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EXECUTIVE SUMMARY 

Groundwater & Environmental Services, Inc. (GES) was contracted by Fort Monmouth, (through 
TECOM-Vine11 Services, Inc. PO #98-0017 and #99-838) to prepare a Remedial Action 
Workplan Addendum (RAWA) for Building 699 (site), Main Post area of United States (U.S.) 
Army Fort Monmouth, Fort Monmouth, Monmouth County, New Jersey. On October 19, 1989, 
the Main Post gasoline station at Fort Monmouth contacted the New Jersey Department of 
Environmental Protection (NJDEP), to report an apparent release of gasoline from the piping 
system. Incident # 89-10-19-1329 was assigned to the site for the gasoline release. A separate- 
phase product (SPP) recovery pump was installed in a monitoring well immediately 
downgradient of the source in an attempt to recover remaining SPP. The Fort Monmouth 
Directorate of Public Works (DPW) submitted a Remedial Action Workplan (RAW) on October 
12, 1993. In response to the 1989 gasoline discharge, seventeen (17) monitoring wells, and three 
(3) recovery wells have been installed at the site. The horizontal extent of the groundwater 
plume has been delineated. 

On June 9, 1998, a 2,000 gallon No. 2 fuel oil fiberglass underground storage tank (UST) was 
removed in accordance with the New Jersey Department of Environmental Protection (NJDEP) 
underground storage tank procedures at the Main Post area of the U.S. Army Fort Monmouth, 
Fort Monmouth, New Jersey. The UST, NJDEP Registration No. 0081533-1 12 (Fort Monmouth 
ID No. 699), was located southwest of Building 699. A No Further Action was proposed for the 
2,000-gallon fuel oil UST. 

The Krydon Group, Inc. (Krydon) was contracted to determine the extent of gasoline 
contamination at the site. Krydon conducted a soil boring program on July 23 - 24, 1993, and 
collected a total of 27 soil samples. Benzene soil concentrations were found to be ranging 
between non-detect and 60 milligrams per kilogram (mgJKg). 

The existing groundwater recovery and treatment system extracts groundwater from one (I) 
recovery well (RW-11). GES has been contracted to operate and maintain the existing 
groundwater system since January 1998. The treatment system consists of one (1) sediment 
filter, and three (3) one hundred and eighty (180) pound (lb) liquid-phase granular activated 
carbon (GAC) units installed in series. The GAC units provide the necessary treatment for the 
removal of volatile organic compounds (VOCs). The treated groundwater is discharged via the 
sanitary sewer in accordance with the existing Treatment Works Approval (TWA) permit the 
Northeast Monmouth County Regional Sewerage Authority 

Historically, groundwater samples have been collected at the site since 1989, and quarterly since 
1995. Currently, depth to groundwater measurements were collected from all monitoring and 
recovery wells at the Main Post site by GES, on a bi-weekly basis from April 1998 through 



February 1999, with the exception of May and December 1998. The Fort Monmouth DPW 
personnel collected groundwater samples on January 15, 1998, June 8, 1998, July 29, 1998, and 
December 30, 1998 from various monitoring wells located at the site. 

A remedial action pilot test was performed on April 17, 1998 utilizing GES' data acquisition and 
processing laboratory (DAPL) vehicle. Pilot testing was performed at this site to evaluate 
remedial options to address impacted soil. Based on an evaluation of the pilot test data, a low- 
vacuum soil vapor extraction (SVE) system with groundwater extraction and optional air sparge 
system has been determined to be a technically feasible, and the most cost effective remedial 
technology to address this site. 

The proposed remedial system will utilize SVE and groundwater pumping to extract soil vapor 
and groundwater from existing monitoring wells and proposed vapor extraction laterals and 
wells. Soil vapor extraction will apply vacuum to the subsurface soils to volatilize and extract 
VOCs. In addition, in-situ air stripping (air sparging) may be utilized in the future to remediate 
groundwater in the saturated zone. The extracted soil vapor and groundwater will be treated and 
discharged in accordance with the applicable discharge permits. The Classification Exception 
Area (CEA) will encompass the capture zone of the proposed remedial system. 

The proposed remedial system complies with the NJDEP regulations and guidelines. GES 
estimates that the proposed system will be required to operate for a period of approximately 5 
years. This estimate is based on GES' extensive experience in the operation and maintenance of 
similar remedial systems. The actual time as well as efficiency of the system will be determined 
by site-specific conditions. Modeling has been done to the best of GES' ability and satisfies the 
regulatory intent. 



1.0 INTRODUCTION 

Groundwater & Environmental Services, Inc. (GES) was contracted by Fort Monmouth, (through 
TECOM-Vinelli Services) to prepare a Remedial Action Workplan Addendum (RAWA) for 
Building 699 (site), Main Post area of U.S. Army Fort Monmouth, Fort Monmouth, Monmouth 
County, New Jersey. The site is situated on Saltzman Avenue, a thoroughfare through Fort 
Monmouth. Figure 1 is an annotated U.S. Geological Survey (USGS) 7.5-minute series 
quadrangle map depicting the site location, topography, and drainage patterns. 

On October 19, 1989, the Main Post gasoline station at Fort Monmouth contacted the New Jersey 
Department of Environmental Protection (NJDEP), to report an apparent release of gasoline from 
the piping system. Incident # 89-10-19-1329 was assigned to the site for the gasoline release. 
Approximately 11,000-gallons of gasoline was discharged into the soil surrounding the 
underground storage tanks (USTs) and piping (Krydon 1993). After the gasoline release, the 
Main Post gasoline station has replaced the piping system connecting the USTs and the fuel 
pumps with equipment compliant with the NJDEP Bureau of Underground Storage Tanks 
(BUST). A separate-phase product (SPP) recovery pump was installed in a monitoring well 
immediately downgradient of the source in an attempt to recover remaining SPP. In response to 
the NJDEP letter, the United States Army submitted A Discharge Investigation and Corrective 
Action Report (DICAR), dated July 3, 1990 prepared by GES. 

In a letter dated June 18, 1993, the NJDEP requested the submission of a Remedial Action 
Workplan (RAW). The United States Army submitted a RAW on October 12, 1993 (Krydon 
1993). This RAWA presents a brief history of the site and area of concern, a performance 
summary of the current groundwater remedial system, a summary of groundwater monitoring and 
sampling data and the design and specifications of the proposed remedial system upgrade. 

1.1 Site History 

The loss of product was discovered as a result of an inventory discrepancy found during routine 
inventory control. Pressure testing of the gasoline system indicated that the leak was located in 
the product line between the tanks and the pumps. A Phase Two Vapory Recovery system was 
subsequently installed. In response to the 1989 gasoline discharge, seventeen (17) monitoring 
wells, and three (3) recovery wells have been installed at the site. Two monitoring wells (MW- 
10, MW-A) were abandoned at a later date. Copies of selected well logs and Forms A are 
included in Appendix I 

On June 10, 1998 one 2,000-gallon fiberglass diesel UST, (Registration No. 0081533-112) was 
closed at Building 699, by the United States Army Directorate of Public Works (DPW). Based 
on tank inspection, field screening of subsurface soils and review of analytical results of 



collected soil samples, it was concluded that no significant historical discharges were associated 
with the UST or associated piping. Results of tank closure activities are presented in the Tank 
Closure Report, dated June 1998. This UST Closure and Site Investigation Report was prepared 
by SMC Environmental Services Group, to assist the DPW in complying with the NJDEP-BUST 
regulations. 

1.2 Health and Safety Procedures 

A site specific Health and Safety Plan (HASP) was prepared by GES for all site activities. The 
HASP outlines the required field monitoring equipment, protective clothing, action levels, 
anticipated compounds, and emergency response procedures. The HASP is retained in GES' 
files and is available upon request. Based on the field air monitoring data and an evaluation of 
the potential hazards, site activities were conducted in level "D" protection. Air monitoring was 
conducted throughout sampling and drilling activities utilizing a photo-ionization detector (PID). 
All GES field personnel are trained and certified in accordance with Occupational Safety and 
Health Administration (OSHA) requirements. Per OSHA, any contractor working on the site is 
required to complete a site specific HASP prior to commencement of work. 

2.0 PHYSICAL SETTING 

2.1 Site Description 

The site is approximately one acre, and serves as the only on-base Main Post location for non- 
military vehicles to obtain fuel. The station has six 10,000-gallon, fiberglass USTs which store 
various grades of gasoline products. These products are distributed from two remote pumping 
islands, with a total of four dispensers. The remainder of the pump islands do not have any 
dispensers. A former fuel oil UST, and waste oil UST were located east of the building in the 
immediate vicinity of MW-12. The building was historically utilized as an automobile service 
garage. However, automobile servicing has been discontinued since 1997. There are four bays 
located at the eastern side of the building. The site is approximately ninety percent covered by 
impervious surfaces including pavement, concrete islands and a service station. Large paved 
parking areas exist to the east and west of the site. A large grassey area is found to the north 
across Saltzman Avenue. Building 699A is located approximately 750 feet northwest of Husky 
Brook, which empties into Oceanport Creek. The nearest water body is Parkers Creek, located 
approximately 1,000 feet north of the site. Topography at the site is relatively flat, sloping 
gradually to the southeast. 



2.2 Geology/Hydrogeology 

The following description of regional and local geology was taken in part from Smith, 1998. 

Regional Geology 

Monmouth County lies within the New Jersey Section of the Atlantic Coastal Plain 
Physiographic province. The site is located in what may be referred to as the Outer Coastal Plain 
subprovince, or the Outer Lowlands. 

In general, New Jersey Coastal Plain formations consist of a seaward-dipping wedge of 
unconsolidated deposits of clay, silt, and gravel. These formations typically strike northeast- 
southwest with a dip ranging from 10 to 60 feet per mile and were deposited on Precambrian and 
lower Paleozoic rocks (Zapecza, 1989). These sediments, predominantly derived from deltaic, 
shallow marine, and continental shelf environments, date from Cretaceous through the 
Quaternary Periods. The mineralogy ranges from quartz to glauconite. 

The New Jersey Coastal Plain formations record several major transgressive/regressive cycles 
and contain units which are generally thicker to the southeast and reflect a deeper water 
environment. Over 20 regional geologic units are present within the sediments of the Coastal 
Plain. Regressive, upward coarsening deposits are usually aquifers (e.g., Englishtown and 
Kirkwood Formations, and the Cohansey Sand) while the transgressive deposits act as confining 
units (e.g., the Merchantville, Marshalltown, and Navesink Formations). The individual 
thicknesses for these units vary greatly (i.e., from several feet to several hundred feet). The 
Coastal Plain deposits thicken to the southeast from the Fall Line to greater than 6,500 feet in 
Cape May County (Brown and Zapecza, 1990). 

Local Geology 

Based on the regional geologic map (Jablonski, 1968), the Cretaceous age Red Bank and Tinton 
Sands outcrop at the Main Post area. The Red Bank sand conformably overlies the Navesink 
Formation and dips to the southeast at 35 feet per mile. The upper member (Shrewsbury) of the 
Red Bank sand is a yellowish-gray to reddish brown clayey, medium-to-coarse-grained sand that 
contains abundant rock fragments, minor mica and glauconite (Jablonslu). The lower member 
(Sandy Hook) is a dark gray to black, medium-to-fine grained sand with abundant clay, mica, and 
glauconite. The Tinton sand conformably overlies the Red Bank Sand and ranges from a clayey 
medium to very coarse grained feldspathic quartz and glauconite sand to a glauconitic coarse 
sand. The color varies from dark yellowish orange or light brown to moderate brown and from 
light olive to grayish olive. Glauconite may constitute 60 to 80 percent of the sand fraction in the 



upper part of the unit (Minard, 1969). The upper part of the Tinton is often highly oxidized and 
iron oxide encrusted (Minard). 

The upper soils at the site consist of Udorthents as described in the U.S. Department of 
Agriculture Soil Survey of Monmouth County New Jersey. Udorthents consists of well drained 
to somewhat poorly drained soils that have no horizonation. These soils were formed in 
stratified or graded, sandy or loamy fill material that has as much as 35 percent gravel by volume. 
Slopes range from 0 to 3 percent. These soils have been altered in some way. In some areas the 
altering resulted from filling over or excavating excessively drained to very poorly drained areas. 
These soils differ greatly from place to place. In filled areas the soils may be more than 20 
inches deep to undisturbed material. They are strongly acidic to extremely acidic. 

The hydrogeologic characteristics of the area are typical of the Atlantic Coastal Plain. The 

interbedded sequences of sand and clay transmit water under both confined and unconfined 
conditions. The intermittent clay strata serve as semi-confining beds where present. The 
Atlantic Coastal Plain receives recharge from precipitation and vertical leakage between aquifers 
through semi-confining beds. 

The general flow of groundwater in the Atlantic Coastal Plain is southeasterly, following the dip 
of the strata. Local flow variations have been reported in the vicinity of pumping wells and 
surface bohes. The Hornerstown Sand, being mostly clay, serves as an aquiclude either 
independently or in conjunction with adjacent formations. It serves as an aquiclude 
independently where Red Bank Sand is present, separating this aquifer from the overlying 
Vincentown Formation. Down dip, where the aquifer in the Red Bank Sand has been removed, 
the Hornerstown Sand serves as a composite aquiclude with the Navesink Formation and the 
lower member of the Red Bank Sand, separating the Mount Laurel Sand from the Vincentown or 
Kirkwood aquifers. Although considered an aquiclude, the Hornerstown Sand may yield enough 
water in some parts of the formation to satisfy domestic needs. 

Due to the limited horizontal extent and variable thickness of the Tinton bed, it is not considered 
a significant groundwater source and probably serves as a composite aquiclude with the 
overlying Hornerstown Sand. 

The water table aquifer at the site is identified as part of the "composite confining units" or minor 
aquifers. The minor aquifers include the Navesink formation, Red Bank Sand, Tinton Sand, 
Hornerstown Sand, Vincentown Formation, Manasquan Formation, Shark River Formation, 
Piney Point Formation, and the basal clay of the Kirkwood Formation. 



Due to the proximity Fort Monmouth to the Atlantic Ocean, shallow groundwater may be tidally 
influenced and may flow toward creeks and brooks as the tide goes out, and away from creeks 
and brooks as the tide comes in. However, an abundance of clay lenses and sand deposits were 
noted in borings installed throughout Fort Monmouth. Therefore, the direction of shallow 
groundwater should be determined locally on a case-by-case basis. 

Shallow groundwater may be locally influenced at the site by the following factors: 

tidal influence (based on proximity to the Atlantic Ocean, rivers, and tributaries), 
0 topography, 

nature of the fill material within the Main Post area, 
presence of clay and silt lenses in the natural overburden deposits, and 
local groundwater recharge areas (i.e., streams, lakes). 

Due to the fluvial nature of the overburden deposits (i.e., sand and clay lenses), shallow 
groundwater flow direction is best determined on a case-by-case basis. This is consistent with 
lithologies observed in borings installed within the Main Post area, which primarily consisted of 
fine-to-medium grained sands, with occasional lenses or laminations of gravel silt andor clay. 

Aquifer Characteristics 

Henderson, Breen & Hess developed and performed pump tests to study aquifer characteristics at 
the site. The aquifer characteristics studied included hydraulic conductivity, transmissivity and 
storage coefficient. These characteristics were calculated using data obtained from groundwater 
elevations observed on the 4-inch diameter monitoring wells between July 7 and August 13, 1992 
while under the influence of the pumping 10" recovery well. Henderson, Breen & Hess 
calculated that the average coefficient of transmissivity was 418 gallons per day per foot (gpdlft), 
the coefficient of storage for the study penod was 0.06, and the hydraulic conductivity was 32.15 

2 
gpdft . Copies of the pumping test data tables compiled by Henderson, Breen, & Hess are 
included in Appendix 11. 

2.3 Local Water Supply~WeIl Search 

Based on records of wells drilled in the Main Post area, water is typically encountered at depths 
of 2 to 9 feet below ground surface (bgs). According to Jablonslu, wells drilled in the Red Bank 
and Tinton Sands may produce 2 to 25 gallons per minute (gpm). Some well owners have 
reported acidic water that requires treatment to remove iron. 

According to the New Jersey Pollution Discharge Elimination System (NJPDES 1992 - 1993), 
2.9 percent (%) of the population of Eatontown receives its water from domestic wells. In 1993, 



a manual well search was conducted by Roy F. Weston Inc., a contractor of the US Army. A 
copy of the well search results is included in Appendix 111. 

3.0 PRODUCT RECOVERY 

GES was contracted in October 1989 by the US Army at Fort Monmouth to remove SPP present 
at the site. Two 4-inch wells were installed from which a total of 4,506 gallons of SPP were 
removed (Krydon 1993). In December 1989, a dual pump recovery system was installed to 
maintain hydraulic control and to increase SPP recovery. A second dual phase recovery system 
was installed in March 1990 to expedite the product recovery process. A total of 6,733 gallons of 
SPP were recovered by summer 1990 (Krydon 1993). Currently, product recovery is not being 
conducted at the site. 

4.0 GROUNDWATER MONITORING AND SAMPLING 

4.1 Groundwater Elevations 

Depth to groundwater measurements were collected from all monitoring and recovery wells at 
the Main Post site by GES, on a bi-weekly basis from April 1998 through February 1999, with 
the exception of May and December 1998. Groundwater monitoring events were conducted on 
April 2, 1989, April 9, 1998, May 27, 1998, June 11, 1998, June 26, 1998, July 2, 1998, July 8, 
1998, July 29, 1998, August 8, 1998, August 18, 1998, September 4, 1998, September 17, 1998, 
October 2, 1998, October 16, 1998, November 12, 1998, November 25, 1998, December 4, 1998, 
January 22, 1999, January 29, 1999, February 12, 1999, and February 19, 1999. Measurements 
for depth to water, SPP thickness (when SPP was detected), and adjusted groundwater elevations 
are included in Table 1. Groundwater contours were generated from groundwater elevation data 
and the maps were submitted to Fort Monmouth DPW. Selected Contour Maps are included in 
this RAWA: July 2, 1998 (Figure 2), November 12, 1998 (Figure 3), January 22, 1999 (Figure 4), 
and February 19, 1999 (Figure 5). 

4.2 Groundwater Sampling 

Groundwater sampling has been conducted previously at the site at various intervals. Historical 
groundwater data from 1995 are presented in Appendix IV, in the form of hydrographs. The 
hydrographs include time versus groundwater concentration. Fort Monmouth DPW conducted 
groundwater sampling on January 15, 1998, June 8, 1998, and July 29, 1998, from monitoring 
wells MW-1 through MW-9, RW-11, MW-12, MW-15, MW-16, and MW616-1. Groundwater 
samples were also collected on December 30, 1998 from monitoring wells MW-2, MW-5, MW- 



8, MW-9, MW-12, MW-15, MW-16, and MW616-1. All samples were submitted to US Army 
Fort Monmouth Environmental Laboratory (New Jersey Certification # 13461), and analyzed for 
Volatile Organic Compounds (VOCs) by Method 624, and lead by Method 3120B. The Site 
Information Plan for June 8, 1998 is included as Figure 6. A Benzene Isopleth Map for July 29, 
1998, is included as Figure 7. 

5.0 SOIL BORING PROGRAM 

The Krydon Group, Inc. (Krydon) was contracted by Serv-Air, Inc. (Serv-Air), a designated 
contractor for the US Army at Fort Monmouth, to determine the extent of gasoline contamination 
and to provide an appropriate remediation recommendation at the site for Building 699. Krydon 
conducted a soil boring program on July 23 - 24, 1993, at the site. A total of 27 soil samples 
were collected by Krydon at a depth of 5.5 feet below grade (the soil-groundwater interface) and 
submitted to 21St Century Environmental and Fort Monmouth Environmental Laboratory for 
analysis. All soil samples collected on July 23 - 24, 1993 were analyzed for total petroleum 
hydrocarbons (TPH), VOCs with a forward library search of ten compounds (VOCs+lO), and 
lead. The method numbers for analyses were not provided in the October 11, 1993 RAW by 
Krydon. The July 23 - 24, 1993, soil sampling locations are shown on a Figure provided by the 
US Army, a copy of which is included in Appendix V. The soil sampling results are included in 
Table 3, also provided by the US Army, a copy of which is included in Appendix V. 

Soil Analvtical Results 

A review of the analytical results of the July 23 - 24, 1993, soil sampling indicates that the soil in 
the vicinity of the tankfield and pump islands has not been delineated. However, the 
biodegradation of gasoline components is widely documented. It is likely that the concentrations 
of benzene, toluene, ethylbenzene, and xylenes (BTEX) has degraded by advection, diffusion, 
dispersion, and bioremediation mechanisms. In addition, the areas in the vicinity of the tankfield 
and the pump island as identified during the soil boring program have been included in the Vapor 
Enhanced Groundwater Extraction (VEGE) treatment system being proposed for this site (See 
Section 8.0 for details). 

6.0 SUMMARY OF REMEDIAL SYSTEM PERFORMANCE 

The existing groundwater recovery and treatment system is installed within the existing 
fiberglass groundwater treatment system enclosure. Utilizing an electric submersible pump, 
groundwater extraction is ongoing from one (1) recovery well (RW-11). The treatment system 
consists of one sediment filter, which is utilized for solids removal, and three (3) one hundred 



and eighty (180) pound (Ib) liquid-phase Granular Activated Carbon (GAC) units installed in 
series. The GAC units provide the necessary treatment for the removal of VOCs. The existing 
groundwater system operates intermittently at a flowrate of approximately one (1) gpm. The 
treated groundwater is discharged to the Northeast Monmouth County Sewerage Authority via 
the sanitary sewer. 

A Remedial System Performance Summary from January 2, 1998 through April 9, 1999, is 
included in Appendix VI. A total of 454,981 gallons have been discharged during this period. 

7.0 PILOT TESTING 

A remedial action pilot test was performed on April 17, 1998 utilizing GES' data acquisition and 
processing laboratory (DAPL) vehicle. The DAPL vehicles' computer-controlled telemetry 
permits the collection and instant analysis of real-time pilot test data. If required by site-specific 
conditions, the DAPL vehicle can be utilized to perform low-vacuum soil vapor extraction 
(WE), high-vacuum SVE, SVE enhanced with groundwater recovery, dual phase 
vapor/groundwater extraction, and air sparge pilot tests. 

Pilot testing was performed at this site to evaluate remedial options. Vapor point VP-1 and 
recovery well RW-2 were utilized as extraction wells for pilot testing activities. Five monitoring 
points, MP1, W 2 ,  MP3, MP4, and MP5 were installed in the vicinity of RW-2 and VP-1. The 
monitoring points were utilized to measure both pneumatic and hydraulic influence during pilot 
testing. 

The first pilot test utilizing low-vacuum SVE with groundwater extraction was performed 
utilizing VP-1 as the target well. Due to a problem with the construction of VP-1, pilot testing 
activities were terminated after a period of ten minutes. No useful data was acquired during this 
portion of the pilot test. The pilot test data is included in Appendix VII. 

The second pilot test utilized low-vacuum SVE with groundwater extraction with RW-2 as the 
target well. At an applied vacuum of approximately 68 inches-H20 and an air flowrate of 
approximately 9 standard cubic foot per minute (scfm), an effective radius of influence of 20 feet 
was generated. An effective radius of vacuum influence is empirically assumed to be the 
distance in feet from the extraction well under a minimum vacuum of 0.1 inches of water 
column. 

Influent VOC concentrations were measured at greater than 100 percent of the lower explosive 
limit (% LEL) during this phase of the pilot test. This equates to greater than 13,000 parts per 



million (ppm) based on a conversion factor of 130 p p d %  LEL. Off-gas treatment utilized two 
(2) one hundred and eighty (180) pound (lb) vapor phase GAC units. 

During the pilot test on RW-2, groundwater was recovered at a rate of five (5) gpm. Recovered 
groundwater was conveyed to the existing groundwater treatment system for treatment and 
discharge. 

Air injection into a temporary sparge point installed in the vicinity of VP-1 was attempted. 
However, the sparge point was located nineteen (19) feet from the operating target well RW-2. 
Due to the distance between the sparge point and RW-2, it was not possible to effectively capture 
the air injected into the sparge point. The sparge test indicated that with properly located sparge 
points and vapor extraction points, air injection would be a feasible method to target impacted 
soil below the water table. 

Based on an evaluation of the pilot test data, a low-vacuum SVE system with groundwater 
extraction and optional air sparge system has been determined to be a technically feasible 
remedial technology to address this site. 

8.0 REMEDIAL ACTION WORKPLAN ADDENDUM 

The proposed remedial system is based on the site-specific hydrogeologic conditions discussed 
above, the physical extent and chemical characteristics of the impacted soil, as well as technical 
feasibility and cost effectiveness. In addition, the DPW provided historical background 
information that was utilized in the design of the remedial system. The proposed remedial 
system will utilize SVE and groundwater pumping to extract soil vapor and groundwater from 
existing monitoring wells and proposed vapor extraction laterals and wells. Soil vapor extraction 
will apply vacuum to the subsurface soils to volatilize and extract VOCs. In addition, in-situ air 
stripping (air sparging) may be utilized in the future to remediate groundwater in the saturated 
zone. The extracted soil vapor and groundwater will be treated and discharged in accordance 
with the applicable discharge permits. Previous experience with numerous soil vapor 
extractionlgroundwater pump and treat systems has demonstrated the effectiveness of this 
technology. 

The SVEIAir Sparge system may induce and/or enhance biological degradation of the organic 
compounds in the impacted soil by the introduction of atmospheric oxygen in the subsurface. 
The combined approach described above can accomplish the overall site remediation goals by 
providing both source removal and residual reduction strategies. 



The process and instrumentation diagram for the proposed remedial system is depicted in Figure 
8. As indicated in this Figure, groundwater extraction is proposed from one (1) existing 
monitoring well (RW-11) and two (2) proposed recovery wells (RW-3 and RW-4). Soil vapor 
extraction is proposed from one (1) existing recovery well (RW-1 I), two (2) proposed recovery 
wells (RW-3 and RW-4), and nine (9) proposed horizontal SVE laterals. The below-grade piping 
will be installed for eight (8) proposed air sparge points. The sparge points may be installed at a 
later date to introduce air in the saturated zone in order to volatize dissolved phase volatile 
organic compounds in the groundwater. The locations of the existing and proposed recovery 
wells, sparge points, and laterals are shown on the Proposed Remedial System Layout, Figure 9. 
A general description of the proposed remedial system is presented below. 

8.1 Soil Vapor Extraction System 

The design of the proposed SVE system is based on the data collected during the April 17, 1998 
pilot test. The SVE laterayextraction well radius of influence was calculated utilizing Johnson's 
equation and pilot test data. The SVE laterals have been designed to operate between 60 to 70 
inches of water column vacuum yielding a radius of influence of approximately 20 feet. Design 
calculations and pilot test data are presented in Appendix VIII. 

A sufficiently sized regenerative blower will be used to generate the moderate vacuum required 
for the extraction of soil vapor from the three (3) recovery wells and nine (9) SVE laterals. The 
recovery wells will be constructed with approximately 3 feet of casing as indicated in Figure 10. 
The SVE laterals will be constructed with approximately 5 feet of screen as indicated in Figure 
11. SVE laterals are located in proximity to a series of eight (8) proposed sparge points in order 
to enhance the removal of contaminated soil vapor volatilizing from the impacted groundwater. 
The sparge points will also enhance remediation of the groundwater in the saturated zone beyond 
the reach of the groundwater pumps. A Sparge Well Head Detail is shown on Figure 12. The 
remedial system will be installed as indicated in Figure 9. 

Individual polyvinyl chloride (PVC) extraction pipes will be installed within utility trenches to 
connect the extractiodtreatment system to each of the SVE wells and laterals through an influent 
manifold located within the extractiodtreatment system compound. The vacuum blower will 
pull the soil vapor from each SVE welUlatera1 through an influent manifold, then through a 
moisture separator before the blower. In the moisture separator, condensate will be removed. 
The blower discharges to the vapor phase treatment system. The condensate will be 
automatically pumped from the moisture separator to the groundwater treatment system as 
required. As indicated in Figure 13, the SVE and sparge systems will be installed in a fenced 
compound. Inside the fenced compound, several weatherized enclosures will be constructed to 
house the equipment and piping as indicated. Construction of the fenced compound, which will 
house the SVE, vapor phase treatment, and sparge systems, will be in accordance with all 



applicable US Army, and National Fire Protection Association, Inc. (NFPA) codes, standards, 
and regulations. 

8.2 Vapor Phase Treatment System 

Vapor phase treatment will be implemented in stages as required to treat declining concentrations 
of VOCs. Specifically, as VOC concentrations decrease, the British Thermal Unit (BTU) 
equivalent fuel value associated with the extracted soil vapor decreases, requiring different 
technologies to optimize treatment. It is anticipated that the initial mode of vapor phase 
treatment will be catalytic oxidation. Due to economic and operational considerations, it is 
expected that catalytic oxidation and granular activated carbon will be the only two modes of 
vapor phase treatment utilized on this project. 

8.2.1 Catalytic Oxidation 

The use of a platinum group metal catalyst reduces the temperature required for the oxidation of 
organic compounds to 600 degrees Fahrenheit (OF). This results in a destruction efficiency 
equivalent to a thermal oxidizer operating at 1400 OF while significantly reducing the costs 
associated with a supplemental fuel. Furthermore, the reduced energy requirements allow 
electricity to be utilized as the supplemental fuel in addition to either propane or natural gas. 
Typically, the catalytic oxidation treatment process is implemented when influent vapor 
concentrations range from 6 to 25 % LEL. During catalytic oxidation, influent and effluent 
temperature of the process gas will be continuously monitored at the catalyst to regulate the 
supplemental fuel source. Dilution air will be added as necessary to maintain influent vapor 
concentrations below 25 % LEL. The catalytic oxidation unit may be equipped with a heat 
exchanger in order to recover a portion of the exhaust stack heat. At concentrations below 6 % 

LEL, the catalytic oxidizer operates inefficiently and vapor phase treatment is better 
accomplished using GAC for adsorption of volatile organic compounds. 

8.2.2 Adsorption With Granulated Activated Carbon 

Treatment with GAC is achieved by passing the extracted soil vapor flow through a number of 
carbon vessels arranged in series. Both the size and total number of carbon vessels will be 
dependent upon the anticipated design flowrate and VOC concentration of the soil vapor, as well 
as the desired carbon changeout frequency. Typically, a maximum influent concentration of 6 % 

LEL is assumed for design purposes since this corresponds to the approximate maximum 
concentration at which GAC treatment is considered cost effective. The minimum quantity of 
GAC contained in the initial vessel(s) should correspond to a breakthrough time of 
approximately seven (7) days under the assumed design conditions. This will reduce the 
required number of operation and maintenance visits to one visit per week. A minimum of one 



additional GAC vessel should be located between the initial vessel(s) and the discharge stack. 
This will ensure compliance with the discharge limitations in the event that breakthrough of the 
initial vessel(s) occurs. 

A hydrocarbon gas detection system will be used to continually monitor the performance of the 
carbon treatment system. A gas sensor will be used to monitor the % LEL of the combined 
influent to the initial vessel(s). If influent concentrations exceed 6 % LEL, or some other 
selected limit, the remedial system will be automatically shutdown. A second gas sensor will 
monitor the % LEL at the inlet to the second carbon vessel. This sensor will be used to 
shutdown the remedial system when any breakthrough of the initial vessel(s) is detected. 

The temperature of the combined influent to the initial vessel(s) will be continuously monitored. 
The maximum influent temperature should remain below approximately 120 O F  to efficiently 
utilize the adsorption capacity of the carbon. As a result, the remedial system will be 
automatically shutdown if the influent temperature alarm set point is exceeded. 

Over time, influent VOC concentrations from the individual SVE wells will typically fluctuate. 
A flow control valve on each extraction line connected to the manifold system allows the influent 
flowrates to be independently controlled. This feature allows remedial efforts to be concentrated 
in the areas of highest impact while balancing the combined influent flowrates and 
concentrations to maintain conditions suitable for the applicable treatment technologies. As 
influent concentrations decrease with time, the influent manifold system will provide the ability 
to "pulse vent." Specifically, the valves allow individual wells to be closed off while vapor 
extraction continues at the remaining wells. This allows areas with low soil vapor concentrations 
to be closed off so that VOC concentrations can recover to levels amenable to the available 
treatment process prior to resuming the extraction process. In addition, the vapor flow paths 
between the extraction wells can be varied to influence stagnant or "dead" zones and optimize 
performance. 

The SVE system will follow the required NJDEP monitoring frequency after start-up. The 

monitoring frequency for the SVE system utilizing catalytic oxidation as an off-gas treatment 
will be as follows: 
Week 1: once per day for days 1 and 2, and one additional day in week 1. 
Week 2: twice at least 3 days apart. 
Weeks 3 - 10: weekly 
Weeks 1 I+: monthly 



8.3 Groundwater Pump and Treat 

Currently, a groundwater pump and treat system is operational at this site. It utilizes an electric 
submersible pump, sediment filter, and three (3) GAC units to pump and treat groundwater from 
RW-11. The existing groundwater system discharges to the sanitary sewer via a subsurface 
discharge line. This system is not sufficient to treat the projected groundwater flow rate of the 
proposed system. The proposed groundwater pump and treat system will incorporate a low- 
profile air stripper, large GAC units, and additional sediment filtration. 

The design of the proposed groundwater system is based on the data collected during the April 
17, 1998 pilot test, periodic monitoring well testing results, and operational data collected during 
the operation of the current groundwater system. The groundwater system is designed to handle 
a flowrate of fifteen (15) gpm. The design flowrate is based on a flowrate of five (5) gpm per 
well as observed during the above referenced pilot test. It should be noted that the design flow 
rate is significantly greater than the current one to two (1-2) gpm of the existing groundwater 
system. The increase in flow rate is attributable to the effect of VEGE. By applying a vacuum to 
the recovery well, both subsurface vapors and groundwater are mobilized through the subsurface 
to the recovery well. VEGE will result in higher groundwater recovery rates for the proposed 
system. 

Influent VOC concentrations for the proposed groundwater system are based on monitoring well 
testing results for MW-1 and RW-11 and analytical results for the existing groundwater system. 
Design calculations for the groundwater pump and treat system are presented in Appendix VIII. 

Sufficiently sized submersible, electric pumps such as Grundfos 5E5 pumps will be used to 
pump groundwater from one (1) retrofitted monitoring well (RW-11) and two (2) proposed 
recovery wells (RW-3 and RW-4) in order to maintain hydraulic control of the site. Because of 
the relatively low permeability of the soil at this site, low groundwater flowrates are anticipated 
under normal pumping conditions. However, it is also anticipated that the SVE system will 
provide vacuum enhancement of groundwater extraction. The groundwater will flow from each 
extraction well through an influent manifold into a transfer tank and then to the groundwater 
treatment system. 

The groundwater will be pumped through a pair of sediment filters to an appropriately sized, 
low-profile type air stripper for the removal of suspended solids and dissolved phase VOCs, 
respectively. Following the air stripping process, the treated groundwater will gravity drain into 
the air stripper sump. 

A transfer pump, which will be controlled by liquid level sensors in the air stripper sump, will be 
used to pump the groundwater through to the next phase of the treatment, which consists of an 



iron removal filterlclarifier unit and a transfer tank. A transfer pump, which will be controlled by 
liquid level sensors in the transfer tank, will be used to pump groundwater through to the final 
phase of the treatment to the local storm sewer system. The final phase of treatment includes a 
pair of sediment filters followed by three (3) GAC units in series. Flow through the liquid phase 
treatment system will be continuously monitored by flowmeter/totalizers located at the air 
stripper inlet and the effluent discharge. The proposed treatment system has been designed to 
comply with all applicable discharge limitations. 

It should be noted that the Northeast Monmouth County Sewerage Authority has a moratorium 
on new discharges to its system. Therefore, the proposed remedial design incorporates a New 
Jersey Pollutant Discharge Elimination System - Discharge to Surface Water (NJPDES-DSW) 
rather than continue discharging to sanitary sewer. 

Individual PVC extraction pipes will be installed within utility trenches to connect the 
extractionltreatment system to each of the extraction wells through an influent manifold located 
within the extractionltreatment system enclosure. In addition to the existing groundwater system 
enclosure, a second groundwater system enclosure will be constructed to house additional 
equipment. Both enclosures will be weather-tight, heated, and ventilated to protect against 
freezing conditions in the winter and overheating in the summer. Enclosure Compound 
Elevations are shown on Figure 14, and Trenching Cross-sections are shown on Figure 15. A 
small-insulated pipe chase will be installed to connect the two enclosures together. Construction 
of the enclosure, which will house the liquid phase treatment system, will be in accordance with 
all applicable, NFPA and Army codes, standards, and regulations. An Electrical One-Line 
Diagram is shown on Figure 16. 

Effluent samples from the proposed groundwater pump-and-treat system will be collected for 
analysis in accordance with the requirements of the NJPDES-DSW permit requirements. The 
frequency of sampling and the analytical parameters will be specified in the NJPDES-DSW 
permit. The proposed groundwater pump-and-treat system will be monitored on a weekly basis. 

8.4 Proposed Groundwater Cleanup Levels 

Groundwater 

The US Army proposes to remediate groundwater within the area of concern (i.e. service station) 
using the proposed ground water pump and treat system in combination with the soil vapor 
extraction system. Hydraulic control will be maintained via operation of the groundwater pump 
and treat system by utilizing three pumping wells RW-11 (existing), RW-3, and RW-4). 



When influent concentrations of petroleum hydrocarbons (i.e. BTEX) and methyl tertiary butyl 
ether (MTBE) reach asymptotic levels for at least two consecutive quarters, the US Army 
proposes to place the treatment system off-line. The remaining de minimus concentrations in soil 
and groundwater will be remediated by natural attenuatiodbiodegradation (passive remediation) 
as part of the Natural Remediation Compliance Program. The US Army will request for passive 
remediation when the influent concentrations reach asymptotic levels, or if requirements of the 
Mann-Whitney U test are met. The US Army will request No Further Action or investigation 
when all targeted VOCs concentrations are at or below the applicable Ground Water Quality 
Standards (GWQS) for Class II-A aquifers. For this site, the applicable GWQS are as follows: 

Compound of Concern GWQS, 
~enzene '  1 
~oluene '  1,000 
~ th~ lbenzene '  700 
xylenes2 1,000 
MTBE~ 70 
T B A ~  loo 

1. The most recent GWQS pursuant to N.J.A.C. 7:9-6. 

2 Interim Specific Groundwater Criteria listed in an NJDEP correspondence from Mr. Rick Gimello, 

Assistant commissioner, dated February 5 ,  1997. 

Following system shut-down, the US Army will continue to monitor groundwater quality in 
accordance with the schedule as outlined in Section 6.4. Groundwater sampling will be 
suspended when concentrations of individual BTEX and MTBE concentrations are at or below 
the applicable NJDEP's GWQS for at least two consecutive groundwater sampling events. 

Soil - 

The US Army proposes to remediate soil to the NJDEP proposed Unrestricted Site Use Soil 
Cleanup Criteria in the source area. Soil will be considered remediated when SVE vapor 
concentrations of BTEX attenuate to an asymptotic level. Post-remedial soil sampling will be 
conducted pursuant to N.J.A.C. 7:26E-6.4. Post-remedial soil samples will be analyzed for 
VOCs via USEPA test methods 8240+10 utilizing the recently adopted methanol preservation 
pursuant to N.J.A.C. 7:26E-2.l(a)4. In addition, soil is considered remediated when the total 
volatile organic contaminants and Total Organic Carbon (TOC) are less than 1,000 and 10,000 
parts per million (ppm), respectively. All future soil quality data submissions will be evaluated 
using the applicable NJDEP soil cleanup criteria. 



If the laboratory analytical results do not indicate the presence of any organic compound 
concentrations above the applicable NJDEP soil cleanup criteria, the US Army will propose to 
the NJDEP that no further soil remediation be required, and that the facility be granted a No 
Further Action declaration for soil. 

8.5 Proposed Groundwater Monitoring and Sampling Program 

Fort Monmouth DPW is currently conducting a quarterly groundwater gauging and sampling 
program utilizing on-site and off-site monitoring wells. Utilizing historical groundwater quality 
data, the DPW proposes to continue monitoring groundwater quality on-site, in accordance with 
the sampling schedule outlined below. 

SAMPLING MONTH MONITORING WELLS SAMPLED 
January, June, August, December MW-1, MW-2, MW-3, MW-4, MW-5, MW-6, 

MW-8, MW-9, RW-11, MW-12, MW-15, MW-16, 
MW616-1 

A Remedial Action Progress Report (RAPR) will be submitted as requested by the NJDEP. 
Information including groundwater contour maps, groundwater quality, tabulated laboratory 
analytical results and laboratory deliverables will be included in each RAPR. Moreover, each 
RAPR will contain a summary of the operation performance of both the groundwater and SVE 
remedial treatment systems. Data will be summarized in appropriate tables (e.g., historical 
groundwater quality, influent and effluent concentrations) and figures (e.g., cumulative mass of 
BTEX removed versus time, mass of BTEX removed to date). 

9.0 CAPTURE ZONE ANALYSIS 

GES modeled the overall capture zone of RW-11 using a computer model entitled "A Modular 
Semi-Analytical Model for the Delineation of Wellhead Protection Areas (WHPA)" (Blandford 
and Huyakorn, 1991). This modeling was simulated under an assumed, two-dimensional, 
homogeneous, steady-state flow condition. Input parameters for the simulation were based on 
site-specific conditions, field data acquired during site investigative activities and published 
values for conditions that approximate those reported for this site. The objective of this 
simulation is to conservatively estimate the overall capture zone of the existing groundwater 
extraction (pump and treat) system. 

The WHPA computer model consists of four independent computation modules that may be used 
to delineate capture zones. Three of the four modules contain semi-analytical capture zone 
solutions. Multiple pumping and injection wells may also be simulated. Barrier stream 



boundary conditions which exist over the entire aquifer depth also may be simulated. The fourth 
module is general particle traclung that may be used as a post-processor for two-dimensional 
numerical models of groundwater flow. One of the semi-analytical models, RESSQC, was used 
to simulate the capture zone of the existing groundwater recovery system. 

RESSQC was selected due to the model's widespread acceptance and the ability to simulate 
time-related capture zones around one or more pumping wells in homogeneous aquifers of 
infinite aerial extent with steady and uniform ambient groundwater flow. 

9.1 Capture Zone Modeling 

Based on the VEGE pilot test conducted on April 17, 1998, using RW-11 and the groundwater 
treatment system, and the transmissivity value of 64.5 ft2/day calculated by Henderson, Breen & 

Hess, an assumed aquifer thickness of 15 feet, and the hydraulic conductivity of the water- 
bearing zone onsite of 4.3 ft/day. The hydraulic gradient used in the computer simulation was 
0.03 feet. The effective porosity was set at 0.25 based on site geological conditions. 

Based on the calculated hydraulic conductivity of 4.3 ftfday, the predicted groundwater capture 
zones at steady-state generated from the output RESSQC are presented on Figure 17. Based on 
the calculated capture zones as presented on Figure 17, it is concluded that groundwater on-site 
will be captured using the three pumping wells (RW-11, RW-2, and RW-3). Because no 
compound of concern within the capture zone will migrate offsite, Fort Monmouth DPW 
requests the predicted capture zone also serve as a Classification Exception Area (CEA) for the 
onsite groundwater plume. 

10.0 QUALITY ASSURANCE PROJECT PLAN 

A field sampling activities will be conducted in accordance with NJDEP Field Sampling Manual. 
All analyses will be conducted in accordance with the NJ Laboratory Certification Program. A 
separate Quality Assurance Project Plan will not be submitted by the US Army for this site. 

11.0 REQUIRED PERMITS 

The following permits will be required: 

NJDEP New Jersey Pollutant Discharge Elimination System - Discharge to Surface 

Water (NJPDES-DSW) Permit 
NJDEP Permit to construct/install/alter Air Quality ApparatusIEquipment 



NJDEP Certification to operate Air Quality ApparatusIEquipment 
NJDEP Treatment Works Approval 
NJDEP Well Permits 

In addition to meeting the NJDEP permitting requirements, the US Army permitting 
requirements will also be met. 

12.0 EFFECTIVENESS ANALYSIS ,4ND CERTIFICATION 

In conducting this investigation, different remedial approaches were examined and evaluated. 
The selection of pump and treathoil vapor extractiodair-spraging system to remediate soil and 
groundwater is based upon technical and site-specific criteria presented in this RAWA and 
historical data contained therein. It is our judgment that the development, selection and 
implementation of this remedial action will be effective and will be protective of the public 
health, safety and the environment as outlined in Section 35(g) of P.L. 1993, c.139 (S-1070) of 
the Industrial Site Recovery Act. 

13.0 EROSION, DUST, AND ODOR CONTROL 

If required, a Sediment and Erosion Control Plan will be prepared in accordance with the US 
Army requirements. 

14.0 IMPLEMENTATION SCHEDULE 

Within 90 days upon written NJDEP approval of this R, i r ,  the Fort Monmouth DPW will 
solicit and award a contract for completion of work described herein. Any requests or 
recommendations to modify or alter the groundwater monitoring and sampling program will be 
completed in writing to the assigned NJDEP case manager. 

15.0 SITE RESTORATION PLAN 

Upon receipt of a No Further Action declaration from the NJDEP regarding the remediated soils, 
the US Army will contract to dismantle and remove the aboveground portions of the SVE 
system. The below ground sections of the SVE systems will be sealed and abandoned in-place 
following generally accepted procedures. 



Once the groundwater quality has attenuated to concentrations below the applicable NJDEP 

GWQS and a No Further Action statement is provided by the NJDEP, the US Army will 
implement proper well abandonment procedures as part of the site restoration plan. All 
monitoring wells and vacuum monitoring points on-site and off-site will be properly abandoned 
by a New Jersey-licensed well driller. The wells will be sealed via a trernie pipe with a 
groutlcement mixture. The concrete flushmount pads will be removed and the former well 
locations will be restored to near pre-construction conditions. 

16.0 ESTIMATED COST 

The estimated cost comparison for the proposed remedial system upgrade is presented in 
Appendix VIII. The cost comparison indicates that the total costs to operate the remedial system 
with a catalytic oxidizer are lesser compared to the costs to operate with GAC as an off-gas 
treatment. Initially, the catalytic oxidizer is being proposed to be utilized as an off-gas treatment 
for the SVE (and optional sparge). However, in the event that the soil vapor andlor soil 
concentrations reach asymptotic levels, a decision may be made to switch to GAC as an off-gas 
treatment. A cost comparison between catalytic oxidation versus GAC as an off-gas treatment is 
included in Appendix IX. 
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RECOVERY WELL 

MONITORING WELL 

ABANDONED MONITORING WELL 

CASING ELEVATION (feet) 

DEPTH TO WATER (feet) 

GROUNDWATER ELEVATION (feet) 

M E  
GROUNDWATER ELEVATION CONTOURS IN FEET. 

I GROUNDWATER CONTOUR MAP 
19 FEBRUARY 1999 

US ARMY 
BUILDING 699 

FORT MONMOUTH 



BENZENE 13,265.06 
TOLUEI1E 18.220.09 
mmB3IZChE 1.091.28 
XYLENES 7.796.92 
MlBE 2MND 
TBA 1.250NO 

BENZEliE 
TOLUEliE 
mmahze.: 
WLENES 
MTBE 
TBA 
VO TICS 

BEhZENE 0.51110 \ 
ToCUEkE 0.731.iD \ 
mm%hm; 1. l lhD 
WLEI4ES 4.45ND 

233.53 IMTBE 2.50ND 
90.11 TBA 12.50NO 
87.21 v o  n c ~  o 

244.81 LEAD 1.0 

G E E t i E  0.511iD 
TOLUENE 0.73ND 
mMBHmii 1.14ND 
XYLENES 645IiD 
MTBE 2.50ND 
TBA 12.501iO 
vo n c ~  o 
LEAD 26.0 

I I  
BENZEI4E 7.463.17 BENZENE 14.638.57 BENZENE 35.47 BENZENE 3.278.72 
TOLUENE 12.439 02 TOLUENE 22.877.33 TOLUENE 0.73140 TOLUENE 1,941.00 
~ ~ ~ Z E l ~ :  914.10 EIWU.Zbi 1.793.78 WU&; 1.1 4ND ~ W l m l i  673.K 
AWENES 10.760.31 XRENES 20.320.88 XRENES 4.45liD XXEhES 1,9%.1 1 
IlTBE 2501\0 LlTBE 5001iD LITBE 2 501iD MTBE 343.13 
TBA 1.250ND lBh  2,500140 A 12.50140 TBA 1.2SOND 
M n c r  
LEAD 

0 M TICS 
3.4 LEYD 

0 VO TICS lOS(10) M nCs 540(1) 
3.0 LWD 1.3 LWD 1.1 

BENZENE 0.51hD 
TOLUENE 0 73KD 
mMBhLEkE 1.141iD 

M W 1 6 e m ~ ~ c s  4.45hD 
IlTBE 2.5011D 
TBA 12.50ND 
M n c ~  
LEAD 1.4 

LEGEND 

Eiz 
0 

0 
- - 

9 

&I 
MTBE 

TBA 

DTW 

GW EL 

STORM SEWER INLET 

UTILITY MANHOLE 

PUMP ISLAND 

FENCE 

RECOVERY WELL 

MONITORING WELL 

ABANDONED MONITORING WELL 

METHYL t d - B U N L  N E R  

tert -BUNL ALCOHOL 

DEPTH TO WATER (feet) 

GROUNDWATER ELEVATION (feet) 

NOT SAMPLED 

NOT DETECTED, METHOD DETECT10 
LIMIT PROVIDED 

VOLATILE ORGANICS TENTATIVELY 
TENTATIVELY IDENTIFIED COMPOUNDS 

INDICATES NUMBER OF COMPOUNDS 
FOUND IN LIBRARY SEARCH 

GROUNDWATER & 
ENVIRONMENTAL SERVICES, IN 

ALL GROUNDWATER ELEVATION DATA IN FEET. 

ALL ANAYLTICAL RESULTS IN PARTS PER BILLION. 

GROUNDWATER SAMPLES WERE COLLECTED ON 
8 JUNE 1998. 

LIQUID L M L  MEASUREMENTS WERE OBTAINED ON 
11 JUNE 1998. 

MWl1. MW13 AND MW14 NOT USED TO DRAW 
CONTOUR LINES. 

US ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW J E R S E Y  



ENVIRONMENTAL SERVICES. INI 

LEGEND 

m 
0 
0 
- - 

€4 

8 

B 

P P ~  
D 

ND 

NS 

STORM SEWER INLET 

UTlLlM MANHOLE 

PUMP ISLAND 

FENCE 

RECOVERY WELL 

MONITORING WELL 

ABANDONED MONITORING WELL 

PARTS PER BILLION 

SECONDARY DILUTION 

NOT DETECTED 

NOT SAMPLED 

BENZENE 

ANALMICAL RESULTS IN PARTS PER BILLION 

US ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW JERSEY 

NORTH DATE SOURCE 
SCALE IN FEET 5-17-99 NJ - DWG # FIGURE 
O 30 60 FORT MON 7 





I GROUNDWATER & 

PROPOSED DISCHARGE LOCATION #1 

SALTZMAN A VENUE / PROPOSED UTILITY TRENCH 

MWB 
8 

PROPOSED SYSTEM ENCLOSURE 

S m E M  ENCLOSURE 

PROPOSED FENCED ENCLOSURE 

I SERVICE STATION 
BUILDING NO. 699 

- PROPOSED DISCHARGE LOCATION #2 
(APPROXIMATE L O ~ O N )  

NOTES: 

INDIWDUAL PNEUMATIC SUPPLY LlNE AND CORRESPONDING PRODUCT RECOVERY LlNE SHAU BE RUN TO 
E4CH OF THE RECOMRY WELLS (MW11, RW3 AND RW4). THE LINES S M  BE CAPPED AND TERMINATED 
IN THE RECOVERY WEU W H O L E S  FOR P O T E N W  FUTURE USE. 

2" SCH. 4 0  PVC PIPE W E  UNES WILL BE INSTALLED TO MWII. RW3. RW4 RECOVERY WELL MANHOLES. 

I AREAL EXTENT OF VACUUM INFLUENCE WITH OmlONAL LATERALS (M7. MB,  & M 9 )  = 11.553 sq. ft 

1 AREAL EKTEM OF VACUUM INFLUENCE WITHDIJr OmlONAL LATERALS W7. VL8, h VL9) = 7.928 sq. R. 

ENV~RONMENTALSERV~CES, IN( 
LEGEND 

STORM SEWER INLET 

UTlLlN MANHOLE 

ABANDONED MONITORING WELL 

RECOVERY WELL 

MONITORING WELL 

PUMP ISLAND 

FENCE 

PROPOSED RECOVERY WELL 

PROPOSED SOL VAPOR EKIRACTmN 5' IATERAI 

PROPOSED UTILITY TRENCH 

PROPOSED OPTIONAL UTILITY TRENCt 

PROPOSED OPTIONAL SOlL 
VAPOR EXTRACTION 5' LATERAL 

PROPOSED OPTIONAL AIR SPARGE POINT 

PROPOSED 15' AIR SPARGE 
RADIUS OF INFLUENCE 

PROPOSED 20' SOlL 
EXTRACTION RADIUS 

VAPOR 
OF INFLUENCE 

PROPOSED REMEDIAL SYSTEM LAYOUT 

U S  ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW J E R S E Y  



ENVIRONMENTAL SERVICES, IN 

24' SQUARE MANHOLE LID 

A 2. FW m I L  VAPOR EXTPACION L(NE - ( 2 )  1 '  WC PRODUCT S m E M  LINES 

ELEC. UNION MALE BY FWKE 

ELEC. UNION MALE BY F E W E  

CON 

MLV. STEEL CONDUIT 

a / i e V ~ ~ - i / 4 '  m v .  m BOLT 

I' x CLOSE B W S  NIPPLE 

I' B W S  PITLESS ADAPTER 

6"O SCH. 4 0  W C  WITH 
0.02 SLOT SCREEN 

6' WC BOTTOM W 

OEPTH TO sOTmM OF 

' /  

GROUNDWATER RECOVERY WELL DETAIL 
(NOT TO SCALE) 

- 

RECOVERY WELL DETAIL 

US ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW JERSEY 

1 DATE I SOURCE 

NOT TO SCALE '-29-99 NJ - 
DWG # FIGURE 

FORT MO 10 



GROUNDWATER & 
ENVIRONMENTAL SERVICES, INC. 

/- 
GROUND SURFACE 
(NOTE 3) f 

EXCAVATED MATERM BACKFIU 

40 PVC VAPOR EXTRACTION LINE 

1. SVE LATERAL CONSISTS OF APPROX. 5' OF 2" PVC SLOqED SCREEN BISECTED BY A FlmNG 
CONNECTING THE LATERAL TO ITS VAPOR EXTRACTION LINE. 

2. PEA GRAVEL SURROUNDING M E  SCREENED LATERAL EXTENDS APPROXIMATELY 1 FOOT 
LATERALLY AND 4 INCHES ABOVE ANG BELOW THE SCREENED LATERAL. 

3. GROUND SURFACE WILL BE RESTORED TO PRE-EXCAVATION CONDITION, INCLUDING ASPHALTIC 
PAVING OR CONCRETE PAVING IF APPLICABLE. 

SOIL VAPOR EXTRACTION LATERAL DETAIL 

U.S. ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW JERSEY 

I SCALE 14" D M ,  (I FIGURE 



12'0 MANHOLE COVER 

2 '  THREADED CAP 

7 

3/C CRUSHED STONE 
(QUARRY PROCESS) 

- 6" MIN 

I 1 RESTORE SURFACE TO 
MATCH EXISTING CONDITIONS 
EXCEPT AS OTHERWISE SPECIFIED 

2" TEE 
2' x I-1/2' REDUCING BUSHING 

1-1/2' SCH. 80 PVC 
DEPM m INVERT 1'-6" (NOTE 1)  

GROUNDWATER & 
ENVIRONMENTAL SERVICES, IN( 

- 

FROM PROPOSED REMEDIAL 
SYSTEM ENCLOSURE 

2 SCH 4 0  PVC RISER 1"- pu0 

(TYPICAL OF SPI  - SP9) 

(NOT TO SCALE) 

DEmH TO BOTlOM OF TRENCH 3'-0' 

I AIR SPARGE WELL HEAD DETAIL 

U.S. ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW JERSEY 

--l-l-l- 
NOT TO SCALE 4-19-99 

DWG # 
FORT M 

NJ 
FIGURE 

1 2  



PROPOSED GROUNDWATER 
TREATMENT SYSTEM ENCLOSURE 

14'-6" x 10' x 8' TO 10' H ? \  

1 

NOTES: 

FILTERS 

I DOUBLE 4'-0" DOORS 4 

- C n L m  

C 

4 - 0 ~ 2 0 %  
DISCHARGE 

STACK 

EXISTING FIBERGLASS 
GROUNDWATER & 

NEW 8' HIGH CEDAR BOARD ON BOARD FENCED COMPOUND 
GROUNDWATER TREATMENT 

ENVIRONMENTAL SERVICES, IN 

SYSTEM ENCLOSURE 
SOlL VAPOR MTRACTION/SPARGE EQUIPMENT 

EXHAUST FAN 

\ 14'-6" x 7'-6" x 7 ' -6% PROPOSED SOIL VAPOR EXTRACTION 
EQUIPMENT WEATHER/NOISE ENCLOSURE 

10' x 4'  x 4 %  

DOUBLE 34"  DOORS 

7'-6" 

. -  - - . .  - - .  J d  

I:- DOUBLE 0 'I I 
EQUIPMENT FOOTPRINT 

REMEDIAL SYSTEM ENCLOSURE 

US ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW JERSEY 

?DATE- 

1. IRON REMOVAL FILTER IS INSTALLED ON A 4' HlGH ELEVATED PLATFORM 
TO ALLOW FILTER TO GRAVITY DRAIN TO TRANSFER TANK. 

2. ELECTRICAL DISTRIBUTION RELOCATED FOR EASIER ACCESS. 

3. PIPE CHASE IS INSULATED 12"  SCH. 40 W C  INSTALLED BETWEEN 
BUILDINGS. 





ENVIRONMENTAL SERVICES. IN( 

SAWCUT ASPHALT BOTH 
SIDES OF TRENCH - 

6' THICK 
EXISTING 

(NOTE 7) 

ASPHALT 

MATERW. 2'-1" MIN. 

4" MIN. 

NOTES: 
(NOTE 7) 

1) ALL 90' TURNS SHALL BE ACHINED WITH 2 2 . 5  
OR 45' ANGLE ELBOWS OR 12"  MINIMUM RADIUS 
SWEEPS FOR THIN WALL ELECTRICAL CONDUIT. PEA GRAVEL, DEAD SAND OR 

CLEAN FILL MATERW. 

2 )  ALL PVC PIPE IS SCH. 4 0  PVC. SOLVENT 
WELD. SLOPE SVE PIPING TOWARD THE FENCED 
COMPOUND AT A SLOPE OF 1 "  PER 5 0  FEET. 
GROUNDWATER AND SPARGE PIPING SLOPED 
TOWARD WELLS AT AT A SLOPE OF 1" PER 5 0  
FEET. 

ENSING 

SOIL I pi GUIL 6 6 6 6 6 6  
B B 66;;;; 00 

B 8 
F C C C C  0 0 & & & 0 0 0 0 0  

4' MIN. 
3'-10" MIN. 

4" MIN. 

- 
- 

4. MIN. 

3 )  WHEN APPROPRIATE (BASED ON THE MATERIAL 
UTILIZED) BACKFILL SHALL BE COMPACTFD TO A 
MINIMUM' OF 95% OF THE MAXIMUM DRYOENSIPI 
AS DETERMINED BY MSHTO TEST DESIGNATION 
T-180 OR ASTM TEST DESIGNATION 0-1557 

EXISTING SOIL 

4 )  BACKFILL AND COMPACT EXCAVATION IN 6 INCH 
LIFTS. 

5) THREE CONTINGENCY SVE PIPES SHALL BE 
INSTALLED IN TRENCH, ONE TO RW3, ONE TO 
RW4. AND THE OTHER TO END OF TRENCH NEAR 
MW4. i I 1 4. MIN. 

6) PRODUCT RECOVERY AND PRODUCT PUMP AIR 
SUPPLY LINES SHALL BE INSTALLED TO RW3 AND 
RW4 RESPECTIVELY. 

7) REFER TO RESTORATION PLAN FOR FINAL 
EXCAVATION RESTORATION DETAILS. 

SAWCUT ASPHALT BOTH 
r SIDES OF TRENCH 7 SAWCUT ASPHALT BOTH 

SIDES OF TRLNCH- 

EXISTING 
ASPHALT 

EXISTING 
(NOTE 7 )  

ASPHALT 

SUBBASE 

TRENCHING CROSS SECTIONS A THROUGH D 

U.S. ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW JERSEY 

[ DATE 1 SOURCE 

4' MIN. 
- I MISTING SOIL i i 

4" MIN. I 
4' MIN. 

t 





\ GROUNDWATER & 

GROUNDWATER FLOW 

\ FROM MW11, RW3 AND RW4. 
\ 
\ 
\ MWl6  
\ 
\ 
\ 
\ 
\ 
\ 
\ 
'. 

ENVIRONMENTAL SERVICES. IN1 

LEGEND 

STORM SEWER INLET 

@ UTlLlW MANHOLE 

0 PUMP ISLAND 
- - FENCE 

RECOVERY WELL 

S MONITORING WELL 

I ABANDONED MONITORING WELL 

AN AVERAGE PUMPING RATE OF 5 gpm AT EACH OF 
R W I I ,  RW3 AND RW4 WAS USED TO CALCULATE THE 
CAPTURE ZONE. 

INDIVIDUAL CAPTURE ZONE FROM RW4 IS NOT SHOWN 

CALCULATED CAPTURE ZONE 

US ARMY 
BUILDING 699 

FORT MONMOUTH 
EATONTOWN, NEW JERSEY -I-- 

SCALE IN FEET 5-17-99 



TABLES 



TABLE 1 
GROUMlWA TER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 

4/2/98 
Casing Depth to Depth to Product Groundwater Adjusted GW 

Elevation Product Groundwater Thickness Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 2.91 0.02 13.18 13.20 16.09 
15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
15.96 
16.20 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

2.89 
--- 
--- 
--- 

--- 
--- 
--- 
--- 
--- 
--- 
--- 
--- 
--- 
--- 

NM 
--- 

Depth to 
Product 

4/9/98 
Depth to 

Groundwater 
Groundwater Adjusted GW 

Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 3.45 3.46 0.02 12.63 12.65 
MW1 
MW2 
MW3 
MW4 
MW5 
MW6 
MW8 
MW9 
RWll  
MW12 
MW13 
MW14 
MW15 
MW16 
616-1 



TABLE 1 
GROUNDWATER MONITOFUNG DATA 

U. S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 

512719 8 
Casing Depth to Depth to Product Groundwater Adjusted GW 

Elevation Product Groundwater Thickness Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 
15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
15.96 
16.20 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

3.20 
--- 
--- 
--- 

NM 
--- 
--- 
--- 
--- 

13.69 
--- 
--- 
--- 
--- 

NM 
--- 

Depth to 
Product 

611 l/Y 8 
Depth to Product 

Groundwater Thickness 
Groundwater Adjusted GW 

Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 4.08 4.09 0.01 12.00 12.01 
MW1 15.81 --- 3.78 --- 12.03 12.03 
MW2 16.64 --- 4.66 --- 11.98 11.98 
MW3 15.80 --- 4.07 --- 11.73 11.73 
MW4 15.92 --- 3.90 --- 12.02 12.02 
MW5 15.48 --- 4.15 --- 11.33 11.33 
MW6 15.78 --- 4.37 --- 11.41 11.41 
MW8 16.20 --- 4.10 --- 12.10 12.10 
MW9 15.96 --- 4.61 --- 11.35 11.35 
RW11 17.14 --- 14.05 --- 3.09 3.09 
MW12 16.66 --- 4.65 --- 12.01 12.01 
MW13 16.21 --- 2.98 --- 13.23 13.23 
MW14 15.98 --- 2.85 --- 13.13 13.13 
MW15 17.04 --- 4.66 --- 12.38 12.38 
MW16 15.27 --- 4.70 --- 10.57 10.57 
616-1 18.92 --- 6.62 --- 12.30 12.30 



TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN. NEW JERSEY 

6/26/98 
Casing Depth to Depth to Product Groundwater Adjusted GW 

Elevation Product Groundwater Thickness Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 11.11 11.11 16.09 
15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

--- 

--- 
--- 

--- 
--- 
--- 
--- 
--- 

--- 
--- 

--- 
--- 
--- 

--- 
--- 
--- 

Depth to 
Product 

4.98 
4.80 
5.21 
4.89 
4.82 
4.82 
5.16 
5.14 
5.50 
14.05 
5.68 
3.81 
3.71 
3.09 
5.44 
7.03 

7/2/98 
Depth to 

Groundwater 

--- 
--- 
--- 
--- 
--- 
--- 
--- 
--- 

--- 
--- 
--- 
--- 

--- 
--- 
--- 
--- 

Product 
Thickness 

Groundwater Adjusted GW 
Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- NM NM NM NM 



TABLE 1 
GROUNDWATER MONITORlNG DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 

7/8/98 
Casing Depth to Depth to Product Groundwater Adjusted GW 

Elevation Product Groundwater Thickness Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 4.62 --- 11.47 11.47 
15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

7/29/98 
Depth to 

Groundwater 
Groundwater Adjusted GW 

Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 --- --- --- --- --- 
MWl 15.81 --- 5.13 --- 10.68 10.68 
MW2 16.64 --- 5.77 --- 10.87 10.87 
m 3  15.80 --- 5.35 --- 10.45 10.45 
MW4 15.92 --- 5.38 --- 10.54 10.54 
MW5 15.48 --- 5.27 --- 10.21 10.21 
MW6 15.78 --- 4.21 --- 11.57 11.57 
MW8 16.20 --- 5.25 --- 10.95 10.95 
MW9 15.96 --- 5.99 --- 9.97 9.97 
RWl1 17.14 --- --- --- --- --- 
MW12 16.66 --- 5.89 --- 10.77 10.77 
MW13 16.21 --- --- --- --- --- 

MW14 15.98 --- --- --- --- --- 
MW15 17.04 --- 5.63 --- 11.41 11.41 
MW16 15.27 --- 6.23 --- 9.04 9.04 
616-1 18.92 --- 7.84 --- 11.08 11.08 



TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 

8/5/98 
Casing Depth to Depth to Product Groundwater Adjusted GW 

Elevation Product Groundwater Thickness Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 NM NM NM NM 
15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

8/18/98 
Depth to Product 

Groundwater Thickness 
Groundwater Adjusted GW 

Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 --- 6.27 --- 9.82 9.82 
MW1 15.81 --- 5.83 --- 9.98 9.98 
MW2 16.64 --- 6.39 --- 10.25 10.25 
MW3 15.80 --- 6.14 --- 9.66 9.66 
MW4 15.92 --- 6.12 --- 9.80 9.80 
MW5 15.48 --- 5.85 --- 9.63 9.63 
MW6 15.78 --- 6.32 --- 9.46 9.46 
M W 8  16.20 --- 5.96 --- 10.24 10.24 
MW9 15.96 --- 6.65 --- 9.31 9.31 
RW11 17.14 --- 14.60 --- 2.54 2.54 
MW12 16.66 --- 6.58 --- 10.08 10.08 
MW13 16.21 --- 3.45 --- 12.76 12.76 
MW14 15.98 --- 3.31 --- 12.67 12.67 

MW15 17.04 --- 6.15 --- 10.89 10.89 
MW16 15.27 --- 7.02 --- 8.25 8.25 

616-1 18.92 --- 8.55 --- 10.37 10.37 



TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 
9/4/98 

Cas~ng Depth to Depth to Product Groundwater Adjusted GW 
Elevation Product Groundwater Thdcness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- 6.71 --- 9.38 9.38 

15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

9/17/98 
Depth to 

Groundwater 

9.54 
9.79 
9.23 
9.41 
9.25 
9.02 
9.78 
8.96 
2.50 
9.64 
12.70 
12.62 
10.48 
7.83 
9.93 

Groundwater 
Elevation 

9.54 
9.79 
9.23 
9.41 
9.25 
9.02 
9.78 
8.96 
2.50 
9.64 
12.70 
12.62 
10.48 
7.83 
9.93 

Adjusted GW 
Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- 6.97 --- 9.12 9.12 



TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 
10/2/98 

Casing Depth to Depth to Product Groundwater Adjusted GW 
Elevation Product Groundwater Tlmkness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 

15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

10/16/98 
Depth to Depth to Product Groundwater Adjusted GW 
Product Groundwater Thickness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- 7 19 --- 8.90 8.90 



TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 
11/12/98 

Casing Depth to Depth to Product Groundwater Adjusted GW 
Elevation Product Groundwater Thdness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
16.09 7.49 7.58 0.09 8.51 8.58 
15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

11/25/98 
Depth to 

Groundwater 
Groundwater Adjusted GW 

Elevation Elevation 
Well ID (feet) (feet) (feet) (feet) (feet) (feet) 

RW2 16.09 --- 7.60 --- 8.49 8.49 
MW1 
MW2 
MW3 
MW4 
MW5 
MW6 
MW8 
MW9 
RWll 
MW12 
MW13 
MW14 
MW15 
MW16 
616-1 



TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 
12/4/98 

Casing Depth to Depth to Product Groundwater Adjusted GW 
Elevation Product Groundwater Thickness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- 7.60 --- 8.49 8.49 

15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

1/22/99 
Depth to Depth to Product Groundwater Adjusted GW 
Product Groundwater Thickness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- 5.22 --- 10.87 10.87 



Well ID 
RW2 

TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 
1/29/99 

Casing Depth to Depth to Product Groundwater Adjusted GW 
Elevation Product Groundwater Thickness Elevation Elevation 

(feet) (feet) (feet) (feet) (feet) (feet) 
16.09 --- 4.77 --- 11.32 11.32 
15.81 
16.64 
15.80 
15.92 
15.48 
15.78 
16.20 
15.96 
17.14 
16.66 
16.21 
15.98 
17.04 
15.27 
18.92 

Casing 
Elevation 

2/12/99 
Depth to Depth to Product Groundwater Adjusted GW 
Product Groundwater Thxkness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- 4.47 --- 11.62 11.62 

MW1 
MW2 
MW3 
MW4 
MW5 
MW6 
MW8 
MW9 
RWll 
MW12 
MW13 
MW14 
MW15 
MW16 
616-1 



TABLE 1 
GROUNDWATER MONITORING DATA 

U.S. ARMY 
FORT MONMOUTH - BUILDING 699 AREA 

EATONTOWN, NEW JERSEY 
2/19/99 

Casing Depth to Depth to Product Groundwater Adjusted GW 
Elevation Product Groundwater Thickness Elevation Elevation 

Well ID (feet) (feet) (feet) (feet) (feet) (feet) 
RW2 16.09 --- 4.36 --- 11.73 11.73 



APPENDIX I 



SERIAL t 4 62 4 8 -j iy.>3j7 
DWR- l~3M (10193) _--I STATE OF NEW JERSEY -I 

DEPARTMENT OF ENVIRONMENTAL PROTECTION AND ENERGY 
Mad to TRENTON, NJ 

'DEPE 
79 33 7~ i; Perrn~t No. 2 

ieau Water Allocat~on MONITORING WELL PERMIT 
26 VALID ONLYAFTER APPROVAL BY T H E  D.E.P.E.  

, ,ton, NJ 08625 

I 

Name of Facility Diameter P ~ O ~ O S L ~  
of Wellk\ Feet 

Address 
J 

Stale Atlas Map No. 

LOCATION OF WELL(S) 

This Space for Approval Stamp 

U E R A  S~te 

CERCIA (Superfund) S I  
_Cl_m- 

U RCRA Site CASE l D Number 

,Jd Underground Storage 

'a Operabonal Ground 

Water and Hazardous Waste Enforcement Case 

U Water Supply Aqulfer Test Obsewat~on Well 

Other (expiam) 

\ .-p----C-----*IIC * 

I FOR 3 Issuance of thls perrnlt IS subject to the cond~tlons attached (see next page) r3 The well(s) may not be completed wtth more than 25 lee! of total screen 
,.E,P.E. fl For rnonltormg purposes only or uncased borehole. 

Munlclpallty County 

i 4  I ~ ~ L ~ ~ W , E U + ~ - ~  I A A ~ . ' @ T ~ , ~ ~ ~  

S E t  AEVERSE SIDE FOR IMPORTANT PROVISIONS AND REGULATIONS PERTAINING TO THIS PERMIT 

is made for 

S~gnature of Drlller 

S~gnature of Owner 

rYlPIFS ~ / D + o ,  bunr3tlnn 0-4 o ..I 
I , - - , I  L n-_. \ 1 . M  .. 

Draw sketch of well(s) nearest roads, buildings, etc. with 
marked distances in feet. Each well MUST be labeled 

with a name andlor number on the sketch. 



NEW .c&N DEPARTMENT OF ENVIRONMENTAL PROTECTION 
BUREAU Of WATER AUOCATlON 

MONITORING WELL RECORD 

Well Permit No. 
. . Atlas Sheet Coordinates . : 

OWNER IDENTIFICATION - Owner , , .  , * I  >.* , .i + -  ,& . ?  , 

WELL LOCATION - If not the same as owner please give address. Owner's Well No. 

County Municipality 
6 ,  - y  ,i ' t  ,. , -  , 2 , - Lot No. Block No. 

Address 

TYPE OF WELL (as per Well Permit Categories) Date well completed 
1 I 1 I t #  

I I 

Regulatory Program Requiring Well , .  .) Case I.D. # I ,  
I * .  . )  

CONSULTING FIRMIFIELD SUPERVISOR (if applicable) Tele. # 

WFI 1 CONSTRUCTION 

Total depth drilled ft. 

We!l finished to ft . 
Borehole diameter: 

Top , in. 

Bottom in. 

Vell was finished: 

;ERm"d:,"tL 

If finished above grade, casing 
height (stick up) above land 
surface ft. 

Was steel protective casing installed' 

C] Yes NO 

Inner Casing 

Outer Casing 
(Not Protective Casing) 

Screen 
(Note slot size) 

Tail Piece 

Gravel Pack 

Annular SealIGrout 

Method of Grouting 

Depth to Depth to Diameter 
Top (11.) Bottom (ft.) (inches) Type and Materlal 

[From land surface] 

$ ,-- 

(Copies of other geol ic logs andlor 
geophysical logs sho?d be attached.) Static water level after drilling ft. 

Water level was measured using 

Well was developed for hours at CJPm 

Method of development 

Was permanent pumping equipment installed? Yes No 

Pump capacity gpm 

Pump type: 

Drilling Method . 

Drilling Fluid Type of Rig 

Name of Driller 

Health and Safety Plan rubmitted? Yes No 

Level of Protection used on site (circle one) None d C B A 

N.J. License No. 

Yame of Drilling Company ; , ‘- 

tify that I have drilled the above-referenced well in accordance with all well permit requirements and all applicable 
bide rules and regulations. 

Driller's Signature Date 

COPIES: Whrre - DEP Canary - DnNer Pink - owner ~ o u ~ ~ ~ o d  - ~ ~ h h  D ~ ~ ~ .  

L 



5-e of Permittee: 
Xz=e of F a c i l i t y :  FORT MONMOUTH: - 
L c c a t L o n :  
S . i i 9 E S  N u m b e r :  & u G  

. . 
; ar ECXA Case Number : 

W e l l  pennit Number: 
=?is n h e r  must be pe-nanently zZ5ixed  t o  
*;z well casing. 

~angituCe (to nearest secand) : . 
> 

~ititude . (to nearest second) : 
 levat ti on of Top o f  Inner Casing (cap of f )  

(one-hundredth o f  a f o o t )  : 

- .  

West 74" -02 '48 ' '  

~ o r t f i  40 ' -18 ' -47"  

18 .92  

Sc=ce of e leva t ion  d a t n  (bendbzzk,  n a i l ,  
ezc. ) and year. (Zf an al ts rnzze daturn 'has 
kcso-n apprwed by L!e Depeaent,. F d s ~ t i f y  
ksrg, assume datum o f  104'~ and give 
~ s ; r o x i m a t e d  actual e leva t ion ,  ) 

Sauzce: GEODETIC FM-101 

C%-zers W 4 1 1  Nuaber (As snown on 
z ; ? l i c a t i o n  o r  plans) : 

- - c e r t i f y  under penalty , ag law =,'.,at I have gersonal ly  examined 
if=& 23 .fanilia= wit.!! t ie-  i n fc rzaz ion  submitted in +&is document 

- 2 ~ =  all attzc.'rments- azb . <hat, . b c s e C  an my inquiry cL those 
; -s ; - ,,.,,~iduals imnediacely responsii;ble for o b t a i n i n g  th&' 
i , - ,=13rmat ion ,  1 b e l i e v e  the sr:bmFt;zed i n f o m a t i o n  is true; - 
z c = . ~ a t e  and. c-mplete. I an aware t h a t  them 
z 13,-,aI",Fes f o r  submitting false i n f o r m a t i o n  

are sicpi;Eicant 
i n c l u d i n g  the ' 

- THOMAS IANETTI ' 



Produced for Charles Appleby 

US. ARMY 
PORT MONMOUTll 
SEI.FM PW F.V 

Project Name : BLDG. 61 6 Completion Date : 811 7/95 

NJDEP Case # : 29-33760 Northing : N 539584.356 
Logged By : Shore Drilling Easting : E 21 72306.050 
Start Date : 8/17/95 Driller : A. Barnes 

LOG OF BORING 61 6-MW1 

(Page 1 of 1 )  

Dept 
in 

Feel 

Topsoil and Roots 

I 

Well Construction 

0 Y 1 -  

29-33760 m 
DESCRIPTION E m - , ;  

ELEV: 18.92 s % k z  
u z ~ m r n  

Date Completed : 811 7/95 
Hole Diameter : 8 in 
Drill Method : HSA 
Company Rep : R. Barnes 
Well Casing 

Material : PVC 
Diameter : 4 in 
Joints : Threaded 
Well Screen 

Material : PVC 
Diameter : 4 in 
Joints : Threaded 
Opening : 20 Slot 

Sand Pack : # 2 Morie Sand 

E 

Annulus Seal : BentonitelPortland 
: Tremmie 

Well Screen 

Material : PVC 
Diameter : 4 in 

Well Construction 
Information 

NOTES 

Well # I  is 616 MW1 



Groundwater S: Environi  ~ t a l  Services, Inc. 

~ w n c r :  JPk/ ~ r o j c c t : / T Z  u p f i p ~  

~ocation: 3/Ar 6/6 PermitNo: 293 3 2 4 ~  t 

/ 

Well number: /ly b~ Toral Dcprh: /'? Diameter: v'* 
Casing Elevation: Watcr Lcvcl: h i t :  Static: 

+ 
Screcn Dia.: ~cng lh :  1 0 ,  L) ' slot ~ i z c :  2 0  

Casing Ria: 4" Lcngrh: 2 c# 3- ' ripe: /'PC 

Drilling ~ c l h o d :  A?'$& - Sample Melhod: .'-/J# - r f i  J@ 

~omplct ion  ~ e t a i l s :  df7 Q P 

Driller: Tfi/?4 Log By: k? &?xA/~I  Date: g47-5' T 





WELL ID NO. 69911 

New Jersey Department at Enwronmental Protodion 
Divtsion of Water Resources 

MONITORING WELL RECORD 

W ~ U  permit NO. 29 - 
Atlas Sheer Coordinates 

OWNER IDENTIFICATDN - O w n e r 0  

N P E  OF WELL (as per Well Permn C a t e g ~ n e h ~ r  Date well campleted 

Regulatory Program Requ~nng Well - Case I.D. # - 
- 

CONSULTING FIRMIFIELD SUPERVISOR (11 appl~cable) Tele. #Jfi/-5 /3/l-.47g7 

WFl I CONSTRUCTIO 

Total depth drilled /r ft. 

Well finished to /3- It. 

ehole dtameter: 
Top 177 In. 

mnom /O ~n. 

Well was f i w h e d : n  

If finished above grade. casing 
height (stick up) above land 
surface It. 

Was steel orotectrve caslng tnstalled' 

a y e s  a ~ o  

Outer Casing - (No[ Pro~cctwc Casing) - 

Tail Piece - A 

Gravel a 1 6- 1 
Annular SeaVGrout 5- /, 

Method 01 Grouting 0 - . 6 J U T  f L) 

Static water level atter drtlling R. 

Water level was measured using 1 &?.[ O(Pde 
W~II was deve~oped lor f harm at 2; 3 gpm 

Method of development r! i l~dh f v m ~  
Was permanent pumpm wrt installed? 0 Yes a No 

Health and Sal 

N.J. License No. 

me of OnLng Comoany 

Type end Matmrlal I 

(Copies of other gdogic bgs and/or 
geophys~cal logs should be attached.) 

I 

I cenrfy that I have dnlled the above-referenced well in accordance with all well permrl requ~rements and all applicable 
State h e s  and regulations. 

Dri l lefs Signatur Date 

COPltlS: Whitc & Green - DEP Clvrnry - Dtillcr P h k  - Owner Golduvod - H c d h  Depr. 



I 

G P W T  & aAUAST 

; A N D  Dark grPnq med~um (-) to tine SAND 
trace sir[. I I . -. . 
Orange-tan-brown medium to fine 
SAND, little clay. PHC odor, slighlly 

moist 

Dark green fine SAND, trace silt 
alternating with orange brawn 
medium to fine SAND. 

PHC odor. saturated 



WELL ID NO, 699, 

New Jersey Oepartment of Environmental Proredan 
Divrsion of Water Resources 

MONITORING W E U  RECORD 

Perma NO. 29 - 23878 - 
Anas Sheet Coordinates 29w 

OWNER IDENTIFICATlON -Owner 

Address 167 Ilk 
City 

P O K T ~  State KJ Z P W ~  G77n 3 
WELL LOCATlON - If not the same as owner please grve addrets. Owners WW No. d 
County Lot No. e b d t  

Address PJ- fl77fl 5 
5' / / 

WPE OF WELL (as p Wall Perml Catsgone- Date well mmpleted /! I /m 
Regulatory Program Requlnng Well Case I.D. t 

/.' 
CONSULTING FIRMFIELD SUPERVISOR (if app~~cablel@b//h,~jpfd & TOT\ 

Total depth drilled / / tl 

Well finished to / 7 tt. 

If finished above grade. caslng 
he~ght (sl~ck up) above land 
surface It. 

I Depth to Depth to Diameter 
Top (11.) Bottom (lt.) [Inches) Type and Material I I 

[From land surface) 

Inner Cas~ng C7 

Outer Cas~ng I (NOI Proactirc Casing) I - I  I I 

Sta?lc water level after drdl~ng tt. 

Water level was measured uslng I % ? f f ~ c ~ ~ f U  .& 
Well was developed for / hours at d4 3 gpm 

Was permanent pumpmg equipment ~nstalled? 

Pump capacny m p m  

Pump type: Mk 
Drilling Method 

Driiling Fluid 

Name of Drdl 

Level oi Protearon used on site (arde one) None @ C ' 5 A - - 
N.J. ~icense N O . J ~  B. L. -. , IN1 - 

,me of Drilling Company 

(Comes ot other geolog~c bgs and/or 
GEoLOG'C geophys~cal logs should be attached. 

I certrty that I have drilled the above-referenced well in accordance with all well permd requirements and all applicable 
State rules and regulattons. 

Driller's Signature Date 

COPIES: K'hilc & Grcm - DEP Concry - Dtillcr Pink - Owner Goldwod - Heahh Drpr. 



GRObfH3WATER AH3 
~ ~ t ' ; R f ? f r Y E h  TAL SFRk'lCES, /M 

. . .- 

clay and silt 

jAM) Dark green to black f~ne SAND, Slightly moist. no odor. 

little silt, trace clay. 

Dark green-fine SAND, some clay Saturated 

m y  Bla& C U Y ,  little silt. Saturated 
traca fine sand 



WELL ID NO. 69913 

New Jersey Department of Envirunrnemal Protedlon 
DivsDn of Water Resources 

MONITORING. WELL RECORD 

woll Permlt No. 29 --9 
Atlas Sheet Coord~natos : lS? r,I 

OWNER 1DENTIFICATK)N - Owner 

e as owner pleas'e gwe address. Owner's Well No. 3 

u 
WPE OF WELL (as per Well  perm^^ Categon- Date well mrnpietsd // I 3 1 R 9 - Case I.D. # - 
Regulatory Program Requ~rlng Well 

CONSULTING FiRM/FIELD SUPERVISOR lit applaable) Tele. ttj0/-5-30-+ 7 5 7 
WFf I CONSTRUCTlO 

Total drpth drilled 3' ft. 

Well finished to /< ft. 

Wsil was linished: a a ;Zrm:u?t> 

If finshed above grade. caslng 
hetght (stlck up) above land 
surface If. 

Was steer orotectlve casrng tnstalled - - 

Inner Casing 0 ],r 
I 

I I I 

Gravel ~ a c d  d; 5 I ,5 1 J 

Method of Groutlng 

U yes MNO 
Static water level after drilling It. 

water level war r n e a s u d  u s i n m m ,  ombe - 
Well was devebped tor / h w m  at -2- 3 gprn 

Method of deveioprnent Pr r /a/dl .ut ' th P~)MP 
War permanent purnping1sqLGent insta~~eci? Cfi yes O NO 

Name of Dr~lier fad i&@ 

Heahh and Safely ~ l a / ~ s u b r n k d ?  a Yes a NO 
Level of Prolechon used on slte ( a d e  one)   on@ C ' B A 

N J. License NO. 7 
L m -- . IW- 

me of Drlll~ng Company 

4 cert~ty that I have drilled the above-reterenced well  in accordance wlth all weU perrnrt requirements and all applicable 
State rules and regulations. 

Driller's S~gnatur Date 

COPIU: Whirc & Green - DEP Canary - DfilLr Pink - Owtur Golduvui - Hcalrh Dcpt. 



S P N T ,  STWE - 1 - 
8&U Dark greon SAAu, Wm6 day. 
52 

Dark green-gray modturn I0 fine 
F 
5-- 

SAND, littls clay 
- - 

Dark groenurange med to fine 
SAND, m e  clay. 



Dark green to orange medium 
to fine SAND litlie clay 

Saturated PHC odor 

Saturated PHC odor 



WELL ID NO. 69915 

New Jersey h p t m e n t  of Environmental Protoctim 
D i v l s i  ot Water Resou- 

MONITORING WELL RECORD 

Regulatory Program Requ~nng Well - 
Total depth drilled / 5 It. 
Well finished to /5 ft. 
'vehole diameter: 

TOP in. 

d o n o m ~ f ?  in. 

.'ell was finished: above grade 8 flush mounted 

If finished above grade, casing 
hoqM (stick up) above land 
surface ft . 
Was steel orotecttve casing installed - - 
U yes &I NO (Cop~es of other gadogic bgs mckw 
Static water level atter drilling tt . GEOLOGIC LOG geophysml kqs should be attached. 

Water ~ a v a ~  was measured using mhe 
WeU wasdevebpd for / h w n  at & _gpm 

Method of developmenl 

was psrmMmt p u m p m g ~ i  

L e d  of Proteam used on s&e (arcla one) N o f l  c ' B A 

N J. Licenw No. T/g jz I 
'3mo of Drilling Company M n X N f A .  KUU I 

cenitv that I have drilled the above-refemnced well in accordance with all well pennit requuements and all applicable 
!ate N ~ e s  and regulations. 

Drillefs Signatur Date 



Lilholoqical Doscriplion I 
ASPWU.T I 

SILT Dark Brown-Black SILT, some 
clay, t race fine sand 

Dark green-orange fino SAND. 
l i t t le(-) clay 

Black coarse (-)  to fine SAND 

Comments 2 
40 o r h r  or sheen 

3lows 3,4,4.10 
Vo odor or sheen 

Sroundwater 
encoun!ered @ 5' 

Blows 2,4 ,4 ,5  

No odor 
Blows 4.4,6.8 



' WELL ID NO. 65916 A 

- - 

MONiTORlNG WELLRECORD 

W E U  LOCATlON - If n~ the same as a w ~ l  pkwe give eddreu Ormoh Well No. 0 

%rehole d~arneter: 
Top /B ~n. 

donom /O m. 

WeU was fmished: abwe grade 8 flush mounted 

tl finished above grade. castng 
he~ght (st& up) above land 
surface ft. 

Was sxeel~otecttve caslng ~nstalled - 
U ~ e s  MNO 
Statr: water level atter dr~llig ft. 

Water level was measwod lnng I TA+T Pube 
Wen war dsvebped tor / hovn at 2 gpm 

pump capacay J 2 L m  
Drilling Method 

Drilling Ruid 

Name of Driller 

Heatth and Sat 

Level of Plotmion used on sns (arcis one) ~one(~J c ' B A 

N.J. L i m e  No. 'f/qPZ 
Vame of Drilling Company 

certify that I have drilled the above-mterenced web in amrdance with aU web - p p  r!qmrne"tS ,, and all a p p k b b  
State kles and regutations. 

Drillefs Signature 
/ 

COPIES: W M c  & Grcrn - DEP Canmy - D f i b  P k k  - Omr GoUavcd - H& Dqr. 



. Lithological Description 

Dark green fine SAND, some cfay 

~ Q h t  green-brown med (-1 lo fine 
SAND, lrace day 

PHC c c b  
water canlxted 
$1 4.5' 
Blows 7.4.4.5 



WELL ID NO. 69917 

MONITORING WELL RECORD 

- 
ma1 depfi dri lw n .  
Well finished to / fL 

Qorehole diameter: 

Top in. 

jonom / f )  in. 

' Wed was finkhed: a E:rnL",'& 
ti finished above grade. casing 
height (stick up) above land 
surface n 

. Was sted protoctlve casing tnstalled 

' lame of Drilling Company 

GEOLOGIC LOG 

certify that I have drilled the above-referenced well in accordance with aU well pemnt requrements and all apptmWe 
State rules and regulations. 

Drillers Sigmtur Date 



Lilhological Description 

Blows 
7 ,8 .7 ,8  
Water @ 3' 

Fine Light gray to orange med (-) lo 
SAND fine SAND, 1it:le clay 

Green tine SAND, some clay i Blows 
3 .3 .4 .4 ,  
Saturated 
PHC odix 



WELL ID NO. 699/8 

MONITORING WELL RECORD 

Well finished to / fL 

'7reholo diameter: 
Top /O in. 

m o r n  10 in. 

Wall was W e  grade 

flush mounted 

If finished above grade. casing 
hoght (stidc up) above land 
surfaco n 

I 

Type nnd M.1.rt.l 

Statc water h d  attor dnlling k. 

Method ol dovelomont 

Nmo of D r i i  

, certrty that 1 have drilled the above-referenced well in accordanat with all well permit requrements and all app(roltJe 
Sate ~ l e s  and regulations. 

Driller's Signature .-, 
/ 

COPIES: White & GI- - D f f  Canary - Driller P i n t  - Omvr Gddavrd - H d h  D q r .  



~ ~ ~ r - f . . % Y m ~  - I \ 2 [ - . A L \  j I pmmicbnq;3: 1 ! 
1 

n v,= 
~2Ga-w- . . 

Tat- DWnofar '' 
-I 8 

w- C-'rnn 
tsr 4' 

LQM brown-orange 
. Fine SAND, tr- day 

. . 

Dark green-oranpo med to fine 
SAND, some day. 

water 
enamtarad Q 4' 



OWNER IDENTIFICATION - Owrer -- ------ - - -- - - 
Address - - 3 ! f ; ~ Y l @ x ! ! ~ V K  - - - -  - - - - _-. 

KKT W 
ClV - -  -- wnl S:aw - -  ZP W e  -_ 

W E L L  LOCATION - If nor the same as owner please gwe address Owper's Well No. 

Caunty ----. Munzpalrty --fXrm+- -- Lo1 No - - N h  B h L  143 - .- 

Address -- 
TYPE OF WELL (as per Well Permr: Catqorie Dato well mrnplerd 3 l / / 90 
Regularcry Program Rnquwrg Weil-i Case10 - 
CONSULTING F19MFIELD SUPERVISOR (1 ilpplcateb EsS - %dI' KL_ To B I - 47P7 

WLL CWFWCTMCI l D e p l h t o = m a t e r l  1 
Top (I! ) Bollorn(ft ) Type bnd hte!arlal 1 IFmm irnd < I K ~ ~ C B ]  1- 

I 

Water level was rneasurod using 

Well was devebped ' r 

Method of development 

Pcmp !y 

Dr~::,ng kterhcd h& ER 
1 s  Tyw or Rrg -J-H- lo 

pi.-. at DUVW &q M u C f j  .. 

-+*a*, a i d  ~ a f a v   an slibm npd7 yes  rk, 

; :+cry :ha: i ds:'W the a&.e-referex& well tn am-dax le  wtth an we3 pcrmr! TE~U~:@T.?'XS a d  all & E % ~ L Y s  

S:a!e mtes and reFprid!lor,s 



0-2' SAND Grown-~iacic Slit, med~l im ( - )  13 

line SAND trace f : c e  (3!3vr31 

Light Br3wn f ~ n e  S4?lD, c 3 m e  S::t 
l ~ t t l e  C lay  

CLAY i gnt -cro ivn,  ;2me f r e  S3na 

EKD HOLE @ 15' 

,J = 7 103 

comments 



New Jersey Department ot Environmental Protection 
Divrsion of Water Resources 

WELL ID NO. 69914 

MONITORING WELL RECORD 

WeUPerm* No. 29 - 
Atlas Sheot Coordinates z9 : l3 :66!j 

OWNER IDENTIFICAT1ON - Owner 0 
Address 167 RIvERSns Ilk 

Gtv 
FOaTt%xacxm State NJ Zip Code 

/ / 

Munrtpallty Lot No. - - B b c k  No.- 

, YQ /+zm Q n A V Y W M + A  u / 3" (7770 3 

2' 
/ 1 

TYPE OF WE (as per Well Perm* categone- Date we11 oompleted // I d 1 8 4 - 
iiegulatory Program Requiring Well - Case 1.0. # 

L- 
CONSULTING FIRMIELD SUPERVISOR (if applcable)&&&@k~c/ ~ / f ~ d ~ & , . t f ) ~  

n .  Tele. # 20!53'+'737 
/ 

Total depth drtlled 
[From land surface1 

Well tintshed to 

?hole d i a r 3  

TOP rn. 

lkttom /U In. 

Well was hnohed:[ll above grade 

flush mounted 

ti f~ntshed above grade. castng 
hetght (stick up) above land 
surtace ft. 

Was sleet aorecttve castng rnstalled - -. 
U ~ e s  l ; g ~ o  

Statlc water level after drilling 

Well was developed tor hpun at 

Method ot development L / ~ Q  ed LU I+ f i  D r/ r q  P 
Was permanent purnpln~w~pment tnstalkd; a Yes @ No 

Drilling Method 

Drilling Fluid 

Name ol Driller k ? 4  @ /- 5 
Health and Safety ~l&ubmked? a Yes  NO 
Level d PmfWm used on sne ( d d e  one) None @ C ' B A 

ne of Drilling Campany 

( b p ~ e s  of other geologtc logs andtor 
geophysical logs snould be amchod.1 

t 

I certify that I have drilled the above-referenced well in accordance wlth all well pernit requirements ard all applicable 
State rules and regulattons. 

Driller's Signature Date 

COPIES: White & Grcrn - DEP C~vlary - Dtillcr Pmk - 0Lrur Goldwud - Hcabh Dcp 



New Jersey Depadment of Env~ronmental Prote 
Division of Water Resources 

MONITORING WELL RECORD 

Well Permil No. w - -wr~[i 
Atlas Sheet Coordinates -;t~-- : - : --(Stis 0 

WELL LOCATION - If not the same as owner please give address. Owner's Well No. 

TYPE OF WELL (as per Well Permit Categories) Date well completed .q 1 / I 90 
Regulatory Program Requiring Well 

Kmz?wuH3 Case ID. # - 
CONSULTING FIRWIELD S U P E R s R ' ( i f  appliible) G . E  .5 . TWU k\\ Tek. e l )  530-4767 

, 

[ ~ e p t h  to Depth to fDlameter l  -1 

Wator level was measured using u- 
Well was devebped for hours at 

Method ol development 

Was permanent pumpi ulpment installed? Yes No 

Pump capakly 

Pump Dnlhng typo: M~thod - $-$- A v we 

Drllrng Fluid m L  Type of RQ 'TU " 10 

Hoallh and Safety PI 

L ~ V ~ I  of Protrtnn used on ~e (SIC* one) ~ n a  0 c ' B A 

N J License No. \ u7 t  
Name d Dnlling Company R- 

I cenity that I have driUed the above-referenced well in accordance with all well perm requirements an3 all applicable 
State rules and regulatbns. 

Drl l lefs Signature Dale 5-h/' 
COPILS. Whirr & Crrcn - - IlraCh Drpl. 



~ ~ 7 1 e t 1  '7'1 L , l ~ n w  Owner F S v s t e m s .  I , ,  - P  

m " rf own ppr 3 3974640 

dumoer 1 Total h t h  ? 5' Dl- 7 0 -  

;aslna F l e w  W-t~al C; 0' q& 
;c reen  31ameter  2" Lenath 13' Slot S ~ z e  320" 

. - .os~na D~arneter A" I math  3' Tvoe Sch .40 PVC 

) r ~ l l ~ n o  Method Auaer Sarn~le Method Soht S ~ o o n  

;omotetron Detalls F l u s h m n t  wlth manhole cover. Inner lock~na cap 

Loa BY J. Gallaoher Date D 

Lithological Description - Comments 

0-2' SAND 3rown. iine SAND little Gravel 
No odor or sheen 

2-3' SlLT 

3-4'  SlLT 

Black SlLT & fine Sand, trace 
G r a v e l  

Brown, fine Sand, some SlLT 
t r a c e  C l a y  

Groundwater 
encountered @4' 

4-7' SAND Light green coarse to fine SAND 
l i t t l e  C l a y  

7-12' CLAY Orange CLAY 8 fine Sand Saturated, no odor 

1 2 -  
15' CLAY Light green CLAY, some fine Sand 

Black CLAY, little Sand 
No odor 

END HOLE @ 15' 



/tl Lu- WELL LOCATION - If not ihfi same as owner please ~ N Q  address. Owner's Well No. -.,. -. 

Counly .. - Municipaltiy w m  )= Lo1 No. &3 3bck N 3 . m  

It  I~nished above grade, casing 
.L,nig'.: (st* up) R ~ O V C  land 
surtace h. 

lnrter Carny 

Outer C a s h  

Gravs' !' 

Annular SeaErnut I  L I Was steel ptoteetlve camp ~nslalled 

Wafcr level was mcrasuroc' mmg 
' N ~ f l  V E S  dewlop& for 

Hea'lh and Saf 

Lwul or Protbd 

Dr1!:0rs SIgn(rtura 



Matl to ' 
" 'DEPE 

eau Water Allocation 

i , I 
.- STATE OF NEW JERSEY ~- 

DEPARTMENT OF ENVIRONMENTAL PROTECTION AND ENERGY - - 
TRENTON, NJ 

MONITORING WELL PERMIT 

1 ?6 VALID ONLY AFTER APPROVAL BY TlfE D.E.P.E. 

Name of Facility 

Address 

Address 

D~arneter Proposed 
of Well(s) hzhes Depth ol Well(s) 2 @ Feet 

h' of Wells Wdl purnplng equlprnent 
Appl~ed for (rnax 10) be ~nstalled? YES U NO /X 
Type of Well If Yes, glve pump 

}I/ ,q 1 (see reverse) 4 ', + J capaclty GPM 

OF WELL(S) 

FOR MONITORING WELLS, RECOVERY WELLS. OR PIEZOMETERS. THE FOLLOWING MUST BE COMPLETED BY 
THE APPLICANT PLEASE INDICATE WHY THE WELLS ARE BEING INSJeLLED 

-+$=- 
ISRA S~te  ~---.--.----.-- - - 

rl CERCLA (Superfund) S~ te  

3 RCRA Slte CASE I D Number 

&Underground Storage Tank S~te 

Operat~onal Ground Water Perm 

J Pretreatment and Residuals Site, REG?g:;It~ H&,Lb?2AL-; 
G Water and Hazardous Waste Enforcement Case 

Lot # Block # 

J \ J ~  A 1 W& 
Mun~clpal~ty County Draw sketch of well(s) nearest roads, buildings, etc. with I F4 M l f l ~ I t - j I  1 ~ ~ ~ . \ M c L I  marked distances in feet. Each well MUST be labeled 

with a name andlor number on the sketch. 
State Atlas Map No. 29 

YOo 20 ' a G ? ? M W I ~  

17 Water Supply Aquifer Test Obsewatlon Well 

G Other (explam) 

- 

I FOR Issuance of this permit 1s subject to the cond~t~ons attached (see next page) &he well(s) may not be completed wlth more than 25 feet of total screen 

).E.P.E. -+&r monltonng purposes only or uncased borehole 

I 'ISE - 
b dEVERSE SIDE FOB IMPORTANT PROVISIONS AND REGULATIONS PERTAINING TO THIS PERMIT n 

65' 
42' 

In complianc with N.J.S.A. 58:4A-14, application is made for 

Date -?z7/?~ Stgnature of Drlller 

S~gnalurc of Owner 

,- *I 4 
X 

G- 5 2  -7 



U.S. ARMY 
FORT MONMOUTll 
SEI.12M PW E V  LOG OF BORING 699-MW15 

(Page 1 of 1)  

Produced for Chuck Appleby 

I 

Project Name : BLDG. 699 Completion Date : 811 7/95 
NJDEP Case # : 89-10-19-1329 Northing : N 539685.549 
Logged By : Shore Drilling Easting : E 2172905.342 
Start Date : 811 7/95 Driller : R. Barnes 

- 

Deptl 
in  

Feet 
Well Construction 

m Information 

Well Constructio 

Date Completed 
Hole Diameter 
Drill Method 
Company Rep 
Well Casing 

29-33753 
ELEV: 17.04 

811 7/95 
8 in 
HSA 
R. Barnes 

r! 

Q 

u 
DESCRIPTION 

Material 
Diameter 
Joints 

PVC 
4 in  
Threaded 

z w :  
U 

a m 5  
3 

Well Screen 

Material 
Diameter 
Joints 
Opening 

In 
- 

w 

PVC 
4 in 
Threaded 
20 Slot 

Sand Pack # 2 Morie Sand 

Annulus Seal BentonitelPortla 
Tremmie 

Well Screen 

Material 
Diameter 

PVC 
4 in 

NOTES 

Well #1 is 699 MW15 



NEW DEPARTMENT OF ENVIRONMENTAL PROTECTKjN 
BUREAU OF WATER AUOC4TIOI.I 

MONITORING WELL RECORD 

Well Permit No. 
Atlas Sheet Coordinates !. : 

OWNER IDENTIFICATION - Owner r 7  

Address , .  A . t ?  

. T t  ,;. 64 . . 
City State Zip Code 

WELL LOCATION - If not the same as owner please give address. Owner's Well No. 

County Municipality Lot No. 
I '  2 , 

Block No. 
' * '  4 ), 

Address 

TYPE OF WELL (as per Well Permit Categories) Date well completed / 1 . , i ,  $ . *  
Regulatory Program Requiring Well I Case I.D. # 

I I < 

CONSULTING FIRMIFIELD SUPERVISOR (if applicable)- 

WFI I CONSTRUCTION 

Total depth drilled /I ft. 

Well finished to ft. 

Borehole diameter: 

TOP in. 
Bottom in. 

I Inner Casing 

I Outer Casina 1 ( ~ o t  Protective 'Casini) 
1 Screen 

Well was finished: 

~ ~ ~ m ~ ~ , " t " . d  Tail Piece 

If finished above grade, casing 
height (stick up) above land 
surface ft . 

Was steel protective casing - - 
L_r Yes I NO 

Static water level after drilling ft. 

Tele. # 

-i 

Type and Material 

Water level was measured using 

Well was developed for . hours at A g Pm I 

MeJhod of development I 

Was permanent pumping equipment installed? C] Yes C] No 
%. 

Pump capaclty gpm 
Pump type: 

Drilling Method 

Drilling Fluid Type of Rig 

Name of Driller 

Health and Safety Plan submitted? 0 Yes NO 

Level of Protealon used on site (circle one) None D C 6 A 

N J. License No. 

Name of Dr~lling Company t 

(Copies of other geolo ic logs andlor 
geophysical logs shou 7 d be attached. 

ertify that I have drilled the above-referenced well in accordance with all well permit requirements and all applicable 
S a t e  rules and regulations. 

Driller's Signature Date 

COPIES: Wh~te - DEP Canary - DriHer Pink - Owner Goldenrod - Haellh Dept. 



SJJ-e of Pernittee: 
Sz=e of Facility: FORT MONMOUTH: - 
S c c a t l a n :  . . 

) l J O O  . S-;DES N u m b e r :  ; o r  EC3.X Case N W e r :  

rlvD S U X E Y O R  ' S C3T3FTCXTTON - 

- - well Pernit Number: 
zkis rider must b e  pemnanently zffixed to 
c '- -- well c a s i n g .  

~anq i t uc?e  (to nearest second) : . 

~ i t i t u d e  . ( t o  nearest s e c o n d )  : 
~ L e v a t i o n  of Tog of Inner Casing (cap off) 

(one-hundredth of  a foot) : 

Scczzce of  e l e v a t i o n  datum (bendbark, nail, 
s=s.  ) and year. (-If an a l t s r z r t t e  &stun ' h a s  -- ,,-n rn a approved by t ! !e  D e p a r t d e n t , '  identify 
; - - s ,  assme datum of l a d 1 ,  and ~ F v e  *- -- 
zT;ioximated actual elevation.  ) 

West 7 4 ° - 0 2 ' - 4 8 "  

Source: GEODETIC FM-11 

Elev. : 
P-T-ers Wbll N W e r  (As shown on 
z - , ? l i c a t i o n  or  ~lans) : 

. . 
3'1 &-,e Dega-zzaerrt. ' .To&erar.ces shocld zeer  C-k.'-Fz:! arde= stanCa=ds, which ara 
3 - 2 5  f .=  x ( m ~ l ; e ) ' / ? .  ?or  sec=ic;zs l e s s  =;--an.O.1 mile,-let-miles .I 0.1. 

e z C  all at,trc,F.nrents- anc! . t ha t ,  . 5zszd on my inquiry cf those  . -_  1 u a s  iznediately r e s ~ c n s i b l e  for o b t a i n i n g  the 
I - 1 E 3 r z a t i o n I  I 'believe the scbrnFtZed infor=lac.ion is true;; - 
zs,--;rat= and. ccmulete. I: as aware that there are  sicpi5icant 
?~.z,eItFes f o r  subnitti~g false information -- , , s s i 5 i l i t y  or' f i n e  and i m g r i s o m ~ n t .  

i n c l u d i n g  

TBOMAS PIANETTI 

(Please p r i n t  o r  T-Ge) 

the ' 



G r o u n d w a t e r  S: Env i ron .  ntal Services, Inc. 

PID 
( P P ~  

Blow 
Count 





SERIAL# 46235 : 
D W R - 1 3 3 ~  (10193) STATE OF NEW JERSEY - 

DEPARTMENT OF ENVIRONMENTAL PROTECTION AND ENERGY 

'"IEPE 
eau Water Allocation 

TRENTON. NJ 

MONITORING WELL PERMIT 
Permit NO. ,-J 9 -3 3 75 * 

36 VALID ONLY AFTER APf'KOVAL BY TIfE 11 E P.E. 
,ton, NJ 08625 COORD#:  2 

4 

0 f 4  
-. % 

Owner 1\(, , J I ( ~ . J  - !--+ j ' 2 & f i v b i , - ~ , , + j -  Driller \I/ [ I  mql 
I ," 

Address ";7- /, 1, ,yc7 -;!A F tl \A v Address ? ,  T> .,, ... , C. /A !k 
J :-- 7 " - - .  . 

1 I ' 1 JWT ( (PC, L* .A yr -4 ILI 5- -. 
Name of Facility - D~ameter Proposed 

of Well(s) h e  1 Depth of Wel l ( )  3 A Feet 

FOR MONITORING WELLS, RECOVERY WELLS OR PIEZOMETERS, THE FOLLOWING MUST BE COMPLETED BY 
THE APPLICANT PLEASE INDICATE WHY THE WELLS ARE BEING INSTALLED - 
C ISRA Site 

O CERCLA (Superfund) Stte 

O RCRA S~te CASE 1 D Number 

%Underground Storage Tank Slte 

O Operat~onal Ground Water Perm 

C Pretreatment and Restduals S~te 

Water and Hazardous Waste En 

0 Water Supply Aqu~fer Test Obsewatlon Well * 
Other (explatn) 

LOCATION OF WELL(S) 

I FOR 3 Issuance of thts perm~t IS subject to the cond~t~ons attached (see next page) P T h e  well(s) may not be completed wlth more than 25 feet of total screen 

').E.P.E. EFO~ monttorlng purposes only or uncased borehole. 

JSE o 
Stt REVERSE SIDE FOR IMDORTANT PROVISIONS AND REGULATIONS PERTAINING TO THIS PERMIT 

In compliqnce with N.J.S.A. 58:4A-14, application is made for a pernit to I1 as desqibed above. 

:, BIOC~ # Mun~c~pallty County Draw sketch of well@) nearest roads, buildings, etc. with 
8 //I//] I/< ~;ckl+*p&f  r d f l c  *+hi marked distances in feet. Each well MUST be labeled 

with a name and/or number on the sketch. 
State Atlas Map No. 2 7 



U.S. ARMY 
FORT MONMOUTII 
SEI.FM PW EV 

- 
Deptt 

in 
Feet 

Produced for Chuck Appleby 

I 
29-33757 
ELEV: 15.27 

LOG OF BORING 699-MW16 

(Page 1 of 1 )  

Project Name : BLDG. 699 Completion Date : 811 7/95 
NJDEP Case # : 89-10-19-1 329 Northing : N 539080.021 
Logged By : Shore Drilling Easting : E 2173141.399 
Start Date : 811 7/95 Driller : R. Barnes 

Well Construction 

- 
Topsoil and roots, dry - - - - - 

I 

DESCRIPTION 

I 1  

Fill, brown-green clayey, dry 

I! z 
OC " 

,̂ 

-- 

Well Construction 

Date Completed : 811 7/95 
Hole Diameter : 8 in 
Drill Method : HSA 
Company Rep : R. Barnes 
Well Casing 

Material : PVC 
Diameter : 4 in 
Joints : Threaded 

C 

Well Screen 

Material 
Diameter 
Joints 
Opening 

* a u k >  
21 "111 I Information 

Sand Pack 

Annulus Seal 

PVC 
4 in 
Threaded 
20 Slot 

# 2 Morie Sand 

BentonitelPortla 
Tremrnie 

Well Screen 

Material : PVC 
Diameter : 4 in 

NOTES 

Well #1 is 699 MW16 



NEW JERSEY DEPARTMENT OF ENVIRONMEMM PROTECTON 
BUREAU OF WATER ALLOCATlON 

MONITORING WELL RECORD 

Well Permit No. 
, . Atlas Sheet Coordinates : . 

OWNER IDENTIFICATION - Owner , ' t  L . )  , : 

Address I , .  . ; ; 

City 
q k $ e , + L .  ' State I. Zip Code 

WELL LOCATION - If not the same as owner please give address. Owner's Well No. - 
County 

, 2 , , d  ' * , ! C  

Municipality Lot No. Block No. 
I I 

TYPE OF WELL (as per Well Permit Categories) Date well completed 
- - * .  I . . :  

1 1  

Regulatory Program Requiring Well , ,. Case I.D. # 

CONSULTING FIRM/FIELD SUPERVISOR (if applicable) Tele. # - 
Total depth drilled ft. Type and Materlal 

Well finished to 11. 

Borehole diameter: 

TOP in. 
Bottom in. 

Well was finished:n 

0 ;:;h""m0:":t", 
If finished above grade, casing 
height (stick up) above land 
surface I ft. 

Was - steel - protective casing installed;( of Grouting I I 
U Yes i,'l.~o 

Static water level after dr~lling ft. 

Water level was measured using 
I 

Well was developed for I hours at QPm 

Method of development 

Was permanent pumping equipment installed? Yes NO 

Pump capaclty gPm 

Pump type: 

Drillmg Method I-.- - -  
Drilling Fluid ... Type of Rig 

Name of Drtller , 

Health and Safety Plan submitted? Yes NO 

Level of Protection used on site (circle one) None D C B A 

N.J. L~cense No. 

Name of Drilling Company 

(Copies of other geolo ic logs andlor B LOG geophysical logs shou d be attached.: 

certify that I have drilled the above-referenced well in accordance with all well permit requirements and all applicable 
State rules and regulations. 

Driller's Signature Date 

COPIES: Whrte - DEP Canary - DnHer Pmk - Owner GoMenrod - Hmhh Depl. 



S z e  of Permittee: 
5r=e of Facility: FORT M O N M O U ~ H :  - 
~ c c z t i a n :  

YJOO . S Z D Z S  Humbe=:  ; o r  EG-.  Case Number: 

- - ,ell permit N u m b e r :  -J 9- 7 3 7 J"7- --LA----- 
~ k i s  rider must be pemanently aff ixed to 
*La w e l l  casing. 

~ c n g i t u d e  (to nearest second) : 

~ 2 t i " c u d e  , (to nearest  second) : ~~~a 4 0 " - 1 8 ' - 4 2 "  
z:~,vation of Top of Inner Casing (cap off) 

(one-hundredth of a foot) : 1 5  .'27 

- - cezzify uxder penalty .of l a w  t k a t  1 have gersanally examined 
226 ax .familiar w i t 2  c?e- i n f o m a c i o n  s u S m i t t e d  in this dccunen? 
EZ< a l l  attackaents- and . t h a t ,  . b z s 2 C  on my inquiry cf those 
7 - A  L a . - F - ~ i d u a l s  ismediazsly r e s - ~ o n s  f S L e  f o r  o b t a i n i x g  the 
i z 2 z r . = z a t i o n ,  I . b e l i e v e  the submit%ed i n f  orsation is trier 
-r - - -rcab -,,,- ,,= and. csnplete. I am aware +&at the- a r a  sic;niEicant 
; s-z'z~:Fes f o r  s u b n i = t i n g  f a l s e  information i n c l u d i n g  the  
- A  , , s s i b i l i t y  of f i n e  and i n ~ r i s a r m e n t -  

IANETTI ' 

- ------- =-..,=,,-sl~g-AI; L,a3,VD SL?.VEVO,?'S L I C E N S E  ? - 



Groundwater  & E n v i r o n ~ .  ~ ta l  Services, Inc. 

Wcll number: 679 &J b /6 Total Dcprh: !' 3 Diame~er L/'. 
Casing Elevation: Watcr Lcvcl: hit:% Static: 

t, 
Scrccn Dia.: Length: / Q  ' slot size: 2 0  

4" - - ?  

Casing Dia.: Length: - Type: /'.PC 

Drilling Method: /$?s 4 - Sample Method: 1/3/r  f -/h /J 

Completion Details: p / b  M r  

Driller: -CA(/?d Log By: kl &RA/XJ Datc: g- 3 - ys 

Blow 
Count 





DIYRIS u H n r r J r a s l ~ t o l E n n m v n e n r d R o o c a o n a n d E ~  
rirPI DUfuudYJllrslAeocakvl I 

I 

D 
hWNT'TORING WELL RECORD 

Well Pwmd No -- 
Atlas Steel Coord~nates --a- 

‘ -448 0 
OWNER IDEN I IFCAR?N - Owner -+- -- -- 
4ddress - - -  ---------. 

c~ry - -n'PW[gmf Stale tu ZtpCcle -- 

WELL LOCATION - t f  no( !he ramo as orvnor please give &ress. Ownafs Wcll No A - / ( L.:? C?? ,/ 

Total depth drrlled tt. 

1..?.5hed I0 A,.? ft. 

Borehole diarnelcr: 
Top / h m .  

&norn-& 1". 

li finished above grade, casing Gravel PA 
heigtl (st& up) ebow land 

ft. 
Annular Seaffirour 

suriace 

Was steel protective casing installed4 hbthod Gmu; i~  I 
1 1  - I 
u ~ e s  Uth 

Static wetar Level after drilling R. 



SERIAL # 
DWR-' J ~ M  (7192) 

. z DEPAF. INT OF ENVIRONMENTAL PROTECTION AND EL -, - Ma11 to 
C TRENTON, NJ Permit NO. ~ 7 2 ~ ( j / ~  L/ '. - 

- - 

Water A l l o c a t ~ o n  

CN 029 MONITORING WELL PERMIT 
Trenton, N.J. 08625 5' 

VALID ONLYAFTER APPROVAL BY THE D.E.P.E. 
COORD # :i, 

Draw sketch of well(s) nearest roads, buildings, etc. with 
- d d - l -  - G-.*2.-. 5' 

State Atlas Map No. -2% a name andlor number on the sketch. 

FOR MONITORING WEUS. RECOVERY W,ELLS. Gn r ~ - w  I mv, T WL I r,-u .... r ...--.. .-- - . - -  , 
APPLICANT. -SE INDICATE WHY THE WEUS ARE BE I~ INSTA~~ED:  

0 Spill Fund Case 

0 ECRA Case 

0 CERCLA (Superfund) Site 

U RCRA Site 

i 

Case I.D. Number 

WELL FSMIT  APPROVED 
ept. of Environmental Pro!ection 

Resources/Water Atlomii~a 

I 
dE . .  . - t 

-derground Storage Tank 

0 NJPDES Muntctpal Dlxharge Rrmrt 

0 NJPDES lndustnal D~scharge Permn 

0 Water and Hazardous Waste Enforcement Case 

0 Water Supply Aquifer Test Observation Well 

0 Other (explan) 

to t h  mnddmm attached. 
uncased borehole. 

, 

L SE o 
SEI: REVERSE SIDE FOR IMPORTANT PROVISIONS AND REGULATIONS PERTAlNlNG TO THIS PERMiT. 

In corn~lince with N.J,SA 58:4A-14, application is made for a permit to drill a well as dexrckd  above. - 

Th~s Space for Approval Stamp 

COPIES: Water Allocation - White and Pink Health Dept. - Yellow Driller - White 



Ne.. *ew ~ e ~ e n t  df Enironmental Pmtecflon and t.. gy 
k .- . I Bureau of Water Allocation 

MONITORING WELL RECORD 
") 

Well Permit No. 'b?, f ;!: 
I ( 

Atlas Sheet Coordinates . :Io . 7 .  ; ; !4* 

Address 
WiWr W W U13i N i 

City State Zip Code 

WELL LOCATION - If not the same as owner please give address. Owner's Well No. k.17 J . L c c u  1.1:d- 1 
County I I $ I Municipality L O ~ ~ O .  a Block No. , , 
Address 

TYPE OF WELL (as per Well Permit Categories) Date well completed 7 / I Cc/ 
Regulatory Program Requiring Well 1 r.1' Case I.D. # t ,:j 1 1 f? w r ~ ~ ~  6~ 

CONSULTING FIRMIFIELD SUPERVISOR (rf applicable) Tele. # - - 
Total depth dr~lled /XJ ft. Type end Material 

Well f~mshed to < ft. 

Borehole diameter: 
TOP in. 

Bottom 2 in. 

was fin~shed: [ll a ve grade 

flush mounted d' 
,mished above grade, casing 

height (st~ck up) above land 
surface ft . 
Was steel protytive casing installed - - 
.I Yes UNO 

I t 
Static water level after drilling '-i ft. 

(Copies of other geolo ic logs and/or 
aeoohvsical loas shouyd be attached. 

Water level was measured using 

Well was developed for hours at / k )  gpm 

Method of development 9, .m P 
Was permanent pumping equipment installed? Yes m o  

Pump capacity gpm 

Pump type: 

Drilling Method , * : ~ . G ~ ~  
CI 

Drilling Fluid Type of Rig &: -- 
Name of Driller ,..% /~f ! l?e / E 4 CC,T 
Health and Safety Plan submitted? m e s  No - 
Level of Protection used on site 09 @ D C B A 

C. 

N.J. License No. 17 3 f 

\rtify that I have drilled the above-referenced well in accordance with all well permit requirements and all applicable 
\e rules and regulations. 

Driller's Signature . ..fi&l- Date 7 -  /! - ?  

COPIES: White & Green - DEPE Canary - Driller Pink - Owner Goldep-od - Health Depf.  



L m g i t u d r  (to n o s r a ~ t  o~aond) t 

Xati tudr (to atonreat  escond) t 
Hlrvr",on of of Inner Grrolng (aap off) 

(om-hundred th  of a foot)  r 
I.:leflacl: lw of qlotltltl 1evc.I ( 1,/10Oth f t .  i 
Qouroa 0 2  ~ l w o t i o n  d&tm (hacSu&mrk, nail, 
e t c . )  rnd yaar. (1 f an oltarrAt4 d 8 t w  has 
bran rgprovod by t h e  b g r r t . m n t ,  idontlfy 
here, n o r u e  datua o f ~ ~ O O ' ,  an3 gLve 
bpgroxisatad ectuel alavetlon.) 

tlnvstionr are to br datamined by double 
~ m t i l o d r  uaing ba1hncdbb siahtlp, comraonclng 
deocribod p o h t .  Thlt hgihning point athil l  a i thar  bo clarivah from 
P e d r r a l  o r  B t a t o  benchmarks i f  not &Or8 t h a n  1000 fsot from t h a  a i t e  
or from an a l tamate  d 8 t u  approved by t h o  Dspartxlrnt,  3 T r a n c e s  

ssctions lesn than 0 . 1  m i l e ,  lat nilme - 0.1. n f a h o q l d  a r c t  *&ird order strhdardu,  which ara 0 . 0 5  It x (ni l fa)  ", F o r  

3 cortlfy under p n r l t y  of law that I have personally oxaninad and am 
familiar w i t h  t h a  i n f o n m t i b n  oubmitted in thir document and a l l  
r t t a c h m e n t a  end that, barsod an my inquiry of  those in@fvir! iuals  
i e ~ c d l a t a l y  rorrponrribla f o r  obtrinlng tho  Inlorartion, f believe t h o  
sut,aitted i n f o m a t i o n  i n  t r u e ,  Iccur l te  and conpleto. I an a w n r o  t h a t  
t h e r e  a r e  ufgnificsnt pena1t i .a  f o r  6ubmitting false i n f o m a t i o n  
including the poaalbility of f ine  and imprisonment. 



- 
Deptt 

i n  
Feet 

U.S. ARMY 
FORT MONMOUTII 
SF.I.FM PW EV 

Produced for Charles Appleby - LOG OF BORING 600-mwl 

(Page 1 of 1) 

Project Name : BLDG. 600 Completion Date : 7/8/94 
NJDEP Case # : 93-1 1-9-0923-00 Northing : N 539779.403 
Logged By : TYREE INC. Easting : E 21 73301.334 
Start Date : 718194 Driller : M. Beck 

Well Constructic 

Date Completed 
Hole Diameter 
Drill Method 
Company Rep 

Well Casing 

Material 
Diameter 
Joints 

Well Screen 

711 5/94 
8 in 
HSA 
M. Beck 

29-30968 
ELEV: 16.36 

PVC 
4 in  
Threaded 

0 
2 DESCRIPTION 

Material : PVC 
Diameter : 4 i n  
Joints : Threaded 
Opening : 2 0  Slot 

Sand Pack : # 2 Morie Sand 

In 
a - < c a m  

n c n 5 h  
u 3 m m  

Annulus Seal : BentonitelPortland 
: Tremmie 

Well Screen 

Material : PVC 
Diameter : 4 in  

NOTES 

Well #1 is 600  MW1 

+- 

k 
Well Construction 

Information 
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STATIC LEVEL 
WELL# (FT. BELOW GRADE). 

MAX 
YIELD 

(GPM) 

1.807 

.709 

1.961 

.2 17 

1.1 1 

.792 

COULD NOT 
DEVELOP 

2.273 

1.176 

COULD NOT 
DEVELOP 

TABLE 1 
PUMP TEST RESULTS 

OF 6/23/92 8s 6/25/92 
OUR FILE #5068-9201 

RECOVERY 

23 MIN. 

3HR. 48 MIN. 
TO 5.9* 

1 HR. 12 MIN. 
(5.2)* 

2 HR. 35 MIN. 
(5.3)* 

52 MIN. 
(4.5)* 

1 HR. 54 MIN. 
(5.0)* 

46 MIN. 

57 MIN. 
(5.3)" 

RECHARGE 
FT./MIN. 

0.18 

DND 

0.14 

0.09 

0.18 

0.16 

------ 

0.74 

0.08 

------ 

*WELL RECOVERED TO THE LEVEL INDICATED IN FEET BELOW GRADE 

DEPTH OF 
WELL(FT.) 

14.4 

16.5 

14.4 

6.6 

14.5 

14.0 

13.0 

13.5 

13.75 

14.25 

SPECIFIC 
CAPACITY 
(GPMrnT.1 

0.24 

0.06 

0.2 1 

0.14 

0.1 1 

0.10 

------- 

0.33 

0.16 

------- 



WELL DESIGNATION 

TABLE 2 
MONITORING WELL COMMENTS 

DIAMETER 
(INCHES) 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

RECOMMENDATION1 
POTENTIAL USE 

CLOSURE 

CLOSURE 

FUTURE WATER INJECTION 

CLOSURE 

FREE PRODUCT RECOVERY 

FREE PRODUCT RECOVERY 

OBSERVATION 

OBSERVATION 

CLOSURE 

OBSERVATION 

OBSERVATION 

CLOSURE 

FUTURE WATER INJECTION 

FUTURE WATER INJECTION 



Well # 

TABLE 3 

AQUIFER CHARACTERICS 

AVG. N/A 418 

R - Distance to observation well from pumping well 

T - Transmissivity 

S - Coefficient of Storage 

K - Hydraulic Conductivity = T ave/b = 32.15 



APPENDIX 111 



APPENDIX IV 



tert-Butyl alchol . 
(ug/L) 

- .. .- - .... . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  ... 

- . . . . . . . . . . . . . . . . . . . . . . .  -r 
. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

' 96 '97 ' ' 98 '99 

Methylene Chloride 
(ug/L) 

1550 
3 240 

930 

'95 '96 ' 97 '98 '99 

Toluene 
(ug/L) 

50000 
45000 
40000 
35000 
30000 
25000 
20000 
15000 
10000 
5000 

0 
'95 ' 96 ' 97 ' 98 '99 

Methyl-tert-Buthyl ether 
(ucl/L) 

Chloroform 
(ug/L) 

'95 ' 96 ' 97 ' 98 '99 

Ethylbenzene 
W L )  

'95 '96 '97  '98 '99 

Acetone 

21000 

14700 

10500 

6300 
4200 

'95 '96  '97  

Xylenes Total 
(ug/L) 

'95 '96 ' 97 '98 '99 

LEGEND: 

PARAMETER 
i 
i 

I = Dale 1 1 Sampled 
f? I 
i NJDEP cribr ia 

GW MONITORING I 

Bldg. 699 1 

Well 1 of 13, Graph 
-. 

FORT MQNMOUTH 
SELFM-PW-EV 

- 
04-13-1999 c \ml~ch46\1rn\699a\~w\699a wsl 



Depth to Water 
(Feet) 

- - 

SOURCE: 0699MW01 
--. 

Sampling Dates: 

LEGEND: 

PARAMETER 
1 -  -7 

I o = Date i 

I Sampled b 
I I NJDEP Criteria 
I-- - - - - - - - - - . 

FORT MONMOUTH - -- . . - -- - -- 

GW MONITORING 
Bldg 699 

Well 1 of 13, Graph I 
7 



tert-Butyl alchol 
( W L )  

Xylenes Total 
(ug/L) 

Acetone 
(ug/L) 

700 
. . . . . . . . . . . . . . . . . . . . . . . . .  

560 ...... ..................... 
.................................... 

......................................... 350 

......................................... 

..................... 
140 

........................................... 70 - 
0 ................... 

'95 ' 96 ' 97  ' 98  '99 

Lead 
(ugll) 

'95 ' 96  ' 97 ' 98  '99 

Methylene Chloride 
(u g/L) 

Ethylbenzene 
(ug/L) 

560 -, ......,........... ..........,............. 
I 490 ...... ! ............. ...................... 

420 ....................................... 
350 ......................................... 
280 ---..... --- 

210 
140 ................. ,. ....................... 
70 ..... 

0 
'95 ' 96 ' 97 ' 98 '99 

Depth to Water 
(Feet) 

........................................ 
. - . . .  ..................... 

16 , -....- 8.. ................................. 
I I 

14 ......,........... ........................ 
I ............. ..................... 

.......... 

... 

'95 ' 96  ' 97  ' 98  '99 

SOURCE: 0699MW02 
-- - - - - . 

Sampling Dates, 
05/24/95 - OW1 0199 
- - . - - -- - 

LEGEND: , 

PARAMETER 
I -7 

o = Date 1 I 

Sampled I 
e 
I NJDEP Cr~ler~a 

GW MONITORING 
Bldg. 699 

Well 2 of 13, Graph 

FORT MONMOUTH 
SELFM-PW-EV - - - ___- __ . -. 

-- 
04-13-1999 c \mlech46Vm\699a\yw\699a wsf 



- .  . .- . . . . . .  .. - 

tert-Butyl alchol 
( u g U  

. . . . .  . . . . .  $080 
960 . . 

720 . . . . . . . . .  

.......... 
480 ..... 
360 

.... 

0 

Methylene Chloride 
(ug/L) 

Ethylbenzene 
(ugJL) 

Methyl-tert-Buthyl ether 
(ug/L) 

Benzene 
(ug/L) 

'95 '96 '97 '98 '99 

Xylenes Total 
(ug/L) 

'95 '96 '97 '98 '99 

Toluene 
om-) 

32400 

14400 

'95 ' 96 ' 97 ' 98 '99 

Lead 
(W) 

'95 ' 96 ' 97 ' 98 '99 

-- - -- -- - - - 

SOURCE: 0699MW03 1 
-. - - 

Samplmg Dates 
05/24/95 - 0 3 1  0199 

-- 

LEGEND: 

PARAMETER 
77 

GW MONITORING 
Bldg. 699 

Well 3 of 13. Graph 

U.S. ARMY 
FORT MONMOUTI 
SELFM-PW-EV 

- -  -- - 





----up 

SOURCE: 0699MW04 Methyl-tert-Buthvl ether tert-Butyl alchol 
(ug/L) 

Methylene Chloride 
(ug/L) 

........ 30000 ..................... 
---. -....... 27000 -. ................ 1 

'95 '96 ' 97 ' 98 '99 

LEGEND: I 
PARAMETER 

I I 

-. -- - . - -- -. 
~ 

FORT MONMOUTH - 
GW MONITORING 

Bldg. 699 
Xylenes Total 

(ug/L) 

'95 '96  '97 '98 '99 

Well 4 of 13. Graph 
- - I 



Lead Depth to Water 
(ug/l) (Feet) 

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  

'95 '96 ' 97 ' 98 '99 '95 '96 '97 '98 '99 

SOURCE: 0699MW04 
- - -. 

Sampling Dates: 

LEGEND: 
I 

I 

PARAMETER 

77 
I o = Date 

NJDEP Criteria 
_ - 

- . - - - - - -  
FORT MONMOUTH 

I 
GW MONITORING 

- - -  -1 81dg. 699 

Well 4 of 13, Graph 
- 

I 
1 



SOURCE: 0699MW05 tert-Butyl alchol 
(ug/L) 

Methyl-tert-Buthyl ether 
W L )  

Methylene Chloride 
W L )  

- 

Sarnplmg Dates 
05/24/95 - 0311 1/99 

--- - -  - -  

Chloroform 
(ugfL) 

Benzene 
(ug/L) 

'95 ' 96 ' 97 ' 98 '99 

LEGEND: 

PARAMETER 
I 

o = Date 

NJDEP Criteria 
I I 

Xylenes Total 
( u g 4  

'95 '96 '97 '98 '99 

Lead 
(ugfl) 

'95 '96 '97 '98 '99 

Depth to Water 
(Feet) 

'95 '96 ' 97 '98 '99 

Well 5 of 13, Graph 1 

U.S. ARMY 
FORT MONMOUTH 
SELFM-PW-EV 



tert-Butyl alchol 
(ugfL) 

Methylene Chloride 
(ug/L) 

Benzene 
(ug/L) 

........ 

.. 

6400 
5600 ..................................... 

'95 ' 9 6  ' 9 7  '98 '99 

Methyl-tert-Buthyl ether 
(uglL) 

Toluene 
(ug/L) 

'95 ' 9 6  ' 97 ' 98  '99 

Acetone 

Chloroform 
(ug/L) 

'95 '96 '97 '98 '99 

Ethylbenzene 
W L )  

'95 ' 96 ' 9 7  ' 98  '99 

SOURCE: 0699MW06 

Sampling Dates: 
05/24/95 - 031 10199 

- - - - - -- . 

LEGEND: 

PARAMETER - 

o = Date i 
I 

Sampled 1 I 

P 
' NJDEP Crrterra 

- -- . - - -- - - 

I 
)RT MONMOUTH 

I 

GW MONITORING 
Bldg. 699 

Well 6 of 13, Graph 
. - 



. . . . .  -.-- . . .  -~ - 

Xylenes Total 
(ug/L) 

..... 

....... 

Lead 
(ug/l) 

'95 ' 96 ' 97 '9B '99 

Depth to Water 

- - 
(Feet) 

7 .  ..:I.:::::::::::: ...... 

. . . . . . . . . . . . . . . . . . . . . . . .  

.......................... 

........ : :  j ..................... 
........................................ 

........................ ........... I I ...... 

I 
........................................ 

........................ ................ L 

'95 ' 96 ' 97 ' 98 '99 

SOURCE: 0699MW06 I I 
-- - 

Sampling Dates: 
05/24/95 - 0311 0199 

- I 
- - - - - . - I 

--  I 

LEGEND: 

PARAMETER I 
I/ I 
I o = Date I 

I i 
Sampled 

by i 
1 I NJDEP  riler ria 
t-- - -- - - - . - - 

FORT MONMOVTH 

GW MONITORING I 

Bldg 699 

I 

Well 6 of 13, Graph i 



tert-Butyl alchol 
(ug/L) 

Methylene Chloride 
(ugU  

Ethylbenzene 
(ug/L) 

'95 ' 96 ' 97 ' 98 '99 

Depth to Water 
(Feet) 

Benzene 
(ugN  

50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

'95 ' 96 ' 97 '98 .gg 

. -- 

SOURCE: 0699MW08 I 
- - - - - . 

Sarnpl~ng Dates: 
05/24/95 - 0311 0199 

LEGEND: 

PARAMETER 
I 

I 
i 

o = Date 
Sampled b 1 

( NJDEP ~ n i e n a  
1-I 

- - - -- - -- -- - - 
- - %  

FORT MONMOUTH 
- ---+ 

GW MONITORING 
Bldg. 699 

I 

I 
Well 7 of 13, Graph I 

I - - w 

! 
I 
I 



Methylene Chloride 
(ug/L) 

'95 ' 9 6  ' 9 7  ' 9 8  '99 

Ethylbenzene 
(w-) 

.... 700 -......-.---........... .=. 
630 . - . - . .  
560 ........................................ 
490 -..-..................................... 
420 -............ 
350 ...... 
280 ....................................... 

210 - ............. 
140 ......................................... 
70 ........................................ 

0 - [I +-a '95 Q--- ' 9 6  + + + . ~ o o -  ' 97 ' 98 - '99 -- -- 

Benzene 
(ug/L) 

'95 ' 9 6  ' 97 ' 9 8  '99 

Toluene 
(ug/L) 

' 9 7  ' 9 8  '99 

Lead 
( u g 4  

'95 ' 9 6  ' 9 7  ' 90 '99 

Depth to Water 
(Feet) . 

'95 ' 96 ' 9 7  ' 98 '99 

-- ........-.. 

SOURCE: 0699MW09 

Sampling Dates 
05/24/95 - 12/30/99 

- - 

LEGEND: I 
PARAMETER 
v i 

o = Date I I 
I 

Sampled 1 

GW MONITORING 
Bldg. 699 I 

I 

Well 8 of 13. Graph 
-- - 



tert-Butyl alchol 
(ug/L) 

'95 ' 96 ' 97 ' 98 '99 

Chloroform 

' 96 ' 97 '98 '99 

Ethylbenzene 
(ug/L) 

700 -.P 
630 - .................. 
560 ........................................... 
490 - ......................................... 
420 - ......................................... 
350 -. ..................... ---- ..---..... ...... 

280 ................................... 

210 - ......................................... 
140 .................. 

70 ................................... 

0 &e+--- - s e -o--p-+&-+ + 
'95 '96 '97 '98 '99 

Benzene 
(ug/L) 

'95 ' 96 ' 97 ' 98 '99 

Acetone 
(ug/'-) 

Lead 
fugfl) 

'95 ' 96 ' 97 ' 98 '99 

Methylene Chloride 
(ug/L) 

Toluene 

'95 '96 ' 97 '98 '99 

'95 ' 96 ' 97 ' 98 '99 

-- 

.............. 

.................................. 

.................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
.................................... 

........................................ 

........................................ 
........................................ 

700 
630 -. 
560 
490 -. 
420 - 
350 
280 
210 
140 - 
70 -. 

0 

Depth to Water 
(Feet) 

20 
' ............................ 
................. 
......................................... 
.......................................... 

8 

--- 

r 

SOURCE: O699MW 12 
.- . 

Sampling Dates: 
05/24/95 - 03/09/99 
- - - -. - - 

LEGEND: 

PARAMETER 
7 - 1  

o = Date I 
Sampled , I 

I 

Well 9 of 13, Graph 

- -. . -- 

U . S .  ARMY i 
FORT MONMOUTH 1 
SELFM-PW-EV 



Methylene Chloride 
(ug/L) 

Lead 
(ug/l) 

'95 ' 96 ' 97 ' 98 '99 

Depth to Water 
(Feet) 

'95 ' 96 ' 97 ' 98 '99 

- - - - . .. 

SOURCE: O699MW15 
-- - - - - - - . 

Sarnplmg Dates 
11/21/95 - 03/09/99 

-- 

- i 
i 

- I 

LEGEND: 

PARAMETER 
I--- 1 

I 1 c = Date , I 

I Sampled 
I 

0 I 

1 I NJDEP Crleria 

- 
- 

GW MONITORING 
Bldg. 699 

Well 10 of 13, Graph 

U.S. ARMY 
FORT MONMOUTH 
SELFM-PW-EV 1 

\- - , 
I -- 

04-1 3-1999 C hlech46\rmk99aGw\699a wsl 



Chloroform Lead 
(ug/L) (ug/l) 

'95 ' 96 ' 97 ' 98 '99 '95 ' 96 ' 97 ' 9 8  '99 

-~ - . - .. 

SOURCE: O699MWl6 
...... - 

Sampling Dates 
1 1/21/95 - 03/09/99 

Depth to Water 
(Feet) 

LEGEND: 

PARAMETER 
I---- 

I o = Dale ! 1 
1 Sampled 

I 

GW MONITORING 
Bldg. 699 

Well 11 of 13, Graph 

U.S. ARMY 
FORT MONMOUTH 
SELFM-PW-EV 

- :  --_ _ 



tert-Butyl alchol 
(ug/L) 

Methyl-tert-Buthyl ether 
(ug/L) ---- ............. ' . . . . . . . . . . . . . . . . . . .  ' 

. . . . . . . . . . . . . . . . .  

'97 ' 98 '99 

Toluene 
(ugfL) 

'97 ' 98 '99 

Methylene Chloride 
(ug/L) 

'97 '98 '99 

Lead 
(ug/l) 

Ethylbenzene 
bJg/L) 

3200 
2880 ....................................... 
2560 
2240 
1920 
1600 
1280 
960 ,',, 
320 ..................--- .[ 

0 I 

'97 ' 98 '99 

10 
g 

Acetone 

350 
.. 

210 

......................................... 

........................................ I P 

- 

SOURCE: 0699RW11 

LEGEND: 

PARAMETER 
7 

o = Date 
Sampled 

Well 12 of 13, Graph 

- 
04-13-1999 c \mlech46\lm\699a\gni699a wsl 



Lead 
(WN) 

................... 
................................. 

'97 ' 98 '99 

Depth to Water 
(Feet) 

20 ............... .... 

SOURCE: 0616MW01 
-- 

Sampling Dates: 
04/02/97 - 03/09/99 

-- 

LEGEND: 

PARAMETER 
I 

c = Date 
Sampled 

J 
.- 

FORT MONMOUTH 

GW MONITORING 
Bldg. 699 

Well 13 of 13. Graph 

ria 
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TABLE 3 
Soil Analysis Summary Data 

May 30, 1993 

Results reported in rnliligrarne per kilogram; rnglkg. * -Does not inctude J and 8 compourrck. 



EXIST. 
SERVICE STATION 

SITE PLA 
"SERVICE STATION BLDG. 

FORT MONMOUTH . MONMOUTH COUNTY . b 

DAHIEI T DRISCOLL 
I I J  PflOFL'SSQIAL WGWIER 1K I C E S 1 3  
Ph PROFESIKXIU. E I l G M C A  Ui S 0 1 1 6 1  

-&%----A 
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Departme the Army 
Fort Mo~rmouth 

Main Post Gas Station 
Building 699 

Eatontown, New Jersey 

Pump and Treat System 
Performance Summary 

January 1998 to April 1999 

FI,OM' RATES (gpm) 1 



Departme the Army 
Fort Monmouth 

Main Post Gas Station 
Building 699 

Eatontown, New Jersey 

Pump and Treat System 
Performance Summary 

January 1998 to April 1999 



Departmer the Army 
Fort &lbs.mouth 

Main Post Gas Station 
Building 699 

Eatontown, New Jersey 

Pump and Treat System 
Performance Summary 

January 1998 to April 1999 

On kpdnure I u I UI L' u I u I I'  L I L 

FLOW RATES (gpni) i 
I 

MW-11 (Total Influent) 1 3.161 O.OO/ 0.001 2.451 2.571 2.961 2.911 2.921 2.781 0.001 2.871 2.991 3.071 3.08 
1 3.161 0.001 0.001 2.451 2.571 2.961 2.911 2.921 2.781 0.001 2.871 2.991 3.071 3.08 



APPENDIX YII 



Data L o g  Fi Monmouth 
rest start: 4117198 11:19:45 GW PumpNEGElAir Sparge Test 2 

MP3(15ft) MP-5(lZft) MP4 (Sft) MP-2(6ft) MP-1(3ft] Castng 
elapsed lme 

(*CC) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
1 30 
135 
140 
145 
150 
155 
160 
165 
170 
175 
160 
185 
190 
195 
200 
205 
21 0 
21 5 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 
365 
370 
375 
360 
385 
390 
395 
400 
405 

Press Rerp Prcrs Resp Press Rcsp Presr Resp Prem Resp Vacuum 
lin WC1 (in WC) (In WCl (in WCl (In WCI (InHal 

MW15f t )  MPS(12ft) MP.4 (9ft) MP-2(6R) MP-1 
GWDD GWDD IWFlow GW DD 

(feet) 
0 61 
0 61 
0 61 
0.61 
0 61 
0 61 
0 61 
0 61 
0 61 
0 61 
0 60 
0 61 
0 61 
0.61 
0.60 
0.61 
0.61 
0.61 
0 60 
0.60 
0.61 
0 61 
0.60 
0.61 
0.60 
0.60 
0.61 
0.61 
0.60 
0 60 
0.61 
0.61 
0 61 
0 61 
0 61 
0.60 
0.60 
0.60 
0.60 
0 60 
0.60 
0 60 
0.61 
0 60 
0.61 
0 60 
0 61 
0.61 
0.61 
0.61 
0 61 
0 61 
0 61 
0.60 
0.61 
0.60 
0.60 
0 60 
0.61 
0.60 
0 60 
0.60 
OM) 
0 61 
0.61 
0.61 
0.61 
0.61 
0 61 
0 59 
0.60 
0.61 
0.61 
0.60 
0.60 
0 60 
0 60 
0.60 
0.60 
0.61 
0 61 

GW DD 
(feet) 
0 72 
0 72 
0 72 
0 72 
0 71 
0 72 
0 72 
0 71 
0 72 
0 71 
0 71 
0 72 
0 71 
0 72 
0 71 
0 72 
0 72 
0 71 
0 71 
0 72 
0 72 
0 72 
0 72 
0 72 
0 71 
0 71 
0 72 
0 72 
0 71 
0 71 
0 72 
0 72 
0 72 
0 72 
0 71 
0 71 
0 71 
0 71 
0 71 
0 71 
0 72 
0 71 
0 72 
0 71 
0 72 
0 72 
0 72 
0 72 
0 72 
0 72 
0 72 
0 72 
0 72 
0 72 
0 72 
0 72 
0 71 
0 71 
0 72 
0 71 
0 71 
0 71 
0 71 
0 71 
0 71 
0 72 
0 72 
0 72 
0 72 
0 71 
0 71 
0 72 
0 72 
0 72 
0 72 
0 71 
0 71 
0 73 
0 72 
0 71 
0 72 

GW DD 
(feet) 
0 68 
0 68 
0 68 
0.68 
0 68 
0 68 
0 68 
0 68 
0 68 
0 68 
0 67 
0 68 
0 67 
0 68 
0 68 
0 68 
0.68 
0 67 
0 68 
0 68 
0.68 
0 68 
0 68 
0 68 
0 68 
0 66 
0 68 
0.68 
0 68 
0 67 
0 67 
0 68 
0 68 
0 67 
0.67 
0.66 
0 66 
0 65 
0 66 
0 64 
0.65 
0 64 
0.63 
0.63 
0 63 
0.62 
0.63 
0.62 
0 63 
0 61 
0 61 
0 61 
0 60 
060 
0 59 
0 59 
0 59 
0.59 
0 58 
0.57 
0 57 
0 56 
0 56 
0.56 
0 56 
0 55 
0.55 
0.55 
0 54 
0 54 
0 53 
0.53 
0.53 
0 53 
0 52 
0 51 
0 51 
0 51 
0 50 
0 50 
0.49 

GW DD 
(feet) 
0 00 
0 00 
0 01 
0 01 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
-0 01 
0 01 
0 01 
0 00 
0 01 
0 01 
0 01 
0 00 
0 00 
0 02 
0 01 
0 03 
0 02 
0 03 
0 02 
0 02 
0 04 
0 03 
0 04 
0 04 
0 04 
0 04 
0 05 
0 05 
0 06 
0 06 
0 06 
0 06 
0 07 
0 07 
0 07 
0 09 
0 09 
0 0 9  
0 10 
0 09 
0 11 
011 
0 13 
0 13 
0 I 3  
0 13 
0 13 
0 14 
0 14 
0 14 
0 15 
0 15 
0 15 
0 16 
0 16 
0 17 
0 17 
0 I 8  
0 18 
0 20 
0 20 
0 20 
0 21 
0 20 
0 21 
0 22 
0 23 
0 24 
0 24 
0 23 
0 24 
0 25 
0 25 
0 25 
0 26 

(feet) 
-0 04 
-0 04 
-0 04 
-0 04 
-0 06 
-0 04 
-0 04 
-0 06 
-0 05 
-0 05 
-0 05 
-0 05 
-0 06 
-0 06 
-0 06 
-0 06 
-0 06 
-0 09 
-0 08 
-0 09 
-0 09 
-0 09 
-0 09 
-0 09 
-0 10 
-0 10 
-0 10 
-0 10 
-0 11 
-0 11 
-0 11 
-0 12 
-0 11 
-0 12 
-0 12 
-0 12 
-0 12 
-0 I 3  
-0 14 
-0 14 
-0 14 
-0 13 
-0 14 
-0 14 
-0 15 
-0 14 
-0 14 
-0 14 
-0 14 
-0 14 
-0 15 
-0 15 
-0 14 
-0 15 
-0 16 
-0 15 
-0 15 
-0 15 
-0 15 
-0 15 
-0 15 
-0 14 
-0 13 
-0 13 
-0 13 
-0 12 
-0 12 
-0 12 
-0 13 
-0 13 
-0 12 
-0 11 
-0 11 
-0 11 
-011 
-0 12 
-0 11 
-0 10 
-0 10 
-0 10 
-0 10 

(feet) 
011 
0 17 
161 
2 33 
1 31 
0 68 
0 50 
0 53 
0 35 
0 22 
0 25 
0 I 6  
0 11 
0 15 
0 16 
0 17 
0 11 
0 10 
0 15 
0 13 
0 14 
0 12 
0 11 
0 00 
0 12 
0 12 
0 17 
0 11 
0 12 
0 12 
0 10 
0 18 
0 10 
0 10 
0 12 
0 15 
0 16 
0 10 
-0 01 
0 23 
0 19 
0 18 
0 11 
0 16 
0 17 
0 23 
0 18 
0 15 
-0 13 
0 22 
0 23 
0 24 
-0 23 
0 24 
0 20 
0 26 
0 21 
0 28 
0 31 
0 28 
0 33 
0 29 
0 32 
0 30 
0 12 
0 35 
0 40 
0 43. 
0 41 
0 41 
0 41 
0 46 
0 52 
0 49 
0 49 
0 53 
0 52 
0 54 
0 56 
0 59 
0 59 

(scfm] 
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 
O W  
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 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 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 
OM) 
0 00 
0 00 
0 00 

LoVac 
Air Flow 
(scfm) 
ID4 13 
103 84 
121 05 
203 02 
202 96 
19917 
17315 
15039 
132 04 
121 19 
100 60 
82 00 
66 05 
51 91 
38 59 
31 81 
I 7  24 
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 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 
5 43 
8 58 
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 
a 00 
0 00 
0 00 
0 00 
7 66 
12 12 
0 00 
0 00 
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Data Log Ft Monmoum 
rest Start: 4117198 11 :19:45 GW PumpNEGElAlr Sparge Test 2 - 

MP3115ft) MP-Xl2ftl M P d  Wtl MPdfSftI MP-1Wt) Casino MPd(15ft) MP5(lZft) MP4 lEm) MP-216ftl LoVac . . . . . . . . . , 

Press R c s p  Press R e z p  Press R c r p  Press R e y ,  Press R e r p  Vacuum 
(In WC) 

-0 08 
-0 08 
-0 09 
-0 09 
-0 09 
-0 09 
-0 09 
-0 10 
-0 10 
-0 11 
-0 11 
-011 
-0 11 
-0 12 
-0 12 
-0 12 
-0 12 
-0 13 
-0 13 
-0 14 
-0 14 
-0 14 
-0 14 
-0 14 
-0 14 
-0 14 
-0 15 
-0 15 
-0 15 
-0 15 
-0 15 
-0 15 
-0 16 
-0 16 
-0 16 
-0 16 
-0 I 6  
-0 17 
-0 17 
-0 18 
-0 18 
-0 19 
-0 19 
-0 21 
-0 23 
-0 22 
-0 20 
-0 17 
-0 18 
-0 22 
-0 22 
-0 26 
-0 27 
-0 28 
-0 27 
-0 26 
-0 31 
-0 32 
-0 32 
-0 31 
-0 32 
-0 34 
-0 34 
-0 35 
-0 36 
-0 36 
-0 38 
-0 38 
-0 39 
-0 39 
-0 39 
-0 39 
-0 40 
-0 39 
-0 40 
-0 41 
-0 42 
-0 44 
-0 45 
-0 47 
.o 49 

(in WC] 
-0.01 
-0.01 
-0.01 
-0 01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.02 
-0.02 
-0.02 
-0.02 
-0.03 
-0.03 
-0.03 
-0 03 
-0.03 
-0.03 
-0 04 
-0.03 
-0.03 
-0 04 
-0 06 
0.06 
-0.06 
-0 06 
-0.06 
-0.05 
-0 05 
-0 05 
-0.05 
-0.05 
-0.05 
-0.05 
-0 04 
-0.04 
-0.04 
-0.04 
-0.07 
-0.05 
-0 05 
-0.06 
-0 06 
-0.07 
-0.06 
-0 05 
-0.04 
-0.05 
-0.07 
-0.07 
-0 09 
-0.02 
-0.07 
-0.07 
-0.08 
-0.08 
-0 08 
-0.07 
-0.07 
-0.07 
-0 07 
-0.07 
-0.08 
-0.07 
-0.08 
-0.08 
-0.08 
-0.07 
-0 07 
-0.07 
-0.07 
-0 07 
0.06 
-0 07 
-0.07 
-0.07 
-0.08 
-0 06 
-0 08 
-0.09 

(a WC) 
0 05 
0 05 
0 05 
0 05 
0 05 
0 05 
0.05 
0.05 
0 05 
0 05 
0.05 
0 05 
0.05 
0 05 
0 05 
0 05 
0 05 
0 05 
0.04 
0.04 
0.05 
0 05 
0 04 
0.05 
0 05 
0 04 
0.04 
0.04 
0 04 
0 04 
0.04 
0 04 
0 03 
0.03 
0 03 
0 03 
0.03 
0.02 
0.03 
0 02 
0.02 
0 03 
0.02 
0 01 
0.01 
0.03 
0.05 
0.05 
0 05 
0.05 
0.05 
0 05 
0.05 
0.05 
0 05 
0.05 
0 05 
0.05 
0 05 
0.05 
0.05 
0 05 
0 05 
0.05 
0.05 
0.05 
0.05 
0.04 
0 05 
0 04 
0 05 
0 03 
0.03 
0.04 
0.03 
0.02 
0 01 
-0 01 
-0.01 
-0.02 
-0.04 

(In WC) 
-1 83 
-1.83 
-1 85 
-1.86 
-1.86 
-1.88 
-1 86 
-1.68 
-1.92 
-1 95 
-1 94 
-1 95 
-1.95 
-1.98 
-1.99 
-1.96 
-1.98 
-2 00 
-2.04 
-1.98 
-1.92 
-1.92 
-1 90 
-1.68 
-1 92 
-1.90 
-1 69 
-1.89 
-1 89 
-1.90 
-1.88 
-1 89 
-1.90 
-1 90 
-1 90 
-1 91 
-1.93 
-1.94 
-1.94 
-2.06 
-2 44 
-2.74 
-2.97 
-3.26 
-3.59 
-3.62 
-4.10 
-4 29 
4.43 
4.68 
-4 80 
-5.00 
-5.14 
-5.25 
-5.34 
-5.49 
-5 65 
-5 71 
-5.74 
-5.82 
-5 91 
6.02 
-6 11 
-6.18 
-6.10 
-611 
-6 19 
-6.39 
-6.45 
-6 57 
-6.67 
-6.79 
-6 91 
-7.03 
-7.20 
-7.28 
-7.41 
-7 56 
-7 72 
-7.82 
-8.01 

[feet) 
0 26 
0 26 
0 26 
0.27 
0 28 
0.28 
0 28 
0 26 
0 28 
0 29 
0 30 
0.30 
0.30 
0.30 
0 30 
0 32 
0 31 
0 31 
0 32 
0 33 
0 33 
0 34 
0 36 
0 37 
0 37 
0 38 
0 38 
0 38 
0 39 
0 39 
0 41 
0 41 
0 41 
0.41 
0 42 
0 43 
0 42 
0 44 
0 44 
0 48 
0 51 
0 54 
0.59 
0 59 
0 59 
0 59 
0 59 
0.60 
0 61 
0.62 
0.63 
0 65 
0.66 
0 67 
0 68 
0 70 
0.70 
0 71 
0.73 
0 74 
0 75 
0 75 
0.76 
0 78 
0 78 
0 60 
0.81 
0 62 
0 82 
0 82 
0 83 
0 84 
0 83 
0 83 
0.84 
0 84 
0 85 
0 87 
0 86 
0 88 
0 87 

- 

MP-1 
GWDD GWDD lW Flow 
(feet) 
-0 10 
0 10 

-0 10 
-0 09 
-0 09 
-0 10 
-0 10 
-0 10 
-0 09 
-0 09 
-0 09 
-0 08 
-0 08 
-0 09 
0 08 

.O 07 
-0 07 
-0 07 
-0 07 
-0 06 
.o 06 
-0 06 
-0 05 
-0 06 
0 05 
-0 03 
-0 04 
-0 04 
-0 04 
-0 04 
-0 04 
-0 03 
-0 02 
-0 03 
.O 03 
0 02 

-0 03 
-0 01 
-0 03 
0 01 
0 00 
0 03 
0 06 
0 07 
0 06 
0 09 
0 11 
0 11 
0 12 
0 13 
0 14 
0 I 7  
0 19 
0 20 
0 23 
0 25 
0 26 
0 28 
0 29 
0 31 
0 33 
0 35 
0 35 
0 38 
0 39 
0 41 
0 42 
0 43 
0 44 
0 44 
0 46 
0 46 
0 47 
0 47 
0 47 
0 48 
0 49 
0 52 
0 52 
0 52 
0 53 

(scfm) 
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 
OM) 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 0 0  
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
OM) 
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 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 

Air Flow 
(scfm) 
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 30 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
O W  
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
19 83 
0 00 
26 77 
27 32 
22 95 
20 24 
1431 
0 00 
3 82 
0 00 
1528 
6 61 
6 61 
0 00 
12 65 
0 00 
0 00 
10 79 
0 00 
0 00 
0 00 
5 39 
I 7  88 
0 00 
0 00 
0 00 
0 00 
5 39 
0 00 
9 33 
0 00 
0 00 
0 00 
0 00 
0 00 
I 7  88 
0 00 
0 00 
0 00 
17 05 
20 18 
0 00 
0 00 
0 00 
0 00 
000 
0 00 
0 00 
0 00 
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Data Log Ft Monmouth 
Test Start: 4/17/98 11:19:45 OW PumpNEGUAir Sparge Test 2 

MPJ(1SR) MP5(12ft) MP4 (W) MP-2(6fl) MP-l(3ft) Casing MPJ(15ft) MPS(1iit) MP-4 (9ft) MP-2(6ft) 
GWDD GWDD GWDD GWDD I PTLSI RISD Press Rcxp P ~ C S S  RCSD press RCLP PRLS Refp Vacuum 

(in WC) 
-0 04 
000 
-0 03 
-0 04 
-0 03 
0 03 
-0 05 
-0 02 
-0 06 
-0 03 
-0 03 
-0 03 
-0 03 
000 
-0 02 
-0 02 
000 
4 02 
-0 03 
-0 02 
.o 02 
.o 01 
-0 02 
-0 02 
-0 02 
-0 02 
-0 02 
-0 03 
-0 03 
-0 04 
0 03 

-0 03 
-0 04 
-0 04 
-0 03 
-0 03 
-0 03 
-0 03 
-0 04 
-0 02 
-0 02 
-0 03 
6 03 
-0 02 
0 03 

-0 03 
-0 03 
-0 02 
-0 02 
-0 02 
-0 02 
-0 02 
-0 03 
-0 02 
-0 02 
-0 03 
-0 02 
-0 02 
-0 01 
-0 14 
-0 04 
-0 03 
-0 02 
-0 03 
0 03 
-0 02 
-0 02 
-0 02 
-0 02 
-0 02 
-0 03 
-0 02 
6 03 
-0 02 
-0 02 
-0 01 
-0 02 
-0 02 
-0 02 
-0 03 
-0 03 

(in WC) 
-6.19 
-6 07 
-6.02 
-6.03 
-5.99 
-6 00 
-6.04 
-6.02 
-606 
-6 06 
-6.10 
-6.07 
-6 06 
-6.02 
-6.04 
-6.20 
-6.18 
-6 23 
-6.24 
-6.25 
-6.23 
-6.16 
-6.21 
-6.24 
-6.29 
-6.27 
-6.26 
-6 18 
-6.07 
-6.20 
-6.31 
-4.51 
-4 04 
-4.01 
-4 14 
-4.22 
-4.33 
-4.45 
-4.55 
-4.55 
-4 61 
-4.69 
-4 74 
-4 81 
-4.92 
-4 95 
-5 07 
-5.11 
-5.16 
-5 21 
-5.30 
-5.34 
-5.63 
-5.71 
-5 78 
-5.84 
-5.91 
-5.98 
5.02 
-6.12 
-8.18 
-6.19 
-6.27 
-6.38 
-6.41 
-6 42 
-6 45 
-6 53 
-6 55 
-6 55 
-6.62 
-6.62 
-6 56 
-6.51 
-6 58 
-6 59 
-6.64 
-6 68 
-6.71 
-6 74 
-6 76 

(in WC) 
-8 09 
-8 12 
-8 26 
-8.34 
-8.42 
-8 48 
-8.60 
-8 64 
-8 69 
-8.74 
-8 79 
-8.73 
-8 70 
-8 72 
-8.78 
-8.82 
-8.82 
-8.90 
-8 98 
-9.00 
-8.98 
-8 99 
-9.05 
-9.08 
-9 15 
-9.21 
-9.26 
-9.37 
-9.46 
-9 51 
-9.55 
-9 49 
-9 47 
-9.50 
-9 51 
-9 53 
-9.54 
-9.54 
-9 62 
-9 62 
-9.56 
-9 58 
-9.62 
-9.66 
-9.70 
-9 72 
-9.78 
-9.81 
-9.85 
-9.84 
-9.89 
-9.92 
-9.93 
-10.01 
-10 01 
-10.05 
-10.09 
-10.12 
-10 I 3  
-10.18 
-1 0.21 
-10.25 
-10.29 
-10.32 
-10 36 
-10 38 
-10 42 
-10 44 
-10 46 
-10.51 
-10.54 
-10 57 
-1062 
-10.61 
-10 65 
-10.67 
-10.70 
-10.72 
-10 74 
-10 80 
-10 80 

(feet) 
-1 37 

MP-1 
GW DO lW Flow GW DD 

(feet) 
0 55 
0 55 
0 55 
0 55 
0 55 
0 55 
0 56 
0 56 
0 57 
0 54 
0 56 
0 56 
0 57 
0 58 
0 57 
0 57 
0 56 
0 57 
0 56 
0 57 
0 58 
0 57 
0 57 
0 58 
0 57 
0 57 
0 57 
0 58 
0 57 
0 57 
0 56 
0 58 
0 59 
0 59 
0 58 
0 59 
0 60 
0 59 
0 59 
0 58 
0 59 
0 62 
0 59 
0 60 
0 59 
0 60 
0 60 
0 60 
0 60 
0 60 
0 60 
0 60 
0 62 
0 60 
0 61 
0 60 
0 60 
0 61 
0 60 
0 60 
0 61 
0 60 
0 60 
0 61 
0 60 
0 60 
0 60 
0 60 
0 62 
0 60 
0 60 
0 59 
0 60 
0 60 
0 59 
0 59 
0 61 
0 60 
0 60 
0 60 
0 60 

(feet) 
1 46 
1 52 
1 46 
1 49 
1 48 
1 50 
1 49 
1 46 
1 46 
1 46 
1 42 
1 48 
1 49 
1 46 
1 45 
1 45 
1 46 
1 45 
1 45 
1 46 
1 44 
1 44 
1 44 
1 44 
1 45 
1 47 
1 44 
1 44 
1 46 
1 43 
1 39 
1 38 
1 39 
1 38 
1 38 
1 37 
1 38 
1 37 
1 36 
1 38 
1 37 
1 37 
1 37 
1 36 
1 36 
1 36 
1 38 
1 35 
1 32 
1 35 
1 35 
1 37 
1 35 
1 34 
1 36 
1 36 
1 34 
1 37 
1 33 
1 34 
1 34 
1 32 
1 34 
1 35 
1 36 
1 32 
1 35 
1 33 
1 38 
1 36 
1 34 
1 35 
1 34 
1 38 
1 35 
1 38 
1 36 
1 36 
1 37 
1 36 
1 37 

(scfm) 
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 
O W  
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 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 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 

Mr Flaw 
(scfm) 
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 
3 62 
5 40 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
3 82 
0 00 
0 00 
0 00 
8 54 
0 00 
2 82 
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 
9 36 
0 00 
0 00 
0 0 0  
0 00 
0 00 
0 00 
8 54 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
9 36 
0 00 
0 00 
0 00 
7 64 
0 00 
3 82 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
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Data Loo Ft Monmauth 

(in WC) 
-0 64 
-0 54 
-0 46 
-0 44 
-0 43 
-0 48 
-0 46 
-0 43 
-0 45 
-0 46 
-0 44 
-0 39 
-0 33 
-0 21 
-0 09 
-0 02 
0 09 
0 18 
0 22 
0 23 
0 45 
0 49 
0 53 
0 54 
0 55 
0 53 
0 51 
0 49 
0 53 
0 56 
0 53 
0 55 
0 56 
0 62 
0 57 
0 60 
0 66 
0 60 
0 56 
0 54 
0 53 
0 51 
0 53 
0 53 
0 54 
0 63 
0 59 
0 66 
0 49 
0 53 
0 62 
0 60 
0 65 
0 65 
0 62 
0 66 
0 63 
0 69 
0 72 
0 63 
0 71 
0 77 
0 69 
0 83 
0 83 
0 82 
0 82 
0 80 
0 74 
0 75 
0 76 

(in WC) 
-0 01 
-0 03 
0.00 
0 00 
0 00 
-0.02 
-0.01 
-0.02 
-0 02 
0.01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0 01 
0.01 
0.01 
0.28 
0 38 
0.32 
0 27 
0 23 
0 20 
0.18 
0 18 
0.18 
0 15 
0 17 
0 17 
0 19 
0.17 
0.16 
0.14 
0 16 
0 16 
0.18 
0.18 
0 11 
0.07 
0.10 
0.07 
0 09 
0.05 
0 08 
0.10 
0 11 
0.01 
-0 01 
0.02 
-0 01 
0.02 
0.02 
0 40 
0.49 
0 49 
0 47 
0.49 
0.47 
0.50 
0 50 
0 45 
0.48 
0.49 
0 50 
0.50 
0.50 
0 48 
0.50 
0 49 

(In WC) 
-0 02 
-0 01 
-0 02 
-0 02 
-0 02 
-0 05 
-0 03 
-0 02 
-0 02 
0 05 
0 05 
000 
0 05 
0 05 
0 05 
0 05 
0 05 
0 29 
0 24 
0 20 
0 17 
0 13 
0 11 
0 09 
0 07 
0 09 
0 09 
0 13 
0 15 
0 19 
0 14 
0 18 
0 22 
0 21 
0 15 
0 20 
0 9 0  
0 26 
0 33 
0 40 
0 52 
0 45 
0 38 
0 48 
0 39 
0 54 
0 40 
0 43 
0 62 
0 61 
0 45 
0 65 
0 60 
0 56 
0 60 
0 80 
0 81 
0 75 
0 85 
0 83 
0 87 
0 81 
0 77 
0 85 
0 88 
0 88 
0 88 
0 89 
0 86 
0 89 
0 89 

(in WC) 
-10 82 
-10.83 
-10.87 
-10.85 
-10.85 
-10.93 
-10.97 
-10 96 
-11.00 
-10 59 
-8.19 
-5 93 
-2.05 
0 50 
0.50 
0 51 
0 51 
0.51 
12 01 
12.63 
13.05 
13 38 
13.76 
14 10 
14.44 
14.80 
1 02 
15.24 
15 65 
15.59 
15.57 
15 88 
1573 
15 90 
16.00 
16 16 
16 23 
16.29 
16.37 
16.37 
16.42 
16.50 
16.54 
16 58 
16.58 
16 65 
16 66 
16 64 
16.60 
16.64 
16 64 
16.64 
16 65 
16.61 
18.58 
16 57 
16 51 
16 45 
16.53 
16 46 
16 44 
16 40 
16.28 
16 36 
16.29 
16 28 
16.23 
16 17 
I 6  14 
16 07 
16 01 

(feet) 
-2 44 
-2 44 
-2 43 
-2 43 
-2.43 
-2 43 
-2.41 
-2 42 
-2 41 
-2.41 
-2 42 
-2 42 
-2 42 
-2 42 
-2 44 
-2 46 
-2.47 
-2.51 
-2 53 
-2.55 
-2 57 
-2.59 
-2 64 
-2 66 
-2.69 
-2.72 
-2.75 
-2.78 
.2.81 
-2 84 
-2.86 
-2.90 
-2.93 
-2.95 
-2.98 
-3.00 
-3.03 
-3.04 
-3 07 
-3 08 
-3.12 
-3 12 
-3.15 
-3 16 
-3 18 
-3.19 
-3 20 
-3.22 
-3 23 
-3.24 
-3.25 
-3.26 
-3.27 
-3.28 
-3.28 
-3 29 
-3.30 
-3.31 
-3.31 
-3.31 
-3.32 
-3.31 
-3.31 
-3.31 
-3 32 
-3.32 
-3 31 
-3 32 
-3.32 
-3 30 
q3.30 

GW DD 
(feet) 
-2 66 
-2 65 
-2 64 
-2 85 
-2 65 
-2 64 
-2 64 
-2 64 
-2 64 
-2 64 
-2 62 
-2 59 
-2 58 
-2 53 
-2 58 
-2 63 
-2 68 
-2 75 
-2 87 
-2 94 
-2 99 
-3 01 
-3 09 
-3 23 
-3 27 
-3 33 
-3 21 
-3 40 
-3 44 
-3 49 
-3 51 
-3 54 
-3 60 
-3 81 
-3 64 
-3 67 
-3 69 
-3 74 
-3 79 
-3 89 
-3 82 
-3 87 
-3 84 
-3 90 
-3 88 
-3 91 
-3 97 
-3 94 
-3 99 
-4 01 
-4 03 
-4 03 
-4 06 
-4 03 
-4 03 
-4 08 
-4 09 
-4 10 
-4 05 
-4 06 
-4 10 
-4 12 
-4 09 
-4 10 
-4 13 
-4 10 
-4 13 
-4 10 
-4 10 
-4 12 
-4 10 

GW DD 
(feet) 
-2 24 
-2 24 
-2 23 
-2 23 
-2 22 
-2.22 
-2.22 
-2 22 
-2 22 
-2.23 
-2 25 
-2.25 
.2 26 
-2.29 
-2 33 
-2 38 
-2 41 
-2 44 
-2 49 
-2 54 
-2 58 
-2.61 
-2.65 
-2 68 
-2 72 
-2 75 
-2 76 
-2.79 
-2 83 
-2 87 
-2.68 
-2.91 
-2 93 
-2.96 
-2.99 
-3.01 
-3 02 
-3.04 
-3 04 
-3.04 
3 09 
-3 10 
-3 13 
-3 16 
-3 17 
-3.19 
-3 20 
-3.20 
-3 20 
-3.22 
-3 24 
-3.25 
-3.27 
-3.28 
-3.28 
-3 29 
-3 29 
-3 29 
-3.29 
-3 31 
-3 32 
-3 31 
-3 31 
-3.31 
-3 32 
-3 32 
-3.31 
-3 29 
-3 31 
-3 30 
-3.29 

GW DD 
(feet) 
1 06 
1 07 
1 07 
1 07 
106 
1.07 
1 06 
1 07 
1 06 
0 94 
0.95 
0 99 
0 80 
0 69 
0 64 
0 65 
0 69 
0 74 
0 76 
0.83 
0.88 
0 92 
0 97 
1 .O3 
110 
116 
1 25 
1.26 
1 32 
1 31 
1 35 
1 35 
1 34 
1 36 
1 37 
1 38 
1 40 
1 41 
1 41 
1 42 
1 41 
1 42 
1 43 
1.43 
1 44 
1 45 
1 45 
1 47 
1 47 
1 47 
1 48 
1 49 
1 49 
1.49 
1.50 
1 50 
1 48 
1 50 
1 52 
1 53 
1 53 
1 54 
1 54 
1 55 
1.54 
1.56 
1 57 
1.57 
1 58 
1.58 
1 59 

(feet) 
0 80 
0 60 
0 60 
0 60 
0 61 
0 60 
0 60 
0 61 
0 60 
0 60 
0 68 
0 77 
0 83 
1 01 
114 
1 20 
1 25 
1 28 
1 28 
1 29 
1 28 
1 26 
1 26 
1 25 
1 24 
1 24 
1 24 
1 22 
1 23 
1 21 
1 20 
1 1 9  
117 
117 
117 
1 16 
1 1 6  
1 14 
114 
1 1 4  
1 1 4  
113 
114 
1 1 1  
1 1 3  
1 1 3  
1 13 
1 1 3  
1 1 2  
112 
112 
1 1 4  
1 1 4  
114 
115 
116 
116 
117 
118 
1 1 9  
1 1 9  
1 20 
1 21 
1 22 
1 22 
1 22 
1 23 
1 25 
1 24 
1 24 
1 26 

(feet) 
1 35 
1 36 
1 38 
1 45 
1 37 
1 37 
1 41 
1 37 
1 37 
1 38 
1 38 
141 
1 39 
1 39 
1 41 
1 35 
1 39 
1 38 
1 38 
1 36 
1 36 
1 33 
1 33 
1 30 
1 34 
1 30 
1 27 
1 27 
1 27 
1 26 
1 25 
1 25 
1 20 
1 22 
1 1 4  
118 
1 1 5  
115 
115 
116 
1 1 3  
1 7 1  
1 08 
1 06 
1 08 
1 06 
1 03 
1 07 
1 03 
1 03 
1 00 
1 02 
1 00 
0 98 
0 98 
1 00 
0 97 
1 01 
0 98 
0 94 
0 93 
0 93 
0 93 
0 94 
0 88 
0 88 
0 91 
0 90 
0 88 
0 89 
0 87 

IW Flow 
(scfm) 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
1740 
5 83 
1 21 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 78 
0 00 
0 00 
0 00 
0 00 
0 94 
0 00 
0 00 
0 00 
000 
0 72 
0 00 
0 00 
0 00 
0 68 
0 30 
0 00 
0 00 
0 00 
0 86 
0 00 
0 00 
0 00 
0 00 
0 80 
0 00 
0 00 
0 00 
0 00 
0 77 
0 00 
0 00 
0 00 
0 00 
0 91 
0 00 
0 00 
0 00 
0 77 
0 64 
0 21 
0 21 
0 21 
0 96 
0 52 
0 30 
0 48 
0 30 
0 88 
0 37 
0 21 
0 37 

LoVac 
Alr  low 
(scfm) 
0 00 
0 00 
0 00 
26 22 
0 00 
6 62 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
27 80 
0 00 
0 00 
0 00 
0 00 
31 54 
0 00 
0 00 
0 00 
0 00 
15 77 
0 00 
0 00 
0 00 
1323 
3 83 
0 00 
0 00 
0 00 
36 07 
0 00 
0 00 
0 00 
0 00 
31 33 
0 00 
0 00 
0 00 
0 00 
13 80 
0 00 
0 00 
7 65 
0 00 
0 00 
0 00 
7 65 
0 00 
0 00 
0 00 
10 13 
0 00 
0 00 

49 48 
0 00 
0 00 
0 00 
3 82 
31 33 
0 00 
0 00 
0 00 
0 00 
11 48 
8 56 
0 00 
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Data Log Ft Monmouth 
Test stad 411 7198 10:51:05 SVE Test I 

MP-3 MP5  M P d  MP-2 MP-1 Casing MP5 MP-4 MP-2 
elapsed tlme 

(-4 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
I65 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 

- 285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
335 
340 
345 

uac ResD Vac R ~ S D  Vac ReSD Vac ReSD Vac Reso vacuum 
(in WC) 

-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0 .o 1 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.02 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
0.00 
0.00 
0.00 
0.01 
0.02 
0.02 
0.03 
0.04 
0.04 
0.05 
0.05 
0.05 
0.05 
0.06 
0.06 
0.07 
0.07 
0.07 
0.08 
0.09 
0.10 
0.10 
0.11 
0.12 
0.13 
0.14 
0.15 
0.18 
0.22 
0.28 
0.33 
0.37 
0.39 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.39 

(in WC) 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0 .o 1 
4.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0 .o 1 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0 .o 1 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
0.01 
-0.01 
-0:Ol 
-0.01 
-0.01 
-0.01 
-0.01 
-0.01 
0.01 
-0.01 
-0.01 
-0.01 
-0.01 

(in WC) 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.m 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 

(in WC) 
-0.02 
-0.02 
-0.02 
0.04 
0.14 
0.28 
0.40 
0.52 
0.63 
0.73 
0.82 
0.88 
0.94 
1 .oo 
1.05 
1.08 
1.11 
1.14 
1.16 
1.18 
1.20 
1.22 
1.25 
1.29 
1.34 
1.36 
1.39 
1.41 
1.43 
1.44 
1.46 
1.48 
1 SO 
1 SO 
1.51 
1.52 
1.52 
1.52 
1.53 
1.53 
1.51 
1.49 
1.49 
1.49 
1.49 
1.49 
1.49 
1.48 
1.47 
1.47 
1.48 
1.48 
1.48 
1.48 
1.48 
1.47 
1.48 
1.47 
1.47 
1.47 
1.47 
1.46 
1.47 
1.47 
1.47 
1.48 
1.48 
1.48 
1.48 

(in W C ~  
-0.06 
-0.05 
0.89 
3.00 
4.27 
5.15 
5.83 
6.38 
6.77 
7.12 
7.27 
7.42 
7.64 
7.78 
7.93 
8.01 
8.08 
8.16 
8.19 
8.25 
8.27 
8.29 
8.83 
9.45 
9.46 
9.46 
9.38 
9.37 
9.42 
9.58 
9.73 
9.69 
9.69 
9.69 
9.63 
9.59 
9.50 
9.50 
9.44 
9.44 
9.38 
9.32 
9.28 
9.23 
9.16 
9.15 
9.05 
8.86 
8.89 
8.85 
8.92 
8.99 
8.86 
8.71 
8.66 
8.64 
8.59 
8.56 
8.56 
8.51 
8.51 
8.46 
8.46 
8.56 
8.58 
8.59 
8.65 
8.59 
8.55 

MP3 
GW DD 
(feet) 
0.60 
0.60 
0.59 
0.59 
0.58 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.58 
0.57 
0.57 
0.57 
0.57 
0.58 
0.58 
0.57 
0.57 
0.56 
0.60 
0.56 
0.56 
0.55 
0.56 
0.60 
0.57 
0.56 
0.55 
0.60 
0.57 
0.59 
0.56 
0.56 
0.56 
0.57 
0.57 
0.56 
0.56 
0.55 
0.57 
0.57 
0.57 
0.56 
0.57 
0.56 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.57 
0.56 
0.56 
0.57 
0.57 
0.57 
0.56 
0.56 
0.57 
0.57 
0.57 
0.56 
0.57 

GW DD 
(feet) 
0.70 
0.71 
0.71 
0.70 
0.71 
0.70 
0.71 
0.71 
0.70 
0.70 
0.70 
0.71 
0.71 
0.71 
0.71 
0.71 
0.71 
0.70 
0.72 
0.71 
0.70 
0.71 
0.70 
0.70 
0.71 
0.70 
0.70 
0.70 
0.70 
0.70 
0.71 
0.70 
0.70 
0.71 
0.71 
0.70 
0.70 
0.71 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.71 
0.71 
0.70 
0.70 
0.70 
0.70 
0.70 
0.71 
0.71 
0.70 
0.70 
0.71 
0.71 
0.70 
0.70 
0.71 
0.71 
0.71 
0.71 
0.70 
0.70 
0.72 
0.70 
0.70 
0.71 

GW DD 
(feet) 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.68 
0.68 
0.67 
0.67 
0.67 
0.67 
0.68 
0.68 
0.68 
0.68 
0.6'9 
0.67 
0.68 
0.68 
0.67 
0.67 
0.67 
0.68 
0.67 
0.67 
0.67 
0.66 
0.67 
0.67 
0.67 
0.67 
0.67 
0.68 
0.67 
0.67 
0.68 
0.67 
0.67 
0.67 
0.67 
0.66 
0.67 
0.68 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.68 
0.67 
0.67 
0.67 
0.67 
0.68 
0.67 
0.66 
0.67 
0.67 
0.68 
0.67 
0.67 
0.67 
0.68 
0.67 
0.67 
0.68 

GW DD 
(feet) 
0.00 
0.00 
0.01 
-0.01 
-0.01 
0.00 
-0.01 
-0.02 
-0.03 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.06 
-0.06 
-0.06 
-0.06 
-0.06 
-0.07 
-0.06 
-0.06 
-0.08 
-0.07 
-0.07 
-0.07 
-0.07 
-0 08 
-0.08 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.07 
-0.06 
-0.07 
-0.06 
-0.07 
-0.07 
-0.07 
-0.07 
-0.06 
-0.06 
-0.06 
-0.07 
-0.06 
-0.06 
-0.06 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.06 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.06 
-0.04 
-0.03 
-0.03 
-0.04 
-0.04 

MP-I LoVac 
GW DD GWDD 
(feet) 
-0.06 
-0.07 
-0.08 
-0.15 
-0.24 
-0.32 
-0.38 
-0.42 
-0.46 
-0.51 
-0.52 
-0.54 
-0.55 
-0.57 
-0.57 
-0.58 
-0.59 
-0 6 0  
-0.62 
-0.61 
-0.62 
-0.63 
-0.62 
-0.67 
-0.70 
-0.71 
-0.70 
-0.71 
-0.71 
-0.71 
-0.74 
-0.74 
-0.73 
-0.74 
-0.74 
-0.74 
-0.73 
-0.73 
-0.74 
-0.74 
-0.74 
-0.74 
-0.74 
-0.74 
-0.74 
-0.73 
-0.74 
-0.73 
-0.73 
-0.73 
-0.72 
-0.73 
-0.73 
-0.74 
-0.73 
-0.73 
-0.73 
-0.71 
-0.72 
-0.72 
-0.72 
-0.71 
-0.72 
-0.71 
-0.73 
-0.73 
-0.74 
-0.74 
-0.73 

(feet) 
-0.31 
-0.30 
1.65 
1 .29 
0 76 
0.75 
0.62 
0.69 
0.53 
0.46 
0.38 
0.39 
0.25 
0.28 
0.39 
0.52 
0.70 
0.73 
0.80 
0.81 
0.86 
0.88 
0.89 
0.88 
0.89 
0.90 
0.91 
0.85 
0.84 
0.89 
0.86 
0.88 
0.81 
0.92 
0.88 
0.90 
0.90 
0.87 
0.90 
0.87 
0.89 
0.87 
0.86 
0.86 
0.87 
0.88 
0.82 
0.83 
0.77 
0.71 
0.67 
0.74 
0.67 
0.64 
0.59 
0.57 
0.58 
0.53 
0.52 
0.50 
0.46 
0.42 
0.38 
0.41 
0.38 
0.36 
0.33 
0.31 
0.31 

Air Flow 
(scfm) 
104.21 
104.48 
200.83 
218.47 
218.32 
196.28 
175.67 
161.36 
140.42 
1 18.39 
99.62 
80.81 
63.94 
54.62 
42.46 
28.83 
25.31 
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 
0.00 
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 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Data Log Ft Monmouth 
Teat Start: 4/17/98 10:5t:05 SVE Test 1 

elapsed time Vac Resp Vac Resp Vac Resp Vac Resp VaC Resp Vacuum GW DD GW DD GW DD GW DD GW OD GW DD Air Flow 
(in WC) (in WC) 

0.39 -0.01 
0.39 -0.02 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 
0.39 -0.01 

(in WC) 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.05 
-0.04 
-0.04 
-0.05 

(in WC) 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 
1.49 
1.49 
1.49 
1.49 
1.49 
1.50 
1 .SO 
I .50 
1 SO 
1 SO 
1.51 
1.51 
1.50 

(in WC) 
8.52 
8.54 
8.54 
8.52 
8.53 
8.53 
8.58 
8.63 
8 64  
8.66 
8.68 
8.76 
8.74 
8.72 
8.71 
8.71 
8.71 
8.71 
8.71 

(inHg) (feet) (feet) (feet) (feet) (feet) (feet) 
5.23 0.57 0.70 0.67 -0.05 -0.74 0.27 
5.21 0.57 0.71 0.67 -0.05 -0.74 0.25 
5.20 0.58 0.71 0.67 -0.03 -0.74 0.23 
5.23 0.57 0.70 0.67 -0.04 -0.75 0.22 
5.24 0.57 0.71 0.67 -0.03 -0.74 0.19 
5.18 0.57 0.71 0.68 -0.03 -0.74 0.16 
5.18 0.57 0.71 0.67 -0.05 -0.75 0.16 
5.20 0.56 0.70 0.67 -0.03 -0.75 0.12 
5.22 0.57 0.71 0.67 -0.03 -0.75 0.11 
5.18 0.56 0.71 0.67 -0.04 -0.76 0.05 
5.18 0.56 0.70 0.67 -0.03 -0.76 0.06 
5.18 0.57 0.71 0.67 -0.03 -0.76 0.02 
4.67 0.56 0.70 0.67 -0.03 -0.76 -0.24 
5.21 0.57 0.71 0.68 -0.03 -0.76 -0.02 
5.16 0.57 0.71 0.67 -0.03 -0.77 -0.04 
5.22 0.56 0.71 0.67 -0.03 -0.78 -0.01 
5.19 0.57 0.71 0.68 -0.02 -0.79 -0.08 
5.14 0.55 0.70 0.67 -0.03 -0.79 0.04 
5.20 0.57 0.71 0.67 -0.03 -0.76 0.06 
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APPENDIX VIII 



LOPRO DESIGN UTILITY REPORT 

Required Calculated Excess Removal 
Contaminant Influent Effluent Effluent Level Efficiency 

BENZENE 
TOLUENE 
ETHYLBENZENE 
XYLENE 
MTBE 

Date: 4/30/99 
Time : 2:35:54 PM 
Name : Paul Clark 
Project Name: 

Ft. Monmouth Bldg 699  
Project Number: 

Model Run #I 
Program Mode: Automatic 

Classification: Class 1, Div 2  
Blower Type: 5 HP TEFC Rotron 
Voltage : 208 - 230 Volts, 3 Ph, 60 Hz 
Temperature: 50.00 Degrees F 
Start at: 2 3 3  Cubic ~eet/~inute 
rlean trays at: 2 2 3  Cubic ~eet/~inute 

-5er Trays: 8 
T i  height: 10 Inches 
Flow rate: 15 ~allons/~inute 
Air/~ater ratio:111.19 

NOTE: all influent/effluent values are in ppb. 





l o w  p r o f i l e  a i r  s t r i p p e r s  

em Performance E 
C ,it and Proposal Information: 

Ft. Monmouth 
Bldg 699 
Model Run 3 

Untreated Model 131 1 
Contaminant Influent 

Effluent Target 

Benzene 

Toluene 

13169 ppb 
7 P P ~  

19177 ppb 
19 P P ~  

Ethyl Benzene 1996 ppb 
2 P P ~  

MTBE 

10987 ppb 
11 P P ~  

623 ppb 
70 P P ~  

Effluent 
Water 
Air(lbs1hr) 
% removal 

2638 ppb 
0.07901 7 
79.971 4% 

4218 ppb 
0.1 12242 
78.0085% 

370 ppb 
0,012200 
81.481 1% 

2156 ppb 
0.066262 
80.3839% 

499 ppb 
0.000930 
19.9999% 

Model 1321 
Effluent 
Water 
Air(lbs1hr) 
% removal 

529 ppb 
0.094842 
95.9886% 

928 ppb 
0.1 36928 
95.1 637% 

69 P P ~  
0.014459 
96.5705% 

423 ppb 
0.079265 
96.1 521 % 

399 ppb 
0.001681 
35.9998% 

Model Chosen: 
Water Flow Rate 
Air Flow Rate: 
Water Temp: 
Air Temp: 
A/W Ratio: 
Safety Factor: 

Model 1331 
Effluent 
Water 
Air(1 bslhr) 
% removal 

106 ppb 
0.098016 
99.1 966% 

204 ppb 
0.142360 
98.9364% 

319 ppb 
0.002281 
48.7998% 

1300 
15 0 gpm 
"I 50 cfm 
50 0 F 
50 0 F 
74 8 
1O0h 

Effluent 
Water 
Alr(l bslhr) 
% removal 

22 P P ~  
0.098646 
99.8391 % 

45 P P ~  
0.143553 
99.7661 % 

3 P P ~  
0.01 4954 
99.8824% 

1'7 P P ~  
0.08231 1 
99.851 9% 

256 ppb 
0.002754 
59.0398% 

This report has been generated by ShallowTray Modeler software version 2.1W. This software is designed to assist a skilled operator 
tn predicting the performance of a ShallowTray air stripping system. North East Environmental Products, Inc. is not responsible 
f-.r incidental or consequential damages resulting from the improper operation of either the software or the air stripping equipment. 

ort generated: 413011 999 

Copyright 1995 North East Environmental Products, Inc. 17 Technology Drive, West Lebanon, NH 03784 
Voice: 603-298-7061 FAX. 603-298-7063 * All Rights Reserved. 



l o w  p r o f ~ l e  a l r  s t r ~ p p e  

. ;tern Performance E 
C..,nt and Proposal Information: 

Ft. Monmouth 

Untreated Model 231 1 
Contaminant Influent Effluent 

Effluent Target Water 
Air(l bs/hr) 
% removal 

Benzene 

Toluene 

13169 ppb 924 ppb 
7 P P ~  0.091878 

92.9903% 

19177 ppb 1564 ppb 
19 P P ~  0.132156 

91.8467% 

Ethyl Benzene 1996 ppb 124 ppb 
2 P P ~  0.01 4046 

93.8243% 

p-Xylene 

MTBE 

10987 ppb 745 ppb 
11 P P ~  0.076849 

93.2221 % 

623 ppb 313 ppb 
70 P P ~  0.002326 

49.8908% 

Model 2321 
Effluent 
Water 
Air(lbs/hr) 
% removal 

65 P P ~  
0.098323 
99.5086% 

128 ppb 
0.1 42930 
99.3352% 

8 P P ~  
0.014917 
99.61 86% 

51 ppb 
0.082056 
99.5406% 

157 ppb 
0.003497 
74.8906% 

Model Chosen: 
Water Flow Rate: 
Air Flow Rate: 
Water Temp: 
Air Temp: 
ANV Ratio: 
Safety Factor: 

Model 2331 
Effluent 

Water 
Air(lbslh r) 
% removal 

2300 
15.0 gpm 
300 cfm 
50.0 F 
50.0 F 
149.6 
10% 

Effluent 
Water 
Air(l bs/h r) 
% removal 

This report has been generated by ShallowTray Modeler software version 2.1W. This software is designed to assist a skilled operator 
in predicting the performance of a ShallowTray air stripping system. North East Environmental Products, Inc. is not responsible 
fnr incidental or consequential damages resulting from the improper operation of either the software or the air stripping equipment. 

4 generated: 413011999 

Copyright 1995 North East Environmental Products, Inc. * 17 Technology Drive, West Lebanon, NH 03784 
Voice: 603-298-7061 FAX: 603-298-7063 "All R~ghts Reserved. 



ATER TREATMENT S\'STE 
INFLUENT CONCENTRATION CALCULATIBXS 

Department of the Army 

atontown, New Jersey 



GROUNDWATER TREATMENT SYSTEM DESIGN CALCULATIONS 

Department of the A m y  
Fort Monmouth 

Main Post Gas Station 
Building 699 

Eatontonu, New Jersey 

I. Influent Concentrations (Design)'" 

Benzene = 

Toluene = 

Ethylbenzene = 

Xylene = 

MTBE = 

1 - Groundwater will he recovered via electric, submersible pumps from one ( I )  exsting recovety well and two (2) proposed recovey wella in order to enhance vapor 
extraction 
2 - In order to estimate the ~nfluent concentrations of the BTEX compounds, groundwater samples from MU'-1 and )vW-1 I and mfluent poundiratcr systm sarnplsi 
from MW-I 1 were utdized MW-I is close lo the proposed locat~on of RW-3 and MW-I I IS the exlstmng recovely well 

11. Effluent Concentrations (Permit Limitation) 

Total Suspended Solids (rngL)(') 

Petroleum Hydrocarbow ( m g i ~ ) ( ~ )  

Total Organic Carbon (mg;~)") 

pH Range (S.U.)'~) 

Benzene (ugL)@' 

Monthlv Average 

- 

10 

- 

Dailv hlavimum 

40 

15 

20 

6.0 Min. - 9.0 Max. 

MTBE (ugiZ)"' 85+0 Removal or 70 ppb 

Naphthalene (ugiZf3) 22 

3 - Based on typical New leney Pollutant Discharge Elimination System / D~scharge to Surface Water FJPDES ! DSW) 
permit limitat~ons 

111. Treatment System Flowrate 

.L\ maximum of 3 wells shall be utilized for groundwater recovery. 

Estimated Flawate = 5.00 gpdwell(4)* 3 wells 1 15.0 p n  (System Total) 

Peak Flowate (Design) = 15.0 gpm 

4 - Based on the poundwater reco%ery rates measured under vacuum enhanced groundwater exhaction dunng the p~lot test conducted on 
on1 17, 1998 H~stoncal pumpmng data from the enstmg groundwater system mdicates that a much lower flowrate might be expected 
chaps 3 to 6 Epm total) It is expected that sod vapor extractlon (SVE) wll enhance groundwater extractlon ar ~t did in the pilot test 
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IV. Granular Activated Carbon Design Calculations When Air Stripping Is Not Included In The Treatment System 

1) Size Carbon Units 

>etermine Minimum Diameter Of Carbon Units 

Design Flow~ate (Peak Flow) = 15.0 gpm 

Maximum Acceptable Hydraulic ~ o a d i n ~ ( "  = 3 gpmisq. ft 

Minimum Cross-Sectional Area Of Carbon Units = 15 gpm - - 
4 gpminq. A. 

Minimum Diameter Of Carbon Units = 26 inches 

3.75 sq. A. 

5 -Empirical value supplied by Cetco, Arlington Heights, IL and Norit Americas, Inc., Atlanta, CA. 

Determine Contact Time 

For 99.9% Removal Of BTEX ~ o m ~ o u n d s ( ~ ) :  

Contact Time = 

For 99.99% Removal Of BTEX ~ o m ~ o u n d s ' ~ :  

Contact Time = 

For 99.9% Removal Of BTES Compounds and MTBE'? 

Contact Time = 

For 99.99% Removal Of BTEX Compounds and MIBE(": 

Contact Time = 

- Empirical value supplied by Cetco, Arlington Heights, IL 

Calculate Bed Volume 

15-20 minutes 

20-25 minutes 

20-25 minutes 

25-30 minutes 

A 30-minute contact time is chosen for design purposes. Based on the information provided above, this should correspond 
to a removal efficiency of approximately 99.99% for BTEX and MTBE. 

15 gpm x 30 min = 450 gal = 60 cu. A. 

Recommended Granular Activated Carbon Units 

Number Of Carbon Units In Series = 3 units 

Diameter Of Carbon Units = 42 inches 

1 42 inches > 26 inches ] 

Weight Of Carbon Per Unit = 750 Ibs 

Volume Of Carbon Pa Unit = 27 cu. ft. 

Total Volume of Carbon = 81 cu. A. 
.. . 

1 81 cu. A. > 60 cu. A. 1 
Since granular activated carbon (GAC) would be the primary treatment technology, the fmt  two G4C vessels (the primary unit) 
are sized to provide the required contact time for 99.99% removal of BTEX and MIBE.  The third vessel is provided for safety 

eng fort ~nonmoulti bldg 099 deign gw system 99-5-1 1 



2) Estimate Carbon Usage 

Calculate Pounds O f  Total Adsorbable Organics (TAO) Per  Day 

%timated organic loading (Section I) 

Benzene = 13,169 ppb 

Toluene = 19,177 ppb 

Ethyl Benzene = 1,996 ppb 

Xylenc = 10,987 ppb 

MTBE = 623 ppb 

TAO = 51,058 ppb" 

7 - Assumes BTEX and M I B E  account for 90% of the total adsorbable organics (TAO). 

TAO (lblday) = 5 1.06 ppm x 15 gpm x 0.012 Iblday - 9.19 Ih'day 

6Pm - PPm 

Calculate Pounds Of M T B E  Per  Day 

;L.ITBE (Iblday) = 623 ppb x 9.19 Iblday - 0 11 Ihlday 
5 1,058 ppb 

Calculate Granular Activated Carbon Usage For M T B E  

MTBE = 623 ppb 

Adsorption Capacity From MTBE Isotherm@' = 0.42 % 

26.71 Iblday Granular Activated Carbon Required For MTBE Adsorption 

S - Freundllch coefficienr5 deduced from Freundlich lsotherm suppl~ed by Norit America., Inc.. Atlanta, G 4  
(I = .30S, 1in = ,406) The lsothern provlded is valid for a resldual concentratlonrangc of 10 to 10,000 ugiL. A a comematwe 
estunate of the adsorpt~on capaclty for concentratlons above thls range, the value for a concentratlon of 10.000 ug,Z rs used 
as opposed to extrapolating the lsotherm to the spec~fic value. 

Calculate Granular Activated Carbon Usage For Remainder of T A O  

Assume that the benzene isotherm is adequate for characterizing the remaining TAO 

Remaining TAO = TAO - MTBE 

Remaining Tr\O (Ib'day) = 9.19 lhiday - 0.11 Iblday = 

Remaining T.40 (ppb) = 5 1,058 ppb - 623 ppb = 

9.08 Ih'day 

50.435 ppb 

Remaining TAO (ppb) = 50,435 ppb 

Adsorption Capac~ty From Benzene Is~therm'~ '  = 21.27 Oh 

9 08  lblday - 42.68 lblday Granular Actwated Carbon Requued For Rrmain~ng T.XO Adqorptlon 
21  2 7  9.. 

9 - Based on Freundl~ch lsotherm wpphed by Nont Amencas, Inc . Atlanta, GA (k = 2 021, Iln = 0 43) The ~sotherm promded 
IS vahd lor a rcc~dual concentratlon range of 0 1 to 100,000 ugi2 As a consematwe estunate of the adsorption capaclt). for 
concentratlons above this range, the value for a concentratlon of 100,000 ug/L 1s used as opposed to extrapolatrng the 
~sotherm to the spec~fic value 
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Total Granular Activated Carbon Usage 

Total Carbon Usage = Carbon Usage For Remaining TAO + Carbon Usage For M'IBE 

Total Carbon Usage = 42.68 Ib/day + 26 71 Ibtday = 69.39 Ibs 

Increase carbon usage by an additional 5% due to adsorption ~nterft;rmce from background organics. This assumes 
naturally occurring background organics are at a concentration of 1 - 2 ppm in the groundwater. (Based on information 
provided by Cetco, Arlington Heights, IL.) 

1.05 x 69.39 lbiday = 73 Iblday Total Granular Activated Carbon Usagc 

3) Estimate Breakthrough Time Per 1,500 Pounds OiCarbon 

1,500 Ibs ! 73 Ib!day = 20.6 Days Until Breakthrough For 1.500 Ihs of Carhon 

1) Estimate Carbon Costs 

Assume a carbon rebed cost of $l.76ilb (F'rice based on Carbon Service & Equipment Company, 1999 GES pricing.) 

Carbon Costs = $1.76 ilb x 73 Iblday = $128 /day = S3,975 /month 

V. Air Stripper Design Calculations 

The air stripper was sized using the Lopro Design Utility software version 3.13, provided by ORS Enwironmental Systems. Denver. <'O. and the ShallowTray 
Modeler software version 2.1 W, provided by North East Environmental Products, Inc., West Lebanon, NH @JEEP). The Lopro Design IPility was run for thc 1,opro 
II and Lopro III series air strippers. The ShallowTray Modeler was run in the automatic mode with a 10% safety factor. Four d~ffercnt model air runs werc 
performed to determine the most cost-effective solution. The model runs are summarized below and the corresponding reports gmcrated by the aoftware arL. 
provided at the end of this section. 

The models were run for the influent concentrations described below. The effluent limitation for benzene input into the models corresponds to the requ~rrd effluent 
concentration for a typical New Jersey Pollutant Discharge Elimination System 1 Discharge to Surface Water (NJPDES ! DSW) permit. ?his provides a safety fact01 
in the event the carbon adsorption units break through. Since it is unlikely that benzene will be desorbed from a spent carbon bed. the etlluent concentration should 
be less than the influent concentration to the carbon units. Therefore the treatment process is designed in order to meet these requircmen~s. The effluent limitations 
input for toluene, ethylbenzene and xylene correspond to 99.99% removal, though the removal is typically higher due to the stringent benzene requirement. Since 
MIBE is not readily removed by the air stripping process, even the low influent concentration anticipated for this site would significantly increase the size of the air 
stripper if the monthly average NJPDES 1 DSW permit limitation was used for design of the air stripper. However, carbon adsorption is very effective in removing 
;MTBE, therefore there will be no difficulty in meeting the effluent limitation. Therefore, the granular activated carbon will be used to reduce the remaining hlTBE 
in the air stripper effluent to below the permit limitation. 

Since it is desirable to operate the air stripping system without off-gas treatment, the maximum emissions of toxic compounds (TO.\;) mu3t he limited to 0.1 Ihhr and 
the maximum emissions of non-methane volatile organic compounds (VOC) must be limited to 0.5 I b h  as per the New Jersey Dep3rtment of Environmental 
Protection Bureau of New Source Review (BNSR). The following equation is utilized to convert the influent TOX and VOC concentrations to pnunds pcr hour. It 
is then assumed, as is required by the BNSR, that 100% of the liquid phase influent TOX and VOC are exchanged to the vapor phase. 

Process Rate (Ib~hr) = Flow Rate (gpm) x Concentration ( u a )  x Conversion Factor 

Conversion Factor = (60 minsh)  x (2.2 x Iblug) x (3.788 Llgal) = 5.0 x 10.' min-lb-mug-gal 

Concentration (ugL) = Process Rate (Ibihr) 1 plowate  (gpm) x 5.0 x 10"] 

hiaximum Concentration = 0.1 I b h  1 ( 15.0 gpmx 5E-07 ) 

Maximum Concentration = 13,169 ug/L Benzene (TOX? 

Maximum Concentration = 0 5 I b h  i ( 15.0 gpmx 5E-07 ) 

hlaximum Concentration = 66,667 ugiL Total Non-Methane VOC 

Estimated organic loading to the air stripper based on maximum air emissions of 0.1 and 0.5 l b h  TOX and non-methane VOC. respectively: 
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Since the concentrations determined above are greater than the influent design concentrations indicated in Scction I, the total s?'stem Ilowratc: will nnt n o d  to he ndju\tcd 1 1 ,  

order to reduce the total mass flow of benzene and total VOC to less than 0.1 I b h  and 0.5 I b h ,  respectively. 

Benzene = 13,169 ppb 

Toluene = 19,177 ppb 

Ethyl Benzene = 1,996 ppb 

Xylene = 10,987 ppb 

MTBE = 623 ppb 

TAO = 5 1,058 ppb(LO) 

10 - Assumes BTEX and MTBE account for 90% of the total adsorbable organics (TAO) 

Model Run Summaries: 

All model runs utilize a design water flowrate of 15 gpm, the intluent concentrations, and effluent limitations detailed above. Based on model runs 1 and 3. neither thc 1.0p 
ll or the Series 1300 Shallowtray air strippers are able to achieve the effluent limits. As indicated in model run 2, the Lopro El is ahlc to achicvr: the desired cff luc~)~ 
limitation for benzene by a mere 0.18 ppb. The Lopro El is able the achieve all the desired effluent limitations for the other compounds including LITRE. Modcl RUII , 
indicates that the ShallowTmy 2341 air stripper is capable of achiwing the desired effluent limitation9 for all the compounds. 

Based on the above information, the air stripper model selected is the NEEP ShallowTray 2341-P. The granular activated carhon systcm described in Section 1'1 id' t l i ~  

report will be utilized to provide secondary treatment and polishing of the groundwater treatment system discharge. The " P  aufix on the modol numhcr indicate., 5 

polyethylene unit, as opposed to the standard stainless steel unit, will be utilized; VOC removal eficirncies for the two units arc idcntical, while thc capital cost o I ' I I I .  

polyethylene unit is significantly less than the stainless steel unit. 

Flowate: 15 gpm 
Influent  concentration^: Design Concentrations Provided Above 
Effluent Concentrations: Permit Limitations For Volatile Organic Compounds (VOC) Proxided in Scction U 

Software Model: Automatic - Air Stripper Limited to Lopro II Series 
Air Stripper Model Selected: Lopro II (Eight 10-inch Trays) Unable to achieve effluent limitations on \'OCs and MTBE 

Flowrate: 15 gpm 
Influent Concentrations: Design Concentrations Provided Above 
Effluent Concentrations: Permit Limitations For Volatile Organic Compounds (\'OC) Provided in Section U 

Software Model: Automatic - Air Stripper Size Limited to Lopro III Series 
Xir Stripper Model Selected: Lopro Ill (Three 13-inch Trays) Able to achieve effluent limitations 

Flowrate: 15 gpm 
Influent Concentrations: Design Concentrations Provided Ahovc 
Effluent Concentrations: Permit Limitations For Volatile Organic Compounds 0 -OC)  ProGded in Section U 

Software Model: Automatic - Air Stripper Limited to 1300 Series 
Air Stripper Model Selected: 1341 (Four 10-inch Trays) Unable to achiwe effluent limitations on \.OCs and hf?BE 

Flowate: 15 gprn 
Influent Concentrations: Design Concentrations Provided Above 
Efnuent Concentrations: Permit Limitations For Volatile Organic Compounds (\'OC) Provided in Section U 

Soflware Model: Automatic - Air Stripper Limited to 2300 Series 
Air Stripper Model Selected: 2341 (Four 9-inch Trays) Able to achieve effluent limitations 
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V1. Granular Activated Carbon Design Calculations When Air Stripping Is Included In The Treatment System 

I) Size Carbon Units 

Minimum Diameter of Carbon Units 

Based on a design flo%~ate of 15 gpm, as indicated in section UI above, the minimum diameter of the carbon units is 26 inches. 

Contact Time and Bed Volume 

When air stripping is utilized the contact time will be reduced to 20 minutes in order to achieve 99.9% rcduction of BTEN and h1TBE 

15 gpm x 20 min = 300 gal = 40 cu. A. 

Recommended Granular Activated Carhon Units 

Number Of Carbon Units In Series = 3 units 

Diameter Of Carbon Units = 30 inches 

1 30 inches 7 26 inches 1 
Weight Of Carbon Per Unit = 500 Ibs 

Volume Of Carbon Per Unit = 18 cu. A. 

Total Volume of Carbon = 54 cu. A. 

1 54 cu. ft. > 40 cu. ft. ) 

Since granular activated carbon (GAC) provides secondary treatment, the first two GAC vessels combined are sized to provide 
the required contact time for 99.9% removal of BTEX and W E .  The thud vessel is provided for safety. 

L )  Estimate Carbon Usage 

Calculate Pounds Of Total Adsorbable Organics (TAO) Per Day 

Estimated organic loading following air stripping with the North East Environmental Products, Inc., Model 2341-P Air Stripper (I1odt.l Run 4). 

Toluene = 1 PPb 

Ethyl Benzene = 1 PPb 

Xylene = 1 P P ~  

MTBE = 40 ppb 

TAO = 49 ppb(") 

1 1 - Asumes B E N  and MTBE account for 90% of the total adsorbable organics (TrZO). 

TAO (lbida)) = 0.05 ppm x 15 g p m x  - 0 012 lbiday - 0 009 Ih da) - 

@m- PPm 
Calculate Pounds Of MTBE Per Day 

MTBE (lbtday) = 40 ppb x 0.0088 lblday = 0.0072 lbiday 

49 P P ~  
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Calculate Granular Activated Carbon Usage For IMTBE 

Adsorption Capacity From MTBE ~sotherm"~' = 0.14 96 

0.007 lbiday - - 5.23 lbiday Granular Activated Carbon Required For hiTBE Adsnrption 

0.14 '/a 

12 - Freundltch coefficients deduced from Freundlich isotherm supphcd by Nont Americas, Inc . Atlanta, GA 0; = .308, I/n = 406) The 
isotherm provided is valrd for a residual concentratlon range of 10 to 10,000 ugR. As a conservatrve estimate of the adsorpt~on 
capacrty for concentratlorn above this range, the value for a concentration of 10,000 ugiL 1s used as opposed to extrapolatrng the 
rsotherm to the specific value 

Calculate Granular Activated Carbon Usage For Remainder of TAO 

Assume that the benzene isotherm is adequate for characterizing the remaining TAO 

Remaining TAO = TAO - MTBE 

Remaining TAO (lblday) = 0.0088 lbiday - 0.0072 lbiday = 

Remaining TAU (ppb) = 49 ppb - 40 ppb = 

0.0016 Ibiday 

9 P P ~  

Remaining TAO (ppb) = 9 PPb 

Adsorption Capacity From Benzene ~~otherm("' = 0.52 % 

0.002 lblday = 0.31 lbiday Granular Activated Carbon Required For Remaining TAO Adsorption 
0.52 % 

13 -Based on Freundl~ch rsotherm supplled by Nont Americas, Inc . Atlanta, GA, 0( = 2 021, Iin = 0 43) The rsotherm prov~ded 15 valid 
for a res~dual concentratlon range of 0 1 to 100.000 ugR. As a conservative estlmate of the adsorpt~on capaclty for concentratlonc 
above thls range, the value for a concentration of 100,000 ugiL IS used as opposed to ewtrapolatmg the rsotherm to the specific value 

Total Granular Activated Carbon Usage 

Total Carbon Usage = Carbon Usage For Remaining TAO + Carbon Usage For MTBE 

Total Carbon Usage = 0.3 1 lblday + 5.23 lblday = 5.54 lbs 

Increase carbon usage by an additional 40% due to adsorption interference fiom background organics. This assumes 
naturally occurring background organics are at a concentration of 1 - 2 ppm in the groundwater. (Based on information 
provided by Cetco, Arlington Heights, IL.) 

1.4 x 5.54 lblday = 7.8 lbiday Total Granular Activated Carbon Lkage 

3) Estimate Breakthrough Time Per 1,000 Pounds Of Carbon 

1,000 Ibs / 7.8 lbiday = 129.0 Days Until Breakthrough For 1.000 lhs of Carbon 

4) Estimate Carbon Costs 

.4ssume a carbon rebed cost of $l.76/lb (Price based on Carbon Service & Equipment Company, 1999 GES pricing.) 

Carbon Costs-= $1.76 fib x 7.8 Iblday "=' S13.64 iday' = 
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VII. Solids Removal and Sediment Filtration 

Awuming the total solids arc made up exclusively of iron (dissolved and suspended), influent solids loading is hascd on thc results 
of March 9-10, 1999 groundwater sampling for MW-1 and MW-11. 

Daily Loading (lbslday) = Concentration (mgil) x Flow (MGD) x 8.34 (Ibslgal) 

Daily Loading = 50 mg/l x 0.0216 MGD x 8.34 Ibdgal 

Daily Loading = 9.01 lbsiday 

Weekly Loading = 63.05 Ibslweek 

VIII. Recommended Treatment System 

Based on the design calculations provided above the recommended treatment system will utilize the air stripping process and granular activated carhon arlsoption firr thc 
removal volatile organic compoundu. Aclarifierlfilter unit and multiple bag filters will be utilized for the rcmoval of suopended scllids. including any diswlved iron p r c c i p ~ ~ . ~ ~  , 
from solution due to the oxidation process occruTing in the air stripper. The operational cost to providc granular activated carhon with air stripping is 6.3.552 less pcr month I ,. I I  

without the air stripper. Based on the estimated cost of the specified air stripper, the additional capital cost9 will be offset within a period of 4 months hy thc projected sa\,in*, 
in carbon costs. 
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SOIL VAPOR EXTRACTION SYSTEM DESIGN CALCULATIONS 

Department of The Army 
Fort Monmouth 

Main Post Gas Station 
Building 699 

Eatontown, New Jersey 

C'ALCULATION O F  SOIL PEKMEABILITY AND THEORETICAL RADIUS O F  INFLITENCE 

Extraction Test 1: 
Test Condition 1: 

Test Date: April 17, 1998 
Extraction Point: RW-2 
Observation Point: MP-3 
Screcncd Interval At Estraction Point: 2' - 12' 
Depth To Water At Extraction Point: 4.18 (2.68 static) 

Low-vacuum soil vapor extraction (SVE) with a jet pump and drop tube utilized for groundwater extraction tiom 
RW-2. 

Determination of soil permeabilitv M in darcvs: 

The governing equation1 is: k = Q * u * ln(RwiRo) 
H * pi * Pw[l-(PolPw)'] 

Where: Q = air flow at the extraction well2 (cm31sec) 
u = viscosity of air in centipoise 

Rw = radius of extraction well (an) 
Ro = distance to observation well (cm) 
H = height of screen affected by applied vacuum (cm) 

Pw = pressure at the extraction well (atm) 
Po = pressure at the observation well (atm) 

1 - As described by P. C. Johnson et al, Groundwater, Vol. 28, No. 3, May-June 1990 
2 - Johnson's equation requires air flow in actual, not standard conditions. Field measurements are reported in standard cubic fzzt 

per minute (scfm). Thus for the calculation of k, the soil permeability, it is necessary to convert to actual cubic feet per minutz (acfm): 

Q (acfm) = Q ( s c h )  * 391.95 "H20 

391.95 "H20 - Applied Vacuum ("H20) 

Test Data Representative of Steady-State Conditions: 

Q =  
Q =  
U = 

R\Y = 

Ro = 

H =  
Vacuum at RW-2 = 

Vacuum at MP-3 = 

8.9 scfm 
10.769852 acfm - - 

0.0 18 Centipoise - - 
0.083 feet - - 

15 feet 
- 2.18 feet - 

68.1 inches-H,O - - 

Given the above conditions, the permeability of the formation is: 

k = 6.24 Darcy 

cng fort rnonn~outh t>ldp 699 dcsgn sve test data reduction 99-56 

5082.804 cm31sec 
0.0 18 centipoise 
2.540 cm 

457.200 cm 
66.446 cm 
0.8328 atm 
0.9988 atm 
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Drtermination of the dltance. Ri, to a vacuum of 0.1 inches H,O: 

Where: Ri = radial extent of vacuum influence (fi) 
Pi = pressure at the radial extent of vacuum influence (inches Hz<)) 

3 - As described by P. C. Johnson et al, Groundwater, Vol. 28, No. 3, May-June 1990 

Rearranging Equation (3) and solving for Ri results in the following: 

Ri= Rw(Ro1Rw) " -[(l-(pi&)' )J((PO!PW)'-I)] 

Solving Equation (4) for the conditions summarized above resulb in the following value of Ri: 

Ri = 15.5 A. 

RECOVERY SYSTEM DESIGN (All Proposed Laterals) 

Flowrate Per Unit Length Of Exposed Screen, Q/H 

Extraction Test 1: Q!H = 4.08 scfmift 

Total Vapor Phase (Design) Flow From Extraction W e b  

Table 1 
Extraction Well Screen Detail 

Anticipated Flow, (scfm) 
Extraction Lateral Len@ of Lateral4 (ft) Operational DTW' (ff) Available Screen (fi) (QIH * Avail. Screen) - 

MW-1 l6  6 3 12 2 

4 - All laterals are proposed, the construction of which is anticipated to be as shown. 
5 - Approximate water elevations based on static water levels observed in nearby monitoring wells 1991 to present and an estimated 

2-foot drawdoun in each of the recovery wells. 
6 - The groundwater recovery wells will be outfitted for soil vapor ex*action and are estimated to have 3 feet of casing. 

Total Length of Available Screen = 540 fl 

Total Design Flom = Q'H * Total Available Screen = 220.2 scfm 
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Flowrate Required To Extract The Equivalent Of Four Pore Volumes Per Day 

Areal Extent of Vacuum influence7 = 12,053 sq. A 

Average Vertical Extent of Vacuum influence8 = 4.0 A 
Assumed Soil Porosity = 0.30 

7 - Based on the theoretical calculations provided above, and the actual extent of vacuum influence 
observed during the pilot study, a vacuum radius of influence (design) of 20 ft is assumed when a 
vacuum of 68.1 inches H 2 0  is applied at the wells. 

8 - The Johnson equation assumes radial flow; however, as a factor of safety, the vertical edent of vacuum 
influence is itssumed to extend from ground surface to the average operational water level. 

Estimated Pore Volume Influenced = Porosity * Areal Extent of Influence* Vertical Extent of Vacuum Influance 

Estimated Pore Volume Influenced = 14.464 cu. A 

Required Daily Volumetric Flow = 4 * Pore Volume Influenced = 57,854 cu. fl.,day 

Approximate Required Vapor Flowate = 40 scfm 

Total system vapor flowate = 4.08 scfinlfi x 54 fl of avail. screen = 220 

220 scfin > 40 scfm I 
RECOVERY SYSTEM DESIGN (Without Optional Laterals) 

Flowrate Per IInit Length Of Exposed Screen, QIH 

Extraction Test 1: Q!H = 4.08 s c h @  

Total Vapor Phase (Design) Flow From Extraction W e b  

Table 1 
Extraction Well Screen Detail 

Anticipated Flow (scfm) 
Extraction Lateral Length of Lateral4 (ft) Operational D T W ~  (ft) Available Screen (ft) (Q/H * Avail. Screen) 

MW-116 6 3 12.2 
~ w - 3 ~  6 3 12.2 
~ w - 4  6 3 12.2 
VL- 1 5 4 5 20.4 
V L 2  5 4 5 20.4 
V L 3  5 4 5 20.4 
V L 4  5 4 5 20.4 
VL-5 5 4 5 20.4 
VL-6 5 4 5 20 4 

Total Lrngth of Available Screen = 39.0 A 

Total Design Flow = QI'H * Total Available Screen = 159.2 scfm 

eng fort rnorvnouth hldg 699 desrp svr test data reductron 99-5-6 Page 3 of 4 
Engineer: DJS P I (  

5 7 ' ) ' I  



Flowrate Required To Extract The Equivalent Of Four Pore Volumes Per Day 

Arcal Extent of Vacuum influence7 = 7,928 sq. fl 

Average Vertical Extent of Vacuum influences = 4.0 A 
Assumed Soil Porosity = 0.30 

Estimated Pore Volume Influenced = Porosity * Areal Extent of Influence* Vertical Extent of Vacuum Influence 

Estimated Pore Volume Influenced = 9,514 cu. A. 

Required Daily Volumetric Flow = 4 * Pore Volume Influenced = 38,054 cu. A. da! 

,Approximate Required Vapor Flowate = 26 scfm 

Total system vapor flowate = 4.08 scfinlfl x 39 A of avail. screen -- I 59 

The system (with or without the optional laterals) is therefore capable of extracting greater than 4 pore volumes per day. A summan. of the data from the 
feasibility test is presented in the table on the following page. 
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SOIL VAPOR EXTRACTION BLOWER DESIGN CALCULATIONS 

Department of the Army 
Fort Monmouth 

Main Post Gas Station 
Building 699 

Eatontown, New Jersey 

I. Determination Of The Maximum Frictional Loss In 2-Inch Pipe (Vacuum Side) 

In order to determine the maximum frictional losses associated with the individual extraction wells. similar 
calculations were performed for each well. Based on the anticipated flowrate as calculated in the Soil T irpor 
Extraction System Design Calculations section of this report and the length and diameter of the individual 
extraction lines, VL-3 will generate the greatest frictional losses and is therefore utilized in the subsequent 
blower design calculations. 

SVE System Design  low' = 220 scfm 
Maximum Number of Extraction LateralsiWells = 12 laterals'wells 

Approximate Flowrate from VL-3 = 20.4 scfm 

Diameter of Vapor Extraction Pipe to Individual Laterals = 2 inch 
Frictional Loss per Unit Length of Pipe1 = 0.01 inches H,O:ft (i(l 20.4 scfm) 

Distance to VL-3 = 440 ft 

Frictional Loss = 440 ft x 0.01 inches H,O/ft = 4 4 inches 11,O 

11. Determination Of The Frictional Loss In 2-Inch Pipe Fittings (Vacuum Side) 

Number of 45 Degree Elbows = 0 
Equivalent Length of Pipe' = 0 ft 

Number of 90 Degree Elbows = 6 
Equivalent Length of Pipe' = 30 ft 

Total Equivalent Length of Pipe = 30 ft 

Frictional Loss = 30.0 ft x 0.01 inches H,Olft = 

111. Frictional Loss at hloisture Separator' 

Total Design System Flow = 

Maximum System Flow Including Dilution Air = 

MS350BS Moisture Separator Operating at 300 scfm = 

IV. Frictional Loss Due to Manifold & ValvingS 

V. Total Losses on Vacuum Side of the Blower 

Maximum Frictional Losses in 2-inch Pipe = 

Frictional Losses in 2-inch Pipe Fittings = 

Frictional Loss Across Moisture Separator = 

Frictional Losses in Manifold & Valving = 

Total Vacuum Losses = 
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0.3 inches H,O 

220 scfm 

300 scfm 

1.8 inches H,O 

1.0 inch H,O 

4.4 inches H 2 0  

0.3 inches H 2 0  

1.8 inches N20 

1.0 inch H1O 

7.5 inches H 2 0  



\'I. Determination Of The Frictional Loss In Process Pipe (Pressure Side) 

Frictional Loss per Unit Length of pipe2 - 0.2 1 inches H20tft (3" Pipe :< 300 scfm) 

Total Length of Pipe (Assumed) = 10 ft 

Frictional Loss = 10 ft x 0.21 inches H,Oift = 2.1 inchcs H,O 

Frictional Loss per Unit Length of pipeZ = 0.0 1 inches H,O/ft (6" Pipe (2 300 scfm) 
Total Length of pipe6 = 20 ft 

Frictional Loss = 20 ft x 0.01 inches M,O!ft = 0.2 inclics H,O 

Total Frictional Loss in Process Pipe = 2.3 incheh kI,O 

\'II. Determination Of The Frictional Loss In &Inch Pipe Fittings (Pressure Side) 

Number of 90 Degree Elbows = 2 
Equivalent Length of Pipe' = 14.0 ft 

Frictional Loss = 14.0 ft x 0.21 inches H,O!ft = 2.9 inches II,O 

VIII. Frictional Loss at Catalytic oxidizer7 3 1.0 ~nchcs I I,O 

The frictional losses due to GAC treatment of the SVE offgas are expected to be less than the frictional losses due to 
the catalytic oxidizer. So, when the offgas treatment technology changes the SVE blower will not have to bc resized 

IS. Total Losses on Pressure Side of Blower 

Total Frictional Losses in Process Pipe = 

Frictional Losses in 3-inch Pipe Fittings = 

Frictional Loss at Catalytic Oxidizer = 

Total Pressure Side Losses = 

2.3 inches H20  

2.9 inches H20 

3 1.0 inches l I?O 

36.2 inches H 2 0  

X. Vacuum Required (Design) at Extraction Well' 68.1 inches H,O 

XI. Summary of SVE Blower Performance Requirements 

Vacuum Requirements = Vacuum at Extraction Well + Losses on Vacuum Side of Blower 

68.1 inches H,O + 7.5 inches H,O = 75.6 inches H,O 

Pressure Requirements = Losses on Pressure Side of Blower 

36.2 inches H,O = 36.2 inches H,O 

Total Vacuum and Pressure Requirements = 1 1 1.8 inches H,O 

Since the vacuum requirements for the blower are greater than the pressure requirements, the blower was sized 
usins the vacuum performance curve3. 

Desip Requirements: 300 scfm @ 112 inches H,O 
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XII. S\'E Blower Selection 

Blower selected: 

Model: MD competitor 4005' 
Manufacturer: TUTHILL Corporation 

M-D Pneumatics Division 
Springfield, Missouri 

300 scfm @ 125 inches H 2 0  
23OVI3PH'15HP 

The MD Competitor 4005 shall have the capability to operate the entire system at the required flow and vacuum. 
To operate within safe influent concentrations for the Falco 300, it may become necessary to introduce dilution 
air into the system. Therefore, it may become necessary to pulse vent the SVE system, especially during the initial 
phase of operation when concentrations are elevated. Experience with similar remedial systems has shown Ihc trend 
that concentrations usually decrease rapidly from the initial levels. After the drop in concentrations, it should then 
be possible to operate additional extraction points simultaneously. 

1 - Based on information provided in the Soil Vapor Ejctraction System Desrgn Calculations section of this report. 
2 - Based on nomagraph provided by EG&G Rotron, Saugerties, NY 

3 - Based on information provided by EG&G Rotron, Saugerties, NY 
4 - Based on equipment specifications provided by EG&G Rotron, Saugerties, hY 

5 - Assumed frictional lossea through the vapor extraction manifold and valves. 
6 - Accounts for catalytic oxidizer discharge stack. 
7 - Bawd on equipment specifications provided by Falrnouth Products, Inc., Falmouth, MA 
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APPENDIX IX 



VAPOR PHASE TREATMENT OPERATIONAL COST ANALYSIS 
FALCO 300 CATALYTIC OXIDIZER 

A S S W T I O N S  I NOTES 
1 - It m swmied that the extracted sad vapor w composed pnmanly of benzme, toluene, ethylbenzene and xylenes (BTES) I 
2 - n i e  molecular we& of weathered gasoline u 108 g!mde, P C Johnson et al, Groundwater, Vol 28, No 3, May-hne 1990 
3 -The fuel value of the extracted sad vapor w a r m e d  to be 20,250 BTUilb (Lowest value for gasohne) 
4 - Based on uifonr~ahon provided by PSE&G 
5 - Based on u~formahon supplied by Fahnouth Roducts, Falmouth, MA, for the Falco 300 
6 - 100 percent of the lower *xploploplve hnnt (LEL) of g a s o h  lr equ~valent to 13000 ppmV 
7 - Mass flow ( l b h )  = ( s c h  x ppm, x 108 glmole) x [(I 55 x 10 " (molel~)(mmnlhr)(lb/g)@pm I)] 

8 - Power available m emacted soil vapor (kW) = B'IUilb * Ibrihr ' 2 93 x lo4 kW-hdBTU 
9 - Due to the stgru6cant fluctuahon m tl.r mfluent BTEX cmcattrahmw over hme ui the extracted sod vapor, only general trends cart be established 

It a therefore &cult to p r d c t  a h t e  durahan of system oprrahon to remove a given quanhty ofhydrocarbons Calrequendy, the cwts are 
presented on a u u t  mass/volume bans 

10 - Supplemental Power Requuement = Power Requement ofUrut (kW) - Power Avdable m S d  Vapor O;W) 
L I - At or above an mfluent wd vapor non-methane valable argamc compound (VOC) concentrahon of appromately 180 ppm, the heat recovered fiom 

the effluent heat exchanger n great enough to heat the iniluent ax stream to the m u m  required deshuchon 'mperahxe, therefore no supplementill 
p w e r  requirements arr mdicated, mie the pre-heater does not have to operate SLght poaer usage will be requwed upon sta~iulgireshhng Bie urut n 

the event of a shut down as the uiut must be warmed up slowly In addIhon, the pre-heater wdl acbvate d m g  norm= operahon m tlw concentrahon 
range m arder to compensate for vanahom m the helnflt sod vapor concenhahm In addhon, the manmum allowable mfluent VOC cancenhahon 
to the Fahnouth catalyhc oudmx n 2400 ppm. Operaha af the urut when mfluent VOC concentrahola are hglier than h value wdl reqwre the 
mboduchon of dubon rur to reduce the combmed iniluent to the o x ~ k  to less than 2400 ppni, 

12 - Granular achvated carbon cansumphon supplied by Cetco, Arhngton Haghts, IL 
13 - Assumsr SO 9Mb for granular achvated carbon meludq raclrebed  charge^ 

CATALYTIC OXlDATION WI HEAT EXCHANGER 
EXTRACTED SOIL V A W R  Days oiOpcratiad POWER REQUIREMENT SUPPLEhlENTXL POWER Cmnhrtic Oxidizer Gmnulm 4 5 1 W  C d o n  

a/. I FI i m n d  ( l M r l r  (kW" 1000 eal LITEX' &w5 (kW" YMonth" wh R T ~  ".d RTPY t b ~ o n t h "  YMonlhU tnh UTWY vo.l RT WY 

FALC0300 cost sheet 
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