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1 .O INTRODUCTION 

1.1 PURPOSE AND SCOPE 

The purpose of this report is to provide the basis for a remedial design for Operable Unit (CNJ2) at the 

former Naval Surface Warfare Center, Dahlgren Division Detachment, White Oak (NSWC-White Oak), 

located in Silver Spring, Maryland. OU2 consists of waste and contaminated soil and sediment present 

within the Parking Lot Landfill (Site I), and the Apple Orchard Landfill (Site 2). The remedial design 

consists of installing an engineered multimedia cap over the contaminated soil, sediment, and waste 

material consolidated within’OU2. The design addresses soil and sediment contamination and indirectly 

addresses surface water and groundwater contamination associated OU2. The consolidation of Site 1, 

Site 2, and the contaminated sediments from the unnamed stream will be placed under the multimedia 

cap. Any waste encountered during excavation activities that are suspected to be hazardous will be 

disposed offsite. Institutional controls, as well as groundwater and surface water monitoring will also be 

part of the remedy. This Basis of Design Report was prebared by Tetra Tech NUS, Inc. (TtNUS) for the 

U.S. Navy under Contract Task Order (CTO) No. 0273 as part of the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) Contract N62472-90-01298. 

NSWC-White Oak is a former Navy-owned and-operated laboratory for Naval Surface Warfare research, 

located approximately 5 miles north of Washington, D.C., off New Hampshire Avenue in Silver Spring, 

Maryland (see Figure l-l). NSWC-White Oak covered approximately 712 acres and was located in both 

Prince George’s and Montgomery Counties. Approximately 662 acres were transferred to the General 

Services Administration (GSA) in the fall of 1997. The remaining area in the southeastern portion of the 

facility was transferred to the U.S. Army in February 1998. NSWC-White Oak is bordered by the U.S. 

Army’s Adelphi Laboratory Center (ALC) along with a mixture of residential, park, industrial, and 

commercial properties. The facility lies in gently rolling terrain. Local drainage patterns are dominated by 

Paint Branch and its tributaries. This remedial design is limited to Sites 1 and 2 which are shown on 

Figure l-2. 

Construction of the OU2 landfill multi-media cap with off-site disposal of suspect hazardous waste was 

selected to minimize the potential release of contamination from the waste/fill materials contained in the 
_. .- 

landfill into the environment, and to prevent human and ecological exposure to these waste/fill materials. 

The Navy’s goal is to begin remedial actions at the former NSWC-White Oak as quickly as possible to 

protect human health and the environment and to comply with applicable or relevant and appropriate 

requirements (ARARs) and to be considered (TBC) criteria. 

11001 O/P (Basis of Design) l-l CT0 0273 
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The extent of the landfills, nature of contamination, and associated risks at Sites 1 and 2 were derived 

from the investigations conducted by Malcolm-Pirnie, Kearney/Centaur Division, and TtNUS (formerly 

Hallibur-ton NUS and Brown & Root Environmental). TtNUS has also completed a pre-design 

investigation at OU2 in December 2000. The results of the pre-design investigation are included in 

Section 3.0 of this report. The reports generated from the previous studies are: 

l NEESA (Naval Energy and Environmental Support Activity), 1984. Initial Assessment Study, Naval 

Surface Warfare Center, White Oak, Silver Sprina, Maryland, Port Hueneme, California. 

. Malcolm-Pirnie, 1987. Confirmation Studv/Verification Phase, Naval Surface Warfare Center, White 

Oak, Silver Spring Marvland. Prepared for Chesapeake Division, Naval Facilities Engineering 

Command, Washington, D.C. 

. Kearney/Centaur Division, 1990. Phase II RCRA Facilitv Assessment of the Naval Surface Warfare 

Center, White Oak Laboratorv, Silver Sprina, Marvland. November. 

l Malcolm-Pirnie, 1992. Draft Remedial lnvestiaation Report, Dahlqren Division, White Oak 

Detachment, Silver Spring, Marvland. March. 

. Malcolm-Pirnie, 1993. Draft Feasibilitv Studv Report, Naval Surface Warfare Center, White Oak, 

Silver Sorinq, Maryland. March. 

. Halliburton NUS, 1995. Draft Desiqn Verification Report for Sites 2, 3, 4, & 9, Naval Surface Warfare 

Center White Oak, Silver Sprinq. Marvland. Prepared for the Engineering Field Activity Chesapeake, 

Naval Facilities Engineering Command. Wayne, Pennsylvania. August. 

. TtNUS, 1999a. Addendum Round 2 Groundwater Data, RCRA Facilitv Investiaation, Sites 2, 3, 4, 7, 

8, 9, Former Naval Surface Warfare Center, White Oak, Silver Sprina, Marvland. Prepared for 

Engineering Field Activity Chesapeake, Naval Facilities Engineering Command. King of Prussia, 

Pennsylvania. September. 

; TtNUS, 1999b. Enqineerinq Evaluation/Cost Analvsis for Site 1 at the Former Naval Surface Warfare 

Center - White Oak, Silver Sprinq, Marvland. Prepared for Engineering Field Activity Chesapeake, 

Naval Facilities Engineering Command. King of Prussia, Pennsylvania. November. 

l TtNUS, 1999c. Addendum Round 3 Groundwater Data, RCRA Facility Investiqation, Sites 2, 3, 4, 7, 

8, 9, Former Naval Surface Warfare Center, White Oak. Silver Sprinq, Maryland. Prepared for 

11001 O/P (Basis of Design) l-2 CT0 0273 
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Engineering Field Activity Chesapeake, Naval Facilities Engineering Command. King of Prussia, 

Pennsylvania. December. 

l TtNUS, 2000a. Addendum Round 1, 2, 3, 4 Groundwater Data, RCRA Facility Investiqation, Sites 2, 

3, 4, 7, 8, 9, Former Naval Surface Warfare Center, White Oak, Silver Sprina, Maryland. Prepared for 

Engineering Field Activity Chesapeake, Naval Facilities Engineering Command. King of Prussia, 

Pennsylvania. 

l TtNUS, 2000b. RCRA Facilitv lnvestiaation for Sites 2, 3, 4, 7. 8, 9 and Paint Branch, Naval Surface 

Warfare Center, White -Oak, Silver Sprina, Maryland. Prepared for the Engineering Field Activity 

Chesapeake, Naval Facilities Engineering Command. King of Prussia, Pennsylvania. October. 

l TtNUS, 2000~. Basewide Ecoloaical Risk Assessment. Prepared for the Engineering Field Activity 

Chesapeake, Naval Facilities Engineering Command, December. 

l TtNUS, 2001. Corrective Measures Studv for OU2. Prepared for the Engineering Field Activity 

Chesapeake, Naval Facilities Engineering Command, March. 

/ - 1.2 BASIS OF DESIGN REPORT ORGANIZATION 

The following highlights the information contained in each section of this report. 

l Section 1 .O provides an introduction and summary of the Basis of Design Report. 

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

hydrological characteristics. 

l Section 3.0 summarizes the results of the Design Verification Study and Pre-Design Investigation. 

l Section 4.0 presents the selected remedy and details design requirements for the remedial action. 
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2.0 EXISTING SITE CHARACTERISTICS 

2.1 SITE DESCRIPTION 

2.1 .l Site 1 - Parking Lot Landfill 

The Parking Lot Landfill was used as an open disposal site and landfill between 1948 and 1953. The site 

is located east of Building 110 and south of Building 111 and is adjacent to the Apple Orchard Landfill 

(Site 2) (Figure 2-l). The wastes reportedly disposed within this landfill include lubricating oil, battery 

acid, metal plating wastes, .and metal scrap. It has been reported that approximately 60 automobile 

batteries were disposed at the site over its operating life. The site is now used as a parking lot and is 

paved with asphalt; however, visible wastes from the landfill including tires, glass, and old metal 

equipment have been observed on the southern and eastern slopes beyond the edge of the parking lot. 

The landfill covers approximately 1 acre and contains approximately 7,000 cubic yards of waste (TtNUS, 

1999b). 

T. 

The surface of Parking Lot Landfill is a slightly sloping paved area. Runoff from the paved area is 

directed toward the southeastern corner. The eastern and southern faces of the landfill, outside the 

boundaries of the paved area, are both steeply sloped into drainage swales. 

A decontamination pad is located in the southwestern corner adjacent to the site. It has been used during 

environmental restoration work at various sites at NSWC-White Oak. The decontamination pad was 

constructed with a tap water spigot and a drain that directs the wash water to a secondary containment 

vault. 

2.1.2 Site 2 - Apple Orchard Landfill 

The Apple Orchard Landfill is an inactive landfill located to the south of Perimeter Road in the 

northwestern end of the former NSWC-White Oak property (Figure 2-l). The landfill forms a plateau, with 

a peak elevation of approximately 340 feet mean sea level (ft msl). The landfill slopes steeply to an 

unnamed stream along its southern edge and a drainage swale along its western perimeter. The stream 

flows north/northeast towards Paint Branch. The drainage swale that separates Site 1 from Site 2 

conveys stormwater flow from adjacent properties and joins the unnamed stream in the southwestern 

corner of the site. 

The Apple Orchard Landfill reportedly operated as an open disposal area and landfill from 1948 until 

1982. The landfill is a single unit that is composed of several disposal areas. In addition to domestic 

refuse, wastes reportedly disposed at the site included oils containing polychlorinated biphenyls (PCBs), 
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solvents, paint residue, acids and miscellaneous compounds. An estimated 500 gallons of PCB- 

contaminated oils were deposited at the site prior to 1970. It has been estimated that the landfill contains 

75,000 cubic yards of waste/fill. 

The landfill covers approximately 4.3 acres, the majority of which consists of the plateau adjacent to 

Perimeter Road. The landfill cover supports old field .vegetation with successional hardwood forest on the 

short but very steep side slopes. The steep slopes range in height from a few feet (along the eastern and 

western perimeter) to approximately 35 feet along the southern perimeter. The slopes are moderately 

eroded and exposed waste and fill materiaf are evident throughout. The landfill is abutted to the south 

and west by mixed deciduous forest, to the east by Virginia Pine Forest, and to the north by private lands 

supporting residential development and Virginia Pine Forest. Minor erosion is evident on the landfill 

surface, but the steep slopes along the southern perimeter expose waste and fill material resulting from 

erosion of the cover materials or lack of placement of initial cover materials. 

2.2 SOILS AND GEOLOGY 

The former NSWC-White Oak lies near the boundary between the Piedmont and Coastal Plain 

Physiographic Provinces. The boundary, known as the Fall Line, runs generally southwest to northeast 

and is roughly parallel to the Montgomery-Prince George’s County line in the White Oak area. Physically, 

the Fall Line represents the contact where older Piedmont rocks, exposed to the northwest, dip beneath 

Coastal Plain sediments that increase in thickness to the southeast. 

At the facility, Coastal Plain sediments are only a few tens of feet thick and in many places have been 

entirely eroded away. They are primarily unconsolidated sand and gravel deposits. The underlying or 

exposed Piedmont bedrock is the Wissahickon Formation, a metamorphic gneiss of late Precambrian 

age. The upper 50 to 70 feet of the Wissahickon gneiss has been highly weathered to a clayey saprolite 

material that retains the character of the parent material but is unconsolidated. This saprolite is 

considered a separate lithologic unit. The Wissahickon gneiss and saprofite together account for at least 

50 percent of the exposed formations at the former NSWC-White Oak. The gneiss tends only to crop out 

in or near the Paint Branch channel where overlying sediments have been removed by erosion. 

_ The facility soils, with the exception of streambed soils, tend to be moderately to excessively well drained 

and moderately to severely eroded. The soils generally fall within one of two major associations present 

in the vicinity: the Gleneig-Manor-Chester (GMC) association and the Chillum-Beltsville-Croom (CBC) 

association. The GMC association is developed in materials weathered from Piedmont metamorphic 

rocks, and the CBC association is derived from Coastal Plain materials. Soils at the facility tend to be 

moderately acidic, with a pH range ranging from 4 to 6 Standard Units (SUs). This may be due to the 

presence of hydroxyl, humic, and fulvic acids derived from the decay of organic matter. As shown on 
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Figure 2-2, the majority of OU2 is Glenelg-Manor-Chester silt loam (2C), with Blacktown Channery silt 

loam (116E) along the unnamed stream. Both soils are typically well drained, with moderate permeability. 

2.2.1 Site 1 - Parkina Lot Landfill 

As evidenced by observations made during temporary well point placement and test pit excavation, the 

Parking Lot Landfill consists mostly of fill comprised of sandy clay with a silty component and some 

gravel. Native materials at the base of the test pits was typically tan silty clay, with saprolite at a depth of 

7 feet in one test pit. Solid wastes, including wood, metal scraps, used equipment, tires, glass, shingles, 

and automotive batteries, are buried within the landfill. 

2.2.2 Site 2 1 Apple Orchard Landfill 

The geology underlying Site 2 is derived from information collected from borings around the perimeter of 

the landfill and test pits along its northern edge. A north-south cross section of Site 2 is illustrated in 

Figure 2-3. The thickness of the landfill was estimated from the topography prior to landfill activities and 

the present topography. The landfill thickens from Perimeter Road at approximately 4 feet to 36 feet at 

the edge of the landfill plateau. Test pits along the northern perimeter and northeastern corner of the 

landfill revealed sand with silt, gravel, concrete, and asphalt as the fill material (Halliburton NUS, 1995c). 

The native material surrounding the landfill consists of a thin mantle of soil resisting on-the saprolite of the 

Wissahickon gneiss. The shallow surface material is variable, ranging from clayey silt to sandy silt to 

gravel with a thickness of 2 to 6 feet. The saprolite ranges in thickness from 8 feet along the unnamed 

stream to greater than 49 feet along the northern edge of the site. 

Bedrock was encountered along the southern perimeter of the landfill approximately 10 feet below ground 

surface (bgs), and 30 feet bgs in the northwestern corner of the site. 

2.3 HYDROGEOLOGY 

2.3.1 Site 1 - Parking Lot Landfill 

, ._ . . 

Five temporary well points were installed along the eastern and southern edges of the Parking L.ot Landfill 

(Figure 2-4). The static water levels measured within these five temporary well points lies between 14 

feet and 17 feet bgs. Differences among the static water levels in the five temporary wells, along with the 

locations of streams along the southern and eastern edges of the site, suggest that groundwater flows 

through the landfill material in a southeastward direction (Figure 2-4). 
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2.3.2 Site 2 - ADpIe Orchard Landfill 

Groundwater at the site is unconfined and present in the saprolite and bedrock and, to a lesser extent, the 

surface soils along the drainage swale. Depth to the water table at Site 2 ranges from approximately 3 to 

4 feet bgs along the toe of the landfill to 32.5 feet bgs along Perimeter Road. 

Groundwater flows radially from the northwest corner of the site to the southeast, discharging to the 

unnamed stream. Figure 2-5 illustrates the potentiometric surface of the groundwater across Site 2. The 

hydraulic gradient steepens from approximately 0.04 across the surface of the landfill to 0.2 along its 

southern slope. 

Malcolm-Pirnie calculated the mean hydraulic conductivity of the saprolite at Site 2 to be 2.35 x 10e3 

cm/set (6.66 feet/day) (Malcolm-Pirnie, 1992). Five wells installed for the RFI were also tested to 

determine hydraulic conductivity. The mean hydraulic conductivity of the saprolite (wells 2GWlOO and 

2GWlOl) was 3.38 x 10e3 cm/set (9.58 feet/day) and for the bedrock (2GW102 and 2GW103) 2.70 x 

1 Oe5 cm/set (7.66 x 1 Om2 feet/day) (TtNUS, 2000b). 

2.4 SURFACE WATER HYDROLOGY 

2.4.1 Site 1 - Parkinq Lot Landfill 

An intermittent stream flows southward in the drainage swale located parallel to the eastern edge of the 

landfill. An unnamed stream, fed by culvert pipes east of Building 112 and 113 and the swale east of Site 

1, flows eastward along the southern edge of the landfill. The stream and swale join near the 

southeastern corner of the landfill. The combined flow is directed eastward to Paint Branch, along the toe 

of the Apple Orchard Landfill. 

2.4.2 Site 2 - Awle Orchard Landfill 

Surface runoff from the landfill generally flows to the south into the adjacent unnamed stream. This 

stream is a gaining stream with groundwater discharging into the stream channel. In addition, surface 

water within the northwest portion of former NSWC White Oak is conveyed through the storm drains and 

_. discharged into this unnamed stream. 
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Y,,. 2.5 GEOPHYSICAL INVESTIGATION 

2.5.1 Site 1 - Parking Lot Landfill 

The Engineering Evaluation/Cost Analysis (EUCA) at Site 1 (TtNUS, 2000a) included an electromagnetic 

(EM) terrain conductivity survey to map and delineate the lateral limits of buried wastes associated with 

the landfill. The survey was performed across the site and extended to the edge of the pavement along 

the eastern and southern boundaries. Thick brush and steep slopes prevented the survey boundaries 

from being extended in these areas. The grid spacing was 10 feet. A Geonics EM-31 Terrain 

Conductivity Meter (EM31) was used to measure the conductivity and magnetic susceptibility in the 

immediate vicinity of the instrument to a depth of approximately 10 feet. 

The EM survey identified four anomalies that could be representative of buried metallic debris, deeply 

buried metal objects, fill materials that may contain metallic debris, or contaminated soils. One was 

believed to represent the approximate lateral extent of the landfill. A second anomaly was believed to 

represent the presence of buried metallic objects or containers within the landfill. The remaining 

anomalies were believed to represent the presence of clean sandy fill, or other resistive materials such as 

concrete debris. Other anomalies identified were determined to be the result of surface metallic debris, 

buried metallic pipes or utilities, or interference from nearby structures (TtNUS, 1999b). 

2.52 Site 2 - Apple Orchard Landfill 

An EM survey of Site 2 was completed in 1995 as part of the Design Verification Report (Halliburton NUS, 

June 1995) to define the northern boundary of Apple Orchard Landfill. The survey was conducted across 

the entire northern boundary and extended into the wooded area in the northeast portion of the site. The 

survey grid was approximately 50 feet wide and 650 feet long, with grid spacing of 10 feet. An EM-31 

was used to measure the ground conductivity in the immediate vicinity of the instrument to a depth of 

approximately 10 feet. Readings from this instrument were recorded at two positions at each grid point 

(with the EM-31 pointing north-south and again pointing east-west). Any anomalous readings between 

grid points were noted and investigated further with the EM instrument (Halliburton NUS, June 1995) 

_. 
Results of the EM survey did not clearly delineate the boundary of the landfill in the northern portion of the 

site along Perimeter Road. However, the lack of a measurable response with the EM measuring device 

appears to indicate landfill contents do not extend past Perimeter Road (Halliburton NUS, June 1995). 
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2.6 WASTE CHARACTERIZATION 

2.6.1 Site 1 - Parkinq Lot Landfill 

The wastes reportedly disposed within the Site 1 landfill include lubricating oil, battery acid, metal plating 

wastes, and metals scrap. It has been reported that approximately 60 automobile batteries were 

disposed at the site over its operating life. 

Eleven test pits were excavated In April 1999 to a maximum depth of 9 feet bgs to identify the boundaries 

of the landfill and the depth of the waste. Figure 2-6 provides a site map showing the test pit locations 

and the boundary of the buried waste based on visual observations during test pit excavation activities. A 

dashed line is shown where this boundary is inferred. Test pit logs are provided in Appendix A. The 

majority of the area investigated contains municipal and low hazardous military waste. The depth to the 

top of the waste varies between 1 and 3 feet bgs and the depth of the bottom of the waste ranges 

between 3 and 6 feet bgs. Native soil was encountered at the bottom of each test pit, with the exception 

of test pit (TP) number 8 (TP-08). 

TP-01 was excavated to a depth of 6 feet bgs in the southwestern corner of the site; some broken -bricks 

were found between the surface and 1 foot bgs and a black ash layer was encountered throughout the 

test pit from 1 to 3 feet bgs. Native soil was found below this material. 

TP-02 was comprised of two sections. The first section extended perpendicular to Building 111 in the 

north-central portion of the site; fuel and solvent odors were. noted and reddish-brown soil was 

encountered at a depth of 3 to 4 feet bgs with natural soil at 5 feet bgs. The second section of TP-02 was 

excavated from the center of the paved area towards TP-08; a 5-inch thick concrete vault top, measuring 

5 feet by 7 feet, was encountered 2 feet bgs as well as broken glass and wood debris. Native soil was 

encountered between 3 and 4 feet bgs. 

TP-03 was located in the northwestern corner of the site and natural soil was found to its total depth of 3 

feet bgs. 

TP-04 was excavated to a depth of between 6 and 7 feet bgs beginning at Building 111; thin layers of 

black ash soil with intermixed blocks of asphalt were present as well as pieces of concrete, brick, and 

rebar. Fuel and solvent odors were noted and native soil was encountered at 5 feet bgs. 

TP-05 was located in the northern portion of the site; small pieces of brick and blocks of asphalt were 

encountered throughout, to a depth of 4 feet bgs with native soil below. 
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..G.” TP-06 was excavated to a depth of 6.5 feet bgs in the northern corner of the site; asphalt blocks, 

concrete, and small pieces of brick and glass were encountered between 1 and 4 feet bgs with1 native soil 

at 4 feet bgs. 

TP-07 was located perpendicular to the eastern boundary of the site and had a varied depth between 6 

and 8 feet bgs; red bricks, concrete blocks, and* tile were encountered from 1 to 3 feet bgs and part of a 

telephone pole, pieces of wood and metal, cans, rags, and battery packs were encountered between 3 

and 6 feet bgs with native soil being encountered at approximately 6 feet bgs. 

Large ordnance items were.found in TP-08 between 0.5 and 3 feet bgs, which were removed from the 

site and stored for disposal. Two anomalies identified during the EM study, were in the approximate 

location of TP-08. In addition, two metal containers filled with batteries were found l-foot bgs and pieces 

of glass, concrete, and fire brick were also encountered. 

TP-09 was excavated along the southern site boundary to a depth ranging from 6 to 8 feet bgs; black ash, 

burned wood, tile, brick, red clay pipe, glass, and battery packs were encountered. 

,l, -. 
TP-10 was excavated perpendicular to the* southern site boundary; layers of black ash and glass were 

encountered between 2 and 3 feet bgs with native soil at 4 feet bgs. 

The northernmost portion of TP-11 was excavated to a depth of 3.5 feet bgs and the remaining portion to 

a depth of 6 feet; metal containers, pieces of metal, glass, wood, and plastic were found between 3 and 6 

feet bgs with native material below this depth. 

Toxicity Characteristic Leaching Procedure (TCLP) results for soil samples collected at Site 1 indicate that 

fill material at Site 1 is unlikely to be classified as hazardous (TtNUS, 1999b). 

Based on the results of the streamlined risk evaluation conducted in the EE/CA for Site 1, risks are 

unacceptable for residential exposure to surface soil. The primary contributors are iron and carcinogenic 

PAHs (TtNUS, 1999b). 

2.6.2 Site 2 - Apple Orchard Landfill 

” i. 

Wastes reportedly disposed at Site 2 included domestic refuse, oils containing PCBs, solvents, paint 

residue, acids and miscellaneous compounds. An estimated 500 gallons of PCB-contaminatecl oils were 

deposited at the site prior to 1970. 
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Seven test pits were placed along the north and east perimeter of Site 2 in 1995 in an attempt to define 

the limits of waste placement at the landfill. During the prior site reconnaissance, potential unexploded 

ordnance (UXO) hazards were observed in the face along the toe of the landfill. Accordingly a Halliburton 

NUS UXO specialist screened all locations prior to and during intrusive work to avoid contact with 

potential UXO hazards. The UXO specialist surveyed the test pit locations with a magnetometer at 2 foot 

depth intervals. The test trenches were excavated with a backhoe at the locations identified on Figure 

2-5. Test pit logs are provided in Appendix A (Halliburton NUS, June 1995). 

Test pits were excavated to a depth of approximately five feet. Fill and disturbed earth were encountered 

along the Perimeter Road and along the tree line to the east of the site. A small undisturbed, wooded 

area was located south of Perimeter Road (Hallibutton NUS, June 1995). 

TP-01 was excavated on the eastern boundary of the site to a total depth of 3 feet bgs; only natural 

material consisting of organics and roots were encountered. TP-02 was located to the north of TP-01 and 

excavated to a total depth of 3 feet bgs; concrete/asphalt pieces were found throughout. TP-03 was 

excavated adjacent to Perimeter Road and north of TP-02; only natural soil was found to a total depth of 

3 feet. Concrete pieces and asphalt were encountered 2.5 feet bgs at TP-04 with clean fill above 2.5 feet. 

TP-05 and TP-06 were excavated within the boundary of Site 2 to a depth of 4 feet and 5 feet bgs, 

respectively; fill and natural soil were encountered within the test pit excavations. TP-07 was excavated 

on the western boundary of the landfill to a depth of 5 feet bgs; fill material consisting of gravel and sand 

with asphalt pieces was found throughout. 

Based on the Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) for Site 2 

(TtNUS 200b), elevated risks were estimated for construction workers, day care center children, and child 

and adult residents. The primary contributors to the elevated risks for exposure to soil and sediment were 

due to polycyclic aromatic hydrocarbons (PAHs), PCBs, manganese and arsenic. 
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3.0 DESIGN VERIFICATION STUDY AND PRE-DESIGN 

INVESTIGATION SUMMARIES 

The objective of the design verification study conducted in 1995 was to further define the scope of the 

remedial action proposed at Site 2 in the draft Feasibility Study (Malcolm-Pirnie, 1993). The objective of 

the pre-design investigation conducted December 2000 was to determine the extent of landfilled material 

at OU2 to the east, and to evaluate the possibility of using onsite soil for borrow material. The pre-design 

investigation results have been used to augment the OU2 closure design effort described in Section 4.0. 

The design verification study field activities are described in Section 3.1. The pre-design investigation 

results are described in Section 3.2. 

3.1 DESIGN VERIFICATION STUDY FIELD ACTIVITIES 

Halliburton NUS conducted a design verification study at Site 2 in 1995 to support engineering design 

activities. In order to determine the location and extent of waste along the northern and eastern boundary 

of the landfill, an EM survey and subsurface trenching were performed at the site. In addition, to 

determine the extent of PCB contamination above proposed site action levels, surface soil and sediment 

samples were collected and analyzed. 

3.1 .l Desisn Verification Study Results 

The results of the EM survey and subsurface trenching are summarized previously in Sections 2.5.2 and 

2.6.2, respectively. 

Surface Soil Samples 

To determine the extent of PCB contamination in surface soil between the unnamed tributary to Paint 

Branch and the landfill, twenty-four surface soil samples (02-SO-01 through 02-SO-24) were collected on 

transects spaced approximately 80 feet apart along the base of the landfill. At each sample transect, two 

surface samples were taken between the edge of the landfill and the stream bed. One sample was 

collected immediately below the break in slope, at the interface of fill and natural material. Tiie second 

sample was collected half-way between the first sample and the stream bed. In addition, five surface soil . - 

samples (02-SO-25 through 02-SO-29) were collected in the vicinity of the former waste oil storage tank 

in the northwest corner of the landfill. The locations of surface soil samples are shown in Figuns 2-5. 

Surface soil samples were collected from the top three inches of soil and consisted of a composite of five 

points within a two foot radius. Samples were tested for PCBs (Aroclor 1260) using Ensys IRIS!@ Soil 
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field screening kits. In addition to field screening tests, two duplicate surface soil samples (02-SO-21 and 

02-SO-28) were sent to a fixed based laboratory for analysis of target compound list (TCL) PCBs to 

confirm field screening results. Table 3-l (page 2 of 2) provides a summary of the surface soil test kit 

results, and Table 3-3 presents a comparison of the test kit and analytical laboratory results. 

Elevated PCB contamination in the surface soils is predominantly found in the northwest face of the 

landfill (samples 02-50-21 through 02-SO-24). A single detection of elevated PCB contamination was 

found in 02-SO-13 located on the southwestern slope of the landfill. These sample locations are 

downgradient of an alleged former PCB storage tank area. In addition, surface samples collected in the 

vicinity of the former PCB storage tank area (02-SO-25 through 29) exhibited elevated concentrations of 

Aroclor 1260. No PCB contamination was identified in surface soil samples collected off-site. 

Stream Sediment Samples 

To determine the extent of PCB contamination within the streambed, 25 sediment samples (02-SD-01 

through 02-SD-25) were collected on sampling transects approximately 80 feet apart along the unnamed 

stream at the base of Site 2. Sampling locations included drainage ditches, which originate near the 

maintenance buildings west of the landfill. 

Sediment samples were collected from the top of the sediment layer (0.0 to 0.5 feet bgs). Only one 

sample, 02-SD-21, was collected at depth in the sediment layer (1.5 to 2.0 feet bgs). Sediment samples 

were tested for PCBs (Aroclor 1260) using Ensys RlS@ Soil field screening kits. In addition to field 

screening tests, seven duplicate sediment samples (02-SD-02, 02-SD-05, 02-SD-06, 02-SD-07, 02-SD- 

11, 02-SD-19, and 02-SD-23) were sent to a fixed based laboratory for analysis of TCL PCBs to confirm 

field screening results. Table 3-1 (page 1 of 2) provides a summary of the test kit results. Table 3-2 

provides a summary of the analytical laboratory results, and Table 3-3 presents a comparison of the field 

and laboratory results. 

To calculate the average carbon content for use in determining PCB action ievels, four sediment samples 

(02-SD-05, 02-SD-lo, 02-SD-15, and 02-SD-20) were analyzed for total organic carbon (TOC). In 

addition, these samples were analyzed for total volatile solids (TVS) and total solids (TS) to aid in the 

evaluation of treatment technologies for sediment remediation if necessary. 

In an attempt to identify the presence of off-site sources for PCB contamination, three surface soil 

samples were collected on the property to the north of the Apple Orchard Landfill. The samples were 

collected in the vicinity of a stormwater retention pond located on the property. An apartment complex 

has been constructed on this property, and site drainage patterns appear to have been altered compared 
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with previous conditions identified on aerial photographs. The sampling locations are shown on 

Figure 2-5. The samples were collected and analyzed for Pesticide/PCBs at a fixed based lab. 

The results of the field test kits (Table 3-l) indicate that PCB contamination (> 0.4 ppm Aroclor 1260) in 

the stream sediments is prevalent in all sample locations, excluding 02-SD-06, 02-SD21 (deep sample), 

and 02-SD-25 Furthermore, PCB contamination. in the sediment extends approximately 350 feet 

downstream of monitoring well 2GW30. 

Data Validation 

The results of laboratory -analysis for the nine confirmatory samples and four TOC sa.mples are 

summarized in Table 3-2. The results of the testing indicate that Aroclor 1260 was confirmed present in 

all samples analyzed. The concentrations of PCBs found during the laboratory analysis correlated well 

with the results found using the PCB field kit analysis. The comparison of the results is shown in 

Table 3-3. Two samples (02-SD-02 and 02-SO-21) were incorrectly identified as positive for PCBs 

(>4.0 ppm) utilizing the field screening analysis. However, the PCB field screening analysis did correctly 

identify those samples as being greater than 0.4 ppm. 

Wetland and Forest Stand investigation 

A delineation of wetlands and other waters of the United States was completed for OU2 in 1995 

(Halliburton NUS, 1995) using the routine, onsite procedures in the Corps of Engineers Wetlands 

Delineation Manual. Wetland boundaries were flagged and surveyed on the ground. The delineation 

revealed that waters of the United States were limited to areas within the steeply defined banks of the 

streams. No wetlands occur outside of the banks. The location of the delineated wetlands is provided in 

Figure 3-l. 

In addition to the wetland delineation performed in 1995 a forest stand delineation was also completed in 

1995 for the area adjoining the unnamed stream, and a benthic and fishery survey of the unnamed 

stream was conducted in 1992. The following is a summary of the findings of these investigation. 

The results of the forest stand delineation indicates that adjoining the banks of the unnamecl stream is 

deciduous forest dominated by tulip poplar (Liriodendron tulipifera) between 10 and 30 inches in diameter 

at breast height and red maple (Acer rubrum) increases in dominance close to the stream banks. Other 

canopy trees reported include red oak (Quercus rubra), white oak (Quercus a/&), and Virginia pine 

(Pinus virginiana). The understory is described as containing scattered flowering dogwood (Cornus 

f/or&) saplings and spicebush (Lindera benzoin) shrubs. Japanes honeysuckle (Lonicera japonica), an 

invasive and exotic vine that compete with other vegetation was described as prevalent throughout much 
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of the forest. A 47-inch DBH tulip poplar, a 37-inch DBH white oak, and a 33-inch DBH red maple outside 

of the south bank of the unnamed stream were determined to meet the State of Maryland’s definition of a 

specimen tree (individually outstanding tree) (Halliburton NUS, 1995). 

The results of the benthic and fishery survey of the unnamed stream indicated that benthic organisms 

were found in two samples collected from an upstream location. These organisms included six Annelids 

including one Tubificid worm, one Copepoda, and o.ne Chironomid midge. Benthic organisms found in 

two samples collected from a midstream location included three Annelids, two Tubificid worms, two 

oligochaete worms, one Diplopoda, and one crane fly (Tipula). Benthic organisms found in two samples 

collected from a downstream location included two Annelids, 44 oligochaete worms, one Brychius, 18 

Tipulidae, three caddisfly larvae (Cheumatopsyche sp.), one chironomid midge larva, and one dance fly 

larva (Phylodronia sp.). The prevalence of oligochaete worms suggests impaired water quality (Malcolm 

Pirnie, 1992). The only fish found in the unnamed stream during the survey were black-nose date. The 

report speculates that the paucity of fish in the stream may be the result of the shallow water depth, 

impaired water quality, inadequate riparian cover, and/pr lack of riffle and pool complexes (Malcolm 

Pirnie, 1992). 

Water Level Measurements 

One round of synoptic groundwater elevations were measured at five monitoring wells during 

implementation of the DVSAP to be used to determine groundwater flow directions in the vicinity of Site 2. 

Water levels were measured from all facility wells during an eight hour period of consistent weather 

conditions (March 29, 1995) to minimize atmospheric/precipitation effects on groundwater levels. 

Measurements were taken with an electronic water level indicator using the top of the open well casing as 

thereference point for determining depths to water. Groundwater level measurements were recorded to 

the nearest 0.01 foot. Further groundwater level measurements have been made in association with 

Remedial Investigation (RI) completed at Site 2. Similar groundwater depths and flow directions were 

observed during the verifications study and RI. Table 3-4 presents the groundwater level measurements 

collected for OU2. 

Site Mapping and Surveying 

Test -pits, monitoring well, surface soil sample, and sediment sample locations have been surveyed by a 

surveyor licensed in the state of Maryland. The surveyed location of all samples, test pits, and existing 

monitoring wells are shown on Figure 2-5. 

In addition, detailed topographic mapping of the Apple Orchard Landfill and its surroundings was 

completed. The topographic survey identifies significant details including wooded areas, roadways, and 
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fence lines. The results of the topographic survey are shown on the Existing Conditions Plan (Design 

Drawing C-l ) 

3.1.2 Conclusions 

Based on the data acquired during the Design .yerification Study, Halliburton NUS recommended 

modifying the approach proposed in the FS. The following summarizes the additional information that 

was gathered during the study: 

. PCB contamination was detected in stream sediments to a distance approximately 350 feet 

downstream of the landfill. Removal of contaminated stream sediments and capping of the site was 

believed to minimize further PCB contamination of the stream and soils adjacent to the landfill. 

l To minimize future landfill contaminant migration off-site, capping of the landfill was proposed. Cap 

components would be evaluated in the alternative analysis. 

. No significant groundwater contamination was identified. It is expected that construction of the landfill 

cap and removal of contaminated stream sediments will minimize the potential for groundwater 

contamination.. - *. 

3.2 PRE-DESIGN INVESTIGATION FIELD ACTIVITIES 

In December 2000, a limited test pit program was conducted at OU2 to assist in the identification of the 

limit of landfill waste and potential borrow materials for use in the cap construction. The program 

consisted of the excavation of three test pits along the eastern perimeter of the operable unit at the 

approximate locations identified on Figure 3-l. The test pits were excavated to depths ranging between 

three to five feet. While surface debris (i.e., bottles, cans) was evident on the ground surface near the 

test pits, the subsurface at each test pit was found to be free of fill/waste. From these observations and 

the prior test pit placement at Sites 1 and 2, the limit of waste/fill at OU2 does not extend beyond the 

limits identified on the design drawings. 

The subsurface soil consisted primarily of silty sand and silty loam. Weathered bedrock was encountered 

at depths of five feet in test pit 3, but was not encountered in test pits 1 and 2. A soil sample was 

collected from each test pit and grain-size analyses were performed on each. The grain-size analyses 

are included in Appendix B. From a review of the grain-size analyses, the soils may be considered for 

use in the intermediate cover during cap construction. Additional geotechnical testing would be required 

_ e.\ to verify this assumption. 
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TABLE 3-1 

SITE 2 
APPLE ORCHARD LANDFILL 

DVSAP PCB FIELD SCREENING RESULTS 
NSWC - WHITE OAK 

PAGE 1 OF 2 

Sample 
02-SD-0 1 
02-SD-02 
02-SD-03 
02-SD-04 
02-SD-05 
02-SD-06 
02-SD-07 
02-SD-08 
02-SD-09 
02-SD-10 
02-SD-11 
02-SD-12 
02-SD-13 
02-SD-14 
02-SD-15 
02-SD-16 
02-SD-17 
02-SD-18 
02-SD-19 
02-SD-20 
02-SD-21 
02-SD-22 
02-SD-23 
02-SD-24 
02-SD-25 

STREAM SEDIMENT SAMPLES 
Aroclor 1260 Aroclor 1260 Aroclor 1260 

c 0.4 ppm > 0.4 ppm; c 4.0 ppm > 4.0 ppm 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
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TABLE 3-1 

SITE 2 
APPLE ORCHARD LANDFILL 

DVSAP PCB FIELD SCREENING RESULTS 
NSWC - WHITE OAK 

PAGE2OF2 

02-so-13 X 
02-so-14 X 
02-so-15 X 
02-SO-16 X 
02-so-17 X 
02-SO-18 X 
02-so-19 X 
02-so-20 X 
02-so-2 1 X 
02-so-22 X 
02-SO-23 X 
02-SO-24 X 
02-SO-25 X 
02-SO-26 X 
02-SO-27 X 
02-SO-28 X - 
02-so-29 X 
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TABLE 3-2 

SITE 2 
APPLE ORCHARD LANDFILL 

DVSAP ANALYTICAL RESULTS 
NSWC - WHITE OAK 

PAGE 1 OF 3 

ND - Not Detected 
NA - Not Analyzed 
* - Result taken from dilution analysis 
J - Positive result is considered estimated 



I Parameter 

TABLE 3-2 

SITE 2 
APPLE ORCHARD LANDFILL 

DVSAP ANALYTICAL RESULTS 
NSWC - WHITE OAK 

PAGE 2 OF 3 

1 02-SD-15 1 1 02-SD-19 1 1 02-SD-20 1 1 02-SD-23 1 1 02-SO-21 1 1 

. ( .  I I _  .  . -  

4,4’-DDT NA ND NA NA NA 
MISCELLANEOUS 

TOTAL ORGANIC CARRON (mnlKn\ in Rrm NA 7n.inn NA NA .--. _ . . . _,___ __, .-- _.. 
I en 5 I I 7n.5 I I 8n R I I 74 I I 67.1 .I I TOTAL SOLIDS (‘36) I --.- _.- --.- 

TOTAL VOLATILE SOLIDS (%) I 10.4 I I NA I I 7.69 I I NA I I NA I 1 

ND - Not Detected 
NA - Not Analyzed 
* - Result taken from dilution analysis 
J - Positive result is considered estimated 



TABLE 3-2 

SITE 2 
APPLE ORCHARD LANDFILL 

DVSAP ANALYTICAL RESULTS 
NSWC -WHITE OAK 

PAGE 3 OF 3 

Parameter 1 02-50-28 1 1 AFI-SO-01 1 1 AFI-SO-Ol-D 1 1 AFI-SO-02 1 1 AFI-SO-03 1 1 

ND - Not Detected 
NA - Not Analyzed 
* - Result taken from dilution analysis 
J - Positive result is considered estimated 

, .  . 1 . .  

_. 

- . .  



TABLE 3-3 

SITE 2 
APPLE ORCHARD LANDFILL 

PCB FIELD KIT AND LABORATORY ANALYSIS 
DVSAP RESULTS 

NSWC - WHITE OAK 

Sample ID Sample 
Number Date 

02-SD-02 3121 I95 
02-SD-05 3122195 
02-SD-06 3122195 
02-SD-07 3/22/95 
02-SD-11 3123195 
02-SD-19 3127195 
02-SD-23 3127195 
02-so-21 3123195 
02-SO-28 3124195 

04-SB09-0209 3127195 

Ensys PCB Field Kit (1) 

Aroclor 1260 (ppm) 
> 4.0 

> 0.4 but c 4.0 
< 0.4 

> 0.4 but < 4.0 
> 0.4 
> 4.0 

> 0.4 but < 4.0 
> 0.4 

> 0.4 but < 4.0 
< 0.4 

“Laboratory” GP Comments 
Environmental Organic 

Aroclor 1260 (ppm) 
1.247 False Positive for greater than 4.0 ppm (3) 
2.750 
0.379 
0.622 

143 
47.1 
1.146 
0.477 False Positive for greater than 4.0 ppm (3) 
1.84 

0.239 

1 For the purpose of this investigation, the Ensys PCB Field Kits were pre-packaged for 
analysis of Arodlor 1260 at concentrations less than 0.4 ppm, between 0.4 and 4.0 ppm, 
and greater than 4.0 ppm. The Ensys PCB Field Kits provide semi-quantitative measurement 
of PCB concentration. 

2 Analysis using EPA SOW 3190. 

3 Ensys Field Kit successfully identified Aroclor 1260 at a concentration greater than 0.4 
ppm in the sample. However, the field analysis indicated Aroclor 1260 concentrations 
were greater than 4.0 ppm (False Positive). 



w 
1, 
W 

Well 
Number 

Elevation of 
Elevation of 

Top of Riser 
Ground 

(fi msl) 
Surface 
(f-l msl) 

32GWl04 1 297.41 295.79 
32GWl05 1 320.89 319.29 

TABLE 3-4 

SUMMARY OF GROUNDWATER LEVEL MEASUREMENTS 
OPERABLE UNIT 2 
NSWC-WHITE OAK 

SILVER SPRING, MARYLAND 

Elevation of 1986 ! November-97 ! March-99 

13.0 - 23.0 NA NA 15.60 321.91 NA NA 
13.0 - 23.0 NA NA 18.65 318.13 NA NA 
13.0 - 23.0 NA NA 17.98 317.16 NA NA 
13.0 - 23.0 NA NA 18.10 320.54 NA NA 
13.0 - 23.0 NA NA 18.70 318.83 NA NA 

Notes: 
1 See Figure 2-4 for well locaitons. 
2 See Figure 2-5 for well locaitons. 
msl - mean sea level (National Geodetic Vertical Datum, 1929) 
bTOR - below Top of Riser 
NA - not available 



11001 O/P (Basis of Design) 

REVISION 0 
JUNE 2001 

This page intentionally left blank. 

3-14 CT0 0273 



ado 013 \ SC-E WMa 40 S!SW) d/0100 

1333 NI 3lV3S 

08 08L 0 

‘aN3331 lVWN33 &IO3 
Z-l 3NtMvtla N31S3a 01 El33hi 

NOUV301 lid lS3J. W 

. :ClN3331 

82~.------------------------ 

________------ -------__--___________ ---___,_-_---- 

--------- ZLC ---_--_,,-.-- -- 

OOOOOS N 

COOZ 3Nflf’ 
0 NOISlA3tl 



REVISION 0 
JUNE 2001 

4.0 DESIGN REQUIREMENTS 

4.1 DESCRIPTION OF THE SELECTED REMEDY 

A Proposed Plan (PP) presenting the selected remedy has been developed for OU2. A Record of 

Decision will be prepared to stipulate the remedy for DU2. The remedial action selected in the Corrective 

Measure Study (TtNUS, 2000a) and presented in the PP addresses contamination associated with Site 1 

and 2 landfill contents, soil, and sediment and indirectly addresses the surface water and groundwater of 

OU2. Groundwater and surface water contaminants of concern (COCs) were identified and considered 

during the completion of the Site 2 human health risk assessment. However, by addressing the source of 

the contamination, the COCs identified in these media will attenuate with time. Therefore, groundwater 

and surface water will be evaluated as part of a post-remedial long-term monitoring program. Additional 

actions for the OU2 groundwater and surface water, if necessary, will be addressed as part of the long- 

term monitoring program. 

The selected remedy for OU2 is the consolidation of OU2 contaminated soil, sediment, and waste/fill 

under a multimedia cap. This cap will prevent direct exposure to these contaminated media and minimize 

contaminant migration to the groundwater and surface water. The multimedia cap will meet Federal and 

state requirements for landfill closure (i.e., 40 CFR 258, 40 CFR 264, COMAR 26.04.07, and COMAR 

26.13.05). The remedy also includes; excavation and offsite treatment/disposal of characteristically 

hazardous waste (if found), installation of surface water controls, institutional controls, and long-term 

monitoring. 

The major components of the selected remedy are: 

l Excavation/regrading is necessary to consolidate the waste material of OU2 into one location for 

capping. The following portions of OU2 would require excavation and regrading: Site 1 contaminated 

waste/fill, contaminated sediment from the unnamed stream, and Site 2 contaminated waste/fill. 

l Disposal of generated wastewater and any suspect hazardous waste encountered during the 

excavation and consolidation activities. These materials will be disposed offsite at an approved 

- disposal facility. 

. Restoration of excavated OU2 areas and unnamed stream. 

l Capping of the landfill with an engineered, multi-layer cap to address soil contamination and 

contaminant mobility issues. 
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. Installation of passive landfill gas vents and gas monitoring wells. The vents will be included as pat-t 

of the remedy since small amounts of organic wastes (such as municipal refuse, wood, and plant 

material) are known to have been disposed at Sites I and 2 and since it is possible that low volumes 

of gas could be generated by decomposition of organic plant material. 

. Institutional controls, including land use restrictions would be used to prevent future residential land 

use and disturbance of the final capped area. 

l Groundwater and surface water monitoring. The monitoring, including 5year reviews, will be 

conducted to verify that the corrective action is working acceptably and to evaluate the need for any 

additional corrective actions are necessary. 

l Cover of Site I with 12-inch of soil. Following the removal and verification of removal of waste/fill 

from Site I 12-inches of soil will be placed on the exposed surface to protect ecological receptors, 

4.2 SITE GRADING CRITERIA 

The final grading plan for OU2 was developed to satisfy the following criteria: 

l Side slopes shall be graded at a maximum of 4 horizontal to I vertical (4H:iV), as specified by the 

Base Realignment and Closure (BRAC) Cleanup Team (BCT). 

. The height of fill shall not exceed 10 ft above the high point of the Perimeter Road (Elevation 

354 ft msl). 

l Slopes shall not be flatter than 4%, based on Maryland Regulations COMAR 26.04.07.21, Landfill 

Closures. 

. In accordance with the Maryland Erosion and Sedimentation Control Manual, a terrace or bench 

sloped at 2 to 3% shall be placed every 40 ft vertically and have a maximum flow length of 800 feet. 

. Building I I I shall be left in place. 

l The southern toe of the landfill shall be set back IO feet from the existing toe of slope to limit stream 

encroachment. 
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Based on these criteria, the side slopes will be graded at 4H:lV, with one bench. The top of the landfill 

will reach elevation 364 ft msl, with a resulting plateau slope of 3%. 

4.3 MATERIAL / SOILS MANAGEMENT 

Material and soils management for this remedial action includes excavation/consolidation of waste/fill and 

sediment materials, placement and compaction of subgrade soil, installation of geosynthetic cap 

materials, drainage piping, soil cover and various sizes of rock for erosion and sediment control. 

4.3.1 Excavation/Consolidation of Waste/Fill and Sediment 

Waste from Site 1 and the steep slopes of Site 2 along with the sediments from the unnamed stream 

south of OU2 will be excavated and consolidated within the proposed limits of waste identified on Design 

Drawing C-7. Excavated waste will be monitored for UXO and suspect hazardous materials. A UXO 

technician will be present during all excavation activities to inspect any shapes or suspect ordnance 

encountered during the consolidation of waste/fill and sediments. Concrete filled shapes (dummy 

ordnance) will be broken up and randomly distributed throughout the limits of waste/fill. Potentially live 

UXO identified by the UXO technician will be transported off-site by Navy personnel for proper disposal. 

Suspect hazardous materials will be stockpiled separately for characterization sampling. In the event 

sampling indicates that materials are indeed hazardous the material will be disposed off-site at an 

approved disposal facility. If the sampling indicates that the material is not hazardous, the materials will 

be consolidated within the proposed limits of waste/fill. 

During consolidation select waste/fill material will be stockpiled for use as the top layer of waste. This 

layer will be a minimum of 6-inches in depth and screened for UXO and sharp objects that could damage 

the geosythetics. This layer will be compacted to support the remaining cap layers. 

The waste grades were established to accommodate 37,300 cy of waste/fill excavated from Site 1 and 

the side slopes of Site 2, 1,000 cy of contaminated sediment from the unnamed stream, and 4.,500 cy of 

waste/fill or contaminated soil. The extra 4,500 cy of waste/fill or contaminated soil is included in the 

quantities to be consolidated under the cap as a contingency in the event waste extends beyond the 

reported limits of Site 1 and/or excess excavation of residual contaminated soils following the removal of 

waste materials is necessary. 

Table 4-1 summarizes the volumes of materials expected to be excavated and consolidated within the 

proposed limit of waste/fill. Appendix C presents the volume reports generated by Terramodel. 
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4.3.2 Cover Svstem 

The limits of the multimedia cap will extend north under Perimeter Road and south to the unnamed 

stream. The western boundary of the multimedia cap will be located west of the existing swale 

(approximately 50-feet west at the southern end of the swale) ahd the eastern boundary will generally 

follow the eastern extent of Site 2 waste/fill. . . 

The multimedia cap will be placed over the consolidated/prepared waste/fill. The multimedia cap will 

consist of (from bottom to top) 6-inches of subgrade soil, a geosynthetic clay liner, a 60 mil linear low 

density polyethylene (LLDPE) geomembrane, a geocomposite drainage layer, 18-inches of cover soil, 

and 6-inches of topsoil. 

The 6-inches of subgrade soil layer will be placed to the limits shown in Design Drawing C-7 and the 

geosynthetics, cover soils, and topsoil will be placed to establish the final grades indicated in Design 

Drawing C-8. The completed cap will occupy a surface area of approximately 6.2 acres. The side slopes 

of the cap will tie into the existing ground surface with a maximum slope of 25% (4H:lV). The crown of 

the landfill will have a slope of 3% and a peak elevation of 364 ft msl. 

Following excavation of waste/fill from Site 1, 1 -foot of clean soil will be placed on the exposed earth and 

the area will be re-seeded. The l-foot of soil material will consist of 6-inches of subgrade soil and 

6-inches of topsoil. The seed mix used to seed the area will be the permanent mix provided on Design 

Drawing C-3. 

Table 4-l summarizes the volumes of materials required to establish the multimedia cap. 

4.4 MULTIMEDIA CAP DESIGN 

A multimedia cap to be placed over waste/fill material will be constructed to limit rainfall infiltration through 

the waste/fill and prevent human exposure to the waste/fill. As indicated in Section 4.3.2, the multimedia 

cap will consist of the following layers (from top to bottom): 

. Vegetated topsoil - 6 inches thick (off site borrow), 

6 Cover soil - 18 inches thick (off site borrow), 

l Geocomposite drainage layer (triplanar geonet with nonwoven geotextiles heat bonded to both sides), 

l Textured 60-mil LLDPE geomembrane, 

l GCL, and 

l Subgrade soil - 6 inches thick (off site borrow). 
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Note: Along the toe of the multimedia cap the 6-inch top soil layer and 18-inch cover soil layer will be 

replaced with 18-inches of riprap (d50 = 6-inches) and 6-inches of MD SHA graded aggregate. 

This change in cap veneer will extend 20 feet up the cap slope and will provide protection against 

erosion during flooding. 

The selection of these layers was based on the.design components of an USEPA-recommended cover 

system for a subtitle C landfill. The USEPA recommended multimedia cap will contain a vegetation/soil 

layer, drainage layer, and low hydraulic conductivity geomembrane/soil layer. The following paragraphs 

describe the materials that make up the proposed multimedia cap. 

The combination of cover soil and topsoil will be material suitable to support a permanent vegetative 

cover. The drainage layer will prevent saturation of the cover soil, maintain veneer stability, and prevent 

a buildup of hydrostatic pressure over the geomembrane. Geonet will provide drainage comparable to a 

one-foot thick layer of natural aggregate. This cap will have a composite liner, i. e., a geomembrane 

underlain by a clay layer. The geomembrane will be provided to minimize infiltration of rainfall into the 

landfill. It will be textured to provided sufficient interface friction to resist sliding forces imposed by the 

weight of the cover soil. Although geomembranes are documented to have very low permeabilities 

(typically comparable 1 x lo-” cm/set), punctures have occurred. Composite liners were developed such 

that a clay layer is placed immediately beneath the geomembrane to block leakage frorn possible 

punctures in the geomembrane. 

To consolidate the waste/fill from Sites 1 and 2 and the contaminated sediments of the unnamed stream 

within a minimum area while satisfying this site’s height restriction, geosynthetics have been specified for 

both the drainage (geonet) and clay (GCL) layers. Together the geonet and GCL will save approximately 

20,000 cy of air space compared to traditional materials, thus reducing the lateral extent of the landfill. 

The unit gradient design method for drainage layers in final covers was used to establish the size and 

number of drains needed within the cover system. The unit gradient method is supported by field data 

obtained in the mid-Atlantic region (GFR May 2000). The purpose of this method is to design a drain 

which should function adequately over the life of the structure, rather than designing the drainage layer 

for a specific storm event. The maximum drainage layer inflow is calculated assuming that the soil above 

the drainage layer is saturated, i. e., flows under a gradient of 1.0 (unit gradient). The rate of water 

infiltration into the geocomposite is calculated under the unit gradient, such that the infiltration rate is 

equal to the soil’s permeability. The geocomposite flow will discharge into pipes spaced at various 

intervals along the landfill. Thus, the quantity of water infiltrating into a unit width of drainage composite is 

also determined by the pipe spacing. Therefore, soil cover permeability,’ geocomposite flow capacity 

(transmissivity), and pipe spacing are interrelated. 
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Based on typical cover soil permeabilities and reasonable drainage pipe spacing, a drainage composite 

with high flow capacity tri-planar geonet is needed to provide the required transmissivity. Cover soil 

permeability is specified indirectly on this project by specifying soil classification. Using the specified 

cover soils, a pipe spacing of 60-feet, and the tri-planar geonet, the drains will be 4-inch diameter (inside) 

plastic pipe. Refer to Appendix D for calculations. 

In addition to the cover soils, geosynthetics, and pipes, gas vents will be installed at high points along the 

landfill and gas monitoring wells will be installed along the northern side of Perimeter Road. The 

locations of these items are-identified on Design Drawing C-8. 

GEOTECHNICAL ANALYSIS 

Geotechnical analysis of the landfill slope stability and multimedia cap stability were performed for the 

OU2 remedial design. Site conditions were analyzed to estimate the shear strength associated with the 

existing landfill wastes. As waste shear strength characteristics are difficult to measure in the laboratory 

due to waste heterogeneity, analysis of the existing landfill slopes is believed to provide a practical 

estimate of the waste shear strength. 

The steepest existing slope within OU2 has a rise of 40 ft, standing at a slope of 1.65 H:l V (31 degrees), 

based on topographic mapping. Assuming that this slope is at least marginally stable, the landfill material 

at the slope face would represent an angle of internal friction of at least 31 degrees. Using the infinite 

slope equation the factor of safety for the stability of the regraded landfill slope at that location is: 

Factor of Safety = tan $I / tan cc 

where: 4 = angle of internal friction of the waste/fill 

a = slope angle 

The factor of safety for the waste regraded to 4H:l V (14 degrees) would then be: 

Factor of Safety = tan 31 o / tan 14” 

Factor of Safety = 2.4 

Therefore the slope stability factor of safety is at least 2.4, assuming that the remaining waste and 

foundation materials have friction angles equal to that of the existing slope materials at the steepest 

slopes. 
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_, “h The multi-layer cap (2-foot thick soil cover and geosynthetics) has been designed to achieve a minimum 

factor of safety of 1.5. The infinite slope method of analysis was used with a 4H:l V slope to determine 

the minimum friction angle needed to achieve the final cover factor of safety of 1.5. Although the 

geocomposite drainage layer is designed to virtually eliminate head over the geomembrane to be 

conservative, a depth of saturation of 8 inches was assumed to evaluate large rainfall events. An 

interface friction angle of 25” within and between each geosynthetic interface is needed to achieve a 

factor of safety of 1.5 when this depth of saturation is realized in the infinite slope calculation. 

Refer to Appendix D for design calculations. 

4.6 RESTORATION 

The proposed remedial action at Site 2 will disturb approximately 23,500 sf of wetlands (length of 

drainage swale located between Sites 1 and 2 and length of the tributary to Point Branch south of Site 2) 

(see Design Drawing C-l). The disturbance of the wetlands is unavoidable since the proposed 

consolidation area includes the existing drainage swale and the remedy includes the removal of impacted 

sediments in the stream south of Site 2. Therefore, the remedial design includes a restoration plan for 

the disturbed wetlands within the limits of disturbance. The purpose of the restoration is to replace the 

ecological benefits lost by the removal of the existing wetlands within the proposed limits of disturbance. 

4.6.1 Swale Restoration 

The most important function provided by the existing vegetation in the swale is to slow the velocity of 

surface runoff before it enters the unnamed tributary to Paint Branch. The tributary supports a diverse 

aquatic community and is designated as a Class III stream by the state of Maryland. By slowing the 

velocity of flow, the swale reduces the suspended sediment load entering the tributary. Other secondary 

benefits include providing a habitat for wildlife and aesthetics. 

Following excavation and consolidation of waste/fill a channel will be constructed along the western edge 

of the proposed extent of landfill. The restoration is designed to restore the natural, dense stand of 

vegetation within the channel to inhibit soil scour when flow is present in the channel. A riprap apron will 

be constructed immediately down slope from the reinforced concrete pipe (RCP) located under Perimeter 

Road in the northwest corner of Site 2. The riprap will slow the velocity of the flow from the RCIP, and the 

northern perimeter channel that will feed the swale before it enters the vegetated area of the swale. The 

purpose of the vegetation will be to reduce the flow velocity of the flow in the western and eastern 

channels thus reducing the suspended sediment load entering the unnamed stream south of the 

consolidated landfill. 
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As indicated on Design Drawings C-6 through C-8 the existing swale will be relocated west of its current 

location to allow room for the consolidation of the Site 1 and 2 landfill waste. The new location will vary 

from IO- to 50- feet west of its current location. Because the swale will be collecting sheet flow runoff 

from the landfill cap, channel flow runoff from the landfill bench, and concentrated runoff from the 

drainage layer piping, the swale will be replaced with a trapezoidal channel. The channel will have a 

depth of 1.5-feet, a base width of 2-feet and side slopes of 3-feet horizontal to 1 -foot vertical. 

From interim grade, 6-inches of topsoil will be placed within the channel to establish final grade of the 

channel. The properties of the topsoil and the fertilization of the topsoil shall be as indicated in 

Specification Section 02351, (Excavation and Fill). Following the placement of the topsoil, the channel will 

be seeded. It is recognized that one or more growing seasons may be necessary to establish wetland 

vegetation that is capable of effectively dissipating the energy of landfill discharges and preventing soil 

scour. Therefore erosion control matting (ECM) (coir or coconut fiber) will be placed on the perimeter of 

the channel to protect the surface soils against the erosive forces of the channel flows associated with the 

discharge from the landfill cap and watershed north of Perimeter Road. 

The seed mix to be used in the eastern and western channel is a mixture of indigenous and natural grass 

species recognized for its effectiveness in stabilizing exposed soils. The grass species include a mixture 

of cool-season and warm-season grasses. The cool-season grasses germinate quickly and establish 

rapidly to provide effective short-term soil stabilization. The warm-season grasses are generally of 

greater wildlife value but germinate and grow more slowly than cool-season grasses. In addition, the 

warm-season grasses tend to grow better in poor quality soils and under drought conditions. The seed 

mix includes redtop, barnyard grass, switchgrass, deertongue grass and a seasonal nurse crop. 

Although the eastern channel does not replace an existing swale, its function is identical to the western 

channels. Therefore the eastern channel will receive the same seed mix as the western channel. The 

application rate is identified on Design Drawing C-3 and is identified as “Channel Seed Mixture”. 

4.6.2 Stream Restoration 

On March 15, 2001 a pedestrian survey of the unnamed stream was conducted to determine the existing 

conditions and stream makeup (physical and biological). The results of this survey indicate that the 

stream serves primarily as a conduit for storm water discharge from the urbanized areas in the 

northwestern pat-t of former NSWC-White Oak and the densely developed areas off-base to the north. 

The stream has become deeply incised due to repeated discharges of storm water. Deep incision of the 

stream has undercut and caused the steep banks to fail in several locations. The substrate in the stream 

consists of gravel and cobbles, interspersed with small boulders, bedrock outcrops, and small deposits of 

sand and soft sediment. The stream lacks riffle, pool complexes, and bordering wetlands. Riparian 

vegetation lines the top of the banks and consists primarily of mature hardwood trees that shade the 
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.ce-WV, r 
stream, but continued incision and bank failure threaten to uproot many of these trees. Aquatic biota in 

the stream is likely limited to benthic macroinvertebrates tolerant of frequent heavy discharges, absence 

of pools, and impaired water quality. 

As indicated in Section 4.3 approximately 1,000 cy of impacted sediments will be removed from the 

unnamed stream and placed beneath the multimedia cap. This sediment will be excavated from the 

stream bed and side slopes. Following excavation the stream will be restored to stable conditions by 

restoring the bank to a height of 2 to 3 feet and sloped at 3H : lV, with a stream bottom width of 15 feet. 

These stream characteristics correspond to existing conditions where stream erosion is at a minimum. 

/,‘-. -“. 

Following the re-establishment of the bank characteristics, the stream substrate will be replaced with 

Maryland Class 0 Riprap (d,, = 4-inches) placed to establish final grades. The bank slopes will be 

established by placing subgrade soil to 6” below final grade and placing 6” of topsoil to establish final 

grades. The bank slopes will be stabilized using a ECM (coir or coconut fiber) and indigenous species of 

woody species spaced on 3-foot centers. The woody species would be live stakes 2- to 4-feet in length 

and capable of generating root systems when placed in the ground. The cuttings will ultimately grow into 

mature trees and shrubs. The tree species selected include black willow (S&X nigra), silky dogwood 

(Cornus amonum), and buttonbush (Cephalanthus occident&s) (See Plant Schedule A). Each is 

indigenous to natural stream valleys in Montgomery County, Maryland, fast growing, and readily available 

from regional nurseries that specialize in providing material for wetland mitigation and ecological 

restoration. Plant Schedule A uses black willow for 80 percent of the live stakes because black willow 

has a high survival rate and because fast-growing trees are needed on the banks to restore shade to the 

stream. Shade is necessary to produce the cool in-stream temperatures required by the biota typical of 

streams in forested landscapes. 

Plant Schedule A also uses seedlings (plugs or bare-root seedlings) of regionally indigenous and fast- 

growing wetland rushes and bulrushes on 3-foot centers on the banks. The planter will have to use a 

dibble bar or other device to cut small holes in the coir fiber to create planting holes. These herbaceous 

plants will develop extensive root systems faster than the live stakes and thereby provide additional early 

stabilization. Design Drawing C-l 3 provides the restoration vegetation plan and Plant Schedule A. 

4.6.3 Site Restoration 

All areas within the limits of disturbance, other than the channels, stream, and gravel paved areas, will be 

revegetated using the permanent seed mixture provided on Design Drawing C-3. This seed mix will 

consist of native warm season grasses which will result in a more beneficial natural habitat and will result 

in lower maintenance costs. This .permanent seed mix was developed by the USEPA’s Biological 

Technical Assistance Group’and contains big bluestem, little bluestem, switchgrass, indiangrass, canada 
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wild rye, partridge pea, and annual rye grass. The rye grass and partridge pea will germinate and 

become established quickly to provide the necessary erosion control until the warm season grasses can 

become established. 

4.7 EROSION, SEDIMENT, AND STORMWATER MANAGEMENT REQUIREMENTS 

4.7.1 Erosion and Sediment Control 

An erosion and sediment control plan was prepared and has been included in this Design Submission. 

The plan was prepared in accordance with state of Maryland regulations as set forth in the 1994 Maryland 

Standards and Specifications for Soil Erosion and Sediment Control Handbook. Runoff quality during the 

remedial action is addressed via erosion and sediment control devices located around the perimeter of 

disturbed areas. Refer to the Erosion and Sediment Control Plan Report for detailed information 

regarding the planned controls as well as pre- and post-development run-off calculations. 

4.7.2 Stormwater Manaqement 

As the site will be returned to a grassed or natural type existing condition following the remedial action, 

extensive stormwater management structures are not required. However, channels will be constructed 

along the northern, eastern, and western edges of the completed landfill cap during the remedial action 

for stormwater run-on and run-off management purposes. Additionally, riprap will be placed along the 

southern toe of the landfill along the unnamed stream. 

Three channels and one bench will be constructed during the remedial action. The channels will divert 

offsite run-off from the landfill cap limits thus protecting the cap from erosion. In addition the channels 

and bench will convey a portion of the landfill cap run-off to the unnamed stream located south of the 

proposed landfill cap. The channels and bench were designed to convey the flow resulting from a 

25-year 24-hour storm recurrence event while maintaining a 0.5 foot of free-board. 

The east and west channels will be grass-lined with erosion control matting (tori or coconut fiber) to 

prevent erosion and sedimentation from occurring. Riprap will also be placed at channel discharge 

locations to reduce flow velocity and erosive forces. The channel capacity and bench capacity 

calculations along with riprap size calculations are provided in Appendix A of the Erosion and 

Sedimentation Plan. The following is a summary of the channel dimensions and lining materials. 

11001 O/P (Basis of Design) 4-10 CT0 0273 



REVISION 0 
JUNE 2001 

, -:*w Channel Shape Side Slopes Width Depth Lining 
HN (fi) (fi) 

Northern Channel Triangle 3/l & 3/l 0 1.5 Riprap 

Western Channel Trapezoid 3/l & 3/l 2 1.5 Grass and Riprap* 

Eastern Channel Trapezoid 3/l & 3/l 2 1.5 Grass and Riprap* 

Bench Triangle 4/l & 8/l 0 1.5 MD SHA Aggregate 

* Riprap lined at channel junctions. 

4.8 OTHER DESIGN REQUIREMENTS 

4.8.1 Utilities . 

Underground utilities exist near OU2. The contractor will be obligated through specifications, to verify all 

utility locations and adequately protect the utility prior to any earth disturbance activities. 

4.8.2 Monitorinq Wells 

It is anticipated that existing groundwater monitoring wells will be impacted by the consolidation and 

capping efforts at OU2. As indicated in the design drawings all wells are to be protected and extended 

during construction of the multimedia cap. Decisions to abandon and/or replace monitoring wells will be 

made by the BCT during construction. In addition, three gas monitoring wells will be installed north of the 

Perimeter Road and five gas vents will be installed along the crest and high points of the landfill. 

4.8.3 Maintenance and Repair 

There should be very little maintenance required for the constructed cap. An annual inspection procedure 

and repair procedures will be established in the OU2 Operation and Maintenance Plan. Plans for periodic 

mowing, reseeding and repair of sparsely vegetated areas, repair of areas of differential, settlement, 

channel repair, etc., will be identified in the plan. The Operation and Maintenance Plan is not part of this 

design package. 

4.8.4 Reaulatorv Standards 

The OU2 cap system complies with the action-specific ARARs and TBCs as discussed in the 

Environmental Permits Report. 
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Post-removal verification soil (sediment) samples will be collected from the Site 1 area and stream area 

following removal activities to verify that soil and sediment exceeding the PRGs has been removed. A 

sampling and analysis plan will be prepared and. approved by the BCT prior to initiation of field activities. 

Verification sampling will be performed following excavation activities. 

4.10 STRUCTURES 

Care will be taken to minimize damage to Building 111 through the completion of the oroject. It is 

believed that the building will be removed during future site development, but it will be maintained during 

the OU2 remedial action activities. 

The contractor shall coordinate field work through the Base Environmental and safety office for specific 

requirements related to Building 111. 
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TABLE 4-l 

SUMMARY OF MATERIAL / SOIL MANAGEMENT 
OPERABLE UNIT 2 
NSWC-WHITE OAK 

SILVER SPRING, MARYLAND 

Material Type 

Excavation/Consolidation 
Site 1 Waste/Fill 
Site 2 Waste/Fill 
Contaminated Sediments 
Unknown Waste/Fill (‘) 
Cover System 

Sub-grade Soil 
Cover Soil 

Topsoil 
Geosynthetics 
Geocomposite Drainage Layer’*’ 

6O-mil LLDPE Geomembrane’*’ 

GCL’*’ 

Area 

(SO 

264,000 
264,000 

264,000 

290,400 

290,400 

290,400 

Thickness Excavation Fill 

P) Volume (*I Volume 

@Y) (CY) 

Unknown 8,300 __ 
Unknown 29,000 __ 

Unknown 1,000 __ 

Unknown 4,500 __ 

0.5 __ 4,900 
1.5 __ 14,700 
0.5 -- 4,900 

-- __ __ 

-- __ __ 

-- __ _- 

1 The waste grades have been established to allow for unexpected waste extending 
beyond reported Site 1 limits and potential residual contaminated soils following removal 
of the waste/fill from Site 1. 

2 1 O/% added to excess to account for overlap and anchoring. 

-- Not Applicable 
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MATERIAL DESCRlPTlON I 

(Soil Density/ Consistency, Color) 

‘ST PI! Cross Secrion ana / or Plan view 

REMARKS 
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I TEST PIT LOG &UUBURTON NUS 
PROJECT: ,.___ ti!?!!?. ... &.f?. ................................................................. 

.3!&. 

TEST PIT NO: a-&U ............... 7 .. 

PROJECTNO.: DATE: 3-9 .... ............................. :. .... .......... 
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FIELD GEOLOGIST: . . . . . . . ..f.-.d.,.,fY.!x . . . . . . /.A?.? . . . . r”‘l.lf~ti~L .._...._..__........._......_.. _ . . . . . . . . . . . . . ..___... 

JFPTW 
Itr.1 

MATERIAL DESCRIPTION 

(Soil Density / Consistency, Color) 
WCS 

3 PIT Cross Semen ana /or Plan view 

REMARKS 

REMARKS __. _... f?,-t Y. .r- 
,.,...._...................._......_._...._ . . . . . . . . . . . . . . . . .._............ .._........_...............,...__...._.........................,...._..,_, 
..,_..._....................._......._. ._........-................................._......._._,....._.........._......................................_...... ., 
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0 R Tetta Tech NUS, Inc. 

.I I--. MONITORING WELL SHEET 

WELL No.: 2GWlOO 

PROJECT: NSWC - WO RFI DRILLING Co.: Parratt Wolff BORING No.: 2GWlOO 

PROJECT No.: CT0 298 DRILLER: A. Chapel DATE COMPLETED: 12/01198 

SITE: 2 DRILLING METHOD: HSA NORTHING: 

GEOLOGIST: C. Laney DEV. METHOD: EASTING: - 

. Elevation I Height of Top of 
Surface Casing: 

I.D. of Surface Casing: 

Ground Elevation = Type of Surface Casing: 

Type of Surface Seal: Concrete 

2 inches 

Borehole Diameter: 8 inches 

Elevation / Depth Top of Rock: 

Type of Backfill: CementIbentonite 

NA/ NA 

Elevation / Depth of Seal: / 32.0 
Bentonite chips -- 

Elevation I Depth of Top of Filter Pack: / 36.0 - 

Elevation I Depth of Top of Screen: / 38.5 - 

‘Slot Size x Length: 0.10 X 10 feet 

I.D. of Screen: 2 inches 

Type of Filter Pack: #l silica 

Elevation / Depth of Bottom of Screen: 

Elevation / Depth of Bottom of 

/ 48.5’ - 

~.~.~.-.~.~.~.~.~.~.~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-.... . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Filter Pack: / 48.5’ - 
Type of Backfill Below Well: 

Elevation / Total Depth of Borehole: / 48.5’ . - 



0 R Tetra Tech NUS, Inc. WELi No.: 2GWlO1 

MONITORING WELL SHEET 

PROJECT: NSWC - WO RFI DRILLING Co.: 

PROJECT No.: CT0 298 DRILLER: 

SITE: . _ 2 DRILLING METHOD: 

GEOLOGIST: M. Shoemaker DEV. METHOD: 
I 

Parratt Wolff 

R. Bush 

HSA 

BORING No.: 2GWlOl 

DATE COMPLETED: 12/05/98 

NORTHING: 

EASTING: 

Datum: 

Elevation I Depth of Top of Riser: 

Elevation I Height of Top of 
Surface Casing: 

I.D. of Surface Casing: 

Type of Surface Casing: 

:::: 

:j: 

- .:::: 

.... ._ .::I: 

.... . . . . . . 
........... 
.:.:.:.:.:.:.:.:.:.:. 
........... 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.a 

- Type of Surface Seal: Concrete 

- I.D. of Riser: 

Type of Riser: 

2 inches 

PVC 

Borehole Diameter; 8 inches 

- Elevation I Depth Top of Rock: NA/ NA 

- Type of Backfill: Cement/bentonite 

grout 

- Elevation I Depth of Seal: 
- Type of Seal: Bentonite chips 

- Elevation / Depth of Top of Filter Pack: 

- Elevation I Depth of Top of Screen: I 15 

- Type of Screen: 

Slot Size x Length: 

I.D. of Screen: 

- Type of Filter Pack: 

- 

PVC 

0.10 X IO feet 

2 inches 

#I silica 

Elevation / Depth of Bottom of Screen: 

- Elevation / Depth of Bottom of 
Filter Pack: 

Type of Backfill Below Well: 

- Elevation I Total Depth of Borehole: 

I 9.5 

/ 12.8’ 

I 25 

/ 25’ 

I 25’ I 



0 R Tetra Tech NUS, Inc. WELL No.: _ 2GW102 

MONITORING WELL SHEET 

PROJECT: NSWC - WO RFI DRILLING Co.: Parratt Wolff BORING No.: 2GW102 

PROJECT No.: CT0 298 DRILLER: R. Bush DATE COMPLETED: 12/14/98 

SITE: 2 DRILLING METHOD: HSAlAir Rotary NORTHING: - 

GEOLOGIST: M. Shoemaker DEV. METHOD: EASTING: 

Elevation / Height of Top of 
* Surface Casing: / * - 

Ground Elevation = Type of Surface Casing: steel 

Type of Surface Seal: Concrete 

I.D. of Riser: 2 inches 

Borehole Diameter: 8 inches (O-IO ft) 

5.75 1( (lo-38 ft) 

Cement/bentonite 

Elevation / Depth of Seal: / 23.0 - 
Elevation I Depth Top of Rock: I 10.0’ 

Bentonite chips - 

Elevation / Depth of Top of Filter Pack: 
Elevation / Depth of Top of Screen: 

_ / 26.0’ 
i 28.0' 

Slot Size x Length: 0.10 X IO feet 

I.D. of Screen: 2 inches 

Type of Filter Pack: #I silica 

Elevation I Depth of Bottom of Screen: / 38.0 _ 

Elevation I Depth of Bottom of 
Filter Pack: / 38.0' - 

Type of Backfill Below Well: 



0 R Tetra Tech NUS, Inc. 
MONITORING WELL SHEET 

WELL No.: 2GW103 

PROJECT: NSWC - WO RFI DRILLING Co.: Parratt Wolff BORING No.: 2GWlO3 

PROJECT No.: CT0 298 DRILLER: R. Bush DATE COMPLETED: 12/16/98 

SITE: 2 DRILLING METHOD: HSA/Air Rotary NORTHING: 

GEOLOGIST: M. Shoemaker DEV. METHOD: EASTING: 

Ground Elevation = 

Datum: 

Not to Scale 

- Elevation / Depth of Top of Riser: I 

. - Elevation I Height of Top of 
Surface Casing: I 

I.D. of Surface Casing: 4 inches 

Type of Surface Casing: steel 

- Type of Surface Seal: Concrete 

- I.D. of Riser: 2 inches 

Type of Riser: PVC 

Borehole Diameter: 8 inches (O-IO ft) 

5.75 ” (1 o-25 tl) 

- Type of Backfill: Cementfbentonite 

- Elevation / Depth of Seal: 
- Elevation / Depth Top of Rock: 
- Type of Seal: Bentonite chips 

I 10.0 
/ 10.5’ 

- Elevation / Depth of Top of Filter Pack: / 13.0’ 
- Elevation I Depth of Top of Screen: 
- Type of Screen:. PVC 

/ 15.0 

‘Slot Size x Length: 0.10 X 10 feet 

I.D. of Screen: 2 inches 

- Type of Filter Pack: #I silica 

- Elevation / Depth of Bottom of Screen: / 25.0 

- Elevation / Depth of Bottom of 
Filter Pack: I 25.0 

Type of Backfill Below Well: 

- Elevation / Total Depth of Borehole: I 25.0 
I 



0 R Tetra Tech NUS, Inc. WELL No.: _ 2GW104 

MONITORING WELL SHEET 

PROJECT: NSWC - WO RFI DRILLING Co.: Parratt Wolff BORING No.: 2GW104 

PROJECT No.: CT0 298 DRILLER: R. Bush DATE COMPLETED: 12/l 7/98 

SITE: . 2 DRILLING METHOD: HSA/Air Rotary NORTHING: - 
GEOLOGIST: M. Shoemaker DEV. METHOD: EASTI NG: - 

Elevation I Height of Top of 
Surface Casing: I - 

I.D. of Surface Casing: 4 inches 

Ground Elevation = Type of Surface Casing: steel 

Datum: 
Type of Surface Seal: Concrete 

2 inches 

Borehole Diameter: 8 inches (O-6 ft) 

5.75 ” (6-22 it) 

Cement/bentonite 

Elevation / Depth of Seal: / 20.0’ 
Elevation I Depth Top of Rock: 

- 
/ 6.0’ 

Bentonite chips - 

Elevation I Depth of Top of Filter Pack: / 23.0 - 
1 25.0 - 

Slot Size x Length: 0.10 X 10 feet 

I.D. of Screen: 2 inches 

Type of Filter Pack: #I silica 

Elevation I Depth of Bottom of Screen: I 35.0’ - 

Elevation / Depth of Bottom of 
Filter Pack: I 35.0 

Type of Backfill Below Well: 
- 

Elevation / Total Depth of Borehole: / 35.0 - 



0 R Tetra Tech NUS, Inc. 

MONITORING WELL SHEET 

WELL No.: 2GW105 

PROJECT: NSWC - WO RFI DRILLING Co.: Parratt Wolff BORING No.: 2GW105 

PROJECT No.: CT0 298 DRILLER: R. Bush DATE COMPLETED: 12116198 

SITE: 2 DRILLING METHOD: H&Y/Air Rotary NORTHING: 

GEOLOGIST: M. Shoemaker DEV. METHOD: EASTING: 

Ground Elevation = 

Datum: 

Not to Scale 

- Elevation I Depth of Top of Riser: 

- Elevation / Height of Top of 
. Surface Casing: 

I.D. of Surface Casing; 4 inches 

Type of Surface Casing: steel 

- Type of Surface Seal: Concrete 

- I.D. of Riser: 2 inches 

Type of Riser: PVC 

Borehole Diameter: 8 inches (O-20 ft) 

5.75 ” (20-38 ft) 

- Type of Backfill: 
grout 

Cementlbentonite 

- Elevation / Depth of Seal: 
- Elevation I Depth Top of Rock: 
- Type of Seal: Bentonite chips 

- Elevation / Depth of Top of Filter Pack: 
- Elevation / Depth of Top of Screen: 
- Type of Screen: PVC 

Slot Size x Length: 0.10 X 10 feet 

I.D. of Screen: 2 inches 

- Type of Filter Pack: #1 silica 

- Elevation / Depth of Bottom of Screen: 

- Elevation I Depth of Bottom of 
Filter Pack: 

/ 38.0’ 

/ 38.0 
Type of Backfill Below Well: 

- Elevation I Total Depth of Borehole: / 38.0’ 

/ 

I * 

/ 23.0 
I 20.0 

/ 25.8’ 
I 28.0’ 



BORING LOG Page J- of 2 

PRO.JECT NAME: N$ WC Wbt\TQ OOK. BORING NUMB 
PROJECT NUMBER: C-T-0 - 298 
DRILLING COMPANY: lh-i-eT UJolFF , s-l c. c: 
DRILLING RIG: 

-DATE: 
ER: 02 GLY I60 

- XOLOGIST: 
11 I30 lPB 

Ci%\s&& c * Lquw XL 

Ii I/ I I sm 0.0 0.0 
- - No pEcaJfcl-, - - 

“bdudemon6arsrdmgin6fool- 
.*-. 

CD-. ~mdingfmwmcyYelnaldrmpomrmed. Drilling Area 
qemafks: Background (ppm): F 

Converted to Well: Yes d No Well I.D. R a2 l;~j’~oo-.- 
I 



PROJECT WE: NSti,c Lub-nire OUK BORING NUMBER: ez Gb loa 
PROJECT NC)MBe: c.TO -298 DATE: 
DRILIJNG COMPANY: pa-rot bGoI#, JLJC. 

tz lr/9B 
GEOLOGIST: 

DRILLING RIG: 
CLIrle$ c. L?-u3zr 

Ti-ock mourrT DRILLER: AQhlb~o ckwa\ 
MATERIAL DESCRIPTION ---WIG 

6omw 0.m -’ -or uho)ow 
~.ond (RI CUrtQO R-’ -“O- 

I I U I l-r 

. Tw0.t u N ruprv 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

I 
I I I 
I iJJ /1 

BORING LOG 

rH6 Q!= - 0 ATV A DRILLER: 

MATERIAL DESCRIPTION 
I I 5 

S 
C 
S Remarks 
. 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

BORING LOG Page 1, of 1 

pJsuJc bdHrl-E fYtQ)c BORING NUMBER: Zs,q / ~6 
CfQ -2FlQ DATE: Id 7146 

.PKjfafl - WO) FF GEOLOGIST: I 
45Un6i9A?xF 

&q6-G59 /Q’PJ I9 DRILLER: @+.I avsti 
L 

MATERIAL DESCRIPTION I I 

I I 

ClomD Ruab., ,pPm 

I I U 
c 

1 

Drilling Area 
Background (pprn):L- i 

Converted to W&J: YaS No Well I.D. R -- 



BORING LOG Page A of 1 

PROJECT NAME: BORING NUMBER: 
PROJECT NUMBER: 
DRILLING COMPANY: PA-77 ti &=l= e 3 
DRILLING RIG: - gF0 ATV A DRILLER: 4h.J gusi 

MATERIAL DESCRIPTION 
-* UholoOy U 

c or (Ia0 aDwq/ C)lrnga 
saw lm-m) -Dwnyl 

S 

wo Rlmwo. 
MatRfwclRumauoR 

. 

I I 1 1 

Drilling Area 
Background @pm): (z 

Converted to Well: YeS Well I.D. #I -- 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

r I 

BORING LOG Page 1 of 1, 

UN)= f2Qb BORING NUMBER: 02 58 109 
DATE: i2/61qs’ 
GEOLOGIST: 34 og/YlQitbe 

13% -85’b rQ7\/ bJ$A DRILLER: e/3 BVSN 
._ 

I 
MATERIAL DESCRIPTION I I 

.I 

-bdudo1r1odorra~dingin6footintamts~ba~. inuas~rading~~~~~. Drilling Area 
iemafks: Background @pm& i 

Converted to Well: YeS 
N”x Wu&t.D.R _ ..? 



PROJECT NAME: WC bdJN1 
PROJECT NUMBER: d 
DRILLING COMPANY: 4 

-- DRILLING RIG: 

Td cYA& BORING NUMBER: QZSB/ 0 g 
DATE: WC/W 

?QeRmT -worm= GEOLOGIST: 

t3’f6-er ATV I&-f? DRIU,ER: 

MATERIAL DESCRIPTION -MylotDDn 
-pr - U 

S 

BORING LOG PagelofJ 

C 
Mwtw- S Remarks 

‘!&u&1na16ormdin6in6tooi-~~~. lnmmofa6ing68quenqY-mponnmod. Dfllllng Area 
‘3emarks: Background @pm):ld.o. 

converted to well: Yes b&x w* I.D. * _ ,.“C 



BORING LOG Page 1 of 1, 

PROJECT NAME: *lJc iN,r6 c7la)L &RING NUMBER: 02 
PROJECT NUMBER: CT0 -2!!d 
DRILLING COMPANY: 
DRILLING RIG: DRILLER: &?A 8wN 

I iA I I II MATERIAL DESCRIPTION -~ud~weG 
lul 

Drilling Area 
Background @pm): p -1 



BORING LOG Page -I- of L 

PROJECT NAME: JabJG IdWlT~ UAC ‘BORING NUMBER: 
PROJECT NUMBER: CT-- -7.95x 

2 5 31 o 2, 
DATE: 

DRILLING COMPANY: 
Wcfsv 

@j,p.&qT~- - bh PF GEOLOGIST: sty o&yfi~+ 
,--- DRILLING RIG: CM& -bs”o A-N huA DRILLER: mh) ww 

3 MATERIAL DESCRIPTION 

I 6kwsI -oh - U 
carllao RuowryJ Q-w. 

lw 6-w@ (kpchR1---w 
S 

,. L-m-- 
IJCWS z & cdOr . 

. 

,,.. S’%, -lndu&-rad~in6fod-~~~. Incram ~~fwwmcYIolmmiadmpcmsomd. 
qemafks: 

Drilling Area 
Background @pm):io.d. 

Converted to Welt: YeS Well I.D. R -- 



Page1 of f - 

PROJECT NAME: &sd~ WHl7-Ls m+ BORING NUMB 
-- - .--- - . . . . .ILI. -- -- a.-. ER: 2brk)jDL 
PROJECT NUNWCK: cq-0 -zvy IJAic: 12/s/q% zf/Jf[q f 

DRILLING COMPANY: /~flf~i% rr -W flF GEOLOGIST: SiWG”/W2 
..- -_- --.. . -- 

DRILLER: BAj a/sd DRILLING RIG: 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: f-P 

I I 

,J<H DRILLER: 

t 
JATERIAL DESCRIPTION 
I I 

Drilling Area 
Background @pm):/- 

Converted to Well: Yes * No WeIl I.D. #z 2 &k) 1~3~ 



PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

13% l/l 

BORING LOG Page 1 of 1, 

GEOLOGI 

S 
C 
S 
. 

Remarks 

Converted to Well: 



BORING LOG Page 1 of A 

PROJECT NAME: /+tdt Ldf-41~~ OAb- 
PROJECT NUMBER: 
DRILLING COMPANY: j 
DRILLING RIG: -rrr - sxT4 -mT\/--- ~ 

BORING NUMBER: 2 (&,I I nd 

DRILLER: Awbr avsti 

U 
S 
C 

mtdml- S Remarks 
. 

! !Tu=X ! I I I I 

i .S” Drilling Area 
Background Q3pm):lO.n 

Convefted to Well: 
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APPENDIX B 

GEOTECHNICAL LABORATORY TEST RESULTS 



_ca_ GTS 
Geotechnical Testing Services Inc. 
Independent CQA Laboratories 

103 Coraopolis Rd - Coraopoiis, PA 15108 - l-800-853-7309 - Fax 412-771-5336 

Transmittal 
Friday, December 22,200O 

Mr. Scott Nesbit 
Tetra Tech NUS, Inc. 
Foster Plaza VII 
66 1 Anderson Drive 
Pittsburgh, PA 15220 

Laboratory Testing Results 

Project Name: Former NSWC White Oak, MD 

GTS Project No.: 20465 

Date Received: 

Thank you for choosing GTS for your geotechnical laboratory testing needs. Please find the results for the ,-, - 
above referenced project. The testing was conducted in general accordance with ASTM standards and 
industry practice. 

GTS is pleased to be of service and trusts that our efforts have contributed to the success of your project. 
Should you have any questions or concerns or if we may be of further assistance, please call! 

This report shall not be reproduced, except in full, without the written approval of Geotechnical Testing 
Services, Inc. 

Sincerely, 

Steven V. Grimaldi 
President 

- 

Disclosure: 
,- :‘=. These test results reflect the properties and characteristics only of the sample tested and GTS accepts no responsibility as to its 

correlation to field conditions. GTS makes no claims or warranties, expressed or implied, as to the suitability qf the materials for 
their intended use and accepts no responsibility for the interpretation of the test results reported 



PARTICLE-SIZE ANALYSIS OF SOILS 

Client 
Client Project 
Project No. 

USCS Description BROWNISH YELLOW SILTY SAND 

USCS Group Symbol SM 

Tetra Tech NUS, Inc. 
Former NSWC White Oak, MD 
20465 

Boring l2/05/00 
Depth NA 
Sample TP-1 
Lab Sample No. 20465001 

US Std. Particle / Percent / 
Sieve Diameter Finer 

Size (mm) I w 
3” ! 7.j i 100.0 

2 112” 62.5 I 100.0 ., _ _. 1. _.. ._ __.. - ,. 

80 2” I 

-.t. :“.- -1. -g - _.. ;... :Gt;. 

70 _- . . .1. 200~0. 
314” ..- .-- .I-- J??!.. 19 

112” 
9 60 

_. ..!2,5...- .__ I.. ...Pg.4 
0 31%” 99.1 
i 

9.5 : .-‘- .- 

E 64 4.75 
i 

9618 .- 
; 50’ 

. . ._-- - ..^_..__ -. -. . .._.. 
#lO 2.00 I 91.0 . . . .._. - . . . ~. -. . . i . . .-...._.... -. 

z #20 0.85 

2 40 
__ ._.._ . 

A40 0.425 
i _ _ !?L!. ._- 

70.3 

#60 0.250 55.4 

30 
#lOO I 0.150 40.9 . . . . . . . .._.... .-..-.-_.-. .__._.. - . ..-.. 
#200 0.075 29.4 ._._ -. ._ ._. __ __..... 

-=I -::.::~-L. ..--.. -.-.-------.-.- 
NA 0.0339 24.5 

20 NA 0.0216 22.6 - 
NA 0.0126 18.8 . . _. . -. 

10 NA 0.0090 ‘-- .-17.0 

NA 0.0064 16.0 . - 
0 NA 13.2 -_. 

100 10 1 0.1 
~. ._ 1 O3O22.. -.. 

0.01 0.001 NA j 0.0013 11.3 
Particle Diameter, mm 

SOIL CLASSIFICATION 

USC?? CLASSIFICATION USDA CLASSIFICA TION 

Corrected for 100% Passing a 3 ” Sieve Particle Percent Percent of Corrected 

6 Gravel (-3” & +#!4) 3.2 D60, mm 0.294 Size Finer 1 Each Component Percent of 

6 Sand (-#I & +#200) 67.4 D30, mm 0.078 (mm) W) ! (Material) 6) -2.0 mm 

/o Fines (-#200) 29.4 DlO,mm NA I 

6 Plus #200 (-3”) 70.6 Cc NA 100 
j 

Material 

100.0 / for USDA 

Cu NA j Gravel 9.0 0.0 

USCS Description 2 91.0 I 

BROWNISH YELLOW SILTY SAND i Sand 64.1 70.5 

USCS Group Symbol Atterberg Limits Group Symbol 0.05 26.9 ’ 

SM ML Silt 14.7 I 16.2 
Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 12.2 --- .---.. ---..-............ ..- ..- _-.. . .- . . . - __...__ - ..__,.,,,_______.. _. _,....._...._. 

12” Sieve - 300 mm 0 0 100.0 Clay 12.2 13.4 . . .._. --.~- __ 1 
6” Sieve - 150 mm 0 0 100.0 USDA Classification ._- .._. -...-..-. .-. .---- __._ _..._.. . . .._ ..__.___ 
3” Sieve - 75 mm 0 0 100.0 BROWNISH YELLOW SANDY LOAM 

----------- - ~~ -~ - - 
COPYMGHT 0 1997 GEOTECHNICM TESTING SERKICES l-800-853- 7309 



USDA CLASSIFICATION CHART 

,- ‘h 

Client Tetra Tech NUS, Inc. 

Client Project Former NSWC White Oak, MD 

Project No. 20465 

Boring 

Depth 

Sample 

Lab Sample No. 

i 2rosfoo 

NA 

TP-1 

20465001 

USCS Description 

USCS Group Symbol 

USDA Classification 

BROWNISH YELLOW SILTY SAND 

SM 

BROWNISH YELLOW SANDY LOAM 

Corrected for 0% gravel 
Percent Gravel, % 0.0 
Percent Sand, % 70.5 
Percent Silt, % 16.2 
Percent Clay, % 13.4 

0% 
Percent EIZ, % \ 

COPYRIGHT 0 1997 GEOTECHNICAL TESTINGSERWCES I-800-853-7309 



PARTICLESIZE AN&YSIS OF SOILS 

Client 
Client Project 
Project No. 

Description 
Croup Symbol 
f--1,,,;c;,,+;C.+, 

Tetra Tech NUS, Inc. 
Former NSWC White Oak, MD 
20465 

Boring 12/05/00 
Depth NA 
Sample TP-I 
Lab Sample No. 20465001 

BROWNISH YELLOW SILTY SAND 
SM 
Rl?AUAlTCU VET 1 nW C ANl-lV 1 f-l AM 

,3Yrl t,‘~>111buC1”ll YI\““.i.(1IJLI ll..,LIY”.. Y‘LL.Y1 YVIU.l 

MECHANICAL SZE VE ANAL YSZS 
As-Received Sample US Std. Sieve Wt. of Soil Percent Cumulative Percent Final 

Correction For SpIit Samples Sieve Opening Retained Retained Percent Finer Percent 
(J-Factor) Size (mm) ciY@ (%I Retained w Finer 

-3 J4” Air Dry Wt, gm 20 3” 75.0 0 0.0. 0.0 100.0 100.0 _.,. ,._~_.. -. -- . . ..- . . . . ..-.-.-....... . _,_,, - -- -.. .._.. -. -. - . .- -- -- ----- -- 
314 Wet Wt., gm 3908 2 l/2" 62.5 0 0.0 0.0 100.0 100.0 
3J4 Dry Wt., gm, 3141.2 2” 50.0 0 0.0 0.0 100.0 100.0 - . _ . . _. . ..-.-- ..- -. - --~-~---. --- --- -- ---- -----.--.-- -.-.----.-------.- ----.--..-- -. -- 
‘otal Sample Dry Wt, gm 3161.7 1 l/2” 37.5 0 0.0 0.0 100.0 100.0 ,,. _-..-- ..-. -.-..- . . . .._. _-_-.-...- . ..-.......... .-. ..-.... --- -.- -.- -.- ---- --.--- -_-... --- -- 

1” 25.0 0 0.0 0.0 100.0 100.0 _ . . .,. ,- -. . . . ._.... . -. -.... -. . . -. --..- -- -. .~ ---.. ..-- 
‘assing -3 J4” (J-Factor) 0.994 3J4” 19.0 20.48 0.6 0.6 99.4 99.4 

Split Sample, -3J4” 112” 12.5 0 0.0 0.0 100.0 99.4 -...-_-.-..-.-.-.-..-_- ..-......... . _,_ ,____...... .- .- -.- - - .-.. -. - .- . 
318” 9.5 1.32 0.3 0.3 99.7 99.1 _._.. _. __- -.-.-. - ...~_ - . . ..-... . -- . .- . . .- ------.---.. .- .-.-- -. 

‘are No. 953 ##4 4.75 12.21 2.4 2.6 97.4 96.8 ._. _. ._ ______ .- ._. -. . ..~.. - . 
Vt. Tare + WS., gm 745.3 #IO 2.00 30.28 5.8 8.4 91.6 91.0 -. . . . 
Vt. Tare + DS., gm 618.73 #20 .- .-..PE_ ..-. ..-.4?X -.. .-....... -.. -...... 8.2 16.7 83.3 82.8 .-.- --- - -. --. - ---- -.- -. 
Vt. Tare, gm 100.26 #40 0.425 65.09 12.6 29.2 70.8 70.3 
Vt. of DS., gm 518.47 - #60 0.250 77.67 15.0 44.2 55.8 55.4 ., ,-. 

24.4 -- #IO0 
.-. . . . . .._.. - . -. ._. 

Yater Content, % 0.150 75.62 14.6 58:s ‘. 41.2 40.9 ___. ._,_._._,. -. . - .-.. . ._~-..-... ._~...._. - ..- . . . .-....... 
#200 0.075 60.39 11.6 70.4 29.6 29.4 

Vt. of +#200 Sample, gm 365.2 Pan - 153.3 29.6 100.0 -..- -. ._ . . - . ..- . 
Vt. of -#200 Sample, gm 153.3 TheJinal percentjner combines the gradation of the plus 3/4” and minus 314” material. 

HYDROMETER ANAL YSIS 
Hydrometer Sample Weight Elapsed R Composite R Percent Particle Adjusted 

kre No. 950 Time Measured Correction Corrected Finer Diameter % Finer 
Vt. Tare + DS., gm 120.04 (min.) (%) (mm) (%) 
Vt. Tare, gm 99.62 0 NA NA NA NA NA NA __,...,.... - -.-... --. -..-_. -.. . . _._. .._ __. _. .-. . .~... -. ..- -. ..--. 
Vt. Dispers., gm 5 2 20 7.0 13.0 83.4 0.0339 24.5 .._.... -. __~ - . ..-... . .- . - . ..~.__~ _- .-. _--.. 
Vt. Dry Soil, gm 15.42 5 19 7.0 12.0 77.0 -~ 0.0216 22.6 _ __ _ .-. . -. .- ..-... .- -. . . .-.. . 
Hydrometer Bulb Serial # 174448 15 17 _ .,. 7:.o... 10.0 64.1 0.0126 18.8 ,- - . _. . . 
; Factor 0.01335 30 16 7.0 9.0 57.7 0.0090 17.0 . . -. 
Zomposite Correction i 60 15.5 7.0 

-. -as. ..-- -. 5475.. ..~. ~. .o,oo64 
16.0 _. . . ._ _-. 

Factor 0.99 240 14 7.0 7.0 44.9 ti.0032 13.2 -..- -- _.-_-__ _.- _.._.. . . . .._..-. .- . . . . - 
iverage Test Temp, “C 20.8 1440 13 7.0 6.0 38.5 0.0013 11.3 .._.___. _. . . . . -.-. -..- - .-...-.. .-.- ._... - .._............ -..- -.....-............ .- ~-. ._.. . . . . ._... 
lpecific Gravity, Assumed 2.7 The adjustedpercentjner is correctedfor the percent passing the -#200 sieve. 

SOIL CLASSIFICATION 
USCS CLASSIFICATION USDA CXASSIFICA TION 

Corrected for 100% Passing a 3” Sieve Particle Percent of Corrected 
6 Gravel (-3” & +#4) 3.2 D60, mm 0.294 Size 

Percent / 
Finer j Each Component Percent of 

/o Sand (-#4 & +#200) 67.4 D30, mm 0.078 (mm) w / (Material) w -2.0 mm 
/o Fines (-#200) 29.4 DlO, mm NA Material 
/p Plus #2QO (-3”) 70.6 Cc NA 100 100.0 for USDA 

Cu NA Gravel 9.0 0.0 
USCS Description 2 91.0 

BROWNISH YELLOW SILTY SAND Sand 64.1 70.5 
USCS Group Symbol Atterberg Limits Group Symbol 0.05 26.9 

SM ML Silt 14.7 16.2 
Auxiliary Information Wt Ret gm %Retained %Finer -.. . . .--,..-... ._. .-.!.- .._. - ,..- 0.002 12.2 .._.. .-._.-.. -_. .._.___...._. . 

12” Sieve - 300 mm 0 0.0 100.0 Clay 12.2 13.4 _.... - -. ..--..-.-.-.. -. .- -. ..- .-. .-...- --.I.- .- -- -. -... ..-.-. _ 
6” Sieve - 150 mm 0 0.0 100.0 USDA Classjfication 
3” Sieve - 75 mm 0 0.0 100.0 BROWNISH YELLOW SANDY LOAM 

T .X,~,‘d .‘~ .- n bin ._ n..- m--.-_( -n,,r,,,n mput vwioanon: Keviewea ay: 
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LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS 

ASTM D 431%9% (SOP-20) 

Client 
Client Project 

Project No. 

Soil Description 
(-#40 Fraction) 

Tetra Tech NUS, Inc. Boring No. 12l05/00 

Former NSWC White Oak, MD Depth@) NA 

20465 Sample No. TP-1 
Lab Sample No. 20465001 

NON-PLASTIC MATERIAL 

AS-RECEIVED W. C SAMPLE SUMMARY 

‘are Number 953 

Vt. Tare & WS, gm 745.3 

Vt. Tare & DS, gm 618.73 

irt. Water, gm 126.57 

Vt. Tare, gm 100.26 

irt. DS, gm 518.47 

rater Content, % 24.4 

Liquid Limit, % NA 
Plastic Limit % NA 

Plasticity Index, % NA 

USCS Symbol NT’ (NON-PLASTIC) 
(-#40 Fraction) 

Sample Preparation: Air Dry Method 

PLASTIC LIMIT LIQUID LIMIT 

‘est Number ._ _. 
‘are Number 

.-.. . . . -. 
1 2 3 1 2 3 4 5 

Vt. Tare & WS, gm 

it: Tare & DS, gm 
-. _ 

- - _- - .- .- -. -. _ 
vt. Water, gm - .._ . . -_.-_.- ._ . . . _ ._.. ~.._ .__.- ..- --... . . _ .-... .- - 
Vt. Tare, gm 

Vt. DS, gm -. .~ .~~~ . ._ .~. - ~._. -.. ..~. _ _~. .-. . . - -- -- .- ..^ .- . .._ .- 
CTater ContentJm% _ 
lo. of Blows 

PLASTICITY CHART FLOW CURVE 

0 20 40 60 80 100 
10 30 50 70 90 1 10 100 

Liquid Limit No. of Blows 

%- 
Page 1 of 1 

Input Validation: Reviewed By: 
F/ 

Date Tested: 12/l 3/00 

(DCN: CR-3; Creatd: 12/26/98; Revision: &iginal; Approved: SVG, Original File Name: lit-np.wk4) 
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PARTICLE-SIZE ANALYSIS OF SOILS 

Client 
Client Project 
Project No. 

USCS Description 
USCS Group Symbol 

Tetra Tech NUS, Inc. Boring 
Former NSWC White Oak, MD Depth 
20465 Sample 

Lab Sample No. 
YELLOWISH BROWN CLAYEY SAND 
SC 

12/05/00 
NA 
IT-2 
20465002 

1 0.1 

Particle Diameter, mm 

SOIL 

USCS CLASSIFICA TION 
Correctedfor 100% Passing a 3” Sieve 

i Gravel (-3” & +#4) 11.0 D60, mm 0.212 

; Sand (+I & +#200) 40.0 D30, mm 0.010 

j Fines (-#200) 49.0 DlO,mm NA 

; Plus #200 (-3”) 51.0 Cc NA 

Cu NA 

USCS Description 

YELLOWISH BROWN CLAYEY SAND 

USCS Group Symbol Atterberg Limits 

SC CL, LL=33, PL=20. PI=1 3 

Auxiiiury Information Wt Ret, gm % Retained % Finer .._ .._ __........ -.--. ----... ..-..--_--. ._ _..._ ..,. . _. ___.~ __,_ .__. .,___ 
12”Sieve-300mm 0 0 100.0 ._. ._ - .._.._... -- -- -..- .._ ---..--...-. -. . . ._.. ..-.. - ._....._... - _.^..^_ -.-. 
6”Sieve-150mm 0 0 loo:o 

3” Sieve - 75 mm 0 0 100.0 

COPYRIGHT 0 199 7 GEOTECHNICXL TESi 

Particle 

Size 

(mm) 

100 

2 

0.05 

0.002 

Percent 

Finer ’ 

W) 

100.0 

84.6 

45.0 

16.0 

US Std. Particle 

Sieve I Diameter 

Size (mm) 

-.2 g;,.. .--I gi _ 

L .- ._. l .~ 
2” -~ 50 

1 112” 37.5 

1 II -- I--‘-y -- - 

314” ( 19 

l/2” 12.5 
--J/)-J1 : 

.~ _~ 
9.5 -.. ..- .- 

ii.4 ~ 4.75 

#IO 1 -&-Jo 

~. #20 -- 0.85 

.-#40 / 0.425 

--#60 
-1 -1. 

0.250. 

#lOO OllSO .. 
/ 

.-. 
#200 .i.. .P.O75 

5; /. v;;; 
I 

NA / / 0:0117 -- 

NA o.oos4 
.NA I oj)06y-- 

NA 0.0&l ..- 

k-A - 0.0013. 

Each Component 

(Material) W) 

Gravel 

Sand 

Silt 

Clay 

15.4 

39.6 

29.0 

16.0 

USDA Clas&ication 
YELLOWISH BROWN LOAM I 

VG SERVICES l-800-853- 7309 Page 1 of 4 

Percent 

Finer 

w 
100.0 _.~ __~_ . . . 
100.0 

100.0 

100.0 

100.0 

96.6 .-. 
95.1 

92.9 

89.0 

84.6 

81.3 

73.5 

62.6 

54.7 

-. 49.0 

40.2 

31.2 

Corrected 

Percent of 

-2.0 mm 

Material 

for USDA 

46.9 



USDA CLASSIFICATION CHART 

Client 

Client Project 

Project No. 

USCS Description 

USCS Group Symbol 

USDA Classification 

Tetra Tech NUS, Inc. Boring 

Former NSWC White Oak, MD Depth 

20465 Sample 

Lab Sample No. 

YELLOWISH BROWN CLAYEY SAND 

SC 

YELLOWISH BROWN LOAM 

i2/05/00 

NA 

TP-2 

20465002 

f 100' 
Corrected for 0% gravel 80. 

Percent Gravel, % 0.0 '- I 
60 Percent Sand, % 46.9 E 

Percent Silt, % 34.3 s 40 
E 

Percent Clav. % 18.9 g 20 

Percent Clay, % /\ /\ /‘C /\ Y Percent Silt. % 

50 % 
Percent Sand, % 

Page 2 of 4 
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PARTICLE-SIZE ANALYSIS OF SOILS 

Client 
Client Project 
Project No. 

USCS Description 
USCS Group Symbol 

Tetra Tech NUS, Inc. Boring 
Former NSWC White Oak, MD Depth 
20465 Sample 

Lab Sample No 
YELLOWISH BROWN CLAYEY SAND 
SC 

I-2/05/00 
NA 
TP-2 
20465002 

JJUA Llx.iSll‘WLL”II 1 L&Ad” Y” lJll UI\” I” 1Y L2”rlIVl 

MECHANICAL SIEVE ANALYSIS 
As-Received Sample US Std. Sieve Wt. of Soil Percent Cumulative Percent Final 

Correction For Split Samples Sieve Opening Retained Retained Percent Finer Percent 
(J-Factor) Size (mm) 634 w> Retained cm Finer 

t3/4” Air Dry Wt, gm 128 3” 75.0 0 0.0 0.0 100.0 100.0 
.3/4 Wet Wt., gm 4118 2 l/2” ..__ 6715 . . .._ .o _ _ . . . . 0.0 _ ._. .!?A! _.._, - ,... .!OO?!.. - .- !-“o_A! 
.3/4 Dry Wt., gm, 3642.6 2” 50.0 0 0.0 0.0 100.0 100.0 - ..^_. . ._. . . . . . ..- .- 
Total Sample Dry Wt, gm 3770.9 1 l/2” 37.5 0 0.0 0.0 100.0 100.0 ._ _. ..- . . . . . ..~ ___, ,. _. . . .-.. . ..-.. -.-.-- .- .~- -- --- -.- 

1 0 25.0 0 0.0 0.0 100.0 100.0 __ ._.~_ . .._. . . .- . --- -- --- -- .-. ----. - - .- .- ---.-- .- ..--- -- --. - 
?assing -3/4” (J-Factor) 0.966 314” 19.0 128.27 3.4 3.4 96.6 96.6 

Split Sample, -3/4” l/2” 12.5 9.95 1.5 1.5 98.5 95.1 ._ _ __ _ . . -.. . . . _. ..~ . - . . _ 
3/S” 9.5 15.13 2.3 3.9 96.1 92.9 

302 --. #4 
. . . _ __,._ - .- - - -. - . . . . .._~ . . . 

Tare No. 4.75 26.27 4.0 7.9 92.1 89.0 _ _,. -. - -- - . . _ _ __. - --. ..- _.-... 415 ..- . . . ..-. - . --.. 
Wt. Tare + WS., gm 836.5 #lO 2.00 

29, 1 8 
12.4 87.6 84.6 

Wt. Tare + DS., gm 751.72 #20 0.85 22.26 3.4 15.8 84.2 81.3 
102.09 #40 

-. . . . . - . 
Wt. Tare, gm 0.425 52.45 8.1 23.9 .. %ii- 73.5 
Wt. of DS., gm 649.63 #60 0.250 73.58 11.3 35.2 64.8 62.6 
Water Content, % 13.1 #lOO 0.150 53.09 8.2 43.4 56.6 54.7 _. .-... . . . ^. 

#200 0.075 38.17 5.9 49.3 50.7 49.0 
Wt. of +#200 Sample, gm 320.1 Pan - 329.55 50.7 100.0 

..- Wt. of -#200 Sample, gm 329.6 7he final percent finer combines the gradation-of the pl& j/4” and minus j/4;’ material. 
HYDROMETER ANAL YSIS 

Hydrometer Sample Weight Elapsed R Composite R Percent Particle Adjusted 
rare No. 906 Time Measured Correction Corrected Finer Diameter % Finer 
Wt. Tare + DS., gm 138.06 (min.) (“?I (mm) WI 
Wt. Tare, gm 100.48 0 NA NA NA NA . NA NA ._ _. 
Wt. Dispers., gm 5 2 34 7.0 27.0 82.0 -b.d308 40.2 
Wt. Dry Soil, gm 32.58 5 32.5 7.0 25.5 77.4 0.0197 37.9 
Hydrometer Bulb Serial # 174448 15 28 7.0 21.0 63.7 0.0117 31.2 - _ -. - . . - .- _. . . . 
K Factor 0.01335 30 26 7.0 19.0 57.7 0.0084 28.3 
Composite Correction 

._.__ -23:j .._. ..~,o ..-..- -. . . _^.. . . -. _... . . ~. -. ..- . . . . 
7 60 16.5 50.1 0.0061 24.5 

5 Factor 0.99 240 20 7.0 13.0 39.5 0.003 1 19.3 -.. -. -... .._..- .._... - _- ..- ..- 
Average Test Temp, “C 20.8 1440 15.5 7.0 8.5 . ..?YS -.. 0.0013 12.6 
Specific Gravity, Assumed 2.7 Die adjustedpercentfiner is correctedfor the percent pas&i the -#200 sieve. 

SOIL CLASSIFICA TION 
USCS CLASSIFICATION USDA CLASSIFICATION 

Corrected for 100% Passing a 3 ” Sieve Particle Percent Percent of Corrected 
YO Gravel (-3” & +#I) 11.0 D60, mm 0.212 Size Finer Each Component Percent of 
z/o Sand (-#4 & +#200) 40.0 D30, mm 0.010 (n-4 VW (Material) (%I -2.0 mm 
z/o Fines (-#200) 49.0 D10,mm NA Material 
g Plus #200 (-3”) 51.0 Cc NA 100 100.0 for USDA 

Cu NA Gravel 15.4 0.0 
USCS Description 2 84.6 

YELLOWISH BROWN CLAYEY SAND Sand 39.6 46.9 
USCS Group Symbol Atterberg Limits 0.05 45.0 

SC CL, LL=33, PL=20, PI=1 3 Silt 29.0 34.3 
Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 16.0 -.. -. . . .._ ..-._ ._ - . . .,.... ._ . .._ . . _ 

12” Sieve - 300 mm 0 0.0 100.0 Clay 16.0 18.9 
6” Sieve - 150 mm 0 0.0 100.0 USDA Classification 
3” Sieve - 75 mm 0 0.0 100.0 YELLOWISH BROWN LOAM 

Input Validation: 
Y 

Reviewed By: 5 Date Tested: 12/l 3/00 Page 3 of 4 
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LIQvn, LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS 

,- -,., 
Client 

Client Project 

Project No. 

Soil Description: 

(2 40 Fraction) 

Tetra Tech NUS, Inc. Boring No. 

Former NSWC White Oak, MD DepWfi) 
20465 Sample No. 

Lab Sample No. 

YELLOWISH BROWN LEAN CLAY 

12/05/00 

NA 

TP-2 

20465002 

h. 

AS-RECEIVED W. C. SAMPLE SUMMARY 

Tare Number 302 

Wt. Tare & WS, gm 836.5 

Wt. Tare & DS, gm 751.72 

Wt. Water, gm 84.78 

Wt. Tare, gm 102.09 

Wt. DS, gm 649.63 

Water Content, % 13.1 

Liquid Limit (LL), % 33 

Plastic Limit (PL), % 20 

Plasticity Index (PI), % 13 

USCS Symbol (-#40 Fraction) CL 
Sample Preparation: Air Dry Method 

Liquidity Index, % -53.5% 

Clay Fraction (% 2 microns) 16.0% 

Skempton’s Activity (A) 0.81 

PLASTIC LIMIT LIQUID LIMIT * 

__. -... -. ..-. - ..- -. . .- ~.. 
‘est Number 1 2 3 1 

2 3 .4... ..- . . . . . . 
5 

are Number 130 140 120 443 513 467 440 423 .- ._. . . - _.. ..- -.. .., _.. __ ._. ._.. . . . .,. .._ _. 
Vt. Tare & WS, gm 18.54 18.45 18.6 16.52 17.24 17105 16.8 16.95 -._ -. __ .-.. _..-. ..__ _... . _.... __. .._ .__ _ _ _.- 
Vt. Tare & DS, gm 17.42 17.3 17.46 15 15.58 15.46 15.3 15.49 
Vt. Water, gm 1.12 1.15 1.14 1.52 1.66 1.59 - 1.55 1.46 . - . .._.. -. . . . . - . . . - ̂ ..... -.- - - -- --- -..- _ _. -. 
Vt. Tare, gm 11.75 11.53 11.76 10.83 10.75 ioi -. 10.68 10.79 _. -.-.. ..-- - ..-. -. -. ._. ..- ..-. ~.4,66. 4,62 . . . . . -.-.~. 
Vt. DS, gm 5.67 5.77 5.70 4.17 4.83 4.7 
iater?ontent, % 

_ . . - ~. . 
19.8 19.9 20.0 36.5 34.4 .34.1 32.5 -- 31.1 -.. .~.. .._...... .- .-. .._- .~ ___ -._ .- _... _. 

Jo. of Blows 10 15 20 25 -. -. 40 .- . ~~- .-..-.. ._ ._. - .._. 

PLASTICITY CHART FLOW CURVE 

I 

0 10 20 30 40 50 60 70 80 90 100 30 ,; 

Liquid Limit 1 10 100 
Numberof Blows 

Input Validation: 8 Reviewed By: 2 Date Tested: 12/l 3/00 Page4 of4 
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PARTICLE-SIZE ANAtYSIS OF SOILS 

Client 
Client Project 
Project No. 

uses Description 
uses Group Symbol 

Tetra Tech NUS, Inc. 
Former NSWC White Oak, MD 
20465 

STRONG BROWN SILTY SAND 
SM 

Boring 12/05/00 
Depth NA 
Sample TP-3 
Lab Sample No. 20465003 

US Std. j Particle I Percent 

Sieve Diameter : Finer 

Size (mm) i w 

80 

20 

10 NA /. 0??89 -. ..23:3.- 
NA 1 0.0063 23.3 

0 NA 0.0032 21.2 
100 10 1 0.1 0.01 0.001 NA . . ^.. .-. - 

Particle Diameter, mm 

SOIL CLASSIFICA TloN 

USC’S CLASSIFICATION USDA CLASSIFICATION 
Corrected for 100% Passing a 3” Sieve Particle Percent Percent of 1 Corrected 

6 Gravel (-3” & +#4) 1.4 D60, mm 0.268 Size Finer Each Component j Percent of 
6 Sand (-#4 & +#200) 64.7 D30, mm 0.036 (mm) W) (Material) w / -2.Omm 

/o Fines (-#ZOO) 33.9 DlO,mm NA / Material 

6 Plus #200 (-3”) 66.1 Cc NA 100 100.0 / for USDA 

Cu NA Gravel 4.1 0.0 

USCS Description 2 95.9 

STRONG BROWN SIL,TY SAND Sand 64.1 66.9 

USCS Group Symbol Atterberg Limits Group Symbol 0.05 31.8 

SM ML Silt 11.6 12.1 
Auxiliary Information : WtRet, gm %Retained %Finer 0.002 20.1 -. _--.._- ___ ._.____.,.,,_. ____.. 
-- li” Sieve - 300 mm 

._..._ .._...... . . .._.. .___... . . . . .._ 
0 0 100.0 Clay 20.1 21.0 .- . . . . ..- ..-- ..__ .._..... -._ _--.. . . . . . -. ._ . . . . .._ -...-.-- --. _..... - __.-..-.. 

6" Sieve - 150 mm 0 0 100.0 .-. .._... .- .._. -._. .-__.-__--_--..-:.. . _.,. -, ..-.-- ,.-_._. __.,___.._._.___,____,. _^_.._,., USDA Classification 
3” Sieve- 75 mm 0 0 *lOO.O STRONG BROWN SANDY CLAY LOAM 

COPYRIGHT 0 1997 GEOTECHNICCAL TESTING SERVICES I-800-853- 7309 



USDA CLASSIFICATION CFlART 

., 

Client Tetra Tech NUS, Inc. 

Client Project Former NSWC White Oak, MD 

Project No. 20465 

‘.. 

Boring 

Depth 

Sample 

Lab Sample No. 

12/05/00 

NA 

TP-3 

20465003 

USCS Description 

USCS Group Symbol 

USDA Classifkation 

STRONG BROWN SILTY SAND 

SM 

STRONG BROWN SANDY CLAY LOAM 

. .g 100 
Corrected for 0% gravel 80 Percent Gravel, % 0.0 $- 

Percent Sand, % 66.9 E 60 

Percent Silt, % 12.1 6 40 
E 

Percent Clay, % 21.0 E 20 
a o 

Percent Clay, % u/ Percent Silt, % 
50 % 

P A silty c ay 

50 % 
Percent Sand, % 

COPYRIGHT 0 1997 GEOTECHNICAL TESmNG SERVICES l-800-853-7309 



PARTICLE-SIZE ANALYSIS OF SOILS 

Client Tetra Tech NUS, Inc. 
Client Project Former NSWC White Oak, MD 
Project No. 20465 

USCS Description STRONG BROWN SILTY SAND 
USCS Group Symbol SM 

Boring 
Depth 
Sample 
Lab Sample No. 

12/05/00 
NA 
TP-3 
20465003 

IMJA ~nwtncation 3 1 KUIYU DKU W JY 3tUYlJ I LL.‘l 1 LVL-UVI 

MECHANICAL SIEVE ANALYSIS 
As-Received Sample US Std. Sieve Wt. of Soil Percent Cumulative Percent Final 

Correction For Split Samples Sieve Opening Retained Retained Percent Finer Percent 
(J-Factor) Size (mm) (gm) w> Retained VW Finer 

3/4” Air Dry Wt, gm 0 3” 75.0 0 0.0 0.0 100.0 100.0 ._. ,._._ -.. ..-.. . ..-.. ._..- ..-.-- .- -- --.- -- --- -.-.- - .-. -- .-- 
2 l/2” 62.5 0 0.0 0.0 100.0 100.0 

00% Passing 314 Sieve. 2” 50.0 0 0.0 0.0 100.0 100.0 .-. - ..-_.. _._ . -....--..- .-. -- --. ---- --. --- --- --.-.. --- -- --- .--. 
lo Correction Needed. 1 l/2” 37.5 0 0.0 0.0 100.0 100.0 - ^. ._ . . _... . .._ _._. .-. .-.. .~ .~ . . .--. 

1 ” 25.0 0 0.0 0.0 100.0 100.0 _ ___. _-.- . . -.--.-- --- 
‘assing -3/4” (J-Factor) 1.000 3/4” 19.0 0 0.0 0.0 100.0 i 00.0 

Split Sample, -3/4” 112” 12.5 0 0.0 0.0 100.0 100.0 
31%” 9.5 3.56 0.5 0.5 -. 99.5 99.5 ._ _.,.. ~.._._.. .---..- . . ..- .-.-.- - --- .-. - --- 

‘are No. 955 #4 4.75 5.6 0.9 1.4 98.6 98.6 __ 
Vt. Tare + WS., gm 834.1 #lO 2.00 17.81 2.7. 4.i - 95.9 95.9 
Vt. Tare + DS., gm 756.3 1 #20 0.85 35.72 5.4 9.6 90.4 90.4 _. _~ - ~.. . - . 
Vt. Tare, gm 100.69 #40 0.425 94.9 14.5 24.0 76.0 76.0 
Vt. of DS., gm 655.62 #60 0.250 120.12 18.3 4214 - 57.6 57.6 __ .- -. - 
Vater Content, % 11.9 #lOO 0.150 90.23 13.8 56.1 43.9 -. 43.9 _.. - .._... .-.. ._ . . . . . ..- .-. -- -.- .~ 

#200 0.075 65.42 10.0 66. i 33.9 33.9 
Vt. of +#200 Sample, gm 433.4 Pan - - 12i2:?! . 33.9 lOOlO - 
Vt. of -#200 Sample, gm 222.3 The jnal percent finer combines the gradation of the-plus 314” aid min&>/~“~material. 

HYDROJfETER ANALYSIS 
Hydrometer Sample Weight Elapsed R Composite R Percent Particle Adjusted 

‘are No. 313 Time Measured Correction Corrected Finer Diameter % Finer 
Vt. Tare + DS., gm 121.31 (min.) WI (mm) w> 
Vt. Tare, gm 100.49 0 NA NA NA NA NA NA 
Vt. Dispers., gm 5 2 21 7.0 14.0 87.5 0.0337 -. 29.7 
Vt. Dry Soil, gm 15.82 -- 5. .- 19 7.0 _ ,__ .,. _ _. . - . . . . - .- 12.6 75.0 0.0216 

. ._ 
25.4 I-. 

Iydrometer Bulb Serial # 174448 15 18.5 7.0 11.5 71.9. 0.0125.’ -. 24.4 ,_., --. .- . .- . . - . -. 
; Factor 0.01335 30 18 7.0 11.0 68.8 0.0089 23.3 ._ ._ . ._ .- _.-. 
Iomposite Correction 7 60 18 7.0 11.0 68.8 0.0063 23.3 
Factor 0.99 240 17 7.0 10.0 -- 21.2 __.. -. ..- . . .._ -... . . . - . . . ---62.5; 0.0032 
Lverage Test Temp, “C 20.8 1440 16 7.0 9.0 56.3 0.0013 19.1 - - ..- .._..-. - .-.... . .._. -... - -. . _.. .- . ..-. .-. -- .~ 
gecific Gravity, Assumed 2.7 The adjustedpercentjner is correctedfor the percent passink the -#200 sieve. 

. . ._.. 

SOIL CLAhWFICATION 
USCS CLASSIFICATION USDA CLASSIFICA TION 

Correctedfor 100% Passing a 3”Sieve Particle Percent Percent of Corrected 
/o Gravel (-3” & +#4) 1.4 D60, mm 0.268 Size Finer Each Component Percent oj 
6 Sand (-#4 & +#200) 64.7 D30, mm 0.036 (mm) W) (Material) WI -2.0 mm 
/o Fines (-#200) 33.9 D10,mm NA Material 
6 Plus #200 (-3”) 66.1 Cc NA 100 100.0 1 for USDA 

Cu NA I Gravel 4.1 0.0 
USCS Description 2 95.9 I 

STRONG BROWN SILTY SAND Sand 64.1 66.9 
USCS Group Symbol / Atterberg Limits Group Symbol 0.05 31.8 / 

SM I ML Silt 11.6 12.1 
Auxiliary Information Wt Ret, gm % Retained % Finer 0.002 20.1 i -. ̂  ..- _.-. .._. _._ _. . . . 

12” Sieve - 300 mm 0 0.0 100.0 Clay 20.1 21.0 -.. .- . . ..-. _^ ..-. _. . .._.. _.- ._. . ._- . ._ . ._.. - .._. ._... . _. . 
6” Sieve - 150 mm 0 0.0 100.0 USDA Classification .--- .-- -_. - ..- ..-.-.- .-_ . .._ -._. 
3” Sieve - 75 mm STRONG BROWN SANDY CLAY LOAM 

Input Validation: Date Tested: 12/l 3100 
SERVICES I -8OO-853- 7309 



LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEXOF SOILS 

ASTM D 431%95a (SOP-20) 

Client 

Client Project 

Project No. 

Soil Description 
(-# 40 Fraction) 

Tetra Tech NUS, Inc. 

Former NSWC White Oak, MD 

20465 

NON-PLASTIC MATERIAL. 

Boring No. 

Depth(ft) 
Sample No. 

Lab Sample No. 

12/05/00 

NA 

TP-3 

20465003 

AS-RECEIVED W. C SAMPLESUMMARY 

‘are Number 955 
Vt. Tare & WS, gm 834.1 
Vt. Tare & DS, gm 756.3 1 
Vt. Water, gm 77.79 

Vt. Tare, gm 100.69 

Vt. DS, gm 655.62 

!Jater Content, % 11.9 

Liquid Limit, % NA 

Plastic Limit % NA 

Plasticity Index, % NA 
USCS Symbol NP (NON-PLASTIC) 
(440 Fraction) 

Sample Preparation: Air Dry Method 

PLASTIC LIMIT LIQUID LIMIT 

-. .- ..- 
‘est Number 1 2 3 1 2 3 4 5 .- __~ 
‘are Number ..- . . . -. .-.. .- - - -..- .-.. ..- -. -- -.. -.. .- - .- 
Vt. Tare & WS, gm 

Vt. Tare & DS, gm . . . . . ..- .-. .~ ..-. . _...... . . . . .._ ..~. _.~.. -_. - .-. -. 
Vt. Water, gm .- . - . .~ - ~.. . . 
Vt. Tare, gm .._,. _,......... -. -. - - ._. ~~.. . . . . . . . .~ 
Vt. DS, gm 

Vater Contenf, 3. 
lo. of Blows 

PLASTICITY CHART 

60 , ! I ; 
! i 

! ; ~ ,/: 
50 1 ; ; ~ 

! 1 I : 
! : j I i ! 

$$dO ji::, 
/i ;I’1 

+ -l;/:, 

: , : I 

t ,,!’ 
ICL.YL , 

0 ‘, 
0 20 40 60 80 100 

10 30 50 70 90 1 IO 100 
Liquid Limit No. of Blows 

Input Validation: T Reviewed By: \ 
Page 1 of. 

Date Tested: 12/13/00 

(DCN: CR-3; Created: 12/26/98; Revision: Original; Approved: SVG; Original File Name: limit-np.wk4) 

COPYRIGHT 0 1998 GEOTECHNICAL TESTING SERV7CES INC l-800-853- 7309 



APPENDIX C 

VOLUME CALCULATIONS 

C.l CUT AND FILL VOLUMES 

C.2 LIMIT OF WASTE CONSOLIDATION 

C.3 LIMIT OF COVER 



- - 

C.l CUT AND FILL VOLUMES 



Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:50:06 2001 

PROJECT: C:\My Documents\white-oak\topo2.pro 
________________________________________---------------------------------------- 
DTM TO DTM VOLUME 1,235 At cca-=rt % 

674&t+-'j+f@ 3 . . 
Cut and Fill Volumes 
_--______-_____L___- 

Volume limited to boundary record 114788 d 
Area within boundary: 295800.4173 Sq. Ft.trcAw: &yGj pet 
Total triangulated area: 295800.4183 Sq. Ft. 

Shrinkage/swell factors: cut 1.0000 Fill 1.0000 

Original DTM # of Final DTM # of 
Layer Name Points Layer Name Points 

___-___-___----- _--------------- ------------- --- __--_...-_____---- 
EX-TOP0 18,612 REG MERGE 2 755 

Cut Volume Cumulative Fill Volume Cumulative 
(Cu. Yd.) Cut Volume (Cu. Yq:) Fill Volume 

_-- ____ "+--ti;z'---.- _-___--___-___-- -----___---__--- -----___---___-- 
*'I 3 7 , 2 7 0 . $, 37‘270.3 41,774.1,_ 41,774.l 

"p.c 



Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:46:21 2001 

PROJECT: C:\My Documents\white-oak\topo2.pro 
_____________---_--------------------------------------------------------------- 
DTM TO DTM VOLUME 

Cut and Fill Volumes 
---------------L--b-. 

Volume limited to boundary record 114771 
Area within boundary: 45785.2345 Sq. Ft.- ,A&A = 1.05 AC; 
Total triangulated area: 45785.2345 Sq. Ft. 

Shrinkage/swell factors: cut 1.0000 Fill 1.0000 

Original DTM # of Final DTM # of 
Layer Name Points Layer Name Points 

___------------- ----____________ ________________ ----_---________ 
EX-TOP0 18,612 REG MERGE 2 755 

Cut Volume Cumulative Fill Volume Cumulative 
(Cu. Yd.) Cut Volume (Cu. Yd.) Fill Volume 

_____-----____-- _________------- __-------------- ---------------- 
8,303.2 8,303.2 1,598.7 

Net Difference: 
r 

6704.5 Cu. Yd. WASTE 



Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:43:33 2001 

PROJECT: C:\My Documents\white-oak\topo2.pro 
___________________-____________________---------------------------------------- 
DTM TO DTM VOLUME 

Cut and Fill Volumes 
-------------------- 

Volume limited to boundary record 114790 
Area within boundary: 250181.7711 sq. Ft .e A&A 5 
Total triangulated area: 250181.7721 Sq. Ft. 

Shrinkage/swell factors: cut' 1.0000 Fill 1.0000 

Original DTM # of Final DTM # of 
Layer Name Points Layer Name Points 

_______--___--_- ---------------- _____---__----_- ---------------- 
EX-TOP0 18,612 REG MERGE 2 755 

Cut Volume Cumulative Fill Volume Cumulative 
(cu. Yd.) Cut Volume (Cu. Yd.) Fill Volume 

_--__----------- __-___-____----- ---------------- --___---_----_-- 
28,977.7 28,977.7 40,175.5 40,175.5 

Net Difference: 

I. 



.- c.2 



Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:12:44 2001 

Traverse name: i-.IMtT @= WAS-S &is&~c.m=vd +zG- LXLC ?a< 

Bearing Distance Northing Easting 
_---___---_-__---_-_------------------------------------------------------------ 

S09°17'01"E 

S12°0a'39"E 

S16='04'54"E 

S22O55'56"E 

S20°33'22"E 

S14°16'52"E 

S14°15'09"E 

S62O24'32"W 

S62O24'32"W 
,I .x.% 

S62O24'32"W 

S48OO6'27"W 

s4a"o6'27"w 

S4a"06'27"W 

S4a"06 '27"W 

S61°44'56"W 

S61°44'56"W 

S61°44'56"W 

S61°44'56"W 

S61°44'56"W 

S61044'56"W 

S61°44'56"W 

S61°44'56"W 

S61°44'56"W 

S61°31'20"W 

S61°31'20"w 

S61°31'20"w 

16.12 ft 

13.63 ft 

13.28 ft 

22.81 ft 

14.95 ft 

a.07 ft 

3.87 ft 

14.32 ft 

18.45 ft 

20.20 ft 

16.32 ft 

18.45 ft 

la.45 ft 

13.77 ft 

5.04 ft 

la.45 ft 

la.45 ft 

la.45 ft 

la.45 ft 

18.45 ft 

la.45 ft 

la.45 ft 

15.42 ft 

3.02 ft 

la.45 ft 

18.45 ft 

499996.2187 

499980.3118 

499966.9879 

499954.2240 

499933.2200 

499919.2182 

499911.3953 

499907.6449 

499901.0112 

499892.4652 

499883.1073 

499872.2083 

499859.8875 

499847.5667 

499838.3716 

499835.9861 

499827.2523 

499818.5185 

499809.7847 

499801.0509 

499792.3171 

499783.5833 

499774.8495 

499767.5486 

499766.1080 

499757.3099 

499748.5119 

1318630.7171 

1318633.3173 

1318636.1845 

1318639.8642 

1318648.7505 

1318654.0011 

1318655.9924 

1318656.9451 

1318644.2512 

1318627.8980 

1318609.9912 

1318597.8408 

1318584.1055 

13la570.3701 

1318560.1193 

1318555.6798 

1318539.4261 

1318523.1723 

1318506.9186 

1318490.6649 

1318474.4112 

1318458.1575 

1318441.9038 

1318428.3166 

1318425.6610 

1318409.4420 

1318393.2230 



Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:12:44 2001 

PROJECT: C:\My Documents\white-oak\topo2.pro 
____-_________-____------------------------------------------------------------- 

S61°31'20"W 

S64OO9'28"W 

S64='09'28"W 

S64°09'28"W 

S89°07'17"W 

S89°07'17"W 

S89°07'17"W 

S89°07'17"W 

S89°07'17"W 

S89°07'17"W 

S89°07'17"W 

N78O39'31"W 

N78O39'31"W 

N78°39'31"W 

S81°31'25"W 

S81°31'25"W 

S58O13 '29"w 

S58O13'29"W 

S84O20'22"W 

S84O20'22"W 

N79O47'58'W 

N79O47'58"W 

N79°47'58"W 
- 

N79O47'58"W 

S83O37'25"W 

S83O37'25"W 

583O37'25"W 

S83O37'25"W 

S87°43'07"w 

S87O43'07"W 

9.59 ft 

8.93 ft 

18.45 ft 

19.64 ft 

17.93 ft 

18.45 ft 

18.45 ft 

18.45 ft 

18.45 ft 

18.45 ft 

3.97 ft 

14.80 ft 

18.45 ft 

6.01 ft 

11.92 ft 

34.07 ft 

20.67 ft 

5.30 ft 

13.85 ft 

16.48 ft 

20.84 ft 

18.45 ft 

18.45 ft 

5.16 ft 

12.85 ft 

18.45 ft 

18.45 ft 

12.85 ft. 

24.16 ft 

18.45 ft 

1318384.7891 

1318376.7559 

1318360.1495 

1318342.4757 

1318324.5481 

1318306.0986 

499743.9369 

499740.0461 

499732.0032 

499723.4432 

499723.1683 

499722.8854 

499722.6025 

499722.3196 

499722.0367 

499721.7539 

499721.6930 

499724.6036 

499728.2322 

499729.4143 

499727.6577 

499722.6358 

499711.7531 

499708.9614 

499707.5957 

499705.9699 

499709.6605 

499712.9282 

499716.1959 

499717.1098 

499715.6823 

499713.6331 

499711.5839 

499710.1564 

499709.1948 

1318287.6492 

1318269.1997 

1318250.7503 

1318232.3008 

1318228.3292 

1318213.8175 

1318195.7262 

1318189.8328 

1318178.0462 

1318144.3484 

1318126.7795 

1318122.2726 

1318108.4942 

1318092.0928 

1318071.5828 

1318053.4228 

1318035.2629 

1318030.1836 

1318017.4094 

1317999.0719 

1317980.7344 

1317967.9610 

1317943.8226 



--------__------__------------- 

S87O43'07"W 3.05 ft 

N00°46'07"E 22.69 ft 

N00°46'07"E 22.33 ft 

N06°02'02"E 11.90 ft 

N02°12'09"W 21.07 ft 

N02°12'09"W 9.51 ft 

N02°12'09"W 31.97 ft 

N02°12'09"W 7.85 ft 

N05°59'05"E 21.90 ft 

N05O59'05"E 31.97 ft 

N05°59'05"E 19.30 ft 

N19°01'42"E 9.12 ft 

N19°01'42"E 23.13 ft 

N30°03'11"E 5.85 ft 

N30°03'11"E 12.45 ft 

N19°02'41"E 27.41 ft 

N04O42'56"W 34.18 ft 

N28O14'59"W 25.90 ft 

N43O44'44"W 28.17 ft 

N82O12'02"E 16.86 ft 

N82O57'13"E 14.93 ft 

N83O27'46"E 16.20 ft 

N83027'.46"E 14.87 ft 

N83O27'46"E 15.77 ft 

N83O27'46"E 16.41 ft 

N84O45'40"E 23.51 ft 

N84O43'29"E 28.95 ft 

N84O49'47"E 22.38 ft 

N82O38'06"E 11.73 ft 

Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:12:44 2001 

PROJECT: C:\My Documents\white-oak\topo2.pro 
_...____-----_____-------~~~~--------------~~~~ 

499708.4604 1317925.3856 

499708.3391 1317922.3419 

499731.0240 1317922.6462 

499753.3527 1317922.9457 

499765.1897 1317924.1969 

499786.2479 1317923.3870 

499795.7466 1317923.0216 

499827.6884 1317921.7931 

499835.5289 1317921.4916 

499857.3099 1317923.7750 

499889.1010 1317927.1079 

499908.2927 1317929.1198 

499916.9187 1317932.0948 

499938.7812 1317939.6347 

499943.8426 1317942.5631 

499954.6188 1317948.7981 

499980.5'247 1317957.7408 

500014.5914 1317954.9306 

500037.4072 1317942.6714 

500057.7593 1317923.1915 

500060.0468 1317939.8917 

500061.8779 1317954.7055 

500063.7226 1317970.8031 

500065.4161 1317985.5813 

500067.2116 1318001.2496 

500069.0799 1318017.5536 

500071.2266 1318040.9664 

500073.8884 1318069.7954 

500075.9053 1318092.0855 

500077.4091 1318103.7192 



N82O38'06"E 46.68 ft 

N82O38'06"E 39.82 ft 

N82O38'06"E 29.13 ft 

N82O38'06"E 31.56 ft 

N82O27'29"E 39.59 ft 

N81°20'46"E 32.69. ft 

N81°20'46"E 33.62 ft 

N81°20'46"E 30.06 ft 

N81°20'46"E 53.92 ft 

N81°25'05"E 52.10 ft 

N81°47'59"E 49.42 ft 

N81°47'59"E 29.27 ft 

S72°00'07"E 20.32 ft 

S72°00'07"E 5.00 ft 

S46O01'23"E 8.25 ft 

S32°03'01"E 17.88 ft 

S20°33'22"E 10.14 ft 

S17°39'00"E 17.23 ft 

S13O44'57"E 29.03 ft 

S07°16'01"E 22.87 ft 

S08011'16"E 22.10 ft 

S08°11'16"E 7.49 ft 

S07°02'12"E 12.16 ft 

____________-___--------------------------------------------------------------- 
Total Perimeter = 2074.38 ft 
Area = 243208.43 Sq. Ft. 
Area = 5.5833 Acresd- 

500083.3928 1318150.0129 

500088.4967 1318189.5001. 

500092.2311 1318218.3917 

500096.2767 1318249.6905 

500101.4732 1318288.9391 

500106.3924 1318321.2603 

500111.4517 1318354.5017 

500115.9746 1318384.2190 

500124.0881 1318437.5276 

500131.8622 1318489.0407 

500138.9109 1318537.9528 

500143.0859 1318566.9242 

500136.8061 1318586.2538 

500135.2613 1318591.0088 

500129.5319 1318596.9465 

500114.3775 1318606.4345 

500104.8826 1318609.9951 

500088.4601 1318615.2204 

500060.2580 1318622.1209 

500037.5713 1318625.0139 

500015.6967 1318628.1613 

500008.2834 1318629.2280 

49,9996.2187 1318630.7171 

.--- 
PROJECT: C:\My Documents\whitevoak\topo2.pro 

1-__----_------------------------------------- 

Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:12:44 2001 



C.3 LIMIT OF COVER 



Spectra Precision Software, Inc. 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:20:34 2001 

PROJECT: C:\My Documents\white-oak\topo2.pro 
_--------_-_-----__-----------~~~~----~~~~--------~--------~-------~~~~~~-~- ---- 

GEOMETRY REPORT 

Traverse name: ‘I (,tM\I Qi= &WZ6% 

Point Number Description Vertical Angle Northing 
Bearing Distance 

-_-----__----____ _________-________--------------------- 
90842 
N24O16'37"E 
90840 
N00°46'07"E 
90906 
N00°46'07"E 
90905 
N02°12'09"W 
90904 
N02°12'09"W 
90938 
N02°12'09"W 
90903 
N05°59'05"E 
90902 
N05°59'05"E 
90901 

_>... N05°59'05"E 
90900 
N19°01'42"E 
90899 
N19°01'42"E 
90898 
N30°03'11"E 
90897 
N30°03'll"E 
90896 
N19OO2'41"E 
90846 
N04O42'56"W 
90937 
N28O14'59"W 
90845 
N43O44'44"W 
90844 
N41°34'08"W 
90943 
N48O25'52"E 
90945 
N8Z012'02"E 
90946 
N82O57'07"E 
90947 
N83O27'46"E 
90948 
N83O27'46"E 
90949 
N83O27'46"E 
90950 
N83O27'46"E 
90951 
N84O45'40"E 

11.28 ft 

21.62 ft 

54.97 ft 

9.25 ft 

31.97 ft 

8.56 ft 

22.62 ft 

31.97 ft 

20.44 ft 

10.27 ft 

24.09 ft 

6.81 ft 

11.49 ft 

24.34 ft 

30.00 ft 

22.46 ft 

26.84 ft 

9.59 ft 

12.37 ft 

20.01 ft 

15.12 ft 

16.20 ft 

14.87 ft 

15.77 ft 

16.51 ft 

23.61 ft 

499699.2560 

499709.5398 

499731.1581 

499786.1227 

499795.3623 

499827.3040 

499835.8597 

499858.3525 

499890.1437 

499910.4723 

499920.1790 

499942.9539 

499948.8506 

499958.7928 

499981.7992 

500011.6932 

500031.4755 

500050.8655 

500058.0381 

500066.2478 

500068.9635 

500070.8194 

500072.6640 

500074.3575 

500076.1530 

500078.0330 

‘iczfz lAPi PA-&i 

Easting Elevation 

____------------__~~~~~ 
1317907.7187 

1317912.3571 

1317912.6471 

1317913.3844 

1317913.0290 

1317911.8005 

1317911.4714 

1317913.8295 

1317917.1624 

1317919.2935 

1317922.6412 

1317930.4958 

1317933.9075 

1317939.6599 

1317947.6017 

1317945.1357 

1317934.5064 

1317915.9474 

1317909.5862 

1317918.8431 336.00 

1317938.6704 

1317953.6808 

1317969.7784 

1317984.5567 

1318000.2250 

1318016.6303 



Spectra Precision Software, Inc. * 
5901 Peachtree-Dunwoody Rd., Suite A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Fri Mar 23 17:20:34 2001 

PROJECT: C:\My Docu.ments\whitevoak\topo2.pro 
______________-_--______________________---------------------------------------- 

90952 
N84O43'29"E 
90953 
N84O50'48"E 
90967 
N82O38'06"E 
90965 
N82O38'06"E 
90954 
N82O38'06"E 
90955 
N82O38'06"E 
90956 
N82O38'06"E 
90957 
N82O27'37"E 
90958 
N81°20'46"E 
90959 
N81°20'46"E 
90960 
N81°20'46"E 
90961 
N81°20'46"E 
90962 
N81°25'05"E 
90963 
N81°47'59"E 
90964 
N81°47'59"E 
90843 
S72°00'07"E 
89587 
S72°00'07"E 
90983 
S46°01'23"E 
90982 
S32°03'01"E 
90981 
S20°33'22"E 
90980 
S17°39'00'E 
90979 
S13O44'57"E 
90978 
S07"16!01"E 
90977 
S08°11'16"E 
90976 
S07°22'05"E 
90975 
S09°17'01"E 
90974 
S12°08'39"E 
90973 
S16°04'54"E 
90972 
S22°55'56"E 
90971 

28.95 ft 

22.05 ft 

11.73 ft 

46.68 ft 

39.82 ft 

29.13 ft 

31.56 ft 

39.39 ft 

32.69 ft 

33.62 ft 

'30.06 ft 

53.92 ft 

52.17 ft 

49.42 ft 

33.63 ft 

20.39 ft 

7.31 ft 

11.78 ft 

20.11 ft 

11.40 ft 

17.83 ft 

29.94 ft 

23.36 ft 

22.09 ft 

18.45 ft 

16.80 ft 

13.04 ft 

12.34 ft 

22.42 ft 

500080.1888 1318040.1417 

500082.8503 1318068.9679 

500084.8311 1318090.9318 

500086.3348 1318102.5655 

500092.3185 1318148.8592 

500097.4225 1318188.3464 

500101.1569 1318217.2380 

500105.2024 1318248.5368 

500110.3707 1318287.5849 

500115.2899 1318319.906i 

500120.3492 1318353.1475 

500124.8721 1318382.8648 

500132.9856 1318436.1734 

500140.7702 1318487.7570 

500147.8189 1318536.6690 

500152.6157 1318569.9553 

500146.3168 1318589.3436 332.00 

500144.0592 1318596.2925 

500135.8772 1318604.7721 

500118.8311 1318615.4444 

500108.1563 1318619.4474 

500091.1676 1318624.8529 

500062.0846 1318631.9690 

500038.9160 1318634.9234 

500017.0501 1318638.0696 

499998.7542 1318640.4354 

499982.1714 1318643.1460 

499969.4277 1318645.8884 

499957.5691 1318649.3071 

499936.9254 1318658.0409 



S20°33'22"E 
90970 
S14O16'52"E 
90969 
S14°15'09"E 
90968 
S86O52'31"W 
90839 
S62O24'32"W 
90838 
S62O24'32"W 
90837 
S48OO6'27"W 
90836 
S48OO6'27"W 
90835 
S48OO6'27"W 
90834 
S48°06'27"W 
90833 
S61°44'56"W 
90815 
S61°44'56"W 
88409 

-. S61°44'56"W 
88408 
S61°44'56"W 
88407 
S61°44'56"W 
88406 
S61°44'56"W 
88405 
S61°44'56"W 
88404 
S61°44'56"W 
88403 
S61°44'56"W 
88401 
S61°31'20"W 
88400 
S61°31'20"W 
88399 
S61°31'20"W 
88398 
S61°31'20"W 
88397 _ 
S64OO9'28"W 
88396 
S64OO9'28"W 
88395 
S64OO9'28"W 
88394 
S89°07'17"W 

- ._\ 88393 
S89OO7 '17"W 
88392 
S89°07'17"W 
88391 
S89°07'17"W 

15.71 ft 

8.62 ft 

21.62 ft 

21.93 ft 

18.45 ft 

18.89 ft 

15.01 ft 

18.45 ft 

18.45 ft 

15.03 ft 

6.30 ft 

18.45 ft 

18.45 ft 

18.45 ft 

18.45 ft 

18.45 ft 

18.45 ft 

18.45 ft 

15.40 ft 

3.00 ft 

18.45 ft 

18.45 ft 

9.84 ft 

9.17 ft 

18.45 ft 

21.96 ft 

20.25 ft 

18.45 ft 

18.45 ft 

18.45 ft 

---- 
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499922.2162 1318663.5569 

499913.8597 1318665.6840 

499892.9005 1318671.0079 

499891.7053 1318649.1144 

499883.1593 1318632.7611 

499874.4115 1318616.0218 

499864.3921 1318604.8521 

499852.0713 1318591.1167 

499839.7506 1318577.3813 

499829.7168 1318566.1956 

499826.7368 1318560.6498 

499818.0030 1318544.3961 

499809.2692 1318528.1424 

499800.5354 1318511.8886 

499791.8016 1318495.6349 

499783.0679 1318479.3812 

499774.3341 1318463.1275 

499765.6003 1318446.8738 

499758.3091 1318433.3049 

499756.8785 1318430.6676 

499748.0804 1318414.4486 

499739.2823 1318398.2296 

499734.5922 1318389.5834 

499730.5962 1318381.3328 

499722.5532 1318364.7264 

499712.9801 1318344.9607 

499712.6696 1318324.7090 

499712.3867 1318306.2596 

499712.1038 1318287.8101 
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88390 499711.8209 1318269.3607 
S89“07'17"W 18.45 ft 
88389 499711.5380 1318250.9112 
S89°07'17"W 18.45 it 
88388 499711.2551 1318232.4618 
S89°07'17"W 5.10 it 
88387 499711.1770 1318227.3663 
N78°39'31"W 15.92 ft 
88386 499714.3086 1318211.7526 
N78O39'31"W 18.45 ft 
88385 499717.9373 1318193.6613 
N78O39'31"W 4.16 ft 
88384 499718.7586 1318189.5664 
S81°31'25"W 10.08 ft 
88383 499717.2724 1318179.5939 
S81°31'25"W 31.91 ft 
88382 499712.5696 ,1318148.0372 
S58O13'29"W 18.50 ft 
88381 499702.8268 i318132.3087 
S58°13'29"W 7.74 ft 
88380 499698.7528 1318125.7316 
S84°20'22"W 16.28 ft 
88379 499697.1469 1318109.5299 
S84O20'22"W 17.94 ft 
88378 499695.3769 1318091.6729 
N79O47'58"W 22.30 ft 
88377 499699.3265 1318069.7233 
N79O47'58"W 18.45 ft 
88376 499702.5941 1318051.5633 
N79O47'58"W 18.45 ft 
88375 499705.8618 1318033.4034 
N79O47'58"W 3.63 ft 
88374 499706.5049 1318029.8296 
S83O37'25"W 11.32 ft 
88373 499705.2472 1318018.5755 
S83O37'25"W 18.45 ft 
88372 499703.1980 1318000.2380 
S83O37'25"W 18.45 ft 
88371 499701.1488 1317981.9005 
S83O37'25"W 13.23 ft 
88370 499699.6797 1317968.7540 
S87°43'07"W 24.53 ft 
88369 499698.7032 1317944.2405 
S87O43'07"W 18.45 ft 
87461 499697.9687 1317925.8035 
N85"55'.43"W 18.13 ft 
90842 499699.2560 1317907.7187 

-_------___-----____----------------------------------------------------------- 
Total Perimeter = 2161.45 ft 
Area = 264197.97 Sq. Ft. 
Area = 6.0652 Acres&y- 
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PURPOSE: 

Determine filter compatible pipe backfill aggregate and pipe perforation size. 

REFERENCES: 

1. Standard Specifications for Construction and Materials, Maryland Department of 
Transportations, State Highway Administration, October 1993, pp. 436-437 (attached) 

2 Design Manual DM-7.7, Soil Mechanics, Department of the Navy, Naval Facilities 
Engineering Command (NAVFAC), Alexandria, VA, 1982. Figure 4, *‘Design Criteria of 
Protective Filters, p. 7-l-273. 

GIVEN: 

Use MD SHA #67 aggregate (Ref l)(sheet 2) 

.- 
SIEVE SIZE 

1 1” 314” 3!8” No. 4 

%passing 

i No. 8 

1 100.0 90-100 20-55 O-10’ 1 iI-5 -- 

METHOD: . 

To avoid movement of filter particles in pipe perforations, D95/ hole diameter must be greater than ‘1 .O - 

1.2. (Ref 2) 

DB5 is determined by plotting the gradation of the aggregate on semi-log paper, see sheet 4 

From plot, DB5 min = 15.5 mm = 0.61 in. 

DB5 rnin / 1.2 = 0.508” 

SOLUTION: 

therefore use up to l/2 inch perforations 

Use MD SHA #67 aggregate for pipe bedding and backfill 

Use l/2 inch perforations or smaller 



901 AGGREGATES 

TABLE 

AGGREGATE GRADING REQUIREMENTS 

I L . SIEVE SIZE I 

GRADED AGGREGATE- 
SUBBASE DESIGN RANGE (a) 

BANK RUN GRAVEL- 

GRADED AGGREGATE- 
BASE DESIGN RANGE (a) 

TOLERANCE (b) 

BANK RUN GRAVEL-BASE 

COARSE 57 and 
AGGREGATE- UNDERDRAIN 

I 

FINE AGGRBGATE- 
PORTLAND CEMENT 
CONCRETE and 
UNDERDRAIN (d) 

COARSE AGGREGATE- 
LIGHTWEIGHT PORTLAND 
CEMENT CONCRETE 

FINE AGGREGATE- 
LIGHTWEIGHT PORTLAND 
CEMENT CONCRETE (d) 

CRUSHED GLASS (e) 

2” ‘l-l/2” 1” 314” l/2” 

100 go-100 - 60-U - 

-3 25 - 210 - 

- - 90-100 - 60-100 

(a) To establish target values for design. 
(b) Production tolerance. 
(c) Z-2 for field grading. (omitting T 11) 
(d) Fine aggregate includes natural or manufactured sand. 
(e) Cmshed glass shall not contain more than one percent contaminants by weight. 

AGGREGATES 901 

901 A 

TEST METHOD T 27 

SIEVE SIZE 

318” 1 No. 4 1 No. 8 /No. 1dNo. 16 No. 30 No. 40 No. 50 No. 100 No. 200 
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CLIENT: 
EFAC NSWC - WHITE OAK JOB NUMBER: 7427-l 503 

SUBJECT: 
DRAINAGE DESIGN CALCULATIONS 

_^ 3-L 
’ BASED DRAWING NUMBER: 

BY: NJB CHECKED BY: ++ APPROVED BY: 
Date: 03/29/01 Date: 312 9/a Date: 

Objective: Design a system to adequately drain the cover soil during large rainfall events by: 

1) Determining the geonet transmissivity required to carry flow from the overlying cover soil under a unit gradient (i = 1) 
(i. e., as fast as water can flow through the soil, the geonet and pipes can carry it away (Ref l)), 

2) Determining pipe spacing to delineate flow areas and discharge from the geonet, and 

3) Determining the pipe diameter and number and size of perforations required to convey the required ,flow. 

References: 

1) “Design of Lateral Drainage Systems for Landfills”, G. N. Richardson and Aigen Zhao, 1999, 
Geosynfhetics for Advanced Solutions Seminar, Sponsored by GSE Lining Technology, Synthetic 
industries, and Tenax, Pittsburgh, Pennsylvania, July 13, 2000 

2) Soil Mechanics, Lambe and Whitman, John Wiley & Sons, 1969, p. 251. 

3) HELP Model User’s Guide, Table 4 (attached, sheet 7) 

4) Brater, E. F. and King, H. W. Handbook of Hydraulics, 6th Ed. McGraw-Hill, New York, 1976. 

5) Advanced Drainage Systems (ADS) Product Literature 

6) Phone conversation with ADS, March 1, 2001. 

Method: 
1) For a given cover soil type and drainage length, determine the needed rransmissivity for a geocomposite to 

discharge water at the same rate that it enters the geocomposite. 
2) Determine pipe spacing and slope to outlet flow from the geocomposite. 
3) Determine pipe diameter and perforation size and spacing to carry the flow. 

Solution: 

Triplanar geocomposite with a transmissivity of 2.2 x 1 O-3 m3/sec/m 

4-inch dia plastic pipe with Manning’s n e or = 0.012 

Soil cover hydraulic conductivity of not more than 0.00037 cm/set under minimal compaction (USDA loam 
Class L, SiL, SCL, CL, and SiCL) 

60 ft spacing between pipes (general guidance). 
Variable pipe slope and spacing as shown, 2.5% minimum pipe slope. 
Slotted pipe or 3/l 6 - 3/8-inch dia circular perforations, 0.5 sq in per ft open area 



PAGE 2 OF 12 

CLIENT: EFAC NSWC - WHITE OAK 
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APPROVED BY: 
Date: 

Lh = Horizontal separation between drainage outlets (pipes) 

kveg = Permeability of the vegetative cover soil 

S = percent slope 

IId = product of all relevant reduction safety factors (for landfill covers, Ref 1, pp. 21-22) 

Method of solution: 

Step 1. Input the necessary data. Trial 1: Pipes at the bench only, any USDA loam for cover soil. 

Lh = 195 ft (distance from crest of landfill to bench) 

l-I, = 8 

kves = 0.0017 cm/set (Ref 3) 

max value for any of the USDA loams (Sheet 7, Classes LS, LFS, SL, FSL, L, SiL, SCL, CL, and SiCL) 
6 = transmissivity of geocomposite under site specific stress and gradient 

Step 2. Calculate inflow Qi” over a unit width. 

Q=k*i*a Darcy’s Equation, Ref 2 

Calculate inflow Qi” assuming the soil is saturated, so the vertical seepage gradient = i = 1 m/m. 

i = 1 m/m 
a=L*l for a 1 m unit width 

Qin = beg * 1 * Lh * 1 =( .0017 cm/set * 1 m/l OOcm) * (195 ft * 0.3046 mm) *( 1 m/m) 

Qi” = 1.0~-03 m’/sec/m 

Step 3. Calculate outflow of the drainage composite ( Qout). 

Qout = Q, = Cfrequired i (for a unit width of slope) = 

i = gradient = h / L = 0.25 

6 required = Qout / i (for a unit width of slope) = 

0 req’d = transmissivity of the geocomposite = 
- 

1 .OE-03 m3/sec/m IO.25 

4.OE-03 m3/sec/m 

Step 4. Calculate 0ulrimate for the geocomposite 

&timate = heq’d * &I 

= 4.OE-03 m3/sec/m *8 = 3.2E-02 m3/sec/m 

Geocomposite with 3.2 x E-02 m3/sec/m is needed but is not commercially available 

Available triplanar geocomposite has a transmissivity of 2.2 x 1 O-3 m3/sec/m (at gradient = 6.1 and 15,000 psf, see 
sheet 8), too low. 
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BY: NJB CHECKED BY: flw APPROVED BY: 
Date: 03/29/01 Date: 3229h Date: 

Step 5: Trail 2: Determine cover soil texture class and pipe spacing suitable for available geocomposite 

Available geocomposites do not have the required transmissivity from Step 4. Therefore the pipe spacing is too far 
and/or the cover soil permeability is too high. Try other combinations for a transmissivity which does not exceed that 
which is available in manufactured geocomposites. 

Soil Texture Class** 
kveg (cm/set) 

pipe spacing (ft) 
180 
90 
60 
45 
3a 
25 
20 

Ultimate Transm ssivitv’ (laboratorv test values, m3/se :/m) 
LS SL FSL L 

0.0017 0.00072 0.00052 0.0003’7 

3.OE-02 
1.5E-02 
9.9E-03 
7.5E-03 
5.OE-03 
4.1 E-03 
3.3E-03 

1.3E-02 9.1 E-03 
6.3E-03 4.6E-03 
4.2E-03 3.OE-03 
3.2E-03 2.3E-03 
2.1 E-03 1.5E-03 
1.8E-03 1.3E-03 
1.4E-03 1 .OE-03 

6.5E-03 
3.2E-03 
2.2E-03 
1.6E-03 
1 .l E-03 
9.OE-04 
7.2E-04 

* 8ult = kveg (cm/set) l pipe spacing (ft)* 0.3046 m/ft l .Ol m/cm * 8 (factor of safety) / gradient (0.25 m/m) 
** HELP Table 4 (attached, sheet 7) 
Bold numbers indicate transmissivities achievable for marketed geocomposites 

Result: 
Generally use 60 ft pipe spacing 

kveg c or = 3.7 x 10-4 cm/set or specify USDA loams Class L, SiL, SCL, CL and SiCL (sheet 7) to satisfy 
the hydraulic conductivity requirement 

Step 6: To size the pipes, determine inflow into entire pipe length based on watershed area, pipe slope and kves. 
(See plan view, sheet 9, attached) 

Area 1 Planimetered 

1Bl 11,520 
lBl+ 182 31,375 

1c 15,120 
-lD 22,240 

2A 13,600 
28 11,200 
2c 17,025 
2D 24,640 
2E 15,040 

Pipe 

Slope 
variable, >3% 
2.5% 
variable, min. 4.4% 
3% 
variable, >3% 
2.5% - 3.3% 
variable, >3% 
variable, >3% 
3% 
2.5% 

Determine inflow into pipe 2D based on inflow through area 2D soil cover: 
Qreq’d = kveg * 1 * inflow area 

= (.00037 cm/set * 1 m/l00 cm * 3.281 ft/m) * 1 * 24,640 ft* , 
= 0.299 cfs 
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Step 7: Determine the pipe size and slope required using Manning’s equation. 

J 

Q = l.49/n(A)(rH)2/3(s)1/2 

n = 0.012 (Ref 4, sheet 10) corrugated plastic pipe 

try a 6-inch pipe and 4-inch pipe 

check 4-in pipe for Area 2D at 3%. 

slope = 0.03 ft/ft 
Nominal Dia (in) 6 4 
ID (in) 6.0 4.0 
ID (4 0.500 0.333 
A (sf) 0.196 0.087 
rH 0.125 0.083 
Q (cfs) 1.1 0.358 

Q of 4-inch pipe = 0.358 cfs > 0 .299 cfs, so 4-inch pipe is acceptable for Area 2D, as well as any areas that are smaller 
and/or steeper, so 4-in pipe is acceptable for Areas 1 A, 16, 1 D, 2B, 2C, and 2D. 

check 4-in pipe for Area 2E at 2.5%. 
Qreq’d I= kveg * 1 * inflow area 

= (.00037 cm/set * 1 m/l 00 cm * 3.281 ft/m) * 1 * 15,040 ft’ 
= 0.183 cfs 

For 2.5% oioe: 
I a 

slope = 0.025 61 4 
Q (cfs) 1 .oj 0.327 

Q of 4-inch pipe = 0.327 cfs > 0.183 cfs, so 4-inch pipe is acceptable for area 2E and any 2.5% pipe slope with smaller 
inflow areas, i. e. Area 1 Bl and Area 2A 

check 4-in pipe for combined Areas 1 Bl and 1 B2 at 4.4%. 
Qreq’d = kveg * 1 l inflow area 

= (.00037 cm/set * 1 m/l 60 cm l 3.281 ft/m) l 1 * 31,375 ft* 
= 0.381 cfs 

For 4.4% oioe: 
slope = ’ i 0.044 6 4 
Q (cfs) 1.3 0.433 

Q of 4-inch pipe = 0.433 cfs > 0.381 cfs, so 4-inch pipe is acceptable for areas 1 Bl and 1 B2 combined 

Result: 

4-in dia plastic pipe (n = 0.012) at a the layout shown on sheet 9 will carry the maximum expected inflow for all inflow 
areas. 
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Step 8: Determine specifications for pipe perforation size and spacing. Are the specifications on sheei: 11 adequate? 

Step 8A: Slotted Perforations 

Compare area of standard slots to specification 

Product literature indicates that perforations are 0.875 inches long by 0.125 inches wide. There are 3 
perforations per corrugation. (See Sheet 12, Ref 5) 
There are 18 corrugations per foot, or 3 x 18 = 54 perforations per foot. (Ref 6) 

Therefore open area = 0.875 in x 0.125 in x 54 = 5.9 sq in / ft 

Specifications call for 0.5 sq in It, therefore standard manufactured slotted pipe satisfies this specification. 

Compare area of standard slots to calculated required area for inflow 
For simplicity, use equation for orifice flow for round holes 0.125 inches in diameter (conservative): 

Q = C*a*(2gh)*1/2 (Ref 4) 

Q = flow cpacity per perforation 
a = area of perforation 
g = 32.2 ftlsecA2 

^ h = head over the perforation 

pipe is perforated all the way around, therefore average head will be l/2 pipe diameter plus minimum height of backfill 
h = l/2 pipe diameter + backfill to top of pipe trench = 2 inch + 12 inch = 14 in, use 1.17 ft 

C = coefficient of discharge for a circle at a head of one ft = .622 (Ref 4, p. 4-29) 

dperf = 0.125 in 

rperf = 0.0625 in 

a = 7C*rpefi2 = 0.0001 sf = 0.012 sq in 
Q = C*a*(2gh)*1/2 
Q= 0.0005 cfs per perforation 

x 54 = 0.0250 cfs per foot 
(actual inflow will be greater because perforations are wide slots, not round holes) 

Determine inflow per foot 

Q for combined areas 1 Bl and 182 is 0.381 cfs 0.000636 
pipe for Areas 1 Bl and 182 is 500 ft long 
Qrequired for 1 ft = 0.381 / 500 = 6.4 x 1 O-4 cfs per foot 

Q pipe (0.025 cfs/ft) > Qrequired (0.00064 cfs/ft), therefore standard ADS N-l 2 slotted pipe perforations 
are adequate 

Compare specified slot dimensions to manufacturers standard slot dimensions 
Specified dimension, sheet 11, is l/8 to l/32 by c l/10 times inside circumference for slotted perforations 

circumference = 2 x 71 x r = 2 x 3.14 x 2 in = 12.56 
otherefore specified slot dimensions are l/8 to l/32 in by cl .256 in 

Standard manufacturer’s slot is 0.125 by 0.875, satisfies specification, OK 
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Step 8B: Circular perforations 

for orifice flow for round holes: (Ref 4) 
Q = C*a*(2gh)A1/2 

Q = flow cpacity per perforation 
a = area of perforation 
g = 32.2 ftlsecA2 
h = head over the perforation 
Assume perforations are near the bottom of the pipe 
h =3/4 of pipe diameter + backfill to top of pipe trench = 3 inch + 12 inch = 15 in, use 1.25 ft 

C = coefficient of discharge for a circle at a head of one ft = .622 (Ref 4, p. 4-29) 

Compare perforation diameter to attached specifications (sheet 11) 

Based on pipe backfill aggregate calculations, round perforations should be l/2 inches in diameter or 
smaller to prevent intrusion of aggregate into the perforations. 

Specifications call for 3/l 6 to 3/8 inch diameter round holes 

Attached specifications satisfy filter compatibility to aggregate, OK. Check inflow capacity of specification 

d peri = 0.188 in (use minimum specified perforation diameter) 

rpert = 0.094 in 

a = 7c*r,,fi2 = 0.0276 si 

a = 7c*rp&2 = 0.0002 sf 

Q = C*a*(2gh)A1/2 
Q= 0.0011 cfs per perforation 

Q of perforation (0.0011 cfs) > Q required ( 0.00064) therefore only 1 hole per foot would be adequate to 
let in flow. 

Compared area of perforations required for inflow to specification 

Specifications call for 0.5 sq in /ft, this is greater than the area of one 3/l 6 hole, therefore this specification 
is adequate, 
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TABLE 4. DEFAULT SOIL, WASTE, AND GE0 tiYlwmmc ciimcTEHIsTIcs 



Standard Property and Frequency Sheet 
GSE T&Planar Drainage Material 

8 

Tested Property Test Method Values Qualifier .- Frequencies. 

Resin 

Resin Density, gkm3 

Resin Melt Index, g/10 min. 

ASTM D 1505 0.94 

ASTM D 1288 1.0 

c 

E 

Upon Request 

Upon Request 

Geoneti’) -~ TP225 TP275 
Geonet Roll Length, ft 208 200 B 

Geonet Density, s/cm3 ASTM D 1505 0.44 0.94 C Ewy 40,000 fP 

Carbon Black Content, 96 1 ASTM D 4218 2.0 2.0 C Every 40,000 fts, 

Tensile Strength - MD, lb/h (lb/in) ASTM D 4595 709 (58) 900 (751 C Every 40,000 ft* 

Compressive Behavior (short term) 
% retained thickness 

ASTMD1821 o5clgcQsf A Every 40,000 ft* 

Compressive Behavior (long ten) 
% retained thickness 

95 
02~psf 

After 10,999 hrs 
A certified 

Transmissii - MD, ti/sec-m 

Plate / liner I net I liner / Plate 

ASTM D 471999 Load = 10.909 psf Load = 20.000 osf 
i=1.0 i=1.0 B Every 109,000 ftz 

15 min. seat time 1.6x10-3 1.4x103 

Thickness, mils ASTM D 5199 225 275 C Every 49,000 ft* 

.- d 
Geocomposite (6 or 8 ozEyd*) TP275 
Geocomposite Roll Length, ft 209 200 B 

Plv Adhesion(*). lb/n ASTM F904 1.0 Every 40,000 fP 

Transmissivity - MD, mYsec-m ASTM D 4718-99 

Plate I soil / composite / liner / Plate 15 min. seat time 

Load = 508 
Every1oO,OOOft;! i=0.88psf ~~~t~~< 

2.2 x 1w 

Geotextile - Synthetic Industries Standard 
Tests and Frequencies Apply 
Mass per Unit Area, ozryd2 ASTM D 5261 

Grab Tensile Strength, Ibs ASTM D 4682 

Grab Tensile Elongation, % ASTM D 4682 

Puncture Strength, Ibs - ASTM D 4838 

GeoTex 651 GeoTex 861 
6.0 8.0 * 

170 220 

50 50 

110 135 

B Every 90,OOo fl* 
B Every 99,000 ft* 

B Every90,oooW 
B Every 90,000 fV 

Trapezoidal Tear Strength, Ibs ASTM D 4588 70 95 

AOS, US Sieve (mm) ASTM D 4751 70 (0212) a0 (0.180) 

Permittivity, se@ ASTM D 4491 1.30 1.50 

Permeability, cm&c ASTM D 4491 0.24 0.36 

Water Flow Rate, gpmIft* ASTM D 4491 110 110 

B Evwy9o,oOoft* ’ 
B Every 540,000 ft* 

B Every 540,000 fi 

B Every 540,000 ft* 

B Every 540,00( - 
- 

Qualifiers: A = Typical, B = Minimum Average Roll Value (MARV), C = Minimum, D = Average, E = Maximum 

(1) Geonet has a minimum roll width of 6.7 ft. 
(2) Ply adhesion is measured per F 904 using a 2 in. wide strip, 2.0 inimiiute. The value reported for each side tested is the average of the peak value from 5 te$Wf specimens 
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&IS Pipe Hydraulics - Capacity 

z 

ADS Recommended Manning’s W’ For Design / 

Pbe 
Diameter “E$ZiEF 

ADS-M-12 
Potyethybne 

15’ .oi 8 .OfO - .012 

18’ .020 .OlO - .OfP 

24. .020 -010 - .012 

30’ .020 .OlO - dir2 

36’ -020 .oio - .012 

‘ASCE Manual and Report on Engineering practice #37 

Concrete 
Pipe* 

c0rrugrt-l 
Metal Pipe* 

.Oll - .015 .022 - -028 

- .Oll .015 .022 - .026 

,011 -.Olli .022 - .026 

.Oll .Oltl - .022 - -026 

.Oll-.615 .022- .026 

-011 - .OlS .022 - ,026 

ADS N-l 2 Pime Stiffness 
Pipe Diameter 

in. (mm) 

4,6,8’( 100,150,200) 

10-(250) 

12’(300) 

lfi’(375) 

18=(450) 

W”(600) 

30’(760) 

36”(&6) 

‘Per ASM D2412 

Mbdmum pii Stiffne~+ 
PSI (kk) 

so (345) 

50 (345) 

50 (345) 

42 (289) 

40 (276) 

34 (-1 

28 (193) 

22 (152) 

Weight Comparison Pounds/Linear Foot 

ADS N-12’ 
NDPEPM . 

cley or 
conwete YEf::” 

10’ 20 50 

12’ 3.2 79 

15’ 4.6 103 

18” 6.4 131 

24” 11.5 217 

30” 15.4 364 

36’ 18.1 524 

‘Standard Length of N-l 2 Pipe is 20’ 

9.0 

10.5 

12.9 

15.8 

19.4 

30.0 

36.0 

Height of Cover Table for ADS 
N-i 2 or Corrugated Pipe 

-Depth of Cover for Comylated Pdyethyfenu Pipe 

-H20 et 880 Live Lead 

-Pipe Manufactured to AASIITO M-294 or M-252 

Minimum Cevef 
H20 

Maximum cover 
II80 

ilh (~1 
feet (meters) 

4,6,8,10,12’(100-360) Y 2 (300) 24 (600) 68 (16) 

15”(376) 12(306) 24(800) 59 (18) 

18+66) 121306) 24(600) 82 (19) 

24’(600) 12(300) W(600) 61 (19) 

36”(760) 12(300) 241600) 61 (19) 

36’(800) 12 (300) 24 (600) 61 (IS) 

Notes 
1. Cover limitations cakulated using toad faotw design 

per AASHTO Procedures. 
2. Soil denrlty of 100#/c1~. ft. (tM)o kghn’) is assumed. 
3. Backfill around the pipe must be comprfted to a density 

of 90% per AASHtO T-99. 
4. Use reasonable care.in handling and installation. 
5. Cover limitations are measured from the top of the pipe. 
6. Special situations such as oover less tbaru 12p (306mm) 

or fills greater than 60 ft. (18 meters) should be 
discussed with an ADS Regienal Engin-. 



Pipe Perforations 

Water inlet area shall be a minimum of 0.5 square inch per linear foot. 
Manufacturer's standard perforated pipe which essentially meets these 
requirements may be substituted with prior approval of the Contracting 
Officer. 

a. Circular Perforations in Plastic Pipe: Circular holes shall be 
cleanly cut not more than 3/8 inch) or less than 3/16 inch in 
diameter and arranged in rows parallel to the longitudinal axis of 
the pipe. Perforations shall be approximately 3 inches 
center-to-center along rows. The rows shall be approximately 
l-1/2 inches apart and arranged in a staggered pattern so that all 
perforations lie at the midpoint between perforations in adjacent 
rows. The rows shall be spaced over not more than 155 degrees of 
circumference. The spigot or tongue end of the pipe shall not be 
perforated for a length equal to the depth of the socket, and 
perforations shall continue at uniform spacing over the entire 
length of the pipe. 

b. Slotted Perforations in Plastic Pipe: Circumferential slots shall 
be cleanly cut so as not to restrict the inflow of water and 
uniformly spaced along the length and circumference of the tubing. 
Width of slots shall not exceed l/8 inch nor be less than l/32 
inch. The length of individual slots shall not exceed l-1/4 inches 

on 3 inch diameter tubing, 10 percent of the tubing inside 
nominal circumference on 4 to 8 inch diameter tubing, and 2-l/2 
inches on 10 inch diameter tubing. ..- ., 

- - _. 

. 



Product Note 3.106 

Re: Standard Pipe Perforations 
4-36” I.D. N-12@ Pipe 

Date: May 1, 1995 

Nominal 
I.D. 

In. (mm) 
Perfdration 

Type 

Slot Length or 
Diameter, Max. 

In. (mm) 
Slot Width, Max. 

In. (mm) 
Perforation 

Configuration 

4 (1W 

6 (150) 

8 PW 
10 (250) 

12 (300) 

15 (375) 

18 (450) 

*24 (600) 

**24 (600) 

30 (750) 

36 (900) 

* Annular Corrugation 
** Spiral Corrugation 

NOTE 1 

Slot 

Slot 

Slot 

Slot 

Circular 

Circular 

Circular 

Circular 

Circular 

Circular 

Circular 

0.875 (22.2) 

0.875 (22.2) 

1.250 (31.8) 

1.250 (31.8) 

0.375 (9.52) 

0.375 (9.52) 

0.375 (9.52) 

0.375 (9.52) 

0.375 (9.52) 

0.375 (9.52) 

0.375 (9.52) 

Perforation Configurations 

A B C 

@ @ ,! 
(90’ rromh, 

3athO” 
(60” from C) 

6 at’60’ 8 at 45” 

0.125 (3.18) CD ’ 

0.125 (3.18) CD 

0.125 (3.18) CD 

0.125 (3.18) CD 
- E 
- E 
- E 
- F 
- F 
- F 
- F 

ADS pipe is perforated for water entry with slots or circular perforations. The perforations are uniformly spaced 
along the length and circumference of the pipe. 

NOTE 2 
Unless otherwise specified, ADS pipe is manufactured to comply with the perforation requirements specified in the 
following industry standards: ASTM F405, ASTM F667, AASHTO M252, AASHTO M294. and SCS Code 606. 
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CLIENT: 

SUBJECT: 

EFAC NSWC -WHITE OAK 

SLOPE STABILITY CALCULATIONS 

JOB 7427-l 503 

BASED ON: 

BY: 
Date: 

NJB 
03/07/o 1 

DRAWING NUMBER: 
/, 

CHECKED BY: y& APPROVED BY: 
Date: d-/S-Q/ Date: 

Objective: Determine the minimum interface friction angle required between each geosynthetic- 
geosynthetic and geosynthetic-soil interface to maintain a stable cap/cover soil. 

References: 1 Lambe and Whitman, Soil Mechanics, John Wiley & Sons, 1969, p.193 
2 “Design of Lateral Drainage Systems for Landfills”, G. N. Richardson and Aigen 

Zhao, 1999, Geosynthetics for Advanced Solutions Seminar sponsored by GSE 
Lining Technology, Synthetic Industries, and Tenax, Pittsburgh, Pennsylvania, July 
13,2000, p. 28 

Given: Slope is 4H:l V. 

P= 14.0 degrees = slope 
6= interface friction or internal friction 
a= 2 ft = thickness of cover soil 
d,= thickness of saturated layer 

%v = unit.weight of water = 62.4 pcf 

Ya = unit wt of soil = 120 pcf 

FS slope = Minimum factor of safety against sliding for = 1.5 
soil/geocomposite or geocomposite/geomebrane interface 

Method: FS slope = Resisting Forces / Driving Forces 

FS s~ope = tan 6 11 ~w*%.k*a)l 1 tan P 

Solution: Theoretically, the geocomposite can carry the water out as fast as it can enter, and d,, 

thickness of the geocomposite, is essentially zero. Therefore: 

FS slope = 

tan 

tan P, (Ref 1) 

determine 6 so the FSslope = 1.5 

tan 6 * FSslope = tan 6 

6 = tan-’ (tan 0 * FSslope) 

6 = 20.5 degrees 
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CLIENT: EFAC NSWC - WHITE OAK 
JOB 7427-l 503 

SUBJECT: SLOPE STABILITY CALCULATIONS 

BASED ON: DRAWING NUMBER: 

BY: NJB CHECKED BY: &$$ APPROVED BY: 
Date: 03/07/01 Date: z-is- ai Date: 

However, to be conservative, determine the required 6 if the cover soil becomes saturated. 
(i. e., determine 6 to achieve FS = 1.5 with increase in head in cover soil layer) 

tan 6 = [1.5 (tan 6)/(1 - (y,*d,/y,*a)) 

dw (ft) 1 tan 6 IS (degrees) 

0.00 
0.50 
0.75 
1 .oo 
1.25 
1.50 
1.75 
2.00 

0.375 20.6 
0.431 23.3 
0.466 25.0 
0.507 26.9 
0.556 29.1 
0.615 31.6 
0.688 34.5 
0.781 38.0 

Check above equation with simplified equation for fully saturated layer: 

FS = resisting forces/driving forces = (yb*tans)l(ys,:tan8) (Ref2) , 

where yb = yt - yw = 120 pcf - 62.4 pcf = 57.6 pcf 

FS = 57.6 pcf * tan 38 / 120 pcf *tan 14 = 1.5 same as above, OK 

For design purposes, assume the saturated depth of the cover soil is 0.75 ft. 

Based on the above calculation, to achieve a factor of safety of 1.5, the required interface 
friction angle must be at least 25.0 degrees. 

Although the drain is designed to completely prevent head buildup, to be conservative, some 
head should be considered. A saturated depth of 0.75 ft is reasonable, as the drain should 
prevent infiltration from further saturating the cover soil. 

A required value of 25 degrees for the interface friction is reasonable because most 
combinations of manufactured textured geomembranes/geotextiles should achieve this value 
when tested under site conditions. Also, the cover soil itself will be uncompacted, therefore it 
should achieve but may not greatly exceed this value for the angle of internal friction. (For 
example, a value of 38 degrees for the fully saturated layer would not be necessary for the 
geosynthetic interface, as the soil itself would not have 38 degrees and so would have slid off 
the liner.) 



D.4 COVER SOIUGEOTEXTILE COMPATABILITY 
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CLIENT: 

EFAC NSWC - WHITE OAK 
JOB’NUMBER: 7427-l 502 

SUBJECT: COVER SOIUGEOTEXTILE COMPATIBILITY (65% 
-, DESIGN) 

BASED ON: DRAWING NUMBER: 

BY: NJB CHECKED BY: d%f,/ APPROVED BY: 

Date: 11 /19/00 ///2@0 Date: 
* Date: 

PURPOSE: 

Determine a compatible filter geotextile and cover soil. 

REFERENCES: 

1 Designing with Geosynthetics, Third Ed., Robert M. Koerner, Prentice Hall, 1994, pp. 100-102 

2 “Designer’s Forum: Geotextiles in Drainage Systems”, Gregory N. Richardson and Barry Christopher, 
Geotechnical Fabrics Report, April 1997, pp. 19-23 (attached, sheets 6 - 10) 

DISCUSSION: 

White Oak OU 2 will be covered with a geosynthetic cap system. The top layer of the system will be a geocomposite 
consisting of a geonet bonded between two layers of geotextiles. Cover soil will be placed over the geosynthetic cap 
system. Design the geotextile and compatible cover soil so that the geocomposite can function properfy. 
Because geocomposites are manufactured only with nonwoven geotextiles bonded to geonets, only nonwoven 
geotextiles will be evaluated. 

,i -7, METHOD: 

A geotextile which acts as a filter around a drain shouid satisfy the following criteria: 

1 The geotextile must retain the soil (retention criterion) 

2 Allow the water to pass (permittivity criterion) 

3 Maintain flow for the life of the structure (clogging resistance criterion) 

4 Have sufficient strengths for installation conditions (survivability criteria) 

STEP 1: RETENTION CRITERION 

Use method recommended by Task Force #25 (Ref l), Carroll (Ref l), and AASHTO M 288 (Ref 2) 

1 A: Task Force #25 recommends: 

For soil I 50% passing the No. 200 sieve, Og5 c 0.59 mm (AOS of the fabric 2 No. 30 sieve) 

For soil > 50% passing the No. 200 sieve, Og5 c 0.30 mm (AOS of the fabric 2 No. 50 sieve) 

where Og5 = apparent opening size (AOS) = 95% opening size of the geotextile 

Because the cover soil has not’yet been selected, use Og5 c 0.30 mm because it is suitable for any % passing the No. 
200 sieve. 
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1 B: Carroll recommends (for wovens and nonwovens) 

Og5 < (2 or 3) d85 

where dB5 is the soil particle size in mm for which 85% of the total soil is finer 

if geotextile AOS is No. 50, dss > 0.30/(2 or 3) = 0.15 or .lO 

if geotextile AOS is No. 70, dS5 > 0.21/(2 or 3) = 0.10 or .07 

1 C: AASHTO M 288-96 geotextile criteria for subsurface drainage: 

maximum Og5 = 0.22 mm satisfies all soils %s passing the No. 200 sieve (see Ref 2, Table 3) 

Therefore use geotextile AOS No. 70 (Og5 = 0.21 mm) and da5 > .lO mm 

STEP 2: PERMITTIVITY CRITERIA 

The purpose of the permittivity criteria is to select a fabric that will allow water to pass through ?o the goonet as quickly 
as it passes through the soil. 
Use AASHTO M 288 geotextile criteria for subsurface drainage (Ref 2) 

Minimum permittivity varies with soil % passing the No. 200 sieve, from 
0.5 set-’ fcr < 15% passing the No. 200 sieve to 

0.1 set-’ for >50% passing the No. 200 sieve 

6 oz/sy nonwoven fabrics with No. 70 AOS have a typical permittivity of 1 sec.‘, therefore specify AOS No. 70, 

permittivity L 0.5 sec.’ 

STEP 3: CLOGGING CRITERIA 

Geotextile: 
Geotextile should not be a heat-calendered nonwoven (Ref 2) 

Soil: 
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To minimize the possibility of clogging, select a cover soil that satisfies one of the following (Ref 3): 

1 Plastic soil, with a Plasticity index (PI) ~-15 

2 Uniformly graded, sandy soil with C, c 3 

where C, = uniformity coefficient = D,&Dio 

De0 = diameter at which 60 percent of the soil is finer 

D,,, = diameter at which 10 percent of the soil is finer 

OR 

3 Well graded soil with C, > 4 and 1 c (D30)2/Dlo*D60 c 3 

where DsO = diameter at which 30 percent of the soil is finer 

,“.A.. in addition, if >15% passing the No. 200 sieve and the fines are non-plastic or low plastic, A.STM D 5101 
Gradient Ratio Test should be performed. Passing criteria: gradient ratio I3 (PE$ 1, IL 102) 

To avoid clogging, potentially unstable soils in which the nonplastic fines can migrate within the coarse fraction should 
not be used for cover soil, including: 

gap-graded soils, in which there is coarse and fine soil fractions but very little medium fraction 

non-plastic broad-graded soils in which Cu > 20 and the gradation curve is concave upwards 

OR 

dispersive soils that deflocculate in the presence of water, including but not lirnited to sugar sands 

STEP 4: SURVIVABILITY CRITERIA 

For subsurface drainage, use AASHTO M288-96 Geotextile Class 2. Nonwoven Class 2 geotextiles have the following 
properties: 

Property I ASTM Units Value 

Grab Strength* 
1 method 
1 D 4632 lb. 160 

Seam Strength* D 4632 lb. 140 
Tear Strength* D 4533 lb. 55 

_-“-h Puncture Strength* D 4833 lb. 55 
Burst Strength* D 3786 psi 200 

* elongation > 50% 
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SOLUTION: 

Nonwoven geotextiles with the following properties are acceptable: 

Property 

Grab Strength* 
Seam Strength* 
Tear Strength* 
Puncture Strength* 
Burst Strength* 
AOS 
Permittivity 
Not heat-calenderec 

ASTM Units Value 
method 
D 4632 lb. 160 
D 4632 lb. 140 
D 4533 lb. 55 
D 4833 lb. 55 
D 3786 psi 200 
D 4751 U. S. sieve 70 
D 4491 set-’ 0.5 

NA 

* elongation > 50% 

Cover soils with the following properties are acceptable: 

1 d85r.10mm 

AND 

2a Plastic soil, with a Plasticity index (PI) >15 

2b Uniformiy graded, sandy soil with C, c 3 

OR 

2c Well graded soil with C, > 4 and 1 c (D30)2/Dlo*D, c 3 

in addition, if ~15% passing the No. 200 sieve and the fines are non-plastic or low plastic, ASTM D 5101 
Gradient Ratio Test should be performed. The gradient ratio must be less than or equal to 3 to pass (Ref 
1, p. 102) 

Potentially unstable soils in which the nonplastic fines can migrate within the coarse fraction should not be used for 
cover soil, including: 

gap-graded soils, in which there is coarse and fine soil fractions but very little medium fraction 

non-plastic broad-graded soils in which C, > 20 and the gradation curve is concave upwards 

OR 

dispersive soils that deflocculate in the presence of water, including but not limited to sugar sands 
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Additional restrictions to Cover Soils: 

Use a soil capable of supporting vegetation, therefore, specify a USDA textural class loam.. 

From “Drainage System (65% Design)” calculations, USDA loam types sandy loam and loamy sand are too 
permeable. 
Clay loam does not drain well, makes a poor growing medium. 

Therefore, use USDA textural types: sandy clay loam, loam, silt loam, or silty clay loam. 
Use USDA grain size criteria when determining USDA soil type. 



Geotextiles in drainage systems 
By Gregory N. Richardson and Barry Christopher 

W 
E HAVE SPENT MUCH OF THE 

last 15 months presenting one-day 
seminars on using geotextiles in 

transportation-related systems. Amoco Fab- 
rics and Fibers Co., Atlanta, has sponsored 
these seminars and was brave enough to 
5tep back and let Barry and I develop a 
pragmatic course for design professionals. 
It’s a brave manufacturer that lets go of the 
microphone and actually tolerates a course 
ilot totally flattering to their enrire product 
line. It also was encouraging to discover 
.hat Barry and I approach many common 
filtration applications in essentially the 
Game simplistic fashion. 

Our approach here also serves as a good 
.ead-in to a more in-depth series of articles 
)n filtration that will begin in the August 
ssue and for subsequent columns on road- 
Nay stabilization and separation applica- 
ions. GFR’s filtration series will help you 
:valuate some of the difficult applications 
.kirted here by addressing design proce- 
lures for final critical and extremely chal- 
engine applications. 

First, some simple background. The re- 
novai of water is important to the success 

jf many types of civil structures. In filtra- 
ion applications, the geotextile must allow 
vater to freely pass through, while at the 
.ame time retain the finer soil up-gradient 
rom the geotextile. Filtration applications 
nclude trench drains (Figure l), vertical 
lrains behind retaining walls, and coastal 
:rosion-control applications. In these in- 
.tances, the retained soil may be plastic or 
rranular. The classic filtration applica- 
ion-first used by the late Bob Barrett of 
2uthage Mills, Cincinnati, almost 40 years 
Igo-was a geotextile to prevent loss of 
ine sands beneath shoreline-armoring sys- 
ems. In this application, the flow may be 
.ontinual or even reversing in nature. 

Filtration requires the removal of water 
n a controlled fashion. Otherwise, severe 
,rosion, piping, or settlement of soils may 
esult in undermining adjacent structures or 
endering facilities useless. Hence, a 
drainage system should provide for the re- 
noval of water without excessive loss of the 
etained soil. This can be accomplished by 
sing either a graded soil or geotextile Nter. 
HOW, we’ll address the design of a geotex- 
ile filter for common filtration system ap- 

plications, and identify soil types that may (1991), Koerner (1994), and GFRS pend- 
require a more rigorous evaluation. ing filtration series. 

The filtration process 
A filter consists of any porous material that 
has openings small enough to prevent move- 
ment of soil into the drain, and that is suf- 
‘ficiently pervious to offer little resistance to 
seepage. For most soils (we’ll refer to them 
‘as stable soils), it is not necessary for a filter 
to screen out all the particles in the soil. In- 
stead, a filter need only restrain the coarse 
fraction of the various particle sizes ptisent. 
As flow across the filter occurs, the coarse 
particles collect against the filter, bridging 
the filter openings. The voids of the coarse 
particles create smaller openings to trap even 
smaller particles of soil. In this manner a fil- 
ter bridge is developed. It is this filter bridge 
that actually performs the filtration function. 
Additionally, the geotextile must be properly 
seated into the retained soil such that water 
cannot flow or pool between the retained 
soil and the geotextile. 

Steady-state vs. dynamic flow 
The ty$e of flow in the drainage system 
must be identified before proceeding with 
a filter design. Flow can be classified as ei- 
ther steady-state or dynamic. Steady-state 
flow is usually present in trench drains ad- 
jacent to roads and parking lots, behind re- 
taining walls, under foundations, and 
below recreational fields. Steady-state flow 
means that water moves in one principle 
direction: this is the simplest application 
for a geotextile filter. 

Filter criteria 
Geotextiles present an attractive alternative 
to ,oraded-granular filters for many projects 
because they are comparatively inexpen- 
sive and easy to install. As the use of geo- 
textile filters has increased, so has the un- 

derstanding of their capabilities and 
limitations. We won’t go into a detailed 
analysis for determining the required geo- 
textile-hydraulic properties in this column. 
Rather, we’ll recommend 
specific types of woven 
and nonwoven fabrics on 
the basis of soil criteria. 

Dynamic flow is usually encountered in 
permanent erosion-control applications for 
shorelines and canals. In contrast to static 
flow. dynamic flow occurs in more than one 
direction. It is important to recognize cases 
of dynamic flow because, under these con- 
ditions, the development of a filter bridge 
adjacent to the geotextile may not be pos- 
sible unless the geotextile is properly seated 
to the retained soil. In such cases, the dy- 
namic, cyclic or pulsating loads can create 
very high localized-flow gradients that may 
cause actual free flow of water and move- 
ment of the coarse fraction behind the geo- 
textile. This is typically the case in shoreline 
erosion-control applications where a single 
layer of large stones is placed directly on 
the geotextile (Photo 1). 

Soil properties 

Most geotextile filter designs can be per- 
formed on [he basis of the reruined soil 

This simplified ap- 
proach should not be used 
for heat-calendered non- 
wovens, i.e., set by run- 
ning fibers between hot 
rollers. or woven geotex- 
tiles made exclusively 
from slit tape. If you de- 
sire a detailed analysis of 
required geotextile hy- 
draulic properties, I sug- 
gest you refer to Holtz et 
al. (19%). Luettich et al. 

Figure I. Trench drain illustration (used with permission 
from Synthetic Industries). 
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DM = the diameter at whicln 30 percent 
of the soil is finer 
%I = the diameter at which 60 percent 
of the soil is finer. 

Photo I. The dynamic flow encountered in permanent erosion-cotiuoi applications, such 
as this project on the Ohio River, can create very high localized-flow gradients that may 
cause actual free flow of water and movement of the coarse fraction behind the geotextile. 

characteristics. Atterberg limits and grain- 
size distribution often provide adequate soil 
information for most filter designs. Since 
these tests are very inexpensive, such data 
can be obtained for even small applications. 
Atterbeg limits (ASTM D 43 18) indicate 
the liquid knit (LL), plastic lit (PL), and 
plasticity index (PI) of the soil-informa- 
tion that is helpful in assessing the flow ca- 
pacity and clogging potential of a geotex- 
tile. The following information enables the 
designer to quickly decide if the retained 
soil is stable (suitable for this simple filtra- 
tion evaluation) dr unstable (requires a more 
rigorous geotextile evaluation): 
l Stable soils can perform the self-f&&on 
process, i.e.. develop a filter bridge, previ- 
ously described. Typically, these soil types 
include both plastic, uniformily graded 
granular, and well-graded soils. 
l Unstable soils cannot perform self-filtra- 
tion. i.e., they have the potential to pipe in- 
ternally. Such soils may include gap-graded, 
and nonplastic broad-graded soils. In gap- 
graded soils, there is a coarse and fine frac- 
tion, but very little medium fraction. The 
fine-soil particles pipe through the coarse 
fraction and a filter bridge cannot form be- 
hind the geotextile. In some broad-graded 
soils, the medium fraction also is limited and 
soil fines tend to pipe through the coarser 
particles without forming a filter bridge. 

This column focuses on selecting a geo- 
textile for filtration and typical separation 

Emopmbg(in), (U.s.mndudIincnumkn 
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applications with stable soils. When unsta- 
ble soils are present, we urge you to refer 
to more rigorous methods.. 

Stable soils 

Plastic, uniform and well-graded soils pro- 
vide the easiest application of a geotextile 
filter. Such soils can be defined as one of 
the following: 
l Plastic soils with a PI greater than 15. 
Generally, pam’cies do iwt move within soils 
with a PI higher than I5 percent. Bedded 
cohesive soil layers separated by thin sand 
or silt seams are an exception to this general 
mle. The clogging potential of cohesive soils 
is minimal and not normally of concern. 
l Uniformly graded, sandy soils are ac- 
tually a class of poorly graded soils that 
contain only one grain size. They are char- 
acterized by having a coefficient of unifor- 
mity, C,. less than approximately 3. C, is 
defined as D&‘DIO where Dm = the diam- 
eter at which 60 percent of the soil is finer, 
andD10 = the diameter at which 10 per- 
cent of the soil is finer. Common beach 
sand is a good example of a uniform soil. 
l Well-graded soils must meet the follow- 
ing criteria: 

*>4 l< D30’ 

ho DIO l ho 

where: 
‘ho = the diameter at which 10 percent 
of the soil is finer 

Hydrometer 

Figure 2. Sample gradation curves of stable well-graded 
and uniformly graded granular soils. 

Figure 3. Typical grain-size distribution curves for 
potentially unstable soils. 

0 2 

Figure 2 shows sample gradation curves 
of stable well-graded and uniformiy graded 
granular soils. These soils are recom- 
mended for the simple geotextile filter de- 
sign procedure presented in this column. 

Potentially unstable soils 
Gap-graded and broad-graded soils are the 
most common potentially unstable soils. 
These soils are unstable if the percentage 
of nonplastic fines is so large that the 
coarse fraction particles are not in contact, 
but float within the fine fraction. When the 
percentage of nonplastic fines is so large, 
the filter bridge will not be estiblished ad- 
jacent to the geotextiie and all the fines will 
be lost. Figure 3 shows typical grain-size 
distribution cmes for such soils. One char- 
acteristic that distinguishes an unstable, 
broad-graded soil from a well-graded soil 
is the value of D&DIO. For broad-graded 
soils, this value exceeds 20. Another char- 
acteristic of unstable, broad-graded soils is 
that the gradation curve is concave upward. 
Broad-graded soils with a gradation curve 
that is concave downward, have a large 
coarse fraction, will be stable, and can be 
treated as well-graded soils. 

The simplified design procedures pre- 
sented here should not be applied to unsta- 
ble soils. For such soils, consult an expert 
and plan on performing soil-specific labo- 
ratory testing. 

Geotextile requirements 
A filter geotextile m&t be designed to sat- 
isfy both survivability and hydrauk require- 
ments for the particular installation. Barry 
and I perform the following geotextile filter 
evaluation for sable soil applications. 



Survivability requirements 

for filtration 
It is generally agreed that the installation 
day is most difficult in the life of a filter 
geotextile. Installation damage may result 
from trafficking by construction equipment 
and from stone drainage layers placed over 
the geotextile. In general, the stronger the 
geotextile. the greater its resistance to instal- 
lation damage, i.e., the greater its potential 
for survivability. The ability of a geotextile 
to survive installation damage is difficult to 
quantify using design equations, but you 
can do it based on past experience. 

We recommend using the survivability 
criteria in AASHTO M 288-96. This doc- 
ument defines three geotextile-strength cat- 
egories (Table 1) that are required for sur- 
vivability under typical installation 
conditions for dierent geotextile functions. 
Table 2 shows the particular class required 
for a given function or application. M 288 
recommends a Ciass 2 geotextile for typical 
filtration applications. If you are going to 
use unusually aggressive stone irnmediateiy 
adjacent to the geotextile-or if you antic- 
ipate the contractor from hell-you may 
opt to increase the survivability class. 

Hydraulic requirements 

for filtration 

For stable soils. the geotextile selected 
should have openings small enough to re- 
tain the coarse fraction. but large enough to 
allow the fine fraction to move through the 
geotextile. For stable soils, we recommend 
using the M 288 filtration hydraulic criteria 
(Tables 3 and 4). It is the simplest to under- 
stand for each stable-soil type. 

Plastic soils that have a PI greater than 
15 do not have clogging problems or high 
internal-flow rates. Geotextile filters for 
such soils must provide only a minimum 
permittivity, q. The M 288 permittivity re- 
quirement for such soils is Y’ 2 0.1 set’ for 
all applications. According to M 288, the 
geotextile’s AOS should be equal to or less 
than 0.22 mm. Both woven and nonwoven 
geotextiles can be used in this application, 
though both Bany and I acknowledge a his- 
toric bias towards nonwovens. 

Uniformly graded, sandy soils typically 
have a sand fraction of less than 5 percent 
passing the No. 200 sieve (0.75 mm). Such 
soils may have a fairly high internal-flow rate 
and require higher permittivity, 9. The M 
288 perrnittivity requirement for such soils 
is q L 0.5 se? for steady-state applications, 
and * > 0.7 se? for dynamic applications. 
The AOS of the geotextile must be. selected 
to retain the sand particles. For uniform 
sandy soils. the AOS should be equal to or 
less than 0.43 mm. This is approximately the 

Dss of typical sands. In dynamic applica- 
tions. we also recommend a minimum per- 
cent open area (POA) of 4 percent. Again. 
both woven and nonwoven geotextiles can 
be used for this application. however. we still 
have a bias towards woven>. 

\Vell-graded soils require an assessment 
of the geotextile’s flow capacity and clog- 
ging potential based on the percent tines. 
Soils vvith less than 15 percent passing the 
No. 200 sieve (0.75 mm) may ha1.s a high 
internal-flow, 
capacity and 
low-clogging 
potential. 
Thus. geotrx- 
tiles with 
higher permit- 
tivities (e.g.. 
greater than 
0.5 set ’ for 
steady -state 
flow and 0.7 
sec.’ for dy- 
namic flow) 

may be re- 
quired. The 
AOS for such 
soils should be 
less than 0.43 
mm. Ken- or 
low-elastic 
soils with fine 
contents 
greater than I5 
percent have 
reduced flow 
capacity. but a 
higher clog- 

ging potential. 
For such soils. 
geotextiles , 
with lower per- 
mittivities. e.g.. 
greater than 

0.2 sec. may be used. but their clogging 
resistance must be evaluated. The AOS for 
such soils should be less than 0.25 mm. 

For soils containing more than 5 percent 
nonplastic fines. we commonly perform a 
simple field test to empirically assess the 
clogging potential of 3 geotextile filter. 
While certainly not a standardized test by 
ASTM rules. \ve have found the simple jar 
test to be vev useful. It is essentially a fine- 
fraction filtration test and permits a quali- 

-.- --_ 
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. Minim~~Gmittivity~ 0.7 se? 



tative -evaluation of the ability of fines to 

.‘-h-.. pass through a geotextile. 
To perform the jar test, place a small 

amount of soil in a jar (approximately % 
full). The jar should preferably have a re- 
movable center lid (e.g., a Mason jar). Fill 
the jar with water, replace and secure the 
lid. Then shake to form a soil-water slurry. 
Cover the jar opening with a sample of the 
candidate geotextile and secure it. Allow 
the jar to stand for about one minute to 
allow coarser particles to settle. Pour the 
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liquid from the jar through the geotextile, 
tilting the jar such that trapped air does not 
impede water flow. 

If the fines pass through the geotextile. 
it should not clog. If very little fine soil 
passes and a significant buildup of fines is 
observed on the surface of the geotextile. a 
clogging potential may exist. Either evalu- 
ate another geotextile or perform a more so- 
phisticated filtration test (i.e., the ASTM D 
5 101 Gradient Ratio Test). 

The success of the geotextile filter also is 

Fabric Formed Concrete - 
permanent, fast solutions to bridge scour 

HYDROCASTTM Armor Units are a rapid, easy to install 
method of repairing underscoured bridge abutments and pilings. 
Filled in place by pumping fine aggregate concrete (structural 
grout) into cylindrical fabric forms, HYDROCAST units can be 
deployed without dewatering. They allow immediate emergency 
repair, even for bridge piers near failure. 

HYDROCAST Armor Units adapt to bottom and bank contours 
to prevent further scouring, and their monolithic concrete structure 
provides a permanent solution, not a temporary fix. 

Call us, or visit our web site. Find out why transportation 
engineers are specifying a better alternative. 

Hydrotex Synthetics, Inc. 
l-800-225-0023 l Fax (706) 335-1813 l www.hydrotex.com 

Distributor and representative inquiries welcome. 

Filter Point l Uniform Section l Articulatin 

very dependent on the quaiity of installation. 
Proper installation requires seating the geo- 
textile against the soil to be retained and 
placing the overlying stone without exces- 
sively damaging the geotextile. 

Geotextile filter design 
Step 1: Evaluate the soil to be filtered (the 
retained soil). As a minimum. this should 
include: 
l visual classification (ASTM D 2488) 
l Atterburg limits (ASTM D 43 18) 
l grain-size distribution analysis (ASTM 

D 422) 
Proceed with the simplified design if the 

soil is stable. 
Step 2: Determine the geotextile’s min- 

imum survivability requirements by using 
the M 288 guidelines in Tables 1 and 2. M 
288 recommends a Class 2 geotextile. 

Step 3: Determine the geotextile’s min- 
imum hydraulic requirements by using the 
M 288 guidelines in Tables 3 and 4. 

Step 4: Select the geotextile in accor- 
dance with Steps 2 and 3. 

Step 5: Perform the jar test if required. 

Design example: 
geotextile filter 
Design a geotextile filter for a trench drain 
that wiil be used to de-water a construction 
site. Limited site investigation has indicated 
that the trench will be excavated in silty- 
sand-type soils. 

Step 1: Visual identification and classi- 
fication indicate that the soil to be filtered 
is a silty sand (SM), and that the silt frac- 
tion is relativeiy nonplastic. A grain-size 
analysis has indicated that the soil is uni- 
formly graded and is, therefore, likely to be 
internally stable. The analysis also showed 
that 15 percent passed the No. 200 (0.75 
mm) sieve. 

Step 2: Determine the minimum surviv- 
.ability requirements for the geotextile using 
the M 288 guidelines in Tables 1 and 2. 
This should be a Class 2 geotextile with the 
minimum (MARV) strength values in 
Table 5. 

Step 3: Determine the geotextile’s rnin- 
imum hydraulic requirements by using the 
M 288 guidelines in Tables 3 and 4. The 
permittivity of the geotextile must be 
greater than 0.2 se?, and the A0.S must be 
less than 0.25 mm. 

Step 4: Select a suitable geotextile that 
meets the criteria in Steps 2 and 3. With the 
exception of woven geotextiles constructed 
exclusively from slit tape and heat-calen- 
dered nonwovens. almost any woven or Document #3045 



nonwoven geotextile can be used if it meets 
the requirements in Steps 2 an 3. The geo- 
textile specifications, therefore, can be writ- 
ten as follows: - 
. The geotextile shall be a woven with 
monofilament or fibrillated yarns or a 
needlepunched nonwoven geotextile. 
l The geotextile shall have MARV strength 
properties that meet the requirements of an 
M 288 Class 2 geotextile. 
l The geotextile shall have MARV hy- 
draulic properties that meet the require- 
ments of M 288 geotextile criteria for sub- 
surface drainage for soils having 15 to 50 
percent fines. 

Step 5: If a jar test is run, it will be nec- 
essary to obtain samples of candidate geo- 
textiles for evaluation. 

The geotextile specifications can simply 
reference the M 288 guidelines or they can 
reference the guidelines and present the ac- 
tual specifications referenced. Placing the 
actual strength and hydraulic values in the 
specifications makes it easier to verify that 
the materials submitted in the field meet 
the requirements. Conversely. using only 
the M 288 reference produces very com- 
pact specifications and eliminates the pos- 

sibility of errors between M 288 criteria 
and the actual material properties specified. 
It is clear, however, that using the M288 
guidelines provides the designer with a 
very quick method of evaluating and de- 
signing geotextiles for most filtration ap- 
plications for stable soils. 

I hope one day the geotextile suppliers 
will ieduce the mind-boggling array of geo- 
textiles now sold and provide generic geo- 
textiles that satisfy. and are so marked. the 
M288 Class X requirements. This would 
simplify the design and field inspection of 
common separators. stabilizers. and ero- 
sion-control geotextiles. 

Acknowledgments 

Thanks to Alan Ossege, Carthage Mills. 
Cincinnati. Rick Valentine. Amoco Fabrics 
and Fibers Co., Atlanta: and Deron Austin. 
Synthetic lndustries Inc.. Chattanooga. 

Tenn.. for their comments on this article. Gfft 

Gregory N. Richardson, Ph.D., P.E., is 
principal for G.N. Richardson & Associ- 
ates, Raleigh. N.C. Barry Christopher, 
Ph.D., P.E., is a consultant based in 
Roswell, Ga. 

References 
Holtz. R. D.. Christopher. B. R.. and Berg. R. 

R.. (I 995) “Geosynthetic Design and 
Construction Guidelines.” Publication No. 
FHWA HI-95-038. NHI Course No. 13213, 
U.S. Department of Transportation, 
Washington D.C. 

Luettich. S. M., Giroud. J. P. and Bacchus, R. 
C.. (1991) “Geotextile Filter Design 
Guide.” Geosphetic Filrrarion. Drainage 
arid Emsiot Fifth Annual Geosynthetic 
Research Institute seminar. Drexel 
University. Philadelphia. Pa. 

Koemcr. R.M. ( 199-I) Desieuirzg with 
Geos~&erics. Third Edition. . 3d Ed.. 
Prentice Hall. Enpleuood Cliffs. N.J. 

An Alternative 

A&o Nobel Ceosynthetics co.. Fu ecu 1057. Enka, NC 28728 
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To Enkmat 
You could keep putting up signs. 
Or you could turn to Enkamat, 
a non-intrusive and easier-to- 
install alternative to hard-armor 
systems for channels and slopes. 
This light,, flexible three-dimensional matting 
becomes an invisible and immovable “mattress” 
of soil, roots and geomatrix. Akzo Nobel set 
the standard in erosion control when it intro- 
duced Enkamat more than 20 years ago. Now 
a family of products, Enkamat offers long-term 
solutions for a variety of erodible surfaces. 
Call 800/373-3321 for more information. 
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NJB CHECKED BY: N APPROVED BY: DATE: 
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Establish the specifications for the geotextiles to be used in the construction of the landfill cap at White Oak OU2 

REFERENCE: 

1 Designing with Geosynthetics; Fourth Edition, Robert M. Koerner, 1998. (pp. 6 and 7 of 9) 

2 Standard Specifications for Construction and Materials, Maryland Department of 
Transportations, State Highway Administration, October 1993. (pp. 8 and 9 of 9) 

DISCUSSION: 

Geotextiles are to be used in the construction of the landfill cap at White Oak OU2 (consolidation of Sites 1 & 2). 
The four situations in which the geotextiles are to be used include the following: 

Geotextile on the bench beneath base aggregate 

Design for separation 

The purpose of the geotextile is to separate the base aggregate from the cover soil layer. Rainfall which 
infiltrates the geotextile can discharge through the geocomposite. 

Geotextile beneath riprap on the southern slope 

Design for separation 

The purpose of the geotextile is to separate the riprap stone from the bedding layer and the bedding layer from 
the cover soil. During floods, water will flow parallel to the slope. Any water which flows through the geotextile 
can discharge through the geocomposite. 

Geotextile beneath channel rock lining 

Design for separation 

The purpose of the geotextile is to separate the rock lining from the underlying natural soil. 

Geotextile for pipe trench 

xii 

Design for filtration and separation 

Geotextile properties provided in “Cover SoiVGeotextile Compatibility (65% Design)” calculations for White Oak 
by NJB, 1 l/l 9/00 a 
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Geotextile Properties: 
Table 1 

Standard geotextile specified properties: 

Geotextile Property Description 

Grab Tensile Strength 
Sewn Seam Strength 
Tear Strength 
Puncture Strength 
Burst Strength 
Wide-Width Tensile Strength 
Permittivity 
Apparent Opening Size (AOS) 
Ultraviolet Stability 
Geotextile Clogging 
Mass per Unit Area 
Asphalt Retention 

measure of breaking load and elongation of geotextiles. 
measure of force required to separate a sewn seam in a geotextile 
measure of force required to propagate a tear in a geotextile. 
measure of the puncture resistance of a geotextile. 
measure of the extent of deformity of a geotextile. 
measure of the geotextiles tensile strength 
roughly equivalent to the measure of soil permeability. 
measure of the particle size allowed to pass through the geotextile. 
the percent of retained strength after 500 hr of sun exposure 
measure of the geotextiles clogging potential 
measure of geotextiles conformance to specifications 
measurement of geotextiles ability to retain pavement mixtures (used fol 
oavino fabrics nnlvj. 

Geotextile Survivability: 

The term “geotextile survivability” refers to the fabric’s ability to withstand installation stresses associated with a 
particular application, and to perform as intended in the project design. The following is a summary of geotextile 
requirements for the three classes of geotextiles (AASHTO M 288-96). 

Table 2 

Property 
Test 

Method 

Grab Tensile ASTM 
Strength D 4632 

Sewn Seam ASTM 
Strength D 4632 

Tear ASTM 
Strength D 4533 

Puncture ASTM 
Strength D 4833 

Burst ASTM 
Strength D 3786 

Unit(s) 

Ibs 

Ibs 

Ibs 

Ibs 

Ibs 

Geotextile Class 
Class 1 Class 2 Class 3 

Elongation Elongation Elongation Elongation Elongation Elongation 
< 50%* > 50%* es 50%* > 50%* < 50%* > 50%* 

315 205 250 160 180 115 

280 185 220 140 165 100 

115 80 90 55’ 70 40 

115 80 90 55 70 40 

510 255 400 200 305 140 

* Typically woven geotextiles elongate c 50% and nonwoven geotextiles elongate > 50% during grab 
testing. 



TETRA TECH NUS, INC. CALCULATION SHEET PAGE 3 OF 9 

CLIENT: 
EFAC NSWC - WHITE OAK 

JOB NUMBER: 
7427-l 502 

SUBJECT: 
Development of Geotextile Specifications 

BASED ON: 
AASHTO M-288-96 DRAWING NUMBER: 

BY: 

Date: 
I 

NJ6 CHECKED BY: Ff^c4 APPROVED BY: DATE: 

12/a/00 Date: a //~/W 

The class of geotextile required on a project is dependent on the specific application the following is a listing of 
default geotextile classes based on application (AASHTO M 288-96) 

Table 3 

Application I Default Geotextile Class 
Subsurface Drainaae 2 I 

Separation 
Stabilization 

I 2 
1 

Permanent Erosion 
Control 

2 for woven monofilament 
1 for all others 

Mass per unit area and thickness are descriptive properties rather than design-oriented properties. Therefore, 
other than providing typical ranges of weights and thickness, they are not discussed in this calculation. However, 
minimum weights and minimum thickness are provided in the Specification section of the design documents. 

ASSUMPTIONS: 

For the three situations in which geotextiles are to be used for separation, either a woven or nonwoven geotextile 
may be used. 

DEVELOPMENT OF SPECIFICATIONS: 

For use beneath base aggegate, riprap, and rock lining - design for separation. 

From Table 3 above Function 1 Class 
Separation I 2 

Specify Using Properties of Class 2 Geotextile. 
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From Table 2 above 

Strength 
Burst 
Strength 

D 4833 
ASTM Ibs 400 200 
D 3786 

* Indicates woven geotextile. 
** Indicates nonwoven geotextile 

From Table 2.2~ - AASHTO M288-96 SEPARATION GEOTEXTILE PROPERTY REQUIREMENTS (Ref 1) 

Property 
Test 

Method 
Permittivity ASTM 

D 4491 

Unit(s) 

set-’ 

Separation 
Requirements 

0.02 min. 

AOS ASTM 
D 4751 

Ultraviolet ASTM 
Stabilitv D 4355 

mm 0.60* 

% 50** 

CONCLUSION: 

l 

** 
maximum average roll value. 
% of strength after 500 hr of exposure. 

Usea geotextile with the following properties beneath base aggegate, riprap, and rock lining. 

Properties 

Type 
Grab Strength 
Sewn Seam Strength 
Tear Strength 
Puncture Strength 
Burst Strength 
Permittivity 
AOS (m-q) 
Ultraviolet Stability 

Unit(s) 
--- 

Ibs 
Ibs 
Ibs 
Ibs 
Ibs 

sed’ 
mm’ 
% 

Class 2 
Woven Nonwover 

250 1 60 
220 140 
90 55 
90 55 

400 200 
0.02 , 0.02 
0.25 0.25 
50 50 
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DETERMINE MD SHA GEOTEXTILE CLASS: 

Maryland State Highway Administration Geotextile Classes A through E shall resists UV deterioration, have a 
minimum permeability of 0.010 cm/set, and conform to additional requirements as follows (Ref 2, sheets 8 & 9, 
attached): 

Geotextile Maximum Grab Minimum 
Class Apparent Tensile Burst 

Opening Strength* Strength 
Size (mm) (Ib,min) (psi) 

A 0.30 250 500 
5 0.60 200 320 
C 0.30 200 320 
D 0.60 90 145 
E 0.30 90 145 

* with a minimum elongation of 20% 

Woven Geotextile Class A and Nonwoven Geotextile Classes A, 5, and C meet the requirements. 

Specify Nonwoven MD SHA Geotextile Class C. 

,P- 



t 

TABLE 2.2a AASHTO M288-96 GEOTEXTILE STRENGTH PROPERTY REQUIREMENTS 

Geotextile Classification*-+ 

Test 
Methods Units 

Class 1 

Elongation Elongation 
< 50% 2 50% 

Class 2 Class 3 

Elongation Elongation Elongation Elongation 
< 50% 2 50% < 50% 3 50% 

Grab strength 

Sewn seam 
strength* 

Tear strength 

Puncture strength 

Burst strength 

Permittivity 

Apparent 
opening size 

.Uitraviolet 
stability 

ASTM 
D4632 
ASTM 
D4632 
ASTM 
D4533 
ASTM 
D4833 
ASTM 
D3786 
ASTM 
D4491 
ASTM 
D4751 
ASTM 
D4355 

N 1400 900 1100 700 800 500 

N 1200 810 990 630 720 450 

N 500 350 4005 250 300 180 

N 500 350 400 250 300 180 

kPa 3500 1700 2700 1300 2100 950 

SS’ 

mm 
Minimum property requirements for permittivity,AOS and UV stability are based on 
geotextile application. Refer to Table 2.2b for subsurface filtration,Table 2.2~ for separa. 

% 
tion, Table 2.2d for stabilization, and Table 2.2e for permanent erosion control. 

*Required geotextile classification is designated in Tables 2.2b, c, d, e for the indicated application. 

‘As measured in accordance with ASTM D4632. Woven geotextiles fail at elongations (strains) < 50%, while nonwovens fail at elongation (strains) > 50%. 

When sewn seams are required. Overlap seam requirements are application specific. 

‘The required MARV tear strength for woven monofilament geotextiles is 250 N. 



Sec. 2.1 Design Methods 

TABLE 2.2b AASHTO M288-96 SUBSURFACE FILTRATION (CALLED “DRAINAGE” IN THE 
SPECIFICATION) GEOTEXTILE REQUIREMENTS 

73 

Test Methods 

Geotextile Class’ 
Permittivityt# 
Apparent opening 

sizefvi 

ASTM D4491 
ASTM D4751 

Ultraviolet stability 
(retained strength) 

ASTM D4355 

Requirements 

Percent In Situ Soil Passing 0.075 mm 

Units < 15 15 to 50 > 50 

Class 2* 
0.5 0.2 0.1 

0.43 0.25 f 0.22’ 
max. avg. max. avg. max. avg. 
roll value roll value roll value 

50% after 500 hr of exposure 

*Default geotextile selection.Tbe Engineer may specify a Class 3 geotextile fromTable 22a if conditions are 
less severe. 
tin addition to the default permittivity value, the Engineer may require geotextile permeability and/or per- 
formance testing in problematic soil environments 
*Site specific geotextile design should be performed if unstable or highly erodable soils such as noncohesive 
silts; gap-graded soils; alternating sand/silt laminated soils; dispersive clays; and/or rock flour are encountered. 
IFor cohesive soils with a plasticity index greater than 7, geotextile Max ARV is 0.30 mm. 

Table 2.2a is used in association with tables for various applications that are commonly 
encountered. They are as follows: 

Table 2.2b filtration applications (Class 2) 
Table 2.2~ separation of soil subgrades (soaked CBR > 3; or shear strength 

> 90 kPa) (Class 2) 
Table 2.2d stabilization of soft subgrades (1 < CBR < 3; or shear strengths 

between 30 and 90 kPa) (Class 1) 
Table 2.2e erosion control, e.g., geotextiles beneath rock riprap (Classes 1 

and 2) 
Table 2.2f temporary silt fences 
Table 2.2g prevention of reflective cracking 

TABLE 2.2~ AASHTO M288-96 SEPARATION GEOTEXTILE PROPERTY REQUIREMENTS 

Test Methods Units Requirements 

Geotextile Class 
Permittivity 
Apparent opening size 
Ultraviolet stability 

(retained strength) 

ASThj D4491 
ASTM D4751 
ASTM D4355 

s-1 

mm 
% 

Cla.ss 2* 
0.02’ 

0.60 max. avg. roll value 
50% after 500 hr of exposure 

*Default geotextile selectionThe Engineer may specify a Class 3 geotextile from Table 2.2a if conditions are 
less severe. 8 
‘Default value. Permittivity of the geotextile should be greater than that of the soil (‘Pg > Xl’,). The Engineer 
may also require the permeability of the geotextile to be greater than that of the soil (k, > /c,). 



921.04 EPOXY ADHESIVES. Epoxy resin bonding material shall 
consist of a thermosetting epoxy resin and a hardener. The individual 
components of mixed epoxy shall not settle or skin and contdin no 
volatile solvents, lumps or foreign materials. The epoxy shall conform 
to C 88 1. Unless otherwise specified, epoxy adhesive used for bearing 
and expansion pads shall be nonsagging. 

The manufacturer shall furnish certification as specified in TC-1.02. 
The certification or data sheet shall sho,w actual test results for each 
required property of the type, grade and class of epoxy submitted, and 
shall accompany each sample. 

The manufacturer shall supply actual bond test results for each batch 
submitted for use. 

921.05 STRUCTURAL TIMBER AND LUMBER. The manu- 
facturer shall furnish certification as specified in K-1.02. Structural 
timber and lumber shall conform to M 168. 

921.06 TIMBER PRESERVATIVES. Preservatives and pressure 
treatment for timber shall conform to M 133. 

921.07 CONDUITS. Conduit shall conform to the following: 

921.07.01 Metallic Conduit. 

MATERIAL SPECIFICATION 

Electrical Metallic Tubing UL 797 

Intermediate Metal Conduit UL 1242 

Rigid Metal Conduit UL6 

Rigid Steel Conduit, Zinc Coated ANSI C80.1 

Metallic Outlet Boxes UL 514A 

Fittings for Conduit and Outlet Boxes UL 514B 

921.07.02 Nonmetallic Conduit. The manufacturer shall furnish cer- 
tification as specified in TC-1.02. Each length shall be stamped or 
embossed with the grade or type and applicable UL or NEMA 
designation. ~/ 

MATERIAL SPECIFICATION 
Schedule 40 and 80 Rigid Polyvinyl Chloride (PVC) 
Conduit 

. UL 651 
Electrical Plastic Tubing (EFT) and Electrical Plastic 
Conduit (EPC-40 and EFC-SO) NEMATC2 
Nonmetallic Outlet Boxes, Flush Device Boxes and Covers UL 514C 

Electrical Nonmetallic Conduit (ENC) NEMA TC 13 

PVC Fittings for use with Rigid PVC Conduit and Tubing NEMA TC 3 

Flexible PVC Coated Conduit UL 360 
Liquid Tight Flexible Nonmetallic Conduit for Detector 
Sleeves UL 1660 

921.07.03 PVC Coated Metallic Conduit. 

MATERIAL SPECIF-ICATION 
PVC Externally Coated, Galvanized, Rigid Steel Conduit 
and Electrical Metallic Tubing NEMARNl 

921.08 STRAW BALES. Straw bales for erosion and sediment 
control shall conform to the Contract Documents and shall be approx- 
imately 14 X 18 X 36 in. (360 X 460 X 910 mm). 

. 

921.09 GEOTEXTILES. Geotextiles shall conform to the class 
specified in the Contract Documents. The geotextile shall be manufac- 
tured from fibers consisting of long chain synthetic polymers, com- 
posed of a minimum 85 percent by weight of polyolephins, polyesters 
or polyamides. The geotextile shall resist’deterioration from ultraviolet 
exposure. Geotextiles used in the construction of silt fence shall contain 
sufficient amounts of ultraviolet ray inhibitors and stabilizers to provide 
a minimum of 12 months of expected usable construction life at a 
temperature range of 0 to 120 F (-18 to 49 C). 

All values specified are minimum or maximum roll values. 

Classes A through E Geotextiles shall have a 0.010 cm/set minimum 
permeability when tested in conformance with D 4491, and an apparent 
minimum elongation of 20 percent when tested for conformance with 
the grab tensile strength requirements specified below. Classes A 
through E Geotextiles shall also conform to the following additional 
requirements: n‘* i, .,: ,: ), ” : s j 



Class F Geotextiles (Silt Fence) shall have a 50 lb/in. (8.8 kN/m) 
minimum tensile strength and a 20 lb/in. (3.5 kN/m) minimum tensile 
modulus when tested in conformance with D 4595. The material shall 
also have a 0.3 gaUftz(12.2 l/m2) per minute minimum flow rate and a 
75 percent minimum filtering efficiency when tested in conformance 
with D 5141. 

The properties shall be determined as follows: 

TEST METHOD 

Apparent Opening Size D 4751 
I 

Grab Tensile Strength D 4632, Grab Test4 X 8 in. (100 X 200 mm) 
specimen, 1 X 2 in. (25 X 50 mm) clamps; 12 
in. (300 mm)hninute strain rate both principal 
directions of geotextile. 

Burst Strength D 3786 

Sewing of the geotextile will be allowed provided it conforms to the 
following: 

(a) Seams shall be either “J” or “butterfly” type and shall utilize 
a lock stitch. 

(b) Seams shall conform to the tensile strength requirements for the 
geotextile when tested across the seam. 

(c) The thread for seaming shall be of equal or greater durability 
than the geotextile itself. 

921.10 POLYETHYLENE (PE) MANHOLES. PE manholes 
shall conform to D 1248, Type III, Class C, Category 3, Grade P34. 

_._--- --,-..-- SW i-*1 

\ 

Working drawings shall be submitted to the Engirl& prior to 
fabrication. 

w 
Compressive strength shall be determined in conformance with D 

2412, modified pipe stiffness test. Pipe stiffness shall be a minimum 
of 12 psi (80 kPa) at 5 percent deflection, including joints. Axial com- 
pressive strength shall be a minimum of 10 000 lb (68.9 MPa) at less 
than 3 percent deflection. 

PE manholes for storm drains shall be manufactured with an invert 
bowl which will not interrupt flow. Manholes for sanitary sewers shall 
have a factory molded invert for channeled flow. 

The manufacturer shall furnish certification as specified in TC- 1.02. 
The certification shall accompany each shipment of PE manholes and 
shall show actual test results, the quantity of manhole sections and date 
of manufacture. Manholes shall be marked with the manufacturer’s 
name and trademark. 

921.11 RAPID HARDENING CEMENTI’jrIOUS MATERIALS 
FOR CONCRETE PAVEMENT REPAIRS. Materials shall be 
a dry, packaged cementitious mortar having less than 5 percent by 
weight of aggregate retained on the 3/8 in. (9.5 mm) sieve and shall 
conform to the following requirements: 

Classification. 

Class I-For use at ambient temperatures below 50 F (10 C). 
Class II-For use at ambient temperatures of 50-90 F (lo-32 C). 
Class III-For use at ambient temperatures above 90 F (32 C). 

Chemical Requirements. The material shall conform to the 
chemical requirements of C 928 and contain no organic compounds 
such as epoxy resins or polyesters as the principal binder. 
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1 .O INTRODUCTION 

This Environmental Permits Report was prepared under the Comprehensive Long-Term Environmental 

Action Navy (CLEAN) Contract No. N62472-90-D-1298, Contract Task Order (CTO) No. 273. Under CT0 

273, Tetra Tech NUS, Inc. (TtNUS) is performing engineering, design, and construction-phase services 

for the remedial actions at the Parking Lot Landfill (Site 1) and the Apple Orchard Landfill (Site 2) at the 

former Naval Surface Warfare Center, Dahlgren Division Detachment, White Oak (NSWC-White Oak) in 

Silver Spring, Maryland. Location and vicinity maps for NSWC-White Oak showing the approximate 

location of NSWC-White Oak and Sites 1 and 2 are presented on Figures l-l and l-2, respectively. 

The landfills were originally identified as separate sites, but they are now jointly considered as Operable 

Unit 2 (OU2). The limits of OU2 are identified in Figure l-3. The sites were combined because of their 

proximity to each other, the similar periods of operation for both, and the similar wastes disposed in both. 

NSWC-White Oak was identified as a Base Realignment and Closure (BRAC) facility and was closed in 

1997. The property was transferred to the General Services Administration (GSA) and U.S. Army. GSA 

is currently investigating plans with the U.S. Food and Drug Administration (FDA) for the reuse and 

redevelopment of the NSWC-White Oak property. 

1.1 BACKGROUND INFORMATION 

1.1.1 Site 1 - Parkinq Lot Landfill 

Site 1 is an inactive landfill located east of Building 101A and is adjacent to Site 2 (Figure l-3). Site 1 

was used as an open ‘disposal site and landfill between 1948 and 1953. The wastes supposedly 

disposed within this landfill include lubricating oil, battery acid, metal plating wastes, and metal scrap. It 

has been reported that approximately 60 automobile batteries were disposed at the site over its operating 

life. The site is now used as a parking lot and is paved with asphalt. However, visible wastes, including 

tires, glass, and old metal equipment are present on the southern and eastern slopes beyond the edge of 

the parking lot. The landfill covers approximately 1 acre and contains an estimated 8,300 cubic yards of 

waste and fill. 

Site 1 consists mostly of fill comprised of sandy clay with a silty component and some gravel. Solid 

wastes are buried within the fill. The depth to the top of the waste varies between 1 and 3 feet below 

ground surface (bgs), and the depth to the bottom of the waste ranges between 3 and 6 feet bgs. The 

depth to groundwater ranges from 14 to 17 feet bgs. Groundwater flows to the southeast. 

11 OOlO/P.(Permit Report) l-l CT0 0273 
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Runoff from the paved area flows toward the southeastern corner of the site. The eastern and southern 

faces of the landfill, outside the boundaries of the paved area, are both steeply sloped into the drainage 

swale and unnamed stream. An intermittent stream flows southward in the drainage swale located along 

the eastern edge of the landfill. The intermittent stream feeds the unnamed stream which flows eastward 

along the southern edge of the landfill. ‘The unnamed stream is also fed by a National Pollutant 

Discharge Elimination System (NDPES) Outfall 009. These two swales join near the southeastern corner 

of the landfill and then flow eastward along the toe of Site 2 to Paint Branch. 

1.1.2 Site 2 - Apple Orchard Landfill 

Site 2 is an abandoned landfill located on the south side of Perimeter Road in the northwestern end of the 

former NSWC-White Oak property adjacent to Site 1 (Figure l-3). Site 2 reportedly operated as an open 

disposal area and landfill from 1948 until 1982. The landfill is a single unit that is composed of several 

disposal areas. In addition to domestic refuse, wastes reportedly disposed at the site include oils 

containing polychlorinated biphenyls (PCBs), solvents, paint residue, acids, and miscellaneous 

compounds. An estimated 500 gallons of PCB-contaminated oils were disposed before 1970. The 

landfill covers approximately 4.3 acres and contains approximately 75,000 cubic yards of waste and fill. 

The majority of the landfill is a plateau adjacent to Perimeter Road. The landfill thickens from 

approximately 4 feet near Perimeter Road to 36 feet at the edge of the landfill plateau. The native 

material surrounding the landfill consists of a thin mantle of soil resting on saprolite. The shallow surface 

material is variable with a thickness of 2 to 6 feet. The saprolite ranges in thickness from 8 feet (southern 

portion) to greater than 49 feet (northern edge). Bedrock was encountered at a depth of 10 feet bgs 

along the southern perimeter and at 30 feet bgs in the northwestern corner. 

Groundwater at the site is unconfined and present in the saprolite and bedrock and, to a lesser extent, the 

surface soils along drainage swales. The depth to the water table ranges from approximately 3 to 4 feet 

along the toe of the landfill to 32.5 feet bgs along Perimeter Road. The water levels were measured 

during drought conditions and may be several feet higher than during non-drought conditions. 

Groundwater flows radially from the northwest corner of the site to the southeast and discharges to an 

unnamed stream. 

The landfill forms a small, level hill with an elevation of approximately 340 feet above mean sea level. 

The landfill slopes steeply to an unnamed stream along its southern edge and a drainage swale along its 

western perimeter. The stream flows north/northeast towards Paint Branch. The drainage swale conveys 

stormwater flow from adjacent properties and joins the unnamed stream in the southwest corner of the 

site. Surface runoff from the landfill generally flows to the south into the adjacent unnamed stream. 

11001 O/P (Permit Report) l-2 CT0 0273 
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The landfill cover supports old field vegetation with successional hardwood forest on the short but very 

steep slopes. The steep slopes range in height from a few feet along the eastern and western perimeters 

to approximately 35 feet along the southern perimeter. The slopes are moderately eroded, and exposed 

waste and fill materials are evident throughout. Minor erosion is evident on the landfill surface. 

1.2 PURPOSE 

This report identifies applicable permits, filing procedures, and filing costs required to complete the 

remedial action outlined in Section 2.0. The substantive aspects of permit regulations are also identified 

in this report. 

11001 O/P (Permit Report) l-3 CT0 0273 
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2.0 PROPOSED REMEDIAL ACTION 

REMEDIAL ACTION OBJECTIVES 

Remedial action objectives (RAOs) are based on the contaminated media, potential human health and 

environmental threats, and regulatory standards, requirements, and guidance. The media of concern for 

OU2 were determined to be soil and sediment. Groundwater and surface water contaminants of concern 

(COCs) were identified and considered during the human health risk assessment. However, the 

concentrations and nature (i.e., naturally attenuating) of the COCs in these media, as well as the fact that 

there is no current direct exposure pathway between receptors and groundwater, suggests that ,the COCs 

do not pose a current or significant risk. It is likely that the source of the groundwater and surface water 

COCs is the waste and contaminated soil and sediment. By addressing the source of the contamination, 

the COCs identified in the groundwater and surface water are expected to naturally attenuate with time. 

The scope of this report is limited to waste, soil, and sediment. Groundwater and surface water will be 

evaluated as part of a long-term monitoring program. Additional actions for groundwater and surface 

water, if necessary, will be addressed as part of this program. 

Based on the investigations conducted at OU2, the following are the primary corrective action objectives: 

. Prevent direct contact with landfill contents/surface soils. 

l Minimize infiltration and resulting contaminant migration to groundwater. 

l Control surface water runoff and erosion. 

. Reduce the exposure to contaminants of concern in sediment by ecological and human receptors. 

The first three objectives are consistent with the presumptive remedy for municipal / military landfills as 

described in the previously referenced directives. Per the presumptive remedy directives, landfill gas 

should be also be controlled and treated as necessary. 

2.2 REMEDIAL ACTION DESCRIPTION 

The remedial action for OU2 will consist of general site preparation work, excavating Site 1 waste and 

soil, excavating contaminated sediment from the unnamed stream, consolidating excavated materials 

within OU2, installing a multi-media cap at OU2, and restoring OU2. Any suspect hot spots (e.g., 

hazardous waste, high-hazard military waste) encountered during excavation that would be considered 

hazardous will be segregated and disposed off site as necessary. Wastewater collected during 

dewatering activities will be sampled and disposed at an appropriate off-site facility. Institutional controls 

will be imposed, and the site will be monitored. 
,. 2. 
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General Site Preparation: The areas in which construction activities will be performed will be cleared. 

In addition, appropriate erosion and sediment control measures will be implemented. 

Excavating, Regrading, and Consolidating Soil, Waste, and Sediment: This component includes the 

following activities: 

. Approximately 37,300 cubic yards of soil and waste from OU2 will be excavated, reduced in size as 

necessary, and consolidated within OU2. Excavation will continue until confirmatory sampling 

indicates that no waste or soil remains with COC concentrations higher than clean-up goals. 

l Wastes along the side slopes of OU2 will be regraded and stabilize. The regraded waste will be 

consolidated in a more appropriate location within OU2. 

. Approximately 1,000 cubic yards of sediment from the unnamed stream south of OU2 will be 

excavated, dewatered as necessary, and consolidated within OU2. Excavation will continue until 

confirmatory sampling indicates that no sediment remains with COC concentrations higher than 

clean-up goals. 

Treatment and Disposal of Hot Spots and Wastewater: If any suspect hot spots of waste (e.g., high- 

hazard military wastes) that would be considered hazardous are encountered during excavation activities, 

they will be segregated and disposed off site. Wastewater collected during decontamination activities will 

be sampled and disposed off site at an appropriate treatment facility. Water generated during 

consolidation/dewatering activities will be allowed to percolate to the groundwater. 

Restoration of Excavated Areas: The excavated area at Site 1 will be restored by placing and grading 

1 foot of clean fill over the area. The area will be revegetated as necessary. The drainage swale will be 

restored in a manner that will prevent erosion of the swale and the toe of the cap, maintain its flow 

capacity, and replace any wetlands that have been affected. 

Cap Construction: An engineered, multimedia cap will be constructed over the soil, sediment, and 

waste materials consolidated at Site 2. The total area of the cap will be approximately 5.5 acres, and it 

will cover approximately 84,300 cubic yards of waste material. The multimedia cap will meet or exceed 

the requirements of federal and state solid waste and hazardous waste landfill closure regulations. The 

cap will limit precipitation and runoff from entering the consolidated waste material and will significantly 

reduce the amount of infiltration that could leach contaminants from the material. The cap components 

will include a 6-inch subgrade soil above the waste that will allow passive gas venting, a geosynthetic clay 
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liner (GCL) covered by a flexible membrane liner, a geocomposite d!ainage layer, and 24 inches of cover 

and topsoil. Erosion control measures (i.e., rip-rap) will be installed along the toe of the landfill cap to 

protect it against flooding from the adjacent unnamed stream. 

Surface Water Controls and Reveqetatio’n: Temporary surface water controls will be constructed to 

accommodate excavation activities at Site 1 and the unnamed stream and construction of the cap. 

Permanent surface water controls will be constructed to limit run-on to the cap and to properly collect and 

direct runoff from the cap. All run-on and runoff will besdirected to the adjacent drainage swale. The 

entire capped area will be revegetated as necessary. 

Institutional Controls and Monitorinq: Institutional controls will be implemented to further reduce the 

potential for exposure. These controls will include land use restrictions. Land use restrictions will be 

included in the GSA Master Plan for the former NSWC-White Oak. Periodic groundwater and surface 

- water monitoring will be conducted after installation of the cap. The results of the monitoring will be used 

to evaluate the effectiveness of the remedial action and to determine whether additional actions are 

necessary. 
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3.0 REQUIRED PERMITS -.. 

Table 3-l presents a project permit checklist to assess what 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 

and federal, state, and local laws and regulations, permits may be required for work in the unnamed 

stream adjacent to the site and associated wetlands and discharges of stormwater associated with 

industrial activity and construction. Approval of an erosion and sediment control plan and a stormwater 

management plan may be required. A Resource Conservation and Recovery Act (RCRA) remedial action 

permit is not required because the work is being conducted following a RCRA Section 7003 

administrative order. 

3.1 FEDERAL PERMITS AND REQUIREMENTS 

_, ‘, 

Although Maryland issues Controlled Hazardous Substance Facility Permits for facilities used to treat, 

store, or dispose hazardous waste, the U.S. Environmental Protection Agency (USEPA) is responsible for 

the RCRA remedial action program. On July 3, 1998, a unilateral administrative order was issued by 

USEPA to the Navy pursuant to Section 7003 of RCRA requiring remedial action at the former NSWC- 

White Oak. Therefore, a RCRA remedial action permit is not required. However, substantive aspects of 

landfill closure requirements must be met. 

The Army Corps of Engineers (COE) can issue nationwide permits for dredge and fill activities and work 

within wetlands and streams. However, certain activities are eligible for authorization under the Maryland 

State Programmatic General Permit. Applicants apply by completing a Maryland/Corps Joint Permit 

Application that is processed by the state. 

. 

3.2 STATE PERMITS AND REQUIREMENTS 

. 

A Nontidal Wetlands and Waterways Permit is required for any activity that alters a nontidal wetland or its 

25-foot buffer. The 25-foot buffer is expanded to 100 feet for wetlands of special state concern (identified 

in COMAR 26.23.06) or wetlands with adjacent areas containing steep slopes or highly erodible soils 

(COMAR 26.23.01.04). This permit is also required to change the course, current, or cross-section of a 

nontidal stream or body of water, including the loo-year floodplain. The activities covered under this 

permit are covered under the COE Maryland State Programmatic General Permit discussed in Section 

3.1. Applicants apply by completing a Maryland/Corps Joint Permit Application that is processed by the 

state. 
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Permits are also required for stormwater discharges to surface water. The Stormwater General 

Discharge Permit is for discharges associated with industrial activity. This is defined as the discharge 

from any conveyance that is used for collecting and conveying stormwater and that is directly related to 

manufacturing, processing, or raw materials storage areas at an industrial plant [40 CFR 122.26(b)(14)]. 

Landfills, land application sites, and open dumps that receive or have received any industrial wastes is a 

category of facility considered to be engaged in industrial activity. The General Permit for Construction 

Activity is for discharges from construction activities that cover 5 or more acres. The NPDES permit for 

existing discharges at the former NSWC-White Oak has been transferred to the GSA. It may be possible 

to modify existing permits to include the new discharges rather than to obtain new general permits. 

Permits are not required for erosion/sediment control or stormwater management; however, approval of 

these plans by the state is required. Plan approval is required for any construction activity that disturbs 

5,000 square feet or more of soil or results in the excavation of 100 cubic yards or more or soil. As a 

condition of receiving plan approval, the applicant must certify that a “responsible person” will be on site 

during construction. This requires attendance at a training class and an examination. 

A Stormwater Management Plan is required to prevent stream bank erosion by controlling the rate of 

stormwater runoff. Approval of this plan is required for any new development project that disturbs 5,000 

square feet or more of land. “Develop land” means to change the runoff characteristics of a parcel of land 

in conjunction with residential, commercial, industrial, or institutional construction or alteration (COMAR 

26.17.02.02B). 

3.3 LOCAL PERMITS AND REQUIREMENTS 

No local permits or approvals are required. The Montgomery County Department of Permitting Services 

reviews and approves Erosion and Sediment Control Plans and Stormwater Management Plans for 

private and local government projects. However, the Maryland Department of the Environment (MDE) 

reviews and approves these plans for state and federal projects. The remedial action at OU2 is a federal 

project. 
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PROJECT PERMITS CHECKLIST 
OU2 (SITES 1 AND 2) 

FORMER NSWC-WHITE OAK, SILVER SPRING, MARYLAND 
PAGE 1 OF 2 

Type of Project Type of Permit, License, 
Certification 

Issuing Agency Applicability Reason 

Stationary Air Emission Permit to Construct 

Source Permit to Operate 

State 

State 

Not applicable 

Not applicable 

Permit not required for 

crushers, shredders, and 
grinders with a throughput of 

less than 5 tons per hour. 

:onstruction in Floodplain, 

JVaterway, or Wetland 

Nontidal Wetlands and 

Waterways Permit 
Section 404 Dredge/Fill 

Permit 

State 

Army Corp of Engineers 

Applicable 

Applicable 

Construction in waterway or 

wetlands will occur. 

Construction will not 
adversely affect or harm the 

flood plain. 

Wastewater Discharge to Surface Water Discharge State and USEPA Not applicable Discharge of wastewater will 

“Waters of the U.S.” Permit (NPDES) not occur. 

Wastewater Discharge to Pretreatment Permit (if to State or local Not applicable Discharge of wastewater will 

Sewer municipal POTW) not occur. 

Dredging/Fill and Filling Section 404 Dredge/Fill Army Corps of Engineers Applicable Excavation, filling, and 

Wetlands Permit restoration will occur in 

Nontidal Wetlands and State Applicable wetlands adjacent to site. 

Waterways Permit Ocean disposal will not be 

Ocean Disposal Permit State or USEPA Not applicable performed. 

Structure in Navigable Waters Section 10 Permit Army Corps of Engineers Not applicable No structures are being built 

Nontidal Wetlands and State Not applicable (placed) in navigable waters. 

Waterways Permit 

Stormwater Discharge to Stormwater General State Applicable Stormwater discharge from 

“Waters of the U.S.” Discharge Permit landfill is “associated with 

General Permit for State Applicable industrial activity.” 

Construction Activity Construction activity covers 

more than 5 acres. 



, 

TABLE 3-1 

PROJECT PERMITS CHECKLIST 
OU2 (SITES 1 AND 2) 

FORMER NSWC-WHITE OAK, SILVER SPRING, MARYLAND 
PAGE 2 OF 2 

Type of Project Type of Permit, License, 
Certification 

Issuing Agency Applicability Reason 

Earth Moving Operations 

Solid Waste Landfills 

Erosion and Sediment Control State Applicable No permit required. Plan 
Plan approval is required for 
Stormwater Management State Applicable construction activities and 
Plan development that cover more 

than 5,000 square feet. 

Permit-to-Operate State Applicable The landfills are RCRA 

SWMUs. No permit required 

for corrective action. 

Hazardous Waste Generation USEPA Identification Number State Not applicable Off-site shipment of 
hazardous waste will not 

occur. 

Hazardous Waste State Waste Hauler State Applicable Off-site shipment of 
Transporting License/Permit hazardous waste may occur. 

Hazardous Waste Treatment, Permit-to-Construct State or USEPA Applicable No permit required. 
Storage, Disposal Permit-to-Operate Corrective action is being 

(Part B Permit) conducted under RCRA 

Section 7003 administrative 

order. 

Underground Storage Tanks Permit-to-Construct State or USEPA Not applicable No underground storage 
Permit-to-Operate tanks are associated with this 
Registration project. 

Pesticide Application Applicator Certification DOD Not applicable Herbicides will not be used. 

USEPA U.S. Environmental Protection Agency 
DOD Department of Defense 
POTW Publicly Owned Treatment Works 
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Based on a review of the permit checklist and federal, state, and local laws and regulations, state permits 

would be associated with work in the unnamed stream adjacent to the site and associated wetlands and 

discharges of stormwater associated with industrial activity and construction. Approval of the erosion and 

sediment control plan and the stormwater management plan by MDE would be required. Although a 

RCRA permit is not required because the remedial action is being conducted under a S.ection 7003 

unilateral administrative order, there are regulatory requirements for landfill closure. Permits and 

compliance with regulatory requirements are discussed in the following sections. 

4.1 CONSTRUCTION IN FLOODPLAIN, WATERWAY, OR WETLAND AND DREDGE/FILL IN 

WETLAND 

,, / -_, 

A state Nontidal Wetland and Waterways Permit is required. This permit is required for any activity that 

alters a nontidal wetland or its 25foot buffer (COMAR 26.23). The buffer is expanded to 100 feet for 

nontidal wetlands with adjacent areas containing steep slopes (greater than 15 percent) or highly erodible 

soils (erodibility factor greater than 0.35). The following activities are regulated: grading or filling, 

excavating or dredging, changing existing drainage patterns, disturbing the water level or water table, and 

destroying or removing vegetation. Applicants are required to demonstrate that proposed impacts to 

nontidal wetlands are necessary and unavoidable. An alternatives analysis may be required as part of 

this process. Mitigation is required for all authorized impacts. Wetland mitigation monitoring is required 

and will extend beyond construction of an approved mitigation project. 

This permit is also required for work in a nontidal stream or body of water, including the loo-year 

floodplain (COMAR 26.17.04). Authorization is required for construction of the following projects in a 

waterway or loo-year floodplain: excavation, filling, or construction; channelization; changing the course, 

current, or cross-section of any stream; temporary construction: and any other similar project. An 

engineering analysis is required for filling and other construction. Activities are evaluated for impacts on 

the floodplain, public safety and welfare, and natural resources. In addition, environmental impacts 

associated with the proposed project, including impacts to nontidal wetlands, wildlife, endangered species 

and their critical habitat, and alternatives to reduce or eliminate adverse impacts are required to be 

submitted with the application. Site location and design criteria are contained in the regulations. 

The application process is as follows: 

l Complete a “Joint Federal/State Application for the Alteration of Any Floodplain, Waterway, Tidal 

Wetland, or Nontidal Wetland Maryland” application. 

11001 O/P (Permit Report) 4-l CT0 0273 



REVISION 0 
JUNE 2001 

. Mail the original plus four copies of the application, plans, vicinity maps, and any supporting 

documentation to the following address: 

Regulatory Services Coordination Office 

MDE, Water Management Administration 

2500 Broening Highway 

Baltimore, MD 21224 

. Upon receipt of the application package, the Regulatory Services Coordination Office (RSC) will 

determine what type of permit is necessary and will forward the application to the appropriate 

governmental agencies. The RSC receives applications for the Nontidal and Waterways Division of 

MDE as well as the U.S. Army Corps of Engineers. MDE conducts the permit application review in 

cooperation with local, state, and federal agencies. 

. Depending on the nature of the project, it may be advertised for comment and an opportunity for a 

public informational hearing. The applicant may be required to notify adjacent property owners. If 

requested, a public informational hearing is conducted by MDE. 

. MDE may perform a site evaluation. 

l At the conclusion of the review process, MDE will make a decision on the application. Upon final 

receipt of final construction plans, a permit or letter of authorization may be issued by MDE. 

The standard turnaround time is 3 months for minor projects and 6 months for major projects. Permits 

may be issued for a maximum of 5 years and extended for an additional 5 years. Construction must be 

initiated within 2 years (waterway and floodplain) or 3 years (nontidal wetland). There is no fee 

associated with this permit application. 

4.2 STORMWATER DISCHARGES 

State general permits cover certain stormwater discharges. These include the discharge of stormwater 

associated with industrial activity (COMAR 26.08.01 through 26.08.04) and stormwater from construction 

activity (COMAR 26.08.04). The existing NPDES permit for the former NSWC-White Oak has been 

transferred to the GSA. It may be possible to modify the existing NPDES permit to include the stormwater 

associated with activities at OU2 rather than to obtain new permits. MDE will determine this during the 

application review process. 
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4.2.1 Stormwater Associated with industrial Activity 

Landfills, land application sites, and open dumps that receive or have received any industrial wastes are 

considered to be engaging in industrial activity [40 CFR 122.26(b)]. To obtain coverage under a general 

permit, all requirements listed in the general permit package must be met. The application process is as 

follows: 

l Complete a Notice of Intent (NOI) form and include a facility map, if required. 

. Mail the,completed form and payment to the following address: 

MDE/WATER 

P.O. Box 2057 

Baltimore, MD 21203-2057 

l MDE reviews the submitted NOI to ensure that the proposed discharge can be covered by a general 

permit. 

. MDE will notify the applicant in writing of coverage under the general permit. 

The standard turnaround time is 60 days, and the standard fee is $550. 

4.2.2 General Permit for Construction Activity 

This permit is required in addition to standard erosion and sediment control and stormwater management 

plan approvals (see Section 4.3). To obtain coverage, applicants must meet all the conditions outlined in 

the general permit. The application process is as follows: 

l Complete an NOI form (MDE 310 for federal projects) and mail with payment to the following address: 

MDE 

P.O. Box 1417 

Baltimore, MD 21203-l 417 

. MDE reviews the NOI to insure completion and scans site specific data into an NOI database. 
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. MDE then sends the applicant a package that includes a letter verifying coverage and issuing the 

project a unique NOI number, a copy of the general permit, and a receipt card that must be posted at 

the site. 

The NOI can be submitted any time prior to the start of construction activity, as long as it reaches MDE at 

least 48 hours before construction begins. The standard turnaround time for review is two days. 

Coverage under the general permit is issued for the duration of the project as long as plan approvals are 

renewed. For federal projects, the application fee is based on the amount of the land disturbance. The 

fee for a disturbance of 5 acres to less than 10 acres is $100. Facilities covered under the general permit 

for stormwater associated with industrial activities are not required to obtain this general permit for 

construction activity. The stormwater general permit has provisions for construction activity. 

4.3 EROSION AND SEDIMENT CONTROL AND STORMWATER MANAGEMENT PLANS 

Erosion and sediment control plan approval is required, before construction, to prevent siltation from 

releases of sediment (soil) from active construction sites. Plan approval is required for any construction 

activity that disturbs 5,000 square feet or more of soil or results in the excavation of 100 cubic yards or 

more of soil. As a condition of receiving plan approval, the applicant must certify that a “responsible 

person” will be on site during construction. The purpose of the “responsible person” certification is to train 

field personnel on techniques and standards that assist with field implementation of erosion and sediment 

controls. 

Stormwater management plan approval is required to prevent stream bank erosion by controlling the rate 

of stormwater runoff from newly developed areas by using infiltration practices, shallow marshes, 

retention, and detention ponds. This approval is required for any development project that disturbs 5,000 

square feet or more of land. It can be obtained as the same time as the erosion and sediment control 

approval. 

These plans must meet the 1994 Maryland Standards and Specifications for Soil Erosion and Sediment 

Control, adhere to the Erosion and Sediment Control Guidelines issued by MDE in January 1990, and 

adhere to the Stormwater Management Guidelines for State and Federal Projects issued by MDE in July 

1987. MDE has recently amended the stormwater management regulations and issued the 2000 

Maryland Stormwater Design Manual. The effective date of these changes was October 2, 2000. 

The erosion and sediment control plan approval and stormwater management plan approval for state and 

federal projects is as follows: 

110010/P (Permit Report) 4-4 CT0 0273 



REVISION 0 
JUNE 2001 

-_ . l The applicant submits one set of erosion and sediment control and stormwater management plans 

and calculations to MDE. 

. MDE either approves the plans or responds with comments to be addressed by the applicant before 

approval can be granted. 

l Upon approval, MDE informs the applicant in writing. 

. MDE conducts site inspections. Plans must be approved and implemented prior to the start of 

construction. 

The standard turnaround time for state and federal facilities is 6 months. The term of approval is 2 years 

for erosion and sediment control. There is no expiration for stormwater management plan approval. 

There are no fees associated with MDE approval of these plans. 

4.4 LANDFILL CLOSURE 

,*., _.. 

The landfills were used for disposal of domestic refuse, lubricating oil, battery acid, batteries, metal 

plating wastes, metal scrap, oils containing PCBs, solvents, paint residue, acids, and miscellaneous 

compounds. Some of the industrial solid wastes may also have been hazardous. Requirements for 

closing industrial waste landfills are addressed in COMAR 26.04.07.21, and requirements for closing 

hazardous waste landfills are addressed in COMAR 26.13.05.14. USEPA requirements are similar to 

state requirements. 

Industrial waste landfills must install a closure cap that includes the minimum design features: 

. A low permeability cap shall be placed over the final cover. The cap material may consist of synthetic 

material with a minimum thickness of 20 mil and a maximum permeability of 1 X lo-lo cm/set or a 

minimum of 1 foot of clay or other natural fine-grained material having an in-place permea.bility less 

than or equal to 1 x 10M5 cm/set. The cap shall be installed with a minimum slope of 4 percent to 

facilitate drainage. 

. A drainage layer with a minimum thickness of 6 inches shall be placed immediately above the low 

permeability cap. Acceptable drainage material shall include clean sand or other natural coarse- 

grained material with an in-place permeability greater than 1 x 10e3 cm/set. The drainage layer shall 

be free of materials that may puncture or otherwise jeopardize the integrity of the low permeability 
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cap. Commercially available filter fabrics, when used in conjunction with synthetic drainage blankets, 

may serve instead of the fine material, with MDE approval. 

l Final earthen cover shall be placed over the drainage layer. Minimum cover thickness shall be 2 feet. 

Minimum cover slope shall be 4 percent for facilitate surface drainage of the site. The cover material 

shall contain sufficient organic materials and nutrients to sustain a vegetative cover over time. 

. Vegetative stabilization shall be place over the final earthen cover. Within 30 days after the final 

earthen cover has been installed, the areas shall be stabilized using a perennial cover species as 

recommended by the county soil conservation district. Sufficient lime and commercial fertilizer shall 

be applied to sustain vegetative growth. 

l Gas venting is not required for industrial waste landfills. 

l Alternate cap designs may be approved by MDE. 

Hazardous waste landfills must be closed in a manner that minimizes the need for further maintenance 

and controls, minimizes, or eliminates to the extent necessary to protect human health and the 

environment post-closure escape of hazardous wastes, hazardous constituents, leachate, contaminated 

runoff, or waste decomposition products to the groundwater, surface water, or the atmosphere. The 

landfill cover shall be designed and constructed to achieve the following: 

. Provide long-term minimization of migration of liquids through the closed landfill. 

. Function with minimum maintenance. 

. Promote drainage and minimize erosion and abrasion of the cover. 

l Accommodate settling and subsidence so that the cover integrity is maintained. 

. Have a permeability less than or equal to the permeability of any bottom liner system or natural 

subsoil present. 

The proposed landfill cap meets or exceeds the industrial waste and hazardous waste landfill closure 

requirements. 
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ACRONYMS 

-_ 

ALC 

ARARs 

BCT 

BRAC 

CLEAN 

CT0 

CY 

ECM 

GCL 

GSA 

HSG 

NSWC -White Oak 

ou2 

PCBs 

RAC 

RALs 

RCRA 

ROICC 

scs 

Site 1 

Site 2 

TBC 

TtNUS 

USDA 

uxo 

Adelphi Laboratory Center 

applicable or relevant and appropriate requirements 

BRAC Cleanup Team 

Base Realignment and Closure 

Comprehensive Long-Term Environmental Action Navy 

Contract Task Order 

cubic yards 

erosion control matting 

geosynthetic clay liner 

General Services Administration 

hydrologic soil group 
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This Erosion and Sediment Control Plan Report was prepared under Contract Task Order (CTO) No. 

0273 under Comprehensive Long-term Environmental Action Navy (CLEAN) Contract Number N62472- 

90-D-1298. Under this CT0 Tetra Tech NUS, Inc. (TtNUS) is performing engineering, design and post 

construction award services for the remedial action at the Parking Lot Landfill (Site 1) and the Apple 

Orchard Landfill (Site 2) at the former Naval Surface Warfare Center, Dahlgren Division Detachment, 

White Oak (NSWC-White Oak), located in Silver Spring, Maryland. Because of their proximity to each 

other, similarity of contents, and time of operation, ‘Sites 1 and 2 are now referred to as Operable Unit 2 

(OU2). 

,. “-7.. 

NSWC-White Oak is located in both Montgomery and Prince George’s Counties, Maryland, approximately 

5 miles north of Washington, D.C., off New Hampshire Avenue (see Figure l-l). NSWC-White Oak 

encompasses approximately 712 acres. In the fall of 1997, 662 acres were transferred to the General 

Services Administration (GSA). The remaining area in the southeastern portion of the facility was 

transferred to the U.S. Army in February 1998. NSWC-White Oak is bordered by the Adelphi L.aboratory 

Center (ALC) along with a mixture of residential, park, industrial, and commercial properties. The facility 

lies in gently rolling terrain, and the drainage patterns are dominated by Paint Branch and its tributaries 

(see Figure l-2). This remedial design is limited to Sites 1 and 2. 

SITE HISTORY 

1 .l .l Site 1 (Parkinq Lot Landfill) 

The Parking Lot Landfill was used as an open disposal site and landfill between 1948 and 1953. The site 

is located east of Building 1OlA and is adjacent to the Site 2 (Figure l-2). The wastes reportedly 

disposed within this landfill include lubricating oil, battery acid, metal plating wastes, and metal scrap. It 

has been reported that approximately 60 automobile batteries were disposed at the site over its operating 

life. When the site was deactivated in 1953, it was paved with asphalt. The site is currently used as a 

parking lot; however, visible wastes from the landfill including tires, glass, and old metal equipment have 

been observed on the southern and eastern slopes beyond the edge of the parking lot. The landfill 

covers approximately 1 acre in size and contains approximately 8,300 cubic yards (cy) of waste (TtNUS 

2000). 

1.1.2 Site 2 (Apple Orchard Landfill) 

The Apple Orchard Landfill is an abandoned landfill located on the south side of the Perimeter Road in 

the northwestern end of the former NSWC-White Oak property (Figure l-2). The landfill forms a small, 
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level hill with a peak elevation of approximately 340 feet mean sea level. The landfill slopes steeply to an 

unnamed stream along its southern edge and a drainage swale along its western perimeter. The 

unnamed stream flows eastward towards Paint Branch. The drainage swale conveys stormwater flow 

from adjacent properties and joins the unnamed stream in the southwestern corner of the site 

The Apple Orchard Landfill reportedly operated as an open disposal area and landfill from 1948 until 

1982. The landfill is a single unit that is composed of several disposal areas. In addition to domestic 

refuse, wastes reportedly disposed at the site included oils containing polychlorinated biphenyls (PCBs), 

solvents, paint residue, acids and miscellaneous compounds. An estimated 500 gallons of PCB- 

contaminated oils were deposited at the site prior to 1970. It has been estimated that the landfill contains 

75,000 cubic yards of waste/fill (TtNUS 2001). 

1.2 REPORT OBJECTIVE 

The objective of this report is to describe the project and present the erosion and sediment control 

measures that will be used during implementation of the remedial action at OU2. 

1.3 REPORT FORMAT 

Section 2.0 presents a narrative on the requirements for Erosion and Sediment Control Plans. Section 

3.0 presents a generalized sequence of construction. Section 4.0 presents conclusions. Erosion and 

Sediment Control calculations are presented in Appendix A. Construction drawings including Drawing 

C-2 “Erosion and Sediment Control Plan” and technical specifications are provided under separate cover. 
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” ._\ 2.0 NARRATIVE REQUIREMENTS 

OU2 encompass approximately 6 acres of the northwestern end of the former NSWC-White Oak property. 

The location is illustrated in Figure l-2 and the site layout is illustrafed in Figure 2-l. 

2.1 PROJECT DESCRIPTION 

The remedial action will include the excavation of approximately 8,300 cy of waste material from Site 1 for 

consolidation with Site 2 landfill material. Following consolidation an engineered cap will be constructed 

on the regraded OU2 waste. Additional activities include the removal of impacted sediments from the 

unnamed stream south of OU2 and the restoration of that stream. These actions were selected to 

minimize the release into the environment of contamination from the waste materials of both landfills. 

The goal of the White Oak Base Realignment and Closure (BRAC) Cleanup Team (BCT) is to begin 

remedial actions at the NSWC-White Oak facility as quickly as possible to protect human health and the 

environment and to comply with applicable or relevant and appropriate requirements (ARARs) and to be 

considered (TBC) criteria. 

.-. 
2.2 EXISTING SITE CONDITIONS 

OU2 consists of Site 1 and Site 2 which are inactive/abandoned landfills located in the northwestern 

portions of the former NSWC-White Oak (Figure 2-l). Access to the site from the entrance of NSWC- 

White Oak is via Nahan Road, Erickson Road, Fulton Road, and Perimeter Road. 

2.2.1 Site 1 (Parking Lot Landfill) 

The Parking Lot Landfill is a slightly sloping paved area that covers approximately 1 acre of land and 

contains approximately 8,300 cy of waste material. Runoff from the paved area is directed toward the 

southeastern corner and is collected in the unnamed stream which is a tributary to Paint Branch located 

east of the site. The eastern and southern faces of the landfill, outside the boundaries of the paved area, 

are both steeply sloped into drainage swale and unnamed stream. A concrete trench is located along the 

northern edge of the paved area adjacent to Building 111. The trench appears to have been used to 

capture runoff from inside Building 111. A decontamination pad is located southwest of the site. It has 

been used during environmental restoration work at various sites at former NSWC-White Oak. The 

decontamination pad was constructed with a tap water spigot and a drain that directs the wash water to a 

secondary containment vault (TtNUS 2000). 

. . . . 
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i-2.2 Site 2 (Acmle Orchard Landfill) 

The landfill covers approximately 4.3 acres and contains an estimated 75,000 cy of waste. The majority 

of the landfill was constructed on a plateau adjacent to Perimeter Road (Figure 2-l). Surface drainage at 

Site 2 flows south and southeast to the unnamed stream and west to the drainage swale. The landfill 

cover supports old field vegetation with successional hardwood forest on the short but very steep side 

slopes. The steep slopes range in height from a few feet (along the eastern and western perimeter) to 

approximately 35 feet along the southern perimeter. The slopes are moderately eroded and exposed 

waste and fill material are evident throughout. The cover is abutted to the south and west by mixed 

deciduous forest, to the east by Virginia Pine Forest, and to the north by private lands supporting 

residential development and Virginia Pine Forest. Minor erosion is evident on the landfill surface, but the 

steep slopes along the southern perimeter expose waste and fill material resulting from erosion of the 

cover materials or lack of placement of initial cover materials. Recent site visits and sampling activities 

indicate the presence of ordnance shapes in the landfill (TtNUS 2001). 

2.3 OFFSITE AREAS 

Areas not within the limjts of OU2 include the unnamed stream south of Site 2, Perimeter Road and north 

of Perimeter Road, and the borrow area(s) where soils for cap construction and site restoration may be 

obtained. Each of these areas, with the exception of the borrow area(s), are located within the limits of 

disturbance for this remedial design. Therefore, the erosion and sediment control devices required to 

protect these areas are presented on the Erosion and Sediment Control Plan (Design Drawing C-2) and 

are described in this report. 

The borrow area(s) are selected by the Remedial Action Contractor (RAC) and will not be located within 

the limits of disturbance of this remedial design. Therefore, the RAC will submit a supplemental erosion 

and sediment control plan to the Navy addressing any and all offsite source(s) if an approved erosion and 

sediment control plan for the offsite source(s) does not exist. 

2.4 SOILS 

A soils map of the site from the Soil Conservation Service (SCS), United States Department of Agriculture 

(USDA), is provided as Figure 2-2. The approximate locations of the site has been indicated on the map. 

The soil types present at the site are: 

2c Glenelg silt loam (8 to 15 percent slopes) 

116E Blocktown Channery silt loam (25 to 45 percent slopes, very rocky) 
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,. ),,, Glenelg Silt Loam: This soil is very deep and well drained. The soil is most often found on smooth side 

slopes or uplands. Properties include a moderate permeability, a high available water capacity, a 

moderate erosion hazard, and a moderate potential for frost action (SCS, 1995). According to the SCS 

Urban Hydrology for small watersheds (SCS, 1986), the hydrologic soil group (HSG) for Glenelg silt loam 

is B. 

Blocktown Channery Silt Loam: This soil is shallow and well drained. The soil is most often found on 

side slopes in the uplands. Properties include a moderate permeability, a very low available water 

capacity, and a severe erosion hazard. According to the SCS Urban Hydrology for small watersheds 

(SCS, 1986), the HSG for Blocktown Channery silt loam is C/D. 

CRITICAL AREAS 

_.. . . 

Critical areas are those that have potentially serious erosion problems due to the presence of steep 

slopes, poor vegetative cover, run-off channels, or areas identified as wetlands. The critical areas 

associated with OU2 include the drainage swale located between Sites 1 and 2 and the unnamed stream 

located along the southern toe of slope of OU2. The drainage swale located between Sites 1 and 2 will 

be relocated as a result of the remedial action at OU2. However, prior to relocation, the existing drainage 

swale will be protected using silt fence and supersilt fence. The impacted sediments in the unnamed 

stream will be excavated and consolidated within the proposed limits of waste for OU2. .Following 

removal of impacted sediments the stream and associated wetlands will be restored. During 

construction, the unnamed stream will be protected using straw bales, supersilt fencing, and various other 

controls. The protection devices named here and other erosion and sediment control devices are 

described further in Section 2.6. No other critical areas have been identified on or adjacent to Sites 1 and 

2. However, during construction areas may require temporary protection while portions of the site are 

unvegetated. The RAC will be responsible to identify these areas in their work plan and for the protection 

of these areas during construction. 

2.6 EROSIONS AND SEDIMENT CONTROL MEASURES 

Erosion and sediment control measures will be implemented, installed; and maintained according to the 

standards and specifications of the Maryland Erosion and Sediment Control Handbook unless otherwise 

noted in this plan and the construction documents. Design specifications for erosion and sediment 

control structures have been obtained from the Maryland Standards and Specifications for Soil Erosion 

and Sediment Control. 

.-. The required erosion and sediment control measures are shown on Design Drawing C-2 and are as 

follows. 
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. The stabilized stone construction entrance(s) will be provided off of Perimeter Road and will be 

protected with silt fence. 

l The southern boundary of OU2 along the existing unnamed stream will be protected using super silt 

fence (silt fence supported by wire fence). Supersilt fence will also be provided’along both sides of 

the drainage swale located between Sites 1 and 2. 

l Silt fence will be placed to protect the construction entrance structures and the stockpile pad. 

. Drainage channels will be constructed along the northern, western and eastern perimeters of the 

landfill cap to convey run-off from the landfill cap and surrounding areas to the unnamed stream 

located south of OU2. In addition, a bench will be constructed on the landfill cap to increase cap 

stability and to provide a break in the drainage areas associated with the landfill cap. The east and 

west channels will be protected by erosion control matting, and during construction, rock check dams 

will also be utilized to reduce sedimentation. The bench and northern channels will be rock lined. 

. Riprap will be placed at critical locations within the drainage channels constructed along the east and 

western sides of the constructed landfill cap. The location of riprap placement is identified on Design 

Drawing C-8. 

. Permanent, channel, and temporary seeding will be used throughout the construction process to 

stabilize disturbed areas and channels. 

l A temporary access culvert will be placed across the drainage swale located between Site 1 and 2 to 

provide a means of transporting the excavated material from Site 1 to the proposed stockpile located 

within Site 2. 

l Straw bales will be placed across the unnamed stream during sediment removal and stream 

restoration. 

2.6.1 Structural Practices 

The following structural practices will be used during and/or following construction activities at OU2 to 

control erosion and sedimentation. The number listed, if any, references the Maryland Standards and 

Specifications for Soil Erosion and Sediment Control, 1994. 
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Stone Construction Entrance - F17.0. Temporary stone construction entrance(s) will be installed to 

provide access to OU2 via Perimeter Road. Construction vehicles will be cleaned before exiting the site. 

Super Silt Fence - H26.0. Super silt fence will be installed along the southern slopes of OU2 and along 

both sides of the drainage swale located between Sites 1 and 2. 

Stormwater Convevance Channel - H28.0. Permanent drainage channels will be installed along the 

northern, eastern, and western boundaries of the constructed landfill cap to divert runoff away from the 

cap edge. Additionally, a bench will be constructed within the limits of the landfill cap to increase the 

stability of the landfill and to break the flow length of runoff generated in the drainage areas of ‘the landfill 

cap. 

Surface Rouqheninq - NA. The surface of regraded areas will be roughened to reduce run-off velocity 

and to aid in the establishment of vegetative cover. 

Temporarv Seedinq - G20.0. All regraded areas that will be left dormant for extended periods of time will 

be seeded with fast germinating temporary vegetation immediately following grading. Seeding will be 

performed with a 50/50 mixture of annual rye grass and cereal (winter) rye. 

Permanent Seedinq - G20.0. All regraded areas will be permanently seeded with a seed mixture that will 

minimize erosion and provide suitable cover for wildlife. 

Mulchinq - G20.0. All areas receiving permanent seeding will be mulched with an organic material to 

prevent erosion by protecting the soil surface from raindrop impact and reduce the velocity of overland 

flow. 

Rock Check Dams - B8.0. Rock check dams will be temporary control devices constructed in the 

permanent channels to trap sediment and reduce flow rates in the channels. Rock check darns will be 

removed following final stabilization (establishment of permanent vegetation) of all disturbed areas. 

Temporary Access Culvert - H29.10. A temporary access culvert will be constructed within the drainage 

swale located between Sites 1 and 2 to provide a construction road between the two sites for the 

movement of waste/fill material. The access culvert will remain in place until the permanent channel is 

constructed around the western side of the landfill cap. 
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Straw Bales - H25.0. Straw bales will be placed across the unnamed stream during the restoration of the 

unnamed stream. The bales, or approved other, will remain in-place until the restoration is complete and 

the stream is stabilized. 

2.6.2 Manaqement Strateqies 

1. Unstabilized, disturbed areas will be minimized and construction activities will be staged. 

2. Seeding or other stabilization measures will follow immediately after grading. 

3. Areas that are not to be disturbed will be clearly marked by flags, signs, etc. 

4. The construction superintendent will be responsible for ensuring the installation and maintenance of 

all erosion and sediment control practices. 

5. Erosion and sediment control structures will be installed and/or constructed before the start of any 

earth disturbance activities. 

6. Erosion and sediment control structures will remain in place until permanent vegetation is established 

over disturbed surfaces, as described in the revegetation notes on Design Drawing C-4. 

e 

2.7 PERMANENT STABILIZATION 

All areas disturbed by remedial action activities with the exception of the unnamed stream will be 

stabilized with either permanent seeding or channel seeding mixtures as soon as possible following final 

grading, but no later than 7 to 14 days (as noted on the Design Drawings). Permanent seeding mixture 

will consist of native warm season grasses which will, over the long term, result in lower maintenance 

costs and more beneficial natural habitat. The mix will include big bluestem (Andropogon gerrardr) little 

bluestem (Schizachyrium scoparium), switchgrass (Panicurn virgatum), indian grass (Sorghastrum 

nutans), canada wild rye (Elymus canadensis), partridge pea (Cassia fasciculata), and annual rye grass 

(Lolium multiflorum). The rye grass and partridge pea will germinate and become established quickly to 

provide the necessary erosion control until the warm season grasses can become established. This seed 

mixture was provided by the Biological Technical Assistance Group through USEPA correspondence 

dated February 14, 2001. 

The channel seed mix will consist of indigenous and natural grass species recognized for their 

effectiveness in stabilizing exposed soils. The grass species include a mixture of cool-season and warm- 

season grasses. The cool-season grasses germinate quickly and establish rapidly. to provide effective 
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. ‘,_ short-term soil stabilization. The warm-season grasses are generally of greater wildlife value but 

germinate and grow more slowly than cool-season grasses. In addition, the warm-season grasses tend 

to grow better in poor quality soils and under drought conditions. The seed mix includes redtop (Agrostis 

&a), barnyard grass (Echinochloa crusgalll), switchgrass (yanicun virgatum), deer-tongue grass 

(Dichanthehum chandesfium), and a seasonal nurse crop. The application rate is identified on Design 

Drawing C-3 and is identified as the “Channel Seed Mixture”. 

2.8 STORMWATER RUNOFF CONSIDERATIONS 

Following completion of the remedial action, the site will be returned to grassed or natural existing 

conditions. Therefore, aside from the northern, eastern, and re-aligned western channels, permanent 

stormwater management controls are not required for this site. 

Run-off calculations were performed using QuickTR-55TM (Haestad Methods, lnc). The software uses 

procedures outlined in SCS TR-55 manual. Channel capacity calculations, pre-development run-off 

calculations, and post-development run-off calculations are provided in Appendix A. 

2.9 MAINTENANCE 

In general, all erosion and sediment control measures will be checked weekly and after each significant 

rainfall event to assure that all erosion and sediment controls remain in effective operating conditions. 

Any required repairs will be made immediately. The following items will be checked: 

l The stabilized stone construction entrances will be maintained in a condition that will minimize 

tracking sediment onto roads, including the addition of stone or other repairs. 

l The super silt fence will be checked regularly for undermining or deterioration of the fabric. Sediment 

will be removed when the level of sediment deposition causes “bulging” or reaches half of ,the fabric 

height. 

l The silt fence will be checked regularly for undermining or deterioration of the fabric. Sediment will be 

removed when the level of sediment deposition causes “bulging” or reaches half of the fabric height. 

. Rock check dams will be checked for sediment accumulation. Sediment will be removed when it 

reaches one half of the original height of the check dam. Regular inspections will be made t,o ensure 

that the center of the dam is lower than the edges. Erosion caused by high flows around the edges of 

the dam will be corrected immediately. 
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l Straw bales will be checked for sediment accumulation. Sediment will be removed when it reaches 

one half the bale height. Straw bales will be replaced if required. 

l During the establishment of the channels, repairs will be made immediately and grass re-established. 

After grass has been established, the channels will be checked periodically to determine if the grass 

and associated erosion control matting is withstanding flow velocities without damage. 

l The seeded areas will be checked regularly to ensure that a good stand of vegetation is maintained. 

Areas shall be fertilized and re-seeded as needed. The RAC is responsible for maintenance until 

formal acceptance by the Contracting Officer. 
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3.0 SEQUENCE OF CONSTRUCTION 

The time to perform the required COflSttUCtiOn activities is estimated to be approximately 240 days. The 

generalized sequence of construction activities is: 

1. Hold pre-construction meeting with the Contracting Officer. 

2. Inspect site prior to construction to verify existing site conditions and underground utility locations. 

3. Establish horizontal and vertical control for construction. Stake the location of all areas to be 

excavated or disturbed prior to actual work. 

4. Install all perimeter controls, stabilized stone construction entrance as indicated on Drawing C-2, and 

additional stabilized stone construction entrance(s) if approved by the Resident Officer in Charge of 

Construction (ROICC) prior to any earth disturbance activities. All perimeter controls shall conform to 

Standards and Specifications identified in the ‘1994 Maryland Standards and Specifications for Soil 

Erosion and Sediment Control Manual unless otherwise specified. The perimeter controls to be 

installed include, but not limited to, the following: 

. silt fence on downhill sides of all stockpile locations and construction entrance(2); 

. super silt fence along the northern side of the unnamed stream located south of OU2, and along 

both sides of drainage swale located between Sites 1 and 2; 

. temporary stream crossing within drainage swale located between Sites 1 and 2 (see Drawing C- 

2) to provide a transportation route between Sites 1 and 2; 

. additional controls as may be required by the Contracting Officer and/or warranted by site 

conditions and best construction practices. 

5. Clear and grub construction laydown, material storage and staging area(s), material handling pad, 

and decontamination pad if necessary. 

6. Construct decontamination pad, materials handling pad, construction laydown, and storage and 

staging areas if necessary. 

7. Breakup concrete slabs within the limits of OU2 and relocate as necessary. 
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8. Clear but do not grub within limits of OU2. Clear and grub within remainder of limits of disturbance. 

9. Excavate waste/fill material within OU2 west of the drainage swale for placement within proposed 

limits of waste. During excavation, breakup concrete filled shapes designated by unexploded 

ordnance (UXO) oversight personnel as not containing ordnance for general distribution within the 

proposed limits of waste. In the event that suspect hazardous materials are identified during 

excavation and consolidation of OU2 waste/fill, the suspect hazardous materials are to be segregated 

and characterized for proper off-site disposal. If through characterization sampling of suspect 

hazardous waste, the m.aterials are determined to be non-hazardous, material will be consolidated 

within the proposed limits of waste. 

10. Perform verification sampling following excavation of all waste/fill material outside the proposed limit 

of waste. If verification sampling test results indicate contaminants are either completely removed or 

at levels below the remedial action levels (RALs), excavation of waste/fill material is complete. In the 

event that verification sampling test results indicate that exposed soils contain contaminants above 

RALs continue excavation and conduct additional verification sampling. Continue process until 

contaminants are removed or RALs are met. 

Il. Following excavation of material outside of proposed limits of waste, establish perimeter channels 

and begin re-grading waste/fill within proposed limits of waste. During re-grading breakup concrete 

filled shapes designated by UXO oversight personnel for general distribution within landfill limits. 

12. Establish Erosion and Sedimentation controls in the unnamed stream as indicated on Drawing C-2. 

Excavate impacted sediments from unnamed stream and place within proposed limits of waste. 

Excavation of sediments in the unnamed stream shall proceed upstream to downstream. Stabilize 

disturbed areas in the unnamed stream by planting wetland plants and installing temporary Erosion 

Control Matting (ECM). 

13. Perform UXO screening to a depth of 4-feet below final grade. Grade waste/fill material to 6-inches 

below interim grade (see Drawing C-6), followed by placement of 6-inches of subgrade soil to 

establish interim grade (see Drawing C-7). During regrading extend and protect identified monitoring 

wells. 

14. Prepare the sub-grade soil by compacting and fine grading to create a smooth firm surface. Remove 

material that is considered objectionable for the placement of geosynthetic clay liner (GCL), including 
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but not limited to sharp-edged materials and protrusions extending more than Y’z inch. Regrade and 

compact as necessary. 

15. Install cap materials including GCL, Geomembrane, geocomposite drainage material, trenches, 

drainage piping, and gas vents. Cover GCL’immediately with geomembrane. Place only as much 

GCL as can be covered at the end of the day with geomembrane or temporary water proof tarp. 

16. Install cover and topsoil materials and vegetate immediately after topsoil is placed. 

17. Plant permanent vegetation on all disturbed areas. 

18. Install signs along the site perimeter. 

19. Remove all temporary facilities (i.e. decontamination pad, material handling pads, etc.). Restore and 

revegetate as needed. When all upstream areas have been stabilized and have been accepted by 

the Contracting Officer, remove all remaining perimeter controls. 
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4.0 CONCLUSIONS 

This remedial action will result in the improvement of the site over the long term. Waste/fill materials will 

be consolidated under a Resource Conservation Recovery Act (RCRA) equivalent engineered cap. 

Appropriate steps will be implemented during construction to control run-off from the site and reduce the 

impacts of erosion and sedimentation. 

Run-off quality during the remedial action will be addressed via temporary erosion and sediment control 

devices around the perimeter of the disturbed areas. 
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APPENDIX A 

HYDROLOGY CALCULATIONS 

A.1 PRE-DEVELOPMENT HYDROLOGY 

A.2 POST-DEVELOPMENT HYDROLOGY 

A.3 CHANNEL DESIGN CALCULATIONS 

A.4 SILT FENCE/SUPER SILT FENCE DESIGN 





TETRA TECH NUS, INC. CALCULATION SHEET PAGE 1 OF 13 

CLIENT: JOB NUMBER: 
White Oak N-7427-l 502 

SUBJECT: 
Pre-Development Hydrology 

BASED ON: 

BY: 

Date: 

DRAWING NUMBER: 

T.W.S. CHECKED BY: wn APPROVED BY: DATE: 

i o/2.5/00 Date: lI/LL/OG 

OBJECTIVE: 

To calculate the 25year pre-development peak discharge at the Site 2 landfill. 

APPROACH: 

1. Delineate the drainage areas for pre-development conditions and measure the surface area with a 
planimeter. The pre-development drainage area (DA) map is provided on page 3 of 13., 

2. Use the Haestad Method Quick TR-55 computer program to calculate the weighted runoff curve 
number, time of concentration, and peak 25year discharge for the drainage area. 

ASSUMPTIONS: 

1. With regard to the time of concentration (Tc) six separate flow paths within the drainage area 
were evaluated to determine the greatest Tc. The following is a description of the flow path and 
the data entered into TR-55 for the flow path with the greatest Tc. 

With regard to the Tc for flow path 6, sheet flow shall begin at 354 ft msl and extend 300 ft to 336 
ft msl, resulting in a slope equal to 0.06 ft/ft.- The surface description for sheet flow is meadow 
(dense grass). According to Table 3-l in the SCS TR-55 manual, the roughness coefficient (n) is 
0.24. Shallow concentrated flow begins at 336 ft msl and extend 400 ft to 289 ft msl, resulting in a 
slope equal to 0.118 ft/ft. The surface description is unpaved. Channel flow begins at 289 ft msl 
and extends 150 ft to 285 ft msl, resulting in a slope equal to 0.027 ft/ft. The channel is 
trapezoidal in shape and has a lo-foot width with 2H to 1V side-slopes, and an average depth of 2, 
feet. The flowpath ends in the existing channel at elevation 285 ft msl. 

CONCLUSIONS 

The total peak discharge from the Site 2 pre-development drainage area resulting from a 25year 24hour 
storm event is 28.91 cfs. This includes the 5.91 cfs that is contributed by the 12-inch RCP. 

REFERENCES 

1) SCS TR-55 Users Guide, Release 5.0 
2) Haestad Flow Master v4.1 b, Haestad Methods, Inc. 1994. 
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N-7427-l 502 

I SUBJECT: 
Pre-Development Hydrology 

BASED ON: DRAWING NUMBER: 

BY: T.W.S. ICHECKED BY: APPROVED BY: DATE: 

CALCULATIONS: 

1. Drainage Area: 

The pre-development drainage area is delineated on page 3 of 13. The drainage area calculations and 
flowpath slope calculations are provided on page 4 of 13 . With regard to the land covers in each drainage 
area, this information is presented in the runoff curve number calculations according to hydrologic soil group 
(HSG) on page 4 of 13. 

2. Runoff Curve Numbers: 

The different types of land cover with respect to HSG were measured with a planimeter in each DA. The 
Quick TR-55 computer program was then used to calculate a weighted runoff curve number for each drainage 
area. The weighted runoff curve number for the Site 2 drainage area is 73 (TR-55 output provided on page 8 
of 13. 

3. Time of Concentration: 

Six Tc flowpaths were drawn for the drainage area (the Tc for each flow path is presented on page 5 of 13). 
The longest Tc calculated by TR-55 is 0.39 hours. TR-55 output data is provided on page 9 of 13 and the flow 
paths are illustrated on the figure provided on page 3 of 13. Tc calculations uses the 2-year 24-hour storm 
occurrence, a chart of the 24-hour storm events for Montgomery County is provided on page 6 of 13. 

4. Peak Discharges: 

The peak discharges for the 25-year storm during pre-development conditions were calculated by the Quick 
.TR-55 computer program. The inputs include the drainage area size, corresponding weighted runoff curve 
number and Tc, as well as the 25-year precipitation equal to 5.9 inches (refer to 25-year precipitation map 
provided on page 7 of 13). The pre-development peak discharge from the drainage area for a 25-year 24- 
hour storm is 23 cfs (TR-55 output is provided on pages 1 O-l 2 of 13). 

In addition to the flow generated during a 25-year storm event within the drainage area delineated on page 3 
of 13, the drainage area receives flow from the 12-inch RCP below the road north of the site. FlowMaster was 
used to determine the maximum flow that the drain pipe can handle. The following information was used as 
input data for FlowMaster. 

Water Depth in Pipe = 
Slope of 12-inch CMP = 

Manning’s “t-r” = 

0.95 ft 
0.0238 ft/ft 

0.013 

Maximum Flow 

Flow from 12-inch RCP = 
Run-off from drainage area = 

Total Run-off for Drainage Area = 

5.91 cfs 
23 cfs 

28.91 cfs 

The FlowMaster output data is presented on page 13 of 13. 
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CLIENT: 
White Oak 

JOB NUMBER: 
N-7427-l 502 

SUBJECT: 
Pre-Development Hydrology 

BASED ON: DRAWING NUMBER: 

BY: T.W.S. CHECKED BY: APPROVED BY: DATE: 

Date: 10/25/00 Date: 

Scale of Drawing 1 -inch = loo-feet 

Site Soil Types: Soil Types Description Corresponding HSG 
2c Glenelg E3 

116E Blocktown C/D 

Discharge Area 

Soil Type HSG Surface Description 

2c B Woods 
2c B Meadow 
2c B Pavement 

116E C/D Woods 

Planimeter Reading Area Area 

(si) w (acres) 
13.7 137,000 3.2 
10.4 104,000 2.4 
3.7 37,201 0.9 
7.2 72,230 1.7 

CN* 

73 
58 
98 
83 

Total Acres 8.05 

* CN Table 2-2 of TR-55 Reference Guide, Release 5.0. 

Slope of Flow Path 

Flow 
Path 

Reach Start Elev. End Elev. Length of Reach Slope 
(ft-maI\ fft-msl\ Ift\ Ift/ft\ 

1 Typof 
. ..-. _ . - 

\ , I 
.-._ 

\ I I 

I 1’1 1-M I 355 I 338 I 200 1 0.085 1 Shallow Concentrated I 
2-w 1 338 I 308 I 440 1 0.068 1 Channel 
3-w 1 308 285 760 I 0.030 I Channel 

2-w 

1-P 

338 

336 335 

302 
3-w 302 285 

2-w 

1-M 346 

335 308 

332 
2-w 332 290 

3-w 

3-w 290 

308 285 

285 
1-M 336 328 
2-w 

1-M 

328 

346 338 

289 

100 1 0.360 

175 

1 

0.006 

Shallow Concentrated 

Sheet 

1 
655 1 0.026 1 Channel 

280 

150 

1 

0.180 

0.050 

Shallow Concentrated 

1 
I 

Sheet 

840 

I 
160 

0.027 

I 0.263 I Shallow Concentrated 1 

Channel 

200 0.025 Channel 

155 

140 

0.052 

0.057 

Sheet 

Sheet 
210 0.186 Shallow Concentrated 

3-w 289 285 150 0.027 Channel 
6 1-M 354 336 300 0.060 Sheet 

2-w 336 289 400 0.118 Shallow Concentrated 
, 3-W 289 285 l!iO 1 0.027 1 Channel I 

M = Surface type is meadow 
W = Surface type is wooded 
P = Surface type is pavement 
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CLIENT: JOB NUMBER: 
White Oak N-7427-l 502 I 

SUBJECT: 
Pre-Development Hydrology 

BASED ON: DRAWING NUMBER: 

BY: T.W.S. CHECKED BY: APPROVED BY: DATE: 

Date: 1 Of25100 Date: 

From quick TR-55 the following time of concentrations were calculated for the flow paths identified in the 
above table. 

Flow Path Time of Concentration from TR-55 
1 0.27 Hours 
2 0.08 Hours 
3 0.25 Hours 
4 0.39 Hours 
5 0.22 Hours 
6 0.39 Hours 

As noted in the text, the TR-55 output provided on page 9 of 13 represents the time of concentration for the 
flow path with the largest Tc. 



Chapter 2. Unified Stormwater Sizing Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rainfali Depth Chart 

county 
V 

lp-24hr 2p24br 10 yr-24 hr loo yr-24 hr 

Allegany 2.4 inches 2.9 inches 4.5 inches 6.2’ inches 

Anne Anmdel 2.7 I 3.3 53 7A 

B- 2.6 3.2 5.1 7J 

calvert 2.8 3.4 53 7.+6 
I 

Worcester 

6113 





Quick TR-55 Ver.5.47 S/N: 
Executed: 08:16:51 11-22-2000 

RUNOFF CURVE 
: : : : : : : : : : : : : :::::::::::::::::: 

Composite Area: DfiAINAGE AREA 

NUMBER DATA 
: : : : : : : : : : : : : : ::::::::::::::::::::: 

WHITE OAK - SITE 2 
PRE-DEVELOPMENT 

DRAINAGE AREA 

AREA CN 
SURFACE DESCRIPTION (acres) 

-------------------------------- --------_ ---- 
2C WOODS (HSG = B) 3.50 73 
2C MEADOW (HSG = B) 2.39 58 
2C PAVEMENT (HSG = B) 0.85 98 
116E WOODS (HSG = C/D) 1.66 83 

COMPOSITE AREA ---> 8.40 73.2 ( 73 ) 
: : : : : : ::::::::::::::::::::::::::::::::::::::::::::::: 



Quick TR-55 Ver.5.47 S/N: 
Executed: 13:32:42 10-25-2000 WO-PRE.TCT 

WHITE OAK - SITE 2 
PRE-DEVELOPMENT 

DRAINAGE AREA 

Tc COMPUTATIONS FOR: DRAINAGE AREA 

SHEET FLOW (Applicable to Tc only) 
Segment ID 
Surface description 
Manning's roughness coeff., n 
Flow length, L (total c or = 300) 
Two-yr 24-hr rainfall, P2 
Land slope, s ' 

0.8 
.007 * (n*L) 

T = --_-___--_---- 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V =. Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (36OO*V) 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

2/J l/2 
1.49 * r * s 

v = ----;--------------- 
n 

Flow length, L 

T = L / (36OO*V) 

REACH 1 
MEADOW 

ft 

ft,Z 

0.2410 
300.0 
3.200 

0.0600 

hrs 0.37 

ft 
ft/ft 

REACH 2 
Unpaved 

400.0 
0.1180 

ft/s 5.5424 

hrs 0.02 

sq.ft 
ft 
ft 

ft/ft 

REACH 3 
28.00 
18.94 
1.478 

0.0270 
0.0350 

ft/s 9.0779 

ft 

hrs 

150 

0.00 = 0.00 

= 0.37 

= 0.02 

: : 
. . s . . . . . . . . . . . . . . . . . . . . . . . . 

::::::::::::...:::...:.....:...:.............: :::::::::::::::::::::: 

TOTAL TIME (hrs) 0.39 



Quick TR-55 Version: 5.47 S/N: Page 1 
Return Frequency: 2 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) IO/l3 

Executed: 11-22-2000 08:22:57 
Watershed' file: --> WO-PRE .MOP 
Hydrograph file: --> WO-PRE02.HYD 

WHITE OAK - SITE 2 
PRE-DEVELOPMENT 

DRAINAGE AREA 

>>>> Input Parameters Used to Compute Hydrograph cc<< 
------------------------------------------------------------------.---~~~~~~~~~~ 

Subarea AREA CN 
(ES) 

* Tt Precip. Runoff Wp 
Description (acres) (hrs) (in) (in) input/used 

------------------------------------------------------------------~------~~~~~- 
DRAINAGE AREA 8.40 73.0 0.40 0.00 3.20 I 0.98 .23 .30 

------------------------------------------------------------------~--------~-~~ 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 8.40 acres or 0.01312 sq.mi 
Peak discharge = 6 cfs 

>>>> Computer Modifications of Input Parameters c<<<c 
_____-------------------------------------------------------------~~~~-~------- 

Input Values Rounded Values Wp 
Subarea 

Description (2, 
* Tt * Tt Interpolated ' Wp 

(hr) (E, (hr) (Yes/No) Messages 
------------------------------------------------------------------~-~~~-~~--~-- 
DRAINAGE AREA 0.39 0.00 0.40 0.00 No -- 

* Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.47 S/N: Page 1 
Return Frequency: 10 years - 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 11-22-2000 08;22:57 
Watershed file: --> WO-PRE .MOP 
Hydrograph file: --> WO-PRElO.HYD 

lVi3 

WHITE OAK - SITE 2 
PRE-DEVELOPMENT 

DRAINAGE AREA 

>>>>,Input Parameters Used to Compute Hydrograph <<cc 
___-_-_-----_------~--------------~---------~-~--~~~-~~-~~~~~~~~~~~ ------------ 

Subarea AREA CN Tc * Tt Precip. Runoff Wp 
Description (acres) (hrs) (h-s) (in) (in) input/used 

__________--_____-------------------------------------------- ---------_____-___ 
DRAINAGE AREA 8.40 73.0 0.40 0.00 5.10 I 2.36 .15 .lO 

__________-___-__-------------------------------------------------------------- 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 8.40 acres or 0.01312 sq.mi 
Peak discharge = 18 cfs 

>>>> Computer Modifications of Input Parameters <<<<c: 
_______-_-____-__-------------------------------------------------------------- 

Input Values Rounded Values Wp 
Subarea 

(E, 
* Tt 

(E, 
* Tt Interpolated Wp 

Description (hr) (hr) (Yes/No) Messages 
___-__________-__-------------- -----_-__-_______-______________________~~~~~~~~ 
DRAINAGE AREA 0.39 0.00 0.40 0.00 No -- 
-----------_----------------es _--~~_--_-_-___----_~~~~~--~-~~~~~~~~~~~~~~~~~~~- 

* Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.47 S/N: I?age 1 
Return Frequency: 25 years 

-* TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) n/r 3 

Executed: 11-22-2000 08:22:57 
Watershed file: --> WO-PRE .MOP 
Hydrograph file: --> WO-PRE25.HYD 

WHITE OAK - SITE 2 
PRE-DEVELOPMENT 

DRAINAGE AREA 

>>>> Input Parameters Used to Compute Hydrograph <<<< 
_-__-__-________--------------------------------------------------------------- 

Subarea AREA CN * Tt Precip. Runoff Wp 
Description (acres) (ES, (hrs) (in) (in) input/used 

-----------------------------------------------------------------------~-~~~~~~ 

DRAINAGE AREA 8.40 73.0 0.40 0.00 5.90 I 3.01. .13 .lO 
------------------------------------------------------------------~--~-------~- 

* Travel time from subarea outfall to composite watershed outfall point. 
Total area = 8.40 acres or 0.01312 sq.mi 

Peak discharge = 23 cfs 

>>>> Computer Modifications of Input Parameters <<<c< 
_____________--___------------------------------------------------------------- 

Input Values Rounded Values Wp 
Subarea 

(EF, 
* Tt 

(2, 
* Tt Interpolated Wp 

Description (hr) (hr) (Yes/No) Messages 
___--___-____------------------------------------------------------------------ 
DRAINAGE AREA 0.39 0.00 0.40 0.00 No -- 
--------------------____________________--------------------------~------------ 

* Travel time from subarea outfall to composite watershed outfall point. 



12 inch RCP 
Worksheet for Circular Channel 

r3/r3 

Project Description 

Project File c:\fmw\wo-en.fm2 

Worksheet 12 inch ACP 
Flow Element Circular Channel 
Method Manning’s Formula 
Solve For Discharge 

input Data 

Mannings Coefficient 0.013 
Channel Slope 0.023800 ft/ft 

Depth 0.95 ft 
Diameter 1.00 ft 

Results 

Discharge 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Percent Full 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Maximum Discharge 
Full Flow Capacity 
Full Flow Slope 
Flow is supercritical. 

5.91 ftvs 
0.77 ft* 
2.69 ft 
0.44 ft 
0.95 ft 

95.00 % 
0.023829 ftlft 
7.66 ft/s 
0.91 it 
1.86 ft 
1.02 
5.91 its/s 
5.50 ff% 
0.027479 ftlft 

Nov 22, 2000 
08:08:34 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 

FlowMaster v4.1 b 
Page 1 of 1 
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TETRA TECH NUS, INC. CALCULATION SHEET PAGE ‘1 OF 13 

CLIENT: 
White Oak 

JOB NUMBER: 
N-7427-1 403 

SUBJECT: 

BASED ON: 

BY: 

Date: 

Post-Development Hydrology 

DRAWING NUMBER: 

T.W.S. CHECKEDBY: <*a APPROVED BY: DATE: 

03l23tQ7 Date: 03Ja3 0, 

OBJECTIVE: 

To calculate the 25year post-development peak discharge runoff from the OU2 landfill cap. 

APPROACH: 

1. Delineate the drainage areas for post-development conditions and measure the surface area with 
a planimeter. The post-development drainage area (DA) map is provided on page 3 of 13. 

2. Use the Haestad Method Quick TR-55 computer program to calculate the weighted runoff curve 
number, time of concentration, and peak 25-year discharge for the drainage area. 

ASSUMPTIONS: 

1) With regard to the time of concentration (Tc) six separate flow paths within the drainage area 
were evaluated to determine the greatest Tc. The following is a description of the flow path and 
the data entered into TR-55 for the flow path with the greatest Tc. 

With regard to the Tc for flow path 3, sheet flow shall begin at 365 ft msl and extends 72 ft to 362 
ft msl, resulting in a slope equal to 0.042 ft/ft. Sheet flow continues from elevation 362 ft msl and 
extends 160 ft to 328.5 ft msl resulting in a slope equal to 0.209 ft/ft. The surface description for 
sheet flow is meadow (dense grass). According to Table 3-1 in the SCS TR-55 manual, the 
roughness coefficient (n) is 0.24. Shallow concentrated flow begins at 328.5 ft msl and extends 
400 ft to 315 ft msl, resulting in a slope equal to 0.034 ft/ft. The surface description is paved. 
Channel flow begins at 315 ft msl and extends 160 ft to 308 ft msl, resulting in a slope equal to 
0.0.044 ft/ft. The channel is trapezoidal in shape and has a 2-foot width with 3H to 1V side-slopes 
and a depth of 1.5-feet. Channel flow continues in the existing channel at 308 ft msl and extends 
880 ft to 285 ft msl. The channel is trapezoidal in shape and has a IO-foot width with 2H to 1V 
side-slopes, and an average depth of 2-feet. The flowpath ends in the existing channel at 
elevation 285 ft msl. 

CONCLUSIONS 

The total peak discharge from the Site 2 post-development drainage area resulting from a 25-year 24-hour 
storm event is 23.91 cfs. This includes the 5.91 cfs that is contributed by the 12-inch RCP. 

REFERENCES 

1) SCS TR-55 Users Guide, Release 5..0 
2) Haestad Flow Master ~4.1 b, Haestad Methods, Inc. 1994. 
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CLIENT: 
White Oak 

JOB NUMBER: 
N-7427-l 403 

SUBJECT: 

BASED ON: 

BY: 

Date: 

Post-Development Hydrology 

DRAWING NUMBER: 

T.W.S. CHECKED BY: txu, APPROVED.BY: DATE: 

03/23/O 7 Date: o31a31oi 

CALCULATIONS: 

1. Drainage Area: 

The post-development drainage area is delineated on page 3 of 13. The drainage area calculations and 
flowpath slope calculations are provided on page 4 and 5 of 13 . With regard to the land covers in each 
drainage area, this information is presented in the runoff curve number calculations according to hydrologic 
soil group (HSG) on page 4 of 13. 

2. Runoff Curve Numbers: 

The different types of land cover with respect to HSG were measured with a planimeter for the DA. The Quick 
TR-55 computer program was then used to calculate a weighted runoff curve number for each drainage area. 
The weighted runoff curve number for the post-development Site 2 drainage area is 63 (TR-55 output 
provided on page 8 of 13). 

3. Time of Concentration: 

Six Tc flowpaths were drawn for the drainage area (the Tc for each flow path is presented on page 5 of 13). 
The longest Tc calculated by TR-55 is 0.33 hours. TR-55 output data is provided on page 9 of 13 and the flow 
paths are illustrated on the figure provided on page 3 of 7 3. Tc calculations use the 2-year 24-hour storm 
occurrence. A chart of the 24-hour storm events for Montgomery County is provided on page 6 of 13. 

4. Peak Discharges: 

The peak discharges for the 25-year storm for post-development conditions were calculated by the Quick TR- 
55 computer program. The inputs include the drainage area size, corresponding weighted runoff curve 
number and Tc, as well as the 25year precipitation equal to 5.9 inches (refer to 25-year precipitation map 
provided on page 7 of 13). The post-development peak discharge from the drainage area for a 25-year 24- 
hour storm is 18 cfs (TR-55 output is provided on pages 1 O-l 2 of 13). 

In addition to the flow generated during a 25-year storm event within the drainage area delineated on page 3 
of 13, the drainage area receives flow from the 12-inch RCP below the road north of the site. FlowMaster was 
used to determine the maximum flow that the drain pipe can handle. The following information was used as 
input data for FlowMaster. 

Water Depth in Pipe = 
Slope of 12-inch CMP = 

Manning’s “n” = 

0.95 ft 
0.0238 ft/ft 

0.013 

Maximum Flow 

Flow from 12-inch RCP = 
Run-off from drainage area = 

Total Run-off for Drainage Area = 

5.91 cfs 
18 cfs 

23.91 cfs 

The FlowMaster output data is presented on page 13 of 13. 
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White Oak 
JOB NUMBER: 

N-7427-l 403 

SUBJECT: 
I 

Post-Development Hydrology 

BASED ON: 

BY: 

Date: 

DRAWING NUMBER: 

T.W.S. CHECKED BY: 8 U(, 

%, 
APPROVED BY: DATE: 

03/23/07 Date: 0 33 loI 

Scale of Drawing 1 -inch = 80-feet 

Site Soil Types: Because the soils located in the watershed are being moved around during 
construcion and since off-site soils are being placed over the soils that are existing, 
post-construction soil conditions will be analyized with a hydraulic soil grouping of B. 

Discharge Area 

Soil Type 

2c 
2c 
2c 

HSG 

B 
B 
B 

Surface Description 

Woods 
Meadow 

Pavement 

Planimeter Reading Area Area CN* 

(si) (sf) (acres) 
3.41 21,824 0.50 73 

46.40 296,960 6.82 58 
5.00 0.73 98 32,000 

Total Acres 8.05 

* CN Table 2-2 of TR-55 Reference Guide, Release 5.0. 

Slope of Flow Path 

Flow 
Path 

1 

Reach Start Elev. End Elev. Length of Reach Slope Type of Flow 
(ft-msl) (ft-msl) (ft) (ft/ft) 

1-M 365 362 40 1 0.075 1 Sheet I 
2-M 362 355 40 1 0.175 1 Sheet I 

2 

3-P/G 355 336 
4-M 336 308 
5-w 308 285 
1-M 365 362 
2-M 362 355 

192 0.099 Shallow Concentrated 
480 0.058 Channel 
880 0.026 Channel 
40 0.075 Sheet 
40 0.175 Sheet 

3 

3-P/G 355 330 512 0.049 
4-M 330 290 280 0.143 
5-w 290 285 144 0.035 
1-M 365 362 72 0.042 

Shallow Concentrated 
Channel 
Channel , 

Sheet 
2-M 362 328.5 160 0.209 

3-P/G 328.5 315 400 0.034 
4-M 315 308 160 0.044 

_--. 
Sheet 

Shallow Concentrated 
Channel 

4 I 
I 5-w 308 285 880 0.026 Channel 

1-M 365 362 72 0.042 Sheet 
3-M 362 328.5 160 0.209 Sheet t-7 - 

3-P/G 1 328.5 1 316 I 400 I 0.031 1 Shallow 
4-M I 3’ 16 I 290 1 152 1 0.171 1 

Concentrated 1 

5-w I 290 285 I 144 I 0.035 I 
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White Oak N-7427-1 403 

SUBJECT: 

BASED ON: 

I 

Post-Development Hydrology 

DRAWING NUMBER: 

BY: 

Date: 

T.W.S. CHECKED BY: j,%N APPROVED BY: DATE: 

03/23/01 Date: 03 33 ‘a1 

Slope of Flow Path (Continued) 

Reach 1 Start Elev. 1 End Elev. Length of Reach Slope Type of Flow 
(ft-msl) (ft) (ft/ft) 

362 48 0.063 Sheet 

M = Surface type is meadow 
W = Surface type is wooded 

P/G = Surface type is pavement/gravel 

From quick TR-55 the following time of concentrations were calculated for the flow paths identified in the 
above table. 

Flow Path Time of Concentration from TR-55 
1 0.16 Hours 
2 0.16 Hours 
3 0.33 Hours 
4 0.31 Hours 
5 0.12 Hours 
6 0.18 Hours 

As noted in the text, the TR-55 output provided on page 9 of 13 represents the time of concentration for the 
flow path with the largest Tc. 



Chapter 2. Unified Stormwater Sizing Criteria . . . ..*........................... I&.nfdl Depth Chart 6 / ~3 

LJme Ammdel 2.7 3.3 I 53 YA 

hlhimom 2.6 x2 5.1 7.1 

hlvert 2.8 3.4 53 7.6 

hroline 28 3.4 53 7.6 

zarmll 25 3.1 5.0 7.1 

:ei!il 2.7 3.3 5.1 I 73 

3arles 2.7 3.3 53 75.. 

Dorchester 2% . . 3A 5.4 798 

Flvxkriek 25 3.1 5.0 73 

2A 2.s .. 5.9 

Eldord 2.6 3.2 5.1 I 73 

2.11 





Quick TR-$5 Ver.5.47 S/N: 
Executed: 14:34:59 11-22-2000 

WHITE OAK - SITE 2 
POST-DEVELOPMENT CONDITIONS 

DRAINAGE AREA 

RUNOFF CURVE NUMBER DATA 
: : : : : : : : : : :::::::::::::::::::::::::::::::::::: 

Composite Area: DRAINAGE AREA 

: : : : : : ::::::: 

AREA CN 
SURFACE DESCRIPTION (acres) 

-------------------------------- --------- ---- 
WOODS HSG = B 0.50 73 
MEADOW HSG = B 6.82 58 
PAVEMENT/GRAVEL HSG = B 0.73 98 

COMPOSITE AREA ---> 8.05 62.6 
: : : : ::::::::::::::::::::::::::::::::::::::::::::::::~ 

( 63 



Quick TR-55 Ver.5.47 S/N : 
Executed: 10:36:50 03-23-2001 WO-POST.TCT 

WHITE OAK - OU2 
POST-DEVELOPMENT CONDITIONS 

DRAINAGE AREA 

Tc COMPUTATIONS FOR: DRAINAGE AREA 

SHEET FLOW (Applicable to Tc only)' 
Segment ID 
Surface description 
Manning's roughness coeff., n 
Flow length, L (total < or = 300) 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
-007 * (n*L) 

T = -__-_--_--_a__ 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (36OO*V) 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

2/3 l/2 
1.49 * r * s 

v = -____--____-_-----_- 
n 

Flow length, L 

T = L / (36OO*V) 

: : ::::::::::::::: : : : :::::: : : : : : : : 

REACH 1 REACH 2 
MEADOW MEADOW 

ft 

ft,:: 

0.2410 0.2410 
72.0 160.0 

3.200 3.200 
0.0420 0.2090 

hrs 0.14 + 0.14 = 0.27 

ft 
ft/ft 

REACH 3 
Paved 
400.0 

0.0340 

ft/s 3.7483 

hrs 0.03 = 0.03 

sq.ft 
ft 
ft 

ft/ft 

REACH 3 REACH 4 
9.75 28.00 

11.49 18.94 
0.849 1.478 

0.0440 0.0260 
0.0250 0.0350 

ft/s %11.2054 8.9082 

ft 

hrs 

160 880 

0.00 + 0.03 = 0.03 

: : : : : : : : :::::::::::::::::::::::: : : : : 
TOTAL TIME (hrsj 0.33 



Quick TR-55 Version: 5.47 S/N: Page 1 
Return Frequency: 2 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 03-23-2001 10:52:46 
Watershed file: --> WO-POST .MOP 
Hydrograph file: --> WO-POSTl.HYD 

WHITE OAK - OU2 
POST-DEVELOPMENT CONDITIONS 

DRAINAGE AREA 

>>>> Input Parameters Used to Compute Hydrograph 
________----_-_----~--------------------~~~--------~--------- 

Subarea AREA CN * Tt Precip. 
Description (acres) (hrs) (in) 

iO/i3 

c<c< 
~---_-----_______ 

Runoff Wp 
(in) input/used 

________------------~-------------------------------------~-~-----~------------ 
DRAINAGE AREA 8.05 63.0 0.30 0.00 3.20 I 0.52 .37 .30 

________________--------------------------------------------------~------------ 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 8.05 acres or 0.01258 sq.mi 
Peak discharge = 4 cfs 

>>>> Computer Modifications of Input Parameters <<<cc 
_____________-----------------------------------------------------~------------ 

Input Values Rounded Values Wp 
Subarea 

,& 
* Tt 

(E, 
* Tt Interpolated Wp 

Description (hr) (hr) (Yes/No) Messages 
______-___--------------------------------------------------------~------------ 
DRAINAGE AREA 0.33 0.00 0.30 0.00 No -- 
--_---___-----------------------------~---------------------------------------~ 

* Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.47 S/N: Page 1 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 
ii113 

Executed: 03-23-2001 10:52:46 
Watershed file: --> WO-POST .MOP 
Hydrograph file: --> WO-POST2.HYD 

WHITE OAK - OU2 
POST-DEVELOPMENT CONDITIONS 

DRAINAGE AREA 

>>>a Input Parameters Used to Compute Hydrograph ccc< 
-------------__------- -------__----- __---_---- _____________-_-____------------- 

Subarea AREA CN Tc * Tt Precip. Runoff Wp 
Description (acres) (hrs) (hrs) (in) (in) input/used 

_______________-_-__----------------------------------------------------------- 
DRAINAGE AREA 8.05 63.0 0.30 0.00 5.10 I 1.57 .23 .30 

_______________-____----------------------------------------------------------- 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 8.05 acres or 0.01258 sq.mi 
Peak discharge = 11 cfs 

>>>> Computer Modifications of Input Parameters <c<<< 
__________________---------------------------------------------------- ------- - 

Input Values Rounded Values Wp 
Subarea 

Description (E, 
* Tt * Tt Interpolated Wp 

(hr) & (hr) (Yes/No) Messages 
___-----_------ ____-___-__-____-___--------------- ------_---_______-___________ 
DRAINAGE AREA 0.33 0.00 0.30 0.00 No -- 
_------------- --_---__--_______-__--~~~-~~--~--~~~~~~~--~~~~~~~~~~--~~~~~~~~~~~ 

* Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.47 S/N: Page 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 
iI/ 13 

Executed: 03-23-2001 10:52:46 
Watershed"file: --> WO-POST .MOP 
Hydrograph file: --> WO-POST3.HYD 

WHITE OAK - OU2 
POST-DEVELOPMENT CONDITIONS 

DRAINAGE AREA 

>>>> Input Parameters Used to Compute Hydrograph <ccc 
___________________-____________________--------------------------~------------- 

Subarea AREA CN 
(ES, 

* Tt Precip. Runoff I& 
Description (acres) (hrs) (in) (in) input/used 

------------------------------------------------------------------~------------ 
DRAINAGE AREA a. 05 63.0 0.30 0.00 5.90 I 2.11 .2 .lO 

-__-_---------------------------------------------~----~----------------~-~---- 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 8.05 acres or 0.01258 sq.mi 
Peak discharge = ia cfs 

>>>> Computer Modifications of Input Parameters <cc<< 
________________________________________--------------------------~------------ 

Input Values Rounded Values Wp 
Subarea 

(E, 
* Tt 

(E, 
* Tt Interpolated ' Wp 

Description (hr) (hr) (Yes/No) Messages 
____-_________-__-_-----------------------------------------------~------------ 
DRAINAGE AREA 0.33 0.00 0.30 0.00 No -- 
------------------------------------------------------------------~------------ 

* Travel time from subarea outfall to composite watershed outfall point. 



12 inch RCP 
Worksheet for Circular Channel 

13/13 

Project Description 

Project File c:\fmw\wo-en.fm2 
Worksheet 12 inch RCP 
Flow Element Circular Channel 
Method Manning’s Formula 
Solve For Discharge 

hut Data 

Mannings Coefficient 0.013 
Channel Slope 0.023800 ft/ft 
Depth 0.95 ft 
Diameter 1 .oo ft 

Results 

Discharge 5.91 ftvs 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Percent Full 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Maximum Discharge 
Full Flow Capacity 
Full Flow Slope 
Flow is supercritical. 

0.77 ff2 
2.69 ft 
0.44 ft 
0.95 ft 

95.00 % 
0.023829 ftlft 
7.66 ftls 
0.91 ft 
1.86 ft 
1.02 
5.91 ft3ls 
5.50 ft3/s 
0.027479 ft/ft 

Nov 22, 2000 
08:08:34 

FlowMaster ~4.1 b 
Haestad Methods, Inc. 37 Brookside Road Waterbury, CT I?5708 (203) 755-1666 Page 1 of 1 

CH#‘O R\FC II-a-l-00 



A.3 CHANNEL DESIGN CALCULATIC 



CLIENT: 

SUBJECT: 

EFAC NSWC - WHITE OAK 

CHANNEL DESIGN 

JOB NUMBER: 7427-l 503 

PAGE 1 OF x 

BASED ON: 

BY: 

Date: 

FINAL GRADING PLAN 
DRAWING NUMBER: 

NJB CHECKED BY: APPROVED BY: 
11/28/00 Date: Date: 

Purpose: 

Design channels and bench for White Oak OU2 Closure. 

Given: 

Use the 25year, 24-hour precipitation as the design storm. 

Method: 

Haestad Quick TR-55 to determine peak discharge, Haestad FlowMaster using Manning’s equation to determine channel 
depth and culvert flow. 

References: 

1 Soil Survey of Montgomery County, MD 

2 Urban Hydrology for Small Watersheds, Soil Conservation Service, TR 55, June 1986 

3 Open Channel Hydraulics, Chow 

4 Design Verification Report for Remedial Actions at Sites 2,3,4 and 9, NSWC White Oak. June 1995 

5 Worksheet 1, Plan view drawing, Closure Design 

Summary of Results: 

Icnann.i 
North Channel 

Bench 

East Channel 

West Channel 

Zl 

z2 

b 

QP 

z,Ii?p/b 

triangular 3/3/O 0.46 

triangular 4/8/O 0.38 

trapezoid 31312 0.45 

trapezoid 31312 0.75 

Horizontal to vertical component of channel side slope (right side) 

Horizontal to vertical component of channel side slope (left side) 

Base width of channel 
Peak run-off flow 

(2) 
3 

3 

5 

11.91 

Shape Depth of Flow 
(ft j 

Depth (ft) 
m 

1.5 

1.5 

1.5 

1.5 

Freeboard 
Iftl 

1.04 

1.12 

1.05 

0.75 



CLIENT: 

SUBJECT: 

EFAC NSWC - WHITE OAK 

CHANNEL DESIGN 

JOB NUMBER: 7427-l 503 

PAGE 2 OF 32 

BASED ON: 

BY: 

Date: 

FINAL GRADING PLAN 
DRAWING NUMBER: 

NJB CHECKED BY: 4-Y APPROVED BY: 

11/28/00 Date: z/z k-/Ar Date: 

Calculations: 

STEP 1: Break the landfill into watershed Sub areas - see plan view, Worksheet 1 (attached, page 6). 

STEP 2: Determine Sub areas for bench and channel design (Worksheet 1, attached page 6) 

North Channel: Use the flow from Sub area 2A to size channel along road 
Bench: Use the flow from Sub area 1C to size bench 
East Channel: Use the flow from Sub areas 2A, 28, 2C, and 2D to size the channel to the east of the landfill. 
West Channel: Use the flow from 12” RCP flowing full and Sub areas 1 A, 1 B, lC, and 1 D, to size the channel west of 

the landfill. 

STEP 3: Determine the curve number for each sub area. 

First determine Hydrologic Soil Group (HSG) A, B, C, or D. 

In general, Group A is sandy, results in highest infiltration, lowest runoff; Group D is clayey, results in lowest infiltration, 
highest runoff. 

From the Reference 1, most of Sties 1 & 2 are Soil 2C, Glenelg, which is Group B. The lower portion of Site 2 is 116E, 
Blockhouse, Group C/D. 

Post development conditions will have offsite topsoil for uppermost 6 inches of cover. 18 inches of soil under topsoil will be 
purchased from off-site or possibly excavated from the area east of Site 2. Therefore, the surface soil of Site 2 under post- 
construction conditions, will have an HSG of B. 

Second, determine the CN for each type of ground cover. 

Road, bench and north channel will be gravel. 
East & West Channels will be vegetated, maintained. 
Landfill will be vegetated, maintained. 

CN = 85 (Table 2-2a, Ref 2, attached as page 24 of 32). 
CN = 58 (Table 2-2c, Ref 2, attached as page 25 of 32). 
CN = 58 (Table 2-2c, Ref 2, attached as page 25 of 32). 

Third, input areas and associated CNs data into the Quick TR-55 model (TR-55) for each of the areas contributing to the 
four channels to generate a weighted CN value for each area. The weighted CN output from TR-55 is provided on pages 7 - 
10 of 32 and are summarized below. 



PAGE 3 OF 3x 

CLIENT: 
EFAC NSWC -WHITE OAK 

JOB NUMBER: 7427-l 503 

SUBJECT: 
CHANNEL DESIGN 

BASED ON: 
FINAL GRADING PLAN 

DRAWING NUMBER: 

BY: NJB CHECKED BY: +%!+f APPROVED BY: 

Date: 11/28/00 Date: y/z $fi,J Date: 

STEP 4: Determine time of concentration (Tc). 

The following information was entered into TR-55 to determine the Tc for each of the areas contributing to the four 
channels. 

Manning’s roughness coefficient (n) for sheet flow, for short grass prairie = 0.15 (Ref 2)(Table 3-1, Ref 2) 

Manning’s roughness coefficient (n) for channel flow, for excavated channels not maintained, weeds and brush uncut, 
interpolated between “dense weeds” and “clean bottom”, use n = 0.065 (Table 5-6, Ref 3, attached) 

Manning’s roughness coefficient (n) for channel flow, for excavated channels gravel, use n = 0.025 (Ref P)(Table 5-6, Ref 3, 
attached) 

North channel: (Path 1) 

Slope of sheet flow is (El 364 - El 354)/ 100 = 0.1 
Slope of channel =( El 354 - El 330)/ 516 ft = 0.047 
Assume a triangular channel. Determine area A and wetted perimeter P. 

z = 3.0 
y= 1.0 

Area = 6.750 
Wetted Perimeter = 6.710 

sf 
ft 

Quick TR-55 Output for Tc = 0.10 hrs. (TR-55 output provided on page 11 of 32) 

Bench: (Path 2) 

Slope of upper sheet flow is (El 364 - El 362)/ 48 = 0.042 
Slope of lower sheet flow is (El 362 - El 328.5)/ 132 = 0.25 
Slope of bench =( El 328.5 - El 315)/ 408 ft = 0.033 
Assume a triangular channel. Determine area A and wetted perimeter P. 

Zl = 4.0 

z2 = 8.0 
y= 1.0 

Area = 13.500 
Wetted Perimeter = 18.270 

sf 
ft 

Quick TR-55 Output for Tc = 0.15 hrs. (TR-55 output provided on page 12 of 32) 

East channel: (Path 3) 

Slope of upper sheet flow is (El 364 - El 362)/ 48 = 0.042 
Slope of lower sheet flow is (El 362 - El 328.5)/ 132 = 0.25 
Slope of bench = (El. 328.5 - El. 315)/ 392 = 0.033 
Slope of Trapezoidal Channel = (El. 315 - El 290)/ 120 = 0.208 
Assume Trapezoidal Channel. Determine area A and wetted perimeter P. 

z = 3.0 
b = 2.0 
y= 1.5 

Area = 9.75 
Wetted Perimeter = 11.487 

ft 
ft 
ft 
sf 
ft 



PAGE 4 OF 52 

CLIENT: 
EFAC NSWC - WHITE OAK 

JOB NUMBER: 7427-l 503 

SUBJECT: 
CHANNEL DESIGN 

BASED ON: 
FINAL GRADING PLAN 

DRAWING NUMBER: 

BY: NJB 

Date: 11/28loO 
CHECKED BY: &%f 

Date: md?; 

APPROVED BY: 

Date: 

Quick TR-55 Output for Tc = 0.16 hrs. (TR-55 output provided on page 13 of 32) 

West channel: (Path 4) 

Use travel paths for Bench and add 70 ft of trapezoidal channel flow. 
Slope of trapezoidal channel is ( El 315 - El 31 O)/ 70 ft = 0.072 
Use same channel characteristics as east channel. 

Area = 9.75 
Wetted Perimeter = 11.487 

s f 
ft 

Quick TR-55 Output for Tc = 0.16 hrs. (TR-55 output provided on page 14 of 32) 

STEP 5: Determine the peak run-off from each of the drainage areas. 

To calculate the peak run-off values from the drainage areas, TR-55 uses the weighted CN, the calculated Tc, and the 
precipitation rates of the desired storm events. The storm events that peak run-off is calculated for is the 25-year 24-hour 
storm events (precipitation rate for this storm is provided on page 32 of 32). 

The following table summarizes the run-off for each drainage area and storm event. 

TR-55 output provided on pages 15 - 18 of 32. 



CLIENT: 

SUBJECT: 

EFAC NSWC - WHITE OAK 

CHANNEL DESIGN 

JOB NUMBER: 7427-l 503 

PAGE5OF 32 

BASED ON: 
FINAL GRADING PLAN 

DRAWING NUMBER: 

BY: NJB 

Date: 11/28/00 
CHECKED BY: 4q APPROVED BY: 

Date: J’ir & Date: 

STEP 6: Determine the flow velocity and flow depth for the assumed channel dimensions presented in Step 4 and 
determine if the required freeboard is provided. 

The Haestad Methods FlowMaster modeling program was used to calculate the flow’depth and velocity in the channels 
described in Step 4 of this calculation. For each of the channels, the following information was used as the input data. 

FlowMaster 
Input Parameters 

Mannings “r-r” 
Channel Slope 
Left Side Slope 

Right Side Slope 
Bottom Width 

Units North 

-- 0.025 
ft/ft 0.047 
ft 3.00 
ft 3.00 
ft 0.00 

Channels 
Bench East West 

0.025 0.065 0.065 
0.033 0.147 0.071 
4.00 3.00 3.00 
8.00 3.00 3.00 
0.00 2.00 2.00 

l Flow rate includes the flow calculated from TR-55 for the areas contributing to the western channel plus the 
maximum flow that the 12-inch RCP located at the northwest corner of the site is capable of handling. This flow 
is equal to 5.91 cfs (see page 23 of 32). The slope of the 12-inch RCP was calculated using the measured 
length from Ref. 1 and the surveyed invert data provide on pages 30 and 31 of 32. 

/ -- 

The following table summarizes the output from FlowMaster and the desired height of freeboard. 

Channel Flow Depth 

(fo 
North channel 0.46 

Bench 0.38 
East channel 0.45 
West channel 0.75 

* Desired freeboard is 0.5 feet. 

Flow Velocity Freeboard 

Ws) m 
4.68 1.04 
3.51 0.62 
3.32 1.05 
3.71 0.75 

Channel 
Status 

ok 
ok 
ok 
ok 



/ 



Quick TR-55 Ver.5.47 S/N: 
Executed: 12:50:37 03-28-2001 

White Oak OU2 Cap Design 
North Channel by Road 
Contributing area 2A 

RUNOFF CURVE NUMBER DATA 
: : : : : : : : : : ::::::::::: : : : : : : :::::::::::::::::::: : 

Composite Area: North Channel 

AREA CN 
SURFACE DESCRIPTION '(acres) 

___-_-_--------------~~------- -- --------- ---- 
Gravel 0.17 85 
Topsoil/Meadow 0.77 58 

COMPOSITE AREA ---> 0.94 62.9 
: : :::::::::::: :::::: ::::::::::::::::::::::::::::::::: 

: : : : : : : : : : : ; ; : : : : : 

( 63 ) 



Quick TR-55 Ver.5.47 S/N: 
Executed: 12:51:04 03-28-2001 

b/32 

White Oak OU2 Cap Design 
Bench 

Contributing Area 1C 

RUNOFF CURVE NUMBER DATA 
: : : : : : : : : : : : : : : : :::::::::::: : : ::::::::: : : : : : : : : : : :::::::: : : : : : : : : : 

Composite Area: Bench 

AREA CN 
SURFACE DESCRIPTION (acres> 

___---___--____---_--~--~-----~- -------__ ---- 
1.20 58 
0.15 85 

1.35 61.0 ( 61 ) 
: : : : : : : : : : : : : : : : : 

Topsoil/meadow 
Gravel 

COMPOSITE AREA ---> 
: : : : : : : : : : : : : : :::::::: : : : : : : : : : : : : : : 



Quick TR-55 Ver.5.47 S/N: 
Executed: 12:53:16 03-28-2001 

White Oak OU2 Cap Design 
East Channel 

Contributing Areas 2A, 2B, 2C, & 2D 

: : : : : : :::::::::::::::: : : : : : : 
RUNOFF CURVE NUMBER DATA 

: : : : : : : : : : : : : : : : 

Composite Area: East Channel 

::::::: : : : : : : : : 

AREA CN 
SURFACE DESCRIPTION (acres) 

_____-__-----------~---~----~--- --------- ---- 
85 
58 

Gravel 
Meadow 

0.32 
2.14 

: : :::::: : : : 
COMPOSITE AREA ---> 2.46 61.5 ( 62 ) 

:::::::::::::::::::::::::::::::: : : :::::::: 

: : : : : : : 



Quick TR-55 Ver.5.47 S/N: 
Executed: 12:53:53 03-28-2001 

White Oak OU2 Cap Design 
West Channel 

Contributing Areas lA, lB, lC, & 1D 

RUNOFF CURVE NUMBER DATA 
. : : : : : : : : : : : : : : : : : : : : : : : : : : : :::::::: : : :::::: : : : : : : : : : : :::::::::: : : 

Composite Area: West Channel 

AREA CN 
SURFACE DESCRIPTION (acres) 

----------------_------------em- ---_----- _--- 
Gravel 0.23 85 
Topsoil/meadow 2.82 58 

: : 
COMPOSITE AREA ---> 3.05 60.0 ( 60 ) 

: : : : : :::::: : : : : ::::::::::: . * . . . :::::::::::::::::...:::.. 



Quick TR-55 Ver.5.47 S/N: 
Executed: 13:05:38 03-28-2001 WO-NORTH.TCT 

.‘ ” \ 

White Oak OU2 Cap Design 
North Channel by Road 
Contributing Area 2A 

Tc COMPUTATIONS FOR: North Channel 

SHEET FLOW (Applicable to Tc only) 
Segment ID Reach 1 
Surface description meadow 
Manning's roughness coeff., n 0.1500 
Flow length, L (total c or = 300) ft 100.0 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
007 * (n*L) 

T = :------------- 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

,_ --,\ 
0.5 

Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (36OO*V) 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

2/3 l/2 
1.49 * r * s 

v = -------___---------_ 
n 

Flow length, L 

T = L / (36OO*V) 
-^. 

3.200 
0.1000 

hrs 0.09 = 0.09 

ft 0.0 
ft/ft 0.0000 

ft/s 0.0000 

hrs 0.00 = 0.00 

Reach 2 
sq.ft 6.75 

ft 6.72 
ft 1.005 

ft/ft 0.0470 
0.0250 

ft/s %12.9658 

ft 516 

hrs 0.01 = 0.01 

: : : : : : : : : : : : 
‘. 

:::::::,:::::.:::::::::: 
. I, . . . . . . . . . . 

:: :: ::::: :::: ::::: ::: :::.. . . . . . . . . . . 

TOTAL TIME (hrs) 0.10 



Quick TR-55 Ver.5.47 S/N: 
Executed: 13:18:55 03-28-2001 WO-BENCH.TCT 

White Oak OU2 Cap Design 
Bench 

Contributing Area 1C 

Tc COMPUTATIONS FOR: Bench 

SHEET FLOW (Applicable to Tc only) 
Segment ID 
Surface description 

Reach 1 
meadow 

Manning's roughness coeff., n 
Flow length, L (total < or = 300) ft 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
007 * (n*L) 

T = '----sov--v.-- 
0.5 0.4 

P2 * s 

ft,K 

0.1500 0.1500 
48.0 132.0 

3.200 3.200 
0.0420 0.2500 

hrs 0.07 + 0.07 = 0.14 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

ft 
ft/ft 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (36OO*V) 

ft/s 

0.0 
0.0000 

0.0000 

hrs 0.00 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

sq.ft 
ft 
ft 

ft/ft 

Reach 3 
13.50 
18.27 
0.739 

0.0330 
0.0250 

2/3 l/2 
1.49 * r * s 

v = ------------__-____- 
n 

ft/s 8.8491 

Flow length, L ft 408 

T = L / (36OO*V) hrs 0.01 = 0.01 

Reach 2 
meadow 

= 0.00 

: : : : :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TOTAL TIME (hrs) 0.15 



Quick TR-55 Ver.5.47 S/N: 
Executed: 14:02:16 03-28-2001 WO-EAST.TCT 

, '. White Oak OU2 Cap Design 
East Channel 

Contributing Areas 2A, 2B, 2C, & 2D 

Tc COMPUTATIONS FOR: East Channel 

SHEET FLOW (Applicable to Tc only) 
Segment ID 
Surface description 
Manning's roughness coeff., n 
Flow length, L (total c or = 300) 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
007 * (n*L) 

T = I---------e-e 
0.5 0.4 

P2 * s 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

T = L / (36OO*V) 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

2/3 l/2 
1.49 * r * s 

v = -------------------- 
n 

Flow length, L 

T = L / (36OO*V) 

: : : : : : : : : : : : : : : : : : : : : : : : : : : ::::::: 

Reach 1 
meadow 

0.1500 
ft 48.0 

3.200 
0.0420 

hrs 0.07 

ft 0.0 
ft/ft 0.0000 

ft/s 0.0000 

hrs 0.00 

Reach 3 Reach 4 
sq.ft 13.50 9.75 

ft 18.27 11.49 
ft 0.739 0.849 

ft/ft 0.0330 0.2080 
0.0250 0.0650 

: 

ft/s 8.8491 

Reach 2 
meadow 

0.1500 
132.0 
3.200 

0.2500 

+ 0.07 = 0.14 

= 0.00 

9.3721 

ft 392 120 

hrs 0.01 + 0.00 = 0.02 

: : : : :::::::::::::::::::::::::::::::: 
TOTAL TIME (hrs) 0.16 



Quick TR-55 Ver.5.47 S/N: 
Executed: 14:09:57 03-28-2001 WO-WEST.TCT 

White Oak OU2 Cap Design 
West Channel 

Contributing Areas lA, lB, lC, & 1D 

Tc COMPUTATIONS FOR: West Channel 

SHEET FLOW (Applicable to Tc only) 
Segment ID Reach 1 Reach 2 
Surface description meadow meadow 

0.1500 0.1500 
ft 48.0 132.0 

ft,z 
3.200 3.200 

0.0420 0.2500 

Manning's roughness coeff., n 
Flow length, L (total < or = 300) 
Two-yr 24-hr rainfall, P2 
Land slope, s 

0.8 
-007 * (n*L) 

T = -____--____-__ 
0.5 0.4 

P2 * s 

hrs 0.07 + 0.07 = 0.14 

SHALLOW CONCENTRATED FLOW 
Segment ID 
Surface (paved or unpaved)? 
Flow length, L 
Watercourse slope, s 

ft 
ft/ft 

0.0 
0.0000 

0.5 
Avg.V = Csf * (s) 
where: Unpaved Csf = 16.1345 

Paved Csf = 20.3282 

ft/s 0.0000 

T = L / (36OO*V) hrs 0.00 = 0.00 

CHANNEL FLOW 
Segment ID 
Cross Sectional Flow Area, a 
Wetted perimeter, Pw 
Hydraulic radius, r = a/Pw 
Channel slope, s 
Manning's roughness coeff., n 

Reach 3 Reach 4 
13.50 9.75 
18.27 11.49 
0.739 0.849 

0.0330 0.0720 
0.0250 0.0650 

sq.ft 
ft 
ft 

ft/ft 

2/3 l/2 
1.49 * r * s 

v = -__---__---~--_~~~-_ 
n 

ft/s 8.8491 5.5141 

Flow length, L ft 

T = L / (3600*V) hrs 

408 70 

0.01 + 0.00 = 0.02 

: : :::::::: : : : : : : : : : : :::::::::::::::: : : : : : : 
TOTAL TIME .(hrs) 0.16 

:::::: : : : : : : : : : : : : : : : : 



Quick TR-55 Version: 5.47 S/N: I?age 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 15/32 

Executed: 03-28-2001 14:14:36 
Watershed file: --> WO-NORTH-MOP 
Hydrograph file: --> WO-NORTH.HYD 

White Oak OU2 Cap Design 
North Channel by Road 
Contributing Area 2A 

>>>> Input Parameters Used to Compute Hydrograph c<<< 
----------_-_--_-__----------------------------------------~--~---------------- 

Subarea AREA CN 
(ES, 

* Tt Precip. Runoff Wp 
Description (acres) (h-1 (in) (in) input/used 

------------------------------------------------------------------~------------ 
North Channel 0.94 63.0 0.10 0.00 5.90 I 2.11 .2 -10 

------------------------------------------------------------------~------------ 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 0.94 acres or 0.00147 sq.mi 
Peak discharge = 3 cfs 

x 

>>>> Computer Modifications of Input Parameters <<c<c 
_____---------------------~-------------------------------------------~-------- 

Rounded Values 
Subarea 

Input Values Wp 
* Tt * Tt Interpolated Wp 

Description (E, (hr) (E, (hr) (Yes/No) Messages 
------------------------------------------------------------------~------------ 
North Channel 0.10 0.00 ** ** No -- 

* Travel time from subarea outfall to composite watershed outfall point. 
** Tc & Tt are available in the hydrograph tables. 



Quick TR-55 Version: 5.47 S/N: Page 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) I6 /32 

Executed: 03-28-2001 14:15:07 
Watershed file: --> WO-BENCH.MOP 
Hydrograph file: --> WO-EB.HYD 

White Oak OU2 Cap Design 
Bench 

Contributing Area 1C 

>>>> Input Parameters Used to Compute Hydrograph <<<< 
___-____---_--------- -_---__-_________-__------------------------- -------_----- 

Subarea AREA CN 
(ES, 

* Tt Precip. Runoff Wp 
Description (acres) b-s) (in) (in) input/used 

_________________-_------------- _--~~_--_-___--_---_____________________~~~~~~~ 
Bench 1.35 61.0 0.20 0.00 5.90 I 1.94 .22 .30 

______-___-_-___--_------- -------- -~~---_--__--__-_-______________________~~~~~ 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 1.35 acres or 0.00211 sq.mi 
Peak discharge = 3 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 
__________-_________--------------------------------------------------------- - 

Input Values Rounded Values Is/p 
Subarea 

,E, 
* Tt 

CE, 
* Tt Interpolated Wp 

Description (hr) (hr) (Yes/No) Messages 
__________-______-__------------------------------------ -----------_-__-___-___ 
Bench 0.15 0.00 0.20 0.00 No -- 
__-----_---__-__------------~---~~--~--------- ------__-----__-__--_____ --------- 

* Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.47 S/N: I?age 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 03-28-2001 14:15:28 
Watershed file: --> WO-EAST .MOP 
Hydrograph file: --> WO-EAST.HYD 

White Oak OU2 Cap design 
East Channel 

Contributing Areas 2A, 2B, 2C, & 2D 

>>>> Input Parameters Used to Compute Hydrograph <<<< 
_________________----------------------------------- --------------_------------ 

Subarea 
Description 

AREA CN * Tt Precip. Runoff Wp 
(acres) (hrs) (in) (in) input/used 

_______________------------------------------------------- ------ ---. ------------ 

East Channel 2.46 62.0 0.20 0.00 5.90. 1 2.02 .21 -30 
-__-_------------------- ------------------------------------------------------- 

* Travel time from subarea outfall to composite watershed outfall point. 
Total area = 2.46 acres or 0.00384 sq.mi 

Peak discharge = 5 cfs 

6. 

>>>> Computer Modifications of Input Parameters <<<<< 
_____-_-------------- _____------_________-------------------------~------------ 

Input Values Rounded Values Wp 
Subarea 

(E, 
* Tt 

(E, 
* Tt Interpolated Wp 

Description (hr) (hr) (Yes/No) Messages 
________-_---_----------------- ___________-_----------------------------------- 
East Channel 0.16 0.00 0.20 0.00 No -- 
-_------------------------~--------- ------------------------------~------------ 

* Travel time from subarea outfall to composite watershed outfall point. 

. . . .__ 



Quick TR-55 Version: 5.47 S/N: Page 1 
Return Frequency: 25 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 03-28-2001 14:15:47 - 
Watershed'file: --> WO-WEST .MOP 
Hydrograph file: --> WO-WEST.HYD 

White Oak OU2 Cap Design 
West Channel 

Contributing Areas lA, lB, lC, & 1D 

>>>> Input Parameters Used to Compute Hydrograph <<<< 
______________--__----------------------------------------------------------- -- 

Subarea AREA CN 
,% 

* Tt Precip. Runoff Wp 
Description (acres) (hrs) (in) (in) input/used 

-----____--_----_---------~---- -----_______________---------------------------- 
West Channel 3.05 60.0 0.20 0.00 5.90 I 1.86 .23 .30 

_________--__---___--------------- ---------------___--~~~~-~~~~~~~~~~~~~~~~~~~~ 
* Travel time from subarea outfall to composite watershed outfall point. 

Total area = 3.05 acres or 0.00477 sq.mi 
Peak discharge = 6 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 
-____-___---_-----------------s---m ---_-_-__-_-- ---__-_____-________----------- 

Input Values Rounded Values Ia/p 
Subarea 

Description & 
* Tt * Tt Interpolated Wp 

(hr) ,E, (hr) (Yes/No) Messages 
-_-__-___---_-----_----------- ------_----- ---________-_____-__----------------- 
West Channel 0.16 0.00 0.20 0.00 No -- 
__________L_-------------------------------------- ---------------_------------- 

* Travel time from subarea outfall to composite watershed outfall point. 



White Oak - North Channel 
Worksheet for Triangular Channel 

Project Description 

Project File c:\fmw\whiteo-1 .fm2 
Worksheet North Channel 
Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Channel Depth 

lnout Data 

Mannings Coefficient 0.025 
Channel Slope 0,04~7000 ft/ft 

Left Side Slope 3.00 H : V 
Right Side Slope 3.00 H : V 
Discharge 3.00 ftvs 

Results 

Depth 0.46 ft 
Flow Area 0.64 ft” 
Wetted Perimeter 2.92 ft 
Top Width 2.77 ft 
Critical Depth 0.57 ft 
Critical Slope 0.014813 ft/ft 
Velocity 4.68 ftls 
Velocity Head 0.34 ft 
Specific Energy 0.80 ft 
Froude Number 1.72 
Flow is supercritical. 

Mar 26, 2001 
14:26:46 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06706 (203) 755-l 666 

FlowMaster ~4.1 b 
Page 1 of 1 



White Oak - Bench 
Worksheet for Triangular Channel 

Project Description 

Project File c:\fmw\whiteo-1 .fm2 

Worksheet Bench 
Flow Element Triangular Channel 
Method Manning’s Formula 
Solve For Channel Depth 

Input Data 

Mannings Coefficient 0.025 
Channel Slope 0.033000 ftlft 
Left Side Slope 4.00 H:V 
Right Side Slope 8.00 H:V 
Discharge 3.00 ft3/s 

Results 

Depth 0.38 ft 
Flow Area 0.85 ft’ 
Wetted Perimeter 4.60 ft 
Top Width 4.53 ft 
Critical Depth 0.43 ft 
Critical Slope 0.015460 ftlft 
Velocity 3.51 ftls 
Velocity Head 0.19 ft 
Specific Energy 0.57 ft 
Froude Number 1.43 
Flow is supercritical. 

Mar 28, 2001 
14:27:28 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-i 666 

FlowMaster ~4.1 b 
Page 1 of 1 



White Oak - East Channel 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\fmw\whiteo-1 .fm2 

Worksheet East Channel 
Flow Element Trapezoidal Channel 

Method Manning’s Formula 

Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.065 
Channel Slope 0.100000 ftlft 
Left Side Slope 3.00 H:V 
Right Side Slope 3.00 H:V 

Bottom Width 2.00 ft 
Discharge 5.00 ff3/S 

Results 
Depth 0.45 ft 
Flow Area 1.51 ff2 
Wetted Perimeter 4.85 ft 

4.70 ft Top Width 
Critical Depth 0.46 ft 
Critical Slope 0.093257 ft/ft 

Velocity 3.32 ft/s 
Velocity Head 0.17 ft 
Specific Energy 0.62 ft 
Froude Number 1.03 
Flow is supercritical. 

*. 

Mar 28, 2001 
, 14:28:12 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 

FlowMaster ~4.1 b 
Page 1 of 1 



White Oak - West Channel 
Worksheet for Trapezoidal Channel 

Project Description 
Project File c:\fmw\whiteo-1 .fm2 
Worksheet West Channel 
Flow Element Trapezoidal Channel 
Method Manning’s Formula 
Solve For Channel Depth 

Input Data 
Mannings Coefficient 0.065 
Channel Slope 0.071000 ftlft 
Left Side Slope 3.00 H:V 
Right Side Slope 3.00 H:V 
Bottom Width 2.00 ft 
Discharge 11.91 ft3ts 

Results 
Depth 0.75 ft 
Flow Area 3.21 ft2 
Wetted Perimeter 6.77 ft 
Top Width 6.52 ft 
Critical Depth 0.73 ft 
Critical Slope 0.082676 ftlft 
Velocity 3.71 ftls 
Velocity Head 0.21 ft 
Specific Energy 0.97 ft 
Froude Number 0.93 
Flow is subcritical. 

Mar 28, 2001 
14:28:50 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-l 666 

FlowMaster ~4.1 b 
Page 1 of 1 



White Oak - 12 inch RCP 
Worksheet for Circular Channel 

Project Description 
Project File c:\fmw\whiteo-1 .fm2 
Worksheet 12 inch RCP 
Flow Element Circular Channel 
Method Manning’s Formula 
Solve For Discharge 

input Data 
Mannings Coefficient 0.013 
Channel Slope 0.023800 ft/ft 

Depth 0.95 ft 
Diameter 1.00 ft 

Results 
Discharge 
Flow Area 
Wetted Perimeter 
Top Width 
Critical Depth 
Percent Full 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number 
Maximum Discharge 
Full Flow Capacity 
Full Flow Slope 
Flow is supercritical. 

5.91 ft3ls 
0.77 ff2 
2.69 ft 
0.44 ft 
0.95 ft 

95.00 % 
0.023829 ftlft 
7.66 ftls 
0.91 ft 
1.86 ft 
1.02 
5.91 fP1.s 
5.50 ff3I.s 
0 -027479 ft/ft 

Mar 28, 2001 
14:31:39 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-i 666 

FlowMaster ~4.1 b 
Page 1 of 1 



Table L-2a.-Runoff curve numbers for urban areas] 

Cover description 

Cover type and hydrologic condition 
Average percent 
impervious area2 

Curve numbers for 
hydrologic soil group- 

A B C D 

Fully developed urba?c. arem kwgetatiow established) 

Open space (lawns, parks, golf courses, cemeteries, 
etc.)? 

Poor condition (grass cover c .50%) .............. 
Fair condition (grass cover 56% to 55%). .......... 
Good condition (grass cover > 75%) .............. 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. 

(excluding right-of-way). ......................... 
Streets and roads: 

Paved; curbs and storm sewers (excluding 
right-of-way). ................................. 

Paved; open ditches (including right-of-way) ....... 
Gravel (including right-of-way) ................... 
Dirt (including right-of-way) ..................... 

Western desert urban areas: 
Natural desert landscaping (pervious areas onlyr ... 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with l- to 2-inch sand 
or gravel mulch and basin borders). .............. 

Urban districts: 
Commercial and business. ......................... 
In<iustrial........................................ 

Residential districts by average lot size: 
118 acre or less (town houses). ..................... 
114 acre ......................................... 
113 acre ......................................... 
lbacre ......................................... 
lacre.. ......................................... 
2acres.. ........................................ 

Llevelopbtg urba?z areo.3 

Newly paded areas (pervious areas only. 
no vegetationr ................................... 

Idle lands (CN’s are determined using cover types 
simiiar to those in table 2.2~). 

I33 '79 86 s9 
49 69 79 84 
39 61 i4 80 

98 98 98 98 

98 
83 
76 
72 

63 

96 

85 89 92 94 
72 81 a3 91 

66 57 85 90 
38 61 i5 83 
30 57 i2 81 
25 54 i0. 80 
20 51 68 i9 
12 46 65 ii 

77 

98 
89 
85 
52 

ii 

96 

86 

98 
92 

89 
87 

85 

96 

91 

98 
P’- 

a9 

88 

96 

95 
93 

92 
Hi 
$6 

8.5 

84 

82 

94 



Table Z-&.--Runoff curve numbers for other n~riculturnl lands’ 

Curve numbers fw 
Cover description hydrologic soil group- 

Hyd~-ologic 

Cover type condition A B C D 

Pasture. grassland. or range-continuous 
forage for grazing.z 

POW 
Fair 
GOOtl 

63 
49 
39 

i9 
G9 
61 

86 
rig 

i-l 

89 
84 
80 

Meadow-continuous grass, protected from 
grazing and generally mowed for hay. 

30 58 71 i8 - 

PO01 48 
Fail 35 
GWi 430 

(ii 
- . 
no 

48 

ii 
i0 
Ei 

83 
ii 
i3 

Brush-brush-weed-grztss mixture with brush 
the major element.J 

Poor 
Fail 

COOCl 

i3 
65 
58 

$2 
iG 
ii? 

86 
82 
i9 

Woods-grass combination (orchard 
or tree faim).s 

Pool 45 
Fail 3G 
Good 430 

IX 
Go 
55 

ii 
i3 

i0 

x3 
i9 
ii 

i4 8!2 86 Falmsteacls-building, lanes, driveways, 
and suwounding lots. 

59 

(ZlO-VI-TR-55, Second Ed., June 1986) 



Sheet flow where 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 

the friction value (Manning’s n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. TdbIe 3-l gives Manning’s n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning’s 
kinematic solution (Over-ton and Meadows 19761 to 
compute Tt: 

Tt = 
0.007 (nLP-8 

(P9.5 SO-J 

[Eq. 3-3) 

Table S-L-Roughness coefficients Olunning’s n) for 
sheet flow 

Smface description 11’ 

Smooth surfaces (cancrete. asphalt, gravel, or 
bare soil) ................................... 

Fallow (no residue). ... ; ..................... 

Cultivated soils: 
Residue cover 920% ...................... 
Residue cover >20% ...................... 

Grass 
Short grass prairie ........................ 
Dense grasses* ............................ 
BermuciabTass. ....................... T .... 

Range (natural) ..... : ....................... 

Woods:~ 
Light underbrush. ......................... 
Dense underbrush ......................... 

0.011 

0.05 

O.OG 
0.17 

0.15 
0.24 
O.-l I 

0.13 

0.10 
0.80 

T, = tl-itvel time Ihr), 
II = Manning’s roughness coefficient ttahle S-l’ 
L = flow length (ft). 

Pz = Z-year, %htitw rainfidl (in), and 
5 = slope of hydnrulic grade line (land slope, 

ftJf0. 

This simplified form of the Manning’s kinematic 
solution is based on the following: (1) shallow atea 
uniform tlow. (2) constant intensity of rainCal esct 
(that pa-t of a r-din available fur runoffi, (3) rainfal 
duration of 24 hours, and (4) minor effect of 
infiltt-.ttion on ti;tvel time. Rainfall depth can be 
ubtainefl from appendis B. 

Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated tluw. The average 
velocity for this flow can iw tietermineti from figu 
S-1, in which avefiqe velocity is a function of 
watercuwse slq~e and type of channel. For s - 
less than 0.005 ft/ft. use equations given in ;tpp& 
F for figure 3-1. Tillage cm iiffect the direction of 
shallow concentrated flow. Flo\v may not always I 
directly clown the \vatersheti slope if tillage twlls 

;LWUSS the slope. 

After determining average velocity in figure 3-L. L 
equ;ltion 3-l to estimate travel time for the shal!ol 
cuncentratefl 111~ segment. 

Open channels 

Open channels are assumed to begin where survey 
cross .section information has been obtained. when 
chunnels are visible on aerial photographs, or whe 
blue lines (indicating streams) ilplJt!itl’ on Unitefl 
States Geolc~gical Survey (USGS) (Iuatirangle sheet 
Manning’s equation or water ~-face protile 
information can be used to estimate average flow 
velocity. Average flow velocity is llSllitll~~ tletennir 

fw* hAi-full elcvatiu11. 

(210.VI-TR-55, Second Ed.. June l!Nfi) 
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295 500,083.625 1,317,903.240 ELEV 339.75 I __ ___-_--_--------------- ----_--_--___________ 

;cJ I 

298 
299 
300 

____------ 
301 
302 
303 
304 
305 

____--e--e 
306 
307 
308 
309 
310 

____------ 
311 
312 
313 
314 
315 

-----_---- 
316 
? 
2 
319 
320 

__-----e-v 
321 
322 
323 
324 
325 

-- 

-- 

500,081.049 1,317,903.361 ELEV 340.53 
500,073.216 1,317,904.529 ELEV 340.59 
500,067.265 1,317,904.716 ELEV 340.62 
500,065.972 1,317,888.879 ELEV 339.24 
500,062.480 1,317,882.010 ELEV 338.70 
-w-w- ---_--__---_----- ------- ------ 
500,056.086 1,317,880.157 ELEV 338.41 
500,052.418 '. 1,317,882.260 ELEV 339.93 
500,047.699 1,317,886.449 ELEV 338.26 
500,047.348 1,317,886.729 ELEV 338.25 
500,028.995 1,317,901.741 ELEV -337.90 
-e--e--- ___-__--_-_---- ----em -.-s-e- 
500,027.652 1,317,902.815 ELEV 337.79 
$00,026.514 1,317,903.569 ELEV 337.84 
500,033.477 1,317,908:043 ELEV 336.71 
SOOiO32.351 1,317,908.408 ELEV 336.53 
500,031.351 1,317,909.543 ELEV 337.01 
------------_----- ------__-_-______ 
500,036.376 1,317,915.930 ELEV 335.28 
500,037.310 1,317,915.703 ELEV 334.92 
500,038.301 1,317,915.157 ELEV 335.09 
500,034.217 1,317,923.404 ELEV 334.90 
500,038.858 1,317,922.218 ELEV 334.68 
------_-----___---__--------------- 
500,038.216 1,317,918.885 ELEV 336.09 
500,040.405 1,317,927.724 ELEV 335.25 
500,047.918 1,317,949.418 ELEV 340.40 
500,059.453 1,317,944.841 ELEV 344.11 
500,059.194 1,317,943.363 ELEV 343.94 
_--______________________ ---------- 
500,053.230 1,317,935.726 .ELEV 339.50 
500,061.301 1,317,914.449 ELEV 340.53 
500,064.933 1,317,900.078 ELEV 339.72 
500,058.158 1,317,895.885 ELEV.339.89 
500,056.821 1,317,897.540 ELEV 338.90 

___-____________------- _----_---e_____----- ---- 

326 . 500,057.136 1,317,899.000 ELEV 338.21 
327 590,051.225 1,317,896.179 ELEV 339.25 
328 500,057.787 1,317,859.387 ELEV 338.90 
329 500,037.980 1,317,898.648 ELEV 338.35 
330 500,039.056 1,317,904.626 ELEV 338.36 

_----_______--___------------------------------ 
331 500,041.382 1,317,911.274 ELEV 337.78 
332 500,046.729 1,317,901.140 ELEV 338.82 
333 500,050.976 1,317,905.412 ELEV 335.40 
334 500,052.673 1,317,907.435 ELEV 334.61 
335 500,053.391 1,317,908.926 ELEV 334.76 

_-__-____________------- ----------------------- 

336 500,060.191 1,317,900.379 ELEV 334.87 
337 500,062.933 1,317,902.026 ELEV 337.91 
3?" 500,026.488 1,317,903.707 ELEV 339.26 
3 500,024.120 1,317,906.411 ELEV 338.30 
34b 500,029.126 1,317,912.601 ELEV 337.89 
_-----_________---_- -------_---------___------ 
341 500,003.116 1,317,922.824 ELEV 339.20 
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345 500,084.265 1,317,885.181 ELEV 337.23 
--- _------------------------------------------- 

346 500,086.754 1;317,884.293 ELEV 337.68 
347 SOO,O88.294 1,317,896.291 ELEV 337.82 
348 500,078.868 1,317,874.242 ELEV 338.36 

---.q g SOO,O82.770 1,31?,873.703 ELEV 337.48 
j0 500,084.861 1,317,872.524 ELEV 337.72 

_-w-v- ----------------------------------------- 
351 500,081.341 1,317,850.769 ELEV 334.90 
352 500,085.854 1,317,876,988 ELEV 335.82 
353 500,045.904 1,317,904,633 ELEV 338.05 
354 500,013.140 1,317,923.026 ELEV 338.16 
355 500,003.709 1,317,922.698 ELEV 338.17 

___-------------------------------------------- 
356 500,003.633 1,317,922.807 ELEV 338.85 
357 500,003.310 1,317,922.995 ELEV 338.85 
358 500,003.221 1,317,923.089 ELEV 338.50 
359 500,001.703 1,317,924.394 ELEV 338.54 
360 500,001.555' 1,317,924.434 ELEV 338.89 

----------------------------------------------- 
361 500,001.301 1,317,924.648 ELEV 338.89 
362 500,001.151 1,317,924.794 ELEV 338.58 
363 500,005.475 1,317,929.959 ELEV 338.10 
364 500,007.096 1,317,931.660 ELEV 338.41 
365 500,007.371 1,317,931.461 ELEV 338.40 

----------------------------------------------- 
366 
367 
368 
369 
a,7 0 

.------ 
571 
372 
373 
374 
375 
-------- 
376 
377 
378 
379 
380 

500,007.439 1,317,931.378 ELEV 
500,008.243 1,317,931.232 ELEV 
500,009.012 1,317,930.171 ELEV 
500,009.120 1,317,930.150 ELEV 
500,009.381 1,317,929.951 ELEV 

------------------------------------- 
500,009.529 1,317,929.679 ELEV 
500,009.267 1,317,928.440 ELEV 
500,013.861 1,317,934.120 ELEV 
500,017.291 1,317,941.031 ELEV 
500,020.871 1,317,946.056 ELEV 

------------------------------------- 
500,029.061 1,317,968.218 ELEV 
500,032.730 1,317,984.712 ELEV 
500,024.929' 1,317,980.720 ELEV 
500,014.920 1,317,965.249 ELEV 
500,008.715 1,317,954.679 ELEV 

338.03 BOTE 
335.90 GRND 
338.06 BOTE 
338.33 TOPE 
338.32 TOPE 

337.00 GRND 
337.36 TOPE 
334.34 TOE 
334.25 CL 
334.41 TOE 

339.97 ONSL 
345.42 ONSL 
342.16 SO23 
337.12 SO24 
334.17 2C13 

----------____ -------------------------------- 

381 500,005.968 1,317,946.980 ELEV 334.06 
382 500,002.371 1,317,942.497 ELEV 334.23 
383 500,006.lOS 1,317,932.035 ELEV 337.15 
384 499,979.075 1,317,986.220 ELEV 337.27 
385 499,980.192 1,317,935.593 ELEV 337.41 
-------_---_-___ ------------------------------ 
386 499,980.888 1,317,939.348 ELEV 336.55 
387 499,970.527 1,317,942.727 ELEV 335.90 
388 499,977.979 1,317,950.965 ELEV 330.88 
389 499,978 -288 1,317,952.479 ELEV 330.24 
390 499,978.586 1,317,953.508 ELEV 330.47 
----------------------------- ----------------- 

" -9 1 499,982.201 1,317,977.761 ELEV 335.40 
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A.4 SILT FENCE/SUPER SILT FENCE DESIGN 



TETRA TECH NUS, INC. CALCULATION SHEET PAGE 1 OF 4 

CLIENT: White Oak 
JOB NUMBER: 

7427-l 403 

, ,I -c*h SUBJECT: Silt Fence Design 

BASED ON: Maryland E&S Standards and Specs. DRAWING NUMBER: 

BY: T.W.S. CHECKED BY: 
,YYt-LO 

APPROVED BY: DATE: 
Date: 11/27/00 Date: 

OBJECTIVE: 

To properly locate and determine the type of silt fence to intercept and detain small amounts of sediment from 
disturbed areas during earth disturbance activities at Sites 1 and 2, and provide protection for the existing 
drainage channels south and west of Site 2 to which the sites drain. 

APPROACH: 

1) Locate and determine the type of silt and or super silt fence required according to Part 15.0 and 
26.0, Maryland Standards and Specifications for Soil Erosion and Sediment Control, 1994. 

CALCliLATIONS: 

According to Section E, Part 15.0 (silt fence) and Section H, Part 26.0 (super silt fence) of the Maryland 
Standards and Specifications for Soil Erosion and Sediment Control, 1994, no formal design is required for silt 
and super silt fencing. However, the following is a list of suggestions for installation: 

Silt Fence (Standards and Specifications provided on page 3 of 4) 

1) Silt fence is limited to intercepting sheet flow runoff from limited distances according to slope. Silt 
fence provides filtering and velocity dissipation to promote gravity settling of sediments. 

2) Fence posts shall be a minimum of 36-inches long driven 16-inches minimum into,the ground. 
Wood posts shall be 1 l/2-inch square cut or 1 3/4-inch diameter and shall be of sound quality 
hardwood. Steel posts shall be standard T or U section weighting not less than 1 .OO pounds per 
linear foot. 

. 3) Where ends of geotextile fabric come together, they shall be overlapped, folded and stapled to 
prevent sediment bypass. 

4) Silt fence shall be inspected after each rainfall event and maintained when bulges occur or when 
sediment accumulation reaches 50% of the fabric height. 

Super Silt Fence (Standards and Specifications provided on page 4 of 4) 

1) Super silt fence can be placed as close to the contour as possible. 
2) Fencing shall be 42-inches in height and constructed in accordance with the latest Maryland State 

Highway (SHA) details for chain link fencing. The SHA specification for a 6-foot fence shall be 
used, substituting 42-inch fabric and 6-foot length posts. 

3) Filter cloth shall be fastened securely to chain link fence with ties spaced every 24-inches at the 
top, and mid section. Additionally, filter cloth must be embedded a minimum of a-inches into the 
ground. 

4) Maximum slope length behind the barrier is unlimited for slopes less than or equal to 10%. Refer 
to chart provided on page 3 of 3 for slope lengths at different slopes. 



TETRA TECH NUS, INC. CALCULATION SHEET PAGE 2 OF 4 

7427-l 403 
I 

SUBJECT: Silt Fence Design 

BASED ON: Maryland E&S Standards and Specs. DRAWING NUMBER: 

BY: T.W.S. CHECKED BY: APPROVED BY: DATE: 
Date: 11 I27100 Date: 

Actual Conditions (Conditions prior to re-grading) 

Type of Fence 

Silt Fence 
Super Silt Fence 

Length of Fence 
m 
140 

1440 

Max. Approaching 
Slope (ft/ft) 

0.294 
0.343 

Max. Approaching 
Slope Length (ft) 

80 
30 

CONCLUSIONS 

Silt fencing and super silt fencing shall be utilized at Sites 1 and 2 to intercept and detain sediment from 
upgradient disturbed areas. The silt fence and the super silt fence shall be placed in the locations shown on 
Design Drawing C-2 of the Basis of Design Report. 

REFERENCES 

1) Maryland Standards and Specifications for Soil Erosion and Sediment Control, 1994. 



15.0 STANDARDS AND SPECIFJCATIONS 3/4 

SILT FENCE 

Definition 

Temporary barriers of woven g-textile fabric used to intercept, reduce velocity and filter surface runoff from 
disturbed areas. 

Pm-nose 
. - 

Silt fences filter sediment from runoff so that deposition of transported sediment can occur. Silt fences can 
be used to intercept sheet flow only. They cannot bt? used as velocity checks in ditches or swales, or placed 
where they will intercept concentrated flow. 

Conditions Where Practice Applies 

Silt fence is limited to interceptin g sheet flow runoff from limited distances according to slope. Silt fence 
provides filtering and velocity dissipation to promote gravity settling of sediments. 

Design Criteria 

1. Silt fence should be used with caution in areas of rocky soils that may prevent trenching. * 

2. Silt fence should be placed on or parallel to contours. 

3. The length of silt-fences must conform to the following: 

Table 17 Silt Fence Desion Constraints 

Slooe Steepness 
(Maximum) (Maximum) 
Slone Lendh Silt Fence Len&h 

Flatter than 50: 1 (2 %) 
5O:l to 1O:l (2- 10%) 
1O:I to 5:l (10 - 20%) 
5:l to 3:l (20 - 33%) 
3:l to 2: 1 (33 - 50%) 
> 2:l ( > 50%) 

unlimited unlimited 
125 fizt 1,000 feet 
100 feet 750 feet 
60 feet 500 fzet 
40 feet 250 feet 
20 feet 125 feet 

4. In areas of less than 2% slope and sandy soils (USDA general classification system, soil class A) maximum 
slope length and silt fence length will be unlimited, In these areas a silt fence may be the only perimeter 
control required. 

5. Downslope from the silt fence should be undisturbed ground. 

E-15-1 

1994 



4/y 

26.0 SUPER SILT FENCE 

Definition 

A temporary barrier of Geotextile Class F over chain link fence used to intercept. sediment laden runoff from 
small drainage areas. 

Purpose 

To reduce runoff velocity and allow the deposition of transported sediment to occur. Limits imposed by 
ultraviolet light stability of the fabric will dictate the maximum period that the silt fence may be used. 

1. Super silt fence provides a barrier that can’collect and hold debris and soil, preventing the material 
from entering critical areas, streams, streets, etc. 

2. Super silt fence can be used where the installation of a dike would destroy sensitive areas, woods, 
wetlands, etc. 

3. Super silt fence should be placed as close to the contour as possible. No section of silt fence 
should exceed a grade of 5% for a distance of more than 50 feet. 

Table 30 Desirn Criteria 

Length of the flow contributing to Super Silt Fence shall conform to the following limitations: 

m 
o- 10% 
10 - 20% 
20-33% 
33 - 50% 
50% + 

Slope 
Steermess 

0 - IO:1 
1O:l - 5:l 
5:l - 3:l 
3:I - 2:l 
2:l + 

Slope Len_gth Silt Fence Length 
imaximum) Imaximum) 
Unlimited UnlimiteA 
200 feet 1,500 feet 
100 feet 1,000 feet 
100 feet 500 feet 
50 feet 250 feet 

Where ends of the geotextile fabric come together, the ends shall be overlapped, folded, and stapled to prevent 
sediment bypass. 
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1 .O INTRODUCTION 

This Stormwater Pollution Prevention Plan was prepared under Contract Task Order (CTO) No. 0273 

under Comprehensive Long-term Environmental Action Navy (CLEAN) Contract Number N62472-90-D- 

1298. Under this CTO, Tetra Tech NUS, Inc. (TtNUS) is performing engineering, design and post- 

construction award services for the remedial action at the Parking Lot Landfill (Site 1) and the Apple 

Orchard Landfill (Site 2) at the former Naval Surface Warfare Center, Dahlgren Division Detachment, 

White Oak (NSWC-White Oak), located in Silver Spring, Maryland. Because of their proximity to each 

other, similarity of contents, and time of operation, Sites 1 and 2 are now referred to as Operable Unit 2 

(OU2). This plan was prepared in accordance with the United States Environmental Protection Agency 

(USEPA) Storm Water Management for Construction Activities, Developing Pollution Prevention Plans 

and Best Management Practice, Summary Guidance, October 1992 (USEPA 1992). 

NSWC-White Oak is located in both Montgomery and Prince George’s Counties, Maryland, approximately 

5 miles north of Washington, D.C., off New Hampshire Avenue (see Figure l-l). NSWC-White Oak 

encompasses approximately 712 acres. In the fall of 1997, 662 acres were transferred to the General 

Services Administration (GSA). The remaining area in the southeastern portion of the facility was 

transferred to the U.S. Army in February 1998. NSWC-White Oak is bordered by the Adelphi Laboratory 

Center (ALC) along with a mixture of residential, park, industrial, and commercial properties. The facility 

lies in gently rolling terrain, and the drainage patterns are dominated by Paint Branch and its .tributaries 

(see Figure l-2). This remedial design is limited to Sites 1 and 2. 

1.1 SITE HISTORY 

1 .l .l Site 1 (Parking Lot Landfill) 

The Parking Lot Landfill was used as an open disposal site and landfill between 1948 and 1953. The site 

is located east of Building 101A and is adjacent to Site 2. The wastes reportedly disposed within this 

landfill include lubricating oil, battery acid, metal plating wastes, and metal scrap. It has been reported 

that approximately 60 automobile batteries were disposed at the site over its operating life. When the site 

was deactivated in 1953, it was paved with asphalt. The site is currently used as a parking lot; however, 

visible wastes from the landfill including tires, glass, and old metal equipment have been observed on the 

southern and eastern slopes beyond the edge of the parking lot. The landfill covers approximately 1 acre 

and contains approximately 8,300 cubic yards (cy) of waste (TtNUS 2000). 
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1 .1.2 Site 2 (Apple Orchard Landfill) 

The Apple Orchard Landfill is an abandoned landfill located on the south side of Perimeter Road in the 

northwestern end of the former NSWC-White Oak property. The landfill forms a small, level hill with a 

peak elevation of approximately 340 feet mean sea level. The landfill slopes steeply to an unnamed 

stream along its southern edge and a drainage swale along its western perimeter. The unnamed stream 

flows eastward towards Paint Branch. The drainage swale conveys stormwater flow from adjacent 

properties and joins the unnamed stream’in the southwestern corner of the site. 

The Apple Orchard Landfill reportedly operated as an open disposal area and landfill from 1948 until 1982. 

The landfill is a single unit that is composed of several disposal areas. In addition to domestic refuse, 

wastes reportedly disposed at the site included oils containing polychlorinated biphenyls (PCBs), solvents, 

paint residue, acids and miscellaneous compounds. An estimated 500 gallons of PCB-contaminated oils 

were deposited at the site prior to 1970. It has been estimated that the landfill contains 75,000 cy of 

waste/fill (TtNUS, 2001). 

1.2 PROJECT DESCRIPTION 

The remedial action will include the excavation of approximately 8,300 cy of waste material from Site 1 for 

consolidation with Site 2 landfill material. Following consolidation an engineered cap will be constructed 

on the regraded OU2 waste. Additional activities include the removal of impacted sediments from the 

unnamed stream south of OU2 and the restoration of that stream. These actions were selected to 

minimize the release into the environment of contamination from the waste materials of both landfills. 

-1 

The goal of the White Oak Base Realignment and Closure (BRAC) Cleanup Team (BCT) is to begin 

remedial actions at the NSWC-White Oak facility as quickly as possible to protect human health and the 

environment and to comply with applicable or relevant and appropriate requirements (ARARs) and to be 

considered (TBC) criteria. 

1.3 REPORT OBJECTIVE AND CONTENT 

The objective of this report is to describe the project and present the stormwater pollution prevention 

measures that will be utilized during implementation of the remedial action at OU2. 

Section 2.0 presents a description of control measures to be implemented during the remedial action and 

the sequence of proposed construction activities. Section 3.0 presents a generalized summary of state 

and local requirements for stormwater management. Section 4.0 presents the inspection and 

maintenance program proposed for the remedial action. Section 5.0 presents a summary of non- - 
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stormwater discharges and pollution prevention measures to be employed during the remedial action. 

Sections 6.0 and 7.0 present the required plan certifications. Copies of the USEPA checklists for 

Stormwater Pollution Prevention Plans are presented in Appendix A. Design drawings and technical 

specifications are provided under separate cover. 
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2.0 DESCRIPTION OF CONTROLS 

This section presents a description of stormwater controls, including erosion and sedimentation controls 

proposed for the remedial action. A copy of the completed USEPA pre-construction checklist is provided 

in Appendix A. The Construction/Implementation and Final Stabilization/Termination .Checklists are also 

provided in Appendix A. These checklists were obtained from the USEPA Storm Water Management for 

Construction Activities, Developing Pollution Prevention Plans and Best Management Practice, Summary 

Guidance, October 1992. Requirements specified in these checklists and documents are incorporated 

into this Stormwater Pollution Prevention Plan. 

2.1 EXISTING SITE CONDITIONS 

OU2 consists of Site 1 and Site 2 which are inactive/abandoned landfills located in the northwestern 

portion of the former NSWC-White Oak (Figure 2-l). The total area of OU2 is approximately 5.3 acres. 

Access to the site from the entrance of NSWC-White Oak is via Nahan Road, Erickson Road, Fulton 

Road, and Perimeter Road. 

2.1 .l Site 1 (Parking Lot Landfill) 

The Parking Lot Landfill is a slightly sloping paved area that covers approximately 1 acre and contains 

approximately 8,300 cy of waste material. Runoff from the paved area is directed toward the southeastern 

corner and is collected in the unnamed stream which is a tributary to Paint Branch located east of the site. 

The eastern and southern faces of the landfill, outside the boundaries of the paved area, are both steeply 

sloped into drainage swale and unnamed stream. A concrete trench is located along the northern edge of 

the paved area adjacent to Building 111. The trench appears to have been used to capture runoff from 

inside Building 111. A decontamination pad is located southwest of the site. It has been used during 

environmental restoration work at various sites at former NSWC-White Oak. The decontamination pad 

was constructed with a tap water spigot and a drain that directs the wash water to a secondary 

containment vault (TtNUS 2000) 

2.1.2 Site 2 (Apple Orchard Landfill) 

The landfill covers approximately 4.3 acres and contains an estimated 75,000 cy of waste. The majority of 

the landfill was constructed on a plateau adjacent to Perimeter Road. Surface drainage at Site 2 flows 

south and southeast to the unnamed stream and west to the drainage swale. The landfill cover supports 

old field vegetation with successional hardwood forest on the short but very steep side slopes. The steep 

slopes range in height from a few feet (along the eastern and western perimeter) to approximately 35 feet 

along the southern perimeter. The slopes are moderately eroded and exposed waste and fill material are 

110010/P (Stormwater Pollution Prevention Plan) 2-l CT0 0273 



REVISION 0 
JUNE 2001 

evident throughout. The cover is abutted to the south and west by mixed deciduous forest, to the east by 

Virginia pine forest, and to the north by private lands supporting residential development and Virginia pine 

forest. Minor erosion is evident on the landfill surface, but the steep slopes along the southern perimeter 

expose waste and fill material resulting from erosion of the cover materials or lack of placement of initial 

cover materials. Recent site visits and sampling activities indicate the presence of ordnance shapes in 

the landfill (TtNUS 2001). 

- 

= 

2.2 EROSION AND SEDIMENT CONTROL MEASURES 

Erosion and sediment control measures will be implemented, installed, and maintained according to the 

Maryland Standards and Specifications for Soil Erosion and Sediment Control (Maryland 1994) unless 

otherwise noted in this plan or the construction documents. Design specifications for erosion and 

sediment control structures have been obtained from the Maryland Standards and Specifications for Soil 

Erosion and Sediment Control. 

The total area of Disturbance is estimated to be 8.4 acres. The required erosion and sediment control 

measures are shown on Design Drawing C-2 and‘are as follows. 

l The stabilized stone construction entrance(s) point will be provided off of Perimeter Road and will be -- 

protected with silt fence. 

l The southern boundary of OU2 along the unnamed stream will be protected using super silt fence (silt 

fence supported by wire fence). Supersilt fence will also be provided along both sides of the drainage 

swale located between Sites 1 and 2. 

l Silt fence will be placed to protect the construction entrance structures and the stockpile pad. 

l Drainage channels will be constructed along the northern, western and eastern perimeters of the 

landfill cap to convey run-off from the landfill cap and surrounding areas to the unnamed stream 

located south of the OU2. In addition, a bench will be constructed on the landfill cap to increase cap 

stability and to provide a break in the drainage areas associated with the landfill cap. The east and 

west channels will be protected by erosion control matting, and during construction, rock check dams 

or approved other will also be utilized to reduce sedimentation. The bench and northern channels will 

be rock lined. 

l Riprap will be placed at critical locations within the drainage channels constructed along the east and 

western sides of the constructed landfill cap. The location of riprap placement is identified in Design - 

Drawing C-8. 
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l Permanent, channel, and temporary seeding will be used throughout the construction process to 

stabilize disturbed areas and channels. 

l A temporary access culvert will be placed across the drainage swale located between Site 1 and 2 to 

provide a means of transporting the excavated material from Site 1 to the proposed stockpile located 

with in Site 2. 

l Straw bales will be placed across the unnamed stream during sediment removal and stream 

restoration. 

2.2.1 Structural Practices 

The following structural practices will be used during and/or following construction activities at OU2 to 

control erosion and sedimentation. The number listed, if any, references the Maryland Standards and 

Specifications for Soil Erosion and Sediment Control, 1994. 

Stone Construction Entrance - F17.0. Temporary stone construction entrance(s) will be installed to 

provide access to OU2 via Perimeter Road. Construction vehicles will be cleaned before exiting the site. 

Super Silt Fence - H26.0. Super silt fence will be installed along the southern slopes of OU2 and along 

both sides of the drainage swale located between Sites 1 and 2. 

Stormwater Conveyance Channel - H28.0. Permanent drainage channels will be installed along the 

northern, eastern, and western boundaries of the constructed landfill cap to divert runoff away from the 

cap edge. Additionally, a bench will be constructed within the limits of the landfill cap to increase the 

stability of the landfill and to break the flow length of runoff generated in the drainage areas of the landfill 

cap. 

Surface Rouohenina - NA. The surface of regraded areas will be roughened to reduce run-off velocity and 

to aid in the establishment of vegetative cover. 

Temporan, Seedinq - G20.0. All regraded areas that will be left dormant for extended periods of time will 

be seeded with fast germinating temporary vegetation immediately following grading. Seeding will be 

performed with a 50/50 mixture of annual rye grass and cereal (winter) rye. 

Permanent Seedino - G20.0. All regraded areas will be permanently seeded with a seed mixture that will 

minimize erosion and provide suitable cover for wildlife. 
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Mulchino - G20.0. All areas receiving permanent seeding will be mulched with an organic material to 

prevent erosion by protecting the soil surface from raindrop impact and reducing the velocity of the 

overland flow. 

Rock Check Dams - B8.0. Rock check dams will be temporary control devices. constructed in the 

permanent channels to trap sediment and reduce flow rates in the channels. Rock check dams will be 

removed following final stabilization (establishment of permanent vegetation) of all disturbed areas. 

Temoorarv Access Culvert - H29.10. A temporary access culvert will be constructed within the drainage 

swale located between Sites 1 and 2 to provide a construction road between the two sites for the 

movement of waste/fill material. The access culvert will remain in place until the permanent channel is 

constructed around the western side of the landfill cap. 

Straw Bales - H25.0. Straw bales will be placed across the unnamed stream during the restoration of the 

unnamed stream. The straw bales, or approved other, will remain in place until the restoration is complete 

and the stream is stabilized. 

2.2.2 Management Strateqies 

1. Unstabilized, disturbed areas will be minimized and construction activities will be staged. 

2. Seeding or other stabilization measures will follow immediately after grading. 

3. Areas that are not to be disturbed will be clearly marked by flags, signs, etc. 

4. The construction superintendent will be responsible for ensuring the installation and maintenance of 

all erosion and sediment control practices. 

5. Erosion and sediment control structures will be installed and/or constructed before the start of any 

earth disturbance activities. 

6. Erosion and sediment control structures will remain in place until permanent vegetation is established 

over disturbed surfaces, as described in the revegetation notes on Design Drawing C-4. 
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2.3 SEQUENCE OF CONSTRUCTION 

The time to perform the required construction activities is estimated to be approximately 240 days. The 

generalized sequence of construction activities is: 

1. Hold pre-construction meeting with the Contracting Officer. 

2. Inspect site prior to construction to verify existing site conditions and underground utility locations. 

3. Estab1is.h horizontal and vertical control for construction. Stake the location of all areas to be 

excavated or disturbed prior to actual work. 

4. Install all perimeter controls, stabilized stone construction entrance as indicated on Drawing C-2, and 

additional stabilized stone construction entrance(s) if approved by the Resident Officer in Charge of 

Construction (ROICC) prior to any earth disturbance activities. All perimeter controls shall conform to 

Standards and Specifications identified in the 1994 Maryland Standards and Specifications for Soil 

Erosion and Sediment Control Manual unless otherwise specified. The perimeter controls to be 

installed include, but not limited to, the following: 

l silt fence on downhill sides of all stockpile locations and construction entrance(2); 

. super silt fence along the northern side of the unnamed stream located south of OU2, and along both 

sides of drainage swale located between Sites 1 and 2; 

. temporary stream crossing within drainage swale located between Sites 1 and 2 (see Drawing C-2) to 

provide a transportation route between Sites 1 and 2; 

. additional controls as may be required by the Contracting Officer and/or warranted by site conditions 

and best construction practices. 

5. Clear and grub construction laydown, material storage and staging area(s), material handling pad, and 

decontamination pad if necessary. 

6. Construct decontamination pad, materials handling pad, construction laydown, and storage and 

staging areas if necessary. 

7. Breakup concrete slabs within the limits of OU2 and relocate as necessary. 
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8. Clear but do not grub within limits of OU2. Clear and grub within remainder of limits of disturbance. 
---= 

9. Excavate waste/fill material within OU2 west of the drainage swale for placement within proposed 

limits of waste. During excavation, breakup concrete filled shapes designated by unexploded 

ordnance (UXO) oversight personnel as not containing ordnance for general distribution within the 

proposed limits of waste. In the event that suspect hazardous materials are identified during 

excavation and consolidation of OU2 waste/fill, the suspect hazardous materials are to be segregated 

and characterized for proper off-site disposal. If through characterization sampling of suspect 

hazardous waste, the materials are determined to be non-hazardous, material will be consolidated 

within the proposed limits of waste. 

10. Perform verification sampling following excavation of all waste/fill material outside the proposed limit 

of waste. If verification sampling test results indicate contaminants are either completely removed or 

at levels below the remedial action levels (RALs), excavation of waste/fill material is complete. In the 

event that verification sampling test results indicate that exposed soils contain contaminants above 

RALs continue excavation and conduct additional verification sampling. Continue process until 

contaminants are removed or RALs are met. 

11. Following excavation of material outside of proposed limits of waste, establish perimeter channels and 

begin re-grading waste/fill within proposed limits of waste. During re-grading breakup concrete filled 

shapes designated by UXO oversight personnel for general distribution within landfill limits. 

12. Establish Erosion and Sedimentation controls in the unnamed stream as indicated on Drawing C-2. 

Excavate impacted sediments from unnamed stream and place within proposed limits of waste. 

. Excavation of sediments in the unnamed stream shall proceed upstream to downstream. Stabilize 

disturbed areas in the unnamed stream by planting wetland plants and installing temporary Erosion 

Control Matting (ECM). 

13. Perform UXO screening to a depth of 4-feet below final grade. Grade waste/fill material to 6-inches 

below interim grade (see Drawing C-6), followed by placement of 6-inches of subgrade soil to 

establish interim grade (see Drawing C-7). During regrading extend and protect identified monjtoring 

wells. 

14. Prepare the sub-grade soil by compacting and fine grading to create a smooth firm surface. Remove 

material that is considered objectionable for the placement of geosynthetic clay liner (GCL), including 

but not limited to sharp-edged materials and protrusions extending more than ‘/2 inch. Regrade and 

compact as necessary. 
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15. Install cap materials including GCL, Geomembrane, geocomposite drainage material, trenches, 

drainage piping, and gas vents. Cover GCL immediately with geomembrane. Place only as much 

GCL as can be covered at the end,of the day with geomembrane or temporary water proof tarp. 

16. Install cover and topsoil materials and vegetate immediately after topsoil is placed. 

17. Plant permanent vegetation on all disturbed areas. 

18. Install signs along the site perimeter. 

19. Remove all temporary facilities (i.e. decontamination pad, material handling pads, etc.). Restore and 

revegetate as needed. When all upstream areas have been stabilized and have been accepted by the 

Contracting Officer, remove all remaining perimeter controls. 

2.4 PERMANENT STABILIZATION 

,.. ,,--, 

All areas disturbed by remedial action activities with the exception of the unnamed stream will be 

stabilized with permanent seeding as soon as possible following final grading, but no later than 7 to 14 

days (as noted on the Design Drawings). Permanent seeding mixture will consist of native warm season 

grasses which will, over the long term, result in lower maintenance costs and more beneficial natural 

habitat. The mix will include big bluestem (Andropogon gerrardo little bluestem (Schizachyrium 

scoparium), switchgrass (Panicurn virgatuum), indian grass (Sorghastrum nutans), canada wild rye (Hymus 

canadensis), partridge pea (Cassia fasciculata), and annual rye grass (Lolium multiflorum). The rye grass 

and partridge pea will germinate and become established quickly to provide the necessary erosion control 

until the warm season grasses can become established. This seed mixture was provided by the Biological 

Technical Assistance Group through USEPA correspondence dated February 14, 2001. 

The channel seed mix will consist of indigenous and natural grass species recognized for their 

effectiveness in stabilizing exposed soils. The grass species include a mixture of cool-season and warm- 

season grasses. The cool-season grasses germinate quickly and establish rapidly to provide effective 

short-term soil stabilization. The warm-season grasses are generally of greater wildlife value but 

germinate and grow more slowly than cool-season grasses. In addition, the warm-season grasses tend to 

grow better in poor quality soils and under drought conditions. The seed mix includes redtop (Agrostis 

alba), barnyard grass (Echinochloa crusgalh), switchgrass (Panicun virgatum), deer-tongue grass 

(Dichanthelium chandestium), and a seasonal nurse crop. The application rate is identified on Design 

Drawing C-3 and is identified as the “Channel Seed Mixture”. 
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2.5 STORMWATER RUNOFF CONSIDERATIONS 

Following completion of the remedial action, the site will be returned to grassed or natural existing 

conditions. Therefore, aside from the northern, eastern, and re-aligned western channels, permanent 

stormwater management controls are not required for this site. 

Runoff calculations were performed using QuickTR-55TM (Haestad Methods, Inc.). The software utilizes 

procedures outlined in the Soil Conservation Service (SCS) TR-55 manual. Pre-development runoff 

calculations, and post-development runoff calculations along with channel capacity calculations are 

provided in Appendix A of the Erosion and Sediment Control Plan Report. 
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3.0 STATE AND LOCAL REQUIREMENTS 

This plan was prepared in accordance with the USEPA Storm Water Management for Construction 

Activities, Developing Pollution Prevention Plans and Best Management Practice, Summary Guidance, 

October 1992, and, in part, the Maryland Stormwater Design Manual Volumes I and II.. 

According to Maryland Environmental Regulations, erosion and sediment control oversight shall be 

performed by a certified responsible person. 
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i ‘=‘- 4.0 INSPECTION AND MAINTENANCE PROCEDURES 

In general, all erosion and sediment control measures will be checked weekly and after each significant 

rainfall event to assure that all erosion and sediment controls remain in effective operating conditions. 

Any required repairs will be made immediately. The following items will be checked: 

l The stabilized stone construction entrances will be maintained in a condition that will minimize tracking 

sediment onto roads, including the addition of stone or other repairs. 

6 The super silt fence will be checked regularly for undermining or deterioration of the fabric. Sediment 

will be removed when the level of sediment deposition causes “bulging” or reaches half of .the fabric 

height. 

l The silt fence will be checked regularly for undermining or deterioration of the fabric. Sediment will be 

removed when the level of sediment deposition causes “bulging” or reaches half of the fabric height. 

. Rock check dams will be checked for sediment accumulation. Sediment will be removed when it 

reaches one half of the original height of the check dam. Regular inspections will be made to ensure 

that the center of the dam is lower than the edges. Erosion caused by high flows around the edges of 

the dam will be corrected immediately. 

l Straw bales will be checked for sediment accumulation. Sediment will be removed when it reaches 

one half the bale height. Straw bales will be replaced if required. 

. During the establishment of the channels, repairs will be made immediately and grass re-established. 

After grass has been established, the channels will be checked periodically to determine if the grass 

and associated erosion control matting is withstanding flow velocities without damage. 

l The seeded areas will be checked regularly to ensure that a good stand of vegetation is maintained. 

Areas shall be fertilized and re-seeded as needed. The RAC is ‘responsible for maintenance until 

formal acceptance by the Contracting Officer. 

l The hazardous materials storage area and hazardous materials containers will be inspected regularly 

for leakage. Any leakage will be addressed immediately. 
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._,.-_ 5.0 NON-STORMWATER DISCHARGES AND POLLUTION PREVENTION 

This section presents a description of non-stormwater discharges and pollution prevention measures that 

will be employed during the proposed remedial action. 

5.1 NON-STORMWATER DISCHARGES 

It not anticipated that non-stormwater discharges will be required during construction activities. All 

decontamination water will be collected in a specifically designed, lined decontamination pad area, the 

collected decontamination water will be characterized and transported to an appropriate off-site ‘treatment 

facility. All sediment will be removed from the wastewater prior to treatment. 

5.2 POLLUTION PREVENTION MEASURES 

The following is a list of materials or substances that are anticipated to be stored onsite during the 

proposed remedial action. 

l Detergents for decontamination efforts. 

l Diesel fuel and other vehicle maintenance substances. 

. Fertilizer as soil amendment to promote vegetative growth. 

l Small quantities of laboratory chemicals, paints and other flammable substances. 

Detergents and small containers or drums of oil, grease, antifreeze, hydraulic fluids, etc., if any, will be 

stored within an enclosed, lined, and diked area, along with any diesel fuel stored in tanks. The storage 

area will be bermed and lined with a 60 mil polyethylene geomembrane. It will be designed to contain at 

least 10 percent of the total contents of all materials stored in the area plus an allowance for precipitation. 

A small sump or low point will be designed to serve as a monitoring point for any leaks or spills from the 

containers. Inspection of the area and management of substances collected in this area were addressed 

previously in Section 4.0. 

Small quantities of laboratory chemicals, paints and other flammable substances may be stored onsite 

during the remedial action. These materials, when not in use, will be stored in a flammable storage 

cabinet located in the decontamination trailer. Practices that will be followed to reduce risks associated 

with these materials include: 

l Products will be kept in original containers unless they are not resealable. 

l Original labels and material safety data sheets will be retained. 
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l If surplus product must be disposed, manufacturers’ or local and state recommended methods for 

proper disposal will be followed. 

The following paragraphs describe specific spill prevention and material management practices that will 

be employed during the proposed remedial action. 

Good Housekeeping 

The following are the material management practices that will be used to reduce the risk of spills or other 

accidental exposure of materials and substances to stormwater runoff. 

l An effort will be made to store only enough product required to accomplish the task. 

l All materials stored onsite will be stored in a neat, orderly manner in their appropriate containers and, 

if possible, under a roof or other enclosure. 

. Products will be kept in their original containers with the original manufacturer’s label. 

l Substances will not be mixed with one another unless recommended by the manufacturer. 

l Whenever possible, all of a product will be used before disposing of the container. 

. Manufacturers’ recommendations for proper use and disposal will be followed. 

l The assigned individuals will inspect areas daily to ensure proper use and disposal of materials onsite. 

Spill Control Practices 

In addition to the good housekeeping and material management practices discussed above, the following 

practices will be followed for spill prevention and cleanup: 

l Manufacturers’ recommended methods for spill cleanup will be clearly posted and site personnel will 

be made aware of the procedures and the location of the information and cleanup supplies. 

l Materials and equipment necessary for spill cleanup will be kept in the material storage area onsite. 

Equipment and materials will include but not be limited to brooms, dust pans, mops, rags, gloves, 

goggles, absorbent material and plastic and metal containers specifically for this purpose. 

l All spills will be cleaned up immediately after discovery. 

l The spill area will be kept well ventilated and personnel will wear appropriate protective clothing to 

prevent injury from contact with a hazardous substance. 
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l Spills of toxic or hazardous material will be reported to the appropriate state or local government 

agency, if deemed necessary, in accordance with state and local ordinances. 

l This Stormwater Pollution Prevention Plan will be modified to include measures to prevent this type of 

spill from reoccurring and how to clean up the spill if there is a recurrence. A description of the spill, 

what caused it, and the cleanup measures wil! also be included. 

l The on-site construction superintendent responsible for the day-to-day site operations, will be the spill 

prevention and cleanup coordinator. He will designate at least three other site personnel who will 

receive ‘spill prevention .and cleanup training. These individuals will each become responsible for a 

particular phase of prevention and cleanup. The names of responsible spill personnel will be posted in 

the material storage areas and in the decontamination and office trailers located on-site. 
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6.0 POLLUTION PREVENTION PLAN CERTIFICATION 

I certify under penalty of law that this document and all attachments were prepared under my direction or 

supervision in accordance with a system designed to assure that qualified personnel properly gathered 

and evaluated the information submitted. Based on my inquiry of the person or persons who manage the 

system, or those persons directly responsible for gathering the information, the information submitted is, to 

the best of my knowledge and belief, true, accurate, and complete. I am aware that there are significant 

penalties for submitting false information, including the possibility of fine and imprisonment for knowing 

violations. 

Signed: 

Date: 
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7.0 CONTRACTOR’S CERTIFICATION 

I certify under penalty of law that I understand the terms and conditions of the general National Pollutant 

Discharge Elimination System (NPDES) permit, if any, that authorizes the stormwater discharges 

associated with construction activity at the site identified as part of this certification. 

Signature For Responsible for 

Contractor 

Date: 

Company Name and Address Contractor 

Contractor 

Date: 

Company Name and Address Contractor 

Subcontractor Company Name and Address Subcontractor 
. 

Date: 
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USEPA CONSTRUCTION GENERAL PERMlT REQUIREMENTS 
PRECONSTRUCTION CHECKLIST / 

Storm Water Pollution Prevention Plans 

1. A site description, including: 

IH The nature of the activity. 

Refer to Section 1.2 of the Storm Water Pollution Prevention Plan. 

lXl Intended sequence of major construction activities. 

‘Refer to Sectiori 2.3 of the Storm Water Pollution Prevention Plan. 

fZl The total area of the site. 

Refer to Section 2.1 of the Storm Water Pollution Prevention Plan. 

fXl The area of the site that is expected to undergo excavation. 

Refer to Section 2.2 of the Storm Water Pollution Prevention P/an. 

fXl The runoff coefficient of the site after construction is complete. 

Refer to the Post-Development Runoff Calculation provided in Appendix A of the Erosion 
and Sediment Control Plan Report. 

fXl Existing soil or storm water data. 

Refer to the Pre-Development Runoff Calculation provided in Appendix A of the Erosion 
and Sediment Control Plan Report. 

A site map with: 

lXl Drainage patterns. 

Refer to the Pre-Development Runoff Calculation and the Post-Development Runoff 
Calculations provided in Appendix A of the Erosion and Sediment Control Plan Report. 

lXl Approximate slopes after major grading. 

Refer to Design Drawing C-8 of the Basis of Design Report. 

•l Area of soil disturbance. 

Refer to Design Drawing C-2 of Basis of Design Report. 

fZl Outline of areas which will not be disturbed. 

Refer to Design Drawing C-2 of the Basis of Design Report. 

IXl Location of major structural and non-structural controls. 

Refer to Design Drawing C-2 of the Basis of Design Report. 



fXl Areas where stabilization practices are expected to occur. 

Refer to Design Drawing C-2 of the Basis of Design Report. 

El Surface waters. 

Refer to Figures 2-I and Section 2.2 of the Stormwater Pollution Prevention Plan. 

&I Storm water discharge locations. . 

Refer to Figure 2- 1 and Section 2.2 of the Stormwater Pollution Prevention Plan. 

fXl The name of the receiving water(s). 

Refer to Figure 2.1 of the Stormwater Pollution Prevention Plan. 

2. A description of controls: 

2.1 Erosion and sediment controls, including: 

•CI Stabilization practices for all areas disturbed by construction. 

Refer to Section 2.2, Section 2.2.1, and Section 2.4 of the Stormwater Pollution 
Prevention Plan. 

IXI Structural practices for all drainage/discharge locations. 

Refer to Section 2.2 and Section 2.2.1 of the Stormwater Pollution Prevention Plan. 

2.2 Storm water management controls, including: 

fXl Measures used to control pollutants occurring in stormwater discharges after 
construction activities are complete. 

Refer to Section 2.2 and 2.4 of the Stormwater Pollution Prevention Plan. 

fZl Velocity dissipation devices to provide nonerosive flow conditions from the discharge 
point along the length of any outfall channel. 

Refer to Section 2.4 and Figure 2.1 of the Stormwater Pollution Prevention Plan. 

2.3 Other controls including: 

fXl Waste disposal practices which prevent discharge of solid materials to waters of the 
U.S. 

Refer to Section 2.2.1 of the Stormwater Pollution Prevention Plan. 

fZl Measures to minimize offsite tracking of sediments by construction vehicles. 

Refer to Section 2.2.1 of the Stormwater Pollution Prevention Plan. 



El Measures to ensure compliance with State or local waste disposal, sanitary sewer, or 
septic system regulations. 

N/A. 

2.4 El Description of the timing during the construction when measures will be implemented. 

Refer to Section 2.3 of the Stormwater Pollution Prevention Plan. 

3. El State or local requirements incorporated into the plans. 

Refer to Sections 2.0, 2.2. I and 3.0 of the Stormw&er Pollution Prevention Plan. 

4. El ,Inspection and maintenance procedures for control measures identified in the plan. 

Refer to Section 4.0 of the Stormwater Pollution Prevention Plan. 

5. fXl Identification of allowable non-stormwater discharges and pollution prevention 
measures. 

Refer to Section 5 of the Stormwater Pollution Prevention Plan. 

6. El Contractor certification. 

Refer to Section 7 of the Stormwater Pollution Prevention Plan. 

7. El Plan certification. 

Refer to Section 6 of the Stormwater Pollution Prevention Plan. 
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SECTION 01115 

GENERAL PARAGRAPHS (REMEDIAL ACTION CONTRACTS) 

PART 1 GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
' extent referenced. The publications are referred to in the text by the 

basic designation only. 

CODE OF FEDERAL REGULATIONS (CFR) 

29 CFR 1910 Occupational Safety and Health Standards 

29 CFR 1926 Safety and Health Regulations for 
I Construction 

29 CFR 1926-SUBPART V Power Transmission and Distribution 

CORPS OF ENGINEERS (COE) 

COE EP 1110-l-8 (1997) Construction Equipment Ownership 
and Operating Expense Schedule 

COE EM-385-1-l (1996) Safety and Health Requirements 
Manual 

FEDERAL STANDARDS (FED-STD) 

FED-STD-595 (Rev. B) Colors Used in Government 
Procurement 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

NFPA 241 

1.2 SUBMITTALS 

(1996) Safeguarding Construction, 
Alteration, and Demolition Operations 

Submit the following in accordance with Section C, Part 7.0, of the Basic 
Contract. 

SD-01 Preconstruction Submittals 

Work Plan; G 

SD-11 Closeout Submittals 

As-Built records; G 

Environmental Conditions Report; G 

Status reports; G 

QC meeting minutes; G 

SECTION 01115 Page 1 



OU-2, LANDFILL CAP, FNSWC, WHITE OAK, SILVER SPRING, MD 219750000069 

Test Results Summary Report; G 

Contractor Production Report; G 

QC Report; G 

Rework Items List; G 

Stormwater Pollution Prevention Plan; G 

Notice of Intent; G 

Notice of Termination; ‘G 

Contractor's Closeout Report; G 

1.3 WORK PLAN 

Submit a Work Plan consisting of the following elements: 

a. Narrative: Provide a brief description of the project objectives, 
scheduling, sampling and analysis requirements, decontamination 
procedures, wastewater treatment plan (water resulting from 
decontamination, excavated waste dewatering), removal and 
excavation procedures, and storage, transportation, and treatment 
requirements; and a detailed sequence of events for the 
construction. 

b. Technical Specifications: Provide, in an amendment format, any 
additional specifications and any modifications to the contract 
specifications required to accurately describe the materials and 
work procedures envisioned to satisfy the requirements of the 
delivery order. Contact Code 0425, Structural/Civil Branch, EFA 
Chesapeake, (202) 685-3137, POC Allen Wilson, for availability of 
guide specification sections for those sections required, but not 
included in the contract documents. 

C. Shop drawings: Shop drawings shall detail and describe components 
of the project not currently indicated on the contract drawings 
such that the shop drawings and the contract drawings, when taken 
together, provide a complete representation of the project 
requirements. Shop drawings shall be prepared and sealed by a 
registered professional engineer. Shop drawings shall include: 

(1) Erosion Control Plan in accordance with State and local 
regulations. 

d. Environmental Protection Plan: At the preconstruction conference, 
meet with the Resident Officer in Charge of Construction's 
(ROICC's) Navy Technical Representative (ROICC NTR) to discuss 
environmental protection requirements for the project. Prepare 
and submit an Environmental Protection Plan in accordance with 
Section C, Part 4.0, of the Basic Contract, and as specified 
herein. 

(1) Hazardous materials (HM) to be brought onto the center: A 
list of hazardous materials planned for use on the center shall be 
provide to the environmental office. The Contractor shall submit 
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‘“X, 

._L% 

a list (including quantities) of HM to be brought to the center 
and copies of the corresponding material safety data sheets 
(MSDS). This list shall also be submitted to the ROICC NTR. At 
project completion, any hazardous material brought onto the center 
shall be removed from the site by the Contractor. The Contractor 
shall account for the quantity of HM brought to the center, the 
quantity used or expended during the job, and the leftover 
quantity which (1) may have additional useful life as a HM and 
shall be removed by the Contractor, or (2) may be a hazardous 
waste, which shall then be removed as specified herein. 

(2) Hazardous waste (HW) generated: The Environmental Protection 
Plan shall list and quantify any HW to be generated during the 
project. 

(3) Storage of hazardous waste: In accordance with center 
regulations, hazardous waste shall be stored near the point of 
generation up to a total quantity of one quart of acutely 
hazardous waste or 55 gallons of hazardous waste. Any volume 
exceeding these quantities shall be removed from the center within 
3 days. Prior to generation of HW, contact the ROICC NTR for 
labeling requirements for storage of hazardous wastes. 

(4) Minimization of hazardous waste: The Contractor should 
substitute materials as necessary to reduce the generation of HW 
and include a statement to that effect in the Environmental 
Protection Plan. 

(5) Environmental conditions likely to be encountered during this 
project: Contact the ROICC NTR for conditions in the area of the 
project which may be subject to special environmental procedures. 
Include this information in the Preconstruction Survey. Describe 
in the Environmental Protection Plan any permits required prior to 
working the area, and contingency plans in case an unexpected 
environmental condition is discovered. 

(6) Permitting plans for any transportation and disposal, 
excavation, or construction of hazardous waste that will require 
an environmental permit from an issuing agency: The Contractor is 
responsible for generating the permits and delivering the 
completed documents to the ROICC NTR. The ROICC NTR will review 
the permits and the Contractor shall file the documents with the 
appropriate agency and complete disposal with the approval of the 
ROICC NTR. Correspondence with the State concerning the 
environmental permits and completed permits 
the ROICC NTR. 

shall be delivered to 

(7) Environmental Protection Plan format 

ENVIRONMENTAL PROTECTION PLAN 

Contracting Organization 
Address and Phone Numbers 

1. Hazardous materials to be brought onto the center 
2. MSDS package 
3. Employee training documentation 
4. HW storage plan 
5. HW to be generated 
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ENVIRONMENTAL PROTECTION PLAN 

Contracting Organization 
Address and Phone Numbers 

6. Preconstruction Survey results 
7. Permitting requirements identified 

e. Health and Safety Plan: Provide a site specific Health and Safety 
Plan (HASP) in accordance with Section C, Part 3.0, of the Basic 
Contract. The HASP shall include, but is not limited to, the 
following: 

(1) Names of the health and-safety officer and names of 
alternates responsible for health and safety. 

(2) 29 CFR 1910. 

(3) 29 CFR 1926. 

(4) 29 CFR 1926-SUBPART V, tagout and lockout procedures. 

(5) Contract Clause "FAR 52.236-13, Accident Prevention." 

(6) Contract Clause "FAR 52.223-3, Hazardous Material 
Identification and Material Safety Data." 

(7) NFPA 241. 

f. QC Plan: Provide a QC Plan in accordance with Section C, Part 
6.0, of the Basic Contract, and as specified herein. 

(1) Table of Contents 

I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
IX. 
X. 

QC ORGANIZATION 
NAMES AND QUALIFICATIONS 
DUTIES, RESPONSIBILITY, AND AUTHORITY OF QC PERSONNEL 
OUTSIDE ORGANIZATIONS 
APPOINTMENT LETTERS 
SUBMITTAL PROCEDURES AND INITIAL SUBMITTAL REGISTER 
TESTING LABORATORY INFORMATION 
TESTING PLAN AND LOG 
PROCEDURES TO COMPLETE REWORK ITEMS 
DOCUMENTATION PROCEDURES 

(2) Submittal Register: As part of the QC Plan, submit a 
completed Submittal Register to document quality control for 
materials, inspection, and testing in accordance with Section C, 
Part 7.0 of the Basic Contract. A copy of the Submittal Register 
is provided at the end of this section. 

(3) Testing laboratory qualifications: As part of the QC Plan, 
submit qualifications for each laboratory which shall be used in 
accordance with Section C, Part 6.0, of the Basic Contract. 
Laboratories engaged in hazardous materials testing shall meet the 
requirements of Section C, Part 6.0 of the Basic Contract. 

g. Sampling and Analysis Plan: Provide a Sampling and Analysis Plan 
describing sampling and analyses requirements for the delivery 
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1,:-,l,. order. The plan shall contain a Field Sampling Plan and a Quality 
Assurance Plan. 

1.3.1 Forwarding Preconstruction Submittals 

Within 30 calendar days of issuance of the delivery order, and before 
procurement, fabrication, or mobilization, submit to Walter Legg, Project 
Manager, Engineering Field Activity Chesapeake, 1314 Harwood Street, 
Washington Navy Yard, Washington, DC 20374-5018, and to distribution as 
directed by the ROICC NTR, the Work Plan, complete as specified. The 
Architect-Engineer shall review the Work Plan for the ROICC NTR to 
determine compliance of the Contractor's Work Plan with the requirements of 
the contract documents for this delivery order. 

1.3.2 Review Comments 

The Contractor's Work Plan shall be reviewed. The ROICC NTR shall compile 
and coordinate Government review comments, and forward consolidated review 
comments to the Contractor. Review comments on the Work Plan shall be 
resolved, and Work Plan modified as required. After the correction of the 
Work Plan, submit 
Engineering Field 
Yard, Washington, 
approved prior to 
delivery order. 

one corrected final copy to Walter Legg, Project Manager, 
Activity Chesapeake, 1314 Harwood Street, Washington Navy 
DC 20374-5018 for final review. The Work Plan shall be 
commencement of any other work associated with this 

1.4 RECORDS 

I  - - - .  1.4.1 As-Built Records 

Maintain two sets of full size contract drawings and two sets of full size 
approved shop drawings marked to show any deviations which have occurred, 
including buried or concealed construction and utility features revealed 
during the course of construction. Record horizontal and vertical 
locations of buried utilities that differ from the contract drawings. 
These drawings shall be available for review by the ROICC NTR at any time. 
At the completion of the work, deliver marked sets of the contract drawings 
to the ROICC NTR. The Contractor shall incorporate shop drawing 
deviations, and deliver one complete set of the shop drawings to the ROICC 
NTR. 

1.4.2 Environmental Conditions Report 

Prior to starting work, perform a preconstruction survey with the ROICC 
NTR. Take photographs showing existing environmental conditions on and 
adjacent to the site. Prior to starting work, submit the results of the 
survey in an Environmental Conditions Report to the ROICC NTR. 

1.4.3 Contract Management System (CMS) 

The CMS shall be a system able to provide, as a minimum, the activities in 
sorts or groups as specified in the Basic Contract and any subsequent 
delivery orders. 

a. Status reports: Status reports shall comply with the Basic 
Contract and any subsequent delivery orders. Submit a Technical 
Progress Report, Cost Performance Report, modification log, 
time-scaled logic diagram, and Waste Materials Report. Submit the 
first delivery order status report approximately 15 days after the 
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end of the month in which the Contractor's Work Plan was approved. 
Thereafter, submit status reports every 30 days. Status report 

periods shall be consistent with the invoice reporting periods. 

1.4.4 QC Meeting Minutes 

The QC representative shall document QC meetings by delivering copies of 
the minutes to the ROICC NTR within 3 calendar days after each QC meeting. 
The submittals shall comply with Section C, Part 6.0 of the Basic Contract. 

* 1.4.5 Test Results Summary Report 

A summary report of field iests and laboratory analytical results shall be 
submitted to the ROICC NTR within 15.days after laboratory receipt of 
samples.and in accordance with Section C, Part 6.0 of the Basic Contract. 

1.4.6 Contractor Production Report (CPR) 

The CPR shall be prepared and submitted daily to the ROICC NTR in 
accordance with Section C, Part 6.0, of the Basic Contract. 

1.4.7 QC Report 

The QC Report shall be submitted by the QC representative to the ROICC NTR 
every day work is performed, material is delivered, direction is pending, 
or a labor force is present in accordance with Section C, Part 6.0, cf the 
Basic Contract. 

,. “-<‘, 1.4.8 Rework Items List 

The QC representative shall deliver a copy of the Rework Items List to the 
ROICC NTR on a monthly basis in accordance with Section C, Part 6.0, of the 
Basic Contract. 

1.4.9 Contractor's Closeout Report 

Submit upon completion of the project. This report shall include: 
introduction, summary of action, final Health and Safety Report, summary of 
record documents, field changes and contract modification, final documents, 
complete set of field test and geotechnical laboratory results, complete 
set of data validation results, documentation of offsite transportation and 
treatment of materials, QC Summary Report, surveyed As-Builts, color 
photographs documenting each major task of the project, and final cost data. 

1.5 FORWARDING SUBMITTALS 

After approval of the work plan, and before procurement or fabrication, 
submit, except as specified otherwise, to Walter Legg, Project Manager, '. 
Engineering Field Activity Chesapeake, 1314 Harwood Street, Washington Navy 
Yard, Washington, DC 20374-5018, the shop drawings and technical data 
required in the technical sections of this specification. The 
Architect-Engineer for this project shall review and provide surveillance 
for the ROICC NTR to determine if Contractor-approved submittals comply 
with the contract requirements, and shall review and approve for the ROICC 
NTR those submittals not permitted to be Contractor approved to determine 
if submittals comply with the contract requirements. At each "Submittal" 
paragraph in the individual specification sections, a notation "G," 
following a submittal item, indicates the Architect-Engineer, acting as the 
agent for the ROICC NTR, is the approving authority for that submittal 
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item. One copy of the transmittal form for submittals shall be forwarded 
to the ROICC NTR. 

1.6 PROJECT DESCRIPTION 

This work includes the preparation of a work plan as previously described, 
and the provision of construction of a landfill cap, site restoration, and 
other related work. 

1.7 LOCATION 

The work shall be located at the Former Naval Surface Warfare Center - 
White Oak, Silver Spring, Maryland, approximately as shown. The exact 
location shall be as indicated by the ROICC NTR. 

1.8 DESCRIPTION OF CONTAMINANTS PRESENT 

Subsurface soils and groundwater at the project site have been contaminated 
with volatile organic compounds, inorganic compounds and explosive residues. 

Site characterization activities conducted at the site have indicated 
contaminant levels of VOCs that range from "not detected" to 0.03 ppm. The 
results of the chemical analyses for the soil borings and monitoring wells 
installed at the site are indicated in the reference documents. The above 
list of contaminants may not be all inclusive. 

1.9 COMMENCEMENT, PROSECUTION, AND COMPLETION OF WORK 

The Contractor shall be required to (a) commence work on the Work Plan 
within 5 calendar days after receiving the notice to proceed, (b) prosecute 
the.work diligently, and (c) complete the entire work ready for use not 
later than 365 calendar days after receiving the notice to proceed. The 
time stated for completion shall include final cleanup of the premises and 
the restoration of the site. 

1.10 PROJECT INFORMATION 

1.10.1 Contract Drawings 

Contract drawings are as follows: 

DWG No. NAVFAC DWG No. 

T-l 3307621 
T-2 3307622 
C-l 3307623 
c-2 3307624 
c-3 3307625 
c-4 3307626 

c-5 3307627 

C-6 3307628 
c-7 3307629 
C-8 3307630 
c-9 3307631 
c-10 3307632 
c-11 3307633 
c-12 3307634 
c-13 3307635 

Title 

Title Sheet 
General Notes and Legend 
Existing Conditions Plan 
Erosion and Sediment Control Plan 
Erosion and Sediment Control Notes 
Erosion and Sediment Control Details 
(Sheet 1 of 2) 
Erosion and Sediment Control Details 
(Sheet 2 of 2) 

Waste Grading Plan 
Interim Grading Plan 
Final Grading Plan 
Cross Sections (Sheet 1 of 2) 
Cross Sections (Sheet 2 of 2) 
Landfill Cap Details 
Miscellaneous Details 
Restoration Plan 
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DWG No. NAVFAC DWG No. Title 

1.10.2 Reference Reports 

The following reference reports are available for examination in the office 
of the EFACHES Project Manager and are intended only to show the existinq 
conditions. The reports and drawings 
and shall not be used for any purpose 
specification. 

are the property of the Government 
other than that intended by the 

Reports 

a. TtNUS (Tetra Tech NUS, Incorporated), 2000. RCRA Facility 
Investigati.on for Sites 2, 3, 4, 7, 8, 9, and Paint Branch for 
Naval Surface Warfare Center - White Oak, Silver Spring, Maryland. 

Prepared for Engineering Field Activity - Chesapeake, Naval 
Facilities Engineering Command. King of Prussia, Pennsylvania. 
October. 

b. TtNUS, 1999. Engineering Evaluation/Cost Analysis (EE/CA) for 
Site 1 at the Former Naval Surface Warfare Center - White Oak, 
Silver Spring, Maryland. Prepared for Engineering Field Activity 
- Chesapeake, Naval Facilities Engineering Command. King of 
Prussia, Pennsylvania. November. 

C. TtNUS, 1998a. Site Screening Report for Installation Restoration 
Program Sites 1, 5, 6, 12, 13, 28, 29, 31, 32, 33, and EBS 100 for 
Naval Surface Warfare Center - White Oak, Silver Spring, Maryland. 

Prepared for Engineering Field Activity - Chesapeake, Naval 
Facilities Engineering Command. King of Prussia, Pennsylvania. 
December. 

d. Brown & Root Environmental, 199713. Draft Groundwater Results for 
Various Sites. Prepared for Engineering Field Activity - 
Chesapeake, Naval Facilities Engineering Command. Wayne, 
Pennsylvania. September. 

e. Halliburton NUS, 199511. Wetland and Forest Stand Delineation 
Report for IRP Sites, Naval Surface Warfare Center - White Oak, 
Silver Spring, Maryland. Prepared for Engineering Field Activity 
- Chesapeake, Naval Facilities Engineering Command. Wayne, 
Pennsylvania. August. 

f. Halliburton NUS, 1995c. Draft Design Verification Report for 
Sites 2, 3, 4, & 9, Naval Surface Warfare Center - White Oak, 
Silver Spring, Maryland. Prepared for Engineering Field Activity 
- Chesapeake, Naval Facilities Engineering Command. Wayne, 

'Pennsylvania. June. 

g- Malcolm-Pirnie, 1987. Confirmation Study/Verification Phase, 
Naval Surface Warfare Center - White Oak, Silver Spring, Maryland. 

April. 

h. NEESA (Naval Energy and Environmental Support Activity), 1984. 
Initial Assessment Study, Naval Surface Warfare Center - White 
Oak, Silver Spring, Maryland. November. 

1.11 SCHEDULING 
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, -s.s,. 

The Contractor shall schedule the work as to cause the least amount of 
interference with center operations. Work schedules shall be subject to 
the approval of the ROICC NTR. Permission to interrupt center roads shall 
be requested in writing a minimum of 15 calendar days prior to the desired 
date of interruption. Notify the ROICC NTR 48 hours prior to starting 
excavation. 

1.11.1 Regular Work Hours 

Regular working hours shall consist of an 8 l/2 hour period established by 
the ROICC NTR, Monday through Friday, excluding Government holidays. 

1.11.2 Work Outside Regular Hours 

Work outside regular hours requires ROICC NTR approval. Contractor shall 
submit an application to the ROICC NTR, 2 regular working days prior to the 
scheduled working date, to allow ample time to enable satisfactory 
arrangements to be made by the Government for inspecting the work in 
progress. At night, the Contractor shall light the different parts of the 
work in an approved manner. 

1.12 SECURITY REQUIREMENTS 

The Contractor shall comply with the general security requirements as 
stipulated in Section C, Part 2.0, of the Basic Contract. 

,,..^_ 
1.13 STORAGE AND TEMPORARY BUILDINGS 

1.13.1 Storage in Existing Buildings 

Storage in existing buildings shall be allowed, as approved by the ROICC NTR. 

1.13.2 Open Site Storage Size and Location 

The open site available for storage, laydown, and decontamination shall be 
confined to the areas indicated by the ROICC NTR. 

1.13.3 Trailers, Storage, and Temporary Buildings 

Locate trailers, storage, and temporary buildings where directed and within 
the indicated operations area. Trailers or storage buildings shall be 
permitted where space is available subject to the approval of the ROICC 
NTR. The trailers or storage buildings shall be suitably painted and kept 
in a good state of repair. Failure of the Contractor to maintain the 
trailers or storage buildings in good condition shall be considered 
sufficient reason to require their removal. Trailers shall be anchored to 
resist high winds and shall meet applicable State or local standards for 
anchoring mobile trailers. A sign that conforms to the following 
requirements and shows the company name, telephone number, and emergency 
telephone number, shall be mounted on the trailer or building. 

Graphic panel: Aluminum, painted blue; FED-STD-595 25053 

copy: Screen painted or vinyl die-cut, white, Univers 65 u/lc typeface. 

, -a”. 1.13.4 Contractor Quality Control Field Office 

Provide a trailer of sufficient size for an office trailer work area and 
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floor area for the exclusive use of the quality control (QC) 
representative. Also provide room in the same trailer for the QC records. 
Provide the QC representative with a 4 by 8 foot plan table, a standard 
size office desk and chair, and telephone service. QC records shall be 
filed in the office and available at all times to the Government. QC field 
office trailer shall comply with the requirements specified above for other 
Contractor trailers. 

1.14 LOCATION OF UNDERGROUND UTILITIES 

Contractor shall comply with'the requirements specified in Section C, Part 
2.0 of the Basic Contract, and with requirements specified herein. Verify 
elevations of existing underground utilities and obstructions before 
installing new work closer than the nearest manhole or other structure at 
which an adjustment-can be made. 

1.15 UTILITY SERVICES 

1.15.1 Temporary Utilities 

Contractor shall provide his own utilities. 

1.15.2 Utility Cutovers and Interruptions 

Make utility cutovers and interruptions outside regular working hours. 
Conform to procedures specified herein for work outside regular working 
hours. Ensure that new utilities are complete, except for the connection, 
before interrupting the existing service. 

1.16 RESTRICTIONS ON EQUIPMENT 

1.16.1 Radio Transmitter Restrictions 

The Contractor shall conform to the restrictions and procedures for the use 
of radio transmitting equipment, as directed by the ROICC NTR. Do not use 
transmitters without prior approval. 

1.17 EQUIPMENT OWNERSHIP AND OPERATING EXPENSE SCHEDULE 

In conjunction with the Contract Clause "DFARS 252.236-7000, Modification 
Proposals-Price Breakdown," and where actual ownership and operating costs 
of construction equipment cannot be determined from Contractor accounting 
records, equipment use rates shall be based upon the applicable provisions 
of the COE EP 1110-l-8. 

1.18 PUBLIC RELEASE OF INFORMATION 

Contractor shall comply with requirements stated in Section C, Part 2.0, of 
the Basic Contract. 

1.19 STORM PROTECTION 

Contractor shall conduct storm protection measures in accordance with the 
requirements of Section C, Part 2.0, of the Basic Contract, and as 
specified herein. 

, “W.. 1.19.1 Hurricane Condition of Readiness 

Unless directed otherwise, comply with: 
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a. Condition ONE (sustained winds of 50 knots or greater expected 
within 12 hours) : Secure the jobsite, and leave Government 
premises. 

b. Condition TWO (sustained winds of 50 knots or greater expected 
within 24 hours) : Curtail or cease routine activities until 
securing operation is complete. Reinforce or remove form work and 
scaffolding. Secure machinery, tools, equipment, materials, or 
remove from the jobsite. Expend every effort to clear missile 
hazards and loose equipment from general base areas. Contact 
ROICC NTR for weather and condition of readiness (COR) updates and 
completion of required actions. 

C. Condition THREE (sustained winds of 50 knots or greater expected 
within 48 hours): Maintain Condition FOUR requirements and 
commence securing operations necessary for Condition ONE which 
cannot be completed within 18 hours. Cease routine activities 
which might interfere with securing operations. Commence securing 
and stow gear and portable equipment. Make preparations for 
securing buildings. Review requirements pertaining to Condition 
TWO and continue action as necessary to attain Condition THREE 
readiness. Contact ROICC NTR for weather and COR updates and 
completion of required actions. 

ii. Condition FOUR (sustained winds of 50 knots or greater expected 
within 72 hours): Normal daily jobsite cleanup and good 
housekeeping practices. Collect and store in piles or containers 
scrap lumber, waste material, and rubbish for removal and disposal 
at the close of each work day. Maintain the construction site 
including storage areas, free of accumulation of debris. Stack 
form lumber in neat piles less than 4 feet high. Remove debris, 
trash, or objects that could become missile hazards. Contact 
ROICC NTR for COR updates and completion of required actions. 

1.20 ENVIRONMENTAL PROTECTION REQUIREMENTS 

Provide and maintain, during the life of the delivery order, environmental 
protection as defined in Section C, Part 4.0, of the Basic Contract, and as 
specified herein. 

1.20.1 Stormwater Pollution Prevention Plan 

The Contractor shall prepare a Stormwater Pollution Prevention Plan (SWPPP), 
a completed Notice of Intent (NOI) form, and a completed Notice of 

Termination (NOT) form in accordance with the requirements of the State's 
general permit for storm water discharges from construction sites. Submit 
SWPPP, NOI, NOT, and the appropriate permit fee to the ROICC NTR a minimum 
of 14 days prior to start of construction. 

The Contractor shall keep a copy of the SWPPP and the approved permit on 
site at the Contractor's trailer at all times. The SWPPP shall be 
continually updated as necessary to reflect current and changing conditions 
on site. 

1.20.2 Fire Protection 

Comply with COE EM-385-1-1, NFPA 241, and activity fire regulations. Post 
the activity fire poster in conspicuous locations and at telephones in 
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construction trailers. 

1.21 PRECONSTRUCTION CONFERENCE 

After approval of the Work Plan, but prior to commencement of any work at 
the site, Contractor shall meet with the ROICC NTR to discuss and develop a 
mutual understanding relative to the administration of the HASP, 
preparation and submission of submittals, scheduling, programming, and 
prosecution of the work. Major subcontractors who will be engaged in the 
work shall also attend. 

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

3.1 CLEANING UP 

During the progress of the remediation, the work area and adjacent areas 
shall be kept clean and free of rubbish, surplus materials, and unneeded 
construction equipment. No material or debris shall be allowed to flow or 
wash into watercourses, ditches, gutters, drains, or pipes. Upon 
completion of the work, sweep paved areas and rake clean landscaped areas. 
Remove waste and surplus materials, rubbish, and construction facilities 
from the site. 

-- End of Section -- 
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SECTION 02231 

CLEARING AND GRUBBING 

PART 1 GENERAL 

Not used. 

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

3.1 PROTECTION 

3.1.1 Roads and Walks 

Keep roads and walks free of dirt and debris at all times. 

3.1.2 Utility Lines 

Protect existing utility lines that are indicated to remain from damage. 
Notify the Contracting Officer immediately of damage to or an encounter 
with an unknown existing utility line. The Contractor shall be responsible 
for the repairs of damage to existing utility lines that are indicated or 
made known to the Contractor prior to start of clearing and grubbing 
operations. When utility lines which are to be removed are encountered 
within the area of operations, the Contractor shall notify the Contracting 
Officer in ample time to minimize interruption of the service. 

3.2 CLEARING 

Shall consist of the felling, trimming, and cutting of trees into sections 
and the satisfactory disposal of the trees and other vegetation designated 
for removal, including downed timber, snags, brush, and rubbish occurring 
within the areas to be cleared. Cut off flush with or below the original 
ground surface trees, stumps, roots, brush, and other vegetation in areas 
to be cleared, except for trees and vegetation indicated or directed to be 
left standing. 

3.3 TREE REMOVAL 

Where indicated, remove designated trees and stumps and grub roots. 

3.4 GRUBBING 

Remove and dispose of roots larger than 3 inches in diameter, matted roots, 
and designated stumps to a depth of not less than 18 inches below the 
original soil surface in areas as indicated and as directed by the 
Contracting Officer. Chip and dispose of grubbed materials in uniform 
layer thoroughly mixed with waste under final cover system. Fill 
depressions made by grubbing with waste/fill material and compact in 
accordance with the requirements specified in Section 02315, "Excavation 
and Fill." 

3.5 DISPOSAL OF CLEARED AND GRUBBED MATERIALS 

SECTION 02231 Page 1 
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3.5.1 Saleable Timber 

Consider felled timber from which fuelwood can be produced as saleable 
timber. Trim limbs and tops, and saw into saleable lengths of 1.5 feet for 
fuelwood, and stockpile adjacent to the site. The stockpile timber will 
remain the property of the Government. 

3.5.2 Nonsaleable Materials 

Chip, transport and store on the center as directed by the ROICC-NTR. 

-- End of Section -- 
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SECTION 02315 

EXCAVATION AND FILL 

PART 1 GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 422 (1963; R 1998) Particle-Size Analysis of 
Soils 

ASTM D 698 (1991) Laboratory Compaction 
Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/cu. ft. (600 kN-m/ 
CU. m. ) 1 

ASTM D 1556 (1990; R 1996) Density and Unit Weight of 
Soil in Place by the Sand-Cone Method 

ASTM D 2321 (1989; R 1995) Underground Installation of 
Thermoplastic Pipe for Sewers and Other 
Gravity-Flow Applications 

ASTM D 2434 (1968: R 2000) Permeability of Granular 
Soils (Constant Head) 

ASTM D 2922 (1996) Density of Soil and Soil-Aggregate 
in Place by Nuclear Methods (Shallow Depth) 

ASTM D 3017 (1996) Water Content of Soil and Rock in 
Place by Nuclear Methods (Shallow Depth) 

ASTM D 4318 (1995; Rev. A) Liquid Limit, Plastic 
Limit, and Plasticity Index of Soils 

ASTM D 5101 (1999) Measuring the Soil-Geotextile 
System Clogging Potential by the Gradient 
Ratio 

CORPS OF ENGINEERS (COE) 

COE EM-385-l-l (1996) Safety and Health Requirements 
Manual 

DEPARTMENT OF AGRICULTURE (USDA) 

USDA Manual (1993) Soil Survey Manual, Soil Survey 
Division Staff 

MARYLAND DEPARTMENT OF THE EWIORNMENT (MDE) 
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MDE SESC (1994) Maryland Standards and 
Specifications for Soil Erosion and 
Sediment Control 

MARYLAND STATE HIGHWAY ADMINISTRATION (MDSHA) 

MDSHA CM (1993) Construction and Materials 

1.2 DEFINITIONS 

1.2.1 Waste 

Includes existing waste at Site 1, Site 2 and contaminated stream sediment. 
Existing Site 1 waste may include waste soil, wood, metal scraps, used 

equipment, tires, broken glass, automotive batteries, lubricating oil, 
battery acid, metal.plating waste, black ash, concrete, brick, rebar, 
asphalt blocks, cans, tiles, plastic, rags and ordnance/shapes. Waste soil 
may be sandy clay with silt and gravel. 

Existing Site 2 waste may include waste soil, domestic refuse, PCB 
contaminated oils, concrete, asphalt, solvents, paint, residue, and 
ordnance/shapes. Waste soil may be sand with silt and gravel. 

1.2.2 Select Waste 

Excavated waste from Site 1 and Site 2 to be used as fill. Select waste 
shall not contain ordnance/shapes, construction debris, or sharp objects. 
Select waste shall have a maximum particle size not to exceed four inches, 
with not more than 50 percent of the particles by weight larger than 
one-inch. 

1.2.3 Ordnance/Shapes 

. 1.2.3.1 Ordnance 

Unexploded ordnance (UXO) may be buried at Sites 1 and 2. Suspect 
materials shall be identified as UXO by the UXO Technician during 
excavation. 

1.2.3.2 Shapes 

Concrete-filled dummy bombs (shapes) may be buried at Sites 1 and 2. 
Shapes shall be identified as non-UXO by the UXO Technician during 
excavation. 

1.2.4 UXO Technician 

Provide a UXO Technician capable of identifying UXO and directing UXO 
management during waste excavation. The UXO Technician shall be approved 
by the ROICC NTR prior to the start of waste excavation. 

1.3 SUBMITTALS 

Submit the following in accordance with Section C, Part 7.0 of the Basic 
Contract. 

SD-06 Test Reports 

Borrow Site Testing; G 
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Subgrade soil test 

Select waste test 

Cover soil test 

Topsoil 

Density tests 

1.4 DELIVERY, STORAGE, AND HANDLING 

Perform in a manner to prevent 'contaminat 

1.5 CRITERIA FOR BIDDING 

Base bids on the following criteria: 

ion or segregat 

219750000069 

ion of mater ials. 

a. Surface elevations are as indicated. 

b. Pipes or other artificial obstructions, except those indicated, 
will not be encountered. 

C. Groundwater elevations indicated by the monitoring wells were 
those existing at the time subsurface investigations were made and 
do not necessarily represent ground water elevation at the time of 
construction. 

d. Groundwater elevation was 14 to 17 feet below existing surface 
elevation at Site 1. Depth to the water table at Site 2 ranged 
from approximately 3 to 4 feet below ground surface along the toe 
of the landfill to 32.5 feet below ground surface along the 
Perimeter Road. 

e. Blasting will not be permitted. Remove material in an approved 
manner. 

1.6 REQUIREMENTS FOR OFF SITE SOIL 

Soils brought in from off site for use as backfill shall contain less than 
100 parts per million (ppm) of total petroleum hydrocarbons (TPH) and less 
than 1 ppm of the sum of Benzene, Toluene, Ethylbenzene, and Xylene (BTEX). 

Provide Borrow Site Testing for TPH and BTEX from a composite sample of 
material from the borrow site, with at least one test from each borrow 
site. Material shall not be brought on site until tests have been approved 
by the Contracting Officer. 

PART 2 PRODUCTS 

2.1 SOIL MATERIALS 

Free of debris, roots, wood, scrap material, sharp rocks, vegetation, 
refuse, soft unsound particles, and frozen, deleterious, or objectionable 
materials. Materials which is excessively moistened by precipitation shall 
be dried to a satisfactory moisture content prior to placement. 

2.1.1 Subgrade Soil 
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Subgrade soil shall be approved unclassified soil material with the 
characteristics required to compact to the soil density specified. 
Subgrade soil shall have a maximum particle size of two inches and shall be 
free of debris, vegetation, sticks, sharp rocks, objects protruding more 
than l/2 inch, void spaces, ice, abrupt elevation changes, standing water, 
and sharp objects which could damage the geosynthetic components of the 
cap. Subgrade soils shall have a permeability greater than or equal to 1 x 

1O-4 cm/set (ASTM D 2434) when compacted as specified. 

2.1.2 Cover Soil 

Classified by USDA Manual as loam, silt loam, silty clay loam, clay loam,, 
or sandy clay loam, and a maximum particle size of four inches and have a 
pH between 6.0 and 7.5. Lime or other soil amendments may be used to 
adjust pH with the approval of the Contracting Officer. Soil shall not 
have soluble salt content greater than 500 ppm. Soil shall not indicate 
either piping or clogging when tested with the top geotextile portion of 
the selected geocomposite drainage layer in accordance with the Gradient 
Ratio test, ASTM D 5101. 

2.1.3 Topsoil 

MDE SESC, Section G, 21, II and III, and 
clay loam, clay loam, or sandy clay loam. 

2.1.4 Pipe Bedding and Backfill 

limited to loam, silt loam, silty 

MDSHA CM, Section 901.01,Table 9Ol.A; Number 67. 

2.1.5 Base Aggregate 

MDSHA CM, Section 901.01, Table 9OlA, Graded Aggregate-Base. 

2.2 BORROW 

Obtain borrow materials required in excess of those furnished from 
excavations from sources outside of Government property. 

2.3 MATERIAL FOR RIP-RAP 

Rock conforming to MDSHA CM for construction indicated. Geotextiles in 
accordance with Section 02373, "Separation/Filtration Geotextile." 

2.3.1 Rock 

MDSHA CM, Section 901.02.01, Rip-rap Class 0 or a D,, equal to 6 inches as 
indicated. D,, is defined as the rock diameter at which 50 percent by 
weight is finer. Rock used for channel shall conform to the quality 
requirements of MDSHA CM, Section 901.03. 

PART 3 EXECUTION 

3.1 SURFACE PREPARATION 

_ i., , j 

3.1.1 Clearing and Grubbing 

Provide in accordance with Section 02231, "Clearing and Grubbing." 

3.2 PROTECTION 
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3.2.1 Protection Systems 

Provide shoring, bracing, and sheeting in accordance with COE EM-385-1-1, 
except that banks may be sloped only when approved by the Contracting 
Officer. 

3.2.2 Drainage and Dewatering 

Provide for the collection and disposal of surface and subsurface water 
encountered during construction. 

3.2.2.1 Drainage 

So that construction operations progress successfully, completely drain 
construction site during periods of construction to keep soil and waste 
materials sufficiently dry. The Contractor shall establish/construct storm 
drainage features (ditches) at the earliest stages of site development, and 
throughout construction grade the construction area to provide positive 
surface water runoff away from the construction activity and/or provide 
temporary ditches, swales, and other drainage features and equipment as 
required to maintain dry soils. When unsuitable working platforms for 
equipment operation and unsuitable soil support for subsequent construction 
features develop, remove unsuitable material and provide new soil material 
as specified herein. It is the responsibility of the Contractor to assess 
the soil and groundwater conditions presented by the plans and 
specifications and to employ necessary measures to permit construction to 
proceed. 

3.2.2.2 Dewatering 

When groundwater flows toward, from, or on excavated areas, stop work and 
notify Contracting Officer for direction. 

3.2.3 Underground Utilities 

Location of the existing utilities indicated is approximate. The 
Contractor shall physically verify the location and elevation of the 
existing utilities indicated prior to starting construction. The 
Contractor shall contact the "Miss Utility" at l-800-257-7777 48 hours 
prior to any excavation work for assistance in locating existing utilities. 

3.2.4 Machinery and Equipment 

A minimum of two feet of fill shall be placed over piping prior to movement 
of full size construction machinery and equipment over pipes during 
construction. Repair, or remove and provide new pipe for,existing or newly 
installed pipe that has been displaced or damaged. 

3.3 EXCAVATION 

Excavate to contours, elevation, and dimensions indicated. Reuse excavated 
materials that meet the specified requirements for the material type 
required at the intended location. Keep excavations free from water.. 
Excavate soil and waste disturbed or weakened by Contractor's operations, 
soils and waste softened or made unsuitable for subsequent construction due 
to exposure to weather. Refill with select waste and compact in thin lifts 
to form a stable fill, as approved by the Contracting Officer. Unless 
specified otherwise, refill excavations cut below indicated depth with 
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select waste and compact in thin lifts to form a stable fill, as approved 
by the Contracting Officer. 

3.3.1 Pipe Trenches 

Excavate to the dimension indicated. Grade bottom of trenches to provide 
uniform support for each section of pipe after pipe bedding placement. 

3.4 FILLING AND BACKFILLING 

Fill and backfill to contours, elevations, and dimensions indicated. 
Compact each lift before placing overlaying lift. 

3.4.1 Waste 

Excavate and place waste within the limit of waste to an elevation 6 inches 
below the indicated waste grade. Prior to fill placement, clear within the 
limit of fill and breakup surface concrete and asphalt to a maximum 
particle dimension of 12 inches. Concrete and asphalt slabs shall not be 
piled or stacked in the fill such that voids are created. 

During excavation, all excavated waste shall be examined by the UXO 
Technician to identify any UXOs or shapes. UXO will be disposed off site 
by the Government. Concrete shapes shall be broken to a maximum dimension 
of 12 inches and distributed randomly throughout the fill. Concrete shapes 
shall not be piled or stacked in the fill such that voids are created. 

When excavation to grade requires overexcavation of large debris, resulting 
in voids, voids shall be filled with compacted select waste. During 
excavation, excavated waste which appears to be hazardous waste shall be 
isolated and tested on site. Waste determined to be hazardous shall be 
disposed in a permitted hazardous waste disposal facility in accordance 
with the Basic Contract. 

Waste shall be placed in 12-inch thick level lifts. Compacted waste which 
pumps when proof rolled or otherwise demonstrates instability shall be 
mixed with other waste to proportions necessary to create a stable mixture 
as directed by the Contracting Officer. 

3.4.2 Select Waste 

Select waste shall be placed within the limit of waste to indicated waste 
grade. 

3.4.3 Subgrade Soil 

Subgrade soil shall be placed to interim grade. Soil cracks larger than 
l/4 inch and voids shall be filled, regraded, and recompacted. Protrusions 
larger than l/2 inch which cannot be pressed flush with the surface as well 
as sharp objects, shall be removed and the surface shall be filled and 
recompacted. Sharp or protruding materials removed from surface of the 
subgrade soil may be placed elsewhere in the landfill waste but may not be 
used as subgrade soil. 

3.4.4 Cover Soil 

Cover soil shall be placed. from the bottom of the slope upwards. Cover 
soil shall not be dropped onto the geocomposite drain layer from a height 
greater than 3 feet. The soil shall be pushed over the geocomposite drain 
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layer in an upward tumbling motion. The initial soil lift thickness shall 
be 12 inches. Equipment with approved pressures not to exceed 5 psi shall 
be used to place the first lift of cover soil. A minimum of 12 inches of 
soil shall maintained between low-ground-pressure (5 psi) equipment 
tires/tracks and the geocomposite drain layer. Place subsequent lift using 
equipment with ground pressures not to exceed 7 psi. Equipment placing 
cover soil shall not stop abruptly, make sharp turns, spin their wheels, or 
travel at speeds exceeding 5 mph. Any damage to the geocomposite drain 
layer, geomembrane, or GCL shall be repaired. 

3.4.5 Topsoil 

Topsoil shall be placed from the bottom of the slope upwards using 
equipment with ground pressures not to exceed 11 psi. 

3.4.6 Pipe Trench Backfilling 

Backfill pipe trenches as rapidly as construction permits. Place backfill 
in 6 inch lifts. Backfill as indicated in accordance with ASTM D 2321. 

3.4.6.1 Bedding Requirements 

Except as specified otherwise in the individual piping section, provide 
bedding for buried piping in accordance with ASTM D 2321. Bedding as 
indicated. 

3.5 COMPACTION 

Expressed as a percentage of maximum density or by counting number of 
passes. A pass shall cover 100 percent of the surface being compacted. 
Travel out and back will be defined as two passes. 

3.5.1 Waste 

Compact with 4 passes of a smooth drum or pad-foot roller (minimum weight 
10 tons, maximum travel speed 5 mph). As an alternative, the number of 
passes maybe determined and approved by the QC Inspector based on a 
demonstration with site-specific waste, compaction equipment, and of the 
number of passes required to eliminate rutting, shoving, excessive 
settlement or other signs of instability. 

3.5.2 Select Waste 

Compact with 6 passes of a smooth drum or pad-foot roller (minimum weight 
of 10 tons), maximum travel speed of 5 mph. To fill voids, select waste 
shall be compacted in 6-inch lifts using 6 passes of a ROICC-approved 
compactor. Scarify surface following compaction prior to next lift. 

3.5.3 Subgrade Soil 

Compact to 95 percent of ASTM D 698 maximum density. Scarify surface 
following compaction prior to next lift. 

3.5.4 Cover Soil 

Compact first lift by one pass of the track area with a wide track dozer 
with a ground pressure not to exceed 5 psi. Compact subsequent lift by one 
pass of the track area per lift with a wide track dozer with ground 
pressures not to exceed 7 psi. 
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3.5.5 Topsoil 

Compact by one pass of the track area per lift with a wide track dozer with 
ground pressures not to exceed 11 psi. 

3.5.6 Base Aggregate-Bench 

Spread and placement to grade shall be adequate compaction. 

3.5.7 Base Aggregate-Road 

Visual inspection for stability (non-movement) during placement. 

3.6 FINISH OPERATIONS 

3.6.1 Grading 

Finish grades as indicated within one-tenth of one foot. Grade areas to 
drain water away from structures. For existing grades that will remain but 
which were disturbed by Contractor's operations, grade as directed. 

3.6.2 Seed 

Provide 6 inches of topsoil for newly graded finish earth surfaces and 
areas disturbed by the Contractor. Seed mixtures and rates as indicated. 
Soil amendments, seed bed preparation, seed quality, methods of seeding and 
mulch specifications shall be in accordance with MDE SESC, Section G. 

3.6.3 Protection of Surfaces 

Protect newly graded areas from traffic, erosion, and settlement that may 
occur. Repair or reestablish damaged grades, elevations, or slopes. 

3.7 FIELD QUALITY CONTROL 

3.7.1 Sampling 

Take the number and size of samples required to perform the following tests. 

3.7.2 Testing 

Perform one of each of the following tests for each material used. Provide 
additional tests for each source change. 

3.7.2.1 Select Waste Testing 

Test particle size in accordance with ASTM D 422 once per acre per lift. 
Material not in accordance the paragraph entitled "Select Waste" shall be 
placed under the landfill cap as waste. 

3.7.2.2 Subgrade Soil Testing 

Test subgrade soil particle size in accordance with ASTM D 422 once per acre 
per lift. 

3.7.2.3 Cover Soil Testing 

Test cover soil for grain size distribution and maximum partic le size in 
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accordance with ASTM D 422, for plasticity in accordance with ASTM D 4318 
or test for USDA Textural Classification in accordance with MD SHA T88. 
Complete each test once per 5,000 cubic yards and each change in borrow 
source. Test for gradient ratio once per borrow source in accordance with 
ASTM D 5101. 

3.7.2.4 Density Tests 

Test density in accordance with ASTM D 1556, or ASTM D 2922 and ASTM D 3017. 
When ASTM D 2922 and ASTM D 3017 density tests are used, verify density 

test results by performing an ASTM D 1556 density test at a location tested 
in accordance with ASTM D 2922 and ASTM D 3017. Perform an ASTM D 1556 
density test at the start of the job, and for every 10 ASTM D 2922 and ASTM 
D 3017 density tests thereafter. 

a. For Subgrade Soil: test once per acre/lift. 

-- End of Section -- 
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SECTION 02372 

WASTE CONTAINMENT GEOMEMBRANE 

PART l GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publicationsare referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 638 

ASTM D 1004 

ASTM D 1238 

ASTM D 1505 

ASTM D 1603 

ASTM D 3895 

ASTM D 4218 

ASTM D 4833 

ASTM D 5321 

ASTM D 5596 

ASTM D 5617 

ASTM D 5641 

ASTM D 5721 

(1998) Tensile Properties of Plastics 

(l994a) Initial Tear Resistance of Plastic 
Film and Sheeting 

(1998) Flow Rates of Thermoplastics by 
Extrusion Plastometer 

(1998) Density of Plastics by the 
Density-Gradient Technique 

(1994) Carbon Black in Olefin Plastics 

(1997) Method for Oxidative-Induction Time 
of Polyolefins by Differential Scanning 
Calorimetry 

(1996) Determination of Carbon Black 
Content in Polyethylene Compounds by the 
Muffle-Furnace Technique 

(1988; R 1996) Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related 
Products 

(1992; R 1998) Determining the Coefficient 
of Soil and Geosynthetic or Geosynthetic 
and Geosynthetic Friction by the Direct 
Shear Method 

(1994) Microscopic Evaluation of the 
Dispersion of Carbon Black in Polyolefin 
Geosynthetics 

(1999) Multi-Axial Tension Test for 
Geosynthetics 

(1994el) Geomembrane Seam Evaluation by 
Vacuum Chamber 

(1995) Air-Oven Aging of Polyolefin 
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Geomembranes 

ASTM D 5820 (1995) Pressurized Air Channel Evaluation 
of Dual Seamed Geomembranes 

ASTM D 5885 (19.95). Oxidative Induction Time of 
Polyolefin Geosynthetics by High-Pressure 
Differential Scanning Calorimetry 

ASTM D 5994 (1998) Measuring Core Thickness of Textured 
Geomemibrane 

ASTM D 6392 (1999) Determining the Integrity of 
Nonreinforced Geomembrane Seams Produced 
Using Thermo-Fusion Methods 

GEOSYNTHETIC INSTITUTE (GSI) 

GSI GRI GM-7 (1995) Accelerated Curing of Geomembrane 
Test Strip Seams Made by Chemical Fusion 
Methods 

GSI GRI GM-11 (1997) Accelerated Weathering of 
Geomembranes Using a Fluorescent 

1.2 SUBMITTALS 

UVA Device 

Submit the following in accordance with Section C, Part 7.0 of the Basic 
Contract. 

SD-02 Shop Drawings 

Layout and Detail Drawings 

As-Built Drawings 

QC Manual 

SD-03 Product Data 

Raw Materials 

Sheet Material 

SD-04 Samples 

Samples 

SD-06 Test Reports 

Thickness Measurement 

Interface Friction Testing 

SD-07 Certificates 

Qualifications 

SD-08 Manufacturer's Instructions 
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Tests, Inspections, and Verifications 

Field Seaming 

SD-09 Manufacturer's Field Reports 

Surface Preparation 

Non-Destructive Field Seam Continuity Testing 

Destructive Field Seam Testing 

Destructive Seam Test Repairs 

1.3 QUALIFICATIONS 

Submit manufacturer's, and fabricator's qualification statements, including 
resumes of key personnel involved in the project, a minimum of 7 days prior 
to geomembrane shipment. Submit installer's, QC Inspector's, and QC 
laboratory's qualification statements including resumes of key personnel 
involved in the project, a minimum of 7 days prior to geomembrane placement. 

1.3.1 Manufacturer 

Manufacturer shall have produced the proposed geomembrane sheets for at 
least 5 completed projects having a total minimum area of 10 million square 
feet. 

1.3.2 Installer 

The installer is responsible for field handling, deploying, seaming, 
anchoring, and field Quality Control (QC) testing of the geomembrane. The 
installer shall have installed the proposed geomembrane material for at 
least 5 completed projects having a total minimum area of 2 million square 
feet. At least one seamer shall have experience seaming a minimum of 
500,000 square feet of the proposed geomembrane using the same type of 
seaming equipment, polymer and geomembrane thickness specified for this 
project. 

1.3.3 QC Inspector 

The QC Inspector is the person or corporation hired by the Contractor, who 
is responsible for monitoring and documenting activities related to the QC 
of the geomembrane from manufacturing through installation. The QC 
Inspector shall have provided QC inspection during installation of the 
proposed geomembrane material for at least 5 completed projects having a 
total minimum area of 2 million square feet. 

1.3.4 QC Laboratory 

The QC laboratory shall have provided QC and/or Quality Assurance (QA) 
testing of the proposed geomembrane and geomembrane seams for at least five 
completed projects having a total minimum area of 2 million square feet. 
The QC laboratory shall be accredited via the Geosynthetic Accreditation 
Institute's Laboratory Accreditation Program (GAI-LAP) for the tests the QC 
laboratory will be required to perform. 

1.4 DELIVERY, STORAGE AND HANDLING 
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1.4.1 Delivery 

The QC Inspector shall be present during delivery and unloading of the 
geomembrane. Each geomembrane roll/panel shall be labeled with the 
manufacturer's name, product identification number, roll/panel number, and 
roll dimensions. 

1.4.2 Storage 

Temporary storage at the project site shall be on a level surface, free of 
sharp objects and where water cannot accumulate. The geomembrane shall be 
protected from puncture, abrasion, excessive heat or cold, material 
degradation, or other damaging circumstances. Storage shall not result in 
crushing the core of roll goods or flattening of the rolls. Rolls shall 
not be stored more than two high. Palleted materials shall be stored on 
level surfaces and shall not be stacked on top of one another. Damaged 
geomembrane shall be removed from the site and replaced with geomembrane 
that meets the specified requirements. 

1.4.3 Handling 

Rolls/panels shall not be dragged, lifted by one end, or dropped. A pipe 
or solid bar, of sufficient strength to support the full weight of a roll 
without bending, shall be used for all handling activities. The diameter 
of the pipe or solid bar shall be small enough to be easily inserted 
through the core of the roll. Approved lifting slings shall be used to 
link the ends of the pipe or bar to the ends of a spreader bar. The 
spreader bar shall be wide enough to prevent the slings from rubbing 
against the ends of the roll. Alternatively, a stringer bar protruding 
from the end of a forklift or other equipment may be used. The stringer 
bar shall be at least three-fourths the length of the core and also must be 
capable of supporting the full weight of the roll without bending. If 
recommended by the manufacturer, a sling handling method utilizing 
appropriate loading straps may be used. 

1.5 WEATHER LIMITATIONS 

Geomembrane shall not be deployed or field-seamed in the presence of excess 
moisture (i.e., rain, fog, dew), in areas of ponded water, or in the 
presence of excess wind. No placement or seaming shall be attempted at 
ambient temperatures below 40 degrees F or above 104 degrees F. Ambient 
temperature shall be measured at a height no greater than 6 inches above 
the ground or geomembrane surface. In marginal conditions, seaming shall 
cease unless destructive field seam tests, conducted by the QC laboratory, 
confirm that seam properties meet the requirements listed in Tables 2 and 3. 

Tests shall be conducted in accordance with paragraph "Destructive Field 
Seam Testing." 

1.6 EQUIPMENT 

Equipment used in performance of the work shall be in accordance with the 
geomembrane manufacturer's recommendations and shall be maintained in 
satisfactory working condition. 

*- Y. 
PART 2 PRODUCTS 

2.1 MATERIALS 

SECTION.02372 Page 4 



OU-2, LANDFILL CAP, FNSWC, WHITE OAK, SILVER SPRING, MD 219750000069 

2.1.1 Raw Materials 

Resin used in manufacturing geomembrane sheets shall be made of virgin 
uncontaminated ingredients with a maximum density of 0.955 g/ml measured in 
accordance with ASTM D 1505 and a melt index value of less than 1.0 g/10 
min measured in accordance with ASTM D 1238. No more than 10 percent 
regrind, reworked, or trim material in the form of chips or edge strips 
shall.be used to manufacture the geomembrane sheets. All regrind, 
reworked, or trim materials shall be from the same manufacturer and exactly 
the same formulation as the geomembrane sheet being produced. No post 
consumer materials or water-soluble ingredients shall be used to produce 
the geomembrane. For geomembranes with plasticizers, only primary 
plasticizers that are resistant to migration shall be used. Submit 
manufacturer's certified raw material test reports and a copy of the QC 
certificates, a minimum of 7 days prior to shipment of geomembrane to the 
site. . . 

2.1.2 Sheet Materials 

Geomembrane sheets shall be unreinforced and manufactured as wide as 
possible to minimize field seams. Geomembrane sheets shall be uniform in 
color, thickness, and surface texture. Sheets shall be textured on both 
faces. The textured surface features shall consist of raw materials 
identical to that of the parent sheet material and shall be uniform over 
the entire face of the geomembrane. The sheets shall be free of and 
resistant to fungal or bacterial attack and free of cuts, abrasions, holes, 
blisters, contaminants and other imperfections. Geomembrane sheet shall 
conform to the requirements listed in Table 1 for Manufacturing Quality 
Control (MQC) . 

TABLE 1. TEXTURED LLDPE GEOMEMBRANE PROPERTIES 

PROPERTY 

Thickness 
(min ave) 

Lowest individual 
for 8 out of 10 
values 

Lowest individual 
for any of the 
10 values 

Density (min) 
(max) 

Tensile Properties 
(1) (min ave) 

-break stress 

-break elong 

TEST VALUE MQC TESTING 
FREQUENCY 

(MIN.) 

TEST METHOD 

60 mils 

-10 percent 

-15 percent 

0.92 g/cc 
0.939 g/cc 

90 lb/in 

250 percent 

per roll 

per roll 

per roll 

per 200,000 lb 

per 20,000 lb 

ASTM D 5994 

ASTM D 5994 

ASTM D 5994 

ASTM D 1505 

ASTM D 638 
Type IV 
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TABLE 1. TEXTURED LLDPE GEOMEMBRANE PROPERTIES 

PROPERTY 

Tear Resistance 
(min avel 

Puncture 
Resistance 
(min ave) 

Axi-Symmetric 
Break Resistance 
Strain (min) 

Carbon 
Black Content 

Carbon Black 
Dispersion 

Oxidative 
Induction 
Time (OIT) 
(min ave) (4) 
-Std OIT 
or 
-High Pres OIT 

Oven Aging at 85 
deg C (min ave) 
(41, (5) 

-Std OIT 

or 
-High Pres OIT 

W Resistance 
(min ave) (6) 

-High Pres OIT 

TEST VALUE 

27 lb 

55 lb 

. 30 percent 

2.0-3.0 
percent 

Note (3) 

MQC TESTING TEST METHOD 
FREQUENCY 

(MIN.) 

per 45,000 lb ASTM D 1004 

per 45,000 lb ASTM D 4833 

per formulation ASTM D 5617 
or per 150,000 sq ft 
whichever is greater 

per 20,000 lb 

per 45,000 lb 

per 200,000 lb 

100 min 

400 min 

per year and 
change in 
formulation 

35 percent 
at 90 days 

60 percent 
at 90 days 

per year and 
change in 
formulation 

35 percent 
after 1,600 hrs 

ASTM D 1603 (2) 

ASTM D 5596 

ASTM D 3895 

ASTM D 5885 

ASTM D 5721 

ASTM D 3895 

ASTM D 5885 

GSI GRI GM-11 

ASTM D 5885 

MQC = Manufacturing Quality Control 

Note (1) : Minimum average machine direction and minimum average cross 
machine direction values shall be based on 5 test specimens each direction. 

Break elongation is calculated using a gauge length of 2.0 inches. 

Note (2): Other methods such as ASTM D 4218 or microwave methods are 
acceptable if an appropriate correlation to ASTM D 1603 can be established. 
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Note (3): Carbon black dispersion for 10 different views: 
- minimum 8 of 10 in Categories 1 or 2 
- all 10 in Categories 1, 2, or 3 

Note (4): The manufacturer has the option to select either one of the OIT 
methods to evaluate the antioxidant content. 

Note (5): Evaluate samples at 30 and 60 days and compare with the 90 day 
response. 

Note (6): The condition of the test shall be a 20 hour W cycle at 167 
degrees F followed by a 4 hour condensation cycle at 140 degrees F. 

TABLE 2. SPRAY ON TEXTURED LLDPE SEAM PROPERTIES 

PROPERTY 

Seam Shear 
Strength 
(min) (1) 

Seam Peel 
Strength 
(min) (1) (2) 

TABLE 3 

PROPERTY 

Seam Shear 
Strength 
(min.1 (1) 

Seam Peel 
Strength 
(min) (1) (2) 

TEST VALUE TEST METHOD 

84 lb/in ASTM D 6392 

72 lb/in ASTM D 6392 

COEXTRUDED (BLOWNFILM) TEXTURED LLDPE SEAM PROPERTIES 

TEST VALUE TEST METHOD 

66 lb/in ASTM D 6392 

60 lb/in ASTM D 6392 

Note (1) : Seam tests for peel and shear must fail in the Film Tear Bond 
mode. This is a failure in the ductile mode of one of the bonded sheets by 
tearing or breaking prior to complete separation of the bonded area. 

Note (2): Where applicable, both tracks of a double hot wedge seam shall 
be tested for peel adhesion. 

2.2 TESTS, INSPECTIONS, AND VERIFICATIONS 

Submit manufacturer's and fabricator's QC manuals, a minimum of 7 days 
prior to geomembrane shipment. 

2.2.1 Interface Friction Testing 

Certified laboratory interface friction test results including description 
of equipment and test method, a minimum of 7 days prior to geomembrane 
shipment. 
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c .A% Laboratory interface friction tests shall be conducted on the following 
interfaces: 1) geomembrane vs. geocomposite drainage layer and 2) 
geomembrane vs. upper face of geosynthetic clay layer (GCL). The frequency 
of testing for each interface shall be at a rate of 1 per project. Tests 
shall be conducted in accordance with ASTM D 5321. Normal stresses of 150, 
300, and 600 psf along with a displacement rate of 0.04 inches per minute 
shall be used. ..GCL components shall be saturated for 24 hours prior to 
shear. Geosynthetics shall be oriented such that the shear force is 
parallel to the down slope orientation of these components in the field. A 
minimum interface friction angle of 25 degrees measured at 2 inches of 
displacement is required for all interfaces. 

2.2.2 Manufacturing, Sampling, and Testing 

2.2.2.1 Raw Materials 

Raw materials shall be tested in accordance with the approved MQC manual. 
Any raw material which fails to meet the geomembrane manufacturer's 
specified physical properties shall not be used in manufacturing the sheet. 

Seaming rods and pellets shall be manufactured of materials which are 
essentially identical to that used in the geomembrane sheet. Seaming rods 
and pellets shall be tested for density, melt index and carbon black 
content in accordance with the approved MQC manual. Seaming rods and 
pellets which fail to meet the corresponding property values required for 
the sheet material, shall not be used for seaming. 

2.2.2.2 Sheet Material 

,T“. Geomembrane sheets shall be tested in accordance with the approved MQC 
manual. As a minimum, MQC testing shall be conducted at the frequencies 
shown in Table 1. Manufacturer's certified sheet material test reports and 
a copy of the QC certificates, a minimum of 7 days prior to shipment of 
geomembrane to the site. Sheets not meeting the minimum requirements 
specified in Table 1 shall not be sent to the site. 

2.2.2.3 Multi-Axial Tensile Test 

One multi-axial tensile test shall be performed per 150,000 square feet of 
geomembrane produced. Testing shall be conducted by the laboratory and 
certification shall be provided by the laboratory of test results prior to 
installation in accordance with ASTM D 5617. A minimum multi-axial tensile 
strain at rupture of 30 percent is required. 

PART 3 EXECUTION 

3.1 PREPARATION 

3.1.1 Layout and Detail Drawings 

Geomembrane panel layout and penetration detail drawings, a minimum of 7 
days prior to geomembrane placement. 

3.1.2 Surface Preparation 

Install geomembrane over GCL the same day GCL is installed. GCL must be 
dry, clean and free of debris when installing geomembrane. Geomembrane 
shall be placed in a manner to protect the GCL from rainfall, runoff, or 
other moisture. 
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3.2 CONTRACTOR'S RESTRICTIONS 
/ ---, 

No equipment or tools shall be used that damage the geosynthetic materials 
(geomembrane/GCL/drainage geocomposite) by handling, trafficking or other 

means. No personnel working on the geomembrane shall smoke, wear damaging 
footware or engage in other activities that can damage the geosynthetic 
materials. The method used to unroll the panels shall not disturb pipes, 
backfill or underlying geosynthetics. 

The storage of fuel oils and other petroleum products shall be restricted 
to off-capping areas and shall not be located adjacent to or immediately 
up-gradient to select waste or geosynthetic covered areas. Equipment 
maintenance (fueling, replacing oil & filters, etc.) shall not take place 
on select waste or geosynthetic covered areas. Any leakage of petroleum 
products shall be immediately removed from the select waste or geosynthetic 
covered areas. 

The QC Inspector shall visually observe each panel, after placement and 
prior to seaming for damage. The QC Inspector shall determine which panels 
or portions of panels shall be rejected, repaired or accepted. Damaged 
panels or portions of panels which have been rejected shall be marked and 
their removal or repair recorded by the QC Inspector. 

3.3 GEOMEMBRANE DEPLOYMENT 

,,-- -. 

The procedures and equipment used shall not elongate, wrinkle, scratch, or 
otherwise damage the geomembrane or underlying GCL subgrade. Textured 
geomembrane shall not be dragged across the GCL. The Contracting Officer 
will have the option of requiring the use of a slip sheet during 
installation. Geomembrane damaged during installation shall be replaced or 
repaired at the QC Inspector's discretion. Only geomembrane panels that 
can be anchored and seamed together the same day shall be deployed. 
Adequate ballast (i.e., sand bags) shall be placed on the geomembrane, 
without damaging the geomembrane, to prevent uplift by wind. No equipment 
shall be operated on the top surface of the geomembrane without permission 
from the QC Inspector. If approved, small rubber tired equipment, with a 
maximum tire inflation pressure of 5 lb per square inch, may be used 
directly on the geomembrane. The small rubber tired equipment shall not 
operate on slopes steeper than 5 horizontal on 1 vertical and the tires 
shall be inspected for rocks lodged in the treads prior to and during use 
on top of the geomembranes. No stops or turns shall be allowed by 
equipment on the geomembrane. Seams shall be oriented parallel to the line 
of maximum slope. Where seams can only be oriented across the slope, the 
upper panel shall be lapped over the lower panel. 

3.3.1 Wrinkles 

The methods used to deploy and backfill over the geomembrane shall minimize 
wrinkles and tensile stresses in the geomembrane. The geomembrane shall 
have adequate slack to prevent the creation of tensile stress. The wrinkle 
height to width ratio for installed geomembrane shall not exceed 0.5. 

3.3.2 Thickness Measurement 

A minimum of five thickness measurements shall be taken along the edge of 
each roll width and at least two thickness measurements shall be taken 
along each roll length. For textured geomembrane, thickness shall be 
measured in accordance with ASTM D 5994. Thickness tests shall be 
performed by an independent laboratory prior to installation. If thickness 
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readings fall below the values specified in Table 1, the entire roll shall 
be rejected and replaced. Thickness measurements shall be certified by the 
QC Inspector. 

3.4 FIELD SEAMING 

Submit installer's QC manual, a minimum of 7 days prior to geomembrane 
placement. 

3.4.1 Trial Seams 

i TV'. 

Trial seams shall be made under field conditions on strips of excess 
geomembrane. Trial seams shall be made each day prior to production 
seaming, whenever there is a change in seaming personnel, seaming equipment 
or whenseaming equipment is turned off or unplugged and at least once 
every four hours, by each seamer and each piece of seaming equipment used 
that day. One sample shall be obtained from each trial seam. This sample 
shall be at least 36 inches long by 20 inches wide with the seam centered 
lengthwise. Ten random specimens 1 inch wide shall be cut from the sample. 

Five seam specimens shall be field tested for shear strength and 5 seam 
specimens shall be field tested for peel adhesion using an approved 
quantitative tensiometer. Jaw separation speed shall be in accordance with 
the installer's approved QC manual. Where necessary, accelerated curing of 
trial seams made by chemical methods shall be conducted in accordance with 
GSI GRI GM-7. To be acceptable, 4 out of 5 replicate test specimens shall 
meet seam strength requirements specified in Table 2 or 3, as appropriate. 
If the field tests fail to meet these requirements, the entire operation 
shall be repeated. If the additional trial seam fails, the seaming 
apparatus or seamer shall not be used until the deficiencies are corrected 
by the installer and 2 consecutive successful trial seams are achieved. 

3.4.2 Field Seams 

Panels shall be seamed in accordance with the geomembrane manufacturer's 
recommendations. In corners and odd-shaped geometric locations, the number 
of field seams shall be minimized. Seaming shall extend to the outside 
edge of panels. Wet surfaces shall be thoroughly dried and soft subgrades 
compacted and approved prior to seaming. The seam area shall be free of 
moisture, dust, dirt, and foreign material at the time of seaming. Fish 
mouths in seams shall be repaired. The following information shall be 
recorded for each seam: 

a. Panel Number 

b. Seam number 

c. Date and time seam was constructed 

d. Temperature of geomembrane at time of seaming 

e. Seaming unit designation 

f. Name of seamer 

g. Seaming equipment temperature and pressures 

i e--_ 3.4.2.1 Polyethylene Seams 

Polyethylene geomembranes shall be seamed by thermal fusion methods. 
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Extrusion welding shall only be used for patching and seaming in locations 
where thermal fusion methods are not feasible. Seam overlaps that are to 
be attached using extrusion welds shall be ground prior to welding. 
Grinding marks shall be oriented perpendicular to the seam direction and no 
marks shall extend beyond the extrudate after placement. Extrusion welding 
shall begin within 10 minutes after grinding. Where extrusion welds are 
temporarily terminated long enough to cool, they shall be ground prior to 
applying new extrudate over the existing seam. The total depth of the 
grinding marks shall be no greater than 10 percent of the sheet thickness. 

3.5 SAMPLES 

One QC sample, 18 inches in length, for the entire width of a roll, shall 
be obtained for every 50,000 square feet of material delivered to the site. 

Samples shall not be obtained from the first three feet of the roll. The 
samples shall be 'identified by manufacturer's name, product identification, 
lot and roll number, and panel/seam numbers. The seaming and sample 
collection dates, a unique sample number, and the machine direction shall 
also be noted. In addition, a 12 inch by 12 inch QA sample shall be 
collected, labeled, and submitted to the Contracting Officer each time QC 
samples are collected. 

3.6 TESTS 

Provide all QC samples to the QC laboratory to determine density, 
thickness, tensile strength at break, elongation at break, and tear 
resistance in accordance with the methods specified in Table 1 and QC Manual. 

Samples not meeting the specified requirements shall result in the 
rejection of applicable rolls/panels. As a minimum, rolls/panels produced 
immediately prior to and immediately after the failed roll/panel shall be 
tested for the same failed parameter. Testing shall continue until a 
minimum of three successive rolls/panels on both sides of the original 
failing roll/panel pass the failed parameter. 

3.6.1 Non-Destructive Field Seam Continuity Testing 

Field seams shall be non-destructively tested for continuity over their 
full length in accordance with the installer's approved QC manual. At a 
minimum, field seams created using a dual hot wedge fusion welder shall be 
tested by air channel pressure testing in accordance with ASTM D 5820. 
Seam testing shall be performed as the seaming work progresses, not at the 
completion of field seaming. Any seams which fail shall be documented and 
repaired in accordance with the installer's approved QC manual. QC 
Inspector shall certify all test results for all field seams. 

3.6.2 Destructive Field Seam Testing 

A minimum of one destructive test sample per 750 feet of field seam shall 
be obtained at locations specified by the QC Inspector. Sample locations 
shall not be identified prior to seaming. Samples shall be a minimum of 12 
inches wide by 42 inches long with the seam centered lengthwise. Each 
sample shall be cut into 3 equal pieces, with one piece retained by the 
installer, one piece given to the QC laboratory, and the remaining piece 
given to the Contracting Officer for QA testing and/or permanent record. 
Each sample shall be numbered and cross referenced to a field log which 
identifies: (1) panel number; (2) seam number; (3) date and time cut; (4) 
ambient temperature within 6 inches above the geomembrane; (5) seaming 
unit designation; (6) name of seamer; and (7) seaming apparatus temperature 
and pressures (where applicable). Ten 1 inch wide replicate specimens 
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_..- m._ shall be cut from the installer's sample. Five specimens shall be tested 
for shear strength and 5 for peel adhesion using an approved field 
quantitative tensiometer. Jaw separation speed shall be in accordance with 
the approved QC manual. To be acceptable, 4 out of 5 replicate test 
specimens shall meet the specified seam strength requirements in Tables 2 
and 3. If the field tests pass, 5 specimens shall be tested at the QC 
laboratory for shear strength and 5 for peel adhesion in accordance with 
ASTM D 6392. To be acceptable, 4 out of 5 replicate test specimens shall 
meet the specified seam strength requirements in Tables 2 and -3. If the 
field or laboratory tests fail, the seam shall be repaired in accordance 
with paragraph entitled "Destructive Seam Test Repairs." Holes for 
destructive seam samples shall be repaired the same day they are cut. 

3.7 DEFECTS AND REPAIRS 

3.7.1 Destructive Seam Test Repairs 

Seams that fail destructive seam testing may be overlaid with a strip of 
new material and seamed (cap stripped). Alternatively, the seaming path 
shall be retraced to an intermediate location a minimum of 10 feet on each 
side of the failed seam location. At each location a 12 by 18 inch minimum 
size seam sample shall be taken for 2 additional shear strength and 2 
additional peel adhesion tests using an approved quantitative field 
tensiometer. If these tests pass, then the remaining seam sample portion 
shall be sent to the QC laboratory for 5 shear strength and 5 peel adhesion 
tests in accordance with ASTM D 6392. To be acceptable, 4 out of 5 
replicate test specimens must meet specified seam strength requirements. 
If these laboratory tests pass, then the seam shall be cap stripped between 
that location and the original failed location. If field or laboratory 
tests fail, the process shall be repeated. QC Inspector shall certify all 
test results for all repaired seams. After cap stripping, the entire cap 
stripped seam shall be non-destructively tested in accordance with paragraph 

entitled "Non-Destructive Field Seam Continuity Testing." 

3.7.2 Patches 

Tears, holes, blisters and other defects shall be repaired with patches. 
Patches shall have rounded corners, be made of the same geomembrane, and 
extend a minimum of 6 inches beyond the edge of defects. Minor localized 
flaws shall be repaired by spot welding or seaming as determined by the QC 
Inspector; Repairs shall be non-destructively tested in accordance with 
ASTM D 5641. The Contracting Officer or the QC Inspector may also elect to 
perform destructive seam tests on suspect areas. 

3.8 VISUAL INSPECTION AND EVALUATION 

_.,. ‘-xi 

Immediately prior to covering, the geomembrane, seams, and non-seam areas 
shall be visually inspected by the QC Inspector and Contracting Officer for 
defects, holes, or damage due to weather conditions or construction 
activities. At the Contracting Officer's or the QC Inspector's discretion, 
the surface of the geomembrane shall be brushed, blown, or washed by the 
installer if the amount of dust, mud, or foreign material inhibits 
inspection or functioning of the overlying material. Each suspect location 
shall be non-destructively tested in accordance with paragraph entitled I) 
Non-Destructive Field Seam Continuity Testing". Each location that fails 
non-destructive testing shall be repaired in accordance with paragraph 
entitled "Patches" and non-destructively retested. 

3.9 PENETRATIONS 
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Geomembrane penetration details shall be as shown. Factory fabricated 
boots shall be used wherever possible. Field seams for penetrations shall 
be non-destructively tested in accordance with the installer's approved QC 
manual. Seams that fail non-destructive testing shall be repaired in 
accordance with the installer's approved QC manual and non-destructively 
tested prior to acceptance. 

3.10 PROTECTION AND BACKFILLING , 

The deployed and seamed geomembrane shall be covered with the geocomposite 
drainage layer within 5 calendar days of acceptance. Wrinkles in the 
geomembrane shall be prevented from folding over during placement of cover 
materials. Cover soil compaction and testing requirements are described in 
Section.02315, "Excavation and Fill." Equipment placing cover soil shall 
not stop abruptly, make sharp turns, spin wheels, or travel at speeds 
exceeding 5 mph. Full scale construction equipment maybe used on the bench 
following placement of the base course aggregate. 

3.11 AS-BUILT DRAWINGS 

Final as-built drawings of geomembrane installation shall be prepared. 
These drawings shall include panel numbers, seam numbers, location of 
repairs, destructive seam samples, and penetrations. 

---End of Section -- 

,. Ix-- 
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SECTION 02373 

SEPARATION/FILTRATION GEOTEXTILE 

PART 1 GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications.are referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 3786 (1987) Hydraulic Bursting Strength of 
Knitted Goods and Nonwoven Fabrics - 
Diaphragm Bursting Strength Test Method 

ASTM D 4354 (1996) Sampling of Geosynthetics for Testing 

ASTM D 4355 (1999) Deterioration of Geotextiles from 
Exposure to Ultraviolet Light and Water 
(Xenon-Arc Type Apparatus) 

ASTM D 4491 (1999) Water Permeability of Geotextiles by 
Permittivity 

ASTM D 4533 (1991; R 1996) Trapezoid Tearing Strength 
of Geotextiles 

ASTM D 4632 (1991; R 1997) .Grab Breaking Load and 
Elongation of Geotextiles 

ASTM D 4751 (1999) Apparent Opening Size of a Geotextile 

(1988; R 1996) Determining the 
Specification Conformance of Geosynthetics 

ASTM D 4833 (1988; R 1996) Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related 
Products 

ASTM D 4873 (1995) Identification, Storage, and 
Handling of Geosynthetic 'Rolls 

MARYLAND STATE HIGHWAY ADMINISTRATOIN (MDSHA) 

MDSHA CM (1993) Construction and Materials 

1.2 SUBMITTALS 

Submit the following in accordance with Section C, Part 7.0 of the Basic 
Contract. 
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SD-03 Product Data 

Thread 

SD-04 Samples 

Quality Assurance Samples and Tests 

SD-06 Test Reports 

Seams 

SD-07 Certificates 

Independent Laboratory Qualifications 

Geotextiles 

SD-08 Manufacturer's Instructions 

Manufacturing Quality Control Sampling and Testing 

1.3 INDEPENDENT LABORATORY QUALIFICATIONS 

The independent construction quality control (QC) laboratory shall have 
provided QC and/or quality assurance (QA) testing of geotextiles for at 
least five completed projects having a total minimum area of 2 million 
square feet. The QC laboratory shall carry current accreditation via the 
Geosynthetic Accreditation Institute's Laboratory Accreditation Program 
(GAI-LAP) for the tests the QC laboratory will be required to perform. 

1.4 DELIVERY, STORAGE AND HANDLING 

Delivery, storage, and handling of geotextile shall be in accordance with 
ASTM D 4873. 

1.4.1 Delivery 

The QC Inspector shall be present during delivery and unloading of the 
geotextile. Rolls shall be packaged in an opaque, waterproof, protective 
plastic wrapping. The plastic wrapping shall not be removed until 
deployment. If quality assurance samples are collected, rolls shall be 
immediately rewrapped with the plastic wrapping. Geotextile or plastic 
wrapping damaged during storage or handling shall be repaired or replaced, 
as directed. Each roll shall be labeled with the manufacturer's name, 
geotextile type, roll number, roll dimensions (length, width, gross 
weight), and date manufactured. 

1.4.2 Storage 

Geotextile rolls shall be protected from becoming saturated. Rolls shall 
either be elevated off the ground or placed on a sacrificial sheet of 
plastic. The geotextile rolls shall also be protected from the following: 
construction equipment, ultraviolet radiation, chemicals, sparks and 
flames, temperatures in excess of 160 degrees F, and any other 
environmental condition that may damage the physical properties of the 
geotextile. 

1.4.3 Handling 

SECTION 02373 Page 2 



OU-2, LANDFILL CAP, FNSWC, WHITE OAR, SILVER SPRING, MD 219750000069 

Geotextile rolls shall be handled and unloaded with load carrying straps, a 
fork lift with a stringer bar, or an axial bar assembly. Rolls shall not 
be dragged along the ground, lifted by one end, or dropped to the ground. 

PART 2 PRODUCTS 

2.1 RAW MATERIALS 

2.1.1 Geotextiles 

Geotextiles shall be a nonwoven pervious sheet of polymeric material and 
shall consist of long-chain synthetic polymers composed of at least 95 
percent by weight polyolefins, polyesters, or polyamides. The use of woven 
slit film geotextiles (i.e. geotextiles made from yarns of a flat, 
tape-like character) will not be allowed. Stabilizers and/or inhibitors 
shall be added to the base polymer, as needed, to make the filaments 
resistant to deterioration by ultraviolet light, oxidation, and heat 
exposure. Regrind material, which consists of edge trimmings and other 
scraps that have never reached the consumer, may be used to produce the 
geotextile. Post-consumer recycled material may also be used. Geotextile 
shall be formed into a network such that the filaments or yarns retain 
dimensional stability relative to each other, including the selvages. Heat 
calendered geotextile are not acceptable. Geotextiles and factory seams 
shall meet the requirements specified in Tables 1 and 2. Where applicable, 
Tables 1 and 2 property values represent minimum average roll values (MARV) 
in the weakest principal direction. Values for AOS represent maximum 
average roll values. 

TABLE 1. NONWOVEN FILTRATION GEOTEXTILE PHYSICAL PROPERTIES 

PROPERTY 

Elongation at 
Break, percent 

TEST VALUE 

Greater Than 
50 

TEST METHOD 

ASTM D 4632 

Apparent Opening 
Size, mm 

0.212 ASTM D 4751 

Permittivity, 
set-1 

1.0 ASTM D 4491 

Puncture, lbs. 55 ASTM D 4833 

Grab 
Tensile, lbs. 

160 ASTM D 4632 

Trapezoidal 
Tear, lbs. 

55 ASTM D 4533 

Burst 
Strength, psi 

200 ASTM D 3786 
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TABLE 1. NONWOVEN FILTRATION GEOTEXTILE PHYSICAL PROPERTIES 

PROPERTY 
Ultraviolet 

TEST VALUE 
50 

TEST METHOD 
ASTM D 4355 

Stability 
(percent strength 
retained at 
500 hours) 

Seam Strength, lbs. 140 ASTM D 4632 

TABLE 2. NONWOVEN SEPARATION GEOTEXTILE PHYSICAL PROPERTIES 

Use MDSHA CM, Section 921.09, Class C. 

A minimum of 14 days prior to scheduled use, manufacturer's certificate of 
compliance stating that the geotextile meets the requirements of this 
section shall be submitted. This submittal shall include copies of 
manufacturer's quality control test results. For needle punched 
geotextiles, the manufacturer shall also certify that the geotextile has 
been continuously inspected using permanent on-line full-width metal 
detectors and does not contain any needles which could damage other 
geosynthetic layers. The certificate of compliance shall be attested to by 
a person having legal authority to bind the geotextile manufacturer. 

2.1.2 Thread 

Sewn seams shall be constructed with high-strength polyester, nylon, or 
other approved thread type. Thread shall have ultraviolet light stability 
equivalent to the geotextile and the color shall contrast with the 
geotextile. A minimum of 14 days prior to scheduled use, proposed thread 
type for sewn seams along with data sheets showing the physical properties 
of the thread. 

2.2 MANUFACTURING QUALITY CONTROL SAMPLING AND TESTING 

Manufacturing quality control sampling and testing shall be performed in 
accordance with the manufacturer's approved quality control manual. A 
minimum of 14 days prior to scheduled use, manufacturer's quality control 
manual including instructions for geotextile storage, handling, 
installation, seaming, and repair. As a minimum, geotextiles shall be 
randomly sampled for testing in accordance with ASTM D 4354, Procedure A. 
Acceptance of geotextile shall be in accordance with ASTM D 4759. Tests 
not meeting the specified requirements shall result in the rejection of 
applicable rolls. 

PART 3 EXECUTION 

3.1 QUALITY ASSURANCE SAMPLES AND TESTS 

Samples for quality assurance testing; 7 days shall be allotted in the 
schedule to allow for testing. 

3.1.1 Quality Assurance Samples 

Samples shall be collected upon delivery to the site for quality assurance 
testing at a frequency of one per 100,000 square feet. Samples shall be 
identified with a waterproof marker by manufacturer's name, product 
identification, lot number, roll number, and machine direction. The date 
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and a unique sample number shall also be noted on the sample. The outer 
layer of the geotextile roll shall be discarded prior to sampling a roll. 
Samples shall then be collected by cutting the full-width of the geotextile 
sheet a minimum of 3 feet long in the machine direction. Rolls which are 
sampled shall be immediately rewrapped in their protective covering. 

3.1.2 Quality Assurance Tests 

Provide quality assurance samples to an Independent Laboratory. Samples 
will be tested to verify that geotextile meets the requirements specified 
in Table 1. Test method ASTM D 4355 shall not be performed on the collected 
samples. Geotextile product acceptance shall be based on ASTM D 4759. 
Tests not meeting the specified requirements shall result in the rejection 
of applicable rolls. 

3.2 INSTALLATION 

3.2.1 Subgrade Preparation 

The surface underlying the geotextile shall be 
protrusions which could damage the geotextile. 
compaction requirements shall be in accordance 
"Excavation and Fill." 

3.2.2 Placement 

smooth and free of ruts or 
Subgrade materials and 

with Section 02315, 

The QC Inspector shall be present during handling and installation. 
Geotextile rolls which are damaged or contain imperfections shall be 

,- "^, repaired or replaced as directed. The geotextile shall be laid flat and 
smooth so that it is in direct contact with the subgrade. The geotextile 
shall also be free of tensile stresses, folds, and wrinkles. On slopes 
greater than 5 horizontal on 1 vertical, the geotextile shall be laid with 
the machine direction of the fabric parallel to the slope direction. 

3.3 SEAMS 

3.3.1 Overlap Seams 

Geotextile panels shall be continuously overlapped a minimum of 12 inches. 
Where it is required that seams be oriented across the slope, the upper 
panel shall be lapped over the lower panel. The Contractor has the option 
of field sewing instead of overlapping. 

3.3.2 Sewn Seams 

A flat seam type SSQ-1 401 two-thread chain stitch shall be used unless 
otherwise recommended by the manufacturer. The minimum distance from the 
geotextile edge to the stitch line nearest to that edge shall be 3 inches 
unless otherwise recommended by the manufacturer. The thread at the end of 
each seam run shall be tied off to prevent unraveling. Seams shall be on 
the top side of the geotextile to ailow inspection. -Skipped stitches 
discontinuities shall be sewn with an extra line of stitching with a 
minimum stitching overlap of 18 inches. 

3.4 PROTECTION 

or 

The geotextile shall be protected during installation from clogging, tears, 
.and other damage. Damaged geotextile shall be repaired or replaced as 

directed. Adequate ballast (e.g. sand bags) shall be used to prevent 
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uplift by wind. The geotextile shall not be left uncovered for more than 14 
days during installation. 

3.5 REPAIRS 

Geotextile damaged during installation shall be repaired by placing a patch 
of the same type of geotextile which extends a minimum of 12 inches beyond 
the edge of the damage or defect. Patches shall be continuously fastened 
using a sewn seam or other approved method. The machine direction of the 
patch shall be aligned with the machine direction of the geotextile being 
repaired. Geotextile which cannot be repaired shall be replaced. 

3.6 PENETRATIONS 

Engineered penetrations of the.geotextile shall be constructed as indicated. 

3.7 COVERING 

Geotextile shall not be covered prior to inspection and approval by the QC 
Inspector. The QC Inspector shall be present during covering of the 
geotextile. Cover soil requirements are described in Section 02315, 
"Excavation and Fill." The direction of backfilling shall proceed in the 
direction of downgradient shingling of geotextile overlaps. However, on 
side slopes, soil backfill shall be placed from the bottom of the slope 
upward. Cover soil shall be placed in a manner that prevents soil from 
entering the geotextile overlap zone, prevents tensile stress from being 
mobilized in the geotextile, and prevents wrinkles from folding over onto 
themselves. 

-- End of Section -- 
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SECTION 02374 

GEOCOMPOSITE DRAINAGE LAYER 

PART 1 GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publicationsare referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 413 (1998) Rubber Property - Adhesion to 
Flexible Substrate 

ASTM D 1505 (1998) Density of Plastics by the 
Density-Gradient Technique 

ASTM D 4218 (1996) Determination of Carbon Black 
Content in Polyethylene Compounds by the 
Muffle-Furnace Technique 

ASTM D 4355 (1999) Deterioration of Geotextiles from 
Exposure to Ultraviolet Light and Water 
(Xenon-Arc Type Apparatus) 

ASTM D 4491 (1999) Water Permeability of Geotextiles by 
Permittivity 

ASTM D 4533 (1991; R 1996) Trapezoid Tearing Strength 
of Geotextiles 

ASTM D 4632 (1991; R 1997) Grab Breaking Load and 
Elongation of Geotextiles 

ASTM D 4716 (2000) Determining the (In-Plane) Flow Rate 
Per Unit Width and Hydraulic Transmissivity 
of a Geosynthetic using a Constant Head 

ASTM D 4751 (1999) Apparent Opening Size of a Geotextile 

ASTM D 4833 (1988; R 1996) Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related 
Products 

ASTM D 5035 (1995) Breaking Force and Elongation of 
Textile Fabrics (Strip Method) 

ASTM D 5199 (1998) Nominal Thickness of Geotextiles and 
Geomembranes 

ASTM D 5261 (1992; R 1996) Measuring Mass per Unit Area 
of Geotextiles 
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c -. 
ASTM D 5321 (1992; R 1998) Determining the Coefficient 

of Soil and Geosynthetic or Geosynthetic 
and Geosynthetic Friction by the Direct 
Shear Method 

ASTM F 904 (1998) Comparison of Bond Strength or Ply 
Adhesion of Similar Laminates made from 
Flexible Materials 

1.2 SUBMITTALS 

Submit the following in accordance with Section C, Part 7.0 of the Basic 
Contract. 

SD-03 Product Data 

Construction Quality Control Testing Results 

SD-06 Test Reports 

Seams and Overlaps 

End Seams 

Penetrations 

SD-07 Certificates 

Independent Laboratory Qualifications 

Geocomposite Drainage Layer 

1.3 INDEPENDENT LABORATORY QUALIFICATIONS 

The independent construction quality control (QC) laboratory shall have 
provided QC and/or quality assurance (QA) testing of geocomposite drainage 
layers for at least five completed projects having a total minimum area of 2 

million square feet. The QC laboratory shall carry current accreditation 
via the Geosynthetic Accreditation Institute's Laboratory Accreditation 
Program (GAI-LAP) for the tests the QC laboratory will be required to 
perform. 

1.4 DELIVERY, STORAGE AND HANDLING 

Geocomposite drainage layer material shall not be damaged during shipping, 
storage, or handling. Any drainage layer material found to be damaged 
shall be repaired or replaced. Material shall be delivered only after the 
required submittals have been approved. Each roll shall be labelled with 
the Manufacturer's name, product identification, lot number, roll number, 
and roll dimensions. Rolls that have attached geotextiles shall be 
individually wrapped in plastic. 

1.4.1 Delivery 

The QC Inspector shall be present during delivery and unloading of the 
geocomposite drainage layer material. 
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1.4.2 Storage 

Geocomposite material shall be protected from becoming saturated. Rolls 
shall either be elevated off the ground or placed on a sacrificial sheet of 
plastic. Geocomposite rolls shall also be protected from the following: 
construction equipment, ultraviolet radiation, chemicals, sparks and 
flames, temperatures in excess of 160 degrees F, and any other 
environmental conditions that may damage the physical properties of the 
geocomposite. 

1.4.3 Handling 

Geocomposite rolls shall be handled and unloaded with load carrying straps, 
a fork lift with stringer bar, or an.axle bar assembly. Rolls shall not be 
dragged.along the ground, lifted by one end, or dropped to the ground. 

PART 2 PRODUCTS 

2.1 GEOCOMPOSITE DRAINAGE LAYER 

The polymer used to manufacture the tri-planar geonet component of the 
geocomposite drainage layer shall be polyethylene which is clean and free 
of any foreign contaminants. Regrind material which consists of edge 
trimmings and other scraps may be used to manufacture the tri-planar 
geonet; however, post-consumer recycled materials shall not be used. The 
geocomposite drainage layer shall conform to the property requirements 
listed in Table 1 and shall be free of defects. Submit one properly 
identified 24 by 24 inch minimum size geocomposite drainage layer sample 
with any attached geotextiles. The fasteners proposed for use shall also 
be submitted. The minimum manufactured geocomposite roll width shall be 
6.7 feet and the minimum manufactured geocomposite roll length shall be 200 
feet. 

2.2 GEOCOMPOSITE DRAINAGE LAYER PROPERTIES 

The geonet shall be covered on both sides with nonwoven geotextile. 
Geotextile shall not be heat calendered. Geocomposite drainage layer shall 
be created by heat bonding geotextile to the geonet. 

TABLE 1 - GEOCOMPOSITE DRAINAGE LAYER PROPERTIES 

PROPERTY 

MINIMUM 
TESTING 

TEST METHOD TEST VALUE FREQUENCY 

GEONET 

Thickness, minimum ASTM D 5199 225 mil 40,000 sq ft 

Polymer Density, minimum ASTM D 1505 0.940 g/cc once per 
project 

Carbon Black Content, min. ASTM D 4218 2 percent 40,000 sq ft 

Tensile Strength, minimum ASTM D 5035 58 lbs/in 40,000 sq ft 
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TABLE 1 - GEOCOMPOSITE DRAINAGE LAYER PROPERTIES 

MINIMUM 
TESTING 
FREQUENCY PROPERTY TEST METHOD TEST VALUE 

NON-WOVEN GEOTEXTILE - Attached to Geonet on both sides. 

Mass/Unit Area, MARV 

Grab Strength, MARV 

Permittivity, MARV 

AOS(095), MARV 

Puncture, MARV 

W Resistance, MARV 

Trapezoid Tear, MARV 

GEOCOMPOSITE DRAINAGE LAYER 

Transmissivity, minimum, 

ASTM D 5261 

ASTM D 4632 

ASTM D 4491 

ASTM D 4751 

ASTM D 4833 

ASTM D 4355 

ASTM D 4533 

ASTM D 4716 

including attached geotextiles 
(Note 1) 

Geonet/Geotextile Adhesion, ASTM D 413 or 
minimum (Note 2) ASTM F 904 

MARV = Minimum Average Roll Value 

6.0 oz/sq yd 90,000 sq ft 

160 lbs 90,000 sq ft 

1.3 set-1 540,000 sq ft 

0.21 mm 540,000 sq ft 

85 lbs 90,000 sq ft 

70 percent once per 
retained project 

55 lbs 90,000 sq ft 

2.2 x 1o-3 100,000 sq ft 

m2/sec 

1.0 lbs/in 40,000 sq ft 

Note 1: Manufacturing quality control transmissivity tests shall be measured 
using water at 20 degrees C with a gradient of 0.10 under a normal pressure 
of 15,000 psf. A minimum seating period of 15 minutes shall be used. 

Note 2: Minimum of five equally spaced tests across the roll width. 

2.3 SAMPLING AND TESTING 

2.3.1 Manufacturing Quality Control Testing 

Manufacturing quality control test methods and frequencies shall be in 
accordance with Table 1 unless otherwise approved. 

2.3.2 Construction Quality Control Testing 

A minimum of one transmissivity test shall be performed by an independent 
laboratory in accordance with the requirements of this paragraph. 
Transmissivity shall be measured using water at 68 degrees F with a 
hydraulic gradient of 0.25 under a normal pressure of 300 psf. Geotextile 
shall be attached to the geonet in the same configuration as will be used 
in the field. The drainage layer shall be sandwiched between 60 mil 
textured LLDPE geomembrane on the bottom and site-specific cover soil on 
the top. A minimum seating period of one hour or until equilibrium is 
reached, whichever is greater, shall be used. The construction quality 
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control test results must achieve a minimum transmissivity of 2.2 X 10d3 m2 
/sec. 

2.3.2.1 Interface Friction Tests 

Laboratory interface friction tests shall be conducted by an independent 
laboratory on the following interface: geocomposite drainage layer versus 
site cover soil. The frequency of testing shall be once per borrow source 
of cover soil. Tests shall be conducted in accordance with ASTM D 5321. 
Normal stresses of 150, 300 and 600 psf along with a displacement rate of 
0.04 inches per minute shall 'be used. Components shall be saturated for 
one hour prior to shear. Geosynthetics shall be oriented such that the 
shear force is parallel to the down slope orientation of these components 
in the field. A minimum interface friction angle of 25 degrees measured at 
2 inches of displacement is required. Delamination of the geocomposite 
during interface shear testing shall indicate an unacceptable geocomposite. 

PART 3 EXECUTION 

3.1 CONTRACTOR'S RESTRICTIONS 

In accordance with Section 02372, "Waste Containment Geomembrane." 

3.2 INSTALLATION 

3.2.1 Surface Preparation 

Prior to placement of the geocomposite drainage layer, the surface of the 
geomembrane shall be cleaned. 

3.2.2 Placement 

The QC Inspector shall be present during handling and installation. The 
geocomposite drainage layer shall not be damaged during placement. Faulty 
or damaged material shall be replaced or repaired as specified in paragraph 
entitled "Repairs." The drainage layer shall be unrolled in the direction 
of maximum slope, keeping the net in slight tension to minimize wrinkles 
and folds. The drainage layer shall not be dragged across textured 
geomembrane. Adequate ballast (e.g. sandbags) shall be placed to prevent 
uplift by wind prior to covering. During placement of geocomposite, care 
shall be taken not to entrap dirt or dust in the geotextile or geonet that 
could cause clogging of the system. When directed by the QC Inspector, 
dirt or dust entrapped shall be washed clean with water prior to placement 
of the next material on top of it. Care should be taken with the handling 
of sandbags to prevent rupture or damage of the sandbags. 

3.2.3 Seams and Overlaps 

3.2.3.1 Geonet Side Seams 

Geonet components shall overlap a minimum of 2 inches to join adjacent 
edges of geonet along the length of the geocomposite. Side seam fastener 
spacing shall be a maximum of 5 feet. 

3.2.3.2 Geonet End Seams 

Geonet components shall be overlapped a minimum of 1 foot when joining 
geocomposite rolls end to end. End.seam fastener spacing shall be a 
maximum of 6 inches. The overlaps shall be shingled in the direction of 
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flow. End seams shall not be allowed on side slopes steeper than 4 
horizontal on 1 vertical. 

3.2.3.3 Geonet Fasteners 

Geonet rolls shall be tied together with plastic fasteners for both end 
seams and side seams. The fasteners shall be a 'contrasting color from the 
geonet and attached geotextiles. Metallic fasteners will not be allowed. 

3.2.3.4 Geotextile End and Side Seams 

The bottom layers of geotextile shall be overlapped. The top layers of 
geotextiles shall be continuously sewn. Geotextile shall be overlapped a 
minimum of 4 inches prior to seaming. Seams of geotextile which require 
sewing shall be sewn using polymeric thread with chemical resistance 
properties equal to‘or exceeding those of the geotextile which it is 
securing. Thread shall be of a contrasting color be bonded and thermally 
set and a minimum 2,000 denier. Seams shall be prayer seam, "J" seam or 
butterfly seam. The seam shall be a two-thread double-lock stitch or 
double row of single thread chain stitch. Seams shall contain 4 to 7 
stitches per row per inch. 

3.2.3.5 Geocomposite Edges 

Geotextile component extending beyond the geonet shall be sewn together at 
the termination of the geocomposite drainage layer. 

3.2.4 Penetrations 

Geotextile shall be attached to penetrations so that soil is prevented from 
getting into the drainage layer. The apron of the attached geotextile 
shall extend out from the penetration a minimum of 2 feet. The geotextile 
shall be thermally bonded to the geotextile component of the geocomposite. 

3.3 REPAIRS 

3.3.1 Geonet Damage 

Repairs shall be made by placing a patch of the geocomposite drainage layer 
over the damaged area. The patch shall extend a minimum of 2 feet beyond 
the edge of the damage. Approved fasteners, spaced every 6 inches around 
the patch, shall be used to hold the patch in place. If more than 25 
percent of the roll width is damaged, approval must be obtained to repair 
or replace the damaged roll. 

3.3.2 Geotextile Damage 

Damaged geotextile shall be repaired by placing a patch of geotextile over 
the damaged area with a minimum of 12 inches of overlap in all directions. 
The geotextile patch shall be thermally bonded in place. If more than 25 
percent of the roll width is damaged, approval must be obtained to repair 
or replace the damaged roll. 

3.4 PROTECTION AND BACKFILLING 

The deployed and seamed geocomposite drainage layer shall be covered with 
soil within 5 calendar days after acceptance. Cover soil compaction and 
testing requirements are described in Section 02315, "Excavation and Fill." 

Equipment placing cover soil shall not stop abruptly, make sharp turns, 
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spin their wheels, or travel at speeds exceeding 5 mph. Full scale 

construction equipment maybe used on the bench following placement of the 
base course aggregate. 

-- End of Section -- 
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SECTION 02376 

GEOSYNTHETIC CLAY LINER (GCL) 

PART 1 GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications.are referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 698 (1991) Laboratory Compaction 
Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/cu. ft. (600 kN-m/cu. 
m.)) 

ASTM D 2216 (1998) Laboratory Determination of Water 
(Moisture) Content of Soil and Rock 

ASTM D 4632 (1991; R 1997) Grab Breaking Load and 
Elongation of Geotextiles 

ASTM D 4643 (2000) Determination of Water (Moisture) 
Content of Soil by the Microwave Oven Method 

ASTM D 5084 (1990; Rev. 1997) Measure of Hydraulic 
Conductivity of Saturated Porous Materials 
Using Flexible Wall Permeameter 

ASTM D 5321 (1992; R 1998) Determining the Coefficient 
of Soil and Geosynthetic or Geosynthetic 
and Geosynthetic Friction by the Direct 
Shear Method 

ASTM D 5887 (1995) Measurement of Index Flux Through 
Saturated Geosynthetic Clay Liner Specimens 
Using a Flexible Wall Permeameter 

ASTM D 5888 

ASTM D 5889 

ASTM D 5890 

ASTM D 5891 

,^( z-e. 
ASTM D 5993 

(1995) Storage and Handling of Geosynthetic 
Clay Liners 

(1995) Quality Control of Geosynthetic Clay 
Liners 

(1995) Swell Index of Clay Mineral 
Component of Geosynthetic Clay Liners 

(1995) Fluid Loss of Clay Component of 
Geosynthetic Clay Liners 

(1996) Measuring Mass Per Unit of 
Geosynthetic Clay Liners 
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1.2 SUBMITTALS 

Submit the following in accordance with Section C, Part 7.0 of the Basic 
Contract. 

SD-02 Shop Drawings 

Layout and Detail Drawings 

SD-03 Product Data 

GCL Properties 

Warranty 

SD-04 Samples 

Samples 

SD-06 Test Reports 

Friction Testing 

Conformance Tests 

Subgrade Preparation 

SD-07 Certificates 

Qualifications 

SD-08 Manufacturer's Instructions 

Tests, Inspections, and Verifications 

SD-09 Manufacturer's Field Reports 

Subgrade Preparation 

1.3 QUALIFICATIONS 

Submit manufacturer's, installer's, QC Inspector's, and QC laboratory's 
qualification statements including resumes of key personnel involved in 
this project, a minimum of 7 days prior to GCL shipment. Submit 
Installer's, QC Inspector's, and QC Laboratory's qualifications statements 
including resume of key personnel involved in the project, a minimum of 7 
days prior to GCL placement. 

1.3.1 Manufacturer 

Geosynthetic clay liner shall be the product of a GCL Manufacturer who has 
produced the proposed GCL using the same bentonite, geotextiles, sewing 
thread, and adhesive for at least 5 completed projects having a total 
minimum of 10,000,000 square feet. 

1.3.2 Installer 

The installer is responsible for field handling, deploying, seaming, and 
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anchoring. The installer shall have installed the proposed GCL for at 
least 5 completed projects having a total minimum area of 2 million square 
feet. 

1.3.3 QC Inspector 

The QC Inspector is responsible. for monitoring and documenting activities 
related to the QC of the GCL from manufacturing through installation. The 
QC Inspector shall have provided QC and/or QA inspection during 
installation of GCL material for at least 5 projects and shall have 
performed QC and/or QA inspection on a minimum of 2 million square feet of 
GCL. 

,.3.4 QC Laboratory 

The QC laboratory is responsible for QC GCL testing. The QC laboratory 
shall have provided QC and/or QA testing of GCL for at least 5 completed 
projects and shall have performed QC and or QA testing for a total minimum 
area of 2 million square feet of GCL. The QC laboratory shall be 
accredited via the Geosynthetic Accreditation Institute's Laboratory 
Accreditation Program (GAI-LAP) . 

1.4 DELIVERY, STORAGE, AND HANDLING 

1.4.1 Delivery 

Delivery, Storage, and handling of GCL shall be in accordance with ASTM D 
5888. The QC Inspector shall be present during delivery and unloading of 
the GCL. Rolls shall be packaged in an opaque, waterproof, protective 
covering and wrapped around a central core. Tears in the packaging shall 
be repaired to restore a waterproof protective barrier around the GCL. 
Unloading of rolls from the delivery vehicles shall be done preventing 
damage to the GCL and its packaging. Each GCL roll shall be labeled with 
the manufacturer's name, product identification number, roll/panel number, 
and roll dimensions. 

1.4.2 Storage 

Field storage shall be in flat dry areas where water cannot accumulate and 
the GCL rolls can be protected from damage. Storage of the rolls on blocks 
or pallets will not be allowed unless the GCL rolls are fully supported. 
Stacks of GCL rolls shall be no greater than three high. Rolls shall be 
covered with a water proof tarpaulin or plastic sheet if stored outdoors. 

1.4.3 Handling 

Rolls shall not be dragged, lifted by one end, or dropped to the ground 
from the delivery vehicle. A pipe or solid bar of sufficient strength to 
support the full weight of the roll without significant bending shall be 
used for all unloading and handling activities. The diameter of the pipe 
shall be small enough to be easily inserted through the core, of the GCL 
roll. Approved lifting slings shall be used to link the ends of the core 
pipe to the ends of a spreader bar. The spreader bar shall be wide enough 
to prevent the slings from rubbing against the ends of the GCL roll. 
Alternatively, a stringer bar protruding from the end of a forklift or 
other equipment may be used. The stringer bar shall be at least 
three-fourths the length of the core and also must be capable of supporting 
the full weight of the GCL without significant bending. If recommended by 
the manufacturer, a sling handling method utilizing appropriate loading 
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. straps may be used. 

1.5 WARRANTY 

The manufacturer's warranty shall state that GCL material meets all 
requirements of the contract documents and that for the intended use, the 
GCL is warranted for 5 years against deterioration. The installer's 
warranty shall state that the GCL shall not fail due to improper 
installation within 5 years. 

PART 2 PRODUCTS 

2.1 GCL PROPERTIES 

GCL shall be a manufactured product consisting of a sodium montmorillonite 
clay (bentonite) layer evenly distributed between two non-woven geotextiles. 

GCL shall conform to the property requirements listed in Table 1 and shall 
be free of tears, holes, or other defects which may affect its 
serviceability. Encapsulating geotextiles shall be mechanically bonded 
together (reinforced) using a needle punch process. Needle punched GCLs 
shall be continuously inspected for broken needles using an in-line metal 
detector and broken needles shall be removed. The minimum manufactured GCL 
sheet width shall be 13.5 feet and the minimum manufactured GCL sheet 
length shall be 150 feet. 

TABLE 

, *> 
PROPERTY 
--------- 

BENTONITE 

Swell Index Test, minimum 

Fluid Loss, maximum 

COMPOSITE 

Grab Strength (lbs) 

Bentonite Mass/Unit Area, 

(MARV, Notes 1 & 2) 

Peak 
Mid-Plane Shear Strength 
(hydrated), minimum 
at a normal stress of 
200 psf (Note 3) 

Interface Friction Angle 
(hydrated), minimum 
(Note 3) 

- REINFORCED GCL PROPERTIES 

TEST METHOD 

ASTM D 5890 

ASTM D 5891 

ASTM D 4632 

ASTM D 5993 

ASTM D 5321 

ASTM D 5321 

Index Flux, max. (m3/m2/seC) ASTM D 5887 

TEST VALUE 
------------ 

24 mL 

18 mL 

>85 

0.75 
(lbs/sq ft) 

500 psf 

25 degrees 

1 x 10-8 

FREQUENCY 
----------- 

1 per 50 tons 

1 per 50 tons 

1 per project 

1/40,000 sf 

1 per project 

1 per interface 
per project 
(Note 4) 

1 per project 
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TABLE 1 - REINFORCED GCL PROPERTIES 

PROPERTY 
--------- 
Peel Strength, MARV 
MD 

TEST METHOD TEST VALUE 
---_--------- --------_--- 

ASTM D 4632 15 lbs. 

Permeability 
under 5 psi effective 
confining pressure 
(cm/set) 

ASTM D'5084 <5 x 1o-g 

FREQUENCY 
-----_----_ 
1/40,000 sf 

1 per project 

Note 1: MARV = minimum average roll .value. 

Note 2: Bentonite mass/unit area shall be computed at 20 percent moisture 
content. Moisture content shall be determined by ASTM D 2216 or ASTM D 4643. 

Bentonite mass/unit area is exclusive of glues added to the bentonite. 

Note 3: Test conditions shall comply with the paragraph entitled "Friction 
Testing." 

Note 4: Once per borrow source for lower interface of GCL against subgrade 
soil. 

,,. -w, 

Submit manufacturer's certified raw and roll material data sheets. The 
certification shall indicate that the GCL has been continuously inspected 
for broken needles using an in-line metal detector and all broken needles 
have been removed. The certified data sheets shall be attested to by a 
person having legal authority to bind the GCL manufacturing company. 
Certified test results shall be submitted at least 7 working days prior to 
delivery of the GCL. 

2.2 TESTS, INSPECTIONS, AND VERIFICATIONS 

Submit manufacturer's quality control (QC) manual which describes testing 
procedures, frequency of testing and acceptance/rejection criteria for QC 
testing at least 7 days prior to delivery of the GCL. 

2.2.1 Manufacturing Sampling and Testing 

GCL and its components shall be sampled and tested in accordance with the 
manufacturer's approved QC manual. The manufacturer's QC procedures shall 
be in accordance with ASTM D 5889. Test results not meeting the 
requirements specified in Table 1 shall result in the rejection of 
applicable rolls. The manufacturer's QC manual shall describe procedures 
used to determine rejection of applicable rolls. As a minimum, rolls 
produced immediately prior to and immediately after the failed roll shall 
be tested for the same failed parameter. Testing shall continue until a 
minimum of three successive rolls on both sides of the original failing 
roll pass the failed parameter. 

2.2.2 Friction Testing 

, __P... 

Interface shear strength testing shall be performed on both interfaces of 
the GCL and reported in accordance with ASTM D 5321. The hydration fluid 
to be used for both mid-plane and interface shear strength testing shall be 
tap water. The final moisture content of the GCL at the center of each 
specimen shall be included with the test results. GCL and adjacent 
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geosynthetics shall be oriented such that the shear force is parallel to 
the down slope orientation of the geosynthetics in the field. 
Modifications to the test procedures described in this section shall be 
submitted and approved prior to use. Submit friction test results at least 
14 days prior to deployment. 

2.2.2.1 Mid-Plane Shear Strength Testing 

One set of mid-plane direct shear tests shall be performed. Specimens 
shall be allowed to hydrate prior to shearing for a minimum of 24 hours. 
Free drainage shall be provided along both sides of the GCL to aid in 
hydration. Specimens shall be allowed to consolidate prior to shearing for 
a minimum of 8 hours. Normal stresses of 150, 300, and 600 psf shall be 
used during hydration, consolidation, and shearing. The normal stresses 
shall not be relieved prior to or during shearing of the specimens. The 
shear rate shall be'0.04 inches per minute. 

2.2.2.2 Interface Shear Strength Testing 

One set each of interface direct shear tests shall be performed on both 
interfaces of the GCL. The upper face of the GCL shall be tested against 
the selected textured 60 mil LLDPE geomembrane. The lower face of the GCL 
shall be tested against subgrade soil (as per Section 02315, "Excavation 
and Fill") compacted to 95 percent of ASTM D 698 at the the optimum 
moisture content plus 2 percent. Follow manufacturer's instructions to 
determine which side is the upper face of the GCL. Specimens shall be 
allowed to hydrate prior to shearing for a minimum of 24 hours. Free 
drainage shall be provided along one side of the GCL to aid in hydration. 
The other side of the GCL shall be placed against the interface material on 
which the test will be run. This interface material shall remain in place 
during hydration, consolidation, and shearing. Specimens shall be allowed 
to consolidate prior to shearing for a minimum of 8 hours per load increment. 

Use 150 pcf as the initial load increment, loads shall be doubled until 
final normal stress is achieved. Final normal stresses of 150, 300, and 600 

psf shall be used during consolidation, and shearing. The normal stresses 
shall not be relieved prior to or during shearing of the specimens. The 
shear rate shall be 0.04 inches per minute. Tests shall be run until a 
minimum total displacement of 2 inches is reached. 

PART 3 EXECUTION 

3.1 CONTRACTOR'S RESTRICTIONS 

In accordance with Section 02372, "Waste Containment Geomembrane." 

3.2 SAMPLES AND TESTS 

3.2.1 Samples 

QC samples shall be collected at approved locations upon delivery to the 
site at a frequency of one test sample per 50,000 square feet. Samples 
shall be identified with a waterproof marker by manufacturer's name, 
product identification, lot and roll number. The date, a unique sample 
number, the machine direction, and the top surface of the GCL shall also be 
noted on the sample. The outer layer of the GCL roll shall be discarded 
prior to sampling a roll. Samples shall then be collected by cutting the 
full-width of the GCL sheet a minimum of 3 feet wide in the machine 
direction. After cutting, the GCL sample shall be manually rolled around a 
core at least 3.0 inches in diameter. The GCL shall be wound on the core 
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without slack. Strapping tape a minimum of 2 inches in width shall then be 
wound around the sample in at least two places to secure the loose end. A 
minimum of two layers of plastic sheeting shall be used to wrap the GCL 
sample roll for shipment. A thin cellophane material which covers the 
entire sample a minimum of three times shall be used as the inner wrapping. 
The outer wrapping shall be at least 6 mils in thickness and shall be 
wrapped and fastened to minimize the amount of GCL shifting within the 
wrapping. 

3.2.2 Conformance Tests 

3 3 INSTALLATION 

? -.3-l Subgrade Preparation 

Provide QC samples to the QC laboratory for testing. Samples shall be 
tested to determine mass per unit area in accordance with ASTM D 5993 on 
each sample submitted. Peel strength, flux, and tensile strength shall be 
tested at the request of the Contracting Officer. Tests not meeting the 
requirements specified in Table 1 shall result in the rejection of 
applicable rolls. Determination of applicable rolls shall be as described 
in paragraph entitled, "Tests, Inspections and Verifications." 

The subgrade shall be compacted in accordance with Section 02315, 
"Excavation and Fill." The subgrade surface shall be smooth and free of 
vegetation, standing water, and angular stones or other foreign matter that 
could damage the GCL. At a minimum, the subgrade surface shall be rolled 
with a smooth-drum compactor of sufficient weight to remove any wheel ruts, 
voids, cracks, footprints, or other abrupt grade changes. All protrusions 
extending more than (4.5 inches from the subgrade (or less if recommended by 
the manufacturer) shall either be removed, crushed, or pushed into the 
surface with the smooth-drum compactor. The GCL shall not be installed on 
a frozen subgrade. Each day during placement of GCL, the QC Inspector and 
installer shall inspect the surface on which GCL is to be placed and 
certify in writing that the surface is acceptable. 

3.3.2 Layout and Detail Drawings 

Submit GCL panel layout and penetration detail drawings a minimum of 7 days 
prior to deployment. 

3.3.3 Placement 

GCL shall be installed as soon as practical after completion and approval 
of the subgrade; but, GCL shall not be deployed if it is frozen. Rolls 
shall be delivered to the work area in their original packaging. 
Immediately prior to deployment, the packaging shall be carefully removed 
without damaging the GCL. GCL which has been hydrated prior to being 
covered by an overlying geomembrane shall be removed and replaced. 
Hydrated GCL is defined as material which has become soft as determined by 
squeezing the material with finger pressure or material which has exhibited 
swelling. Construction equipment may be used to deploy GCL without 
damaging the subgrade. On side slopes, GCL shall be anchored at the top by 
sufficient runout. GCL shall be deployed down the slope to minimize 
wrinkles. Dragging of GCL panels over the ground surface shall be 
minimized. The Contracting Officer has the option of requiring the use of 
a slip sheet. Deployed GCL panels shall lie flat on the subgrade surface, 
with no wrinkles or .folds. 
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Equipment which can damage the GCL shall not travel directly on the GCL. 
GCL is to be unrolled in front of the backward moving equipment. When 
equipment causes damage to the subgrade, restore subgrade to the previous 
condition prior to GCL placement 

3.3.4 Seams 

On side-slopes, GCL shall be placed with seams oriented parallel to the 
line of maximum slope and shall be free of tension or stress upon 
completion of the installation. Panels shall be positioned with the 
overlap recommended by the manufacturer, but not less than 6 inches after 
shrinkage for panel sides or 24 inches after. shrinkage for panel ends. 
Dirt or other foreign matter shall be removed from the overlap area 
immediately prior to seaming. Granular bentonite of the same type as the 
bentonite used for the GCL shall be placed along the entire overlap width 
at a minimum rate of 0.25 lbs/linear foot or as recommended by the 
manufacturer. Construction adhesive or other approved seaming methods 
recommended by the manufacturer shall be used for horizontal seams on 
slopes. Overlaps which occur on slopes shall be constructed with the up 
slope GCL shingled over the down slope GCL. Alternate seaming methods may 
be approved if recommended by the manufacturer. 

3.3.5 Protection 

Only those GCL panels which can be covered in the same day shall be 
unpackaged and installed. If exposed GCL cannot be permanently covered 
before the end of a working day, it shall be temporarily covered with 
plastic or other waterproof material to prevent hydration. 

3.4 REPAIRS 

Holes or tears in GCL shall be repaired by placing a patch of GCL extending 
a minimum of 12 inches beyond the edges of the hole or tear on all sides. 
Granular bentonite or bentonite mastic shall be applied in the overlap 
area. Patches shall be secured with a construction adhesive or other 
approved methods as recommended by the manufacturer. 

3.5 PENETRATIONS 

Penetration details shall be as recommended by the GCL manufacturer. Dry 
bentonite or bentonite paste shall be placed around the penetration for 
additional protection. 

3.6 COVERING 

GCL shall not be covered with geomembrane prior to inspection and approval 
by the QC Inspector. Covering shall be in accordance with Section 02372, 
"Waste Containment Geomembrane." 

-- End of Section -- 
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SECTION 02525 

MONITORING WELLS 

PART 1 GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to within the text. by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM A 53 (1996) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless 

ASTM C 150 (1998; Rev. A) Portland Cement 

ASTM C 778 (2000) Standard Sand 

ASTM D 1586 (1984; R 1992) Penetration Test and 
Split-Barrel Sampling of Soils 

i, -*, 

ASTM D 1785 

ASTM D 2488 

(1999) Poly(Viny1 Chloride) (PVC) Plastic 
Pipe, Schedules 40, 80, and 120 

(1993) Description and Identification of 
Soils (Visual-Manual Procedure) 

ASTM D 4397 (1996) Polyethylene Sheeting for 
Construction, Industrial, and Agricultural 
Applications 

ASTM D 5088 (1990) Decontamination of Field Equipment 
Used at Nonradioactive Waste Sites 

ASTM F 480 (1995) Thermoplastic Well Casing Pipe and 
Couplings Made in Standard Dimension Ratios 
(SDR) , SCH 40 and SCH 80 

ASTM F 883 (1997) Padlocks 

CODE OF MARYLAND REGULATIONS (COMAR) 

COMAR 26.04.04.11 Well Construction/Abandonment Standards 

ENVIRONMENTAL PROTECTION AGENCY (EPA) 

EPA 600-4-89-034 (1989) Handbook of Suggested Practices for 
the Design and Installation of Groundwater 
Monitoring Wells 

1.2 DESCRIPTION OF WORK 

Provide groundwater monitoring well abandonment services, gas monitoring 
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,f ? 
well installation, and gas vent installation, including drilling, casing, 
well screen, gravel packing, cement, bentonite, grout, and incidental 
related work, complete and ready for operation, as appropriate. Extend 
well casings and protective casings for selected wells, including provision 
of well and casings,, protective casings, locking caps, grout, and 
incidental related work. 

1.3 GENERAL REQUIREMENTS 

Each system, including equipment, materials, installation, and performance, 
or well abandonment, shall be in accordance with local, State, and Federal 
regulations, COMAR 26.04.04.11, and EPA 600-4-89-034 except as modified 
herein. Consider the advisory or recommended provisions to be mandatory, 
as though the word "shall" has been substituted for the word "should" 
wherever it appears. Reference to the "Project Representative" and the 
'1 Owner '1 shall be interpreted to mean the Contracting Officer. Mark and 
secure monitoring wells to avoid unauthorized access and tampering. 

1.4 SUBMITTALS 

Submit the following in accordance with Section C, Part 7.0 of the Basic 
Contract. 

SD-03 Product Data 

Well casing 

Well screen 

Filter pack 

Neat cement grout 

Bentonite seal 

SD-07 Certificates 

Well Survey Report 

Gas Monitoring Well Construction Permit 

SD-11 Closeout Submittals 

Gas Monitoring Well Construction Report 

Well Abandonment Report 

Well Extension Report 

1.5 DELIVERY, STORAGE, AND HANDLING 

Deliver materials in an undamaged condition. Unload and store with minimal 
handling. Store materials in on-site enclosures or under protective 
coverings. Store materials under cover, out of direct sunlight. Store 
materials off the ground. Keep insides of pipes and fittings free of dirt 
and debris. Replace defective or damaged materials with new materials. 

1.6 QUALITY ASSURANCE 
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1.6.1 Professional Oversight 

Reports shall be prepared by a State certified professional geologist or 
hydrogeologist, or by a State registered professional civil engineer, 
hereafter referred to as the Contractor's Professional Consultant (CPC). 
Reports shall be sealed. 

1.6.2 Health and Safety Plan (HASP) 

Provide in accordance with Section 01115, "General Paragraphs (Remedial 
Action Contracts)." 

1.6.3 Well Abandonment Report 

Provide.report, containing the following data for each well: project name 
and location, well designation, date and time of well abandonment, static 
water level from top of well casing prior to abandonment, depth of well 
from top of casing to bottom of well, description of abandonment methodology, 
volume of cement and/or bentonite grout added. Complete an "Abandoned Well 
Report" form for each well abandoned. 

1.6.4 Gas Monitoring Well Construction Permit 

Submit a completed permit application and a proposed method of construction 
to the appropriate state agency prior to construction of the well. 
Construction of the well will not be allowed until an approved Well 
Construction Permit has been submitted to the Contracting Officer. 

1.6.5 Gas Monitoring Well Construction Report 

Submit report containing the following data for each gas monitoring well: 
project name and location, well designation, boring log, date and time of 
well installation, depth of well from top of casing to bottom of well, 
screened interval, and backfill materials/depths. Provide a well 
construction diagram for each well. 

1.6.6 Well Extension Report 

Well construction report for the wells that were extended. Provide details 
regarding the methodologies employed, materials used, length of extensions 
added, and protective casing installation. 

PART 2 PRODUCTS 

2.1 WELL CASING 

2.1.1 PVC Piping 

ASTM F 480, Type 1, Grade 1, PVC 12454, NSF WC or NSF pw, Schedule as 
indicated, with flush threaded joint fittings. 

2.2 WELL SCREEN 

Well screens shall be located as indicated. The length of each screen 
shall be as indicated. Slot size shall be 0.030 inch. Slotted openings 
shall be distributed uniformly around the circumference of the screen. 
Open area shall approach the formation's natural porosity. 

2.2.1 PVC Screens 
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ASTM D 1785, PVC 1120, NSF WC or NSF pw, Schedule as indicated, screen, 
machine-slotted construction, flush threaded joint ends. Slots shall be 
even in width, length, and separation. 

2.3 PRIMARY FILTER PACK 

Provide clean, durable, well-rounded, and washed quartz or granite, with 
less than 5 percent non-siliceous material. The filter pack shall not 
contain organic matter or friable materials. The filter pack shall allow 
free flow of gas/air in the well, and shall prevent the infiltration of 
surrounding materials. Filter pack shall have passed the U.S. Standard 
Number 8 Sieve and be retained on the U.S. Standard Number 14 Sieve. 

2.4 SECONDARY FILTER PACK 

ASTM C 778, 20 - 30 Sand. 

2.5 ANNULAR SEALANTS 

2 . 5..1 Bentonite Seal 

Provide pelletized, sodium montmorillonite in sealed containers from a 
commercial source, free of impurities. 

2.5.2 Neat Cement Grout 

Provide neat cement grout in accordance with COMAR 26.04.04.11. Cement 
shall be in accordance with ASTM C 150. Quick setting admixtures shall not 
be allowed. Drilling mud or cuttings shall not be used as a sealing 
material. 

2.6 BOTTOM PLUGS 

Provide flush threaded solid plug at the bottom of the gas monitoring well 
and gas vents. Plug shall be the same material as the well to which it is 
attached. 

2.7 WELL CAP 

Provide a slip-on, vented, removable well cap on the top of each 
groundwater monitoring well. Well cap shall be of the same material as the 
well casing. Provide sample port as indicated for each gas monitoring well. 

2.8 SCREENED END CAPS 

Provide flush threaded open end cap at the outlet of each gas vent. End 
cap shall be of the same material as the vent riser to which the cap is 
attached. The face of the cap shall consist of screen as indicated. 

2.9 WELL HEAD COMPLETIONS 

Clearly mark and secure the monitoring well to avoid unauthorized access 
and tampering. Cast the words "MONITORING WELL" on the well head cover. 
Provide stamped metal identification tag as follows: 
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DO NOT DISTURB 
ID #: Date: 
Installed By: 
Total Depth: 
Screened Interval: 
TOC Elevation: 
Other: 
For Information, Call: 

2.9.1 Aboveground Completions 

Provide protective outer casing around the monitoring well casing extending 
above grade. The diameter of the protective outer casing shall be a 
minimum of 4 inches larger than the well casing diameter. The top of the 
protective outer casing shall extend a minimum of 4 inches and a maximum of 
6 inches above the top of the well casing cap. The protective outer casing 
shall be set in cement grout and the bottom of the protective well casing 
shall extend below the depth of the frost line. A l/4 inch diameter weep 
hole shall be drilled in the protective outer casing 3 inches above the 
ground surface. The annular space between the protective outer casing and 
the well casing shall be filled with pea gravel or coarse sand to just 
below the level of the cap on the well casing. A locking protective casing 
cap shall be provided on top of the protective outer casing. Provide a 
long shackled padlock in accordance with ASTM F 883. Provide two keys for 
the padlock, and turn them over to the Contracting Officer. Locks at the 
well site shall be keyed alike. 

2.9.1-l Protective Outer Casing 

ASTM A 53, Type E or S, Grade B. 

2.9.1.2 Monitoring Well Protective Casing Cap 

Provide secure locking cap on top of the protective outer casing. 

2.10 POLYETHYLENE SHEETING 

ASTM D 4397. 

PART 3 EXECUTION 

3.1 GENERAL 

Notify the Contracting Officer at least 15 days prior to commencement of 
work. Locations of wells shall be as indicated. Drilling, installation, 
and abandonment and extension of the monitoring wells and vents shall be 
supervised, directed, and monitored by the CPC. Drilling, sampling, and 
abandonment equipment introduced to the well shall be decontaminated before 
and after each use in accordance with ASTM D 5088. 

3.2 DRILLING 

Borehole shall be advanced using conventional hollow-stem auger drilling 
methods. Drill crew shall be experienced and trained in drilling and 
safety requirements for contaminated sites. 

3.2.1 Sampling 

Obtain samples in accordance with ASTM D 1586. Perform standard 
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penetration tests at the following depths: 0.0 to 1.5 feet; 1.5 to 3.0 
feet: 3.0 to 4.5 feet; and 5 foot centers or at changes in soil formation 
thereafter. Each soil sample shall be screened in the field with an 
organic vapor analyzer/flame ionization device (OVA/FID) capable of 
detecting vapors to a minimum of one ppm. Log boring in accordance with 
ASTM D 2488. Groundwater elevation shall be indicated. 

3.2.2 Alignment 

Verify that the well is straight by lowering a 10 fopt section of steel 
pipe into the well. 

3.3 SOIL REMOVED FROM THE BOREHOLE 

Place all soils removed from borehole under landfill cap. 

3.4 WELL ABANDONMENT 

Well abandonment procedures shall be in accordance with COMAR 26.04.04.11 
and EPA 600-4-89-034. The steel protective casing, padlock, bumper poles 
(if present) and surface concrete shall be removed and disposed. A cement 

bentonite grout mixture shall be delivered to the bottom of groundwater 
monitoring well through the use of a tremie pipe and pump system. The 
casing shall then be removed to a minimum depth of 30-inches below surface 
and the resulting borehole annulus grouted to surface. The grout shall be 
allowed to settle for a period of 24-hours and additional grout applied, 
when necessary. Submit an Abandoned Well Report form at completion. 

3.5 GAS MONITORING WELL AND GAS VENT INSTALLATION 

Well installation shall be as indicated. Borehole shall be stable and 
shall be verified straight before beginning installation. 

3.5.1 Casings and Screens 

Well casings, screens, plugs, and caps shall be decontaminated prior to 
delivery by the manufacturer and shall be certified clean. Materials shall 
be delivered, stored, and handled in such manner as to ensure that grease, 
oil, or other contaminants do not contact any portion of the well screen 
and casing assembly prior to installation. If directed by the Contracting 
Officer, the well screen and casing assembly shall be cleaned with high 
pressure water prior to installation. Personnel shall wear clean cotton or 
surgical gloves while handling the assembly. Centralizers shall be used to 
ensure that the well screen and casing assembly is installed concentrically 
in the borehole. When the assembly has been installed at the appropriate 
elevation, it shall be adequately secured to preclude movement during 
placement of the filter packs and annular seals. The top of the well 
casing shall be capped during filter pack placement. 

3.5.2 Primary and Secondary Filter Packs 

Primary and secondary filter packs shall be placed as indicated to fill the 
entire annular space between the screen and casing assembly and the outside 
wall of the borehole. Place both the primary and secondary filters with a 
tremie pipe. Placement of the primary filter by gravity or free fall 
methods is not allowed. Control speed of filter placement to prevent 
bridging and to allow for settlement. Prior to commencement of work, 
equipment and methods required to place filters shall be approved by the 
Contracting Officer. 
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3.5.3 Bentonite Seal 

Bentonite pellets shall be placed through a tremie pipe. Control speed of 
bentonite placement to prevent bridging. Additional water shall be added 
to the annular space as directed by the CPC to ensure complete hydration of 
the bentonite. Bentonite shall cure a minimum of 48 hours before the 
placement of cement grout to ensure complete hydration and expansion of the 
bentonite. 

3.5.4 Neat Cement Grout 

Cement grout shall be placed in the annular space above the bentonite seal 
as indicated on the gas vent/well construction drawings. Cement grout 
shall be placed as a slurry through a tremie pipe, and injected under 
pressure to reduce chance of voids. Grout shall be injected in one 
continuous operation until full strength grout flows out at the ground 
surface without evidence of drilling cuttings or fluid. Cement grout shall 
cure a minimum of 48 hours before beginning well development operations. 

3.5.5 Well Head and Gas Vent Completions 

Well head and gas vent completions shall be as indicated and as specified 
herein. 

3.6 GROUNDWATER MONITORING WELL EXTENSION 

,^ .=- 
The existing monitoring well protective casing shall be removed and the PVC 
riser pipe inspected for damage. A PVC slip collar will be placed on the 
existing stickup and the visible outside surfaces only will be joined 
together using manufacturer's approved PVC cement. A PVC riser pipe 
extension will then be cut to the appropriate length and inserted into the 
slip collar. The PVC cement shall then be used to join the visible outside 
surfaces only and the glue allowed to cure following the manufacturers 
instructions. Extreme care must be used to insure that the inside surfaces 
of the PVC riser pipe are not contaminated with the PVC cement. Provide 
bentonite seal and geomembrane boot as shown. 

3.7 PROTECTIVE CASINGS/CONCRETE APRONS 

As indicated. 

3.8 WATER FROM WELL ABANDONMENT OPERATIONS 

Water from the well abandonment operations shall be containerized in 
accordance with State and local regulations. 

3.8.1 Testing 

Test in accordance with the Basic Contract. 

3.8.2 Disposal of Containerized Water 

Dispose in accordance with the Basic Contract. 

3.9 TRANSPORTATION OF CONTAMINATED SOIL AND WATER 
*., 

In accordance with the Basic Contract. 
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3.10 DISPOSAL OF CONTAMINATED SOIL AND WATER 

Dispose contaminated materials under landfill cap. When contaminated 
materials are generated after the cap is completed, removed from the site 
and dispose in a treatment/disposal facility permitted to accept such 
materials in accordance with the Basic Contract and written approval from 
the Contracting Officer. 

3.11 INSTALLATION SURVEY 

Upon completion of well and vent installation and development and 
acceptance by the Contracting Officer therefor, the vertical and horizontal 
position of each well shall be determined by a registered land surveyor 
licensed in the State of Maryland. The survey shall document the vertical 
elevations of the top of the casing pipe and the ground surface elevation 
adjacent to each well. The survey shall also determine the horizontal 
location of each well based on the Maryland State Plane coordinate system, 
North Zone, North American Datum, 1983 (NAD83). Survey shall be accurate 
to the nearest 0.01 foot. This data shall be submitted with a well 
location map as the Well Survey Report. 

3.12 CLEANUP 

Upon completion of well abandonment and extension activities, remove debris 
and surplus materials from the jobsite. 

-- End of Section -- 
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SECTION 02630 

STORM DRAINAGE 

PART 1 GENERAL 

1.1 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 2321 (1989; R 1995) Underground Installation of 
Thermoplastic Pipe for Sewers and Other 
Gravity-Flow Applications 

ASTM D 2412 (1996; Rev. A) Determination of External 
Loading Characteristics of Plastic Pipe by 
Parallel-Plate Loading 

ASTM F 405 (1996) Corrugated Polyethylene (PE) Tubing 
and Fittings 

_, ,-^-,, 1.2 SYSTEM DESCRIPTION 

PE piping shall be used for underdrain and gas venting systems. 

1.3 SUBMITTALS 

Submit the following in accordance with Section C, Part 7.0 of the Basic 
Contract. 

SD-03 Product Data 

Corrugated Polyethylene piping including fittings 

SD-04 Samples 

Pipe and fittings materials 

SD-07 Certificates 

Pipe and fittings, including factory-applied linings and joint 
materials 

1.4 DELIVERY, STORAGE, AND HANDLING 

1.4.1 Delivery and Storage 

1.4.1.1 Piping 

Inspect materials delivered to site for damage; store with minimum of 
handling. Store plastic piping and jointing materials and rubber gaskets 
under cover out of direct sunlight. Do not store materials directly on the 
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ground. Keep inside of pipes and fittings free of dirt and debris. 

1.4.2 Handling 

Handle pipe, fittings, and other accessories in a manner to ensure delivery 
to the trench in sound undamaged condition. Carry, do not drag pipe to 
trench. 

PART 2 PRODUCTS 

2.1 PIPE FOR SUBDRAINS 

Pipe for subdrains shall be of the types and sizes indicated. 

2.1.1 Plastic Pipe 

Plastic pipe shall contain ultraviolet inhibitor to provide protection from 
exposure to direct sunlight. 

2.1.1.1 Corrugated Polyethylene (PE) Pipe and Fittings 

Use ASTM F 405. Pipe shall be manufactured with a smooth interior so that 
the Manning's roughness coefficient ("n") does not exceed 0.012. Minimum 
pipe stiffness shall be 50 psi (ASTM D 2412). Fittings shall be 
manufacturer's standard type and shall conform to the indicated 
specification. 

2.1.1.2 Pipe Perforations 

Water inlet area shall be a minimum of 0.5 square inch per linear foot. 
Manufacturer's standard perforated pipe which essentially meets these 
requirements may be substituted with prior approval of the Contracting 
Officer. 

a. Circular Perforati&s in Plastic Pipe:. Circular holes shall be 
cleanly cut not more than 3/8 inch in diameter or less than 3/16 
inch in diameter and arranged in rows parallel to the longitudinal 
axis of the pipe. Perforations shall be spaced approximately 3 
inches center-to-center along rows. The rows shall be 
approximately l-1/2 inches apart and arranged in a staggered 
pattern so that all perforations lie at the midpoint between 
perforations in adjacent rows. The rows shall be spaced over not 
more than 155 degrees of circumference. The spigot or tongue end 
of the pipe shall not be perforated for a length equal to the depth 
of the socket, and perforations shall continue at uniform spacing 
over the entire length of the pipe. 

b. Slotted Perforations in Plastic Pipe: Circumferential slots shall 
be cleanly cut so as not to restrict the inflow of water and 
uniformly spaced along the length and circumference of the piping. 
Width of slots shall not exceed l/8 inch nor be less than l/32 inch. 

The length of individual slots shall not exceed l-1/4 inches on 3 
inch diameter piping, 10 percent of the piping inside nominal 
circumference on 4 to 8 inch diameter tubing, and 2-l/2 inches on 
10 inch diameter piping. Rows of slots shall be symmetrically 
spaced. Slots shall be centered in the valleys of the corrugations 
of profile wall pipe. 

2.2 FILTER FABRIC 
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In accordance with Section 02373, "Separation/Filtration Geotextile." 

PART 3 EXECUTION 

3.1 INSTALLATION OF PIPELINES AND APPURTENANT CONSTRUCTION 

3.1.1 General Requirements for Installation of Pipelines 

These requirements shall apply to pipeline installation except where 
specific exception is made under paragraph entitled "Special Requirements." 

3.1.1.1 Earthwork 

Perform.earthwork operations in accordance with Section 02315, "Excavation 
and Fill." 

3.1.1.2 Pipelaying 

Each pipe shall be carefully inspected before it is laid. Any defective or 
damaged pipe shall be rejected. No pipe shall be laid when the trench 
conditions or weather is unsuitable for such work. Water shall be removed 
from trenches by sump pumping or other approved methods. The pipe shall be 
laid to the grades and alignment as indicated. The pipe shall be bedded to 
the established gradeline. Perforations shall be centered on the bottom of 
the pipe. Pipes of either the bell-and-spigot type or the 
tongue-and-groove type shall be laid with the bell or groove ends upstream. 
All pipes in place shall be approved before backfilling. 

. / 
3.1.1.3 Jointings 

Perforated Corrugated Polyethylene Pipe: Perforated corrugated 
polyethylene drainage pipe shall be installed in accordance with the 
manufacturer's specifications and as specified herein. A pipe with 
physical imperfections shall not be installed. No more than 5 percent 
stretch in a section will be permitted. 

3.1.2 Special Requirements 

3.1.2.1 Installation of Corrugated PE Pipe 

Bedding, haunching and initial backfill in accordance with ASTM D 2321. 
Materials and compaction as indicated and in accordance with Section 02315, 
"Excavation and Fill." 

3.2 FIELD QUALITY CONTROL 

3.2.1 Field Tests and Inspections 

The Contracting Officer will conduct field inspections and witness field 
tests specified in this section. The Contractor shall perform field tests 
and provide labor, equipment, and incidentals required for testing. The 
Contractor shall be able to produce evidence, when required, that each item 
of work has been constructed properly in accordance with the drawings and 
specifications. 

SECTION 02630 Page 3 
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3.2.2 Pipeline Testing 

Check each straight run of pipeline for gross deficiencies by holding a 
light; it shall show a practically full circle of light through the 
pipeline when viewed from the adjoining end of line. 

-- End of Section -- 
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