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Contract Task Order 0102 

Subject: Design Modification for Air Sparging, Biosparging, and Soil Vapor Extraction System at 
the Former North Fuel Farm Site 
Naval Air Station Cecil Field 
Jacksonville, Florida 

Dear Mr. Grabka: 

Tetra Tech, Inc. (Tetra Tech) is pleased to submit this design modification to the air sparging (AS), 
biosparging (BS), and soil vapor extraction (SVE) system at the former North Fuel Farm (NFF) site. This 
design modification was prepared for Naval Facilities Engineering Command Southeast (NAVFAC SE) 
under the Comprehensive Long-Term Environmental Action Navy (CLEAN) IV Contract Number N62467-
04-0-0055. 

The primary objective of this design modification is to install two additional AS system wells in the vicinity 
of monitoring well CEF-76-113S, which has not shown any significant reductions in contamination levels 
since the system began operation in August 2005. 

BACKGROUND 

AS/BS is being implemented at the NFF to address benzene, toluene, ethylbenzene, .and xylenes (BTEX) 
in groundwater at levels exceeding Florida Department of Environmental Protection (FDEP) Natural 
Attenuation Default Concentrations (NAOCs) and the FOEP Groundwater Cleanup Target Levels 
(GCTLs). The system was designed to treat three target treatment areas (TTAs) including areas of high 
benzene concentrations (greater than 1,000 !Jg/L), areas of lesser benzene contamination (100 to 1,000 
!Jg/L), and areas where benzene concentrations are less than the NAOC (100 !J9/L) but greater than the 
GCTL (1 !Jg/L). The shallow aquifer has been divided into four zones for purposes of this investigation, 
including (1) the water table zone [approximately 5 to 20 feet below ground surface (bgs)], (2) shallow 
zone (20 to 50 feet bgs), (3) intermediate zone (50 to 80 feet bgs), and (4) deep zone (80 to 110 feet bgs). 
The AS and BS wells are screened in shallow (48 to 50 feet bgs) and deep (up to 110 feet bgs) zones of 
the aquifer. 

The AS/BS system, which began operation in August 2005, consists of 68 shallow zone wells and 143 
deep zone wells. The system was installed in general accordance with the Remedial Action Plan 

Tetra Tech NUS, Inc. 
661 Andersen Drive, Pittsburgh, PA 15220-2745 

Tei 412.921.7090 Fax 412.921.4040 W'NW.ttnus.com 
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Addendum (TtNUS, 2004), as documented in the Construction Completion Report (AGVIQ-CH2M HILL, 
2007a), and groundwater monitoring has been conducted to determine the effectiveness of the remedial 
system, as presented in the Annual Operations and Maintenance Report (AGVIQ-CH2M HILL, 2007b) and 
subsequent long-term monitoring (L TM) reports (Solutions-IES, 2008). These reports indicated that the 
system was effective in reducing contaminant concentrations in monitoring wells within the influence ofthe 
AS/BS treatment system; however, two small areas, one surrounding monitoring well CEF-76-113S in the 
shallow zone (35- to 40-foot screen interval) and the other surrounding monitoring well CEF-76-701 in the 
lower intermediate zone (65- to 70-foot screen interval), had persistent elevated benzene concentrations 
based on data through 2008. The locations of these monitoring wells in relationship to the assumed radii 
of influence of the system wells are provided in the figures provided in Attachment 1. 

CH2M Hill performed an optimization study for the Navy to evaluate potential opportunities to optimize 
operation of the NFF AS/BS system (CH2M HILL, 2008). As documented in the Optimization Study 
Report, the evaluation of dissolved oxygen levels and microbial analysis data indicated the presence of 
biological populations and conditions favorable for degradation of petroleum contaminants in groundwater 
at the site. The report recommended modifying the system to focus operation in areas within the IT As 
with remaining concentrations of benzene greater than 100 j../g/L (the NADC). Ttlese recommended 
modifications were implemented, and the system is being operated by Solutions-IES. 

Subsequent LTM groundwater sampling results (Solutions-IES, 200gb) indicated that benzene 
concentrations in CEF-76-701 had decreased to less than the NADC; however, monitoring well CEF-076-
113S continued not to be impacted by system operations, and the concentrations of benzene and several 
other contaminants remained greater than their respective NADCs. These results were presented at the 
May 2010 Base Realignment and Closure (BRAC) Cleanup Team (BCT) meeting (Meeting Minute No. 
2622 and Action Item No. 1602), and it was decided that two new AS system wells would be installed in 
the area of CEF-76-113S to determine if increased treatment in that area would be successful in reducing 
contaminant levels in this area. 

Monitoring well CEF-076-113S is a 2-inch Schedule 40 polyvinyl chloride (PVC) well screened from 35 to 
40 feet bgs, as · identified in the groundwater sample log sheets provided in Attachment 2. The system 
wells in the vicinity of this monitoring well are i-inch Schedule 80 PVC wells screened from 48 to 50 feet 
bgs, as identified in the well completion diagrams provided in Attachment 3. The air is delivered to the 
system wells by individual i-inch flexible high-density polyethylene (HOPE) pipe buried to a depth of 
approximately 1 foot bgs. The delivery pipe is connected to each system well below the well vault, as 
identified on the figures provided in Attachment 3. Both the shallow and deep sparging wells are supplied 
from the same system manifolds, and the system pressure applied to the wells is adequate for either 
shallow or deep system well operation. 

FIELD OPERATIONS 

The following section provides information regarding the installation of two AS system wells and the 
connection of the air supply lines to these new wells. Tetra Tech will complete the system modifications, 
but operation and monitoring of the system will continue to be conducted by Solutions-IES. The system is 
to be turned off during all installation activities, and Tetra Tech will work directly with Solutions-IES to 
coordinate system shut downs to enable the relocation and connection of the air supply lines. 

The two AS system wells will be installed at the locations presented on Figure 1. One of the system wells 
will be shallow and onewill be deep. The shallow well will be identified as AS-100, and the deep well will 
be identified as AS-101 . The shallow well will be installed to a total depth 50 feet bgs, and the deep well 
will be installed to a total depth of 80 feet bgs. The shallow system well (AS-100) will be installed 
approximately 10 feet to the north of monitoring well CEF-076-113S, and the deep system well (AS-101) 
will be installed approximately 5 feet to the south of CEF-076-113S. The system wells will have 2-foot 
screened intervals with the same specifications as the system well that are described in the Construction 
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Completion Report (AGVIQ-CH2M HILL, 2007a) and as presented in Attachment 3. AS-100 will be 
installed to the same specifications as system well AS-35, and AS-101 will be installed to the same 
specifications as system well AD-06, as presented in the well construction log sheets provided in 
Attachment 3. Well installation will be conducted in accordance with Tetra Tech Standard Operating 
Procedures (SOP) GH-2.8 entitled Groundwater Monitoring Welllhstallation provided in Attachment 4 . . 

The air supply lines providing air to system wells AS-44 and AS-35 will be relocated to the new system 
wells AS-1 00 and AS-1 01, respectively. Attachment 5 provides information regarding the actual operating 
parameters of these system wells. The forms identify that AS-44 is operating at 80 pounds per square 
inch (psi), and AS-35 has between 100 and 110 psi, which is sufficient pressure for proper operation of the 
proposed system wells. 

Each system well has a dedicated air supply line, as identified in the design drawing provided in 
Attachment 3. The air supply lines are buried approximately 1 foot bgs and connect to each system well 
below the well vault, as presented on the figures in Attachment 3. The air supply line from the current 
system well (AS-44 or AS-35) will be relocated to the new system well (AS-100 or AS-101) as identified 
above in the same manner as it was connected during the original installation. The relocated lines will be 
buried as before to prevent any damage that might occur during grass cutting operations in the area. Prior 
to backfilling operations, the lines will be pressure tested to verify that no air leaks exist, and pressure and 
flow rates will be recorded. 

Tetra Tech will work with Solutions~rES to coordinate restart of the system and to optimize air flow to the 
newly installed wells, if adjustments at the main headers are needed. Solutions-IES will continue to 
operate the system in the same manner as before the modification, in accordance with the original design 
and subsequent optimization recommendations. 

REFERENCES 

Tetra Tech NUS, Inc. 2004. Remedial Action Plan Addendum for North Fuel Farm, Naval Air Station 
Cecil Field, Jacksonville, Florida. March. 

AGVIQ-CH2M HILL JVLL. 2007a. Construction Completion Report, Installation of Air Sparge, Biosparge, 
and Soil Vapor Extraction System, Former North Fuel Farm Site, Former Naval Air Station Cecil Field, 
Jacksonville, Florida, Revision No. 00. August. 

AGVIQ-CH2M HILL JVLL. 2007b. Annual Operations and Maintenance Report, Air Sparge, Biosparge, 
and Soil Vapor Extraction System, Former North Fuel Farm Area Groundwater Remediation Project, ' 
Former Naval Air Station Cecil Field, Jacksonville, Florida, July 2005 - September 2006. February. 

CH2M HILL. 2007c. Operations and Maintenance Status Report, Air Sparge, Biosparge, and SVE 
System, Former North Fuel Farm Area Remediation Project, Former Naval Air Station Cecil Field, 
Jacksonville, Florida, October 2006 - May 2007. November. 

CH2M HILL. 2008. Optimization Report for Air Sparging/Biosparging Treatment System, North Fuel Farm 
Site, Former Naval Air Station Cecil Field, Jacksonville, Florida. June. 

Solutions-IES. 2008. Third Quarter 2008 Long-Term Monitoring Report, North Fuel Farm, Former NAS 
Cecil Field, Jacksonville, FL. December. 

Solutions-IES. 2009a. 2008 Annual Long-Term Monitoring Report, North Fuel Farm, Former NAS Cecil 
Field, Jacksonville, FL. April. 
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Solutions-IES. 2009b. First Quarter 2009 Long-Term Monitoring Report, North Fuel Farm, Former NAS 
Cecil Field, Jacksonville, FL. July. 

Solutions-IES. 2009c. Second Quarter 2009 Long-Term Monitoring Report, North Fuel Farm, Former 
NAS Cecil Field, Jacksonville, FL. December. 

If you have any questions regarding this submittal, please feel free to contact me at 
Robert.Simcik@tetratech.com or (412) 921-8163. 

Robert F Simcik, P.E 
Task Order Manager 

Attachments (5) 

c: A. Sanford, NAVFAC SE (1 copy) 
M. Halil, CH2M Hill (electronic only) 
J. Keener, Solutions-IES (electronic only) 
C. Pike, Tetra Tech CTO 102 project file (1 copy, unbound) 
D. Humbert, Tetra Tech (letter only) 
M. Jonnet, Tetra Tech (1 copy) 
J. Johnson, Tetra Tech (1 copy for Information Repository) 

CERTIFICATION 

The professional opinions rendered in this document identified as Design Modification for Air Sparging, 
Biosparging, and . or Extraction System at the Former North Fuel Farm Site at Former Naval Air 
Station Ce . .... ille, Florida, were developed in accordance with commonly accepted 
proced. ~.r. ~:. ~ ~._ •• '1"1l .. able ~tandard.s of practice .. The inform~tion contained herein. i.s based 
on the. . t~~tlt8~ matlon. obtained from previously submitted reports. If conditions are 
det.er .. • 0 exist that diff'~~ those described, the undersigned engineer should be notified to 
evalu e 'ria eff~.6J~93addi\(1rrclinformation on the information described in this report. 
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ATTACHMENT 1 

MONITORING WELL CEF-076-113S LOCATION 
AND SYSTEM WELL LAYOUT FIGURES 
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MONITORING WELL CEF-076-113S 
GROUNDWATER SAMPLE LOG SHEETS 



GROUNDWATER SAMPLING LOG Page 4 of 16 

SITE NAME: GW Sampling at North Fuel Farm Cecil Field I SITE LOCATION: Jacksonville 

WELL NO: CEF-076-113S I SAMPLE 10: 8030.08A2.NAVF/3:CEF-076-113S:10/10108 I DATE: 10/10/2008 

PURGING DATA 
WELL DIAMETER 
(inches): ITUBING DIAMETER I WELL SCREEN INTERVAL \ STATIC DEPTH 

(inches): 0.13 DEPTH (feet): 35-40 TO WATER (feet): 6.98 I PURGE PUMP TYPE 

OR SAMPLER: Peristaltic 

WELL VOLUME PURGE: 
only fill out if applicable) 

1 WELL VOLUME = (TOTAL WELL DEPTH - STATIC DEPTH TO WATER) X WELL CAPACITY 

= ( feet - 6.98 feet) X O.OOgalions/foot = 0.00 gallons 

EQUIPMENT VOLUME PURGE: 1 EQUIPMENT VOL. = PUMP VOLUME + (TUBING CAPACITY x TUBING LENGTH) + FLOW CELL VOLUME 
(only fill out if applicable) 

INITIAL PUMP OR TUBING 
DEPTH IN WELL (feet): 

TIME VOLUME CUMUL. 
PURGED VOLUME 
(gallons) PURGED 

(gallons) 

15:33 0.40 

15:36 0.10 0.50 

15:38 0.10 0.60 

=0.00 gallons+( 

I FINAL PUMP OR TUBING 
DEPTH IN WELL (feet): 

DEPTH TO WATER 
(feet) 

6.99 

6.99 

6.99 

pH 
(standard 
units) 

3.23 

3.30 

3.15 

0.00 gallonslfoot X 4.00 feet)+ 0.13 gallons = 0.13 gallons 

I PURGING 
INITIATED AT: 15:12 I PURGING 

ENDED AT: 15:42 

ORP TEMP.(°C) SEC DISSOLVED 
(uS/cm) OXYGEN 

(mg/L) 

37.00 28.30 1,910.00 2.21 

26.70 27.12 1,899.00 2.13 

22.40 27.11 1,919.00 1.98 

I TOTAL VOLUME 
PURGED (gallons): 

TURBIDITY COLOR 
(NTUs) (describe) 

8.50 clear 

6.31 clear 

7.10 clear 

WELL CAPACITY (Gallons Per Foot): 0.75" = 0.02; 1" = 0.04; . 1.25" = 0.06; 2" = 0.16; 3" = 0.37; 4" = 0.65; 5" = 1.02; 6" = 1.47; 12" = 5.88 
TUBING INSIDE DIA. CAPACITY (GaI.lFt.): 1/8" = 0.0006; 3/16" = 0.0014; 1/4" = 0.0026; 5/16" = 0.004; 3/8" = 0.006; 1/2" = 0.010; 5/8" = 0.016 

ElELDITEST KIT 

0.65 

ODOR 
(describe) 

sulfuric 

sulfuric 

sulfuric 

Final Purge Readings Hach Field Oata(mg/L) CHEMetrics Field Oata(mg/L) 

DO(mglL): 1.83 TEMP.rC): 27.23 

SEC(uS/cm): 1952 

ORP(mV): 18.9 

Salinity: 

SAMPLED BY 

pH: 3.11 

TURB(NTU): 7.62 

SAMPLER(S) 

DO: 

Alkalinity: 

H2S: 

Sulfate: 
Nitrate: 

C02: 

Ferrous Iron: 

Maganese: 

Sulfide: 

SAMPLING DATA 
SAMPLING 

DO High DO Low 
Range: Range: 

C02 High DO Low 
Range: Range: 

Alkalinity 
High Range: 

Alkalinity 
Low Range: 

SAMPLING 
(PRINT) I 

Burke Cathey 
SIGNATURES: 13 AFFILIATION: 

~ INITIATED AT: 
15:42 

ENDED AT: 
16:11 

PUMP OR TUBING SAMPLE PUMP TUBING 
DEPTH IN WELL (feet): FLOW RATE (mL per minute): 82.02 MATERIAL CODE: PPE 

FIELD DECONTAMINATION: ~vDN FIELD-FILTERED: Dv!;Zl N FILTER SIZE: NA I DUPLICATE: Dvl;2l N 
Filtration Equipment Type: 

SAMPLE CONTAINER SPECIFICATION SAMPLE PRESERVATION INTENDED ANALYSIS ANDIOR 
METHOD 

SAMPLE 10 NO. OF MAT VOL PRESERV TOTAL VOL FINAL 
CODE CONTAIN. CODE USED ADDED IN 

FIELD (mL) 
pH 

CEF-076-113S 3 CG 40ml HCL 40ml 3.11 VOCs 

CEF-076-113S 2 AG 1 L None 1 L .3.11 SVOCs 

CEF-076-113S 2 AG 1L H2SO4 1 L 3.11 TRPH 

CEF-076-113S 1 PE 500 ml None 500 ml 3.11 Sulfate 

CEF-076-113S 2 AG 40ml None 40ml 3.11 TIC 

CEF-076-113S 3 PE 250ml NaOH ZnAC 250ml 3.11 Sulfide 

CEF-076-113S 2 AG 40ml HCL 40ml 3.11 TOC 

MATERIAL CODES: AG = Amber Glass; CG = Clear Glass; PE = Polyethylene; PP = Polypropylene; S = Silicone; T = Teflon; 0= Other (Specify) 

SAMPLINGIPURGING APP = After Peristaltic Pump; B = Bailer; BP = Bladder Pump; ESP = Electric Submersible Pump; PP = Peristaltic Pump 
EQUIPMENT CODES: RFPP = Reverse Flow Peristaltic Pump; SM = Straw Method (Tubing Gravity Drain); VT = Vacuum Trap; 0= Other 

NOTES: 1. The above do not constitute all of the information required by Chapter 62-160, FAC. 

2. Stabilization Criteria for range of variation of last three consecutive readings (see FS 2212, section 3) 

pH: + 0.2 units Temperature: + 0.2 oC Specific Conductance: + 5% Dissolved Oxygen: all readings < 20% saturation (see Table FS 2200-2); 
optionally, + 0.2 mglL or + 10% (whichever is greater) Turbidity: all readings < 20 NTU; optionally + 5 NTU or + 10% (whichever is greater) 

SAMPLING 
EQUIPMENT 

CODE 

RFPP 

PP 

PP 

PP 

PP 

PP 

PP 



Site Name: North Fuel Fann - Cecil Field 

SOLUTIONS-IES 
GROUNDWATER SAMPLING LOG 

Site Location: Jacksonville, Florida 

WeD Number: CEF-076-113S** SampleID: Date: fa 110}0 'i 
PURGING DATA 

WeD Diameter Tubing Diameter Tubing: Static Depth to Purge pump type or bailer: Well Screen Interval Depth: 
(inChes):tij 

I 3 4 (
inCh7Jb. /4 3/8 112 ~~ water (feeg: 

:h S' Peristaltic Pump 35 to 40 feet 

Initial Pump or Tubing Depth in Purging Initiated: PU~Ended: Total Volume Purged (GaDons): Sample Pump Flow Rate 
weD: 2 t ~ J..,,1;b4.( IrJb 1GOS- (mUmio): 2. 5"b Mi./""~" 

Cumulative 
Volume Volume Purge Depth to Dissolved 
Purged Purged Rate: Water pH Temp Cond Osygen Turbidity ORP Color Odor 

Time (gallons) (gallons) (mLimin) (feet) (SU) (0C) (Ils/cm) (mgIL) (NTU's) (m/v) (describe) (describe) 

115)" t:>. I tS'o T·Y} ).1..5 tfc,..ltJ 1/0" 0·9?- q,ti'l <2c 2. t - .-

I~oo o.~ LI 7·~r5 ,.Z~ l.fs;.o'2.. 1P'1-$ A}. 1'",(" L.St, ;5l·8 - -
18D5 0 .. ') ~t 1'7--1.·(3 ~.Ue z.G,.M je>11- D. fa} h .)1- lZr~ I ~ --

Wdl Capa<ity (GalionsiFoot): 0.75" = 0.02 1" = 0.04 1.25" =0.06 2" · 0.16 3" = 0.37 4"= 0.65 5" = 1.02 6" - 1.47 12" - 5.88 

TubiDllllllide Diameter Cap.city (GalionsiFool): 1/1" - 0.0006 3116" - 0.0014 1/4" - 0.0026 5116" - 0 .004 3/1" - 0.006 112" ~ 0.010 5/1" - 0.016 

SA)lPLING DATA 
Sampled By/Affiliation: sa~:Q, Sampling Initiated: Sampling Ended: 

~~ CJI3".f S.21 'luUt¢IAS~IE~ -) 18o'S" . 'V 
Field Decontamination: Field-F:te~ Filter Size: Filtration Equipment Type: Duplicate: 

y ® ""-.If- 11m ;tilT y ® 
SAMPLE CONTAINER INFORMATION 

Sample # Material Preservative 
ID Code Containers Code Volume Used Intended Analysis Samplinl! Equipment Code 

2 AG 1L None PAHs 8310 PP 

2 AG 1 L H2SO4 TRPHFL-PRO PP 

3 CG 40mL Hel VOCs8260B RFPP 

Remarks: 
~~ I CU~Jr)~S fe,,'-/-. flO @ " . CO ~ 

Field Kits: 

MatuiaJCoda: AG = Amber Glass CG = Clear Glass PE = Polyethylene PP = Polypropylene 8= Silicone T=Teflon 0= Olher (SpecilY) 

SampUagIP .... iDlI: APP = After Peristaltic Pump B= Bailer BP = Bladder Pump ESP ~ Electric Submersible Pump PP - Peristaltic Pump 

EqDipmeJIt Cod .. : UPP = Reverse Flow Peristaltic Pump 8M = Straw Method (Tubing Gravity Drain) VT = Vacuum Trap o = Olher (SpecifY) 

StabDization criteria ror raDge ahariatla. of Jut tbree ca ..... calive radial': pH: + 0.2 units Temperalu,." + 0.2"C Specific COHDC_.: + 5% 
Dlnolvod O.,.lIe.: all readings < 20% saruration; optionally. + 0,2 mg/L or + 10% (whkhever is gre.ter) 
Turbidity: all reading. < 20 NTU; oplionally + 5 NTU or + 10% (whichever is grealer) 

** Denotes hazardous well 



SOLUTIONS-IES 
GROUNDWATER SAMPLING LOG 

Site Name: North Fuel Fann - Cecil Field Site Location: Jacksonville, Florida 

WeDNumber: CEF-76-l13S·* Samplem:L£r-07~- 1135 Date:?13/0 9 

Well Diameter 
(inches): 

1034 

Tubing Diameter 
(inches): 
~ 3/8 1/2 

PURGING DATA 
Tubing: Static Depth to 

LOPE watc:.r Ifeet): 
~ 'iI.~ 

Purge pump type or hailer: 

Peristaltic Pump 

WeD Screen Interval Depth: 

feet to feet 

Initial Pump or Tubing Depth in 

weD: :l" ~ b+ft,.(Yl 
Purging Initiated: Purging Ended: Total Volume Purged (Gallons): Sample Pump Flow Rate 

<1'57 /01 ~ .SS (mL/min): 10D 
Cumulative 

Volume Volume Purge Depth to Dissolved 
1»urged Purged Rate: Water pH Temp Cond Oxygen Turbidity ORP Color Odor 

Time (gallons) (gallons) w'91Limin) (feet) (SU) (0C) (1lS/cm) (mg/L) (NTU's) (m/v) (describe) (describe) 

(Oog 0.2 0 .. :2. f1~ 1/.:;'1 3 .. J.5" lt10 333er O~6~ ~I 133.7 deaf' S~7"1-
(all o-~ I 0 .. 3 ll.:}q j . .l~ ~.4~ .35~6 o·<.{<} 14 /I~! , 
/01'1 <J. i o D'tJt Il,.~f 5. rL Cf 11,43 .53'7 o.,'t~ IS- {:J.<J. I 

11017 0 .. I 0,5 It .;L't 3,)CJ ~I.~ 3:1'75 0 .. 31 13 (O'l.3 

WeD Capacity (GallonsiFoot): 0.75" = 0.02 I" - 0.04 1.25" = 0.06 Z" = 0.16 3"= 0.37 4" = 0.65 5" - 1.02 6" = 1.47 12" - 5.88 

TabiDllaide Diameter Capacity (GallonsiFoot): III" = 0.0006 3/16" - 0.0014 1/4" = 0.0026 5116" - 0.004 311" m 0.006 lIZ" - 0.010 511" - 0.016 

SAMPLING DATA 

Field Decontamination: I Field-Filter~ Filter Size: Filtration Equipment Type: 
Y N Y ~N) ~m 

- SAMPLE CONTAINER INFORMATION 
Sample 1# Material Preservative 
mCode Containers Code Volume Used Intended Analysis 

2 AG I L None PARs 8310 

2 AG lL H2SO4 TRPHFL-PRO 

3 CG 40mL HCI VOCs 8260B 

Remarks: --
Field Kits: 

Material Cod .. : AG = Amber Glass CG = Clear Glass PE = Polyethylene PP = Polypropylene S - Silicone T = Teflon 0 = Other (SpecifY) 

Sampling/Purglng: APP = After Peristaltic Pump B = Bailer BP = Bladder Pump ESP = Electric Subme",ible Pump PP - Peristaltic Pump 

EquipmeDt Cod .. : DPP = Reverse Flow PeriSialtic Pump SM = Straw Method (Tubing Gravity Drain) VT = Vacuum Trap 0 = Other (SpecilY) 

Stabilization criteria ror raage orv.riation orlut tbr .. cOlUecntive r .. din .. : pH: + 0.2 units Temperature: + 0.2'C Specific Conductance: + 5% 
Dh.Dlved OXYlea: all readings < 20% saturation; optionally. + 0.2 mg/L or + 10% (whichever is greater) 
Turbidity: all readings < 20 NTU; optionally + 5 NTU or+ 10% (whichever is greater) 

•• Denotes hazardous well 

Sampling Ended: 

lo<-/{ 
Duplicate: 

v<lD 

Sampline Equipment Code 
PP 

PP 

RFPP 

~ 



ATTACHMENT 3 

SYSTEM WELL COMPLETION DIAGRAMS, 
SYSTEM WELL VAULT, 

AND AIR SUPPLY LINE HOOKUP DIAGRAMS 



PROJECT NUMBER 

283092 I'
WELL NUMBER 

AS-35 SHEET OF 1 

WELL COMPLETION DIAGRAM 

PROJECT: Cecil Field I NFF ..:::L:=O-=C::-A===T:-=IO:..:N~: _J:..:a:..:c::..::ks:..:o"'n"-vi:::.lle:.!,..:.F..:.:lo"'ri:=d=-a _ _____ ______ _ _ _ 
DRILLING CONTRACTOR : Prosonic Drilling Corporation, Florida License No. 7091 
DRILLING METHOD AND EQUIPMENT USED: Truck-Mounted Rotosonic Rig 
WATER LEVELS: Not obtained START: 0 6/24/2004 END: 6/24/2004 LOGGER: Jim Baker 

1"", 
-- ___ 2 

1- Top of casing elevation Not obtained 

2- Dia.ltype of well casing 1-inch diameter Sch. 80 PVC 

r-- f0o-
3- Typelslot size of screen 0.010-inch machine slotted Sch. 80 PVC 

S--l--- I 42' 

I 

---s---
I 50' I 

-

- f--~3 

I 2.0' J - f.-- 4 

-- -
I. -I 

5" 

J 

45' I 

I 48' I 

4- Type screen filter 

a) Quantity used 

5- Type of seal 
a) Quantity used 

b Hydration time 

6- Grout 
a) Method of placement 

b) Casing grout weight 

Development method 
7- Development time 

Estimated purge volume 

20/30 sieve size silica sand 

1.5 (501b bags) 

3/B-inch barroid bentonite chips 

251bs (1/2 50lb bag) 

1.0 hour 

Type 1111 Portland neat cement 
1-inch inside diameter tremie pipe 

> 13.2 Ibs per gallon 

Waterra Hydrolift II pump 
Approx. 60 minutes 

Approx. 10 gallons 

Comments Well purged until sediment free 

XXXXXX .XX.XX 



PROJECT NUMBER 

283092 rWELL NUMBER 

AS-44 SHEET OF 1 

WELL COMPLETION DIAGRAM 

PROJECT : Cecil Field I NFF c:L""O--'C"'A.:cTc'-IO=-N'-'--'-:-'=J-=ac=-k"'s""0.:cnv.:ci"'lIe:.:.,c'-F--=I0:.cri""d-=a _ _ _ _ '----__________ _ 
DRILLING CONTRACTOR : Prosonic Drilling Corporation, Florida License No. 7091 
DRILLING METHOD AND EQUIPMENT USED: Truck-Mounted Rotosonic Rig 
WATER LEVELS: Not obtained START: 0 6/25/2004 END: 6/25/2004 LOGGER: Jim Baker 

1 ~ 
r--

~ ___ 2 
1- Top of casing elevation Not obtained 

2- Dia.ltype of well casing 1-inch diameter Sch. 80 PVC 

- - 3- Typelslot size of screen 0.010-inch machine slotted Sch. 80 PVC 

S-- I 42' 

I 

---s---
I 50' I 

,.-

- I--
___ 3 

12.Q.1 - --- 4 

-- -
I. .1 

5" 

I 

46' I 

L 48' J 

4- Type screen filter 
a) Quantity used 

5- Type of seal 
a) Quantity used 
b Hydration time 

6- Grout 
a) Method of placement 

b) Casing grout weight 

Development method 
7- Development time 

Estimated purge volume 

20/30 sieve size silica sand 
1.5 (501b bags) 

3/8-inch barroid bentonite chips 
251bs (1/2 50lb bag) 
1.0 hour 

Type 1111 Portland neat cement 
1-inch inside diameter tremie pipe 

> 13.2 Ibs per gallon 

Waterra Hydrolift II pump 
Approx. 60 minutes 
Approx. 10 gallons 

Comments Well purged until sediment tree 

XXXXXX .XX.XX 



PROJECT NUMBER 

283092 lWELL NUMBER 

AD-06 SHEET OF 1 

WELL COMPLETION DIAGRAM 

PROJECT : Cecil Field I NFF -=L"'Oc::C=:::A:::T=-IO::.N:..:....:.:---=J-=a.:::ckc::s'-"o'-'nv"-'i"'lIe'-'-,...:.F..::lo::.r:.:ld=a _ _ ______ ___ _ ___ _ 
DRILLING CONTRACTOR : Prosonic Drilling Corporation, Florida License No. 7091 
DRILLING METHOD AND EQUIPMENT USED : Truck-Mounted Rotosonic Rig 
WATER LEVELS: Not obtained START: 7/23/2004 END: 7/23/2004 LOGGER: Jim Baker 

1"" .--
~ ___ 2 

1- Top of casing elevation Not obtained 

2- Dia.ltype of well casing 1-inch diameter Sch. 80 PVC 

f-- f--
3- Typelslot size of screen 0.010-inch machine slotted Sch. 80 PVC 

S--l-

s-----
I 80' I 

r-

- I--

I 2.0' I -

-'-- -
I. .1 

6" 

Airdeep wells.xls 

I 72'1 

I 75.5' I 

I 78' I 

---

~3 

f.-- 4 

4- Type screen filter 
a) Quantity used 

5- Type of seal 
a) Quantity used 
b Hydration time 

6- Grout 
a) Method of placement 

b) Casing grout weight 

Development method 
7- Development time 

Estimated purge volume 

20/30 sieve size silica sand 
1.5 (501b bags) 

3/8-inch barroid bentonite chips 
251bs (1/2 50lb bag) 
1.0 hour 

Type 1111 Portland neat cement 
1-inch inside diameter tremie pipe 

> 13.2 Ibs per gallon 

Waterra Hydrolift It pump 

Approx. 60 minutes 
Approx. 10 gallons 

Comments Well purged until sediment free 

xxxxxx.xx.xx 
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SPLICE/VALVE BOX 
51010 

Applications: 
Greenbelt areas for telephony, power, CATV, DOT and other 
applications. Turf and irrigation for residential, commercial, golf 
courses, and parks ond recreation. 

Features & Benefits: 
• Built tough to lost long. Heavy-duty construction minimizes side 

wall deflection, increasing product life. 

• Easy grip twist lock cover, won't fall off. Keeps debris out for 
dutter-free occess. 

• HOPE is U.V. stabilized forgrealer strength and fife through a 
wide range of temperature extremes. 

• All splice/valve boxes have 0 base flange to reduce tilting Dnd 
frost heaving. 

• Box and lid shipped fully assembled, 

• Product palletizedforeosy off-Ioodingond slorage. 

• Stainless steel hardware won't rust. 

Options: 
• EMS marker for quick andeosy identificatian. 

• OEM labeling available on request (molded-in identification). 

Ordering Information: 
Specify port number in lable below. Standard (over and box color is 
green. Purple, grey and sand (olors are olso available. Consult 
factory for more'information. 

Pallet Quantity: 100 

Part No. Description Material Weight 

SGBI 0001 OC20 
SGC100000EHO 
PCClOOOOOEOl 
0414 
SGA1OOO10YOOO 

Box, 1 O·XI 0" 
(over 
(over 
Extension, 20· 
Box & (over Assy. 

HOPE 
HOPE 
PC 
HOPE 
HOPE 

2.5 (1.1) 
1.0(0.5) 
7.0(3.2) 
6.0(2.7} 
3.st1.6) 

Greenbelt Application II 
Load: Static, 3,000 Ibs 

r BOLT DOWN (OPTIONAl) 

LIFT HOLE 

LOGO -~:......:;., .... 

MOUSE HOLE vi ~-- 13 1/4 (337) -I 
2 x 3 1/2 (51 x 89) 

Dimensions: Inches (mm) 
Weight: Ibs (kg) 

newbasis 
lluilcfong Solution. lor the America. 

2626 Kansas Avenue, Riverside, CA 92507 • Tel 909-787-0600 • Fax 909·787-0632 • www.newbasis.com 

.© (opyrighr2002 NewBosis 



eNDS TECHNICAL 
One SOURe. Many solutions. SPECIFICATIONS 

DFW by NDS D 109 Meier Boxes 
OFW BY NOS MElER BOX SPEC Standard Commercial Grade 
OFW by NOS 611 round meter boxes and covers are iniection molded of recycled polyolefinmaterial with a melt index between 
10-12. Coloring and UY stabilizers are added, along with processing lubricants when needed. 
The 6" round body shall be tapered and have a minimum wall thickness of .13". The body shall have a double wall at the top 
cover seat area with a minimum thickness of .125", The bottom of the body shall have a .25/1 flange. The 611 round cover shall 
have an average thickness of .15". 

9" 

2 '/," x2 Y," 
Pipe Slot 

1" 

6" 

6 ,/,. 

S" 

8 I i' 

Produdis not 10 be installed in concrete and is not to be used in vehicvloropplicolions. Weights and dimensions ore nominal. 

Please call NDS customer service for availability of diHerent options: 1-800-726-1994 s· r DfWVMB.Q2.(103 



NOTE: 
EACH WELL IS INDIVIDUALLY PIPED 
FROM THE WELLHEAD TO THE 
TREATMENT SYSTEM MANIFOLD. 
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NAVAL AIR STATION CECIL FIELD 
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NOTE: 
EACH WELL IS INDIVIDUALLY PIPED FROM 
THE WELLHEAD TO THE TREATMENT 
SYSTEM MANIFOLD. 

o 100 200 300 

~--Scale In Feet 

• o 

AS/BS PIPING 

AIR SPARGING WELL 
AREA OF INFLUENCE 

BIOSPARGING WELL 
AREA OF INFLUENCE 

( -- - ") DEMOLISHED TANK 
..... _/ 

DEMOLISHED BUILDING 

- - - - DRAINAGE SWALE 

I 
FIGURE 3-2 ~ 

!!: 

AIR~~:~::~~~b AC Vk. Q I 
BIOSPARGING WELLS - DEEP '." .. '.'.',i}""" .... 7;" ... '.rr.' ~ 

NORTH FUEL FARM AREA C H2M. HI L L ~ 
NAVAL AIR STATION CECIL FIELD. '. .....>./>. l(tI~T 'm"'.' " 

JACKSONVILLE, FLORIDA 

15-JAN-2004 
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Subject 
GROUNDWATER MONITORING 

. WELL INSTALLATION 

1.0 PURPOSE 

Number 

Revision 

GH-2.8 

3 

Page 
2 of 12 

Effective Date 
09/03 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of monitoring wells. The methods described herein may 
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory 
agencies have specific regulations pertaining to monitoring well construction and permitting. These 
requirements must be determined during the project planning phases of the investigation, and any 
required permits must be obtained before field work begins. Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generally in this procedure. 

3.0 GLOSSARY 

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a 
groundwater level and groundwater sample representative of the zone being monitored. Some monitoring 
wells may be constructed as open boreholes. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the bottom 
and to the atmosphere at the top, and used to measure water level elevations. Piezometers may range in 
size from 1/2-inch-diameter plastiC tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased to 
the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typically 1-114 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with 
a sledge hammer, drop weight, or mechanical vibrator. Well pOints may be used for groundwater injection 
and recovery, as piezometers (Le., to measure water levels) or to provide groundwater samples for water 
quality data~ 

4.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and construction. 

Field Geologist - The field geologist supervises and documents well installation and construction 
performed by the driller. and insures that well construction is adequate to provide representative 
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable 
trained personnel may also serve in this capacity. " 

019611/P Tetra Tech NUS, Inc. 



Subject 

GROUNDWATER MONITORING 
WELL INSTALLATION 

5.0 PROCEDURES 

5.1 Equipmentlltems Needed 

Number 

Revision 

GH-2.8 

3 

Page 
3 of 12 

Effective Date 
09/03 

Below is a list of items that may be needed when installing a monitoring well or piezometer: 

• Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer. 

• Well drilling and installation equipment with associated materials (typically supplied by the driller). 

• Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule, 
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installation forms, and a field notebOOk). 

• Drive -point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive points, riser pipe, and end caps). 

5.2 Well Design 

The objectives and intended use for each monitoring well must be clearly defined before the monitoring 
system is designed. Within the monitoring system,different monitoring wells may serve different 
purposes and, therefore, require different types of construction. During all phases of the well design, 
attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials used. The objectives for installing the monitoring wells may include: 

• Determining groundwater flow directions and velocities. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow directions and potential well locations can be determined by an 
experienced hydrogeologist through the review of geologic data and the site terrain. In addition, data from 
production wells or other monitoring wells in the area may be used to determine the groundwater flow 
direction. If these methods cannot be used, piezometers, which are relatively inexpensive to install, may 
have to be installed in a preliminary investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be-tailored to the specific monitoring needs of each 
investigation. Specification of these items generally depends on the purpose of the monitoring system 
and the characteristics of the hydrogeologic system being monitored. Wells of different depth, diameter, 
and monitored interval can be employed in the same groundwater monitoring system. For instance, 
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine 
the vertical gradient and the depths at which contaminants are present. Conversely, a fully penetrating 
well'is usually not used to quantify or vertically locate a contaminant plume, since groundwater samples 
collected in wells that are screened over the full thickness of the water-bearing zone will be representative 
of average conditions across the entire monitored interval. However, fully penetrati.ng wells can be used 
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends 
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method and 
cost. 
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The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

• The vertical location of the contaminant source in relation to the water-bearing zone. 

• The depth, thickness and uniformity of the water-bearing zone. 

• The anticipated depth. thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

• Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge 
events). 

• The presence and location of contaminants encountered during drilling. 

• Whether the purpose of the installation is for determining existence or non-existence of contamination 
or if a particular stratigraphic zone is being investigated. 

• The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (S feet or less) are 
usually required where flow lines are not horizontal, (Le., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on 
the application. In determining well diameter, the following needs must be considered: 

• Adequate water volume for sampling. 
• Drilling methodology. 
• Type of sampling device to be used. 
• Costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. Drive points are typically 1-1/4 or 2 inches in 
diameter. For monitoring programs which require screened monitoring wells, either a 2-inch or 4-inch­
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring 
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, the volume 
of stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling 
devices that can be used are limited. 

In specifying well diameter, sampling requirements must be considered (up to a total of 4 gallons of water 
may be required for a single sample to account for full organic and inorganic analyses, and split samples), 
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water 
contained within a monitoring well is dependent on the well diameter as follows: 

Casing Inside 
Diameter (Inch) 

2 
4 
6 

Standing Water Length to Obtain 
1 Gallon Water JFeet) 

6.13 
1.S3 
0.68 

If a well recharges quickly after purging, then well diameter may not be an important factor regarding 
sample volume requirements. 
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Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during 
drilling or after well installation is completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an 
additional specification of slot size. Thickness of pipe is referred to as "Schedule" for polyvinyl chloride 
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often 
referred to as ·Strength". Standard Strength is usually adequate for monitoring well purposes. With larger 
diameter pipe, the wall thickness must be greater to maintain adequate strength. The required thickness 
is also dependent on the method of installation; risers for drive points require greater strength than wells 
installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the le"el of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B. 
Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are 
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity 
for water contamination due to well materials. PVC has many advantages, including low cost, excellent 
availability, light weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC 
may limit the depth of installation, but the use of Schedule 80 materials may overcome some of the 
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an 
important factor when considering the size of bailers or pumps required for sampling or testing. bue to 
this problem, the minimum well pipe size recommended for Schedule 80 wells is 4-inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode 
and release metal ions or chemically react with organic constituents, but this is considered a minor issue. 
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and 
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC 
may release organic contaminants into the well, and therefore, should not be used if the well is to be 
sampled for organic constituents. 

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used 
when a screen is necessary, and the annular borehole space around the screened interval is artificially 
packed with an appropriately sized sand, selected based on formation grain size. The slot size controls 
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen 
shall pass no more than 10 percent of the pack material, or in-situ aquifer material. The site geologist 
shall specify the combination of screen slot size and sand pack which will be compatible with the water­
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the 
wells. For example, as a standard procedure, a Morie No.1 or No. 10 to No. 20 U.S. Standard Sieve size 
filter pack is typically appropriate for a 0.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard 
Sieve size filter pack is typically appropriate for a 0.01 O-inch slot screen. 
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Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium­
to coarse-grained poorly graded, silica sand a:nd should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is 
allowed to collapse around the well screen after the well is installed. This method has been used where 
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets, extending to the surface. The grout effectively seals the remaining borehole annulus 
and eliminates the possibility for surface infiltration reaching the screened interval. Grouting also replaces 
material removed during drilling and prevents hole collapse and subsidence around the well. A tremie 
pipe should be used to introduce grout from the bottom upward, to prevent bridging, and to provide a 
better seal. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of one or two 
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most 
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite, 
and water at a ratio of one 90-pound bag of Portland Type I cementj plus 3 to 5 pounds of granular or 
flake-type bentonite,and6-7.gallons of water. A neat cement consists of one ninety-pound bag of 
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick 
but pumpable mixture) is sometimes used instead of grout for deep well installations where placement of 
bentonite pellets is difficult. Bentonite chips are also occasionally used for annular backfill in place of 
grout. 

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation depth. 
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or sand. A 
short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below the 
screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure that 
the entire screen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is typically placed over 
the top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. The 
protective casing has a larger diameter than the well and is set into the wet cement grout over the well 
upon completion. In addition, one hole is drilled just above the cement collar through the protective casing 
which acts as a weep hole for the flow of water which may enter the annulus during well development, 
purging, or sampling. 
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking 
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe 
is placed 4 to 5 inches below the pavement, and a locking protective casing is cemented in place to 
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement 
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is 
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away 
from the well head. 

5.3 Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-S.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

5.3.1 Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If the 
borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must be 
installed and well installation will proceed through the center of the temporary casing, and continue as the 
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers will 
act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on 
one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections are 
screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is slowly poured into the annulus between the riser pipe and temporary casing; as the 
casing is withdrawn. Sand should always be kept within the temporary caSing during withdrawal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater than 
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may occur. 
Centralizers may be used at the geologist's discretion, one above and one below the screen, to assure 
enough annular space for sand pack placement. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then the 
bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. Pellets should be added slowly 
and their fall monitored closely to ensure that bridging does not occur. 

The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers 
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4. 

5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be applied 
to avoid cross contamination between aquifers. Under most conditions, this can be accomplished by 
installing double-cased wells. This is accomplished by drilling a large-diameter boring through the upper 
aquifer, 1 to 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting 
a large-diameter casing into the confining layer. The grout material must fill the space between the native 
material and the outer casing. A smaller diameter boring is then continued through the confining layer for 
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installation of the monitoring well as detailed for overburden monitoring wells. Sufficient time (determined 
by the field geologist), must be allowed for setting of the grout prior to drilling through the confined layer. 

5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 -10 feet into bedrock. A casing (typically steel) is installed and either pressure grouted or 
tremie grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock to 
the desired depth. If the boring does not collapse, the well can be left open, and a screen is not 
necessary. If the boring collapses, then a screen is required and can be installed as detailed for 
overburden monitoring wells. If a screen is to be used, then the casing which is installed through the 
overburden and into the bedrock does not require grouting and can be removed when the final well 
installation is completed. 

5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. The 
screen section is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply 
pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a tripod and 
pulley setup is required to lift the hammer. Drive points typically · cannot be manually driven to depths 
exceeding 10 feet. 

Direct push sampling/monitoring point installation methods, using a direct push rig or drilling rig, are 
described in SOP SA-2.5. 

5.3.5 Innovative Monitoring Well Installation Techniques 

Certain innovative sampling devices have proven advantageous. These devices are essentially screened 
samplers installed in a borehole with only small-diameter tubes extending to the surface. This reduces 
drilling costs, decreases the volume of stagnant water, and provides a sampling system that minimizes 
cross-contamination from sampling equipment. Four manufacturers of these samplers include Timco 
Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, BARCAD Systems, Inc., of Concord, 
Massachusetts, Westbay Instruments Ltd. of Vancouver, British Columbia, Canada and the University of 
Waterloo at Waterloo, Ontario, Canada .. Each manufacturer offers various construction materials. 

5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations. Wells are typically developed until all fine material and drilling water is removed from the well. 
Sequential measurements of pH, conductivity, turbidity, and temperature taken during development may 
yield information (stabilized values) regarding whether sufficient development has been performed. The 
selection of the well development method shall be made by the field geologist and is based on the drilling 
methods, well construction and installation details, and the characteristics of the formation that the well is 
screened in. The primary methods of well development are summarized below. A more detailed 
discussion may be found in Driscoll (1986). 

5.4.1 Overpumping and 8ackwashing 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the 
formation. This back and forth movement of water through the well screen and gravel pack serves to 

019611/P Tetra Tech NUS, Inc. 



Subject 
GROUNDWATER MONITORING 
WELL INSTALLATION 

Number 

Revision 

GH-2.8 

3 

Page 
9 of 12 

Effective Date 
09/03 

remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of 
sand grains. Backwashing can be accomplished by several methods, including pouring water into the well 
and then bc;liling, starting and stopping a pump intermittently to change water levels, or forcing water into 
the well under pressure through a water-tight fitting ("rawhiding"). Care should be taken when 
backwashing not to apply too much pressure, which could damage or destroy the well screen. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is 
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the 
screens. This movement of water pulls fine materials into the well, where they may be removed by any of 
several methods, and prevents bridging of sand particles in the gravel pack. There are two basic types of 
surge plungers; solid and valved surge plungers. In formations with low yields, a valved surge plunger 
may be preferred, as solid plungers tend to force water out of the well at a greater rate than it will flow 
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging. 

5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods: backwashing or surging. 
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should be 
taken when using this method so that the water level does not drop below the top of the screen, thus 
introducing air into the formation and reducing well yield. Surging, or the "open well" method, consists of 
alternately releasing large volumes of air suddenly into an open well below the water level to produce a 
strong surge by virtue of the resistance of water head, friction, and inertia. Pumping of the well is 
subsequently done using the air lift method. 

5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation. The jetting 
tool is slowly rotated and raised and lowered along the length of the well screen to develop the entire 
screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into 
the screen during this process can then be bailed or pumped from the well. 

6.0 RECORDS 

A critical part of monitoring well installation is recording of all significant details and events in the site 
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features, screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform . 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information will 
need to be recorded, depending on whether the well is completed in overburden (single- or double-cased), 
as a cased well in bedrock, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
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space. Volumes of backfill significantly higher than the calculated volume may indicate a problem such as 
a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials. 
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee. 
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ATTACHMENT A 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 
Potentially-Deteriorating Type of Casing Material 
Substance 

PVC 1 Galvanized Carbon Lo-carbon Stainless Stainless Teflon* 
Steel Steel Steel Steel 304 Steel 316 

Buffered Weak Acid 100 56 51 59 97 100 100 
Weak Acid 98 59 43 47 96 100 100 
Mineral Acid/ 100 48 57 60 80 82 100 
Hig!l Solids Content 
Aqueous/Organic 64 69 73 73 98 100 100 
Mixtures 
Percent Overall Rating 91 58 56 59 93 96 100 

Prelim ina~ Ranking of Rigid Materials: 

1 Teflon'" 5 Lo-Carbon Steel 
2 Stainless Steel 316 6 Galvanized Steel 
3. Stainless Steel 304 7 Carbon Steel 
4 PVC 1 

* Trademark of DuPont 
RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALSJPERCENTl 

Potentially- Type of Ca~ing Material 
Deteriorating 
Substance 

PVC PP PE PE PMM Viton~* Silicone Neoprene Teflon
w
* 

Flexible Conv. Linear 
Buffered Weak Acid 97 97 100 97 90 92 87 85 100 
Weak Acid 92 90 94 96 78 78 75 75 100 
Mineral Acid/ 100 100 100 100 95 100 78 82 100 
High Solids Content 
Aqueous/Organic 62 71 40 60 49 78 49 44 100 
Mixtures 
Percent Overall 88 90 84 88 78 87 72 72 100 
Rating 

Prelimina~ Ranking of Semi-Rigid or Elastomeric Materials: 

1 Teflon 
IS> 

5 PE Conventional 
2 Polypropylene (PP) 6 Plexiglas/Lucite (PMM) 
3. PVC Flexible/PE Linear 7 Silicone/Neoprene 
4 Viton 

® 

* Trademark of DuPont 

Source: Barcelona et aI., 1983 
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 
Characteristic Stainless Steel PVC 

Strength 

Weight 
Cost 
Corrosivity 

Ease of Use 

Preparation for 
Use 

Interaction with 
Contaminants* 

Use in deep wells to prevent 
compression and closing of 
screen/riser. 
Relatively heavier. 
Relatively expensive. 
Deteriorates more rapidly in corrosive 
water. 

Difficult to adjust size or length in the 
field. 
ShOuld be steam cleaned if organics 
will be subsequently sampled. 

May sorb organic or inorganic 
substances when oxidized. 

* See also Attachment A. 

Use when shear and compressive 
strength are not critical. 

Li9ht-weiQht; floats in water. 
Relatively inexpensive. 
Non-corrosive -- may deteriorate in 
presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated 
hydrocarbons. 
Easy to handle and work with in the 
field. 
Never use glue fittings -- pipes should 
be threaded or pressure fitted. Should 
be steam cleaned when used for 
monitoring wells. 
May sorb or release organic 
substances. 
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Air Tonk Pre-tiltcr (jRlI!,I~ ~ Red Air ~'atlk "IlSf·I1I,,,,. ("null!: ~~ Kt:tl ~ 

~.Il.C Well Maoifolda 

Red Indicator 
Flow 

PreNAI/.e ReguI.tl:II' ~:o-clc 1 
R';d"' Flo\\' 

1"e.'Ill,ITC R'\luliltor ("yclr 1 W cUs Rate fit/lielll!), I&lIle Lithl 
(SCliM) (PSI) Leaking? Well~ 

Linhl (SCFl\f) (PSI) LeaklnQ 1 

AS-IS 

~ 
Off $ (30 BD-13 n'i ~ 12,0 ----.. 

1jJ) .. OIi Oft· _~_I(}O i\l:l·:!5 On Hp '1 110 
AS·17 orr 2'0 1, Ho AS·24 On ~ '( -1lp. . 
KIM'!; ~ Off - S 120 IlD·11 On ~ __ .• ~._._ lie) 
AS-29 @I) Off ~ Ito BD-II On <:J) .s 'z.,~_ AS.:!,., @ Off ~~fro "H.~~:t On ~~" __ § LOO 
81'1-19 

~ 
Off __ bO lOS iA';";lS Oil ~ :z, 100 

A~·.)I Off S <Js ~~ AS-30 @ on' S' .. .JJo 
~ A!i·44 

~ 
Off __ -L.._Bo AS411 

~ 
Off -.§ 1'(1) · \./ 

AS··lI Off 'i 12.0 AS·:;7 Off S 70 
'iIl.1U OIl' S ~_M_ BD-26 On @b 0 -11.0 
AS-J2 ® Off -,_2 {'IS 1\:;-42 @ Off ,_n._$" 1 tCi 
Ai>-45 CUl Off S lOS !BD-31 011 ~ I 10 
AS.:I!! 

~ off S ~~- BI)-:~'1 (,,In @ 2. ____ , .. ,::1.0 -
U()-lJ Off S toS i\S-4J On § -i: :::~ I~r AEI-15 ! OCf .s 45 AS-J9 On '.- J.; IW·OII ott Jlo BD-52 On 
1\1'1-1 ~. <ii) Otr S .J3l_._ AI)'II On @ S /00 
AD-09 ® Off S Coo. ~D-IJ On @ _'w.Q~. , . ... If)O -
AD-16 @ Oft· S ,~O __ AD·19 On @ l 10 0 -
AT). 10 fQi) Off S "0 AD-\? On @ '1 ._. ___ ... ..J.I. 0 -,\I) . Il! @ Off S "0 ~-14 On 

$ 1-1 100 -
AD·3l @ Off - S J12._ VI])·2U On 0 lao __ 
AD·).?> ~ Off oS COG i\D.~n On R ..... _ .. lID 
BO-82- @ orr ---i I IS AD·:32 On 

~ f ----~t: __ !ID.KIJ @ 011' S' 1J AD·34 On 
131)·'.14 ~ Oft· .. _$ too R\l.o81 On ® ~_"."~ ..... _ , I (') 
BD-9~ 

~ 
Off .s 15 __ BD·St! On ! S ~C) . -

.---~-,~-BP·IOO Off .s- (00 SD·IOS On 3 . lOS .,. 
7 '1:;-BD-W6 

~ 
Off BD·JOI On 

~ 0 to{>o w 

-~-" '''''-ImW2 Oft· __ 5 100 DD-96 On 0 /0$ 
BO-I17 Off S 80 81)·90 On ~ " 80 

G S /2.0 - @ r; ..... -i 20 BOoM Otl' liD-II} On 
, .. 

J-o'1'U~ ~ C • .,., loA 43 ~ -r."f (,f c.tt.$ Fttiw~_ ... 
~~tg: .s &£. ",.or \. ~,. L., t:.l(, A.v ~ 
,-<e:t1 u V51) t=(<JtJ\ t1~frJ ~.ttTt> I<Op: I S 'f C&J Al~_l." ell. A,t 1tJ.:t. $'I>/OL

v
"::':' L "'!1-

(.'J Pt;. .{ .4-1l" ~~ .. .. !.t F'( c.tf 116"14'1: Sf"T t{1:t.4 .. ,." Qldi..t-":L~~.t"S o>rLr:,C.s, ~t!1 U,J /.,.QC.KfS £} ('1 1\( N ~ A 1"<:: • ...cs<:, '" () ~t! 13. ~ :CI.!..!/J. ~~Sot.. ... ej) G A "7'~ ~o (.1( I5:.SQt, enp-tle.b Cu"b~w$A'"fft 1","10 !) It 14 1'1, {Jft, (o(,ll~O I-'f ~J .... <i 101', 5iAc'fLY 
(j Cc; I. I) 1'(1 l~tJj '" AdJusled +. ~ wm nul "dIU.t A.$ l' r'1' '1 (. t R.'" -(i ~ G ,P. 

Bolded Do no! adjust flow far welJs thet are bold ed, rqO::ord flow only, Well Will 001 'like .ir or miller needS repsir. Check "R.agulator Leaking" boll III'eg~IIlIQr is leaking 

S~luth'UlI.U-!~") 

(919) 3n·I06(1 

......... 
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'I'"~"....I 

NOll'"'' ,'!JEL FAa\! AIR l'lPARGE SYSTEM Opt;RATrON A.ND l\IAINn:NANf."E FORM 
CECIL FlELI) 

JACKSOlIiVILLE, FL 
1lO~.08"2.NA \-"F 

TBd1rIIClan: MIL.I,A,(1l II.SIlA,V 
Date' AlA.' i.. lL~ 

T.m& In: t !3o..... f!.E7~.t,., OMcCS" 

Time 0\11' , ,\30:... bUA..c-r ~FFI «; 

Air (:~Dlllr_'r ..,,/ 
~;r Campresrol Stnlu.~ @ Off 

!Air (':'(Iml,rCS!lOl Tempel1lllln! --L:.il- of 

~ir (''.ornpr .. ,.", Load Hours 01..; 1.ocr 

~_I'SI 
Air Compre5'i!.n Kun I [ow. (!:) t.. 7q "H')"I'~ 
COlIdCIISUtc Conta'lI~' I.ev"l 0 I't!rc~nl hIli 

Air TIlIIk PI\!.lillt:l \"ii.ugc "''''.., fm.e~ Red Ai. 'CiIlIk f'ost-liltcr Cl!lll~ . M A)( (Grcc~ R~d --11-__ , __________ ---:::::-='8p...,II.re:.;~r ~(! W,;.;.;o:III;;..:.1 M:..;.:I""III""fo;:.::kls:::.--r-___ ---=-:--_=-_, ...... ----u 
.'I.iw Red .·Iow 

AI.) \() 

A[')-IS 

AD-31 

AI) :1:\ 

BD-8Z 

Ill) 89 

gil. J(MI 

SO·II)(! 

fll,.102 

BO-97 

I.U).I)l 

Ko!r1 flldlcator Rate "rl!AAllre Regulator Cl'dcl I"(li.-.,.II... Rate I'rl'JjXur. Regulator 
I .• igh' (SCFMI (PSO Llllking 7 [\\'11115 Light (SU'.lh (PSI) I. •• klng ? 

l$(>'oli",,,,.ms 
(~I~)87HO(\(I 

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



NUllTU FVEL t"ARM Ant SPARGE S\'$TEM OPERATlOl'rl AND M4JNTgSi\NCE FOkM 
CEClLFlELD 

.rACKSONVI1,U;' ."1, 

leahnlcian: M,U,44tQ "."HAIV 
cate:Af,(ll. i.(. %./. 

RIIlU.lIII"l.NAVI<' 

Time In: ':fj~'" ,t....,..,.tw ~FF'(" 
Time out: 'II... ..... "" 1f.It"( o~FI C4 

Alr(:"mp~r 

it Compl'\'SSIK Sbllu. @ Off 

if ComprcsSQr Temperature ~ "" 
if C:llnIIII'CS~.,r Load Hours O:!:.Jz.~.I;I;,u::... 

Air Tllnk I·te·lill~ lilWi!C ~A "fI. Greet 

Air Comprcs!I()r l're!lillC\t 

A ir c.:ornp"e~SQr Run Huul'l' 

COIIdcnsate Container Lewl 

Air Ta.nk I'osl·fiIter OauK'! I"fA~ 
P:I'C~1I1 Full 

K~d 

11-____________ .;;;:-=::c::E-W=ell:...:M~a::D:.::.lto:::::ld:::'~r_---___:~-___::::_---- .-._ .. _. _._ 
Red 

AS·IS 

1'11)·06 

AS·L7 

hl).()S 

(,')n 

On 

On 

Olt 

Oil' -~~--....!..!-=----lI 

Off -~~--~~---lI 
OIl' _......;:,~ 

AS-29 

AS·.ll! 

on' _......;::;; __ --L~::.,. b ~ t11J 

on' --~--_4~~_r I~ 
BJ).19 

AS·:l1 

* AS·44 

J\S-41 

B1).20 

As·:I:.! 

I\S-45 

AfI·l8 

61),11 

A1)·15 

AD-O/I 

#\1).12 

.601,)·(19 

A[)'16 

AI)· HI 

AD-18 

AI> .• , 

AH·3J 

BD·8l 

1il}oll9 

,moO\!4 

BD-!)s 

iiI) IOU 

Bo-I06 

LIn. 111(. 

B0-97 

rm·t,ll 

• = Ad,luatta ... Will nul adjust 

Un 

On 

On 

011 

On 

Oil 

On 

On 

On 

On 

()d 

Un 

On 

011 

On 

On 

f..ln 

_---4""'-___ ';:=-'~ _ __1AS.30 

___ ~_~~--,~AS40 
___ -.--_--I~:;...,.-..jIAi\.37 

19 

_-'"'."ii-_---''='..,;"-o.-IIRD.96 

+-____ ~~~~B~ 
RD·!!:'! 

! 
~ 
~ 
~ 

I IJn 

11 

~ 
G 

011' 

Of( 

no' 
1)11' 

Oft' 

nrr 
OtI· 

Off 

S 
.s-

",..'-"c 
l-e-f.\~' 1J4 

--~~-=I Arl(. 

_.~"M~ . 
-~ 

$' 

Off ~_$ 1"(11 
nrr S itS" .-
on _:ff:,. tLO 
Ofl' -- .5" IO~ V 
ott ;LQ lOS )f!-
Of!' S ,AII/"'It 
nrr 5 f'iA.tD ON 

Off ..5 GiA"C ~~l""~ 
ot}' S t\ .. e> l""A"'e 
ml' S 

,...touc, ~ 
... 

Otl' S 

Bolded Do nol ildJU8I1Icw tor well. that ant boldlKJ, raeorcl flow only. Well will not , .. ke *ir or meter needs repair 
Check "Regulator Leaking" box if regullllQr Is heaking 
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NORTH FUKI. FARM AIH SPARCE Sn'T~M OPERATION ANI) !I1Al:'Jn:NANCE FORM 
Cr.(~tL FIELD 

JACK.'JONVILLE, FL 
SOJO.OIIA.l.NA VI' 

1ed1nlcian: MtLLA.tQ N. SIJA~P 
OatO: nAt:r' 2.0 '" 

1Imeln:U"'-wA.AI ,,'~rC4 t.: 1·t M 

Time out:) U.4A 'I II FE~< 7: 3" fit.., 

ir Compn;~!IOr StatliS ~ Off 

AIr COlllprc5\X1T '1 CIUjXlI1I'u", ~ "r-
IT t~llI"Prc:ssor 1.!lId Hours O~~""""':.lI' 
'rTallk Prc-til!~r t1augcr1.t 

(:yele I Wl"'" 

On 

Up 

On 

On 

Atr Com PI''''.'''' 
Air Compr~$~)r 1'!'CII.\ure 

Air Compressor Rlln liolurS 

t\'ndo!lI~lltc Coatnin~r l.evel _..IooOL_ren,cllt Filii 

Air Tattk ('ost-filler (J\IUj!" '14 Reu 

Roo Flow 
Il1d~"'''lOt P"'.'illul'l! Rllllu!.illlOr 

Li t SCFM IPSI) LeeMing '? 

n tllf --.9:.. 130 ' __ -11 

_...Ioo,sl!:..---,;U=-S"_--I 
Off _....:$=- ,.. 1'0 
off ..s 
on' _--.!I.s'-_---lL.M~ 
ncr _--=.5:...­
Off .s 
Olt· _~S!!!.­

otT _..s=-_--'---!..:;.,.....l~1 
Off _--l!S!oo£.._ ....... ..I.!!!.~--II 
Oil 

OfT 

.S 
$' ''-~!....--f 

orr _--==,S:-_ 0 

Oil' .5 80 
011' -S=_,.-. ~~~~/;.::i~o:_---I 

~ ~; ~_._--.!..lf.;;;;..;::o:.... 
~' Ofr .$ .""'",,,1..;;;.0_--4 

(J utr.s Ito 
ntT ~ ..... _. 110 

9! 01]' - S tiS (§ Off --s-·.----!o!!/$~ 

(Q) orr _---!!:5::!:..-_ I 0 fI, 

(Q.i) (llf ._....;s~ __ ... !L 
~ Oft· _~s.".-..t<..:z.=.t>~~ 

§Oll (01)0' ..s- II o~ V 
>J ks

o .. ....-r,,:l~~~ 
011' __ ---= lS 

AS·IS 

BD-06 

AS-17 

BD-U$ 

... S-29 

A: .... I> 

Bf).19 

I\S.lI 

AS-44 

1\1.;.11 

BD·2(1 

A~·.~2 

AS·4S 

AS·'IH 

BD-li 

AI)·I S 

AD-U8 

,\1)-12 

AD·09 

I\D· I 6 

All.ll) 

AD·I~ 

1\1)·31 

AJ) ;U 

BI)..82 

1'11)-89 

131,.94 

"1)..9~ 

BJ').IO() 

1\1)·106 

BD-H17. 

AI)·9? 

III) 9 I 

.~--~~__iIJI.)..lO~ 
__ ~tC.--....::=-_4IBD-lOl 

..!:!!:......._.:..U?:",.::.O_~I JlI).% 

(il) (Ill' !i" .,. -
~ Oft· $.. 
~OO Off 
~ utI' 

@ Off 

SO BD·9Q 

FlD·83 

• = AdjuBIOId •• - Will net .quot 
Boldad Do n¢\ adjUst nawtorweU. that are boleS.d, racord flOw only. Well will not t*ke air ormet@rn.ed$ ,*palr. 

Child< "Regulalor L!I;a~ing" bo~ II regulator illN~lng 

S.lulllJl'''11'.S 
(91'.1,873-10110 
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