lxl04 Colony Forming Units per gram or milliliter. A biosparging pilot test 
conducted at the NFF Site in the shallow groundwater zone has indicated that the 
oxygen concentrations could be supplemented in order to enhance the biological 
activity. 

Aquifer Air Sparging: Aquifer Air Sparging (AAS) is an in situ remedial 
technology that reduces concentrations of volatile constituents in petroleum 
products that are adsorbed to soils and dissolved in groundwater. This 
technology, which is also known as "in situ air sparging, " involves the injection 
of contaminant- free air into the subsurface saturated zone, enabling a phase 
transfer of hydrocarbons from a dissolved state to a vapor phase. The air is 
then vented through the unsaturated zone. Aquifer Air Sparging is most often 
used together with SVE, but it can also be used with other remedial technologies. 
When air sparging is combined with SVE, the SVE system creates a negative 
pressure in the unsaturated zone through a series of extraction wells to control 
the vapor plume migration; This combined system is called AAS/SVE. The 
introduction of air can also be expected to enhance aerobic biodegradation 
processes. 

AAS effectiveness is reduced if free-phase petroleum product is present at the 
site. Application of AAS results in potential mounding of groundwater around the 
sparge well, thus resulting in smearing of the free product in the unsaturated 
zone. The CA has reported the presence of free product at a portion of the NFF 
Site (see Figures 4-1 and 4-2). 

CF-NFFS.RAP 
PMW.Ol.97 4-16 



In Situ Bioremediation using Recirculation Wells: This remediation system 
involves mobilization and transportation of VOCs via groundwater circulation to 
a recirculation well and volatilization with in situ stripping. Simultaneously, 
in situ aerobic bioremediation is enhanced due to the continuous enrichment of 
the groundwater within the circulation cell with dissolved oxygen. Inorganic 
nutrients (nitrogen and phosphorous) may be added as necessary to optimize 
biodegradation efficiency. A groundwater recirculation cell may be created by 
installing two screens at two different depth zones. Low pressure conditions 
created at the bottom screen will initiate flow of groundwater into the lower 
screen and release through the upper screen, thus, establishing a recirculation 
cell. Low pressure conditions at the bottom screen may be introduced via one of 
two methods: by use of a mechanical pump, or by use of an air lift pump. 

Appendix B presents a list of all the technologies evaluated for the NFF Site, 
and describes the rationale for screening and selection of technologies for 
further consideration. 

A.8 ALTERNATIVE SELECTION. Based on the site conditions and current and planned 
use of the base, the following characteristics are identified for the remedial 
system: 

The primary COCs within the source area are the free product and the 
associated soil contamination. Hence, the remedial system should 
recover both the vapor phase and the liquid phase contaminants. If the 
soil contamination is of limited volume and the vadose zone is less 
than 5 feet thick and easily accessible, an ex situ treatment option 
will be appropriate. 

Since the contaminated groundwater is not, or planned to be, used as a 
potable water supply and does not discharge to any nearby surface 
water, exposure pathways for total VOCs, total naphthalenes, and TRPH 
in groundwater are not complete. Hence, an aggressive approach for 
bioremediation in conjunction with natural attenuation for dissolved 
plume cleanup may be considered viable for groundwater remediation 
proposed for groundwater at the NFF Site. 

Considering these characteristics and site conditions, Table 4-3 presents the 
summary of technologies included in the preferred alternative for the RAP at the 
NFF Site. 
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Table 4-3 
Summary of Technologies Included in the Preferred Remedial Alternative 

Area of Concern 

Source 

Groundwater (0-55 feet blsl 

Groundwater (55 - 100 feet blsl 

Groundwater (100 - 110 feet bls) 

Notes: SVE = soil vapor extraction. 
bls = below land surface. 
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Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Remedial Technology 

Tightness testing 

SVE for the mound area 
Soil excavation for outside area 

Bioslurper expansion 

Biosparging 

Source reduction through 
enhanced in situ bioremediation 
and in situ stripping using recir-
culation wells 

Natural attenuation 

Natural attenuation 
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Rationale 

To control future releases. 

To reduce volume of excessively 
contaminated soil. 

To recover free product. 

To actively remove volatile organics 
from the aquifer material and en-
hance biodegradation. 

To actively remove volatile organics 
from the aquifer material and en-
hance the biodegradation near the 
tank area. 

To reduce concentrations of organic 
contaminants prior to release of 
groundwater to the environment. 

To reduce concentrations of organic 
contaminants prior to release to the 
environment. 
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5.0 RECOMMENDED REMEDIAL ACTION 

The components of the remedial action at the NFF Site are as follows: 
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excavation and treatment of jet fuel-contaminated soil outside of the 
mound area; 

installation of an SVE system to treat excessively contaminated soil 
within the mound area; 

free product recovery and monitoring program implemented via installing 
temporary well points on the mound and connecting to the well points to 
the existing bioslurping system; 

installation of a biosparging system to treat contamination in the 
shallow groundwater zone (0 to 55 feet bls) at the tank farm; 

installation of recirculation wells to enhance in situ bioremediation 
and implement in situ stripping of groundwater beneath the tank farm 
and immediately downgradient of the tank farm in the intermediate zone 
(55 to 100 feet bls); 

remediation by natural attenuation downgradient of the tankfarm for the 
intermediate and deep zones (55 to 110 feet bls); and 

groundwater-system monitoring and reporting. 
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6.0 SOIL EXCAVATION AND OFFSITE TREATMENT 

This section presents the details of source removal via excavation of excessively 
contaminated soil from the ground surface to the water table depth, from the 
areas outside the NFF mound. 

The purpose of source removal is to eliminate the primary source of petroleum 
hydrocarbon contamination to the groundwater. 

6.1 TECHNOLOGY DESCRIPTION AND SYSTEM DESIGN. 
excavation and treatment include the following: 

site preparation 

Maj or components of soil 

excavation and transportation to offsite location 
excavation backfill and compaction 
site restoration and/or grading 

Figure 4- 3 presents the boundaries of the excavation area. Soil will be 
excavated to the 50 ppmv (OVA head space reading) isoconcentration contour as 
required by Chapter 62-770, FAC. Based on a 50 ppmv boundary and an average 
depth of excavation of 5 feet bls, the estimated volume of soil to be excavated 
is 8,000 yd3 (see Appendix D). 

6. L 1 Site Preparation Prior to commencement of the work, the designated areas 
will be flagged and boundaries will be established by fluorescent yellow caution 
tape to define the exclusion zone. Prior to beginning any excavation activities 
or any intrusive work, the designated areas will be checked for any substruc
tures, utility lines, and other potential interferences. A professional survey 
to verify locations of site utilities was not conducted for this report; however, 
active or inactive subsurface obstructions may include electric lines, piping for 
sanitary sewage, JP-5 distribution, gas distribution, storm drainage, and/or 
fresh water distribution. 

6.1.2 Excavation and Offsite Transportation Soil excavation will be within an 
area bounded by the 50 ppmv (OVA head space reading) contour as depicted in 
Figure 4-2. Excavation will be conducted using standard earthmoving equipment. 
All operators will be certified to be in compliance with 29 Code of Federal 
Regulations 1910.120 health and safety requirements. OVA headspace analyses will 
be used to monitor soil contamination levels at set intervals during the 
excavation. Excavation in the vertical direction would extend to the groundwater 
table unless free product is encountered. Excavation to a depth approximately 
1 foot below the groundwater table may be necessary to implement free product 
removal where free product is encountered. Free product that is exposed in the 
open excavation will be recovered to the extent practicable by using high vacuum 
suction, product absorbing socks, or over excavation. 

Temporary controls for stormwater run-on and runoff will be implemented before 
excavation of contaminated soil in the retention pond area. The retention pond 
area will be replaced with a similar lined construction during site restoration 
activities in order to control the long-term stormwater run-on and runoff. 
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Excavated soil that is contaminated (greater than 50 ppmv) should be loaded 
directly into trucks to facilitate immediate site removal and delivery to a FDEP
permitted soil thermal treatment facility and to prevent spreading of contaminat
ed soil at the site. A listing of permitted thermal treatment facilities is 
provided in Appendix D. 

The excavation should have sides sloped or shored in accordance with applicable 
standards to prevent unstable conditions during excavation that could pose 
hazards to personnel or surrounding structures and pavements. Stormwater run-on 
and runoff controls should be implemented to prevent offsite migration of 
sediment or contaminated stormwater during site activities. Fugitive emissions 
should be prevented through applicable dust control actions during excavation and 
soil handling. Monitoring wells, benchmarks, existing structures, fences, curbs, 
sidewalks, and other structural features shall be protected from excavation 
equipment. 

6.1.3 Site Restoration Backfill to excavated areas may be performed simulta
neous to excavation. All water from the excavation during soil replacement 
should be removed as necessary to accommodate compaction. To minimize 
recontamination of the backfill soil by groundwater, a low (i.e., less than 0.5 
percent) organic content soil will be used as backfill material. Backfill 
material shall be well-graded granular soil, consisting of silica sand or other 
approved materials. Backfill shall contain less than 0.5 percent organic carbon 
as measured in accordance with American Society for Testing and Materials (ASTM) 
D2074-87. Moisture-density testing shall be in accordance with ASTM D698-91. 
Certification that the borrow source is free of petroleum hydrocarbon contamina
tion is required from the borrow source prior to delivery. Backfill will be 
field compacted in place to achieve 85 percent Proctor (ASTM D1557) or approved 
equal. Backfill material will be compacted in lifts of approximately 1 foot. 
Compactive effort will be no less than four passes of the earth-moving equipment. 
Approximately 8,000 yd3 of backfill material will be required. If excavation and 
backfill operations are performed simultaneously, a separation distance will be 
maintained between the toe of the slope for excavation and the toe of the slope 
for backfill to prevent or minimize cross-contamination by direct contact with 
free product or excessively contaminated soil. After all disturbed areas of 
excavation have been successfully backfilled, the sites will be graded to drain. 
The excavation will be graded to above surrounding elevations, and the grade will 
be sloped from the center outward to a minimum slope of 50 horizontal to 1 
vertical so that runoff will flow away from the backfilled area. The slope will 
be blended into level areas, and the grade changes will be gradual. If 
necessary, prior to backfilling, an appropriate amount of 1-1/2 - to 2 - inch 
diameter crushed stone may be provided as a bottom layer in order to stabilize 
saturated material resulting from groundwater encroachment within the open 
excavation. 

An acceptable borrow source will be identified and subsequent samples will be 
sent to a geotechnical testing laboratory for moisture content, organic carbon, 
and moisture-density relationships. 

During backfill operations, utility services will be disconnected in coordination 
with base personnel, After completion, benchmarks, existing structures, fences, 
sidewalks, utilities, and other cultural features to remain that were damaged 
during remedial activities will be repaired. All lines and grades will be 
verified after all equipment and materials have been removed from the site and 
work is complete. Final review of project documentation as well as walkover of 
the site will be conducted to assure satisfactory completion of the project prior 
to leaving the site. 
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7.0 SOIL VAPOR EXTRACTION SYSTEM 

This section presents the details of implementing source removal via SVE for soil 
within the mound area at the NFF Site. 

The SVE system at the NFF Site will be used to remediate excessively contaminated 
(soil OVA head space reading exceeding 50 ppmv) soil within the mound. 

Components of the SVE system at the NFF Site include 

SVE wells, 
piping network, 
vacuum blower, and 
vapor treatment. 

Figure 7-1 presents the schematic for the SVE system. 

7.1 TECHNOLOGY DESCRIPTION. Vacuum applied to the well casing creates an air 
flow through the contaminated soil toward the extraction well. As the 
contaminated vapor is extracted from the subsurface, a concentration gradient is 
created between the soil vapor and the sorbed contaminants. As the imbalanced 
contaminant concentration attempts to reach equilibrium, fresh air continues to 
enter the contaminated soils. The continual recharge of air sustains the on
going concentration gradient, until the soils become clean. 

The areal extent of soil contamination based on a 50 ppmv OVA head space reading 
isoconcentration contour is approximately 180,000 square feet (see Appendix E for 
calculations). 

7.2 SYSTEM DESIGN. Subsurface soil at the NFF Site consists of fine- to medium
grained silty sand with less than 10 percent of clay. Based on the hydraulic 
conductivity values estimated through slug tests conducted during the CA, the 
intrinsic permeability at this site is estimated to range between 10-7 cm2 (10 
Darcys) to 10-8 cm2 (1 Darcy). Based on information gathered during implementa
tion of bioslurping pilot scale studies at the site within the mound area, the 
vacuum radius of influence has been estimated to range from 50 feet to 70 feet 
(Appendix E). 

An estimate of vacuum drawdown, vapor flow rate, and the number of SVE wells 
required was calculated based on the site-specific data presented above. Based 
on calculations presented in Appendix E, it is estimated that the NFF Site 
requires 22 SVE wells, with an average flow rate of 25 cfm each, and a total flow 
rate of 550 cfm at a vacuum of 60 inches of water column. An EG&G model 
EN14DX72WL ROTRON~, explosion proof regenerative blower or approved equivalent 
is selected for supply of vacuum. 

This blower has a 30-horsepower motor and operates on 460 vol t, 3 -phase, 60 hertz 
alternating current, electric power. The blower will generate a maximum flow 
rate of 920 standard cubic feet per minute (scfm) at a maximum vacuum of 115 
inches of water column. 
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The blower will be skid mounted and equipped with pressure and vacuum gauges, 
adjustable pressure relief valve, a flow meter, and a thermometer. The vacuum 
pump will be explosion proof, and it will be operated by a control panel located 
on the skid. The panel will actuate a shutdown of the blower if the thermometer 
on the blower reads temperatures above a set point. In case of a shutoff, the 
system will be serviced and the blower will be manually restarted. 

SVE wells VW-l through VW-25 will be installed at the locations shown on Figure 
7-2. All the SVE wells will be constructed of 4-inch, schedule 80 PVC riser, and 
0.020-inch slotted screen. The SVE wells will be screened between 5 feet bls to 
25 feet bls. Figure 7-3 presents the construction details for the SVE wells. 

Figure 7-4 includes the process and instrumentation diagram for the SVE system. 
Each SVE well will be manifolded to the header pipe leading to the compound. 
Appropriate sampling ports, flow control valves, and flow meters will be 
installed on each vacuum supply line at the SVE manhole to facilitate selective 
operation of the SVE wells. A totalizer flow meter and totalizer sampling port 
will be installed on the header pipe in the compound to monitor the performance 
of the SVE process. Piping from the SVE wells to the header pipe will be l-inch
diameter, Schedule 80 PVC. The header pipe (main supply line) connecting the 
manifold to the blower will be 2-inch-diameter Schedule 80 PVC. 

Based on calculations presented in Appendix E the estimated total flow rate 
contributed by the SVE system is about 600 scfm. This off-gas will be combined 
wi th the off-gas generated from the other sources and treated via catalytic 
oxidation. The catalytic oxidizer will meet the combined requirements of all the 
VOC sources at the NFF Site during implementation of the RAP. 

7.3 SYSTEM STARTUP. Upon approval of the construction workplan, it is estimated 
that approximately 2 weeks will be required to release the bids for procurement 
of the equipment. Equipment will be delivered within 2 to 3 weeks. Trenching 
and installation is anticipated to take 5 to 6 weeks. Thus the total time for 
the installation of the equipment is estimated as 11 weeks. 

A vapor extraction pilot study was not conducted prior to the preparation of this 
RAP; therefore, it will be necessary to conduct startup testing of the vapor 
extraction system to fine tune and adjust the vacuum and flow rate and monitor 
VOA continuous concentrations at the effluent port. The startup testing program 
will consist of a vacuum pumping test of up to 8 hours in which vacuum pressures 
and flow rates will be measured. Based on the results of this testing program, 
the extraction rates necessary to achieve remedial goals will be determined. 

7.4 SYSTEM MONITORING. The overall performance of the SVE system will be 
evaluated based on the data obtained for the monitoring parameters listed below. 
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vapor flow rates from the recovery wells 

vapor concentrations during application of the SVE 

vacuum readings at the well heads from source area and perimeter area 
wells during operation of the SVE 
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l-foot diameter x 2-foot steel vault 
with lockable steel traffic bearing 
steel cover (AASHTO/DOT approved) 
far SVE controls • 

Flow measuring device 

l-inch diameter sampling port 
(schedule 40 pvc) --~ 

l-inch diameter ball 
(schedule 40 pvc) 

1.5-foot diameter x 2-loot steel vault 
with lockable steel traffic bearing 
steel cover (AASHTO/DOT approved) 
for SVE well 

4-inch diameter Schedule 
PVC slip cap with port 
for PVC pipe 

l-inch x 10-inch 
Schedule 40 PVC pipe 

.......... -2 feet bls 

Water:grout, 
1:3 mixture by 
weight with 
some bentonite 

Recovery well 

-+--l--~ 4-inch 
Schedule 80 
PVC pipe 

Gravel pack drain 12-inch diameter, 
1 foot bellow bottom of vault -4 feet bls 

Bentonite seal 
-6 feet bls 

NOTES: 
SVE = Soil vapor extraction 
PVC = Polyvinyl chloride 
bls = Below land surface 
DOT = Department of Transportation 
AASHTO = American Association of State 

Highway Transportation Officials 

• Vault configuration can be modified 
to accommodate the flow meter. 

FIGURE 7-3 
CONSTRUCTION DETAILS OF 
SVE WELLS VE-1 THROUGH VE-22 
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On a weekly basis for the first 3 months and monthly for the remainder of the 
first year of operation, SVE emissions will be monitored for volatile organic 
hydrocarbons using an OVA or portable gas chromatograph.- Additionally, vapor 
samples will be collected monthly and analyzed in accordance with USEPA Method 
T-14 in an offsi te laboratory, and the concentrations will be expressed as 
milligrams per cubic centimeter. These concentrations coupled with the total 
flow rates will be used to estimate the BTEX mass removal rates. Vapor 
monitoring will be performed on the SVE airstream before and after entering the 
vapor treatment system. The monitoring schedule for the remaining period of 
remediation will be based on an evaluation of the first 3 months of data 
collected on the operation of the system. 

Table 7-1 presents an example of the data log to be used during the monitoring 
phase of the SVE system. Collection and reporting of the data as presented in 
Table 7-1 will facilitate timely evaluation of system efficiency and an 
opportunity to adjust system parameters for optimum operation. 
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Table 7-1 
Example of a Recommended List of Parameters for Monthly Monitoring SVEi System 

Date: 

Logged By: 

Verified By: 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

VEW-1 VEW-2 I VEW-3 I VEW-4 I VEW-5 I VEW-6 I VEW-7 I VEW-8 

Airflow rates, cfm 

Vacuum, inches of H20 

OVA reading, ppmv 

Laboratory analyses T-14, 
BTEX mg/m 3 

Time system was in operation, 
days 

Mass of BTEX, pounds 

Remarks 

Notes: SVE = soil vapor extraction. 

~----'-

cfm = cubic feet per minute. 
OVA = organic vapor analyzer. 
ppmv = parts per million by volume. 
mg/m3 = milligrams per cubic meter. 
BTEX = benzene, toluene, ethylbenzene, and xylenes. 
H20 = water. 

VEW-9 VEW-10 
Influent to 

Vapor Treatment 

Effluent from 
Vapor 

Treatment 



8.0 BIOSLURPING SYSTEM 

This section presents the details for implementing the bioslurping system 
expansion for free product recovery from within the mound area at the NFF Site. 

Components of the bioslurping system at the NFF Site include the following: 

bioslurping wells, 
piping network, 
liquid ring pump, 
fluids-air separation tank, 
vapor treatment, 
oil-water separator, and 
groundwater treatment system. 

Figure 8-1 presents the schematic for the bioslurping system. 

8.1 TECHNOLOGY DESCRIPTION. Bioslurping combines vacuum-enhanced free product 
recovery and soil vapor extraction with bioventing to simultaneously bioremediate 
the vadose zone. 

8.1.1 Free Product Recovery Free-phase liquid and groundwater are extracted, 
using a draw-tube with its tip located at the oil-water interface. Location of 
the tip of the draw-tube is adjusted based on the depth to the oil-water 
interface. The draw-tube and the well casing are manifolded to the same vacuum 
source. A vacuum is initially applied to the draw-tube to begin removal of 
groundwater and free product. High vacuum is applied to the draw-tube in order 
to lift the water and/or free product, thus lowering the water table within the 
formation in the vicinity of the recovery well. 

The vacuum influence of the well increases the hydraulic gradient for flow of 
groundwater and product to the well, improving the ability of the recovery well 
to extract the free product. 

Implementation of the free product recovery using bioslurping technology 
incidentally will result in two additional actions: 

extraction of contaminated groundwater from the hot spot areas 

increasing dissolved oxygen levels in the groundwater within the 
influence area of the bioslurper well 

Pilot- scale tests conducted elsewhere using bioslurping have reported an increase 
of 1 to 2 mg/~ of dissolved oxygen at the recovery well at the end of an 8-hour 
bioslurping event. Oxygen is one of the main nutrients required for sustaining 
biodegradation of petroleum hydrocarbon components dissolved in groundwater. 

8.1.2 Soil Vapor Extraction Vacuum applied to the well casing creates an air 
flow through the contaminated soil in the unsaturated zone, toward the extraction 
well. As the contaminated vapor is extracted from the subsurface, a concentra
tion gradient is created between the soil vapor and the sorbed contaminants. As 
the imbalanced contaminant concentration attempts to reach equilibrium, fresh air 
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continues to enter the contaminated soils. The continual recharge of air 
sustains the ongoing concentration gradient, until the soils become clean. 

8.1.3 Bioventing of Unsaturated Zone Contaminants Bioventing is the process of 
aerating subsurface soils, which stimulates soil-indigenous microorganisms to 
aerobically metabolize fuel hydrocarbons in unsaturated soils. During 
bioslurping, a significant volume of air is drawn through the ground surface, 
into the vadose zone, thus providing oxygen for microbial growth. Respiratory 
studies conducted during the operation of the pilot system have confirmed 
increases in oxygen levels up to 20 percent by volume (Appendix C). The soil gas 
data collected over time (after shutdown of the bioslurper, i.e., during system 
dormancy) can be used to establish the rates of oxygen utilization or carbon
dioxide evolution. High oxygen utilization rates (e.g., greater than 1 
percent/day) are a good indication that bioslurper- induced aeration would 
effectively improve microbial activity (NFEC, 1996). If oxygen utilization rates 
are low, yet significant contamination is present, other factors such as high 
clay content, low moisture content, nutrient limitation, and/or contaminant 
levels toxic to microorganisms may result in limiting biodegradation. 

8.2 SYSTEM DESIGN. Currently the NFF Site has a bioslurping system with the 
following components: 

liquid ring pump, 
fluid-air separation tank, 
oil-water separation tank, 
piping to sewage treatment plant headworks, and 
off-gas treatment. 

Appendix F presents details of the process and instrumentation diagram for the 
existing bioslurping system. 

The current capacity of the liquid ring pump is limited to 10 recovery points. 
Hence, piping from a maximum of 10 slurping points will be connected to the 
liquid ring pump at any given time. However, once the product thickness within 
a recovery well reaches a value less than 0.01 foot, the piping will be switched 
to new slurper points, which may be located elsewhere within the product plume. 

Additional bioslurping wells will be located to maximize the recovery of free 
product and ensure supply of oxygen-rich air to the saturated and unsaturated 
zones. Hence, the areal distribution of bioslurping wells at the NFF Site is 
based on the horizontal and vertical extent of contamination in the following 
forms: (1) free product, and (2) residual soil contamination within the capillary 
fringe. As described in Section 3.0, free product delineation is one of the 
objectives during implementation of the bioslurper expansion on the NFF mound. 

Due to the nature of existence of free product at the NFF mound, a flexible 
approach was chosen toward the expansion of the bioslurping system. 

The concept of this approach is to 

maximize the benefits of the existing bioslurping system and 
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maXlmlze the total number of points that may be installed on the mound 
by keeping the construction details of the bioslurping well simple. 

Thus bioslurping wells will be installed as temporary piezometers to reduce the 
cost per well. A well construction detail will be adopted, to facilitate 
simultaneous monitoring and recovery of free product. The temporary bioslurping 
wells will be installed to a depth of 25 feet. The screen intervals will be 
placed between 15 feet and 25 feet. The well material will be 2-inch-diameter 
Schedule 40 PVC pipe. Actual locations of the additional temporary wells will 
be determined in the field based on the product monitoring and delineation. 

An average air flow rate of 50 scfm is anticipated at each bioslurper well. Thus 
the total flow rate from the bioslurping system is 500 scfm at vacuum of 5 to 25 
inches of Hg column. Off-gas from bioslurping system will be combined with that 
of SVE system and treated via catalytic oxidation. 

Figure 7-4 includes the process and instrumentation diagram for the bioslurping 
system expansion. The vacuum supply line from each bioslurper well will be 
manifolded to a connection piping, and the connection piping from each row of 
bioslurpers will be manifolded to a header piping. Header piping will be further 
connected to the liquid ring pump at the compound. The header piping will be of 
Schedule 80, 4- inch PVC, the connection piping will be of Schedule 80 2 - inch PVC, 
and the individual supply lines within the bioslurper well manhole will be of 
Schedule 40, l-inch PVC. 

Appropriate sampling ports, flow control valves, and flow meters as detailed in 
Figure 7-4 will be installed on each vacuum source at the bioslurper well for 
optimum control during the recovery of free product, soil vapor, and groundwater. 

8.3 SYSTEM STARTUP. Several components of the bioslurping system are already 
in place at the NFF Site. In order to complete the construction as per the 
Process and Instrumentation Diagram presented in Figure 7-4, the following are 
the critical tasks to be completed as part of the overall workplan: 

install temporary piezometers, 
connect piping to piezometers 
connect piping to vapor treatment system, and 
install water treatment system. 

It is anticipated that the bidding for purchase of additional equipment and 
procurement of subcontractor services will be initiated within 2 to 3 weeks after 
approval of the workplan. Procurement of equipment and any additional services 
is estimated to take 4 to 5 weeks. Installation of temporary piezometers is 
anticipated to take 2 to 3 weeks. Thus, the total time for system installation 
is 10 weeks. 

System startup will include two phases. 

CF·NFFS.RAP 
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In the initial phase, a system shakedown will test proper operation of 
all the system components. Components to be checked include the liquid 
ring pump; aqueous effluent transfer pump; vapor, free-product, and 
water flow meter; oil-water interface probes; soil gas analyses 
instrumentation; emergency shut-off float switches in the oil-water 
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separator and the effluent equalization tank, and any vapor and 
groundwater treatment components. 

In the second phase of the system startup, the bioslurper design 
parameters will be monitored and tuned for optimum recovery of free 
product. Design parameters to be monitored include vacuum, air flow 
rate, vapor concentrations, and total fluids flow rate. Additionally, 
design parameters associated with the oil-water separator, vapor 
treatment, and water treatment will be monitored and utilized to tune 
up the system. Startup monitoring is anticipated to occur daily for 
the first week of operation, then weekly for the remainder of the first 
month. 

8.4 SYSTEM MONITORING. The overall performance of the bioslurper system will 
be evaluated based on the data obtained from the monitoring and reporting of the 
parameters listed below. 

Free Product Recovery: 

thicknesses of free product in source area monitoring wells 

volume of free product and water collected during extraction 

total volume of free product recovered 

vapor flow rates from the recovery wells 

vapor concentrations during bioslurping 

vacuum readings at the bioslurper well head 

Table 8-1 presents the data log for bioslurping system monitoring. 

Based on the soil vacuum data generated during the bioslurping system operation 
at the NFF Site and full-scale studies completed elsewhere, and review of 
literature for sites with similar characteristics it is estimated that the total 
cleanup time will be of the order of 5 to 10 years. 
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Table 8-1 
Example of a Bioslurping System Data Log 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Site: Bioslurper Well ID: 

Date: System Operator: 

Logged By: Checked By: 

Vapor Flow 

Applied Vacuum 2 (H 20 in.) Rate3 (scfm) Vapor Well Head Vacuums (H20 in.) 

Time' at the Concentration4 at Observation Wells 
Recovery Well 

Total 1 Drop Tube J Well CaSing Total Total Well-1 1 Well-2 I Well-3 1 Well-3 1 Well-4 

'Time: Time at which the measurements are made. 
2 Applied Vacuum: Vacuum measured at bioslurper well head. Use vacuum gauges. 
3 Vapor Flow Rate: Measured at bioslurper well head. Use anemometer. 
4 Vapor Concentration: Measured at bioslurper well head. Use tedlar bags to collect vapor sample and measure with a VOCs analyzer. 
S Well Head Vacuum: Vacuum measured at monitoring wells. Use vacuum gauges. 
6 Volume of Fluids: Measured from the equivalization tank. Use oil-water interface probe. 

Notes: H20 = water. 
scfm = standard cubic feet per minute. 
FP = free product. 
VOCs = volatile organic compounds. 

-- --

Volume of Fluids6 

I 

(gallons) 
j 

Total I Water I FP 

I 

I 

I 
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9.0 BIOSPARGING SYSTEM 

This section presents details of reducing concentrations of groundwater 
contaminants including benzene, total VOAs, and total naphthalenes in the shallow 
zone (0 to 55 feet bls). 

Biosparging will be employed to reduce concentrations of contaminants in the 
shallow and consequently water table groundwater to regulatory limits. This 
biosparge system is anticipated to complement the other groundwater remedial 
measures proposed in this plan, including remediation by natural attenuation. 

9.1 TECHNOLOGY DESCRIPTION. Biosparging is the process of inj ecting air at con
trolled pressures and volumes into the groundwater below the deepest point of 
contamination. There are three mass transfer phenomena that take place during air 
injection into an aquifer matrix: volatilization of dissolved-phase organic com
pounds, increased mobility of the contaminants adsorbed to the aquifer material, 
and increased biological activity due to increased levels of oxygen available for 
the microorganisms. Biosparging differs from air sparging in one important 
respect, the goal of air sparging is to volatilize organic compounds and remove 
them via stripping, while the goal of biosparging is to create an optimum 
environment for microorganism growth. Biodegradability varies with the 
contaminant present in the plume. Since most petroleum compounds have been proven 
to be amenable to bioremediation, increasing the dissolved oxygen should 
stimulate the microbes to consume the contaminant plume. 

Potential problems with in situ biosparging usually occur as a result of either 
a too loose or too tight aquifer formation. If the sediments are too loose (i.e., 
gravel), the oxygen tends to bubble through the aquifer vertically, with little 
horizontal movement occurring. On the other hand, if the sediments are too tight 
(i.e., clays), then the system may resist the movement of oxygen through the 
aquifer and create pockets of untreated contamination. 

Since biodegradation is the goal of this remedial action, and the primary factor 
limiting biodegradation rates is the lack of available oxygen, biosparging has 
the potential to increase biological activity. 

Components of a biosparging system include the following: 

biosparging wells 
manifold piping 
compressed air equipment 
monitoring controls 

Figure 9-1 presents a schematic of a biosparging system. 

9.2 SYSTEM DESIGN. The design of the biosparging system is geared toward 
introducing a sufficient amount of oxygen into the aquifer matrix using a series 
of inj ection wells. Figure 9 - 2 shows the estimated extent of groundwater 
contamination (greater than 50 ppb total VOA) as determined in the CARA. 
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A design radius of influence of 35 feet per well was selected based on the pilot 
test results included in Appendix H. Based on calculations presented in Appendix 
H, a total of 21 biosparging wells are required to cover the shallow groundwater 
contamination at the NFF Site. Locations of biosparge wells are presented on 
Figure 9-2. Construction details for biosparge wells BS-l through BS-6 are 
included on Figure 9-3. Construction details for biosparge wells BS-7 through 
BS-22 are included on Figure 9-4. 

To size the compressor, the actual pressure and flow rate for the system were 
calculated taking into account pressure and dynamic losses and employing a safety 
factor of 1.5. The estimated design pressure and total flow rate is 120 actual 
cubic feet per minute (acfm) and 25 pounds-force per square inch, respectively. 
These calculations can be found in Appendix H. Based on these requirements, the 
recommended compressor for the site is a Kaeser Model Number SM-ll Screw- type Air 
Compressor or an approved equivalent. The compressor is capable of delivering air 
at a pressure of 25 pounds per square inch (psi) at a maximum flow rate of 180 
scfm. A Kaeser Model Number KRD-250 compressed air dryer will be used to 
eliminate moisture from the air stream. Existing power poles will be used to 
deliver 3 -phase power to the compressor. To help increase the life of the 
compressor, a Dayton Model 5Z36l stationary 350-gallon air tank will be used as 
a receiver to store the compressed air, allowing the compressor to operate 
intermittently and the air to cool. 

The compressor, dryer, and air tank will be housed in the same building as the 
SVE system blower, and wired to the same control panel. The compressor outlet 
line will be equipped with a pressure switch that is designed to control the 
cycle time of the system. A pressure gauge (rated at 0 to 250 psi) and check 
valve will be installed in-line prior to the air tank to ensure the proper 
operation of the pressure switch and to only allow air to flow one-way from the 
compressor to the air tank. When the compressor stops, the check valve closes, 
thus preventing loss of air from the tank or damage to the compressor. A 
refrigerated air dryer will be mounted next to the compressor and will be used 
to remove moisture from the atmospheric air and help to cool the air stream. 

The air tank discharge line will be fitted with a ball valve, a Kaeser filtered 
centrifugal separating filter, and a coalescing oil removal filter to reduce 
moisture and remove any oil that may be present. This line will also include a 
pressure regulator to help the operator deliver the correct pressure to the 
system and a flow measuring device. System piping will be 3/4-inch Schedule 80 
PVC pipe. The system will deliver air to each well at a flow rate of 5 to 7 acfm 
at an in-line pressure of 21 pounds-force per square inch. Piping inside the 
compound will be galvanized steel. 

Figure 9-5 presents the process and instrumentation diagram of the biosparging 
system at the NFF Site. 

9.3 SYSTEM STARTUP. Upon approval by the regulatory agencies of this RAP, the 
startup of the system will commence. It is anticipated to take a month to obtain 
competitive bids for contractors for this project. It should require no more than 
3 weeks to build the biosparging portion as described in this chapter. 

A preconstruct ion meeting will be held after the selection of the remedial 
contractor and will include the design engineers, the activity, the Resident 
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Highway Transportotion Officials 
psi = Pounds per square inch 
Well operating parameters: 1 cfm 01 15 psi 
cfm = Cubic feel per minute 

* Vault configuration can be modified 10 
accommodate the flow measuring device. 

FIGURE 9-3 
BIOSPARGE WELL CONSTRUCTION DETAIL 
FOR THE MOUND AREA 
BS-1 THROUGH BS-6 

T: 8544-01 B544F009 PW 1-24-97 

3/4-inch diameter 
ball valve (PVC) 

Flow measuring device 

Quick disconnect coupling for pressure gauge 

Existing land surface 
(0 feet) 

80 PVC 
cap 

minimum 

feet below lond surface 

Water:grout 
1:3 mixture by 
weight with some 
bentonite 

+-+--2-inch diameter 
schedule 80 PVC 
riser pipe 

- 64 feet below land surface 
Bentonite seal 

- 66 feet below land surfoce 
---67 feet below land surface 

.... -- 20/30 sand pack 

t=='""'1--+---2-inch diameter 0.010 sial 
schedule SO PVC screen 

-70 feet below land surface 

~~-~ --70.5 feet below land surfoce 

f--s inches 

NOT TO SCALE 

REMEDIAL ACTION PLAN 

NORTH FUEL FARM SITE 
NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 
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3-loot x 2-1001 x 2-loot steel vault 
lockable traffic bearing steel cover 
(AASHTO/DOT -approved) * 

3,000 psi ------1:.:.;.: 
type I cement 

3/4-inch Schedule 
80 PVC pipe 

To header pipe 

2-inch 

l-inch Schedule 40 
PVC cap (vacuum tight) 

l-inch Schedule 4 
PVC drainpipe 
(6-inch length) 

Gravel pack drain 
8-inch diameter x 
1 loot below bottom 
of vault 

2-inch PVC cap 

NOTES: 
PVC = Polyvinyl chloride 
DOT = Department of Transportation 
AASHTO = American Association of State 

Highway Transportation Officials 

psi = Pounds per square inch 
Well operating parameters: 1 cfm at 15 psi 
cfm = Cubic feet per minute 

* Vault configuration can be modified to 
accommodate the flow measuring device. 

FIGURE 9-4 
BIOSPARGE WELL CONSTRUCTION DETAIL 
FOR AREA OUTSIDE OF THE MOUND 
BS-7 THROUGH BS-22 

CF-NFFS.RAP 
PMw.al.97 

3/4-inch diameter 
ball valve (PVC) 

Flow measuring device 

disconnect coupling for pressure gauge 

Existing land surface 
(0 feet) 

80 PVC 
cap 

.:-:-:-:.:-<:;:::; -2 feet below land surface 

Water:grout 
1:3 mixture by 
weight with some 
bentonite 

+-+--2-inch diameter 
Schedule 80 PVC 
riser pipe 

-49 feet below land surface 
Bentonite seal 

-51 feet below land surface 
~~-52 feet below land surface 

+--- 20/30 sand pack 

E.o--+--- 2-inch diameter 0.010 slot 
Schedule 80 PVC screen 

- 55 feet below land surface 

~---' --55.5 feet below land surface 

1--8 inches 
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Officer in Charge, and the contractor. To ensure that the contractor has 
constructed the system appropriately, construction oversight will be required by 
the design engineers. Additionally, an initial optimization test should be 
completed no more than 1 month after the construction of the biosparging system. 
The components of the optimization will be at the discretion of the design 
engineers and will be completed and submitted to the Navy separately. 

Twenty-one biosparging wells will be installed. The compressor will run inter
mittently and deliver compressed air to the air tank. The cycle time for the air 
compressor will be determined in the field prior to operation startup. The air 
tank will deliver compressed air to the biosparging wells continuously 24 hours 
a day 7 days a week. The manufacturer's specifications for the biosparging 
equipment are found in Appendix H. 

9.4 SYSTEM OPERATION, MONITORING, AND REPORTING. Existing monitoring wells 
076-5, -6, -21, -280, -46S, -471, -57S, -581, -69S, -701, -72S, and -731 will be 
used for monitoring the progress of the biosparging system. These 12 monitoring 
wells will be sampled quarterly the first year and annually thereafter until the 
site is remediated. Table 9-1 shows the compliance monitoring schedule for 
biosparging. 

Based on the biosparging pilot test conducted at the NFF Site and full-scale 
studies elsewhere, as well as a review of literature for sites with similar 
characteristics, it is estimated that the total cleanup time will be of the order 
of 5 to 10 years. 

CF-NFFS.RAP 
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Table 9-1 
Biosparging System Monitoring Schedule 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Media 
Frequency 

'Q1 Q2 03 Q4 '-'(2 Y3 Y4 

Groundwater3 

Volatile Organic Aromatics and 15 15 15 15 15 15 15 
Polynuclear Aromatic Hydrocarbons 

Soil4 

Total BTEx" and Total Recoverable 0 0 0 15 15 15 15 
Petroleum Hydrocarbons 

, Q = Quarterly. 
2 Y = Yearly. 
3 USEPA Method 601/602/610. For each groundwater event, collect the following samples: 

076-5 076-57S 
076-6 076-581 
076-21 076-69S 
076-28D 076-701 
076-46S 076-72S 
076-471 076-731 
QA duplicate 
QA MS/MSD 
OA trip blank. 

4 USEPA Method 8020/9073. 
5 Benzene, toluene, ethylbenzene, and xylenes. 
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10.0 RECIRCULATION WELL SYSTEM IN THE INTERMEDIATE PLUME 

This section presents the details of removal of aquifer contaminants through 
enhanced bioremediation and in situ stripping using recirculation wells in the 
intermediate plume (55-100 feet bls). 

Recirculation wells are installed within the 5,000 ~g/i TVOA isoconcentration 
contour to reduce the secondary source of contamination within the intermediate 
plume. The remaining portion of intermediate zone groundwater contamination is 
anticipated to be naturally attenuated. 

10.1 TECHNOLOGY DESCRIPTION. A recirculation well is constructed with standard 
monitoring well construction materials, but includes two screens separated by an 
annular seal. Screens are installed at the top and bottom boundaries of the 
contaminant plume to be remediated. Air is injected through a small-diameter PVC 
pipe at the base of the well, near the bottom screen, and allowed to bubble 
upward in the wellbore. Bubbling air within the well casing creates a 
hydrostatic head gradient along the wellbore, which drives aerated water out of 
the upper well screen while simultaneously drawing formation groundwater in 
through the lower screen. 

Figure 10-1 presents a schematic of a recirculation well system. Groundwater is 
essentially remediated through two mechanisms: (1) physical stripping of highly 
volatile components in the groundwater entering the wellbore and (2) biodegrada
tion of less volatile components through oxygen enrichment of groundwater leaving 
the wellbore. 

Stream lines entering the wellbore at the bottom screen will travel through the 
wellbore and leave at the top screen, resulting in a three-dimensional array of 
flownet surrounding the wellbore. The area surrounding the wellbore affected by 
the hydraulic head gradient is defined as the" sphere of influence." The radius 
of the sphere of influence is typically equal to the separation distance between 
the two screens multiplied by a factor greater than one. Actual values of the 
radius of influence are estimated based on aquifer properties at the well 
location. 

The recirculation well system will combine groundwater sparging with vapor 
collection and treatment. 

10.2 SYSTEM DESIGN. 
primary components: 

The recirculation well system consists of the following 

recirculation wells 
a positive pressure blower or air compressor 
a vacuum blower 
an off-gas treatment system 

Recirculation Wells. Recirculation wells will be located to maximize the 
recovery of dissolved hydrocarbons via in situ stripping within the wellbore. 
Areal distribution of recirculation wells will be based on the estimated radius 
of influence of 50 feet. Based on calculations presented in Appendix G, it is 

CF-NFFS.RAP 
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estimated that the NFF Site intermediate plume will require five wells to cover 
the contaminant plume with total BTEX concentrations greater than 5,000 ppb. 

Figure 10-2 presents the location of the recirculation wells. Each recirculation 
well will be constructed to a total depth of 100 feet bls, and the screens will 
be located at 55 feet bls and 100 feetbls. Screens will be located at 4-foot 
intervals and will consist of O.Ol-inch slots. 

Bubbling air at the bottom screen in a recirculation well results in formation 
of a temporary rise in hydrostatic water level within the well casing. Maximum 
possible rise will be equivalent to the hydrostatic head created at the bottom 
of the wellbore. Since the natural piezometric surface is only a few feet below 
the ground surface, the recirculation well has to be extended several feet above 
the ground surface in order to sustain the ensuing hydrostatic head. Based on 
calculations presented in Appendix G, a maximum stack height of 15 feet will be 
required for each recirculation well. Figure 10-3 presents the construction 
details of recirculation wells. 

Positive Pressure Blower. Air for groundwater sparging will be generated using 
a positive pressure blower. Air would be delivered from a 3/4-inch-diameter 
tube to the bottom of the recirculation wells. 

Based on calculations presented in Appendix G, the sparge flow rate at each well 
will be less than 10 acfm, at a maximum pressure of 10 pounds per square inch 
gauge (psig). Sparge air will be delivered bya compressor that could generate 
50 scfm air flow rate at 10 psig. The compressed air for the recirculation wells 
will be drawn from the compressor system designed for the biosparging system (see 
Section 9-2). Air flow to each of the recirculation wells will be gauged and 
regulated from controls housed in the compound within a central location. 

Vacuum Blower. Volatile contaminants stripped and trapped within the well casing 
will be collected under vacuum using a vacuum blower. Piping from the vacuum 
blower will be connected to the top of the well head, and the off-gas stream will 
be delivered to a central vapor treatment system housed in the compound (See 
Figure 9-5). 

Based on calculations presented in Appendix G, the vacuum flow rate from each 
well will be less than 10 acfm, at a maximum vacuum of 50 inches of water. The 
blower system will be designed to supply vacuum for the SVE system as well as the 
recirculation well system. Hence, the blower selected for the SVE system (see 
Section 7.2) will be used for supply of vacuum to the recirculation well system. 
Off-gas flow from each of the recirculation wells will be collected and delivered 
to a central off-gas treatment system housed in the compound. 

Off-Gas Treatment System. Volatile organic contaminants delivered by the vacuum 
blower will be transferred to a centrally located vapor treatment system. A 
catalytic oxidizer vapor treatment unit will be used. This unit will have a 
maximum capacity of 1,000 cfm to treat combined vapors from SVE, bioslurping, and 
recirculation well systems. 

Figure 9-5 includes the process and instrumentation diagram for the recirculation 
well system at the NFF Site. 
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10.3 SYSTEM STARTUP. The recirculation well system installation will begin 
within 4 weeks after approval of the workplan. Equipment procurement will take 
4 to 6 weeks. Installation of recirculation wells will take 3 to 5 weeks. 
Installation of trenching and piping will take an additional 2 weeks. Since 
installation of the off-gas treatment unit will be included as part of the SVE 
system, the time for installation is not included under this system. Thus, the 
total time for in situ stripping system installation will be 17 weeks. 

Prior to system startup monitoring wells will be installed within the recircula
tion zone at the NFF Site as presented in Figure 10-2. These monitoring wells 
are strategically located to monitor the performance of the recirculation system. 
During the system startup, operational data including air flow rates, sparging 
pressure, vacuum flow rates, well head vacuum, and vapor concentrations will be 
monitored daily for the first week and weekly for 2 months in order to optimize 
the air flow rate and VOCs stripping efficiencies. Also, trends regarding 
potential for clogging of the screen due to excessive biological activity, and 
biomass buildup, vapor emission rates, groundwater recirculation flow rates, and 
oxygen concentrations within the wellbore will be monitored and recorded as 
baseline for future comparison. 

10.4 SYSTEM OPERATION. MONITORING. AND REPORTING. Required maintenance will be 
performed during weekly visits. Typical weekly maintenance of the system 
includes adjusting of sparging air flow rates and vapor collection vacuum rates. 

CF-NFFS.RAP 
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Table 11-1 
Groundwater Monitoring Plan Sampling Schedule 

Remediation by Natural Attenuation 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Quarterly Monitoring Semi-Annual Monitoring 
Task 

Q1 Q2 Q3 Q4 Q6 Q8 Q10 Q12 

Measure water levels X X X X X X X X 

Long-Term Monitoring (LTM) Wells2 0 X 0 X X X X X 

Point of Compliance Wells3 0 X 0 X X X X X 

, Estimated maximum time to cleanup. 
2 Includes monitoring wells 076-75S, -761, -770, -21, -390, -400, -69S, -701, -710, -30, -581, -63S, -641, and -650. 
3 Includes monitoring wells 076-471, -531, -671, -541, -510, and -780. 

Notes: 

CF-NFFS.RAP 
PMW.01.97 

Groundwater samples will be analyzed for all the required parameters in accordance with the 
"Technical Protocol for Implementing Intrinsic Remediation, Vols. I and II," by Todd Wiedemeier et al. 
(see Appendix I). 

o = indicates task is not scheduled. 
X = indicates task is scheduled to be performed once in the given month. 
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according to the analytical protocol presented in Table 11-1. 
measurements are to be made during each sampling event. 

Water-level 

All POC monitoring wells will be sampled and analyzed to monitor trends in 
groundwater ;::hemistry, to verify the effectiveness of natural attenuation at the 
si te, and to demonstrate protection of human health and the environment and 
compliance with site-specific numerical remediation goals. Water-level measure
ments are to be made in POC wells during each sampling event. All groundwater 
samples from the POC wells will be analyzed according to the analytical protocol 
presented in Table 11-1. 

Each of the LTM and POC sampling points will be sampled twice each year for 15 
years. If the data collected during this time period support the anticipated 
effectiveness of the natural attenuation at this site, the sampling frequency can 
be reduced to once every year for all the wells. 

CF·NFFS.RAP 
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12.0 COST ESTIMATE 

The cost estimate has been inserted following Appendix K in those report copies 
that require it and has been omitted in others. This was done to facilitate Navy 
procurement requirements. 
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ABB Environmental Services, 
Report, South Fuel Farm, 
Facilities Engineering 
Carolina, July. 
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APPENDIX A 

SUMMARY OF CONTAMINATION ASSESSMENT 



APPENDIX A-1 

Free Product Monitoring 



11/13195 
11122195 
11127195 
12111/95 
12/18195 
12118195 

112196 
1/15196 
1122196 
1119196 
215196 

2113196 
2119196 
2126196 
314196 

3111196 
3119196 
3125196 
412196 
418196 
4/16196 
4122196 
4129196 
516196 

5113196 
5121196 
5128196 
613196 

6117196 
712196 

7115196 
916196 

9123196 
1018196 

10121196 
1114196 
11/18196 

19.83 
19.17 
19.59 
19.60 
19.88 
20.18 
19.93 
20.06 
20.03 
19.95 
20.25 
20.16 
20.19 
20.30 
20.18 
20.00 
19.77 
19.68 
19.47 
19.25 
19.54 
20.85 
20.92 
20.40 
20.44 
20.50 
20.42 
20.08 
20.74 
22.17 
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20.77 
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19.38 
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19.45 

to water. DTP - depth to product. 

2.18 
0.69 
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0.44 
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0.38 
0.43 
0.42 
0.36 
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0.39 
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0.44 
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0.45 
0.45 
0.42 
0.51 
0.67 
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0.41 
0.41 
0.39 
0.40 
0.38 
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0.20 
0.45 
0.46 
0.31 
0.00 
0.50 
0.01 

A·l 

N.A.S. Cecil Field 
North Fuel Farm Site 

Product Thickness Monitoring 
November 1995 • December 1996 

20.15 
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19.76 
19.85 
19.76 
20.05 
19.99 
20.05 
19.46 
21.56 
21.45 
18.42 
17.62 
18.19 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
19.74 
19.82 
19.66 
19.69 
19.77 
19.69 
19.97 
19.92 
20.03 
19.39 
20.04 
20.00 
18.41 
17.58 
18.15 
0.00 

0.00 
0.00 
0.00. 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.08 
0.08 
0.06 
0.07 
0.08 
0.07 
0.08 
0.07 
0.02 
0.07 
1.52 
1.45 
0.01 
0.04 
0.04 
0.00 
0.01 
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APPENDIX A-2 

Soil - Organic Vapor Analyzer (OVA) Results 



Table A-2 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered 
Concentration I OVA Filtered 

Concentration 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

,14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

See notes at end of table, 

5.5 

2,5 

2.5 

6.5 

6.5 

2,0 

1.5 

1.5 

3,0 

2.5 

2.0 

2.5 

9.0 

6.8 

1.0 

5.5 

6,0 

5.5 

2.5 

0.6 

1.5 

1.0 

6.0 

1.5 

4.0 

6.5 

6.5 

5.5 

5.5 

6,0 

6.6 

6.0 

6,0 

6.0 

6.0 

6.0 

6.0 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 

1991 
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>1,000 

60 

63 

o 
o 

100 

170 

100 

o 
o 

>1,000 

13 

1 

4 

100 

>1,000 

o 
1 

40 

35 

>1,000 

18 

o 
47 

390 

o 
o 

>10 

o 
o 
o 

° o 
o 
o 
o 
o 

34 

o 
1 

NM 

NM 

3 

6 

4 

NM 

NM 

12 

o 
NM 

NM 

o 
5 

NM 

NM 

o 
o 
5 

o 
NM 

3 

4 

NM 

NM 

o 
NM 

NM 

NM 

NM 

NM 

NM 

NM 

NM 

NM 

I 
OVA Actual 

Concentration 

>1000 

60 

62 

o 
o 

97 

164 

96 

o 

° 
>1000 

13 

1 

3 

100 

>1,000 

o 
1 

40 

35 

>1,000 

18 

o 
44 

386 

o 
o 

>10 

o 
o 
o 
o 
o 
o 
o 

° 
o 



Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I I Unfiltered I OVA Filtered I OVA Actual 
Year Sampled Concentration Concentration Concentration 

38 0-1 1993 0 NM 0 

2-3 (wet) 1993 0 NM 0 

39 0-1 1993 0 NM 0 

1-2 (wet) 1993 0 NM 0 

40 0-1 1993 0 NM 0 

1-2 (wet) 1993 0 NM 0 

41 0-1 (wet) 1993 0 NM 0 

1.5 (wet) 1993 0 NM 0 

42 0.5 1993 0 NM 0 

0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 (wet) 1993 0 NM 0 

43 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 (wet) 1993 0 NM 0 

44 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 (wet) 1993 0 NM 0 

45 o (surface) 1993 12 0 12 

0-1 1993 1 NM 1 

1-2 1993 0 NM 0 

46 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

47 0-1 1993 1 NM 1 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

48 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

49 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

50 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered 1 OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

51 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

52 0-1 1993 0 NM 0 

1-2 1993 160 0 160 

2-3 1993 3,300 18 3,282 

53 0-1 1993 0 NM 0 

1-2 1993 2 NM 0 

2-3 1993 0 NM 0 

54 0-1 1993 0 NM 0 

1-2 1993 300 0 300 

.2-3 1993 75 0 75 

55 0-1 1993 265 0 265 

1-2 1993 160 7 153 

2-3 1993 700 0 700 

56 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

57 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

58 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

59 0-1 1993 0 NM 0 

1-2 1993 365 0 365 

2-3 1993 160 0 160 

60 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

61 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

See notes at end of table. 

( 
A-9 



Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OV A Filtered I OVA Actual 
Concentration Concentration Concentration 

62 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

63 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 260 0 260 

4-5 (wet) 1993 290 0 290 

64 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 2 NM 2 

4-5 (wet) 1993 11 0 11 

65 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

66 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 1,000 4 996 

3-4 1993 1,300 0 1,300 

67 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

68 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

69 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

70 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I 
Unfiltered 

I 
OVA Filtered 

I 
OVA Actual 

Concentration Concentration Concentration 

71 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

72 0-1 1993 0 NM 0 

1-2 1993 25 1 24 

2-3 1993 2 NM 2 

3-4 1993 18 1 17 

4-5 (wet) 1993 100 0 100 

73 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

4-5 1993 0 NM 0 

74 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

4-5 1993 0 NM 0 

75 0-1 1993 0 NM 0 

1-2 1993 260 0 260 

2-3 1993 1,900 0 1,900 

3-4 (wet) 1993 1,600 0 1,600 

76 0-1 1993 3 NM 3 

1-2 1993 900 0 900 

2-3 1993 1,450 0 1,450 

3-4 1993 2,100 0 2,100 

4-5 (wet) 1993 1,500 0 1,500 

77 0-1 1993 3 NM 3 

1-2 (wet) 1993 50 0 50 

2-3 (wet) 1993 2,000 0 2,000 

78 0-1 1993 0 NM 0 

1-2 (wet) 1993 45 0 45 

2-3 (wet) 1993 2,700 0 2,700 

79 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 1,300 18 1,282 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

80 0-1 1993 7 NM 7 

1-2 1993 350 0 350 

2-3 (wet) 1993 1,800 0 1,800 

81 0-1 1993 0 NM 0 

1-2 (wet) 1993 30 0 30 

82 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 (wet) 1993 0 NM 0 

83 0-1 1993 600 0 600 

1-2 1993 >5,000 0 >5,000 

2-3 1993 >5,000 0 >5,000 

3-4 (wet) 1993 >5,000 0 >5,000 

84 0-1 1993 9 NM 9 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

85 0-1 1993 5 NM 5 

1-2 1993 19 0 19 

2-3 (wet) 1993 2 NM 2 

86 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 1 NM 1 

3-4 1993 0 NM 0 

87 0-1 1993 2 NM 2 

1-2 1993 11 0 11 

2-3 1993 2,400 0 2,400 

3-4 1993 4,700 0 4,700 

4-5 (wet) 1993 >5,000 0 >5,000 

88 0-1 1993 1 NM 1 

1-2 1993 2 NM 2 

2-3 1993 2 NM 2 

3-4 (wet) 1993 1 NM 1 

89 0-1 1993 5 NM 5 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OVA Filtered 1 OVA Actual 
Concentration Concentration Concentration 

90 0-1 1993 4 NM 4 

1-2 1993 10 0 10 

2-3 1993 1 NM 1 

3-4 (wet) 1993 2 NM 2 

91 0-1 1993 4 NM 4 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

92 0-1 1993 1 NM 1 

1-2 1993 3 NM 3 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

93 0-1 1993 0 NM 0 

1-2 1993 6 NM 6 

2-3 1993 0 NM 0 

3-4 (wet) 1993 >500 0 >500 

94 0-1 1993 0 NM 0 

1-2 1993 1,400 0 1,400 

2-3 1993 1,700 0 1,700 

3-42 (wet) 1993 2,000 0 2,000 

95 0-1 1993 0 NM 0 

1-2 1993 8 NM 8 

2-3 (wet) 1993 55 0 55 

96 0-1 1993 265 0 265 

1-2 1993 1,200 0 1,200 

2-3 1993 1,500 0 1,500 

3-4 (wet) 1993 1,500 0 1,500 

97 0-1 1993 2,000 0 2,000 

1-2 1993 2,400 0 2,400 

2-3 1993 3,800 0 3,800 

3-4 (wet) 1993 >5,000 0 >5,000 

98 0-1 1993 1,400 0 1,400 

1-2 1993 4,000 0 4,000 

2-3 1993 >5,000 0 >5,000 

3-4 (wet) 1993 2,600 0 2,600 

See notes at end of table. 

A-13 



Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

99 0-1 1993 1,000 0 1,000 

1-2 1993 1,400 0 1,400 

2-3 1993 2,100 0 2,100 

3-4 1993 2,400 0 2,400 

100 0-1 1993 220 0 220 

1-2 1993 1,400 0 1,400 

2-3 1993 3,200 0 3,200 

3-4 (wet) 1993 2,500 0 2,500 

101 0-1 1993 1,000 0 1,000 

1-2 1993 1,200 0 1,200 

2-3 1993 1,400 0 1,400 

3-4 1993 2,200 0 2,200 

102 0-1 1993 450 0 450 

1-2 1993 1,500 0 1,500 

2-3 1993 1,500 0 1,500 

3-4 (wet) 1993 2,000 0 2,000 

103 0-1 1993 2 NM 2 

1-2 1993 0 NM 0 

2-3 1993 30 0 30 

3-4 1993 28 0 28 

104 0-1 1993 1 NM 1 

1-2 1993 1 NM 1 

2-3 1993 2,400 0 2,400 

105 3-4 (wet) 1993 4,900 0 4,900 

106 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

107 0-1 1993 480 0 480 

1-2 1993 800 0 800 

2-3 1993 4,000 0 4,000 

3-4 1993 >5,000 0 >5,000 

108 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. 1 Depth (feet) J Year Sampled I Unfiltered I OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

109 0-1 1993 3 NM 3 

1-2 1993 0 NM 0 

2-3 1993 50 0 50 

3-4 (wet) 1993 20 0 20 

110 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

111 0-1 1993 2 NM 2 

1-2 1993 1 NM 1 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

112 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

113 0-1 . 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

114 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 120 0 120 

115 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

116 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

117 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

See notes at end of table. 

( 
A-15 



Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

118 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 21 0 21 

119 0-1 1993 0 NM 0 

1-2 1993 270 0 270 

120 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

121 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

122 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

123 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

124 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

125 0-1 1993 60 0 60 

1-2 1993 200 0 200 

2-3 1993 300 0 300 

126 0-1 1993 0 NM 0 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 1993 0 NM 0 

127 0-1 1993 2 NM 2 

1-2 1993 0 NM 0 

2-3 1993 0 NM 0 

3-4 (wet) 1993 0 NM 0 

128 0·1 1993 0 NM 0 

1-2 1993 90 0 90 

2-3 1993 20 0 20 

3-4 (wet) 1994 12 0 12 

129 0-1 1994 0 NM 0 

1-1.5 1994 22 0 22 

1.5-2 1994 120 0 120 

2-2.5 (wet) 1994 230 0 230 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

130 0-1 1994 0 NM 0 

1-1.5 1994 2 NM 2 

1.5-2 1994 12 0 12 

2-2.5 (wet) 1994 39 0 39 

131 0-1 1994 0 NM 0 

1-2 1994 98 0 98 

132 0-.5 1994 0 NM 0 

.5-1 1994 6 NM 6 

1.5-2 1994 29 0 29 

2-2.5 1994 5 NM 5 

2.5-3 (wet) 1994 36 0 36 

133 0-.5 1994 22 0 22 

1-1.5 1994 0 NM 0 

1.5-2 1994 0 NM 0 

2.5-3 (wet) 1994 1 NM 1 

134 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

1.5-2 1994 0 NM 0 

2.5-3 (wet) 1994 0 NM 0 

135 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

1.5-2 1994 0 NM 0 

2-2.5 1994 0 NM 0 

3-3.5 (wet) 1994 0 NM 0 

136 0-.5 1994 125 0 125 

1-1.5 1994 220 10 210 

2-2.5 1994 260 0 260 

3-3.5 (wet) 1994 180 0 180 

137 0-1 1994 220 0 220 

1-2 1994 360 0 360 

138 0-.5 1994 190 0 190 

1-1.5 1994 440 0 440 

1.5-2 1994 440 0 440 

2-2.5 1994 1,200 0 1,200 

2.5-3 (wet) 1994 1,300 0 1,300 

See notes at end of table. 

( 
A-17 



Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) 1 Year Sampled I Unfiltered I OVA Filtered 

J 
OVA Actual 

Concentration Concentration Concentration 

139 0-.5 1994 52 0 52 

1-1.5 1994 180 0 180 

1.5-2 1994 220 0 220 

2-2.5 1994 280 0 280 

2.5-3 1994 420 0 420 

140 0-.5 1994 0 NM 0 

'1-1.5 1994 4 NM 4 

1.5-2 1994 10 0 10 

2-2.5 1994 8 NM 8 

3-3.5 1994 38 0 38 

141 0-.5 1994 150 0 150 

1-1.5 1994 1,300 0 1,300 

2.5-3 1994 1,500 0 1,500 

142 0-.5 1994 11 0 11 

1-1.5 1994 900 0 900 

2-2.5 1994 1,500 0 1,500 

3-3.5 1994 1,400 0 1,400 

143 0-.5 1994 90 0 90 

1-1.5 1994 330 0 330 

2-2.5 1994 390 3 387 

3-3.5 1994 1,300 0 1,300 

144 0-.5 1994 280 0 280 

1-1.5 1994 1,100 0 1,100 

2-2.5 1994 1,700 0 1,700 

3-3.5 1994 1,500 0 1,500 

145 0-.5 1994 1 NM 1 

1-1.5 1994 0 NM 0 

2-2.5 1994 80 0 80 

3-3.5 1994 300 0 300 

146 0-.5 1994 80 0 80 

1-1.5 1994 1,700 0 1,700 

2-2.5 1994 4,600 0 4,600 

3-3.5 1994 >5,000 0 >5,000 

147 0-.5 1994 >5,000 0 >5,000 

1-1.5 1994 >5,000 0 >5,000 

2-2.5 1994 >5,000 0 >5,000 

3-3.5 (wet) 1994 >5,000 0 >5,000 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. 1 Depth (feet) I Year Sampled I Unfiltered J OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

148 0-.5 1994 1,300 0 1,300 

1-1.5 1994 1,400 0 1,400 

2-2.5 1994 2,000 0 2,000 

3-3.5 1994 1,500 -- 1,500 

149 0-.5 1994 1,300 0 1,300 

1-1.5 1994 1,000 0 .1,000 

2-2.5 1994 1,200 0 1,200 

3-3.5 1994 1,700 0 1,700 

150 0-.5 1994 2,000 0 2,000 

1-1.5 1994 900 0 900 

2-2.5 1994 900 0 900 

3-3.5 1994 280 0 280 

151 0-.5 1994 0 NM 0 

1-1.5 1994 2 NM 2 

2-2.5 1994 0 NM 0 

152 0-.5 1994 0 NM 0 

1-1.5 1994 >5,000 0 >5,000 

2-2.5 1994 >5,000 0 >5,000 

3-3.5 1994 >5,000 0 >5,000 

153 0-.5 1994 1 NM 1 

1-1.5 1994 1 NM 1 

2-2.5 1994 4 NM 4 

154 0-.5 1994 2 NM 2 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

3-3.5 1994 0 NM 0 

155 0-.5 1994 5 NM 5 

1-1.5 1994 0 NM 0 

2-2.5 1994 2 NM 2 

3-3.5 1994 7 NM 7 

156 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

3-3.5 1994 0 NM 0 

157 0-.5 1994 130 0 130 

1-1.5 1994 220 0 220 

2-2.5 1994 5 NM 5 

3-3.5 (wet) 1994 5 NM 5 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OV A Filtered I OVA Actual 
Concentration Concentration Concentration 

158 0-.5 1994 38 0 38 

1-1.5 1994 1 NM 1 

2-2.5 1994 1 NM 1 

3-3.5 1994 0 NM 0 

159 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

160 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 6 NM 6 

161 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

162 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

163 0-.5 1994 50 0 50 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

164 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 800 0 800 

165 0-.5 1994 0 NM 0 

1-1.5 1994 340 0 340 

2-2.5 1994 1,200 0 1,200 

166 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

167 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

168 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

169 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 (wet) 1994 0 NM 0 

See notes at end of table. 
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Table A-2 (Continued) 
Organic Vapor Analyzer (OVA) Results, 

1991 to 1995 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Boring No. I Depth (feet) I Year Sampled I Unfiltered I OVA Filtered I OVA Actual 
Concentration Concentration Concentration 

170 0-.5 1994 1 NM 1 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

171 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

172 0-.5 1994 0 NM 0 

1-1.5 1994 0 NM 0 

2-2.5 1994 0 NM 0 

173 0-1 (wet) 1994 0 NM 0 

2-3 1994 0 NM 0 

174 0-1 1994 0 NM 0 

1-2 (wet) 1994 80 0 80 

175 0-1 1994 . 0 NM 0 

1-2 (wet) 1994 110 0 0 

176 0-1 1994 >5,000 0 >5,000 

1-2 (wet) 1994 1,800 0 1,800 

177 0-1 1994 3 NM 3 

1-2 1994 15 0 15 

2-3 (wet) 1994 0 NM 0 

178 0-1 1994 0 NM 0 

1-2 (wet) 1994 0 NM 0 

179 0-1 1994 13 0 13 

1-2 (wet) 1994 0 NM 0 

180 0-1 1994 3 NM 3 

1-2 (wet) 1994 0 NM 0 

181 0-1 1994 3 NM 3 

1-2 (wet) 1994 0 NM 0 

182 0-1 1994 35 0 35 

1-2 (wet) 1994 0 NM 0 

183 0-1 1994 9 NM 9 

1-2 (wet) 1994 0 NM 0 

184 0-1 1994 0 NM 0 

1-2 (wet) 1994 0 NM 0 

Notes: Concentrations are reported in parts per million. 

NM = not measured. 
> = greater than. 

( 

\ A-21 



APPENDIX A-3 

Groundwater Results Exceeding State of Florida Criteria 
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Table A-3 
Groundwater Results Exceeding State of Florida Criteria 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Monitoring Well I Contaminant I Contaminant 
Designation Concentration 1 

076-013 Benzene 110 
Total VOAs 1,090 
Total naphthalenes 1,260 
TRPH 6.5 

076-043 Benzene 1.2 
Total naphthalenes 158 
TRPH 9.2 

076-052,3 Benzene 4.1/1.2 
Total VOAs 150.1 
Total naphthalenes 157/202 

076-132,3 Benzene 1.4 
Total VOAs 928 

076-18 Benzene 1.7 
Total VOAs 62.3 

076-222,3 Benzene 2.0/4.5 
TRPH 6.3 

076-280 Benzene 750/1,500 
Total VOAs 880/1,700 

076-323 Total VOAs 89 

076-353 TRPH 6.7 

076-363 Benzene 6.8 
Total VOAs 175.8 

076-373 Benzene 6.7 
Total VOAs 267.7 
TRPH 5.4 

076-383 Benzene 250 
Total VOAs 6,850 
TRPH 15.2 

076-3902 Benzene 7,400/13,000 
Total VOAs 12,900/21,720 
Total naphthalenes 155 

076-400 Benzene 6,800/7,300 
Total VOAs 12,600/14,710 
Total naphthalenes 195/161 

076-4103 Benzene 2.3 

076-501 Benzene 690 
Total VOAs 839 

076-510 Benzene 70 
Total VOAs 70 

076-521 Benzene 3,600 
Total VOAs 4,080 

076-531 Total VOAs 88 

See notes at end of table. 
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Table A-3 (Continued) 
Groundwater Results Exceeding State of Florida Criteria 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

Monitoring Well I Contaminant I 
Contaminant 

Designation Concentration 1 

076-551 Benzene 120 
Total VOAs 129 

076-57S Benzene 140 
Total VOAs 400 

076-581 Benzene 6 

076-590 Benzene 7.7 

076-611 Total VOAs 191 

076-641 Benzene 750 
Total VOAs 960 

076-650 Benzene 330 
Total VOAs 330 

076-69S Benzene 120 
Total VOAs 646 

076-701 Benzene 11,000 
Total VOAs 16,440 

076-710 Benzene 5.3 

076-72S Benzene 17 

076-731 Benzene 370 
Total VOAs 373.1 

076-75S Benzene 560 
Total VOAs 9050 
Total naphthalenes 212 

076-761 Benzene 2,000 
Total VOAs 2,182 

076-800 Benzene 13 

JP5-123 Benzene 1.8/19 
Total VOAs 56/354 
Total naphthalenes 244 

JP5-14 Benzene 200/160 
Total VOAs 220/368 

JP5-153 Benzene 1.2 
Total VOAs 119/266 
Total naphthalenes 121 (1995) 
TRPH 5.1 

See notes at end of table. 
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Table A-3 (Continued) 
Groundwater Results Exceeding State of Florida Criteria 

DPT-2 
48'-50' bls 

DPT-3 
23'-25' bls 

Monitoring Well 
Designation 

Remedial Action Plan 
North Fuel Farm Site 

Naval Air Station Cecil Field 
Jacksonville, Florida 

I Contaminant 

Benzene 

Benzene 

I 
Contaminant 

Concentration 1 

4.1 

1.1 

1 All concentrations are reported in parts per billion (ppb), except TRPH, which is reported in parts 
per million (ppm). 
2 The contaminant concentration shown in this table is the higher of the two concentrations 
detected in a groundwater sample or its duplicate. 
3 1994 groundwater sample result. 

Notes: *Chapter 62-770, Florida Administrative Code No Further Action and Monitoring Only 
target levels: Benzene (50 ppb), total VOAs (50 ppb), total naphthalenes (100 ppb), 
TRPH (5 ppm). 
157/202 = 1994/1995 groundwater sample results. 
Total VOAs = The sum concentration of benzene, toluene, ethyl benzene, and xylenes. 
Total naphthalenes = The sum concentration of naphthalene, 1-methylnaphthalene, and 
2-methylnaphthalene. 
TRPH = Total recoverable petroleum hydrocarbons. Monitoring wells 076-01 and 076-04 
were sampled below the free-product groundwater interface in 1994. 
VOAs = volatile organic aromatics. 
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Table 8-1-1. Identification of Free Product Removal Technologies (continued) 

General 
Response 

Action 

Passive Recovery 

Active Recovery 

General Response 
Action 

Passive Recovery 
· Bailing 
· Absorbent Socks 

Active Recovery 
· Bioslurping 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Recovery 
Technology 

Description 

Bailing Efficiency of this technology depends on the natural gradient of free 
product near the extraction well and continued migration of recoverable 
product into the extraction well. 

Absorbent Socks SAA 

Skimmer Pumps SAA 

Interceptor Trenches SAA 

Dual Phase vacuum 
enhanced Extraction 

Vacuum enhanced extraction involves removal of free product, soil vapor 
and groundwater by applying a high vacuum (6 to 12 inches of Hg) to the 
recovery well. Application of high vacuum results in increase of hydraulic 
gradient of free product and accelerated accumulation near the recovery 
well. 

Table 8-1-2. Preliminary Screening of Free Product Removal Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

I Advantages I Disadvantages 1 Status .~ Comments 

Does not involve Efficiency of this technology depends Retained 
installation of expensive on the natural gradient of free product 
systems. near the extraction well and continued 

migration of recoverable product into 
the extraction well. 

Removal process takes longer time 
frames. Can not remove all the 
recoverable volume of free product. 

Vacuum enhances the Requires installation of high vacuum Retained 
hydraulic gradient of the pumps. Free product, soil vapor, and 
free product. groundwater are mixed in the process 

of extraction. 
Free product removal 
process takes relatively 
shorter time frames. 

Free product, groundwater, 
and soil vapors can be 
extracted simultaneously. 
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General Response I 
Action 

Containment 

Excavation and 
disposal 

Ex-situ treatment 

Table 8-2-1. Identification of Soil Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Soil Technology 

Soil cover 

Capping 

Cap and slurry wall 

Offsite landfill 

Onsite thermal 
desorption 

Offsite incineration 

Supercritical extraction 

Stabilization and solidi
fication. 

Thermal soil aeration 

Soil washing 

Composting 

I Description 

A layer of native soil is placed over the site that is sufficiently thick to 
prevent direct contact and ingestion hazards associated with 
contaminated surface soil. 

Low-permeability cover (e.g., clay and soil, asphalt, or clay and synthetic 
membrane covered with soil) is constructed over the site to provide a 
barrier to water infiltration and prevent direct contact and ingestion 
hazards associated with contaminated soil. 

Emplacement of a low permeability barrier to restrict contaminant migra
tion in the vadose zone. 

Soil is excavated, transported, and disposed in a permitted Subtitle D 
landfill as a special waste. 

Soil is excavated and treated by a onsite mobile low temperature thermal 
desorption unit that thermally destroys organics (volatile and 
semivolatile) in a direct fired unit. 

Soil is excavated and transported to a licensed incinerator that thermally 
destroys organics in a direct fired unit. 

Extract organics using gases (e.g., carbon dioxide or propane) at a 
certain temperature and pressure (critical point) such that their solvent 
properties are greatly altered. These properties make extraction of 
organics more rapid and efficient than processes using distillation or 
conventional solvent extraction methods. 

Soil is excavated and mixed with a setting agent (e.g., cement, fly ash, 
and lime) to form a product (either a cement-like or soil-like product) in 
which contaminants are entrapped by the solidified mass. 

Soil is excavated and treated by a mobile unit that volatilizes and 
desorbs organics from the soil through contact with a heated surface 
within a reaction vessel. Contaminants are transferred to the gaseous 
state. 

Soil is excavated and mixed with an aqueous based washing solution in 
a series of high-energy mobile washing units. Organics and metals can 
be separated from soil with this system. Washing solution is recycled. 

Soil is excavated and mixed with amendment (cow manure, straw, and 
vegetable wastes) to prepare for composting. The mixture is placed in 
windrows and composted for several weeks. Final compost is backfilled 
into the excavated area. 
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Table 8-2-1. Identification of Soil Remedial Technologies (continued) 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

General Response I 
Action 

Soil Technology I Description 

In-situ treatment Soil vapor extraction A vacuum is applied to wells to extract vapor from voids in the subsurface 
soil. The vapor is collected and either treated or released to the atmo-
sphere. 

Stabilization and solidi- A setting agent is mixed in place with contaminated soil to form a mono-
fication. lithic product in which contaminants are entrapped by the solidified mass. 

Soil flushing Aqueous-based washing solution is applied at the ground surface. Con-
taminants are removed through extraction wells after reaching the water 
table. 

Bioventing Air, nutrients, and moisture (as needed) are injected into a contaminated 
soil zone to enhance the indigenous microbe environment and increase 
the biodegradation rate of organics. 
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Table 8-2-2. Preliminary Soil Remedial Technology Review 

Remedial 
Technology 

Slurry wall 

• 

• 

• 

• 

• 

• 

See notes at end of table. 

Advantages 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Disadvantages 
Screening 

Status 

Reduces exposure 
potentialforhliman 
receptors. 
Easilyimplemented~ 

Notsubjectto ROM 
land disposal· 
restrictions. 

.. Would: notreduceEliminated 
toxicity or-volume of 

Reduces exposure 
pOtentialforhumao 
receptors. 
Notsubjectto ACRA 
lancidisposal . 
restrictions. 
Commonly used 
methOd for 
remediation. 

Reduces migration of 
contaminated 
groundwater; 
Reduces lateral 
migration of infiltration 
precipitation in the 
vadose zone. 
Technology has been 
demonstrated for 
controlling ground
water at dam projects. 
Slurry walls can be 
constructed up to a 
2oo"foot depth. 

.• 

• 

coritaminants. 
Wouldhotreduc.e 

·rnobilityof 
• contaminants 
resulting from 

. infiltration of 
precipitation, 

..• Uncertain design life . 
LOng"terrn 

... monitorihg and ...... . 
mainteilance would· 
tle re<lllired; .. 
L:ohg~terr:l11iabiJity •..• 
associa.tedwith·.· 
waste, 

Would not reduce •.. 
. tOxicity or volume of 
contaminants. 
Uncertain design life ... 
Long~term .. 
monitoring· and 
maintenance would 
be required. 
Long'terrnliability 

. associated with 
waste. 

Would not reduce 
toxicity or volume of 
contaminantS: 
Long-term integrity 
of a slurry wall in the 
presence of common 
groundwater con
taminants is .. not 
proven. 
Compatibility tests 
withsh.irrywall 
material and 
contaminants are 
necessary. 
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Eliminated. 

Comments 

Site area will 
remain active 
during site remedial 
activity. . A large 
land area would 
require coverage. 

contamination is 
aireadypresent at 
the site. and the site 
has remained 
uncovered for years 
since theinitiai 
release. 

Retardation of site 
contarriinants is 
occurring naturally 
due to the 
hydrogeology. 



Remedial 
Technology 

Offsite incin
eration/Low 
Temperature 
Thermal 
Desorption 

Table 8-2-2. Preliminary Screening of Soil Remedial Technologies 

• 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Advantages 

Widely.used and 
easily Implemented 

. technology~ • 
... No wB.stes or 
•• treatmeritresiduals 
remaiOingonsite.. .. 

... ·.Qootamlria.rltsmaybe •.• 
relocatedtQamore 
staple,coiltalned; 
lower e>cposlJre .• 

. potential environment. 
Relatively little • 
mobilization··effort.and 

".. . ...... . 

De.struction an!::l. . 
removal efficiencies 
··are.·greater·than.·99.99 
percerit,thusreduciog •••. 
volurrieof 
contam i nants, .. . .. 
Technology is reliable 
and has been 
demonstrated for. 
treating. organics at • 
full scale;· . 
Widely used for 
treatment of QJgariics 
wastes. 

Disadvantages 

Subsurface utilities 
make excavation 
difficult . 
Would not reduce 
toxiCity or volull'leof 
contaminants.. . 

.RCRA lahddisposal 
.·restrictiOrisrnaylimit. 

wastes eligiblefQr 
disposal, .... 

Limited .lanrjf1ll 
capacity nationwide. 
Trarisportation . and 
laridfillif1!;1co~tsrriay 
be expensive: • 
Long.termliabHity 
associated with 
landfilledwaste. 

. SObsurlaoe utilitieS •.•.. 
makeej(bavatton .... 

difficult. 
Treatmenfofv61aiile 
metals. (e.g., lead) 
• collected· by air 
. pollution control 
equipment 
potentially required. 
Treatment of 
inorganics remaining 
in soil potentially 
required, 

• Mobile units are 

• 

• 

• 

• 

available. 

Destruction and 
removal efficiencies 
are greater than 99.99 
percent, thus reducing 
volume of 
contaminants. 
Technology is reliable 
and has been 
demonstrated for 
treating organics at 
full scale. 
Widely used for 
treatment of organics 
wastes. 
Experienced vendors 
are available. 

• 

• 

• 

• 

Subsurlace utilities 
make excavation 
difficult. 
Treatment of 
inorganics remaining 
in soil potentially 
required. 
Limited capacity at 
RCRA-permitted 
incinerators. 
High costs 
associated with 
transportation and 
incineration of 
wastes. 
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Screening 
Status 

Eliminated 

Retained 

Comments 

Excavation would 
occun:'"hlle tanks 

.. are in operation and 
there is 
contaminated soil 
beneath buildings. 

Excavation is 
applicable only in 
areas out-side the 
mound. 

( 
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Table 8-2-2. Preliminary Screening of Soil Remedial Technologies 

Remedial 
Technology 

• 

See notes at end of table. 

Advantages 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Disadvantages 
Screening 

Status 

Capable oftreating 
soil. contaminated with 
organic·.contaminants. 
Contaminants are 

.• Woulc:lnot reduce Eliminated 

. ' transferrec:lto a 

mobility ,toxicity,. or 
iltilumeof con
taminants. 
Concentrated····· .. 
ciontaminantwaste 

.•... stream requires •. 
further·treatment. 

·.·Umfted··operating 
experience with site- •...••... 
specificctintaminat. 
ed stilt 
Treatability studies 
requirediO .. 
determ inepotential 
for treating site soil. 
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Comments 

Not a proven tech
no logy for site con
taminants. Would 
not offer any advan
tage over other 
proven technolo-



Remedial 
Technology 

Stabilization. • 
and solidifica" < 

• 

• 

• 

• 

Table 8-2-2. Preliminary Screening of Soil Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Advanrages 

•.• Reduces mobHityof 
metals. 
TechnologyisreUable .•..••• 
• and· hasbe.en 
. demonstrated at full 
•.. scaI9 fOJtJl:Ia~ing 
inorganics~ 

··Technolpgyis . 
fEHatively.sirnpleand .•.•...• 
easily implemented. 
Experienced vendors 

. are available: 

organics. 
May not require an 
incineratorpermitto 
operate. 
Mobile units are 
availiible . 

• Demonstrated·.at·full 
scale for removal of 
metals from • soiL 
Wideappl ication to· 
varied waste groups. 
Mobile units are 
available. 

• 

• 

Disadvantages 

Would·nofreduce 
tpxicity or volume of 
cOl1taminants. 
Vollimeof·· 
6611tarninattidmedia 
increaseq by 20 to 
30 percent ... 
Long-term 
pf,lrfo(rnancefor 
treating Organic 
wastesnot •.. 

• demonstrated. 

VJouldnotreduce •....• 
toxicity,moblllty,and 

·v6Iumeotcon. . 
tamin~l1ts> . 

Difficulty in treating 
complex waste 

. mixtures. 
POtentially hazardous 
chetnicalsmay be 
brought on site to be 
used in process • 
. Potentialdlfficulty in 
removing washing 
solution from treated 
soil: 

• Limited effectiveness 
for treatingsoilwith 
h ig hhU miccontent 
and·high.fine-grained 
clay fraction. 
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Screening 
Status Comments 

Excavation of soil is 
not .desired as the 
tanlcareais to 
(emain operational 
during remedial 

. actions. 

operational during . 
remedial actions, 

( 



Table 8-2-2. Preliminary Screening of Soil Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Remedial 
Advantages Disadvantages 

Screening 
Comments 

Technology Status 

Composting/ • Widely used • Subsurface utilities Retained. Will be applicable 
Tilling technology for organic make excavation to areas out-side 

wastes and does not difficult. the mound. 
require specialized • Treatability studies 
operating personnel. may be necessary for 

· Minimal operating site-specific wastes. 
cost. 

• No secondary waste 
stream generated. 

• Operating equipment 
readily available. 

• Treated soil can be 
used for backfilling. 

• Very cost-effective 
method of treatment. 
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Table 8-2-2. Preliminary Screening of Soil Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Remedial Advantages Disadvantages 
Screening 

Comments 
Technology Status 

Soil vapor • Reduces mobility, • Dispersion of vapors Retained Capable of treating 
extraction toxicity, and volume of could result in organic 

contaminants if vapors localized con centra· compounds. May 
are collected and tions of contaminants be used with air 
treated. near well heads. sparging or 

• Effective for extraction • Contaminants with bioventing. 
of VOCs from low vapor pressure 
unsaturated zone. cannot be effectively 

• Demonstrated removed. 
capability for • Extensive soil, air, 
extracting up to 2,000 and groundwater 
pounds of VOCs per monitoring required, 
day. including soil 

• Not subject to RCRA borings. 
land disposal • Treatment of metals 
restrictions. remaining in soil 

• Extraction equipment potentially required. 
is off·the-shelf and • Not effective for 
experienced vendors treating soil with a 
are readily available. high moisture 

content. 

In-s[tUstabili- I Tec:hnology hasb.een.·· .•. . ::e: High concentrations .... Eliininated Not effective for 
zationaiid I demonstrateda,tpilot of orgarlics>may ..... subsurface soil. 
solidification .......• I scale for metals; . interfere.·with·the 

... • Reduces.mobHity ·of settlngagent. ..••. 

I· metals. e Reagent and waste 
... 

.1 
Nofsubject toRCRA ratiQsaredifficu Ino • 
land disposal contrOl. 
restrictions. • Volume of 

contaminated media 
increased~ 

• Not demonstrated· at 
full scale. 

.e Verification of 
treatment can be 

..... difficult. ... 

•..• Soilflushing 
I 

Can be used in Difficulty in treating Eliminated The number of pore e· • 
conjunction with complex waste volumes. necessary 
groundwater mixtures. wouldbeexessive, 
treatment. • Potential for and some 

e Effective for removal uncontrolled contaminated soli is 
of organics from migration· of in the vadose zone. 
permeable soil. contaminants to 

• Not subject to RCRA 
••• 

groundwater. 
land disposal • Limited··effectiveness 
restrictions. 

.. 
for treating soil with 

I • Full-scale units are high humic content 
available. and . .highfine-grained 

... clay fraction . 
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Table 8-2-2. Preliminary Screening of Soil Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm 

NAS Cecil Field, Jacksonville, Florida 

Remedial 
Advantages Disadvantages 

Screening 
Comments 

Technology Status 

Bioventing • Demonstrated at pilot- • Significant time and Retained Capable of treating 
scale for treating expense for organics. May be 
hydrocarbons in soil. laboratory used with soil vapor 

• Reduces toxicity and degradation studies extraction. 
volume of organics. and field demonstra-

• No secondary waste tions. 
streams. • Injected air may 

• Not subject to RCRA mobilize VOCs in the 
land disposal vadose zone. 
restrictions. • Strict operating 

controls are required 
to maintain optimal 
biodegradation 
environment. 

Notes: Shading indicates technology was eliminated. 
RCRA = Resource Conservation and Recovery Act. 
VOCs = volatile organic compounds. 
SVOCs = semivolatile organic compounds. 
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APPENDIX 8-3 

Groundwater Remediation 
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Table 8-3-1. Identification of Groundwater Remedial Technologies 

General Response I 
Action 

No Action 

Natural 
Attenuation 

Institutional 
Controls 

Containment 

Collection 

Ex-situ treatment 

In-situ treatment 

Disposal 

Remedial Alternatives Evaluation 
North Fuel Farm site 

NAS Cecil Field, Jacksonville, Florida 

Groundwater 
Technology 

No Action 

Groundwater monitoring 

Deed restrictions, 
educational programs, 
and groundwater 
monitoring. 

Slurry wall 

Groundwater extraction 
wells. 

Oil Water Separation 

Biological 

Air Sparging 

Biosparging 

Bioslurping 

Recirculation Wells 

Wastewater treatment 
facility. 

Groundwater Reinjection 

Discharge to Surface 
Water 

I Description 

No Action 

Perform water quality analyses to monitor contaminant migration and 
assess future environmental impacts. 

Restrictions on use of contaminated groundwater. Educate public con
cerning site hazards. 

Emplacement of a low-permeability barrier to restrict groundwater migra
tion. Should include a cover system to reduce infiltration. 

Installation of several strategically located pumping wells to collect 
contaminated groundwater for treatment. 

Non dissolved product is separated from recovered groundwater and 
stored for recycling. Groundwater treatment is finalized at the federally 
owned treatment works (FOTW). 

Introduce nutrients and oxygen or methane into the groundwater using a 
matrix of extraction wells and recirculation techniques. 

Air is injected into the saturated zone. As air bubbles travel upward, 
contaminants are volatilized from soil or groundwater and carried to the 
vadose zone where they are recovered via vacuum extraction. 

Air is injected into the saturated zone and indigenous microorganisms 
. biodegrade petroleum constituents and other contaminants in the 
saturated zone. When volatile organic compounds are present, 
biosparging is often combined with SVE or bioventing. 

Combines SVE, Bioventing, for soil remediation, VEE for free product 
removal and limited groundwater extraction from the contaminated area. 

This remediation system involves mobilization and transportation of VOCs 
via groundwater circulation to a recirculation well and volatilization with 
in-situ stripping. Simultaneously, in-situ aerobic bioremediation is 
enhanced due to the continuous enrichment of the groundwater within 
the circulation cell with dissolved oxygen. Inorganic nutrients (nitrogen 
and phosphorous) may be added as necessary to optimize biodegrada
tion efficiency. 

Disposal of extracted groundwater to the base treatment facility. 
Groundwater would require transport by means of a force main and/or 
gravity sewer or by truck to the facility. 

Treated groundwater is reinjected for further treatment 

Treated water is discharged to surface water. 
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Table 8-3-2. Preliminary Screening of Groundwater Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm Site 

NAS Cecil Field, Jacksonville, Florida 

Remedial Advantages Disadvantages Screening Comments 
Technology Status 

Natural • Disturbance to existing site • The technology is not Retained Extended cleanup 
Attenuation operations is minimal. suitable at sites where free times are 

• The technology can be used product is impacting acceptable for the 
in locations that cannot be groundwater. sites at NAS Cecil 
excavated or where • Natural attenuation may not Field. 
groundwater pumping rates be suitable if receptors 
would not be sufficient for could be affected by 
reasonable cleanup times. migration of contaminants. 

• Treatment times are longer 
than for active remedial 
measures. 

Groundwater • Monitors short· and long·term • Would not reduce mobility, Retained Required compo-
monitoring effectiveness of remedial toxicity, or volume of con- nent of any 

technologies when used taminants when used alone. groundwater 
during and after remediation. remediation. 

Slurry wall .• May reduce the mObllityof •••••• " .. Containment would not . Eliminated Contaminant 

Contaminantspr~sent in ...•••.• ... ·reddcethEdoxiCityor·vOI- migration is 
groundwater. . ... .• umeof· contaminants. in sufficiently 

• Current construction • methods···· groundwater; retarded naturally. 
are capable Of going to a .... ·.WOlJ Idnotreduce mobility .... : . 

... depth of 2.00 feet below . of con tarn in ants without 
ground surface. 

i 
capping the site. 

• COntaminants may well 
•• ... degrade sluriy wall . 

. ... material. • .. 

Groundwater • Some existing wells and • Wells must be strategically Retained Groundwater ex-
extraction wells sumps from interim measures located so that cones of traction wells 

may be used. depression intersect and required for pump 
capture all contaminated and treat or 
groundwater. groundwater 

depression. 

See notes at end of table. 
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Table 8-3-2. Preliminary Screening of Groundwater Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm Site 

NAS Cecil Field, Jacksonville, Florida 

Remedial Advantages Disadvantages Screening Comments 
Technology Status 

Air sparging • Injected air may volatilize • Soil vapor extraction system Retained Has proven itself 
contaminants from the may be required to recover to be effective in 
saturated zone to the vadose vapors. treating volatile 
zone. • Treatability studies may be organics when 

· Effective for VOCs when used required to determine combined with 
in conjunction with soil vapor proper dispersion rates. soil vapor 
extraction. • Extensive soil, air, structural extraction. 

• Groundwater is treated in-situ stability and groundwater 
with no need for groundwater monitoring are required. 
treatment or disposal. • High groundwater table 

may and mounding make 
vapor extraction and 
application difficult. 

• Perimeter containment may 
be necessary to avoid 
contaminant migration 
outside the plume area. 

• Groundwater depression 
may be necessary if 
excessive mounding is 
experienced. 

• Depth of airsparge wells is 
typically limited to 30-40 
feet bls. 

Bioslurping • Extraction of groundwater, • Phase separation and Retained Pilot tests are 
free product and soil vapor treatment for each of the currently being 
sumulteneously under high phases is required. implemented. 
vacuum and air flow rates. 
Results in biological • Free product recovery is 
degradation of contaminants enhanced by simultenous 
in-situ. extraction. 
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Table 8-3-2. Preliminary Screening of Groundwater Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm Site 

NAS Cecil Field, Jacksonville, Florida 

Remedial Advantages Disadvantages Screening Comments 
Technology Status 

Biosparging • Injected air stimulates • Soil vapor extraction system Retained Low air flow rates 
biological degradation of may be required to recover may caused less 
contaminants in-situ. vapors. structural 

• Treatability studies may be instability in the 
required to determine prop- subsurface soils 
er dispersion rates. than flow rates 

• Extensive soil, air, structural associated with 
stability and groundwater air sparging 
monitoring required. 

• High groundwater table 
may and mounding make 
vapor extraction and 
application difficult. 

• Perimeter containment may 
be necessary to avoid 
contaminant migration 
outside the plume area. 

• Groundwater depression 
may be necessary if 
excessive mounding is 
experienced. 

Recirculation • Treatment would reduce • Significant time and Retained To achieve 
Wells volume, toxicity, and expense for laboratory uniform 

mobility of chemicals present degradation studies and distribution, a 
in groundwater. field demonstrations. recirculation of 

• Contaminants are degraded • Parameters (e.g., groundwater 
to non-toxic compounds. temperature, pH, nutrients, would be 

• No air emissions or and oxygen) for optimal necessary. Other 
secondary waste streams are microorganism growth can problems may be 
produced. be difficult to maintain. encountered in 

• In-situ in-well stripping may • Uniform distribution of the development 
be imoplemented in addition nutrients and oxygen may of a distribution 
to the biodegradtion. be difficult to obtain. system. 

In-situ biological • Treatment would reduce • Significant time and Retained To achieve 
volume, toxicity, and expense for laboratory uniform 
mobility of chemicals present degradation studies and distribution, a 
in groundwater. field demonstration.s. recirculation of 

• Contaminants are degraded • Parameters (e.g., groundwater 
to non-toxic compounds. temperature, pH, nutrients, would be 

• No air emissions or and oxygen) for optimal necessary. Other 
secondary waste streams are microorganism growth can problems may be 
produced. be difficult to maintain. encountered in 

• Uniform distribution of the development 
nutrients and oxygen may of a distribution 
be difficult to obtain. system. 
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Table 8-3-2. Preliminary Screening of Groundwater Remedial Technologies 

Remedial Alternatives Evaluation 
North Fuel Farm Site 

NAS Cecil Field, Jacksonville, Florida 

Remedial 
Technology 

Wastewater 
treatment facility 
disposal 

··qroul1dwater . 
. reir"ljection 
dillP~1 

Advantages 

• May only require the use of 
an oil-water separator prior to 
wastewater treatment. 

• Treatedgroundwatetlsi 
reinjectect for Jurther 

. treatment, 
• Acceieratesgrcilindwater 

cleanup, 

Notes: Shading indicates technology was eliminated. 
VOCs = volatile organic compounds. 
RCRA = Resource Conservation and Recovery Act. 
1M = Interim Measure. 
FOTW = Federally Owned Treatment Works. 
ppm = parts per million. 

Disadvantages 

• Treatability studies would 
be required to determine 
effect on treatment. 

• Approval required by 
operating agency. 

.. • Il1tn~a~i()noftre~ted 
grcii.lndwatercolildaffect 
ihemigratipn.of 

. contami!iants. 
•. Reinjection of water into the 

pluITl~'llpathtriayhaveal1 
aqverseeffectollthe . 
cOllectiOrisystem; 

• ·8equires/:>erriliHing, 

•• Effiuent mllstllleet 
d Ischargepermit 

.. requirements. 

NPDES = National Pollution Discharge Elimination System. 

8-18 

Screening 
Status 

Retained 

Comments 

Operating agency 
(FOTW) has 
approved direct 
discharge. 

Reinjection may 
be complicated 
by low soi! 
permeability . 
Direct discharge 
tothesariitary 
sewerl.s 
acceptable. 

Not practical, 
pumping would 
be required and 
ciirectdischarge 
to sanitary sewer 
is acceptable. 
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Appendix C 
Bioslurper Performance Data 

I I I I 
Remedial Action Plan 

NFF Site, NAS Cecil Field 
Jacksonville, Florida 

I I I I 
Time Data Water Flow Data, cummulative volume, Product Flow Data Vapor Flow Data Grand 
Date Operation Total West East bsp total Avg. BTE Mass BTEX West Sump East Sump Bioslurper total CFM Concn. Mass Total Mass 
Units days days gals. gals. gals. gals. gals. Ibs. gals. gals. gallons Ibs. ppmv Ibs. Ibs. 

5/1/96 0 0 0 0 0 9100 0 0 0 0 0 8 0 0 
6/3/96 10 30 700 539 1848 3087 9712 0 0 0 0 0 100 179 63 63 

6/26/96 21 31 21923 18971 22192 63086 1235 1 0 25 40 434 100 3800 2872 3306 
7/26/96 22 30 110104 63565 60234 233903 2900 4 0 25 42 447 100 1850 4304 4756 
8/30/96 13 31 141457 82880 74472 298809 2640 1 0 30 55 568 100 1850 5151 5720 
9/30/96 22 30 177482 85341 93564 356387 2049 1 0 35 100 901 100 2300 6932 7834 

10/30/96 31 0 

I I I I I --- - ------------- __ J 

/--- C-4 
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ABSTRACT 

Enterprise Engineering, Inc. (EE() has completed a comprehensive, Out-of Service Inspection and 
Suitability for Service Evaluation of Tanks 1. 2, 3,4, 5 and 6 at NAS Cecil Field, Florida, following 
the applicable criteria of API Standard 653. The inspections wore perfonned during 1995 and 1996. 

Tanks 2, 3,4, and 5 are in serviceable tondition. Minor repairs were performed to Tanks 2, 3. 4, and 
S, and the tanks have been returned to service. Minor repairs have been recommended for Tank 1 
before it is returned to service. Additional repairs and upgrades will be required to Tanks 1 to 5 for 
long~tenn service and to comply with Florida Administrative Code (FAC) 62-761, Underground 
Storage Tank Systems. 

Inspeetion did not find any indication of the reported leak in Tank 6. Tank 6 remains out-of-service 
and no decision has been made to return the tank to service. Should Tank 6 be selected for returrt-to
service, minor repairs are recommended before returning the tank to I'>ervice. 

This report documents the inspection and SUitability for service evaluation of the tanks inspec.ted. 
including return-to-service repairs. Recommendations for continued tongMterm service and tank closure 
requirements are also provided. 

In accordance with EPA Regulation 40 CFR 112 and API Standard 653, this report satisfies the 
requirement for a tank incegrity inspettion and evaluation and, as such. should remain available as a 
historical record for future reference. 

We hereby acknowledge that being familiar with the provisions of API Standard 653, the inspection 
and evaluation was performed in atcordance with the provisions of API Standard 653 and good 
engineering practices, and with the ex~rcise of usual and customary care. 

Inspect Fuel Storage Tanks 
NAS Cecil Field. Florida 
~0'd c~~0~~8~06t6 

Date 

ABSTRACT 
C - <) August 30, 1996 
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APPENDIX D 

FDEP-APPROVED SOIL THERMAL TREATMENT FACILITIES 
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PERMITTED HEAT TREATMENT FACILITIES. ACCEPTING PETROLEUM 
CONTAMINATED SOILS IN FLORIDA 

AS OF AUGUST 30, 1990 

I. Southeast District stationary units (305) 964-9668 
SC 221-5005 

1. Brewer Company of Florida - Medley 
Contact Person: Walter Brewer 
Phone: (305) 885-2463 
9501 NW 106th Street 
Miami, FL 33178 

2. Hardrives Asphalt 
Contact Person: Gary Gregg 
Phone: (305) 428-6144 
5700 Powerline Road 
Delray. Beach, FL 33445 

3. Rinker 
Contact Person: Bill Voshell 
Phone: (407) 833-5555 
P.O. Box 24635 
West palm B&ach, FL 33416 

4. South Florida Materials 
Contact Person: J. Chellgrene 
Phone: (305) 421-6248 
2501 NW 48th Street 
Pompano Beach, FL 33060 

5. Tarmac Florida 
Contact Person: Scott Quaas 
Phone: l305) 823-8800 
P.O. Box122035 
Hialeah, FL 33012 

Facility 

II. Central District Stationary units (407) 894-7555 
SC 325-1011 

1. Southern Soil Services, Inc. 
Contact Person: Christopher Hill 
Phone: (407) 933-8414 
3505 pugmill Road 
Kissimmee, FL 34741-6462 

'y-3 
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III. South Florida 'District Stationary units (813) 332-2667 
SC 721-7900 

1. Gulf paving Company 
Contact Person: Tim Lause, P.E. 
Phone: (813) 334..;.3652 
3540 Hardee Street 
Fort Myers, FL 33901 

Operating under temporary construction permit; status is 
under review by District Office. 

IV. Southwest District Stationary units (813) 623-5561 
SC 552-7612 

1. Resource Recovery of America 
Contact Person: David S. Dye or Janice J. Stewart 
Phone: (813) 425-1084 or 1-800-752-3242 
2300 Highway 60 west 
Mulberry, FL 33860 

2. Asphalt Pavers, Inc. 
Contact Person: Tony Tripi 
Phone: (904) 471-8628 
4101 N.E. 35th street 
Ocala, FL 32650 .,' 

Issued construction permit for facility located at 15100 
Brittle Road, Brooksville. 

V. Northeast District Stationary units (904) 798-4200 
SC 821-5295 

1. Columbia-Anderson Asphalt Plant £7, Clay County 
Contact Person: Mike McRae 
phone: (904) 752-7585 
P.O. Box 1386 
Lake City, FL 32056-1386 

.D_ii 
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VI. Northwest District stationary Units (904) 436-8300 
SC 695-8300 

1. Capital Asphalt 
Contact Person: George Atkins 
Phone: (904) 575-8102 
Blounstown Hwy. 
Tallahassee, FL 

VII. Mobile units 

1. Environmental Technology Southeast 
Contact Person: Carlton J. Dixon 
Phone: (904) 355-2157 
1819 Albert street 
Jacksonville, FL 32202 

2. Denard & Moore Construction Company 
contact Person: Dan Moxley 

3 • 

Phone: (813) 646-0366 
P.o. Box 5170 
Lakeland, FL 33807 

Industrial Waste, Inc. 
Contact Person: Richard A. Singer 
Phone: (904) 479-1788 
Ellyson Industrial park, Box 34 
Pensacola, FL 32514 

IWI is permitted to operate in the sixteen counties 
of FDER's Northwest District. 

4. O.H. Materials Company 
Contact Person: Al Tobin or'David Urann 
Phone: &04),' 394-8601 or 1-800-552-2038 
Route 2 
P.O. Box 60-A 
Clermont, FL 32711 

5. Site Reclamation systems 
Contact Person: Larry Wood 
Phone:, (904) 324-3651 
P.o. Box 11 
Howey-in-the-Hills, FL 32737 

SRS has applied for a Statewide Construction Permit 
to operate two mobile incineration units. status 
is pending; Department awaiting public notice. 

'D·-~-
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6 • Thermal Process systems Technologies, Inc. 
Contact Person: Ken Wood 
Phone: (407) 886-2000 
2070 south Orange Blossom Trail 
Apopka, FL 327Q3 

7. Clean Soils, Inc. 
Contact Person: Robert Wills, Mgr. Process Engineering 
Phone: (612) 557-7106 
14120 23id Avenue North 
Minneapolis, MN 55447 

unit·may operate in the following counties: Alachua, 
Baker, Bay, Bradford, Brevard, Calhoun, Citrus, Clay, 
Columbia, De Soto, Dixie, Duval, Escambia, Franklin, 
Gadsden, Gulf, Hamilton, Hardee, .Hernando, Highlands, 
Hillsborough, Jackson, Jefferson, tafayette, Lake, Leon, 
Levy, Liberty, Madison, Manatee, Marion, Nassau, Orange, 
Osceola, Pasco, Pinellas, polk, Putnam, santa Rosa, 
Sarasota, st. Johns, Seminole, Sumter, Suwannee, Taylor, 
Union, Volusia, Wakulla, and Walton. Other counties may 
be added after publ;c notice requirements are satisfied. 

y-0 
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Q Design Design flow rate 620 cfm calculated 
Use one "EG&G ROTRON" model no. EN 14DX72WL (Part# 038188) Explosion-Proof Regenerative Blower or equivalant 
with the following specifications: 

Max Flow @ Max. Suction 920 SCFM @ -115" WG 
Horse Power 30 HP 

-----
Phase-F requency Three - 60 Hz 
Voltage 460 V 

Notes: 
Ref. 1 = Net areal extent of soil contmaination = cross sectional area of mound - cross sectional area of 6 tanks 
Ref. 2= "A Practical Approach to the Design, Operation, and Monitoring of In situ Soil-Venting Systems, 

. -
by P.C. Johnson, C.C. Stanley, M.S. Kemblowski, F.L. B},ers, and J.D. Colthart" Spring 1990, Groundwater . 

_E-2 



AEGc.G 

trOdJ "OTRON 
INOUSl'fUAL DIVISION 

NORTH STREET 
SAUGERTIES, NY 1~4n 
PHONe: (914) 24S·;W01 
FA)(: (914) 245~3902 

FAX TRANSMITTAL 

---------------_. . ._ ... _-------_. 
DATE: January 21, 1997 TIME: 
......................................... , ... "',' ....... ,' , ... ' ••• L' .. " •••••• , ••••••••••• • •••••• ••••••••••• •• • ................... " ...... , ........... , ..... , ...................... ••••••••• ... •••• ....... , ......... , ... u~ ...................................... , ...................... u. 

TO; Gopi K. NUMBER OF PAG£S: 3 

COMF'ANV; ABB Inc. REP: 
·.~·,· ........... ·.'J.' ... I.· ..... • .... ' ......... _ ••••• ,1· .. ·'_·, .. ~ ... ·, .. , ...... ~ .......... _ .......... .• _,~ ........ ~ ............. , ........ j.vu .................... ~ ....... J .............. '~ ....... _.J ... ' ............. ~ ..... -.,.. .... ,·~ •• ~ ....................... ,·rt~_ ............... ·~iIo·._· .......... _·."',_· .............. · ... ·~ ................ ·~"·,· .. ·._,·_ ..... · ... ~ ... v~'"· .... _ .... ..,.·'"~ .. ~ ...... · ..... ·I-' .. u ... , ... ,., ................. '-..... __ 

"AX NUMBER: 904 877 0742 PH: 904 656 1293 x 294 
......... 4 ...................... , ............... ,~.~IN'o .... ~.N ............. ~· .... • .... ·A.· ... ~ ................................................................ ~ ............... .u ........................ , ................ -t .... ·.v~.,~· ..... ~ ....... ~· ... 'A·IV ........ A~V.·A·' .... A ........ ~ .. , ...................... ,.~ __ .... ~ ... ~ ................................... ~ ........... ~ ..... , ... , ............... , ..... __ • ___ ,~.".~, ............ __ ........... ,~ .. 

FROM: Neil Lynch 
' ... , ................................................ , .•• ~ ..... , ................................................................................................. " ....... , .................. , .... ••• .... ••• ...... 10 ................ , ................... ~ ....................... , ....... u .... .. 

SUBJECT: EN 14BK72MWL 
.............................. , ••• " ........... , ......... " ........................................................................ · ................. ' ... ,U'· .................................... ~ ................ a ...... · .................... , ................................... , .......... . 

Please find catalog cut sheets on this unit. This should show you the updated 
dimensions, w(~ights, and performance. 

I'm trying to remember if that was what you needed. If you require further information, 
please feel free to call or fax me at the above numbers. 

~:l/L~/~ 
Neil Lynch 

100~ ZOSC 9l>Z H6 XVd 90: 91 311J.. L6/tZ/tO 
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~".::,EGt:G ROTRON 

ENjCP 14 
Explosion-Proof Regenerative Blower 

EN FEATURES 
• Manufactured in the USA 
• Maximum flow: 920 SCFM 
• Maximum pressure: 144" WG 
• Maximum vacuum: 115" WG 
• Standard motor: 30 HP 
• Blower construction - cast aluminum 

housing, cover, impeller & manifold; 
cast iron flanges 

• UL & CSA approved motors for 
Class I. Group D atmospheres 

• Sealed blower assembly 
• Quiet operation within OSHA standards 

OPTIONS 
• TEFC motors 
• 50 Hz molors 
• International voltages 
• Other HP motors 
• Corrosion resistant surface treatments 
• Remote drive (motorless) models 

ACCESSORIES 
• Moisture serarators 
• Explosion-proof motol starters 
• Inline &. inlet filters 
• Vacuum & pressure gauges 
• Relief valves 
• External mufflers 

BLOWER PERFORMANCE AT STANDARD CONDITIONS 
AI~ FLOW RATE (M~/M'N) AIR FLOW RAT~ (M~/MIIII) 

3.0 '.0 i.O u.a 16.0 11.0 21.0 24.0 27.0 3.0 &.0 a.o 12.0 16.0 1,.0 21.0 24.0 27.0 
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EG&G ROTRON, SAU9,ERTIES. N.Y. 12477 • 914/246-3401 • FAX 914/246·3802 
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COOfll 

~~EGJ;G ROTRON 

,,-. EN/CP 14 
Explosion-Proof Regenerative Blower 

2~~ 

"G1" 
~1~ 

::-x~ 

16.50 
3r.-

t-
J 

L 

r--

i?p 

I""" 
I 
I 
::-"';:D 11'1 

L 

l-~ 30 S1I I 
[ 

-

... 
I 

I .1 

L K -------oW-.......- ~:: ~ 
21g ~*\--

~ 1,25· NPT CONDUIT CONNECTION AT 6 O'CLOCK POSITtON 

DlIIIENSIONS: ~ J 
TOlEIU,NCUi: .XX & 1~6 
(UNLESS OTHERWI,f: NOTE!» 

SPECIf1CATIONS 

MODEL 
Part No. 
Motor Enclosure - Sh,lft Material 
HorsQjlOwer 
Phase - FreQuency 
VollaQe t 

Motor Nameplate Amps 
Maximum Slower Arnc,s 3 

Inrush Amps 
Starter Size 
Service Factor 
Thermal Protection 2 

Bearino TYoe 
Shipping Weight 

£N14BK72MWL 
038760 

Explosion.-Q.roof - CS 
20 

Three - 60 Hz 
230 460 
50 25 
00 30 
317 159 
3 2 

1.0 
Pilot Duty 

Sealed Ball 
680 Ib (309 kg) 

BLOWER LIMITATIONS FOR 60 Hz 

EN140X72MWl 
038761 

Exolosion-oroof - CS 
30 

Three· 60 Hz 
200-230 460 
80-70 35 

82 41 
495-4:30 215 

3 3 
1.0 

Pilot Duty 
Sealed e~1I 

8161b (370 kg) 

MODEL L(INILIM) K(INlMM) J(1NIMIII) H (lNn.lM) 

EN/CPI4DX72Wl 3UI.l0 12.3/338 12.tIs~Q 12.3&131. 

£~CP14I1K1aWl :IO,MS7 12.3/312. 12.,/:'101 U2/21~ 

EN14DX86MWl' CP14GB72MWLR CP14GC72MWLR 
038762 - 038984 

Explosion-oroof - CS Chem XP- SS Chem XP -ss 
30 Same as Same as 

Three - eO Hz EN148K72MWL - EN14DX72MWL-
575 038780 038761 
28 except add except add 
33 Chemical Chemical 
226 Processing Processing 

3 
1.0 

(CP) (CP) 

Pilot Duty 
features features 

Sealed Ball 
from catalog from catatog 

816 Ib (:370 kg) 
inside front cover inside front cover 

Min. Flow @ Max. Su,;tion 600 SCFM C -80' WG 400 SCFM @ -11S'WG 400 SCFM @ -11S'WG 600 SCFM 0 ~O" WG 400 SCFM @ -11S'WG 
Mi n. Flow@ Max, Pro:":;ss'::;;uc:...re--+':77:50:-=;S~C'=iFM':-"::-@-:90=::·:-:-:W7.::G"-I-:5~50:'::S::=:C~F""M"'.::@-:1:"';'44~· W=G +:'55=O':::':S~CF=M':-'@~14~4'::-:-' W:::G::t-':=:1SO:"=:=SC;:-:F::':'M"=@:'-90~" W':":G::=-+~55::=:O""S7C::::FMo.:@~14':";4::-:" W'::'G:1 

t All duo:ll voltage 3 phU(· motors are f.:lClory leatad ;)nd certilild 10 ope'OIle on 200-230/400-460 VAoC-3 ph-eO Hz end 220-240/380'41:S VAC"" ph·SO H2. All dual 
voiligo 1 "hue molors are rac;1ory la5tM and certlfled 10 operate on 110-120/200,230 VAC·1 ph-eo Hz In<'l220·2"0 VAC-t ph·50 H2. 

2 M ... imuM operaUl'Ig t""nper;)turea: Motor winding tlmperatur. (winding ri$e plus ambient) ahould not eKcltd ldO"lo( Clua F insUlation or 120' for Clan B 
iMullllion. Blower oull{'1 air leMpellllure ShOuld not Ixceed 140" (air temperalura rise "Iua ImbiMI). 

3 Corr8spohd~ to the pBoiorm3nce point .1 whiCh the blow,,( ar'td / 0, motor lemp'H3lure rise reach., the limit of the ,hetMal protleUon il'l Ihe motor. 

Sp .. cificallon& .,ubleet 10 chang .. without notic •• PI ... .,I coMlct lae,ory lot specl'icOltlon updatlS. 

EG&G ROTAON, E,AUGERTIES, N,V. 12477 a 914/246:3401 a FAX 914/246-3802 
E-£ 
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Vendor Information for Thermal Oxidation Unit for Off-Gas Treament 
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The VAPOR CHECK/CAT VAC is oxidation/incineration equipment that 
was specifically designed with the soil remediation market in mind; 
however, this equipment is very well suited for the destruction of 
most VOC fumes, smoke, and odors. 

The CAT VAC is available in six (6) standard pre-designed/pre
engineered models ranging in size from 100 SCFM to 1500 SCFM. Plus 
custom designed systems to 30,000 SCFM. Heat exchangers, 
analytical monitors, strip.chart recorders and more are available 
for each model as well as double axle utility trailers. 

The basic CAT VAC system operates catalytically, raising the 
temperature of the process stream from ambient to 600 0 F before it 
passes through the catalyst bed and into the atmosphere. 

The basic model is test fired before being shipped complete with 
refractory lined combustion chamber, burner package, control panel, 
FM gas train, and refractory lined interconnected snub stack where 
the catalyst bed is located. 

The process blower, interconnecting duct work, erection, field 
wiring, and plumbing is the responsibility of others. 

The VAPOR CHECK/CAT VAC oxidation system has been designed to be as 
energy efficient as possible while still offering the destructive 
efficiency necessary to meet and/or exceed EPA and your local air 
quality control standards. 

While catalytic operation has the distinct advantage of using less 
fuel than it's thermal sister it does have some inherent 
disadvantages. Catalyst of all types, can be deactivated by lead, 
sulfur, chlorinated hydrocarbons, silicon and phosphorus containing 
compounds. The result of this deactivation is reduction of 
destructive efficiency. In addition to those compounds mentioned, 
all particulates may also cover catalyst surfaces, thereby reducing 
activity by this masking effect. While trace amounts of the above 
agents may not lower the catalyst activity or shorten it's life, 
appreciable quantities must not be present in the gas stream. Check 
with Factory for written recommendations specifically addressing 
your process stream. 
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Page 2 

Our catalyst is an extremely active precious metal catalyst having 
a lower temperature limit of 500° F and an upper temperature limit 
of 1350° F. Generally, in a field catalytic oxidizer such as the 
VAPOR CHECK system, you will find a 25° F increase in the catalyst 
bed temperature for each 1.0% of the LEL of hydrocarbon passing 
through the bed. For specific application information, please 
supply us with the exact chemical analysis. 

The destructive efficiency of your catalytic system is directly 
related to the catalytic bed temperature, the quantity of catalyst 
in the bed, and the actual ~ondition of the catalyst. Typically, 
the destructive efficiency of this catalytic system can be improved 
by increasing either/or both the amount of catalyst and lor the 
bed's inlet temperature while observing the exit temperature to be 
sure you do not exceed the catalyst's upper temperature limit of 
operation. This is an important fact about the operation of a 
catalytic oxidizer. If the catalyst is in good condition (has not 
been deactivated), the difference between 50% destructive 
efficiency and 99% destructive efficiency is directly related to 
the amount of catalyst in the bed and the temperature of that bed. 



June 30, 1992 

VAPOR CHECK 

MODEL: CATVAC 100 

GENERAL DATA 

* SCFM rating 
* burners maximum output capability 
* burner turndown ratio 
* combustion blower motor size 
* preheat chamber I D 
* stack I D 
* skid size 
* velocity through 6" process inlet 

@ 500 SCFM from process stream 
@ 1000 SCFM from process stream 

CATALYTIC DATA 

* SCFM added by combustion blower 
when fired on ratio 

* total ACFM @ 600 deg. F. 
* catalyst volume for 90% plus 

destructive efficiency 
* inlet temperature 
* maximum concentrations 
* stack velocity 

@ 500 SCFM from process stream 
@ 1000 SCFM from process stream 

* estimated weight 

1000 SCFM 
1,000,000 
20 to 1 
1.5 HP 
18" x 18" 
22" x 23" 
64" x 103" 

Section 3 
Page 5 

BTU/Hr 

x 68" 

42.4 ft./sec. 
84.9 ft./sec. 

117 SCFM 
2242 ACFM 

2.0 cu. ft. 
600 deg. F. 
25 % of the LEL 

5.3 ft./sec. + 
10.6 ft./sec. + 
2170 Ibs. 

* The above data is intended to be used as general, guide line 
type information. For specific application proposal, please 
contact the manufacturer. 

F -- /0 



June 30, 1992 

VAPOR CHECK 

MODEL: CATVAC 50 

GENERAL DATA 

* SCFM rating 
* burners maximum output capability 
* burner turndown ratio 
* combustion blower motor size 
* preheat chamber I D 
* stack I D 
* skid size 
* velocity through 4" process inlet 

@ 250 SCFM from process stream 
@ 500 SCFM from process stream 

CATALYTIC DATA 

* SCFM added by combustion blower 
when fired on ratio 

* total ACFM @ 600 deg. F. 
* catalyst volume for 90% plus 

destructive efficiency 
* inlet temperature 
* maximum concentrations 
* stack velocity 

@ 250 SCFM from process stream 
@ 500 SCFM from process stream 

* estimated weight 

500 SCFM 

Section 3 
Page 3 

500,000 BTU/Hr 
20 to 1 
.75 HP 
12" x 12" x 60" 
12 " x 12" 
48" x 95" 

47.5 ft./sec. 
95.0 ft./sec. 

58 SCFM 
1120 ACFM 

1 cu. ft. 
600 deg. F. 
25 % of the LEL 

9.3 ft./sec. + 
18.6 ft./sec. + 
1850 lbs. 

* The above data is intended to be used as general, guide line 
type information. For specific application proposal, please 
contact the manufacturer. 

E ----/1 



June 30, 1992 

VAPOR CHECK 

MODEL: CATVAC 75 

GENERAL DATA 

* SCFM rating 
* burners maximum output capability 
* burner turndown ratio 
* combustion blower motor size 
* preheat chamber I D 
* stack I D 
* skid size 
* velocity through 6" process inlet 

@ 375 SCFM from process stream 
@ .750 SCFM from process stream 

CATALYTIC DATA 

* SCFM added by combustion blower 
when fired on ratio 

* total ACFM @ 600 deg. F. 
* catalyst volume for 90% plus 

destructive efficiency 
* inlet temperature 
* maximum concentrations 
* stack velocity 

@ 375 SCFM from process stream 
@ 750 SCFM from process stream 

* estimated weight 

Section 3 
Page 4 

750 SCFM 
1,000,000 BTU/Hr 
20 to 1 
1 HP 
16" x 16" x 60" 
12" x 24" 
64" x 95" 

31.9 ft./sec. 
63.7 ft./sec. 

88 SCFM 
1682 ACFM 

1. 5 cu. ft. 
600 deg. F. 
25 % of the LEL 

7.0 ft./sec. + 
14.0 ft./sec. + 
1970 lbs. 

* The above data is intended to be used as general, guide line 
type information. For specific application proposal, please 
contact the manufacturer. 

/:< 
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DETAILS OF EXISTING BIOSLURPING SYSTEM 
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APPENDIX G 

RECIRCULATION WELL SYSTEM DESIGN 
CALCULATIONS AND VENDOR INFORMATION 



Table ~,: Time to Cleanup for 5 In-well Aeration Wells 

In-Situ Stripping Design Calculations 

Date: (- z 9:t- '17- Project: N Ff- J':A-P Engineer: KGK Reviewed by: s;.(;'l 

Reference: Paper by Todd and Less Pamngton. Batelle Publications 
Hydrostatic Head, H 

rw well radius , , 4.00 inches assumed 
Qair air flow rate , 10.00 cfm assumed 
Vs superficial air velocity , 0.15 m/s calculated 
L saturated thickness of the aquifer' 50.00 ft given 
H/L vertical hydraulic gradient 0.27 m/m Graph 1 
H hydrostatic head generated due to air flow , ··<»>'·11"6$. ft calculated 

Flow Rate, Qc 

Kr radial hydraulic conductivity , 5.00 ftlday Slug Tests 
Kz vertical hydraulic conductivity I , 0040 ftlday Assumed 
rwD dimensionless well radius I 0.0019 Calculated 
QD dimensionless flow rate I , 0.15 Graph 2 
Qc flow rate I I 

.. ·······2.74 GPM Calculated 

Time for ROI development 
, 

ROIIL ratio of ROI to saturated thickness , 1.00 typical 
ROI radius of influence 50.00 ft calculated 
V volume of sphere of influence 523598.78 ftA3 calculated 
n porosity I I 0.25 assumed 
Vw volume of water in the sphere of influence , 979129.71 gal. calculated 
S.F. Factor of Safety I 2.00 
t time for ROI development (i.e .. one pore volume) ··49(;'84 days calculated 

Hydrodynamic Retardation Factor 

Koc partitioning coefficient of benzene 100.00 literature 
foc fraction of organics I 0.50 % analyses 
Kd distribution coefficient of benzene I 0.50 calculated 
B bulk density I 170.00 I b/ft" 3 estimated 
Rh hydrodynamic retardation factor I 5.09 calculated 
Ci initial concentration I 21000.00 ug/L analyses 
Co target concentration , 5000.00 ug/L given 
Co/Ci fraction remainig I 0.24 calculated 
N number of pore volumes I 7.30 calculated 
T total time to flush N porevolumes , ····••····•·•· ... • .• • ..• · •. 9.94 yrs. calculated 
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Design and Application of 
an Alternative Groundwater 
Sparging Technology 

Todd W. Schrauf and Leslie H. Pennington 

ABSTRACT __________________________ __ 

145 

Density-driven convection, an alternative method of in situ groundwater 
sparging, is being used to remediate 27 underground storage tank 
releases involving a wide distillation range of petroleum hydrocarbons 
(gasoline to waste oil) in a variety of site soils (silty clay to sandy 
gravel). The described method overcomes many of the inherent disad
vantages of air sparging methods currently in use (such as pressurized 
injection) without additional complexity in design, installation, or 
operation. The principles of operation and design for density-driven 
convection are discussed in detail and supported by field and laboratory 
studies. Primary factors affecting the hydraulic driving force, ground
water circulation patterns around the sparging well, and air stripping 
performance are identified and related to system design. The effective
ness of the system is demonstrated with results from full-scale system 
installations. 

INTRODUCTION 

Groundwater sparging. is a term applied to the injection of air below the 
water table to induce contaminant removal by volatilization and enhancement 
of natural aerobic biodegradation. Two separate methods have been used to 
introduce air to the saturated subsurface: (1) pressurized injection of air into 
the pore space surrounding the sparge well; and (2) aeration of water within 
the sparge well by bubbling air through the wellbore water column. The latter 
method, which the authors have termed density-driven convection (Notice of 
Allowance for patent received), also is referred to as in-well aeration. 

A diagram of a density~driven convection well is presented in Figure 1. 
Air is injected through a small-diameter line at the base of the well and allowed 
to bubble upward in the wellbore. The well is constructed with standard moni
tOring well construction materials, but includes upper and lower screen intervals 
separated by an annular seal. The upper screen straddles the water table surface 

8-f7 
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PRESSURIZED 
BLOWER MOTOR OR 

COMPRE~SOR 

FIGURE 1. S(hematic of density-driven convection system. 

in ,)/c1I /\L'ration 

and exhallst air from the well is discharged to the vadose zone soils via the 
unwetted portion.of the upper screen. Bubbling air within the well creates a 
hydrostatic head gradient along the wellbore which drives aerated water out 
of the upper well screen while simultaneously drawing resident groundwater 
in through the lower screen. Because only water circulates through the formation, 
the method is suitable for fine-grained soils and high air pressures are not 
required. Tne ~yst(!m may also be used to distribute alternative electron acceptors 
and billlllgicJI nutrients, 

Tlw prtnClplt::-. ()i wellburc hydraulics, groundw<ltcr hydrJulics. ,md air-water 
mas=, tr~m!--Ier .In! pre!:)l'nted. Evaluation of vadose zone JeratlOn and \'apor degra
dation, d:-':-'()Cii.lteu WIth exhausting of air through the upper well screen, iollows 
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.e same principles used in the design of soil vapor extraction and bioventing 
systems and is not presented herein. 

WELLBORE HYDRAULICS 

Four distinct flow patterns, shown in Figure 2, have been observed in labora
tory experiments (Govier et al. 1957) of the flow of gas-liquid mixtures in vertical 
pipes. The stable flow pattern observed is strongly dependent upon the superfi
cial gas velocity (volumetric gas flowrate/cross-sectional area) and weakly 
dependent upon the superficial liquid velocity. The slug flow pattern has been 
observed in laboratory studies conducted by the authors using a 5 em diameter 
clear plastic pipe at air flowrates of 0.3 to 2.3 mJ /h (0.2 to 1.3 c£m). Field meas
urements of wellbore fluid conductivity and pressure at a fixed measurement 
point over time also suggest a slug flow pattern in both 5-cm and lO-cm.-diameter 
wells at air flowrates of 1.7 to 6.8 mJ /h (1 to 4 cfm). The identical slug flow 
pattern was observed using both open tube and air diffuser tips at the point 
of air injection. Slug flow is characterized by alternating bullet-shaped bubbles 
(termed Taylor bubbles), which are surrounded by a thin annulus of water, and 
water slugs containing small air bubbles. 

The hydrostatic pressure gradient created along the wellbore during air 
injection is directly related to the density of the air-water mixture as illustrated 
in Figure 3. Prior to the introduction of air, the hydraulic head along the wellbore 
is equal to the static hydraulic head (~) in the surrounding formation (Figure 3a). 
Introduction of air into the wellbore (Figure 3b) results in a change in the average 
density of the wellbore fluid column and the creation of a vertical hvdraulic 

J • 

head gradient (dHI dz) along the wellbore given by: 

(1) 

where Eg is the volume of air per unit volume of mixture, Tf is the water film 
thickness around the Taylor bubble, D is the wellbore diameter, and hI is the 
frictional head loss per unit length associated with water flow through the well
bore. Due to the high density contrast of air and water, the density of the air 
is ignored in Equation 1. Tr and hI can be calculated using formulas presented 
by Govier and Aziz (1972), provided the air and water flowrates through the 
wellbore are known. For most cases of practical interest, the values of Tr and hI 
are sufficiently small that dHl dz can be assumed to approximately equal Eg• 

Due to the compressibility of air, the value of Eg at a given air flowrate decreases 
with increasing depth below the water table. 

As water flows out of the upper portion of the well into the formation, the 
height of the air-water column (Le., the average hydraulic head) in the wellbore 
decreases so that the average hydraulic head in the wellbore matches that in 
the adjacent formation (Figure 3c). Because the density contrast of the wellbore 
fluid with the formation water creates the driving force for groundwater circu
lation, the term density-driven convection has been used to describe the process. 

~-1 
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FIGURE 2. Observed flow pallerns for air-water mixtures. 
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150 In Situ Aeration 

Laboratory experiments by Akagawa (1964) and Akagawa and Sakaguchi 
(1966) indicate the hydraulic gradient along the wellbore is strongly dependent 
upon the superficial air velocity and weakly dependent upon the superficial water 
velocity. Although the hydraulic gradient lnitially mcreases rapidly with mcreas
ing superficial air velocity, the hydraulic gradient asymptotically approaches 
a maximum of about 0.7 m/ m at superficial air velocities of about 1.5 m/ s. At 
a given superficial air velocity, the hydraulic gradient decreases slightly m direct 
proportion to the increase m superficial water velocity. Laboratory and field 
measurements of hydraulic gradient versus superficial air velocity conducted 
by the authors have agreed with these previously reported experimental results 
(Figure 4). 

With the relationships presented in this section, the achievable hydraulic 
gradient and required air £lowrate necessary to maintain that gradient can be 
determined. For shallow groundwater conditions the maximum achievable 
hydraulic gradient is limited by the depth to groundwater, unless the well casing 
can be extended above ground surface. Although the relationship between 
hydraulic gradient and air fiowrate can be measured directly in the field, suf
ficiently accurate estimates for engineering design can normally be obtained from 
laboratory data. 
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FIGURE 4. Measurements of hydraulic gradient versus superficial air velocity. 
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GROUNDWATER HYDRAULICS 

The hydrostatic head gradient within the wellbore provides the driving force 
for groundwater circulation in the formation surrounding the sparge well. To 
evaluate the pattern of groundwater circulation around the sparge well, an 
analytical solution to Laplace's equation for steady-state groundwater flow in 
a two-dimensional (radial and vertical) flow field around a sparge well was 
obtained using separation of variables. The solution for the hydraulic head 
distribution, based on the flow geometry and boundary conditions presented 
in Figure 5, is given by: 

ho(r,z) = -4/n2 L Ko(nk·r)cos(nkz)/1<o(nk·rw)n2 

lloda 

k = niL; k· = k(KzlKr)O.s 

where: ho = the dimensionless head change (head change divided 
by the total head differential at the sparge well) 

HEAD 

PROFILE 

1<0 = the modified zero-order Bessel function of the 
second kind 

L = the aquifer thickness 
r = the radial coordinate (r=O at centerline of well) 
z = the vertical coordinate (z=O at base of aquifer) 
rw = the well radius 
Kr = the radial (horizontal) hydraulic conductivity 
1<: = the vertical hydraulic conductivity 

z 

K Z 

L'R 

(2) 

WELL MIDPLANE h • 0 AT It • INfINITY 

"'" z • o~,~~~~~~~~~~~~,~~~~~,~,-,~R 
Rw ~ 

NO flOW BOUNDARY (rz . 0 AT Z • OJ 

FIGURE 5. Boundary conditions for analytical solution. 
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Equation 2 is a function of three dimensionless spatial variables: Io = (IlL) 
(K:/Kr)o.s; rwo = (rw/L)<Kz/Kr)o.s; and Zo = (z/L). By virtue of the definition of 
these dimensionless variables, the effects of aquifer thickness and horizontal 
to vertical conductivity ratios are accounted for by scaling the .problem to an 
equivalent dimensionless space. 'This is analogous to the use of type curve fitting 
techniques for pumping test analysis. 

Of greater interest in· defining the flow field around a sparge well is the 
pattern of groundwater flow, or streamlines around the well. Using Equation 2 
to detemtine derivatives of hydraulic head with respect to r and z, a stream 
function may be defined as the cumulative flowrate ~ over a line integral 
between (rw'O) and any arbitrary (r,z). This stream function is given by: 

where Kl is the modified first-order Bessel function of the second 1cind. Equa
tion 3 is also a function of the three dimensionless variables: ro,rwo, and ZOo 
For Iwo < 0.03, Equation 3 is a function of ro and Zo only. The streamlines defined 
by Equation 3 are presented in Figure 6 for rwo = 0.01, where each streamtube 
represents 10% of the total flow through the sparge well. As seen from Figure 6, 
outflow from the upper well screen is concentrated towards the top of the 
well, with 50% of the outflow occurring withln the upper 15% of the total aquifer 
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thickness. As petroleum hydrocarbon contamination is normally concentrated 
near the top of the aquifer (or water table surface for unconfined aquifers), the 
system delivers most of the aerated water outflow to the most contaminated 
portion of the aquifer. The inflow to the well is similarly concentrated towards 
the base of the aquifer. As denser types of contamination, such as volatile chlori
nated solvents, often accumulate near the base of the aquifer, the system may 
be particularly effective in removing such contamination. In comparison, pressur
ized injection systems treat a zone which cones outwards from the base of the 
aquifer and thus may not be effective in removing contamination concentrated 
at the aquifer base. 

The radius of influence of a sparge well is theoretically infinite, but has been 
previously defined as the radial distance where the cumulative flow across the 
centerline Zo = 0.5 equals a certain percentage of the total groundwater circulation 
through the sparge well. For rwO <0.03, approximately 90% of the total flow 
occurs within a radius of ro = 1. This effective radius of influence has been 
confirmed in laboratory bench-scale simulations of sparge well operation in a 
coarse sand using a rhodamine dye tracer. This radius of influence should be 
considered a maximum hydraulic radius of influence for system design, and 
spacing between sparge wells placed in a regular grid over the area of contam
ination should not exceed ro = 2. 

The total groundwater circulation rate (water flowrate) through the sparge 
well equals ~(rw,L/2). It is convenient to express the total circulation rate in 
dimensionless form as: 

(4) 

The dimensionless total fiowrate is a function of rwo only, as shown in Figure 7. 
Equation 4 is used to determine the achievable groundwater circulation rate, 
given measurements or estimates of the horizontal hydraulic conductivity. 

In tight formations where groundwater circulation rates are reduced, a 
smaller well spacing may be desirable to reduce the operational life of the system. 
The simplest method of evaluating the relationship between well spacing and 
time to complete remediation is to use the estimated groundwater circulation 
rate (Equation 4) to determine the rate of hydrocarbon removal by biodegradation 
(assuming oxygen limited degradation) and volatilization. The estimated total 
mass of hydrocarbon to be removed within the aquifer volume LrD2 is then 
divided by the removal rate. 

Equation 4 was derived assuming that the well was fully screened across the 
aquifer. In actual field installations, the well is screened across only the upper 
and lower portions of the aquifer. Comparison of the analytical solution results 
to numerical (finite difference) model results, indicate that the effect of partial 
screening is relatively minor both in terms of the pattern of groundwater circula
tion and the total rate of circulation. Reducing the combined length of the upper 
and lower screen lengths to 40 and 20% of the total aquifer thickness reduced 
the total flow rate by 11 and 47%, respectively. In comparison, the total screen 
length is at least 60% of the total aquifer thickness in actual field installations. 

Gt -/3 
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FIGURE 7. Dimensionless fiowrate versus dimensionless well radius. 

The analytical solution presented here assumes that the aquifer is confined, 
whereas many field applications are in unconfined aquifers. Hence, the solution 
may not be valid in unconfined aquifers where the water table rise at the well 
is large compared to the total aquifer thickness. Although the analytical solution 
was derived for a single well in an aquifer of infinite aerial extent, the effect 
of adjacent sparge wells can be accO\mted for using the principle of superposition. 

CONTAMINANT REMOVAL MECHANISMS 

Contaminant removal is effected during sparge well operation by two mech
anisms: (1) supply of oxygen to promote aerobic biological degradation; and 
(2) removal (air stripping) of volatile organic compounds from the circulating 
groundwater. The rate of contaminant removal from the vadose zone by both 
mechanisms is dependent upon the rate of groundwater circulation through the 
sparge well and the rate of mass transfer between the air and water phases. 
The rate of groundwater circulation can be estimated using Equation 4. 

The rate of mass transfer can be evaluated for volatile compounds (Henry's 
law constant >0.04) using a first-order approximation to Fick's law of diffusion. 

(7' ii-f 
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( Gvirtzman and Gorelick (1992) presented engineering estimates of mass transfer 
efficiency for TCE for slug flow and concluded the air bubbles in the sparge 
well would reach eqUilibrium partitioning between the air and water phases 
over a well length of 10 meters. The authors have conducted a more exact eval
uation of mass transfer efficiency with similar results and found the percent 
decrease in groundwater solute concentration during one pass through the sparge 
well is strongly dependent upon the holdup ratio (ratio'of average air velocity 
to average water velocity). The holdup ratio increases dramatically (up to a 
maximum of about 100) with increased air injection rates and can be controlled 
for a given water flow rate by selecting a suitable well diameter and air injection 
rate. Field measurements indicate that water exiting the sparge well is saturated 
with oxygen even over well lengths as small as 2 m. A single measurement 
of the removal efficiency of trichloroethylene over a well length of 6 meters 
indicated a removal efficiency of 98.5% (reduction from 250 to 3.711g/L), which 
compared favorably to a calculated removal efficiency of 96% assuming equilib
rium portioning between the air and water phases. 

( 
\ .. 

Air stripping often results in the formation of calcium carbonate and iron 
oxide preCipitates or scaling. Scaling tends to clog the well screen and reduce 
the rate of groundwater circulation. Scale has been readily removed from PVC 
well casing in field installations using a high-pressure water spray. Measure
ments of hydraulic conductivity in sparge wells, at the time of installation and 
following scale removal, showed no apparent reduction in well performance. 

CASE HISTORY SUMMARY 

The density-driven convection (DOC) system has been implemented at a total 
of 27 sites to date. Of these 27 sites, 8 cleanups have been completed and 11 sys
tems have been operating for periods of greater than 6 months. These 19 sites 
are summarized in Table 1. A detailed case history for a single site has been 
previously presented by Schrauf et al. (1994). To evaluate the effectiveness of 
the DOC system, first-order decay constants were calculated from the change in 
maximum soil and I or groundwater concentrations over the operationalli£e of the 
system. First-order decay is described by the equation CICo = e-kt

, where CICo 
is the ratio of the current to initial concentration, k is the decay constant, and 
t is elapsed time since start of remediation. Results of periodic mOnitoring at 
DOC sites generally indicate a first-order rate of decline in dissolved groundwater 
concentrations. Exceptions to this include sites where free pr.oduct is present, 
because free product at the source area continues to dissolve into the groundwater 
until all residual free product is removed. For this reason, meaningful decay 
constants cannot be calculated at these sites based on maximum concentrations. 

Comparison of the calculated decay constants for total petroleum hydro
carbons at sites remediated using DDC sparging with those undergoing natural 
attenuation (no active remediation) over periods of 26 to 41 months within the 
same geographical areas are presented in Figure 8. As calculated decay constants 

6:; ~ I ~-
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TABLE 1. Case history summary (all concentrations in mglL or mglkg; S = soil; G = groundwater). 0\ 

Release Type USCS Plume Opera ling Maximum InllIal Concentration Maximum Final Concentrallon . 
(FP = Free Soli Area Period 

TPH Benzene Naphthalene TPH Benzene Naphthalene 
Product) Type (m~ (mos) 

Completed Remediation. 

Diesel SW,GW 900 18 11,200 (5); 15 (G) 1.7 (5); 0.18 (G) 13 (5); 0.11 (G) <0.1 (5); <0.004 (G) 

Waste OB (fP) SM,CL 1,000 12 190 (G) 3.1 (G) 

Gasoline SW 50 6 61 (5); 15 (G) 0.1 (5); 0.18 (G) 0.5 (5); 0.09 (G) <2.0 (5); <0.02 (G) <0.1 (5); <0.002 (G) <0.1 (5); <0004 (G) 

Gasoline, Diesel SP,SM 200 12 18 (G) 0.19 (G) 0.14 (G) 0.13 (G) 0.021 (G) <0.004 (G) 

Gasoline, Diesel SW,GW 3,000 18 1,600 (5); 190 (G) 4.1 (5); 7.8 (G) 0.63 (G) 19 (5); 1.3 (G) <0.1 (5); <0.002 (G) <0.1 (5); 0.01 (G) 

Gasoline SM,ML 240 12 0.65 (G) 0.34 (G) 0.01 (G) 0.06 (G) 0.008 (G) <0.004 (G) 

Gasoline SM,ML 100 15 7,000 (5); 8.5 (G) 15 (5); 0.43 (G) 1.1 (5); 0.1 (G) <2.0 (5); <0.02 (G) <0.1 (5); <0.002 (G) <0.1 (5); <0.004 (G) 

Waste Oil CL 100 5 1,300 (5); 66 (G) <20 (5); <1 (G) 

Ongoing Remediation. 

~ Diesel Cl,SM 100 42 51,000 (5); 110 (G) 0.16 (5); 0.12 (G) 0.16 (G, 170 (5); <0.02 (G) <0.1 (5); <0.002 (G' 0.7 (5); <0.004 (G, 

\ HydraurlC Oil (FP) CL - 1,100 36 1,100 (G) <1 (G) 
6"" Gasoline (FP) SC,SM 3,500 36 88 (G) 14 (G) 79 (G) 5.6 (G) 0.69 (G) 

Gasoline (FP) Ml,SM 3,000 16 7.1 (G) 4.3 (G) 0.14 (G) 26 (G) 8.2 (G) 0.36 (G) 

Gasoline (FP) fAL,SM 1,000 16 8.9 (G) 0.45 (G) 0.17 (G) 6.3 (G) 0.21 (G) 0.17 (G) 

Gasoline CL 1,700 15 8,800 (5) 9.8 (5) 720 (5) 1.9 (5) 
Diesel 43 (G) 5.1 (G) 0.11 (G) 9.8 (G) 1.5 (G) 0.41 (G) 

Gasoline SP,SM 2,500 14 52 (G) 2.1 (G) 0.48 (G) 2.0 (G) 0.15 (G) 0.031 (G) 

Gasoline SP,ML 2,000 14 330 (G) 0.19 (G) 0.11 (G) 0.41 (G) 0.31 (G) 0.18 (G) 

89 (G) 6.9 (G) 0.78 (G) 14 (G) 1.9 (G) 0.21 (G) 
.... 

Gasoline SM,Ml 600 12 ::I 

VI 
Gasoline SP,ML 1,100 10 15 (G) 2.2 (G) 0.1 (G) 3.0 (G) 0.21 (G) 0.041 (G) ::;.. 

I:: 

Gasoline (FP) SM,ML 5,400 8 58 (G) 15 (G) 0.61 (G) 51 (G) 12 (G) 0.47 (G) ~ 

9 ... 
g' 
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FIGURE 8. TPH decay constants for DDC sparging and natural attenuation. 

for smaller sites (plume area < 200m2) are generally higher and more variable 
than larger sites, the calculated decay constants for these two groups are pre
sented separately. For larger sites, these data indicate sparging accelerates the 
rate of contaminant removal by an average of five times that observed for natural 
attenuation. DOC sparging has been employed in conjunction with complemen
tary technologies, including vapor extraction systems and groundwater recirc:ula
tion svstems. Groundwater recirculation involves extraction of contaminated 

" groundwater at the down gradient edge of the plume and reinjection along the 
up gradient edge of the plume. The average decay constants for sites utilizing 
DDe sparging alone and those employing DOC spargmg with either vapor extrac
tion or groundwater recirc:ulation are virtually identical. No significant difference 
was found when comparing average decay constants for sites with different soil 
types. 

SUMMARY AND CONCLUSIONS 

Slug flow is the characteristic flow pattern observed during in-well aeration. 
The driving force for groundwater circulation is the density difference of the 
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air water mixture in the wellbore and the surrounding groundwater which creates 
a hydraulic head gradient along the well. The rate of groundwater circulation 
through the sparge well can be evaluated from the horizontai hydraulic conduc
tivity and hydraulic head gradient along the well. Water circulation rates are 
necessary to determine the rate of contaminant removal by both biodegradation 
and volatilization. The effective radius of influence is a function of the saturated 
aquifer thickness and the ratio of horizontal to vertical hydraulic conductivity. 
Mass transfer of volatile substances between the air and water phases is relatively 
efficient, with oxygen saturation of the water phase occurring within a well length 
of 2 meters. Observed performance of systems operating for over 6 months indi
cates that the average rate of hydrocarbon degradation is increased 5 times over 
natural degradation rates. 
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REMEl?IATION CONCEPT AND PRELIMINARY COST ANALYSIS 
. FOR UVB INSTALLATION AND OPERATION 

Prepared for . 
NAS Cecil Field, North Fuel Farm Site in Jacksonville, FL 

ABB Environmental Servic;es, Inc., Tallahassee, FL 
. SBP Project Number: T7037.00 

Date: December: ~ 8, 1996 
, 

1.0 INTRODuCTION 

Gop; Kailchibhara of ABS Environmental Services, Inc. (ABB)., Tallahassee, asked SSP 
Technolo~es, Inc. (SSP) to assess and describe· the feasibility ofimplementing SSP's in situ 
bioremedl~tion systems (UVBs or CGC/CGAs) at the NAS Cecil Field area for the treatment 
of groundWater impacted by volatile organic compounds (Voes). The proposal addresses in 
situ biore~ediation and source management (or "hot spot rerT)ediation") of the impacted 
groundwater in. the intermediate zone (approximately 50 to 90 ft bls), downgradient of six 
tanks. In ~ddjtJon, an overview of cosh; associated with remediation design, remediation 

. system(s)installation, operation and maintenance. and performance monitoring are presented .. 

2.0 BACKGROUND :INFORMATION 

. The data; provided to SSP on November 27, 1996 supplied the background for this 
bioremediatlon :concept and cost assessment: 

r . 

1) Groundwater in the unconfined aquifer flows towards the SE to ESE. , 
r 

.I 
2) The average'horizontal nydraulic conductivity (Kh) calculated for the intermediate zone (65 
to 80 ftbis,) is 4.06 ftlday, or 1.4 x10·3 em/s. The litholQgiesabove and below this zone reflect 
hydraulic ~onductivjtie$ of 5.67 ft/day or 2 x10·3 cm/s and 0.29 ft/day or 1.05 x1'tJ cm/s, 
respectively. 

3) Verticai hydraUlic conductivity (Kv) is estimated to be 1.4 x10'" em/s, based on horizontal 
stratification (Kh to Kv ratio of 10: 1) . 

. r 

4). The hydraulic' gradient was determined to be 0.001 ftlft from Figure 3-12 (Potentiometric 
Map of In~erm~diate Zone). 

5) The av~rage. Darcy (linear) velocity using a 0.001 ftlft gradient :and a 4.08 ftlday horizontal. 
hydraulic !conductivity is 0.0041 ftlday (1.4 x10.4J em/s) , or 1.5 ft/year (0.44 m/year). The 
average $eepage velocity taking into account a porosity of 20 % (n:::0.2) is 7.5 ftlyear (2.2 
m/year). : 

6) The g~oundwf,lter table is encountered about 5 ft below land surface (bls). Seasonal 
fluctuations of the water table have been measured to be no more than 2 feet. 

1 
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7) The' thickn~8s of the groundwater saturated zone impacted by VOCs is up to 100 ft, 
howeveri the thickness of the impacted zone to be treated with a circulCltion well is about 40 
ft (50 to 90 ft bls). 

8) The lithology of the impacted saturated zone at the site consists of a clayey fine- to coarse
grained ~and. ' 

9) The s~bsurf~ce constituents: of interest, are VOCs (individual constituents not known). ' 
, " , 

10) Geochemistry of the groundwater or inorganics such as iron (5 ppm) are not anticipated 
to hinder\the operation of an'in situ system. Bicarbonate alkalinity needs to be evaluated for 
the inter-media'te saturated zone. 

3.0 : INITIAL REMEDIATION CONCEPT 

Site Cha~acteriiation data suggests that in situ bioremediation using vertical circulation cell 
technologies represents a viable, cost-efficient remedial option'. The groundwater remedial 
system w,iU mobilize and transport the VOCs via groundwater cir~ulation to the UV8 well and 
volatize -t~ern with in situ stripping. SimultClneously, in situ aerobic bioremediation is enhanced 
by contin:uously' enriching the groundwater within the circulation cell with a high dissolved 
oxygen cOncentration (from in-well aeration). Inorganic nutrients (nitrogen and phosphorus) 
may n~ to be added (injection of nutrients into a monitoring well adjacent to the lower screen 
section) to optimize biodegradation efficiency. Again, the circulation cell around the UVB well 
is used to distribute the nutrients throughout the biodegradation zone. 

Oependiri,g on compounds present in the groundwater, establishing environmental conditions 
more con(jl.lcive to aerobic biodegradation processes is more advantageous and desirable due 
to the proCiuction of hazardous intermediates during the course of' anaerobic biotransformation 
of certain constituents (i.e., TeE yielding VC). The UVB system proposed herein is most 
effe,ctive in establishing such conditions in situ. Recognizing, of course, that no technology is 
capable of generating entirely aerobic or anaerobic conditions for an aquifer (niches will always 
exist), th~ combined effects of in-well aeration, in situ air stripping using negative pressure, 
and 3.din1ensior1al circulation of oxygenated groundwater make the proposed technologies a 
preferre~fremedial approach. 

3: 1 Source Reduction and Remediation in the vicinity downgradient'of the tanks' 

SBP recommends implementing one in situ UVB·400 (400 stands for a 400 mm or 16" 
diameter well casing) standard or reverse flow groundwater circulation system. The stand~Jrd 
flow circulation is recommended in the case of completely diss~ved or DNAPL constituents 
in the gro;undwa:ter, whereas a reverse flow circulation is more desirable if the constituents 
include lNAPl. The dissolved eoncentrations are immediately drawn into the in situ stripping 
reactor th~ough the lower or upper screen section. Groundwater is stripped and simultaneously 
oxygenat~d before it is thrust out radially through the second screen section, creating the 
circulation cell.' 

We propose to place the system east of the tanks (where the conCefltrations exceed 5000 ppb 
- see copy of figure). The partially penetrating well should be placed to a depth of 
approximately 90 ft below land surface_ Toe lower screen will be implemented 'at this depth, 

2 

, ! ::, . 
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~hereas ihe u~Per screen will be located at about 50 ff6isJThe6irCOlatJorfceifindciCed.6Y th4J' 
Well will develOp in the approximately 40 ft thick saturated zone between the two screens, 
rnobilizing and~~n8porting the VOCs to the treatrhentwell:iltaQircolati:on~flowrafe'of4' m~lhr '. 
(ea. 17 gpm) i$!ssi$umed, and a hydraulic conductivity of 1.4 x1 04cm/sec is used, the effective 
radiu8 of'influ~nce in the groundwater saturated zone wjllbe about 16~'ft (50.2 m). rhi~;isv. 
taking into a~ount \th'a,t<H80%Ofiithe ;eir:buIEltioi1t~il"l"at~'deverbpstyIIFbeeffective' from a 
r&:n,ediatK>ri· tirnestandpoint. The treatment zone around tl'fe l:JVB!yjellttiaf can contain and 
'reniediat~the ~i$solved!phase YOCsin the groundwater will have a diameter of about 330 ft-

! . ' , _, z ~ ~' 

The:eff,mive h.dius of infl~enQeHs:;P1artil!Uy' dependent\ O'nE~the;'_hlsotr~pY'o(the lithology. 
Should, fqr ex~mple,this value b8 half of what was asslJmed for O.ur calculations, or S instead 
of 10, th(;trw the r~di\:l";E>finfluEmoe e~creases,tO,87;S1m):'ddi24';feet.Tnef.~brer;two wells may 
be requir~d to ~ransect tht;!PI~",~:~'~:hoijt i,~'!; ~~d f,~:-::l;;~' 

,. ;- I 

The UVB sy&t~m design for creatim~r!,~i'clr~latiQh iee" jr,n~l'r;'intelrh~iatelarea within the 
,satarated zon~ 1$ IJornewhahItlClre"eomplex shiCe; $uffiGient:"efflueAt'pr~sst:.Jre:is needed to 
ensure th~ 9ro~ndwater. exits through a screen back into the aqOifer to circulate_ 

, l ' '-. en,",," "', 

T9 monitor thd Perform~nceof the UVB systetn;taddltiol\lahrn~~~6rilii9~w,ells,J6r;Piez~m'eters 
may ben~eded up andlor down gradient of the treatment, each cluster with separate shallow 
ano\~~e,,: scre~ned $ection,Sl-i"~J!r.'.';' ,"' 

O!ie-,-;t(i~tnb borehole size an~f!;~~spedi'8l1y./Qepth!ot the:reh1ediatfi!ir:'l~wells f~~ed~ for the UVB 
systems, lhe cds~sassociated wrUrvarious10trilling)t~thAiqueS($aCf,rhavirig'distinct advantages, 
and disadvant~ges) c:ov.er,'ab~Qad'l'a-Mg~Frrhes-e<~hbUI~ bEJ"'cFitioolly';aMalyzed; + 

.. : :\ -If- ~. ··O'-i::i . n~ 1\5 ,~ti.t,~{iJ~fj;L'::~'·;'<';": 

We reco,,",me~: tl:!e uve iYitem (weli head and vacuum blower) at this site, to be. placed in 
paad~a,. ;fericed. itf ~rea$t~$hoUid ;th'e}totapeHCecC:iii~nttiticiiR~ ;in'lh~ioff"ai~,eX~eecf Fforida 
emission ~tan~a:rds, addition of vapor phase bioreactors and/or GAC could be implernented 
on the su~ace: 

NOTE: S~OUld.~,gtl'afOOQnt$ 9f·m~£NletanaIYzed;il\1:the:off..gaS~;i';6pecially>~B~~designed~vapor' 
phase bioreactors degrading TeE can be placed in series prior to ,the activated earbon drums. 
lhi$}allo~S',fmbre of the adsorptiN,e"capacity{oMh~ . carBon :tQ'lPe:ou$ed';fpr fother hazardous 
constituents, saying overall C$rboncosts. 

1!f:\e;ad:v,.ht~'g~S: o,f the ;l'lsitu',WyB;S~s.~ems:attf:lissite;'jnolude:,?i"?i;Y 
: ,. : 

v~rtioal;'anu:~hor~o~tal'q;bmp,btlenttb "groul'fdwater~clr¢'Ulation'aocele'rates oleanUJ)' ;:} 
no groun4wat~ 'remov~I, from the subsurface , 
~~'rY/'I&W,';fe.m~r9Y,hb~q'l1ifr:em,e:bli/ (5 ,JilP:)vacuwnf'blower;;:and 'Gt5~'iHRc'S'obttr~rsibl~ pump) 
accelerat~d teo/lediation time ' , 
minimal ~rmi~ing requirements" , 
system aQjust~ autom~tioa"y to changing groundwater levels 
ability to; con~rol air and groundwater flows rates allows for more effective system 
management/control as compared to conventional in situ treatment strategies (e.g.,~ir 
sp~rging). 

3 :' 
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4.Q , .. R~MEDI~TIO~J;'QST1ESTIMAlrE 
c, \ ., I . '::('i~";§t:"~ - '. '-',' ".- - . 

SO,u~ce, Reduc:ti~n ~11~', :H9t &pqt Bior"m"d,i~tiQn ', .. 
• "i '!' r ," " '., 

/~":'~<.>,-.- ". ":~,'~\_.' '~;':f' ":i':'->' - l, "" .• ~, . , 

D~$iQo;,.'. ~;\ ir~).\~ .. '.:.;Y:~'f};,'i ," '!:.'" nj 
.;,4·1 . ';~I~~PClr~.iQ" .9rFin~1 .R~JJ1edia.1 Design (ioch detailectr:e~iew~. 

o~· ~II ;~~i~ting :r~P9rt~): . 
• i ~ 

'Equipment: . ; . 
: <·.;:'!t?·, .q,e··u'Y~~OOsy.stem, Qonsistir)gofthe fol!owing;; .'$,6414QO.~O 

'i ",: ;:..··I.u.,::,;,;;!,> •. ·;,;c.;·, . ',W", !:":';:':·;i!".~::·':;,.. • ,'" ~',. "', ", 

.. ,' .; q,e,4O"Omm di~;.lea:,qouble":~,ed sereen; O.SHR pump;';;,:;>!" •. 
o~e Johnson wire wrapped screen and attached sump;·,: .,,' 

4.3 

5 !HP, three phase 208 volt blowers; HOPE blower encl~ure 
.. w!th~rnOi~ture.;knocko.ut _n~fmi/:'li,.:air$tripp~I'j;'; i"'.':" 

. CbnneOtlons:"fotins.tallaijon within 5.ft."of,Welbhead,"'N : - . . . 

>" . r.-:. ~ ., ., ~>f? ~:. ,.; ".>' -' -

In$tall~ion of UVB~400 System 
,(~eCifUir~s'2~"diameter,tborehole):,·"/ ' 

.' v ;; ') ,:.. ".':~h;~,! ~~-{) j,,~ \, t· .. ,:)1~<;) :". t-:.it: tnj ... ' 

4.;3.1 iGeologio supervision, installation and start-up"< ' ;, T" $d:;'SAO.OO 
i . i<!ncl. Traveltime and costs) 

y; 4..)$.2,'" !:reCiI;l,nicatSu~.rvisior(h aod'Pr~dJe~ManaSlementQf fi: i;:'," '.' $ "3,:600.00' 
" i,e.; " ! U,: VB, "n' .. tall~t·lo""·"""'~ . stl!!o I'i, un r{'fie"d 'p"ep, :'),'. '''.>c ",.". --, ;.'!~-: ( j,-~,:~.~·n .9.- _, .. ~ _IJI'~~';.~"';. -'PI\)~::"'" ."..1\\ .. ,." .' ,I' ,~3 ;-;",< \,0"',4' .,,,-'._ 

4.~;~.\,,!~dQitI~!J1il'1,~Q$J$ '~~Qvi,ated.·wjth'more:,C9JT;lp'ex,,'\f<:" 
: :Installation of circulation in intermediate zone $ 5,000.00 

'c- • - '-~).i-~- ':~ :f~.> ;':.:.'h,./.,,-:):<~~ J'~-\.~':;t ~.': l~"" ;,~~. "" . - :,;:,p~~}.\(),~,.\.:, .:\::'{: 

. ".svliroiAI.':'~WREMeS'A:rIOND,E,SIGN/CONSTRIJCTION~COSTl;. '·"$'ge,34e.~aO, 
.J h- ':' . ~'> r' .!~ : ~~i:"" ;,; ~~ [t' ~"P .. ' 'ii, '3.:': 

Annual Operation anq Maintenance: 
.' ii, 

~ .. , 

'. I " . 
','. 4.4., ""Qperat!OQI:and,ty1' aintenance::( exelusjVe of,sampUng amdamalyses ):.!i' !(,;t i \ 

j! ";;~'::.! '~J;"/':··i!';t'}-~~,:;. i~)'r"\' cd.. ';,s:" -.! ({. 3.>S«< ~~ ,>·';':-:~1.) '::'-; ,,-', .\ .. ;~-~ _,l 

'"," 4,~; 1 ',. i~OUr\'QUarter\y'oPi&MalntenaneeVi$its~;; ·/"<'$;,q,$8.orOO~ 
! i(~nc:1. TraveLco~ts) , ";'..<t:t':'iV 

,. 
i: '. 

4.~.2· !PM including Quarterly review of Data and Report With 
:Recommertdations;for systemadju~tme"t&'\" ;" 'Il :1~;$;"5,040.QO; 

SUBTO:rAL.:~GWclReMeDIATIONPMand;O;".&M.r,COST(one?,ye.at)1,.;:/;':,$;:.;12;120.(1) 

f 

I I -, , , , : .l' ..,":' 
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6.0" 
.. , .... I ',; ,., 

, \ ' ~ervi~s provid~d by S~P;,,; 

.,;:: ~,&~e~iSirYg ,dril;i~9~f'~~i,bdrehol~. f ".~' .~, ,(I';" " 'J~¥ ,":' 

''It:I~talh"g the reh1ecl1abol?,systeI11f,ccordmg to the results Qb\alned frem the Q9~t:lQle,log ic~ " 
p.(i:!};Jntro~uc1ion to:iQ~~site ~afforob'nsultant offtJifferent mQ~e$ ofo~tation Qf IJ<stisdna~d'~~' '" 

tt ;;~ji~~;:,.,::~;;'J~tpu~dweter r~mecUation SY6tem~".~".",. ' ,.." '''' ~.~. 
': '~i'" ':~lMju~tment of ~y~tern at tiTT1.,ofrru~taliatiorr" '" t {:: ,;; ,::' ;' 
, .' ,'?:Mai~~ena~Cf1 an,~··adjustlJ1."Qt of systemStasne~~ed '1ht' 1: 

P •. , R",mediat(on ~t1o~rnelilce:eveluatiol'l atitj data m~nageme.nt·,;.:.· 
Q.(I'atterly techriil'~aJ~~~orting asslstan~ras neede~ 'i. ll· ~FF{~{. i 

>:'. '/~~~;:: '. ti f--}\~~i f~' 'f\ :.;~<_"~_,~.';i;'.';--"_c __ ,,~\~;,, '\ .,' ~:: 1~::~: '; " .~~' ~~5 

;;,;1, } ; H i\\./,T' '~."L' ,: , . ,.~. 
, , ;'i,~ervice$ provi<t_djby ~6 ~$BP 6~n provide $llOf tlie services listed below upOn request): 

'.:,.;: 'r: - _;.. ' ~I.::':'· ~f .:' _ \<-', '\~'!,. ,,:::?f?, .~, '5 . ,-

.~~::Z9Iie~t inter8ot~~n~' anq qv~rall,~pi'Oraa rn~l1I~ge"\~nti 4.' ' , 
".' ,. ;tPrilliP9 of bor~nql,s a9d1Pr~vidln9"wenin~ralla~~n.}~qUIPfri~,nt (solid casings, well completion 
., , : ;:'(i~tnat~rial, etcJ~la'~;neejje9 O?Ompaf§~l~irbe{ rig\Xith mticir~tary techniques) 

" /~Aj~~jnst~lIing any ,:~'dd~ional,tno~itoringl~$llf 'o"'J~i~iometers ' 

,r :' .. ,,;~Y.~;~~~~:~~~ :~c~nf~:~we,\d:~;:~~P,(~tte~d.~ , ''''r:,di,~~~~sal . 

~ ~~:"~;Ho"'k·UP tor $~h~qu~te·electri~itYJ p!U$ wiring, ,":;:: .....~..... 'C. 

-t~ ~~ 
• \, ;,Analytical mon.it9:nnd.~;; F::'., . '"' '" ·ji~ .• '. '}>, 

~ ''',' ...... Healtl1 and's~~ty PI,ns ~J:: ,"'..;: ,:1'; ... ' ~f;·, " ' ' 

:~, ;~ ~~'. ·l:~l;.:'>~~_.,,~;.;r.~; I,: ". ':}~ <~~- ~.' \~,' 'l .,.' ,::' ,,!."~-' _,_ ;;:' '~;-~f:~ __ " o;/::.}:J;)~~~ l ',:.> ;~ :;,::1 -:~ i'~:' : 

$§~rs<INITIAl,,$!f:STE;~: S~l:tp.CTIOf'{,AND ~OST E..$TI~AT~~M?YJ::HA""GE J~ASED 9f)1;'~F~E~S 
J~~AODITIONAl?I~<59F-~r'TlON GA,lN~D'pU,RIN9,FI~~L~l:?,~SI?N""':'~\';!fi~ ','\ \ .r;;; 
:.;'; ~.;;ty;, ;_~~. '.:Ii . :~: \ f .Y.~f, 1i -""'''4-' ... 1,',; .. >-" •• >'~' •• ,~_-~'~" •• -,~?;~:'>' ·t J; . 
1\lIow i4 to 6 (si~' we~k~ fotrnal'\~factqre an~ shJRRil)~n~fe9uip"1ent 

';-, i? i.: : ", . 7 j\, -;i~.Yt':-.>,~- ·t;:" ,0<. ,",';\ '>"' 

FIGURE: 

: Figure 1 
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THE CONCEPT , . ~~.~: _.:" ':.-},-.. J.:, .. ;~~"l'. \- '~:.'::-'""" .. - y: ')tJ;·}~ .~~, 

EG&G Environmental, Inc., through'its NoVOCs 
i, . ·,.qiyi~ipn, ()ffertijl cQ~t.~eff~cliv~) IW:W ~~Chfl91()gyfoJ i 

removingv~lqtil~ qrgani<;\ comp()unqsWQ~s) Jro!1)., ','; i;,;,; -.-:::-:---:--;-;rr~~--'-_~';"""T'C;--::---"-;-,-_~(.(N~D~'S2SURf~N;.~(-I 
~on!~.mi!),~1~9gro!JI1Q'Nat~r (l)S,p.<l,t~l1t,~o. ,~"J~O,5()3)~, 
Traditional remedies for removing petroleum hydrocar-

j",' ~:"""X~ti " ft~1 "bons'aM'thlbri fijat~d 'sdlveh lsi ih' tl'l(i''grbUht!wateHiaVe' 
relied upon extraction wells to bring contaminated 

.;.yyat~r. t9Jh~,~vrta,c~,f9!1.g,«~q):rt one of several treat
( ment alterllativesto remove cohfamin'Jnt~ from the 
;;aque9,l:Jtpl~ase."The5e options in~iude: air stripping, 

""",,, ,J~acti\tpied l;arGQ:ri:;:~al1d UV-perd,x~1:le oxidation. 
i.'-"' ';\' .-<.-./ .. ~~;.- .'~~}.,.~;."~~,;:.:~:A/,._ .. ,,,,-.,,,~,,,,.~_.~ ..... ~ .. ", ", .. 
. ,Ii1-w~lI:st~jppthS)",h(jwE!y~'r,' ~irPpJiffes til~ process and 
;;'te~lJlt5 in si'ghJ6eanti~,vings'b§:~iLminCltlBg separate 
above-g~~y"d(~i~qus pha~e, treatment:. ,.',' 

"OPERA-TIONOP-A' NnVOCs WELL' 

Air 
Line 

'" "vadCiole"'" 
Zone 

Inner Casing 

'Ie, 

WATlR TABLE -----.....,...--===-=====::::-===: 

KEY 
Screens 

--eo- Wole, + VOC 

-.. Wole, 

----c> Ai, 

~) 
"~~ , ,- .... ;,"'_ •. --1."', '~'~} _;/ 

, .J2-v ';"-' ..-r.r7?'7""7'-.'.-

In-well strip-ping operates on the same principle as the 
aer~tor in a'n' aqua~ium.Acomi:>ressor is used to 
deliver air or an inert gas such as nitrogeh to the water 
colu,rnnwithin Il;n ,.E?,xtra'ictipn'~1"~ Jb,e,~es,ulting bub
bles' ii'i the'water 'cdri'stitui'e ah airJ'lift,pcimp." Because 

,'i,,:(~I]~ :water VVilb.bJ~b,9lfjs:;~~s, a,19~~r:der)~j\y.Jhan waler 
~uts,i,de, the, w~,J,I,t,~ ;pre~s,~re.gradi8ht, i~ e~~?RI ished 
:whisbc;a,4seS,'f',al~,~pl,!t~iq,Etltre,¥,,!~!lt? flow, into it 
JhrqugJ~; ,the Jow~f: scrf:i~ne,d 5es:ti~m,.Jhe I;>ybble-water 
mixfcire rises in the well. At thy,s,~rne,ti.rn~hVOC5 in 
the water volatilize into the bubbles. 'The bubble

.,.'yVa,tef:,rpi~tl;lre"is; f!IJ9~~q,;\<?, ris~r~p ii, point;where opti
rput;l1. :vplilpjizati9'1.hilSr.g<::,GlJr,md. J~hecasing is 
screened at that point arld sealed with a deflector plate. 

Wher} tberoixtvreel1<;ounters the deflector plate, the 
b(jbbfe~ br~~~ a;'d!~d~bli~e." Wal~:r\h~riilows 
through the'lfpper'screerl'ilhd"isli!lIowed to reinfiltrate 
inlothe vadose (ilbov~\.9al~t.tflHl'~bohe. A larger 
casing placed' ovetthe top',qf:tfu'~\~elr is maintained 
under vacuum; itaIlOW5<Eoaly{\~ep)hJbbles to be 
drawn off for treatment above ground. Reinfiltrating 
water creates a torroidal circulation pattern around the 
well so that waters can be treated through multiple 
cycles to achieve the desired level of removal. 



• Reduces Operating C'Osts Ass'Ociated With Pumping Vap'Or, Not Water, t'O the Surface 
,~159;e,/~,,*a{f~~ ~~S.lOfiJti'Or ;PYf!.4f! Disrflpriqn\p~) F:f~~"fh~~e, .~ro.,f1uct,i~ J~~;Capillary fringe 
• Eh1J~iJ~~.~.:Bi()remediati'Oh " 'Off Hydr'Ocarb()n§ 'as' 3 Result: 'Of!'AeratiorlIRecirc'ulati'On 'Of 

TreJ'tfnlJ WJte,{( { f" . 'Ii, . }~:l ,',,;": " " 
• Eliminates Need f'Or Reinjecti'OnWells, Discharge Lines and Discharge fees 
.'faC:i1ifalesCoupliffg wUlrSoil Vapor EX,tracti'On Systems , " , ,', \ ,oj ";.' .'; 

,·.,,'Minitfl'iies ·M~ial1aii6lt'Timeltbst Through Use 'Of IntegratedSystem'MobileUnii'" 
'j .. -~~. 

!n-well technology is availablewi.th a full set'of related serVic:~s,' inelu&llg" consultatiOh; desigh',' installation, opera
tion an(Jrri(jniIiirii1g. ' Designs 'i;nqlud~)i~w" installatiori'ahd,retfdrit~db( existing ex(rac:tiohfiw~lls. \ '.' 

. ; "''''. ': ; "';':::F:' ,";~-.' " .... :<:..~ .... :; '" • 

·'MOBILE.,LJNft 'FORHYDROtARBONRECOVEI~Y:WJTH.,NoVOCs.SYSTEM . " . , . ".' ,-. _. '" " ,', .. 
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INTRODUCTION 

With qv~t;a'aeca.deof experience under the. SqIliprehe$ive' Environmental Response, Compensatio~ and 
LiabilityAct'(CERCLA), it has become clearto both the regulated and regulator communities that pump 

, and treat remedies are not likely to restore ground waf~r coniruiilPated with volatile organic compo.unds 
(VOCs) to drinking water quality in less than decades; if not hundreds of years. The lengthy perio~s of 
time required for restoration resulfftom tlief'eXfiefueiy dow target concentrations for cleanup, and the 
heterogeneous nature of alluvial aquifers. Chemlcal re~iqpysJQc:JgY4 in fme-grain,ed materials and dead-end 
pores, and pockets of free phase chemica11);are not directly~~cces~Ybie to the prt~do~antly convective)f1ow 

( channels swept by traditional pump an4 treaidesigns. ~s a consequence, movemeJlt of contaminants out 
of these sites becomes diffusion limltedaud very long'1il)1ep~riods are required for diffusion to move 
significant quantities of chemical over any meaningfu~ Histan~e:\ . 

';, . 

As a result of mass transfer limitations on the perfbrmance 'oif pump and treat remedies, there are 
, significant incentives to develop lower cost altemative~.,l~eall}';, ;one wouldcie,rive reIIledie~ that d6 not 

, . . I' ":".< '>,< . ,... •. ,'. .... • i. 
re,lyon mass transfer mechanIsms. For example, 90nt",nunantscould be destroyed m place by dIreqtmg 

; all'flPpropriate form of energy to the plume. Unfortunately, eftergetic destruction is often associated With 
, elevated temperatures that are expensive to achieve in a saturat6d zone because of water's intrinsic thermal 
\ properties. Use of chemical energy suff~r~,mass transfer limitations because of the need to deliver the 
. reactive chemical to the contaminant. Even ,bioremediation must surmount mass· transfer limitations in 
'order to provide nutrients to organisms 'atthe'contaminated site.' "; , 

. 1 

Recognizing these difficulties, techrlology iiuiovatorshavefocused on'creatlve ways to mini~iie effects 
.' q£mass tran~fer,and .re,duceUllit costs"so that total:cost to restoration can be held doWn;" @ne promising 
·,approachJ9QQst reqgctiOl)is the. ~s,e ;ofjn~well treatment technol@gieswith 'recirculating;welk The·first 

.' , c()Il}l1lercia,lly~ av~Uab,I~~!Jlbodim:ent,ofin~weIL treatment isin~well vapoF.Btrippirtg! for VOCs. '.' 
. ~_._ :.i ~ ,'~< ,I.,.,' ".,,- . If?--"','>', . . ~ "U,"' 

IN-WELL VAPOR STRIPPING - THENoVOCsTM PROCES~ 

qf;)hese emerging designs for jn·~wellvapor str,ipping:,dheNoVOCsT;M:, processoffEiredrbfEG&G 
ErlVir,0wrlen,tall.lnc. is,ol1~ o[themQst ,effiGienti and, agYanced,in cOJlcepbltreliesonan: 'overjptessure 
,prip,cipl~~ppJj.ed, tfHlx~,Cjr'¥ul~#ng; well. wh¢rein waterjs continuously routed through a well·' strdcture~ and 

" n¥ 0Ccp:1a,~s' t;Wlsfer from!Ats~Q1yecl.;tovapQr phas€,oc,curs. in situ, within ithewelL ,. 

Configuration of a typical No VOCSTM well is depicted in Figure 1. The well is installed to a point near 
>t4y; gr<:lwJ4 w£\terplum,eb:;tSe!>l4ch,that:ihe ,fulldepthiof;pl\une is<withinthe capture zone when the well is 

.' p\ll]1ped., iJ;he, \\!elFcaf'liqgds ,sPlieeneda,Nwo clepths:d·)~Within the saturated 'zone where" the casing is in 
S9ptact "Yithtlwco,J;J;tgunil1flP~,plume,®d2 )i:Witbin the; Nado~ez0ne,at a selecteqiheight above;the water 

',.' t£\qle·A~r isinjec,te~'tPYIPe'lI1~of adlcgeAeratiVte \bIQ~er ancl'jntetior pipe'1),o ;that 'a'contihuouSstream, of 
."hqpl?Je.~,js; form.~cl·jlkthe, c~siQ.g §~tw:tingfatSQme}point;above the lower·'Screen.}',,,'Fh(! 'air may,be 
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replaced/augmented by nitrogen,carbon dioXide or other-gas :a~peridfug upongeocherrll<;al considerations. 

. J'~' . , 

CLEAN 
WATER 

~, 
VOC, .. 
CONTAMINATED, 
WATER 

- , }/.-; 

Figure!. niagramofNoV:OCs~ System 
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• ~ j 
, • v 

: 'j <; ; ~. , 

.:i; . 
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Nitrogen.Or carbort dioxide is used toprevent;@x<ida:ti'on~related, fouling. 'Regardless;6f the' air" stream 
,0' ~~lected,jts introduction constitutes .1;lFl air lift pumP\ (Le., :thepresertce of bubbles in· the"c'asing causes the 

column ofwatednJhe casing:tohavea lower'density than watet'0t1tsidethe casirlg ;artd)hence, watetllows 
into the well in response to the pressure differential). The ground water flowing intothe well carries 
dissolved VOC contamination with it.") .: i. l ;' !. " 

A deflectol}, plate (packer)is' installed iIi th~casirrg within fheupper· screen.'" 'This 'plate prevents the 
comb,ined fiowofwatenandvapor from risi,ng'.a:nyhighernn the;caSing, thereby fordhg'::itto pass out 
. through the screen ,into' thevadosezonev mhe vapotsare'then. dtaWri\underV~cuuiti, '·htfckinto 'the well 
through the screened section. above the plate by;means, ora blowet'wh6s(fexhatlst isditeCfea tOah&ff.;gas 
treatment module and water flows through the vadose zone back into the aquifer. 

-1 ," -f~ ¢ ""' ' 
.' : ~-, 

(
'. 

o " 

-----_.-.' 

c 

. When.PP.erated"the air,Jjfi pump'draws contariHmitedwaterinto thewellwhere'volatile contaminants 
. vaporize a&. they'are transferred int6· tlie' bubbles;in: the Water Ct5hllfili, .:TliUf-fransfer continUes·until 
i(f:quilibriumis reached as: defined by Henry's LaW!. (' Attll-eplate:;the bubbles breakandc coale~ce:' ThcYwater 
p~r.Golates downwardthtoughthe vadosezbrre,iwhiUf'thecohtamihWlt VaP()ts~aredFaWri' offby' the vtlbiiiun ' (2") 
in the upper'Pbrtion of the well. TheequilibtiU111) phase'pattitiotiittg foremost coritarrdnarits is' irisufflCient ./ 
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'.,' to: prQduc~ dPn.kjng:WiJ.t~rq~it¥z.Qnarsingle 'pass;;, Thel'eforeithe: pumping; rates ;andwelbplacement are 
':,' S,el~ctt!d, to, a.g~0ffl\11Q9flt~:: mullipleioycles'Ilor:'.eacp, unit, of water. The?optirpum,mimb€r 'of:oycles is 
,;q~p.~n~ant.q{lth~;~tanmgi<?9nQentJ;ati01'1andtheflow rale"ofthe:gr,Qund,water.j S0me additionahremoval 
. i,QcGWis" m ;fu~y~dpse,;'?:Qf!e;w.he,re.\s(l)i1;Particles,:act liktf padting in t'antair:sm'pper; The(de'gre(hofiadditional 
'~~~9ya1 t:lRhi~¥ed. WilL4ep.end~onthe, sgetofthe:sQil;partible;s; ianlountoftJow induced ,by thewa.cuum;and 

,:»,,~~greeg~;~~t1.!f~:t;iQn,'Pf.Q!d\lcedLby{theJiqt'iltratingiwater.~.Off.;gas "treatmenttfQf'; iQ,,,weltstrippmgiUttits' is 
;c, ";,s,elegty;d~ni~cQ{lta.mj!lant,.,spe,Qjfic,basis,I';ii ","" , :} 

If unusual stratigraphic considerations indicate a high probability of vertical short circuiting down the 
outside ofthe:fEasipg,:;;later'llpipesscattb~~tfistaIled lo!c~ ;e-cJtctihttedwaterifeut',away from the casing 
prior to discharge. In most aquifers, the anisotropic hydraulic conductivity will cause reinfiltrating water 

,"," to'floWotitwatd the desired distrutce~ Oriaereithei"coii1igur~tion;~ca<~9!ioldaI P~i!~rii c()f~o~ resuit~;and 
detines the zone ofcapfi.ITeancffeClrculition'f()rtbe'wei({Flgme'''t'f" Fo; elongat~9pl~es,\a.horizohtal 
wd~l can be highly effective. The lower screen is positioned at the far end qfthe lateral m¢.ritber. As a 
co~sequence"tlie radiu,sp~frecirc~atiop- is selected during design as the'Qpri~()ntal dist~ce sep1lrating~the 
end of the casing and' the pointl.Of entrY in the ground. Another .!podification that ha~ bee~~ developed 
prdvides for treatment 9f::giijsplve~ metals by using an4,rliltrat~5),IT'gatlerx combined with ~hemi'~hl reag<rnts 
to absorb and/or precipitate the metals as water is rechargeti" to the va4bse zone. . 

, , 
PERF()RMAN~:gQArA, , 

ThJ first two No V()CSTM wells havecbee~installed at a site in France, while the fIrst U .sl. inst:iIation was 
ins~lled at Edwards ,Air Force 13aS~'this past spring. The radial influence data presented~in Figpre 2 were 
col~ected from one of the FFench wells. ,this well operates at 125 gallons per minute anq bas~d upon ~is 
dat~ has a circulationc.diameter zone of 70 to 80 meters (230 to 260 feet). Similar data were obtained frpm 
thepther well operating in France. This circulation zone data is based on measured dissol~ed Qxygen (PO) 
lev(Hs"in groundwater:'" Background pO Wa~rfifeasili~daf I'l6 2'mg!r;~DO 'lev't~rs iri"the,circulation zone 

~-:; ,':.' ,. '" ,; I.) -, 

were measured at 5 to 8 mg/l (~Qto c~ oq~c~f §a,tllfa$~ci I)gJ~Y:"$?ls). The match between the predicted and 
• • • ; ,> .. ,.:~._< __ ' :11',:,;"1: ;-.\,.~~_.-";;; 1;'_--':' . ~.~~,~!;"f,>3~ I 

measured CIrculatIOn zone IS qUIte good:" .. \ 

Figure 2. Measured NOVOCS™ Circulation Zone 
,- ; ! 

~V~~~, ••• ~ii,g :~, -;'i:~~~,J: ..; ;": ;:' ".' -!~, " ~§~!~::: f; i,i " ,: : :,..,' 
'- -:-:: -:->: . .;.... ....:.,,'-.-:- ';"',,;-.~. - - --; -..;:; ->:...~-,::..,-','!../!. ~ -'~~.-,. ' 
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Fig:ure3 ; pr¢sents, mass~re!lloyaldatathat~were . collected(:woin~a largesqah~,·pilot test'of a No VOCs ™ 
;)installatiollin Washington$~te. The; well was' oP.eratedaoiflow'r~te ofl20i gallofis iper mimiteWith an 
;' air-to .. wateN·atio~of6;:' Flowlthrough:Jhe:NoVOCsTM 'systemwas'te'Cifculatedthrbugha. storage laRk "and C' 

•.• backinto:the;~tripping wel~(for multiple ~yc1es;(\ THe VOe'treate:dwas:li~ih,l ;.IJ\C1\:. (~~oncentratioiiSiwere 
reduced several orders of magnitucle,during,;,the pUbt test: 'arid-,Hilal ;treatrD:entlevels obtairted wete(be'low 
S.ppb,detnonsfrating.thaHhis"treatinenrptdcess' can',a~hieve typical MelEs' intheilow ppbrange.The'fuass 
removal data from this pilot test correspond well to design mass'renioval:tateiH)~ed '0Ji'eq1iiHbnum mass 
transfer calculations. 

i. ,:" ., C; 

-" 1->" 
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ADV ANTAGES'OF IN;;, WELL VAPOR STRIPPING 

The in-well configuration for vapor stripping offers a numbero:fad~antages,over traditional pUmp and treat 
remedies. Capital qosts are red\lqedby'elittlifHitiilgthe~Dov~;ground treatment plant (i.e., a.ir stripping 
to~er with aqueous carbon pOlishing) and water discharge permits and facilities such as reinjectio,pwelfs. 

, Operating costs also are reduced since only VOCvapor, not the VOC and water, is pumped alf!the way 
to the surface. The operating cost savings will be site-specific and will increase with deep vado~e zones 

;. such as those encountered in the arid west. Additional cost savings are realized because recirculating,wells 
: reduce time required to reach cleanup goals. Some time reduction is derived because the r~infiltrating 
: treated water disrupts the capillary fringe (a. sta~ic~n~atypicaUy_nQttreated by pump and treat systems ) 
. and dislodges resldllciI of free phase contaminant residing there. In typical'geologic regimes where the 
: firler grained strata 'are relativ~lytllip~ t4~v~r1;~c~tgra<:l~e,9t:&~(binduced flows create shorter paths for 
contaminant flushing and more effective VOC mass removalthaJ? typi~al,extraction\Vel1s.Eyen greater 

. time' reductions are possible at hy·drocarbon-contaminated sites where the oxygenated return flows 
stimulate in situ biodegradation concomitant to removal action. C) 
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Elimination of the need for discharge lines or a reinjection well can be much more significant than the 
obvious cost reduction. In some urban areas (e.g. downtown gas stations), there may be no feasible 
location for a discharge, or permitting may be problematic. If an untreatable co-contaminant is present 
(e.g. tritium), it may be politically difficult to release the untreated residuals. Similarly, in traditionally 
water short areas such as Arizona, there are incentives for not having to remove ground water from the 
aquifer.and deal with water rights issues. 
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1.0 INTRODUCTION 

Biosparging is an in-situ remediation technology that uses indigenous microorganisms to biodegrade organic 
constituents in the saturated zone. In biosparging, air is injected into the saturated zone to increase the concentration 
of dissolved oxygen in groundwater and enhance the biological activity of indigenous microorganisms. Biosparging 
can be used to reduce concentrations of petroleum constituents dissolved in groundwater, adsorbed to soil below 
the water table, afid within the capillary fringe. 

Initial Screening of Biosparging Effectiveness: 

Determine if site-specific factors that could hinder the effectiveness of biosparging are present. 

Determine if key parameters contributing to the effectiveness and performance are within 
appropriate ranges for biosparging. 

Tables H-l-l and H-1-2 present the details of the initial screening of biosparging technology. 
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PURPOSE 

The purpose of the biosparging pilot test was to evaluate the applicability of this technology as an in-situ 
groundwater treatment at the NFF site. Additionally, the radius of influence for the sparge well was estimated and 
operation parameters optimized. 

D = depth of the sparge well 
ROI = radius of influence 

IfROl> D 
technology is applicable and economical. 

If D > RO! > 0.5 D 
technology is applicable and needs further evaluation. 

IfRO! < 0.5 D 
technology may not be economical. 

1.2 OBJECTIVES 

The objective of the biosparging pilot test was to provide site-specific data that supporting the design and engineered 
remediation thus meeting remediation goals for the site. Specific design parameters evaluated during the pilot test 
are as' follows: 

1. 

2. 

3. 

4. 

5. 

breakthrough pressure (pressure at which water column will be displaced and air begins to get injected into 
the aquifer = [45/2.3] X 1.15 = 22.5 psi); 

maximum allowable biosparging pressure (pressure at which volatile organic contaminants are stripped from 
groundwater, and concentration of total volatile organics exceeding air emission standards); 

equilibrium pressure and the optimum air flow rate (air flow rate at which channelization is minimized and 
pressure maintained over an extended period of time); 

radius of influence of the sparge well based on the distribution of the dissolved oxygen, pressure fields 
around the sparging well, dissolved concentrations of BTEX in groundwater, water level fluctuations, and 

degradation rates of groundwater contaminants based on the observed decrease in concentrations and the 
rate Of oxygen supply. 

4 

l-l - '-f 



( ... 

2.0 PILOT-TEST SET-UP 

The biosparging system location is shown in Figure H-2-1. The system is located within the plume of groundwater 
contamination. 

One air injection well (BSP-I), 11 pressure monitoring points (PMPs), and 11 groundwater monitoring points 
(GMPs) were installed for the pilot test. All the wells were installed using hollow stem auger techniques. BSP-l 
was constructed with 2 inch diameter stainless steel casing. PMPs and GMPs were constructed with 2 inch ID, 
schedule 40, PVC casing. 

The biosparging pilot test system configuration included: 

Groundwater monitoring points 
Pressure monitoring points 
Biosparge well point 
Compressor 
Piping from compressor to the biosparge well point 
Monitoring gauges 

Figure H-2-2 presents the process and instrumentation diagram for the biosparging pilot test system. Table H-2-1 
includes well construction details for the monitoring points and the sparge well. 

A pilot scale study of biosparging was conducted for 72 hours based on procedures described below. 

A. Increase the applied pressure 2 psi every. 5 minutes from 15 psi through 40 psi (until air flow is observed 
to take place into the system). Record the compressor pressure, well head pressure, and air flow rate at 
2 min. intervals at the sparge well. Verify the breakthrough pressure, the equilibrium pressure, and 
optimum flow rate. 

B.Beginning with the equilibrium pressure, run a continuous 48 hour biosparging test. Monitor and record 
the following parameters on the average of every 2 hours. 

compressor pressure 
well head pressure, temperature, and flow rate at sparge well 
well head pressure at PMPs 
dissolved oxygen in groundwater at GMPs using HACH test kits 
water levels at GMPs 
GA-90 gas analyzer and FID readings at PMPs 

C. At the end of48 hours, increase the compressor pressure at a rate of 2 psi. every 2 min. until air flow rate 
at the well head is twice the initial air flow rate. Record the compressor pressure, wellhead pressure, well 
head flow rate, and temperature. 

D. Continue the biosparging test for another 24 hours at the new air flow rates. Monitor and record all the 
parameters mentioned in step B. 
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3.'1 Step-Test' The purpose of the step~testwas'to verify,the minimumbreakthroug!t pressure (Pmin) required 
. toforee the ait,into the iaqujfer matrix. PminwaS initiallycalculateci by,multiplyingahe total. column of water in 
" feet by; 0.43 psi ,per Toot. :~This'calculation :yield&lan: 'estimatedvalue;;of ,; 19.56 psiand:adding:15; pereent. for the 
'ptessure'iossesresultedina theore'tical Pniiri Of 22.5 psi. 

," .. \.-"', -: 

'; An'1iUtialcompressor:pressure was:c}losenatOO%of the calculated Pmin (i:e. 16: psi)".', Compressorpresstlre was 
gtildually increased in steps ,of 2,psi. ;every 2Inin.' from the initial pressure of16psi;to a final pressure of 30 psi. 
During· each step the' system was allowed, to lreach. eqUilibrium atthe well head before the recording 'was Iilade. 

! f ; '.~ 

The >following parameters were, monitored, forandrecorded,duringeach step of the pressure change: " 

Compressor pressure 
weU-head~pressuieat the sparge well' , 
..yell",head. flow rate 'at;the sparge well 
.well-head' temperatureaLthe' sparge well: .. : 

Table H -3~lpresentsthe system results : for 'the step-test.· , ·,The pilot study ; step-test indicated, that the· j:nitial 
breakthrough pressure at the sparge weW was between 18aIid ·21.psii .'" , ],' 

3 ... 2:·' ,72+Hour BiospamingTest The primary objectiveoHhis,phase'ofthetestwas rOooserve changes in: DO, 
water level elevations at each oHheGMPs) :and changes in pressure'·at each. ofthe'PMPsducing the 72~hour period. 
Based on the step-test an air injection pressure of 20 psi was chosen to obtain an air flow rate of 9 acfm. During 
tht},firstI'48hours.of thebiospargetestJ" these initialinjectiOIi p,l'essPtesiand I!Jt:flowfat~$'.were:.Lls~.\Dunng the 
lastt24 'h(;nirs of the test; the injection pressure was'incre:ased) to ;60 psi with an' air :flow :rate' o~ ,14acfm.: The initial 

,.opeirating pressure and'mr flow rafe:,Gonditioris·.wereriiodified after'A8'hoursbf;the'oiosp~rging, test:;in,'orderto 
. evalUate theeffeet onthe.radiusofjinfluence; ;' , ',' ',j ,,:': : 

'-r -. " ( f . ;, ., 

3.2.1 Physical Observations As the test progressed, several visual observations regarding the behavior of the 
. water at the aMP .wells was reaorded.,'Tabl:eH,;;;3,.2 sutrimarizesthecnrot'tology'ofHhe obsetwations at vatiouswells. 
The, ,phy:sicalobservations, were. pnoritizedrbase(ic. 'b'nindiCiltions' Of'high'or ,]ow:' influence ,()n:th~'iaquifer. 
Observations,indiciating: high influence include: ' 'l)"the sprihgirigup}of waie'ffromcthetop'.of the momtord.ng:well, 

:andi,2)' j theoubBlmg .ofi .wate'r ,around> thesurfacecasi'Itgbf· the 'm8tiiibring iw~lls. ';,@bservations"inditratingdow 
. influence inolude:,.,.l),frothing of water in the lponitoring"well, 2) bubbling of;wAter inthemorlitoringwell, and 
3). ,acoustical, :observations in; the wellmonitorjng.' FigureR ~'3~;lpreselJ.ts'the'piot6rlal; 'representation::of' vard.ous 

,.eventsobservoo;" ' , ·.',Ci" .'" j'"", ;,c' 

3.2.2 Water Levels Depth to water measurements were recorded throughout the test at each of the GMP points. 
Table H-3-3 summarizes the water level measurements for each monitoring point over time. Figures H-3-2A 
through 3-2D present plots of water level measurements versus elapsed time from the sparge point at 7, 15, 25, 
and 40 feet from the sparge point. Significant changes in depth to water were observed to occur within 7 to 25 feet 
from the sparge point. Less than 0.5 feet water level changes were observed to occur between 25 to 40 feet from 
the sparge point. Note that water levels were difficult to obtain from GMP-2, GMP-3, GMP-5, and GMP~6 due 
to either violent frothing or water springing conditions. GMP-2 and GMP-6 began springing water after 4 hours 
ofsparging. GMP-5 was initially dry and began frothing after 14 hours of sparging. GMP-3 began frothing after 
57 hours of sparging. Mounding began within the first 10 hours of sparging and stabilized after 24 hours. Based 
on water level observations, it appears that the influence has extended to an area between 25 to 35 feet from the 
sparge well. 
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3.2.3 Pressure Data Pressure tpeasureitij;m~'were;r~ordecka:ttbeJ»MPs throughout the test. Table H-3-4 
summarizes the pressure measurements for each monitoring point over time. Figures H-3-3A through 3-3L present 

~ plots of pressureversu~ elIlPse(\:, time fDr variDUS PMPs. Significant pressure chang~sw,ereDbserVedup' to. 15:J~t 
:from the sparge well ,at PMp':-l"RMPT2, pMIMr, ,PMP,5,'and PMP,6.Pressure .changesbetween 0,.1 inch 10 linch 
. Df water was observed ,up to 4Q feet:from;the$pargewellaLPMR-~'FPMP-7i PMP-S, .and PM,P-;p. Maximum 
pressure, readings were sustained thrDUghOUt the test at PMP.,;I,andi PMPT2. Maximum .press'Uresrecordeclat,PMP-
1, PMP-2, PMP-6, ~d PMP-9 are 138 in., 346 in., .304 in., and 207 in. respectively. The pressure readings Df 
the entrapped air expressed as inches'Dfwatet at· each . of.these obServatiDnopoints correspQnd to,. the tDtal heightDf 
w~tet cDlumnabove. the screen; intervals.Thi~' s'Ugges.ts, observed fDl1lU\tion ofait':channels' up to a dista1lc.e .0£25 
ft.:,and jpressure ,influence. tDi a ,total :distance of:4O feet frDin the 'sparge PDint. .' Even thoug!t pressure influence was 
Dbserved at PMPs as far as 40 feet frDm the sparge well, variability Df pressure with respect to. depth suggests 
fDrmatiDn Dfpfeferential pa.thways.Hencethel average radius Df influence based on pressure; data is 35 feet;.· , 

3.2.4 DissDlved Oxygen Data DO was mDnitDred thrDughDUt the test atalbtheGMPs.Table H-3-5 summarizes 
the DO measurements fDr each mDnitoring PDint Dver time. Figures H~3~4A thrDugh 3::4D present plDtS of DO 
versus elapsed time at VariDUS distances frDm the sparge well. 'iPO,increases.were6bserved:up to. 40 feet distance 
frDm the sparge well at variDUS depths. Sustained influence was Dbsel!Ved:at'Gtv1P~1;(GMP~2, GMP-3, GMP-5, 
and GMP-S, hDwever, DO influence was cyclical at GMP-4, and GMP-9. Note that after Dnly a few hours Df 
sparging, it was not, possiblet9,measure DOffDm sDmeDHhe .GMRs,due to. frDthing; springing; Dr dry .cDnditieils. 
It is aSsumed that all of these wells were influenced.because the :intermittent r~dings and thefinal<reapingsDfDO 
were significantly higher than the baseline readings. DO increases were observed at several depths (10, 25, and 
'35ft bIs.at:?· ft; 10,.20; 30d't,bls. at.1S;ft;:l!D-d:17; 15,25 ft .. ~ls.'"at;,25 ,ft frDIi:f tbesmtrge 'WeU) \V1tbJn 15 hOurs 
,0f,spll1'ging:"The r~dius Df-influebce basedlDnDOobservations is ,between 25,ftand4O ft. ' ... 

3.2. S, \: FID;and,' G A~9<LGasAnaIyzer ]'Readings; Spargingofairint<)l tpelaqlJife~>, matrix1 resultsjh ;strippingDf 
'}vDla:tiltfbrgamcl'CDmpDunds frDin'the IIDil and.water'particles. 1; PMB welhscryens 'ar¢: lDcaled'at, various depthsibelow 

the, lande surface.,,' :ranging,ftDini 7IJeet;tD:401cfeet.; AlLthe,PMP wells;were: sealed with a: quick cDnnect" in; order .to. 
sample the entrapped sparge air. The GA-90 gas analyzer was used"tD.measu.rep,ercent.oz,.COz,and'CH'lcihthe (' ..... 
entrapped air. The FID was used to' measure TVOA cDncentration in the entrapped air. ' 

~ -. i 

Table· H~3".6 summarizes,the:FJD 'aq~:GA.,90data 'f(',,:c'each lmDmtDring,'P6int'Dverltimeti '.Figure 'H~3~5 . presents , the 
percYiltageIDf,Ozj.CO:tfiand,GH4teaditigs ateachef.the.PMPstthroughotiUhea~-hour biospargingtest.,FigureH~3-

. .6 presents the concent,atiDns, iDLTVDA" aL;each~Dftbe··PMPs Jversus,t;imedL Su~tain,~elevatiDns in '!NOC 
,concentrations were, obs.ei'Ved,at!PMP-S~,J?Ml?:6; and: PMP-;l1 at. sparge flDWlrate Df.9.a.cfm. ;' TV0CcencentratiDns 
'were obseri'editDyincrease at PMR., l;,h-after the 4~;hDuF;sparging, andincreasebf the. sparge; flDwrate;' Thus'~this 
data indicates that'po,~entiahfor: stripping~increa:ses iwhe:o,tlle spargeflDw ;rates;' wereincrea:sed frem',9 .. acfm)tD 12 
acfm. AlSo., the design sparge flDW rate ShDUld be maintained belDw 9 acfm in Drder to. reduce the·potent:ial fDr 
stripping Df TVOCs frDm the aquifer matrix. 

7 
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1. 

2. 

3. 

4. 

5. 

4.0 SUMMARY AND CONCLUSIONS 

The breakthrough pressure (pressure at which water column will be displaced and air begins to get injected 
into the aquifer) is observed as between 18 psig and 20 psig. 

The biosparging pressure remained constant in spite of an increase in the influent air pressure. However, 
a corresponding increase in the air flow rate was observed at the sparge well. When the compressor air 
pressure was doubled from 30 psig to 60 psig, the air flow rate increased from 9 acfm to 12 acfm at the 
sparge well. 

The equilibrium pressure and the optimum air flow rate (air flow rate at which the channelization is 
minimal and pressure can be maintained over a long period of observation) is 19 psig and < 9 acfm, 
respectively. 

The radius of influence of the sparge well based on the influence on the dissolved oxygen, pressure field 
around the sparging well, dissolved concentrations of BTEX in groundwater, and water level fluctuations 
is observed as 25 to 35 feet. 

The degradation rates of groundwater contaminants based on the observed decrease in the concentrations 
and the rate of supply of oxygen were not evaluated at this time. 

- .. '; . 
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;, Table H -1-1 Initial Screening of Biosp~ging 
I~--~----~~~~~--~--~--------~--~--~~~~--------~~~~~~ .. ~I 

Factor ,. Description Situation at NFF _, ~, ' , 

" 

.• ,c 

Free Product Biosparging dan create'groundwatel'<c ,Free productis'ic!.entiijlXiwjtQin, the. .' 
Dloundingw1pchcouldciuise"freerproductto :.' , mbund area. Free product is not . 

, in.igrate and contanllnation,to spreadh:; i~entified on the east-side of the mound: 
;1r-~ ________ -r_··_'_:~ __ ~ ____ ~ ____________ -+·_·ar~,ea_· ____________________ ~:~1 

.. ,' Basements; "Pot~ntiallyw;ngerousconstituent ~ithinthe mound areatherearesever~l 

.,. sewers, or other coneentraii'orls could accutriulate,in basements', sttuctural features and utili~Jin~s.,; 
L subsurface and other su9surfaceconfined·spaces. . ,Further evaluation is necessary during, 
;. confiIl~ spaces ',' implementation. Area east of the :' 

.. m6uifdiseither Unpaved or Wooded .. 

'; Aquifer System 

, . , . 

If ~rqH~~wa~er is p~e~e~~ iD,;a ;CQH~~ 
, 'aquifer' systein,aiuparged into the aquifer 

would be;trapped by saturated conftning. ; 

Th~r~ are no subsurface confined 
,sI?aces. 

. Groundwater at'NFFi~ surfici~aqi,.tfe,; 
system ,and is unconfined';" .' ';. \; 

la:yer and 66uld'nbfescape t6 tifisa'turated ... , 
zone. 
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Tablel;i-1-2 Key Paramet~rs Used to EV,al1Jate th~ Suitability of Biosparging 

Site Characteristics 

Soil structure' and, stratification 

TemperatUre 

pH 

Microbial population density 
; .~ J .:, ; ,-' ~ '~" '~"" ,". ' ,. -':, ':rJ-, 

Nutrien('c()ncentrations 

Dissolved iron concentration 

,Effective Range 

"affects the applied pressure, 
,'re~ultingJlowrate;~ efficiency of " 

oxygen distribution. Siltysands 
'to'sands. 

, ·.b~tween' l09,Cand40? C 
::o.ti,crobial activity,doubles every 
. ,100 C rise in temperature. 

6 ,to 8 

FE2+ < 10 tng/L 

10 

NFF Site 

,lot» k,> 10-10 

Eine sands to silty sands., . 
D60 ~,O, 19 nun 
D30 =;:, Q.14 thm 
DIO = 0.09 nun 
C~ > 2 

5.5 to 7 

rlillmbWil ' 

,<·5 mgfl 

--~---------

, i 

" 

, 

'. ;; 

,I, 
!l 

,,' 

( 
\" 
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Table H -2.;;;1:, . MonitonngWelliConsttuction Detail 

"WellId. .1 ·Di$tap.c,efr()m;~p~~e-'·W~l\, ":;::r 
.. ' . ",.ft·,··· . - 'i';"" 

"S~reen,Intervw:J~ BLS) 
• / '-f ... ~, .... _ 

. 
'.': . 43-45 

, .. 
d;M'P-r &PMP-1 ' 7 

, '. ,,:,:. 
... .;". 22-25 

32-35 
, ,", : 

.:" . 7-10 
" 

(i:MP~5,& PMP-5 
....... :'~ 15'''' '; . 

................... 17-20 
. ...... ',:" 
'.' .... 

GMP-6 & PM:P.~6 . i5 , 27-30 

4-7 
.:' ... 

G:MP-8" ,*,.PMI>:-~ ,.: ... . 25 12-15 
, f 

:' .• ~ ';.25 22-25 
.. , , 

" . 
:'.'40. 2-5 

. <,', ~ -' - "-. ,-" , 

GMP-ll & PMP-ll .. i,;40 t -~ 12-15 

"., 

Cr.' '"r':.~.'" - "".j 
~ 11 

,; 

bl-l) 



Table H-3-1 

Results ,for Step"Test .' 

I Date nine cqmpres. WeH hd'. ' Temp:.1 Rotometer 
. " .. Pressure. I?ressGre FlowRat~ . 

psig psig .. degree F acfm scfm 
'9/23/96 20:35 16 , .. -" 15 ., 7fJ '0 0 

. 
20;5J JJ, . 17 75 0 

'. a 
20:53 2.0 .19.5 75 ,0 .0 
20:55 ··22 -19.5 -. " 75·· 0 

.. 
··0 .. 

20:56 24 20 7.8 0 '::', . '~Q '. 

20:57 26 "20 
' ,~. "nr . ,,~, - .-,'". 

0 "'" O' 
.·20;58 ! 28 ': 21. ... 78 4.5 ., .,1. 
20:59 30 21 7,9 5 8 
21:14 "', 30 ." '21 '79 5.5 9 
21:24 30 20 7,9 ,5:'8:·· ,,9 

., 

21:27 25 19 78 4 -,-, S 
2·1:34 25 t8 78 " 4 

}', 

6 . ~ ".. , ... -",., 

21:37 20 ," 18 7~5 .·2, ~, .) ;" ."'" " 
" 21:40'" 20 17 

.. 
'7:5 1:8 ... ,.,~ 3 ; 

" ,. : 

.:1J;U~. 't~~l .. ,21:5Q 20 
./'~ IS 3 

22:01 i 20 J6.5 7,5 t ..... .1 '';', 

.. 22:35 18 "16;5 75 ~'" .0.5 1 
22:45 16 16.5 75 ' . 'D', 0, 

'22:55 ',' 15 "'13 .... ;,; ... "':"75 "0 "0 .' ( 
9/26/96 9:15 32 18 80 9.3 14 

9:25 36 18 80 9.4 14 
9:30 38 18 80 10.4 15 
9:32 40 18.2 80 10.75 16 
9:34 42 18.3 80 11.1 17 
9:36 44 18.4 80 11.8 18 
9:37 46 18.5 80 12.1 18 
9:38 48 19 80 12.8 19 
9:40 52 19 80 13.2 20 
9:41 54 20 80 13.7 21 
9:42 56 20 80 13.8 21 
9:43 58 20 80 14.2 22 
9:45 60 20 80 14.8 23 

10:49 59 19 80 14.8 22 

C) 
1/22/97 Sheet: P VS. Q File: BIOS1.XLS 
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Table H-3-2 

f ~,r :.~ < ~ 

Physical Observatipns at Vari()us Monitoring Points 

;~ 
'0 1 

'-

Initial Time Elapsed GMP-3 GMP-6 GMP-11 
time 35 ft. bls. 30 ft. bls. 15 ft. bls. 
hrs. 

9/23/96 21 :11 ~gfltyTurbld Dry togfltyTurbld Turbid Dry 

9/24/96 9:301 0:00 PMP·2 bubblWog 
9/24/96 9.:501 0:20 Sea~ 'broken/add pelets Water Flow/closed 

9/2419610:501 1 :20 Water Flow/closed 

9/25/9~F(h151, ~.14:45:lbUbb~!~;. ";f.C:AP;open;dJ~le'd;; ·1· tf ',: blb"6&ng .-

h 9/25!~6.0:15J .14:451 Iclonotr ~charge Turbid 

.,-.. 9/26/g:6A:45I.~~'4S:'1·5r.:·3.! ·lclOsOd",. '.cd ,ii ;\clop.ned···' ": I'; '- " 'I " ,;, .'.1 ":-;1;', 
9!26/96.1.t:201 ;':;49';5.0J;,J '_"c;~o;J~~r;"o~Rft;;::;{"L; ~?I >·1 ----.J~ , r., ' ;''1\' 
9/26/951-2,;'1.7·1· ,:':50:47:1 '1'" <;.'~\hin~_ :~~" :I~~~u~ld . '~.;' ~~ter lIow/dpnd ";1.;,1; 

SI'f.6/9fi 22:{)0'I":::,6~;~61" ,:C" -.?: 'l"!, - ,.,. *I~('d <i]' 
-

~ (. .. \ "L:f 
'9127196;():30+ -,::6~@f.~--::-::~E'=-!':-*ld~~ '" -,:':',:.". 1" !" ':':::1 .,.\, ... lclosejL'::'". , .,}L ,,;' "I'p' . : .:": ';:'"~. s ~: . 

,. 

{"; 

. .. ~.,: .... ~: 

1/22197 Sheet: V&A File: BIOS1.xLS 
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WL@GMPs 

Table H-3-3. Water Level measurements at various GMPs 

Initial Time Elapsed GMP-1 GMP~2 IGMfI-3 IGMP-4 IGMP-5 IGMP-6 lGMP-7 lGMP-8 IGMP-9-1GMP-1Q IGMP-11 

Itime pO. ft. bls 125 ft. bls 135 ft. bls. 110. ft. bls. ~ ft. bls po. ft. bls. 17 ft. bls. 
hrs. 

15 ft. bls. 125 ft. bls. 15ft. bls. 15 ft. bls. 

TOCAlS 9/24/95 10.:0.0. 3.21 2.46 2.88 3.48 3.02 2.92 
9/19/96 16:0.0. 0.:0.0. 3.0.3 3.Q7 3.18 2.70. 3.35 4.0.2 

9/24/96 9/24/96 10.:0.0. 0:30. 3.10 3.54 3.64. 3.20 3.43 3.81 
9/24196 14:15 4:45 1.761AW 2.40. 2.Q9 -1.66 AW 
9/24/96.18:501 9:201 2.24 lAW 3.521 2.46 -0..47 AW 
9/24/9622:10.1 12:401 3.68 lAW 3.741 2.541RC AW 

9/251960:451 15:151 2.68 lAW 4.221 2.70. 2.13 AW 
9/25/96 4:171 18:471 2.50. lAW 3.651 6.32 5.98 AW 
9/251967:251 21 :551 2.33 lAW 3.731 2.55 0.09 AW 
9/25/96 9:001 23:30.1 2.47 lAW 3.811 2.671FR AW 

SUSPECT 9/25/9611:50.1 26:201 2.66 lAW 4.0.71 2.811DR AW 
9/25/9617:451 32:151 2.72 lAW 3.871 2.90. 0.90. AW 
9/25/9622:251 36:551 2.73 lAW 3.811 2.96 1.50. AW 

9/26196 2:0.0. I 40:30 I 2.81 lAW 3.821 3.00 1.56 AW 
9126196 9:20. I 47:50. I 2.87 lAW 3.871 3.041 FR 3.79 
9/261969:40.1 48:101 2.39 lAW 0..551 2.791FR 2.03 

9/26/9610.:30.1 49:00.1 1.781AW 0..121 2.331FR -0.:76 
9/2619612:171 50.:471 3.041AW IFR 3.211FR 2.88 
912619614:171 52:471 2.96IAWIFR 3.141FR 5.47 
9/26196.;16:331' 55:Q3+-2.93IAW· -WR .. ·,·1· .-3.14IFR_L ....... 5.3.6 

'-:" ::lo:~"··9/2a1S:618:H'I··56i411"0-.2.81IAW. ... 'll:R,... I 3.0SJFR ., .... J;'::::~.26 
...... J-::.:,;·9/26/-96'22:.ool·6o.:301_ 2.lQ.IAW ., .. lAW .. :: ..... 1 .2.53IFR J -2.0.3 

,:.:::::: .. .9127l9S;Q:.3QI63:QQI ...... 2.26 .. I~w . JAW .. :.. 2.6t'IFR·· .' AW'" ""/' 

.9/2:7:/96'2:00].. .64:301 ~.2..24IAw· ... lAW ; 2.571FR AW 
9127.1a~t3:p~L. 6~i35L 2.25 lAW lAW . 2.571FR AW'· 

.9/:2f~p;4:2.11 66:571 3.38 lAW lAW 2.661FR AW 
9127/966:361--' 69i061' - --Z.37IAW'AW 2.63IF'R- o .. AW 

".:. 1
0

• <. -I .. ' I .:0'" ... "-.'.;'" 

:.'INote: FR = frothil19; DR'= Dry, AW= springing water, RC;" wEill rim capped 

.. 

@"(" 
····.·.fv 

1~1 
, .. 

0..96 3.31 2.67 3.35 3.00 
2.75 2.80 3.31 3.34 3.37 
3.12 3.21 3.71 3.a1 3.75 
2.27 1.36 2.18 3.36 2.87 
2.49 1.86 3.59 3.39 3.0.8 
2.48 1.80. 3.72 3.38 3.12 
2.75 2.56 4.89 3.69 3.49 
2.54 3.23 4.0.0. 3;50. 3.33 
2.56 2.20. 3.85 3.49 3:25 
2.63 2.41 4.17 3.72 3.33 
2.76 2.80 4.30. 3.73 3.52 
2.90. 2.98 4.34 3.75 3.68 
2.91 2.90. 3.84 3.72 3.65 
2.96 2.97 4.0.5 4.0.1 3.67 
3.0.3 3.0.9 3.94 4.0.4 3.73 
2.96 2.87 3.19 3.30. 4.34' 
2.71 2.27 1.97 3.80. 3.36 
3.00. 3.0.0. 4.49 4.13 3.69 
3.03 3.0.9 4.92 3.83 3.77 

..• 3 . .06 ,._,,-, .3 • .:1.4 . 4.90. 4.16 3:87 
3.0.1 3.11 4.75 3.93 3.80 
2.61 2.0.6 .. 2.68 
2.66 2.18 3.43 

,3.58 
i 4.0.9 

3.231 
3.29 

2.62 2.14 3.28 3:56' "'3.23" 
2.61 2.14 . "3.40' ., 3.48"" '3:20.·' 

. 2.66 . "3.22 3:67" '4:0.2 '-'3:27+"' 
'2::62 .. . 2:23 '""3".63 .. " :.:3:47' .- 3.24 

, I 

" ·1··· 

~~..;'~~ 

~ 
( \ 
I .' 
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P@PMPs 

Table H-3-4. Pressure Measurement at various PMPs 

Initial Time Elapsed IPMP-1 PMP-2 IPMP-3 PMP-4 PMP-5 PMP-6 PMP-7 PMP-8 PMP-9 PMP-10 IPMP-11 
Itime 10 ft. bls 25 ft. bls 135 ft. bls. 110ft. bls. 20 ft. bls 130 ft. bls. 17 ft. bls. 15 ft. bls. 125 ft. bls. 15 ft. bls. 15 ft.bls. 
hrs. 

0:00 JOI 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.00 0.0 0.00 0.00 0.00 0.00 
0:30 138.50 221.60 0.00 1.25 1.50 0.08 501 221.601 23.001 0.001 1.251 1.501 0.081 0.501 0.801 0.001 1.00 
3:00 110.80 304.70 ~Ol 304.701 28.001 0.251 0.251 8.001 0.251 0.02.1 0.001 0.051 0.10 0.25 0.25 8.00 0.25 
3:30 110.80 304.70 0.10 0.10 20.00 0.10 sot 304.701 30.001 0.101 0.101 20.001 0.101 0.101 0.021 0.051 0.15 
5:24 110.! 0.00 0.00 110.80 0.50 sal 332.401 27.701 0.001 0.001 110.801 0.501 0.501 45.001 0.051 0.15 

110.80 0.03 
9/24/96 20:251 11 :251 96.951 326.86 I 13.85 I 0.00 1 0.00 1 0.00 0.00 
9/24/9623:051 14:051 96.951 318.551 8.101 0.001 0.041 0.001 0.001 0.001 110,801 0;001 0.00 
9/25/960:441 15:441 83.101 304.701 12.001 0.601 1.201 1.401 0.001 0:601 55AOI 0.001 0.00: 
9/25/961:021 16:021 60.001NR 2.801 0.301 O.SOI 0.301 0.051 0.301NR 0.001 0.25 
9/25/963:511 18:511 110.801 318.551 3.701 0.051 0.101 0.001 0.001 0.001 52.001 0.001. 0.00 
9/25/966:151 21:151 110.801 318.551 4.301 0.001 0.051 0.051 0;001 0.001 50,001 0.001 0.00 

t ··..g1~5196·8,1'O· -,23:Hl·-,.·.···96 .. 95,·"M.3,1:L63 .'" '03.00 .. ,-..,0.0.0 . 0:00 ... _ .... .0.02 .aAJ.!:!. ,0.00 42.00 0.00 0.00 
,".: '" ." ~ ·····,9/25/9Ek:1:1·:5Q:;:·~:i26:50'-.-:·-96 .. 95. ···304,70, ..... ·3.00" 0,00 ... , ·,,0.00 , .. " ... ,,1-0.8.Q ~,0.Q5_.,. IO.Oa 28_00 '0.00 '0.50 

;~} . ; . ;. "9125196-15:2t .... 30:27 ";"''83.10:",,·.3G4.70.,. ," .",6.00, . ,.,~O.to, .... ,L·:;0.50 . ~.: fO.tO "".,;,.O .. Q§,.} 5'" 0.a5. • . 5.00' :0.04 .0.08 

;">,':::~,., .... 9/~5f96: 17;,55: .. " ;3~:55::;."/,83.10, :."~;:.3(:)407-O'-., •• ;6.00, ".d,O.tO ~;:;;'i.0.24 ,.,;,:;O"OEt ",;~0.02: ";. 0.05 .• , '0;15 ,,:0.02 ,,·0.04 
:'~ " 9125/9622.30 ,37.3(:). .83.1·0 ·,304.70 ..... , •. ,4.50_.,0.Ot .n,"', ,,0.00, .-..",.,.,0,.00.,.0 .. 00, ." 0,01 0.12 . ,0.00 0.01 

. 9/26196:,0:48 .' :39,48< ,83A·0·.332..40 ...6.10 .·,.,;::4.0.03 .. ,;)SJO.09'~;; 0.00. '.' 0.00:;. 0.06 :. 0.15 - 0.06 0.06 
,.::;;: .:9/26/96:2:°0;," •. ~1:00::~::::;96.95 . '" 304.70, ".,2.00 " .. ' :'7o.02---,Fo.02 .,' '"." " :,,0,:05, ,." OJ)O. , ".; .. ~;_0.J,l2 :2,. 0.15;.; 0.00 ". 0.04 .. , 

,",,; .... 9/26/9&'6.08· ~:'A5,08,: .. ,·83,,10·, ".' ,.304070· ,.,.5.,80, .. ",.0.03,.,::" .. ,0 .. 02 .,,::.::'O~PO .. ,,' . .: . .0.,00 .. ' '.:.iO.()O : 0.10 '" , 0.00 0.07 
:,:c:·"··9126/~6~8:l5' ·>;'.';,.4h1'$', .. 83,10" 304.7 ," 'L: ... ,2 ... ,., }iO.OO: ,.,L"·· •. ,O .,;'.~-.; 0,.0.0; .', 0.Q!l ,'.1 t .0...00 ,0.05 ! 0.00, 0.00 

1.<:--:· "912S(969!}5/: t48:15rt}:83.101,,-~,::·304.7IAI, .':'.1:0.051 •. ::; _, ;OJ..~'Lo.oIJ, .,- 'J).oH I. O.O"? I 0,151 0.00 I 0.05 
+9/267:!!6.!1i~:~48l~,,~-'a3,,1.0'332.4, ... 30 ... '0;92, ., 9"2. " .0.,4,0 ia.04 '. 0:50 ,,: 1.00 :::'0.00 :,0.45 

':<9126:/9(f]e':3S '; ·49:38':: :1~·.O.80 ".346,25.. .99.25 .':;:-0.00. , .. 15 .... , a ._0.09. '" 0.20 : 0.00 .•.. 0.05' 0.25 
...:: "-97e6fll6~);t:OO::'.:"50~00."·::%:95 ... '~360 . .1 ...... 1.38.5. (~ . .o_OO. ., :. '4 .. ~ .. !, ....... O, ........ ,0 . .0'1 0.00;: 0.00 0.03 0.05 
• 2:dj:t'~" 9/Q6/96'H:35 ~ :50:35, :·,~;,96-.95 .,,.~04.1 .1.38_5 .. _~. :,.,.0.00 ·~>._ .... O...LL ... ,.0 ... ,.",;.o,O!l • 0.00 0.00 Y.· 0.03 0.00 

'.. 5"':E~ :.:~:::=":~::~::::~.~'~~' :::T';~~~~: ::: ... -.:;:;~ .. ~;:,:.~~~~==~;;t;. :::~:~rg~~g ~.::.~~L,:.g . :':":Ji.Q~: '= .. ~~~~_ .• "/"~~" g:~g .~: g:: ; .. ; g:~~:. g:~g . 
9/26196.16.35·:,.55.35.· :,,83,.~,0.··,._2177.00 .• __ ,...,1.3.85..... :,.0.06;_.::. ... ;,,;.0 .. 10, .0.P.5. ,. __ .. 0,0'1 .. ,', .. 0.17 ,0.20 c·.j 0.03 " 0.10 

...... 9/26(96'1'8).04:·-:;:;·;,5?:04~,z<·a3 .. 1 .. J:".304.Z ... ;;';".22.. '-::;:.,0 . . :::"::.L,,, , 4 .... ,'.·: .. 0.P2 .,: a o. 0.14':< a ;",: a 
. 9/26f96·22:PO· ::. ,'; . 6~';00',',ll6.95.. ,:: . .332.4 ..... "';:J~.3 .. 1_ ..•. ':::. .0. ..:1,.2 .. .5.9 a 0.1' 20 ,)i O· (, a . 

. •. ' .... 9f2IfS:6:0~30 :"':, •. 63;30 'I,: l10,8 .. _. 332.4... ~.55.4 , .. O.."!;),, .221 .. !L _, a '. i.: ,_ O. 'Z 96.95 0,02;: <: 0.01 
a 

; 0.14 
~~ Q1 

9/27/966:211:'69:21 I ;,83J1'1'2:S0,8SJ. 1 .'181 " j)IO.381~07:751 -; 0.041 01 207.751 01 0:14 

'---. !;;",':: ~I .,:.-j:;~~::I.. '.: .J::;§;~' 1" '.: ... ,::!' . ;::,,;.I; .... ~ h.? .:'I~, 
,:- ~, •. d. . 
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Table H-3-5. Dissolved Oxygen Measurements at varios GMPs 

Initial Time~,.Finalrime. . ,1.Elapsed ..... ,J~Me:t_JQMe-2_ .. J~MP-3 .. JGMp4 !GMP-S I.GMP-6 GMP-11 

~ 
U&) 

1S ft. bls. 

1 1'" 1 I· 4 o .,'-. 0-]0:.' S;' ,.:2: 
~--- >""~~.~ -- - -,::,'; ... ( -, .~:, 

--~~~~~--~~~--'~~~~:~~~~~~~~~~~~I~~~~I~~~~~~~-+'~'-~"'~-~·-~·-I.---

9/23/962H·tl '. ··:'::S7·2?,3/9~23:1SI··'·c' !0:00·V'·,·'!01,.,·.3:1:,,:1'·"'·':',·. __ 6.1· .. :::~~; ... 3.1" ._.:L~ •. 1:.0: 
9/24196. 9:30 I·; 1""" ','''.%0:00 Ir.'\~:·;· ··l' ··1. ..:: ' I.<~ : . 

9124/96 u:121··· ,,·,::·:9t:2~/96'012:33Ic"::'":-':2:22·li .-'-. 41,,' .. 1 .•... "'..' .. 31-___ :·.;L61 - ,o;c, .3J,J.:, 41 2.21 ,j SI,. 
9/24/961S;SOI '. :,:'::9124/96.,~'6:Sol:";6;50l·;·'·:.:;:·;···· .91.'::':~. k':J_S~_.1 .1.61.. I~: .• 1.81; 41 
9/24/961~:sol' : :9f24/~6'1S:471 ·"',,9:48,W'C'i' . ,.,3"I<:.'~ 61. . .._.1..,_ ,121,' . 41 31 
9/24/96 22: 1SI-- .~: '912S19a'·0:301< '-13:52,1' .. :.> 5:s·I'L:'j,. ·.ttl",. ____ :?::;;! _3 .. 8 L. .~:< .... 2;§J.... .': .J2.L' .,' ... L.·'.3 L 41 
9/2S/96~: 1'01",9'1251:96,:3-:30 L':'47,:20,r;::::~::;'i ··:=.tl:.:. C~,:.;. ' ' ... s.IXJ': '.2.6.1.:... . .,.9J l' ,;;';. ____ L ~2': '. ~.~ Ui '.' 4.21.i 
9/251965:00 ·;'3;;.' _._ .... __ ._ ... - ~;'-~;,"\; 

9/2S/96 HHSI--~·::.;9/~S/9Ei:1;b38t':'·25:26:1:"··::::·4·1'·"::. ·,=--~-l'.i ' ... ' .2.41~::::-::'::.A .. 2,1 .~121=- .'. I:· .\, 
9/2S/961;3:2G+':::'-,::::'9/2S/:~6::1i4:101:::'28:~Sr .. ,4·1<' _1;,0;. ~sl:'c±/_,t.2.l' .. , .... ]1. _. J ' I" 
912S1961,6:181 .. ,:::':91~51.9it'1·:7:21r':·'3~.;191~-"'~,- ..... 41:~·l:c::', . .4.1';":'; .. 1.61 .. -= 91 .1" 41; 
9/2S/96 1~:S6·1"" _';'9/72S/9&:"'1;9:42·1" >33;49.1·' ." ·,,_4;I:C~'·· ~I .... ::'.;, ... s.l· L4·1 ..• ; ;;.1 .. 7.r~ I~.:. 4 
9/2S/96 23:251-· .. , :: ~ -91-2lY9!)0:S51·.~~38i40f.'~' ., ,3.1H~..o . ·1· .. ,. 2.4.1.;" ':;,,0.9.1 ... <L .9.1 ! .MJ" 

9/26196 . ..a~1S+~·· ;~. '9t2!)l9r;6:301 '.': i:?: 42.;521~ ".4,21':-=~' _.6.s,I .. ··· .::'·.:1.2.1 '. "·; ... 3.81. .. JO L-',;':: .. :t.2.1 ., .. <1. ... 31' 
9/26196.j'7:16+::· 9/26196':8:1SI . <46,451:;-· . -s.l'·:::·~' ...... . ··I·:"'·.?'!.:·: ___ ··S·I.>~· ·~ . .2AI·· ·8.SJ.; i',.··;. L4J.L ..•. 2..4 I :: .. 

9/26196 1'O:SS+ :.11/26196'1)2:121. "50,031' ;"-.; ..... 6l·: . ..61- ': ... ,:;:J .... 31~i:';·. . 8.1: '.'\ '" 6,t:· .. 2.81 

9/261961\4:581' • .. ::::'9l1al§6~'HHj4L:· S4:01t. --4:r··;·--· .. I,~:···' .. 6.I" ":".~ ... ,2.61:~ .~.61:.~,'.: sJ;.;-: ... 2,.4.,-" 
9/261962:$:oa+··~·:.; ::~/27/9!ftO:osl ~:"6-~()2Pf::''.' ;. :61:; .':' -· .. ·I,~ : ..:,:!.. ~,_0.6.1'~ ':; .. 6 .. 5.1.i 5.1 31 . 

9/27/96 p:3alr .. ':,:;;;?~/2:Z196!4J st· > ." 66e2.2F··; .. 6,5:1,;,·· :.:'-=1'.:':" .~ j.2.r~:..~·:: ..... U;::-:;; . .J .. :L':: .. :\ .... 2.61" .' 
9/27/96;8:111-:":.';' :9/27'/9!)~:431 . .- Jo?s7.1::·>':-:--5I·~'· .. 1 1.'·:.;,i ... L6J·;·;:';·"sJ'::. :~".l..... 1,.:~_3.AL, 

. "." .'-:::" ,'e'~ ..:1"" :. ... ··Ie' .. .. I:.::,,:., .. ~:~---"c=.l~' :;.,..~=.,h:' :.;.: L I' .. .::., L 

"-"., -<. ~ "'-,.~"',~~~". , 

"c. 

",i 

< ~. 

- '-:~ 

!~.1 

~
,,:,:.;: 

7 ':'.; 
7 .:.- '., .... 
61, J' 

7.S 
8 1 

8 
6" 
SI .. ·<' 
SI 
61:.·' 
SI 

61 " 0.81 . 0.8 
81 2.41 ,: 0.8 
SI 61 2.8 

4.81 6.51 2.4 
61' 61 2 

2.21' SI: i'" 1.2 
6.2;: ;0: 6'- ., 3.2 
3.61' 71' .' 3.4 

71 4 

71 4" 
SI 31 1.4 
SI. 71. ·c· 
61.;··. 71 :: 1.4 
6L,; 71 1.4 
41. 6 0.8 
6.1 2.4,· 
91 7b~' 
41: 7k 0.8 
31· I' 1.2 
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Table H-3.o. FlO and GA-90 Oataat various PMPs 

Initial Time EI~psed IPMP-1 PMP-2 IPMP-3 IPMP:4IPMP-5 Jf'MP~6 IPMP-7' IPMP-8IPMP-9"IPMP-19"lpMP-11, 
time. 110 ft .•. bls 125 ft. bls 135 ft, bls. 110 ft. bls, 120 ft, blsl30 ftbls, 17 ft: 1:lls: 115 ft:bls. 125·ft:· bls: . 15'ft:bls:, ··115,ft. bls; 
:Jh~··'rI"MP-11 I .. r ., . f .. J 'I . L ,.' :/'-

,9/24/96 9124196 9:3010:,0,0], .. ' . ~I J ,I . : I II I' I 
CH4,· 9124/9S'.9:501 :0:201 0.21 0:31' 371 01 On' 2:1:\ 3,9'1' 5-:91, -c 12.7f·'-:::m:2F '0:2' 
CI:'I4··· 9/2419614:241 . .4:54.1 0.1,1 0.1'1 0.610:2/. 1:1 0.71'001/,'0.1"1"21.71'0:11 0:2 
"CH4" , . • 9124/9617':301 8:001 ... 0:1/:. 0:110.319;21 0.61 0.51 O~fl" 0,11 4:41 . 0:21' '-1J.3" 
CH4 9/2"419S:2t:10IS1~:401 OJ! o,t! 0.1'1 0.1:I'p.2:J' ·0.3(.-' '0.11 0.1.1 0.7l0] .... cOL 
CH4 9/25/961':15].._15:45] .. 0.101 0'1 O.t/' .01, .0.4Io;3f 01 - "'aT . "0.41" 01 0.1;10' 
C1:'I4 .9/25/9B4::3(jJ' .,.. 19:00101' 0./0. 1·1 ' 0,10.11 ·J}.2.I' ' .. or 01; ~t21: "- ,ill '1),1 
CH4.·· 9/25/967:00.\ :2'1:3.0.1.. '-::'J!J '01; 0.11 01 0;H~;o.2r~·'~:.(rl-=·' ~~;0:f]f;"·~·~(J.Ir"'01· 
Ct:I4. ',.w 9125/9:69;321 2'4:92".1. ol.oIO.tl ,I)'I' .. 0:.'1;1' . '·O':~r·'ol'··· 'ot-' '0.11 - ."01'01-"-' 
CH4 .... ,9/25/96;12:1'3.\ 26:43'1 .9.1/: •. ;0.110:31 .0.1/- ~0.11- ':'0.31 0.11 ',o:tj; -'0 . .3;]'" :0:;11 ':'0;.2~F 
CH4 9725/9615':471 '.' .30:171 .,.Jl'.2\0:11 0.31.0.21 0.3+ ··~e~4Ta .• 2t -. :621' ·-;-·0.31···· :0-0:11' '0:4]" 
CH4· 9725/9& is:30L.,33:®f o .. 11-~ 0 I 0.21 0:11 ·().1~I'·:0:3r~~-' ;-~01~0_1;1 -'::-'o,:2f~O:1T "-:-'-0;3:1: ., 
CH4 9/26/961':00[ .39:30.r . -. 01-:- ~l - 0.21 - 01 -In;r;112'f~h'.ol'~· ---'0:01-" 'o.'2t, . - 'QI'-o;a 
CH4 .9/26/96 .. 6:451 45:151 01-' ~1 - 9.21 - 01 .·o.r -0.11-" -·,:oy-··-, -·::0'1' ~:zr:~:~~.1F:oA" 
CH4 9126/9619:171 ,4S:471 0.11 o:tl 0.41 0.11 0.31 "';o;2t""o:11=-"0;tl='OQI -:-~:o;f] :Q.4;', 
CH4, 9/261.9614:37.1.. 53:,071,0.110:21 0.41 0.:11 0.510:210.21 .. ·"u:rl"ho."4I· --0:21-",0;5:1" 
CH4, .9l26/9619:001 .57:301 :.'0.11 ,:01 0.11:01 '0.61 '.,'0.1/ o~ll"~-h'o:·tl 0.51 0.:1/' 0.41 

CH4 9126/96.22:25f .. 6.0:55L_ ---: oC - 01' 0.11 ,o.1INR 0.9r-9.1I-;-o;:tfH "0:6'1'0:11 0.4 
.,CH4 -."9f2.7/96.2:05J.64:~5L ot olo.j~ _o1 0.21 .0:21' '0'1 01"0:71'01 .'0.4' 
"'C1'I4 , __ .9/27/9654.:351. .67::05].. o.1Io~1101 ,,'., 01'0;}I'OC11 '.0:11' .. 01 ',.0:31--' '.0.1+ ....... '0;4' 
,CH4 9/27/961:001' 69:30t··:~0.11-;· ok ,;,a.1101 ::0.11 ~o;n-' :-.' .0:11~'o:11:'.·';;o:zr:- ---::0.11'.0'.5 
CH4 .:,;;.:J·9/27/9[Io;;39;[,·,J3:09F 0:11' .,-0.1h. • 0.11·' 0.1l~;'~'oJI.,:.;;::·:';O:21;:,oO.2l'"::i:'a:11. ',::0.2~1':;·::·'.0:31,· ·0.61·" 

l.nitialTime., .. ·:II:I~pSoa'cj:~ JPMP-1 -dPMP-2 ;: .. IPMP-3 • :IPMP-4' ··IPMP:5 .. IPMp:s·;,'·lpMP:F'lpMpis"<;c:1PMpis"·;;;;"i;PMPc1P"lpM~11L"" 
. ":;'.: 'iltirne:l:1rs. 11 O_ft.~ls·~ il25 ft: bls " .135 ft. bIS:'· 111 0 ft. bls::T20 ft. b!s 130ft. ·bls.: '17ft. bls:.·:11Sft.;b~25ft:bls:'-;~lS·ft:l)ls::;.;.115ft:;bJiC J 

'IC02 I·· 9/24196:9:~OJ. 0!201 1:1'1 0:6'1-" Ts1- - . :QlI-,::,oT~'"'' .... :]j r-=-=:; ,0)"' " 'O.2:J"-W .-.: U:f" ':,0;:4' 
:IC02- .. 9/24196"1:~:24r- ... ;. 4:54t . 0.31- 0.21 - 4:2.1 -0,1 _2::?1" -2.S:1 '",Of" "O~!1t -::::C:-.'6:9i1· -;-'0.:91 '. ::0:4:1 

9/2'419.6 11:30 
.:9/24/9621 :10 

'co2-1 -- ,:-s725f96'h1S./.".t5;.45I.-o.3r 011.71 010.910.4101 0.11 3.91 "'1+ ···<\:1:3 
'CO2 'D9/25/964:30·1 ..... :t9.:oo:1 O.~r :01 ::0:41 0'1' ··o;al~o.4.I' ---:0'1" 2'.:21 .-. i7:1 "'o:sl- .. 0;3]1 
e'C02'S/25/96]:oOI21 ~:3pl 0:1101 . 1.0;11 01' 'Irl~r ~e.30r=-,:,OJ····· 0:2il ':-::~2:-:3!}' - 0.9+' ···~:e,3'1," 
C02 .·.1. -'- 9/:25£96,9.:3,ZI ,24:02:1 ,'01 ---:-0 I - ul - 0.1/ -.;0;$1 ':a.3cre- -;--;-01-' -... 0.21'·=:0-:2-:21 . 0~SI0,3 
C021912519.s:·12:1aI26~IQI .01- 01 - 0:11 'c:11 . '0.31" ~:oq- '02] -'251 ,0:8clo;~1 
CO2 .:-\ --:-:.9125196:15:471 ~3Q:l1rm ----01- '~ol 1;41 0.1·1" .~e~~r .,- 0,2\0:211'021' "'f:s:r -, 9:7-1- ",9:"]:, 
,CO2 . L '. ·9/25/~6:.18.:301 .~.3:00T'''----01 01 Lsi oj L91 0~11,q":ol- 0.11 ". <1'19 .. 110.7." 
:C02, d ... 9126196'1:001.. ~9:301· 01 01 .'L91 - :01_" ....1.91:.-:... ~(f11 '.'01 0.:1i l"''O''·6.7/' O~-:-J 

.,C02 .. 9/26/9.6J5.:.451 4~;151 •. -01 -01- 721 -01 . :f;~l "'--0101' o.tl··oAI . 0:9l -1.4 
Ico2 , ... ,9lZ6/96H'0:1:7.14S~471 -or 010.51 .013'1'0;1.10:,1'1 0.11 0:410,91 1.2 
C02. ,6 .9/26/~614:371 ..53:'07\ -01 -01'1:3101 . 11 '01'0:21 "0.11 0.21- 0.91 1.11 
C02 "I .9/26'196J'9:00 157:30 I '0 r 0 I 0 .. 61 ~ :01-":'" ~"1·:<!L"'::Q I - '021 0.11 ;.(')] I' Q.sl ---.: o,s J .:.:. 
C029/2iSI:96'22:251 60:551 '-0/ 01 0;31 ,,01 '. 1,Sr "0.31-'0.21- 2.61 -11 ':'0,51, , 

.. C02. _. : I .9/27/9.62:051. 64:351 ,.0 10 I - -0:21 - 6.1/ '1.21 . 0;5r~' o:2'f··· -. ' .. Q~ 1'1 "-221""'-:-'-,4,'1:1· . ·;0,5.,,.· 
i'lC02 ..•. "I 9127t~,*i35.1 67.:051 0101 '01 '~or'O:sl.o;41- 0;21':::-" ',(Jo1I'.al '''-.. nl . ··0,7",-.·· 

.... 9(27/96 7:00': .. ' .. 0'.9 
."9/27/9610:39: '1.2 
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[nitiaITir'!ie ·1;lap5edlPMP-1 'IPMP-2 JPMP-3 IPMP"4 IPMPl5"'IPMP~6" JPMpq·-IPMP-8·JpMP-~-fPMP-,,0·'1,pMP-1.1 

'Itime, I;ir5~"110 ft. b15125ft. bl5 135 it. b15. il10 ft. 515. 'F20'jtBI5 :l30ft:bl~., '17it bI5:.· ·115ft.'bi$:;c'125ft:'b1s~15ft; bI5.- 115 ft.bI5.: 
ElO:' 9/24196:9:.50l· 0:201 20'h soL 2000T~-"10l:- "--t'ol -SCOI;-s1 '8'1-"4001"-41'··0 
FlO 9/24196.14:24'14:541 O:ji 251 25.1 "71"-5l 40l~ 31--'--.1:8:1201'101'- '91· 1'8;f 
FlO 9124196:17:301' 8:0'01 1s1 0151 6117001201 -:51'1'81701' '51:-so 
FlO' _ 9/24/9621:101 11:401 481 25( 201 151 20,1' 100019:j,sl 500:(- .. - 10.1 100:1 
FlO. .. 9/25/961:.151 fSA5t 150'1 13.( 551 15JrooolT100'1 --1:31-38"1 2501 ·111 120 
FlO .9/25/964:301 19:00L 111 51 2501 1s1 "9501'10001'- tOl'" 501 150.1- 101 130" 
FlO 9125/96i7:0or--Z1:~01 201 01 901 121 65oJr'9001- 10"'~50r401-101, ·130 
f.i.IO 9/25[96:9:321 24:021 01 01 90131 '451' 501 181 ,51" '191"2:1· ·28:' 
FID .. 9/25/9612:131. 21))431 01 31 451 21 401 1501-' 351 ccC c"iol ' . 9Ol--:-':~l ··180,·· 
FlO' 9f25l96J5:4] I 30:171 9.\' 31 551 2:1.'701' 501-':0,1"'·0:1'100+' ·····101···-·23011 
F-I.D: . 9725ISS:ja:301 .. 33:0.01:. ot 11 451 ':aT' --40'1'" .. 60T "45r---~sl' . 100.1~.5J· '140:. 
FlO· . .9/26/96:1·:00'1 j£r:30;l 16,\ 31 300,1 20.1. "350:\ -3501--" "SOfA5:\·130:I·F - ':.1-2100'1' 
FID 91261966:4SJ _.45:.151' 1:51 111 6aol: 151'" 260l 2201 · .. ··60J cc

-c-. 431"'-' 'so,I:-- ... :--5'01> 20.00:, 
FlO .9/2619610:1Z1'. .. A8:~1 ;'3J. 0'1 2001 3(: "210r 101' '381' ... 8,1: '"'35'k''''-45l''' 900;11' 
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Monitoring Equipment. List 

1. Air Tank:, J;;O::,,;galion air tank 

2. Pressure gauge (on tank): 
Operating pressure: 0-300 psig 

3. Air Compressor: 
QCS1012040 Air Sparge Compressor Package, 10 H.P., Air 

9, Oil Vapor Adsorber: 
Kaeser Inc., model no. OVA-l00. Maximum pressure 175 psig 
Maximum temperature 120' F 

10. Pressure ,Regulator: Kaeser Inc., m'odel no. R354T. 
Maximum pressure 300 psig 

11. Rotameter: King Instruments Co., 0-6 scfm, 40-20 scfm 

Compressor, NEMA 3R starter and controls, TEFC motor, 230/3/60, 12. Quick Disconnect. Coupling 

4. 

5. 

6. 

ASME. Code air receiver and relief valve, boltguard offer cooler: 
120 psig. Capacity: 40 cubic feet per minute 

Compressed Air Dryer; Refrigerated air dryer (115/1/60) 

Generator: "Olympian" Generator, 40KW, 230V, 3 Phase,'60Hz, 
Diesel operated, trailer mounted . 

'), 

Filtered Centrifugal Separator: 
Kaeser Inc., model no. FCS-l00 

7. Filter: 

13. 

14. 

15. 

16, . 
17 .. 

Pressure Gauge: Operating pressure: 0-100 inches water 

1/2-inch end cap 

Temperature gauge: 
Operating temperature: 100-212' F 

{/2,-inch Ciompressi"on fitting 

l/2-incncompression fitting . 
- ' ''" ~~ 

.~ 

-NOTES: 

'. ' 

8S-1 

Ingersoll-Rand Filter for compressed, air, model no. 150. 
Maximum pressure 150 psig. Max(;;'um temperature- lSO' F 

psig = pounds per square inch gauge 
scfm = standard cubic foot per minute 

NOT TO SCALE 
8. Condensate D-rain Trap: 

Kaeser Inc., model no. ADT -20M. Maximum pressure 175 psig. 
Maximum temperature 120' F 

FIGURE H-2 
BIOSPARGING PROFILE VIEW 

8S-1 = 8iosparging well location and designation 

REMEDIAL ACTION PLAN 

NORTH FUEL F.,fI~l SIT!: 
NAVAL AIR STATrON CECI~;FIELD 
JACKSONVILLE, FLORIDA 
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Monitoring Equipment List 9. Oil Vapor Adsorber: 
1. Air Tank:15'O~gallo~air tank Kaeser Inc., model no. OVA-l00. Maximum pressure 175 psig 

Maximum temperature 120' F 
2. Pressure gauge (on tank): 

Operating pressure: 0-300 psig 10. Pressure Regulator: Kaeser Inc., model no. R354T. 

3. Air Compressor: , 
QCS1012040 Air Sparge Compressor Package, 10 H.P., Air 

11. 

Compressor, NEMA 3R starter and controls, TEFC motor, 230/3/60, 12. 
ASME Code air receiver and relief valve, boltguard after .cooler: 
120 psig. Capacity: 40 cubic feet, per minute 13. 

4. Compressed Air Dry~r: Refrigeraied ai~ dryer (115/1/60) 14. 

15. 

5. Generator: "Olympian" Generator, 40KW, 230V, 3 Phase, t5DHz, 
Diesel operated, trailer mounted . 15. 

Filtered Centrifugal Separator: 5. 
17

".( 

Kaeser Inc., model no. FCS-l00 

7. Filter: 

Maximum pressure 300 psig 

Rotameter: King Instruments Co., 0-6 scfm, 40-20 scfm 

Quick Disconnect Coupling 

Pressure Gauge: Operating pressure: 0-100 inches water 

1/2-inch end cap 

Temperature gauge: 
Operating)E!mperature: 100-212' F-

l/Z'-'inch '''Compressi6'n' fitting 

1!2-inch/compressl6,n,. fitting 

'--NOTES: 

8S"1 

Ingersoll,-Rand Filter for compressed air; mod'elno. 150. 
Maximum pressure 150 psig. ,Maximum temperature 150' F 

8. Condensate brain Trap: 
psig = pounds per square inch gauge 
scfm = standard cubic foot per minute 

NGT T() SCALE 

Kaeser Inc., model no. ADT -20M. Maximum pressure 175 psig. 
Maximum temperature 120' F 

FIGURE H"2 - 2.,. 

BIOSPARGING PROFILE VI~W 

BS-1 = Biosparging well location and designation 

REMEDIAL ACTION PLAN 

NORTH FUEL FA·BMSITE .... '. 
NAVAL AIR STATION CECIL FIELD 
JACKSONVILLE, FLORIDA 
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APPEl'fP1X JI-;:-J3iosparging Compressor Sizing 
--''',' . '"-'.".",,,",., 

PROJECT NAME: NAS Cecil Field, NFF Site 
Biosparging of Shallow Groundwater 
DATE: 12/24/96 ENGINEER: KGK 

Compressor Sizing , ' '. .. " 
Determination of Air Injection Pressure, ref: Evan K. Nyer and S, Suthersan, Fa111990 GWWlt'p, 90 

The injection pressure necessary to iriitiate in-situ biosparging 
should be able to overcome the following: 

l. The depth of water column at the point of injection. 

2. The friction~Llo§s,~s itltQesy~t~m., ' ' _:;;,' 
3. The capillary entry resistance to displace the pore water:, ' 

These values werecalculatedin,the,biosparging,pilo1i:test '\", ':''''Jj',I,;; .c, 

and the total pressure (adding a factor of safety of2) is 50 psi, 
and the total air flow rate is approximately 300 dirt 
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w.E £, Inc .. 

J\.IIB En~ir?n~"ntal~!.~it,S . . . 
2590 Executive Center Circle: 'East . 
Berkely Building 
Tallahassee, FL 32301 

" ,:',' .,,: .... <: ': i .", .',' , 

Attn: Mr. Tim Kelly 

Re: Proposal # 990 

Deaf Mr. Kelly: 

j a~uary 24, 1997 

it -

, ":)' .. 

Thank you for allowing us the opportunity to submit the following' quotation for an air 
sparging system capable 0[300 cfm at SOps!,' ; . 

The e~plosion proof air 'pargiag system will t~llsist of thefollowing·~,()mponent': 
, 

- One (1) rotary screw air compressor uJli~ 
- capable of 364 cfm @ 100 psi. 
- X-P motor (LIS service factor) 
- bearing coolant dams (eliminates dry start-ups) 
_ duplex tapered roller bearing airend (minimb;es thrust loads, 

increases bearing lifo) 
- fa~ory fill of SSR 8000 hr. ultracoolant 
-s~eet metal sound enclosure (75 dB Ama~.) 
.. ernCieriicoolant separation system «2 'ppm carryover)'" 
- dedicated fan motor 
• SAE O-ring fittings (eliminates leaks) 
_ 115 degree ambient operation (no high temp. shutdowns) 
- 460( 3/ 60 electrics 

- One (l) heatless regenerative air dryer includirtg: 
• solid core desiccant 
- pneumatic control to meet NEMA 7 
• twin tower design 
- 385 sefm capacity @ 33 - 39 degree dewpoint 

• Corporate Headquarters • 
6389 Tow~ LatJe • Snrasot.a, Flurida 34240 • (941) 371-7617 • Fax (941) 378-5218 

• Web Site: http://www.wcsinc.com/water 

r, uc 

( 

't) c·
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C:'·"':;':,:,,·)'· '~'O-

N~iF 

JAN-27-97 MON 11:22 

ABB JtnvirODlDl:Dtll1 Service. 
Mr. TiM KI:Uy 
Prop"' •• 1f: 990 
J.Duary ;24,1997 
.fa&e2.,Cl 

',- ; 

- One (1) particulate filter.. . 
',; ;af\;er~filter fdt!desiocarit dryer . .,; 

.f 99. 9999o/uefficiericy@,1 rriicron·andabove . 
·~intemal tIoat drain. 
-c~st ah,Hl1.Jm,u" ~loy, ho,..~~ng 
- 400 cfm \fap~city .. 

. : '. ',' ; 

- One (1) coalescing filter assembly 
- pre~mtet; '';:.::.~ " - cast a\umiriumalloy housing 
- 99.9999'Yo efficient @ .01 micron 
- initialptessure dropl< 1 psi 

; • J .~ 

.~ .. One (l)e~plo~iQq proofcol1tro1 panel 

., " J .,,.;:. • -:J. . ;'., ' :; :~ >; 

TOTAL Cosr .. :> •.•••••• ·~~.~~, •••••••••••••••.•• .,. ........................ ; ••••••••••••••••••••••••.•••• 552, 750.00 
'" -, J.~,' • _! 

The price quoted 'above is' FOB Sarasota. Florid~.The priceJs.valid for a perio~ of sixty 
(60)days .. fTomthe <Ja.te.qpot!=d. T~~es have NOT been incl,,~ed; '. DeU¥eryc~be:made 
w!tltil1;8 ~ .. ~,2 ,\Vee,~~;at!t;r leceipt of your purchase order. All sNpmcnts·~reJu~je~t'to 
WES StlmQard T~rins & Conditions of Sale whiqh are incorporated herein by refer~rtce: 

, . ; • . < ~. :~ " ,. • ." • -' • " 
" ~ -", <I-'·~' ", 

Should 'You'have'iiiY'ao9hional questions or r~quirt; further ii1form~tionj ple~s~ do not 
. hesitate to call. ..' . " 

Sincerely, 

WoE,S0fr,I .L· ............... " 
'. ~ ';,.! 

Nathan 1. Yoder .... . . 
, M.ark~tihgR~pr~elJtatiV~ '." 

• ' ., 1 ;-.'-:.-:. 

·.~oJytR. Get;lg\er .'. 
' .. Ph;',¢tOf.;OrOperatio'ns 

.-' '. 

r. I,JJ 
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PackagedSystehls are 
perfect fflr many 
applications. ',' 

, Kaeser paqkaged·,' '" 
compressor systems are the 
answer to manychallengees. 
The compact aesign puts a , 
complete systsm in a very" 
small space. Factory 
assembled anqtested, they 
are great for a:small'shOp or 
manufacturingplanU Excellent 
a~ ~ back-l;Ip s,ystem to keep 
critical equipment operating. 

Designed for Dependability 
, 

, Packaged~ompressor 
systems match Kaeser's 
Sigma Praffls rptary screw" , 
compressors with a high ' 
efficlen~y refrig.erated dryer, an 
appropriately Sized receiver, 
and !he necessary filters to 
provide t~e level of air quality 
you require. ' 

Rotary Screw Air Compressors 

The rotary screw 
c,?mpressor is deSigned 
~Ithout .comlDr~s,sion valves or 
piston nngs>Maintehtmce i~ '" 

~~~l!e ~~~Tg~!~~~~~i~~f~~raa 
20% more air per horsepower. 

Each compressor is 
contained in asound 
absorbing enclosure. This 
filtered enclosure, keeps the 
components clean and 
reduces noise levelS to as low 
as 66 dB/A') II "'.,,, . .,t ~ /; ~. " > '.~ 't. .' 

Refrigerat~ijA'ijt pryers 
< ." _ "_:~: :~. ~ ;:: ::- • t "-. 

Kaeser refrigehiteddryers 
cool the compres,s$'(;fair to 
condense andremoV9 
moisture. They produce 

AirSy~tems " 
pr~ssure dew points as,lowas 
35 F. The tube in tube smooth 
surface heat ~:~changer ' " 
preventsfoulihg,.9~d a hot gas 
by-pass valV,eeilmlnates " 
freez!3up. You get,dependably 
dry air for your l1eeds. -

Filtration forRelia6IeGlUalit~", 
.' . ¢ompressed a.lrquality is , 

cntlc~_1 fPf,lT;lanY,C1lPplications. " , 
~aes.er 'provid$s' GU,9to mized," 
fl.1~ratIQn, to er'lsureyour, - '. 
pa~kag!3d compressor system ," 
deJtyers,a,9~PE3~d?~le supplY , 
ofhlghquahty air. Filters are ' 
available to eliminate particles ,i 
as smaILas.Otmicrons. Even 

, oil Vapor can be removed' . 
" -, ,;' .~. , .' . . 

A Cprnplef~,.~sysiem ' 
~. -~,. ," ~. !, : 

'KaesefSigma Profile ...... . 
rot~ry, screw compressors",:,' . 
refngerated dryers and filters' 
are matched with an' 

" "appr6~riateIY$i'tedtankto'\ 
. ,,' make aJelia,ble1compaqt": j 

14- 5'0 

sy~tem. All int~rMc.onnecting 
piping andwmnglscompleted 
at the factory;' ' 

. ,,'Multiple c0rTIpresso( '. '. 
sy~tems:mclude a sequencer. 
Thl,sjsavesenergy by running 
onlYrthe compressor(s) needed 
tomeet.the current demand 
, . i • 

, ':';:O,:ryers ,and filters include 
.bY1pas~ piping to allow 

,',servicing without complete 
sY9~em shl:ltdown. 

,Kaeser Packaged ' 
',' Compressor Systems are 

factory engineered to ensure ,
a!1 components are properly ( , 
slz~d. '. 

. ".!8~tallation is easy. Simply 
connect to the electrical ' 
'~ystemand pipe the package 
In to your equipment. 



,. 

C~)'~ingle 'co~pressor Packaged Systems 

, Compress()r ,,~, Comp. " Max Operating Capacity 
Model ", H.P. Pressure (pslg) (cfm free air) 

110 ,11.5 
SX-3 3 145 8.5 

190 5.5 

110 15.5 
SX-4 4 145 12.5 

190 9 

110 21 
SX-6, S 145 17 

190 13 

Dual Compressor Packaged Systems 

Compressor Camp. ,Max'Operating 
Model H.P. 'Pressure (psig) 

110 
SX-3 2x3 145 

~; 190 

"" 110 
SX-4 2x4 145 

190 
~;- , 

110 
SX-6 

," 
2xS 145 

190 

STANDARD FEATURES: 

• SX or SM Sigma Screw Compressors 
• Refrigerated Dryer with by-pass piping 
• ASME coded receiver tank including 

Air pressure safety relief valve 
Liquid filled pressure gauge 
Manual drain valve 

• Heavy Duty Steel Frame 

Capacity 
(cfm free air) 

23 
17 
11 

31 
24 
18 

42 
34 
26 

, • Compressors in sound absorbing enclosures 
• S~quencer or multiple compressor models 

COmpressor Comp. Max Operating Capacity 
Model H.P. Pressure (pslg) (cfm free air) 

110 30 
SM-8 7.S 145 25 

190 20 

110 42 
f-7'- SM-11 10 145 36 

190 29 

Compressor Camp. Max Operating Capacity 
Model H.P. Pressure (psig) (cfm free air) 

110 60 
SM-8 2 x7.S 145 50 

190 40 
" 

SM-11 2 x 10' 
110 84 r;.'.:,~:;.~; 

145 
190 

OPTIONAL FEATURES: 

• Filters 
• Automatic Tank Condensate Drain 
• Single Point Electrical Connection 
• Non- standard Operating Pressures 

from 80 psig to 205 psig 
• Single Phase Electrics on SX models 
• 208/230V and 460V 
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APPENDIX I 

LIFETIME COST ANALYSIS OF RECIRCULATION WELL SYSTEM 
AND NATURAL ATTENUATION 



( 

GROUNDWATER GEOCHEMISTRY 
NASCecil Field! North'ruel,FarmSJte. . " 

,,: " ,.' l S, ~ :5 .;.< ::....: ~ ~;' ! ~ _~ . . 

: ;. ,,;;~,+, { , ; ,';: !,; > • ' f.: ' '. ,"",' . ,! " •..• 

-rhe mostirnp6r~an~ assur;ri6iion vvhetlnlO,deli;og' natural atterll,Jation is thch, 
i _ · .. 'l'~-·':_;.":"::'·._.-~"_·_; .. "!"':·-:'-··_ .~"._~';::' .. "~_.":_ ... j"'i-"'~ "_ -" ... _, ...... \~!. " _',:, _ ' .. _ .• ~ .. : , . 

biodegrad:~tion is,occiJrringipt the,site;;'A'strtlngingi'catiot1'of'biodegr;adatloh is the 
presenceQf el~9t;'Qn ac~ep*ors reia~ive tot~~~cohtarn,ination at,eacH sarnp!e,location. 
At theNQrt.h'FlJel,:Fann·S!t~i,.·elec:~ro~i~!~;~~p~~f,conc~ntr,atiqps,~!1q;()~,Her,;pf,lysical , . 
para,meters sqch 'as plH,i ternperatLllie; ~I-)cf t~(bidity;;yver:e,mea'~ure~~oi e\/~lucftErif 
naturat d~~r~datibn. ts pbqurrlng.'. ~Th$~e; d~ta w~re 6quected it1 Noyember n 996, and 
are provi~~a::i.n t~~,I,';,F1i.::~?'total,'~f;~~:;;iIlt~lr;p~giate,w:eOA;;wer~'~a:nir?'~;~,1tiofry.dl:ltside. 
the plume ar,e~' ;vJhUe "'~ ;w~ll§ were "s~~pled ;,i(t' the p,lu\rlie;~rea': 'Altljlqutlh '?¥rp~ :wellsin 

- " :, ,",' " • .- ~ .<;.",1_,'" . ~ _ ~. lr ~ _ -:""~<~ ... :,;. f j : - • } j .,- -: ~ ,,:~'';'i· •. 

Tabl,e, 1-;1 .hi;lN~,~~t:!eP;'(I.e;ideep)·rnogl"fl~r';: c:t;II'!WeUs~r:~:,~qr$~ned I~\th~hl;lin~rq;~alate 
zone of ttle"s'Ui'fiti'aI' aqUifer. ""<"! ' nii"i!" " ;{ i',;' 

, ':" ~.- .' - : . , : '! i J i ~ 

eVjQellce.·~~i$~+pt~l~a~l!,ad~ti(lr\wij~~¢~~~.entrai!gti~:~r~l\I'etlon: a:q({~p~rs, such a~ 
dissol;ved oxygen, lnit~ate,arld sulfate, ar¢ C1;~pletedirl the1arsa-'of CO!1tari'linatiOn. 
Otherinai9a~~~$,,:~fibio~e.g~~dati9~>~je,i ir1gr~a~ed by-prddl;J~~iq9:Qce~trati9n~(,;·s,uch· as 
carbon diqx(de l(CO~) ana ,irpn (In) in i kH ov,v I); ,fileas Of 'groundwater; c6htct{tliri'atiOn. 

,LL'7;: ; '; ;i", ,,:":; :~n ';"5.;[ '; ...•... i \ "f,:" . 
Thedastrqw"i),;taDI~,I'-l iis: the V~hJ~S ii~at;iw'ere; entered;j'~tci,:t~~:el~$CIR.E~N;model. 

: .; > <' .." \'"'! '. - • ~ • -i • I '!i c. . ~': j l . . : . ~ J i . .' j 5 ,_ ( 

The ",a'uel!ist~di,s :ett~er ~t1~,~~a~g'eji~?~np:e~trationj from th~ ,up~rpdie1t 'aniqpl~me 
areas or tnei'aVElr'age'~oncentrati(jn.~\IDtl~"~c,tlal1ge' in;"qoJ~~er;ltrrJitiQJ;lJ$u~El,d.,fot Ciliss;olved 
oxygen,sl)lfatElq'n;d n'itrale~,:lron ~nd'met~~p)~are dlrec'tilr;lRuts basCidoM ~VElr(3ge . 
concentrati6n:s.': " , , ., '1 "',. ,', .'" ;,', 

T-I 



Table 1-1: Natural Attenuation Monitoring 
Project Name: . INAS Cecil Field, North Fuel Farm Site -1 
Date: ~Z~l'\~ 1.2/24/961 ENGINEER: I "T I oV", t<- Ft L'-\ Checked Bv: ,t::-§;;' 

-

Results from entire plume area and upgradient areas. 
MWID I Iron I Chloride IAlkallnlty' IDO C02 Redox Po IH2S.·; ,;;tNltrate--:;;; Sulfate 'I'Methane IpH l:CoridudlIScreen:lnteryal ITVOA 

mg/L Img/L ImglL CaC03 ImglL mg/L mV ImgIE:;"lmglL mg/L,v;~QJL ~I;ijmhos·,' I ·:,ft.bls. ._Ippb 
CEF-76-26DI 5.001 55.001 13.60 0;001 65_00 -138.00 I ·~0.50:1 :;" <0],1 31.60J " 0:.2S 4,58f-;,,15.001 ;C::, ,:50t 601 4 
CEF.,76-27DI 1.401 15.001 20.40 0.001 65.00 -181.001 "'-1.1'01 • .;, ';0::'1 -'6.001 0~18 5.241; ;;::61 JOO I ;:;6&:1:" 761 . 4 
CEF-76-4711 1.00 I 25.00120.40 0.101 75.00 -22.80 I ::,,:'O.OS:I .:,0 "0~1 ,<1.0:1 .... 0:72 5.18:1;82:001;;; ---""- 651; 701' 4 
CEF-76-6611 2.001 15.001 20.40 O:SOI 50.00 -71.S01 'o.4.()\I~; .,0:.'1 ; ,2TIiI. 16:00 5.401 ,;-'i46IDol:;;; 80l: 851 4 

~, i CEF-76-6711 1.601 30,001 20.40 0.001 60.00 1.601·:-0,70:1 .,0,1 «1.01. :,~ 0':1'8 5.181~1:19~1l!l1-" •. :,801; ,851 ' 4 
CEF-76-5611 1.601 10.001 27.20 0.001 80.00 -153.001 ;(,0.80'1 ,:::. .,0;1 3.40:1 ....::.: 0:~6 5.161· "-"41':001, ""701,. 151,~ 4.5 
CEF_76-5311 1.401 25.001 20.40 0.001 75-,00 -45.80 I ,:',0.101 ";', <0~1 ::"1.01 , .• ' 0'.10 5.22:h;:m:ool-~ 75t, 801~ 88 
CEF-76-6111 1.001 10.001 20.40 0,001 60.00 -164.501 '"'3.1,5'1 ;';'0.1 4.16.1 0.71 5.01[',' NlAI' , • 65'170,1 191 
CEF-76-7311 5.60 I 20.00 I 170.00 0.001125.00 -75.S0.l :-"O.tO;t ,'; <0~1 .•.• <11 22:1'10 5.631. .179.001" 601, 651 ',. 373.1 
CEF-76-5011 2.201 20.001 27,20 0.001 135.00 -55,SOI ,:0.0G'1'-- .,0.1 <1.0'1:: 2.7lOO 4.90:1~ .,120:00 I ,,-, ,,- 751 801 839 
CEF-76-6411 1.401 20.001 20.40 0,001 105,00 -88.901 .\:'0,451 .,0: 1 ~·<1.ol H.110 5.49F ;;60iQO I, 701 - 751--=:;, 960 
CEF-76-7611 1.201 15.001 40.80 <0.11 65.00 -192.901 ;:::0.1:0:1 .,.' <0,1 1'0.50;1 9:00 5.0S;F,'58,001: 85'1.:: 951·2182 
C:eF~76-5211 3.201 15.001 40.S0 0;001 65.00 -30.001 ><0.D.51 "'"', .. 0:1 ':,<1.0:1 3t:00 5.33.1 cl0kl<ll I 'oT ,75180 I '.' 4080 
CEF-76-7011 1.401 15.001 27.20 0.301 130.00 -129.001 ",0.2'01 ,",a «P.1 <1.01 25.;00 5.15Ji47'ool 65:1' '701 :" 16440 

CEF-76039DI 2.201 20.001 20..40 0.201 SO.OO -32:001:0.001 ~. <0.1 -.<1,.0~·: 37;:00' 4.80:1: ",'72:1:101 <: 551; 651 21720 
av~e 2.151 20,671 34,00 0.09 S2.33 -91.981'·0.551-' 0;00 4,29:1 ~,·12.42 5.15r,'71.911 69.0U H75.4013126.51 

:~:-j ,,' .• 1, ~ 
Results from Outside.lhe plume area. -gl c'.:: '.' ,,,- ,I 

H MW ID Ilron I Chloride IAlkalinlty IDO C02 I Redox Po I.H2S.. ;;:'INiIrate ISulfa~e ::f:jMetharie IpH ;ilConduCtI 1 CC-Sc.r~nJntm,.al': Irv,OA 
mglL I mglL I mg/L CaCQ3 I mgIL mg/L ImV ' lI1lgIDi'l>lm_9ll- ~,: ImglL_:llmglL ",uml1o$"'; I;'e;;'" ft::.J:Jls.;:' Ippb 

'·1 

,I 
I ~ 
1 

65.001 -181.001::i 1.fOI > $.0.11 "-6.00:1 .;-C 0.:18 
4.5ar:::;:'15.00 I -, 50t --,::-.::: "601::1 -- - 4 65.001 -138.0.01 ~':.0.501 <0.11 ,37.6,0.:1 0.:28 
5.Z41.61f.00G~-~;,66'r.:761 )' 4 
5.18:1 ""'S2:COI~;, ,::Sf!L ,"~ 701::. 4 75.001 -22.801 "'\<0.051 c:o..1I'<1:a.I. 0,'72 

CEF-76-26DI 5.001 55.001 13,601 0.00 
CEF·076-27D1 1.401 15,001 20.40.1 0.00 
CEF-76-4711 1.001 25.001 20AOI 0.10 
CEF-76-6611 2.001 15.001 20.401 0.80 50.001 -71,801'0.40:1 •. ,' ~.11 ';,;2.70:1 16:00, 5.40.1' '146.'001 80.l 851, 4 
CEF-76-6711 1.601 30.001 20.401 0.00 60.001 1.601 :;:0.701 i', <0.11;<1:0:1 0,:18 5,1'8,1 ;-'119:00G 801: "- 851 4:" 
CEF-76-5611 1.601 10.001 27.201 0.00 80;001 -153.001 ~ o.SOI ;:0.11 "3.40.1 0.16 5.161 41::001 :.~ 701>751· 4.5 

average 2.101 25.001 20.401 0.15 65.831 -94.171 0.581 0:001.-S.2SI ':,: 2.:92 5.121 ' 60.671 68.50'1 .75:.1-71,' 4.08 
I " '. 

i , 

Results from inside the~ume area. ,,; !: 
MW ID I Iron ICblorlde IA1kalinity 100 IC02 I Redox Po IH2S ',i I Nitrate-'-

mglL..Jmg/L _ ..JmglL CaC03img/L img/L ImV Imgl~ ":,lm,gfL 

';:'1 
Sulfite;':;1 Methane 
mg/L: Img/L~: 

" :r 
pH ,C~6dual Streen IntervaP TYOA 

umhos'· '", . ft,:'bls .. ppb "1l 
. ! CEF-76-53IJ 1.401 25])OI--20.4~- 0.001 75.001 '-45.801 0.11'11.. ';0.1 -'<hQI O:jo .. 5.22. ;,.:: 77.00 ;. h~ 75 SO 88 

CEF-76-6111 1.001 10.001 20.401 0.001 60.001 -164.501 "'.3.751 ,:" <0.1 ;;:4.101 ,r.: 0~71 .. ,:.:5.0·1 .'."', NlA ;"J ~.65" 70 I·" 19.1" 
CEF-76-7311 5:601 20.001 170.001 0.001 125.001 -75.801" 0.101 ;:,~" <0.1 <11:::; 22:00 ,.'5.63 179:00 , ,60 :65 373;1 
CEF-76-5011 2.201 20.001 27.201 0.001 135.001 -55.sol ;,""0,001..' :<0.1 ,. <1':&1 '" 27.00 4.90 ~120,OO ' 75- 80. 839 
CEF':'76-6411 1.401 20.001 20.401 0.001 105.001 -8S.901 ;;.;, 0:451 :<.0.1 '-:<1;0'1 HiOO '5.49 ;: .. 60:00 ;:; 70 .. ',75 ,4 960 
CEF-76.-7611 1.201 15.001 40.sol <0.11 65:001 -192.901 .,' O.tOI·' '<0.1 :;:;1:0.5.0 I" 9:00 ';:<5.050 , :.: 58,00 I:'" S5, :' 95' 21.82 
CEF-76.-5211 3.201 15.001 40,sol 0.001 65.001 -30.0o.b ;~",0;051 ~0.1 ",.', < 1:.0 I,'~, 31';00 ,,5.33' -,101.701':: 75' 80 " 40SC 
CEF-76-7011 1.461 15:001 27.201 0.301 130.001 -129.001'3 'S';o.201 '""<0.1 ,;,'<1';0 I " 25;00 '5.1S' ,47.00 , .... :" 65 70 16440' 

CEF-76.03901 2.201 20.001 20.401 0.20.1 80.001 -32.0Q.r; -0.001 ;;,,' ~0.1 :'i<KOI' 31,00 ,,4.80; ::G 72:00, 55· :.65 I' 21720,; 
av~e 2.181- 17.781- 43.0(1 0.b6r--93.33I ---:90.52:1" ",c.'. M21 ,0;00 ':.1.62·1 18:76 -;5.18, 79:~11.," 69.44: \: 75.156 . 520S.12 ' 

I ,.' 
"r' 1:::',' ., " 

Delta or value used 2.18 0.09 o 6.66,1 1S'.76 I"." 
-
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Groundwate;r Mbdel Description alJd Inputs. 
NAS Cecil Field} North IT'uel Farm Site', . 

: t \ ~~ ~t',;, ~~f }, :::. <"~ ~;~;' i .~.. ;: :i __ : . , _. 1 ' 
The BIOSCREEI';J computer model''Wa$'us~d'to'mqdel transpor;ti'lnd,;degradation of hyprpcarbons at the' 
North Fuel Ram) site. ,the BIOSC~EEN'I"T1Q~~lwas;dev.eloped bY'ith"~LLS. Air Force in :AJgust 1996 as a 
user friendly m~del set 'in a Micro~off:Ex"c~1 ;spre~dshert enviroQm~r;lt IBIOSCREEN - Natural Attenuation 
Decision Support;Sy~,te:m, August:J9~,6). ;~lt:isb~se~ hri:t~,e:'DpQieni,cq ,~n,alytical solut~ transport mod~l, 
The BIOSCREENitno@~.el'used in thi~~empnstr<:ltlon a~s0n1e~j tb~t;\the:~I,i~ijirjg factors of biC?degradation ar~ 
the presence of :fn~igenous hydreeart3hH degrading 'bacteria'iahd the pre~ence of sufficient background 
electron acceptpr concentrations. Evidence exists lthat anaerobic degradation is occurring at the North 
Fuel Farm site. ,. .'," 

:", ' 

BIOSCREEN simulates ad»,e6tion, adsorption, dispersion, 
through three model types/ these thre~ n;lodel types are 

aerobic, and dominant artaerobic reactions 

,: '. - '. <, ., ~:J !;;- '-

i \1; 

; s~lute tr.ansport Vifithol,Jt,d~cay, ; " 
: solute transport with first~order, decay, and , .. : 

; " /, !$ol~te tr~n~port vVjthbiodegradatidn a~sl,Jmii1g; an in~tantaneousbiodegradation , 
i reaction. • .... ;: 

For the Norj:h Fuel Far~ site"benzene and total VOA contamination was mode,led using the instantafleou~ 
reaction type. ; , , I;! 

)-.... 
1 _- ~~. _'(. ,'-- :-'., ~>,: :' ~L' ': ,;" ;~'1: ' . . '-, ; 

GROUNDWATER MOI:)EL";~~SI9N AND : ASSUM,PTIONS. In ordertoll&~ ;the :,BtO~CREEN' model to 
predict future contaminanttransport aIJd d,egradatibn, the model was calibiated to pres!;!nt,site conditions. 

, ';'-. ;:;' :_:',' ., ;' c·' '< •• ' ;\ ':.' ~ -~. ':' '-. _ "~ 

'~'. : '_ ~ .< ~:\ ~'2!, , ' :-': ,:-':-.: . -<'~ _ "',-:' ; ~ ," ,I, 

After an aGtiv~terp~d,iatioi1:';is 'llsed to q:leanlJR thesourc~ Clrea:andth,e, shallow zon(lof 'l1e sUrfiQic!l 
aquifer, groundwater contamination will 'be restricted to the intermediate zone of the surficial aquif~:r. 
The lithology ~f'the upper zone consists of silty, fine-grained ~and, witn clay \lensesocc;u:rrinQ:: loc~IIY.' A 
conservative effective porosity of 0.25 is estimated. The use of BIOSCREEN,which is"a:two-dimension~1 
model, "is. apprbpriate as tti~ saturated interval is relatively homogeneous, and evidence ,of sigl1.(ficarh 
verticalmidrati6n of the grp~ndwater conlamination is not present. . 

j' ;~', ' , c,\· ,.-.-, 0, ~.: 5 

The exten~ of' petroleum,~6ntamioated~oil, I/Vhich appears, to be ;actln~ ~s a continuing sou~ce to 
groundwater oontalT1iliatiot.;" is shown' or;!: Fi'gure ;A-3~3.: Thil> area, wasu§ed in calculating the soluble 
contaminaQt mass;'co~tribut,ing.to, the ,groundwater plume in.the."mod~I'(';alibration. :Contributions from 
soils outsiqe this regl'on are assumed to be relativ~ly minor and the main, prOcess of interest is the length 
of the plume from the hignconceritration sollrce zone. 

This appendix ;will con,sider three cases: 

1) Remediatio~by natural attenuation assu';'ing the source,has not been'removed an9 the contaminated 
groundwater ~iII not be remediated.; .',: . 'f :~:,' .. ".' " ' 

2) Source hasb~ejl'removed and shallovy.,g,tqundwater has been r~tn~qfa!ed:tb below 50 ppb TVOA. 
r: :~:\. ::~ 

3) Source ,h9S been' r~moved, shalloW gi-'oundvvater has bee" rernediated arid five in-VI(ell aeration wells 
have been 'in'stalled in (the hot areas (greater than 10,000 ppb),;' . 

Reference: BIQSCREEN - Natural Attenuation D~cision Support System, User's Manual, August 1996. 
" < ',<.' '. . , 

r -,3 
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Data Type 

Hydrogeology 

Dispersion' 

Adsorption 

Parameter 

; Hydraulic Conductivity: 
"Hydraulic Gradient: 
:cPoro~ity: . 

'Longitudinal Dispersivity: 
:Transverse Dispersivity: 
'. Vertical Dispersivity: 

:, ,'Retardation Fact9r: 
':Soil Bulk DensitY: Pb: 
. Koc: 
'foc: 

Biodegradation .Electron Acceptor: 

General 

, ;Backg~ound Cone. (mgll): 
'r;ninimum Conc. (mgll): 
~hangi! in Conc.(mgll): 

Electron Acceptor: 
Avg. Conc. (mgll), 

: Modeled Area LE!ngth: 

I 
. Moder:ed Area Vl.'idth: 
'. Simulation lime: 

'!-. 

See notes arend of table. 

r~ \J 

Tabl~I-2 

e:IOSCRE;EN Mo.del ;Input Parameters 

Remedial Action Plan; North Fuel Farm 
Naval Air station Cecil FiEiid 

,Jacksonville, Florida 

Source, Ir,termediate;.and , 
Shallow ", 

Model 
Value 

6~6 )(10:"3 (c::m/sec) 
0~00071 (ft/ft) 
O.2S 

23.6(ft) 
2.36 (ft), 
O(ft) 

',Jntermediate Zone 
Model 
Vallj~ 

[S.6x 10.3 (cmLsec) 
0.00071 (ftlft), 

:,0 .. 25 ' , 

23.,6 (ft) 
'2.36 (ft) 
'0 (ft~ 

2.3, 
1,.7 (kg/I) 
36 " 
5x10·3 

" ;,:; ""123 
"l:i(kgll) ~' 

38 
5 X 10.3 

~ NO~" SO~ ~ ~ ;~~~ 

0.15' 0:00 8.28: 
, , 

'0.15 0.00 8.28 
,' .... -

0,06 0,00' 1.62,' 

, " 

:0.06 0.00.1.62 
" ., 

6.66, . 0~09 0.00 I .cj.Q~ O.og .6.66 

F:e .; CH4 Fe' CH4 

~.1,a 18.7!1 :2.18 18:J8:"~ 

: .. :J 

,.l; 

Note: BolMacedtvallies are 
·,IBIQ,SCREEN input values. 

; . 

Nqte: Bold ijI~ed values 
:are~BIOSGREEN inpuL 
y aI4es.'" ' . . 

920:(ft)" 
420(ft) ; 
632':(years) 

, -92Q (ft) 
420 (ft) 

'1~,38:5 (years) 

:~~ 

-

In-Well Aeration (10;000) 
ppb 

Model 
Value 

6.6 x.10'3 (cm/sec) 
0.00071 (ftlft) 
0.25'. 

23.6"(ft) 
2.36'(ft) 

I 0 (ft) 

2.3 """ 
1.7 (kg/]:} 
38 
5 x 10':!;;:' 

~ "> N(h: ' SO~> 

0.15:· <i':OO~ 8.28" 

0.06~ 0::00 1.62, 

0.09 0.00,- 6.6& 

Fe" 'CHi~ 
~~; 

2.18 18.78 

~'" 

,', 
"" 

Not~: ~,oldfaced vi:1l4es 
areBIOSC~EEN)np~ 
values.':; ,~, . , 

:920 (ft) 
420 (ft) 
:33 (years) 

J: 

,', .. 

,-

~.;. - ;:,' 

' .. ", 
)..,'<"c 

. SQ~rce ofDifa 
,:::,,,' 

CARA 
Calculated 
E~tiTat~d " 

Ba~d on estirriatEi!! plume 
:. length 01.920 feet and Xu's 

d!spersi)jityfonnul~ 

;; 8aIJ~lat~d" 
d Estir.natEk!'; 

literaturE! ' , ' . 
L~bamiIYSi~ frQm,North 'Fuel 
Farm ar~a '~" '" 

O2 : OBased :on Jield: data .col
Il:!ct~d Npvember 1,.996 
N03: Not considered 
SO~:' SaseQ dn ba.ckground, 
data from t\IFF';:' , 
Fe: ,Based~on field data col-' 
jEiCted November ,1996 
'GH~:~!ised o.risne ave!'<ige: 

Selectiii:l 
;; ;Serected 

':selectec:i 
-e: 

!~ 

" 

$' 
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Table 1-2 (Continued) 
BlgSCREEN Mod~t Input Parameters 

Remedial Action P,lan, North'TFuel Farm 
Naval Air Station Cecil.·Field 

Jacksonville, PIOrjQa 

Data Type Parameter Source,lntermE!\1iate, and 
, Shallow 

Interffi~diate Zone 
'Model 
Vaioe <? 

Source Dat~t . Source Thickness: 
. Source Concentration: 

Model 
ValuE! 

35 (ft), , 
S.ee Figure A-3::,3 

Notes: Use.of'C:lata·;displayed above is shown in Appendix C-2: '.. «"'. ' 
Units selectl!d in the table above were based on units'ihput into'the BIOSCREE:.t'I mbdel:, 

-.', , •.... 

croisee =c~~timeters per,second. 
ft = feel, ... '. 
BTEX = beniZene, toluene; ethylbeniZene,and xylenes. 
ftlft = fe.et per foot. 
US(3S= U:.S. Geological Survey. 
kg(l = i<ilograms per liter. 
0;= oxygen. '-
,N03 = nitrate. 

'S04'= sulfate. 
Fe; iron. 
·Ci'l~,=inethane. 

'" 
J 

In-Well Aeration (10,000) 
ppb 

Model 
Value 

35 (ft) 
See Figure A-3-3 

.~"'" ; 

j~ 
, 1 

.~:>- -

Source of Data 

,l 

",: 

'.~~ 
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MASS OF CONTAMINANT 
NAS Cecil Field, North Fuel Farm Site 

Given the total amount of contaminated material in the intermediate zone of the 
surficial aquifer, soil porOSity, moisture content, volume of contaminated aquifer 
material and associated groundwater can be determined. Using the total volume 
averaged concentration and the estimated Henry's law constant, the contaminant 
concentration in the vadose zone water can' be determined using the following 
equation: 

Cw = Ca/Hc 

Where: 

Hc = Henry's Law Constant 
Ca = Contaminant Concentration in Air 
Cw = Contaminant Concentration in Water 

With the water concentration and the total water vp,"urne'in the soil, the total mass of 
contaminant in the soil zone moisture car be: determihed,.Using thee,stimated Koc and 
the fraction of organic carbon (foc) ,;thedistribution, coefficient :Kd can then be 

,1 . , 

determined using the following equation: 

Kd = Koc X foc/100 

The sorbed to dissolved ratio can then be determined by' the following equation: 

Ka = Kd X Ws x (1-n)/yWx n 

Where 

Ka = Sorbed to dissolved ratio 
Kd = Distribution coefficient 
Ws = Unit weight of water (lbS/ftA 3) 

. yW = Unit weight of waterjlbs/ft
A 
3) 

n = Porosity 

The mass of contaminant sprbed to the ~oilis :then determined by the product of the 
mass of contaminant in the vvater and ihe sorbed to dissolved r~tio. The mass of 
contaminated soil is . then calculated using the estimated unit weight of soil and the 
volume of contaminated soil. . . 



TOTAL MASS OF HYDROCARBO'I\i>INTHE\ll\ITERMEDH\TE ·~ONIY' 
"':,\- :.~-/...f(( .,: .... : ::~r(tr 2 .. ~}f .. ~;· 

... Table 1-3 ;~~~;~~~:'derivedmass'ofcontamin~nt i~;:,~~~:~i~i~V~edia~~ Z,?r~·JBat.,wa~.'. 
"entered iht6the .•. BIOSCH§:EI":.I·. m~d~l'c,.APprt5ximately ,. 2~7~tl,1f,9~h!At:hV(;trPGarborl ,', J~ ; 
~ctll:lg~(3s' the.s~liJbl~rr.a~~'Q,f:P<?~1aminarif"H~ """l.'. "">'':';' .' " .. '. , ' '.', " ,,' 

TablelL4" shows only the mass of hydrocarbon inVtn'e .intermi3ctiate, zone , after'5, in-well 
aeratiOn ,wells havebeEm installed!, These wells are a'llti6'fpated to'operate,'for40 years 
ancj;if;t~r' s~9tJ, tim~tt9~grnasS of, contamin~o:t ref"Q~inf!ig::iri;th'W,i')t~;rtn~~la~~,zone' is'; 
2, 78,,1;;-i'&~5 = 2,OB.§,kgs",This val,Ue was al~p, u,s~~jD ,t,he J~lqSCR~FN"r:nocJ,e1.. " 

~.", ~ • ,,- '4""' !,- '-.~ _._.",' .• -.!.~ '. ;'J'_'~' /l,f.- ,c':;"! 

U' :·f .<, '~;,,~.', .. \} 'ff' 

Table',I:4,5 and I"-H:show the remaining mass of hydrocarbon:in:both.rthe,shallow,,/, 
grou'hdWater and mound areas. These values are only used' ih the BIOSCRIEEN' model< .' 
fo(i,~e"pb action scena.r((f(i~.e':'! 'ho source r,el11oval;qr/'Qt9un~\1v~t~r reh"edlatrb'A) and is' 
used:,{O,r .illustrative purposes only. ", . I.. ," "" ' 

" " - ~ . .-. ~< ". ' ' . ", - i 
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" ;~, 
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T~~EJ"'3, :TPTA,;kMA~;S 9fW;YD,~QQ~f~lt:f 
INfHE IN1'E:RMEDIATESK1URA1ED' ZONE 

DATE: ., 12124/96"; EN INEER:K.GK! 
Symbol 
Vol Total 
Ca 

Vol:;Air' 
Mas,S Air 

,,-,. !-

He 
Cw' 

Vol Soil 
Me 
Vol' 
Cw 
Koc 
foe 
n 

Kd 
W 
Ka 
Cs 
Ct 

V 
l 
W 
H 

Description . , " . 

TOTAL VOLUME OF CONTAMINATED MATERIAL 

AYERAGE 'AIROVA~OlSICENU'RATI;ON, ( ';' . 

YO~~-9f;Bq];jr~APf~-:~ \, /\:;_ 
MA&S9r,C(PtrrAM!NAn;:p ~ .i, . ' .... , .. 
ES~~p J1f4rntNR'((~,LA'Y C<?liS~~.·, 
WATER CONT.iTh1INATIONCONCENTRA.TION Y 

VOLUME OF CONTAMINATED SOIL 
SOILMOISTURECON'FENT' .'. 'el', >:'., 
VOL~:Of~ONTANW'[~~P WAIER,IN Sp~· 

", MAS,$.,QFGONTAMINANTIl'fWA.JER ... , 
., ,', 'I..' <._'" .)'. > ," _ , .' '. .,' J • , :. _ ;.' • .' J;<.~ ~.,,,. . _ ; _ '. 

ESTIMATED JP-5 PARTITIONING COEFFICIENT 
FRACTION OF ORGANICS 
POROSITY 
DISTRIBUfrON COEFFICIENT 
UNIT WEIGHT OF SOIL 
SORBED TO DIS SOL VED RATIO 
MASS OF CONTAMINANT IN SOIL 
TOTAL MASS OF CONTAMINANT 

Total Volume of Contaminated Material in the Intermediate Zone 
920 
342 

35 

Calculated 
o ,ppm., pto ,Air, 
OftA 3 NQAir 

... 9,:9k~, •. ,' "'NJ ~l~' 
'48:18' atm*rhA 3/ni6le Estimiited 

,"10:00 m~>' ;:'Estin~i~d 
8259300 ftA 3 Calculated 

.oil w»tle,ss 
."tk~843q4 . ga~ , 

. 816,9659064 kg 
lOOllkg '. 

"'{h % . 
0.25 dimensionless 

0.5 l/kg 
100 Ib/ft3 

2.404 dimensionless 
1963.860352 kg 
2780.826258 kg 

~atura1Jd. 

. C,al~l!la\ed , 
Calculated .' 
. Estinated 
; l;b',\naysis 

Assll118d 
Calculated 
Assll118d 
Calculated 
Calculated 
Calculated 

11012400 ftA 3 

.. 
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TABLE 1-4: MASS REMOVED BY IW A 

, IN Tl-IE INTERMEDIATE SATURATED ZONE 

PROJECT NAME: NAS Cecil Field, NFF Site 

MASS OF qONTAMINANT 

DATE: 

Symbol 

Vol Total 

Ca 

Vol Air 

Mass Air 

He 

Cw 

Vol Soil 

Me 

Vol 

Cw 

Koc 

foc 

n 

Kd 

W 

Ka 

Cs 

Ct 

V 
L 
w 
H 

, 

.;, 

, 

12/24/96 ENGINEER: KGK 

Description 

TOTAL VOLUME OF CONTAMINATED MATERIAL 

AVERAGE AIR OVA CONCENTRATION 

VOLUME OF CONTAMINATED AIR 

MASS OF CONTAMINATF;D AIR 

ESTIMATEDilM HENRY'hAW CONSTANT . "~,,,,' . ",' , ',,: 

WATER CONT AM:INATIUN CONCENTRATION 

VOLUME O(CONTAMINATED SOIL 

SOIL MOISTURE CONTENT 

VOLUME OFPONTAMINATED WATER IN SOIL 

MASS OF CONTAMINANT IN WATER' 

ESTIMATED!JP-5, P ARIITIONING COEFFICIE~T 

FRACTION OF ORGANiCS' 

POROSITY 
, . '., 

DISTRIButION COEFFICIENT 

UNIT WEIGHT OF SOIL 

SORBED TOPISSOLVED RATIO 

, MASS OF CqNT,;\MiNANT IN SOIL 
, 

TOTAL MASS OF CONTAMINANT 

",. Tol'al Volume:~(Contaminated Material 

.,.' :920 

'" . 

/.: 

Reviewed by: ~ 
Quantity Units 

5506200 ft:"3 

0 ppm 
" 

0 ftA3 

0.0 kg l :.' " 
>. 48.18 alni"m"~/mole 

5.00 
. 't,·" 

mg/l;:' 
.' 

:, 

4129650 ftA3 ~~ 

, 
1 unitless;; 

, > -if 
10792152 gal: 

204.2414766 kg 

100 l/kg' , : 
0;[ %, 

" , 
I 0.25 ii~ensi;lIt1ess 

" 

r 0.5 IIkg !f-
, ,', 

100 1\;/ft3 , 
2.404 din1~nsh)nless 

,it. 

49'0.965088 Jcg 
, 

" 

695.2065646 k~ 

I 

11012400ftA 3 

') .' 

" .:. 
. 

r 

Remarks 

Calculated 
No Air; 

Np Air: 
Np Air' 
Estimafed 
E~timatied 

Calculated 
Saturat~d 

Calculated 
Qalculated 
Estimated 
Lab ~aysis 
Assumed 
Calculated 

< ! 
Assum¢d 
Calculated 
Calcul~ted 

; CalCrtlated 

,', : 

" 

"., '. 

. , 
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TABLE 1-5: TOTAL MASS OF HYDROCARBON 
IN THE SHALLOW SATUR.A TEQZONE, . 

~. 

IPROJECT NAME: NAS Cecil Field, NFF Site·· J
- .; 

~ 

:MASS OF CONTAMINANT 
IDATE: 12/24/96 ENGINEER: KGK Reviewed by: ~ 

Description Quaptity Units Rerp,arks . Symbol 
Vol Total 
Ca 

TOTAL VOLUME OF CONTAMINATED MATERIAL 
AVERAGE AIR OVA CONCENTRATION 

8835750ft/ J 
O':ppm 
o ftl\3 

0.0 kg 

Calculated· 
No Air 

Vol Air 
Mass Air 
Hc 
Cw 
Vol Soil 
Mc 
Vol 
Cw 
Koc 
foc 
n 
Kd 
W 
Ka 
Cs 
Ct 

V 
L1 
L2 
H 
W 

() 

VOLUME OF CONTAMINATED AIR 
MASS OF CONTAMINATED A1;R 
ESTIMATED JP~5 HENRY'S LkW CONSTANT 
WATER CONTAMINATION CONCENTRATION 
VOLUME OF CONTAMINATED SOIL , 
SOIL MOISTURE CONTENT 
VOLUME OF CONTAMINATED WATER IN SOIL 
MASS OF CONTAMINANT IN WATER 
ESTIMATED JP-5 PARTITIONING COEFFICIENT 
FRACTION OF ORGANICS 
POROSITY 
DISTRIBUTION COEFFICIENT 
UNIT WEIGHT OF SOIL 
SORBED TO DISSOLVED RATIO 
MASS OF CONTAMINANT IN SOIL 
TOTAL MASS OF CONTAMINANT 

~.', \ 

Total Volume of the Contaminated Material 
300 
960 
55 

255 

.. 

0.19 atm*mI\3/mole 
5.00 mg/1 

6626812.5- ftl\3 
1 unitless 

17318070 gal 
327.7444748 kg 

100 lIkg 

No Air 
No Air 
Estimated 
Estimated 

.. Calculated 
Saturated 
Calculated 
Calculated 
Estimated 

0.5 % Lab Anaysis 
0.25 dimensionless Assumed 

0.5 lIkg . Calcul~1ed 
100 Ib/ft3 'Assumed 

. 2.404 dimensionless.Cal(;ulated 
787:8472951. kg 'Calculateq 

. . 

I .~ III 5.59177 ;;kg Calculated 
.', 

8835750 

/~ f • 

.-

. :~ 

-:-.. 

0\ 
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TABLE 1-6: TOTAL MASS OF HYDROCAR§0N 
IN THE MOUND AREA SOIL IN THE V ADOSE"ZONE 

ROJECT NAME: NAS Cecil Field, NFF Site 
ASSOFCONTAMlNANT 

'ATE: 12124/96 ENGINEER: KGK Reviewed bY:' 

Symbol Description 
Vol Total 
Ca 

TOTAL VOLUME OF CONTAMINATED MATERIAL 
AVERAGE AIR OVA CONCENTRATION 

Vol Air 
Mass Air 
Hc 
Cw 
Vol Soil 
Mc 
Vol 

ICw 

Koc 
foc 
n 
'Kd 

W 
Ka 
ICs 

Ct 

VOLUME OF CONTAMINATED AIR 
MASS OF CONTAMINATED AIR 
ESTIMATED JP-5 HENRY'S LAW CONSTANT 
WATER CONTAMINATION CONCENTRATION 
VOLUME OF CONTAMINATED SOIL 
SOIL MOISTURE, CONTENT 
VOLUME OF CONTAMINATED WATER IN SOIL 
MASS OF CONTAMINANT IN WATER 
ESTIMATED JP-5 PARTITIONING COEFFICIENT 
FRACTION OF ORGANICS 
POROSITY 
DISTRIBUTION COEFFICIENT 
UNIT WEIGHT OF SOIL 
SORBED TO DISSOLVED RATIO 
MASS OF CONTAMINANT IN SOIL 
TOTAL MASS OF CONTAMINANT 

Total Volume of Contaminated Material In the Vadose Zone 
Vm Total Volume of the Mound 
L 510 ft 
W 360 ft 
H 
Vt 

r 
V 

15 ft 
Total Volume of Tanks 

37.5 ft 
Total Volume of Contaminated Material 

~ 
i ' 

Units 
2356300 ft"'3 

1000 ppm 
471260 ftl\3 

13.3 kg 
0.41 atm*m"3/mole 

"2460.59 mgll 
'1767225 ftl\3 

0.2 unitless 
5!23669.6 gal 

860~:455839 kg 
100 IIg 
1.1% 

0.25 unitless 
1.1 IIg 

100 lb/ft3 
5.288 unitless 

45493.75684 
541.09.55876 

:,'2754000 ftl\3 

391767.857<i ft"3 

2356232.143 ft"3 

Remarks 
Calculated 

No Ail: 
No Air 
NOAJ! 
AssuQI,ed 
Estimated 
Calculated 
Saturated 
Calculated 
Calculated 
Estimitted 
Lab MIaysis 
Assumed 
Calcrilated 
Assu61ed 
Calculated 

/------\ 
, , , 



BIOSCREEN Modeling Summary: NQrtb.Fllel,FarmSit~, NAS c::ecil Field, 
Jacksonville, Florida: 

A synopsis of each modeling scenario is provided in this appendix followed by the model results • 
each describes. 

! 

Natural Attenuation of Entire Intermediate Plume with No Removal of Source or Shallow 
Groundwater Plume: 

Assumptions: 
, : ", .. 

1) The source (i.e., vaqose zone contatnina,ted soils) has a mass of approximately 54,000 kg~. 
, ',j . . ~ < 

2) The shallow zone o( the surficial aQ4ifer' lias ~:s6Ilib~ecd~t'~nUnant ina~s·;of approxim'ately 
1,100 kgs. i 1~:' ";" . . 

3) The intermediate zone of the surficial a~uifer has a soluble contamina~t mass ofappro~rJately 
2,800 kg. 

4) The total mass is approximately 58,000 kg~~ 
: • , • - '" , ,> ~.-' 

5) The soluble mass is modeled as th~sum. of total volatile orkanic at6~atics. 

Results: 

:eased on these assumptions and using an instantaneous reaction scenario, the time to reduc~.the, 
TVOA plume to below 50 ppb is approximately 632 years. " 

c 
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Figure 1-2 BIOSCREEN Input: RNA with no Source Removal, or Groundwater Remediation_ 
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Figurkjjlont.) Centerline Output: RNA with no Source Removal or Groundwater Remediation. 
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North FI;!.el Farm Site, NAS Cecil Field, BIQS(;~EN1\1o~eling o~l1lDmary: 
J~~ksonville;;i?lorida: ?') 

. \' " ~;<\~:7 

A'SYnopsis:Of;ieaditPbdeli~~ s~enario;i~ proyidedinJ~sappendix followedlJY the tnQd,~rfesults 
e~bhd~scribe~.~:; :: c1;':', ' :"'::,;;','.:;".' '0', . . 

~ ~-

i'.' '0, '. .". t:' ". ...... }.;; '., , , ... ) .......•..•...... <t/;~1. '.' .. ' ", . . ,';:,'j . . ,:;} . 
Ntlt1,lralAttfnuation of Entij!elflterw.eaiat~Pliirnti;WithlJ,emoval ofSour,ce Cl11ilShallow; " 
Gtou/1aW!atiJrP lum(f.';';",: i ''':; .• •. 0 , '; ";,~{:;' , ." .~..<, ~<:' \ 

. --~ .'-

, ! 
'.- ',", " 

As~mplions:~) 

1 )Th~,~purc~,(i;Y;;t:Vado~~i~on¢. c6j1tatnihated soll~)h~~,<~~ll1M.s' .6f ~pproxil11~leJy, 5t!';Q09 ICg and 

wa{'(~~:~~~~i~~ .. ' :': ' ' .' :;, ",a~ll<'i~"H;" .,. .. .' ,. ..:' '....... , .. , 
2)"liPei;sliallow.z'()he,·9fth~;sprfici~1~~U1fer has.·~;s.9Jllble·~oilt~pUhant mass of~pproxima.tely: 
11tPO ~g~find was clea.nedMPtO'Okg~( .. ,.,1:,\;,'\" ,.' . 

~~!~~~~iate:6n¢~;ili!(r8&&:j;~t~~~~r~nt~t m~~QfapPfd~lY 
4).·!~he tdtal mass 1~apprOxitnately2;800 kgs .. ;;i;;;r<;;:;\"~?: 

':'-ip'r:,-.- ,. ,:".> ,.3,",",-1, • <';~ .' '. :' :(~.' "-.<' ,5; ,.' .... -~._<.' -<,. ~.>'~'~.~~:~.\\, 
'U,!. ~ :..;,:J.:.;,::,:';('->-'~' i.:<~~~} 

:_:--·';-!f:-> .. ;?~/\',,::-·.>,,: <.«.:: ,:.:.~.'.>:-; -', ",' _\':~';" _', >,< .:. . """" ' .. ' '-, " <":7. -i'" .:' ",,' " . 

51'f1jp.~.:~~91uble mass IS modeled as. the s\lnfQflQt~Hv~latile. organica;rolllatics . 
. ' .. :~-. -'~~~., '~i' .( "\.-," :~ ~-,', " "~:~ ;~t?:7~; 

ReSUlts:' :;"~<: '"';1ti~i'" 
.;;)~ .::,>.'12i'::,;1 . ., .. '"-,; ,.,':':;;f'\'\:'L~ " ., j' . '. ,d··.· . " 

Bas~d{ori~these assumptions and:psingan ilXst:aniallegus reactionscen#iQ, the tini¢ t9 redJjce,the 
TVOA;~p:ttimeto below 50pplH;'apptoXlmat~1y:Y~8:5 yeats~' .'. ~:,,:; ".., 

, .. :" '::7·{t:-~~'~::, '. - ," ..: .~" '-' : t ··.-?\ti~~~;:·\~f:;\~", 
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Figurl~ . ~IOSCREEN Input: RNA of Intermediate Plume with Source and Shallow Groundwati iediated. 
~ .-
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Figure 1·3(eont.1 Centerline Output: RNA of Intermediate Plume with Source and Shallow Groundwater Remediated. 
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BIOSCREEN Modeling Summary: North Fuel Farm Site, NAS Cecil Field, 
J acksonvill~rFlQtid'a: 

"OJ 
- " ., :., . . , 

A syhopsis,of ea,¢h m64~li~g sC;~1J~rio' is provided iqJhi$' a,ppend:ixfollb~eQ by the. ~odel results 
each descriM~s.: '..... , ,'. ", < .... '. ::. . . " . '. " 

Naturat4ttenu;;'t~(m ojlhter11le.iJia(ePlum~AjterSourc~l?e1noval, Reinediation oj Shallow 
Contamituizte(jGtC!undwater an(i}nstailqtion of 51n;..WeN Aeration Wells: . . 

~.<~ - . \ < ;, 

1) TheinterMeq,fafeZbneofithe'.~i1£ficial aq1fiferhaSiasqlhbleco~tallunantIV!lSsof (ipproximately 
2800'kg';' ';' .. ,.., 'f', , . ~ ~/ 

'07' 

2) Five~n""w~fr~ef~ti~n'weUs~hl:Be,\install~dlPth~jPlum~areacoveri~gthe 10,000 'ppb TvbA 
contour.' ".'« . . 'ci,,:;X "',:"' ...... . · ... ·.)';;i.L::: , r' " .: .' ;. .r. . ". 

~ } C' .r ,.', ,,: - -"J' • ~. 

. .::".;'" '. ,., "'.' . '.'" . ..,.::')£: ...., . , " 
3) The in.,welraetatjon,Wens~i.llb~openlting ~mW'tll~P9ntamtnatedgroundwater it) the greater 
thanlQ,OOO ppptvOl·contOl)riIifetrtediate(;jtoJO,Q09tPpb.: '; ," . , 

..... ..", .c, .,' '.,. ;:.+ .. ". ,' ••. ,.,,' .... ;;.: .... ....":.: •• ,:';;,.. ,'. " 
, ) ".,.. ••• ( ." ~,,~': <:' ' ,'::. ,. ' 

4) When the "ho1:spot" (greki~rthai1 5,000 ppbTVO A) has beenr~moved, • uatural. attenuat~sm 
will· cleanRP the remaind¢rofthe plum.e to 50 ppbtVOA, . i :;. '~:' ;;" '~; .' 

5) The tot.r w~¥: ,CQ:t~if!~lh'f~e't'~~;ffot"~(:p~(OXimat~il,~95 k~. '.' .. C 
6) Theso14ble.ma~~~;r$'1ji,04"~leq;a~)tft'~'"S4m oft6ta;lyolati.l~prgat}ic·~fbril:atics, 

7) The tot~l~~~;'~~l~~, •.•. ,f~.~;~!~~g'~l~~ atJ~~~t;oh'iS ~;086.~&~;,. 
J .,' . <;'.j., . 
'i-'>;:_', - < ';~''.'''::.;'';:;::: ,,_-~. "_).' " i." 
: ~~. ,,~(-; /f: ( : ~'<1l~ ;~':'~'~:~"; './ 

. ..,"<: .:.,: .~,~}~~\:' ."\,J;,:-~\' ";:,' .>';~ _ > • > '-\.__ f.:':' <",: .. .' ,.". ._~-; ': _,. \ ~,-: ~:;; ~ ',: .~,j-.,' 
BasecfOri thesea§:sl.linpti9,Q~\·al;la,usihganjust'l,nt~9:~ou~reaction' ~ceriario"the, time t:o reduce the 
TVOAplumeJo'(g~10W'·S?i,,~~b\rs!aPRroxim~telY:2~years. ' , ,; ...•.. 

'~, 
:'.;~~!!,<~-, ~ y ~ i'e ::~'o' ,;.'1'" 

C';:!::i~~;~~!i' 
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Figure 1·4 BIOSCREEN Input: RNA with 5 IWA wells. 
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Fi!lUr~ont.). Centerline Output RNA with 51WA Wells. 
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IN,-SITU.STRIPPING DES!GI\I CALCULATIONS 

',;.,,~>.< .. '.,,~. .,~~~".~. " ',., 

Ba:sed on a paper by Battelle (attachedL:the1tirne tdrolean'UP;'f9(the:'in~w~II:,aeration" 
scenario was calcl:Ilated. Table 1-7 shows that if 25 in-:well aerationwelis 'are'TnsiaHed),:', 
to tre;:;tt,!heinterl1l~di~~~ plume, it will take approximately 42 years,tocle~nl!p,:", 

•. ,_ .J',> . <"<~:'>~ <'~. ',_ t~:'·_ .. - . ~_': ,!.~.-L',-~ 

T able;F8~re'seflts~;iimited ih:. wall aeratiOl1scahario ,'lffivEf Well$«(lre )n~tqfi~d i~ the 
ho! areas, Ttwill take"~pptoximately 1 0 'years to 'bifn'g TMOA-co'ncehtrati6B$'fr9rTlan' 
aver~ge 'ot2Q,QQO:ppb to'~,OQo'ppb, ... ' ". ,. ' ..... ". ,. "'; \i," 

" ',.;. 

" ," -,,:,--, 

. , 
...... ; 



Table 1-7: Time to Cleanup for 25 In-well Aeration Wells 

In-Situ Stripping Design Calculations 
:,', " , ,,;, ,: ,', 'j.I' 

" ~ ; ; " 

" >"." .. ,-~ " 
'>;:;;' ,. ,,~ . ,;' ' ;'),1 , 

, 
; ~ ,', '" , 

" », --~'. - -.~ ~ .. ~, 

Date: 11'2.1'\ C\ ::r Project: t-irF (....W? Engineer: KGK Reviewed by: S~ 
Reference: Pap~rby, Tood,and il;"es~,Parr;J.r!9tQn, ~;at~lI~ Pul;>lication~ , .~- . i-', 

Hydn:~~tati~J;le~~, ;1:'" .,' - ~ t·.' . -~- ':;:.. ': ,\','1, 
" 

, 
,~ :'-' -tC~~ l ~', , .. ,4,: 

" " .. " .... ,~~. 0, 

" 
" .~ " . .t,,'·, , , ' , -, "~" , ' 

well radius " '" ,,'" 4.00 inches 'G as"slfm'e'd' ; rw 
Qair air flq\ti rate 10.00 cfm assumed 
Vs 

0", 

superfleiaiair velocity" r'\-J§( " :,,-:;1 .' .~ " ": 0:~15 m/s :p calculateck " 
" 

L c'; ; 'saturated "th ickin~ss: of tl1eaq u ifer 
" '" : ')", ~·50 :00 fk,: ;:,' f~. giv~n 

I 

H/L vertical hydraulic gradient .' 0,27: m{m' G~aph,1" ' 
H hydrostatic head generated due to air flow ::::::i::::iii:i:ii}1r~I$'i ft, calculated 

, 

Flow Rate, Qc 

Kr radial hydraulic conductivity 5.00 ftlday Slug Tests 
Kz vertical hydraulic conductivity 0.40 ftlday Assumed 
rwD dimensionless well radius 0.0019 Calculated 
QD dimensionless flow rate 0.15 Graph 2 
Qc flow rate '~Htt~~: )ii::ltt4.:: GPM Calculated 

Time for ROI development 

ROI/L ratio of ROI to saturated thickness 1.00 typical 
ROI radius of influence 50.00 ft calculated 

( 
V volume of sQhere of influence 523598.78 ftA3 calculated 
n porosity 0.25 assumed 
Vw volume of water in the sphere of influence 979129;71 gal. calculated 
S.F. Factor of Safety ;,2.00 
t time for ROI development (Le., one pore volume) :::::'::~$~14:: days calculated 

Hydrodynamic Retardation Factor 

Koc partitioning' coefficient of benzene 100.00 literature 
foc fraction of organics 0.50 % analyses 
Kd distribution coefficient of benzene 0.50 calculated 
B bulk density 170,00 Iblft"3 estimated 
Rh hydrodynamic retaraation factor 5.09 calculated 
Ci initial concentration 21000.00 ug/L analyses 
Co target concentration 50.00 ug/L given 
ColCi fraction remainig 0.00 calculated 
N number of pore volumes 30.72 calculated 
T total time to flush N porevolumes :"::::41~~li: yrs. calculated 



Table 1-8: Time to Cleanup for 5 In-well Aeration Wells 

In-Situ Stripping Design Calculations 

Date: 'L2..1-\a.-;;,.,- Project: N\=-F \2. A-W Engineer: KGK Reviewed by: 
S. '"''' Reference: Paper by Todd and Less Parrington, 8atelle Publications 

Hydrostatic Head, H 

rw well radius 4.00 inches assumed 
Qair air flow rate 10.00 cfm assumed 
Vs superficial air velocity 0.15 m/s calculated 
L saturated thickness of the aquifer 50.00 ft given 
H/L vertical hydraulic gradient 0.27 m/m Graph 1 
H hydrostatic head generated due to air flow %1Iilil$ ft calculated 

Flow Rate, Qc 

Kr radial hydraulic conductivity 5.00 ftJday Slug Tests 
Kz vertical hydraulic conductivity 0.40 ftJday Assumed 
rwD dimensionless well radius 0.0019 Calculated 
QD dimensionless flow rate 0.15 Graph 2 
Qc flow rate ,\,?ilit4 GPM Calculated 

Time for ROI development 

ROI/L ratio of ROI to saturated thickness 1.00 typical 
ROI radius of influence ,it ' . r ' ' '," :, ,(' 50.00 ft calculated 
V volume of sphere of influence 523598.78 ft"3 calculated 
n porosity 0.25 assumed 
Vw volume of water in the sphere of influence 979129.71 gal. calculated 
S.F. Factor of Safety 2.00 
t tlmeJor ROI development (i.e., one pore volume) i\~6~Q days calculated 

Hydrodynamic Retardation Factor 

Koc partitioning coefficient of benzene 100.00 literature 
foc fraction of organics 0.50 % analyses 
Kd distribution coefficient of benzene 0.50 calculated 
8 bulk density 170.00 Iblft"3 estimated 
Rh hydrodynamic retardation factor 5.09 calculated 
Ci initial concentration 21000.00 ug/L analyses 
Co target concentration 5000.00 ug/L given 
Co/Ci fradion remainig 0.24 calculated 
N number of pore volumes 7.30 calculated 
T total time to flush N porevolumes i\H';~4 yrs. calculated 
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ANNUAL OPERATING, MAINTENANCE, AND MONITORING COSTS (YEAR 1J: 
DESCRIPTION 

Monitoring Costs: 
labor (2 technicians 5 days per 1/2 year @ 10 hour days) 
Groundwater: 

Volatile Organics EPA Method 602 (20 samples semiannually, Year 1) 
, Polynuclear Aromatic Hydrocarbons EPA Method 610 

(20 samples semiannually) 

Natural Attenuation Analysis (semiannually, Year 1) 
Test kits (Iron, Chloride, Alkalinity, Carbon Dioxide, Oxygen) 
Test kit reagents 

Nitrates EPA Method 353.2 
Sulfates EPA Method 375.4 
Methane Modified.EPA Method 8015 
Dissolved Organic Carbon EPA Method 415.1 

Reporting (1 Engineer, 7 days per event @2 events) 

Total Operation, Maintenance, and Monitoring Costs (Year 1): 

There will be twenty wells sampled: 
All Twenty will be sampled for EPA Method 601/602. 
Fourteen wells will be sampled for natural attenuation parameters. 

'; ~"1':14'~ 

!~"\ 

:nUANTITY 
-, ~,-.~ 

,-

200 

48 
48 

36 
36 
36 
36 
36 

112 

'Parameter 
4/<of wells 
:'[)uplicates 
Equipment Blanks 

, Trip Blanks 
, Total Per Event 
" Total Per Year 

UNIT UNIT PRICE 

hour $41.00 

ea $162.00 
ea $170.78 

Is $163.00 
Is $28.00 
ea $25.00 
ea $15.00 
ea $100.00 
ea $30.00 

hour $46.00 

601/602 
20 
2 
1 
1 

24 
48 

TOTAL 

$8,200 

$7,776 
$8,197 

$163 
$1,008 

$900 
$540 

$3,600 
$1,080 

$5,152 

$36,616 

RNA 
14 
2 

1 
18 
36 

~\ 
(" 'I 
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Costs Associated With Natural Attenuation and In-Well Aeration 

Project Name: Remedial Action Plan, North Fuel Farm Site, Jacksonville, FL. 
Date: January 5, 1997 Engineer: .. , \ 1M .\:.~.., 

Costs Prior to Source Removal 

Description Capital Capital 
Unit Total 

Installation of 25 In-well Aeration units $10,000 $250,000 
Installation of 5 In-well Aeration units and RNA $10,000 $50,000 
Remediation by Natural Attenuation Only $0 $0 

Costs After Source Removal 

Description Capital Capital 
Unit Total 

Installation .of 25 In-well Aeration units $10,000 $250,000 
Installation o.f 5 In-well Aeration units and RNA $10,000 $50,000 
Remediation by Natural. Attenu.ation. Only $0 $0 

Note: It is assumlld to take 10 years for source removal. 

Reviewed by: 

O&M Unit 
(per annum) 

$5,000 
$5,000 

$0 

O&M 
Unit 

$5,000 
$5,000 

$0 

~'.-".\-

f~ r~ 
r \ 

,;.~ ..... 

J<:-(;'~ 

# of years O&M Unit # of years Sampling 
Total Gross Sampling Total Total 

42 $210;000 $460,000 $24,173 52 $1,256,996 $1,716,996 
10 $50,000 $100,000 $36,616 42 $1,537,872 $1,637,872 
39 $0 $0 $36,616 49 $1,794,184 $1,794,184 

# of years O&M Sampling # of years Sampling 
Total Gross Unit Total Total 

42 $210,000 $460,000 $24,173 42 $1,015,266 $1,475,266 
10 $50,000 $100,000 $36,616 32 $1,171,712 $1,271,712 
39 $0 $0 $36,616 39 $1,428,024 $1,428,024 
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Prepared For: 

,·····flUjATABffiITVliABORA.TORY:' ':'.; 
LABORATORY ANALYSIS REPORT 

Jim Williams/Gopi Kanchibhutla 
ABBEnvirontnental Services, Inc. 
2590 Executive Center 
Circle East, Berkeley Building 
Tallahassee, FL 32301-5001 

11/19/96 

Prepared By: 

ABB Environmental Services, Inc. 
107 Audubon Road 
Wakefield, MA 01880 

Patricia Byrnes 
Treatability Laboratory Manager 



Patricia D. ByrneslWake/USEVS/ABB 
11/15/96 03:26 PM (Phone: +) 

To: Gopi KanchibhatlafTali/USEVS/ABB 
cc: Maureen D. Dooh;~ylWake/USEVS/ABB 
Subject: reissuing Cecil results 

I am reissuing the Cecil F,i.e,lp, resu,lts to y()Ulodal ,1Y,lHJ~~rd th~mJeg~x,t~.is afternoon. If you are still 
missing results after review1~isire'sults pacRaginexceptfdr the:mostlrecent sampling event) please let 
me know. I will sent the mosf;l'~¢~f'lt:;~~mpUnge",ent r~solt$.·!i1\lt gnf\llol")day. . 
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ABB ENVIRONMENTAL SERVICES, mc. 
, " TREATABIL.triiLABC>RA'rORY 

DR:V ;WEItJ:HT ANAilYSIS' 
i . \ ,"' '.: t; 'l \ ' , 

Client: Cecil Fi~ld , • I ; 

AJ3l3-ES Projec~ Numb~1':~b8516#4o 
Sample: Matrix:. SOIL, ' ; it: ' 

, Da~e~Sarripled: 3/14}'94 ~. iii' 
, -Date' Reported:' 3/28/94 '".' " 

I ' 

CEF-372-135, (UNSAT.) .>., . 91 

... -.'''.. .. .. , ", . 

I .. : 

. 1 i ~ 

i : 

, CEF .. 076~315 (UNSAT.) ,.93 .... 
�r-----------------~----~----~~------+_----------------~~~~~--~~~--~II 

CEF:'076-3TS' (SAT.) 80 

OJ;'' 

.! l 
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PARTICLE SIZE DISTRIBUTION TEST REPORT 
r;; c c: 

N 

100 r-:::=--rnmjC:n~T:ZT:~C T:~::"'-~:' i~mT1~:~-"=-"""~~ii!iiiI;::c:!n-~:T-:r~ni~T1I-'-,-,mT1rT--r-r---l(~ ,;, ... : 

90 ~-+~~~~:'-"~~~~:4:~~~~:H'f' +'T:~~~~~~~~'+' r+~+-~~+r~-+~ 
: .~ ., I ;' ; i ~: 
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30 

~ .], :' r 
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\ 

\1 

,~:! 1. 
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." , ~-

Test %+3" % GRAVEL .. ' % SI=IND 
r J:~f' ~~.~.( ." 
(% SILT .. / .. 'Yo ·CLAY .... 'ns'cs . LL. 

3 

SIEVE 
inch",. 
siz", 

>< 

>< 

0.0 0.0<:J 

PERCENT FINER 

• 

GRAIN SIZE 

0.19 
0.14 
0.09 

COEFFICIENTS 

1. 10 
2.1 

94.9 

SIEVE 
numbe,.. 

slz", 

4 
10 
20 
40 
6121 

140 
200 

ABB Environmental 
Services,. Inc_ 

5 .. 1 .' c -, ,.~, -
(.;;P-SM 

PERCENT FINER Sample informotion: 

• • CEF-JPS-12S 

100.0 
99.8 
99.5 
97.3 
91.'3 
16.0 
5.1 

Remarks: 
sieve analysis onl~ 

Project No.: 08516-40 
Project: NAS Cecil Field 

Date: 3/3t21/94 Data Sheet No. 
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0.0 
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Project:, ~NA5 Cecil ri'eld ABB Environmenta,l: 
S,ery,i,ces,. Inc. 
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PART ICt .. E' SIZE:, DISTRIBUTION TEST: REPORT . . 
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ABB Environmentaf 
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, , ~. , 
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PARTICLE SIZE DISTRIBUTION TEST REPORT 
c: 

1121121 \D 

9121 

8121 

7121 
Q:: 
w 
z: 6121 H 

u.. 
I- 5121 z: 
w 
U 
0::: 

4121 w 
0... 

3121 

.. 
2121 

.--.,-,0' 

1121 

,121 

c: 

'N 
c: C:" 

I 
m N ... 

c: - ... 
" ... m 

.~ " - ,~ '. ••• > 

.'.:." '/; 

C I: 

N CD , " ... m 

200 10121 ) 1121.121 

"[est 
:2 
;.\..." . 

SIEVE 
in~nes 
$Iz~ 

>< 

%+3" % GRAVEL 
121.121 121.121, 

PERCENT FINER 

• 

GRAIN SIZE 

121.19 
121.14 
121.1219 

COEFFICIENTS 

1. 1121 
2.1 

lSI 
N • 

".t .. ). 

, . 
.. . ,' .. ,: 

1.0 

lSI 
\D • 

GRAIN SIZE - mm 

lSI CSl 
~ CSl 
... N. 
• • 

' ..... 

" .. ' 

;::;"~r 

I·" 

0.1 0.01 

%, SAND, .<.; SILT ' ~ CL8~' .USCS 
94.9 

SIEVE 
numb'er 

size!' 

4 
10 
20 
40 
60 

140 
200 

5. f 
, 

PERCENT FINER 

• 
11210.0 
99.8 
99.5 
97.3 
91. 9 
16.0 
5.1 

.. ~P;-SM 

S~mpl~ informoiion: 

• CEF-JP5-125 
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Project: NAS Cecil Field 

Date: 3/30/94 Data Sheet No. 
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.3./1~/94, " 
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3l1~t94 . 
1· ',. ' 

CEF,.076~315 " 3/14/.94 .. '. 

BACTERIA.FR.\1/1 
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ABB ENVIRONMENrAL;SERVlCES, INC. 
TREI\TA81L1TY LABORATORY 

BACTERIA ANALYSIS FOR WATER AND SOIL SAMPLES 

Project: NAS Cecil Field Site 8 
Project Number: 8520.22 
Date of Analysis: '04/27/95 

. Date Reported: 051U!95 .,' 

04/26/95 

:', ' 

BACfERlA.FR.;'''tjI 

ANALYSIS REpORT 

7.0 x 10' 

Water 3.2 X 10' 

-'-,. 

q. ' 

4.0 X 1<Y 



ABB ENVIRONMENTAL SERVICES, INC. 
TREATABILl1Y LABORATORY 

,', i ., .'. 'IBA<rrERIA}AiNAL¥SIS;,;'SOIL;~' 
• ANALYSIS.~R£p'OR<T;' 

Project: NAS Cecil Field 
Project Number: 08520.82 
Date of Analysis: 5/31/95 
Date Report~d: 6/23/95 
Work Order No.: 95 .. 05-009 

BAcrERIA.FR.\.f/l ASS Environmental SeNices, Inc. 

Corporate Piace 128 
107 Audubon Roa.d 
Wakefield, MA.01aaO 

Telephone 
(617) 245-6606 

Fax 
(617) 246-5060 

j 



':, __ ,- ,L('t'?>r t>;{~.:/,: .. . -.- . '. '; ;1,:" 

ABB'~NVIRP~~N1'~(,~~~YICES, INC. 
.'hq;J\ TAB,I.i.trrJ4i,SPRAT~~Y 

BACTEJUA,t\NALYSIS.- SOIL 
ANALYSIS' REpORT 

Project: NAS Cecil Field 
Project Number: 08520.82 
Date of Analysis: 5/31/95 
Date Reported: 6/23/95 
Work Order No.: 95-06-001 

, . . . . 

CEF:096.-S9D(HPL1) 6(}-90~·· 

BAcrERIA.FRM/l ABB EnVironmental Servic~s, Thc. 

. ", Cqrporate Place 126. 
.. 107 Audubon Road . 

Wakefield. MA 01860 

Teleql)One 
(617\ 245-6606 ,. 

F~ , 
!~j'7) ,246-5060 



AlJB ENVIRONMENTAL SERVIC~S," JNC . 
. ' "'1'IiE'A:t'Xintirl't1AiidAATOkY ..... . 

Project: NAS Cecil Field 
Project Number: 08520.82 
Date of Analysis: 6/16/95 
Date Reported: 7/7/95 
Work Order No.: 95-06-012 

" 'BACi;E1rltJU~ALYSIS'irsoiL 
: ~AtXSIS fREPblh';'" 

,.),~,!> :~',_<'3 ~~':,._ 

BACI'ERIA.FIU"fjl --~--- ABBEnvironmental Services"I-nc. --

-, 
" 

Corporate Place 128 
1 01 AUdubQ(1 Road 
Wakefii!ld: MA 01880 

Telephone Fax 
'(6'1'7)245-6606 >';,<617)246-5060 



",.~ . 

c· '----

ABB ENVIRONMENTAL SERVICES, INC. 

Pr9Je~t: ,;NAS Ce~ilJ·ield " 
. rF()ject Number: 085~0.82 

Date of Analysis: 8/30/95 

s~))i;iD< 
.. .. .,~: .' ......... " 

TREATABILITY LABORATORY 

BACTERIA ANALYSIS - SOIL 
ANALYSIS REpORT 

, .,,, .. 
'. " 

, 

··'CEF~076:'70I 
, 

.,~/7/~5> ... ,,~}3'X'lQ4,:,;; r 139.',,,,::> 
'CEF-076::71D 

CEF-076-69S 

BACTERlA.FR.'.t/l 

'8/7/95':" 

8/7/95 3.0 X 10 4 

ABBEnvironmental Services Inc. 

Corporate Place 129 
107 Audubon Road 
Wakefield, MA 01880 

Te'eohone (617) 245·6606 
Fax (617) 246·5060 

2.0 X 10 3 

:!." 



ABB Environmental Services 
Treatability Laboratory 
Bacteria Analysis Report 

Project: NAS Cecil Field 
Site: North Fuel Farm 

SamplelD 

CEF-076-590(30'-45') 
CEF-076-590(60'-90') 

CEF~076.671(25.'-55:) . 
CEF~076-p7J(60:c90') . 

CEF;-076-701 '. 

CE:F;-076-69S' ',. . 

CECNFBAC.XLS 
10/14/96 

Matrix Date Sampled 

Soil 5/31/95 
Soil 5/31/95 

. .... Soil ... " 

$oil\F' .... 

, Aqueous'; 

':Aqueol-ls 811/95 ' 
. Aqueousl ' :; :. 817195 ' 

. T-~4 

( '" 

, ."' 
-,;,~,,-..-./ 

Total Bacteria Hydrocaroon;Bacteria 
CFU/g orml ; '/ ,CFUlg:6rml 

570x 104 130 x 104 

230 X 104 130 X 104 

1.0 X 104 

. it 47x1Q~ .O.ax 104 

2.3 X 104 

3.0 X 104 

( 

ABB Environmental Services, Inc . 



To: Jim Williams 

From: Brian Se!l!.ck 

Date: Octobi!r 18, 1996 

Subject: Report of Ge0techrJcai Testing Rcsul~s 
Site: NAS Cecil Field 

i". 

QU,Q-:tober 04, 19?G tc!:;ti •• g )\'~~RSS,igneq for soil sar!lplescol1e;cf~d nt th,e subject ,site. AU testing was 
don¢in.the,ii\EkHESWakc1le.Jd I:.apO(atcil') ... · 

., " ','. '~. ';," ~ .' .;:,. ,. - .: • .".'., " • > ,:.... -. ':,' :. 

'. ktntaJopsieve analyse~ we:ecolnplcted inaccor4ance with ASTM.D·422. The curves rYete :primarily 
fine.~s~;;ds.·Thf; gradatic~ C.\ilVeS w 6 al1acned.· '. ". ' \'. ~ 

i. +, • 

. ' JfY0u:;ha\'eilJiy ~:Jestion~pie2se,' do' not hesitate to conhlct eiUler mysdfat (617)145~6606, or,Brian· 
Johns0nat(207)S28-3413. .. . .,1 . ',., " 

ABB Environmental Services Inc. 

; ':)7 AU:JJbon Road 
Vla"elie:J. fv1A 0188C 

Telephone (617) 245·6606 
Fax (617) 2~6·5060 



11/19/96 

ABB Environmental Services 
Treatability Laboratory 
Bacteria Analysis Report 

Site: NAS Cecil Field, North Fuel Farm 
Project No.: 8520.52 

Soil 
. 76:867703 . 

CFU = Colony Forming Units 

Page 1 of 1 
..... .., 1 

CEC10096.BAC 



ABB ENVIRONMENTAL SERVicES, INC. 
1REATABILtJY LABORATORY 

FINGERPRINT ANALYSIS REPORT' . , . 

Method: Modified EfA~&J!UG 
Client: Cecil. Field ," ,.' . "" 

ABH·ES Project :Nl;,mlJ~t;:; O~516.40 
Sample ID: CEF-Q76.,3).' '~;;\(' 
Sample Matrix: Water" 
Date Sampled: 3/1/94' 
Date Reported: 3/7/94 ". 

. T,J 

Petroleum Product Presept in Sample Evidenc~ of Weathering 
1 

Gasoline 
,," 
'; 

JP-4/JP-5 

Kerosene/JP-8/Jet A " 
,- ~~ ,- ", X , 

Diese1j #2 Fuel Oil , 

#4 Fuel Oil " 

#6 Fuel Oil , 
, 
! 

Waste Oil/Motor Oil 

Coal Tar/Asphalt 

Other: 

'0 '2 ':1-



* ATT 2"' 4 ':o! * {cec,/c,~;C"'JPS--/~ 
*AN H:Q80EAE69.BNC I 

RUH ~ 42~ ~AR 15, 1994 13:58:91 
START 

IF 

~. -

.. - . -.:- .. ....... -':::': .. ': 

, 
.. 1,. 

,,< . L 

; ..... . 
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\">1 
\j-\. 
Ii 
)l 

...::J: . 
cv: 
t\J. 

........ , ·Ii 

.j /"p;-..... /)32 -/35 
((!!C '. - - . / 

* HE 2/' 1 ~ 
*AH H:J89E8EUA.8HC 
RUN # 438 HAR 15, 1994 15:88:18 
START 

IF 

-::.". ' 

... ll ...... 
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PETROLEUM FINGERPRINT 
, ~ '<)",. .,': ,.;<, .. ·,;-·t ~ l' . . ,~~ .," t l' ". " ~',,' 

\.; 

MODIFIED 35q,QL610Q 
, . : .. ".: '} ? ~ 

Proje~t:· Cecil Fie.ld 
'< :' 'i '. ~' 

JP-4 

..I '/ 

KEROSENE 

DIESEL FUEL 

_ J .. l 



'-

I
Z w 

~ 
en 

PEf~"bLEJ~' FfNGkRPRr~T 
M6dl~l~d '3sSd'; ~1;O~ 

~ .. :!.,.~~.:, ,.' :~ ':l, . J :._ , .' ,; ~. 

Project: Cecil Field 

-,- Ii .... 

#2 ~UEL; 

" #,4 FUEL 
I . 

#6 FUEL 
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, : 

. ABB ENVIRONMENTAL SERVICES~ INC. 
1REATABILITY.LABORATORY 

... ' \ .:':'.'FINGERPRINT ANALYSIS REPORT 

Method: Modified EPA 8100 
Client: Cecil Field 

ABB·ES Project Number: 08516't~H) 
Sample ID: CEF·076·315 
Sample Matrix: soil 
Date Sampled: 3/14/94 
Date Reported: 3/28/94 

;-< 

~ . 

Petroleum Product .'\; . Present in Sample Evidence 
c 

·:(l'asQW¢ i ," 
, 

.. 

': 

JP-4 r 

Kerosene/1P-8 \ 

'; 

Diesel/#2 Fuel Oil . " 
:;.'",;,';\!~ . 

of Weathering 

, 

~ ; , 
.' j .! "-:' ;m) : , 

#4 Fuel Oil ,,1 ~: ~ 

#6 Fuel Oil 
'," 

Waste Oil/Motor6il 
<";'-

Coal Tar/Asphalt 

Other: 

~. 

No evidence of. petroleq.m observElct. 
-' .~.' .. ~: " 

J',-

... ~~ 

:"'!f\i :./y) 
. ';,.;,j' . -.. "",, , 

,.<, 

" , ... 



PETROLEUM FINGERPRINT 

MODIFIED 3550/8100 

Project:" Cecil Fielc 

,: ~.' iCEF-JP5-125 

. ~, 

, ,~ .. 

( ... -~ .... '> \s;J 
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ABB ENVIRONMENTAL SERVICES, INC. 
TREATABilITY LABORATORY 

FINGERPRINT ANALYSIS REPORT 

Method: Modified EPA 8100 
Client: Cecil Field 

ABB-ES Project Number: 08516-40 
Sample ID: CEF-JP5-125 
Sample Matrix: soil 
Date Sampled: 3/14/94 
Date Reported: 3/28/94 

,.' , 

""" 

Evidence. of WeatheriD.g Petroleum Product Present in Sample 
") 

Gasoline 
" " 

JP-4 

~l Kerosene/JP-8/Jet A probable 
"' 

X 
;" 

Diesel/#2 Fuel Oil , 
"' 

#4 Fuel Oil , 

- ," 

#6 Fuel Oil . , 

Waste Oil/Motor Oil 

Coal Tar/Asphalt 

Other: 

Ir :--

, 
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ABB ENVIRONMENTAL SERVICES, INC. 
IREATABR.ITYLABOMTORY; 

FINGERPRINT ANALYSIS REPORT 

Method: Modified EPA 8100 
Client: Cecil Field 

ABB-ES Project Number: 08516-40 
Sample ill: CEF-732-135 
Sample Matrix: soil 
Date Sampled: 3/14/94 
Date Reported: 3/28/94 

'1' ;;,.'; 

( t" 

'i 

I; '. 

"J: >'.~; • Petroleum Product, ;,'0, Present in Sample" , , Evidence' of Weathering "'; 
, 

" ,Gasollne, "" 
" 

JP-4 
, ,i 

,,". l "~ ••• ,0 

" Kerosene / JP-8 /J etA probable X -,"". ;' 

Diesel! #2 Fuel 
' , ," 

F Oil 
; 

,., 

ii #4 Fuel Oil 
, 

" #6 Fuel Oil 
" 

Waste, Oil/Motor Oil t, 

" 

" 
, 

,). 
Coal Tar/Asphalt 

" 

Other: ; 

c 
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PETROLEUM FINGERPRINT 

M6bIFn~D" 3550/8100 

Project: Cecil Deep Plume 
-": . "", ''\ ":' 

;;:, ... ' 

J." 

o c: 
« o z 
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en 
..J « z 
c: 
w 

'"" ~ 
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!! 
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..J « 
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ffi 
'"" ~ 

METHOD BUANK 

CEF-076-701 
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PETRQLE1"JM fINGERPRINT 
~, ~ 

MODIFIED 3550/81 00 

ProJect: Cecil Deep Plume 

c 
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GASOLINE 

J P -4 

J P -5 
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'PETROlEUM,i, FINGERPRINT 

: MODIFIED/~3550/8100 

!" Project:', Cecil Field 

Q 
a: 
<C 
Q 
Z 
~ en 
...J 
<C z a: 
~ 
~ 

SOil 

METHOD, BlAN~ 

CF8FS1 

" 

" 



.. PETROLEUM,'FINGERPRINT 

:, .~' MODIFIEr), 3550/8100 

,~,';F~rojE:rct:n:ecii Fielc! 
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. DIESEL FUEL 

#4 FUEL 
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, "'PET~6L~UM FINGERPRINT 

MdDjt'Fi~D 3550/8100 

Project:' Cecil Fielc 

T c::: I 

~ ': AQUEOUS 'U , 

,-

METHOD B~AAK-
~ 1 ~, ' 

CF8MW105 
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PETROLEUM FINGERPRINT 

. MQDIFI~D;3550/8100 
i ,~ ~: -;;. f: "t·: 

.-! ", . 

C 
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P51~PJ,.f;~~v~·:tl,N;@RI1P;j~INT;:\ .. 

'i ('" i "~f" '". ,!. ,_ : . '" ,_~~" .'>-0<> -,: • 

MOD [FIEDc', 355' 0./8.10.0. 
~ .. J tJ"" },;' 'i •. ~ .. f ""~- ,." ~ '~~~$ "'C!.'!'~ .:; ~' ,; ~ ~,) 

-Pro ir;qt,: C~CJL EL.Q, "'. 
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CEF-076-55J 

CEF-076-51D 
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METHOD BLANK 

CEF-076-59D (301-451
) 

. , 

CEF-076-59D (601-S0l ' 
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ABB ENVIRONMENTAL SERVICES, INC. 
TREATABILITY LABORATORY 

FRACTION ORGANIC CARBONe 

Client: Cecil Field 

ABB-ES Project Number: 08516-40 
Sample Matrix: SOIL 
Date Sampled:'3114/94' 

." Date Reported: 3/28/94 

» " 

SAMPJ--;E'ID 
» 

rcEF-1P~5-125 (UNSAT.) 

CER·1P-5-125 (UNSAT.) duplicate 

:." CEF-JP-5-125 (SAT.) 

CEF-1P-5" 125 (SAT.) duplicate 

CEF-372-135 (UNSAT.) 

CEF-372-135 (UNSAT.) duplicate 

CEF-372-135 (SAT.) 

CEF-372-135 (SAT.) duplicate 

CEF-076-315 (UNSAT.) 

CEF-076-315 (UNSAT.) duplicate 

CEF-076-315 (SAT.) 

CEF-076-315 (SAT.) duplicate 

FOC " (%) 
< 

1.1 
, 

1.1 

1.3 

1.3 

0.7 

0.6 

0.7 

0.7 

0.6 

0.6 

0.9 

0.9 

~ .. ---

: 

; 



ABB :&WIRONMENTAL SERVICES, INC. 
TREATABILITY LABORATORY 

TOTAL PETROLEUM HYDROCARBON ANALYSIS FOR SOIL 

Project: NAS Ceciel Field~'FLD 
Project Number: 08520.82 
Date Prepared: 6/6/95 

CEF-076-59D(6Q' -90') 

CEF-076-59D(60' -90') 
DUPLICATE' 

5/31/95 

5/31/95 

E:Estimated value below detection limit 

, 'r 

'.6/6/95. 

61.6/95' 

6/6/95 

ABB Environmental Services, Inc. _ 

Corporate Place 128 
t 07 Audubon Road 
Wakeheld. MA 01880 

Telephone 
(61 n 245·6606 

Fax 
(617) 246-5060 

," ··.·32E 

28E 
c 



ABB ENVlRONM~!ff~ S~\t~P;ESfINC. 
~M;YJ1CAL~P~:I;°llY 

, /' ·FRACEION ORGANI€, CARBON· 
- ,'" ' ".' -- " ' - i ; '.' ,'" ~,' . ) 

Project: NAS Cecil Field 
Project Number: 08520.82 
Date of Analysis: 6/8/95 
Date Reported: 6/23/95 
Work Order No.: 95-06-001 

ANALYSIS REpORT 

·'·0.8·. 

BAcrERlA.FRM:/l ·ABBEhvirontrlenta\i SeNicesjJnc. 

CorRorat~ P,lace 128 
107 AudubOn Road 
Wakefield. MA 01880 

·'··Telephone Fax' 
(617) 245·6606 (617) 246-5060 

~ ~~ 



ABB<ENVIR:ONMENTALSERVICES,INC. 
TRE~'FABru1:TY ~LABORA'fORY 

TOTAL PETROLEt.fM'HYDR()C~'ON;,A.NAL YSIS FOR SOIL 

Project: NAS Ceciel Field FLD 
Project Number: 08520.82 
Date Prepared: 5/31/95 

I.~.- .~;: .'C ~ 

5/22/95 

CEF-076-51D 5/26/95 

E: Estimated value below detection limit 

5/30/95 

AI3EhEnvirQnrneqtal;,Serv.iG,~$iJ:nc. 

Corporat~pFllace 128 Telephone 
;,107 AudUQon Road . (E?17l;24S-6606 
Wakefieid. MA 01880 

.f'ax",: ; 
. (6Vy24&:;lP60 

42E 

·c) 
':: ..... :.: .. :.,',', 

( 
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"ASB 'ENVIRONMENTMi'SERVICES, INC. 
<iANAtYI1CAI:.."LABORATORY 

· ',jFRACTION'QRGANIC', CARBON 
," ANALYSIS'l~:EPORT 

Project: NAS Cecil Field 
Project Number: 08520.82 
Date of Analysis: 6/8/95 
Date Reported: 6/23/95 
Work Order No.: 95-05-009 

BAcrERIA.FRM/l ABBEnvironmental Services, Inc. 

Corporate Place 128 
" 107 AiJdubon Road . 
Wakefield. MA 01880 

Telephone 
(617)245-6606 

Fax "',,, 
(617) 246-5060 

~.,: .-



A~B .. E;N\'fI:~0N(\1BI~n·ALSERVlq~StJNC. 
. ANAL~~,~A~i~A,:Q9~1PRY 

Project: NAS Cecil Field 
Project Number: 08520.82 
Date of Analysis: 6/12/95 
Date Reported: 7/7/95 
Work order #: 95-06-012 

FRACTION ,OSGANKhCARBON " _,.' _~ ~ . ."_ ,t., 'c -'._> . , . " . _"._ "" ' ~ 

·',·;A.N.A.ltY,~J~.:RE,I~9RT 

"l'''"'><'.cc". ;; ... .,.," ,i,' 'Y" " "', , .. ". d,:;"', "",0 ,,/ "Mi,C2',~;"'Li:CT'", H" 'W~"'" 

CEFf016-67I 25i55' 6/8A95 ;\\;i , 0.2 'nl?Gd tt',iyO,.;l .. ;','! 
",oc·,."" ,0> .. ,' ".". ·.·N·'· " ....... '1''''''''''. ''''C' .• ", """: .'<..... ,N'. ,.".,.,,, .• ",,"~~"."'"'''''''' 

CEF~076-671 25~55' DUR; 6/&f:,:9;Jy :''.)(9·18;. ((,Til, .' ,~:,,'i'i:P,:l ", j, 

CEF -07 6-671 60-90' D UP 6/8/95 2.7 1.4 

_ BACfERlA.FRM/l ABS EnvironmentalServiCesr Inc. '.I,' . ----~ -,-
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ABB ENVIRONMENTAL ~,~;a.VI,C~S~IN(;:; 0 •• , ". ' 

TREATABILITY LABORATORY" ," '. . '. 
TOTAL PETROLEUM HYDROCARBON ANALYSIS FOR SOIL 

Project: NAS Cecil Field NFF 
Project Number: 8520.92 
Date Prepared: 10/30/96 

76B07701 DUP 

76B07702 

76B07702 DUP 

76B07703 

76B07703 DUP 

BLANK 

",10/1;96 

,1'0/1/96 

10/1/96 

10/1/96 

10/3/96 

1013/96 

10/7/96 

,. , ¥ 

10/7/96 88 '. 

10/7/96 < 50 

10/7/96 < 50 

10/7/96 < 50 

10/7/96 < 50 

10/7/96 < 50 

/---, 



ABB Environmental'Se~ices,'lnc ' 

Treatabi1!~,L;~~:or~~;9~'i\' , ,,;:J ;"(:;, • 

Fraction,Organic Carbon Analysis Report 

Project: 

Project No.: 

Date of Analyzed: 

Workorder: 

Sample ID 

76B07701 
76B07701 Duplicate 
76B07V02. 

16130770+ Duplicate' 
' ' 

76B07703 
76B07703 Duplicate 

11/19/961,59 PM 

NAS CECIL FIELD NFF 
08520-92 
10/8/96 
96-10-003 

Sampled % Volatilized 
Date ::sdl14's:; .. ~ \ l-

10/1/96, '1'.01 

" 
'\-; 1.04 

10/1/96 •. :> ,.0.48 
,'" ',."':.-

, ' 
" 0.41 , 

10/3/96' 1.39 
~ ; 1.37 

Page 1 of1 

Co·. '" 

Fraction Organic Average Fraction 
'Caibon( %) Organic Carbon (%) 

'0.504 0.51 

I' 'C' Q522 , " .. , 
j.; O.24! " 0.22 " 

.. 
0:200' 

""0.693. 0.69 
"'0·.683 

,"'i' 

CEC.FOC 
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ABB ENVIRONMENTAL SERVICES, INc 

ANALYTICAL LABORATORY 

INORGANIC CONSTITUENTS 

Project: Cecil Field NFF 
Project Number: 8520.52 
Date Reported: 10/18/96 
Work Order No.: 96-10-003 

76B07701 10/1196 10/11196 

76B07702 ' 10/1/96 10/11/96 

76B077013 10/3/96 10/11/96 

CECIOOI6,NUT 

ANALYSIS REpORT 

<5 < 1.3 <0.5 

<5 ' <1.3 <0.5 

<5 < 1.3 <0.5 

1 

<5 <5 5 

<5 <5 5 

<5 <5 5 

11/19/96 



ANALYTICAL REPORT 

-1· 

+ - - - - - - - - - - - - - - - - - - ~-- ~.- - - - ~ - - - - - - - - - -.- -- - - - - - - - - - - - - - - - - + 

Report To: 

Project: 
Job: 

, ir.iI" " 

Mr. RUS"S Johnson 
ABB Environmental, Inc. 
Corporate Place 128 
107 Audubon Road 
Wakefield, MA 01880 

NAS CECIL FIELD/NFF 
TKN in Soil 

+ ~ -': - - - - - - - - ;;,- -'-- - - - - - --'- - .:. - - -': ;;, - - - - -'- - - - '- - - - - - - - - - - - - - - - - - +' ,. 
f""- , 

10/28/1996 

:,'J 

NET Job Number: 96.03311 

National Environmental Testing, Inc. 

Cambridge Division 
12 Oak Park 

Bedford, MA -.01730 

Massachusetts Certification Number 
M MA023 

c 



NET Cambridge, Divisjon. 

ANAL YTICALREPORT 

+----------------------------------------------------------------------------------------------+ 

Report To: 

Mr. Russ Johnson 
ABB Environmental, Inc. 
Corporate Place 128, 
107 Audubon Road 
Wakefield, MA' 01880 

·",1, 
Reported By: 1 

I, 
National Environmental Testing 1 

NET Atlantic, Incorporated 1 

Cambridge Division 1 

12 Oak Park I· 
Bedford, MA 01730 1 

1 

+----------------------------------------------------------------------------------------------+ 

Report Date: 10/28/1996 NET J.ob Number: 96.03311 

Project: NASCECIL FIElD/NFF; NET Client No: 10800 

P.O. No: WR#805"MO Collected By: ABB Sh i pped Vi a :FEDEX 

Job Description: TKN in Soil Airbill No: # 1369460385 

This report has been approved and certified for release by the following staff. Please feel free to call the NET 
Project Manager at 617-275-3535 with any questions or'corrments. 

Analytical data for the following samples are included in this data 

SAMPLE 
10 

76B07701 
76B07702 
76B07703 

NET 
10 

155595 
155596 
155597 

DATE 
TAKEN 

10/01/1996 
10/01/1996 
10/01/1996 

TIME 
TAKEN 

DATE 
REC'D 

1011211996 
10/12/1996 
10/12/1996 

MATRIX 

SOIL 
SOIL 
SOIL 



NET Cambridge Division 

ANALYTICAL REPORT 
, -' ' 

Report Date: 10/28/1996 

Report To: ABB Envirorvnental, Inc. NET Job No: 96.03311 

Project: NAS CECIL FIELD/NFF Date Rec'd: 10/12/1996 

Run Analysis 
Sample 10 NET 10 Result Units Batch Date Analyst 
-------------------------~~----~~----------------------------------~-~~---~~----------~-------------

Kjeldahl Nitr6gen, Total 

76B07701 
76B07702 
76B07703 

S EPA 351.2 

155595 
155596 
155597 

100 
75 
120 

mg/Kg N 
mg/Kg N 
mg/Kg N 

41 
41 
41 

10/24/1996. 
10/24/1996 
10/24/1996 

dec 
dec 
dec. 

(:~\ .. . , 
(::"'-::.>' 



f J 

NET Caqtbrldge'Division, ' 

BATCH QV4ITY CONTROL DATA 

Repol't TO/ ABB Environmen~al, Inc. 
) 1,' 

Program:' ,NAS CEtILFIELD/~j:-F 

LCS Method 
: r>araineter % Recovery' Blank 

S'pi ke 
';'% R~ccivetfy 

N,ET Jqb No:: 96.033111 

R,epor~ Da~l 10'128/1996 

Sample ,Dupl Tcate 
(Rutf1) i(RUn;'Z) 

, 

~ _ ~ ___ ___ j _ ______ ,_" ~ ~ .... _" __ .... "'!' .... _ .. i .... __ ~ .... _ .. ~ _ ...... ~ ........ ~ .... _ ........ _ "".""._" _ .... _ ...... _ .... __ .... .! ...... _ ~ _ ...... ~ .. _ ...... ' .. ':''''' 

Kjeldahl Nitrogen"Total S ,130; <2.5 -,- '{\2.5 100 93 

.. L 

RPD j' Analyst 

"~"~-""",,-----,,,,---,,-,,,,-~~;~~'~~~--~-~--"~~~~"~-'~-.-~-- .... ~ .. -~-~~- .. -.... ~-~--~~~~~-~-~-~ .. ~ .... --~~--.-~~~~-~--~-~-----~--~-----;~ 
: '~i 

Please note that the data ,repo~ted for the Duplicates and 
batch, but may not necessarilYbettlcit of you~ sample. 

Spikes were 'analyzed in the same 

LCS - Laboratory Control ~ample. F9r anal yse~ notl requ'i ring sample di gesti'on/pr;epara'ti on,- independent control check 
sample result is reported. 
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, i 
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I ." , q b , 0 .3 3-{",.-:..-1 ------. 
~I 

CHAIN OF CUSTODY RECORD Pa~ 

PROJECT NO:: PROJECT NAME 
~! 

SAMPLE TYP.E ' 
" 

~) ~o-:Jl'~ AJ/t-j ~(.I F,,~L~ /4)P/;- REMARKS 

SAMPLERS (SIGNATURE) .- ( NO. 
INDICATE 

'. OF 

~ 
SOIUWA TERIAIR 

,I,. CON- :~ 
" SEDIMENT/SLUDGE a: m TAINERS 

STA. NO. DATE TIME ~ C! STATION LOCATION F- .. ." () 0 .. 
". " 

I/[; ... I-r" >< 7- C, IS 0 lro/ I -~ .,50/L 

il;-I-'ip ,( r,,/307-fO'- I ~ .' : S"d/c-
-. 

'c 

IP~/-% Ii, .' lkBo r7-03 I ~ ..Jc?/~ "j-... .::" 
i.' 

,. 
~:" 

'. I·· ,I: j 

".'. : 
:-cc , 

I·' ". 
I' I· •. : .... ;. ' . 

.. 
;"'.;' 

".';;' 

~ . . " ~ ~ 

. F 
Ii ' . I 

':'''-., 

h .' ;" 
'''' ,'. " I ',. 

"'I". ~ .. .. ". , . 

" 

" <' '., ., 
.. , c 

.'''' .-' .. 
.': .,. ",' 

A "f' - LJ 

Rff' ~r~l~lo;l: ~) 
[ ~T~IME RECEIVE~O ~LlNQU)(DB'ff!JG~3URE) ~~ATEITIME ~ REaD~~GNA~ lib; ,,/ -e /, (. 'e. ~ (; d~rf~ 

RELIN POlSHED BY:\SIGNA7) , .. :OJ';:mnME .. ,,,, I 
-:- I 

RELINQUISHED BY: (SIGNATURE) :OATEITIME 

, I 
_ .. --

RECEIVED BY: (SIGNATURE) RELINQUISHED BY: (SIGNATURE) DtJn~E/2:0 fECEIV~\t~~~!.~·~~,~ __ 

RECEIVED FOR DISPOSAL BY: DATEITIME 
(SIGNATURE) I 

&ok/' TeM-LJ 
1---0 < C 

REMARKS L l$',' ~Ci.tAy('i''''' p(J(.1/.pr . '71rl#'h) "1 .... ..-n ...... -

u-v ' . 
/0 r A(.;J~(ufa... ltd 

ABS Environ ental Services. Inc.-
0~+k""f~.olJ. MA-- OjJ--.f-O 

C>(7 2- Y'i--6Go6 

t::l 
~ 

I~ 



.) 

-1 
~ 
£) 

{0 
\ " .. ( "1 

' ...... WORK ORDER 

PROJECT NAME: ;.IAS (eL,.'! EJt!>fJ /7 fs A4Ctt. 
• 

I CHARGE TO: .dl!-1'U_ - AL - ~'f!J- ] 
DATE: 3hs-/ f~ .. 
REQUESTED BY: 

Rush analysis Y / tl (Please speci fy be low} 

SAMPr.E TO SAMPLING DATE TYPE 

C--pL-JP,s~t_:ir-7J6ttr .Mlf.I,?q:;'u -rc:n,- ( 
I ' 5AJ11.t.l.'. r I' J 

.t- _~.~~ 
Cpr: ':':Y1.2-':/3.1-- iJ-;'jJr 

I ___ ~ __ ~nlA-
k ~'n 

~t:- -~ '1/- _:tl, u~ 
_A 

'~~~nl;~J' 'I 

DA'l'E EXTRACTED, ______ _ 
DATE ANALYZBD ___________ _ 
DATE COMPLE'l'ED, ______ _ 
SIGNkTURE ______________ _ 

/-"'!, 

"'c-"(., .. Work 
Nunber 

r0 
. 'J{. '. 

II 7'1--.1-<9 11 
QC Level _________________________ _ 

, 
J 

1 tl!.IIL] 

~ I){IX 

IX' Ixlx 

l~ .xL" 

SPECIAL INe~RUCrIONB 

~i:o~ 
~~cn.u ~ 

.J/~/et4 

.3I1t(c:t4 
.fY 
fey 

IX 
)< 
~ 

)(' 
)( 

)( 
x 
x 

)( 

"(.. "i' 

\ 

I 
I , 

!.' j 

A copy of this work order ]C,ust he signed, dated and turned in w1th the data when the work is completed. 

t 
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(I APPENDIX K 

COST ESTIMATES 



«'««<.< 
« 

"'-..~r~> 

Cost Summary for the North Fuel ;F~rm 
NAS Cecil Field. Jacksonville. Florida 

This appendix describes the ~psts<asso9,iated with J~e various remedial activities at 
the North Fuel Farm. 

1) Dig and haul approximately 8,000 cub,ic yards of petroleum contaminated soil. 
2). I hstallasoi( vapOreX1:f~ictib'r{~ystem on the rnQl!n~:t' «; 

3) Biosparge the shallow groundwater. 
4) Install 5 in-well aeration wells 
5) Remediate their'ltermediate plume via natural attenuation. 

,L~ I 



Table K-l 
Remediation Costs for First Year 

Remedial Action Plan - North Fuel Farm 

r . .iavai·A'r Station'Cecil Field 

Jacksonville, Florida 

Remedial Technolo,gy, ' Capi,al a-:t~. First Ye,arQ&M Cos~s_ 

Excavate Soil 

Soil Vapor Extraction 

Bioslurping 

Biosparging 

Five Recirculation Wells 

Natural Attenuation 

u ..... 

$800,000 
}' 

-$310;OQO 

N/A 

$160,000 

$91,000 

$36,600 

1128/97 
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r 

,VJ 

r~ 
\ ' ) 
~/ 

~ .. 

f~' 

Table K-2 
Sampling and Analysis Schedule 

Remedial Action Plan - North Fuel Farm 

Naval Air Station Cecii Field 

Jacksonville, Florida 

~ 

S c 

0 
0 

S S ~ , , , 
an an 0 an ~ an -, 

G) 
~ 

.!! an ... , 
~ ~ ca 0 
ca - :e; 0 
~ ~ G) ~ 

... 0 E -
G) - Q. ... - ... 
ca ca G) G) 

Remedial Alternative := ~ 
... G) c C 

,Media GroundwaterIA) Off GaslB
) Soil Borings/Samples1C) 

Excavate Soil X 

Soil Vapor Extraction X X 

Bioslurping X X 
" 

Biosparging X 

Recirculation Wells X X X 
" 

Natural Attenuation X X X 
" 

NOTES: 
[a] Groundwater samples wi'li be analyzed for EPA Method 601/602 and natural attenuation paramete:;s. 
[b] Offgas will be monitored for TVOCs as per Method T-14 

" 

[c] Soil Samples will be collected from soil borings for confirmatory analysis per 62-770. 

SAMPT AB.XLS 

, 

,.' 

,i·' 

1128/97 



Cost to Dig and Haul Petroleum Contaminated Soil 
NAS Cecil Field, Jacksonville, Florida 

Approximately 8,000 cubic yards of excessively contaminated soil will need to be 
excavated, transported, and disposed of offsite. Costs associated with this dig and 
haul scenario vary widely, by a conservative estimate of $100.00 per cubic yard 
will be used. The total cost for digging and hauling petroleum contaminated soil is 
approximately $800,000. 

, , , ( 

( 



( .. 

Cost for Soil Vapor Extraction 
NAS Cecil Field. Jacksonville. Florida 

Direct cost were determined based on RACER softwa're. Costs inddde E~'pitar 
costs, O&M costs, and construction oversight. 

The total direct costs for SVE is $310,000. 

-. '"1 l~ " 

. ~ -", 

,. } 

,"'-;' 



Date 01/09/97 
Time 18:19 

DETAIL COST REPORT 

Project: 
NFF RAP 
Cecil Field FL 
Remedial Action Plan, NFFSite Gopi. K C';·' ,r.:" .. ,' >,. .-

01/09/97 

project Comments: 

Site: 
NFF RAP - SVE 
SVE 
Gopi. K 
01709/97 

Site Comments: 

33 

33.02 

33.02.97 

33.02.97.01 

Quantity 

REMEDIAL ACTION 

Monitoring, Sampling, Testing, Analysis 

Sampling & Analysis 

Sampling & Analysis - Capital Costs 
Field Technician 

54.00 HR 
Staff Engineer 

54.00 HR 
Mobilize Crew, 250 Miles, Per Person 

24.00 EA 
Per Diem 

24.00 DAY 
Van Or Pickup Rental 

12.00 DAY 
Disposable Materials Per Sample 

20.00 EA 
Decontamination Materials Per Sample 

20.00 EA 
60 Quart Ice Chest 

$/UM 

14.78 

23.40 

485.00 

72.75 

29.10 

5.50 

5.09 

12.00 EA 43.31 
Hydrocarbon Speciation, C1-C22, GC/FID, Air (TO-12/14) 

20.00 EA 213.40 

Total Capital Costs 

33.02.97.99 Sampling & Analysis - O&M Costs 

Page 1 

C) 

Totals 

798.15 

1,263.73 ( 
11,640.00 

1,746.00 

349.20 

110.00 

101.85 

519.73 

4,268.00 

20,796.66 



Date 01/09/97 Page 2. 

Time 18:19 

c._. 
33 

33.02 

33.02.97 

DETAIL COS'lJREPORT 

, \. .: 
REMEPIAL ACTION 

Monitoring, Sampling, Testing, Analysis;' ,c. 

Sampling & Analysis 

$/UM Totals 

." ,\ 

33.02.97.99 Sampling & Analysis - O&MCosts 
Field Technician 

33.13 

33.13.23 

67.00,HR 
Staff En~ineer 

67.00 HR 
Mobilize,Crew~ 250 Miles, Per Person; 

d.. ~,24.00EA 

Per Diem 
24.00 DAY 

Van Or Pickup Rental 
12.00.,DAY 

Disposable Materials Per Sample, 
" 25.00, EA 

Decontamination Materials Per Sample ,., 
,25.00; EA 

60 Quart Ice Chest 

14.78 

23.40 
j""; 

485.00 

72.'75 " 

29.10 

5.50 , . ,'; 

5.09 

990.29 

1,567.96 

11,640.00 

1,746.00 

349.20 

137.50 

127.31 

12.00 EA 43.31 519.73 
Hydrocarbon Speciation, C1-C22,GC/FID, ,Air: (TO-12/l4) 

" '25.00EA 213.40 5,335.00 

Total O&M Costs 

Total Sampling & Analysis 

Physical Treatment 

Vapor Exttaction 

22,412.99 

43,209.65 

33.13.23.01 Vapor Extraction - Capital Costs 
5 HP, 230V, 280 SCFM, Vapor Recovery System 

" , 3.0D~EA ' 7,554.57 
Field Technician 

96\.'00 HR 
DOT Steel Drum, ,SEGal , 

3\'00"EA 
Electrical;Charge(KWH). ,.' 

14.78 

41.56 

22,663.73 

1,418.93 

124.69 

3 0 ~, 15 0,:., 0.0 KWH 0 . 04 1, 4 62 . 28 
Surface Pad, Concrete,. 4'} 'x, 4'~'>X4" .. 

23.00.ElA 1;3.45 309.48 
Furnish 55 Gal Drum For Drilling Cuttings & Devel Water 

30.00 EA 41.~~ 1,246.94 



Date 01/0.9/97 

Time 18:19 

33 

33.13 

33.13.23 

REMEDIAL ACTION 

DETAIL COST REEORT 

Quantity,' . 

Physical Treatment- '. ,.f: f ':~ " 

Vapor Extraction 

33.13.23.01 Vapor Extraction - Capital Costs 
2" Well, Portland Cement Grout 

',23 ~'OO LF 
2" Screen, Filter Pack 

3 

$/UM Totals C) 

0.87 20.08 

',' 506:!00 :LF 8.84 4,474.04 
4" Iron Body Checkval:ve > .,' 

'2.00EA 
2" WeI]" ~entonite Seal 

343.64 687.28 

23.'00 EA 
2" PVC, Sch 40, Connection Piping 

, - ~403.00 LF 
2" PVC, 90 Degree, Elbow 

~ ,-; , c,.,23 • 00 ,-EA 
4"x2" ~educer, PVC Sch i 40 

,23~'00. EA 
4" PVC, Sch 40, Tee 

,,23~ 00 EA 
2'" PVC~ Well Plug 

4" PVC, 
.' 23.00 EA 

Sch 40, Manifold Piping 
202.00 LF 

2" PVC, Sch 40, Well Casing 
138.00 LF 

2" PVC, Sch 40, Well Screen 
460.00 LF 

OVA Rental, Per Day 

Pressure Gauge 
10.00 DAY 

23.00 -EA 
Mob/Demob Drilling Rig'&Crew 

L.'O.O LS 
Move Rig/Equipment Around Site 

26.57 

2.50 

13.50 

7.17 

46.35 

12.34 

5.93 

,4.53 

9.,01, 

97.00, 

112;82 

1,112.95 

" '22 '.OD' 'EA 34.77 
Split Spoon Sample, 2" x 24", During Drilling 

/13 8 ,/0 0' EA 24 . 25 
Decontaminate Rig, Augers, Screen (Rental,Equ'ipment) 

'. 8.0,o.~DAY 131.92 
H Stem, 8" OD Borehole 'For 2."Well 

621;00LF 

Total ~aPital Costs 

33.13.23.99 Vapor Extraction - O&M Costs 

20.23 

611. 28 

1,008.18 

310.60 

165.09 

1,066.12 

284.02 

1,197.98 C'/ 
625.17-

4,148.23 

9,70.01 

2.,595.05 

1,112.95 

765.15 

3,346.50 

1,055.36 

12,567.00 

64,236.14 



Date 01/09/97 

Time 18:19 

c ~~, 
j:3' " 

33.13 

33.13.23 

DETAIL COS.T REPORT· 

REMEDIAL ACTION 

Physical Treatment 

Vapor Extraction 

Qup.ntitY:I 

33.13.23.99 Vapor Extraction - O&M Costs 
Field Technician 

33.14 ': .' 

33.14.9,2 

1'92 ~ OOHR 
Electrical Charge (KWH) 

" 130,647 :0,0 KWH 

,1:.'.TotalG&M ,Costs 

Total:Vapor Extraction 

Therma:l ,'TIreatment 

ThermaT and Catalytic Oxidation 

33.14.92.01 Thermal & Catalytic Oxidation - Cap 
1000 scfm Simple Thermal Oxidizer 

, ji ,1 ;"Q,OEA 
Electrical Charge (KWH) , 

. 1,765.0;0, KWH 
Natural Gas Usage, per 1000 cf 

,-~. \ 3 I 7:.5Y6 ~··ClO ,·~MCF 
4" PVC, Sch 40, Well Casing 

:3"0 ~ OO'"LF 
4" PVC, 90 Degree, Elbow 

"2.:00 ,EA 
Field Technician 

~;. ::;:f4-8 . .1 0 a HR 
8" Structural Slab On Grade 

100.00 SF 

Total Capital Costs 

33.14.92.99 Thermal &cCatalytic Oxidation - O&M 
Electrical Charge (KWH) 

. 7 ,6i10'. 00 KWH 
Natural Gas Usage, per 1000 cf 

16,150.00MCF 
Field Technician 

192.00 HR 

Total" O&M Costs 

Csts! ' 

Csts 

Total Thermal and Catalytic Oxidation 

Contractor Oversight 

Professional Labor 

,.....2~,. 80 . 01. 01 Construction Support 

l_" 

$/UM 

14.78 
,l;'-{':" 

0.04 

50,550.11 

0.04 

4.85 

7.95 

34.24 

14.78 

4.89 

0.04 

4.85 

14~78 

-J.'. 

P~ge 

Totals 

2,837.85 

6,336.38 

9,174.23 

73,410.37 

50,550.11 

85.60 

18,216.60 

238.65 

68.49 

709.46 

4~9.~6 

70,358.27 

370.54 

78,327.50 

~,,837 • 85 

81,535.89 

151,894.16 



Date" 01/09/97 

Time 18:19 

33 

33.80 

33.80.01 

DETAIL CO-ST. REPORT 

REMEDIAL ACTION 

Contractor Oversight 

Professional Labor 

Quant i ty ,:,' 

33.80.01.01 Construction Support 
project Engineer 

Staff Engineer 
;"'1 to 

Staff Hydrogeologist 

Field Technician 

·48.00 :HR 

480 ~O.O 'HR 

557.00 HR 

240.00 HR 
Certified Industrial Hygienist 

24.00 HR 
Other Direct Costs 

33.80.01.04 "As Built" Drawings 
Staff Engineer 

Surv:exor 

Field Technician 

1.'00 "LS 

4 .O·OHR 

, ·,6 ~':00 iHR 
.. 

Draftsman/CADD Operator , 
, . :'24.00 ·:HR 

Word Processing/Clerical 
',.: 8 ~OO'HR 

Other Direct Costs 

33.80.01.05 Operation and Maintenance Manuals 
Staff Engineer 

10.00 HR 
Field Technician 

'I:. 10-.00 HR 
Word processing/Clerical 

"10'.00 HR 
Other Direct Costs 

33.80.01:06 Monitoring Reports 
Project Engineer 

,1'.' 00 LS 

6.00 HR 

v \" 

. _., .... _--- --~'--"-- -

$/UM 

" 1 

j ;', > 

30.79 
~>/ ('. 

23.40 

r, 23.40 

, .': ..... : 

:30'.79) 

472.39; 

23.40 

18.47 

14.78 

14.78 

12.31 
,. 

" 

11.64 
';' .. : ~ _,~ i, ; ""; 

23.:~'.40 

.'14.78, 
i 

12.31 

,:. ~~J 

; 

"',1'; 
, ,'~ , ~ 

7.76 

;- ,.~ i 

'. - \ 
'" i.. ~ ..... ' 

'Page" . 5 

Totals (r_) 
'--..:,...;~ 

" , 
~ :' .t. 

1,478.05 

11,233.17 

13,035.16 

, 3,547.32 

739.02 

47:2.39 

93.61 

110.85 

118.24 

354.73 

98.54 

11. 64 

234.02 

147.80 

123.17 

7.76 

184.76 

'.> ' 

( 

'(', "'\ 
" ,') 
'- .' 



Date 01/09/97 

Time 18:19 

C~'i 
j,{i 

33.80 

33.80.01 

DETAIL COST REPORT 

REMEDIAL ACTION 

Contractor Oversight 

Professional Labor 

Quantity, 

33.80.01.06 Monitoring Reports 
. . Staff ;Eng;:~.~eer 

24.0'0 'HR 

'32.00 .HR 
Staff Hyqrogeologist 

Field Technician ., ~ , 
r 

:40.00 HR 
Draftsmar:t/CADD Operator 

24 .. 00 HR 
. Word Processing/Clerical 

24.00 HR 
Other Direct Costs 

1. 00 LS 

33.80.0,1.24. ~ampling and Analysis :~p'man;, 
... '/proj ect Engineer 

4.00 HR 
Staff Erigitieer ii .,' " "!. 

10.00 HR 
Staff Hydrogeologist 

10.00 HR 
Word Processing/Clerical 

20.00 HR 
Certified Industrial Hygienist 

4.00 HR 
Other Direct Costs 

33.80.01.32 Health and Safety Plan 
Project Engineer 

1.00 LS 

6.00 HR 
Certified Industrial Hygienist 

60.00 HR 
Other Direct Costs 

33.80 .. 01.46 Work Plan Amendments 
project Engineer 

Staff Engineer 

1.00 LS 

15.00 HR 

30.00 HR 

~; , 

$/UM 

23.40 

23.40 
.. 

14.78 

14.78 

30.79 

23.40 

23.40 

12.31 

30.79 

14.55 

30.79 

30.79 

32.01 

30.79 

23.40 

Totals 

561. 66 

748.88 

591.22 

354.73 

295.61 

42.68 

123.17 

234.02 

234.02 

246.34 

123.17 

14.55 

184.76 

1,847.56 

32.01 

461.89 

702.07 



Date 01/09/97 

Time 18:19 

33 

33.80 

33.80.01 

DETAIL COST REPORT 

REMEDIAL ACTION 

Contractor Oversight 

Professional Labor 

Quantity. 

33.80.01.46 Work Plan Amendments 
Staff Hydrogeologist 

20.00 HR 
Word Processing/Clerical 

48 .. 00HR 
Certified Industrial Hygienist' . 

5.00HR 
Other Direct Costs 

1.00 ~LS 

TotalCapirtal Costs 

Total{P.r:o~essional Labo12' '.' 

TOTAL DIRECT COSTS REMEDIAL ACTION,· 

$/UM 

23.40 

12'.31 
; i ' 

30.79 

'36.86 

Page, 7 

Totals C;~/ 

468.05 

591. 22 

153.96 

36.86 

40,038.66 

40,038.66 

3:08',552.84 

* * * * This System Intended For Government Use Qn,ly * ** * 

(., 

'; "J,! 



,f' 

Cost for Biosparging 
NAS Cecil Field. Jacksonville. Florida 

Costs associated with biosparging shallow groundwater was determined bi:lsed on 
the RACER software. Costs include capital, O&M, and construction oversight." 

The total direct costs for biosparging is approximately $160,000. 

. 1 

• r') 

., ; , 



Date 01/25/97 
Time 13:00 

Project: 
NORTH FUEL FARM 
Cecil Field FL 
Biosparging, ," , 
Timothy M. Kelly 
12/23/96, ' 

Project Comments: 

Site: 
NFF 
Biosparging 
Timothy M. Kelly 
01/24/97 

Site Comments: 

REMEDIAL ACTION 

DETAIL COST REPORT 

Labor 

33 

33.02 Monitoring, Sampling, Testing, Analysis 

33.02.97 Sampling & Analysis 

33.02.97.01 Sampling & Analysis - Capital Costs 
Field Technician 

.,' 

Equip 

96.00 HR 1,418.93 0.00 
Mobilize Crew, 250 Miles, Per Person 

24.00 EA 0.00 0.00 
Per Diem 

24.00 DAY 0.00 0.00 
Van Or Pickup Rental 

12.00 DAY 0.00 0.00 
Disposable Materials Per Sample 

24.00 EA 0.00 0.00 
Decontamination Materials Per Sample 

24.00 EA 0.00 0.00 
60 Quart Ice Chest 

12.00 EA 0.00 0.00 
Total Dissolved Solids (EPA 160.1) 

4.00 EA 0.00 0.00 
Gasoline Group (Mod EPA 601/602, Lead, EDB) 

20.00 EA 0.00 0.00 

Total Capital Costs 1,418.93 0.00 

33.02.97.99 Sampling & Analysis - O&M Costs 

.,1 

Page 1 

.~. ; : 

Material 

0,00 

11,640.00 C 
1,746.00 

349.20 

132.00 

122.22 

519.73 

38.80 

4,365.00 

18,912.95 



Date 01/25'/97 "Page,' 2 

Time 13:00 

33 

33.02 

33.02.97 

33.02.97.99 

3. . 

c 
33.13 

33·l3.~0 
, '-c 

DETAIL COST,;' 7:R:EPORT 

"" Labor 
REMEDIAL ACTION 

Monitoring, Sampling, Testing, Analysis 

Sampling & Analysis 

Sampling & Analysis - O&M Cos'ts 
Field Techriiolari 

i '96.00 HR 
Mobili~e Crew, 250 

';'24:.00 EA 

1,418.93 
Miles, Per Person 

Per Diem 
'24.00 DAY 

Van Or Pickup Rental 
'12.00 DAY 

Disposable Materials Per 
, 6~do EA 

":.-? \ 0.00 

0.00 

0.00 
Sample 

0.00 

Equip 

1.,'-

.' ,O;~OO 

0:,00 

0.,00 

0;.,00' ," 
Decontamination Materials Per 

6.00 EA 
Samp][e'v\,' i'i

Y
.",:':;:, 

O.OO'\,CH'OO 
60 Quart Ice Chest ;;" 

. 12ioo'EA ,,0.00 
Total Dissolved Solids" (EEA"160 .1) 

,4.00 EA 0.00 
Gasoline Group (Mod EPA 601/602,'Uead,' ElDB) 

'·2.00 EA O.OOJ' 

Total O&M"Costs 1,418.93 

Total Sampling & Analy!3is' 
2,:.837.86 

~ 1 , 

Physical Treatment 

Air Sparging 

0.00 

O~OO 

0.00 

, .,0:.00 

, 0.00 

.:', 

33.13.90.01 Air Sparging Capital Co~t~ 
Surfac~ pad, Concrete, 2~ X 2' X 4~ 

22.00 EA 16.22" " ", " 
FurnishES Gal Drum For Drilling Cuttings 

46.00 EA 0.00 ,; 
OVA Rental, Per Day 

14.00 DAY 0.00 
Mob/Demob'brilling Ri~f &'<CrewJ 

1.00 LS 408.63 
Decontaminate Rig, Augers, Scre'en('Rental 

11. 00 DAY o. do 
Move Rig/Equipment ArOlluid Site 

21.00 EA 268.16 

0 .• 88 
& O,eV~l; Water 

'0.00 
-, 
0.00 

,;;: _";L:.;:;· 

704.32 
Eq:l;l.ipment) 
,';:;0,·00 . 

462.21 

Material 

,- f 

0.00 

11,640.00 

1,746.00 

349.20 

33.00 

30.56 

519.73 

38.80 

436.50 

14,793.79 

33,706.74 

56.90 

1,911.97 

1,358.01 

0.00 

1,451.12 

0.00 



Date 01/25/97 

Time 13:00 

33 

33.13 

33.13.90 

33.13.90.01 

DETAIL COST~REPORT 

REMEDIAL ACTION 

Physical Treatment 

Air Sparging 

Labor Equip 

Air Sparging - Capital Costs 
Split Spoon Sample, 2" x 24", During Dq:.),:.1,ing,· 

'242.00 EA 0.00 0.00 
Pressure Gauge 

. 22,.00 EA 712.57 
2" Well, Bentonite Seal 

. 22'.00 EA 
2" Well, Portland 

1,1.22.00 LF 

101.15 
Cement Grout 

0.00 
2" Screen, Filter Pack 

'66,.00 LF 
2" Iron Body Checkvalve 

76.42 

"22.00 EA 563.08 
H Stem, 8" OD Borehole For 2" Well 

1,210.00 LF 8,990.93 
2" PVC, Sch 40, Connection piping 

"248.00 LF ("j 432.23 
2 11 PVC, 90 Deg.ree , El.bow - ,_ 

22.00 EA " 276.69 
2" PVC, Sch 40, Tee 

-22.00 EA 
2" PVC, Well Plug 

468.21 

22.00 EA 44.95 
2" PVC" Sch 40, Manifold Piping 

83.00 LF 144.66 
2" PVC, Sah 40, Well 

1,144.00 LF 
Casing 

1,558.43 
Screen 2" PVC, Sch 40, Well 

44.00 LF 
Blower 426 SCFM, 84 HP, 

1. 00 EA 
Electri'cal Charge (KWH) 

. 1'12,5'58.00 KWH 
Field Technician 

80.00 HR 

77.32 
30 PST 

912~61 

'0. 00 

1,182.44 

Total Capital Costs 16,234~70 
~ -', ~; , ~ , ,-' 

33.13.90.99 Air s'par'girng, -: O&M'~ Cost·s, \ ;":' 
Field Technician 

192.00 HR 2,837.,85 

,.174.33-

0.00 

,131.71 

6~86 

15,495.50 

7.22 

4;.62 

77.48 , 

2.42 

2,685.88 

133.26 

14.73 

0.00 

0.00 

19, ,92 7.46, .. 
;; 

0,.00 . 

Page 3 

Material (:;:i 

5,868.50 

1,761.07 

309.23 

979.51 

375.44 

3,526.44 

0.00 

180.97 

15.78 

19.32 " 

149.24 \. 

60.57 

938.2:j 

186.20 

7,187.70 

5,459.06 

0.00 

31,795.26 

0.00 



Date 01/25/97 

Time 13:00 
DETAIL COST' REPORT 

33 

.33.13 

33.13.90 

REMEDIAL ACTION 

Physical Treatment 

Air Sparging 

33.13.90.99 Air Sparging - O&M Costs 
Electrical Charge (KWH) 

Labor 

731,622.00 KWH 0.00 

Equip 

" 

0.00 
-I, 

Total O'&M Costs·2, 837. 8S 

Total Air Sparging 
19,072.55 .' ".; 19, 9~7,. :46 

33.80 

33.80.01 

33.80.01.01 

,-,-: 

Contractor Oversight 

Professional Labor 

Construction Support 
Project<Ehgineer 

12.00 HR 
Staff Engineer 

369.51 

2,808.29 

5,265.55 

886"83 .. 

i -', ; > ~ • > 

120.00 HR 
Staff Hydrogeologist ~. 

225.00 HR 
Field TeChnician 

60.00 HR 
Certified Industrial 

6.00 HR 
Other Direct Costs 

Hyg·ienist 
184.76 

1. 00 LS 

33;80.01.04 "As Built" Drawings 
Staff Engineer 

1. 00 HR 
Surveyor 

2.00 HR 
Field·Technician 

~ ; '. 

2.00 HR 
Draftsman/CADD Operator .. 

6.00 HR 
Word Ptocessing/Cleri:cal~ 

2.00 HR 
Other Direct Costs (Ii ' .•. 

1. 00 LS 

0.00 
-c-:, .. '" 

23.40 

36.95 

2 $I: .<.~i~i •.. '0' 

88.68 

24.63 

0.00 
" !:f)' L ":~ ,i 

33.80.01.05 Operation and Maint.enance Manuals 

0.00 

0.00 

0.00 

0.00. 

O •. qO· 

0.00 
0)' ' 

0,.00 

q.OO .... 

0.00: 

. 'CkO.O 

. ,0. oq .. :" 

0.00 

.', . ~ 

, .--' 

! t .. ~ J .L:- ." 

Page .• 4 

Material 

35,483.67 

35,483.67 

67,278.93 

0.00 

0.00 

0.00 

0.00 

0.00 

149.38 

0.00 

0.00 

0.00 

0.00 

0.00 

2.91 



Date 01/25/97 

Time 13:00 

33 

33.80 

33.80.01 

DETAIL COST'REPORT 

REMEDIAL ACTION 

Contractor Oversight 

Professional Labor 

Labor 

33.80.01.05 Operation and Maintenance Manuals 
Staff Engineer 

" 3.00 HR 70.21 
Field Technician 

. j.OO HR 44.34 
Word Processing/Clerical 

3.00 HR 36.95 
Other Direcit Costs 

1.00 LS 0.00 

33.80.01.06 Monitoring Reports ~. i 

33.80.01.24 

., \. 

Project Engineer 
2.00 HR 61.59 

Staff Engineer 
6.00 HR 140.41 

Staff Hydrogeologist 
10.00 HR 234.02 

Field Technician 
12.00 HR 177.37 

DraftsIhan/CADD Operator 
12.00 HR 177.37 

Word Processing/Cleri'dal 
8.00 HR -98;,;54 

Other birect Costs 
1.00 LS 0.00 

Sampling and Analysis Plan 
Project Engineer 

1.00 HR 30.79 
Staff:Engineer '" 

3.00 HR 70.21 
Staff Hydirogeologist t,:' f 

3.00 HR 70.21 
Word pibc~ssing/CleriGal 

5.00 HR 61.59 .,) 
Certified' Industrial 'Hygienist 

1.00 HR 30.~B 
Other '{)irect Costs ,> . 

. 1.00 LS 0.00 

33.80.'01.32 Health and Safety Plan 

" 

" 

, .. ,.", 

/, : .. 

Equip 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 .. ,00 

0.,00 

0.00 

0.00' 

0.00 

iO .00 

0.00 

0,(0:0.' 

'0.00 

':>0.00 

0.00 

- -"-' 

"Page 5 

Material (~) 

0.00 

0.00 

0.00 

1. 94 

0.00 

0.00 

0.00 

0.00 

0.00 -

0.00 ( , 

13.58 

0.00 

0.00 

0.00 

0.00 

0.00 

3.88 



(' 

DaLe 01/25/97 

Time 13:00 

r;' 
'<",~/ 

33 

33.80 

33.80.01 

DETAIL COST REPORT 

REMEDIAL ACTION 

Contractor Oversight 

Professional Labor 

Labor 

33.80.01.32 Health and Safety Plan 
Project Engineer 
. 2.00 HR 61.59 
Certified Industrial Hygienist 

20.00 HR 615.85 
Other Direct Costs 

1.00 LS 0.00 

33.80.01.46 Work Plan Amendments 
Project Engineer 

6.00 HR 184.76 
Staff Engineer 

10.00 HR 234.02 
Staff Hydrogeologist 

5.00 HR 117.01 
Word Processing/Clerical 

16.00 HR 197.07 
Certified Industrial Hygienist 

3.00 HR 92.38 
Other Direct Costs 

( '" 
1. 00 LS 0.00 

Total Capital Costs 12,525.23 

Total Professional Labor 
12,525.23 

TOTAL DIRECT COSTS REMEDIAL ACTION 
34,435.64 

Equip 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

19,927.46 

Page 6, '" 

Material 

0.00 

0.00 

10.67 

0.00 

0.00 

0.00 

0.00 

0.00 

12.61 

194.97 

194.97 

101,180.64 

* * * * This System Intended For Government Use Only * * * * 
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