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1.0 INTRODUCTION 

	

1.1 	PURPOSE AND SCOPE 

The purpose of the Design Analysis Report (DAR) is to provide the basis of design for remedial actions at 

Operable Unit 1 (OU-1) at the Naval Weapons Station Earle (NWS Earle), in Colts Neck, New Jersey. 

This DAR was prepared by Brown and Root Environmental (B&R Environmental) under the 

Comprehensive Long-Term Environmental Action Navy (CLEAN) Program, Contract No. N62472-90-D-

1298, Contract Task Order 0289. 

	

1.2 	BACKGROUND 

NWS Earle is located in Monmouth County, New Jersey, approximately 47 miles south of New York City. 

Sites 4 and 5, which comprise OU-1, were historically used by the Navy for disposal of municipal and 

industrial wastes. After disposal activities at each of these sites were discontinued, each site was graded 

and revegetated. 

A series of remedial investigations were conducted to determine the nature and extent of contamination at 

Sites 4 and 5. The results of these investigations concluded that groundwater in the vicinity of each site 

was impacted by metals and organic compounds. A feasibility study was later conducted for Sites 4 and 5 

to determine potential remedial actions for the sites. The selected remedial action for Sites 4 and 5 were 

presented in the Proposed Plan for OU-1, dated March 1997. The Proposed Plan selected capping as the 

preferred remedial alternative, consistent with the EPA presumptive remedy for municipal landfills at 

military installations. The Record of Decision for OU-1, dated July 1997, selected capping as the remedial 

action for Sites 4 and 5. Proposed remedial actions at Sites 4 and 5 included the following components: 

• Installation of a low permeability cap at each site to reduce rainwater infiltration and associated 

leachate generation, promote surface water drainage, and provide isolation of the waste materials 

from humans and the surrounding environment. 

• Implementation of institutional controls to restrict future use of each site as well as impacted 

groundwater associated with each site. 

• Implementation of long-term periodic monitoring to assess contaminant status and to determine when 

remedial action objectives are achieved. 
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The purpose of the DAR is to summarize and present the results of activities related to design of landfill 

caps for Sites 4 and 5. The Environmental Permits Report and the Erosion and Sediment Control Plan 

have also been prepared and are submitted under separate cover. 

1.3 	DESIGN ANALYSIS REPORT ORGANIZATION 

The following highlights the information contained in each section of this Design Analysis Report. 

• 	Section 1.0 provides an introduction and summary of the basis of design. 

• Section 2.0 summarizes site characteristics, including site history, and surface/subsurface soil and 

hydrological characteristics, and remedial investigations of NWS Earle. 

• Section 3.0 summarizes site characteristics including a site history, and surface/subsurface soil and 

hydrological characteristics, and remedial investigations at Site 4. 

• Section 4.0 summarizes site characteristics including a site history, and surface/subsurface soil and 

hydrological characteristics, and remedial investigations at Site 5. 

• Section 5.0 summarizes the results of the Pre-Design Investigation. 

• Section 6.0 summarizes design requirements for the remedial action. 
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2.0 NWS EARLE 

	

2.1 	BACKGROUND 

NWS Earle is located in Monmouth County, New Jersey, approximately 47 miles south of New York City. 

The station consists of two areas, the 10,248-acre Main Base (Mainside area), located inland, and the 

706-acre Waterfront area (Figure 2-1). The two areas are connected by a Navy-controlled right-of-way. 

The facility was commissioned in 1943, and its primary mission is to supply ammunition to the naval fleet. 

An estimated 2,500 people either work or live at the NWS Earle station. 

The Mainside area is located approximately 10 miles inland from the Atlantic Ocean at Sandy Hook Bay in 

Colts Neck Township, which has a population of approximately 6,500 people. The surrounding area 

includes agricultural land, vacant land, and low-density housing. The Mainside area consists of a large, 

undeveloped portion associated with ordnance operations, production, and storage; this portion is 

encumbered by explosive safety quantity distance arcs. Other land use in the Mainside area consists of 

residences, offices, workshops, warehouses, recreational space, open space, and undeveloped land. The 

Waterfront area is located adjacent to Sandy Hook Bay in Middletown Township, which has a population 

of approximately 68,200 people. The Mainside and Waterfront areas are connected by a narrow strip of 

land which serves as a government-controlled right of way containing a road and railroad. 

Operable Unit 1 (OU-1) consists of two former landfills located in the Mainside area (Figure 2-2): the 

landfill west of "D" group (Site 4) and the landfill west of the Army barricades (Site 5). The OU-1 sites were 

grouped together based on similarities of waste volumes, types of contaminants, and the potential for 

contaminants to migrate to human and/or environmental receptors. 

	

2.2 	SUMMARY OF SITE CHARACTERISTICS 

NWS Earle is located in the coastal lowlands of Monmouth County, New Jersey, within the Atlantic 

Coastal Plain Physiographic Province. The Mainside area, which includes OU-1, lies in the outer Coastal 

Plain, approximately 10 miles inland from the Atlantic Ocean. The Mainside area is relatively flat, with 

elevations ranging from approximately 100 to 300 feet above mean sea level (MSL). The most significant 

topographic relief within the Mainside area is Hominy Hills, a northeast-southwest-trending group of low 

hills located near the center of the station. 
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The rivers and streams draining NWS Earle ultimately discharge to the Atlantic Ocean, which is 

approximately 9 or 10 miles east of the Mainside area. The headwaters and drainage basins of three 

major Coastal Plain rivers (Swimming, Manasquan, and Shark) originate on the Mainside area. The 

northern half of the Mainside is in the drainage basin of the Swimming River, and tributaries include Mine 

Brook, Hockhockson Brook, and Pine Brook. The southwestern portion of the Mainside drains to the 

Manasquan River via either Marsh Bog Brook or Mingamahone Brook. The southeastern corner of the 

Mainside drains to the Shark River. Both the Swimming River and the Shark River supply water to 

reservoirs used for public water supplies. 

NWS Earle is situated in the Coastal Plain Physiographic Province of New Jersey. The New Jersey 

Coastal Plain is a seaward-dipping wedge of unconsolidated Cretaceous to Quaternary sediments that 

were deposited on a pre-Cretaceous basement-bedrock complex. The Coastal Plain sediments are 

primarily composed of clay, silt, sand, and gravel and were deposited in continental, coastal, and marine 

environments. The sediments generally strike northeast-southwest and dip to the southeast at a rate of 

10 to 60 feet per mile. The approximate thickness of these sediments beneath NWS Earle is 900 feet. 

The pre-Cretaceous complex consists mainly of PreCambrian and lower Paleozoic crystalline rocks and 

metamorphic schists and gneisses. The Cretaceous to Miocene Coastal Plain Formations are either 

exposed at the surface or subcrop in a banded pattern that roughly parallels the shoreline. The outcrop 

pattern is caused by the erosion truncation of the dipping sedimentary wedge. Where these formations 

are not exposed, they are covered by essentially flat-lying post-Miocene surficial deposits. 

Groundwater classification areas were established in New Jersey under New Jersey Department of 

Environmental Projection (NJDEP) Water Technical Programs Groundwater Quality Standards in New 

Jersey Administrative Code (N.J.A.C.) 7:9-6. The Mainside area is located in the Class II-A: Groundwater 

Supporting Potable Water Supply area. Class II-A includes those areas where groundwater is an existing 

source of potable water with conventional water supply treatment or is a potential source of potable water. 

In the Mainside area, in general, the deeper aquifers are used for public water supplies and the shallower 

aquifers are used for domestic supplies. 

OU-1 is situated in the recharge area of the Kirkwood-Cohansey aquifer system. The Kirkwood-Cohansey 

aquifer system is a source of water in Monmouth County and is composed of the generally unconfined 

sediments of the Cohansey Sand and Kirkwood Formation. The Kirkwood-Cohansey aquifer system has 

been reported in previous investigations as being used for residential wells in the Mainside area. Along 

the coast, this aquifer system is underlain by thick diatomaceous clay beds of the Kirkwood Formation. 
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All facilities located in the Mainside Administration area are connected to a public water supply (New 

Jersey American Water Company). Water for the public supply network comes from surface water 

intakes, reservoirs, and deep wells. No public water supply wells or surface water intakes are located on 

the NWS Earle facility. A combination of private wells and public water supply from the New Jersey 

American Water Company serves businesses and residences in areas surrounding the Mainside facilities. 

There are a number of private wells located within a 1-mile radius of NWS Earle and several within the 

NWS Earle boundaries. The majority of these wells are used for potable supplies; previous testing for 

drinking water parameters indicates these wells have not been adversely impacted. 

There is a rich diversity of ecological systems and habitats at NWS Earle. Knieskern's beaked-rush 

(Rynchospora knieskernii), a sedge species, has been seen on the station, and the swamp pink (Helonias 

bullata), may be present; both of these species are on the federal and state endangered species lists. An 

osprey has visited Mainside and may nest in another area at NWS Earle. The Mingamahone Brook 

supports bog turtles downstream of the Mainside area and provides an appropriate habitat for them at the 

Mainside area. 

2.3 	SUMMARY OF REMEDIAL INVESTIGATIONS 

Potential hazardous substance releases at NWS Earle were addressed in an Initial Assessment Study 

(IAS) in 1982, a Site Inspection Study (SI) in 1986, and a Phase I Remedial Investigation (RI) in 1993. 

These were preliminary investigations to determine the number of sources, compile histories of waste-

handling and disposal practices at the sites, and acquire data on the types of contaminants present and 

potential human health and/or environmental receptors. The RI at Sites 4 and 5 included the installation 

and sampling of monitoring wells, collection of surface water and sediment samples, and excavation of 

test pits to observe wastes and sample subsurface soils. 

In 1990, NWS Earle was placed on the National Priorities List (NPL), which is a list of sites where 

uncontrolled hazardous substance releases may potentially present serious threats to human health and 

the environment. The sites at NWS Earle were then addressed by Phase II RI activities to determine the 

nature and extent of contamination at these sites. Activities included installation and sampling of 

groundwater monitoring wells, surface water and sediment sampling, and surface and subsurface soil 

sampling. The Phase II RI was initiated in 1995 and completed in July 1996, when the final Phase II RI 

report was released. 

The results of the RI were used as the basis for performing a feasibility study (FS) of potential remedial 

- alternatives. The Navy and EPA, in consultation with NJDEP, developed the proposed remedial action 
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plan (Proposed Plan). The Proposed Plan, dated March 1997, selected capping as the preferred remedial 

alternative for OU-1. A Record of Decision (ROD), dated July 1997, was later issued for OU-1 and 

included capping as the final remedial action for Sites 4 and 5. 
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3.0 SITE 4 - LANDFILL WEST OF "D" GROUP 

	

3.1 	SITE DESCRIPTION 

Site 4 is a 5-acre landfill that received approximately 10,200 tons of mixed domestic and industrial wastes 

from 1943 until the late 1960s. Disposed materials include metal scrap, construction debris, pesticide and 

herbicide containers, paint residues, and rinsewaters. It has been reported that containers of paint, paint 

thinners, varnishes, shellacs, acids, alcohols, caustics, and asbestos may have been disposed. The 

landfilled materials are currently covered by a thin layer of sandy soil. 

Figure 3-1 depicts the location of Site 4 as well as other features such as monitoring wells and sampling 

locations. Figure 3-1 depicts the approximate boundary of the landfill, based on review of aerial photographs 

and other historical information. 

An eight inch water line parallels the dirt road to the east of Site 4. An six inch lateral extends from this water 

line into the Site 4 landfill area. Historic drawings indicate that this lateral line serviced a fire hydrant located 

in Site 4. The historical drawings also indicate an elevation of the fire hydrant well above present ground 

surface elevation of the landfill. It is unlikely that this line is in service. The exact location of the lateral water 

line is not known although part of the line is exposed east of the landfill. 

	

3.2 	GEOLOGY 

Regional mapping places Site 4 within the outcrop area of the Cohansey Sand. The Cohansey Sand ranges 

between 0 and 30 feet in thickness and the soil borings are no more than 35 feet deep. The lithology of the 

sediments encountered in the on-site borings generally agrees with the published description of the 

Cohansey Sand. The thickness of the sediments penetrated in the on-site borings indicates the Cohansey 

Sand may have a regional thickness of greater than 30 feet. In general, the borings encountered alternating 

beds of light-colored, silty, fine- to coarse-grained sand with varying amounts of gravel. A 0.5-foot reddish-

yellow clay seam was penetrated in one of the borings 

	

3.3 	SOILS 

The soils covering Site 4 are mapped as PT or Pits, sand and gravel, according to the April 1989 Soil 

Survey of Monmouth County, New Jersey. This unit consists of areas that have been excavated for sand 

and gravel. Typically, these areas consist of sandy material and differing amounts of gravel and 
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fragments of iron-cemented sandstone. A few abandoned pits, such as the one at Site 4, have been used 

as landfills or dumps. The properties and characteristics of this map unit differ greatly from place to place. 

Boring logs, completed during field activities at the site, indicate that the surface and shallow subsurface 

soil is comprised of silty, fine-grained sand with some clay. The soil's consistency is generally loose to 

medium dense and the soil is orange-brown to gray-brown in color. 

The soil covering areas south and west of Site 4 belong to the Atsion and Lakewood series (USDA, 1989). 

Atsion series soils, mapped as Atsion sand, are nearly level, poorly drained soil in depressional areas and 

on broad flats. These soils formed in acid, sandy, Coastal Plain sediments. Permeability of the Atsion 

sand is moderately rapid or rapid in the subsoil and rapid in the substratum. The available water capacity 

is low. Runoff is very slow and erosion is a slight hazard. Most areas with this soil are wooded. Common 

species of trees include pitch pine, black gum, and red maple. The surface layer of the Atsion series is 

approximately 8 inches thick. The layer contains 2 inches of partly decomposed organic material and 

roots and 6 inches of black sand. The subsurface soil is grayish brown sand 14 inches thick. These soil 

characteristics generally correspond to the soil encountered during boring activities at Site 4. 

The Lakewood series consists of excessively drained soils on uplands. These soils were also formed in 

acid, sandy, Coastal Plain sediments. The mapping unit identified within the Lakewood series adjacent to 

Site 4 is the Lakewood sand, 5 to 10 percent slopes (USDA, 1989). Permeability of this sand is rapid in the 

subsoil and moderate to rapid in the substratum. The available water capacity is low and runoff is slow. 

The water erosion hazard is moderate, but the wind erosion hazard is severe. Most areas with this soil 

are wooded. Common species of trees found in Lakewood sand include pitch pine, shortleaf pine, 

chestnut oak, black oak, and Virginia pine. The surface layer is 4 inches thick. The uppermost inch is 

dark, brown, matted, decomposed organic material, and below that is light brownish gray sand 10 inches 

thick. The subsurface soil of the Lakewood series is light brownish gray sand 10 inches thick. These soil 

characteristics generally correspond to the soil encountered during boring activities at Site 4. 

The areas north and east of Site 4 are classified as Udorthents (UA). This unit consists of areas of soils 

that have been altered by excavating or filling. Udorthents consist of well drained to somewhat poorly 

drained soils that have no horizonation. These soils formed in stratified or graded, sandy or loamy fill 

material that has as much as 35 percent gravel by volume. Slope ranges from 0 to 3 percent. 
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3.4 	HYDROGEOLOGY 

OU-1 is situated in the recharge area of the Kirkwood-Cohansey aquifer system. The Kirkwood-Cohansey 

aquifer system is a source of water in Monmouth County and is composed of the generally unconfined 

sediments of the Cohansey Sand and Kirkwood Formation. The Kirkwood-Cohansey aquifer system has 

been reported in previous investigations as being used for residential wells in the Mainside area. Along the 

coast, this aquifer system is underlain by thick diatomaceous clay beds of the Kirkwood Formation. 

Groundwater in the Cohansey aquifer beneath the site occurs under unconfined conditions. Static-water-level 

measurements and water-table elevations were recorded in August and October 1995. Groundwater contour 

maps are presented in Figure 3-2 (August 1995) and Figure 3-3 (October 1995). The direction of shallow 

groundwater flow in the aquifer is toward the east and east-southeast. There does not appear to be a 

significant seasonal variation in groundwater flow direction. The hydraulic conductivity calculated for MW4-

04 is 4.48 x 104  cm/sec (1.27 ft/day). 

3.5 	SURFACE WATER HYDROLOGY 

Site 4 is covered with a pine tree plantation, open space dominated by tall grass, and some bare areas. Site 

4 is surrounded by woodlands. The ground surface slopes downward to the southeast from approximately 

170 feet above mean sea level (MSL) near MW4-01 to approximately 150 feet above MSL at MW4-06. A 

broad, low-lying wetland extends from the eastern portion of Site 4 beyond the unpaved boundary road. 

Surface water flow is to the east and east-southeast toward the wetland. The southern boundary of the 

landfill at Site 4 parallels a drainage course which discharges into the wetlands located along the southeast 

corner of the landfill. 

3.6 	SUMMARY OF REMEDIAL INVESTIGATIONS 

3.6.1 	IAS and SI Results 

The IAS determined that hazardous materials were potentially present and could impact groundwater. The 

SI detected low levels of volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), 

polychlorinated biphenyl (PCB), and metals in sediment samples receiving drainage from the site. 

3.6.2 	Phase I Remedial Investigation 

During the Phase I RI, the laboratory results of groundwater samples detected VOCs, and subsurface soil 

samples detected elevated levels of a single pesticide and total petroleum hydrocarbons (TPH). Six test pits 

were excavated to characterize the waste materials in the landfill. The waste consisted primarily of metal 
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scrap such as steel banding, pipes, and empty metal trash barrels. Lumber, concrete, brick, and other 

construction debris were also encountered. No anomalous organic vapor readings were detected in any of 

the test pits. 

3.6.3 	Phase II Remedial Investigation  

Results of the Phase II RI showed the presence of VOCs, including 1,2-dichloroethene (1,2-DCE) and 

trichloroethene (TCE), vinyl chloride (VC), and elevated levels of metals, including aluminum, iron, lead, and 

manganese in groundwater. Elevated levels of metals, including aluminum, iron, lead, and manganese, and 

trace levels of pesticides, including aldrin and dieldrin, were detected in surface water samples. A single 

SVOC, nitrobenzene, was also detected at an elevated level (66.0 ug/kg) in a sediment sample. Table 3-1 

summarizes the results of samples taken from groundwater compared to applicable standards. 

	

3.6.4 	Groundwater Modeling 

Computer modeling estimated that Site 4 groundwater metals concentrations would gradually diminish 

over time, assuming a source control measure, such as capping, would be implemented to control vertical 

migration. The model estimated that metals concentrations at the nearest potential discharge point, a 

stream located approximately 400 feet downgradient of Site 4, would be well below either the state 

standard or background levels. The maximum distance from Site 4 where metals concentrations in 

groundwater would remain above applicable regulatory standards or background levels, was estimated to 

be 55 feet by the model. Surface water samples taken from the watershed downgradient of Site 4 currently 

show no concentration of compounds above background or regulatory standards. 

	

3.6.5 	Summary 

In summary, results of investigations at Site 4 indicate that: 

• Metals found in groundwater at concentrations above New Jersey regulatory standards were limited to 

aluminum, iron, and manganese. There is no promulgated federal regulatory standard for these common 

groundwater constituents. 

• Metals concentration results may be biased high for groundwater samples collected at Site 4 because of 

high sample endpoint turbidity values in four of the six samples taken. 

• Modeling estimated that metals in groundwater will migrate only very little, and concentrations will 

diminish slowly with time. 
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TABLE 3-1 

SITE 4 GROUNDWATER 
NWS EARLE, COLTS NECK , NEW JERSEY 

ARARs and TBCs Data Exceeding ARARs 

Maximum Frequency Maximum Drinking Water NJDEP 04GWO1 04GW02 04GW04 04GW05 04GW06 04GW07 

Exceedances of Contamination Health Advisory Groundwater 1995 RI 1995 RI 1995 RI 1995 RI 1995 RI 1995 RI 

Eceedance Level (MCL) (Lowest Quality 7/25/95 7/26/95 7/25/95 7/25/95 7/25/95 8/22/95 
(ug/L) Criterion Standard 

Shown) (ug/L) 

Aluminum 	v  2690 5/6 - - 200 1590 J 923 J 1490 J 2690 J 578 J 

Iron 20900 4/6 -- 300 554 20900 7680 647 

Manganese 306 1/6 -- 50 306 

0 

CD 
3 
0 
CD 

CO-1  
CD 

VOLATILES (pg/L) 
55 1/6 5 1 55 Trichloroethene 

Vinyl chloride 3 1/6 2 10e 5 3 

J = Value is estimated because the concentration is below the laboratory contract quantitation limit or because of data validation control quality criteria. 
e = The listed health advisory, long-term child, is equal to the most stringent of the EPA health advisories for this chemical. 
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TCE, found in one monitoring well at a concentration greater than the EPA and New Jersey standard, and 

its degradation products, found approximately at (VC) or below (1,2-DCE) the regulatory standard, 

indicate that contaminants leaching from the limited source area are degrading with time and are not 

widely spread. 
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4.0 SITE 5 - LANDFILL WEST OF ARMY BARRICADES 

4.1 	SITE DESCRIPTION 

The Site 5 landfill received approximately 6,600 tons of mixed domestic and industrial wastes between 1968 

and 1978 (Figure 4-1). The landfill covers an aerial extent of approximately 8 acres. Figure 4-1 depicts the 

approximate boundary of the landfill, based on review of aerial photographs and other historical information. 

Wastes which were disposed of at Site 5 included paper, glass, plastics, construction debris, pesticide and 

herbicide containers, containers of paint, paint thinners, varnishes, shellacs, acids, alcohols, caustics, and 

small amounts of asbestos. The landfill materials are currently covered by a sand and vegetated soil layer 

ranging in depth from 1 to 3 feet. Approximately 2.5 acres of the site is used as a skeet shooting range. 

As shown on Figure 4-1 a trap/skeet shooting facility (Shooters Club) is located on top of the landfill at 

Site 5. The Shooters Club consists of concrete walkways to shooting stations, various small structures 

which house target throwing equipment, wooden light standards with the associated lights for night 

shooting, and other small ancillary items (gun racks, flagpole, etc. ). 

Also included at the facility is a clubhouse which consists of a mobile home ("Trailer" on Figure 4-1), 

approximately 60 feet by 12 feet and a wooden deck approximately the same size. Two large vaults are 

installed within the clubhouse and are used to store guns, ammunition, and related equipment used durirfg 

shooting events. The clubhouse includes a sink and restroom facilities. 

Electric service to the shooters club is provided by an underground electric line (100 Amp, single phase) 

which was trenched through the landfill and passes beneath the railroad tracks south west of the 

clubhouse. Underground electric lines run to the light poles and range equipment. 

The clubhouse is also serviced by an underground telephone line which follow the main road into Site 5 

(from the north west). The telephone line from the clubhouse extends to the explosive ordinance disposal 

(EOD) bunker, located to the north. 

Potable water is supplied to the clubhouse by 5-gallon carboys from a local bottled water supplier. Water 

for non-potable uses is also available via a portable tank ('Water Buffalo") located adjacent to the 

clubhouse. 

079716/P 	 4-1 	 CTO 0289 



Rev. 1 

November 1997 

05HP-04 
MW5-04 

WOODED AREA 

BORROW 
AREA 

05HP-03 

MW5-05 05HP-06 

WOODED AREA 

OPEN AREA 
WOODED 

5HP-02 

\wOODED AREA 

r05HP-01 OPEN AREA 

05H P-0 
OPEN AREA 

WOODED AREA 

S 
MW5-07 

WOODED AREA 

OPEN AREA 

MW5-08 MW5-02 
S 

MW5-01 

LEGEND  

APPROXIMATE LANDFILL BOUNDARY 

MONITORING WELL LOCATION 

E) HYDROPUNCH SAMPLE LOCATION 

WETLANDS 

WETLANDS DELINEATION • • • 
SOURCE NJDEP (SEE SECTION 1.5) 

DRAINAGE DIVIDE DELINEATION 
SOURCE USGS TRENTON, NJ 

0 150 300 

SCALE IN FEET 

DRAWN BY 	GATE 
HJP 08/25/97 

CHECKED BY 	DATE APPROVED BY 	 DATE 

COST/SCHED-AREA 

I 	I 	I 

IUD Brown & Root EnvIramantal 

APPROVED BY 	 DATE 

CONTRACT NO. 
7602 

OWNER NO. 

SITE 5-LANDFILL 
WEST OF ARMY BARRICADES 

NAVAL WEAPONS STATION EARLE 
COLTS NECK. NEW JERSEY SCALE 

AS NOTED 
DRAWING NO. 

FIGURE 4-1 
REV. 
0 

079716/P CTO 0289 4-2 



Rev. 1 
November 1997 

The clubhouse includes its own heating system, which is fired by propane. A propane storage tank is 

located adjacent to the clubhouse. 

Wastewater from the clubhouse is treated by an existing on-lot septic system consisting of a septic tank 

and leach field. 

A gravel parking area is located adjacent of the clubhouse. Gravel and dirt roads are located within the 

landfill boundary, including the road to the trap/skeet range which turns and continues to the EOD bunker, 

and an access road crossing the landfill from the northwest to southeast . 

Wetlands are located to the southwest of the landfill. No wetlands are located within the landfill. 

Site 5 is located within the safety distance arc for the EOD range. When work is being performed at the 

EOD range (approximately 1,250 feet to the north), Site 5 must be vacated. 

	

4.2 	GEOLOGY 

Regional mapping places Site 5 within the outcrop area of the Kirkwood Formation. The Kirkwood Formation 

ranges between 60 and 100 feet in thickness. The lithology of the soils encountered in the on-site borings 

(from previous remedial investigations) generally agrees with the published descriptions of the Kirkwood and 

Vincentown Formations. The on-site borings were no greater than 55 feet deep. Assuming a portion of the 

Kirkwood Formation was removed by erosion, it is possible that at least one of the soil borings penetrated the 

underlying Vincentown Formation. In general, the borings encountered brown and gray, very fine- to 

medium-grained sand and dark-colored silt (probably representative of the Kirkwood Formation) and olive 

and olive brown, slightly glauconitic, fine- to coarse-grained sand (probably representative of the Vincentown 

Formation). The Mainside area is located above the updip limit of the Piney Point, Shark River, and 

Manasquan Formations; therefore, the glauconitic sand is interpreted to be part of the Vincentown Formation. 

	

4.3 	SOILS 

The soils covering Site 5 belong to 4 different series. The series include the Atsion, Keyport, Lakehurst, 

and Lakewood (USDA, 1989). Each series and the appropriate mapping unit that covers Site 5 are 

described in detail below. 

Boring logs, completed during remedial investigation activities at the site, indicate that the surface and 

shallow subsurface soil is comprised of silty, fine-grained sand with some clay. The soil's consistency 
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ranges from very loose to medium dense. The color of the surface and shallow subsurface soil varies 

between boring locations. Some soil is orange-brown to gray-brown in color, while others are dark brown 

to olive-brown. 

Atsion series soils, mapped as Atsion sand, are nearly level, poorly drained soil in depressional areas and 

on broad flats. These soils formed in acid, sandy, Coastal Plain sediments. A minor portion of Site 5 is 

mapped as Atsion sand. Permeability of the sand is moderately rapid or rapid in the subsoil and rapid in 

the substratum. The available water capacity is low. Runoff is very slow and erosion is a slight hazard. 

Most of the areas of this soil are wooded. Common species of trees include pitch pine, black gum, and 

red maple. The surface layer of the Atsion series is approximately 8 inches thick. The layer contains 2 

inches of partly decomposed organic material and roots and 6 inches of black sand. The subsurface soil 

is grayish brown sand 14 inches thick. These soil characteristics generally correspond to the soil 

encountered during boring activities at Site 5. 

The Keyport series consists of moderately well drained soils on uplands. These soils formed in acid, 

clayey, Coastal Plain sediments. The mapping unit identified within the Keyport series at Site 5 is the 

Keyport sandy loam, 2 to 5 percent slopes (USDA, 1989). This unit covers a western portion of Site 5. It is 

a gently sloping, moderately well drained soil on low divides. Permeability of this soil is slow in the subsoil 

and the substratum. The available water capacity is high and runoff is medium. Erosion is a moderate 

hazard. The most common species of tree found in Keyport soil include yellow poplar, northern red oak, 

and American beech. Some areas of Keyport soil have pyritic clay in the substratum. If the clay is 

exposed during excavation and used as top soil, it will become extremely acid (pH about 2.5-3.0) and will 

not support vegetation. The surface soil is brown sandy loam 8 inches thick and the subsurface soil is 

yellowish brown silty clay loam 18 inches thick. These soil characteristics generally correspond to the soil 

encountered during boring activities at Site 5. 

The Lakehurst series consists of moderately well drained and somewhat poorly drained soils on uplands. 

These soils were formed in acid, sandy Coastal Plain sediments. The mapping unit identified within the 

Lakehurst series at Site 5 is the Lakehurst sand, 0 to 2 percent slopes (USDA, 1989). This unit covers a 

limited portion of Site 5. It is a nearly level, moderately well drained and somewhat poorly drained soil in 

depressional areas and on low divides. Permeability of this sand is rapid in the subsoil and the 

substratum. The available water capacity is low and runoff is very slow. Water erosion hazard is slight, 

but wind erosion is a severe hazard. Most areas of this soil are woodland. The most common species of 

tree found in Lakehurst sand is the pitch pine. The surface layer is gray sand 4 inches thick. The 

subsurface layer is light gray sand 6 inches thick. These soil characteristics generally do not correspond 

to the soil encountered during boring activities at Site 5. 
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The Lakewood series consists of excessively drained soils on uplands. These soils were formed in acid, 

sandy, Coastal Plain sediments. The mapping unit identified within the Lakewood series at Site 5 is the 

Lakewood sand, 0 to 5 percent slopes (USDA, 1989). This unit covers a majority of Site 5. It is a nearly 

level and gently sloping, excessively drained soil on divides. Permeability of this sand is rapid in the 

subsoil and moderate to rapid in the substratum. The available water capacity is low and runoff is very 

slow. Water erosion hazard is slight, but wind erosion is a severe hazard. Common species of trees found 

in Lakewood sand include pitch pine, shortleaf pine, chestnut oak, black oak, and Virginia pine. The 

surface layer is 4 inches thick. The uppermost inch is dark brown, matted decomposed organic material, 

and below that it is dark grayish brown sand. The subsurface soil of the Lakewood series is light brownish 

gray sand 10 inches thick. These soil characteristics generally correspond to the soil encountered during 

boring activities at Site 5. 

	

4.4 	HYDROGEOLOGY 

Based upon the boring log descriptions, well MW5-06 penetrated the Kirkwood Formation, wells MW5-02, 

MW5-03, MW5-05, MW5-07, and MW5-08 penetrated both the Kirkwood and Vincentown Formations, and 

wells MW5-01 and MW5-4 penetrated the Vincentown Formation. 

Groundwater in the Kirkwood and Vincentown aquifer beneath the site occurs under unconfined conditions 

and the formations are interpreted to be hydraulically interconnected. Groundwater contour maps are 

presented in Figure 4-2 (August 1995) and Figure 4-3 (October 1995). The direction of shallow groundwater 

flow in the aquifer is toward the northeast. There does not appear to be a significant seasonal variation in 

groundwater flow direction. The hydraulic conductivities calculated for MW5-02 (Kirkwood and Vincentown 

Formation), MW5-06 (Kirkwood Formation), and MW5-07 (Vincentown Formation) are 3.18 x 10-4  cm/sec 

(0.90 ft/day), 6.46 x 10-4  cm/sec (1.83 ft/day), and 2.08 x 10-4  cm/sec (0.59 ft/day), respectively. 

	

4.5 	SURFACE WATER HYDROLOGY 

A small drainage ditch is located approximately 100 feet west of the dirt road that borders the western edge 

of the site, and water is present in the ditch only after periods of heavy rainfall. The closest surface water is a 

tributary of Hockhockson Brook, located approximately 1,000 feet east of Site 5. The site is located on the 

border of the Hockhockson Brook and Pine Brook watersheds. The topography of the site is flat, inhibiting 

off-site runoff; therefore, precipitation perches and infiltrates on the site. No surface seeps exist at the landfill. 
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4.6 	SUMMARY OF REMEDIAL INVESTIGATIONS 

4.6.1 	IAS and SI Results 

The IAS and SI concluded that a potential threat to groundwater existed at the site. 

	

4.6.2 	Phase I Remedial Investigation  

The results of the Phase I RI showed metals and VOCs in subsurface soil and groundwater samples. 

Four test pits were excavated to characterize the wastes that had been disposed at the landfill. A layer of 

trash, ranging in thickness from 6 to 13 feet, was encountered in all four test pits. The trash consisted of 

foam rubber, glass, paper, plastic, metal scrap materials, lumber, concrete, bricks, and other construction 

debris. 

	

4.6.3 	Phase II Remedial Investigation 

The Phase II RI indicated the presence of metals (e.g., aluminum, arsenic, cadmium, cobalt, iron) and VOCs 

[1,2-dichloroethane (1,2-DCA), 1,2-DCE, TCE, benzene, ethylbenzene, xylene, vinyl chloride] in groundwater 

samples, generally confirming previous findings. Table 4-1 summarizes the results of samples taken from 

groundwater compared to applicable standards. 

Metals found in groundwater at concentrations greater than regulatory guidelines included aluminum, 

cadmium, iron, manganese, nickel, and thallium. In the case of Site 5, of eight monitoring well samples 

collected, four met the sample collection endpoint turbidity goal and the other four had reasonably low 

endpoint turbidity values. Therefore, no probable general correlation exists between turbidity and 

groundwater samples metals concentrations above regulatory standards or background. 

Organic compounds found in groundwater at levels above regulatory standards included 1,2-DCA, benzene, 

chloroform, and TCE. All four compounds were found at concentrations below the federal standard for 

human consumption for potable water supplies, but slightly above the New Jersey standard. TCE and 

benzene were each found in two monitoring wells downgradient of the landfill. Chloroform was found in one 

monitoring well upgradient of the landfill at a concentration above the New Jersey standard. 
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TABLE 4-1 

SITE 5 GROUNDWATER 
NWS EARLE, COLTS NECK , NEW JERSEY 

ARARs and TBCs Data Exceeding ARARs 
Maximum Frequency Maximum Drinking Water NJDEP 05GVV01 05GW02 05GW04 05GW05 05GW06 05GW07 

Exceedance of Contaminant Health Advisory Groundwater 1995 RI 1995 RI 1995 RI 1995 RI 1995 RI 1995 RI 
Eceedance Level (MCL) (Lowest Quality 7/21/95 7/07/95 7/21/95 7/5/95 7/13/95 8/22/95 

(ug/L) Criterion Standard 
Shown) (ug/L) 

Aluminum 42000 8/8 -- 200 2150 J 4310 7870 J 2740 2600 497 
Cadmium 8 2/8 5 5e 4 7 
Iron 59200 8/8 -- 300 2670 453 1450 J 2310 59200J 331 
Manganese 302 4/8 -- 50 65 171 156 
Nickel 102 1/8 100 100a 100 
Thallium 6 3/8 2 0.4a 10 4 5 6 J 

1,2-dichloroethane 3 1/8 5 700e 2 3 J 
Benzene 3 2/8 5 200d 1 2 J 

Chloroform 22 1/8 100 100e 6 22 
Trichloroethene 4 2/8 5 1 3 55 4 J 

J = Value is estimated because the concentration is below the laboratory contract quantitation limit or because of data validation control quality criteria. 
a = The listed health advisory criterion, lifetime adult, is equal to the most stringent of the EPA health advisories for this chemical. 
d = The listed health advisory criterion, ten-day child, is equal to the most stringent of the EPA health advisories for this chemical. 
e = The listed health advisory criterion, long-term child, is equal to the most stringent of the EPA health advisories for this chemical. 
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4.6.4 	Groundwater Modeling 

Computer modeling estimated that Site 5 groundwater metal concentrations would gradually diminish over 

a long period of time, assuming a source control measure, such as capping, would be implemented to 

control vertical migration. The model estimated that metals concentrations at the nearest potential 

discharge point, a stream located approximately 3,500 feet downgradient of Site 5, would be well below 

either the state standard or background levels. Surface water samples taken from the watershed 

downgradient of Site 5 currently show no concentrations of compounds above background or regulatory 

standards. 

	

4.6.5 	Summary 

In summary, results of investigations at Site 5 indicate that: 

• Metals concentrations in groundwater were found to be slightly higher than background or the 

corresponding New Jersey standard (generally at 1 or 1.5 times the corresponding background 

concentration). 

• Modeling estimates that metals in groundwater will migrate only very little, and concentrations will 

diminish slowly with time 

• Thallium found at low concentrations in groundwater upgradient of the landfill does not appear to be 

leaching from the landfill. 

• Source control (e.g., covering the landfill) would inhibit infiltration of water through the landfill, preclude 

the leaching of additional metals and volatiles, and promote natural attenuation. Long-term monitoring 

would be required to evaluate the effectiveness of source control. 

• The low levels of 1,2-DCA and TCE found in groundwater downgradient of the landfill are indicative of 

contaminants leaching from a limited source area that are degrading with time and are not widely spread. 

• The low level of chloroform found in one upgradient monitoring well does not appear to be the result of a 

concentrated source in the area of the landfill. 

After significant investigation over more than a decade, no concentrated source of VOCs has been found at 

Site 5. It is unlikely that a concentrated source of VOC contamination exists in the landfill material. 
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5.0 PRE-DESIGN INVESTIGATION 

5.1 	PRE-DESIGN INVESTIGATION ACTIVITIES 

A pre-design investigation was completed to gather information required for the design effort. The pre-

design investigation included the following components: 

• Geotechnical Investigation 

• Test Pit Investigation 

• Wetlands Delineation 

• Topographic Survey 

A general description of the scope of work activities is provided in Sections 5.1.1 through 5.1.4. The 

results of the pre-design investigation at Sites 4 and 5 are included in Sections 5.2 and 5.3, respectively. 

5.1.1 	Geotechnical Investigation 

Geotechnical investigations were performed at Sites 4 and 5 to verify the soil geotechnical characteristics 

and the depth of waste. The results of this investigation were used to estimate the stability of the 

regraded landfill and cover system as well as estimate landfill settlement due to the additional load of the 

cover materials. 

A total of 8 geotechnical soil borings were completed at Sites 4 and 5. The borings were drilled using 

hollow stem auger techniques. The hollow stem augers had a minimum inside diameter of 4 inches. 

Soil samples were collected continuously at each boring location using two-inch diameter split spoons 

samplers. Each split-spoon sampler was driven to the required depth with a rig-mounted hammer 

weighing 140 pounds and falling 30 inches. All samples obtained from the boreholes were screened with 

a photoionization detector (PID) immediately upon opening and the associated readings were recorded on 

the boring logs. Soil characteristics and geotechnical information from each split-spoon sample were also 

recorded on the boring logs. 

At least one soil sample was selected from each soil boring location for geotechnical testing. Each soil 

sample was analyzed for soil classification (ASTM Method D 2488), particle size (ASTM Method D 422), 

moisture content (ASTM Method D 2216), and Atterburg Limits (ASTM Method D 4318). 
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Additional soil samples were collected when more than one stratigraphic layer was observed within a split 

spoon sample. The soil samples were placed into individual clear plastic bags following sample retrieval 

and field (visual) classification, and the bags sealed to reduce moisture loss. All soil samples were 

maintained on site until the appropriate samples were selected for laboratory testing. Soil samples that 

were not shipped from the site for laboratory testing were disposed of at the respective site. 

The original work scope for the geotechnical testing included collection of one sample of fine grained soils 

from each site using a Shelby tube sampler These samples would be analyzed for triaxial compression 

testing (ASTM Method D 4767) and consolidation (ASTM D 2435). Since no fine grained cohesive material 

was encountered in any of the soil borings, neither triaxial compression or consolidation testing was 

performed. 

Upon completion of each boring, the individual borings were backfilled with cement/bentonite (6 to 1 ratio, 

respectively) grout through the center of the augers with a tremie tube. Each boring was grouted from the 

bottom of the boring to the ground surface. 

5.1.2 	Test Pit Investigation 

The limits of waste at Sites 4 and 5 were initially determined through examination of historical records and 

aerial photography (Figures 3-1 and 4-1). Test pit investigations were later performed at Sites 4 and 5 to 

confirm the actual limits of the waste. 

Test pits were excavated along the boundary of each site to determine the limits of the disposal areas. All 

test pits were excavated using a rubber tire backhoe. The test pits were generally excavated perpendicular to 

the landfill boundary until the limit of landfilled material was encountered and visually identified. Logs were 

completed for each test pit and included the test pit number, location, and materials encountered. 

Test pits were backfilled immediately after completion. Test pits were backfilled with the excavated material 

from the associated test pit. 

5.1.3 	Wetlands Delineation 

Potential wetlands areas at Sites 4 and 5 were originally delineated using maps generated by the NJDEP 

which were based on aerial photography. During the pre-design activities, potential wetland areas at each 

site were field delineated to provide a more accurate determination of wetlands areas. The field 

delineation was performed by a certified wetlands specialist. 
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Wetland delineations at each site were performed in accordance with procedures outlined in the U.S. 

Army Corps of Engineers Wetland Delineation Manual (1987). All delineations included an onsite 

inspection of the vegetation, soils, and hydrogeology. 

5.1.4 	Topographic Survey 

Topographic surveys were performed at each site to map the existing site topography and provide a basis 

for cut/fill calculations for cap installation. The topographic surveys were performed by a New Jersey 

licensed Land Surveyor. 

The topographic maps were prepared on a scale of 1 inch = 50 feet and 1-foot contour interval. 

Planimetric features such as streams, pipes, roads, etc. were included for clarity. 

5.2 	PRE-DESIGN INVESTIGATION - SITE 4 

5.2.1 	Geotechnical Investigation  

The geotechnical investigation at Site 4 was performed on June 17 and 18, 1997 and included completion 

of 3 geotechnical borings at locations indicated on Figure 5-1. A total of 5 geotechnical borings were 

originally planned for Site 4, but only 3 could be completed due to access problems. Five monitoring wells 

surround Site 4. The boring logs from the installation of the monitoring wells were also used in analyzing 

the subsurface conditions. 

Boring logs for the 3 geotechnical borings are included in Appendix A. Appendix B includes boring and 

well installation logs which were completed during previous remedial investigations and are provided here 

for information purposes. 

A total of 4 samples were submitted to Valley Forge Laboratories, Inc. for geotechnical analysis. 

Laboratory results of these samples are included in Appendix C. The laboratory results described the soil 

samples as non-plastic tan, poorly-graded sand with silt (SP-SM). Natural moisture contents ranged from 

5.4 to 14.1 percent. Laboratory testing was performed using personal protective equipment (PPE) 

Level D. 
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None of the three geotechnical borings were completed within the boundary of the landfill at Site 4 

(Figure 5-1). Access problems restricted placement of borings. The results of the test pit investigation 

(Section 5.2.2) determined that the boundary of the landfill was somewhat different than was originally 

estimated. The test pit investigation for Site 4, which was completed after the geotechnical boring 

program was completed, determined that the western boundary of the landfill was further east than what 

was originally estimated. 

5.2.2 	Test Pit Investigation 

The test pit investigation for Site 4 was completed on June 17, 18, and 19, 1997 and included excavation 

of a total of 24 test pits at Site 4. The locations of these test pits are included on Figure 5-1. The logs for 

each test pit are included in Appendix D. 

The limits of the Site 4 landfill area along the southern edge were not delineated with test pits due to 

access problems with the backhoe. Therefore, the southern limit of the landfill was determined through a 

combination of visual observations, the results of other test pit work around Site 4, and interviews with 

NWS personnel who were knowledgeable about past landfill operations at both Sites 4 and 5. 

After Site 4 was closed, the disturbed areas of the landfill were revegetated with pine trees. These pine 

trees were generally planted in rows and were much smaller than the surrounding woodland vegetation, 

which was generally composed of a combination of pines and hardwood trees. During the test pit 

investigation, this difference in tree growth across the site was used to determine the approximate 

boundary of the landfill and focus the test pit investigation. 

Visual observations were also used to determine the limit of waste for the landfill. Along the eastern and 

southeastern edge of the landfill, waste materials were exposed in a "face" which extended as much as 10 

to 15 feet above surrounding grade. Several test pits were excavated to the east and southeast of this 

"face" (access permitting) to confirm that no waste materials extended past the visible "face." 

The southwest boundary of the landfill is bounded by a topographic ridge which extends approximately 

20 feet above surrounding grade and is vegetated with older tree growth. A drainage ditch forms the 

boundary between the southwest edge of the landfill and this ridge. Test pit excavations and visual 

observations confirmed that the limit of waste extended to the northern edge of this drainage ditch. The 

south side of the ditch appeared to be undisturbed and was vegetated with larger hardwood trees and 

laurel. The bottom of the drainage ditch was assumed to be the limit of waste material along the southern 

side of Site 4. 
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A mix of waste materials was encountered in the test pits within the former landfill boundaries and was 

composed mainly of municipal/industrial waste materials. Ordnance-type materials were encountered at 

04-TP-02 and consisted of various components such as shipping containers, detonator batteries, etc.. 

5.2.3 	Wetlands Delineation 

A total of three suspected wetlands areas were identified in the immediate area of Site 4 which could be 

impacted by site-related activities. These areas were identified as: 

• Area A - Near the southeast corner of the landfill boundary 

• Area B - South of Area A 

• Area C - Within the landfill boundary 

The locations of these areas are included on Figure 5-1. Of the three potential wetlands areas studied, 

Area A and Area B were the only areas which were confirmed as wetlands. Area C did not meet all of the 

requirements of a wetland. Area A is located near the southeast corner of the landfill and will likely be 

affected during installation of the cap and related appurtenances. Area B is located further south from 

Area A and will likely not be affected by construction activities. Appendix E provides additional information 

on the delineation of each area. 

On Friday, October 3, 1997, the Navy and B&R Environmental personnel met with a representative of the 

NJDEP to review the boundaries for the individual wetlands areas. The boundaries have been revised to 

reflect the field confirmation by the NJDEP. 

5.3 	PRE-DESIGN INVESTIGATION - SITE 5 

5.3.1 	Geotechnical Investigation 

The geotechnical investigation at Site 4 included completion of 5 geotechnical borings at locations 

indicated on Figure 5-2. Boring logs for the 5 geotechnical borings are included in Appendix F. Appendix 

G includes boring and well installation logs which were completed during previous remedial investigations 

and are provided here for information purposes. 

A total of 4 samples were submitted to Valley Forge Laboratories, Inc. for geotechnical analysis. 

Laboratory results of these samples is included in Appendix H. The laboratory results described the soil 

samples as green clayey sand (SC), silty clayey sand (SM-SC), or poorly-graded sand with silt (SP-SM). 
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Natural moisture contents ranged from 9 to 22.6 percent. Due to the presence of significant odors, 

laboratory testing of Site 5 soil samples was performed using personal protective equipment (PPE) 

Level C. 

5.3.2 	Test Pit Investigation  

A total of 59 test pits were excavated to delineate the approximate limits of fill areas at Site 5. The 

locations of these test pits are included on Figure 5-2. The logs for each test pit are included in Appendix 

I. It should be noted that Test Pit 47 (05-TP-47) was never excavated and represents a skipped number 

in the test pit numbering sequence. 

A mix of waste materials was encountered in the test pits within the former landfill boundaries and was 

composed mainly of municipal/industrial waste materials. Ordnance-type materials were encountered at 

05-TP-29 and included three empty depth charges. 

5.3.3 	Wetlands Delineation 

A total of three suspected wetlands areas were identified in the immediate area of Site 5 which could be 

impacted by site-related activities. These areas were identified as: 

• Area A - Within the landfill boundary 

• Area B - West of the landfill boundary 

• Area C - West of Area B 

The locations of these areas are included on Figure 5-2. Of the three potential wetlands areas studied, 

only Area B and Area C were confirmed as wetlands. These two wetlands are located to the west of the 

landfill boundary. Area B appears to be the only wetland which could potentially be affected by site 

remedial activities. 

Area A (not identified as a wetland) is a small depression located near the south end of the landfill, within 

the landfill boundary and will likely be affected during installation of the cap and related appurtenances. 

Appendix E provides additional information on the delineation of each area. 

On Friday, October 3, 1997, the Navy and B&R Environmental personnel met with a representative of the 

NJDEP to review the boundaries for the individual wetlands areas. The boundaries have been revised to 

reflect the field confirmation by the NJDEP. 
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The representative of the NJDEP felt that Area A was in fact a wetland, however, since this area lies 

completely within the boundary of the landfill, this area does not need to be restored or replaced. 
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6.0 DESIGN REQUIREMENTS 

6.1 	APPROACH 

The proposed caps for Sites 4 and 5 are intended to provide a cover over waste materials disposed of at 

the respective sites. A brief summary of the approach to each site is provided. 

6.1.1 	Site 4 

As indicated on Figure 5-1, the results of the test pit investigation indicated a somewhat irregular area for 

waste deposition. The limit of waste extends to the bottom of a relatively steep slope along the south east 

side of the landfill. At the bottom of the steep slope a wetland (Wetland Area A) has been identified. In 

order to minimize the surface area of the cap, and to improve the constructability of the landfill, two areas 

of waste material will be excavated and regraded under the cap. These areas include: 

• The narrow area trending in an east-west direction at the southwest corner of the landfill. Based on 

the test pits which were excavated in this area, most of this area consists of a relatively thin layer of 

waste (1 to 2 feet) with deeper portions (5-6 feet) toward the main body of the landfill. In calculating 

the volume of waste to be removed from this area it was conservatively assumed that the waste 

thickness was a uniform 6 feet thick. 

• A smaller protruding area near the southeast corner of the landfill, adjacent to Wetland Area A 

(Site 4). In order to calculate the volume of this excavation area it was assumed that the waste 

material does not extend deeper than the existing relatively flat natural grade at the bottom of the 

slope. 

In addition to the areas of excavation, the existing limit of waste will be moved in two places. The 

regraded waste would be extended from the existing limit of waste to improve the constructability of the 

cap system on the west side of the landfill and along an indentation in the existing limit of waste along the 

south east corner. The filling of this indentation will impact a small portion of the wetland, however, the 

excavation of the waste area adjacent to this indentation will result in an area which could be established 

as new wetland. 

The remainder of the landfill would be graded to establish uniform slopes in preparation for installation of 

the cap. With respect to the southeast corner of the landfill it was decided to hold the existing limit of 

waste over most of the slope for the regrading of the waste material. This will result in filling a strip of the 
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wetlands with clean fill to allow for the termination of the cap components. The alternative to this would be 

to excavate back into the landfill slope to allow for the termination of the cap system outside of the 

wetlands. It was decided to limit the amount of waste excavation due to the presence of the steep slopes 

and difficulties that this could cause during construction. 

The small protruding area of waste (adjacent to Wetland Area A) will be excavated and this material 

consolidated under the cap. The excavated area will be regraded, revegetated, and restored as additional 

wetlands. This additional area of wetlands will offset the area of wetlands lost due to cap installation. 

6.1.2 	Site 5 

As indicated on Figure 5-2, the results of the test pit investigation indicated a somewhat irregular area of 

waste deposition. The existing topography at Site 5 was relatively flat, requiring excavation of waste 

materials near the perimeter of the landfill and movement of these materials toward the center of the site 

to create the required slope while balancing the cut/fill requirements. In some areas, the landfill boundaries 

are adjacent to hillsides, requiring excavation of wastes from specific areas to allow installation of the cap 

and related drainage swales along the perimeter. 

In addition, the restoration of Site 5 includes the replacement of the trap/skeet range after the site is 

capped. The location and orientation of the trap/skeet range could not be changed without an extensive 

review and approval process by the Navy. Site approval from Naval Ordnance Center and Naval Facilities 

Engineering Command must be obtained based on the redesign of the trap/skeet range. 

The surface of the trap/skeet range will be paved on the final cap surface to facilitate the removal of clay 

pigeons and lead shot. Due to the possibility of either the shot damaging the pavement or having shot 

ricochet off of the pavement, it was decided to configure the grades on the cap so that the shooting 

positions are located at a high point in the cap, with the surrounding grade sloping downhill from the 

shooting positions. To accommodate this design constraint, the high point of the landfill cap was placed 

as close as possible to the shooting positions while minimizing the amount of cut and fill. 

6.2 	MATERIAL/SOILS MANAGEMENT 

Based on the results of soil analysis, test pit investigation, and the site survey performed during the 

pre-design investigation, the volumes of waste materials to be excavated and filled at each site were 

estimated. The estimates are based on the regrade surface and do not include imported materials for the 

cap components. The estimated volumes are as follows: 
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Location 
Waste Volume To Be 

Excavated (CY) 
Volume To Be Filled 

(CY) 
Net Difference 

Site 4 7,384 7,408 24 excess fill 
Site 5 12,858 14,157 1299 excess fill 

TOTAL 20,242 21,565 1323 excess fill 

Cut/fill balances and excavated soil volumes reported for these designs are determined by a computer 

modeling software by forming Triangulated Irregular Networks or TINs between several 3-dimensional 

points located on each of the respective surfaces. Cut/fill balances and excavated volumes between to 

particular surfaces are thence calculated by summing the volumes calculated for tetrahedrons formed 

from adjacent triangles in the TIN. This method is considered to be more accurate than cross section, 

average end area, or grid methods. 

6.3 	COVER SYSTEM LIMITS 

The proposed cover system is intended to cover the area at Sites 4 and 5 as delineated by the test pit 

investigation. The original limits of the waste material have been modified as described above. The final 

limits of waste will be covered by the cap system. The limits of the cap at each site have been established 

to minimize infiltration through subsurface soils, as well as to provide a vertical soil buffer between the 

waste and potential receptors. 

The proposed landfill caps for Sites 4 and 5 will have footprints as shown on the design drawings. For 

Site 4, the cap footprint will occupy an area of 2.7 acres. The cap will maintain a minimum 4.0 percent 

slope to promote runoff of precipitation. The cap high point will have an elevation of 183 feet msl. 

For Site 5, the cap footprint will occupy an area of 7.9 acres. The impermeable layer of the cap will 

maintain a minimum 3.5 percent slope to minimize hydraulic head on the cap. The final grade of the cap 

in the skeet range was adjusted to a flatter scope to provide a flat area for the skeet range shooting 

positions. This flat area was created by increasing the thickness of the select fill in the cover system. 

This allowed the low permeability layer to maintain a 3.5 percent slope and the final surface to be flatter. 

The cap high point will have an elevation of 120 feet msl. The proposed cap minimizes the capacity while 

maintaining the necessary footprint over the waste disposal areas. 
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6.4 	FINAL COVER SYSTEM DESIGN 

The proposed cap system for each landfill complies with the Resource Conservation and Recovery Act 

(RCRA) Subtitle D requirements as well as NJDEP requirements for closure of municipal landfills. The caps 

for each site will have similar configuration and will include the following components, in ascending order: 

• A 12-inch-thick bedding/landfill gas management layer 

• 40 mil very flexible polyethylene (VFPE) geomembrane 

• Cushion fabric 

• A 12-inch-thick layer of granular drainage material 

• A nonwoven geotextile (filter) 

• A 12-inch-thick select fill material (part of the vegetative layer) 

• A 6-inch-thick topsoil layer (part of the vegetative layer) 

VFPE is a generic term used by several manufacturers and researchers to describe a class of resins used 

to make geomembranes including LDPE (low density polyethylene), VLDPE (very low density 

polyethylene), and LLDPE (linear low density polyethylene). 

6.4.1 	Bedding/Gas Management Layer 

The bedding/landfill gas management layer is included in the cap section to provide a suitable base on 

which to construct the other layers of the cap. The New Jersey regulations (NJAC 7:26-2A) require that a 

minimum of 6 inches of bedding (or a geotextile) be provided above and below the geomembrane layer . 

The bedding/landfill gas management layer will also serve as a gas management layer to collect gases 

which may be generated by the landfill and to direct the landfill gas to passive gas vents. A one foot thick 

layer was chosen to provide additional protection of the geomembrane and to provide adequate cover of 

the gas management piping. 

6.4.2 	VFPE Geomembrane/Cushion Fabric 

Natural low permeability soils (compacted clay liner), geomembrane, and geosynthetic clay liners (GCL) 

were evaluated for use as the low permeability layer in the cap system. Due to the generally sandy soils 

in and around NWS Earle it was felt that a compacted clay liner would not be cost effective since a source 

of this material could be difficult to locate close to the station. In addition, a geomembrane or a GCL 

would be easier to construct that a compacted clay liner. 
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A geomembrane was chosen as the low permeability layer in the landfill caps at Sites 4 and 5 for NWS 

Earle over a Geosynthetic Clay Liner (GCL) following the evaluation of several design issues associated 

with GCLS including the following: 

• Slope stability 

• Differential settlement 

• Thinning of the bentonite layer 

• Installed cost 

Any one of the above issues could be resolved through design modifications, increased cost, or by a 

willingness to accept a greater possibility of compromise of the low permeability layer, however, taken 

together it was felt that a geomembrane was a more suitable material in the landfill cap. Each of these 

issues is discussed in greater detail below. 

Slope Stability 

The interface between the GCL and the materials placed next to the GCL is a potential failure surface. 

The proposed cap configuration includes a cushion fabric placed on top of the GCL. The cushion fabric 

would be needed to protect the GCL from the granular drainage material. Preliminary calculations indicate 

that this interface will not result in an acceptable factor of safety. The need for the cushion fabric is 

described below regarding thinning of the GCL. 

The cushion fabric would be a heavy non-woven geotextile. The cushion fabric helps protect the 

geomembrane from puncture from the overlying materials. Generally conservative literature values of 

interface friction angles are used in the initial slope stability analysis, then site specific tests are 

performed prior to construction with the actual materials to be used to confirm that the actually friction 

angles meet the design requirements. Literature values for friction angles between geotextiles are very 

limited. A value of 18° was obtained between two non-woven geotextiles from Trevira literature. CETCO 

Literature (manufacturers of Bentomat and Claymax products) lists an interface friction angle between the 

non-woven side of a bentomat GCL with a woven geotextile to be 12°. Higher friction angles generally 

exist with non-woven versus woven geotextiles, so it is assumed that the non-woven side of the GCL 

would be placed against the cushion fabric. This interface would essentially be a non-woven geotextile to 

a non-woven geotextile interface. 

A simplified infinite slope stability calculation gives a factor of safety against sliding of the cap components 

with the following equation: 
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FS = tan friction angle/ tan slope angle 

This simplified equation does not account for pore water pressure on the geomembrane or GCL which 

would lower the factor of safety. A more detailed equation incorporating the pore water pressure is used 

in the final design calculations. 

Based on the above equation, a 4:1 (horizontal to vertical) slope, and a 18° interface friction angle, the 

factor of safely against sliding is approximately 1.3. A factor of safety of 1.5 is generally considered 

acceptable for slope stability. This interface was judged to be unacceptable. 

Differential Settlement 

Landfill caps can be subjected to differential settlement caused by the decay and collapse of materials 

within the landfill. This has been described as the "rusted refrigerator" scenario (i.e., localized settlement 

caused by the collapse of refrigerator or similar material disposed of within the landfill). Based on 

research it appears that GCLs can withstand large distortions and tensile strain up to 10-15 % with out 

undergoing significant increases in hydraulic conductivity. However, if differential settlement occurs 

directly beneath a GCL seam (GCLs are seamed by overlapping the GCL and adding granular bentonite 

along the overlap) the amount of differential settlement the at the GCL can accommodate is limited by the 

amount of overlap. VFPE geomembrane have very good multiaxial strain characteristics which are 

superior to GCLs. Given this information it was felt that a VFPE geomembrane provides superior 

properties with respect to differential settlement as compared to the GCL. 

Thinning of the GCL 

The possibility exists for bentonite to thin in the GCL due to various loadings causing an increase in 

permeability of the GCL. The thinning can be caused by the subgrade or cover soil conditions. 

The CETCO installation guidelines indicate that the subgrade should possess a particle size distribution 

such that at least 80 percent of the soil is finer than a #60 sieve (0.25 mm). The current cap design 

includes a sand bedding/gas management layer, however, it was felt that it would be difficult to locate a 

local supply of material which meets the GCL requirements and also provide adequate permeability for 

gas flow. 
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Finally, the CETCO installation guidelines suggest using only cover soils with a particle size ranging from 

fines to 1 inch diameter. Soils with minimal fines or a high concentration of aggregate larger than 1 inch 

should be assessed with a field scale test. The drainage layer to be placed above the low permeability 

layer would include minimal fines (D2 > 0.1 inch) based on New Jersey sanitary landfill regulations To 

avoid a very narrow gradation (which may be costly) but also to avoid large stones which could damage 

the GCL or geomembrane, the drainage material would be limited to 1 inch diameter. To protect the GCL 

from the granular drainage material it was decided to included a cushion fabric in the design. It was felt 

that a cushion fabric was also appropriate to protect a geomembrane. 

Installed Cost 

Vendors were contacted to estimate the installed cost of the low permeability layer in the cap systems. 

The following table summarizes the costs. 

Material Installed Cost (dollars/square foot) 

GCL (non-woven /woven geotextiles) $0.43-0.52 / sf 

GCL (non-woven /non-woven geotextiles) $0.48-0.57 / sf 

40 mil smooth VFPE $0.35-0.39 / sf 

40 mil textured VFPE $0.38-0.45 / sf 

The geomembrane generally has a lower installed cost than the GCL. 

Sites 4 and 5 are relatively remote and are located at least partly within explosive safety arcs, it was 

assumed that future development work at each site would be minimal. In addition, the waste materials at 

each site appear to be relatively stable, with little evidence of differential settlement. Therefore, long-term 

maintenance activities associated with the individual caps are assumed to be minimal. 

Based on the potential disadvantages of both a GCL and a compacted clay liner, the geomembrane liner 

was chosen to be used in the cap systems. The N.J.A.C. 7:26-2A.7 requires a minimum 30 mil 

geomembrane to be used in a landfill cap. A 40 mil geomembrane was chosen because of its enhanced 

survivability during placement. An VFPE membrane was chosen because of its -ability to withstand 

differential settlement compared to high density polyethylene (HDPE) material. 
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6.4.3 	Granular Drainage Material 

A granular drainage layer is placed above the cushion fabric protecting the geomembrane. The function 

of the drainage layer is to reduce the head which will develop on the geomembrane due to water 

infiltrating into the cap system. The New Jersey regulations require a 12-inch thick drainage layer above a 

geomembrane in a landfill cap. Based on the New Jersey sanitary landfill regulations, the drainage 

material must meet the following gradation: 

D2 > 0.1 inch (2.54 mm) 

D85 > 4 D15 

Material meeting this gradation requirement would correspond to a clean graded aggregate. 

6.4.4 	Geotextile FilterNegetative Layer 

Above the drainage layer a non-woven geotextile is included to separate the vegetative layer from the 

drainage layer. This will prevent the vegetative layer from clogging the drainage layer. The geotextile 

design is based on that anticipated cover material grain size, the required apparent opening size (AOS), 

and the permittivity of the geotextile. Above the drainage layer the vegetative layer consists of 12 inches 

of select fill material covered by 6 inches of topsoil. The select fill material will be materials similar existing 

soil at the sites such as silty sands. The Rutgers University Agricultural Extension and the USDA Natural 

Resources Conservation Service were contacted to determine if the vegetative layers possessed enough 

thickness to support grasses on the landfill cap (specifically hard fescue). The indication from these 

agencies was that the thickness of the vegetative support layer is adequate. 

6.4.5 	Landfill Grade 

All of the referenced regulations require grading to promote run-off, to prevent run-on, and to accommodate 

settling. The state sanitary landfill regulations require that, after allowing for settlement, the top surface of a 

landfill cap be between 3 percent and 5 percent. To be conservative, a minimum slope of 3.5 percent slope 

was used as a design parameter to determine the regraded surface of the landfill. This provides for 

settlement, although the calculations indicate that settlement will be negligible. The New Jersey sanitary 

landfill regulations state that the maximum side slopes are 3 horizontal to 1 vertical. To be conservative and 

to ensure a stable cap system, a maximum slope of 4 horizontal to 1 vertical was considered when 

configuring the final cap surfaces. The proposed design promotes the run-off of precipitation. 
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Various geotechnical analyses, including slope stability and settlement, were 'performed to verify the 

adequacy of the proposed grading scenario. Based upon these analyses, it was concluded that: 

• Soil loss from the cap surfaces do not exceed 2.0 tons/acre/year as required by the New Jersey sanitary 

landfill regulations. 

• The proposed components of the cover system possess adequate interface friction to provide acceptable 

system stability. 

• The proposed landfill configuration provides an adequate factor of safety against slope stability failure. 

• Anticipated cap settlement will not reduce the minimum cap grade to less than 3.0 percent, as required 

by the regulations. 

The geotechnical analyses are described in greater detail in Section 6.5 of this report. 

Cross sections for each landfill cap have been provided on 100-foot intervals for this submittal. 

6.5 	GEOTECHNICAL ANALYSIS 

Detailed geotechnical evaluations, including slope stability and settlement, were performed in conjunction 

with preparation of the remedial design for Sites 4 and 5. Site stratigraphy was inferred from the results of 

several test borings that were advanced through and adjacent to each site (performed in conjunction with the 

remedial design as well as during previous site investigations). The stratigraphy is generally described in 

Sections 3.0 (Site 4) and Section 4.0 (Site 5) of this report, and test boring logs are included as Appendices. 

In summary, the uppermost stratigraphic unit at Sites 4 and 5 is comprised primarily of sands. No fine-

grained stratigraphic units were encountered during the geotechnical boring program, and therefore no 

undisturbed "Shelby Tube" samples were collected or analyzed. It was judged that, for the purposes of 

stability and settlement analyses, extensive geotechnical testing of the sand units was not required, and 

appropriate engineering properties could be inferred from visual classification and blow counts. Laboratory 

testing included: 

• Soil classification 

• Particle size 

• Atterberg Limits 

• Moisture content 
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Classification-type testing was used to verify continuity and consistency of the stratigraphic units as 

determined from visual characterization and blow counts. Results of the geotechnical testing are included in 

Appendix C and H of this report. 

6.5.1 	Stability Analysis 

Detailed slope stability analyses were performed for both the Site 4 and Site 5 landfills, based upon the 

input data described above. The PCSTABL5 computer program, a two-dimensional limiting equilibrium 

slope stability method, was utilized to perform the analyses. Numerous iterations of the analyses were 

performed to identify the failure surface that would correspond to the lowest factor of safety. 

Cross section input geometry for existing conditions was obtained from stratigraphic sections that were 

developed from the site test borings (these stratigraphic sections are included with the design 

calculations). The location of the groundwater table was inferred from the results of test borings and water 

level measurement within on-site monitoring wells. Engineering properties of soils were assigned based 

upon the laboratory testing described above. Materials to be consolidated within the landfill are 

anticipated to include waste metals and on-site soils that are excavated as part of the overall site 

remediation, as well as imported clean borrow materials; corresponding engineering properties of these 

materials were conservatively estimated based upon past experience. 

The final grades of the remediated (closed) landfill were inferred from a site grading plan that was 

prepared during the earliest stages of closure design. It was anticipated that the closure design 

configuration (and grades) would change as the design approached completion. Therefore, a "worst case" 

design condition was utilized for the purposes of the stability analyses, assuming a maximum potential 

sideslope of 4H : 1V, and a maximum apex of the cap at an elevation of 183 feet msl for Site 4. The 

maximum apex of the cap at site 5 is and 120 msl. The evaluated section was cut along the portion of the 

cap with the greatest elevation drop. 

The results of the stability analyses indicate that, for the worst case geometric conditions described above, 

the factor of safety is on the order of 2 for Site 4 and exceeds 2 for Site 5. The resultant factors of safety 

are judged to be acceptable and applicable to all slopes of less height or steepness. Slope stability 

calculations are included in Appendix J of this report. 

In addition, specific stability calculations were performed to verify that the proposed materials of 

construction for the cover system will provide adequate interface friction to maintain system stability. An 
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infinite slope analysis was performed for the various critical interfaces between cap materials, using 

interface friction values from published literature It was concluded that the minimum factor of safety 

exceeds 1.5 for both sites. Infinite slope stability analyses are also included in Appendix J of this report. 

6.5.2 	Settlement Analysis 

Settlement analyses were performed for the landfills at Sites 4 and 5, based upon stratigraphic cross 

sections that were similar to those used for the slope stability analyses. The anticipated grades of the 

cover system were assumed based upon the final design configuration (e.g., the worst-case condition that 

was assumed for the slope stability analyses was not required for these calculations). Settlement within 

the sand layers is expected to be elastic, such that settlement would occur concurrently with placement of 

overlying backfill and the cover system. Therefore, it was judged that elastic settlement will not affect the 

final design grades of the landfill. 

The results of the settlement analyses indicate that the proposed minimum grades are acceptable 

because, following consolidation settlement, the final grades will exceed the minimum slope requirement 

of 3.0 percent. Settlement calculations are included in Appendix J of this report. 

6.6 	EROSION, SEDIMENT, AND STORMWATER MANAGEMENT REQUIREMENTS 

6.6.1 	Erosion and Sediment Control 

An erosion and sediment control plan (E&S Plan) has been prepared for this project and is submitted 

under separate cover. The plan was prepared in accordance with the State of New Jersey regulations as 

set forth in the Standards for Soil and Erosion Control in New Jersey 1987. Runoff quality during the 

remedial action will be addressed via temporary erosion and sediment control devices located around the 

perimeter of the disturbed area. Refer to the draft E&S Plan for detailed information regarding the planned 

controls as well as runoff calculations. 

6.6.2 	Stormwater Management 

The final cover of the cap system at Site 4 will include topsoil and a vegetated layer. Because of the poor 

cover soil now present at Site 4 and relatively poor vegetation, the post construction runoff from the cap 

area will be less than the pre construction runoff. The pre and post construction runoff calculations for both 

Sites 4 and 5 are presented in Erosion and Sediment Control Plan submitted under a separate cover. The 

permanent surface water controls at Site 4 include perimeter ditches to control run-on and runoff from the 

cap system. The perimeter ditches are design to collect flow from the drainage layer in the cap system. 
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Because the post-construction runoff from Site 4 is less than the pre-construction runoff, permanent 

detention basins are not required. Temporary sediment basins will be required during construction. 

It should be noted that runoff from the landfill area at Site 4 does not have a positive drainage outlet from 

the wetlands located at the base of the landfill (the wetlands are a low point with no outlet across the dirt 

road to the east of the site). Under the post construction conditions this situation is not changed so that 

water will continue to pond in the wetland area. It was felt that creating a positive drainage across this dirt 

road could potentially drain the wetland. 

The final cover of the cap system at Site 5 will include top soil and grass vegetation. Portions of Site 5 will be 

paved for the trap/skeet range. The runoff for Site 5 will increase from pre-construction to post-construction 

conditions due primarily to the pavement installation at the trap/skeet range. 	Detention basins will be 

required for Site 5 to control the post-construction runoff to pre-construction levels. Perimeter ditches similar 

to Site 4 will also be constructed at Site 5 to control run-on and run-off and to collect water from the drainage 

layer in the cap system. 

6.7 	TRAP/SKEET RANGE REQUIREMENTS 

The existing trap/skeet range will be replaced with a new trap/skeet range with similar location, orientation, 

and configuration. 

6.7.1 	Design Requirements  

The trap/skeet range was designed in accordance with Military Handbook 1037/3. 

6.7.2 	Clubhouse and Appurtenances  

The existing clubhouse (mobile home) is in fair condition and will need to be replaced as part of the Site 5 

restoration effort. The existing clubhouse will be removed from Site 5 for disposal. The existing deck, 

located adjacent to the clubhouse will also be removed from the site for disposal. 

The clubhouse also includes two vaults, one for storage of guns and one for storage of ammunition and 

valuables. Both vaults are reportedly Class 5 vaults. The vault for storage of guns reportedly has a 

weight of approximately 1,200 pounds. The second vault, used for storage of ammunition and valuables, 

reportedly has a weight of approximately 2,000 pounds. 
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A building to replace the existing clubhouse has not been selected at this time. A 15-foot wide by 70-foot 

long concrete pad has been included in the design for restoration of the trap/skeet range. Details of the 

new clubhouse will be incorporated into the final design as a separate submittal. 

6.7.3 	Paving 

The majority of the target flight zone (assumed to be approximately 100 yards for a trap/skeet range 

configuration) and the trap/skeet shooting positions will be paved to enable periodic cleanup of lead shot, 

clay pigeon fragments, and shotgun shell wadding (shooting debris) generated in the trap/skeet range as 

a result of shooting events. 

The paving will be installed over the regraded cap surface as indicated on the drawings. 

The asphalt paving will include the following components, in ascending order: 

• A roadway stabilization geotextile 

• A 10-inch asphalt base/subbase course 

• A 2-inch asphalt surface course 

The paved area will be sloped to permit drainage of stormwater from the paved areas. An asphalt curb will 

be installed at the perimeter of the paved area to control stormwater flow and prevent shooting debris from 

leaving the paved area. Inlets with a sump (bottom elevation lower that the outlet pipe) will be installed at 

downgradient points in the paved area to prevent discharge of shooting debris from the paved area during 

storm events. The inlets will be located just outside the low permeability layer of the cap and will outlet to 

the perimeter ditches. The shooting debris will collect in the sump of the catch basin where it can be 

removed periodically. 

Light trucks are typically used on the existing trap/skeet range to deliver clay pigeon targets to the target 

launching facilities. The asphalt paving was designed to support car and light truck traffic. The pavement 

design calculations are presented in Appendix K. Since the area where shooters take position will also be 

paved, the actual shooting positions will be painted on to the asphalt as indicated on the drawings. 

Concrete support pads will be installed within the trap/skeet range to support the high house, low house, 

sporting clay houses, and related structures. The top-of-pad elevation of these concrete pads will be at or 

above the level of the surrounding paving. 
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6.7.4 	Utilities 

ELECTRIC 

B&R Environmental performed a preliminary cost analysis for routing electric service to the trap/skeet 

range at Site 5. This cost analysis included routing the electric service using the existing route as well as 

routing the electric service along the existing access road to Site 5. B&R Environmental determined that 

the existing route was more cost effective and the design drawings reflect this routing. 

A new 400-amp electric service (single phase) will be installed to the clubhouse. The new electric service 

will be installed between the existing supply pole near Asbury Avenue and the clubhouse area using a 

routing scheme as indicated on the drawings. 

The 400-amp service will be terminated at the clubhouse at a service disconnect box. A 42-slot service 

panel will also be installed to supply electric to the new clubhouse, the trap/skeet range, and the EOD 

range. 

A 100-amp electric service will be supplied to the EOD range from the service panel at the new clubhouse. 

Electric service to the EOD range will be terminated at a service disconnect box to be located adjacent to 

the existing EOD bunker. 

TELEPHONE 

Telephone service is currently supplied to the clubhouse via an underground cable installed adjacent to 

the access road to the trap/skeet range. From the clubhouse, telephone service is also supplied to the 

EOD range via an underground cable installed along the access road to the EOD range. 

The existing telephone lines will be replaced with new telephone lines (installed underground) as part of 

the site restoration efforts. Details of the new telephone service are described on the drawings. 

WATER 

No changes to the potable water service will be required. Potable water to the new clubhouse will be 

supplied by the existing bottled water supplier. Water for non-potable uses will continue to be supplied by 

the existing portable tank which will be parked on a concrete pad adjacent to the new clubhouse. 
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GAS 

The heating system for the new building has not been specified at this time, although gas (propane) fuel is 

preferred and is currently used for the existing clubhouse. A concrete support pad has been included on 

the drawings with the assumption that propane gas will be used as part of the future heating system for 

the clubhouse. The heating system will need to be approved by explosives safety personnel. 

WASTEWATER 

The existing on-lot septic system will be replaced with a separate holding tank. This tank will require 

periodic removal of wastewater and solids by a vacuum truck or similar equipment. 

Shooting events are held periodically at the trap/skeet range, when up to 100 people may attend. At other 

times, there are no personnel at the trap/skeet range with the exception of an occasional visitor. 

To estimate the size of the wastewater holding tank, it was assumed that up to 100 people would attend a 

shooting event at the trap/skeet range. 	The NJDEP requires a design capacity of 10 

gallons/capita/day(event) of wastewater storage for periodic recreational facilities. 	Therefore, the 

wastewater capacity of the holding tank was estimated at 1,000 gallons (working volume). Additional 

capacity of approximately 50% (500 gallons) was also assumed for emergency capacity and to provide 

adequate freeboard above the working volume to allow placement of level alarms. Therefore, the total 

minimum capacity of the wastewater holding tank was estimated at 1,500 gallons. 

The NJDEP requires that wastewater holding tanks be equipped with high level alarms to alert personnel 

when the tank is full. The NJDEP also requires that wastewater holding tanks be aerated at a rate of 

approximately 2 cubic feet per minute per 1,000 gallons of capacity. The wastewater holding tank will be 

equipped with a high level alarm which will alert personnel when the wastewater level in the holding tank 

has reached a level corresponding to approximately 1,000 gallons. An additional level alarm (high-high) 

will alert personnel if the level reaches 1,500 gallons in the wastewater holding tank. A small blower will 

be used to supply the required aeration of the tank and a vent pipe will be installed to provide ventilation of 

the tank contents. A manway will be installed in the top of the tank to provide access for wastewater 

removal as well as provide access for maintenance and cleaning. 
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6.8 	OTHER DESIGN REQUIREMENTS 

6.8.1 	Regulatory Standards 

The cap designs for Sites 4 and 5 comply with the disposition of the action-specific ARARs and TBCs as 

discussed in the FS for Sites 4 and 5. 

6.8.2 	Groundwater Monitoring Wells 

Existing monitoring wells at Sites 4 and 5 will remain as groundwater monitoring wells and will be used as 

part of the long-term periodic monitoring of each site. Installation of additional groundwater monitoring 

wells is not planned at this time. 

All existing monitoring wells have outer casings that protrude approximately 2 feet above surrounding 

grade. Monitoring wells located within the boundaries of each landfill cap will extended to match the final 

cap grades and will be converted to flush mount for ease of cap maintenance. Monitoring wells outside 

the cap boundaries will remain in their present configuration and will not be modified. 

6.8.3 	Maintenance and Repair 

There should be very little maintenance required for this landfill cap, which will be considered permanent. If 

unforeseen events ever damage the cap components, the damaged area would be uncovered and the 

damaged geosynthetics removed and replaced, as necessary. However, the thickness of this cap is 

expected to be sufficient to prevent such an occurrence. It is anticipated that the landfill cap will require 

mowing twice a year. The paved areas at the trap/skeet range will require periodic resealing. 

	

6.8.4 	Wetlands Mitigation 

Based on the current cap configurations at Sites 4 and 5, it appears that existing wetlands will be affected at 

Site 4 as part of the cap installation; however, additional area for wetlands will be created, making the net 

effect zero. At Site 5, it appears that existing wetlands areas will not be affected during cap installation. 

	

6.8.5 	Ordnance Materials 

During the test pit investigation, ordnance materials were encountered at both Sites 4 and 5. All of the 

ordnance materials appeared to be shell casings, shipping containers, and other components. No 

unexploded ordnance (UXO) materials were encountered. 
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EOD personnel will be available when intrusive activities in areas where ordnance materials were 

encountered. If ordnance-type materials are encountered, EOD personnel will inspect the materials and 

will determine the proper method for disposal. 
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APPENDIX A 

GEOTECHNICAL BORING LOGS - SITE 4 
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• When rock conng, enter rock brokeness. 

" Include monitor reading in 6 foot intervals rit borehole. Increase reading frequency if elevated reponse read. 	 Drilling Area 
Remarks: lito 	 3o - 	 Background (ppm): 

-F. ZS 	AG). HSA 	coLivar 	oi- 2.2.2.4/  
..?" 	501. Agete 	S es ewe /00-5 

Converted to Well: 	Yes 	 No  Well I.D.#: 	A.04  

Page / of 2 BORING LOG  
BORING NUMBER: 	0V- #c - a/ 4/105 - 6-ARLE- 
DATE: 	 6 -/7- 97 CTO-d 6? 
GEOLOGIST:37;7Jc. 1)41v 15 a-C.4 - .44-#//44 f 

Cma--  - .55" 0 rioke% 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: DRILLER: 	Steve filf.t riter 1 Ton 
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No. and 

Type or 

ROD 

Depth 

(Ft.) 

or 

Run No. 
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' When rock conng, enter rock brokeness. 

Include monitor reading in 6 foot intervals 	borehole. Increase reading frequency if elevated reponse read. 

/yo 	. 	 AJ/1.4.1 3o - mec445  
fe.Zs" teMs4  J.D. NSA 	 co (Me. i-cat 	 -  
...?" 10 	0,0. ON Salk separlee'S  

Converted to Well: 	Yes 	 No 	x 	Well I.D. #: 	/1//4  

Remarks: 
Drilling Area 

Background (ppm): 

BORING LOG  
BORING NUMBER: 	OV- 6- es/ 4/14.45- EARcE 

Page .2 of .2 

erb -  
TC.19 - lb-ti/A,41 

Cant - 55 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

DATE: 	 6 -/7  97 - 
GEOLOGIST: 	7371.7i: 21Avis 

DRILLER: 	Sieve Surnet-  L JO^ (Mow% 
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PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

/WS - 6,4446- 

 

BORING NUMBER: 	O4'- ‘-13- ot. 

  

      

 

DATE: 	 4 -/7- f? 
GEOLOGIST:7,r47--,,c - 44vis 

   

    

 

re.of - 11*///,..-11 
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DRILLER: 	Steve .3ung t f- I  0 rkske% 
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No. and 
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ROD 

Deotn 
(Ft.) 
or 

Run No. 
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or 
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soil Density/ 
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• When rock conng. enter rock brokeness. 

Include monitor reading in 6 foot intervals et borehole. Increase reading frequency if elevated reponse read. 

Remarks: /Vo 	 tee" 4.14.160, 3o - frithe s  
z s-  - bia44. 	ffsA 	 C ogee led 
" ID $p 4 f tee ewe Siliftrie,-,5 

Converted to Well: 	Yes 	 No 

Drilling Area 
Background (ppm): 

6430L - I. o te-  erood.ret$  

Well I.D. #:  N/A  



2. Page -2  of BORING LOG  

BORING NUMBER: 	0 Y.  G. 5-02. 
DATE: 
GEOLOGIST: PAW. 4;4iviS 
DRILLER: 	.14•evt 	 JO" 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 0 ri•eieN 
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' When rocs conng, enter rock brok 	 

• Include monitor reading in 6 fool intervals 	borehole. Increase reading frequency if elevated reponse read. 

Remarks: /yo 	. 4.. ,..,,e,- 	34, - Asch4 5  
z 5- - bad,. J. D. NSA  
" 1D Se V- too ow" Sea .0  /e•-s  

Converted to Well: 	Yes  	No  	Well I.D. #: 	/WA 

Drilling Area 
Background (ppm):r- 

 

 



Page  /  of I , BORING LOG  

BORING NUMBER: 	49'-G8 -03 

DRILLER: 	StetiC 	/  ()el:k^ 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 
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• When rock coring, enter rock brokeness. 

Drilling Area 
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Converted to Well: 	Yes 	 No 	x 	Well I.D. #:  N/4  

Include monitor reading in 6 foot intervals e borehole. Increase reading frequency if elevated reponse read. 

DATE: 	 6 - 
GEOLOGIST: ---;,,rem/c, "ja,cvis 	 



APPENDIX B 

SOIL BORING LOGS - SITE 4 (PREVIOUS INVESTIGATIONS) 



SHEET 	OF  2 AS -rh. D1 586 

DRILLING LOG 	, ' ! , 

WELL NUMBER: 	21 - I 	OWNER:  tuIPA./5/A - -74iR LE  
LOCATION:  /0 Ad -Cjj Laf c4" 	ADDRESS. COLTS Ali -L-K  

p{- 1P Tapir 	AiFiAi :5 Lit%E Y  

SURFACE ELEVATION  73. bp' 
DRILLING :TE 	Hs  DRILLING 	 DATE 
COMPANY: 	 METHOD: 	er  DRILLED.  dr/a,  
DRILLER: 	1A)L 	HELPER. 	P-r- 

LOG BY: 

TOTAL DEPTH 	 

WATER LEVEL.  

30' 

,‘" 1 /41- 	,.,o c,s..Q.ctk 	cev,,,,‘c, 
0 	ow s. 	OAS ,,,..) 	•ce 	s,,o 	 DESCRIPTION / SOIL CLASSIFICATION _ 	"-solo, 	
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SKETCH MAP 

NOTES: 

vr -kc, 	n Thp of Pik" 



SKETCH MAP 

NOTES: 

DRILLING LOG 

WELL NUMBER: 	  OWNER:  IA )PiliS714 - E-APLF- 
LOCATION: Ltlihrat I I 	ADDRESS• 	  

hy-h 	 A ) 	 y  

	

TOTAL DEPTH 	JO r  

	

WATER LEVEL. 	  

	

COMPANY: 	 //S 	METHOD: 	 DRILLED-  // 2/d7 	
DRILLING -Tr-  pr 	 DRILLING 	 DATE 

HELPER- 	1 

LOG BY 
	 At p, 

SURFACE ELEVATION:  1 73. 00' 

DRILLER• 	tOL  

 

DESCRIPTION /SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 
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Well 	4-  - I 
Well Construction Summary 

Location or Coords:  Land-fia  

01 7) 6faup  

Drilling Summary: 

Total Depth 	301  

Borehole Diameter 	  

	

Elevation: Ground Level 	  

	

Top of Casing 	73.00'  

Construction Time Log: 
Start 
	

Finish 
Task 

Date Time Date Time 

 

Driller 	S_ E _  

Rig  Mobil 	*pril I 13-61 
Bit(s)  14-0110v35 +eh% itviex-

'RD II e_A- 
Drilling Fluid 	Wc4G1-- 

Drilling: 

145k  
14011u-13d- 

Geophys.Logging• 

Casing: 
Thstill 4*  

'PVC  

/_41q,D 
15  

1530_ 

AZ& L51-c_ 
1S3o 

 

Surface Casing 
to"  54r.c.1 Locfizingt 

Well Design: 

Basis: Geologic Log 	Geophysical Log_ 

Casing String(s): C=Casing S=Screen 

- 	 - 
- 	 

Filter Placement: 

Cementing: 

Development: 

Other: 

/460  
30 
to 

I I /  
0915  
Lari_ 

Well Development: 

Casing: C1_40'' S+C.1-1 

C2  44  504 40 "VC 

Screen: Si  4Il  SL“ 40 'PVC 
10 SLOT 

S2 	  

Centralizers 	  

Filter Material  It- 2 OffeNct Sand 
3o'- tz. s beim,' GS 

Cement  I 	"Pest 4 taxa eirtwAft  
but-friALtd_ 	10' - C75  

Other 
	 efs  

- I a' I e W 4S  

Comments: 



SHEET / OF / nY - 20 / 	di-0 	.) (9 sY 44  f ) A.S.T.M. 01586 

DRILLING LOG  

WELL NUMBER: 	171—  2-- 

LOCATION::// /AO, 17c  
0, r-01.210  

T 

SURFACE ELEVATION:  152. 3(,' 

DRILLING 
COMPANY:  3E-  Fr, H5 
DRILLER: 	WL. 

OWNER: ii)P10.5271-  Er/PLC  
ADDRESS .  C-°1-75  

NEI,J 3-aRc,E Y  
TOTAL DEPTH 	/8  

WATER LEVEL- 	4'  

HELPER 	Ki  

- 
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Iimm ai,  

D-5' )ankivLowy7 (tovic 3/3 ) A ,  • 	hii,e-w)7.6g:/ ; 
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0 

/0 

1 

/ 

LOG BY: 	AF  

DRILLING 4,, 	 DATE 
METHOD .  rn-4  	DRILLED - 

DESCRIPTION / SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 

SKETCH MAP 

NOTES: 

Su r'-r 	 To? a 'r Pvc 



Drilling Summary: 

Total Depth 
	

I8,  
Borehole Diameter 	  

Driller  1 F F rii÷s 

Construction Time Log: 
• Start Finish 

Time 

//9/R6 ISCIO  
ISIS  

Task 

Drilling: 
44Stic  

"RnIler  

Date Time Date 

Geophys. Logging: 

Casing: 
4'  

Pvt.  

Filter Placement 

Cementing: 

Development: 

Other: 

1515 
	

1530  

Well 	4-i  
Well Construction Summary 

Location or Coords:  Zariegil 
	

Elevation: Ground Level 
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SKETCH MAP 

DRILLING LOG 	 _ 
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DRILLED•  diP/42-L  METHOD: 	   
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16,6,,k)/ 
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WATER LEVEL- 1 	' 

 

DESCRIPTION / SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 
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DESCRIPTION / SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 
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Drilling: 
tiSA  

-Roller-  13i+  

Date Time 

//to 1015  
1315  

Finish 

Date Time 

j33c2 

Construction Time Log: 

I 	Start 
Task 

Geophys. Logging 

Casing: 
"in.5-61.1 4" 
	

l350  a 1 1400  
-PVC. 

Well 	- 3 

Well Construction Summary 

Location or Coords:  LiI 14 I ecl- 	Elevation: Ground Level 	  

rt) 	Top of Casing 	/663..460 '  

Drilling Summary: 

Total Depth 	25  
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Drilling Fluid 	lAierfer 
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Development: 

Other: 

 

1400 
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Well Design: 

Basis: Geologic Log x Geophysical Log__ 
Casing String(s): C =Casing 	=Screer) 

3 	&Ste GI  25 - 
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Well Development: 

Casing: Ci_IPL.S4-C.4 

C2 	4 " .Sc.14 40 "rec. 

Screen: Si  'P 	40  
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	 MONITOR WELL 4-4 
Project 	N.W.S. Earle/ Colts Neck 	 Well Number 	MW04-4 

Location 	Colts Neck. 	N.J. 	 Coordinates 

Geologist 	T. McCann 	 Top of Casing Elevation 181.28 feet MSL 

Drilling Contractor 	B. 	L. 	Myers 	 Groundsurface Elevation 	feet 

Driller 	B. Stringer 	 Total Borehole Depth 	35.5 feet 

Drilling Method 	Hollow stem auger 	 Total Well Depth 	35.0 feet 

Diameter of Borehole 	11.5 	(7.5) 	inches 	Date Started 	1/30191 

Diameter of Well Casing 	4 inches 	 Date We]] Completed 	2/08/91 

DEPTH 
IN FEET 

HELL CONSTRUCTION DETAIL 
-; 
eL ee 
.Tt It' Nz 

.-4. 

BLOW 
COUNT 

CC  

ill ›. 
GRAPHIC 

 S11301 
DESCRIPTION 

-0 

-22 

--Al 

-6 - 

-E3 

- 1 0 

-12 

- 1 4 

-16 

-18 

-20 

-24 

-28 

-30 

* 0.0-2 0 	
- 

0-6': 	Very dark brown 	(10YR2/2), 	SAND. 	fine, 
some Silt, 	loose, 	moist. 

6-19': 	grading to a Dark grayish brown 	- 

(10YR4/2), 	SAND, 	v.f. 	to 	fine, 	some 
SILT, 	loose, 	moist. 

HNU - BKG 	 - 

2.0-4.0 
Yellowish brown 	(10YR5/B), 	SAND, 	some Silt,- 
little 	fine-med. 	Otz gravel, 	subrounded, 	Fe 
staining, 	at 2.5-3.5 ft. 	tan SAND, 	v. 	fine, 
some Silt, 	moist. 	 - 

HNU = BKG 

4.0-6.0 	 -, 
Same as above, 	little fine to coarse Sand 
moist. 

6.0-8.0 

 

Yellow 	(10YR8/6). 	SAND, 	v. 	fine, 	some Silt, 
banding apparent at 6-6.5ft and 13-13.5ft, 	- 
both Yellow 	(10YR7/6), 	moist. 

8.0-10.0 	 , 
Reddish yellow 	(7.5YR6/8), 	SAND, 	v.f., 	some 
Silt, 	grading to Brownish yellow 	(10YR6/8) 
at G.5-17', 	moist. 	 - 

10.0-12.0 
10-10.5': 	Brownish yellow 	(10YR6/8). 	SAND, 	-. 

v. 	fine, 	some Silt, 	2' 	layer of Dark 
brown 	(10YR3/4), 	SAND, 	v. 	fine, 	some 
Silt, 	moist. 	 -1 

10.5-11.5': 	Very pale brown 	(10YR7/4), 
SAND, 	some Silt, 	v.f., 	loose, 	moist. 

12.0-14.0 
Very pale brown 	(10YR7/4), 	Sand, 	v. 	fine. 
some Silt, 	grading to Very pale brown 	- 
(10YR8/4) 	at 	11.5-18'. 	moist. 

14.0-16.0 	 _ 
Very pale brown 	(10YR8/4), 	SAND and SILT. 
v. 	fine, 	mottled color throughout, 	strong 
band of Yellow 	(10YR7/8) 	at 6.5-7.5'. 	_ 
moist. 
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	 MONITOR WELL 4-,  
PROJECT N.W.S. Earle/ Co]ts Neck 	 WELL NUMBER 	MW04-4 

DEPTH •• 

IN FEET 01 
WELL CONSTRUCTION DETAIL a- CE  

V2 z  

BLOM 
COUNT 

cc 
. 

s9 

GRAPHIC 
SYMBOL 

DESCRIPTION 

16.0-18.0 
Very pale brown 	(10YR7/3). 	SAND, 	v. 	fine. 
some Silt, 	uniform. 	no banding. 	little 

• __ X 17.28 
• tn  
cr ,u 

-32 = Otz gravel @ 13-14.5', 	rounded, 	moist. 	
- 

18.0-20.0 
• -34 Very pale brown 	(10YR7/4), 	Sand, 	some 	- 

'.-• 
Silt, 	little gravel, 	subrounded, 	SAND: 
80% fine. 	15% med., 	5% crse, 	banding: —......_. 

-36 4-5.: 	(10YR7/6). 	12.5-13.5': 	(10YR8/1). 	- 
15.5-16': 	(10YR7/8), 	moist. 

-38 20.0-22.0 	 - 
Light gray 	(10YR7/2), 	SAND, 	some Silt. 

-40 
0-2.: 	Pale brown 	(10YR6/3) 	SAND, 	v.f., 
7-7.5': 	dominant Reddish yellow 	(5YR6/8). 	- 

fine, 	some angular Otz gravel. 
7.5-11': 	White 	(10YR8/1). 	fine-med.. 

-42 SAND. 	damp. 	 - 

22.0-24.0 

-44 No sample taken. Hammer lost in hole.  

24.0-26.0 

-46 Olive yellow 	(2.5Y6/8), 	SAND and SILT, 
v. 	fine. 	.25mm bands of Very dark grayish 
brown 	(2.5Y3/2). 	some rounded Otz gravel. 

-48 wet. 
HNU - 	. 4 ABKG 	(spoon) 

-50 29.0-31.0 	 - 
Same as above, 	wet. 

-52 - 

-54 - 

-56 - 

-58 - 

-60 - 

-62 - 

-64 - 

-66 - 

-68. 

-70 . 
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	 MONITOR WELL 4-5 

Project 	N,W.S. Earle/ Colts Neck 	 Well Number 	MW04-5 

Location 	Colts Neck. 	N.J. 	 Coordinates 

Geologist 	J. 	Williams 	 Top of Casing Elevation 165.28 feet MSL 

Drilling Contractor 	B. L. 	Myers 	 Groundsurface Elevation 	feet 

Driller 	B. 	Stringer 	 Total Borehole Depth 	26.5 feet 

Drilling Method 	Hollow stem auger 	 Total Well Depth 	26.0 feet 

Diameter of Borehole 	11.5 	(7.5) 	inches 	Date Started 	2/20/91 

Diameter of Well Casing 	4 inches 	 Date Well Completed 	2/20/91 

DEPTH 
IN FEET 

NELL CONSTRUCTION DETAIL 

-J 

-J ›- 
C3' CC  
.1 L12 Li, z .... 

BLOW 
COUNT 

2.- 

w 
it >. 

FRQ  
tE 

GRAPHIC 
SYMBOL 

DESCRIPTION 

0 0-2 0 	 - 
- - 	Dark brown 	(10YR4/3). 	SAND, 	med. 	w/ some 

coarse grains, 	Black silt layer 	(10NT2/1). 
moist. 	 - 

2.0-4.0 	 - 
Grayish brown 	(10VR5/2), 	SAND, 	med. 	and 
coarse grain, 	poor sorting. 	some fine 
Otz gravel, 	moist. 	 - 

4.0-6.0 
Reddish brown 	(5YR5/4), 	SAND. 	fine - med. 	.. 
grain, 	Fe staining, 	trace fine gravel, 
moist. 

NNU = BKG 	 - 
6.0-8.0 

Reddish brown 	(5YR5/4). 	SAND, 	f-m. 	trace 	_ 
fine to med. 	Otz gravel, 	Fe staining, 
moist. - 

8.0-10.0 
Reddish brown 	(5YR5/4), 	SAND, 	fine - med. 
little 	fine to med. 	Otz gravel, 	subangular,., 
Fe staining, 	dk. 	brown silt streaks, 	moist. 

10.0-12.0 	 _ 
Reddish brown 	(5Yr5/4). 	SAND. 	fine to med.. 
some f-m subangular Otz gravel, 	seams of Fe 
stains, 	moist. 	 _ 

12.0-14.0 
Pink 	(51R7/3), 	SAND and Otz GRAVEL, 	fine to 
med., 	poor sorting, 	moist. 	

- 

14.0-16.0 
Reddish brown 	(5YR5/4), 	SAND, 	fine to 	- 
coarse, 	and Otz GRAVEL, 	f-m, 	Fe staining, 
wet D15'. - 

16.0-18.0 
Brownish yellow 	(10vR6/6). 	SAND, 	fine. 
at 17ft there is 2' band coarse SAND and 	- 
fine GRAVEL, 	loose, 	wet. 

x 	Discontinue split spooning due to running 	- 
sands. 	Drill 	to 27 ft. 

..---J. 
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	 MONITOR WELL  4-t 
Project 	N.W.S. Earle/ Colts Neck 	 Well Number 	MW04-6 

Location 	Colts Neck. 	N.J. 	 Coordinates 

Geologist 	T. 	McCann 	 Top of Casing Elevation 149.75 feet MSL 

Drilling Contractor 	B. 	L. 	Mvers 	 Groundsurface Elevation 	feet 

Driller 	B. 	Stringer 	 Total Borehole Depth 	14.5 feet 

Drilling Method 	Hollow stem auger 	 Total Nell Depth 	13.7  feet 

Diameter of Borehole 	11.5 	57.5) 	inches 	Date Started 	2/25/91 

Diameter of Well Casing 	4 inches 	 Date Well Completed 	2/25/91  

DEPTH 
IN FEET 

WELL CONSTRUCTION DETAIL 
72 Li, 

-1 > 
iL-' z 

Q- CC IP4  
BLOW 

COUNT 

)- 

>. 

W  
p.c:' 

EGRAPHIC 
SYMBOL 

DESCRIPTION 

-0 

—2 

—4 

-6 - 

—8 

— 1 0 

— 14 

— 16 

— 1 8 

—20 

—22 

—24 

—26 

-28 

—30 

0.0-2.0 	 - 
Light gray 	(10YR7/2). 	SAND, 	med. 	to poor 
sorting, 	fine to v.fine grain, 	damp: 
0-1': 	SILT and SAND loam. 	 - 

1-5*: 	SAND, 	v.f. 	to 	f., 	some 	med. 	Otz. 
gravel. 	(10YR6/4) 

5-18": 	SAND. 	of 	to f, 	some med. 	Otz grvl. 	- 
(10YR7/2) 

2.0-4.0 
Light brownish gray, 	SAND, 	some Silt, 
some gravel, 	wet: 
2.0-2.5.: 	SAND, 	coarse to 	fine, 	poor sort. 	- 

little Otz gravel. 	med., 
2.5-2.8': 	SAND and SILT, 	some Otz gravel, 

med., 	Dark gray 	(10YR4/1). 	- 
SAND, 	v.f. 	to 	f., 	some Otz grvl.. 
Very pale brown 	(10YR7/4). 

_ 
4.0-6.0 

Pale yellow 	(2.5Y7/4). 	SILT and SAND, 	v.f. 
to fine, 	little Otz Gravel, 	med. 	grain, 	- 
subrounded at 4.9' 	where color grades to 
Yellow 	(2.5Y7/6). 	wet 

- 
6.0-6.0 

Yellow 	(2.5Y7/6). 	SILT and SAND. 	v.f. to 
fine, 	some medium Otz Gravel, 	wet 	 - 

8.0-10.0 
Light gray 	(10YR7/2). 	SILT and SAND, 	- 
very 	fine, 	wet: 
8.0-8.35': Light gray 	(10YR7/2). 	SILT and 

SAND. 	v. 	fine, 	well sorted. 	- 
6.35-6.6':Yellow 	(10YR7/6). 	SILT and SAND 

v. 	fine. 
8.6-9.2': 	Light gray 	(10YR7/2), 	SILT and 	- 

SAND. 	v. 	fine, 	well sorted. 
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APPENDIX C 

GEOTECHNICAL LABORATORY RESULTS - SITE 4 



°i 1997 

Environmental 
Engineering 

Transportation 
and Traffic EJS:lcw 

Enclosure 
cc: Mike Wireman 

Sincerely, 

Eric J. Seksinsky, P. ., P.E. 
Technical & Quality 
System Manager 

VALLEY 
FORD 
LA to RA ORIES, INC. 

   

Engineering Consultants Since 1967 

SOIL LABORATORY TEST REPORT 6-6 

Project No. 97128 
June 30, 1997 

Geotechnical  
Engineering 	 Attention:  Mr. Dan Witt 

Brown and Root Environmental,  
661 Andersen Drive 	 'I,  
Foster Plaza 7 
Pittsburgh, PA 15220 

Construction 
Quality Control 

Laboratory 
Testing 

Re: Subcontract Agreement No. GCDB-97-526-1298, Analytical-6 
Services 
CTO No. 289 - Naval Weapons Station (NWS), Earle Colts 
Neck, N.J. 

Samples Picked Up:  On 6/23/97 by VFL, 9 samples from 18 jars 

Testing Completed:  (As requested on Chain of Custody Form, 
4 Samples at Level D P.P.E. and 5 Samples 
at Level C P.P.E. ) 

Test 	 ASTM Standard 

NDT and 
Related Services Natural Moisture Content 

Particle Size Analysis 
(Sieve and Hydrometer) 

Atterberg Limits 
USCS Classification 

D2216 
D422 

D4318 
D2487 

Research and 
Special Studies 

Results: 

  

The results of the testing are graphically depicted on 
the attached Grain Size Distribution Curves. If you have any 
questions about this test report, please call. 

Fax (610) 688-8143 
	• 	6 Berkeley Road, Devon, PA 19333-1397 

	
(610) 688-8517 

URL: http://www.mgar.com/vfl  • E-mail : vflabs@voicenet.com  
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APPENDIX D 

TEST PIT LOGS - SITE 4 
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APPENDIX E 

WETLANDS DELINEATION - SITES 4 AND 5 



Wetland Delineation for 
Naval Weapon Station Earle, Colt's Neck, New Jersey 

July 3, 1997 

Prepared by: 
Brown and Root Environmental 

Aiken, South Carolina 



Introduction 

On June 23, 1997, Robert Abernethy (Brown and Root Environmental) delineated wetlands on 
Sites 4 and 5 at Naval Weapon Station Earle. Colt's Neck, New Jersey. The purpose of the 
delineation was to survey both sites and the surrounding woodland for the presence of wetlands. 
Wetlands that were located were delineated with blaze orange flagging that was hung from trees. 
Each flag was coded with the site number followed by the letters "WL", a sample point number 
and a letter to identify the individual wetland. For example 04 WL 01 A would be Site 4 wetland 
flag, point 1 of wetland A. 

This delineation was performed according to procedures outlined in the U.S. Army Corps of 
Engineers Wetland Delineation Manual (1987). All delineations were routine and consisted of an 
onsite inspection of the vegetation, soils and hydrology. 

Site 04 - Landfill West of "ID" Group 

General Description of the landfill 

The landfill is located on the top of a small hill. Pitch pine (Pinus rigida) is the dominant tree 
species with individuals in rows and at consistent spacing indicative of a plantation. The soils are 
classified as Urdothents or a sand pit and are surrounded by soils classified as Atsion sand. 

Wetland A (04 WL 01 A - 04 WL 19 A) 

Wetland A is located southeast of the landfill adjacent to the toe of the landfill. This wetland drains 
to the east and surface waters of this wetland were previously sampled at 04SW02 (see Figure 7-
1). Red maple (Acer rubrum) is the dominant tree species with a few black gum (Nyssa sylvatica) 
and sassafras (Sassafrass albidum) also present. Dominant understory plants included blueberry 
(Vaccinium sp., wax myrtle (Myrica cerifera) and Phragmites australis. Ground cover in much of 
the wetland is absent due to shading. Where present, the ground cover is limited to small 
blueberry bushes and poison ivy (Toxicodendron radicans). 

The soil is classified as Atsion sand which is listed as a hydric soil on the hydric soils list for 
Monmouth County NJ. The soil was a gleyed sand under 1 - 6 inches of black organic muck. 
Saturated soil conditions were encountered at a depth of 6 inches in some pits and at the surface 
in others. 

This small wetland drains much of the landfill. Spoil and debris from the landfill (barrels, 
telephone poles etc) formed the upland boundary of the north edge of the wetland. 

Wetland B (04 WL 01 B - 04 WL 10 B) 

Wetland B is also located southeast of the landfill and separated from wetland A by an upland 
sand ridge. This upland sand ridge is dominated by chestnut oak (Quercus Onus), blackjack oak 
(Q. marilandica) and sassafras with a few pitch pines. The New Jersey Department of 
Environmental Protection (NJDEP) maps show this upland as a wetland. This discrepancy may 
be attributable to a mapping methodology which may have relied heavily on the interpretation of 
aerial photography as opposed to extensive field surveys. 

Surface water sample point 04SW01 was taken from this wetland and a wetland sample point was 
also taken at the same location. Like Wetland A, the dominant tree species was black gum and 
red maple with an understory of blueberry. However, unlike Wetland A, Wetland B has a dense 
groundcover of Sphagnum moss over extremely liquid sediments. Soils and hydrology are similar 
to Wetland A. 



Small depression area in the landfill (04 WL 01 C) 

A small depression area (less than a quarter acre) was located in the center of the landfill. This 
area collects surface runoff and channels it through an old ditch (2 feet wide and 1 foot deep) to 
the south and into Wetland A. This depression appears to be a wetland dominated by Phragmites 
and having a single black willow (Salix nigra) in the center. However, a hole was excavated at the 
lowest area adjacent to the willow and no saturation, gleyed soils, or bright mottles were noted to 
a depth of 30 inches. While the vegetation was indicative of a wetland, the soils and the 
hydrology were not. This area was not classified as a wetland because it failed to fulfill all three of 
the necessary criteria 

Wetland surrounding Lake Earle north of Site 4 

The area southwest of Lake Earle was identified as a wetland on NJDEP maps. A field inspection 
revealed that like the sand ridge located south of the land fill, this area had been mapped 
incorrectly. This area was dominated by hardwoods that may have resulted in the incorrect 
photo-interpretation. Red maple and sweetgum (Liquidambar styraciflua) adjacent to the lake 
graded into chestnut oaks and pitch pines as the elevation increased. The wetland adjacent to 
the lake is limited to a fringe of no greater than 10 to 15 feet in width and dominated by sweetgum, 
wax myrtle, and blueberry. 

Conclusion 

There are no wetlands located within the confines of the Site 4 landfill. However, a small wetland 
is located south of the landfill and immediately adjacent to it. This wetland (Wetland A) contains 
barrels and some debris from the landfill along one edge. This area could be impacted by 
remediation activities. 

Site 05 - Landfill west of army barricades 

General description 

The landfill is located in a relatively flat area dominated by planted pitch pines (Figure 8-1). The 
surface of the landfill is somewhat irregular and drainage flows off the skeet range to the south 
and west eventually collecting in a small depression area (05 WL 01 A). The soils are classified 
as Lakewood sand. 

Depression Area in Landfill (05 WL 01 A) 

Much of the landfill drains into a small depression southwest of the skeet range. This area is 
dominated by Phragmites, Juncus sp. and Panicum sp. Vegetation indicated that this area was a 
wetland and a hole was excavated in the lowest portion to a depth of 30 inches. The soils in this 
area appear to contain more clay and less sand than other areas. Saturated conditions were 
encountered at 14 inches but no water was noted in the bottom of the hole after 1 hour. The soil 
did contain mottles below 12 inches however the chroma of the matrix was above 2. The area 
probably held water throughout the winter and into the early spring, but the area did not meet the 
soils and hydrology criteria to be classified as a wetland. 

Wetland B (05 WL 01 B - 05 WL 17 B) 

This wetland area is located southwest of the landfill between a dirt road and the railroad. The 
area southwest of the railroad drains under the railroad grade by way of a culvert and skirts the 



wetland area through a ditch. Wetland B is characterized by a canopy of pitch pine and red maple 
and an understory of red maple and blueberry. The soils were mapped as a Keyport sandy loam 
which contains hydric conditions in swales and depressions. There was a 6 inch layer of black 
organic muck over gleyed sand in the wetland. There was no evidence of saturation to a depth of 
20 inches, however the presence of black stained leaves and mosses growing at the base of 
trees, indicated that water had collected in the area for an extended period of time. This area was 
classified as a wetland. 

Wetland C (05 WL 01 C - 05 WL 04 C) 

This wetland area is located north of Wetland B and is separated from Wetland B by a ditch and 
associated spoil bank that acts as a dam. This spoil bank diverts drainage of water from Wetland 
C and directs it southwest into a small depression wetland adjacent to the railroad. A small (1 foot 
wide, 6 inches deep) drainage ditch extends north from the wetland but is no longer functional. 
Dominant species in the wetland include black gum with scattered red maple. Pitch pine grows 
adjacent to the wetland. Soils consisted of Keyport sandy loam and like Wetland B, this area was 
dry to 20 inches. Like Wetland B, this area had 6 inches of black muck over gleyed sand and 
blackened and stained leaves were present on the surface indicating prolonged flooding. 

Conclusion 

Site 5 contains no wetlands within the confines of the landfill. The closest wetland is over 200 feet 
to the southwest. 
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DATA FORM 1 WETLAND DETERMINATION 

Applicant 	 Application 	Project 
Name: NWS EARLE 	Number: 	 Name: 	  
State: 	N. J. County: Monmouth Legal Description: 	Township: _ 	Range: 
Date: 6/v14 /1 7 	Plot No.:  0 Li no 2 	Section: 	  

Vegzation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 
Indicate species with observed morphological or known physiological adaptations with an asterisk. 

1 1 
Indicator 	 Indicator! 

Species _ 	 Status 	 Species ' 	_StitiuL 
Trees 

2. /1/e9 ir\—L  

1. 

3.  
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Mottled: Yes 	; No 	Mottle color: 	 ; Matrix color: 	 
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Hydric soils: Yes 4-/ No 	; Basis: 
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Hydrology  
Inundated: Yes 	No '''"Depth of standing water: 
Saturated soils: Yes L'i No 	. Depth to saturated soil:  10 /fr.,  c A  
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DATA FORM 1 WETLAND DETERMINATION 

Applicant 
Name: jsIWS EARLE 

• Application 	Project 
Number: 	 Name: 	  

  

State: 	NA J.,t) 
 County: Monmouth Legal Description: 	Township: _ 	Range: 

Date: .7-0,. .24- 9'  I  Plot No.:  eat 64,  6 01 /5 	Section: 	  

Vegetation (list the three dominEuit species in each vegetation layer (5 if only 1 or 2 layers)). 

Indicate species with observed morphological or known physiological adaptations with an asterisk. 

Species 
Indicator 	 Indicator 
Status 	 species  • 	. 	_Saga— 

ism 	 Herbs  
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Comments: 
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DATA FORM 1 WETLAND DETERMINATION 

Applicant 	 • 'Application 	Project 
Name: NWS EARLE 	Number: 	 Name: 	  

State: 	N. J. County: Monmouth Legal Description: 	Township: _ 	Range: 
Date:  `-Ai"- '77 	Plot No.: G I  q 4 ii 10 1 7 it 	Section: 	  
Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 
Indicate species with observed morphological or known physiological adaptations with an asterisk. 
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5211 	/97-5;00 SA (4(  
Series and phase: 
Mottled: Yes 	; No tr. Mottle color: 
Gleyed: Yes 	No 	Other indicators: 
Hydric soils: Yes 	No 	 Basis: 

ivo .404icA-dvi 	 herol....aj- 

/ /me t, 0./ 	d'kP At es AV ati-°-1... 1.,.5"dzi OP/( 

Hydrology 
Inundated: Yes 	No. 	Depth of standing water: 	  
Saturated soils: Yes 	; No L./ . Depth to saturated soll: 	411A /1-461  £ •••••( bo 	•P a!, 

Other indicators: 	  
Wetland hydrology: Yes 	No 	Basis:. mo saii-cd.e-b.774 1 

Atypical situation: Yes 	; No 
Konnal Circumstances?: Yes 
Wetland_Determinatiori: Wetland 	• Nonwetland 

Cazararata: 	
uicir Du 	/0  r  

,419-vNek_ 	5e,c17--A "11' 754—  1°"'`‘/6C/ 

p?er Al-j-iief t- I"Deitruluietbc Hobert Abernethy 

er 	PyficA/ 4rye 	v 4 i",eft_ 

:sPiy rzy 

s„,-, a A-43 



DATA FORM 1 WETLAND DETERMINATION 

Applicant 
Name: NWS EARLE 

 

Application 	Project 
Number: 	 Name: 	  

  

State: 	N. .71,Tunty: Monmouth Legal Description: 	Township: _ 	Ranfe: 
.27 Date: 3D,-2 	7Plot No.: 041  .5w O / 	Section: 	  

Vegetation [list the three ripminfint species in each vegetation layer (5 if only 1 or 2 layers)]. 
Indicate species with observed morphological or known physiological adaptations with an asterisk. 
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Specie% 	 Status  

I.= 	/ 	 co c-- 	HOL121 
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2.  f/it 4-k 6o /44 	
A-  `PT  C- 

8. 
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Other indicators: 	  
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Atypical situation: Yes 	; No 
Normal Circumstances?: Yes i'No 	 
Wetland_Dttermination: Wetland (--Nonwetland 
Comments: 	
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DATA FORM 1 WETLAND DETERMINATION 

Applicant 	 • Application 	Project 
Name: NWS EARLE 	Number: 	 Name: 	  

State: 	N. J. County: Monmouth Legal Description: 	Township: _ 	Range: 
Date: -rok43.40 97 Plot No.: o ii ic.c.- e/ e-- 	Section: 	  

Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 

Indicate species with observed morphological or known physiological adaptations with an asterisk. 

Indicator 
Species 	 Status  Species  
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Hydrology 

Inundated: Yes 	No 	Depth of standing water. 	  
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Other indicators: 

Wetland hydrology: Yes 	; No 	. Basis: 
Atypical situation:. Yes i• V; No 
Normal Circumstances?: Yes 	No  

Wetland Determination: Wetland 	; Nonwetland 
Comments: 
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Saturated soils: Yes 	; No 	Depth to saturated soil: 

e 
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County: Monmouth Legal Description: 
	

Township: _ 	Range: 

Plot No.:  O 	L 0/ . 	Section: 	  
State: 
Date: 

DATA FORM 1 WETLAND DETERMINATION 

Applicant 
Name: NWS EARLE 

• Application 	Project 
Number: 	 Name: 	  

Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 

Indicate species with observed morphological or 

Indicator 
Species 
	

Status 

Trees  

1. /Vet. 4-- 
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Saplings/shrubs  
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own physiological adaptations with an asterisk. 
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DATA FORM 1 WETLAND DETERMINATION 

Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 
Indicate species with observed morphological or known physiological adaptations with an asterisk. 
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species  
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Saturated soils: Yes 	No  I/ 	Depth to saturated soil:  ii/efrve. Ad .10 /014-4-.07 

Other indicators: 49.4. 	,%-ife? fi4e;we 40 	c. 	 aq- 	Al 

Wetland hydrology: Yes .Z.; No 
Atypical situation:. •Yes 	; No 
Normal Circumstances?: Yes ✓‘No 	 
Wetland Determination; Wetland ✓ • Nonwetland 

43.4-•/ Gv-17--/ct 

/1A 7007,0,4 	-"de 'tied by:  Robxt Abernethy 

State: 
Date: 

Applicant 
Name: NWS EARLE 

County: Monmouth Legal Description: 
Plot No.: p 	it#  

Application 
Number: 	 

Project 

	

Name: 	  
Township: _ 

	

Section: 	  

species  
Indicator 
51111111._ 

roc 

rA 

"sp 

Herb& 

B. 
9.  
Woody vines  

10. "Aar 
11.  
12.  

To of species that are OBL, FACW, and/or FAC: 75-  9Other indicators: 	  
Hydrophytic vegetation: Yes Z. No 	. Basis: • > S o try  

e0/7-  57, 	4.1 
iv% 5- tici /41)-' 

On hydric soils list? Yes 	No 

Basis: lie  104 	COL,C4  

i1.17 15- 	'1+,14 1 

1 



Indicator 
Status  

vi4 
. Other indicators: 

. Basis: • 	lo  

9.  
Woody vines  
10. 5-44.1 /41 Vf 

11.  
12.  

DATA FORM 1 WETLAND DETERMINATION 

Applicant 	 Application 	Project 
Name: NWS EARLE 	Number: 	 Name: 	  

County: Monmouth. Legal Deicri EC: 
Plot No.. 01-  wI,  

Vegetation [list the three dominant species in each vegetation layer (5 if only 1 or 2 layers)]. 
Indicate species with observed morphological or known physiological adaptations with an asterisk. 

State: 
Date: 

Township: _ 	Range: 
Section: 	  

Species  

Ala 

Species  
Trees 
1. ei4 v,c, -6 
2.  
3.  

5212lingelh131111 
4.  
5.  
6.  
% of species that are OBL, FACW, and/or FAC: 
Hydrophytic vegetation: Yes'No 

Indicator 

() a Ccliev-tivt,7 

.5"e"ver (;otff 
On hydric soils list? Yes 	No 
	 ; Matrix color: 	  

Gleyed: Yes 	v  No_. Other indicators:  a "r+- c_- 	67-e-r•wf_r.ids.f  
Hydric soils: Yes 	No 	; Basis: 

Hydrology  
No 	Depth of standing water: 	 

No 	Depth to saturated soil: 
Other indicators: /24 
Wetland hydrology: Yes V; No 	Basis: 	  
Atypical situation: YeS 	; No 
Normal Circumstances?: Yes l//No 
WetlancLDetermination: Wetland L-<Nonwetland 
Comments: 

Determined by:  agbert Ahemettky  

&at 
Series and phase: 
Mottled: Yes 

PyfeiTTA  ody 

40.144  

; No 	Mottle color: 

  

Inundated: Yes 
Saturated soils: Yes 

rfrohlwsee 40A v'e-F / 	e.-7,7—r-740ad,3 

1 



APPENDIX F 

GEOTECHNICAL BORING LOGS - SITE 5 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

4/41.5 - EAR 46- 
C Tb - A? 
TC.,9 -  

C•f16-- c5- 

BORING LOG  
BORING NUMBER: 	 613-6 

Page / of 

DATE: 	. 	6 -ig-f7 
GEOLOGIST: ---A-WJZ--  4)4w s 
DRILLER: 	Steve 130 e r-  I To" urban 

Sample 

No. ane 

Type or 

ROD 

Dept," 

(Ft.) 

or 

Run No. 

Blows / 

C or ROD 

(%) 

Sample 

Recovery I 

Sample 

Length 

MATERIAL DESCRIPTION  
U 
S 

c 
S 

• 

Remarks 

S
a

m
p
le

  

_ 	
.  

—
  

S
a

m
p

le
r  

B
Z

 

B
o
re

h
o

le
"

 

D
ri

ll
er

  B
Z
"

 

litholegy 

Change 

(DepeUFtl 

or 

Screened 

Interval 

Soll DenitIty/ 

Consistency 

or 

Roca 
Heftiness 

Color Material Classification 

% i. 0 
Veil 
1,054 

Ott 
Irm

. 
 ..‘//) ► 	/Wit qv^ Aid 94 6.1 

14/4 Pessr..p...  jah,ogoe iie 2-o y 	I. 

V 3.* , 
art 
ramt: 

.0,/ ,41 	414 ty P: A. saw( 
a 4.era ,.......1, 

5 C.  
,s1015 I- 1253 4 .0 4 7 174g 

pitte,) L•J L:1' -bg  5,.., (, 
rhos toot of, "04,,r, 

IZSVP Co. 0 leX*-: iiiit 
ituul • 
DeAse.. (CI-IT:4 /.44.! 411 aloe, 5(21  7.1) 

'Pr 8, 0 ito lobe 
4 g.p i (n4 4, /) gait II 	

_. 

131,6 10.0 ii  Way' (cAZZf) za,a4a olors 
5.-4  , A // 6.- low 44, 4 coat"? 

/52/ rz..r>, 0/4y IN
ma • 

AS( 4 4  Aho A tooth 

V 13 ... c / 	Clair ,4,t.( Cc- 

/330 Pi 145 ,, ,z/w i e et ,...€ 1 ..5.44,1 
V Is" ‘"*.-- et-Le.Q ., A L,.. // ,b r 5 

/3371 ip . ,/4. oily (P
p  

1 	
lags 	''

ei/Aires,  I-41-y 	moo il  . 

.0 0 !C,/rte 	clayey 	144.1( .5c ,,,c, 4141.5.4e 

13Cff 18 V‘ , '4 Y AI framtoe 	.rdoce..4 c.4,4•( _ 
5-, if /( fa ir ,ce Pi 
/3. 2. 240  6 g MAP' l' 
frIt v  ..,.„.f.'  

el' 
 .5 4 4.1..eki . , 

/07 Ix X/LY a islo iodalt '' 
ke e 23 s--  i Aft kr.ki 
/ye age 2*ji' leis( D @Ate_ T 1 i 

• When rock conng, enter rock brokeness. 

" Include monitor reading in 6 foot intervals 6) borehole. Increase reading frequency if elevated reponse read. 

Remarks: ivo a . 	.e" ce4.//1009 3o - frtehe S  
2 	/0144 ,/.P. NSA 	cao Hee 4d OS- c.a 	.z 6 zz 
" 	se 	0,ase 414.6 Soo 	lers 

Converted to Well: 	Yes 	 No 

Drilling Area 
Background (ppm): 

Well I.D. #:  A94  



Page / of BORING LOG  
BORING NUMBER: OS-- GB - 42. A/w5- EARcE 

era - ei? 
SZ.19 - 1:6-///.4.qf 

Co. - 56" 0e130,' DRILLER: 	StesIC 300.per 

PROJECT NAME. 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

DATE: 	 6 -18 -97 
GEOLOGIST: 	uG -D.¢v/S  

Sample 
No app 
Type or 

ROD 

Depto 
(Ft.) 
or 

Run No. 

0.0 

Blows i 
6" or ROD 

(V.) 

Sample 
Recovery 

Sample 
Lengtn 

LithologY 
Change 

(DsptIVFt.) 
or 

Scrinaneci 

Interval 

MATERIAL DESCRIPTION  
U 

S 
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S Remarks 

S
a

m
pl

e
  

S
am

p
le

r  
B

Z
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h

o
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D
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H
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Soli Density/ 
Consistency 

or 
Rock 

Hardness 

Color .  
Material Classification 

4101110/10 OAP 

V d , 0 3 S 1041.5C 
Ardente 
katodi .0///7 	/.1, fe. $awa frfit 

MO 2.0 5 7 'TM' "gietik 17::: ‘,/A / F: 44  s...-e 5_ 4,-r 
54 
erh 3.0  Yr i 	, sal:, 	cle 5c-- p,-.y. 

1 
trmy sm p-da ,w.t 	.fIr 	clrer a•••Alf j:44..4a c.dap.d Ms( 4.o 11 3 of/AY 

1 15-.0 .15  DeAst 4/0 	Ac (0 .-c .• log I e 0 le 4"...1 

/ fsrlc., . o is.X.7 °Itt, ()tr.( 
DeASe- ,VD 	de ev-gbi _ , 14 	c0"er S40 

5-g 7., 0 ,021  bLILS- e
0 

Mai 	' e 0./ • 

110 7 8. 0 1  IfLV NAV_ No . 	Ae.,.."• I 

5-6•11% 0 -- 
mot 
Milt 

Pali( 
brolme ..41/1y CAN/ A* X. 5C" 

I55" 10.0 5.  12121( 
f c.....r.t a...".e.  

Sadot 	P %O.,  - i PALA& _Cleo .7
ode

, 7.1- 
e• 11 ,T 

t  
Niro i  i 71C At( 	e 5 

lid a 1 ) 4̀4Y 41 

fel  /3 9 - fe/17 f. 	if. S.61.4d Wfr  

/607  /ii i'fi , /94r 4 	me..;:,i) 4 t 44.1, 5 q 44,5 

ir ft / ly clayey A.q 9c- /4.1.14II ems. 
r 
16 f.ri 

I  
/6 l,  16/LV yea ,,,,Pa ..4.0.4e1 "4/6 	G.Aess. k " 

V /7 1S- 1 

04•G
4.  6f ,. azer  vas 71 , _ , 

/i2V 4 if  a, ItAr DT - - 
1.7  I? ''' De.t.st .5-de Iv,* fled 

iie 20 -b/r/ 4 
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4  / 
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- 

2g 

When rock coring, enter rock brokenesa. 

Include monitor reading in 6 foot intervals ft borehole. Increase reading frequency if elevated reponse read. 

Remarks:  /VO . 	 Asia howl go - frtche5  
f. 2 - rege4 J.D.hISA 	 cor4c1ed 

Converted to Well: 	Yes 	 No 

Drilling Area 
Background (ppm):E....  

OS"- 6-er 6Z - /1P/4 Kyr-  4.10It 4••"5  

14 	Well I.D. #:  'W4  



Sample 
No ana 
Type or 

ROD 

Depth 
(Ft.) 
or 

Run No. 

0.°  

Blows I 
6-  or ROD 

(V.) 

Sample 
Recovery I 

Sample 
Length 

Lithology 
Change 

(DePtNFt ) 
or 

Screened 
Interval 

MATERIAL DESCRIPTION  

Remarks 
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p
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r  
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re
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o
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D
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r  

Soil Density/ 
Consistency 

or 
Rock 

Hardness 

Color Material Classification 

U 
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a t? 8. o / //A V ma 
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• When rock conng, enter rock brokeness. 

" Include monitor reading in 6 foot intervals ® borehole. Increase reading frequency if elevated reponse read. 

Remarks: /yo /S. Lt.wZ.eer c-4.1/14. 	30 - /e1C he S 
Z S -1.+4& AD. /054 	CePtWe eQ  
" 	5144- 0,ped..., Si% .4e/ee-5 

Converted to Well: 	Yes 	 No 

Drilling Area 
Background (ppm): 

,S' -6.8 	/15Z0 1 	4.4 dr 40,05 

Well I.D. #:  /V/4 

Page / of / BORING LOG  
BORING NUMBER: ac- 6.8 -03 4/415 - EeIRLE.  
DATE: 	 6 -If-f7 
GEOLOGIST: 	 .6.4e/S 

rivis" 
TC.49 - 4:1b.-///4.41? 

cmb - 55" 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: DRILLER: 	.5# .&' So, tr J To" 



Page / of / BORING LOG  
BORING NUMBER: 	05- tr-8 -off 

DRILLER: 	Skye ademe- orb^^ 

Drilling Area 
Background (pprn):: 

Or-  4.14,45fos 

A3/49 

' When rock conng, enter rock brokeness. 

Include monitor reading in 6 foot intervals ft borehole. Increase reading frequency if elevated reponse read. 

Remarks: /Yo 	4....~Bee- 	345 - /etc 44,  
V. 	S".  /0,44  j. 	h 5A 	 eo tic fled es- 6.6 0 - 20ZZ 

" 10 .54, 4 v4  0#7. Mot See ore ke'S  
Converted to Well: 	Yes 	 No 	 Well I.D. #: 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

4/tais - EAR46- 

3-C.4 - Ge",//,..4  
Galt - 55- 
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No. ano 
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Run No. 
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6-  or ROO 
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CLO  
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Recovery I 
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Soil Denerty/ 
Consistency 

or 
Reek 

Hardness 

Color Material Classification 
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GEOLOGIST: -7,-erti27104vis 



BORING LOG Page 	of / 

  

PROJECT NAME: 4/tuS - 6,144E BORING NUMBER: 	OS- 68-0.5- 
PROJECT NUMBER: C7-0 - 	a? DATE: 6- /9-P7 
DRILLING COMPANY: aC.19 - Deti/A.t? GEOLOGIST: ---174/,T, DAvis 
DRILLING RIG: COW - 55- DRILLER: - 0 ekokn Steve 34,,7er 1 Ton 
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No ana 
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ROD 
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Run No. 

0.11 
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V' or ROD 

(%) 

Sample 
Recovery/ 

Sample 
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MATERIAL DESCRIPTION 
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Soll Oonortyr 
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_ _, 
When rock conng, enter rock brokeness. 

" Include monitor reading in 6 foot intervals fg borehole. Increase reading frequency if elevated reponse read. 

Remarks: /4'o 	. 	 e 0-  A //mi.? 	- tIcA•es  
V. t s
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ht S 	 re/kelt...! 

" 	5,4. 	 Sat oar ke'S  
Converted to Well: 	Yes 	 No 

Drilling Area 
Background (ppm): 

6 5- 6.  Scr -122Y Xe- 14.."4/.10.  

Well I .D . #: 	4.94 



APPENDIX G 

SOIL BORING LOGS - SITE 5 (PREVIOUS INVESTIGATIONS) 



SKETCH MAP 
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US NAVY 
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WELL NUMBER. 	  OWNER  WPW5TA Earle. 
LOcATIDN: 	 ADDRESS:  cpl+c, Sett_  

Afmy 	Ne.VJ JuseY  
TOTAL DEPTH 	" 
WATER LEVEL. 	  

DRILLING 
COMPANY: F Fritts 

DRILLING 	6, 
METHOD: 	ti"-> 

DATE 
DRILLED: 

DRILLER: VJL HELPER: Rt 

LOG BY: 	 A E T-3 

DRILLING LOG  

SURFACE ELEVATION: or.77 1  

 

 

DESCRIPTION /SOIL CLASSIFICATION 

(COLOR, TEXTURE. STRUCTURES) 
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DRILLING LOG 

IMO ••• 	CAM. • ors 

OWNER W PN5TA Earle. 

SKETCH MAP 

WELL NUMBER. 

LOQATION: 

5-I 
La./1/14/ 11 ADDRESS: CO 1-1-  

61- Army Azrri .c.f_elcs t\km Jusey 
TOTAL DEPTH 	29' 

SURFACE ELEVATION: 

DRILLING 
COMPANY 

WATER LEVEL 	rI 

F Pr -Ws DRILLING 	e.. A 	DATE 
METHOD- 	rr-45r4 	DRILLED-  Z•1  Zia 

DRILLER: VU L HELPER 
NOTES: 

LOG BY A E 

 

DESCRIPTION /SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 

 

_ 

ICI 55 Co 
7.  1 

I q -21 ' Olt w, (5Y 44} anee n(We 6roGJh (Z, 5 Y 4/4) 

/ Z. 
/ 0 I , 	/ 	_ 	' id 

.". n e. 	40 	0 _ 	_.‘-' 	t I A 	I. i . 	I 	' 	• 

— 

_ 

-, 

107 53 140 24s-2 4, ' nii'Ve_ ( 5Y 44) /Yid 	1 i ve 	brown (2.E Y 41/4:i _o 
z4 

r 4 Oe.. .-11) 	(m 	-se sold , 51.-itu--a j--e I 	-P?  =-3e 

SHEET _2_ OF  2- A.S T M D1586 



Bit(s)  440 11 DO s+[-PA  
Rig  Trac-k RI 

J 

Time Date 

2.124, 
192G 

AO 0  
to 

1215  
143a  

I/on  

Imo 

Time 

09.3o  
I ono  

/030 

Well 	5  - 1  

Well Construction Summary 

Location or Ccords:  LaiId-1111  itle4  
(4 Army 6asriatdes  

Drilling Summary: 

Total Depth 
	

2.7 '  
Borehole Diameter 	  

Driller  5 E. Fri -HS 

Drilling Fluid Fluid  W  

Surface Casing 	" Sfer...1 	_ 

Well Design: 

Basis: Geologic Log  X  Geophysical Log_ 

Casing String(s): C =Casing S =Screen 

- 692'  _CI_ 	- 14,  5  
- 	 

Casing: Ci 	6 " S4r e.4 Li,c,k;rts 

	

C2 
	

4 " SCE) 40 "PVC. 

Screen: Si  4 4  SGH- 40 ?VC.  
D SLOT- 

	

S 2 	  

	

Centralizers 	 

	

Elevation: Ground Level 	  

	

Top of Casing 	/01. 77 / 

Construction Time Log: 
Start 
	

Finish 
Task 

Drilling: 

RSA  
'Rolle 13:it  

Geophys.Logging-

Casing: 

Filter Placement: 

Cementing: 

Development: 

Other: 

Well Development: 
PtAftipi cal ci-vtee.g._  

sr., tprkil -irei 	4,*rtzs_  

Comments: 

Filter Material  No. 2. 0 4clui4 cand  
29 /22  

Cement  6: I Portland Cohtnt  
evh4on,`"re,/I ' - OS   

Other 	&Wit' P .4,- Pe- I ids  
12' -  



Pe8  LOG BY: 

AS.T.M. D1586 SHEET i OF 

US NAVY 
1-,/,i.L4. 
r WELL NUMBER:  5 - 	ER:  IdP7814- 	gvile_ 

LOCATION:  1.-CLONd4 	RESS•  6114s Itle-- 
eif Arne' 13A.t-ri'enalLoc. 	 No.4 3ues4A1  

TOTAL DEPTH 	28  
SURFACE ELEVATION:  I 13. 94' 	WATER LEVEL- 	I g  

COMPANY.  "SE 
DRILLING 	

C; tiS 	
DRILLING 	 DATE 
METHOD: 	 DRILLED• 	//2//84 

HELPER 	faZ  

- 
_ 

- 
_ 

)  

_ 

_ 

- 

_ 

- 

- 

0- 3' We. brown (10YR 6/3) -Pine_ 4D inecilt'utta 

So .lid. 

y' Sdrom 	13 m tk i n( 7 .5" Y k'q/8) 4).  0 c_ i 	nut um .5L-  
sad. 

'72; 3  2/:5' L; id- 9 ra y no YR.34) vu HA g-tro 
rj

bro  km 

I (4.5 YRA) wry • P).c. ,Sa.ne 1 . 

5=-5.2S' btrk 9retyish hen km 65YR W2) clayey 

s/ ./ 

5 .7,Si-  5.5' .7)1rk va yisA is ro AM a DYR vh) c; Hy tie? 4 AA 9 	
.-Rete. ' I P . Saar e i 	Wei A ,criurevical , 	 / 

73 55 1 r - A P.5 1  97-61 hroion (7.5YR V6) nud i' um 
? ii Stmel, 1 iiik. -4' rip Si h d (06) / 	M Cii:Sk/  

Wee, = / 8 9  

Wei. 4cr ruz dud 	46 o L... 9 ' 

W 5s 1 li/ --/ /S .5' Sirb VII 	Aramin (7.5 	3/4 ) trudirim 

70 Setty ii 	-/race_ —4 tt4 Sit nd 	MO/5* . , 	 / 

?S' S5 it j 9 02 D. 5- I 	0f; VG (5Y 14) ntditan Salta/  

0 

DRILLING LOG 

DRILLER: 	1,J L 

DESCRIPTION / SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 



DRILLING LOG  

WELL NUMBER: 	5-2.  
LOCATION  Lanas1 I kxs4  

Armv "Sarri fade&  

SURFACE ELEVATION:  113.  

LOG BY: AE 

  

US NAVY 

OWNER: liTfs-I-FtlgoAle_ 
REUS LO 14s Nowt.- ADD 

ie.) n-ex-sui  
2a' 
I Ss 

DATE 1 I 
DRILLED:  I 121 Lti  

HELPER - 	"Rs  

SKETCH MAP 

NOTES: 
DRILLING COMPANY: 
DRILLER: 	 

TOTAL DEPTH 	 
WATER LEVEL- 

DRILLING 
3E Pr; 11.S.  METHOD:  tKA 

141.- 

 

DESCRIPTION /SOIL CLASSIFICATION 
(COLOR, TEXTURE, STRUCTURES) 

 

8 /2. 5 a 1 u rep I a 	7?&-,- JP° , 

Wos's kr 021/: 47S. 5 1 	6 I; Ve 	( 5 ) "lb) di an In mzot I u in 

— 
9 
Ix 5etne t 	saiuraird 	7?ec, r- /8 4: , 	 , 

7-7 Ss 29 1-- 3 / 1  NW_ Dr/)JAM (2.SY 194) maim m 

-h 

_ 

/3 
/7 SCL/Id 	trace. ('c 901 --PYLL sand , i  

s421uralyd 	--:-....2V? 17?ex„ 

SHEET  L  OF  Z.  



Drilling Summary: 

Total Depth 
	

2B'  
Borehole Diameter 	  

Driller  S. E _ Fri +s 

Task 

Drilling: 

RN*  
gone,  

Construction Time Log: 
Start Finish 

Date Time 

//4.5" 
• 

Date Time 

Well 	5 -2  

Well Construction Summary 

Location or Coords:  landhyl pies*  
04- Army Pirriaute_s  

	

Elevation: Ground Leve: 	  

	

Top of Casing 
	//3.  

Rig  Mobi I -br; I I 15-61  
Bit(s)  An I I ow 5-km Av3cr, 

-Re (ler  
Drilling Fluid 	LOCk+er- 

Surface Casing kit S.Feci  
Well Design: 

Basis: Geologic Log _X__ Geophysical Log_ 
Casing String(s): C =Casing S =Screen 

3' - evS4-21C-i 28'  -  131   5 
1.3L - CTS #2'_j 

Geophys.Logging.  
Casing: 
rns-/s// 1"  

?VG  

Filter Placement: 

Cementing: 

Development: 

Other: 

I/ 

1/ 

/33o 

Pitio 
143D 

• 
• 

/4eDo 

Z63_o_ 
_LW2i2 

Casing: ci_ toits+ce.1 

C2  411  501.4 40 WC_ 

Screen: Si  Ate  504 4n -PVC. 
la Si nT" 

S2 	  

Centralizers 

Filter Material  4# 2 01-ftnt) a Set  
211  - 	6eitmAi  

Cement  6: t Net !curd Ctirnefvt•  
btrribnit, 	9 - Gs 

Re.xri-oni+e. lleAs  
1/ 1 - 91  6eini.) 6-5  

Well Development: 
d;d nil-  sets- 'e p  

&trip d 1 	n 5 -eireAj. JO rt vas 

Comments: 

Other 



SKETCH MAP 

NOTES: 

Elevalinou= 	cr eV 

DRILLING LOG 

WELL NUMBER:  5-- 3  
LOCATION:  LarYi-c-t. 	LAS+  a Army --Rarri utzt,S  

SURFACE ELEVATION:  10 9. 78 i  
DRILLING 
COMPANY: 

DRILLER: 	  

LOG BY: 	AEI", 

US NAVY 
OWNI;{ thiPiiScFA Wax I e_ 
ADDITE$$ 	1-1-c  

3-ersty 
39-1  
Zo 

DATE 
DRILLED: 2.131242 

HELPER 

TOTAL DEPTH 

WATER LEVEL.  

DRILLING A  
F. Fri-Hs  METHOD  /4U  

 

DESCRIPTION !SOIL CLASSIFICATION 

(COLOR, TEXTURE. STRUCTURES) 

 

_ 0 -,5 ' 	Ye (1 o w i-sk 	brown 	loYR ie) siTI-y Inc( 

_ 

_ 

_ 

_ 

_ 
_ 

12S SS I 5- 5 5/  -Pale 	ye I tov.) ( 2 . S Ni' Nlimi 	,ci.  r‘c can d, 

it ,5.5' - (,, 	L 1 3L+ 	ac; ve_ 	broth ( 2 .S `I sic, 	stryiy 

Si I+ 	w.e.-i- 	---Rei --z. 12," 

124 ss 4 10- i1.5' 	pork 	yel1owi:s11 	brown ( I triR 4-/4 ) Lk11.+A 

s 
s alive. 	(5 Y Vi- ) 4'iels 	I.  tit in 	sx-nd , 

Lualas(' 14, et (3.-mp 	R Q.= i g l', r  

_ 

_ 

_ 

12---  SS t 15 - 15.5' 	—P4,IC. 	yC-110LA) (755Y 4/4) Cirlo 	52116( 
9 
13 15 -5 ' -1 	T u—K 	V eAn LuiS k 	broWn 6 eq(z 4/L) W;4-en 

CA i ye__ 	-24 AL —13 	ma iu fY\ 	51,4\61, 	i b 9. / 

Si (+ 	5 Ii.lik-Ply w-cf 	-1ZiA__= 12_ " 

ASTM D1S86 
SHEET 	OF 	 



SKETCH MAP 

NOTES.  

DRILLING LOG 

WELL NUMBER:  5 3 

ITS-N A V Y 
1771-C .z.- 

OWNER.  lArPSSTP4E  Ear)c.  
LOCATION:  j rill 61-4'11 tole S+  
of-- 4r rf,./ 13nrri.ca4cs.  

SURFACE ELEVATION:  1 09.7S1  
DRILLING DRILLING 	A  . DATE 
COMPANY:T. Fri -I4c METHOD• 1-90X" DRILLED•-,

/- )13(0, 

DRILLER: WL HELPER .  TT 

LOG BY 	 AE13 

ADDRESS  (1)  
),)eAAJ Vary 

TOTAL DEPTH  321  

WATER LEVEL 	201  

 

DESCRIPTION / SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 

 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 
_ 

- 

122  55  .-- 0 - 20.5i  -Dark 1r)in wish 	hratAin ( 10 YR4 f4) 

12 1,01A 	01; ve 	(5Y 4-4) •cirv__ -in 	rniai i(A in 

Sart k 	I S - 1/3 % S 114-  b.P.C.1) Pry; (13 	le-CS 

S i 1-ki (47) S(1). si 1+) t,J4k CY* 

-Q1 e,_ = t,1  Sedi.treLfrri 1  
(2 55 t 2S' —  2s. S' 	\lrlinun'sli 	brnwn (1o1R4.) so Alci y 

t 3 
Z2_ Si 14- 

1S.S1-  ?l,' 	0 1 i Iic, (SY *Ai -firy -lb niudi .Lon scurig(, 
sclaraicac__ :-_t2f 

i30 ss ; 33 	Olive_ (5\04) o,A ki-r k ydintA)L4 
13 
22. brrwn (uv 	-AN  40 ryttdriAm 	iiick 

t,a11-141 	in - isgio 	; I+ 	szkura,k4 	e tC -I 01 1  

A S.T.M D1586 	 SHEET JL OF  2.. 



Location or Coords: 

6-1--  Army 
ks4-

ri'ade_s 

Time Log: 
Start 

Date Time 

.3/Y 

Finish 

Time 

/000  
/72.c 

Geophys. Logging 

Casing: 
-rns4111 4"Wc, 

Filter Placement: 

Cementing: 

Development: 

Other: 

/330 

ba)  

13/c 

Construction 

Task 

Drilling: 

/4/o 

ISZS 
3Irdg 

Well Development: 
pry,,, 	of tbecrilec_ rAtLa Zs  
5prn ti,L+0 d ;Salty, 4're. O 4-rus. 

Well  5 -3 

Well Construction Summary 

Elevation: Ground Level 

Top of Casing /09.7B 

Drilling Summary: 

Total Depth 	  

Borehole Diameter 	  

Driller  .5. E 	4+5 

Rig  -rrn 	TR1,  
Bit(s)  (Iov) ckm &m-, 

'Int) PC-  11-+"  
Drilling Fluid 	  

Surface Casing b"S-1-ee 	LoLi2ir  	 
Well Design: 

Basis: Geologic Logi_ Geophysical Log_ 
Casing String(s): C =Casing S =Screen 

	

- 6-C1.2.1 	3Z'   - 
1,± - 	 

3- --'J  

Casing: c  io __cfeE. LoCkif, 

C2  4" 5644 43 -Pvc 
63 4" SC.1-1- 40 "WC..  

Screen: Si  4v  SC 14 4o 7vc..,  
10 er  

S2 	  

Centralizers 	  

Filter Material  kin . 2- &R-atJa_ Set-n421  
'32(--  is'  

Cement  to I 74.5r+ kick CLMI":1  
--Sedvl-Drte-L, 	14k' - GS  
Other  -1:e.."-}111‘1+/.. 	e+S  

15' -14'  

Comments: 



DRILLING LOG 

	

WELL NUMBER: 	-5-  4  
LOCATION  La-Aff-f-i i l Lke4-1  

	

0-c• A4-MA1 	 e  

SURFACE ELEVATION:  I DE. GS- 

DRILLING 	 DRILL 
COMPANY:,  1

_r-  r— 	
I S  METH 

DRILLER: 	tt)L_  

LOG BY 	-4P)  

USN`  
owNdR7  pky-nv e_  
ADD Rmst.  u41 4 "53  Nt  te- 

TOTAL DEPTH 	'  
WATER LEVEL 

SKETCH MAP 

NOTES: 

Iev nn'= Tbr 	ti( 

7 
ING 	 DATE 	 In/  
OD 	 DRILLED-  4// 7/6-  Ca 

HELPER 	  

v FEE 
	 E 6 OAS 

-ye. 	\c 	t 	,..- 
c. 	•:, 	

,3 	.c..ke 

si` 	

DESCRIPTION /SOIL CLASSIFICATION 

00' 	c,\ 'A 	\' 	09 	 (COLOR, TEXTURE, STRUCTURES) 

_ 0-5' 	0 I I ye_ 	y 6:1 I ow / 2.s Y '/6, i -in ol; ve, 	bra Loa 

_ (2.sY 4/) ineoluty)-/D Guar -Le 	mod . 

_ 98,  
i 
1 1

g  

i 
4-- 4, 4 /  L id ye,/lowlsh bo)vIn (2, S Y 6/4 ) iii;1 /41/1 //jk/- 

_ 
/ 
2-2. r 	fi 	Vi ) -Pi Ku 	-/r) Yrli 1 iLz Ili,G 0 r i d 

_ 4.44--4.9' (ii/e.. ve-iinvi (2,S Y %) 47r,i 7() nid/u-n9 stild, 

_ 4;9 '-5-.)S ' Oh tr( 	(CY Ve) lei vie 	i-r, 	ryiiiifirr? ,..s.eurd (,gig, 

Sow (2 g2,) 5 / /71-, 	hr., '7-  i,C.1/ 	d Airy) . 

_ 9,  IS-  9 - 9 2S' 	Gray (S Y Y, ) -A .rt i 	--lo mat 1,ali 	•tt-tui 

— 
2-3 
Z6, 97,5 - 9-'7 ' 	DI)Ve- ye,/ 1014J (2, S7'4, ) -4- ri 0 A ntted;uni 	±i,w( 

_ 4,•=7( io.z /  0/; ye, (CY 1/4) an d ()I; ve. hmt.iii, ( z,SY %) 

_ -icn, 717? ritidamt)s4v7et 1,,J),* 	II. ge, (/0) 

c,//, 	damn , 	12,z= 1.s- It 

_ A.c,  to ic-is' 	olive. (Sy 4/4) arld di've, 	r--(3t4),1 (7,sY14-) 

_ 
'15 
(¢ In g ®l ii a) -iv C!) Ca-SP.-/-1 	14_,t1 	-Pee_ = le 

ASTM 01586 
SHEET E OF 

 

  



DRILLING LOG 

WELL NUMBER: 	,5 ̀ 4  
LOCATION:  Larvi 4-111 ures+  

Pvcret1/4FaccaCiALL_ 

SURFACE ELEVATION:  105. (151  

DRILLING „ 
COMPANY:  ..)C rri Hs 
DRILLER: 	  

LOG BY: 	E:12)  

177 1'1,4- 

OWNER:  tA/W4A Etlet/e- 
ADDRESS:  C-0/ 1Je-0--A- 

1-?..A.--C-tds 
TOTAL DEPTH 	2-3  
WATER LEVEL 	I 7  

DATE 
DRILLED: 2_1 I //Pe 

HELPER 	—eS  

SKETCH MAP 

NOTES: 

DRILLING 
METHOD:  fASA- 

 

DESCRIPTION /SOIL CLASSIFICATION 

(COLOR, TEXTURE, STRUCTURES) 

 

_ 

_ 

_ 

—  
/01 s /9 	1 	01 t Ve, ( SY 4/4) 74o ()I 1  ve_ brovilii (2.SY 44) 

/s-
/ tned.ue 	_)-- 	Veyy 0-6,-Ce _calla, 	4 -  NIXIC(.1ei FS 

-Psle_.-24:1. 

_ 

_ 

1oz.?, 24--2.s s' 	Obvtis\/ 4/4_) 4-0  A ve, brown jz,sy4-4.) 
Is  

wv_diktn 4r) vex-  y exec 	SaYal  cdu,ra 71( 1 , 

-11‘.=1Eq 

SHEET  Z  OF  -2- 'AsImM586 



Construction Time Log: 
Start 

Task 

Drilling: 

1164  
Tnilrr  

Geophys. Logging 
Casing: 
TAS4tal 411  WC 

Filter Placement: 

Cementing: 

Development: 

Other: 

Finish 

Date Time 

21/1 
1974  _0130_ 

oOo  

a 

1400 

4Ar)  

4/20/24 1345- 

Time 

013a_ 
0930  

122.0 
1400 

Well  5 -4 

Well Construction Summary 

Location or Coords:  Lard-fill itiesi- 	Elevation: Ground Level 	  

Dl- 	f3tuffi(ade.5 
	

Top of Casing 	105. 6$' 

Drilling Summary: 

Total Depth 	2-7'  
Borehole Diameter 	  

Driller  S. P-  Fri  

Rig  Track- n•Noun+ed 
Bit(s)  Nn il 	S-k I 

Ilu a-I- 
Drilling Fluid 	  

Surface Casing 	  

Well Design: 

Basis: Geologic Log 	Geophysical Log_ 
Casing String(s): C =Casing S=Screen 

—     —  / 2'  5  
/2'  - 654. 	,(!7, 

Casing: ci  4"'s  5+e.e.1 Lock nj 

C2  4 SO4-  4o 4)ife__ 

Screen: Si  4 " SCA 40 ?VC_ 
10 SL-07 

S2 

Centralizers 

Filter Material  PO. 2. Ofiaton Sant( 

Cement  47: I Cernexd-  136n4nni  
' - Gs 

Other 1?,t1,4-iorac. 
so'-  

Well Development: 
71krnpui ai-  a iltrtioe rat?, 4 2.5"  

prr, un-1-; I ksrroAcgt 	erF -4nri 

Comments: 



f 2 
	 MONITOR WELL 5-5 

Project 

Location 

Geologist 

Drilling 

Driller 

Drilling 

Diameter 

Diameter 

N.W.S. Earle/ Colts Neck 	 Well Number 	MW05-5 

Colts Neck. 	N.J. 	 Coordinates 

N. 	Pulczak 	 Top of Casing Elevation 	112.05 feet MSL 

Contractor 

B. Stringer 

B. 	L. 	Myers 	 Groundsurface Elevation 	feet 

Total Borehole Depth 	55.0 feet 

Method 

of Borehole 

of 	Well 

Hollow stem Butler 	 Total Well Depth 	28.5 feet 

11.5 	(7.5) 	incheq 	Date Started 	1/18/91 

Casing 4 inches 	 Date Well Completed 	1/18/91 

DEPTH 
IN FEET 

NELL CONSTRUCTION DETAIL 

LAJ Zje 
--I > 
cL cc 
TE V2 
(.11 Z 

I-. 

BIN 
COUNT 

trC 
L" 

be >" 
2 

GRAPHIC 

YNI3OL 
DESCRIPTION 

- 0 

-4 

-6. 

-8 

-1 0 

-12 

-16 

- 18 

-20 

-22 

-24 

-26 

-28 

-30 

0 0-2 0 	
_ 

Brownish yellow 	(10YR6/8), 	SAND, 	fine-med 
grain. 	trace couarse grain, 	damp. - 

2.0-4.0 
Olive 	(5'1'5/4), 	SAND, 	med. 	grain, 	10% fine 
10% coarse, 	damp: 	 - 

2.0-2.6: 	Brownish yellow SAND, 	as above. 
Olive SAND. 

4.0-6.0 

 

Same as above, 	trace Otz fragments in 
split spoon. Dry. 	 H 

6.0-8.0 
Same as above, 	trace silt, 	no Otz. 	At 	- 
6.8-7.Oft. 	found paper/cardboard , 	dry 

- 
Light gray 	(10YR7/1), 	SAND, 	med. 	- fine 
grain, 	trace coarse sand, 	trace organics 
(roots), 	peat fragemnt- pos. 	charred wood, 	- 
v. 	low plast., 	dry. 

10.0-12.0 	 , 
10.0-10.6: 	Same as above. 	Wood gragments 

at 	10.4-10.6ft. 
10 .6-11.6: Olive 	(5Y5/4) 	and Brownish yellow- 

(10YR6/8) 	mix, 	med. 	grain, 	low plast.. 
dry. 

- 
12.0-14.0 

Olive 	(5Y5/4). 	White and Olive yellow 
(2.5Y6/6) 	mix, 	SAND, 	med grain, 	trace 	_ 
fine 	(5%), 	trace coarse 	(2%). 	firm, 
Fe stain 013.2ft, 	low plast., 	dry. 

_ 
14.0-16.0 

Same as above w/o Olive Yellow component. 
dry. 	 - 

16.0-18.0 
Dark green 	(58Y4/1), 	SAND, 	med.-coarse 	- 

%;8.0-10.0 
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	 MONITOR WELL 5- 

PROJECT N.N.S. 	Earle/ Colts Neck 	 WELL NUMBER 	111105-5  

DEPTH 
IN FEET 

WELL CONSTRUCTION DETAIL 
LAJ 711 
a .- I E ,- 
.1 2-2 

--i. 

GLOW 
COUNT 

›- 

.44  LI 
!..9 

GRAPHIC 
SYMBOL 

DESCRIPT:CH 

-30 18.0-20.0 	 - 
Olive 	(5y5/4), 	SAND, 	med- coarse grain, 
trace fine sand 6 silt, 	little orange -32 sand, 	med grain, 	wet. 	 - 

20.0-22.0 -34 Same as above. wet 	 - 

22.0-24.0 -36 Same as above. wet. 	 - 

24.0-26.0 -38 Same, 	with increase 	in coarse fraction,wet.- 

26.0-28.0 -40 Same. 	wet. 	 - 

-42 - 

-44 _ 

-46 - 

-48 _ 

-50 - 

-52 - 

-54 - 

-56 _ 

-58 - 

-60 - 

-62 - 

-64 - 

-66 _ 

-68 

-70 _ 
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	 MONITOR WELL 5-6 
Project 	N.K.S. Earle/ Colts Neck 	 Well Number 	MW05-6 

Location 	Colts Neck. 	N.J. 	 Coordinates 

Geologist 	T. 	McCann 	 Top of Casing Elevation 	117.30 feet M$L 

Drilling Contractor 	B. 	L. 	Myers 	 Groundsurface Elevation 	feet 

Driller 	B. 	Stringer 	 Total Borehole Depth 	33.5 feet 

Drilling Method 	Hollow stem auoer 	 Total Well Depth 	33.0 feet 

Diameter of Borehole 	11.5 	(7.5) 	inches 	Date Started 	1/22/91 

Diameter of Nell Casing 	4 inches 	 Date Well Completed 	1/23/91 

INDEPTH
FEET 

WELL CONSTRUCTION DETAIL 
Li.1 	•IC 
°- CC 
.ft 
-.I 

 tte  
CA Z 

BLOM 
COUNT 

?:-C 
Lu it 
p.ci  
PI 

GRAPHIC 
SYMBOL 

DESCRIPTION 

0-2.0 
Very pale brown 	(10YR7/3). 	SAND, 	med. 
grain, 	some Otz gravel, 	med. 	grain, 	sub- 
rounded to rounded. 

HNU = BKG 

2.0-4.0 	 - 
Very dark grayish brown 	(lovN3/2), 	SILT 
some sand, 	low plast.. 	moist. 

HNU=BKG 	 - 

A.0-6.0 
Very dark grayish brown 	(10 (R3/2). 	SILT, 	- 
v. 	fine grain, 	grading to grayish brown 
(101'145/2), 	SAND . 	coarse grain, 	moist. 

HNU=BKG 	 - 

6.0-8.0 
Yellow 	(10YR7/8). 	SAND, 	fine to V. 	fine 
grain, 	moderate sorting, 	grading to a 	

- 

yellow 	(10YR7/8), 	SILT, 	low plast, 	moist 
HNU-BKG 	 -q 

8.0-10.0 
Yellow 	(10VR7/8). 	SILT, 	low plast.. 
grading to Very pale brown 	(30YR7/3) 
SAND. 	med. 	grain at 10'5'. 

- 

10. 0-12.0 
Very pale brown 	(10YR7/3), 	SAND, 	med.  
grain, 	moist, 	as above, 

12.0-14.0 	 - 
Gray 	(10YR5/1), 	SAND. 	med. 	grain, 	med. 
sorting, 	Fe staining at 	12'3', 	damp 

- 
14.0-16.0 

Light brownish gray 	(IOYR6/2), 	SAND, 	tan 
to 	lt. 	brown grain color, 	med. 	in gr. 
size. 	Fe staining at 8', 	wet. 
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	 MONITOR WELL 5- 

PROJECT N.W.S. Earle/ Colts Neck 	 WELL NUMBER 	"05-6  

IN
DeTH

FEET 
WELL CONSTRUCTION DETAIL 

_... 
--9  ; 

cc 
- °- 

Cf) Z 
 T '-1 COUNT 

Biow E 
bit ' 
l GRAPHIC 
 vex DESCRIPTION 

16.0-18.0 	 - — 30 __ • --- - •• .. SM  

—32 
-. 
.:_. 
--. 

:. • 
. 

' 	. 	
. . 	
. Yellowish brown 	(10YR5/4). 	SAND, 	fine 

to med. grain, 	damp 
- 

-::: •
. 	
• 18.0-20.0 

Brownish yellow 	(10YR6/6). 	SAND, 	fine to 
—34 med. 	grain, 	5%-green 	(glauconitic), 	15%= 	- 

dk. 	brown, 	80% = tan, 	moist. 

—36 20.0-22.0 	 - 
Same as above, 	moist. 

—38 22.0-24.0 	 - 
Same as above, 	wet 

—40 24.0-26.0 	 - 
same as above, 	wet. 

—42 26.0-28.0 	 - 
Brownish yellow 	(10YR6/6). 	SAND little 
silt, 	fine to med. 	grain, 	wet. 

—44 - 

w 	Auger to 34'. 	Discontinue split 
—46 spoon sampling due to sands running 

up auger. 

—48 - 

—50 - 

—52 - 

—54 - 

—56 - 

—58 - 

—60 - 

—62 - 

—64 • - 

—66 _ 

—68 

—70 



Project 

Location 

Geologist 

 

N.W.S. Earle/ Colts Neck 

  

Colts Neck_ N.J. 

  

T. McCann 

   

Drilling Contractor 	B. L. Myers  

Driller 	B. Strinver  

Drilling Method 	Hollow stem auoer  

Diameter of Borehole 	11.5 (7.5) inches 

Diameter of Well Casing 	4 inches  

(Page i of 2) MONITOR WELL 5-7 
Well Number 	MW05-7  

Coordinates 

Top of Casing Elevation 

Groundsurface Elevation 

Total Borehole Depth 	 

Total Well Depth 	29.8 feet 

Date Started 	1/23/91 

Date Well Completed 	1/24/91 

11'.97 feet MSL 

feet 

30.5 feet 

LLI 

CL
-.1  

CC BLOW 

COUNT C.) 

DEPTH 
IN FEET 

GRAPHIC 

SYMBOL 
HELL CONSTRUCTION DETAIL DESCRIPTION 

-0 
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2-1=E 

SP 

SW 

M 0.0-2.0 
Pale brown (10YR6/3), SILT, v. low plast.. 
damp. 

2.0-4.0 
Very dark grayish brown (10YR3/2), SILT. 
low to med plast., grades to v.low plast. 
silt after 10', damp. 

4.0-6.0 
Very dark grayish brown (10YR3/2), SILT. 
as above, more clay stringers apparent. 
damp. 

6.0-8.0 
Gray (5G5/1), SAND and SILT, v.f. to fine. 
Slauconitic. 10% green grains v.f., 90% 	_ 
tan grains, v.f. to fine, trace Fe stains, 
damp. 

8.0-10.0 
Strong brown (7.5YR5/6), SAND, v.f. to 
fine, med. sorting, some Fe stainiing 
damp 

10.0-12.0 
Same as above: 

10% green (glauconitic) sand, v.f. 
90% tan sand v.f. to fine (Fe stains) 

damp. 

12.0-14.0 
Brown to Dark brown (7.5Yr4/4), same 
as above, slightly more glauconitic sand 
(15-20% total green grains), damp. 

14.0-16.0 
Same as above, damp 
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Page 2 of 2) 
	 MONI TOP WELL 5- 

PROJECT N.W.S. Earle/ Colts Neck 	 WELL NUMBER 	MW05-7  

DEPTH 
IN FEET 

NELL CONSTRUCTION DETAIL 
u, 
--1 >. 

cc 
..c :'-' 

— 

BLOW 
COUNT 

)- 
E5 

44 
5, 

GRAPHIC 
SYMBOL 

DESCRIi: T:r.'iN 

-30 16.0-18.0 	
- i. - 	-1 

Strong brown 	(7.5YR5/6). 	SAND, 	v.f. 	to 
fine, 	less Glauconitic, 	damp 

-32 2-5% green glaucorltic sand, 	v.f. 	- 
98-95% tan to orange sand, 	v.f to f. 

-34 18.0-20.0 	 - 
Same as above, 	damp. 

-36 20.0-22.0 	 - 
Same as above, 	wet. 

-38 

	

M Discontinue split spoon sampling due 	- 
to running sands. 	Following samples 
taken from cuttings. 

-40 - 
24.0-26.0 

Gray 	(7.5YR5/0), 	SAND and SILT, 	low plast.. 
-42 wet 	 - 

28.0-30.0 
-44 Brown(10YR5/4) 	SAND and SILT, 	v. 	fine, 	- 

wet. 

-46 _ 

-48 - 

-50 - 

-52 - 

-54 - 

-56 - 

-58 - 

-60 - 

-62 - 

-64 - 

-66 - 

-68 - 

-70 - 
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	 MONITOR WELL 5-8 

Project 	N.N.S. Earle/ Colts Neck 	 Well Number 	MWO5-B 

Location 	Colts Neck. 	N.J. 	 Coordinates 

Geologist 	J. Williams 	 Top of Casing Elevation 	110.30 feet MSL 

Drilling Contractor 	B. 	L. 	Myers 	 Groundsurface Elevation 	feet 

Driller 	B. 	Strinoer 	 Total Borehole Depth 	25.0 feet 

Drilling Method 	Hollow stem auaer 	 Total Well Depth 	24.5 feet 

Diameter of Borehole 	11.5 	(7.5) 	inches 	Date Started 	2/12/91 

Diameter of Well Casing 	4 inches 	 Date Well Completed 	2/13/91 

DEPTH 
IN FEET 

NELL CONSTRUCTION DETAIL 

-J IJJ ot 
-+ >• cl- cc ..e t12 
Grl = 

BLOW 
COM' 

>.. CL Lu .b4 m.. 
55 
tt. 

GRAPHIC 
SYMBOL DESCRIPTION 

'—'10 

—2 

—4 

__E5- 

—E3 

— 10 

— 12 

— 14 

—16 

—20 

—22 

—24 

—26 

—26 

—30 

0-2.5 	 . 

Sand and Silt, 	trace gravel, 	v. 	fine 
sand. 	Orange Brown, 

HNU=BKG 

2.5-6.0'  
Silt with trace clay, 	low plasticity, 
little 	(in) 	fine to coarse sand and 
fine gravel, 	Fe precipitate at 4.6ft. 	- 

HNU=BKG 

5-10' 	 , 
Sand, 	fine to med. 	grain, 	little silt 
(10%). 	little Fe staining at 8-10 ft. 

HNU=BKG  
,c1.10  

10-20' 
Sand. 	fine to med. 	grain, 	little 	(10%) 	to 	- 
some 	(20%) 	silt, 	Olive Brown 	(2.5Y414).. 
trace mica at 	12', 	slightly cohesive at 
17', 	low plasticity at 	18-20'. 	 , 

HNU=BKG 

- 

- 

20-24' 	 - 

Sand, 	fine-med., 	little 	(10%) 	silt. 
trace coarse trace coarse sand, 	becmes Dark Yellow 

(IOYR4/6) 	at 20-22' 	then becomes 	_ 

Olive Brown again. 
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APPENDIX H 

GEOTECHNICAL LABORATORY RESULTS - SITE 5 



/997  

VALLEY 
FORGE 

LA ILORA °RIES, INC. 

  

Engineering Consultants Since 1967 

SOIL LABORATORY TEST REPORT 6-6 

Project No. 97128 
June 30, 1997 

Geotechnical 
Engineering 	 Attention:  Mr. Dan Witt 

Brown and Root Environmental,  
661 Andersen Drive 	 4  
Foster Plaza 7 
Pittsburgh, PA 15220 

Construction 
Quality Control 

Laboratory 
Testing 

Re: Subcontract Agreement No. GCDB-97-526-1298, Analytical 
Services 
CTO No. 289 - Naval Weapons Station (NWS), Earle Colts 
Neck, N.J. 

Samples Picked Up:  On 6/23/97 by VFL, 9 samples from 18 jars 

Testing Completed:  (As requested on Chain of Custody Form, 
4 Samples at Level D P.P.E. and 5 Samples 
at Level C P.P.E. ) 

Test 	 ASTM Standard 

NDT and 
Related Services Natural Moisture Content 

Particle Size Analysis 
(Sieve and Hydrometer) 

Atterberg Limits 
USCS Classification 

D2216 
D422 

D4318 
D2487 

Research and 
Special Studies 

Results: 

  

The results of the testing are graphically depicted on 
the attached Grain Size Distribution Curves. If you have any 
questions about this test report, please call. 

Environmental 
Engineering 

 

Sincerely, 

 

• 

Transportation 
and Traffic 
'ngineering 

EJS:lcw 
Enclosure 
cc: Mike Wireman 

Eric J. Seksinsky, 
Technical & Quality 
System Manager 

Fax (610) 688-8143 
	• 	6 Berkeley Road, Devon, PA 19333-1397 

	
• 	(610) 688-8517 

URL: http://www.mgar.com/vfl  • E-mail : vflabs@voicenet.com  
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UNIFIED SOIL CLASSIFICATION 

COBBLES 
GRAVEL SAND 

- 	SILT OR CLAY 
COARSE 	FINE COARSE 	MEDIUM 	FINE 

U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER 
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SYMBOL BORING 	 (90 (90  DESCRIPTION 

05-GBO1-2022 

Remark : NAT. MOISTURE CONTENT 22.6 	LEVEL C P.P.E. 

Project No. 97128 BROWN ROOT ENVIRONMENTAL 

Valley Forge 
Laboratories, Inc. GRAIN SIZE DISTRIBUTION 6/30/97 
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LL 	PI 
SYMBOL BORING 	 (z) (%)  DESCRIPTION 

0 	 24 	5 	GREEN SILTY, CLAYEY SAND (S'..--SC) 

05-GB02-1416 

Remark : NAT. MOISTURE CONTENT 9.0 	LEVEL C P.P.E. 

Project No. 97128 BROWN ROOT ENVIRONMENTAL 

Valley Forge 
Laboratories, Inc. GRAIN SIZE DISTRIBUTION 6/30/97 
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O 27 	8 	GREEN CLAYEY SAND (SC) 

Project No. 97128 BROWN ROOT ENVIRONMENTAL 

Valley Forge 
Laboratories, Inc. GRAIN SIZE DISTRIBUTION 6/30/97 

UNIFIED SOIL CLASSIFICATION 

COBBLES 
GRAVEL SAND 

SILT OR CLAY 
COARSE 	FINE COARSE 	MEDIUM 	FINE 

U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER 
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LL 	PI 
SYMBOL BORING 	 (%) (%)  DESCRIPTION 

05-GB03-1820 

Remark : NAT. MOISTURE CONTENT 19.7 	LEVEL C P.P.E. 

1111 	1 full 1 



LL 	PI 
(%) (58)  DESCRIPTION 

3 	3/4 3/8 4 10 	20 40 60 140 200 

Project No. 97128 BROWN ROOT ENVIRONMENTAL 

UNIFIED SOIL CLASSIFICATION 

COBBLES 
GRAVEL SAND 

- 	SILT OR CLAY 
COARSE 	FINE COARSE 	MEDIUM 	FINE 

U.S. SIEVE SIZE IN INCHES U.S. STANDARD SIEVE No. HYDROMETER 
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NON —PLASTIC GREEN POORLY—GRADED SAND WITH SILT (SP—SM) 
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Remark : NAT. MOISTURE CONTENT 22.0 	LEVEL C P.P.E. 
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3 	3/4 3/8 4 10 	20 40 60 140 200 

0 NON—PLASTIC GREEN POORLY GRADED SAND WITH SILT (SP—SM) 

Project No. 97128 BROWN ROOT ENVIRONMENTAL 

Valley Forge 
Laboratories, Inc. GRAIN SIZE DISTRIBUTION 6/30/97 
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GRAVEL SAND 

• SILT OR CLAY 
COARSE 	FINE COARSE 	MEDIUM 	FINE 

II R 	SIEVE. ST7F. TN INCHES U.S. STANDARD SIEVE No. HYDROMETER 
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GRAIN SIZE IN MILLIMETER 

LL 	PI 
SYMBOL BORING 	 (%) (%)  DESCRIPTION 

05 - GB05-2224 

Remark : NAT. MOISTURE CONTENT 21.7 	LEVEL C P.P.E. 
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TEST PIT LOGS - SITE 5 



Brown & Root Environment TEST PIT LOG 

.e441-1 ,-ei 10t,  4-<!.4 t,/ 	S' 1. ei-c  

PROJECT. 

PROJECT NO.. 

LOCATION: ...CO/4 

FIELD CEOLCC;ST. 

Nis - E42LE  7.1ST PIT NO.: 0.5177)-  
97 

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

.. 	..rc)  7. ...4 .8.1 ...... 	DATE: 	67,2-  

NQC k /  NO.  

. 	Poly I/L. 	•si . 	444!.(5....... 	............................. 

"1"/4  

i".,  

UTHOLOGY 

CHAIM! 

lOinititAti 

MATERIAL DESCRIPTION 

LIM 

REMARKS 
(Soil Density / Consistency, Color) 

6" c,i/a/Aid _cei.46:( . 4If 6  e 	co,../11 	...5., i 711 	f'1 	1/i.1 

it" NI,/ 

7?-os 4 	ti,ia .54/' 	414 	t.'--/ -e.? /I 	,i,,,,,  eie.-- 
Pi4.s.  /74. . 	me 4-4. / 	SA--,.5 

Test Pit Cross iecuort ana i or Plan view 
, 5 	 AI 

c.• 

Lip; 	64, ,,,,,, 	s • , / I-7 	F,,,e 	1/4 f.-La 	_s-a..,1 

_ — 
e C 4 f- 

• o5-1-  

lig' 

Gig.  

— 
1„. 

dy'' 	

() 

REMARKS 	d i?  c 	 /0,77  

PHOTO LOG 
TEST PI 

c 

PAGE 



Brown & Root Environmental TEST PIT LOG 

REMARKS x  (id/2 'x  di.  to  -T7  

PROJECT: 	A/WS - EARLE 	7::T F:7" %O.: 4.7).P.--;7- ..q..., 

PROJECT NO.. . 	TO — 	281 	DATE. 	‘/Z_::/f 7  

LOCATION: 	cON:  S It leCk. i 	Nom.  

FIELD CEOLOCiST 	. 	Pealat_ 	"fr f . 	4i<0........ 	............................. 	. 	. 	. 	........ 	......... 	. 	.... 	. 

"I" 

oT 1  

UITIOLOGV 
CHANGE 

iDersuis 

MATERIAL DESCRIPTION 

MS 

REMARKS 
(Soil Density / Consistency, Color) 

(/ 1.4 f 	k/„,y 	‘ , . ly 	74/1” 	,i,., 4( 

7-,5-A / L.,hts I 	- 	tAitio.ti . 	i (../ .14 it-1,  -. 

lyt IT. I 3.  frq, 5} 	7.,v,..5 A —476ic t( 	cipy 

Clay.z 	, 	F. 	. _Sq-J. , 	iv-,-, i - 4,,,1-1,-,,,/ 

Iry I'- /( atk 4,5 i 	ei A4,1 	4 	1—r-Le 3 	,i,, e  

. — 

rest Pit Cross secoon ano , or Plan view 
S 	 A/ 

4 i. s/r). 	5, / 4 	r C. j.ci,‘,1 1 

A  

MiSI 1 14/4.s ie 	,stela ien' ,1-C 	 1 	Lec,--ri'..- 

I 	 114  

7  L 	 I 	• 057-Pc L — 
I 	/23 '  

• 05-7 PO i 

res 	jaC4t-r re ,. .....ea  5 	4..e.‘  	( 	4i/. 	  

PHOTO LOG 
TEST PIT 	c 
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Brown & Root Environmental TEST PIT LOG 

REMARKS .1( 	/ 7  (e,7 	  

/14/ r_54- f, 

......... 	l'Af< 	bus 	,7 	••€.er- 	/4-1W A //.w r4 	7— `" --1-   6  ( 	: 
cc e  

PHOTO LOG ...... 	7 	... 

PROJECT: 	Neus - Eii-RCE-   	"EST PIT ND.: (:" - C - r/-1— c:. 3 .. 	...... 	. 	„ 	. 
PROJECT NO.. .. CT  ' - 	289 	DATE: Z....37% 7  

LOCATION: _Collis Ntck. 1  41:1".  
FIELD CEOLOGIST: 	. 	R41/1._ 	do i . 	1144/15 	.... 

op"' 
01. 1  

UTNOLOGY 

cHANG1 
ioown.tu 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density I Consistency, Color) 

47A A 64) c.v./ 	swig/ 	Alt( 	f , fa /4 e-; -•( 

5-4,4,1 

/8'1  i 
nits 4 / 1,445. # we4 "Evict / - 	/0.n6« , 

/,: IN ftz I 	< 1L1 	,5  5 	Cei..4 it 5 	.1, /:* c k--/ei 
i i 	 / 

, e /' 5 ALL -
A 

3E'
, 

 

rest ?It cross iection ano i or Pian view 
.5 	 A/ 

, 
/ 
8 

 

72-4,5-4 / iA/ .;-7...,7; ,, 	- 	- a, s /-e 	.1c, ke/e 4 	, 	ifq 
•,,,p,3 

I 	12 7 1  
kli 
a e5-T Pc L. 

PAGE /.0F  

TEST PIT 4.5- 7P t3  j - 



TEST PIT LOG 
	

Brown & Root Environmental 

PROJECT. 	/1/W6 - E.42LE 	723T PIT NC.: 45 ' 7-P- D V .....  	. 	, 	. 
PROJECT NO..... q-ro - 	281 	DATE. 	. ..... 4./.4i/f. 7 . ...... . 
LOCATION: 	CON'S 	AMC k / 	NO'. 	 ............. 	.. 	' 
FIELD GEOLOGIST 	. 	P041/L. 	igli. 	alga  5 	..... 	 ....... 

"Pn4  

at.. 

UTHOLOGY 

CHANGE 

(0....n.1 

MATERIAL DESCRIPTION 

uses 

REMARKS 
(Soil Density / Consistency, Color) 

Aikilvel 	j-, i  kif 	6.441  5../-A,A,d 	_...(6,,d 

/2 ' " ,4' , - 
1.314e K 	s , i li 	e Agit/  6. 	5r,41, Aid 

54-1e1 - 	7/2,,g.,/ ,,,,k,s-k 	,,,,,ze,,,,e- 
i 0,4,, -- , 	c.4/4be 	4as?..) 	,/45 -if c 
s ita 7 ,..1,/

/ 	
btekz,i 71,-s_Ciol--/-tz_s j  

0_T • 	1041r.1.4i c 

34" 

Test P.t Cross lectton ana r or Plan view 

S 	 A./ 

ii1 LA✓d /7 	S/ i le./ 	rble , ra „a 	s-a.....,/ 
/2" 

	

r 	I_ cc cr . .- n 	
____ 

774...s 4 / 144,s le 	444  ct  4-e r i  

36" • 05 Ti° G •=t- 

	

if 	d 

	

if 	d as,  , 

I 	• as—T1103 

REMARKS 

 

 	g'x  8 e /°'77 	  

 

   

   

 	k 	c. 	4.7 	Ale, /4 e.1- 	c' 	/c,"re .14//. w  

PHOTO LOG 
TEST PIT af.--TiTe7CY 
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TEST PIT LOG 
	

Brown & Root Environmental 

PROJECT. 

PROJECT 

LOCATION: LOCATION: 

A/WS - 6.412LE 	-.ST PIT NO.: 5"---  //'-c.5 

FIELD CEOLOGIST 

NO.. .. 	:770  - 	281 	DATE. 	6,L3/97 .  

. CON'S NfC k. i  4.13.  

P,Ial._ 	rr1. 	1).41/15 	........ 	 .......... 

01,'",  
,h .I 

unuxour 
CHANGE 

(0.90.ft.., 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density / Consistency, Color) 

_ 

Obcc_e- 4,--s ,-,---, 	<' / / 17 	Z.- /4,19/ 

Ail 	7,,et frile,( 	54i-I ,-e 

9 a .1p, 
	
, 

77A..5 A / ,:,4,, ke 	41k Ae'l4CI 	— J04.21-1 
10.4.5 he j 	f ev-.4,7 low s 	inn Aft  1 1 1-rz< 0_5).  
41,414  Liv ,14 	CIA-15 5,, 	SS- ' 4 /. ci,i 'yr 	f, ii 4 

. 
cd/ tt, 	q4-,Ay  e i  5 il Ci.,"I C 1  et,,t4 	f 1 4g5 5 j  

ilo'' 10 1-1115 
-. 

. — 

Test Pit Cross lemon a no/ or Ptan view 
S 

0 but 	5i/17 ci.fey 	P..-  6:-. _s 4,4 

' / e 
c:_r_-., ,-_-,- -- 

• es-T P 0 .S-

5-  ' 

.05-7-  P 0 ,4 

1; 

11'5 
510 ' _ 

I 

REMARKS 	.2'x  3,,5'<  6 	 

Ti's 	 /416t—te 	/...1 

PHOTO LOG 

4 	 4rte.. 	 'x`7/1 	c. • 	S c., 

TEST PIT 05 TP-c,: 

PAGE .... 7..OF 
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Brown & Root Environmental TEST PIT LOG 

REMARKS 

Sac) /44 ev-•-.S+ 

Fesf pi 	kcal-eel 	Nor ectskt-i 	 of 	A4rd4/1 w iT 	54e-c  r 
c k 4  c..le  v—<-) 	 

PHOTO LOG Adv  - /46-1)  

PROJECT. 	/1/WS - EARLS - 	-EST PiT NO.: 	rP-0 c., 
1 

.c'5.---  

PROJECT NO. 	. 	‘..rIn — 	289 	DATE: 	6 lz.; / c17  

LOCATION: 	COW'S 	NQC k. , 		4.10.. 	
****** 

F1EL:CEOLCCiST. 	dreigait._ 	ivi . 	a4d/1.5 	................................................................ 

oll" 

th-i 

UTWOtOGY 

CHANG& 

um.u.A., 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density / Consistency, Color) 

I 	' 4/,4!" 670=a 4 	Si//j44/ 	2/-ef l•-zei 

3 2  

_ 

rr,...s il / WaS le 	Wei ieci,, I - 	/v/1 	+' I  
Li' 5,,„,// 	ci,v4,, 	,Ifit 	l.y cid 14 , I-, - 
s` , f"-e,y 	S,/ /- 	e b. yey 	F: e-- 	5-a.../..-r 

6' 

7 ' C-fy 	...<i / /7 	c Aye), 	4.4.? 	ef"-e. //Lid( 

rest Ptt Cross lecttort aria s or Plan view 

5  

L/51,1-  Afe ,A).-7 	Si 	ir/ 	F-',  6.  - 	''S. 4-.  '-.. °..( 
(1  

o .-.‘,‘ 	• .7 /  
I 4y1 ,- .5  ------.. _ 	_ 	_ _,_ —. 

L cc-f•.- --- 	,--- 	----------,__________- I 
. i / iri 	(Art/ 	F.G-. 	.5c, 	 I 	

051-  Pc 

i.,.., it 

..-- ,--- 
c a 	 1'  oSTPer 

TEST PIT g;.7. 	i; 

PAGE 	/OF  / 



TEST PIT LOG Brown & Root Environmental 

REMARKS .2  7'x  /0.7  

PHOTO LOG 
TEST PIT 05-- 	v7 

PAGE /OF  / 

PRO T ECT. 	N'S. 7 . 	.4.17i.? ........................................................... 	7E:ET ;!. i 7 ::0.: 	ecr- re7- c 7 ...... 	. 	. 	, 	. 

PRO JECT NO.: 	e 	- . . To 	289 	DATE: 	e/r7 f 7.  • 

LOCATION: 	COtiS A/QC k i  //S•  

FIELD CEOLOCIST. 	. 	Pegaz_ 	ioi  , 	D.,..pe ,.(5.  ................................. ..................... 	. 

MATERIAL DESCRIPTION 

0E0114  

ittl 

UMOLOGY 
CHANGE 

lOssaLIT-t 

(Soil Density / Consistency, Color) 

. IJSCS 

REMARKS 

/y, A,./- 	4,0.-,...-1 	-Si / /7 
	

,4, 	"-et ,-.261  

rras 4. / Ltas 1' 	• 	4 l-e/ic/  I — 	4.1"'16.4'i 
,nz i,,( 5 i-re. V 5 	1,u .-7E- /-1,11‘,0' i  g .1,---, i- e do,- s • 

CL AL 	C ii we 	iA.4.0.---t 	s i I (1 klo v ty 4 

L i 2 4 1-  4 co ,.../ --7 	/ 1y 	F, 6-, 	s 	d 
, 

Test Pit Cross Seal= aria /Or Plan view 

5 

z/. 6f -/) . 	.4 	&q 	y'/-u i--ti i 6 cl--K- 

i  ..2 
cel 

	_r_- 
74.s  4 / Gdas /C 	"net ie'-i 	 L ce ‘.4- ,., 

i 
^-1  

I-,  4 1 	66,1, 	_.// /7 	F.G. 	sk,..? 	- 
, 	,• 1,-  5-7 - ec ?- 

! 	. 057-Po 6 

re5- .091 -  /pc' ,  kd f i  No-r4 	4-r'1 4,<.L. 44 A.,./.4.(/ 	it- • - s  
_61 	mo t.— 	L-N  



TEST PIT LOG 
	

Brown & Root Environmental 

PROJECT. 	/1/0-)6 

PROJECT NO.. 

LOCATION : ...<0/1. 
FIELD CEOLOGiST 

- E42LE 7EBT PIT NJ.: e5- TP- 4 6 
7 

.... 

,, 	''r4:',,  7 .. eg$1 ...... 	. 	DATE. 	t/Z3//  

Ntck. i  i113.  

. 	134V,- 	doi. 	A.Itry5............................................................  

""14  
it' I 

UMOLOGY 
CHAIM 

lossuLft., 

MATERIAL DESCRIPTION 

usa 

REMARKS 
(Soil Density / Consistency, Color) 

6,3h ii-- 	4to 44/.7 	_5" / / I-7 	44/ 	9>4/.1.1%d 

S'a.-1 Pe 

3 ,5- i   Nie 

Oliva - SI / ill C l'aq.ly F: 6_, _.5.,d 

II 
.. 

11,5- ‘ 	 
e),--,--1c - 	51 / 17 c ityt y 	f 6-_ 	_..s...-,e.-1 i 

6,),(154 - ,04/P,•(? 	f , i ly 	r 6-. 	s4.-,d 

•••1 

test P.! Cross iectron aria r or Plan view 
44) 	 E 

. 	i...., . 	.; ", /Ai 	r • G_, 	5.1,.-( 
3,3-

Qh4,-e 	5,. Cl. 	r6_. 	.5-4_,... I sid, 	 — 	— 
L. c: e `45" /  1 

C-r-cyt 5 4 - ,Gzipp(e 	S; 	it---.6-_ 	50,194 	 1 	 1111  
4•5' 	 • c•5 7 P c ,z-i- 

3 0  

• os--TPc - 

REMARKS 

7*.o- 	loc.,k4e 	04 /lor 	 to %e 	 4.1/ 

(c 	c  

PHOTO LOG 

      

TEST PIT 6157- T/'  &b 
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Brown & Root Environmental TEST PIT LOG 

x  /0' iv-if REMARKS — 4A, e. 	re-4s 4 	— 

PROJECT. 
PROJECT 
LOCATION: 

A/W 	-  EARLE 	7EST PIT NO.: a 57" 1-1'.- c.)1 .. 	...... 	. 

FIELO CEOLOC:ST. 

NO.. .. 	-r.e)  - 	281 	DATE: 	672  ; X97  
CON'S A/QC k_ 1  AO.    .. . . 

. 	Rolgil- 	efr f . 	ttott/15 	................................................................ .. 	. 

0"114  

I" 

LITIOLOGY  
CHANG( 

tOasen.fts 

MATERIAL DESCRIPTION 

SOSO 

REMARKS 
(Soil Density / Consistency, Color) 

2,g'  

Li 1 17+ 	6rez-, 7 	_..(/ /y 	An.4 	,,-e, 1414', 

Se1.1 , 

ch,a_ - 3-illy cigy-e7 	44./ gra fAa f4,-.1 

or441e_ _ 54 17 	(449( 	r. 6:-. ...c.i.we 
4/.5" 

C-,--Ay 1$ 4 - ,47‘,../,7 /4 	S'i / ii 	"---. ‘.. 	f.6.,..,e 
"Sr  

e/,‘,4. 	rAge...-1 	.Sr/ 	c4./ey 	4A-e 

4ia /Az' 	-54',24.7( - 
Er /   41 

, 
Test P.t Cron section antur Plan view 

E 

L.A. 	6,-ri , 	si 	..." 61, 	_5(4.,,? 
3.5" 

9, 6 1 	
0.//,.(..l 	- 	.57 C I- r_C-.. 	_s-.,,,,,( 
6 e-‘4,-,  f C - SI CI' . 	1-----: 6_.. 	.5,-,..-€ 	

- 	- 'A 	' s 
6---‘ 	(>4 • r'0,,,te 	; 	;----c.;4-,( ! 	L ;c , ; „ .: 

4 ,s-   
c) h La -,,,Alen 	s, GI . 	F. 

I  

6-.1.1.-t 	 ( 	
10 

, 

i 	• t-----7 • 

c;7130 9 	(75-1- Pog 

i 

, 	foc,..L 	 •S/cle d1 	 c 	4/ 4 	sue` 	-- 
.... 	... . 	;  

PHOTO LOG 
TEST PIT or-Tao-0y 
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TEST PIT OS- TP-ic 
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TEST PIT LOG 

 

Brown & Root Environmental 

PROJECT: /1/4)5 - EARLE  
PROJECT NO.: • . CTo- 289 	DATE:. 	41Z .;/;; 7 

LOCATION: ,Cobs Aitck i  /US. 
FIELD CEOLCG•ST .  Pfd[._ 	toefti/f 5 	.... 

MATERIAL DESCRIPTION 

OtPhl 

lett usa 

UTNOLOGY 

mama( 

ioemsou 

REMARKS 

(Soil Density / Consistency, Color) 

Li 7Af free. 	/ 	14,11 /jai 1/e( 
ski d 

	

,it, 	5.1--,d 

G-Y-(t),( Se / i efe,  7 4.-tz 	.g/of 

saulte-,, 	e.4 it's 

A_ 	ter e eve' of X C. /UM 5. --  eA-/e. 

•  

rest Pit Cross Section ancs or Pian view 

SiF.‘ . 54,4' 

C 	• -• 

o 57 POI 

• ecTPi0 

REMARKS ..2'x 5'x 	'  	 

  

   

     

/c/ /;ca 	/-1 /7€1,/-4 	&A& 0( /44,e( if 	v-rz ,s- 
c le 	 6 (  

PHOTO LOG 

E:T PIT %J.: 	TP-/c  



TEST PIT LOG Brown & Root Environmental 

PROJECT. 	/1/.4/$ . - 	-.0172 447 ..........................  

PROJECT NO. 	e:re,  - 281 	DATE. 	6 / 23/ 97  
LOCATION : 	COW'S 	A) f C k. i 	A/ g*.!  ...................................... . .... .......................... 	.. 

FIELD CEOLOCiST. 	. 	Rib ,/ L- 	"fri . 	1.14  16r. A ............................................................. . 

MATERIAL DESCRIPTION 

"I" 
,ft., 

iniosaGr 

CHAIM 

toeirouva 

(Soil Density / Consistency, Color) 
uses 

REMARKS 

4  , Pr,' 	6re ,-,, 	s'i/17 	Ade 	..-4,/,zi 

5 	d 
..?.5-' 

r-r4s4, 	4.445 71.< 	/1M ri•-/q / 	 4.e 

0 ti :Ai FA.CLI 	,.5 ' C 1 . FG- Sow! 	. PI i x 5 el-,-0-1, 
	

L;,_1  4/  4/ edepsi 
mi.1.1/ ,eq# ei4  ) 	fa/2,-1 P i.,--sire j  

1/4 5 	4 44,-1/.4 .., --yr 	6=17 5 	9 At s _5 

e j i ,ti 	f..4....i...7 	_5--i / /7 	CA./ ey 	/4,,,e 
.-ei ,-vd 	54 -id 

Test PIT Cross iecoon ana / or Plan view 
5 

to 4 I- 	greckiei 	...r/ / Al 	44, 	fx-,-,  f-te,./ 	..5;44.,  

72'4'5  ileA/4- k 	in.,-/e,rq / 	
• 	. 

L 0 . -let , . - 
- , _ _ - 

Z)/hAe 	Te{.I.27 	..fri. C /. 	A-7.6-. _S- 	 f 	
,05 1-  p /0 	/1/j 

i 	
18 i  

, ( 	
.05-7P1( 

REMARKS 	..Px 2'x IV /  41 	  

 

  

	

Tes4 P,1 Is loco red 	In:v-(4-.4 ee,ine 	eve, <A dee e 	/7.,,  6 N 	c.  s 
-5 	s 	 C/- ,J. 

PHOTO LOG no io 3  
TEST PIT Ds-.  TP. 7 / /  
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Brown & Root Environmental TEST PIT LOG 

REMARKS 	x 5(  8  

PROJECT. 

PROJECT 

LOCATION: 

/1/11)6  -  EARLE 	7F.ST PIT NO.: <?.... 7 7:(' :- / 2_ . 

FIELD C.:EOLOCIST. 

NO..... 	.rO — 	289 	DATE: 	4/23// -7  
C014 	NeC k. 	i 	41:3-. 	................................................................... 	.... 	. 

	

irkt.it_ 	/II. 	A44/I 5 	........ 

"PTH  

Ift.1  

UTHOtOGY 
CHANGE 

(DANNUT-i 

MATERIAL DESCRIPTION 

Ina 

REMARKS 

(Soil Density / Consistency, Color) 

, 

C /...94 A 	4/-04.4.1.01 	5/ / tly 	14"Z 

"-- -,e (-te.,1 	.5,-e-, ct 
. 2 .5" 4, 

77- 4ts i . 1 cin,.,.5 ke 	Met fi•••7 ci / — 	g / g' 

64,i rt., 	o/i,,e 74..a.7 	s.; CI. 	r. `r. 	Sc,-,..l , 
mi_.1-4 I 	/get i I e i'' 	4,.,.., 	I 4. 0 -yr 6.4.- 	y, 4,s 6(  4 	.43.- -•-i 	d.e, Leo( 	/I/t.5 /7Z_ 

$/ 	ii.17) 	rvt I ( 	-C -1 -ic." .5 	i a 4.4 12.4., j 	..4 _ 442E5 	k,.-we 
NwS - 1,,,,1e 	cue stt (c. 	11 5.0et (1 G.  't 	F°1/ ,,I 

du:tee( 	If/ZS/147Z_ 

. —. 

. — 

rest  Pit cross Section ana i or Plan view 	
4/ -5" 

,. 
Z f• 	44,-,, . 	s". 	6- . 	.54.,,e( 

Tr-4s t ,  / (...4)4.s-  te 	4.44 -leie‘41 

(71.0  

o...-4 	1Ni 
Its 

r 	,, • 
rii4 05- 	 i 7._ us 	 0  57-p 

I 

1 Gd 
f'‘i  

i 

re $1-  I dr/t. 	k-< 	4.,"eat  v  tz-  hrne/14/(  

TEST PIT6577-7.77-1Z-
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LOCATION: 	CDPIS N e C k. 1  /110".  

FIELD GEOLOGiST. 	PeitaL_ 	dol. 	Do., 	1/1 	.................................... 	. 	........................... 

MATERIAL DESCRIPTION 
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Brown & Root Environmental 

PROJECT. 

PROJECT NO.. 

LOCATION: ...Collis 

FIELD CEOLCC:ST. 

//WS - E42CE 71:ST 7IT :.0.: DS-- 7.-P  - /Si 

7 . eTo - 281 	DATE: 	. /.?--5.1f 
Neck 1  .441-.  

Poit a L_ Ail. 	a4ti/15  

"PT" 
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UTHOLOGV 

CHANGE 

lOwies.rci 

MATERIAL DESCRIPTION 
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REMARKS 
(Soil Density / Consistency, Color) 
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Brown & Root Environmental TEST PIT LOG 

REMARKS 	 ,2 ' K 	-15 	42.47  

/  7 -e  
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LOCATION: 
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PeSt a L_ 	is?. 	abt# I/ f 5 	................................................... 
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MATERIAL DESCRIPTION 

Ufa 

REMARKS 
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6 ,--,,...., Les I ic 	..5 	• 
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PROJECT. 	A/rus - E.42LE 	-EST FIT NO.: .„-..?;- ./7/7-- /k, 

PROJECT NO.....e:TO  - 	281 	DATE: . 	4; 42 V/9.7  
LOCATION: ... CohiS Neck i  NO.  

FIELD CEOLCCIST. 	Prn'i_ All. 	D.oit  la  5  
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unicillicy 
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lOosera.N.1 

MATERIAL DESCRIPTION 

USG 

REMARKS 
(Soil Density I Consistency, Color) 
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Brown & Root Environmental 

PROJECT. 	Ant)S - &442LE 	'EST P-T NO.: 4T-  re / 7 .7  
PROJECT NO.. . , crO - 	289 		DATE: 	4/ 1/97 •  
LOCATION: 	CohiS 	Neck. i 	/U:1-. 	... 	... 	 .......... 	-• 
FIELD CEOLOGiST. 	MaiG- 	ol. 	IA#4!./5, ..........................................................  

MATERIAL DESCRIPTION 
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Brown & Root Environmental 

PROJECT. 	A/WS - E#1-2(...6 	TEST F T %O.: c;,:s-, .7.-e-, 
PROJECT NO.. • . 	'T.,3  - 	289 	DATE: 	6  /24  if7 . 

LOCATION: 	. 	CohiS 	Ne c k. i 	4/0.  .................................... -. .................................. 
FIELD CEOLOGiST. 	_ 	P, 	/L. 	"O. 	1),,Itd.<5.  ...................................................................... 
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MATERIAL DESCRIPTION 
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REMARKS 
(Soil Density / Consistency, Color) 
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Brown & Root Environmental TEST PIT LOG 

REMARKS 	2' )( 5 /X /Z'  /e.77 	  
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PROJECT. 	N.4,.$.7 if4(? .. .................................................... 	.. 	-::7 :: : 7 :: 	.: 	.OS-T, /7 

PROJECT NO 	. 	TO - 289 	DATE: 	4,j2v/f7 	. 
LocATION• 	..CohLs Nfc k_ ,  AJS.  
FiEL: CEOLOGiST. 	. 	P, 	n_. 	'01. 	40.4t/t  .5........ 	.............................. 	.... 	.................... 	... 	. 

MATERIAL DESCRIPTION 
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Brown & Root Environmental 

PROJECT. 	NWS -  Ei4R 4-ff 	-EST PIT NO.: OS' 7-t9-  26 

PROJECT NO.. .. 	.1-.1:5- 	281 	DATE. 	G/av 	j 7  

LOCATION: 	...Co!' 	Affc k. i 	IVO. 	 .............................................................. 	.... 

FIELD CEOLCCiST 	135tal.- 	"Pt. 	L1 	dl 5 	.. 	 ... .. 
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(osiven.tu 

MATERIAL DESCRIPTION 
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REMARKS 
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Brown & Root Environmental TEST PIT LOG 

PROJECT. 	N.4.$ .7. 	BILLE 	-_STET %C).: e2-57-rp  2/ 

PROJECT NO.. 	.. 	7T197:.:0. 7 .... e2.8 . 4.:.1. ........ 	. 	DATE: 	41-2 Y/f 7  
_ 

LOCATION: _COP'S 	Nfc k. 1 	/ 11 :.3.  - .  
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Brown & Root Environmental 

PROJECT. 

PROJECT NO.. 

LOCATION: ...col-ks 

FIELD CEOLCCiST. 

MIAS - E44/2 LE TEST :=1 7  . D.: 615- -7-p-  .2,2 
7 ......... . eTo - 	289 	DATE. 	. ... 4,/,4y./.. f.  

Alec k ,  Al:T.  
134 a c_ 'of. 	tovii/f 5  

°IP" 
(h -1  

UMOLOGY 
CHANG! 

toseaLtr.: 

MATERIAL DESCRIPTION 
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REMARKS 
(Soil Density I Consistency, Color) 
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Brown & Root Environmental TEST PIT LOG 

REMARKS — /i/e) 4'614.4'5 7?c,,C 4 /Wits /LC  — 
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PROJECT. 	4/4)6 - 6.4i LF 	'EST PIT %O.: p.. -:-. Tr : .2,3 

PROJECT NO.. ., 	1..40  - 	289 	DATE. 	(,/.2Y/477 	. 
LOCATION: 	CeotiS Neck ,  NO. 

FIELD CEOLOCIST 	P, 	a_ 	'O. 	A4 	"5 	........................................................ 

MATERIAL DESCRIPTION 
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Brown & Root Environmental TEST PIT LOG 

PROJECT. 	N4,.$ . - ellA ..................................................... 	TEST PIT NO.: 	0 s - -7P- Q3 
PROJECT NO.. .. q1-0  - 	281 	DATE. 	(0 .ZYP/7  
LOCATION: 	Coh-s 	Neck. 1 	ill:T. 	........................................ 	. ........................... 	.. 
FIELD CEOLOCiST. 	. 	Pecha_ 	"of. 	1:),,4i!fA ........................................................ 	... 

MATERIAL DESCRIPTION 
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LITHOLOGV  
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lOaetror.s 
(Soil Density / Consistency, Color) 
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Brown & Root Environmental TEST PIT LOG 

PROJECT: 	A/ WS - 6.42Ler  	-=_T;17 %O.: t.5"-- 7-P7.1 
PROJECT NO 	, eTC.  -  281 	DATE: 	(/4'/97  

LOCATION: ...Coht- 	Neck. 1  NO.  

FIELD CEOLCG:ST. 	. 	Pte, ae- 	'Pe. 	1).4if A ........................................................... 

CI" 
("1  

UTHOLOGY 

CHANGE 

lOANIA.N.1 

MATERIAL DESCRIPTION 

Ina 

REMARKS 
(Soil Density / Consistency, Color) 
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i / c ' 

Test Pit Cross section ana r or Pian view 

5 

L. 	L1/7  . 	,S; 	QC-. 	SaAA. 

3,0 ' 	 i_-,z,,,--::_, 
p""e .7.1.e_e--7 	_s-i, C t. F. 67175-,,, 

1.4 	- 4/44e 	rik_s 1, /(4)c, s 4-e 	n4.:1-/-1. 	, o 
, 05-1-P 2,4 	A a,61 

lc 
, 	. 
csrptf 

i 

REMARKS 	 -2 ' 	o 	/0,7 

/0/criekt  4.1 	xiari-4 1,44F afeck 	 4  

PHOTO LOG 
TEST PIT 4$-- TP-Z. 
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Brown & Root Environmental 

REMARKS x 	9'  4-7 	 -  410 D‘1.-tv-i5 7"?'`‘“ (eta  IL — 

It <wet  04 	/4.7 tc// . r?_s /of 	/oe,e it'd  00 1.S ,  

PHOTO LOG 
TEST PIT 	rp  

PAGE. .... (OF / 

PROJECT: 

PROJECT 

LOCATION: 

/114/6 - EA-ILLE.  	TEST !TIT NO.: C47- Te_. 24.., . 

FIELD CEOLOGIST. 

NO.. .. 	'1".40  — 	289 	DATE: 	6/.tylf 7 . : ...... . 
„ .Col' 	NeC k_ 1  AO . .  

Pe 1 1./Z.- 	.0.1 • 	Aoiti/ f .5 	..... 	 ... 	 . .. 

"MI  
ol I  

UNOLOGY 
CHANGE 

(Clesen.ru 

MATERIAL DESCRIPTION 

USCS 

REMARKS 
(Soil Density / Consistency, Color) 

t,//14 	Ziee cl/-.1 - 	5.///J 	.744, 

%a /A6( 	...5.4,--7W 
3.‘' 4, 

 

z)c-k 	o//pit 	sil 11 	e: 4yet 	14,,te , 
1. be'  9.-4 ',III( 	Set...id  

— 

0,-4,1 t 	S / i iv 	6.0 y -e, f.'s/ 1 

67C / -5-ei.-a r , 
-.. 

0 /“.1 	'et''', 	./// 	(i6  y V 	14.e  
9/,, en e 6l 	.05; 7,1 al . 

6 , 5 ' 40.  

rest  Pit Crass iecaon 

I 

ana f ar Plan view 
5  1.1--- 	 A. /14/ 

D ii ,4i 	1,./4. 	•5' d  • 	Fl 6- • 	,-S--,,,k 
o , 

6i. eit“.4 	g,.c I. 	F.G. 5.,,,,k 	 ..-- V, a 	
--- -. 

a f  a^ t 	S+_ F6. 54-AA 1 	Lc.-  - 1--,',... 
6.-  a ohme 	,,w1.1 	5,-  . c i . t fir. JF . 	

p-.1 

( 	q° 	a 	 1 1 

2 c iir t);r  : 36' 21-  iI oT 



Brown & Root Environmental TEST 	LOG 

REMARKS -5—/ A 	/o-t. 

y` ,L 	I-- 	s /o Cti ei 1-7 6‘i<5 	4.-e 4 	zp. ( lee-,e 14e 

TEST PIT as---  r?___ 27 

PAGE /OF/ 

PHOTO LOG 946 Jo  

PROJECT. 

PROJECT NO. 
LOCATION: 

FIELD CEOLOCIST. 

N .  7 .....17nc,4..7 ..  	-EST PiT NO.: 5%5:7 	P.-.77 	:27 
/9'7 

. 

. 	..r"O — 	281 	DATE: 	c.;/Z;i  
C0/4 AMC k_ )  AO% 

. 	Pei, a I— 	zfrf. 	L:t,441. A ......................................................... 

"i" 

1 ".1  

UMW:MY 

CHANGE 

tosetn.ft, 

MATERIAL DESCRIPTION 

usr.s 

REMARKS 
(Soil Density / Consistency, Color) 

6)%m. . 	Sii 1.1 	(1 e 	y.--e.,..)-t. 

3,0' -1- 
pb.t.i /y41.e.--7 	5 i i 1/ 	aarfy 	tiros. c / ,id 4'd 	4'45 1 
4;-tile «! 	-5- ,:',7 I 	- 	Tre-uS ', / ;,-44s le 

iso k•-14 I - 	nie In / 4,  “.--, 9 / 	,,, /As 1.7 c 
p4 _. t•-- 	r&-..-712.•-CSC /1-, 	i  ,1 /4v c";-L. 

Test Pit Crass iecttort aria , or Plan view 

5 

• 
obat 	si. Fc-, if  4..,U\ 

77-7.4...a. 	c-u6t...c: 1--e 	ri4 4 le,--/ 

1 	.90 
I 	iC 

6  .5-1--  P a .7 



3•• 

TEST PIT LOG 
VS'arraliffil inms 

Brown & Root Environmental 

REMARKS i: 711i/...5"'x  V  /047 	 

PROJECT. 	/1/116 - E4-2LE 	-EST Fri NO.: 	T? 2S ..0-5-- 

PROJECT NO.. „ 47.0  — 	289 	DATE. 	6/.2 1 /97  
LOCATION: 	COH-S Neck i  410  . 

FIELD CEOLOCIST 	_ 	Rift/Z— 	,01. 	D.,411.5. ....................................................... 

DEP" 
it,. ,  

ITNOLOGY 

CHANGE 

icisoul.1 

MATERIAL DESCRIPTION 

usa 

REMARKS 
(Soil Density I Consistency, Color) 

- 

4 /./.44( - epW..--) 	5 i / 11 	C i 61 y 	li'LL , 
ci.r611-1e,1 	_ScInd 

1.4,1 i Si-Pal-1 	lit-7 ,14d 	ode' e_5 
r-c,s 4 / vALs le 	414 /-6'/ae — 	5 AV,4,7,,, 5 j  

b c-,,, c 14_5 	/Cei .5 	ro bl.t.- gqs 1-, )1) 	a la, ,,, 4, , .. 

( .4.r $ 	irk itri  / 	_.54ref,,05 , 	Adevi (at e", 	C4•S k.S)  

-‹ 	, i: ket. 44,   (3J cell lit C 441•1 C 5 	(44 4. ' 10 1,1r 

— 

. _ 

rest P.t Cross iection a no i or Pia n view 
S 

e b,ti - 	/-,c-c,-, 	S',. C I. 	F: C.- . 3 4......‘X 

,-- 	— 	- 

rfct 5 A /1-414 S re.._ 	/f-Acc tit.ei;(...€ 	 L.' ,  - 1-  '--- 

(414 Owl t,) 
/ 4-6 	

i 	 A,4.4 

' 
o r-rr LS" 

, 	1,‘-‘vt•-t 

/4(4 k<ei /ri 	sl-c•.4 l'(4, 04 /64,-1 	( 	rr.a. 	gq.ti 
I  i.,c)  

PHOTO LOG 	?L.' IT) 5 

... 	gi/.7 

TEST PIT 05-- TP-  28 
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Brown & Root Enl4onmental TEST PIT LOG 

6,-ee 41.'1 .5,/ / -a 	-5;4'1 

6,G '  

boo.).-/ / G 7-4-W1e. 	/5 /1/1"'f/5 	Jel 5 

ati4e 	 C/ . F 

FD / 

PROJECT. AltiAS EAR Le- 

PROJECT NO.. CTo - 281 	DATE. 	  

LOCATION: ...Cols A/QC  

FIELD CEOLOCIST. 	R4t/G- 0/. 	 .............................................. 

MATERIAL DESCRIPTION 

(Soil Density / Consistency, Color) 
usa 

01E114 

tet.i 

UrHOLOGY 

CHANGE 

IGENNUT.1 

REMARKS 

• 

14-4s If 114 lef-1 a./ 	Goe fr 	t-cs 

/a 7 5 /i-ifeeo( 	r4  

“rC 	s// 	 

y~y{ 

g/Igt 411,/ Se.4.-rce 

rest Plt Cross Seaton aria / or Plan view 

TEST PIT Ne.: q.5:7 re ..<. 

REMARKS 

 

.2'oC f A  /i  , 

 

   

TEST PIT 	.. 

PAGE. .. (OF 

PHOTO LOG 

ro 	",/ laCce mod 4.4 
-5 ) 

6% 01 /4-iee 4-7 rite-4 . 
P-14 j 

ups 16;1 
e L • •••,c_' 



TEST PIT LOG 
	

Brown & Root Environmental 

PROJECT. 	N4,.$ . 7 	.4(.?c,47.................... 	. 	.... 	.................) .............. 	-EST P:1 	:: :J.: 	es- rp.  _36 
PROJECT NO.. .. c170  - 	289 	DATE. 	qgfi./.51.7. ........ . 

LOCATION: 	...CONS 	Ne c k. i 	itiT!  ........................................ - ............................. 	.... 	. 
FIELD CEOLCGIST. 	13  e 1 0Z- 	"r1. 	a4  d/ I 5. 	.... 	.............................. 	. 	. . 	.................... 	_ 	... 

"PrI4  

it" 

MATERIAL DESCRIPTION 

usa 

REMARKS UniOLOGY 

CHANGE 

(0.0101.1 
(Soil Density / Consistency, Color) 

G//ct 	.6"eic./..? 	...‹, / /7' 	,.•te  

• 

3 , 0 1  ,. Jr ZZIMW 4 /7  4111C, 5 
04,4 1'-La.-I 	_Ce / 	(4Yel 	,4  

?'; e i i.1/(1fe41C/ 	- 	CLIeES i-e 
- Metk/16 t-brg4-ick4S . 	ii0S .1 , c As1•44/  , 5 ji. 

joie ...ski 	5 itu647 	9 	1,,,,, 1,4,- — 

7, e ' . 

AN 

I 
.., 

Test P.t Cross section am!, or Plan view 

5 	 41 

L,,,-,- , ..v, 
CA/45 i e 	444.-P--/i.j, 	 - 

( 	go4,( 	).., 	l ro 

7,Vwc  
2, _,( .„.71------,„- 	,-.-,_ 

, 4 

7 
05 1--  P3o 

REMARKS 

    

.2 5( 7 X /0  /01 

           

                  

                  

                      

                      

                      

                      

                      

TEST PIT or.: Tp_3, 
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TEST PIT LOG Brown & Root Environmental 

PROJECT. 

PROJECT NO.. 

LOCATION: . 

FIELD CEOLOCiST 

/1/.4,.$ 7 	..47(2 . 	............................ . ...................... 7EST PiT NO.: o--5-- rg  - 3/ 

. 
.. 	. 

..c.1"40  — 	281 	DATE: 	b/1.1/91  
COH'S . Neck  k 1 	jr. . 	. .......................................................... 

. 	Peig/L_ 	rot. 	/)„4.40 	........................................................... 

c'1"14  
1" ' 

ITNIXOGY 

CHANGE 

(oeval.tr.) 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density / Consistency, Color) 

afreu,f 	Si. , Iti 	11,4 	q."‘.4.1,0( ,...(Q.4 d 

Nt 
Trks.lici,s i? 	1714 I-6'4 — 4.2z 14, / _< 1-...-4 ' ,Sl 

0,44  4,e,, 	Wirt . 	rn441. / eiJ ec--/-6 ), ., 

1 	1.,i(
i 	

Ciotti/ 	br lc *-5 

, 

. 

0 //,,ei x -41 	< , / 17 	6 4 yey 	/,-/-( 

Pot./.14 et Sei.,a . (,ii ( x e,/ c-ii Arks-4)__ 

, — 

— 

Test Pit Cross lemon aria , or Plan view 

.../ 	 4/ 

°(-41.7 	. 	3  • 	F. 6. 	.5,a4.,k 

(...c.,, 	- 	/IN 

CL)4L-Ck I Trksi, 	rti k 1-tcicd_ 	 P,- - e - 
/'d i 	 1 	a 5TeP •  

) 

f 3": 	/". 

REMARKS 	 /O-.4r  
L Gl - et.( 4,/ ,-5 	 pe,-„..(1e( 	17- - el 	 r(Cc.(cs, 

PHOTO LOG 
TEST PIT 	770. 3/ 

PAGE tOF 



   

TEST PIT LOG 

 

Brown & Root Environmental 

PROJECT. 	A/WS - E,4RC-6' 	7-.37 :=iT NO.: 	-.5:---  7-e-3 4_ 	1 

PROJECT NO.. .. cm - 	281 	DATE, 	.... 444 Y./i.7 .. . ...... . 
LOCATION: .. .<0/1"'S 	Al f c k. , 	A 1  4.7 ' . 

FIELD CEOLOCiST. 	Attie_ fol. 	ttofi'l 5  

°UM  
it" 

UTHOLOGY 

CHANGE 

lDesen.tra 

MATERIAL DESCRIPTION 

US= 

REMARKS 

(Soil Density / Consistency, Color) 

/4"a.--.d.--1 	5 , 1 17 	74.41 	i'.4/-111 	34=-0"( 

_arne 	opte irt / 51-/-‘,  /25 	Kele•b,";Si 

- 
‘7-47/5 4 	fre ,.., ,4 	S / / 	6.4, 9,,"4 (-it' 4/ 

...S.7.-,1 v6, e ' 
0 bete 1,v1.,,i 	..i, / /*/ C k ye 	'Le 

p-,-, (Aid 	(.fs --I i 
- 

7-e ' . , 
- - 

, - 

rest Pq Cross iecoon aria r or Plan view 	
40/ 

6 czi . 	5 ,- . 	F.. G. 5 .,,A. 
?,o 

- < :tvAt 	t-r4.,5 4, / i.4."-S i--t 	 _ 	-___ 	__ ..... 
(....cc._t 	• 	

io 

yo 	 Ac.,4-1  
6-e4?/,S4 	bin 	Sr 	C-.6-.. . 	- 	5.4  . 

12„,!...4 	/ 	CI-  6  6.0 	 4-51104 	riAii--1 	5 .4.Ca. 	C-76- 	.f.;r1 ,1-V31- 
7. a ' 

, 	ii 	pp_ 	\ Y4.6,4d 

REMARKS 

o 
.2  'A 7 ' 	 

   

a(ad-, 	c-c," 	p 

   

     

PHOTO LOG 

    

TEST PIT OY- 7-31 
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TEST PIT LOG- Brown & Root Environmental 

— 410 e61--feL/S .4t/asvit  — REMARKS 	 a 	S..' A  /2. 	 

re -}  ‘• 6 	 p r. lief 94- o 

TEST PIT ..... 

PAGE /OF  

PHOTO LOG 

PROJECT: 	/1/416 " EacitALE 	'.-EST 77 %D.: 	rP- 3  3 .0.5--  

PROJECT NO.. ,, ql-.0  — 	289 	DATE: 	4 41  y /F 7  

LOCATION: 	COaS Ai e c k. i  et/ 0.  . 

FIELD Cr:CLOG:ST. 	134‘./G- 	,*1. 	A4 	"5 	......................................................... 

MATERIAL DESCRIPTION 

C3IPT" 

I" ,  

umoLoGv 
CHANGE 

(Derfau 
(Soil Density / Consistency, Color) 

uscs 

REMARKS 

4 ,-.1,r;44.1 	5 1 / -1 	4 -„, -----4 7 4z./ ....< 

. 	I 
4 	.I / ke 	 ...ii 	e? .,-.re 1 . te,e 

570 

i#44./..-7 	/ /7 	.4,ie 	4!l.-uvi 5.444 

7. 
eV/ le 	, 4A.,-.7 	_31/ 47 el.,ter 	4.L  

p--4,-IC 	Seim"( 

Test Pit Cross iecttort ana for Plan view 
5i,v/ 	 /V&---- 

f 	
4,4. 	si 	47 4, ..Cci.agl 

'2.0 

C-e-7 	Si 	vro- ...s..?",- 	 _ 	_ . _ _ __ 

ro ' 	 . 	fz ,... 2 
,,, 4,0 ,.../ /, 	.5; 	F 6. - e.5a.4.-( 	 P.....,(-4 	,' If 3 3  

i 

7. 0 	 CIAAC 

( 	cz 
ire' 	 A,,,I 



TEST PIT LOG Brown & Root Environmental 

PHOTO LOG 
TEST PIT es- 712-3y 

PAGE.  /  OF / 

PROJECT: 	A/Ws - E.42Lt  	7EST PIT :. D.: (.:?...,--_ -7-,0.:  je  
PROJECT NO.. 	eTe• - .. ,4 .... 	DATE: 	C425' /97  
LOCATION: 	CON-5  44 C k i  /V O.  

FIELD CEOLCCIST. 	134a/— 	Ail . 	Ltestg/f 5 	. .... 

MATERIAL DESCRIPTION 

010TM 

1"-I 

UTHOLOGY 

CHANGE 

laseenItt 

(Soil Density / Consistency, Color) 
LISCI 

REMARKS 

0 /at( 	6 ..,c,:,./..7 	.5r/ /7 	44/1 9-'?/.-izel 

77-45 ii 	Li./4s 	e 	rn 4- lew a- / - /Pti 	/ 

6 5..lee I-5 	/4,,,,, 6 J 	‘;‘,/04.-- /  g As  h c ) i  
i-- C ....Cok, Co n% 	/ 7776 ii 	a /o 	0 

4 '9' 	 o- 

1 ,.).-1 

3 ,6  ( ,..el--,-t -4- 17 	01 	',/, oCee--( 	ti'# Ilt 	_G h.Q.. 	4:41.i,-7 

-ri /f* 	e'/— feiy 	6., 	f"--e,  iva, 	....‹.,,,..4 

S.

Test Pit Cross iecoon aria / or Plan view 

ifrV 

Ointe 	6/e(^1.-; 	S i . 	IC: 6.- , 	..5G.,i, 

_ _ _ ._._ — 

rfuS 4  bAlec5 k 	44 et le,./.ti 	 i....,,, - -,  • —  1,,i 

g...-J 
• c5nii 

r/e  

05-  r-P p3 ,( 

REMARKS 	07  'X  3, ' X  to  
I„,c, 4 -cal 	(G 	 4.1 	 r 	 Le ( -r 	v'ee - 	14-7."-e- 



TEST PIT LOG Brown & Root Environmental.  

TEST PIT 

PAGE  (OF/ 

PHOTO LOG 

PROJECT: 	N4 . 7 . 	i47(? . ...................... . ............. . ......... ............ 	TEST PIT NO.: 	O 5"-- 1P-35-- 

PROJECT NO..., 	To  - 	289 	DATE: 	C  IV r7 - 

LOCATION: 	CONS NEC k. 1 	/1.14.1 . 
FIELD CEOLCC:ST. 	Pad[_ 	,se. 	to.44(5......................................... 	.. 	................ 	.. 	. 

°[.T/  

ift.1  

umot.oar 
C$ANGI 

icium.ft., 

MATERIAL DESCRIPTION 

USCS 

REMARKS 

(Soil Density / Consistency, Color) 

6,-el.......,-,/ 	s,/ /7 	6. 	9/4 /eV ei -5C1..f or 

(5044 A-ak( !r7-

/
, 5 / 	1 	-e-) 

4; 3
( . 

i 4 	1,,.-y 	hrt.t. 	5:-4,,,..ej 

Test Pft Cross Section arta t or Pian v;ew 
(..A..) 

eL---) ‘2,. 

g VI 

p2 92  1 )(  s-  tic 	 
L c. (-7 c w < r 17.-1 	e r< ((c-  ( 	 ( 	,-( 
REMARKS 



TEST PIT LOG Brown &. Root Environmental 

4 REMARKS —410 	5 	 02 l K  7 1  K /o r   /e,r 

PROJECT. 

PROJECT 

LOCATION: 

A/WS - EA-2L E 	7.3T PiT :Cp.: C5:  rP--- 34 , 	 •- 	...... 	• 	• 

FIELD CEOLCCiST 

NO. . cro - 281 	DATE. 	j, A--- 	7 	
I 

...Cotis Nec k i  lt/S•  

. 	Pell/Z._ 	esi. 	tvite/fA .................................... 	.. 	............... 

°PT" 
1h .t 

urNoLoGy 
CHAIM 

10•60..t.t 

MATERIAL DESCRIPTION 

USCS 

REMARKS 

(Soil Density / Consistency, Color) 

. 
'ac k 	S i / 11 	&./ efre-i / a e.-( 

i ' _5,i,id 	C 0 tv  e; t .11( 5) 

-... 

e / i L-q 	.. c , / ht 	elaiyv 	4,t,1  

A , 0 C.11 ( I 1t ,1 	_f"/ / 17 	-,...e 

I/ CC; (..--u, 	....r ......7a 

y' 1 

-r-,-.i 	_5", / 17 	izi,..— , 	4 4.-4 

yce, f .7., ...( 	.5 	--7 e( 

61 /<<-ti_ 	9.4.2"...--7 	_cif' /17 	c i‘y_c't 
, 

-. 
7 / 744.z 	..'",--, e ,-1% .41 	Sea 	e/ 

Test pit Cron lea:an aro l or Plan view 	
A/iv ft- 

I ' 	6/4,-(c 	Si-. 	r C . 	..5 	-,.-C 	Co ,-7 -,,s 

..I 	4/1'44 	Si. CT. 	P: 4, J4.  

ei r,.-1, (Aug) 	Si. ,." 4 34 
,_ 

 '-"''' ' ' - 	IN 
3 1, cerr-s 

c t,,I, 6,-.4,/ ..< ; 	itFe- _s`4,,a 
R,,4•:( 	og  1 r) 3 G 

a r - 	 11- . 4 1 5_,, 	 ,c (e “5"/ 	 e' if ," 	q,sea.-7 	_0. 61. ,_.,ai..:____;( 
r ___...) .,—.). 

1  
- 	20 -,--,,,,,..,-, 

le,(4 'zee{ Da7L,5 f64 r 4 At „co  „A 

	

o1n ,-sic- 3 e-(6- 5 	  

PHOTO LOG 	PA., 	%5 
adfe.  	kx-rel/4 /1. 

TEST PIT cs---

PAGE /OF  / 

7zs 



TEST PIT LOG 
	

Brown & Root Environmental 

PROJECT. 	AittiS ••• EARLE 	-- ZST ;.''T %D. • 	':.5"-- r, -37 

PROJECT NO.. . q"reo '' 	289 		DATE. 	4'/ Z5 -  ,-/7  
LOCATION: 	CO/ILS 	Nec k i  	NO% 	................................................................... 	... 
FIELD GEOLOGIST. 	Rielat.- 	"O. 	ttofti/f 5 	..................................................... 

MATERIAL DESCRIPTION 

"PT" 

1" i  

uTHOLOGv 
CHANGE 

10essiktm 

(Soil Density i Consistency. Color) 
Ufa 

REMARKS 

>41., 	b,,,--,7,41,,7 	.. ,//7 	74,ZZ 

9/701/..-Le'e (I 	_....<4. ...1 dtPf.  

CP7  'i 1 ..--- 

	

61// CAI 	.'1•4101 	Si / ly 	c /,,e, 	f7:+1

,-4..- ye( 	_S-,,-. a - 	I/4s- iikA/A. c 1{  
4,,,,ka,ce 	tyv.-/-zzi 5 f/./ 	r,i4s k c 	'4' '2,-ci  j 	,i  

3,5'  le95 	(,./ece-1 	ea,75 	I 	6., Hle :.., —. 

, .. 

Test Pit Cross iecttOrt ana /or Plan view 

4/, ,,a_ 	irvei)..4 	Si. F. 6-. 	.5" 4,4 

--77-e-A.5 A / tA/0-.5 le 	il / 7 41 lef 1 a. I 	 1 1 
. 51-c, "r--  "" 	1 

. 

". F.. a_ 
OC -11.4 o3 

REMARKS ,11A-  3, 5"/A-  6 

    

          

          

Tc s. /-- t 	hsegr ee  /4 	S 	 o rb /*414//. 6%5' n cv  

PHOTO LOG 	P40 -f--0  

        

TEST PIT 05-  - ne7-3; 
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TEST PIT LOG 
	

Brown & Root Environmental 

PROJECT: 	N.4,.$. . 7 , 	..i .4.1.11? ... ........................................................... 	TEST PIT ND.: 	4.75' 7W-  36  

PROJECT NO... 	:T.° — 	281 	DATE: 	6 -.1.6--  9 7  	. 
LOCATION: .. ,Golfs 	Noc k. i 	it,i0.  
FIELD CIEOLOC:ST. 	. 	Pelat_. 	efri . 	1).44/15............................................ 	............................ 	.. 

C/1"4  

01. ,  

ITHOLOGY 

CHANGE 

wersot., 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density / Consistency, Color) 
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REMARKS 
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Brown & Root Environmental 
PROJECT: 	Ntt15 - 

PROJECT NO... .  

LOCATION: 

FIELD GEOLOGIST. 

EARL 
- 289  
Neck 1  NO.  

DATE: 	671251%7 • 
77.7,.• TF7 I:O.: £5- 7-P  737, 

.,l. ttofga  5 ............................ 	• 	.......................... 

MATERIAL DESCRIPTION 

DEPTH 
ursioLoav 

CHANGE 

0•01.11.1 

(Soil Density / Consistency, Color) 
Ufa 

REMARKS 

c../ 4 I- bre a 

?f4 	5? 

1.54 -  bCi-7 CLIJ7 

f f"es :Li .0.e 	•-( 

5/ / 

9 	 .e 

c,   17 i;tivi 4-4-e 1.--44-1.4,( 
5-a 

e) /6+1 f.A.e,4 	S, / Itt 	e 
R •-vieL  

rest Plt Cross iection ants or Plan view 
5 

REMARKS a  5‹. elx 40.  /o../  	  4/0    17-as 4 - 

TEST PIT 43-7-77,-37 
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Brown & Root Environmental TEST PIT LOG 

REMARKS ix' 3  '1c 	76,,7 

TEST PIT a5.-7-10-  
PHOTO LOG 	tiA0 1-4) "/D 

•••  PROJECT. 	/1/(4)6 - Ei41-“..,E   	7E ti 	;T ' .0••  • 	05-- 77° - ••Ve.) .. 	...... 	. 

PROJECT NO 	eTo - 281 	 e,  DATE. 	‘ / 2--51 Y7  
LOCATION: 	...c0/4 	itifC iC. 1 	iv3• 	 .............................. ....................... 	... 

FIELD CEOLCC:ST 	. 	Righ/L- 	'of. 	1:#1!.(5. ................................. .................. 

MATERIAL DESCRIPTION 

"PT" 
Int l 

ungasciav 
CHANGE 

(DM0611.1 

(Soil Density I Consistency, Color) 
Inn 

REMARKS 

L; y61- 	l.ire n.4.7 	Si/1 	4.-Le 
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a` 1, .. 
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Brown & Root Environmental TEST PIT LOG 

REMARKS fx  2 x,  /0 e  

e40..C. 	40-'4  /4--te-e4 // res I p  f-  Iota tz -,1 	 _co  

PROJECT. 	/1/106 - EA-2L 	77.sT FiT NO.: 475- ...... 
PROJECT NO.. .. 	.r4c..)  7... 2S1 ......... 	DATE. 	6/17-319 7  
LOCATION: 	,Cobs Nec k. /  Nom.  
FIELD CEOLCC:ST 	. 	/*at_ 	dol. 	to.41/15 	.... 	 ............ . 

MATERIAL DESCRIPTION 

"1"14  
'ft-' 

UTHOLOGY 
CHANGE 

ioseamt.t 

(Soil Density / Consistency, Color) 
uSCS 

REMARKS 

ts.--.p.s  6 - 4ci-,e-ci..--, 	...‹, I r7 	>49•64" 
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Kors /. - ..4f-d, 	5/  /1" 4„./,(  
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.......",/-m e,"1./,( 	....44'--bi . 

7 / 

 

, 

Test P.t Crass Section ana f or Plan view 
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TEST PIT 	 v/ 
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Brown & Root Environmental TEST PIT LOG 

REMARKS ,"3'x   71  7e-,7 	 74 I 	10 <44%1  	  

	Jce„ta te efci  --t 4/e4 	,c/  

PROJECT: 

PROJECT 
LOCATION: 

/1/0-A6 - EARL E-  	7 EST PIT !:C.: C-5-- rP-  4/2. ...  	... 

FIELD CEOLCC:57 

NO..... q-ro - 	289 	DATE: 	672.51;7- 7  
CON'S AJ f C k. i  NO..  

. 	PM/L. 	i1. 	.0.4.4.A ................................................... ................... 	. 

cam 
1".,  

LITNOLOGY 

CHANG!! 

(0..m.su 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density / Consistency, Color) 

• 
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/' NI, 
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(G1-1,--0 / 	6611/ 	/v,y/ ‘4,e- 	e/.ec /-e/e" 4-e 

7 /ea_ 	,f a tervtl..-11 	. vI- 
# 3 
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1 
—.. 

Test Pit Cross iectfon anc : 1 / or Plan view 
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PHOTO LOG 	,17,9 h th // 
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Brown & Root Environmental TEST PIT LOG 

PROJECT: 

PROJECT 

LOCATION: 

6 - Eoit-RLE 	- EST Pii NO.: '-.5--- 777 - V5  

FIELD CEOLOCIST. 

NO 	.T..°  7 ..  A81 	DATE: 	5'7  

...CON'S N f ck. 1  /VS.  

17401._ 	"01. 	A41/15 	.............................................................. .. 

"P"  

1".1  

UTHOLOGY 

CHANGE 

lossisuu 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density I Consistency, Color) 

6/6'.4.1.7 	‘,- / ./7 	441 rvi ", 
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/ / 	6,4e,-i 	/4,11 	','-'et 6i.i.e 
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de6/(5 

e, - 4  "1 C 	--<I / 	 4 	.."1,4 /Ale( 
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PHOTO LOG 
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Brown & Root Environmental TEST PIT LOG 

PROJECT. 	A/W6 - Ed4R LE 	TEST F; -  .0.: 475:7 7?-7--yy 

PROJECT NO. .. (To — 281 	DATE: 	atzs-/f7  
LOCATION: 	CO45 	Aid C k. i  IVO. 

   • • • - 
FIELD CEOLOCIST 	Rilat_. .0i. 	LI* 1,/f 5 	   

"Pr/4  
ittl 

UTWOLOGY 
CHASM. 

IOMMIt.3 

MATERIAL DESCRIPTION 

LISCi 

REMARKS 
(Soil Density / Consistency. Color) 

/3.e W/7 	_<// 17 	p4.4# f,--co /.Z[0 

.< 4, lo( 
-2 ' 4/  

6.-,---1 ,1 	17,4,.:Ad.--7 	-(/ I lei 	/.141  
..er 4V./ 	_Sai.i / 
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I 

Test 15 ,t Cross section anis i or Plan view 
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REMARKS ...Q? X,. 7' 4 7 1  /any 	 

elboal-5 	 TrA....0 1,  —  

is 	..... b.(5‘1:e4  oc4-5/04 	./.9,4-4 Sy s   ie,.#1 

PHOTO LOG 
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TEST PIT LOG 
	

Brown & Root Environmental 

PROJECT 

PROJECT 

LOCATION: 

Ale4)6 - EARLS "  7:s7::, ! --  . 	..,.: 	l)..5--- ..... y...5-- 

•-•- 
.. FIELL CEOLCC:ST: 

NO.. .: 	‘"r0  — 289 		DATE: 	6/2519 7 

	

,Golfs Neck i  /14T 	  

.. 	13,11/1-- 	"fri. 	i) 	14!.(5. ....................................................................... 

osm4 

itti 

unfixed, 
cHANGI 

umfifi.tt, 

MATERIAL DESCRIPTION 

uscs 

REMARKS 

(Soil Density / Consistency, Color) 
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Brown & Root Environmental 
PROJECT. 	N.4.(-1.$ . - 	./17(24.4 7... 	......... 	..... 	...... 	............................. 	.. 	7.15T PIT NO.: 	05- Tor-:  yc,', 

PROJECT NO.... aTO - 	289 	DATE. 	472_C-4 7  

LOCATION: 	COhtS 	Neck., 	410. 	................................................................... 	.. 
FIELD CEOLOCiST 	17  e fill- 	Sri. 	toodite!( A .................................................................. . 

MATERIAL DESCRIPTION 

CIPT" 

(ft.,  

umcmoav 
CHASIGI 

{o 	,t., 
(Soil Density / Consistency, Color) 

REMARKS  
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17'-‘-t_ A / 1/ .  4' 	/fri 4 )1-74." — 	cy 4 s- .5 

( )H1 1 _Sli 	CLI0e/ ei 	Ivry: 44 -- r 	f 4 	/e_srfr  ., 

4 --/-'1 	riv ir, 1 	_...(1----.1 g 5 — 
3'  

I 

, — 

. .... 

. — 

Test Pit Cross Seaton area r or Plan view 
S 	 /V 

X 6,,y. 	Si. 	F. G. 5„.i 
/-S 

Trot-6 4 /cats -le 	, 	)4(-/;., 

1  .2 ti 

• 

REMARKS 

    

/,c 	/0,7 	- 

  

       

         

         

         

PHOTO LOG iN /61 	/2, 

       

TEST PIT 05_ 7-67-  S/4, 

PAGE (OF/  

       

           

           

            



Brown & Root Environmental TEST PIT LOG 

PROJECT. 	A/WS " E.42LE 	- _ST 7: T NO.: g, --.-7. 7,4!-- ye 
PROJECT NO.. 	. 	To — 	289 	DATE: 	612--< 	77  
LOCATION: 	Cobis ititck I  NO'.  • ........................................................... 	• 	• 
FIELD CEOLOGIST 	. 	P 0 I a G.- 	,1 1 . 	1),41.(5 . 	...................................................... 

MATERIAL DESCRIPTION 

°"1.14  
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CHANGE 

toorrou 
(Soil Density i Consistency, Color) 
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REMARKS 
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.9, -4 'Aid 	_fa ,--)ol 

.„... 

Test ?'t Cross 	ection arc , or Plan view 
(Ai 	 6" 

ii . 	.6// . 	. 	Si'. 	F.G . : '‘44.v1( 

1  c) 
WAS k / Trel 5 i'-. 	 elAci4.5 	

ZA 4/ '/7 	i 

'714 le,  i‘.4..4 	 1(.2`-'' 
	S/. F4. 	' 

	

StirA 	' 

-- 	-" l_c.-‘- l ''' 
sc..,r'-'' 

c C-6 

--: 	
_ 	- 	- 

/Ai 
.0Sie4Y 

[yet, v r, 5 ::"...., 

. 

I' 
P. 0- 

REMARKS  	/K  5•' )( 	'  /e-17 	  
L c -rzci 	 I .3 	 , 

TEST PIT 425'1 TO.  y c5 

PAGE 	/  OF / 

PHOTO LOG 



Brown & Root Environmental TEST PIT LOG 

—4/0 
	

LnAz- ?Le/ 7.C,i..5-  4 

PROJECT. 	4lea5 - EALRLE-  	- Z-ST .' 	.3.: 1?-5: - TP-  v 9 

PROJECT NO.. • . 	10  — 	289 	DATE. 	61z.s— 

LOCATION : 	COil'S Alf C k i  NO.  
 	- 	• 

FIELD C. EOLO GiST 	PeggiG_ "Pt. 	1)41/15 	 

MATERIAL DESCRIPTION 

"PT" 

1". 1  

LITNOLOGY 

CHANG! 

coesin.n.) 
(Soil Density / Consistency, Color) 
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REMARKS 
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PHOTO LOG 
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Brown & Root Environmental TEST PIT LOG 

REMARKS 
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,)  4/ X 	/ /0-i 	  

TEST PIT 65- re_  5-C  
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PHOTO LOG  LOG 	g46 -1-0 44 /3  

PRO JECT: 	Altd5 - 6.442(...e   	7ssT 17- 7 . ,).• 	i..5-- TP --5-0 

PRO JECT NO. 	.rif1' 7 	•281 	DATE: 	c  

LOCATION: 	CON'S 	IV e C k_ i 	/U  :3*  . 	............................................................ 	.. .. 	. . 

FIELZ CEOLOCiST. 	. 	Peitt/L- 	zfrf . 	A4t.(.5. .................................................................. 

MATERIAL DESCRIPTION 

og" 
it u 

ITNOLOGY 

CHANGE 

ioneft.n., 
(Soil Density / Consistency, Color) 

-USCS 

REMARKS 
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Brown & Root Environmental TEST PIT LOG 

REMARKS 07  "K  5" tic 	/01'  

• 

PHOTO LOG ,tai-o 46  /V  
TEST PIT 	 51 
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PROJECT: 	N.41..$ . - el4f4 ... ..................................................... 	TEST PIT ND.: D.5-- TP-5" I 

PROJECT NO.. . .....0  — 	281 	DATE:. 	6/2-  .--;- '77  
LOCATION: 	C0/4 	Neck ) 	NO'.  . 	.................................................................... 	.... 	. 
FIELD CEOLOC:ST. 	. 	Peelac... 	art. 	1.1.4.. .............................................................. 

0"T/4  
IN" 

uruosoGy 
CHANGE 

uusullt, 

MATERIAL DESCRIPTION 

uscs 

REMARKS 
(Soil Density / Consistency, Color) 

‘--2eis A - 41,-,...7 	..5-,,,7 	4,,,z 	,..---,,,,,!,/ ...t 
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Brown & Root Environmental 

PROJECT. 

PROJECT 

LOCATION: 

4/WS - 6"44„,(76: 	 -1ST P:7 NO.:0--5--  7-R- 52- ...... 	. 	„ 	. 

FIELD CEOLOCIST. 

NO 	To -  .. 4; .... 1 	DATE: 	C Z-C1,7  
CON 	Aii2C k. i  NO. 

Pop/L- 'frt. 	1:44  /f  5  

01"4  

I t" 

UTHOLOGY 

CHANG& 

lgairrstru 

MATERIAL DESCRIPTION 

USCS 

REMARKS 

(Soil Density / Consistency, Color) 
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9/L4 /.41.1 	..S44 el , 
 

er A.47. L - 7 es-I 	Si / 	i4/1-e 
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r 

Test P , t Cross section ano r or Plan view 
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CLIENT  NAVY, NWS EARLE JOB NUMBER 7602-0201 

SUBJECT HELP MODEL CALCULATIONS 
BASED ON DRAWING NUMBER 

BY  DCW CHECKED BY 	1 	1 
IMEAs 	LO1 SO rn 

APPROVED BY DATE 	10/30/97 

OBJECTIVE 

The objective of this calculation is to estimate the amount of percolation through the low permeability 
barrier in the landfill caps at Sites 4 and 5. Also the HELP model calculations will be used to determine 
the amount of head which can be expected to build up on the drainage layer. The depth of the head will 
then be used in the infmite slope stability calculations. The New Jersey sanitary landfill regulations 
indicate that the hydrostatic head on the cap should not exceed the thickness of the drainage layer during a 
25-yr, 24-hr storm event. 

APPROACH 
The proposed cap configuration at Site 4 includes a steep portion of the cap (4:1 maximum slope) and the 
top, plateau portion (3.5-5% slope). The cap configuration of Site 5 will be similar except in the 
Trap/Skeet range area where the vegetative layers will be replaced with the asphalt paving structure. Figure 
1, presents the proposed cap configuration and layers of the cap for the steep portions of the cap (Site 4), 
and the plateau portion of the caps (Sites 4 and 5). The paved portion of the Site 5 landfill cap is not 
evaluated with the HELP model because it is assumed that the paved surface will be relatively impervious 
and the vegetated sections will represent a worst case. 

The procedures outlined in the HELP Model Users Guide to Version 3 will be followed in the calculation 
(ref 1). 

The 24-hr, 25-yr will be incorporated into the HELP model by entering the total rainfall amount for a 24-
hr, 25-yr storm event (6.0 inches) in to the daily input precipitation input file. The peak daily values 
presented in the HELP output will represent the 24-hr, 25-yr storm event. 

The Site 4 landfill cap has a relatively small plateau portion. Because the amount of area of the plateau 
portion of the cap which drains toward the steep slope is small, a lateral drain in the drainage layer is not 
needed at the break in slope between the plateau and the steep portion. The plateau portion and the side 
slopes will be modeled as with two separate HELP runs with the flow out of the lateral drainage layer in 
the plateau portion input into the lateral drainage layer in the side slope portion as subsurface inflow. 
Figures 2 and 3 show the representative flow lengths for Sites 4 and 5, respectively. 

ASSUMPTIONS 
The following section describes the selection of the assumed soil properties. 

TOPSOIL/ SELECT FILL MATERIAL. The topsoil and select cover material are assumed to be similar to 
soils currently at the sites. The soils at the sites are classified as silty sands. The default soil #7 in the 
HELP model Users guide was chosen for the these layers. This soil is a silty sand and has a hydraulic 
conductivity of 5.2 x 	cm/sec. The hydraulic conductivity of the soils in the aquifer at Sites 4 and 5 
range between 6.46 x 10' and 2.08 x 10 cm/sec, as presented in the RI report (ref. 4). 

BEDDING SOIL / GAS MANAGEMENT LAYER The gas management layer is assumed to be a poorly 
graded sand to provide adequate gas flow. An SP soil, as classified by the USCS, represents a poorly 
graded clean sand. This would correspond to HELP default soil #1 with a hydraulic conductivity of 
1 x 10-2  cm/sec. 

GRANULAR DRAINAGE MATERIAL The 12 inch thick drainage layer must meet the following 
gradation requirements based on the New Jersey Administrative Code: 

D2  > 0.1 inch (2.54 mm) 
D85  > 4 D15  

Because of potential puncture of the geomembrane, the maximum size of the drainage material will be 
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limited to 1 inch (25.4 mm). Figure 4 from Ref. 2 shows the hydraulic conductivity (coefficient of 
permeability) of drainage material based on gradation. Curve no. 6 most closely matches the drainage 
material to be used in the landfill caps. This material has a hydraulic conductivity of 2.08 ft/min (1.0 
cm/sec). 

The conductivity can also be estimated using the D10  of the soil and the following equation proposed by 
Hazen (REF. 3). 

k = CD,02  

where k is the hydraulic conductivity in cm/sec, C is a constant with the average value being 1, and D10  is 
in mm. Based on the required gradation the D2 is at least 2.5 mm so the Dlc, would also be at least 2.5 mm. 
This results in a hydraulic conductivity of 6.25 cm/sec. 

To be conservative assume that the hydraulic conductivity of the drainage layer is 1 cm/sec. 

GEOMEMBRANE The geomembrane is a 40 mil (0.04 inch) LDPE liner. It is assumed that the 
membrane has 1 pinhole per acre, good to fair installation with 4 defects per acre, and good placement 
quality. Assuming a good placement quality is reasonable since the contractor for this project is known 
and is experienced in this type of construction. 

CALCULATIONS 
The HELP model outputs are attached for the three cases that were evaluated: 
1) Site 5 landfill cap 
2) Site 4 plateau 
3) Site 4 side slope (with subsurface inflow) 

CONCLUSIONS 
The yearly average infiltration (inches) and the average peak daily head on the geomembrane is 
summarized in the following table. The maximum head is assumed to be twice the average head on the 
geomembrane. The maximum head on the geomembrane during the 24-hr, 25-yr storm event nearly equals 
the drainage layer thickness of 12 inches but is below. 

Case Average yearly 
percolation through 
the geomembrane 
(in) 

Average Peak daily 
head on the 
geomembrane (in) 

Maximum Daily 
Head on the 
geomembrane (in) 

Site 5 0.15 5.97 11.94 
Site 4 Plateau 0.07 3.67 7.34 
Site 4 Side Slope 0.01 0.49 0.98 

REFERENCES 
1) Schroeder, P.R., et al., "The Hydrologic Evaluation of Landfill Performance (HELP) Model: 

Users guide for Version 3," EPA/600/R-94/168a, U.S. EPA Risk Reduction Engineering 
Laboratory, Cincinnati OH, 1994. 

2) Design Manual-Soil Mechanics, Foundations and Earth Structures, NAVFAC DM-7, March 1971. 
3) Holtz, R.D., and Kavacs, W.D., An Introduction to Geotechnical Engineering, Prentice -Hall, 

Englewood Cliffs NJ, 1981. 
4) Brown & Root Environmental, Remedial Investigation Report for NWS Earle, Northern Division, 

Naval Engineering Facilities Command, July 1996. 
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.03 	(31 DECEMBER 1994) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 
** 
** 
** 
** 
** 
** 
** 
** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

C:\HELP3\ear12.D4  
C:\HELP3\earte.D7  
C:\HELP3\earle.013  
C:\HELP3\earle.D11  
C:\HELP3\EARL51.D10  
C:\HELP3\ear15_24.0UT  

L
2:. 	mos‘ 

TIME: 14:19 
	

DATE: 10/22/1997 

TITLE: NWS EARLE SITE 5 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 7 

THICKNESS 	 = 6.00 INCHES 
POROSITY 	 = 	0.4730 VOL/VOL 
FIELD CAPACITY 	 = 	0.2220 VOL/VOL 
WILTING POINT 	 = 	0.1040 VOL/VOL 
INITIAL SOIL WATER CONTENT = 	0.1791 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.520000001000E-03 CM/SEC 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 7 

THICKNESS 
	

12.00 INCHES 
POROSITY 
	

0.4730 VOL/VOL 
FIELD CAPACITY 
	

0.2220 VOL/VOL 
WILTING POINT 
	

0.1040 VOL/VOL 
INITIAL SOIL WATER CONTENT 
	

0.2431 VOL/VOL 



EFFECTIVE SAT. HYD. COND. 	= 0.520000001000E-03 CM/SEC 

LAYER 3 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 
	

• 12.00 INCHES 
POROSITY 
	

• 	0.3970 VOL/VOL 
FIELD CAPACITY 
	

• 	0.0320 VOL/VOL 
WILTING POINT 
	

• 	0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.0471 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 	1.00000000000 	CM/SEC 
SLOPE 
	

• 3.50 PERCENT 
DRAINAGE LENGTH 
	

• 	400.0 	FEET 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 36 

THICKNESS 
	

• 0.04 INCHES 
POROSITY 
	

• 	0.0000 VOL/VOL 
FIELD CAPACITY 
	

• 	0.0000 VOL/VOL 
WILTING POINT 
	

• 	0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.399999993000E-12 CM/SEC 
FML PINHOLE DENSITY 
	

• 	1.00 	HOLES/ACRE 
FML INSTALLATION DEFECTS 
	

• 	4.00 	HOLES/ACRE 
FML PLACEMENT QUALITY 
	

= 3 - GOOD 

LAYER 5 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 	1 

THICKNESS 
	

• 12.00 INCHES 
POROSITY 
	

• 	0.4170 VOL/VOL 
FIELD CAPACITY 
	

• 	0.0450 VOL/VOL 
WILTING POINT 
	

• 	0.0180 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.0555 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.999999978000E-02 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 3.% 
AND A SLOPE LENGTH OF 500. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 

• 66.30 
• 100.0 	PERCENT 

8.000 ACRES 
• 20.0 	INCHES 
• 4.208 INCHES 
• 9.308 INCHES 

1.898 INCHES 



INITIAL SNOW WATER = 0.000 INCHES 

INITIAL WATER IN LAYER MATERIALS = 5.223 INCHES 

TOTAL INITIAL WATER = 5.223 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
EDISON 	 NEW JERSEY 

MAXIMUM LEAF AREA INDEX = 3.50 
START OF GROWING SEASON (JULIAN DATE) = 109 
END OF GROWING SEASON (JULIAN DATE) = 299 
AVERAGE ANNUAL WIND SPEED = 10.20 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 61.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 66.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 68.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	NEWARK 	 NEW JERSEY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL 	FEB/AUG 	MAR/SEP 	APR/OCT 	MAY/NOV 	JUN/DEC 

	

3.13 
	

3.05 	4.15 
	

3.57 
	

3.59 	2.94 

	

3.85 
	

4.30 	3.66 
	

3.09 
	

3.59 	3.42 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	EDISON 	 NEW JERSEY 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

	

JAN/JUL 	FEB/AUG 	MAR/SEP 	APR/OCT 	MAY/NOV 	JUN/DEC 

	

31.20 
	

32.80 
	

40.60 	51.60 
	

61.40 	70.20 

	

74.90 
	

73.10 
	

66.70 	56.50 
	

45.60 	33.90 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	EDISON 	 NEW JERSEY 

STATION LATITUDE = 40.50 DEGREES 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 	1 THROUGH 20 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 	 2.93 	3.46 	4.30 	3.24 	4.28 	2.73 

	

3.80 	4.46 	3.64 	2.31 	3.11 	3.74 

9 



STD. DEVIATIONS 	1.32 	1.40 	2.19 	1.87 	2.36 	1.34 

	

1.81 	2.19 
	

1.78 	1.10 
	

1.36 	1.49 

RUNOFF 

TOTALS 	 0.851 	1.144 	1.129 	0.045 	0.001 	0.000 

	

0.000 	0.011 	0.006 	0.000 	0.000 	0.128 

STD. DEVIATIONS 	1.032 	0.777 	1.573 	0.202 	0.006 	0.002 

	

0.001 	0.049 	0.025 	0.000 	0.000 	0.330 

EVAPOTRANSPIRATION 

TOTALS 
	

1.104 	1.212 	2.584 	2.947 	3.916 	3.294 

	

3.371 	3.129 	3.167 	2.153 	1.121 	0.882 

STD. DEVIATIONS 
	

0.215 	0.249 	0.325 	0.731 	1.442 	1.413 

	

1.498 	1.265 	0.687 	0.791 	0.267 	0.161 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 

TOTALS 
	

0.6167 0.6504 2.1101 1.3506 0.7312 0.1700 
0.0815 0.3480 0.6813 0.2714 0.6021 1.9840 

STD. DEVIATIONS 
	

0.6510 	1.1925 	1.2064 	1.6998 	0.8924 	0.3412 
0.2330 0.6298 1.0471 0.3661 0.8581 1.4143 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 
	

0.0111 0.0092 0.0309 0.0229 0.0127 0.0030 
0.0014 0.0056 0.0108 0.0052 0.0096 0.0307 

STD. DEVIATIONS 
	

0.0103 	0.0165 	0.0154 	0.0224 	0.0141 	0.0055 
0.0037 0.0090 0.0147 0.0070 0.0123 0.0194 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 
	

0.0120 0.0123 0.0079 0.0100 0.0155 0.0195 
0.0174 0.0133 0.0099 0.0124 0.0096 0.0052 

STD. DEVIATIONS 
	

0.0067 0.0053 	0.0063 	0.0078 	0.0082 	0.0075 
0.0062 0.0054 0.0041 0.0067 0.0053 0.0051 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 
	

0.0404 0.0522 0.1428 0.0987 0.0476 0.0114 
0.0053 0.0227 0.0463 0.0177 0.0405 0.1293 

STD. DEVIATIONS 
	

0.0432 	0.1007 	0.0828 	0.1433 	0.0581 	0.0230 
0.0152 0.0410 0.0716 0.0238 0.0577 0.0923 

AVERAGE ANNUAL TOTALS 8 (STD. DEVIATIONS) FOR YEARS 	1 THROUGH 	20 

INCHES 

 

CU. FEET 	PERCENT 

     

PRECIPITATION 
	

42.00 ( 6.841) 1219709.0 100.00 

RUNOFF 	 3.317 ( 2.4002) 	96323.56 	7.897 



EVAPOTRANSPIRATION 28.880 ( 3.1331) 838684.62 68.761 

LATERAL DRAINAGE COLLECTED 9.59736 ( 3.79797) 278707.469 22.85032 

FROM LAYER 	3 

PERCOLATION/LEAKAGE THROUGH 0.15314 ( 0.05150) 4447.193 0.36461 

LAYER 	4 

AVERAGE HEAD ACROSS TOP 0.055 ( 0.023) 
OF LAYER 	4 

PERCOLATION/LEAKAGE THROUGH 0.14482 ( 0.04711) 4205.694 0.34481 
LAYER 	5 

CHANGE IN WATER STORAGE 0.062 ( 0.8955) 1787.72 0.147 

PEAK DAILY VALUES FOR YEARS 	1 THROUGH 

(INCHES) 

20 

(CU. 	FT.) 

PRECIPITATION 6.00 174240.000 

RUNOFF 2.280 66219.2031 

DRAINAGE COLLECTED FROM LAYER 	3 1.66816 48443.32420 

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.023282 676.09619 

AVERAGE HEAD ACROSS LAYER 	4 5.971 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.001656 48.10110 

SNOW WATER 3.89 112911.9370 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3810 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0793 

FINAL WATER STORAGE AT END OF YEAR 20 

LAYER (INCHES) (VOL/VOL) 

1 1.4770 0.2462 

2 3.5170 0.2931 

3 0.6281 0.0523 

4 0.0000 0.0000 

5 0.8324 0.0694 

SNOW WATER 0.000 



HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

C:\HELP3\ear(2.D4 
C:\HELP3\earle.D7  
C:\HELP3\earle.013  
C:\HELP3\earle.011  
C:\HELP3\earla.010  
C:\HELP3\er14a24.0UT  I a.L 	pmg—A 

TIME: 14:31 
	

DATE: 10/22/1997 

TITLE: NWS EARLE SITE 4 	1-0 P 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 7 

THICKNESS 	 = 6.00 INCHES 
POROSITY 	 = 	0.4730 VOL/VOL 
FIELD CAPACITY 	 = 	0.2220 VOL/VOL 
WILTING POINT 	 = 	0.1040 VOL/VOL 
INITIAL SOIL WATER CONTENT = 	0.1791 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.520000001000E-03 CM/SEC 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 7 

THICKNESS 
	

• 12.00 INCHES 
POROSITY 
	

• 	0.4730 VOL/VOL 
FIELD CAPACITY 
	

• 	0.2220 VOL/VOL 
WILTING POINT 
	

• 	0.1040 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.2431 VOL/VOL 



EFFECTIVE SAT. HYD. COND. 	= 0.520000001000E-03 CM/SEC 

LAYER 3 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 
	

• 12.00 INCHES 
POROSITY 
	

• 	0.3970 VOL/VOL 
FIELD CAPACITY 
	

• 	0.0320 VOL/VOL 
WILTING POINT 
	

• 	0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.0454 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	• 	1.00000000000 

	
CM/SEC 

SLOPE 
	

• 3.50 PERCENT 
DRAINAGE LENGTH 
	

• 	140.0 	FEET 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 36 

THICKNESS 
	

• 0.04 INCHES 
POROSITY 
	

• 	0.0000 VOL/VOL 
FIELD CAPACITY 
	

• 	0.0000 VOL/VOL 
WILTING POINT 
	

• 	0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.399999993000E-12 CM/SEC 
FML PINHOLE DENSITY 
	

• 	1.00 	HOLES/ACRE 
FML INSTALLATION DEFECTS 
	

• 	4.00 	HOLES/ACRE 
FML PLACEMENT QUALITY 
	

= 3 GOOD 

LAYER 5 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 	1 

THICKNESS 
	

12.00 INCHES 
POROSITY 
	

• 	0.4170 VOL/VOL 
FIELD CAPACITY 
	

• 	0.0450 VOL/VOL 
WILTING POINT 
	

• 	0.0180 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.0494 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.999999978000E-02 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 3.% 
AND A SLOPE LENGTH OF 140. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 

• 68.90 
• 100.0 	PERCENT 
• 2.800 ACRES 
• 20.0 	INCHES 
• 4.208 INCHES 
• 9.308 INCHES 
• 1.898 INCHES 



4- 	L 

INITIAL SNOW WATER = 0.000 INCHES 

INITIAL WATER IN LAYER MATERIALS = 5.130 INCHES 

TOTAL INITIAL WATER = 5.130 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
EDISON 	 NEW JERSEY 

MAXIMUM LEAF AREA INDEX = 3.50 
START OF GROWING SEASON (JULIAN DATE) = 109 
END OF GROWING SEASON (JULIAN DATE) = 299 
AVERAGE ANNUAL WIND SPEED = 10.20 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 61.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 66.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 68.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	NEWARK 	 NEW JERSEY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL 	FEB/AUG 	MAR/SEP 	APR/OCT 	MAY/NOV 	JUN/DEC 

	

3.13 
	

3.05 	4.15 
	

3.57 
	

3.59 	2.94 

	

3.85 
	

4.30 	3.66 
	

3.09 
	

3.59 	3.42 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	EDISON 	 NEW JERSEY 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

	

JAN/JUL 	FEB/AUG 	MAR/SEP 	APR/OCT 	MAY/NOV 	JUN/DEC 

	

31.20 	32.80 
	

40.60 	51.60 
	

61.40 	70.20 

	

74.90 	73.10 
	

66.70 	56.50 
	

45.60 	33.90 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	EDISON 	 NEW JERSEY 

STATION LATITUDE = 40.50 DEGREES 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 	1 THROUGH 20 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 	 2.93 	3.46 	4.30 	3.24 	4.28 	2.73 

	

3.80 	4.46 	3.64 	2.31 	3.11 	3.74 



STD. DEVIATIONS 	1.32 	1.40 	2.19 	1.87 	2.36 	1.34 

	

1.81 	2.19 	1.78 	1.10 	1.36 	1.49 

RUNOFF 

TOTALS 	 0.851 	1.146 	1.132 	0.056 	0.004 	0.002 

	

0.001 	0.018 	0.012 	0.000 	0.000 	0.129 

STD. DEVIATIONS 	1.032 	0.774 	1.574 	0.249 	0.014 	0.007 

	

0.005 	0.071 	0.042 	0.000 	0.001 	0.332 

EVAPOTRANSPIRATION 

TOTALS 	 1.104 	1.212 	2.584 	2.947 	3.916 	3.293 

	

3.372 	3.128 	3.167 	2.153 	1.121 	0.882 

STD. DEVIATIONS 	0.215 	0.249 	0.325 	0.731 	1.442 	1.411 

	

1.499 	1.266 	0.687 	0.791 	0.267 	0.161 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 

TOTALS 
	

0.6032 0.6647 2.1348 1.3416 0.7371 0.1604 
0.0840 0.3542 0.6763 0.2658 0.6288 1.9989 

STD. DEVIATIONS 
	

0.6592 	1.2002 	1.2258 	1.6689 0.9012 	0.3262 
0.2306 0.6538 1.0215 0.3620 0.8771 1.4193 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 	 0.0048 0.0043 0.0143 0.0099 0.0055 0.0012 
0.0006 0.0025 0.0048 0.0022 0.0045 0.0136 

STD. DEVIATIONS 	0.0047 0.0077 0.0074 	0.0099 0.0063 	0.0023 
0.0015 0.0042 0.0066 0.0030 0.0057 0.0087 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 
	

0.0050 0.0051 0.0031 0.0035 0.0056 0.0074 
0.0072 0.0060 0.0048 0.0057 0.0046 0.0025 

STD. DEVIATIONS 
	

0.0029 	0.0024 	0.0022 	0.0022 	0.0033 	0.0028 
0.0023 0.0023 0.0022 0.0025 0.0021 0.0023 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 
	

0.0145 0.0219 0.0580 0.0357 0.0171 0.0038 
0.0019 0.0087 0.0173 0.0061 0.0157 0.0462 

STD. DEVIATIONS 
	

0.0170 	0.0418 	0.0367 	0.0544 	0.0214 	0.0077 
0.0053 0.0166 0.0279 0.0082 0.0233 0.0333 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 	1 THROUGH 20 

INCHES 
	

CU. FEET 	PERCENT 

PRECIPITATION 	 42.00 ( 6.841) 426898.2 100.00 

RUNOFF 	 3.351 ( 2.3966) 	34054.89 	7.977 



EVAPOTRANSPIRATION 	 28.879 ( 3.1318) 	293530.78 	68.759 

LATERAL DRAINAGE COLLECTED 	9.64987 ( 3.78612) 	98081.234 22.97532 

FROM LAYER 3 

PERCOLATION/LEAKAGE THROUGH 	0.06805 ( 0.02328) 	691.650 	0.16202 

LAYER 4 

AVERAGE HEAD ACROSS TOP 	0.021 ( 	0.009) 

OF LAYER 4 

PERCOLATION/LEAKAGE THROUGH 	0.06046 ( 0.01994) 	614.552 	0.14396 

LAYER 5 

CHANGE IN WATER STORAGE 	0.061 	( 0.8887) 
	

616.67 	0.144 

PEAK DAILY VALUES FOR YEARS 	1 THROUGH 20 

(INCHES) 	(CU. FT.) 

PRECIPITATION 	 6.00 	60984.000 

RUNOFF 	 2.280 	23176.7129 

DRAINAGE COLLECTED FROM LAYER 3 	 2.59436 	26369.09570 

PERCOLATION/LEAKAGE THROUGH LAYER 4 	0.015704 	159.61461 

AVERAGE HEAD ACROSS LAYER 4 	 3.674 

PERCOLATION/LEAKAGE THROUGH LAYER 5 	0.000503 	5.11752 

SNOW WATER 	 3.89 	39519.1797 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 	 0.3725 

MINIMUM VEG. SOIL WATER (VOL/VOL) 	 0.0793 

FINAL WATER STORAGE AT END OF YEAR 20 

LAYER 	(INCHES) 	(VOL/VOL) 

1 

2 

3 

4 

5 

SNOW WATER 

1.4770 

3.5170 

0.6049 

0.0000 

0.7449 

0.000 

0.2462 

0.2931 

0.0504 

0.0000 

0.0621 



** 

** 

** 

** 

** 

** 

** 

** 

** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.03 	(31 DECEMBER 1994) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 

** 

** 

** 

** 

** 
** 

** 

** 

j 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

C:\HELP3\ear12.D4  
C:\HELP3\earle.D7  
C:\HELP3\earle.013  
C:\HELP3\earle.011  
C:\HELP3\earl4b2.D10  
C:\HELP3\er14b24.0UT  

TIME: 14:39 
	

DATE: 10/22/1997 

TITLE: NWS EARLE SITE 4 Sit9,1- 	cLOQc 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 7 

THICKNESS 	 = 6.00 INCHES 
POROSITY 	 = 	0.4730 VOL/VOL 
FIELD CAPACITY 	 = 	0.2220 VOL/VOL 
WILTING POINT 	 = 	0.1040 VOL/VOL 
INITIAL SOIL WATER CONTENT = 	0.1779 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.520000001000E-03 CM/SEC 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 7 

THICKNESS 
	

• 12.00 INCHES 
POROSITY 
	

• 	0.4730 VOL/VOL 
FIELD CAPACITY 
	

• 	0.2220 VOL/VOL 
WILTING POINT 
	

• 	0.1040 VOL/VOL 
INITIAL SOIL WATER CONTENT • 	0.2428 VOL/VOL 



EFFECTIVE SAT. HYD. COND. 	= 0.520000001000E-03 CM/SEC 

LAYER 3 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 
	 • 12.00 INCHES 

POROSITY 
	 • 	0.3970 VOL/VOL 

FIELD CAPACITY 
	 • 	0.0320 VOL/VOL 

WILTING POINT 
	 - 	0.0130 VOL/VOL 

INITIAL SOIL WATER CONTENT • 	0.0453 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 	1.00000000000 	CM/SEC 

SLOPE 
	

25.00 PERCENT 
DRAINAGE LENGTH 
	 • 	60.0 	FEET 

SUBSURFACE INFLOW 
	 • 	9.60 	INCHES/YR 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 36 

THICKNESS 
	

0.04 INCHES 
POROSITY 
	

0.0000 VOL/VOL 
FIELD CAPACITY 
	

0.0000 VOL/VOL 
WILTING POINT 
	 - 	0.0000 VOL/VOL 

INITIAL SOIL WATER CONTENT • 	0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.399999993000E-12 CM/SEC 
FML PINHOLE DENSITY 
	• 	1.00 	HOLES/ACRE 

FML INSTALLATION DEFECTS 
	• 	4.00 	HOLES/ACRE 

FML PLACEMENT QUALITY 
	

= 3 - GOOD 

LAYER 5 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 	1 

THICKNESS 
	 • 12.00 INCHES 

POROSITY 
	 • 	0.4170 VOL/VOL 

FIELD CAPACITY 
	 • 	0.0450 VOL/VOL 

WILTING POINT 
	 • 	0.0180 VOL/VOL 

INITIAL SOIL WATER CONTENT • 	0.0459 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 	= 0.999999978000E-02 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 7 WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 25.% 
AND A SLOPE LENGTH OF 	60. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 

• 72.40 
• 100.0 	PERCENT 
• 2.800 ACRES 
• 20.0 	INCHES 
• 4.198 INCHES 
• 9.308 INCHES 



LOWER LIMIT OF EVAPORATIVE STORAGE = 1.898 INCHES 
INITIAL SNOW WATER 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS = 5.076 INCHES 
TOTAL INITIAL WATER = 5.076 INCHES 
TOTAL SUBSURFACE INFLOW = 9.60 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
EDISON 	 NEW JERSEY 

MAXIMUM LEAF AREA INDEX = 3.50 
START OF GROWING SEASON (JULIAN DATE) = 109 
END OF GROWING SEASON (JULIAN DATE) = 299 
AVERAGE ANNUAL WIND SPEED = 10.20 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 61.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 66.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 68.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	NEWARK 	 NEW JERSEY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL 	FEB/AUG 	MAR/SEP 	APR/OCT 	MAY/NOV 	JUN/DEC 

	

3.13 
	

3.05 	4.15 
	

3.57 
	

3.59 	2.94 

	

3.85 
	

4.30 	3.66 
	

3.09 
	

3.59 	3.42 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	EDISON 	 NEW JERSEY 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

	

JAN/JUL 	FEB/AUG 	MAR/SEP 	APR/OCT 	MAY/NOV 	JUN/DEC 

	

31.20 	32.80 
	

40.60 	51.60 
	

61.40 	70.20 

	

74.90 	73.10 
	

66.70 	56.50 
	

45.60 	33.90 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR 	EDISON 	 NEW JERSEY 

STATION LATITUDE = 40.50 DEGREES 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 	1 THROUGH 	20 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 	 2.93 	3.46 	4.30 	3.24 	4.28 	2.73 

	

3.80 	4.46 	3.64 	2.31 	3.11 	3.74 



STD. DEVIATIONS 	1.32 1.40 2.19 1.87 2.36 1.34 

1.81 2.19 1.78 1.10 1.36 1.49 

RUNOFF 

TOTALS 	 0.842 1.141 1.136 0.072 0.011 0.005 

0.004 0.032 0.026 0.000 0.003 0.131 

STD. DEVIATIONS 	1.025 0.764 1.585 0.322 0.032 0.021 
0.016 0.108 0.075 0.000 0.010 0.337 

EVAPOTRANSPIRATION 

TOTALS 	 1.155 1.250 2.649 2.947 3.994 3.422 

3.499 3.236 3.242 2.237 1.224 0.943 

STD. DEVIATIONS 	0.194 0.261 0.298 0.779 1.424 1.407 

1.504 1.256 0.673 0.758 0.236 0.125 

SUBSURFACE INFLOW INTO LAYER 	3 

TOTALS 	 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 	3 

TOTALS 	 1.3301 1.3143 3.0374 2.0618 1.4722 0.8274 
0.7724 1.0493 1.3879 0.9783 1.3495 2.7631 

STD. DEVIATIONS 	0.6969 1.2325 1.2641 1.5763 0.9429 0.3409 
0.2372 0.6668 1.0316 0.4035 0.9123 1.4297 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 	 0.0009 0.0008 0.0015 0.0012 0.0009 0.0006 
0.0006 0.0007 0.0009 0.0007 0.0008 0.0015 

STD. DEVIATIONS 	0.0003 0.0004 0.0005 0.0005 0.0004 0.0002 
0.0001 0.0003 0.0004 0.0002 0.0004 0.0006 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 	 0.0006 0.0006 0.0004 0.0005 0.0006 0.0008 
0.0008 0.0007 0.0006 0.0007 0.0006 0.0004 

STD. DEVIATIONS 	0.0003 0.0004 0.0003 0.0003 0.0004 0.0003 
0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 	 0.0074 0.0083 0.0177 0.0122 0.0082 0.0047 
0.0043 0.0060 0.0078 0.0054 0.0078 0.0158 

STD. DEVIATIONS 	0.0040 0.0081 0.0071 0.0094 0.0052 0.0019 
0.0013 0.0040 0.0056 0.0022 0.0051 0.0081 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 	1 THROUGH 20 



2k &I 1:2 

INCHES CU. 	FEET PERCENT 

PRECIPITATION 42.00 ( 6.841) 426898.2 100.00 

RUNOFF 3.404 ( 2.4013) 34595.01 8.104 

EVAPOTRANSPIRATION 29.796 ( 3.1993) 302848.50 70.942 

SUBSURFACE INFLOW INTO 0.00000 0.000 0.00000 

LAYER 	3 

LATERAL DRAINAGE COLLECTED 18.34362 ( 3.74254) 186444.594 43.67426 

FROM LAYER 	3 

PERCOLATION/LEAKAGE THROUGH 0.01093 ( 0.00146) 111.127 0.02603 

LAYER 	4 

AVERAGE HEAD ACROSS TOP 0.009 ( 0.002) 

OF LAYER 	4 

PERCOLATION/LEAKAGE THROUGH 0.00751 ( 0.00337) 76.282 0.01787 

LAYER 	5 

CHANGE IN WATER STORAGE 0.056 ( 0.8892) 573.06 0.134 

PEAK DAILY VALUES FOR YEARS 	1 THROUGH 

(INCHES) 

20 

(CU. 	FT.) 

PRECIPITATION 6.00 60984.000 

RUNOFF 2.287 23245.0020 

DRAINAGE COLLECTED FROM LAYER 	3 2.22173 22581.67190 

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000552 5.61136 

AVERAGE HEAD ACROSS LAYER 	4 0.494 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000038 0.39108 

SNOW WATER 3.89 39519.1797 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3723 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0794 

FINAL WATER STORAGE AT END OF YEAR 20 

LAYER 	(INCHES) 	(VOL/VOL) 

1 
	

1.4753 	0.2459 

2 
	

3.5157 	0.2930 



3 0.5932 0.0494 

4 0.0000 0.0000 

5 0.6191 0.0516 

SNOW WATER 0.000 
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OBJECTIVE 

The objective of this calculation is to determine the factor of safety against sliding of cap components for 
the proposed cap configuration for the Landfills at Sites 4 and 5 at the Naval Weapons Station Earle in 
Colts Neck, New Jersey. 

APPROACH 
The proposed cap configuration at Site 4 includes a steep portion of the cap (4:1 maximum slope) and the 
top, plateau portion (3.5-5% slope). The cap configuration of Site 5 will be similar except in the 
Trap/Skeet range area where the vegetative layers will be replaced with the asphalt paving structure. No 
steep (4:1 slopes) are present at Site 5. The maximum slopes at Site 5 are 3.5 to 5 %. The cap 
configuration at Site 4 substitutes a textured geomembrane for the smooth geomembrane on the 4:1 side 
slopes. Figure 1 presents the cap configurations. 

An infinite slope type analysis was performed to determine the factor of safety (Ref 1, and 6) of cap 
components sliding over each other. The equations presented in these references were modified to allow for 
the analysis of a variable depth of saturation in the cap components. 

INFINITE SLOPE EQUATIONS 

A typical free body diagram used for an infinite slope analysis and definition of variables are shown in page 
9. The Mohr Coulomb strength envelope is used to evaluate the soil parameters c, cohesion, and 4), 
friction angle. The stability analysis involves determination of shear stress along an assumed failure plane 
and comparing the stress with the shear strength of the soil and/or strength of component interfaces. 

From ref # 6 page 242 

FS = SIT 
and 

T = W sinr3 cosr3 

Weight = W = bE7_1 (y * hi) 

Where n= the number of soil layers 

The factor of safety given the shear strength of a material is then (the complete derivation is given on pages 9-
11): 

FS = Sb /(W sinficosfl) 

The shear strength of the material or interface is given by: 

s= c + 0 tan 0 

The factor of safety can then be. shown to be (the complete derivation is shown on pages 9-11): 

W * cos(P) tan(0) 	* hsa, * cos2  ( 13) tan(0)  
W * cos(f) sin(fl) 	W * cos(/3) sin(/3) 	W * cos(j3) sin(fi) 

FS — 
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Simplifying 
C 	 tan(q) 	* hsw * tan(0)  

FS = 	  

	

W * cos(fl) * sin(fl) 	tan(P) 	W * tan(fl) 

ASSUMPTIONS 
The following section describes the selection of the assumed soil strengths, interface friction angles, and the 
level of saturation in the cap configurations. 

HEIGHT OF SATURATION IN CAP The height of saturation the cap was calculated in a separate 
calculation Ref (14) using the HELP model (Ref 15). The HELP model predicts the average peak daily 
head on the cap (average over the area of the cap). Assume that the maximum head is twice the average 
head (this assumes a zero head at the highest point in the cap and a uniform gradient in the cap). 

Case 

Site 5 
Site 4 Plateau 
Site 4 Side Slope 

Average Peak daily head on the 
geomembrane (in), ref 14 

5.97 
3.67 
0.49 

Maximum Peak daily head on the 
geomembrane (in)  

11.94  
7.34 
0.98 

It is assumed that the materials under the geomembrane are unsaturated. 

GRANULAR DRAINAGE MATERIAL The 12 inch thick drainage layer must meet the following 
gradation requirements based on the New Jersey Administrative Code: 

D2  > 0.1 inch (2.54 mm) 
D85  > 4 D15 

Because of potential puncture of the geomembrane the maximum size of the drainage material will be 
limited to 1 inch (25.4 mm). 

The granular drainage material in the cap system is assumed to be a poorly graded gravel based on the 
above gradation. A GP soil, as classified by the USCS, represents a poorly graded gravel with typical 
shear strength properties of 0 psf for cohesion and 37 degrees for effective stress friction angle (ref 2, see 
page 12). A dry unit weight of 120 pcf was judged to be representative for this material (ref 2). The 
saturated unit weight was calculated using an assumed void ratio of 0.50. Ref 16 gives a range of void 
ratio for sand and gravel to be between 0.85 and 0.14; the average of these numbers is approximately 0.50. 
The saturated unit weight was calculated to be 140.8 pcf. The value of 141 pcf was used in the stability 

analysis for saturated conditions. The saturated unit weight is calculated with the following equation from 
reference 12. 

7sat = VsYV + (0(1 + e))7., 

Where: 
Ysat 	= saturated unit weight of soil 
Ws 	= dry weight of the soil (pcf) 
V 	= volume of soil (1ft^3) 
e 	= void ratio 

= unit weight of water (62.4 pcf) 
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The material will be assumed to be moist above the saturated area with a moisture content of 12% (Ref 2, 
lists the optimum moisture content for this material as 11% and 14%). This equates to a moist unit weight 
of 134.4. a unit weight of 135 will be used in the calculations. 

SELECT FILL MATERIAL/TOPSOIL The 6 inch layer of topsoil and select fill material are assumed to 
be similar to the native surface soils surrounding the Sites 4 and 5. From the boring logs of borings in the 
vicinity of Site 2 the surface soil is primarily silty sand (SM), and some poorly graded sands (SP) and 
clayey sand (SC). Based on reference 2, typical effective strength parameters for this type of soil (SM) are 
a cohesion of 420 psf and a friction angle of 34° . Also from ref. 2, a typical dry unit weight is 120 pcf. 
From Ref. 2 the optimum moisture content for this soil is between 16-11 %. Assume that the moisture 
content is 12% which results in a moist unit weight of 134.4 pcf. Use 135pcf in the calculations. From 
reference 3, a typical void ratio for this type of soil is 0.48. This equates to a saturated unit weight of 140 
pcf. 

GAS MANAGEMENT LAYER/BEDDING LAYER The gas management /bedding layer in the cap 
system is assumed to be a poorly graded sand to provide adequate gas flow. An SP soil, as classified by the 
USCS, represents a poorly graded clean sand, sand gravel mix with typical shear strength properties of 0 
psf for cohesion and 37 degrees for effective stress friction angle (ref 2, see page 12). A dry unit weight of 
110 pcf was judged to be representative for this material (ref 2). From Ref. 2 the optimum moisture content 
for this soil is between 21-12 %. Assume that the moisture content is 15 % which results in a moist unit 
weight of 126.5 pcf. Use 127 pcf in the calculations. The saturated unit weight was calculated using a 
typical void ratio for this type of material (0.50, ref. 3, see page 13). The saturated unit weight was calcu-
lated to be 130.8 pcf. The value of 131 pcf was used in the stability analysis. 

ASPHALT PAVEMENT A portion of the Site 5 landfill cap will be paved to facilitate the removal of 
debris generated from the skeet/trap shooting activities. The strength parameters of the asphalt paving will 
be. conservatively assumed to be the same as the granular drainage material with a cohesion of 0 pcf and a 
friction angle of 37°. In reality the asphalt will have a high cohesion, and an assumption of no cohesion 
will be conservative from a stability standpoint. The unit weight of the compacted asphalt paving is 
assumed to have a bulk specific gravity of 2.344 and a maximum specific gravity of 2.438 based on a 
typical pavement design in reference 13. This corresponds to an approximate bulk unit weight of 146 pcf 
and a maximum unit weight of 152 pcf. A value of 150 pcf was assumed in the analysis. 

BASE COURSE/SUBBASE The pavement base course will be an aggregate layer. Assume densities and 
strength properties similar to that of the granular drainage layer. 

INTERFACE FRICTION ANGLES Interface friction angles were conservatively chosen from literature 
values. The normal stress on the cap materials (due to the weight of the soils) will be in the range of 100-
400 psf (roughly corresponding soil depths of 1 to 3 feet). Interface friction angles were chosen with tests 
using similar normal stress ranges. 

Non-Woven Geotextile / Select Fill Material 	The Select Fill Material will likely be a SM type soil (silty 
and sands respectively). Reference 5, page 15 (trevira tech note) lists interface strength properties for 
glacial till and non-woven geotextile as 37° and a cohesion of 32 psf. This same reference lists glacial till 
as CL-ML type of soil which are inorganic silty fine sands to sandy clays. The select fill material is 
between a sand material and the glacial till soil types. Assume that the interface friction angle for the 
non-woven to bedding soil is also between the friction angle for sand and glacial till material. The interface 
friction angle for the Select Fill Material would be between 25° (for mica schist sand, ref. 4, page 14) and 
37°. Use the smallest friction angle in this range to be conservative, 4 = 25° . 

Non-Woven Geotextile/Granular Drainage Material Assume the non-woven geotextile is needle-punched 
type similar to Trevira 01114. From reference 5, page, 15 the friction angle and cohesion for this material 
against Ottawa sand within a normal stress range of 100 to 250 psf are 27° and 68 psf respectively. 
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Reference 4, table 5.7 (see page 14) gives friction angles between non-woven geotextile and Ottawa sand, 
concrete sand, and mica schist sand. Of these three, the lowest friction angle is 25° for mica schist sand. 
Assume a friction angle of 25° and neglect any cohesion to be conservative. 

Granular Drainage Material/ Cushion Fabric This interface will be assumed to be have the same frictional 
charateristics as the non-woven geotextile/granular drainage material interface, since the cushion fabric is a 
non-woven geotextile. 

Cushion Fabric/ Textured LDPE Interface friction data for textured LDPE is very limited. It is assumed 
that the friction characteristics of textured HDPE and VLDPE would be similar to the LDPE and can be 
used in choosing LDPE friction angles. The following table summarizes the friction angles and cohesion 
values reported in literature. 

C 
(PO 

4) 
(degre 
es) 

Normal 
stress 
Range (psf) 

Peak or 
Residual 
Strength 

Backing Type of Materials 
(All membranes are 
textured) 

Ref. 

18 36 --- --- --- Tex HDPE /Trevira 1155 5 

116 28 --- --- --- Friction flex/ NW 
Polyester Geotextile 

11 

133 33 ---- --- ---- Friction flex/ NW 
polypropylene geotextile 

11 

55 32 432-1296 ---- NSC Friction Seal /NW 
geotextile 

17 

To be conservative use the lowest peak friction angle and neglect the cohesion. Use (I) = 28° and c = 0 
psf. 

Textured LDPE / Gas Management/Bedding Layer The following table summarizes the friction angles 
and cohesion values reported in literature. 



CALCULATION WORKSHEET PAGE 5 OF 22 

CLIENT  NAVY, NWS EARLE JOB NUMBER 7602-0201 

SUBJECT  INFINITE SLOPE STABILITY 

BASED ON DRAWING NUMBER 

BY  DCW craBY 

\01.342919/ 

APPROVED BY DATE 	10/30/97 

C 
(psf) 

4) 
(degre 
es) 

Normal 
stress 
Range (psf) 

Peak or 
Residual 
Strength 

Backing Type of Materials 
(All membranes are 
textured) 

Ref. 

0  25-45 --- --- --- Gundle HDT/ Sand 7 

0 40.5 432 --- clamped to plywood Rough HDPE / Sand 8 

--- 25 ---- peak ---- TVLDPE/Ott. Sand (sat.) 9 

--- 21 residual ---- TVLDPE/Ott. Sand (sat.) 9 

--- 39 432-1296 peak ---- NSC THDPE/Ottawa Sand 10 

--- 37 432-1296 residual ---- NSC THDPE/Ottawa Sand 10 

--- 26 244-3000 peak ---- NSC THDPE/Ottawa Sand 10 

--- 26 244-3000 residual ---- NSC THDPE/Ottawa Sand 10 

--- 29 244-3000 peak ---- NSC THDPE/Ottawa Sand 10 

--- 25 244-3000 residual ---- NSC THDPE/Ottawa Sand 10 

--- 27 244-3000 peak ---- NSC THDPE/Ottawa Sand 10 

--- 25 244-3000 residual ---- NSC THDPE/Ottawa Sand 10 

--- 30 --- --- --- FrictionFlex/Ottawa sand 11 

To be conservative use the lowest peak friction angle and neglect the cohesion. Use 4) = 25° and c = 0 
psf. 

Cushion Fabric/ Smooth LDPE Interface friction data for textured LDPE is very limited. It is assumed 
that the friction characteristics of textured HDPE and VLDPE would be similar to the LDPE and can be 
used in choosing LDPE friction angles. Reference 4 lists friction angles for two types of non-woven 
geotextiles with smooth HDPE liners. To be conservative pick the lowest friction angle which is for non-
woven needle punched geotextiles with a friction angle of 8° . 

Smooth LDPE / Gas Management/Bedding Layer  Reference 4 lists friction angles for three types of sands 
versus a smooth HDPE geomembrane. To be conservative pick the lowest friction angle which is for mica 
schist sand, with a friction angle of 17° . 

Roadway Stabilization Fabric/ Subbase/Select fill The interfaces between the select cover material (silty 
sand) and the subbase (course aggregate) are assumed to be similar to sand. The roadway stabilization 
fabric is assumed to be a woven geotextile similar to a monofilament type geotextile. Woven monofilament 
geotextiles actually produce larger friction angles than a slit film type as can be seen on the table from 
reference 4, page 14. To be conservative, a slit film type of woven geotextile will be assumed for this 
calculation. For a mica schist sand to a woven slit film geotextile, the values of 4) = 23° and c = 0 psf (ref. 
4) are assumed. 

INFINITE SLOPE ANALYSIS Based on the cap configuration and the assumed soil properties discussed 
above, three possible critical interfaces were evaluated in the infinite slope stability analysis. The first 
analysis evaluated the interface between the textured LDPE and the Granular Drainage Material for the 4:1 
side slopes. The degree of saturation was based on the HELP model calculation (approximately 0.1 foot). 
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The saturation in the drainage layer will cause the development of pore pressure at this interface which will 
have the tendency to lower the factor of safely. 

The second analysis evaluated the cushion fabric to smooth geomembrane interface on the flat (5 % max) 
portions of the vegetated cap. The height of saturation again was based on the HELP model calculations 
and was assumed to be approximately 0.6 ft. 

The third interface evaluated was the same as the same as the second case except the paved section of the 
cap was investigated. 

The weight is calculated for the first case as follows: 

W= (135*2.4)+(141*0.1) = 338 psf 

The factor of safety at the Textured LDPE/Granular Drainage Material interface is calculated by: 

0 
FS — 	  

	

338 * cos(14.03) * sin(14.03) 	tan(14.03) 	338* tan(14.03) 

The factor of safety for this interface is 1.83 

The factor of safety for the second case (cushion fabric/smooth LDPE interface, vegetated cap) is as follows: 

W= (135*1.5)+(141*1.0) = 344 psf 

FS — 	
0 	tan(8) 	62.4 * 1.0 * tan(8)  

	

341 * cos(2.86) * sin(2.86) 	tan(2.86) 	344 * tan(2.86) 

The factor of safety for this interface is 2.30 

The factor of safety for the third case (cushion fabric/smooth LDPE interface, paved cap) is as follows: 

W= (150*0.167)+(135*1.333)+ (141*1.0) = 346 psf 

FS — 	
0 	 tan(8) 	62.4 * 1.0 * tan(8)  

	

344 * cos(2.86) * sin(2.86) 	tan(2.86) 	346* tan(2.86) 

The factor of safety for this interface is 2.30 

CONCLUSIONS 

tan(25) 	62.4 * 0.1 * tan(25)  

The overall minimum factor of safety for the infinite slope stability of the cap components for both sites 4 
and 5 is 1.8. 
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TABLE 1 
Typical Properties of Compacted Soils 
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certainties that arise from sampling fluctua-
tions, and they tend to vary from the true aver-
ages more widely if the number of observations 
is small. The plus or' minus limits given are 
determined mathematically from the number 
of observations and from the standard devia-
tion of the data used to determine the average. 
These limits imply that the true average, ob-
tained by securing and testing more and more 
samples under the same essential conditions, 
lies within the plus or minus values 9 chances 

r liquid limits than these will have inferior 
engineering properties. 

(b) Permeability.-The voids in the soil 
mass provide passages through which water 
may move. Such passages are variable in size 
and the paths of flow are tortuous and inter-
connected. If, however, a sufficiently large 
number of paths of flow are considered as act-
ing together, an average rate of flow for the 
soil mass can be determined under controlled 
conditions that will represent a property of the 

TABLE 8.-Average properties of soils 

Boll classlb• 
cation group 

Proctor compaction 

Vold ratio. c. 
Permeability. 

k. 
feet per year 

Compressibility Shearing strength 

Maximum 
dry density 
In pounds 

per cubic foot 

Optimum 
water 

content, 
percent 

@ 20 p.s.I., 
percent 

€0 BO p.a.I., 
percent 

C. 
p.e.l. 

C.,.1 
p.s.I. 

tan 

. 	. 
OW >119 <13.3 (' ) 27,000+ <1.4 (') I 	(') (•) >0.79 

13,000 
OP >110 <12.4 (6) 84,000+ <0.8 (6) (6) CY >0.74 

34,000 
OM >114 <14.6 (') >0.3 <1.2 <3.0 (6 ) (•) >0.67 

OC >115 <14.7 (6) >0.3 <1.2 <2.4 (•) (1 >0.60 

8W 119+5 13. 3+2. 5 0.37+' (•) • I.4+' (1 5. 7+0. 6 (1 0. 79+0. 02 

8P 110+2 12.4+1.0 0. 50+0. 03 >15.0 O. 8+0. 3 (•) 3. 3+0. 9 (1 O. 74+0. 02 

8M 114+1 14. 5+0. 4 0. 48+0. 02 7. 5+4. 8 I. 2+0. 1 3.0+0.4 7. 4+0. 9 2. 9+1. 0 0. 67+0. 02 

11M-BC 119+1 12. 8+0. 5 0. 41+0. 02 O. 8+0. 6 I. 4+0. 3 2.9+1.0 7. 3±3. I 2.1f0.8 O. 66+0. 01 

BC 115+1 14. 7+0. 4 0. 48+0. 01 O. 3+0. 2 1. 2+0. 2 2. 4+0. 6 10. 9+2. 2 1. 610. 9 0. 60+0. 07 

M L 103+1 19. 2+0. 7 0.6310.02 0.69+0.23 I. 5+0. 2 2.6+0.3 9. 7+1. 6 I.3+' 0. 62+0. CH 

ML-CL 109+2 16. 8+0. 7 0.64+0.03 0. 13+0. 07 1.0+0.2 2.210.0 9. 2+2. 4 3.2+' 0. 62+0. 06 

CL 106+1 17. 3+0. 3 0. 66+0. 01 O. 06+0. 03 I. 4+0. 2 2. 6+0. 4 12. 6+1. 5 I. 9+0. 3 0.64+0.04 

OL (6) (6 ) (•) (•) (•) (•) (•) (1 (•) 
MH 82+4 36. 3+3. 2 1.1610. 12 O. 15+0. 10 2.011.2 3. 8+0. 8 10. 5+4. 3 2. 9+1. 3 0. 4710.03 

CH 94+2 25. 6+1. 2 0.80+0.04 0.06+0.06 2. 6+1. 3 3.9+1.6 14. 9+4. 9 I. 6+0. 86 O. 33+0. 09 

011 (1 (1 (•) (•) (•) (6) (•) (•) (1 

The 1 entry indicates 90 percent confidence limits of the average value. 	• Denotes Insufficient data, > Is greater than, < Is less than. 



20' (0.68) 	 24' (0.91) 

25' (0.96) 
21'(0.79) 
23' (0.87) 
17' (0.63) 

21' (0.72) 
18' (0.61) 

24' (0.77) 

27' (0.88) 
25' (0.81) 
25 (0.m.) 
.ir (0.56) 

sing surface), 

(5.6) 

surface, and 
sing surface. 
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14- <3; 
nts at the corresponding 
following equation: 

ith soil in both halves 
esults in another Mohr' 
'b, which results in the 

; Table 5.7 Friction values and efficiencies (in parentheses) for (a) soil-to-geomembrane. (b) 
embrcme-to-geotertile. and (c) soil-to-geotextile combinations' 

(a) 
Soil-to-Geomembrane Friction Angles 

Soil Types 

Concrete Sand 
	

Ottawa Sand 
	 ,Wicha Schist Sand 

Geomembrane 
	

013 - 30') 
	

(m=28) 
	

(4 = 26") 

EpDM-R 
pVC 

Rough 
Smooth 

CSPE-R 
HDPE 

(b) Geomembrane-to-Geotextile Friction Angles 

Geomembrane 

PVC 

5. 

ilculated in the stan 

Geotestik EPDM-R Rough 

Nonwoven, needle punched 23' 23' 
Nonwoven, heat bonded 18' 20' 
Woven, monofilament 17' 11' 
Woven, slit film 21' 28' 

(c) Soil-to-Geotextile Friction Angles 

Smooth 	CSPE-R 	HDPE 

21' 
	

8' 
18' 
	

21' 
	

11' 
10' 
	

9' 
	

6' 
24' 
	

13' 
	

10' 

Soil Types 

(5.8 • 

Concrete Sand 
	

Ottawa Sand 
	

Mica Schist Sand 
Geotestik 
	

(4,  • 30') 
	

MO 1. 28') 
	

(+ 1. 2r) 

(5.9 

ce friction between g 
mthetics). Results fr 
:n in Table 5.7. 
membrane were alwa 
'pranes being the lo 
-nbrancs (CSPE-R 

ement of geotextile-
:xtile undcrliner and/ 
re seen to be great, wi 
lying the lowest fri 
;eotextilc friction val 
.otextiles under or o 
of textured HDPE 
esc roughened surf 
This is particularly 

. the surface pattern 

Nonwoven. needle punched 
	

30' (1.00) 	 26' (0.92) 	 25' (0.96) 
Nonwoven. heat bonded 
	

26' (0.84) 
Woven. monofilament 
	

2V (0.84) 
.4. Woven, slit film 
	

24' (0.77) 	 24' (0.84) 	 23' (0.87) 

'Efficiency values in parentheses are based on the relationship E 	(tan b)/(tan 4). 

Source: After Martin et al. 1141. 

The frictional behavior of geomembranes placed on clay soils is of consid-
erable importance in the composite liners of waste landfills. Current-requirements 
are for the clay to have a hydraulic conductivity equal to or less than 2 x 10' 
ft./min. (1 x 10' cm/sec.) and for the geomembrane to be placed directly on the 
clay. While an indication of the shear strength parameters has been investigated 
(e.g., reference 15), the data are so sensitive to the variables listed previously that 
site-specific and material-specific tests should always be performed. In such cases, 
literature values should never be used for final design purposes. 

5.1.3.9 Geomembrane Anchorage In certain problem situations a geomembrane 
might be sandwiched between two materials and then tensioned by an external 
force. The termination of a geomembrane liner within an anchor trench is such a 
situation. To simulate this behavior in a laboratory environment, one can use an 
8.0-in. (200-mm)-wide geomembrane sandwiched between back-to-back channels. 

•• 

• I 
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Test Procedure: The coefficient of friction between a geosynthetic and soil 
(see Table 1) or between any combination of geosynthetics selected by the user 
is determined by placing the geosynthetic and one or more contact surfaces 
within a 12" x 12" direct shear box. A constant, normal' compressive stress is 
applied to the specimen and a tangential (shear) force is applied to the appara-
tus so that one section of the box moves in relation to the other section. The 
shear force is recorded as a function of the deflection of the moving section of 
the shear box. The test is performed for a minimum of three different, normal 
stresses selected by the user (100, 200, and 250 psf were used here) to model 
appropriate field conditions. The peak (or residual) shear stresses recorded 
are plotted against the applied, normal compressive stresses used for testing. 
The test data generally forms a straight line whose slope is the coefficient of 
friction, p, between the two materials where the shearing occurred. The y-
intercept of the plot is the adhesion, a. The equivalent friction angle, 6, is 
calculated as: 6 — tan (p). 

Related Test: Interlock Friction by Pullout is a related test used primarily 
with geogrids. Generally, for geotextiles, the direct shear test provides more 
conservative (lower) results than the pullout test. 

Results of Tests Performed by Georgia Institute of Technolory 

SLIDING SURFACE 	 6(deg ) 	a(tsf) __m_ 
Ottawa Sand/TREVIRA•1114 0.51 27 68 
Ottowa Sand/Trevira 1155 0.68 34. 21 
Glatial Till/Trevira 1114 0.76 37 32 
Glatial Till/Trevira 1155 0.75 37 10 
Gulf Coast Clay/Trevira 1114 0.96 43 62 
Gulf Coast Clay/Trevira 1155 1.26 52 45 
MDPE Geonet*/Trevira 1114 0.46 25 29 
HDPE Geonet*/Trevira 1114 0.32 18 39 
HDPE Geomembrane/Trevira 1155 0.17 10 0 
Embossed HDPE Geomembrane/Trevira 1155 0.72 36 18 
TREVIRA• 1155/Trevira 1155** 0.33 18 13 
Typar 3401/Typar 3401** 0.19 11 — 	44 
Mirafi 600X/Mirafi 600X** 0.29 16 60 

*Aug. of throe different 

comrurusc 
SOIL 

confining 

CLASSIPI - 
ZAII281 

USCS 44WIEREDRG 

soils. 	awClatial Till used as confining soil. 

TABLE 1 	PROPERTIES of CONFINING SOIL 

L/NITS 	COSPAC7/01$ CHAR. SKLAR MT RESULTS 

_-LL_ _EL_ _El_ 
7 Nat. 
Lull 

V opt. 
-111 1212R --m- _LAW- _miktal 

Ottawa Sand SP RP 104 0.7$ 31 0 

Clatial Till Cl...NL 13.33 15.20 0.13 1381 It 0.73 31 31 

Gulf Coast Clay CL 42 21 14 1151 1111 0.31 20 37 

t Modified Procter 	ttStandard Process 

Th. Information contained herein is primed fres of chards. and lc to our test knowledps. true and accurate: however. all MOOT. 
'none:MI.0ns or sodgost.ono an made without puarantee. since IN conditions of um are beyond Our control. There la no ezpress• 
so warranty and no smolood warranty of merchantability or of fitness for purpose of ills produCt or products essence's nollrein. In 
awl:own 'no I mil .nIOnThill 10n. no liability Is II•alov/44 Or license Or Other Mini implied Onion with respect to any existing or pending 
patent. patent applications or tradonsilin111. Tad observance of all legal repulatioess and Dimwits la the responsibility of the user. Hoechst 
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TABLE 1 	s  
GEOSYNnEETIC VS. SAND INTERFACE FRICTION (EFFICCEN-  CY) 

INTERFACE WIZ SAND NORMAL STRESS (PSI) 

— - 
3 3 

- 
7 

- 4154  33° 334  32' 
(1.0) (12) (I.0) (1 A) 

404  323' BILV ' 30P NONWOVEN, NEEDLEPUNCHED 
(0.97I) (032) KUM (033) 

1 NONWOVEN, BEAT BONDED 314  32.54  32.4• ST 
(032) (022) (0us) OA 

MONOFILAICE24 T 314  2r ar 23' 
(aua) (022) (044) (017) 

MULTIFILAMENT 404  33.34  32' 31.34  
(0.95) (0M) (034) (0.9B) 

Sur FILM 344  30.34  30 • NY' 
(0.7S) (027) (0.90) (033) 

=PE - SMOOTH IV 77' 264 264 
(022) (0.77) (47.73) (021) 

RDPE - ROUGH 4034  334  31.54  304  
(030) (034) (35)  (033) 

CSPE 33* 314  31* 314  
(0.73) 

i 
(0231) (093) (0.96) 

VLDPE 2174  234  21.54  213° 
(WO) (0.113) (OO) (047) 

PVC 334  304  304  ar 
(0.73) (OAS) (030) (033) 

42' 334  Sr 31.34  FLEaRLE GRID 
(033) (034) (36)  (030) 

Nat= 	E5thclic7 (E 4/0) Imams say indicHatcd a perszannia. Friction .slum (a') mar found train ale 
awake trC, + es  taM annanning C, 0 for cones:ion/ea soils. 
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REF F 2-2- 

TABLE 2 

Interface Direct Shear Test Results 
Measured Peak Strengths 

Adht 
Interface 

Coefficient Friction 
of Friction . Angle Interface Tested 

Test 
Number 

Saturated Ottawa sand/60-mil Poly-Flwx 
	 0.47 

Textured VLDPE Geomembrane 

NOTE: °) The reported value of adhesion may not be the 'true adhesion' of the inter 
caution should be exercised in using this adhesion value for applications i 
normal stresses outside the range of stresses covered by the test. 

TABLE 3 

Interface Direct Shear Test Results 
Measured Residual Strengths 

Test 
Number  Interface Tested 

Coefficient 
of Friction 

Interface 
.Friction 

Angle 
Adl 

, 	• 

1 Saturated Ottawa sand/60-mil Poly-Flex 
Textured VLDPE Geomembrane 

0.38 21' 

NOTE: (1)  The reported value of adhesion may not be the 'true adhesion' of the inte 
caution should be exercised in using this adhesion value for applications 
normal stresses outside the range of stresses covered by the test. 

1 25' 
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AUG.26.1997 9:59AM 	B & R ENVIRONMENTAL 	 NO.026 	P.3/12 

Earle44 

** PCSTABL5M ** 

by 

1 
	 Purdue University 	 g12a V1-1 

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop 

or Spencer's Method of Slices 

Run Date: 	 82597 
Time of Run: 	 tja 
Run By: 	 tja 
Input Data Filename: 	earle4-4.in 
Output Filename: 	 earle44.out 

PROBLEM DESCRIPTION general stability phi=20 waste, phi=25 c 
ap, phi=30 base 

BOUNDARY COORDINATES 

5 Top Boundaries 
11 Total Boundaries 

Boundary 
No. 

X-Left 
(ft) 

Y-Left 
(ft) 

X-Right 
(ft) 

Y-Right 
(ft) 

Soil Type 
Below Bnd 

1 .00 100.00 95.00 103.00 3 
2 95.00 103.00 140.00 113.00 1 
3 140.00 113.00 150.00 113.00 1 
4 150.00 113.00 210.00 126.00 1 
5 210.00 128.00 350.00 133.00 1 
6 95.00 103.00 107.00 103.00 3 
7 107.00 103.00 140.00 109.50 2 
8 140.00 109.50 150.00 109.50 2 
9 150.00 109.50 210.00 124.50 2 

10 210.00 124.50 350.00 129.50 2 
11 107.00 103.00 350.00 103.00 3 

ISOTROPIC SOIL PARAMETERS 

Page 1 

1 



AUG.2.6,1997 9:59AM 	B & R ENVIRONMENTAL 	 NO.026 	P.4/12 

Earle44 

3 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore 	Pressure 	Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 
No. (pcf) (pcf) 	(psf) 	(deg) Param. (psf) No. 

1 110.0 115.0 .0 25.0 .00 .0 1 
2 110.0 115.0 .0 20.0 .00 .0 1 
3 110.0 115.0 .0 30.0 .00 .0 1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water = 62.40 

Piezometric Surface No. 1 Specified by 2 Coordinate Points 

Point 	X-Water 	Y-Water 
No. 	(ft) 	(ft) 

1 	 .00 	100.00 
2 	350.00 	100.00 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

300 Trial Surfaces Have Been Generated. 

30 Surfaces Initiate From Each Of 10 Points Equally Spaced 
Along The Ground Surface Between X = 50.00 ft. 

and X = 100.00 ft. 

Each Surface Terminates Between X = 180.00 ft. 
and X = 300.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 25.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Page 2 
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Earle44 

1 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined, They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failure Surface Specified By 14 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 100.00 104.11 
2 110.00 104.05 
3 120.00 104.35 
4 129.97 105.02 
5 139.92 106.05 
6 149.82 107.45 
7 159.67 109.21 
8 169.44 111.33 
9 179.13 113.81 
10 168.72 116.63 
11 198.20 119.81 
12 207.56 123.34 
13 216.78 127.20 
14 219.22 128.33 

Circle Center At X = 106.8 ; Y = 376.2 and Radius, 272.2 

* * * 
	

1.808 
	

* * * 

Individual data on the 	18 slices 

Water Water 	Tie 	Tie 	Earthquake 
Force Force Force Force 	Force Surcharge 

Slice Width Weight Top Bot 	Norm 	Tan 	Hor 	Ver Load 
No. 	Ft (m) 	Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) 
1 10.0 1257.1 .0 .0 .0 .0 .0 .0 .0 
2 2.7 768.2 .0 .0 .0 .0 .0 .0 .0 
3 7.3 2799.5 .0 .0 0 .0 .0 .0 .0 

Page 3 
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Earle44 

4 10.0 5463.8 .0 .0 .0 .0 .0 .0 
5 9.9 6937.2 .0 .0 .0 .0 .0 .0 .. 
6 .1 61.2 .0 .0 .0 .0 .0 .0 .0 
7 9.8 6743.7 .0 .0 .0 .0 .0 .0 .0 
8 .2 108.6 .0 .0 .0 .0 .0 .0 .0 
9 9.7 6231.7 .0 .0 .0 .0 .0 .0 .0 

10 9.8 6845.4 .0 .0 .0 .0 .0 .0 .0 
11 9.7 6930.6 .0 .0 .0 .0 .0 .0 .0 
12 9.6 6605.3 .0 .0 .0 .0 .0 .0 .0 
13 9.5 5883.1 .0 .0 .0 .0 .0 .0 .0 
14 9.4 4781.4 .0 .0 .0 .0 .0 .0 .0 
15 2.4 1033.0 .0 .0 .0 .0 .0 .0 .0 
16 .4 143.4 .0 .0 .0 .0 .0 .0 .0 
17 6.4 1602.5 .0 .0 .0 .0 .0 .0 .0 
18 2.4 139.5 .0 .0 .0 .0 .0 .0 .0 

Failure Surface Specified By 15 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 100.00 104.11 
2 109.98 104.73 
3 119.95 105.55 
4 129.90 106.56 
5 139.82 107.76 
6 149.73 109.16 
7 159.60 110.76 
8 169.44 112.55 
9 179.24 114.53 

10 189.00 116.70 
11 198.71 119.07 
12 208.38 121.63 
13 218.00 124.37 
14 227.56 127.31 
15 232.06 128.79 

Circle Center At X = 	73.5 ; Y = 612.1 and Radius, 508.7 

* * * 	1.903 
	* * * 

1 

Failure Surface Specified By 13 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 

Page 4 
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Earle44 

1 100.00 104.11 
2 109.95 103.08 
3 119.94 102.65 
4 129.94 102.83 
5 139.90 103.61 
6 149.81 105.01 
7 159.61 107.00 
8 169.27 109.59 
9 178.75 112.76 

10 188.03 116.50 
11 197.05 120.79 
12 205.81 125.63 
13 209.23 127.81 

Circle Center At X = 122.0 ; Y = 266.9 and Radius, 164.3 

* * 
	

2.0'77 
	

* * 

Failure Surface Specified By 16 Coordinate Points 

point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 88.89 102.81 
2 98.87 102.22 
3 108.87 101.99 
4 118.87 102.12 
5. 128.86 102.61 
6 138.82 103.45 
7 148.75 104.64 
8 158.63 106.19 
9 168.45 108.10 
10 178.19 110.35 
11 187.85 112.95 
12 197.40 115.89 
13 206.85 119.17 
14 216.17 122.79 
15 225.36 126.73 
16 229.51 128.70 

Circle Center At X = 110.3 ; Y = 381.3 and Radius, 279.3 

* * 
	

2.087 
	

* * * 
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Ear1e44 

Failure Surface Specified By 16 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 100.00 104.11 
2 109.94 105.20 
3 119.87 106.39 
4 129.79 107.67 
5 139.69 109.05 
6 149.58 110.53 
7 159.46 112.11 
8 169.31 113.79 
9 179.16 115.56 

10 188.98 117.43 
11 198.78 119.40 
12 208.57 121.46 
13 218.33 123.63 
14 228.07 125.88 
15 237.79 128.24 
16 241.28 129.12 

Circle Center At X = 	-4.8 ; Y .g 1107.6 and Radius, 1008.9 

* * * 
	

2.129 
	

* * * 

Failure Surface Specified By 16 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 66.67 102.11 
2 76.65 101.48 
3 86.64 101.20 
4 96.64 101.26 
5 106.64 101.67 
6 116.61 102.42 
7 126.55 103.51 
8 136.44 104.95 
9 146.29 106.72 

10 156.06 108.83 
11 165.76 111.28 
12 175.36 114.06 

1 
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Earle44 

13 184.87 117.16 
14 194.26 120.60 
15 203.53 124.35 
16 211.87 128.07 

Circle Center At X = 	89.8 ; Y = 391.6 and Radius, 290.4 

*** 2.166 *** 

Failure Surface Specified By 17 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 

1 77.78 102.46 
2 87.73 101.49 
3 97.71 100.87 
4 107.71 100.61 
5 117.71 100.70 
6 127.70 101.15 
7 137.67 101.95 
8 147.60 103.10 
9 157.49 104.60 

10 167.31 106.45 
11 177.07 108.65 
12 186.74 111.19 
13 196.32 114.07 
14 205.79 117.28 
15 215.14 120.83 
16 224.35 124.71 
17 233.25 128.83 

Circle Center At X = 110.1 ; Y = 383.4 and Radius, 282.8 

* * * 	2.302 

Failure Surface Specified By 12 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 

Page 7 
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Earle44 

1 88.89 102.61 
2 98.85 101.95 
3 108.85 101.67 
4 118.84 101.98 
5 128.80 102.87 
6 138.70 104.34 
7 148.48 106.39 
8 158.14 109.00 
9 167.62 112.17 

10 176.90 115.89 
11 185.95 120.15 
12 192.20 123.55 

Circle Center At X = 108.6 ; Y = 272.3 and Radius, 170.6 

* * * 
	

2.318 
	

* * * 

Failure Surface Specified By 17 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 

1 77.78 102.46 
2 87.68 101.03 
3 97.62 100.02 
4 107.61 99.43 
5 117.61 99.25 
6 127.60 99.50 
7 137.58 100.16 
8 147.52 101.24 
9 157.41 102.74 

10 167.23 104.64 
11 176.95 106.96 
12 186.58 109.69 
13 196.07 112.81 
14 205.43 116.33 
15 214.64 120.24 
16 223.67 124.53 
17 231.72 128.78 

Circle Center At X = 116.8 ; Y = 337.9 and Radius, 238.7 

* * * 
	

2.433 
	

* * * 
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Failure Surface Specified By 18 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 66.67 102.11 
2 76.52 100.37 
3 86.43 99.09 
4 96.40 98.26 
5 106.39 97.88 
6 116.39 97.96 
7 126.38 98.50 
8 136.33 99.48 
9 146.22 100.92 

10 156.04 102.81 
11 165.77 105.14 
12 175.38 107.92 
13 184.85 111.13 
14 194.16 114.76 
15 203.30 118.82 
16 212.25 123.28 
17 220.98 128.15 
18 221.39 128.41 

Circle Center At X = 109.7 ; Y = 317.5 and Radius, 219.6 

* * * 
	

2.471 
	

* * 

1 

Y 
	

A 	X 

.00 	43.75 	87.50 	131.25 	175.00 	218.75 

.00 + 	 

43.75 + 

.11 

. . .6 
. . . .0 
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Earle44 

	 6 

N0.026 

A 87.50 + 	 4 
	06* 
	 41 
	04* 
	031 
	 96 

X 131.25 + 	 415 
	 71** 
	 94 
	 03** 
	 9315 
 	712 

I 175.00 +  	946. 
	 016. 
	 7418 
	 413. 
	 413 
	 9** 

S 	219.75 + 	 21 
	 92 
	 2 
	 55 

262.50 + 

F 	306.25 + 

T 	350.00 + 	 W* 

P.12/12 
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1 

** PCSTABL5M ** 

by 
Purdue University 

 

 

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop 

or Spencer's Method of Slices 

Mkt 

g 11.6 

Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 

82297 

tja 
earle5-1.in 
earle5-1.out 

PROBLEM DESCRIPTION 	general stability phi=20 waste, phi=25 c 
ap, phi=30 base 

BOUNDARY COORDINATES 

3 Top Boundaries 
7 Total Boundaries 

Boundary 
No. 

X-Left 
(ft) 

Y-Left 
(ft) 

X-Right 
(ft) 

Y-Right 
(ft) 

Soil Type 
Below Bnd 

1 .00 100.00 100.00 100.00 3 
2 100.00 100.00 650.00 115.00 1 
3 650.00 115.00 700.00 115.00 1 
4 100.00 100.00 112.00 100.00 3 
5 112.00 100.00 650.00 111.50 2 
6 650.00 111.50 700.00 111.50 2 
7 112.00 100.00 700.00 100.00 3 

ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

Soil Total Saturated Cohesion Friction 	Pore 	Pressure 	Piez. 
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Type Unit Wt. Unit Wt Intercept 	Angle Pressure Constant SurfacE 
No. (pcf) (pcf) 	(psf) 	(deg) Param. (psf) No. 

1 110.0 115.0 .0 25.0 .00 .0 1 
2 110.0 115.0 .0 20.0 .00 .0 1 
3 110.0 115.0 .0 30.0 .00 .0 1 

1 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water = 62.40 

Piezometric Surface No. 1 Specified by 2 Coordinate Points 

Point 	X-Water 	Y-Water 

	

No. 	 (ft) 	(ft) 

	

1 	 .00 
	

100.00 

	

2 
	

700.00 
	

100.00 
1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

300 Trial Surfaces Have Been Generated. 

30 Surfaces Initiate From Each Of 10 Points Equally Spaced 
Along The Ground Surface Between X = 50.00 ft. 

and X = 100.00 ft. 

	

Each Surface Terminates Between 	X = 300.00 ft. 

	

and 	X = 700.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = 25.00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

1 
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Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failure Surface Specified By 47 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 72.22 100.00 
2 81.53 96.35 
3 90.91 92.87 
4 100.35 89.57 
5 109.84 86.43 
6 119.39 83.46 
7 128.99 80.67 
8 138.64 78.05 
9 148.34 75.61 
10 158.08 73.34 
11 167.86 71.25 
12 177.67 69.33 
13 187.52 67.60 
14 197.40 66.04 
15 207.30 64.66 
16 217.23 63.46 
17 227.18 62.44 
18 237.14 61.59 
19 247.12 60.93 
20 257.11 60.45 
21 267.11 60.15 
22 277.11 60.03 
23 287.11 60.09 
24 297.10 60.34 
25 307.09 60.76 
26 317.08 61.36 
27 327.05 62.15 
28 337.00 63.11 
29 346.93 64.25 
30 356.85 65.57 
31 366.73 67.08 
32 376.59 68.76 
33 386.42 70.61 
34 396.21 72.65 
35 405.96 74.86 
36 415.67 77.25 
37 425.34 79.81 
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38 434.95 82.54 
39 444.52 85.45 
40 454.03 88.54 
41 463.49 91.79 
42 472.89 95.21 
43 482.22 98.81 
44 491.48 102.57 
45 500.68 106.50 
46 509.80 110.59 
47 511.13 111.21 

Circle Center At X = 278.7 ; Y = 613.4 and Radius, 553.4 

* * * 
	

12.802 
	

* * * 

Individual data on the 	50 slices 

Slice 
No. 

Width 
Ft(m) 

Weight 
Lbs(kg) 

Water 	Water 
Force 	Force 
Top 	Bot 

Lbs(kg) 	Lbs(kg) 

Tie 
Force 
Norm 

Lbs(kg) 

Tie 
Force 
Tan 

Lbs(kg) 

Earthquake 
Force 	Surcharge 

Hor 	Ver 	Load 
Lbs(kg) 	Lbs(kg) 	Lbs(kcl) 

1 9.3 1952.8 .0 	1138.0 .0 .0 .0 .0 
2 9.4 5807.8 .0 	3361.3 .0 .0 .0 .0 
3 9.1 9115.8 .0 	5241.5 .0 .0 .0 .0 .0 
4 .3 413.1 .0 	237.4 .0 .0 .0 .0 .0 
5 9.5 13251.9 .0 	7490.1 .0 .0 .0 .0 .0 
6 2.2 3523.5 .0 	1961.8 .0 .0 .0 .0 0 
7 7.4 13429.6 .0 	7432.5 .0 .0 .0 .0 .0 
8 9.6 20500.4 .0 	11190.7 .0 .0 .0 .0 .0 
9 9.7 23886.2 .0 	12878.9 .0 .0 .0 .0 0 

10 9.7 27103.2 .0 	14458.2 .0 .0 .0 .0 .0 
11 9.7 30144.7 .0 	15928.3 .0 .0 .0 .0 .0 
12 9.8 33004.3 .0 	17288.5 .0 .0 .0 .0 .0 
13 9.8 35675.9 .0 	18538.4 .0 .0 .0 .0 .0 
14 9.8 38154.0 .0 	19677.7 .0 .0 .0 .0 .0 
15 9.9 40433.5 .0 	20705.9 .0 .0 .0 .0 .0 
16 9.9 42509.7 .0 	21622.8 .0 .0 .0 .0 .0 
17 9.9 44378.3 .0 	22428.0 .0 .0 .0 .0 .0 
18 9.9 46035.6 .0 	23121.3 .0 .0 .0 .0 .0 
19 10.0 47478.2 .0 	23702.3 .0 .0 .0 .0 .0 
20 10.0 48703.3 .0 	24171.1 .0 .0 .0 .0 .0 
21 10.0 49708.5 .0 	24527.3 .0 .0 .0 .0 .0 
22 10.0 50491.9 .0 	24770.9 .0 .0 .0 .0 .0 
23 10.0 51052.3 .0 	24901.8 .0 .0 .0 .0 .0 
24 10.0 51388.4 .0 	24920.0 .0 .0 .0 .0 .0 
25 10.0 51499.9 .0 	24825.3 .0 .0 .0 .0 .0 
26 10.0 51386.7 .0 	24618.0 .0 .0 .0 .0  
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27 10.0 51049.6 .0 	24298.1 .0 .0 0 .0 .0 
28 10.0 50489.1 .0 	23865.5 .0 .0 .0 .0 .0 
29 10.0 49707.0 .0 	23320.6 .0 .0 .0 .0 .0 
30 9.9 48705.1 .0 	22663.4 .0 .0 .0 .0 .0 
31 9.9 47486.0 .0 	21894.3 .0 .0 .0 .0 .0 
32 9.9 46052.3 .0 	21013.3 .0 .0 .0 .0 .0 
33 9.9 44407.3 .0 	20020.9 .0 .0 .0 .0 .0 
34 9.8 42555.1 .0 	18917.3 .0 .0 .0 .0 .0 
35 9.8 40499.6 .0 	17702.9 .0 .0 0 .0 .0 
36 9.8 38245.8 .0 	16378.2 .0 .0 0 .0 .0 
37 9.7 35798.8 .0 	14943.5 .0 .0 .0 .0 .0 
38 9.7 33163.9 .0 	13399.2 .0 .0 .0 .0 .0 
39 9.6 30347.3 .0 	11746.0 .0 .0 .0 .0 .0 
40 9.6 27355.6 .0 	9984.4 .0 .0 .0 .0 .0 
41 9.5 24195.3 .0 	8114.8 .0 .0 0 .0 .0 
42 9.5 20873.9 .0 	6138.1 .0 .0 0 .0 .0 
43 9.4 17398.8 .0 	4054.6 .0 .0 .0 .0 .0 
44 9.3 13778.2 .0 	1865.3 .0 .0 .0 .0 .0 
45 2.9 3583.4 .0 	118.0 .0 .0 .0 .0 .0 
46 6.3 6477.5 .0 	.0 .0 .0 .0 .0 .0 
47 9.2 6342.3 .0 	.0 .0 .0 .0 .0 .0 
48 4.2 1649.9 .0 	.0 .0 .0 .0 .0 .0 
49 4.9 867.8 .0 	.0 .0 .0 .0 .0 .0 
50 1.3 42.6 .0 	.0 .0 .0 .0 .0 .0 

Failure 

Point 
No. 

Surface Specified By 57 Coordinate Points 

X-Surf 	Y-Surf 
(ft) 	(ft) 

1 77.78 100.00 
2 87.06 96.28 
3 96.40 92.70 
4 105.79 89.26 
5 115.22 85.95 
6 124.71 82.79 
7 134.24 79.77 
8 143.82 76.89 
9 153.44 74.16 

10 163.10 71.57 
11 172.79 69.12 
12 182.53 66.81 
13 192.29 64.66 
14 202.08 62.64 
15 211.91 60.77 
16 221.76 59.05 
17 231.63 57.48 
18 241.53 56.05 
19 251.45 54.77 
20 261.39 53.64 
21 271.34 52.65 
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22 281.30 51.82 
23 291.28 51.13 
24 301.26 50.59 
25 311.26 50.20 
26 321.25 49.96 
27 331.25 49.86 
28 341.25 49.92 
29 351.25 50.12 
30 361.24 50.47 
31 371.23 50.97 
32 381.21 51.62 
33 391.18 52.42 
34 401.13 53.37 
35 411.07 54.46 
36 421.00 55.70 
37 430.90 57.09 
38 440.78 58.63 
39 450.64 60.31 
40 460.47 62.14 
41 470.27 64.11 
42 480.05 66.23 
43 489.79 68.50 
44 499.49 70.91 
45 509.16 73.47 
46 518.79 76.16 
47 528.38 79.00 
48 537.92 81.99 
49 547.42 85.11 
50 556.87 88.38 
51 566.27 91.78 
52 575.62 95.33 
53 584.92 99.01 
54 594.16 102.83 
55 603.35 106.79 
56 612.47 110.89 
57 619.49 114.17 

Circle Center At X = 332.6 ; Y = 722.3 and Radius, 672.4 

* * * 
	

12.805 
	

* * * 

Failure Surface Specified By 62 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 
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1 61.11 100.00 
2 70.37 96.21 
3 79.67 92.55 
4 89.03 89.03 
5 98.44 85.63 
6 107.89 82.36 
7 117.38 79.22 
8 126.92 76.22 
9 136.50 73.35 

10 146.12 70.61 
11 155.77 68.01 
12 165.46 65.54 
13 175.19 63.20 
14 184.94 61.00 
15 194.73 58.94 
16 204.54 57.01 
17 214.38 55.22 
18 224.24 53.57 
19 234.12 52.05 
20 244.03 50.67 
21 253.95 49.43 
22 263.89 48.32 
23 273.84 47.36 
24 283.81 46.53 
25 293.78 45.84 
26 303.77 45.29 
27 313.76 44.88 
28 323.76 44.61 
29 333.76 44.47 
30 343.76 44.48 
31 353.75 44.62 
32 363.75 44.90 
33 373.74 45.32 
34 383.73 45.88 
35 393.70 46.58 
36 403.67 47.42 
37 413.62 48.39 
38 423.56 49.51 
39 433.48 50.76 
40 443.38 52.15 
41 453.26 53.67 
42 463.12 55.34 
43 472.96 57.14 
44 482.77 59.07 
45 492.56 61.14 
46 502.31 63.35 
47 512.03 65.70 
48 521.72 68.17 
49 531.37 70.79 
50 540.99 73.53 
51 550.56 76.41 
52 560.10 79.43 
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53 569.59 82.57 
54 579.04 85.85 
55 588.44 89.25 
56 597.79 92.79 
57 607.10 96.46 
58 616.35 100.25 
59 625.55 104.18 
60 634.69 108.23 
61 643.78 112.40 
62 649.17 114.98 

Circle Center At X = 338.4 ; Y = 764.4 and Radius, 720.0 

* * * 
	

12.807 
	

* * * 

Failure Surface Specified By 29 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 88.89 100.00 
2 98.26 96.50 
3 107.72 93.27 
4 117.28 90.33 
5 126.92 87.66 
6 136.63 85.28 
7 146.41 83.19 
8 156.24 81.38 
9 166.13 79.86 

10 176.05 78.63 
11 186.01 77.70 
12 195.99 77.06 
13 205.98 76.71 
14 215.98 76.65 
15 225.98 76.89 
16 235.96 77.42 
17 245.93 78.24 
18 255.87 79.35 
19 265.77 80.76 
20 275.62 82.46 
21 285.42 84.44 
22 295.16 86.71 
23 304.83 89.27 
24 314.42 92.10 
25 323.92 95.22 
26 333.33 98.62 
27 342.63 102.29 
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28 
	

351.82 
	

106.23 
29 
	

353.28 
	

106.91 

Circle Center At X = 212.9 ; Y = 417.5 and Radius, 340.8 

* * * 
	

12.808 
	

* * * 

Failure Surface Specified By 53 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 

1 77.78 100.00 
2 87.00 96.12 
3 96.28 92.40 
4 105.62 88.83 
5 115.02 85.42 
6 124.47 82.16 
7 133.98 79.06 
8 143.54 76.13 
9 153.15 73.35 

10 162.80 70.74 
11 172.49 68.28 
12 182.23 65.99 
13 192.00 63.86 
14 201.80 61.90 
15 211.64 60.10 
16 221.51 58.46 
17 231.40 56.99 
18 241.31 55.69 
19 251.25 54.55 
20 261.20 53.57 
21 271.17 52.77 
22 281.15 52.13 
23 291.13 51.65 
24 301.13 51.35 
25 311.13 51.21 
26 321.13 51.24 
27 331.13 51.43 
28 341.12 51.80 
29 351.11 52.33 
30 361.08 53.02 
31 371.04 53.89 
32 380.99 54.92 
33 390.92 56.11 
34 400.83 57.47 
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35 410.71 59.00 
36 420.56 60.69 
37 430.39 62.55 
38 440.18 64.57 
39 449.94 66.76 
40 459.66 69.10 
41 469.34 71.61 
42 478.98 74.28 
43 488.57 77.11 
44 498.11 80.10 
45 507.60 83.25 
46 517.04 86.56 
47 526.42 90.03 
48 535.74 93.65 
49 545.00 97.43 
50 554.20 101.36 
51 563.32 105.45 
52 572.38 109.68 
53 579.33 113.07 

Circle Center At X = 314.4 ; Y = 649.4 and Radius, 598.2 

* * * 
	

12.809 
	

* * * 

Failure Surface Specified By 53 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 83.33 100.00 
2 92.62 96.28 
3 101.96 92.72 
4 111.36 89.30 
5 120.81 86.04 
6 130.32 82.94 
7 139.87 79.98 
8 149.47 77.19 
9 159.12 74.55 

10 168.81 72.07 
11 178.53 69.74 
12 188.29 67.58 
13 198.09 65.57 
14 207.92 63.72 
15 217.78 62.04 
16 227.66 60.51 
17 237.57 59.15 
18 247.49 57.94 
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19 257.44 56.90 
20 267.40 56.02 
21 277.37 55.30 
22 287.36 54.74 
23 297.35 54.35 
24 307.35 54.12 
25 317.35 54.05 
26 327.35 54.14 
27 337.34 54.40 
28 347.33 54.82 
29 357.32 55.40 
30 367.29 56.14 
31 377.25 57.05 
32 387.19 58.12 
33 397.12 59.35 
34 407.02 60.74 
35 416.90 62.29 
36 426.75 64.00 
37 436.57 65.87 
38 446.36 67.90 
39 456.12 70.09 
40 465.84 72.44 
41 475.52 74.95 
42 485.16 77.61 
43 494.76 80.43 
44 504.30 83.40 
45 513.80 86.54 
46 523.25 89.82 
47 532.64 93.26 
48 541.97 96.85 
49 551.24 100.59 
50 560.46 104.48 
51 569.60 108.52 
52 578.68 112.71 
53 579.45 113.08 

Circle Center At X = 316.6 ; Y = 669.0 and Radius, 614.9 

* * * 
	

12.814 
	

* * * 

Failure Surface Specified By 37 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 

1 	 83.33 	100.00 
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2 92.75 96.63 
3 102.23 93.46 
4 111.79 90.50 
5 121.40 87.75 
6 131.07 85.20 
7 140.79 82.86 
8 150.56 80.73 
9 160.38 78.81 

10 170.23 77.10 
11 180.12 75.61 
12 190.03 74.33 
13 199.98 73.26 
14 209.94 72.41 
15 219.92 71.77 
16 229.91 71.35 
17 239.91 71.14 
18 249.91 71.15 
19 259.91 71.37 
20 269.90 71.81 
21 279.88 72.46 
22 289.84 73.33 
23 299.78 74.41 
24 309.70 75.71 
25 319.58 77.22 
26 329.43 78.94 
27 339.24 80.88 
28 349.01 83.02 
29 358.73 85.37 
30 368.39 87.94 
31 378.00 90.71 
32 387.55 93.68 
33 397.03 96.87 
34 406.44 100.25 
35 415.77 103.84 
36 425.03 107.63 
37 428.07 108.95 

Circle Center At X = 244.5 ; Y = 535.5 and Radius, 464.4 

* * * 
	

12.814 
	

* * * 

Failure Surface Specified By 32 Coordinate Points 

Point 	X-Surf 	Y-Surf 
No. 	(ft) 	(ft) 

1 	77.78 	100.00 
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2 87.16 96.53 
3 96.62 93.31 
4 106.17 90.33 
5 115.79 87.60 
6 125.48 85.12 
7 135.23 82.90 
8 145.03 80.93 
9 154.88 79.21 

10 164.78 77.76 
11 174.70 76.55 
12 184.66 75.61 
13 194.64 74.93 
14 204.63 74.51 
15 214.63 74.34 
16 224.63 74.44 
17 234.62 74.79 
18 244.60 75.41 
19 254.56 76.28 
20 264.50 77.42 
21 274.40 78.81 
22 284.26 80.45 
23 294.08 82.36 
24 303.85 84.51 
25 313.55 86.93 
26 323.19 89.59 
27 332.76 92.50 
28 342.24 95.66 
29 351.65 99.06 
30 360.96 102.71 
31 370.17 106.60 
32 371.97 107.42 

Circle Center At X = 215.9 ; Y = 459.0 and Radius, 384.6 

* * * 
	

12.818 
	

* * * 

Failure Surface Specified By 62 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
(ft) 

1 66.67 100.00 
2 76.08 96.61 
3 85.53 93.35 
4 95.02 90.20 
5 104.55 87.16 
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6 114.11 84.25 
7 123.72 81.46 
8 133.35 78.78 
9 143.02 76.23 

10 152.72 73.80 
11 162.45 71.49 
12 172.21 69.30 
13 181.99 67.23 
14 191.80 65.28 
15 201.63 63.46 
16 211.49 61.76 
17 221.36 60.18 
18 231.25 58.73 
19 241.16 57.39 
20 251.09 56.19 
21 261.03 55.10 
22 270.99 54.14 
23 280.95 53.30 
24 290.93 52.59 
25 300.91 52.01 
26 310.90 51.54 
27 320.89 51.20 
28 330.89 50.99 
29 340.89 50.90 
30 350.89 50.93 
31 360.89 51.09 
32 370.88 51.38 
33 380.88 51.79 
34 390.86 52.32 
35 400.84 52.98 
36 410.81 53.76 
37 420.77 54.67 
38 430.72 55.70 
39 440.65 56.85 
40 450.57 58.13 
41 460.47 59.53 
42 470.35 61.05 
43 480.21 62.70 
44 490.06 64.47 
45 499.88 66.36 
46 509.67 68.38 
47 519.44 70.52 
48 529.18 72.77 
49 538.89 75.15 
50 548.58 77.65 
51 558.23 80.28 
52 567.84 83.02 
53 577.43 85.88 
54 586.97 88.86 
55 596.48 91.96 
56 605.95 95.17 
57 615.38 98.51 
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58 624.76 101.96 
59 634.10 105.53 
60 643.40 109.21 
61 652.65 113.01 
62 657.32 115.00 

Circle Center At X = 343.1 ; Y = 853.3 and Radius, 802.4 

* * * 
	

12.819 
	

* * * 

Failure 

Point 
No. 

Surface Specified By 57 Coordinate Points 

X-Surf 	Y-Surf 
(ft) 	(ft) 

1 72.22 100.00 
2 81.67 96.72 
3 91.16 93.57 
4 100.69 90.54 
5 110.26 87.64 
6 119.87 84.86 
7 129.51 82.21 
8 139.18 79.69 
9 148.89 77.29 

10 158.63 75.02 
11 168.40 72.88 
12 178.20 70.87 
13 188.02 68.98 
14 197.86 67.23 
15 207.73 65.61 
16 217.62 64.11 
17 227.52 62.75 
18 237.45 61.51 
19 247.39 60.41 
20 257.34 59.43 
21 267.30 58.59 
22 277.28 57.88 
23 287.26 57.30 
24 297.25 56.85 
25 307.25 56.53 
26 317.24 56.34 
27 327.24 56.29 
28 337.24 56.37 
29 347.24 56.57 
30 357.24 56.91 
31 367.22 57.38 
32 377.21 57.98 
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33 387.18 58.71 
34 397.14 59.58 
35 407.09 60.57 
36 417.03 61.70 
37 426.95 62.95 
38 436.85 64.34 
39 446.74 65.85 
40 456.60 67.50 
41 466.44 69.27 
42 476.26 71.17 
43 486.05 73.21 
44 495.82 75.37 
45 505.55 77.65 
46 515.25 80.07 
47 524.93 82.61 
48 534.56 85.28 
49 544.16 88.08 
50 553.73 91.00 
51 563.25 94.05 
52 572.73 97.23 
53 582.17 100.52 
54 591.57 103.94 
55 600.92 107.49 
56 610.23 111.15 
57 617.45 114.11 

Circle Center At X = 326.5 ; Y = 817.5 and Radius, 761.2 

* * * 
	

12.827 
	

* * * 

1 

Y 
	

A 	X 

.00 	87.50 	175.00 	262.50 	350.00 	437.50 

.00 + 	+* 	 

87.50 + 
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A 	175.00 + 	...314.. 

	

- 	....214.. 
- ....114.. 

	

- 	...3174.. 

	

- 	...3174.. 

	

- 	...2174.. 

	

X 	262.50 + 	...2174.. 

	

- 	..32174... 
- ..321784.. 
- —321.74.. 
- ..321.784. 
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- ..3261.7.8 
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- —325.11.. 
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525.00 + 	...325... 

	

- 	..3205.. 

	

- 	...3265. 

	

- 	..32255 

	

- 	...32.5 

	

- 	...32. 
F 	612.50 + 	...3.2 

	

- 	...3. 

	

- 	 ..33 
* 

•• 

T 	700.00 + 
	 * * 
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a. Vehicle Groups. Where detailed traffic survey and axle load data are not 
available, spot counts or estimates can be made to ascertain the general 
characteristics and volume of traffic. As an aid to determining a DI, vehicles 
should be grouped according to the following categories: 

(1) Group 1: Passenger cars and panel and pickup trucks. 
(2) Group 2: Two-axle trucks. 
(3) Group 3: Trucks having three or more axles. 

TABLE 5 
Vehicular Traffic Design Index 

DI Traffic Characteristics 
Approx. 
Daily EAL 

1 Passenger Vehicles and Light Trucks. No trucks in Groups 
or 	3. 

2 1-5 

2 Medium-Light Traffic, 	less than 1000 VPD. 	10% in Group 6-20 
2 and none in Group 3. 

3 Medium traffic up to 3000 VPD. Up to 10% Group 2 plus 21-75 
Group 3. 	1% Group 3 vehicles. 

4 Medium-heavy traffic up to 6000 VPD. Up to 15% Group 2 
plus Group 3. 	10% Group 3 vehicles. 

76-250 

5 Heavy traffic to 6000 VPD. Maximum 25% Group 2 plus 251-900 
Group 3 and 15% Group 3. 

6 Very heavy traffic exceeding 6000 VPD. Over 25% Group 2 
or Group 3. 

901-3000 

1-1‘1.<.) Ce.ekk 2LFEZEAQCe 
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Subgrade Soil Type 	 Approx. CBR 

Well and poorly graded gravels, well graded sands >18 
Silty and clayey sands 12-18 
Low plastic clays, 	inorganic silts, very fine sands 6-12 
Highly plastic and organic clays, micaceous silts 	 1-6 

C 
kkt 1J \ ArklAk. `114-1. CiC 13 AS 	 F 

Type of Surface Minimum Thickness 	(inches) 

Primary Road 3 
Secondary and Tertiary Roads 2 
Parking Area 2 
Driveway 1.5 
Sidewalk 1 
Surfacing Used by Tracked Vehicles 4 
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Table 903-1 Bituminous Concrete Mixtures 
New Jersey Interagency Engineering Committee 

Standard Bituminous Concrete Mixture Design Table 

Mix Designation a d Nominal Maximum Size of Aggregate 

Base Course 	 Surface Coursi 
Mix 	 I-1 	I- 	1-4 HD 	1-4 	1-5 	1-5 HD  
Size, mm 	25.0 	37.5 	19.0 	19.0 	9.5 	12.5 

Sieve 	Grading of total aggregate (coarse plus fine, plus filler if required). 
Size 	Amounts finer than each laboratory sieve (square opening) weight percent. 

50 mm 	 100 
37.5 mm 	100 	90-100 
25.0 mm 	90-100 	80-100 	100 	100 
19.0 mm 	60-80 	65-95 (NA) 	95-100 	98-100 	 100 
12.5 mm 	-- 	50-85 	75-95 	88-98 	100 	72-98 
9.5 mm 	15-40 40-75 (NA) 65-85 (N/A) 65-88 	80-100 	60-82 
4.75 mm 	0-10. 	25-60 	35-65 	35-65 	55-75 	40-56  

- 	2.36 mm 	-- 	20-45 	25-36 	25-46 	30-56 28-37 
1.18 mm 	 15-35 	18-40 	20-45  19-27 
600 gm 	 10-30 	12-30 	15-35  13-19 
300 gm 	 8-30 	8-25 	10-25 	10-30 	8-16 
150 gm 	 5-10 
75 gm 	 4-7.5 	4-7.5 	4-7.5 	4-8 	3-6 

Asphalt Cement, Percent by Weight of Total Mixture 
2.5-3.1 	4-6 	4.8-7 	5-7 	5-7 	5-6 

Note I: 	Material passing the 75-micrometer sieve may consist of fine particles of the aggregate 
mineral filler, or both. Material passing the 425-micrometer sieve shall be nonplastic when test 
in accordance with AASHTO T 90. 

Note 2: 	Maximum aggregate size requirements - the maximum size of coarse aggregate for any given n 
on a project shall be no more than one-half of the proposed lift thickness on the Project. (I 
example: If the proposed lift thickness for an 1-2 mix is 50 millimeters, the mix used must 
100 percent passing the 25.0-millimeter sieve even though the overall specification allows 
100 percent passing the 25.0-millimeter sieve.) 

Note 3: 	Mix 1-1 is not subject to the design requirements specified elsewhere. 
Note 4: (NA) Denotes not applicable for NJDOT Mix. 
Note 5: 	Mix Descriptions: 

I. 	1-1 is a permeable base course which should be used in a minimum lift of 75 millimete 
2. 1-2 is a dense-graded base course which may be used in full depth construction or as 

bottom course in an overlay. 
3. 1-4 HD (heavy duty) is a 19.0-millimeter nominal maximum size surface course 

intended to be used on heavy traffic roadways. 
4. 1-4 is a 19.0-millimeter nominal maximum size surface course mix for medium to he 

traffic roadways. 
5. 1-5 is a 9.5-millimeter nominal maximum size surface course mix for low to medium UT 

roadways. 
6. 1-5 HD (heavy duty) is a 12.5-millimeter nominal maximum size surface course 

intended to be used for thin lifts (less than 37.5 millimeters) on heavy traffic roadway 
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3/1 	Dry, hard freeze, spring thaw 
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Sov,tt 

'Bible 4.10. 

"7";e4L; 

High 
Medium 
Low 

ee 

Aggregate Surfaced Road 
Thickness (in Inches) for 
Qualities of Roadbed Soil 

1,8  - 
60,000 to 100,000 
30,000 to 60,000 
10,000 to 	30,000 

61 

Design Catalog: Recommended 
the Six U.S. Climatic Regions, 
and Three Levels of Traffic 

Aggregate Base 
Five Relative 

VI 

Relative 
Quality of 

Roadbed Soil 
Traffic 
Level 

U.S. Climatic Region 

I II III IV V 

Very good High 8* 10 15 7 9 15 —+ 
Medium 6 8 11 5 7 11 
Low 4 4 6 4 4 6 

Good High 11 12 17 10 11 17 --. 
Medium 
Low 

8 
4 

9 
5 

12 
7 

7 
4 

9 
5 

12 
7 --4 

Fair High 13 14 17 12 13 17 —1 
Medium 11 11 12 10 10 12 
Low 6 6 7 5 5 7 

Poor High ** ** ** ** ** ** 
Medium ** ** ** 15 15 ** 
Low 9 10 9 8 8 9 

Very poor High ** ** ** ** ** ** 
Medium ** ** ** ** ** ** 
Low 11 11 10 8 8 9 

*Thickness of aggregate base required (in inches). 
**Higher type pavement design recommended. 

Source 	(i) rr 7L — 86 
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3 Ton Central HVAC 

1" Mini-blinds 

Upgraded Insulation 

Plywood Sub-floors 

Simpson Board Siding 

Flexible Front Partition 

FRAME 
12" I-Beam 
Triple Axles 
Electric Brakes 
Asphalt Base Finish 
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5/8" Simpson Board Siding 
2x4 Ext. • Wall Framing 
1/2" Vinyl Covered Sheetrock 
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Bath 8 Entryway 
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3/8" CD Plywood Sheathing 
Wood Truss Rafters 
6" FI-19 Insulation 
3/8" Gypsum Ceiling Finish 
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6 Gallon Electric Water Heater 
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46" 2-Tube Diffused Fluorescent Lights 
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ENGINEERING DATA 
Unit Weight - 10 Tons 
Floor to Ceiling Height - 8'-0" 
Square Footage- 672 
Nominal 
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WORKING FLOOR PLAN  

STANDARD FEATURES 

3 Ton Central HVAC 
1" Mlni-blinds 
Upgraded insulation 
Plywood Sub-floors 
Maintenance Free Aluminum Siding 
Flexible Partitions 

PLUMBING 
Type L Copper Supply Lines 
DWV Lines To Meet 
Code Requirements 
6 Gallon Electric Water Heater  

FRAME 
.12" I-Beam 
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Nominal 
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1.0 INTRODUCTION 

This Environmental Permits Report/Consolidated Compliance Assessment Report was prepared under the 

Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract No. N62472-90-D-1298, 

Contract Task Order (CTO) No. 289. Under CTO No. 289, Brown & Root (B&R) Environmental is 

performing engineering, design, and post-construction award services for remedial action at Operable Unit 

1 (OU-1) at Naval Weapons Station (NWS) Earle in Colts Neck, New Jersey. 

OU-1 includes Site 4 (the Landfill West of "D" Group) and Site 5 (the Landfill West of Army Barricades). 

The OU-1 sites were grouped together based on similarities of waste volumes, types of contaminants, and 

the potential for contaminants to migrate to human and/or environmental receptors. Figure 1-1 provides 

the location of Sites 4 and 5 at NSW Earle. 

1.1 	BACKGROUND INFORMATION 

Sites 4 and 5 (OU-1) are Navy Installation Restoration Program (IRP) sites at NWS Earle. B&R 

Environmental recently performed environmental investigative work at Sites 4 and 5 under CTO No. 231. 

1.1.1 	Site 4 - Landfill West of "D" Group 

Site 4 is a 5-acre landfill that received approximately 10,200 tons of mostly domestic wastes, with some 

industrial wastes, from 1943 until 1960. Industrial wastes included metal scrap, construction debris, 

pesticide and herbicide containers, paint residues, and rinsewaters. It has been reported that containers 

of paint, paint thinner, varnish, shellac, acid, alcohol, caustic, and asbestos may have been disposed of at 

Site 4. A site layout map is provided in Figure 1-2. 

The landfill is covered primarily with sandy soil and vegetated primarily with white pine and grasses. 

Exposed debris is present on the eastern side of the landfill. The fill is approximately 25 feet high on the 

southeastern part of the site, but tapers to the original ground surface near the western and northern limits 

of the landfill. 

A broad, low-lying wetland extends from the eastern portion of Site 4. A portion of this wetland exists 

immediately to the southeast of the landfill. Surface water and groundwater flow is to the east and east-

southeast toward these wetlands. 
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The results of remedial investigations at Site 4 identified metals in groundwater at levels above regulatory 

guidelines, including aluminum, iron, and manganese. Organic compounds found in groundwater at 

concentrations above regulatory guidelines include 1,2-dichloroethene and trichloroethene. The remedial 

investigations concluded that there has been no migration of volatile organics to deeper aquifer levels. 

Samples of surface water and sediment contain a variety of compounds at concentrations below human 

health risk levels. 

The human health risk assessment concluded that non-cancer risks were above guideline limits only for 

ingestion of groundwater. The ecological risk assessment concluded that contaminants do not appear to 

be significantly migrating to surface water or sediment in the wetlands at a level of ecological concern. 

1.1.2 	Site 5 - Landfill West of Army Barricades 

Site 5 is a 4-acre landfill that received approximately 6,600 tons of mostly domestic wastes, with some 

industrial wastes, from 1968 until 1978. The majority of the waste was domestic waste, consisting of 

paper, glass, and plastics. Industrial waste included construction debris, small amounts of asbestos, 

pesticide and herbicide containers, pesticide rinsewaters, and discarded containers of paint, paint thinner, 

solvents, varnish, shellac, acid, alcohol, and caustic. A site layout map is provided in Figure 1-3. 

The site is characterized by a mix of open areas moderately vegetated with grasses and wooded areas 

vegetated with white pines. The landfilled materials are currently covered by a sand and vegetated soil 

layer ranging in depth from 1 to 3 feet. Railroad tracks run along the southwestern boundary, and a 

wetland is located to the west. The topography slopes slightly to the southwest. Groundwater flow is 

generally to the northeast. Approximately 1 acre of the site is currently used as a skeet shooting range. 

Wastewater from the club house at the skeet range flows to an on-lot septic system. 

The results of remedial investigations at Site 5 identified metals in groundwater at levels above regulatory 

guidelines, including aluminum, cadmium, iron, manganese, nickel, and thallium. Organic compounds 

found in groundwater at concentrations above regulatory guidelines include 1,2-dichloroethane, benzene, 

chloroform, and trichloroethene. 

The human health risk assessment concluded that non-cancer risks were above guideline limits only for 

ingestion of groundwater. The ecological risk assessment concluded that contaminants do not appear to 

be significantly migrating to surface water or sediment in the wetlands. 
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1.2 	PURPOSE 

This report identifies applicable permits, filing procedures, and filing costs required to complete the 

remedial actions outlined in Section 2.0. The Comprehensive Environmental Response Compensation 

and Liability Act (CERCLA) Section 121(e) exempts any response action conducted entirely on site from 

having to obtain a federal, state, or local permit. Onsite actions need comply only with the substantive 

aspects of environmental regulations, not with the corresponding administrative requirements, such as 

permits, reporting, and recordkeeping. For onsite actions, the, substantive aspects of permits regulations 

are also identified. According to 40 CFR 300.400(e), the term "onsite" means the areal extent of 

contamination and all suitable areas in very close proximity to the contamination necessary for 

implementation of the response action. Permits, if required, shall be obtained for all response activities 

conducted offsite. 

079716/P 	 1-9 	 CTO 0289 
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2.0 PROPOSED REMEDIAL ACTION 

	

2.1 	REMEDIAL ACTION OBJECTIVE 

Analytical results for groundwater samples collected during the remedial investigations at Sites 4 and 5 

indicated that there were contaminant concentrations that exceeded the established Preliminary 

Remediation Goals (PRGs). The remedial investigations also concluded that buried wastes in the landfill 

at each site represent future risks to human and ecological receptors. No impacts to surface water or 

sediment were identified as a result of waste disposal at each site. The scope of this report is limited to 

landfilled wastes and groundwater at the site that have been affected by hazardous chemical constituents. 

The objective of the proposed remedial action for OU-1 is to contain buried waste beneath low-

permeability caps. Potential exposure to groundwater will be mitigated through institutional controls. 

	

2.2 	REMEDIAL ACTION DESCRIPTION 

The remedial action for OU-1 will consist of general site preparation work, capping the landfills, and 

restoration of the sites. Institutional controls will be imposed, and the sites will be monitored. 

General Site Preparation:  The areas in which construction activities will be performed will be cleared 

and grubbed. In addition, appropriate erosion and sediment control measures will be implemented. 

Because of the existing topography and drainage patterns at Site 4, a sedimentation basin will need to be 

constructed near the adjacent wetlands. The site surfaces will be graded to construct a suitable base for 

the cover systems and allow for proper drainage after the caps have been installed. The skeet shooting 

range at Site 5 will be removed, and the existing on-lot septic system will be abandoned. The skeet 

shooting range will be rebuilt once the site is capped, and a wastewater holding tank will be installed to 

replace the existing on-lot septic system. 

Cap Landfills:  A low-permeability cap, designed in accordance with New Jersey closure requirements for 

sanitary landfills, will be installed over the landfills at each site. The purpose of capping is to prevent 

potential human and animal contact with contaminants in the landfill materials, limit contaminant leaching 

to groundwater, and minimize contaminant migration via surface runoff and erosion. Some waste may be 

consolidated at each site or between sites to facilitate cap construction. Portions of the skeet shooting 

range (concrete rubble and other non-degradable waste) will be disposed of under the cap. 

079716/P 
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During cap installation at Site 5, existing wells within the work area will be affected. Several wells within 

the cap boundaries will need to be modified from "stick ups" to "flush mount." One monitoring well 

(MW5-04) will need to be abandoned to allow installation of a sedimentation basin. 

Institutional Controls:  Institutional controls will consist of maintaining records of the contamination at 

Sites 4 and 5 in the NWS Earle Master Plan and Navy real estate records, limiting future uses of the sites 

that may result in disturbance of the soil cover or direct contact with contaminated media, and prohibiting 

use of untreated contaminated groundwater. Long-term periodic monitoring of groundwater, surface 

water, and wetland sediment will be conducted to assess the migration of contaminants and to determine 

the need for future actions. Because site groundwater does not meet New Jersey groundwater quality 

standards, a classification exception area (CEA) will be established to provide notice that the constituent 

standards will not be met for a specified duration and to ensure that use of groundwater in the affected 

areas is suspended until standards are achieved. 

Offsite Disposal:  Portions of the skeet shooting range at Site 5 will be removed and transported offsite to 

a nonhazardous waste landfill. 

079716/P 	 2-2 	 CTO 0289 
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3.0 REQUIRED PERMITS 

Table 3-1 presents a project permit checklist to assess what (if any) permits may be required for specific 

projects to assure regulatory compliance. This table lists the type of permit, license, or certification that 

may be required by government agencies for specific types of projects. Based on a review of the permit 

checklist in Table 3-1, transporters of solid waste to an offsite landfill must have an approved registration 

statement. No other permits are required by government agencies for remedial actions at OU-1, since 

onsite remedial actions at CERCLA sites are exempt from obtaining permits or compliance with 

administrative requirements of federal, state, or local environmental laws and regulations. However, 

onsite remedial actions must comply with the substantive requirements. The substantive requirements are 

summarized below and described in Section 4.0. 

	

3.1 	FEDERAL PERMITS AND REQUIREMENTS 

No U.S. Environmental Protection Agency (EPA) requirements apply to this project. 

No Army Corps of Engineers (COE) permits or requirements apply to this project. Army COE regulations 

relating to construction activities that affect wetlands and open waters have been assumed by the State of 

New Jersey. 

	

3.2 	STATE PERMITS AND REQUIREMENTS 

A limited amount of solid waste from the skeet shooting range (demolition debris) at Site 5 will be 

transported offsite. The transporter must have an approved registration statement from the New Jersey 

Department of Environmental Protection (NJDEP). There are no other NJDEP permits required for this 

project. Onsite remedial actions at CERCLA sites are exempt from permits and other administrative 

requirements; however, substantive requirements must be met. Requirements for stormwater discharges 

associated with construction activities, construction of a sedimentation basin near wetlands adjacent to 

Site 4, closure of the solid waste landfills, abandonment of the Site 5 on-lot septic system, modification or 

abandonment of existing monitoring wells, and construction of the wastewater holding tank to replace the 

on-lot septic system at Site 5 must be met. In addition, classification exemption areas must be 

established where groundwater contaminant concentrations exceed state standards. Requirements for 

earth moving operations (i.e., erosion and sediment control) have been delegated to the Freehold Soil 

Conservation District. 

079716/P 	 3-1 	 CTO 0289 
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PROJECT PERMIT CHECKLIST 
OPERABLE UNIT 1 (SITES 4 AND 5), NWS EARLE (C1 

COLTS NECK, NEW JERSEY 
PAGE 1 OF 3 

Type of Project Type of Permit, License, 
Certification 

Issuing Agency Applicability Reason 

Stationary Air Emission 
Source 

Permit-to-Construct/Modify 
Source Permit-to-Operate 

State Not Applicable Discharge of air emissions 
will not occur. 

Construction in Floodplain, 
Waterway, or Wetlands 

Dredge/Fill Permit 
Freshwater Wetland Permit 
Stream Encroachment 
Permit 

COE 
State 

State 

Applicable Sedimentation basin at Site 
4 will be constructed near 
adjacent wetlands. Permit 
not required; substantive 
requirements discussed in 
Section 4.1. 

Wastewater Discharge to 
'Waters of the U.S." 

Permit-to-Discharge 
(NJPDES) 

State Not Applicable No discharge of 
wastewater will occur. 

Wastewater Discharge to 
Sewer 

Sewer-Use-Permit (if to 
municipal POTVV) 

State or Local Not Applicable No discharge of 
wastewater will occur. 

Wastewater Facility Treatment Works Approval State Applicable Wastewater holding tank 
will be installed at Site 5. 
Permit not required; 
substantive requirements 
discussed in Section 4.2. 

Septic Tank System Permit to Construct/Alter/ 
Repair 

State and Local Applicable On-lot septic system at 
Site 5 will be abandoned. 
Permit not required; 
substantive requirements 
discussed in Section 4.2. 

Potable Water Treatment Permit-to-Operate State Not Applicable Water is not being treated 
for potable use. 

Underground Injection for 
Waste Disposal 

Discharge to Groundwater State Not Applicable Underground injection will 
not be performed. 

Ocean Dumping Permit-to-Dump EPA Not Applicable Ocean dumping will not be 
performed. 

Dredging Dredge/Fill Permit 
Ocean Disposal Permit 
State Water Quality Cert. 

COE 
COE 
State 

Not Applicable Dredging will not be 
performed. 
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PROJECT PERMIT CHECKLIST 

CC/ 
0 	 OPERABLE UNIT 1 (SITES 4 AND 5), NWS EARLE 
•••4 	 COLTS NECK, NEW JERSEY 

PAGE 2 OF 3 

Type of Project Type of Permit, License, 
Certification 

Issuing Agency Applicability Reason 

Structure in Navigable ' 
Water 

Section 10 Permit COE Not Applicable 
. 

Structures will not be built 
in navigable water. 

Stormwater Discharge to 
'Waters of the U.S." 

Permit-to-Construct/Modify 
Source 
Permit-to-Discharge 

State Applicable Stormwater runoff during 
construction activities will 
be controlled and 
discharged. Permit not 
required; substantive 
requirements discussed in 
Section 4.3. 

Earth Moving Operations Permit-to-Construct 
Erosion and Sediment 
Control Plan 

State or Local Applicable Earth moving will occur 
during cap construction. 
Permit or Erosion and 
Sediment Control Plan not 
required; substantive 
requirements discussed in 
Section 4.4. 

Fill Wetlands Dredge/Fill Permit 
Freshwater Wetlands 
Permit 

COE 
State 

Applicable Sedimentation basin at Site 
4 will be constructed near 
adjacent wetlands. Permit 
not required; substantive 
requirements discussed in 
Section 4.1. 

Solid Waste 
Landfills/Dumps 

Permit-to-Operate State Applicable Solid waste landfills will be 
closed. No permit 
required; closure 
requirements discussed in 
Section 4.5. 

Solid Waste Transporting Approved Registration 
Statement 

State Applicable Offsite shipment of solid 
waste will occur (see 
Section 4.6). 
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o 	 PROJECT PERMIT CHECKLIST 
OPERABLE UNIT 1 (SITES 4 AND 5), NWS EARLE 

Chi 	 COLTS NECK, NEW JERSEY 
-0 	 PAGE 3 OF 3 

Type of Project Type of Permit, License, 
Certification 

Issuing Agency Applicability Reason 

Hazardous Waste 
Generation 

EPA Identification Number State Not Applicable Hazardous wastes will not 
be generated. 

Hazardous Waste 
Transporting 

State Waste Hauler 
License/Permit 

State Not Applicable Hazardous waste will not 
be hauled off site. 

Hazardous Waste 
Treatment, Storage, 
Disposal 

Permit-to-Construct 
Permit-to-Operate 
(Part B Permit) 

State Not Applicable Hazardous waste will not 
be treated, stored, or 
disposed. 

Underground Storage 
Tanks 

Permit-to-Construct 
Permit-to-Operate 
Registration 

State or EPA Not Applicable No underground storage 
tanks exist within this 
project. 

Pesticide Application Applicator Certification DOD Not Applicable Pesticides will not be used. 
Groundwater Remediation 
(Active or Passive) 

Classification Exception 
Area 

State Applicable Groundwater contaminant 
concentrations exceed 
state standards (see 
Section 4.7). 

Modification at Monitoring 
Wells 

New Jersey Well Drilling 
Certification 

State Applicable All modifications to an 
existing well must be 
performed by a New 
Jersey Certified well driller. 

Abandonment of 
Monitoring Wells 

Well Abandonment Form 
Completed by a New 
Jersey Certified Driller 

State Applicable One well will be 
abandoned. 
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3.3 	LOCAL PERMITS AND REQUIREMENTS 

The Freehold Soil Conservation District is responsible for the implementation of New Jersey erosion and 

sedimentation control requirements. An Erosion and Sedimentation Plan will not be required because 

onsite remedial actions at CERCLA sites are exempt from permits and other administrative requirements. 

However, the substantive aspects of these requirements must be met. Because preparation of an Erosion 

and Sediment Control Plan is included in the Scope of Work for this CTO, the plan will be prepared 

according to the Standards for Soil Erosion and Sediment Control in New Jersey. 

... 

Although not shown on Table 3-1, NWS Earle has construction contractor requirements that must be 

followed. Many of these requirements are contained in an information package supplied by NWS Earle 

(see Section 4.8). 
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4.0 PERMIT APPLICATIONS AND COMPLIANCE 

No permits are required for OU-1 remedial activities. Onsite remedial actions at CERCLA sites are 

exempt from obtaining permits and other administrative requirements. However, compliance with 

substantive requirements is needed. An Erosion and Sedimentation Control Plan is part of the scope of 

work for this project. Compliance with substantive requirements and certification of the Erosion and 

Sedimentation Control Plan as well as other aspects of the proposed remedial activities are discussed in 

the following sections. 

4.1 	CONSTRUCTION IN FLOODPLAIN, WATERWAY, OR WETLAND; FILL WETLANDS 

4.1.1 	Freshwater Wetlands 

A storm water retention basin of approximately 0.4 acres is proposed to be constructed adjacent to the 

freshwater wetland area south of Site 4. The installed landfill cap is likely to encroach on these wetlands. 

Waste materials in one area adjacent to these wetlands will be excavated and removed, providing 

additional area for wetlands restoration. In addition, stormwater may be discharged to wetlands from both 

sites. Under Section 404 of the Clean Water Act, EPA and the Army Corps of Engineers have authority to 

control the discharge of fill into lakes, ponds, rivers, and streams and their associated wetlands. The EPA 

has formally turned administration of the federal wetlands program over to the NJDEP. 

NJDEP Freshwater Wetlands Regulations (NJAC 7:7A) are applicable to the "dumping, discharging, or 

filling with any materials" in a freshwater wetland. The wetlands adjacent to Sites 4 and 5 meet the 

classification of a freshwater wetland of intermediate resource value. NJDEP has a general permit 

program (NJAC 7:7A-9) that authorizes activities on a statewide basis. The following Statewide General 

Permits and related substantive requirements are relevant to this project. 

Statewide General Permit 4 authorizes regulated activities, including work, discharges, and the 

construction or placement of structures, which are undertaken, authorized, or otherwise expressly 

approved in writing by NJDEP for the investigation, cleanup, or removal of hazardous substances. 

Mitigation shall be performed according to the procedures for mitigation at NJAC 7:7A-14 for all 

disturbance or destruction of freshwater wetlands caused by cleanup. Mitigation must be performed prior 

to or concurrently with activities that will permanently disturb wetlands and immediately after activities that 

will temporarily disturb wetlands. Mitigation may include restoration, creation, enhancement, or donation 

of money and/or land to the Mitigation Bank, or to other public or private non-profit conservation 

- organizations. These mitigation measures are described below: 

079716/P 	 4-1 	 CTO 0289 
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• Restoration refers to actions performed in the site of a regulated activity, within six months of the 

regulated activity, in order to reverse or remedy the effects of the activity on the wetland and to restore 

the site to pre-activity condition. Restoration is required at a ratio of one acre restored to one acre 

lost, modified, or disturbed. If more than six months has elapsed, creation will be required. 

• Creation refers to actions performed to establish freshwater wetland characteristics, habitat, and 

functions on upland areas. Creation is required at a ratio of two acres created to one acre lost or 

disturbed. 

• Enhancement refers to actions performed to improve the characteristics, habitat, and functions of an 

existing, degraded wetland such that the enhanced wetland will have resource values and functions 

similar to an undisturbed wetland. 

• Contribution refers to the donation of money or land to the Mitigation Bank or to other public or private 

non-profit conservation organizations as approved by the Mitigation Council and the NJDEP in 

consultation with USEPA. Donations shall only be considered if other forms of mitigation are not 

feasible on site or off site in the same watershed. 

Statewide General Permit 6 covers regulated activities (work, discharges, construction or placement of 

structures, placement of fill) in freshwater wetlands, provided the activity would not result in the loss or 

substantial modification of more than one acre of wetland. 

Statewide General Permit 11 covers construction of stormwater outfall structures and associated 

stormwater conveyance structures such as pipes, headwalls, rip-rap, and other energy dissipation 

structures. The following conditions must be met: 

• The structures must be designed to minimize the area of freshwater wetlands disturbed. The limit of 

disturbance or modification cannot exceed 20 feet in width. 

• The total area of freshwater wetlands disturbed or modified cannot exceed 0.25 acre. 

• The facility must be designed in accordance with the Standards for Soil Erosion and Sediment Control 

in New Jersey. 
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• All stormwater that is discharged into a freshwater wetland from an outfall constructed under this 

general permit must first be filtered or otherwise treated outside of the wetland to minimize sediment, 

pollutants, and any other detrimental effects. Detention basins, contour terraces, and grasses swales 

are examples of pre-discharge treatment techniques. This Statewide General Permit does not 

authorize placement of detention facilities in freshwater wetlands. 

• The total amount of rip-rap or other material used for energy dissipation at the end of a headwall 

placed in the wetland cannot exceed 10 cubic yards. 

• Excavated areas for the placement of conveyance pipes shall be returned to the pre-existing elevation 

using the original topsoil to backfill from a depth of 18 inches to the original grade and revegetated 

with indigenous wetland species. 

• Pipes used for stormwater conveyance through the wetlands shall be properly sealed with anti-seep 

collars at a spacing sufficient to prevent drainage of the surrounding wetlands and designed not to 

exceed the pre-existing elevation. 

• If a detention basin is proposed as the method of pretreatment of water quality, routing calculations 

shall show that the basin has been designed for the one-year storm event according to the 

Stormwater Management Regulations (NJAC 7:8). 

• If a swale is proposed to convey stormwater through the wetlands, profiles from the outlet to the 

receiving water body, cross sections, and design support information shall show that the proposed 

swale will not result in drainage of wetlands. Swales can only be used if onsite conditions prohibit the 

construction of a buried pipe to convey stormwater to the outfall. 

Standards and Conditions for all Statewide General Permit Authorizations (NJAC 7:7A-9.3) list other 

substantive requirements. The following requirements would apply to this project: 

• Any discharge of dredged or fill material shall consist of suitable materials free from toxic pollutants 

(Section 307 of the Clean Water Act) in toxic amounts. 

• Any structure or fill shall be maintained as specified in the construction plans. 

• During construction activities, all excavation must be monitored to check for the presence of acid-

producing deposits pursuant to NJAC 7:13-5.10 of the New Jersey Flood Hazard Area Control Rules. 
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If any such deposits are encountered, the mitigation and disposal standards described in NJAC 7:13-

5.10 must be implemented. 

• Best management practices shall be followed whenever applicable. 

The activity shall not result in any direct or indirect adverse impacts to Swamp Pink (Helonias bullata) or 

its documented habitat, as contained in NJAC 7:7A-9.5(a)(2)(iii). The municipality of Colts Neck Township 

in Monmouth County has a documented record of Helonias bullata. 

4.1.2 	Transition Areas 

There are also requirements for transition areas (NJAC 7:7A-6 and 7:7-A7), which are defined as an 

ecological transition zone from uplands to freshwater wetlands. The standard width of a transition area 

adjacent to a freshwater wetland area of intermediate resource value is 50 feet. The following activities 

are prohibited in transition areas: 

• Removal, excavation, or disturbance of the soil. 

• Dumping or filling or any material. 

• Erection of structures. 

• Placement of pavements. 

• Destruction of plant life that would alter the existing pattern of vegetation. 

The following activities may be conducted (i.e., are not prohibited) in transition areas, provided that the 

activities are performed in a manner that minimizes adverse effects to the transition area and adjacent 

freshwater wetlands: 

• Normal property maintenance. 

• Minor and temporary disturbance of the transition area resulting from, and necessary for, normal 

construction activities on land adjacent to the transition area. 

• The erection of temporary structures (i.e., sheds or fences which do not have a foundation, or other 

structures that remain in the transition area for less than six months) covering a combined total of 150 

square feet of less. 
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Authorization of activities under a Statewide General Permit, individual freshwater wetland permit, or 

mitigation plan automatically include a transition area waiver. The transition area waiver will allow 

encroachment only in that portion of the transition area bordering on that portion of the wetland in which 

the authorized activity is to take place. Any additional prohibited activities in the transition area not directly 

required for the authorized activity would require a separate waiver. 

4.2 	WASTEWATER FACILITIES; SEPTIC TANK SYSTEMS 

During this project, the existing on-lot septic system at Site 5 will be replaced with a wastewater holding 

tank. Technical requirements for wastewater collection, conveyance, treatment, and discharge of 

wastewater are contained in the NJPDES regulations. These regulations contain the substantive 

requirements for wastewater facilities, including holding tanks and sewers (NJAC 7:14A-23). 

Requirements for septic tank systems are contained in the state standards for individual subsurface 

sewage disposal systems (NJAC 7:9A). 

The following requirements apply to permanent holding tanks (NJAC 7:14A-23.5): 

• A high water alarm is required to alert the responsible person that the tank has reached 75 percent of 

its capacity and to allow sufficient time to take appropriate measures to prevent overflows. 

• The tank must have provisions for aeration at a rate of 2 cfm per 1,000 gallons to prevent septic 

conditions and solids settling. 

• Measures shall be taken to protect the tank from vandalism and to safeguard public health and safety. 

• Tanks shall be sized to provide a minimum of two days storage. 

The following requirements apply to gravity sewers (NJAC 7:14A-23.6): 

• Gravity sewers shall be designed to carry at least twice the estimated average projected flow when 

flowing half full. 

• The minimum diameter for sewer extensions is 8 inches; however, smaller diameter sewers can be 

used for laterals. Sewer lines that are larger than necessary only for the purpose of achieving 

minimum slope requirements are not permitted. Minimum slope requirements are specified in NJAC 

- 7:14A-23.6. Slopes producing a velocity of greater than 10 feet per second are not recommended. 
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• Sewer lines shall be constructed at least 3 feet below grade, as measured from the top of the pipe. 

• Sewers containing sanitary flow shall be separated from water mains by a distance of at least 10 feet 

horizontally. If this is not possible, the pipes shall be installed in separate trenches with the sewer at 

least 18 inches below the bottom of the water main. 

• The maximum infiltration/exfiltration rate shall not exceed 100 gallons per inch diameter per mile per 

day. 

The following are the requirements for abandonment of a septic tank system (NJAC 7:9A-12.8): 

• When it is necessary to abandon a system for any reason other than connection to a sanitary sewer 

line, all wastes must be removed and the septic tank must be removed or filled completely with gravel, 

stones, or soil. 

• When components or residuals are removed from the ground, they shall be properly managed in 

accordance with state solid waste regulations (NJAC 7:26). 

4.3 	STORMWATER DISCHARGE TO "WATERS OF THE U.S." 

Many stormwater discharges are covered by New Jersey Pollutant Discharge Elimination System 

(NJPDES) discharge to surface water (DSW) general permit regulations. Regulations applicable to this 

project include NJAC 7:14-3.9 (General permits) and the requirements contained in statewide general 

permit NJ0088323, which are contained in the NJPDES regulations (NJAC 7:14). 

General Permit NJ0088323 applies to stormwater discharges from construction activities, including 

clearing, grading, and excavation activities, that disturb 5 or more acres. There are no specific effluent 

limitations or monitoring requirements; however, no discharges of hazardous substances, as defined in 

NJAC 7.1E-1.7, are permitted. Land disturbances shall be executed only in accordance with requirements 

for soil erosion and sediment control. 

Stormwater discharge permits would not be required after completion of the construction provided that the 

landfills are closed in accordance with sanitary landfill regulations (see Section 4.5). 

079716/P 	 4-6 	 CTO 0289 



Rev. 1 
November 1997 

	

4.4 	EARTH MOVING OPERATIONS 

Although onsite actions would be exempt from permit and other administrative requirements, the scope of 

work for this project includes preparation of a Soil Erosion and Sediment Control Plan. Substantive 

requirements are contained in Standards for Soil Erosion and Sediment Control in New Jersey and include 

vegetative standards and structural standards. The purpose of these standards is to help those 

responsible for construction to control soil movement. 

Vegetative standards are available for temporary and permanent soil stabilization, topsoil, maintaining 

vegetation, selection of vegetation, and tree protection. 

Structural standards are available for grading, diversion, grassed waterways, sedimentation basins, slope 

protection structures, channel stabilization, detention basins, subsurface drainage, traffic control, dust 

control, lined waterways, riprap, sediment barriers, conduit outlet protection, stabilized construction 

entrances, storm sewer inlet protection, and grade stabilization structures. 

Appendices contained in the standards include guidance, specifications, and examples. 

	

4.5 	SANITARY LANDFILL CLOSURE REQUIREMENTS 

The landfills at Sites 4 and 5 were used for disposal of domestic waste, small amounts of industrial waste, 

construction debris, and demolition debris. Sanitary landfill engineering design standards and construction 

requirements (NJAC 7:26-2A.7) are in the New Jersey solid waste regulations. These regulations contain 

substantive requirements for surface drainage systems and final cover systems. 

Surface drainage systems act to hydraulically isolate the landfill from surface water drainage in a 

controlled manner. The surface drainage system shall be designed and constructed to protect the 

sanitary landfill from run-on and control run-off, from, at a minimum, the peak discharge of a 24-hour, 25-

year storm. Run-on/run-off structures shall be designed utilizing the U.S. Department of Agriculture, Soil 

Conservation Service, methods and in accordance with the Standards for Soil Erosion and Sedimentation 

Control (NJAC 2:90). 

The final cover system shall be designed and constructed in accordance with the following: 

• The permeability of the final cover shall be less than or equal to that of natural subsoils present or 

1E-5 cm/sec, whichever is less. The depth of the final cover shall be a minimum of 18 inches with a 

minimum 6-inch erosion layer. 
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• The minimum thickness for a clay cap shall be 12 inches. The minimum thickness for a 

geomembrane cap shall be 30 mils (60 mils for HDPE). 

• Geomembranes used as a cap shall be designed and constructed to withstand the calculated tensile 

forces acting on the geosynthetic materials. The design shall consider the maximum friction angle of 

the geomembrane with regard to any interface and shall ensure that the overall slope stability and 

erosion control of the final cover system are maintained. 

• The geomembrane shall be protected from below and above by a minimum thickness of six inches of 

bedding and cover that is no coarser that a poorly graded sand (SP) and that is free of rocks, 

fractured stones, debris, cobbles, and solid waste. An equivalent geotextile may be utilized. 

• The impermeable cap shall be located wholly below the average depth of frost penetration in the area. 

The average frost depth at the Earle facility is approximately 15 inches. 

A drainage layer shall be designed and constructed according to the following: 

• The material used in the drainage layer shall be an open graded material of clean aggregate. The 

material shall be in accordance with the following criteria of the cumulative grain-size distribution 

curves: 

D85  > 4D15  and D, > 0.1 inch. 

• The drainage layer shall be designed and constructed so that the discharge flows freely in the lateral 

direction to minimize the hydrostatic head on the cap, flows through the drainage layer, and provides a 

path for infiltrated liquids to exit the capping system. 

• The drainage layer shall have a thickness and hydraulic conductivity capable of transmitting the 

estimated percolation, based on modeling of the system. The latest version of the HELP model shall 

be used to facilitate rapid estimations of surface run-off, subsurface drainage, and leachate generation 

quantities. 

• When located above a clay cap, the drainage shall be a minimum of six inches thick. When located 

above a geomembrane cap, the drainage layer shall be a minimum of 12 inches thick. 
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• Drainage pipes and/or geonets, where necessary to control the hydrostatic head on the cap, should 

be located within the drainage layers. The drainage pipe should be installed at a distance sufficient to 

ensure that the hydrostatic head on the cap does not exceed the thickness of the drainage layer 

during a 25-year, 24-hour storm. A coarse gravel envelope, within a geotextile fabric, shall be 

installed around the drainage pipe to minimize the movement of soil particles in the drainage pipe. 

• A soil filter or geotextile should be designed and constructed above the open aggregate in order to 

minimize the intrusion of fines into the drainage layer. 

The vegetative layer shall be designed and constructed in accordance with the following: 

• The vegetative layer shall be thick enough to contain the effective root depth or irrigation depth for the 

type of vegetation planted. 

• Fertilizer, mulch, and seeding applications shall be performed in accordance with Standards for Soil 

Erosion and Sedimentation Control for permanent vegetative cover for soil stabilization. 

• The minimum thickness of uncompacted topsoil in the upper layer of the vegetative layer shall be five 

inches. The topsoil shall meet the Topsoil Standard specified in Section 909.10 of the New Jersey 

Department of Transportation Standard Specifications for Road and Bridge Construction. 

• The application of sludge or of Sludge Derived Product (SDP) to the final grades of the vegetative 

layer shall be performed in accordance with NJAC 7:14A. 

The grades of the final slope shall be constructed in accordance with the following: 

• The top slope final grades, after allowing for settlement and subsidence, shall be, at a minimum, three 

percent. 

• The side slopes of the final grades shall be no steeper than three horizontal to one vertical (3:1) 

A gas venting layer shall be designed and constructed in accordance with the following: 

• The gas venting layer shall be located directly below the impermeable barrier. 
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• Passive gas venting systems may be designed and constructed initially as a preventive measure 

against sanitary landfill gas migration. Situations where gas migration is detected in amounts greater 

that 25 percent of the lower explosive limit of combustible landfill gas at the perimeter of the sanitary 

landfill property shall trigger the construction of an induced draft or active venting system. 

In addition to the cover system standards listed above, the sanitary landfill regulations also contain 

requirements for design testing of materials and quality control testing. 

	

4.6 	SOLID WASTE TRANSPORT REQUIREMENTS 

During this project, some components of the skeet shooting range at Site 5 will be removed and disposed 

of off site as a nonhazardous waste. Transportation requirements are contained in the New Jersey solid 

waste management regulations (NJAC 7:26-3). No person shall engage in the transportation of solid 

wastes without first obtaining an approved registration statement from NJDEP. Although NWS Earle will 

not transport the waste, it should insure that the waste transporter(s) meet all applicable requirements. 

	

4.7 	REQUIREMENTS FOR CLASSIFICATION EXCEPTION AREAS 

Chemical concentrations in groundwater at Sites 4 and 5 exceed state groundwater quality standards. 

Whenever NJDEP approves a groundwater pollution remedy at a contaminated site under an applicable 

regulatory program (e.g., CERCLA), a CEA must be established if groundwater standards are not or will 

not be met during implementation of an approved remedy (active or passive). Requirements for a CEA 

are contained in the state regulations for groundwater quality (NJAC 7:9-6.6). Formal designation of the 

CEA is pursuant to the authority of an appropriate oversight document. Although the NJDEP Case 

Manager, with assistance from support staff, upon request by the lead program, will formally designate an 

area of non-compliance as a CEA, the information needed to develop the CEA should be provided by the 

responsible party. 

A CEA consists of the following: 

• Written and mapped description of the area in which constituent standards are not or will not be met. 

This includes the latitude and longitude of the affected property. Roads, streams, natural and 

manmade borders, and the plume extent should be shown on a USGS 7.5 minute quadrangle map. 

• Identification of the contaminants for which the CEA has been established. The CEA only applies to 

contaminants that exceed groundwater standards and the formations (or aquifers) in which they are 

exceeded. 

079716/P 	 4-10 	 CTO 0289 



Rev. 1 
November 1997 

• Estimate of the longevity of the CEA. CEAs are related to the estimated time for completion of a 

remediation. If natural attenuation is proposed, the responsible party must provide an estimate of the 

time to achieve the groundwater standards. CEAs will remain in effect for the projected term of the 

cleanup. 

• Additional information such as present and projected future property and surrounding land use and the 

presence or absence of receptors. 

NJDEP is obligated to restrict or require the restriction of potable groundwater uses within any CEA when 

there is or will be an exceedance of Primary Drinking Water Standards (NJAC 7:10). When contaminant 

levels exceed MCLs and the designated aquifer classification includes potable use, NJDEP will identify the 

CEA as a Well Restriction Area (WRA). The WRA functions as the institutional control by which potable 

use restriction can be effected. 

The state Remedial Lead will provide internal NJDEP notification of CEA designations. NJDEP requires 

the person responsible for conducting the remediation to notify the external agencies and affected parties 

of these designations. The degree of public notice required will depend upon current and projected 

groundwater use in a given area. 

	

4.8 	WELL INSTALLATION/MODIFICATION/ABANDONMENT 

Several existing monitoring wells, which are located within the boundaries of the landfill cap at Site 5, will 

need to be modified. Existing monitoring wells located within the cap will be changed from the existing 

"stickup" configuration to a "flush mount" configuration. The length of the outer and inner casings will need 

changed to conform to the new grade elevations. Existing monitoring well MW5-04, located outside the 

cap boundary, will need to be abandoned to allow for installation of a sedimentation pond. 

The State of New Jersey requires that installation, modification, and abandonment of monitoring wells be 

performed by a New Jersey licensed well driller. If a well is to be abandoned, a well abandonment form 

must be filed with the State of New Jersey. 

	

4.9 	NWS EARLE CONSTRUCTION CONTRACTOR REQUIREMENTS 

NWS Earle has a information package containing multiple handouts obtained through the Officer in 

Charge, NAVFAC Contracts. The handouts cover the following topics: 
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• Agenda for Preconstruction Conference 

• Security Department Agenda 

• Contractor Passes and Vehicle Passes 

• Fire Prevention Regulations and Safety Requirements for Contractors 

• Sample Accident Prevention Plan Format 

• Hard Hat and Protective Clothing Policy 

• Clothing Requirements 

• Contractor Weekly Safety Meeting Form 

• Schedule of Prices Form 

• Contractor Drawing and Information Submittal Form 

• After Hours Request Form 

• Statement of Acknowledgment Form 

• Statement of Compliance Form 

• Contractor Quality Control Requirements 

• Quality Control Report Form 

• Contractor Invoice Form with Certification 

• Contractor Performance Statement Form 

• Contractor Release Forms 

• Equal Opportunity and Notice to All Employees Posters 
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5.0 COMPLIANCE SUMMARY 

5.1 	CONSTRUCTION IN FLOODPLAIN, WATERWAY, OR WETLAND; FILL WETLANDS 

Any wetland areas that are disturbed by the remedial actions at Sites 4 and 5 will be mitigated by 

restoration and/or creation in accordance with the substantive requirements of Statewide General Permit 4 

for freshwater wetlands. Stormwater outfall structures and associated stormwater conveyance structures 

that may disturb wetlands have been designed in accordance with the substantive requirements of 

Statewide General Permit 11. The design also complies with Standards and Conditions for all General 

Permit Authorizations (NJAC 7:7A-9.3). 

5.2 	WASTEWATER FACILITIES; SEPTIC TANK SYSTEMS 

The gravity sewer system and holding tank that will replace the existing on-lot septic system at Site 5 have 

been designed in accordance with the requirements for gravity sewers (NJAC 7:14A-23.6) and permanent 

holding tanks (NJAC 7:14A-23.5), respectively. The existing on-lot septic system will be abandoned in 

accordance with the requirements of NJAC 7:9A-12.8). 

5.3 	STORMWATER DISCHARGES TO "WATERS OF THE U.S." 

Stormwater discharges from the construction activities at Sites 4 and 5 will be in compliance with NJPDES 

General Permit NJ0088323. Land disturbance will be conducted in accordance with the requirements for 

soil erosion and sediment control, as required by this general permit (see Section 5.4). 

5.4 	EARTH MOVING OPERATIONS 

Earth moving operations at Sites 4 and 5 will be conducted in accordance with a Soil Erosion and 

Sediment Control Plan. The design of the erosion and sediment control structures and vegetation 

requirements is in accordance with Standards for Soil Erosion and Sediment Control in New Jersey. 

5.5 	SANITARY LANDFILL CLOSURE REQUIREMENTS 

The cap systems for the landfills at Sites 4 and 5 have been designed in accordance with sanitary landfill 

engineering design standards and construction requirements (NJAC 7:26-2A.7). This includes standards 

and requirements for surface drainage systems, final cover systems, drainage layers, vegetation layers, 

slopes of final grades, and gas venting layers. 

079716/P 	 5-1 	 CTO 0289 



Rev. 1 
November 1997 

	

5.6 	SOLID WASTE TRANSPORT REQUIREMENTS 

Solid waste transport requirements are not specifically addressed in the Remedial Design. However, the 

subcontractor that transports solid waste from Site 5 to the offsite landfill will be required to comply with 

New Jersey solid waste transportation requirements (NJAC 7:26-3), including registration requirements. 

This will be specified in subcontractor procurement documents. 

	

5.7 	REQUIREMENTS FOR CLASSIFICATION EXCEPTION AREAS 

Requirements for classification exception areas (CEAs) are not specifically addressed in the Remedial 

Design. However, the following information needed to develop CEAs at Sites 4 and 5 will be supplied to 

NJDEP: written and mapped description of areas, contaminants of concern, estimate of time to achieve 

groundwater standards, and present and projected future property and land use. 

	

5.8 	REQUIREMENTS FOR WELL INSTALLATION /MODIFICATION/ABANDONMENT 

Modification and abandonment of existing monitoring wells will be performed by a New Jersey licensed 

well driller. A well abandonment form will be filed with the State of New Jersey after monitoring well 

MW5-04 is abandoned. 

5.8 	NWS EARLE CONSTRUCTION CONTRACTOR REQUIREMENTS 

Specific requirements for construction contractors are not addressed in the Remedial Design. However, 

remedial action subcontractors must comply with all NWS Earle requirements for construction contractors. 

This will be specified in subcontractor procurement documents. 
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